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DISCLAIMER 

This report was prepared as an account of work sponsored 
by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or 
implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States 
Government or any agency thereof. 
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I, INTRODUCTION 

On Saturday morning, A p r i l  7 ,  1962, a t  about  1 0 5 9 , a n  a c c i d e n t a l  nuc lea r  wcur- 
s i o n  occurred i n  t h e  plutonium waste recovery  f a c i l i t y  (Recuplex)  of t h e  234-5 
Bui ld ing ,  
by General  E l e c t r i c  as prime c o n t r a c t o r  f o r  t h e  Commission, The nuc lea r  excur- 
s i o n  is t h e  first t o  have occurred  i n  any product ion f a c i l i t y  a t  Hanford, This  
excurs ion  d i d  n o t  r e s u l t  i n  any mechanical damage o r  spread  of contaminat ion ,  
Three employees of t h e  General Electric Company rece ived  overexposures  t o  gamma 
and neut ron  r a d i a t i o n ,  
was recognized promptly, and fo l lowing  medical  obse rva t ion  and t e s t i n g  t h e  men 
were r e l e a s e d  t o  r e t u r n  t o  worko 

The f a c i l i t y ,  a l o n g  with many o t h e r  p l a n t s  a t  Hanford, is opera ted  

None were f a t a l l y  exposed; i n  each case t h e  overexposure 

I n  compliance wi th  AEC Manual Chapter 0703, an  AEC-HAP0 committee composed of 
two AEC employees (one of whom was t h e  Chairman) and f i v e  General  E l e c t r i c  em- 
p loyees  was appoin ted  by t h e  Manager, HOO, with t h e  concurrence  of t h e  General 
Manager, HAPO, t o  conduct an  i n v e s t i g a t i o n  of t h e  i n c i d e n t ,  
purpose was t o  de termine  t h e  cause ,  n a t u r e ,  and e x t e n t  of t h e  i n c i d e n t ,  and 
recommend a c t i o n  t o  be taken. by o t h e r s  t o  minimize or prec lude  f u t u r e  i o r i d e n t s  
of t h i s  magnitude, A s tudy  of o p e r a t i n g  practices and o p e r a t i n g  c o n d i t i o n s  
t h a t  appeared t o  e x i s t  p r i o r  t o ,  dur ing ,  and subsequent t o  t h e  a c c i d e n t  was 
made by t h e  committee,  

The commit tee 's  

The committee b e l i e v e s  t h a t  t h i s  r e p o r t  p rovides  s u f f i c i e n t  in format ion  t o  ans- 
wer q u e s t i o n s  which may a r i s e  a s  a r e s u l t  of t h e  c r i t i c a l i t y  i n c i d e n t  except  
t h o s e  r e l a t i n g  t o  its cause ,  
b u t  it cannot  be  s t a t e d  p o s i t i v e l y  t h a t  t h e  i n c i d e n t  occur red  i n  a c e r t a i n  
mannero It is bel ieved  t h a t  t h i s  ev idence  cannot  be secured .  

Evidence obta ined  s t r o n g l y  i n d i c a t e s  t h e  cause ,  

&Armed Forces  t ime,  
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I1 a AUTHORIZATION AND SCOPE OF INVESTIGATION 

On A p r i l  9, 1962, t h e  Manager, HOO, by memorandum ( s e e  E x h i b i t  12-A)  appointed 
the f o l l o w i n g  I n v e s t i g a t i o n  Committee: 

Carl N, Zangar, D i rec to r ,  Heal th  and Safety Divis ion,  HOO - Chairman 
M, C ,  L e v e r e t t ,  Consul t ing Engineer,  HLO, HAW 
C C 0 Gamertsf k l d e r  , Technical  Consul tant  
P, F, Gast, Manager, Physics  and Instrument Research and Development, HLO, HAPO 
0, H. Greager, Manager, Research and Engineering, IPD, HAPO 
W, N ,  Mobley, Manager, Manufacturing, FPD, HAPO 
M, J ,  Rasmussen, Nuclear Chemist, Production Divis ion,  HOO 

HLO, HAPO 

E, Ga P i e r i c k ,  Senior  Engineer,  CPD, HAPO, acted as s e c r e t a r y  for  t h e  Committee 
and rendered v a l u a b l e  a d m i n i s t r a t i v e  and t e c h n i c a l  a s s i s t a n c e ,  

The scope of t h e  i n v e s t i g a t i o n  as  s t a t e d  i n  an  A p r i l  13, 1962 memorandam (see 
E x h i b i t  12-B) from t h e  I n v e s t i g a t i o n  Committee t o  t h e  Manager, HOO, is: 

1. Cause of and r e s p o n s i b i l i t y  f o r  t h e  i n c i d e n t ,  

2 ,  Nature and e x t e n t  ( i n c l u d i n g  c o s t s )  of t h e  i n c i d e n t ,  

3 ,  Recommendations f o r  c o r r e c t i v e  a c t i o n ,  if i n d i c a t e d  e 

4. P r o b a b i l i t y ,  amounts, and v a l i d i t y  of claims a g a i n s t  t h e  Government t o  t h e  
e x t e n t  t h i s  is practicable, 

5, The e f f e c t i v e n e s s  and a p p r o p r i a t e n e s s  of a c t i o n s  t a k e n  t o  i n s u r e  s a f e t y  t o  
personnel  and Government p rope r ty ,  and t o  r e s t o r ' e  t h e  Recuplex Operatfcin, 
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111. 'BRIEF OF FINDINGS 

The I n v e s t i g a t i o n  Committee, a f t e r  examining a large body of ev idence  and af ter  
in t e rv i ews  w i t h  numerous persons f i n d s  as fol lows:  

A .  The a c c i d e n t a l  nuc lea r  excurs ion  i n  t h e  Recuplex f a c i l i t y  on A p r i l  7, 1962 
occurred  i n  a gene ra l  purpose t r a n s f e r  t a n k ,  des igna ted  K-9,  a s  t h e  r e s u l t  
of t h e  presence  i n  t h a t  t ank  of approximately 1400-1500 grams of plutonium 
c o n  t a i n e d  i n  about  45-50 r l i ters  of d i l u t e  n i t r i c  a c i d  c o n t a i n i n g  o t h e r  
chemica ls ,  
gramsj l i ter ,  

The plutonium c o n c e n t r a t i o n  of t h e  s o l u t i o n  was t h u s  abou t  30 

B o  The p re fe r r ed  exp lana t ion  fo r  t h e  presence  of t h i s  q u a n t i t y  of plutonium i n  
K-9 is n o t  completely c o n s i s t z n t  wi th  a l l  t h e  t e c h n i c a l  evidence and all 
t h e  tes t imony of w i t n e s s e s ,  
of plutonium product s o l u t i o n  (45  g r a m s / l i t e r  plutonium c o n c e n t r a t i o n )  over- 
flowed from product  r e c e i v e r  t ank  J-1 t o  t h e  f l o o r ,  
through a l i n e ,  i n s t a l l e d  about  t h r e e  y e a r s  ago, which l e d  t o  t h e  SE hood 
f loor  d i r e c t l y ,  r a t h e r  t h a n  through c a t c h  t ank  5-5, as fo rmer ly ,  The fact  
t h a t  a J-1 overflow could n o t ,  t h e r e f o r e ,  b e  d e t e c t e d  by t h e  f o r m ?  method 
of observ ing  a r i s e  i n  t h e  l i q u i d  l e v e l  of J-5 was unknown t o  the immediately 
a s s o c i a t e d  o p e r a t i n g  o r g a n i z a t i o n ,  and had not  been t aken  i n t o  a c z o u r t  i n  
t h e  o p e r a t i n g  procedures  

The product s o l u t i o n  flowed across t h e  f loor  of t h e  s o l v e n t  e x t r a c t i o n  (SEI 
hood, and was from t h e r e  later p a r t l y  sucked up i n t o  K-9 through a temporary 
l i n e  used i n  previous hood clean-up o p e r a t i o n s ,  
t o  have en te red  K - 9  v i a  t h i s  temporary l i n e ,  a v a l v e  (#944)  i n  t h a t  l i n e  had 
t o  be opened and subsequent ly  c losed  by human agencyo 
found c losed  upon examinat ion a f t e r  t h e  a c c i d e n t  , 

The s t r o n g  plutonium s o l u t i o n  from t h e  floor mingled i n  K-9 wi th  a smaller 
volume of d i l u t e  aqueous s o l u t i o n  of plutonium. Th i s  d i l u t e  aqueous so lu-  
t i o n  o r i g i n a t e d  i n  Tank L-2 i n  t h e  normal c o u r s e  of o p e r a t i o n s  aimed a t  
clean-up of o rgan ic  s o l v e n t  p r i o r  t o  d i s c a r d i n g  it 

The p re fe r r ed  exp lana t ion  is t h a t  abou t  48 l i t e r s  

This  overflow occurred 

I n  o r d e r  f o r  t h e  s o l u t i o n  

The v a l v e  (#944) was 

C, 

D o  That a s i g n i f i c a n t  overf low of plutonium s o l u t i o n  occurred from J-1 t o  t h e  
f l oo r  is well  supported by c h a r t s  t aken  from r e c o r d i n g  in s t rumen t s  on t h e  
equipment 

The exp lana t ion  is c o n s i s t e n t  also' wi th  pos t acc iden t  measurements of t h e  
c o n c e n t r a t i o n s  of plutonium i n  K-9, J-1, and L-2 ( t h e  t a n k  which was t h e  
s o u r c e  of t h e  d i l u t e  aqueous plutonium s o l u t i o n ) ,  assuming t h e  two s o l u t i o n s  
were mixed i n  t h e  r a t i o  of approximately 1 part L-2 s o l u t i o n  t o  1,s t o  2 
parts J-1 s o l u t i o n  

E, Both s u l f a t e  and hydrogen ion  c o n c e n t r a t i o n s  i n  J-1 i tself  are i n c o n s i s t e n t  
( too h igh )  wi th  t h e  mixing r a t i o  c a l c u l a t e d  from t h e  plutonium ba lance  on 
J-1, K-9,  and L-2 s o l u t i o n s ,  As noted i n  t h e  t ex t ,  it is a t  least  p a r t l y  
j u s t i f i a b l e  t o  d i s r e g a r d  t h i s  i n c o n s i s t e n c y ,  

The exp lana t ion  a l so  is n o t  supported by t h e  s t a t e m e n t s  of t h e  o p e r a t o r s  on 
du ty  j u s t  b e f o r e  or d u r i n g  t h e  a c c i d e n t ,  s i n c e  bo th  of them s ta te  t h a t  t hey  
do  n o t  r eca l l  having manipdlated v a l v e  #944 i n  any way dur ing  t h e  per iod i n  
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ques t ion .  
false or t h a t  r e c o l l e c t i o n  of t h e  manipula t ion  has ,  indeed,  been o b l i t e r a t e d ,  
perhaps by t h e  shock of t h e  even t ,  

Acceptance of t h i s  exp lana t ion  impl i e s  t h a t  t h i s  tes t imony is 

The t ank  i n  which c r i t i c a l i t y  occurred  is provided w i t h  e s s e n t i a l l y  no  s h i e l d -  
i n g  t o  p r o t e c t  o p e r a t o r s  of t h e  equipaent  and o t h e r  occupants  of t h e  bu i ld ing  
a g a i n s t  escaping  neu t rons  or gamma rays, 
a t  t h e  t i m e ,  t h r e e  were h o s p i t a l i z e d  f o r  obse rva t ion  and t r ea tmen t  after t h e  
a c c i d e n t ,  
r e s p e c t i v e l y ,  in t h e  a c c i d e n t ,  
None of t h e  t h r e e  h o s p i t a l i z e d  persons  have or had symptons d e f i n i t e l y  re- 
f e r a b l e  t o  r a d i a t i o n  r ece ived  i n  t h e  a c c i d e n t  o a l though  l a b o r a t o r y  tests 
show some effects due  t o  r a d i a t i o n ,  

O f  t h e  22 persons  i n  t h e  b u i l d i n g  

These t h r e e  were esximated t o  have r ece ived  110, 43, and 1 9  r e m ,  
No other person rece ived .  more than  two rema 

The occur rence  of t h e  a c c i d e n t  on a Sa turday  ,when week-day employ- -es were not  
p re sen t  may have prevented a d d i t i o n a l  s i g n i f i c a n t  r a d i a t i o n  exposures.  

There was no mechanical damage r e s u l t i n g  from t h e  excur s ion  and no sc read  of 
a l p h a  contaminat ion ,  F i s s i o n  product  a c t i v i t y  was d e t e c t e d  i n  t h e  ~ i t ~ c ~ p k e r s  
for  a b r i e f  per iod af ter  t h e  a c c i d e n t ,  having Seen e j e c t e d  up  t h e  v e n r P l a t i n g  
s t a c k ,  b u t  qu ick ly  and ha rmless ly  d i s p e r s e d  i n  t h e  a tmosphere,  

The t o t a l  number of f i s s i o n s  occur r ing  between t h e  t i m e  of i n i t i a l  cr iTical-  
i t y  and f i n a l  s u b c r i t i c a l i t y  about  37 h m r s  later was about  8 x 1OL7, 
course of t h e  r e a c t i o n  comprised an  i n i t i a l  r a p i d  r i s e  t o  a peak r a t e  of 
f i s s i o n ,  a subsidence,  a rise t o  one or more l a t e r  peaks,  and a f t e r  a per iod 
of t h e  o r d e r  of ha l f  an  hour ,  t h e  onse t  of a long  ( CJ 36 hours)  per iod of  
d e c l i n i n g  ra te  of f i s s i o n  with minor f l u c t u a t i o n s  from t h e  g e n e r a l  t r end .  
The peak power was probably l i m i t e d  by r a d i o l y t i c  g a s  evo lu t ion ,  and t h e  
f i n a l  s u b c r i t i c a l i t y  was probably caused by loss of water, p r i n c i p a l l y  
through evapora t ion ,  

Tke 

The emergency plan was executed well ,  
i a t e l y ,  
of t h e  even t ,  even though t h e  a c c i d e n t  occurred on a weekend day ,  
Emergency Cont ro l  Center  was a c t i v a t e d  and s t a f f e d  r a p i d l y  with t o p  manage- 
ment s c o n s u l t a n t s  s and s p e c i a l i s t s  , 
s i g n i f i c a n t l y  exposed t o  r a d i a t i o n  were i d e n t i f i e d  immediately and put under 
medical  s u p e r v i s i o n ,  
e s t ima ted ,  
area was e s t a b l i s h e d  e a r l y ,  

Personnel  l e f t  t h e  bu i ld ing  immed- 
Responsible  management, bo th  i n  HOO and HAPO, were r a p i d l y  n o t i f i e d  

The 

I n d i v i d u a i s  thought  poss ib ly  t o  be 
. 

Radia t ion  doses  r ece ived  by a l l  persons were qu ick ly  
Con t ro l  of e n t r y  and ex i t  of personnel  t o  and from t h e  a c c i d e n t  

Publ ic  and p res s  releases were e f f e c t i v e ,  
a few hours of t h e  a c c i d e n t ,  and others a s  a p p r o p r i a t e ,  

The procedures  used i n  r e - e n t r y  and i n  making t h e  f a c i l i t y  s e c u r e  a g a i n s t  
a resumption of t h e  c h a i n  r e a c t i o n  were developed and executed wi th  meti- 
c u l o u s  a t t e n t i o n  t o  t h e  prevent ion  of exposure of personnel  i n  t h e  event  
of ano the r  excurs ion ,  The e l a b o r a t e  p recau t ions  t aken  were j u s t i f i e d  i n  
view of t h e  unknown s t a t e  of t h e  f a c i l i t y  a t  t h e  t i m e ,  

One p r e s s  release was made wi th in  

The c o s t  of t h e  a c c i d e n t ,  i nc lud ing  loss of prodEct ion i n  Recuplex and i n  
o t h e r  areas which were s h u t  down t empora r i ly ,  is estimated t o  be a t  about  
$891,000 
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I n  t h e  cha in  of even t s  lead,,ig d i r e c t l y  t o  t h e  a c c i d e n t ,  t..e Committee 
no s i g n i f i c a n t  v i o l a t i o n  of a formal, w r i t t e n  procqdure,  
v a l v e  #944 was c o n t r a r y  t o  o r a l  i n s t r u c t i o n ,  and t o  i n s t r u c t i o n s  implied i n  
t h e  supe rv i so r  g s  written communications t o  t h e  o p e r a t i n g  crews , 

The main e v e n t s  or c o n d i t i o n s ,  n o t  necessa ry  t o  s u c c e s s f u l  ope ra t ion  of t h e  
process ,  and i n  t h e  c a u s a l  c h a i n  l e a d i n g  t o  t h e  a c c i d e n t  are: 

1, 

inds 
However, opening 

The immediately a s s o c i a t e d  o p e r a t i n g  o r g a n i z a t i o n  d i d  n o t  real ize  t h a t  
a J-1 overflow would bypass  5-5, 

2 ,  The o p e r a t o r s  d i d  not  observe  or d i d  n o t  p rope r ly  i n t e r p r e t  t h e  weight 
factor  i n d i c a t i o n  on J-1, 

3 ,  The temporary l i n e  from t h e  sump t o  v a l v e  #994 had been allowed t o  s t a y  
in p l a c e  after its use fu lness  was p a s t ,  
c a l l i n g  for t h e  i n s t a l l a t i o n  of t h i s  l i n e  d i d  n o t  c a l l  f o r  i t s  f i n a l  
removal,  
was awa i t ing  r o u t i n e  e x e c u t i o n , )  

Secondar i ly ,  t h e  prccedure  

(However, a n  o r d e r  had been i ssued  f o r  removal of t h e  l i n e  and 

40 Valve #044 was opera ted ,  c o n t r a r y  t o  o ra l  i n s t r u c t i o n s ,  

5 ,  Valve #431 was open, This  was a r e s u l t  of u s e  by t h e  ope ra to r  011 t h e  
12-8 s h i f t  of a method of t r a n s f e r  from L-2 t o  K-9 no t  con teap la t ed  i n  
t h e  des ign  of t h e  system, b u t  no t  exp-ressly fo rb idden  by i n s t r u c t i o n ,  

6 0  K-9 was n o t  geomet r i ca l ly  f a v o r a b l e ,  and a l though t h e  i n t r o d u c t i o n  i n t o  
it of f ixed  nuc lea r  poison had been cons ide red ,  no such poison was 
p r e s e n t  , 

7, K-9 was n o t  equipped wi th  an alarm-sounding neu t ron  coun te r  which might 
s i g n a l  t h e  presence of too l a r g e  q u a n t i t i e s  of Pu, 

The f a c i l i t y  had been des igned  o r i g i n a l l y  as a p i l o t  p l a n t  and l a t e r  was 
converted t o  product ion,  
t o  product ion  ope ra t ions ,  
and t h i s  r e c o g n i t i o n  l e d  t o  a u t h o r i z a t i o n  f o r  a new f a c i l i t y  a few days  
b e f o r e  t h e  a c c i d e n t  

I n  some r e s p e c t s  t h e  f a c i l i t y  is no t  well s u i t e d  
This  fact  was recognized about  t h r e e  y e a r s  ago, 

The equipment i n  Recuplex shows ample ev idence  of wear, co r ros ion ,  leakage ,  
and repair, 
played a primary r o l e  i n  caus ing  t h e  a c c i d e n t ,  it was t h e  b a s i c  c a u s e  of 
t h e  o p e r a t i o n s  be ing  c a r r i e d  o u t  a t  t h e  time of t h e  a c c i d e n t ,  and r e s u l t e d  
i n  f r e q u e n t  r e c o u r s e  t o  nonrou t ine  procedures ,  

Although it does  n o t  appear  t h a t  equipment d e t e r i o r a t i o n  per  se 

The f a c i l i t y  was a d i f f i c u l t  one t o  o p e r a t e ,  and t h e  o p e r a t i o n s  were by 
n a t u r e  of vary ing  and complex c h a r a c t e r ,  
a p p r o p r i a t e  t o  a r o u t i n e  o p e r a t i o n ,  
a v a i l a b l e  o n l y  du r ing  week-day o p e r a t i o n s  

The o r g a n i z a t i o n  and manning were 
Engineer ing coverage  was normally 

Although t h e  Recuplex f a c i l i t y  had a e'three=faults-to-cause=an-accident" 
philosophy, c o n d i t i o n s  of ope ra t ion  and des ign  a t  t h e  t i m e  of t h e  a c c i d e n t  
were such t h a t  t h e  opening of a s i n g l e  v a l v e  caused a nuc lea r  excurs ion ,  

111-3 



DESCRIPTION OF PLANT AND PROCESS 

The Recuplex f a c i l i t y  is a mul t ipurpose  plutonium recove ry  ope ra t ion  t h a t  is 
l o c a t e d  i n  t h e  234-5 Building,  200-W Area, Chemical Processing Department, 
Hanford Atomic Products  Opera t ion ,  See F i g o  I V - 1  for g e n e r a l  l o c a t i o n  of 234-5 
Bu i ld ing  n i t h i n  t h e  290-W Area,  The Recuplex waste recovery  process is f o r  t h e  
purpose of r ecove ry  and p u r i f i c a t i o n  of plutonium from waste streams o r i g i n a t i n g  
i n  t h e  Plutonium Processing P l a n t  and misce l laneous  wastes from o t h e r  f ac i l i t i e s  
both  o f f s i t e  and o n s i t e ,  

The Recuplex complex c o n t a i n s  d i s s o l v e r s ,  feed p repa ra t ion  t anks ,  s o l v e n t  extrac- 
t ion  c o r r t z t o r  , and misce l laneous  a u x i l i a r y  equipment See F i g  , IV-2 f o r  a r range-  
ment of Recuplex hoods (Room 221)"  
of t h e  process  of immediate i n t e r e s t  is shown i n  F i g ,  IY-3, 
t i o n  process  is performed ii1 t h e  i l - l  and H-2 co luxns ,  
t i n u o u s l y  f ed  t o  t h e  in t e rmed ia t e  feed po in t  of t h e  H - l  column, 
c o n t a i n s  plutonium, which is contaminated p r imar i ly  by i o n i c  i m p u r i t i e s  r a r h e r  
t h a n  by uranium or f i s s i o n  products  
s a l t i n g  a g e n t o  
c e n t  t r i b u t y l  phosphare (TBP) i n  carbon t e t r a c h l o r i d e  (CC14) i n  t h e  colcmr. and 
extracts t h e  plutonium e s s e n t i a l l y  q u a n t i t a t i v e l y  i n t o  t h e  organic  phase, b u t  
l e a v e s  t h e  i o n i c  i m p u r i t i e s  e s s e n t i a l l y  q u a n t i t a t i v e l y  i n  t h e  aqueous p h s e .  
aqueous s c r u b  stream (CAS)  in t roduced  a t  t h e  bottom of t h e  column f u r t h e r  piiri- 
f i e s  t h e  plutonium Sy washing ionic i n p w i t i e s  back from t h e  s o l v e n t  phase Po 
t h e  aqueous phaseo  An i n t e r m e d i a t e  s c r u b  ( C A i S )  or product  r e f l u x  introduced 
t h r e e  feet  above t h e  CAS feed  po in t  
c o n c e n t r a t e s  t h e  plutonium i n  t h e  columns t o  about  100 grams pe r  l i t e r ,  

The o rgan ic  stream c o n t a i n i n g  t h e  plutonium is pumped t o  t h e  t o p  of t h e  H-3 col- 
umn, where a counter f low of aqEeous s t r i p  s o l u t i o n  (a  small  amount of r e d u c t a n t  
i n  a 0,15 M n i t r i c  s o l u t i o n )  t r a n s f e r s  t h e  plutonium back i n t o  a n  aqJeous  phase,  
This  s t r i p F i n g  column product  (CAIS) is used as t h e  i n t e r m e d i a t e  s c r u b  i n  t h e  
e x t r a c t i o n  column (H-1 and H-21, This  r e c y c l i n g  of product  i n t o  t h e  system is 
cont inued  u n t i l  t h e  concen t r a t ion  is about  100 grams pe r  l i t e r ,  a t  which poin t  
product  is  removed from t h e  t o p  of t h e  s t r i p p i n g  column (H-3) and r ece ived  i n  
t h e  product  r e c e i v e r  t ank  (3-1) 

A process  flow diagram cover ing  t h e  p o r t i o n  
The s o l v e n t  ex t r ac -  

The f eed  s o l u t i o n  i s  COT;- 
This  f e e d  

and a n i t r i c  a c i d  and aluminum n i t r a t e  
A coun te r - cu r ren t  flow of aqueous phase rises through ~ h s  20 Fer 

An 

f u r t h e r  p u r i f i e s  t h e  plutonium as well as 

The organ ic  s o l v e n t ,  e s s e n t i a l l y  free cf plutonium, l e a v e s  t h e  bottom of t h e  H-3 
column and e n t e r s  t h e  s o l v e n t  t r ea tmen t  t a n k s  (K-l and K-2) 
of t h e  plutonium i n  t h e  e f f l u e n t  o rgan ic  forms a s t r o n g l y  o rgan ic - f avor ing  
plutonium complex w i t h  d i l x t y l p h o s p h a t e  (DBP) 
of t r i b u t y l p h o s p h a t e  , 
phase i n  t h e  s o l v e n t  t r ea tmen t  t a n k s  ( K - 1  or K-2) as t h e  o rgan ic  phase f a l l s  
through (and is p e r i o d i c a l l y  a g i t a t e d  wi th)  a n  aqueous c a p  (FS) of f e r r o u s  
ammonium s u l f a t e ,  sulfamfc a c i d ,  and n i t r i c  a c i d ,  After t h e  plutonium concen- 
t r a t i o n  i n  t h i s  c a p  r eaches  about  t h r e e  g r a m s / l i t e r ,  as determined by sampling 
i n  t h e  K-1  or K-2 t anks ,  it is t r a n s f e r r e d  t o  t h e  o rgan ic  wash r e c e i v e r  t a n k  
(G-58) v i a  t h e  t r a n s f e r  t a n k  (K-91, P e r i o d i c a l l y ,  t h e  DBP is removed from t h e  
o rgan ic  phase wi th  a ca rbona te  wash, 

a 

E s s e n t i a l l y  a l l  

a primary decomposi t ion product 
This Psunstrippab3e'g plutonium is removed from t h e  organic  

F i g o  I V - 4  is a photograph of a model of t h e  SE hood, Th i s  i l l u s t r a t i o n  more 
c l e a r l y  shows t h e  phys ica l  l o c a ~ i o n s  of t h e  eqiiiymmt in the. hood, i nc lud ing  
t h e  K-9 t a n k  i n  which t h e  n u c l e a r  excurs ion  took  p l ace  and t h e  J-1 t a n k  overf low 
p o i n t  



F i g c  IV-5 is a p i c t o r i a l  flow diagram of t h e  SE p rocess ,  
i t se l f  mainly with t h e  r o u t e  by which product s o l u t i o n  en te red  t h e  K-9 t ank ,  
v i z , ,  from t h e  J-1 t ank  v i a  t h e  J-1 overflow t o  t h e  sump, and from t h e  sump v i a  
t h e  1" temporary p l a s t i c  l i n e  t o  t h e  K-9 tanko 

This f i g u r e  concerns 

IV-2 



I 
j 
I 

i 

i 
T A R E A  p 

POWER HOUS? 231-2 
0 

czl 
234-5 

'FIRST AID 

..<., .I.Y.. .... 

SIMPLIFIED PLAN OF 200W AREA 

FIGURE IV-1 

200 w 
'GATE HOUSE 





d 

CAFU 
G-9 Dilutc 

Feed 
Make -up 

CAFU 

Feed  
Tank 

r 

I 
I 
I 
I 

A que ou s 

I + 
I 

' I  
I I 

I I 
I 
I I 

I 
Pump Tank 

IT-10 

Organic Pump Tank 

i b 

cc 

H - 3  

I I  

I T o  T a s k  I 
Or  Product  Conc. I %J CA IS 

I 

I 
I 
I 
I 

(G-12) Org. 
H F  (Wash) 

ANN 

--- 
CAX 

K-1, K-2 

r--3 
I 
I 

I I I I Aqueous H-9 

I CAS Feed  - Pu S t r e a m  
Pump Tank I H-8 1 Waste,  Make- 

up Chem.  o r  
Recycle 

P u m p  Tank 
€{-12 U -- 

FIGURE IV-3  

I -  

- 
Org .  Wash 1-1 

I 

I 

C r i b  

Solvent Extraction Process  - Recuplex 





n 
3 

? 

- 
3 

5 

L 
Y 
lJ 

n 

Q 
3 

w 
Y 

E 

I 

a 



U 

Q, 
I 
Q 
0 
0 
I 

a 
0 

3 

W 
Y 

E 
E 

I 

a 

n 
W 
W 
L 



V ,  ORGANIZATION 

The p l a c e s  of t h e  Recuplex o p e r a t i o n  and of r e l a t e d  n u c l e a r  s a f e t y  f u n c t i o n s  i n  
t h e  Hanford Atomic Products  Operat ion (HAPO) are shown i n  F i g o  V-1, .The Recuplex 
p l a n t  is an  o p e r a t i n g  r e s p o n s i b i l i t y  of t h e  Plutonium Recovery Operat ion (PRO), 
A s u p e r v i s o r  heads t h e  Plutonium Recovery Operat ion,  
ates con t inuous ly ,  and t h e  a c t u a l  o p e r a t i o n s  are performed by f o u r  s h i f t s  (A, B, 
C, and D), each of which is l e d  by a' S p e c i a l i s t ,  arid each of which h a s  seven 
o p e r a t o r s  

Operat ion of t h e  p l a n t  is c a r r i e d  o u t  as s p e c i f i e d  by t h e  eng inee r s  o f  t h e  
F in i shed  Products  Chemical Technology Operat ion (FPCTO), 
e n g i n e e r s  i n c l u d e  t h e  e v a l u a t i o n  of a l l  o p e r a t i o n s  i n  Recuplex f o r  n u c l e a r  
s a f e t y  (as  well as f o r  process  adequacy, e t c o ) e  The Supe rv i so r ,  Plutonium Re- 
covery Operat ion is r e s p o n s i b l e  f o r  s e e i n g  t h a t  t h e  o p e r a t i o n s  are executed as 
s p e c i f i e d  by t h e  e n g i n e e r s ,  
observance of s p e c i a l  procedures  on t h e  part o f  t h e  o p e r a t o r s o  
of t h e s e  procedures  is t h e  d u t y  of t h e  e n g i n e e r s  of FPCTO, 
h a s  t h e  r e s p o n s i b i l i t y  of i n t e r p r e t i n g  t h e  eng inee r ing  s p e c i f i c a t i o n s  t o  t h e  
o p e r a t o r s ,  and s e e i n g  t h a t  t h e y  are en fo rced ,  

The Recuplex p l a n t  oper- 

The d u t i e s  o f  t h e s e  

Many of t h e  n u c l e a r  s a f e t y  p r e c a u t i o n s  r e q u i r e  t h e  
The s p e c i f i c a t i o n  

The s h i f t  s p e c i a l i s t  

The c r i t i c a l  mass c o n t r o l  s p e c i f i c a t i o n s  f o r  a new process ,  new equipnent,  or 
new method of o p e r a t i o n  are d r a f t e d  by FPCTO, They t h e n  a re  reviewed by t h e  
Senior  Engineer (Nuclear S a f e t y )  CPD, who r e p o r t s  through t h e  Manager - 
Advanced Process Development t o  t h e  Manager - Research and Engineering, CPD, 
who then  approves t h e  c r i t i c a l  mass c o n t r o l  s p e c i f i c a t i o n s  e 

s p e c i f i c a t i o n s  are t r a n s m i t t e d  both, t o  FPCTO and t o  t h e  Plutonium Recovery 
Operat ion (PRO), When PRO d e s i r e s  t o  make a change i n  equipnent  or method of 
o p e r a t i o n ,  it may d o  so on its own r e s p o n s i b i l i t y  provided it b e l i e v e s  t h e  
change t o  be c l e a r l y  w i t h i n  t h e  approved c r i t i ca l  mass c o n t r o l  s p e c i f i c a t i o n .  
If it b e l i e v e s  t h e  change n o t  t o  b e  c l e a r l y  w i t h i n  t h e  approved s p e c i f i c a t i o n ,  
or i f  it is i n  doubt ,  it must refer t h e  change t o  FPCTO, who may approve t h e  
change if it b e l i e v e s  t h e  change' t o  be c l e a r l y  w i t h i n  t h e  approved s p e c i f i -  
c a t i o n ,  
s p e c i f i c a t i o n ,  t h e  change must b e  r e f e r r e d  t o  t h e  Sen io r  Engineer (Nuclear 
S a f e t y )  CPD, who w i l l  e i t h e r  approve it or r e q u i r e  t h a t  a new c r i t i ca l  mass 
c o n t r o l  s p e c i f i c a t i o n  b e  prepared and put  through t h e  a p p r o v a l  r o u t i n e ,  

The approved 

However, if FPCTO is i n  doubt or b e l i e v e s  t h e  change o u t s i d e  t h e  

Tra in ing  of o p e r a t o r s  is p r i m a r i l y  by means of on-the-job i n s t r u c t i o n ,  
numerous s a f e t y  meet ings a l so  are h e l d ,  and t h e  importance of adherence t o  spec i -  
f i c a t i o n s  is emphasized, 
known t o  t h e  o p e r a t o r s ,  s i n c e  they  had viewed f i l m s  showing t h e  c o n d i t i o n  of in-  
d i v i d u a l s  who were exposed i n  c r i t i c a l i t y  a c c i d e n t s  e lsewhere.  

However, 

The consequences of a c r i t i c a l i t y  a c c i d e n t  were well 

FPCTO has  a u d i t  r e s p o n s i b i l i t y  t o  see t h a t  s p e c i f i c a t i o n s  are being p rope r ly  in -  
t e r p r e t e d  The FPCTO e n g i n e e r s  make v i s u a l  o b s e r v a t i o n s  d a i l y  and n o t i f y  opera- 
t i n g  s u p e r v i s o r s  immediately if c o r r e c t i o n s  are needed , 

The Hanf ord L a b o r a t o r i e s  Operat ion,  through its Physics  and Instrument  Research 
and Development Operation, provides  t o  t h e  Sen io r  Engineer (Nuclear  S a f e t y )  CPD 
improvements i n  t h e  t e c h n o l o g i c a l  b a s e s  for  n u c l e a r  s a f e t y  and c o n s u l t a t i o n  
s e r v i c e s  f o r  t h i s  and o t h e r  matters, 
i n s p e c t i o n s  and a u d i t s  upon r e q u e s t ,  

Such c o n s u l t a t i o n  i n c l u d e s  t h e  making of 
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VI, DESCRIPTION OF OPERATIONS P R I O R  TO INCIDENT 

On February 22, 1962 t h e  p rocess  eng inee r  .for t h e  Recuplex Operat ion recommended 
t h a t  t h e  o p e r a t i o n  be s h d t  down t o  remove mater ia l  which had accumulated on t h e  
f l oo r  of t h e  s o l v e n t  e x t r a c t i o n  hood, 
d a t i o n  and t h e  d e c i s i o n  was made t o  s h u t  o f f  a l l  r i c h  f e e d  t o  t h e  system u n t i l  
t h e  s o l v e n t  e x t r a c t i o n  f b o r  could be c l eaned  up and cer ta in  p i p i n g  and struc- 
t u r a l  members could be r ep lacgd ,  
a p e r i o d  o f  months due t o  d e t e r i o r a t i o n  of t h e  equipment w i t h  resul tant  leakage 
of l i q u i d s  t o  t h e  hood f l o o r s ,  These l i q u i d s ,  composed o f  both p r o c e s s  o r g a n i c  
and aqueous s o l u t i o n s ,  had a t t a c k e d  t h e  p l a s t i , c  bags and neoprene g l o v e s  which 
had accumulated on t h e  f l o o r ,  r e s u f t P n g  i n  a mass of s l u d g e  resembling b l ack  
tar  c o n t a i n i n g  va ry ing  c o n c e n t r a t i o n s  o f  plutonium over t h e  area involved,  

Management concurred i n  t h i s  recommen- 

The material on t h e  f l o o r  had accumulated over  

De ta i l ed  procedures  were p repa red  t o  cover  t h i s  clean-up program and i s s u e d  on 
February 26, 1962 and March 8 ,  1962 ( s e e  E x h i b i t  3 - C ) .  

Operat ions acco rd ing  t o  t h e  clean-out procedures  proceeded d u r i n g  t h e  month of 
March and t h e  s o l v e n t  e x t r a c t i o n  hood floor was r e p o r t e d  as c l e a n  ~ i r  !.larch 30, 
1962, 

I n  summary, t h e  f l o o r  clean-up procedures  r e q u i r e d  t h a t  s u c c e s s i v e  volumes of 
aluminum n i t r a t e  and n i t r i c  a c i d  be added t o  t h e  f l o o r s ,  sampled and analyzed 
and, depending upon a n a l y s i s ,  s p e c i f i c  volumes t r a n s f e r r e d  by vacuum through 
a temporary 1" p l a s t i c  l i n e  (which had been i n s t a l l e d  on March 14 ,  1962 f o r  
t h h  s p e c i f i c  purpose)  t o  t h e  K-9 t ank  t o  which cadmium ni t ra te  had p r e v i o u s l y  
been added a s f a  s a f e t y  p r e c a u t i o n o  
t o  L - 2 ,  a waste t ank ,  i n t o  a s o l u t i o n  of water, n i t r i c  a c i d ,  aluminurn n i t r a t e ,  
sodium n i t r a t e  and mis t ron ,  
K-9 had been accumulated i n  t h e  L-2 t a n k ,  a t  which time 200 liters of c o n t a c t  
o r g a n i c  c o n t a i n i n g  8 liters of d i b u t y l  b u t y l  phosphonate was added t o  t h e  L-2 
t a n k  and a g i t a t e d  f o r  two hours  t o  e x t r a c t  t h e  Pu from t h e  aqueous phase and t h e n  
it was sampled and analyzed,  
w a s  d i s c a r d e d  t o  c r i b s  and t h e  o r g a n i c  phase was washed wi th  an e x t r a c t a n t  corn- 
posed o f  water, n i t r i c  a c i d ,  f e r r o u s  su l f ama te  and h y d r o f l u o r i c  a c i d ,  Th i s  
e x t r a c t a n t  was t h e n  run through t h e  s o l v e n t  e x t r a c t i o n  system for, plutonium 
recovery and t h e  o rgan ic  phase was saved for  subsequent c o n t a c t s o  This  proce- 
d u r e  was r e p e a t e d  d u r i n g  t h e  month u n t i l  such  t i m e  as t h e  f l o o r  was c l eaned ,  

This  material  from K - 9  was t h e n  t r a n s f e r r e d  

This  o p e r a t i o n  was cont inued u n t i l  f o u r  ba t ches  from 

The aqueous phase,  when s t r i p p e d  of plutonium, 

F o l l o w h g  t h i s  clean-up t h e  r ecove ry  system was loaded wi th  t h e  und i s so lved  
t a r r y  material which r e q u i r e d  t h a t  t h e  system be c l eaned  thoroughly b e f o r e  it 
could be p u t  back ' i n t o  normal o p e r a t i o n ,  

Th i s  c lean-out  was i n i t i a t e d  on March 31, 1962 and was composed of a series of 
h y d r o f l u o r i c  a c i d  f l u s h e s ,  followed by aluminum n i t r a t e  t o  complex t h e  f l u o r i d e  
i o n ,  s t a r t i n g  a t  t h e  waste t a n k s  and working through t h e  system with b a s i c  
emphasis on r e c o v e r i n g  t h e  plutonium and d i s c a r d i n g  t h e  sludge-contaminated 
o r g a n i c  and aqueous s o l u t i o n s ,  

During t h e  above o p e r a t i o n s  c o n s i d e r a b l e  d i f f i c u l t y  was experienced wi th  plugging 
of l i n e s ,  f l o o d i n g  of t h e  o r g a n i c  e x t r a c t i o n  columns and system l e a k s ,  
caused c o n s i d e r a b l e  rework of both t h e  o r g a n i c  and aqueous streamso 
o u t  had proceeded up t o  t h e  p o i n t  t h a t  t h e  a u x i l i a r y  systems,  i a e o ,  o r g a n i c  
r e c e i v e r  t a n k s  (K=19 K-2), o r g a n i c  t r a n s f e r - d e c a n t  t a n k  (K-91, and waste t a n k s  

Th i s  
Th i s  c lean-  
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(L-2, L-3, L-8) w e r e , i n  t h e  f i n a l  t age  p s  were be ing  taken  
t o  commence clean-out  of  t h e  e x t r a c t i o n  columns when t h e  excur s ion  took p lace ,  

f t h  f l u s h  nd st 

S p e c i f i c  o p e r a t i o n s  l e a d i n g  up t o  t h e  i n c i d e n t  were as  follows: 

On t h e  12-8 s h i f t  an A p r i l  7, 1962, 550 liters of c o n t a c t  organic, used s e v e r a l  
times f o r  c o n t a c t i n g  aqueous s o l u t i o n s  which conta ined  plutonium above t h e  c r i b -  
b ing  l i m i t s ,  was moved from its s t o r a g e  t a n k  (6-36) t o  waste r e c e i v e r  t a n k  (L-2) 
and sampled, 
grams P u / l i t e r  ( l a t e r  c o r r e c t e d  t o  2,19 grarns/liter), or t h a t  approximately 1200 
t o t a l  grams of plutonium was i n  t h e  t ank ,  
part of t h i s  o r g a n i c  t o  reduce  t h e  Pu c o n t e n t ,  Approximately 130 l i t e r s  were 
moved from L-2 back t o  6-36 and 200 liters were t o  be drawn i n  f o u r  ba t ches  from 
L-2 v i a  K-9 t ank  by vacuum and dropped by g r a v i t y  t o  t h e  K-2 t a n k  f o r  washing 
wi th  an aqueous phase con ta in ing  f e r r o u s  su l f ama te  and h y d r o f l u o r i c  a c i d  t o  
extract t h e  plutonium fron t h e  o rgan ic  phase,  
c i e n t  con tac t  time, was t o  be decanted back i n t o  t h e  K-9 t a n k  and t h e n  pumped 
t o  t h e  G-58 t a n k  t o  be used as f e e d  f o r  t h e  s o l v e n t  e x t r a c t i o n  columnso 

The a n a l y s i s  which was r e p o r t e d  on t h e  same s h i f t  showed 2,11 

The s h i f t  s p e c i a l i s t  dec ided  t o  wash 

This  aqueous phase,  after s u f f i -  

On t h e  12-8  s h i f t ,  t h e  first t r a n s f e r  of  55 l i t e r s  was made from t h e  L-2 t a n k  
t o  K-9 and dropped by g r a v i t y  t o  t h e  K-2 t a n k ,  
drawing t h e  mater ia l  back through t h e  431 valve  into t h e  bottom of K-9 because 
it was r e p o r t e d  t o  be a f a s t e r  means of transfer t h a n  through t h e  normal r o u t i n g  
through t h e  506 va lve  i n t o  t h e  t o p  of K-9, It was r e p o r t e d  by t h e  o p e r a t o r  on 
t h e  12-8 s h i f t  t h a t  t h e r e  was e s s e n t i a l l y  no aqueous l a y e r  on t h e  o rgan ic  i n  
K-9, a l though t h i s  could have been i n  error due t o  t h e  poor v i s i b i l i t y  i n  t h e  
hood and t h e  d i f f i c u l t y  of seeing i n  t h e  t ank  from t h e  o p e r a t i n g  f loo r  l e v e l .  

This  t r a n s f e r  was made by 

The 8-4 s h i f t  cont inued  t h e  t r a n s f e r  of c o n t a c t  o rgan ic  from L-2 through K-9 
t o  K-2 by 
.operator  who cont inued t h e s e  t r a n s f e r s  (Employee No, 1) does not  remember 
c l o s i n g  t h e  543 and 431 v a l v e s  (found open subsequen t ly )  which were used  on 
t h e  prev ious  s h i f t  and were r e p o r t e d l y  l e f t  open by t h e  12-8 s h i f t  o p e r a t o r ,  
which allowed t h e  material t o  be moved i n t o  K-9 from L-2 by two r o u t e s  s imul-  
t aneous ly ,  
7, 1962 u n t i l  a t o t a l  of  3 or 4 ba tches  of approximately 50-55 l i t e r s  each  
had been t p a n s f e r r e d  i n t o  K-2 t a n k ,  
whether 3 or  4 ba tches  were t r a n s f e r r e d , )  
r e d  due t o  i n t e r r u p t i o n s  caused by a f lood ing  cond i t ion  i n  t h e  s o l v e n t  extrac- 
t i o n  columns which r e q u i r e d  t h e  o p e r a t o r Q s  a t t e n t i o n ,  

opening va lve  506, which is t h e  normal r o u t e  from L-2 t o  K-9, The 

This t r a n s f e r  cont inued  i n t e r m i t t e n t l y  d u r i n g  t h e  morning of A p r i l  

(Opera tor  r e c o l l e c t i o n  is hazy as t o  
The i n t e r m i t t e n t  o p e r a t i o n  occur- 

A t  approximately 10:30 Employee No, 1 8  r e l i e v e d  t h e  r e g u l a r  ope ra to r ,  Employee 
 NO..^, f o r  p e r s o n a l  relief and f i n i s h e d  t r a n s f e r r i n g  t h e  l a s t  2 5  l i t e r s  from 
L-2 t o  KL9, 
t h e  r e g u l a r  o p e r a t o r ,  when he r e t u r n e d ,  t h a t  t h e  t r a n s f e r  had been completed 
and a l l  va lves  were c losed ,  
subsequent  t o  t h e  i n c i d e n t  t h a t  t h e r e  was an aqueous cap of 10-30 liters on 
t h e  t o p  of t h e  o rgan ic  phase i n  K-2 with a t o t a l  of 210 l i ters o f  o r g a n i c  
i n  K-2, 

He dropped a t o t a l  of 50 liters i n t o  K-2 from K-9 and n o t i f i e d  

The r e g u l a r  o p e r a t o r  t h e n  took  over  and r e p o r t e d  

The .ope ra to r  proceeded t o  decant  t h e  cap from K-2 back up t o  K-9 and was i n  
t h e  process  of g e t t i n g  ready t o  add wash c h e x i c a l s  ( f e r r o u s  su l famate  and water) 
from K-8 (chemica l  addition t a n k )  t o  K-2 when t h e  i n c i d e n t  occur red  i n  K-9 t ank ,  



I n  adding t h e s e  chemicals  t o  K-2, Stancrdrd p r a c t i c e  had developed h..ereby 
t h e  vacuum i n  K-9 was used t o  break t h e  a i r  lock  i n  t h e  i n t e r c o n n e c t  l i n e  
from t h e  K-8 t a n k  t o  t h e  K-2 t a n k  by c rack ing  t h e  valve (433)  t o  K-9 momen- 
t a r i l y  to star t  t h e  chemical  flow, 
were not  found i n  t h e  K-8 t a n k  and t h e  va lve  from K-8 t o  t h e  sewer was found 
p a r t i a l l y  open, 

Following t h e  i n c i d e n t  t h e  chemicals  

The 433 va lve  t o  K-9 was found c l o s e d ,  

I n v e s t i g a t i o n  subsequent  t o  t h e  i n c i d e n t  has  developed t h e  fo l lowing  infor- 
mat i on :' 

1. 

2 ,  

3. 

4. 

5. 

6 ,  

7. 

A t  t h e  time of t h e  i n c i d e n t  t h e  columns were o p e r a t i n g  on a f a b r i -  
cation o i l  wash f e e d  from G-10, CAFB ( d i l u t e  f e e d )  s o l v e n t  e x t r a c t i o n  
f e e d  t a n k ,  
t o n  l i ne  supe rna te s  o r  s p i l l e d  l i q u i d  from t h e  r e c e p t i o n  and b lending  
hood f loor ,  

The f e e d  from t h e  concen t r a t ed  f e e d  system was t h e  but-  

The sump i n  t h e  €loor, of t h e  hood conta ined  l i q u i d  up t o  t h e  t o p  
o f  t h e  sump (2-4 l i t e r s )  on 4-25-62, This  l i q u i d  conta ined  both  
aqueous and o rgan ic  phase which ana lyzed  1-2 grams P u / l i t e r  in t h e  
aqueous phase and 60-130 g r a m s / l i t e r  in t h e  o r g a n i c  phase,  depending 
upon sample l o c a t i o n  i n  t h e  sump, On t h e  day of t h e  i n c i d e n t  it was 
e s t i m a t e d  t h a t  20-30 l i t e r s  of s o h i t i o n  of unknown c o n c e n t r a t i o n  m s  
on t h e  f l o o r ,  
credence can be p laced  i n  such estimates, 

However, v i s i b i l i t y  in t h e  SE hood is s o  poor l i t t l e  

An a n a l y s i s  of  c h a r t s  ( F i g ,  VIII-1) showing t h e  H-3 column ( s t r i p p i n g  
column 1 product  concen t r a t ion ,  t h e  J-1 v e s s e l  (column ref lux i n t e r -  
mediate  t a n k )  weight factor,  and s t r i p  s o l u t i o n  f low rate to H-3 
column, and t h e  J-1 flow r a t e  t o  t h e  H-1 column ( e x t r a c t i o n  column), 
r evea led  t h e  sou rce  'of a major plutonium overf low t o  t h e  floor of t h e  
hood between 0600 and 0800 on A p r i l  1 7 ,  1962,  

The p rocess  vacuum ( l i n e  vacuum p o s s i b l y  as h igh  as 26" mercury) was 
a p p a r e n t l y  on t h e  K-9 t a n k  a t  t h e  t i m e  o f  t h e  i n c i d e n t ,  

The temporary p l a s t i c  l i n e  from t h e  bottom o f  K-9 t a n k  was in p l a c e  
wi th  one end l y i n g  i n  t h e  bottom of t h e  sumpo 
v a l v e  i n s t a l l e d  i n  t h i s  l i n e  was found t o  be i n  t h e . c l o s e d  p o s i t i o n  
and t h e  permanent va lve  (431) i n  t h e  l i n e  t o  t h e  bottom of K-9 t a n k ,  
t o  which t h i s  l i n e  is a t t a c h e d ,  was found open, 

The temporary b a l l  

The v a l v e  (433)  between K-9 and t h e  chemical  a d d i t i o n  l i n e  from 
K-8 t o  K-2 was found c l o s e d o  

The m a t e r i a l  which went c r i t i c a l  i n  K-9 v e s s e l  was analyzed sub- 
sequen t  t o  t h e  i n c i d e n t  and found t o  have t h e .  fo l lowing  a n a l y s i s :  

K-9 Receiver  

One phase,  aqueous s o l u t i o n  (Labora tory  Sample kll420 R - 4-20-62) 

Pu - - 3Q,B g r a m s / l i t e r  

VI-3 



SPG 

Fe 

H+ 

Na 
- 

N03 
so4--- 
N H ~ +  

A 1  

F 

c1 
Pu valence 

Volume 

T o t a l  Pu 

1 ,118  

0,052 M 

1.23 M 

0.018 - M 

- 
- 

1,96 M 

0,11 M 

0,24 g r a m s / l i t e r  (0.013 M) 

1 , 4  g r a m s / l i t e r  (0.05 M) 

0045 g r a m s / l i t e r  (0.024 MI 

0,14 g r a m s / l i t e r  (0.004 M) 

- 
- 

- 
- 
- 
- 

t 4  

2,53 x lo6 d/m/ml 

39 l i t e r s  

1357 grams 

F i s s i o n  p roduc t s  (back calc. t o  4-7-62 - 11:OO) 
Ru103 - - 2.20 x 101~ f i s s ions / l i t e r  

ZrNbg5 - - 200 x 1 0  l6 f i s s i o n s / l i t e r  

Ba14' - 1 , 6  x 1 0 l 6  f i s s i o n s / l i t e r  

Also found ~099, Ce143s Te1132, I 1 3 l P  Nd147 

Spectrographic  a n a l y s i s ,  ppm 

Ag 

A 1  

A s  

B 

Be 

B i  

ca 

- - < 20 

= >20,000 

Mg = 100 

Mn = 400 

Mo = - 
Na = 4,000 

Ni = ,100 

P =  - 
Pb = 1,000 

VI-4 
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Cd = 

Cr = 

c u =  

Fe = 

Ge = 

K =  

L i  = 

20 Sb 

100 Si 

2,000 Sn 

70 ,OOO* T 

- v 
400 Zn 

Dis tr ibut ion  c o e f f i c i e n t s  

K-9 s o l u t i o n  v s .  1 5  percent TBP i n  CC14 ( e q u a l  volume) E: 

K-9 s o l u t i o n  V S .  25 percent DBBP in CCl4 ( equa l  volume) E2 = 5.0 

Material from K-9 was t rans ferred  into PR cans S-124 and S-134 
a f t e r  t h e  i n c i d e n t .  

= 0.22 

S-124 (962-S, 963-S, 5-4-62) - 
TOP Pu = 3 5 . 6  gramslliter 

Bottom Pu = 36.2  grams / l i t er  

- S-134 (964-S, 965-S, 5-4-62) 

TOP Pu = 36.2 grams/ l i t er  

Bottom Pu = 36.2 grams/liter 

(""1 Estimated 

(-1 Not d e t e c t e d  

VI-5 
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V I I .  DESCRIPTION OF ACCIDENT AND POSTACCIDENT EVENTS 

The period from j u s t  before  t h e  a c c i d e n t  up  t o  t h e  time o f  t h i s  report is con- 
v e n i e n t l y  d iv ided  a s  fol lows:  

A ,  The pe r iod  of t h e  a c c i d e n t  proper - from a few seconds p r i o r  t o  t h e  a c c i d e n t  
up t o  the first n o t i f i c a t i o n  of persons o t h e r  t han  t h o s e  p re sen t  i n  t h e  
2 0 0 4  Areas 

B, The subsequent  per iod p r i o r  t o  t h e  assumption of c o n t r o l  by t h e  Emergency 
Con t ro l  'Center  (ECC)  i n  Richland , 

Ce The subsequent  period p r i o r  t o  t h e  c e s s a t i o n  of t h e  c h a i n  reaction. 

D, The subsequent  period p r i o r  t o  t h e  p r e p a r a t i o n  of t h i s  r e p o r t .  

Th i s  s e c t i o n  of t h e  report w i l l  also c o n t a i n  a summary of r e p o r t s  and announce- 
ments made and a b r i e f  r eco rd  of t h e  hand l ing  of t h e  f o u r  employees d i r e c t l y  
involved, and a n  account  of t h e  resumption of c e r t a i n  o p e r a t i o n s  i n  200-W, 

A *  The Period of t h e  Accident Proper 

A t  t h e  time of t h e  a c c i d e n t  t h e  234-5 Bu i ld ing  and immediate env i rons  con- 
t a i n e d  24 persons,  disposed a s  i n d i c a t e d  on t h e  a t t a c h e d  diagram ( F i g .  
V I I - l ) o  F ig .  I V - 1  shows t h e  234-5 Bu i ld ing  i n  r e l a t i o n  t o  o t h e r  parts of 
t h e  200-W Areao The d u t i e s  of t h e s e  24 employees are  b r i e f l y  i n d i c a t e d  i n  
t h e  fo l lowing  t a b l e ,  
t h e  people normally a s s igned  t o  day work i n  t h e  b u i l d i n g  were a b s e n t .  

S ince  t h e  a c c i d e n t  occur red  on a Saturday, most of 

TABLE V I I - 1  EMPLOYEE NUMBERS AND DESCRIPTIVE TITLES 

Employee 
NO s 

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  

a 

Job - 
Recuplex o p e r a t o r  
Patrolman 
Engineer 
Engineer 
Power o p e r a t o r  
Accounting c l e r k  
Power opera tor  
Chemical a n a l y s t  
Technologis t  
Labor a t  ory Leader 
Rad ia t ion  monitor 
U t i l i t y  o p e r a t o r  

Employee 
No 

13 
14  
15 . 
16 
17 
18 
1 9  
20 
2 1  
22 
23 
24 

Job - 
Process  ope ra to r  
Chemical process  o p e r a t o r  
P rocess  ope ra to r  
Eng i n  eer 

" S p e c i a l i s t  i n  Recuplex 
Process  o p e r a t  o r  
Patrolman ( i n  2701-2) 
Patrolman ( i n  2701-2) 
Pipef it t er 
Chemical a n a l y s t  
U t i l i t y  ope ra to r  
P rocess  chemist  

* The p o s i t i o n  of S p e c i a l i s t  carries r e s p o n s i b i l i t y  f o r  t e c h n i c a l  a s p e c t s  of 
t h e  work of t h e  Opera to r s ,  and is hence a semisupervisory p o s i t i o n .  
S p e c i a l i s t ,  however, is n o t  a p r o f e s s i o n a l l y  t r a i n e d  person. 

The 
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The s t a t u s  of ope ra t ions  and of t h e  p rocess ing  equipment a t  t h e  t h e  of t h e  
a c c i d e n t ,  a s  it has  been r e p o r t e d  t o  or r econs t ruc t ed  by t h e  I n v e s t i g a t i o n  
Committee is given i n  Sec t ion  V I  of t h i s  report, 

The o p e r a t o r  (employee #1) s t a t e d  t h a t ,  "I had s t a r t e d  t o  open my K-8 t o  K-2 
chemical  a d d i t i o n  valve,"  when he  saw a b l u e  f l a s h  and heard a sound l i k e  
t h a t  made by t h e  drawing of an  electric a rco  He was s t a n d i n g  d i r e c t l y  i n  
front of and somewhat below K-9 ( h i s  head is es t ima ted  t o  have been t h r e e  
feet s o u t h  and fou r  feet  below t h e  c e n t e r  of K-91, 
f l a s h  was above him, and i n  K-9 or p o s s i b l y  t o  t h e  r i g h t  of K-9 by a f o o t  
or twoo 
rear and l e f t  of employee #lo 
employee #1 and by t h e  l e a d  s h i e l d s  which s t and  i n  f ront  of t h e  hood, 
ever ,  h e  a lso saw t h e  f l a s h  and heard t h e  sound r e p o r t e d  by employee #l, and 
g e n e r a l l y  agreed with employee #1 a s  t o  t h e  l o c a t i o n  of t h e  f l a s h ,  Employee 
#1 desc r ibed  t h e  f l a s h  as  having a "jagged1' appearance,  "somewhat l i k e  l i g h t -  
ning,"  
which might make h i s  v i s u a l  obse rva t ions  somewhat u n r e l i a b l e  under s a n e  con- 
d i t i o n s ,  
a c c i d e n t  by some y e a r s  , 1 

H e  r epor t ed  t h a t  t h e  

Employee #17, t h e  s h i f t  s p e c i a l i s t ,  was s t a n d i n g  a few feet to t h e  

How- 
H i s  view was somewhat obs t ruc t ed  both  by 

(Employee #l h a s  a n  apparent  muscular imbalance between h i s  e j s s ,  

This  imbalance is a c o n d i t i o n  of long  s t a n d i n g  and a n t e d a t e s  t h e  

Employee #1 heard t h e  b u i l d i n g  poppies  first,  fol lowed by t h e  c r i t i c a l i t y  
alarm s i r e n  i n  a ve ry  s h o r t  t i m e ,  
which s h u t s  off power t o  c e r t a i n  process  o p e r a t i o n s  and l e f t  t h e  area i m -  
med ia t e ly ,  
#23, who was on t h e  mezzanine i n  t h e  221 Area a l so  l e f t  promptly, as d i d  a 
p i p e f i t t e r ,  employee #21, : in  an area which was e s s e n t i a l l y  a p a r t  of bu t  
somewhat sh i e lded  *from t h e  o p e r a t i n g  area, A l l  b u t  two of t h e  o t h e r  em- 
ployees i n  t h e  b u i l d i n g  a l s o ' e v a c u a t e d  q u i c k l y ,  One of t h e  two was employee 
#7, a power o p e r a t o r  who was a t  work i n  t h e  a t t i c  of t h e  b u i l d i n g  a t  t h e  end 
away from t h e  221 Area, 
informal  account ing  of t h o s e  remembered t o  b e  i n  t h e  b u i l d i n g  was made by 
o t h e r  employees a t  t h e  234-5 badge house.  
t h e  t e l ephone  from t h e  badge house and immediately l e f t  Bui ld ing  234-5, 
had heard t h e  alarm bu t  thought  it was an  alarm a t t a c h e d  t o  some of t h e  
equipment f o r  which he was re spons ib l e ,  and acco rd ing ly  was i n v e s t i g a t i n g  
t h i s -  p o s s i b i l i t y  when te lephoned 
de layed  was employee #6, an  a c c o u n t a b i l i t y  c l e r k ,  who paused t o  l o c k  up  h e r  
safec 
r e a c h  t h e  g a t e  house,  
s h o r t e r  time, 
A l l  bu t  one of t h e  employees i n  t h e  b u i l d i n g  a t  t h e  time of t h e  a c c i d e n t  
were wearing t h e i r  f i l m  d c s b e t e r s ,  
on h i s  coat which was hanging a f e w  feet  from him, 
dos ime te r s  ( f i n g e r  r i n g s ,  neut ron  badges! were be ing  worn a t  t h e  time of t h e  
a c c i d e n t  , 

He turned  one of t h e  emergency switches 

Employee #17 a l s o  l e f t  i n s t a n t l y  by a d i f f .e ren t  r o u t e .  Employee 

.This employee w a s  d i scovered  t o  be  mis s ing  when an  

Employee #7 was c a l l e d  on 
He 

The o t h e r  employee whose e x i t  was s l i g h t l y  

These two employees took  about  fou r  and two minutes ,  r e s p e c t i v e l y ,  t o  

A l l  employees i n  234-5 b u t  one l e f t  by t h e  most d i r e c t  r o u t e .  
A l l  t h e  o t h e r s  were a t  t h e  g a t e  house i n  a much 

The excep t ion  had h i s  f i l m  dos imeter  
A few supplementary 

A f t e r  l e a v i n g  t h e  bu i ld ing ,  a l l  employees congregated e i t h e r  i n  t h e  2701-2 
Gate House o r  i n  t h e  area n o r t h e a s t  of t h e  2704-2 Bui ld ing ,  u s i n g  it a s  a 
s h i e l d  from t h e  234-5 Bui ld ing ,  A r a d i a t i o n  monitor  who had been p resen t  
i n  t h e  234-5 Bui ld ing  l e f t  by a back e x i t ,  g o t  i n t o  a pickup t r u c k ,  and 
drove  around t o  t h e  Gate House be fo re  a l l  t h e  o t h e r  enployees had evacuated 
t h e  bu i ld ing .  
most immediately i n  t h e  Gate House and warn a l l  pe r sonne l  t o  evacuate  f u r -  
t h e r  s i n c e  dose  rates up t o  200 mr/hour were r e g i s t e r e d ,  

He was a b l e ,  t h e r e f o r e ,  t o  make r a d i a t i o n  measurements a l -  

Most of t h e  234-5 
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Dersonnel boarded t h e  e v a c u a t A m  bus and were d r i v e n  t o  he  200- J Area F i r s t  
Aid Bu i ld ing ,  
cles evacuated t h e  rest ,  Approximately f i v e  t o  t e n  minutes elapsed between 
t h e  t h e  of t h e  i n c i d e n t  and evacua t ion  of t h e  Gate House - 2704-2 Building 
A r e a  ., 

Some o t h e r s  had p r i v a t e  cars which were u s e d  and pa t ro l  vehi-  

The evacua t ion  proceeded smoothly; t h e r e  was l i t t l e  confus iono  
t h e  employees responded t o  t h e  alarm promptly and p r o p e r l y ,  
criticism of t h e  fact  t h a t  t h e  evacua t ion  bus  appeared t o  be on t h e  ve rge  of 
f a i l i n g  t o  r u n ,  
involved; if t h e  a c c i d e n t  had occur red  d u r i n g  a regular work day, t h i s  might 
well have l e d  t o  c o n s i d e r a b l e  confus ion ,  

Nearly a l l  
There was sane 

The F i r s t  Aid area was too mal l  for  t h e  number of people 

The exact time of t h e  a c c i d e n t  was widely quoted by t h o s e  on t h e  scene  or 
n o t i f i e d  of it a t  an  e a r l y  hour t o  be 1059, This is t h e  time at which an  
electric c l o c k ,  on t h e  c i r c u i t  c u t  o f f  by t h e  emergency switch,  xas stopped,  
This time is approximately v e r i f i e d  by the  neu t ron  coun t  r a t e  r e c o r d e r  ar 
t h e  234-5 i n c i n e r a t o r  (about  100 yds from t a n k  K-9) and from a neu t ron  count  
ra te  r e c o r d e r  l o c a t e d  i n  room 221, Th i s  time is  a l s o  c o n s i s t e n t  w i t h  t h e  
o t h e r  times v a r i o u s l y  noted and recorded,  a s  i n d i c a t e d  i n  t h e  nex t  p r t i o n  
of t h i s  n a r r a t i v e .  

N o t i f i c a t i o n  t o  t h e  emergency p a t r o l  o f f i c e r  i n  Richland proceeded as 
fol lows:  

A patrolman who had been i n  234-5 a t  t h e  time of t h e  alarm went a t  once t o  
t h e  234-5 badge house where a t  1102 he  n o t i f i e d  t h e  200 West r a d i o  o p e r a t o r  
(by t e l e p h o n e )  t h a t  t h e  234-5 alarm had sounded, Immediately fo l lowing ,  a 
second patrolman a l s o  a t  t h e  234-5 badge house te lephoned t h e  200 West r a d i o  
o p e r a t o r  t h a t  t h e  alarm appeared genuine,  
patrol l i e u t e n a n t  i n  t h e  200 A r e a  and d i s p a t c h e d  two p a t r o l  cars t o  t h e  
234-5 badge house, 
Officer i n  Richland of t h e  i n c i d e n t  a l though  t h e  r a d i o  o p e r a t o r  d i d  n o t  y e t  
know t h e  n a t u r e  of t h e  emergency, 

The r a d i o  o p e r a t o r  con tac t ed  t h e  

A t  1107 t h e  r a d i o  o p e r a t o r  n o t i f i e d  t h e  Emergency P a t r o l  

Employee #17, who was t h e  s e n i o r  s u p e r v i s o r y  employee i n  t h e  bu i ld ing ,  
te lephoned h i s  Sec t ion  Manager i n  Richland with t h e  news of t h e  a c c i d e n t  a t  
abou t  1103, 
a c c i d e n t  

This was probably t h e  first e x t e r n a l  n o t i f i c a t i o n  of t h e  

B. Subsequent Period up  t o  Assumption of C o n t r o l  by Emergency ConRrol Center 

1, Events i n  t h e  F i e l d  

The t r a n s p o r t a t i o n  o f  t h e  evacuees from 234-5 t o  t h e  F i r s t  Aid Building 
(2719-WA) took p l a c e  a t  about  t h e  t i m e  of n o t i f i c a t i o n  t o  t h e  Emergency 
Officer (1107 } 

Upon a r r i v a l  a t  F i r s t  Aid, a l l  employees were g i v e n  a "Quick S o r t "  check, 
i O e e p  a Geiger-Mueller t u b e  was placed on t h e  abdomen, t h e  employee bent  
his body over  t h e  tube ,  and t h e  count rate due t o  any neutron-induced 
a c t i v i t y  i n  t h e  body was measured, 
g iven  immediate contaminat ion s u r v e y s o  I n  a d d i t i o n  t o  t h e  Quick S o r t  
procedure,  b ioas say  samples were t a k e n  and d o s i m e t e r s  were exchanged, 

S e v e r a l ,  b u t  n o t  a l l ,  were a l s o  
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A l l  personnel  who were working i n  t h e  r a d i a t i o n  zone p o r t i o n s  of t h e  
234-5 Building were given complete contaminat ion su rveys  p r i o r  t o  release 
from t h e  2717-WA ( F i r s t  Aid) Bu i ld ing ,  There was unanimous p r a i s e  of t h e  
Rad ia t ion  S p e c i a l i s t s  i n  g e n e r a l  and t h e  s e l f l e s s n e s s  of.employee #24 
(who performed t h e  i n i t i a l  Quick S o r t  a t  F i r s t  Aid) and employee #17, 
The p r a c t i c e  evacua t ion  d r i l l s  paid o f f  handsomely and t h e  evacua t ion  
procedures  seemed t o  work v e r y  well, 
i n g  had any d i f f i c u l t y  i n  h e a r i n g  t h e  c r i t i c a l i t y  s i r e n s ,  

The Quick S o r t  procedure i d e n t i f i e d  t h r e e  employees (#l, #17, and #23)  
as having s u f f i c i e n t  induced r a d i o a c t i v i t y  t o  warrant  t h e i r  be ing  put 
under immediate medical  o b s e r v a t i o n  

The t h r e e  employees who were t o  b e  s e n t  t o  r h e  h o s p i t a l  were s e n t  t o  
Richland i n  a r a d i o  p a t r o l  car, l e a v i n g  t h e  200-W Area a t  1132 and ar- 
r i v i n g  a t  t h e  h o s p i t a l  i n  Richland a few minu tes  b e f o r e  1 2  n o m ,  U p n  
a r r i v a l  t h e  t h r e e  employees were f irst  given a n  examination for  r a d i o -  
a c t i v e  contaminat ion,  which r e q u i r e d  a few minu tes ,  During t h i s  exam- 
i n a t i o n ,  a Company phys ic i an  a r r i v e d  and took  c h a r g e  of t h e  t h r e e  
p a t i e n t s  

No one p r e s e n t  i n  t h e  234-5 Build- 

I n  t h e  200-W Area, meanwhile, t h e  fo l lowing  evei l ts  were t r a n s p i r i n g :  

Employees #10 and #11 (a Laboratory Leader and a Rad ia t ion  S p e c i a l i s t )  
immediately fo l lowing  t h e  evacua t ion  t o  t h e  F i r s t  Aid Bu i ld ing  s t a r t e d  
a survey of t h e  234-5 Bui ld ing  pe r imere r  f e n c e  and roadways, f i n d i n g  
no contaminat ion and r a d i a t i o n  l e v e l s  of abou t  50 mr/hr a t  t h e  badge 
house,  
t h e  U03 P l a n t ,  
s i n c e  a l l  of its beta-gamma d e t e c t o r  i n s t rumen t s  responded a t  t h e  time 
of t h e  excur s ion ,  

They a l e r t e d  Redox personnel  and ob ta ined  spare ins t rumen t s  from 
They a l s o  checked t h e  l aundry  b u i l d i n g  for contaminat ion 

Employee #24 had a r r anged  f o r  b a r r i c a d e  of Z P l a n t  roadway upon evacua t ion ,  

The Manager, Con t ro l  O p e r a t h ,  F in i shed  Products ,  who had been n o t i f i e d  
i n  Sunnyside of t h e  emergency by phone by employee #24,  a r r i v e d  a few 
moments b e f o r e  noon, Employee #6 (Accounting C l e r k )  was found a t  t h e  
area g a t e  and i n s t r u c t e d  t o  r e t u r n  t o  F i r s t  Aid, 

Arrangements were made a t  F i r s t  Aid t o  o b t a i n  b i o a s s a y  specimens from 
a l l  personnel ,  i n c l u d i n g  t h e  patrolmen i n  t h e  area, t o  send a l l  h e a l t h  
badges i n  f o r  p rocess ing ,  and a l s o  t o  perform t h e  Quick S o r t  procedure 
for t h e  patrolmen and employee #6, 
t a l  because he had been moderately n e a r  t h e  s o u r c e ,  Employees #10 and 
#ll r e t u r n e d  from t h e i r  t o u r  abou t  1220 and r e p o r t e d  eve ry th ing  under  
c o n t r o l ,  

Employee # 2 1  was s e n t  t o  t h e  hospi-  

They were reques t ed  t o  s t a y  o u t  of a l l  r a d i a t i o n  z o n e s o  

The Con t ro l  Operation Manager arranged for an AEC S e c u r i t y  man and an  
AEC S a f e t y  Engineer t o  d r i v e  him t o  t h e  234-5 Bui ld ing  f o r  t h e  purpose 
of r e t r i e v i n g  t h e  t h r e e  r a d i a t i o n  mon i to r ing  pe r sonne l  from t h a t  
b u i l d i n g  

These t h r e e  r a d i a t i o n  monitor ing pe r sonne l  had r e -en te red  t h e  234-5 
Bui ld ing  a t  about 1215 f o r  about  1 5  minu tes ,  One man kept t i m e  while  
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t h e  o t h e r  two made su rveys  with gamrr -be t  s e n s i t i v e  in s t rumen t s  and re- 
covered a Hurst  dos imeter  from Room 2 2 1  and one n e a r  t h e  south  door  t o  
234-5, 
221 ,  
ranged from 10-50 mr/hr from t h e  door on t h e  n o r t h e a s t  s i d e  of t h e  
b u i l d i n g  t o  t h e  main e n t r a n c e  on t h e  n o r t h  s i d e  of t h e  b u i l d i n g ,  
t h e  b u i l d i n g  dose  rates up  t o  350 mr/hr were measured on t h e  t o p  of t h e  
stairs i n s i d e  t h e  main en t r ance ,  and i n  Corr idor  No, 2 ,  
t amina t ion  could be found,  On emerging from t h e  234-5 Bui ld ing ,  Room 
169 ex i t ,  t h e  t h r e e  mon i to r s  were met by t h e  Con t ro l  Operat ion Manager, 
AEC Sa fe ty  Engineer and t h e  Process ing  Operat ion Manager who had j u s t  
a r r i v e d ,  They were ordered  t o  l e a v e  t h e  area immediately,  

Dose rates as  h igh  as 5 r / h r  were measured by t h i s  team i n  Room 
Readings o u t s i d e  t h e  b u i l d i n g  were also made by t h i s  team and 

I n s i d e  

No a l p h a  con- 

It was decided t o  be d e s i r a b l e  t o  make neut ron  measurements, The n e a r e s t  
BF3 ins t rument  a v a i l a b l e  o u t s i d e  t h e  234-5 Bui ld ing  was i n  t h e  231-2 
Bui ld ing ,  about  100 y a r d s  away, The Rad ia t ion  Analyst  from Z P l a n t  who 
had j u s t  a r r i v e d  wi th  o t h e r  monitors  was d i spa tched  with a patrolman t o  
get  i t ,  
r e a c t i o n  was con t inu ing ,  
Chemical Process ing  Department a r r i v e d  a t  t h e  234-5 Badge House from 
h i s  headquar t e r s  a t  t h e  200-W Patrol Bui lding,  and,  s u b j e c t  t o  t h e  
d i r e c t i o n  of t h e  ECC, took f i r m  cha rge  of f i e l d  o p e r a t i o n s ,  
n e l  were withdrawn t o  t h e  P a t r o l  Bui lding,  and F i r s t  Aid and Laundry 
o p e r a t i o n s  were s h u t  down, 
t i o n  moni tor ing  personnel  and some t e c h n i c a l l y  t r a i n e d  supe rv i so ry  per- 
sonne l  had a r r i v e d  from o t h e r  areas i n  t h e  p l a n t  and from Richland,  

It was observed and r epor t ed  a t  t h i s - t i m e  t h a t  t h e  n u c l e a r  
A t  about  1240 t h e  Manager, Product ion of t h e  

A l l  person- 

By t h i s  t ima a c o n s i d e r a b l e  number of r a d i a -  

2 ,  Events i n  Richland 

In Richland,  mob i l i za t ion  of t h e  ECC was proceeding,  A t  about  1110 t h e  
AEC d u t y  officer i n  Richland was n o t i f i e d  of t h e  a c c i d e n t  by t h e  Patrol 
Duty Capta in  i n  t h e  ECC, 
Manager, HAPO, bu t  no  one answered, ( H i s  w i f e  had a l r e a d y  been n o t i f i e d  
and had l e f t  t o  c o n t a c t  h e r  husband who was a few miles away,) 
703 Bui ld ing  desk  and North Badge House were i n s t r u c t e d  t o  start c a l l i n g  
persons on t h e i r  n o t i f i c a t i o n  list,  g i v i n g  them t h e  fo l lowing  message: 
"A c r i t i c a l i t y  problem has  occurred i n  a hood i n  t h e  Recuplex Line i n  
t h e  234-5 Bui ld ing  and t h e  234-5 Bui ld ing  i s  be ing  evacuated,"  
t h e  General  Electric S e c u r i t y  Officer had been n o t i f i e d ,  as  had t h e  
manager of t h e  P a t r o l  Opera t ion ,  and s e v e r a l  o t h e r s ,  
sons  who had r ece ived  t h e s e  t e l ephone  communications began t o  a r r i v e  a t  
t h e  ECC, among them t h e  Manager - CPD, 
Hanford Labora to r i e s  Crash A l a r m  was a c t i v a t e d  a t  1127,  Within about  
t e n  minutes,  t h r e e  members of t h e  HLO emergency team a r r i v e d  a t  t h e  ECC, 
c l o s e l y  followed by s e v e r a l  a d d i t i o n a l  members, i n c l u d i n g  t h e  Manager - 
Hanford Labora to r i e s  Opera t ion ,  Within t h e  first hour af ter  a c t i v a t i o n  
of t h e  ECC: 

A c a l l  was placed t o  t h e  home of t h e  General  

The 

By 1120 ' 

About 1125, per- 

With h i s  concurrence,  t h e  

a ,  Bar r i cades  were reques t ed  t o  c o n t r o l  t r a f f i c  approaching t h e  200 
West Area , 

b o  Environmental  su rvey  teams were d i spa tched  t o  e v a l u a t e  any r e s u l t a n t '  
ground contaminat  ion  

c o  Rad ia t ion  moni tor ing  a s s i s t a n c e  was sent t o  t h e  200-W Area, 
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g. 

h. 

Kadlec H o s p i t a l  was n o t i f i e d  t h a t  t h r e e  men who were involved i n  a 
r a d i a t i o n  a c c i d e n t  were be ing  brought  t o  Kadlec, 
ists were sent t o  Kadlec t o  await a r r i v a l  of t h e  meno 

Rad ia t ion  Special-  

The 3705 Bu i ld ing  was a c t i v a t e d  t o  provide pe r sonne l  dosimeter  
e v a l u a t i o n ,  

The 329 Bu i ld ing  was a c t i v a t e d  t o  provide coun t ing  o f  t h e  c r i t i c a l i t y  
dos ime te r s ,  blood samples,  and o t h e r  a c t i v a t e d  materials which could 
h e l p  i n  t h e  dosimetry e v a l u a t i o n s ,  

P e r i o d i c  r e p o r t s  from Meteorology - p a r t i c u l a r l y  wind d i r e c t i o n s  and 
speed - were reques t ed . and  u t i l i z e d  i n  d i r e c t i n g  t h e  environmental  
survey t eams 

Technical  a s s i s t a n c e  was d i spa tched  t o  t h e  200-W Areao 
t h e  Manager - Produc t ion ,  CPD, was d i spa tched  from t h e  ECC t o  be F i e l d  
Operat ions Manager d u r i n g  t h i s  p e r i o d  also, a r r i v i n - g  and s e t t i n g  up 
h i s  command p o s t  i n f h e  200-W P a t r o l  Headquarters  a t  about 1234, 
was c o n s t a n t  communication between t h e  ECC, 200-W Area, v a r i o u s  patpol  

w a 3  a l s o  a t  work, The General Manager - HAP0 a r r i v e d  a t  t h e  ECC about  
1130, having been reached by t e l ephone  and messengero 
HOO a r r i v e d  a t  t h e  ECC a t  1200 ,  

A s  noted above, 

There 

' p o s t s ,  and cars, The c h a i n  of n o t i f i c a t i o n  of AEC and GE pe r sonne l  

The Manager - 
By 1240, A p r i l  7, about one hour and 40 minutes  af ter  t h e  a c c i d e n t ,  
t h e  ECC had been a c t i v a t e d ,  a F i e l d  Opera t ions  Manager had been 
e s t a b l i s h e d  and had gone i n t o  a c t i o n o  
phase,  i n  which it con t inued  u n t i l  it was e s t a b l i s h e d  t h a t  the c h a i n  
r e a c t i o n  -had ceased,  

The s i t u a t i o n  t h u s  e n t e r e d  a new 

C, Subsequent Pe r iod  Pr ior  t o  Cessa t ion  of Chain Reac t ion  - 

Realization t h a t  t h e  c h a i n  reaction was a c t u a l l y  c o n t i n u i n g  appea r s  t o  have 
c r y s t a l l i z e d  about  1235, a l though  t h e  p o s s i b l i l i t y - h a d  been recognized from 
t h e  first, 
became t h e  avoidance of any act which would cause an  i n t e n s i f i c a t i o n  of 
t h e  r e a c t i o n ,  and t h e  development of means of s a f e l y  s t o p p i n g  t h e  r e a c t i o n ,  
It  was qu ick ly  decided t h a t  no f u r t h e r  e n t r i  of p e r s o n n e l  t o  t h e  234-5 
Building would be p e r m i t t e d  excep t  f o r  t h e  c o r r e c t i o n  of c o n d i t i o n s  which 
might o the rwise  cause f u r t h e r  s e r i o u s  damage, 
i n g  a d d i t i o n a l  e n t r i e s  were c a r r i e d  ou t :  

When t h i s  fact  became e v i d e n t ,  t h e  p r i n c i p a l  aim of o p e r a t i o n s  

.I 

Accordingly,  only t h e  fol low- 

1. Two men e n t e r e d  t o  s h u t  o f f  a , d i s s o l v e r  l e f t  r u n n i n g  i n  one of t h e  
l a b o r a t o r i e s  (about  1350, April 71, 

2, Four men e n t e r e d  t o  s h u t  off f i v e  electric a p p l i a n c e s  known t o  have been 
l e f t  on, While i n  t h e  b u i l d i n g ,  t h e y  also recove red  t h e  remaining dos i -  
meters, and r a d i a t i o n  l e v e l s  i n - t h e  b u i l d i n g  were no ted  and mapped, 
Both neu t ron  and gamma-beta s e n s i t i v e  badges and in s t rumen t s  were used,  
Dose rates up t o  2,5 r / h r  and above.250 mrem/hr neu t rons  were en- 
countered.  
i n g  at t h e  g a s  b o t t l e  manifold,  

A l a b o r a t o r y  gas  burner  was s h u t  o f f  from o u t s i d e  t h e  bu i ld -  

Rad ia t ion  l e v e l s  a t  v a r i o u s  p o i n t s  in t h e  v i c i n i t y  o f  t h e  234-5 Building 
were t aken ,  Within about e i g h t  hour s ,  it began to appea r  t h a t  after t h e  
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first two or t h r e e  hour s  (be fo re  f u l l y  systematic obse rva t ions  had s t a r t e d )  
t h e  cha in  r e a c t i o n  ra te  had been d e c r e a s i n g ,  For t h i s  reason ,  a l though  a 
number of p roposa l s  for s topp ing  t h e  reaction had been made and ser ious ly  
cons idered ,  it was concluded t h a t  t h e  b e s t  cour se  of a c t i o n  c o n s i s t e d  of 
a l lowing  t h e  r e a c t i o n  t o  d i e  by i t s e l f ,  if it would do so, as  seemed l i k e l y ,  
Figo VII-2 shows t h e  measured neut ron  coun t ing  rates a t  a po in t  about  110 
fee t  from t h e  K-9 t ank ,  and somewhat s h i e l d e d  from it by concrete wallso 
A s  shown on t h e  c h a r t ,  t h e  neut ron  f lux dropped t o  background about 37 
hours  a f t e r  t h e  a c c i d e n t ,  
i n  agreement wi th  t h e  c e s s a t i o n  of t h e  c h a i n  r e a c t i o n  a t  about  midnight ,  
April 8 a  

During t h i s  per iod  a number of a d d i t i o n a l  a c t i o n s  were t aken  t o  minimize 
r i s k  of exposure of a d d i t i o n a l  employees,, A t  about  1300, A p r i l  7, it was 
decided t h a t  t h e  200-W Area should b e  evacuated :except  for certain neces- 
s a r y  s e r v i c e s  which could be c a r r i e d  o u t  by employees a t  some d i s t a n c e  from 
t h e  234-5 Bu i ld ing  ( e o g o p  power p l a n t  ope ra t ion ,  some 4000 feet  d i s t a n t ) .  
A t  1304 t h e  evacuat ion  s i g n a l  was sounded and a l l  persons  except  t h o s e  
noted were removed t o  t h e  main gate of t h e  200-W Area, 
b locks  and t r a f f i c  c o n t r o l s  were set up ,  Affected s u b c o n t r a c t o r s  were n o t i -  
f i e d  t h a t  t h e i r  employees should no t  report f o r  work on Monday, A p r i l  9 ,  
Add i t iona l  moni tor ing  p o i n t s  were e s t a b l i s h e d ,  and a e r i a l  surveys  were made. 

Gamma measurements t a k e n  d u r i n g  t h i s  per iod  are 

Various road  

A t  about  1300 on A p r i l  7 ,  t h e  Whole Body Counter i n  Richland was a c t i v a t e d .  
Film dos ime te r s  from t h e  involved pe r sonne l  were r e c e i v e d  i n  t h e  300 Area 
a t  1320, A p r i l  7, and t h e  pre l iminary  gamma dose  estimates were a v a i l a b l e  
by about  1430, Apr i l  7 , 
from each of t h e  t h r e e  men who were i n  unshie lded  p o s i t i o n s  a t  t h e  time of 
t h e  a c c i d e n t ;  p re l iminary  estimates of neut ron  d o s e  from blood sodium acti- 
v a t i o n  were completed p r i o r  t o  1510, A p r i l  7 ,  
A p r i l  7, a l l  fou r  of t h e  h o s p i t a l i z e d  men were put  through t h e  Hanford Whole 
Body Counter ,  
t h e  a c c i d e n t  were subsequent ly  put  through t h e  Whole Body Counter. 

A t  about  1500, A p r i l  7 ,  t h e  General  Manager - HAP0 c r e a t e d  t h r e e  d i s t i n c t  
groups : 

1, 

Blood samples and u r i n e  samples  were c o l l e c t e d  

Between 1800 and 2030 on 

( A l l  t h e  o t h e r  18 employees i n  t h e  b u i l d i n g  a t  t h e  t i m e  of 

A Working Group, t o  i n v e s t i g a t e  a l l  t h e  approaches  t h a t  might be taken  
w i t h  u l t i m a t e  o b j e c t i v e  of s a f e l y  quenching t h e  reaction, 
was t o  create p lans ,  b u t  could n o t  pu t  them i n t o  effect wi thout  approva l  
of t h e  Advisory Counci l ,  
having d e t a i l e d  t e c h n i c a l  and o p e r a t i o n a l  f a m i l i a r i t y  with t h e  Recuplex 
f a c i l i t y ,  

a 

This  group 

The Working Group was made up  of employees 

2 ,  An Advisory Counci l ,  t o  review and approve t h e  p l a n s  of t h e  Working 
Groupo 
i n d i v i d u a l s ,  one of whom was t h e  Manager - CPD, 

An I n v e s t i g a t i o n  Committee, made up of s e n i o r  t e c h n i c a l  s taff  or manage- 
ment i n d i v i d u a l s ,  charged wi th  de t e rmin ing  t h e  c a u s e  of t h e  a c c i d e n t  if 
p o s s i b l e ,  wi th  e v a l u a t i n g  t h e  way i n  which it was handled,  and making 
recommendations t o  prevent  a r e c u r r e n c e ,  The I n v e s t i g a t i o n  Committee 
was fo rb idden  t o  t a k e  an  a c t i v e  ro l e  i n  t h e  work of t h e  o t h e r  two groups,  
i n  o r d e r  n o t  t o  compromise i t s  o b j e c t i v i t y ,  
Committee was set up  i n i t i a l l y  t o  c o n s i s t  of f i v e  General  Electric 

The Advisory Counci l  was made u p  of s e n i o r  t e c h n i c a l  management 

3 ,  

Although t h e  I n v e s t i g a t i o n  
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employees and one AEC r e p r e s e n t a t i v e ,  AEC-h'ashington l a t e r  s t i p u l a t e d  
t h a t  t h e  chairman of t h e  I n v e s t i g a t i o n  Committee must be a n  AEC employee, 
Accordingly,  t h e  f i n a l  composi t ion of t h e  committee was f i v e  GE employees 
and two AEC employees, one of whom was t h e  chairmano 
employee having c o n s i d e r a b l e  t e c h n i c a l  background i n  t h e  field of i n t e r e s t  
s e r v e d  a s ' s e c r e t a r y  of t h e  committee, 

An a d d i t i o n a l  GE 

Terminat ion of t h e  c h a i n  r e a c t i o n  meant t h a t  t h e  o b j e c t i v e  of o p e r a t i o n s  
became p r i m a r i l y  to a s s u r e  t h a t  no c h a i n  reaction c o u l d  recurD and second- 
a r i l y ,  t o  acqtrire in fo rma t ion  which would enable a v a l i d  e x p l a n a t i o n  of how 
t h e  a c c i d e n t  had been brought  a b o u t ,  

' 

- a c i l i t y  S a f e  

I t  was determined t h a t  t h e  first s t e p  would b e  e n t r y  by a m a l l  remotely-  
c o n t r o l l e d  r o b o t  which had been c o n s t r u c t e d  f o r  u s e  i n  t h e  e v e n t  of a 
reactor a c c i d e n t  r e q u i r i n g  t h e  remote h a n d l i n g  of i r r a d i a t e d  f u e l  s l u g s  
( F i g ,  VII-31, This d e v i c e  was r i g g e d  up  t o  c a r r y  a t e l e v i s i o n  camera 
and o t h e r  equipment, The TV camera enabled t h e  r e m o t e l y - s i t u a t e d  oper- 
a t o r  t o  steer t h e  r o b o t  clear o f  o b s t r u c t i o n s ,  and a l s o  t o  perform a 
v a r i e t y  of man ipu la t ions ,  
r e a d i n g s  of gages  and d i a l s  remotely,  without  hav ing  t o  send a man i n t o  
t h e  p rocess  room i t se l f  , 
ous e n t r i e s ,  c o n t r o l l e d  by a n  o p e r a t o r  s i t u a t e d  i n  Corrtidor No, 3 abou t  
100 f ee t  from t h e  s u s p e c t  t a n k  K-9 and e n j o y i n g  some p r o t e c t i o n  from 
i n t e r v e n i n g  walls, 
K-9 of 5 x 1017 f i s s i o n s ,  t h e  TVRM o p e r a t o r  would r e c e i v e  a d o s e  less 
t h a n  one rem, (The o r i g i n a l  e x c u r s i o n  p l u s  t h e  subsequent  p e r i o d s  o f  . 
f l u c t u a t i n g  or s u s t a i n e d  c h a i n  r e a c t i o n  was t h e n  e s t ima ted  t o  have i n -  
volved abou t  4 x 1017 f i s s i o n s , )  Thus, o p e r a t i o n s  w i t h  t h e  TVFN could 
be conducted i n  r e l a t i v e  s a f e t y  i n s o f a r  a's per sonne l  exposure was con- 
c e r n e d o  
of Room 221, r e a d i n g  d i a l s  and gages,  p l a c i n g  l i g h t s  i n  s t r a t e g i c  loca- 
t i o n s ,  moving f u r n i t u r e ,  equipment, etc out of o b s t r u c t i v e  p o s i t i o n s ,  
and p l a c i n g  i n s t r u m e n t s  where needed These e n t r i e s  conf irrned t h a t  t h e r e  
was no mechanical damage o u t s i d e  t h e  hood, t h a t  a l l  e x t e r n a l  gages r e a d  I 

as  t h e y  should have at t h e  p o i n t  i n  t h e  p r o c e s s  where t h e  a c c i d s n t  occur- 
red, and t h a t  t h e r e  was no a l p h a  con tamina t ion  above normal background 
i n  t h e  roomo 
t h e  TVRM was equipped w i t h  a h i g h l y  d i r e c t i o n a l  gamma probe, and t h e  
hood was surveyed for gamma a c t i v i t y  with it, Th i s  survey d i s c l o s e d  
unmistakably t h a t  t a n k  K-9 w a s  t h e  o n l y  s t r o n g  s o u r c e  of gamma r a d i a t i o n  
i n  t h e  room, t h u s  confirming t h a t  t h e  e x c u r s i o n  had occurred i n  K-9 and 
t ha t  t h e  r e s u l t i n g  f i s s i o n  p roduc t s  were still confined t o  K-9 and n0.r 
o u t s i d e  it, e,g, ,  i n  t h e  sump, 

A t t e n t i o n  tu rned  n e x t  t o  t h e  problem of r e s t o r a t i o n  of K-9 t o  atmospheric  
p r e s s u r e ,  A t  t h e  t i m e  of t h e  a c c i d e n t ,  t h e  vapor  s F c e  in K-9 was con- 
nec ted  t o  a vacuum manifold (it is by t h i s  means t h a t  l i q u i d s  a r e  moved 
i n t o  K-9 f ro=  lower tanks), 
p s s i b l y  a s  low as a b o u t  26" Hg subatmospheric ,  
t h a t  t h e r e  might be b o i l i n g  of t h e  l i q u i d  i n  K-9 or air  in-leiikage 

The TV camera a l so  made it p o s s i b l e  t o  o b t a i n  

The TVRM ( T e l e v i s i o n  Robot Monitor) made numer- 

It w a s  e s t ima ted  t h a t  i n  t h e  e v e n t  of an excur s ion  i n  

Early e n t r i e s  were for t h e  purpose of r e c o n n o i t e r i n g  t h e  s t a t u s  

The most s i g n i f i c a n t  r e s u l t  was ob ta ined  when on A p r i l  12 

The p r e s s u r e  i n  t h e  vacuum manifold was 
It seened p o s s i b l e  



through connec t ions  t o  t h e  bottom of K - 9 ,  
d e n s i t y  of t h e  l i q u i d  l a y e r  i n  K-9 would be  reduced by t h e  b o i l i n g  or 
spa rg ing ,  and it seemed p o s s i b l e  t h a t  t h e  c o n d i t i o n  of s u b c r i t i c a l i t y  
might be be ing  maintained by t h i s  meanso 
a tmospher ic  p r e s s u r e  might cause  a n o t h e r  n u c l e a r  excursionc (For  t h i s ’  
reason ,  a n  important  concern d u r i n g  t h i s  per iod was t o  a s s u r e  t h e  main- 
tenance  of t h e  vacuum, For tuna te ly ,  t h e  vacuum pumps were l o c a t e d  out-  
s i d e  t h e  b u i l d i n g  proper  and so  were accessible wi th  l i t t l e  r i s k , )  
v a l v e  l o c a t e d  on t o p  of K-9 c o n t r o l l e d  its communication wi th  t h e  vacuum 
header;  a c t u a t i o n  of t h i s  valve.would s h u t  o f f  vacuum and v e n t  t h e  t ank  
t o  t h e  hood atmosphere,  
t u r n  c o n t r o l l e d  by a control-panel-mounted a i r  v a l v e ,  
mounted v a l v e  90° should a c t u a t e  t h e  vacuum-vent v a l v e  on K-9,  

I n  e i t h e r  case, t h e  average  

In t h a t  case, r e s t o r a t i o n  of 

A 

The v a l v e  is a n  a i r - a c t u a t e d  type ,  and is i n  
Turning t h e  panel-  

It was dec ided ,  i n  view of t h e  r i s k  of c r i t i c a l i t y ,  t o  u s e  t h e  TVRM t o  
t u r n  t h e  panel-mounted v a l v e ,  
due probably t o  t h e  awkward a n g l e  a t  which t h e  TVRM had t o  work, t h e  
v a l v e  hand le  was broken o f f ,  l e a v i n g  on ly  a s h o r t  s t u b ,  It was t h e n  
necessa ry  t o  make a s p e c i a l  t o o l  fo r  t h e  TVRM by which, on A p r i l  14,  t h e  
hand le  was s u c c e s s f u l l y  turned  , The c r u c i a l  parameter under observa t ion  
a t  t h i s  time was t h e  neu t ron  f l u x  as  recorded  by in s t rumen t s  p rev ious ly  
placed i n  t h e  v i c i n i t y  of K - 9 ,  
was observed,  t h u s  i n d i c a t i n g  no change i n  m u l t i p l i c a t i o n  i n  K - 9 ,  How- 
ever ,  it was imposs ib le  t o  be s u r e  whether t h i s  meant t h a t  vacuum had 
been removed from K-9 wi thout  caus ing  c r i t i c a l i t y ,  o r  whether t h e  K - 9  
vacuum-vent va lve  had s imply  no t  been a c t u a t e d ,  Th i s  p o s s i b i l i t y  had 
been fo reseen ,  and could  have been obv ia t ed  by s imply s h u t t i n g  off t h e  
vacuum pump, so t h a t  t h e  e n t i r e  vacuum header  would come qu ick ly  t o  
a tmospher ic  p re s su re  
it might r e s u l t  i n  suck-back of l i q u i d  from t h e  vacuum header i n t o  K-9,  
and a r e s u l t i n g  renewal  of c r i t i c a l i t y ,  The next s tep,  t h e r e f o r e ,  was 
t o  close t h e  v a l v e  connec t ing  t h e  vacuum t r a p  ( J -6)  t o  t h e  vacuum header ,  
Th i s  t r a p ,  l o c a t e d  between K-9 and t h e  vacuum header ,  was i n d i c a t e d  t o  
b e  empty by t h e  gage r e a d i n g  as s e e n  wi th  t h e  TVRM camera, 
c losing t h e  5-6 va lve ,  however, t h e  TVRM was a g a i n  used t o  survey  t h e  
SE hood f loor  and t a n k s ,  
s t i l l  t o  be i n  K - 9 ,  Had t h e r e  been a s i z a b l e  l e a k  below l i q u i d  l e v e l  
i n  K-9, some f i s s i o n  a c t i v i t y  would have been expected t o  show u p  on t h e  
f loor  upon s h u t t i n g  off t h e  vacuum, 
e i t h e r  no  such l e a k  e x i s t e d ,  or t h a t  t h e  vacuum had n o t  been s h u t  off of 
K-9,  or bo th ,  

The 5-6 v a l v e  was s h u t  of f  on A p r i l  16  af ter  spendfng c o n s i d e r a b l e  e f f o r t  
i n  e v a l u a t i n g  t h e  r i s k s  involved if it should deve lop  t h a t ,  c o n t r a r y  t o  
i n d i c a t i o n s ,  J-6 conta ined  l i q u i d  and t h e  K-9 vacuum-vent v a l v e  were s t i l l  
open t o  t h e  vacuum sys tema 
uneven t fu l  , 

However, on t h e  first a t t empt  ( A p r i l  131, 

No s i g n i f i c a n t  change i n  f l u x  whatever 

However, t h i s  procedure had been r e j e c t e d  because 

Prior t o  

The survey  showed a l l  t h e  f i s s i o n  a c t i v i t y  

* 

The survey,  t h e r e f o r e ,  showed t h a t  

The c l o s i n g  of t h e  J-6 vacuum v a l v e  was 

During t h e  above desc r ibed  o p e r a t i o n s ,  p l ans  had been under i n t e n s i v e  
s t u d y  f o r  t h e  removal of a t  l eas t  a l a r g e  part of t h e  c o n t e n t s  of K-9 
t o  a geomet r i ca l ly  f a v o r a b l e  v e s s e l ,  The p lan  adopted involved sucking 
t h e  c o n t e n t s  of K-9 o u t  th rough i ts  sampliEg t u b e ,  which was t o  be con- 
nec ted  t o  a long  p l a s t i c  t u b e  t e r m i n a t i n g  i n  a geomet r i ca l ly  f avcpab le  
t a n k  l o c a t e d  i n  a room i n  t h e  l a b o r a t o r y  wing of t h e  b u i l d i n g  about  
130 feet  from K - 9 ,  However, be fo re  t h i s  or any o t h e r  p lan  of similar 
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pl rpose  could be adopted,  it was judged necessa ry  t o  send a human ob- 
s e r v e r  i n t o  t h e  221 area,  
from previous o p e r a t i o n s ,  new procedures  had t o  b e  dev i sed  and evaluated, 
I n i t i a l l y ,  t h e  o b s e r v a t i o n  team (two were always s e n t )  was pe rmi t t ed  
o n l y  t o  observe c o n d i t i o n s ,  and t o  t a k e  i n s t r u m e n t a l  r e a d i n g s ,  They 
were fo rb idden  t o  touch any v a l v e s  or t o  o p e r a t e  any con; t rolso They 
were r e q u i r e d  t o  s t o p  a t  s t a t e d  p o i n t s  and wait f o r  d e t e r m i n a t i o n  t h a t  
t h e i r  presence was not a f f e c t i n g  t h e  neutron m u l t i p l i c a t i o n ,  a l though  
i n d i c a t i o n s  and c a l c u l a t i o n s  were t h a t  K-9 was s a f e l y  s u b c r i t i c a l o  
This  obse rva t ion  procedure was c a r r i e d  out on A p r i l  180 
age  procedure above mentioned was adopted and executed s u c c e s s f u l l y  on 
A p r i l  20,  The t u r n i n g  of t h e  v a l v e  which allowed t h e  c o n t e n t s  of K-9 
to  be removed through its sample t u b e  was accomplished by an electri- 
c a l l y  d r i v e n ,  remotely-operated a c t u a t o r ,  b u i l t  fo r  t h e  o c c a s i o n a  The 
connec t ion  of t h e  p l a s t i c  t u b e  t o  t h e  s a p p l e  l i n e ,  and t h e  connec t ion  
of t h e  electric d r i v e  t o  t h e  sample v a l v e  hand le  had t o  be performed 
manually. 
of t h e  removal, abou t  25 were removed t o  t h e  e x t e r n a l  t a n k ,  
a t i o n  proceeded smoothly,  
and found t o  c o n t a i n  abou t  34.8 g r a m s / l i t e r  of Pu and f i s s i o n  product 
a c t i v i t y  e q u i v a l e n t  t o  2 x 1016 f i s s i o n s / l i t e r ,  
t h e  s o l u t i o n  i n  K-9 con ta ined  abou t  1360 grams of Pu, and t h a t  t h e  fis- 
s i o n s  i n  t h e  i n c i d e n t  came t o  abou t  8 x lOl7. 

S i n c e  t h i s  r e p r e s e n t e d  a d i s t i n c t  d e p a r t u r e  

The K-9 d r a i n -  

O f  t h e  approximately 39 liters of l i q u i d  i n  K-9 a t  t h e  start 
The oper- 

A sample of t h e  e x t r a c t e d  l i q u i d  was analyzed 

It is t h u s  implied t h a t  

Although t h e  most obvious c r i t i c a l i t y  hazard had been removed by t h e  
actions j u s t  desc r ibed ,  t h e r e  was sane u n c e r t a i n t y  as t o  t h e  q u a n t i t y ,  
t y p e  ( o r g a n i c  or aqueous),  Pu c o n c e n t r a t i o n ,  and o t h e r  chemical  com- 
p o s i t i o n  of t h e  c o n t e n t s  of t h e  o t h e r  t a n k s  i n  t h e  2 2 1  Area ( i n c l u d i n g  
s e v e r a l  i n  t h e  R&B hood), It was c l e a r l y  n e c e s s a r y  t h a t  t h e s e  v e s s e l s  
b e  sampled, b u t  t h a t  s i g n i f i c a n t  r e s i d u a l  c r i t i c a l i t y  r i s k  mus t  be 
assumed s t i l l  t o  remain,  Although K-9 had been i d e n t i f i e d  a s  t h e  v e s s e l  
i n  which t h e  excursion had occurred,  t h e  manner i n  which t h e  PU concen- 
t r a t i o n  had a r r i v e d  a t  K-9 had n o t  been determined.  
t h e r e f o r e ,  was t o  add cadmium n i t r a t e  s o l u t i o n  t o  t h o s e  v e s s e l s  i n  
Recuplex which were n o t  g e a m e t r i c a l l y  f a v o r a b l e  and i n  which t h e r e  was 
any s i g n i f i c a n t  p r o b a b i l i t y  of plutonium i n  c r i t i c a l  q u a n t ' i t i e s ,  
planning t h i s  s t e p ,  it was necessa ry  t o  t a k e  a v e r y  c o n s e r v a t i v e  view 
of what might b e  con ta ined  i n  any g iven  t a n k  s i n c e  d a t a  a v a i l a b l e  per- 
m i t t e d  o n l y  rough estimates i n  some cases, and t h e  fact  of t h e  a c c i d e n t  
i tself  i n d i c a t e d  anomalous c o n d i t i o n s  i n  t h e  equipment. 
s o l u t i o n  a d d i t i o n  could conce ivab ly  have caused a n o t h e r  c r i t i c a l i t y  
under t h e  r i g h t  c o n d i t i o n s ,  Addit ion of t h e  cadmium n i t r a t e  s o l u t i o n  
was accomplished on A p r i l  24 and 25,  A l i n e  through which one of t h e  
a d d i t i o n s  was t o  be made was found t o  be plugged, and a new procedure 
had t o  be devised f o r  i n t r o d u c i n g  t h e  s o l u t i o n  i n t o  t h a t  t ank ,  K-2, 
was necessa ry  t o  a g i t a t e  t h e  c o n t e n t s  of each t a n k  t o  which cadmium 
n i t r a t e  was added t o  assure t h a t  it would b e  e f f e c t i v e l y  d i s t r i b u t e d ,  
T h i s  was done u s i n g  t h e  regular p r o c e s s  a g i t a t o r s ,  but  wired so t h a t  
t h e y  could be tu rned  on o r  off from a remote l o c a t i o n ,  This obv ia t ed  
t h e  n e c e s s i t y  for  a man t o  b e  p r e s e n t  i n  t h e  room d u r i n g  a g i t a t i o n ,  when, 
conceivably,  a t e m p o r a r i l y  c r i t i ca l  c o n d i t i o n ,  cou ld  have been caused 
The a g i t a t i o n  was completed and a number of samples were t aken  for  
chemical  a n a l y s i s  on A p r i l  25 ,  

The-next s t e p ,  

I n  

Cadmium n i t r a t e  

It 
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Procedures  for  s y s t e m a t i c a l l y  t a k i n g  and ana lyz ing  samNes from a l l  t a n k s  
were then  carried o u t  ove r  a pe r iod  of s e v e r a l  weeks, 
p r e p a r a t i o n  of t h i s  r e p o r t  on ly  one v e s s e l  i n  t h e  SE hood (J-26A) had not  
been sampled, 
some plutonium s a l t s  i n  s o l i d  form s i n c e  i ts  f u n c t i o n ,  is t o  remove sol- 
vent  from plutonium s o l u t i o n s  by t r i c k l i n g  them o v e r  a steam co i l ,  
is t hough t  t h a t  t h i s  v e s s e l  ( n o t  i n  u s e  a t  t h e  time of  t h e . a c c i d e n t )  had 
no p a r t  i n  t h e  a c c i d e n t  o r  t h e  e v e n t s  l e a d i n g  up t o  i t ,  
o p e r a t i o n s  were f o r  t h e  purpose of de te rmining  t h e  cause of t h e  a c c i d e n t  
and are accord ing ly  r e p o r t e d  i n  t h e  immediately f o l l o w i n g  s e c t i o n ,  

S t eps  t o  Determine t h e  Cause of t h e  Accident 

The I n v e s t i g a t i o n  Committee had h e l d  i ts first formal s e s s i o n  on A p r i l  9, 
a l though i ts  members had been a lmost  c o n s t a n t l y  p r e s e n t  i n  t h e  ECC from 
about  1530, A p r i l  7 ,  and were hence aware i n  g r e a t  d e t a i l  of t h e  s t a t u s  
of t h e  a c c i d e n t  and measures t aken  t o  d e a l  wi th  it, 

The I n v e s t i g a t i o n  Committee conducted 35 formal  i n t e r v i e w i n g  s e s s i o n s ,  of 
some 25 d i f f e r e n t  people  who had informat ion  about  t h e  a c c i d e n t ,  Twenty- 
t h reepe r sons ,  most ly  d i f f e r e n t  from t h e  25 j u s t  mentioned, were asked for  
or vo lun tee red  w r i t t e n  r e p o r t s  of t h e i r  a c t i o n s  a t  t h e  time of t h e  ac- 
c i d e n t ,  o r  r ega rd ing  t h e i r  i n t e r p r e t a t i o n  of t h e  e v e n t s  of  t h e  a c c i d e n t ,  
Numerous informal  c o n v e r s a t i o n s  have been he ld  with persons  p o s s i b l y  able 
t o  c o n t r i b u t e  t o  an unde r s t and ing  of t h e  a c c i d e n t ,  

A t  t h e  time of ' 

T h i s  v e s s e l  is geomet r i ca l ly  safe, and u s u a l l y  c o n t a i n s  

It 

Subsequent 

2. 

The I n v e s t i g a t i o n  C o m m i t t e e  made a number of r e q u e s t s  f o r  i n fo rma t ion  
which involved  c o n s i d e r a b l e  work on t h e  p a r t  of t h e  Chemical P rocess ing  
Department, These r e q u e s t s  were m e t  wherever p o s s i b l e  w i t h i n  t h e  bounds 
of s a f e t y ,  
were apprec iab ly  l o n g e r  and more expensive t h a n  t h e y  would have been had 
t h e  only  o b j e c t i v e  been t o  r ende r  t h e  f a c i l i t y  safe, r e g a r d l e s s  of t h e  
l o s s  or  d e s t r u c t i o n  of ev idence  r e g a r d i n g  t h e  cause  of  t h e  a c c i d e n t D  

I n  fact, s e v e r a l  of t h e  s a f e t y i n g  procedures  f i n a l l y  used 

Informat ion  r eques t ed  about  t h e  Recuplex f a c i l i t y ,  its o p e r a t i o n  n e a r  
t h e  time of t h e  a c c i d e n t  by t h e  I n v e s t i g a t i o n  Committee, i n c l u d e s  t h e  
fo l lowing:  

a, A d e s c r i p t i o n  of  t h e  Recuplex system i n c l u d i n g  equipment numbers or  
d e s i g n a t i o n s ,  f u n c t i o n ,  and volume of each componento 

b o  Standard  and s p e c i a l  o p e r a t i n g  procedureso  

C. The r a t i o n a l e  behind any s p e c i a l  o p e r a t i n g  p rocedureso  

d, Supe rv i so r ' s  l o g  bboks, 

e, Recuplex s h i f t  l o g  book, s t a t u s  and t r a n s f e r  s h e e t s ,  and sample log, 

f a  A n a l y t i c a l  sample r e c o r d s o  

g. 

h,  

A n a l y t i c a l  Laboratory data of r e c e n t  samples ,  

Reanalys is  of  e x i s t i n g  samples stilj. i n  t h e  l a b o r a t o r y ,  
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The volume, t ype ,  and Fu c o n c e n t r a t i o n s  i n  t h e  l i q u i d s  i n  every t ank ,  
column, or v e s s e l  i n  t h e  SE hood and i n  t h e  L-2, L-3, L-8, 6-36, and 
6-58 t a n k s  of t h e  R&B hood, Where both o r g a n i c  and aqueous phases 
were p resen t ,  t h e  volume and PU c o n c e n t r a t i o n  were d e s i r e d  on each 
phase 

Analyses f o r  a c i d ,  f l u o r i d e ,  and f e r r o u s  s u l f a m a t e  on any aqueous 
s o l u t i o n  i n  t a n k s  K-9, K-2, L'-2, L-3, L-8, 6-36, G-58, and t h e  SE 
hood sumpp 

Plutonium d i s t r i b u t i o n  d a t a  a f t e r  e q u a l  volume c o n t a c t s  of t h e  fol low- 
i n g  s o l u t i o n s :  
(or  K-2 o r g a n i c ) ,  

The p o s i t i o n s  (open, p a r t i a l l y  open, or c l o s e d )  of a l l  v a l v e s  i n  t h e  
SE hood and t h o s e  between t h e  SE hood and L-2, L-3, and L-8, 

SE sump and K-2 o rgan ic ;  L-3 aqueous and L-2 organ ic  

The p o s i t i o n  of t h e  p l a s t i c  l i n e  from t h e  bottom of K-9 to  t h e  SE 
sump, t h e  p o s i t i o n  of a r e p o r t e d  1/2" p l a s t i c  l i n e  from t h e  t o p  of 
K-9 t o  t h e  sump, and t h e  p o s i t i o n s  of t h e  ends of tnese two l i n e s  
r e l a t i v e  t o  t h e  sump and t h e  5-30 l i n e .  

The chemical a n a l y s i s  of any th ing  resembling p r e c i p i t a t e d  s o l i d s  i n  
v e s s e l s  L - 2 ,  L-3, and L-8 i n  t h e  SE hood, 

The amount, t ype ,  and Pu .con ten t  of any materials i n  ven t  o r  vacuum 
t r a p s  and i n  s t a c k  f i l t e r ,  

The i d e n t i t y  of t h e  v e s s e l  i n  which c r i t i c a l i t y  occur rede  

A radiochemical  estimate of t h e  number of f i s s i o n s  which took p l a c e c  

Photographs a t  each s t a g e  of t h e  e n t r y  and r econna i s sance  o p e r a t i o n s ,  

An up  t o  d a t e  o r g a n i z a t i o n  c h a r t  which i n c l u d e s  all p o s i t i o n s  having 
r e s p o n s i b i l i t i e s  a s s o c i a t e d  w i t h  i n c i d e n t s  of t h i s  t y p e o  

Recuplex experience r e c o r d s  of a l l  p rocess  o p e r a t o r s ,  u t i l i t y  oper-  
a t o r s ,  and s h i f t  s p e c i a l i s t s  who were as s igned  t o  t h e  Recuplex 
Opera t ion  as  of A p r i l  7 ,  1962; and i n  a d d i t i o n ,  t h e  ages  and s e n i o r -  
i t y  d a t e s  of t h e  men, if nonexempt, o r  t h e i r  y e a r s  of s e r v i c e  i n  CPD 
o p e r a t i o n s  i f  exempt 

Standards,  guides ,  and cr i ter ia  

Records of s a f e t y  reviews.  

Records of s a f e t y  t r a i n i n g  and d r i l l s  

Records of e x t e r n a l  ( s a f e t y )  a u d i t s ,  

The HOO f i l e s  r e l a t i n g  t o  P r o j e c t  CAC-880,  

Appl i cab le  information r e g a r d i n g  Washington S t a t e ' s  l a b o r  compensation 
l a w s  r e l a t i v e  t o  nuc lea r  i n c i d e n t s ,  c o n d i t i o n s ,  if any, under which 
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G o  

sections of t h i s  r e p o r t  and p a r t l y  r e se rved  t o  a la te r  reportp 
i n  t h e  r e p o r t  w i l l  be g iven  an  o u t l i n e  of t h e  way i n  which t h e  p o t e n t i a l l y  
i n j u r e d  employees were handled 

A t  t h i s  po in t  

A s  p rev ious ly  noted,  fou r  employees i n  a l l  were h o s p i t a l i z e d ,  
c l o s e l y  a d j a c e n t  t o  t h e  room housing t h e  SE hood i n  which t h e  a c c i d e n t  oc- 
c u r r e d o  A l l  were put through t h e  Quick S o r t  procedure a t  t h e  F i r s t  Aid 
Bui ld ing  (2719-WA), and t h r e e  employees, #1, #17, and #23, were qu ick ly  
i d e n t i f i e d  as  be ing  s u f f i c i e n t l y  r a d i o a c t i v e  t o  warrant obse rva t ion  i n  t h e  
h o s p i t a l ,  They were accord ing ly  s e n t  t o  Richland i n  a patrol  car a t  1 1 3 2 ,  
Employee #21 was s e n t  i n  t o  t h e  h o s p i t a l  somewhat l a t e r ,  about  1315, Apr i l  7, 
s i n c e  he also had been moderately c l o s e  t o  t h e  sou rceo  

A l l  were i n  or 

Radia t ion  S p e c i a l i s t s  were a w a i t i n g  t h e  t h r e e  employees a t  t h e  h o s p i t a l  on 
a r r i v a l ,  and be fo re  they  had f i n i s h e d  examining t h e  employees f o r  e x t e r n a l  
r a d i o a c t i v e  contaminat ion,  a GE phys ic ian  a r r i v e d  t o  take cha rge  of t h e  caseso 
Employee #1, who had been closest  t o  t h e  s o u r c e  a t  t h e  time of t h e  a c c i d e n t  
and who was found t o  have r ece ived  t h e  l a r g e s t  dose  of r a d i a t i o n  was s e r i o u s l y  
apprehens ive  and appeared t o  be s u r e  t h a t  h i s  exposure would prove f a t a l o  
The o t h e r s  were calm; a l l  were h i g h l y  c o o p e r a t i v e  throughout ,  By 1510, both 
gamma and neut ron  d o s e s  had been es t imated  and were immediately communicated 
t o  t h e  f o u r  h o s p i t a l i z e d  employees , 
#1, 
t o l d  t h a t  t hey  could see t h e  men a t  once. A l l  t h e  pa t ien ts  were asked i f  
t h e y  wished t o  be s e e n  by t h e i r  own pe r sona l  phys i c i ans ;  on ly  employee #1 
reques ted  t h i s ,  and was seen  by h i s  phys i c i an  wi th in  abou t  t e n  minutes  
after h i s  r e q u e s t ,  
a s  bed p a t i e n t s ,  

A l l  appeared much r e l i e v e d ,  p a r t i c u l a r l y  
Fami l ies  of t h e  f o u r  men were n o t i f i e d  of t h e  a c c i d e n t  a t  about  1315 and 

The men were placed i n  t h e  h o s p i t a l  i n  p r i v a t e  rooms 

During t h e  l a t e  a f t e rnoon  and early evening of A p r i l  7 ,  t h r e e  of t h e  men 
were in te rv iewed s e p a r a t e l y  by t h e i r  s u p e r v i s i o n  i n  an  e f fo r t  t o  get any in- 
format ion  about  t h e  a c c i d e n t  which would b e  u s e f u l  i n  making t h e  f a c i l i t y  
safe or exp la in ing  what had happened, 
because of h i s  l o c a t i o n  a t  t h e  time of t h e  a c c i d e n t  and t h e  n a t u r e  of h i s  
d u t i e s ,  would be  unable  t o  shed l i g h t  on t h e  c a u s e  of t h e  a c c i d e n t ,  
i n t e r v i e w s  w i t h  t h e  o t h e r  t h r e e  were recorded  on t a p e ,  
t o  b e  in te rv iewed a g a i n  on t h e  morning of A p r i l  8, and t h i s  i n t e r v i e w  was 
also recorded ,  bu t  due  t o  f a u l t y  r eco rd ing  much of t h e  in t e rv i ew was l o s t ,  
(Th i s  employee h a s  s i n c e  been r e in t e rv i ewed  s e v e r a l  times so t h e  informat ion  
which he imparted is a v a i l a b l e ,  ) 

It was cons idered  t h a t  employee #21,  

The 
One of t h e  men asked 

Employee #21  was t h e  f i rs t  t o  be  d i scha rged  from t h e  h o s p i t a l ,  on A p r i l  8 ,  
The o t h e r s  were r e l e a s e d  for e i g h t  hour s  each on A p r i l  11, 14,  and 15,  and 
were d ischarged  from t h e  h o s p i t a l  on A p r i l  16, Since  d i scha rge ,  tests and 
o b s e r v a t i o n s  of v a r i o u s  t y p e s  have been made on t h e  t h r e e  men i n i t i a l l y  
h o s p i t a l i z e d ,  i n  o rde r  t o  a c q u i r e  s c i e n t i f i c  i n fo rma t ion ,  They have p a r t i -  
c i p a t e d  w i l l i n g l y  i n  t h i s  program, Pe r iod ic  obse rva t ion  t o  de te rmine  what, 
if any, l o n g  range  e f f e c t s  t h e i r  exposure may have had, a l so  have cont inued 
and w i l l  c o n t i n u e ,  

Re-establishment of Opera t ions  

Evacuation of t h e  200-W Area on A p r i l  7 s topped normal product ion  a c t i v i t i e s  
there , ,  
d i s t a n c e  from 234-5 would b e  safe, 

By A p r i l  13,  it was a p p r e n t  t h a t  resumption of o p e r a t i o n s  a t  some 
Accordingly,  a 1500 f e e t  exc lus ion  
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r a d i u s  ( w i t h  minor except ions  la ter  g r a n t e d )  around 234-5 was e s t a b l i s h e d ,  
and on A p r i l  1 6  ope ra t ion  of Redox resumed, By A p r i l  26, it was c l e a r  t h a t  
o p e r a t i o n s  i n  234-5 o t h e r  t h a n  t h o s e  i n  Recuplex could b e  s a f e l y  resumedo 
Accordingly,  s t e p s  were taken  on Apr i l  30 t o  r e a c t i v a t e  t h e  b u t t o n - l i n e  and 
f a b r i c a t i o n  ope ra t ions  , G e t t i n g  back i n t o  o p e r a t i o n  r equ i r ed  s e v e r a l  weeks 
from t h i s  d a t e ,  however, s i n c e  it was necessa ry  t o  e s t a b l i s h  a d i f f e r e n t  
method of handl ing  t h e  b u t t o n - l i n e  f i l t r a t e s  which were former ly  sen t  t o  
Recuplex, 
i n t o  a d e a c t i v a t e d  s ta te ,  
machinery t o  c a r r y  through t h e  remaining a c t i v i t i e s  i n  Recuplex and t o  
supply t h e  I n v e s t i g a t i o n  C o m m i t t e e  w i t h  needed in fo rma t ion ,  

The ECC was c losed  on A p r i l  27 and t h e  Advisory Council  went 
CPD set up s p e c i a l  i n t e r n a l  o r g a n i z a t i o n a l  

The Recuplex f a c i l i t y  is a t  p resen t  s h u t  down, 
p u t t i n g  it back i n t o  o p e r a t i o n  h a s  been made known, 
of t h e  replacement  f a c i l i t y ,  au tho r i zed  by t h e  AEC j u s t  b e f o r e  t h e  a c c i d e n t ,  
has  s t a r t e d ,  As an  i n t e r i m  measure, t empora r i ly  a c c e p t a b l e  ways of hand l ing  
t h e  m a t e r i a l s  formerly s e n t  t o  Recuplex have been worked o u t ,  S ince  some 
p o r t i o n s  of t h e  equipment i n  t h e  SE hood have been removed, it t h u s  appea r s  
p r o g r e s s i v e l y  less l i k e l y  t h a t  Recuplex w i l l  be put  back i n t o  o p e r a t i o n ,  

No f i r m  d e c i s i o n  r e g a r d i n g  
However, c o n s t r u c t i o n  
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DISCUSSION 
~~ _ _ _ ~  

This  s e c t i o n  of t h e  report c o n t a i n s  t h e  s i g n i f i c a n t  facts r ega rd ing  t h e  a c c i d e n t  
and a d i s c u s s i o n  of them, 

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

A ,  

B, 

C ,  

The ope ra t ion  of t h e  system set  up for d e a l i n g  with t h e  a c c i d e n t ,  

The exp lana t ion  of t h e  a c c i d e n t  i t s e l f ,  

Measures which would have prevented t h e  a c c i d e n t ,  

The system s e t  up fo r  d e a l i n g  w i t h  p o s s i b l e  a c c i d e n t s  such  as  t h i s  involved 
t h e  t a k i n g  of c e r t a i n  a c t i o n s  by bo th  t h e  GE and HOO o r g a n i z a t i o n s ,  
t h e r e  were later found t o  have  been minor d e v i a t i o n s  from t h e  p lan ,  t h e s e  
were i n s i g n i f i c a n t  and,  i n  gene ra l ,  t h e  p lan  func t ioned  smoothly, The em- 
ployees i n  Bui ld ing  234-5 evacuated t h e  b u i l d i n g  promptly, i n  t h e  main, and 
t h e  one or two who de layed  s l i g h t l y  were r e n o t i f i e d  by f e l l o w  employees of 
t h e  s e r i o u s n e s s  of t h e  s i t u a t i o n  so t h a t  t h e i r  d e l a y  was minimal, 
moni tor ing  personnel  went t o  work promptly and e f f i c i e n t l y ;  t h e  p o t e n t i a l l y  
i n j u r e d  employees were qu ick ly  i d e n t i f i e d  and placed under  medical  care 
wi th in  an  hour of t h e i r  exposure,  All employees involved i n  t h e  evacuat ion  
behaved i n  a calm, o r d e r l y  way, The systems 3f n o t f f S c a t i o n  t o  t h e  Emer- 
gency C o n  t r o l  Center ,  t o  l i n e  s u p e r v i s i o n ,  and t o  AEC of f i c i a l s  worked 
well, Details are recorded i n  S e c t i o n  VI: of t h i s  r e p o r t ,  O f  p a r t i c u l a r  
n o t e  are t h e  fac ts  t h a t  t h e  Hanford Laborato- ies  Crash A l a r m  System r e s u l t e d  
i n  manning t h e  ERC wi th in  about  t e n  minutes  of t he  g i v i n g  of t h e  c r a s h  alarm, 
t h a t  t h e  HAP0 General  Manager was a t  t h e  X Z  w i t h i n  abou t  30 minutes  and t h e  
Manager HOO-AEC was n o t i f i e d  wi th in  30 minutes  of t h e  a c c i d e n t ,  d e s p i t e  t h e  
f a c t  t h a t  t h e  a c c i d e n t  occurred on a Sa turday ,  when many people  are normally 
no t  e a s i l y  a c c e s s i b l e ,  

Although 

Rad ia t ion  

I n  Sec t ion  V I 1  a re  recorded t h e  s t e p s  t a k e n  t o  se t  u p  o r g a n i z a t i o n s  f o r  plan-  
n ing  t h e  moves t o  d e a l  wi th  t h e  f a c i l i t y ,  for; review of t h o s e  p lans ,  and f o r  
i n v e s t i g a t i o n  of t h e  a c c i d e n t  , 

* 

The I n v e s t i g a t i o n  Committee had a n  e x c e l l e n t  cppor tun f ty  t o  observe  i n  de- 
t a i l  t h e  p lanning  and handl ing  of t h e  pos t acc iden t  measures t o  n e u t r a l i z e  
t h e  f a c i l i t y  and t o  l e a r n  t h e  cause  of t h e  a c c i d e r d ,  These measures were 
planned 
t h e  i n d i v i d u a l s  involved ,  
f a c t  t h a t  it was no t  known whether c o n d i t f c n a  were such  t h a t  ano the r  nuc lea r  
excurs ion  might s ta r t  up upon minor d i s t u r b a n c e ,  This  n e c e s s a r i l y  c a u t i o u s  
approach r e s u l t e d  i n  u s i n g  t h e  first t h i r t e e n  days  af ter  t h e  a c c i d e n t  t o  
n e u t r a l i z e  t a n k  K-9, and a n  a d d i t i o n a l  t h r e e  days t o  poison t h e  s i g n i f i c a n t  
geomet r i ca l ly  unfavorable  t anks  
executed t h e  "quenching" o p e r a t i o n s  exhibited a h igh  o r d e r  of i n g e n u i t y  
and r e s o u r c e f u l n e s s  , 

reviewed and executed with meticulcxis 'regard f o r  t h e  s a f e t y  of 
This  approach was a p p r o p r i a t e ,  i n  view of t h e  

The personnel  who planned , reviewed, and 

The r e l e a s e s  of informat ion  t o  t h e  p u b l i c  mti t o  p r o j e c t  employees appear  
t o  have been t ime ly  and adequate ,  Within a few hours ,  a p r e s s  release had 



been prepared and c l e a r e d  with local  AEC a u t h o r i t i e s  and with Washington- 
AEC, Some terminology i n  t h a t  p o r t i o n  of t h e  release which concerned t h e  
extent of t h e  i n j u r i e s  s u s t a i n e d  by t h e  fou r  employees involved,  l a t e r  was 
quest ioned by Washington-AEC as p o s s i b l y  be ing  l i a b l e  t o  m i s i n t e r p r e t a t i o n  
by persons n o t  familiar wi th  t h e  p r e c i s e  meaning of t h e  terms used ,  
was t h e  on ly  s i g n i f i c a n t l y  a d v e r s e  comment noted on any  of t h e  releases, 

This  

B, 'Explanat ion of t h e  Accident Itself 

I n  s p i t e  of c a r e f u l  review of a large mass of ev idence  and tes t imony,  it 
h a s  not  been p o s s i b l e  for  t h e  Committee t o  develop  an exp lana t ion  of t h e  
a c c i d e n t  which comple te ly  a g r e e s  wi th  a l l  t h e  t e c h n i c a l  d a t a  or a l l  t h e  per- 
s o n a l  tes t imony,  
To t h e  ex ten t  t h a t  it does  no t  a g r e e  wi th  t e c h n i c a l  d a t a  or per sona l  tes t i -  
mony, t h e  accep tance  of t h i s  exp lana t ion  impl i e s  t h a t  t h e  t e c h n i c a l  d a t a  
are i n  some degree  u n r e l i a b l e ,  and t h a t  t h e  pe r sona l  tes t imony a l so  is p a r t l y  
u n r e l i a b l e ,  
u n r e l i a b i l i t y  i n  t h e  informat ion  supp l i ed  it i n  t h i s  i n v e s t i g a t i o n  ( t h i s  
does  no t  imply any i n t e n t  t o  mislead t h e  Committee), and is, t h e r e f o r e ,  w i l -  
l i n g  t o  a c c e p t  an  exp lana t ion  which does  not f i t  a l l  t h e  d a t a  and tes t imony,  
provided it does  ag ree  wi th  t h e  b e t t e r - e s t a b l i s h e d  parts of t h e  ev idence ,  

An a c c e p t a b l e  exp lana t ion  has ,  however, been developed ,  

The Committee has  seen  s e v e r a l  examples of both t h e s e  t y p e s  of 

The most p l a u s i b l e  exp lana t ion  of t h e  a c c i d e n t  comprises  t h e  f o l l o w i n g  
s ta tements :  

1, During t h e  la t ter  part of t h e  12-8 s h i f t  on A p r i l  7 ,  product  s o l u t i o n  
flowed i n t e r m i t t e n t l y  from t h e  t o p  of column H-3 ( s o l v e n t  e x t r a c t i o n  
s t r i p p i n g  column - see F i g ,  IV-5 for  flow diagram) t o  v e s s e l  J-1 ( a  
product  r e c e i v e r  t a n k )  and was i n t e r m i t t e n t l y  removed from J-1 d u r i n g  
t h i s  p e r i o d ,  However, d u r i n g  p a r t  of t h e  per iod ,  i n p u t  s u f f i c i e n t l y  
exceeded ou tpu t  t o  c a u s e  J-1 t o  fill and t h e n  t o  overf low,  
went v i a  a l i n e  provided f o r  t h e  purpose t o  t h e  f l o o r  of t h e  SE hood, 

The over f low 

The evidence fo r  t h i s  s t a t emen t  i s  summarized on F i g ,  VIII-1, which is 
a reco rd  of inf low t o  J-1, outf low from J-1, and weight factor ( i Q e D s  
dep th  x d e n s i t y )  i n  J-1, This  f i g u r e  is drawn from c h a r t s  t aken  from 
r e c o r d e r s  a f t e r  t h e  a c c i d e n t ,  The traces on t h e  o r i g i n a l  c h a r t s  were 
n o t  a s  s h a r p  as  t h e s e  drawings  might ' imply,  because  of ins t rument  n o i s e  
and s t i c k i n g  of t h e  t r a c i n g  s t y l u s  i n  p l a c e s ,  
t i e s  t h u s  in t roduced  are no t  enough t o  i n v a l i d a t e  t h e  conclus ion  above- 
s ta ted,  It w i l l  be  observed t h a t  for c o n s i d e r a b l e  pe r iods  between 0600 
and 0800, t h e  weight factor  i n d i c a t e d  J-1 t o  be  f u l l  whi le  i n p u t  was 
o c c u r r i n g  a t  rates g r e a t e r  t h a n  o u t p u t ,  
must have been over f lowing ,  

However, t h e  unce r t a in -  

During t h e s e  pe r iods ,  J-1 

Statement  1 is n o t  con t rove r t ed  by any of t h e  p h y s i c a l  ev idence ,  
s i s t e n t  wi th  s t a t emen t  1 is t h e  o b s e r v a t i o n  by a l l  t h e  o p e r a t o r s  t h a t  
t h e r e  was l i q u i d  on t h e  f l oo r  of t h e  hood be fo re  t h e  a c c i d e n t  (a l though 
t h e y  d i f f e r  somewhat on  t h e  e x t e n t  of t h e  pool of l i q u i d ) ,  
o p e r a t o r ,  on whose s h i f t  t h e  presumed overf low occurred ,  does  n o t  re= 
c a l l  having seen  any  overflow occur r ing ,  b u t  d i d  n o t  s p e c i f i c a l l y  look 
f o r  o n e o  V i s i b i l i t y  through t h e  p l a s t i c  hood wal ls  is extremely poor 
( f o r  example, s e v e r a l  minutes  of s t u d y  was r e q u i r e d  on t h e  p r t  of a 
Committee member be fo re  h e  could  be convinced t h a t  he  was s e e i n g  t h e  
sump l o c a t i o n )  and it is judged u n l i k e l y  t h a t  a n  o p e r a t o r  would have 

Con- 

The 12-8 
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no t i ced  t h e  overflow by d i r e c t  o b s e r v a t i o n  u n l e s s  he  had been look ing  
for  it. 
factor instrument  ( h i s  only means of de t e rmin ing  l i q u i d  l e v e l  i n  J - l ) ,  
The s h i f t  S p e c i a l i s t  whocame OR d u t y  a t  0800 made a careful v i s u a l  check 
of t h e  SE hood f o r  l e a k s ,  and found none a c t i v e o  
l e a k s  were clear and p l e n t i f u l  i n  t h e  hood after t h e  a c c i d e n t ,  
by t h i s  time t h e  overf low would have s topped,  and even if c o n t i n u i n g ,  
might have gone unnot iced i n  a l e a k  s e a r c h ,  since t h e  overf low l i n e  ex- 
tended clear t o  t h e  hood f l o o r ,  
o p e r a t o r  t h a t  t h e  overflow d i d  n o t  occur  is n o t  c o n c l u s i v e o  

The Committee r e g a r d s  s t a t emen t  1 as  e s s e n t i a l l y  e s t a b l i s h e d  I 

A t  some time w i t h i n  s e v e r a l  minutes  be fo re  1059 and wh i l e  s u c t i o n  was 
on t a n k  K-9, v a l v e  #944 was opened, allowed t o  remain open for  a few min- 
u tes ,  and t h e n  c l o s e d o  
d u c t  s o l u t i o n  from t h e  sump (where it was i n  a t h i n  s l a b  geometry and 
t h e r e f o r e ,  n e c e s s a r i l y  s u b c r i t i c a l )  i n t o  K-9 where i ts  geometry became 
such a s  t o  make it a lmos t  c r i t i ca l .  

To e s t a b l i s h  p l a u s i b i l i t y  of s t a t emen t  2,  t h e  f o l l o w i n g  arguments are  
adduced : 

The o p e r a t o r  d i d  n o t  s p e c i f i c a l l y  recal l  checking t h e  J-1 weight 

(The evidences of o l d  
However, 

Thus, t h e  p e r s o n a l  b e l i e f  of t h e  12-8 

2. 

This  r e s u l t e d  i n  suck ing  some of t h e  s t r o n g  pro- 

a ,  The q u a n t i t y  and Pu c o n c e n t r a t i o n  of t h e  overf low from J-1 were a t  
a t  least  s u f f i c i e n t  t o  account  for  t h e  q u a n t i t y  and c o n c e n t r a t i o n  of 
t h e  Pu s o l u t i o n  found i n  K-9 af ter  t h e  a c c i d e n t ,  

b, The composition of t h e  s o l u t i o n  found i n  K-9 af ter  t h e  a c c i d e n t ,  as 
r e g a r d s  its c o n s t i t u e n t s  o t h e r  t h a n  Pu, is c o n s i s t e n t  w i th  t h e  hypo- 
t h e c a t e d  o r i g i n  of t h i s  s o l u t i o n ,  

c ,  A p h y s i c a l l y  f e a s i b l e  path e x i s t e d  from t h e  sump t o  K-9 v i a  v a l v e  
#944, and o n l y  t h i s  v a l v e  needed t o  be opened t o  draw l i q u i d  from 
t h e  sump i n t o  K-9, 

d ,  Opportuni ty  f o r  opening and c l o s i n g  of v a l v e  #944 e x i s t e d ,  

e, The manner i n  which t h e  power probably v a r i e d  d u r i n g  t h e  excur s ion  
is c o n s i s t e n t  with t r i g g e r i n g  mechanisms which could have been 
o p e r a t i v e ,  

’ 

V a r i o u s ’ o t h e r  e x p l a n a t i o n s  have been examined and found less p l a u s i b l e ,  
or a c t u a l l y  imposs ib l e ,  These arguments may b e  e l a b o r a t e d  as fo l lows :  

a,  The q u a n t i t y  and Pu c o n c e n t r a t i o n  of t h e  overf low from J-1 were a t  
least s u f f i c i e n t  t o  account  f o r  t h e  q u a n t i t y  and c o n c e n t r a t i o n  of 
t h e  Pu s o l u t i o n  found i n  K-9 af te r  t h e  a c c i d e n t .  

After t h e  a c c i d e n t ,  K-9 con ta ined  abou t  39 l i ters of aqueous s o l u t i o n  
of 34.8 g r a r n s / l i t e r  Pu c o n c e n t r a t i o n  p l u s  a c r u d e l y  e s t ima ted  68 
grams (max,) of Pu i n  s o l i d s ,  and a f e w  hundred mil l i l i ters  of s t r o n g  
o r g a n i c  Pu s o l u t i o n  i n  t h e  i n f e r i o r  connected p ip ing  f o r  a ’ t o t a l  
q u a n t i t y  of 1400-1500 grams of Pu, From F i g .  VIII-2 it has  been 
e s t ima ted  t h a t  a t o t a l  volume of abou t  48 l i ters overflowed from 
J-1. . (The H-8 flow through t h e  column and i n t o  J-1 was at t h e  ra te  
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of 0,66 l i t e r s / m i n u t e  f o r  90 minutes  ( ~ 5 9  l i t e r s  t o t a l )  i n  t h e  0600- 
0800 i n t e r v a l ,  The ra te  of outflow from J-1 was 0,36 l i t e r / m i n u t e  
for 30 minutes  ( w l l  l i t e r s  t o t a l l o  
showed J-1 f u l l  throughout  t h e  en t i r e  two-hour in te rva l ,  so all of 
th.e d i f f e rence  ( 59 - 11 = 48 liters) must have overflowed o n t o  t h e  
floor,) The Pu c o n c e n t r a t i o n  found i n  t h e  J-1 t a n k  a f te r  t h e  acci- 
d e n t  was 34,4 g r a m s / l i t e r ,  b u t  t h e  Fu c o n c e n t r a t i o n  i n  t h e  J-1 l i q u i d  
d u r i n g  t h e  i n t e r v a l  0600-0800 is es t imated  from F i g o  VIII-2 (H-3 
column product c o n c e n t r a t i o n )  t o  have been a b o u t  45 grams/liter 
ave rage ,  
45  = 2160 grams, 

The weight factor i n d i c a t o r  

Hence, t h e  Fu overf lowing on to  t h e  f loor  was about  48 x 

The brown r i n g s  l e f t  on t h e  g l a s s  walls of K-9 sugges t  t h a t  t h e  vol-  
ume of t h e  s o l u t i o n  a t  t h e  time of t h e  a c c i d e n t  was about  45 l i t e rs ,*  
which decreased by evapora t ion  and r a d i o l y s i s  t o  t h e  39 l i t e r s  found 
a f t e rward ,  
would then  have been abou t  30 g r a m s / l i t e r ,  The d i f f e r e n c e  between 
t h e  45 g r a m s / l i t e r  c o n c e n t r a t i o n  i n  t h e  overf low t o  t h e  f l o o r  and t h e  
30 grams/liter i n  K-9 i s  accounted for by assuming d i l u t i o n  of t h e  
f l oo r  s o l u t i o n  with aqueous phase drawn from L-2, through K-9 and 
thence  i n t o  K-2, where it formed t h e  10-30 l i t e r  aqueous c a p  r epor t ed  
by both t h e  8-4 s h i f t  operators, 
of t h e  same c o n c e n t r a t i o n  as  t h a t  l a te r  found i n  L-2, i P e o D  0,118 
gram/li ter,  Mixing of t h e  two l i q u i d s  i n  t h e  r a t i o  two p a r t s  J-1 
overf low t o  one part L-2 aqueous phase would g i v e  45 liters of 30 
g r a m s / l i t e r  s o l u t i o n  i n  K-9, Such a c a l c u l a t i o n  is obvious ly  not  
very  a c c u r a t e ,  s i n c e  it does n o t  take i n t o  accoun t  p o s s i b l e  d i l u t i o n  
of t h e  J-1 overflow whi l e  on t h e  f:ocr; however, t h e  impression 
g iven  b y ’ a l l  t h e  o p e r a t o r s  was t h a t  t k e r e  was o n l y  a l i t t l e  l i q u i d  
(of t h e  o rde r  of s e v e r a l  l i t e r s )  on t h e  f loor d u r i n g  t h e  day  or two 
b e f o r e  t h e  a c c i d e n t  , 

The c o n c e n t r a t i o n  of Pu i n  t h e  o r i g i n a l  K-9 s o l u t i o n  

This  s o l u t i o n  would presumably be  

In  any event ,  it is ev iden t  t h a t  t h e  J-1 over f low provided more t h a n  
t h e  r e q u i s i t e  amount of Pu for K-9, 

The r e s i d u e  remaining i n  t h e  sump a f t e r  t h e  a c c i d e n t  was sampled on 
A p r i l  25 and was analyzed for Pu a l so ,  
phases  were p r e s e n t ,  
sump, contained 1 , 4  t o  2,s grams/li ter F’u, wh i l e  t h e  o rgan ic  phase 
( b l a c k ,  t a r r y ,  and l i g h t e r  t h a n  t h e  aqueous phase)  conta ined  6 1  t o  
132  grams/liter Pu, The low d e n s i t y  of t h s  o r g a n i c  phase sugges t s  
loss of CC14 by evapora t ion  over  t h e  s e v e r a l  week-long i n t e r v a l  
between t h e  a c c i d e n t  and t h e  sampling,  
remaining TBP a more powerful s o l v e n t  for h, The low Pu con ten t  
of t h e  aqueous phase t h u s  does  n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  45 
g r a m s / l i t e r  aqueous Pu s o l u t i o n  could  n o t  have been on t h e  f l o o r ,  
b u t  is c o n s i s t e n t  with t h e  s u p p o s i t i o n  t h a t  t h e  Pu was e x t r z c t e d  
i n t o  t h e  o rgan ic  phase on t h e  f l o o r  and i n  t h e  sump a f te r  t h e  
a c c i d e n t  

Both aqueous and organic  
The aqueous phase,  a t  v a r i o u s  dep ths  i n  t h e  

L o s s  of CC14 would make t h e  

*As noted elsewhere,  c r i t i c a l i t y  c a l c u l a t i o n s  suggest the2 t h e  i n i t i a l  volume 
was about  50 l i t e r s ,  
does  n o t  affect t h e  argument or c o n c l u s i o n s ,  

The appa ren t  d i sc repzncy  between 45  l i t e r s  and 50 l i r e r s  
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b ,  The composition of t h e  s o l u t i o n  found i n  K-9 a f ter  t h e  a c c i d e n t ,  a s  
r e g a r d s  its c o n s t i t u e n t s  o t h e r  t han  Pu, is c o n s i s t e n t  wi th  t h e  hypo- 
theca ted  o r i g i n  of t h i s  s o l u t i o n ,  

The s o l u t i o n s  found a f t e r  t h e  a c c i d e n t  i n  H-7, J-1, K-9,  and L-2 
were a l l  analyzed chemica l ly  f o r  a c i d i t y ,  s u l f a t e ,  ammonium, and 
i r o n r  
wi th  L-2 aqueous phase, t h e  composi t ion of t h e  K-9 s o l u t i o n  should 
b e  c a l c u l a b l e  from t h o s e  of H-7, J-1, and L-2, 
because  it is t h e  co ld  chemical  feed t ank  from which t h e  aqueous 
s t r i p p i n g  s o l u t i o n  is pumped i n t o  t h e  bottom of column H - 3 ,  

If t h e  s o l u t i o n  i n  K-9 was t h e  r e s u l t  of mixing J-1 overflow 

H-7 is inc luded  h e r e  

On emerging from t h e  t o p  of H-3, t h i s  s o l u t i o n ,  now c a r r y i n g  Pu as  
well a s  its o r i g i n a l  c o n s t i t u e n t s ,  passes t o  J-1, 
plutonium a n a l y s i s  of H-7 should b e  t h e  same as t h a t  of J-1 and may 
b e  used i n  p l a c e  of t h e  J-1 a n a l y s i s  i n  c a l c u l a t i n g  t h e  composition 
of K-9( 
l a t i n g  t h e  K-9 composi t ion i n  bo th  ways. I n  both  cases, it was as- 
sumed t h a t  t h e  K-9 s o l u t i o n  r e s u l t e d  from mixing 1 5  l i t e r s  of L-2 
s o l u t i o n  with 30 l i ters  of J-1 overf low as would be  necessa ry  t o  
make t h e  Pu c o n t e n t  of K-9  come ou t  r i g h t .  
is a rough correspondence between t h e  c a l c u l a t e d  and found composi- 
t i o n s  of K-9 ,  The H-7 a n a l y s e s  are probably more r e l i a b l e  than  
t h o s e  of J-1, s i n c e  t h e  H-8 s o l u t i o n  cor responds  c l o s e l y  t o  what was 
supposed to be fed  i n t o  t h e  column a t  t h e  t i m e ,  whereas t h e  J-1 
a n a l y s i s  does  n o t  and is more d i f f i c u l t  t o  perform, Allowances must 
be  made fo r  possible f l o o r  contaminat ion  of t h e  J-1 overf low,  and 
f o r  t h e  known tendency for samples from J-1 t o  b e  h igh  i n  s u l f a t e ,  
due  presumably t o  s u l f a t e  s o l i d s  b e i n g  picked u p  out  of t h e  t ank  
wi th  t h e  sample, 
t h e  g e n e r a l  p a t t e r n  of agreement among t h e  Pus H+, SO4--, and NH$ 
c o n s t i t u e n t s  ( u s i n g  t h e  H-7 a n a l y s i s  fo r  t h e  l a t t e r )  can  h a r d l y  be 
c o i n c i d e n t a l  and is regarded  a s  suppor t ing  t h e  conc lus ion  t h a t  J-1 
overf low l i q u i d  found its way i n t o  K - 9 ,  

Thus, t h e  non- 

The accompanying Table  VIII-1 shows t h e  r e s u l t s  of ca l cu -  

It  is appa ren t  t h a t  t h e r e  

Although agreement l e a v e s  something t o  be d e s i r e d ,  

The possible s o u r c e s  of aqueous Pu s o l u t i o n  of concen t r a t ion  g r e a t e r  
t h a n  30 g r a m s / l i t e r  are  shown i n  Table  VIII-2, acco rd ing  t o  post- 
a c c i d e n t  a n a l y s e s  of t h e  c o n t e n t s  of a l l  v e s s e l s  i n  t h e  SE and 
RGB hoods 

It w i l l  b e  observed t h a t  t h r e e  of t h e  t a n k s  (6-66, 5-2, and 5-31 
con ta ined  s o l u t i o n s  of such h igh  a c i d i t y  as  probably t o  p rec lude  
t h e i r  be ing  t h e  o r i g i n  of t h e  s o l u t i o n  i n  K - 9 ,  and two of t h e  t h r e e  
are also excluded by t h e i r  s u l f a t e  c o n t e n t s .  
t a n k s ,  G-59 is l o c a t e d  i n  t h e  RGB hood and could  transfer i n t o  t h e  
SE hood on ly  via t a n k s  G-65 and G-66 (also i n  RGB hood), of which 
one (6-65) was found empty and t h e  o t h e r  (6-66) has  a l r e a d y  been 
excluded,  
which is well above t h e  a c i d i t y  of K-9 (1,07 M) b u t  perhaps not  
h igh  enough t o  r u l e  o u t  5-7 as a s o u r c e  i n  view of a n a l y t i c a l  un- 
c e r t a i n t i e s ,  Tracing o u t  of t h e  l i n e s  l e a v i n g  5-7 d i s c l o s e s  no 
open pa th  t o  K - 9 ,  

O f  t h e  remaining 

5-7, i f  d i l u t e d  t o  30 g r a m s / l i t e r ,  would be  1,85 FI a c i d ,  

While it is  t h e o r e t i c a l l y  p o s s i b l e  fo r  t h e  
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TABLE VIII-1 CALCULATED AND FOUND COMPOSITION OF K-9 SOLUTION (MOLALITIES);: 

Constituent H-7  L-2 K-9 J-1 - - A t  time of From L-2 From L-2 
accident** and H-7 and J-1 

H+ 0.558 2,lO 3 .30  1 ,07  1 , 4 7  2.50 

so4-- 0 . 1 6  0 .28  0.036 0 .095  e12 . 20 

N H ~  0.03 0 -42 0 e10 0 * 011 *OS4 e31 

Fe 0.0019 0 .003  0 .01 0,04 .004 ,005 

“Assuming r a t i o  of f loor  so lut ion to L-2 so lut ion is 2:1, 

fcfcAssuming volume of 45 l i ter  i n  K-9 a t  time of accident,  



' 
TABLE VIII-2 AQUEOUS SOLUTIONS OF MORE THAN 30 GRAMS/LITER W CONTENT 

Ht 

4 *01 

- NH$ - M Fe - - Remarks 

I n  R & B  hood. Volume, s o l u t i o n  17 l i ters,  
214 grams Pu . 

G-66 32.4 6.68# 45.5 l i t e r  v e s s e l ,  con ta ined  34 liters 
s o l u  t ion  

34 .4 

22.4 

2 .lo 0.28 

7 . 98# 2 *1# 

0,023 0.003 

0 -0056 0.0057 40.6 l i t e r  v e s s e l ,  2 , 5  l i ters  s o l u t i o n  
con ta ined  

J- 3 86.4 9 . 60# 3 . 16# 0 e o 1  0,007 40,6 l i t e r  v e s s e l ,  2 liters s o l u t i o n  
contained 

c 
H 
H 
H 
I 
4 

. .. . 
37,2 l i t e r  v e s s e l ,  1 6  l i ters solution 
conta i n 4  ' I .  

6.87 5-7 . 111.2 

30 .O 

.. . . 

0.04 
,," . a c c i d e n t  . I .  

Calcu la t ed  composi t ion a t  'iime of 0.095 0 -011 K- 9 1,07 
.I .i 

4 

9:Includiid h e r e  because of u n c e r t a i n t i e s  about accuracy of a n a l y s e s  

/ # I n d i c a t e s  an ana lys i s  so h igh  a s  t o  preclude t h i s  s o l u t i o n  as t h e  o r i g i n  of t h e  Pu i n  K-9, 



c o n t e n t s  of 5-7 t o  f i n d  t h e i r  way t o  t h e  f l o o r ,  t h i s  would r e q u i r e  
a series of manipula t ions  of v a l v e s  or pumps, 
sugges ted  by any evidence or tes t imony,  

No such series is 

- C ,  A.physically f e a s i b l e  path e x i s t e d  from t h e  sump t o  K-9 v i a  v a l v e  
#944, and only  t h i s  v a l v e  needed t o  b e  opened t o  draw l i q u i d  from 
t h e  sump i n t o  K-9, 

A s  shown i n  F i g ,  IV-5, ; a  p l a s t i c  l i n e  had been i n s t a l l e d  fo r  t e m -  
porary  u s e  d u r i n g  t h e  f l o o r  c l e a n i n g  o p e r a t i o n s  between v a l v e  #944 
and t h e  sump, 
f loor  f l u s h e s  were drawn by s u c t i o n  i n t o  K-9 from t h e  sump, 
guard a g a i n s t  c r i t i c a l i t y  i n  geomet r i ca l ly  t infavorable  K-9, a pro- 
cedure  of first p u t t i n g  cadmium n i t r a t e  s o l u t i o n  i n  K-9 was fo l lowed,  
Suc t ion  was a p p l i e d  t o  K-9 from t h e  vacuum header;  v a l v e s  #431 and 
#944 were open,, and o t h e r  v a l v e s  to  K-9 were c l o s e d ,  

While t h e  f loor  c l e a n i n g  o p e r a t i o n s  were going on, 
To 

The f loor  c l e a n i n g  o p e r a t i o n s  had been f i n i s h e d  bu t  t h e  temporary 
p l a s t i c  l i n e  had n o t  y e t  been removed (an o r d e r  for its removal had 
been i s sued  a few days  b e f o r e  t h e  a c c i d e n t ) ,  After t h e  a c c i d e n t ,  
v a l v e  #431 was found open as shown on F i g ,  VIII-2,  
found c l o s e d ,  
a b a l l  t ype  p lug ,  
3 o'clock t o  12 oOclock opens t h e  v a l v e  comple te ly ,  

Valve #944 was 
This  va lve  is of t h e  quarter- turn- to-open type, ,  wi th  

Ro ta t ing  t h e  v a l v e  handle  ( a  s imple  b a r )  from 

Examination of t h e  vacuum-vent v a l v e  (#312) af ter  t h e  a c c i d e n t  
showed it t o  be  open t o  t h e  vent ,  as it should be  as a resu l t  of t h e  
procedure used t o  r ende r  K-9 harmless ,  Whether t h i s  v a l v e  was 
a c t u a l l y  open t o  t h e  vacuum header  a t  t h e  time of  t h e  a c c i d e n t  can- 
not  be confirmed a f te r  t h e  fact ,  bu t  since s e v e r a l  s u c t i o n  t r a n s f e r s  
i n t o  K-9 had been made d u r i n g  t h e  morning of  A p r i l  7, and s i n c e  t h e  
o p e r a t o r  states t h a t  #312 was open t o  vacuum a t  t h e  time of t h e  ac- 
c i d e n t ,  and s i n c e  t h e r e  is no  c o n t r o v e r t i n g  ev idence  or tes t imony,  
it may s a f e l y  b e  assumed t h a t  s u c t i o n  was a v a i l a b l e  i n  K-9 so t h a t  
if v a l v e  #944 were opened, l i q u i d  f r o m  t h e  sump could e n t e r  K-9, 

d .  Opportuni ty  f o r  opening and c l o s i n g  t h e  v a l v e  e x i s t e d ,  

The handle  cf v a l v e  #944 is l o c a t e d  i n s i d e  t h e  hood, approximately 
as shown i n  F i g ,  VIII-3,  The v a l v e  w c r k s  e a s i l y ,  bu t  i n  o r d e r  t o  
operate it, t h e  o p e r a t o r  must p u t  h i s  hand i n t o  g love  B and r each  
i n s i d e  t h e  hood, a d i s t a n c e  of 1 - 11/2 f ee t ,  
o p e r a t o r  (employee#l)  and h i s  relief o p e r a t o r  (employee #18) were 
familiar wi th  t h e  v a l v e  and its f u n c t i o n ,  Both o p e r a t o r s  had t h e  
oppor tun i ty  t o  open and l a t e r  t o  close t h e  v a l v e ,  as r e q u i r e d  by 
t h e  exp lana t ion  cons idered  most p l a u s i b l e ,  Both o p e r a t o r s  s t a t e  
t h a t  t hey  do n o t  reca l l  do ing  s o o  
opening of #944 whi le  r e a c h i n g  f o r  one of t h e  o t h e r  v a l v e s  i n  t h e  
v i c i n i t y  is p o s s i b l i ,  b u t  u n l i k e l y ,  

Both t h e  r e g u l a r  

Both s t a t e  t h a t  a c c i d e n t a l  

e @  The manner i n  which t h e  power probably v a r i e d  d u r i n g  t h e  excurs ion  
is c o n s i s t e n t  wi th  t r i g g e r i n g  mechanisms whicn could have been 
o p e r a t i v e  
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f ,  

I n  Appendix 8 w i l l  b e  found a d i s c u s s i o n  of a p h y s i c a l  a n l y s i s  of 
t h e  excur s ion ,  
c r i t i c a l i t y  occurred as  a r e s u l t  of a c o n t i n u i n g  s t e a d y  a d d i t i o n  of 
uniform plutonium s o l u t i o n ,  t h e  rate of a d d i t i o n  probably had t o  be 
less t h a n  ( v e r y  roughly)  0,1 - 1 ml/sec, Had it  been much l a r g e r  
t h a n  t h i s ,  t h e  s i z e  of t h e  i n i t i a l  p u l s e  would have s u b s t a n t i a l l y  
exceeded t h e  f i s s i o n s  which it is b e l i e v e d  t o  have c o n t a i n e d p  
S ince  p u t t i n g  ~ 5 0  l i t e rs  of s o l u t i o n  ' i n t o  t h e  t ank  would have  re- 
qu i r ed  14 hours  a t  1 ml/sec, and s i n c e  t h e  time a v a i l a b l e  for  f i l -  
l i n g  t h e  t a n k  was a p p a r e n t l y  15 minutes  or less, t h i s  does  no t  seem 
t o  have been t h e  t r i g g e r i n g  mechanismv However, o t h e r  mechanisms, 
capab le  of adding t h e  l as t  increment of r e a c t i v i t y  a t  a slow rate  
once t h e  t a n k  was almost  c r i t i ca l ,  e x i s t ,  

Th i s  ana lys i s  shows, among o t h e r  t h i n g s ,  t h a t  if 

For exaFples 

1) 

2 )  

3) 

Addit ion of 1400-1500 grams Pu a t  a c o n c e n t r a t i o n  g r e a t e r  t han  
30 gramsjliter followed by d i l u t i o n  w i t h  a small stream of d i -  
l u t e  n i t r i c  a c i d ,  Such d i l u t i o n  could occur  as  a r e s u l t  of 
sucking t h e  aqueous c a p  off K-2 i n t o  K-9, as was ac tua l ly  done, 

Addit ion of f i n a l  increment of r e a c t i v i t y  a s  r e s u l t  of deae r -  
a t i o n  of c o n t e n t s  of K-9  f o l lowing  t h e  dumping of t h e  aqueous 
c a p  o f f  K-2 on t o p  of t h e  more c o n c e n t r a t e d  s o l u t i o n  i n  K-9, 
Such d e a e r a t i o n  would be s t r e t c h e d  o u t  ove r  a l onge r  per iod than  
normal by t h e  effect  of t h e  s u c t i o n  a p p l i e d  t o  K-9, 

Addit ion of f i n a l  increment of r e a c t i v i t y  as r e s u l t  of s e t t l i n g  
o u t  of o rgan ic  phase (a  neu t ron  a b s o r b e r  and hence r e a c t i v i t y  
d e p r e s s a n t )  drawn i n t o  K-9 as an i n c i d e n t a l  part of t h e  de- 
c a n t i n g  of t h e  aqueous c a p  off K-2, 
c i d e n t ,  of a few hundred mi l l i l i t e r s  of o r g a n i c  phase i n  t h e  
p ip ing  a t  t h e  bottom of K-9 is c o n s i s t e n t  w i t h  t h i s  p o s s i b i l i t y ,  

The f i n d i n g ,  af ter  t h e  ac- 

Although it h a s  n o t  been p o s s i b l e  t o  e s t a b l i s h  t h e  exact t r i g g e r i n g  
mechanism, it is appa ren t  t h a t  any one or any combination of t h e  
t h r e e  i n d i c a t e d  above would b e  c o n s i s t e n t  w i t h  t h e  evidence and 
t e s t imony  a v a i l a b l e ,  

Various o t h e r  e x p l a n a t i o n s  have been examined and found less plaus- 
i b l e  or actually impossible ,  

A t  t h e  time of t h e  Committee's p r e l i m i n a r y  r e p o r t ,  it had been found 
t h a t  t h e r e  was a n  accumulat ion of d r i e d  s o l i d s  on a v a l v e  between 
t h e  t o p  of t h e  s t r i p p i n g  column H-3 and 5-2, a product r e c e i v e r  and 
a c i d  a d d i t i o n  t a n k D  The d r i e d  s o l i d s  were found t o  c o n t a i n  37% Pu, 
corresponding approximately t o  plutonium, n i t r a t e ,  Leakage of pro- 
d u c t  s o l u t i o n  o n t o  t h e  f l o o r  was a t  once sugges t ed ,  The v a l v e  and 
i ts  connected p i p i n g  were removed and t e s t e d  i n  t h e  l a b o r a t o r y  f o r  
l e a k a g e ,  
f i t t i n g  were less than  0,l ml/min and 1 ml/min, r e s p e c t i v e l y ,  under 
p r e s s u r e s  much h i g h e r  t h a n  could have e x i s t e d  i n  t h e  p r o c e s s o  It 
is obvious t h a t  n e i t h e r  l e a k  could accoun t  f o r  t h e  q u a n t i t y  of Pu 
which g o t  i n t o  K-9,  

The p o s s i b i l i t y  t h a t  a n  accumulat ion of s o l i d s  i n  K-9  might have 
played a s i g n i f i c a n t  r o l e  was r u l e d  o u t  by  examining t h e  bottom of 
K-9 and f i n d i n g  on it at most less t han  68 grams of s o l i d s ,  

The l e a k a g e s  through t h e  c l o s e d  v a l v e  and through t h e  
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The p o s s i b i l i t y  t h a t  v a l v e  #944 might have been l e a k i n g  s u f f i c i e n t l y  
t o  admit  t h e  sump l i q u i d  under s u c t i o n ,  and t h e n  t o  somehow r e t a i n  
t h e  l i q u i d  above it f o r  s e v e r a l  weeks was sugges t ed ,  
was removed, w i th  its a s s o c i a t e d  piping,  having first immobilized 
t h e  v a l v e  handle  i n  its as-found p o s i t i o n  by a p p l i c a t i o n  of a self-  
s e t t i n g  r e s i n ,  
v a l v e  t o  be nonleaking,  The i n t e r n a l  p a r t s  of t h e  v a l v e  appeared 
c l e a n  and b r i g h t ;  t h e r e  was no i n d i c a t i o n  t h a t  any s o l i d  o r  semi- 
s o l i d  material was p r e s e n t  t o  a c t  a s  a s e a l a n t  a g a i n s t  downward 
flow, It was a l so  hypothesized t h a t  t h e r e  might be some p o s i t i o n  
of t h e  handle  of v a l v e  #944 which would permit  upward flow a t  t h e  
necessa ry  ra te  of s e v e r a l  liters per  minute i n  r e sponse  t o  t h e  
s u c t i o n  ( ~ 2 0 - 2 5  i n c h e s  Hg subatmospheric)  on K-9, bu t  would n o t  
permit'downward flow when t h e  s u c t i o n  was removed o r  would limit 
downward flow t o  a slow r a t e ,  
t h e  handle d i d  n o t  d i s c l o s e  t h e  e x i s t e n c e  of any s e t t i n g  a t  which 
t h e  f low rate r e l a t i o n s h i p s  even approximately s a t i s f i e d  t h e  
hypo thes i s ,  

Valve #944 

Hydraul ic  tests were t h e n  made, which proved t h e  

Experiments t o  f i n d  such a s e t t i n g  of 

It was found t h a t  a l though  t h e  v a l v e  hand le  worked e a s i l y ,  it s t ayed  
i n  any p o s i t i o n  i n  which it was p u t ,  
t o  a t i g h t l y  c l o s e d  p o s i t i o n  under t h e  a c t i o n  of g r a v i t y  hence seems 
excluded , 

Creeping from a s l i g h t l y  open 

The p o s s i b i l i t y  of e n t r y  of s t r o n g  Pu s o l u t i o n  i n t o  K-9 through 
openings o t h e r  t h a n  K-9 also was cons ide red ,  Reference t o  F i g ,  
VIII-2 shows t h a t  a l l  exi ts  from and e n t r a n c e s  t o  K-9 were blocked 
by c l o s e d  v a l v e s  o r  by a capped l i n e ,  
t h e s e  c losed  v a l v e s  were found i n  every case t o  l e a d  proximately 
t o  o t h e r  closed v a l v e s  or t o  v e s s e l s  c o n t a i n i n g  e i t h e r  no plutonium 
i n  aqueous s o l u t i o n ,  or aqueous plutonium s o l u t i o n s  of c o n c e n t r a t i o n  
much less than  t h e  30 g r a m s / l i t e r  minimum which must have e x i s t e d  
i n  K-9 a t  t h e  time of t h e  a c c i d e n t ,  Thus, l eakage  of one of t h e s e  
v a l v e s  would n o t  have admi t t ed  s u f f i c i e n t l y  concen t r a t ed  Fu solu- 
t i o n  t o  account  f o r  what was found i n  K-9. 

Moreover, t h e  l i n e s  beyond 

As implied earlier i n  t h i s  s e c t i o n ,  there was a l s o  a s y s t e m a t i c  
survey of t h e  p o s s i b l e  s o u r c e s  of Pu s o l u t i o n  of 30 g r a m s / l i t e r  or 
s t r o n g e r ,  w i th  a view t o  de te rmin ing  whether t h e y  could c o n t r i b u t e  
30 grams/liter or s t r o n g e r  s o l u t i o n  t o  K-9, e i t h e r  by t r a n s m i s s i o n  
through pipes ,  or by l e a k a g e  t o  t h e  f l oo r ,  and t h e n c e  i n t o  K-9 v i a  
v a l v e  #944, Th i s  su rvey  d i s c l o s e d  no p l a u s i b l e  s o u r c e  of Pu s o l u -  
t i o n  except J-1 

The f o r e g o i n g  most p l a u s i b l e  e x p l a n a t i o n  of t h e  a c c i d e n t  c o n s i d e r s  
o n l y  t h a t  ev idence  which is d i r e c t l y  p e r t i n e n t  t o  t h i s  e x p l a n a t i o n  
I n  t h e  c o u r s e  of s e a r c h i n g  f o r  a n  e x p l a n a t i o n  of t h e  a c c i d e n t ,  much 
a d d i t i o n a l  ev idence  was developed , 
evidence a re  a t  v a r i a n c e  with what was expected t o  be f o u n d o  
example : 

Some b i t s  of t h i s  a d d i t i o n a l  
For 

1) The chemical  o p e r a t o r  s a i d  t h a t  h e  had put  c e r t a i n  chemica l s  
i n t o  t a n k  K-8 i n  p r e p a r a t i o n  f o r  washing t h e  o r g a n i c  phase i n  
K-2. 
v a l v e  was p a r t l y  open t o  t h e  waste c o l l e c t i o n  system, 
v a l v e  was p a r t l y  open is n o t  known, 

After t h e  a c c i d e n t ,  K-8 was empty, and its d r a i n  l i n e  
Why t h i s  
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C ,  

2 )  The aqueous s o l u t i o n  i n  6-36, a waste s t o r a g e  vessel, was 7 M 
a c i d  i n s t e a d  of about  3 M as  expec ted ,  
a v a i l a b l e  

No exp lana t ion  is 

3 )  The product  s o l u t i o n  i n  J-1 was 2,l M i n  a c i d ,  whereas it was 
expected t o  b e  abou t  0,6 M, 

The s o l u t i o n  i n  t a n k  L-2 was found t o  consis t  of abou t  1 7 5  
l i t e rs  of aqueous s o l u t i o n  of 0,118 gram/liter PU c o n t e n t o  It 
had been expected t h a t  t h e  tank'would c o n t a i n  about  t h i s  same 
volume of o r g a n i c  s o l u t i o n  of abou t  2 .1  grams/liter Pu concen- 
t r a t i o n ,  Th i s  c o n d i t i o n ,  w h i l e  unexpected, was no t  cons idered  
abnormal s i n c e  t h i s  t a n k  conta ined  d i l u t e  wastes, of both 
phases,  c o l l e c t e d  from s e v e r a l  s o u r c e s  over  a per iod  of a f e w  
s h i f t s  , 

No exp lana t ion  is a v a i l a b l e ,  

4) 

These c o n d i t i o n s  a re  n o t  of a t y p e  which would be  expected t o  create 
a nuc lea r  s a f e t y  problem b u t ,  be ing  anomalous, t h e y  might b e  sus-  
pected of some connec t ion  wi th  t h e  a c c i d e n t .  No such connec t ion  has  
been found,  and t h e s e  po in t s  remain minor and probably d isconnec ted  
anomal ies ,  

Measures Which Would Have Prevented t h e  Accident  

C e r t a i n  c o n d i t i o n s  e x i s t e d  i n  t h e  Recuplex f a c i l i t y  on A p r i l  7 which were 
necessary  t o  t h e  a c c i d e n t ,  and which were n o t  necessa ry  t o  o p e r a t i o n  of 
the e q u i p e n t o  
prevented t h e  a c c i d e n t  

Correction of t h e s e  s p e c i f i c  c o n d i t i o n s  would probably have 
The c o n d i t i o n s  ref e r r e d  t o  are: 

1, K-9 was geomet r i ca l ly  unfavorable ,  and a l though t h e  i n t r o d u c t i o n  i n t o  
it of f ixed poison had been cons ide red ,  no such poison was p r e s e n t ,  

On a t  least t h r e e  prev ious  occas ions  t h e r e  had been "over-batch" i n c i -  
d e n t s  i n  K-9, i o e D ,  t h e  s p e c i f i e d  maximum q u a n t i t y  of Pu allowed i n  t h e  
t a n k  a t  any one time had been exceededo Because t h e s e  mass limite are 
se t  q u i t e  c o n s e r v a t i v e l y ,  t h e r e  was no c r i t i c a l i t y  i n  any of t h e s e  
cases, P a r t l y  as a r e s u l t  of t h e s e  i n c i d e n t s ,  t h e  i n s t a l l a t i o n  of 
Pyrex glass  r a s c h i g  r i n g s  i n  K-9 had been cons ide red ,  The boron con- 
t a i n e d  i n  t h e  Pyrex would have been a powerful suppres san t  of neut ron  
m u l t i p l i c a t i o n ,  
l a t i o n  of t h e  r i n g s  (mixing of t h e  c o n t e n t s  of t h e  t a n k  would be more 
d i f f i c u l t ,  hold-up of l i q u i d  on t h e  s u r f a c e  of t h e  r i n g s  would b e  in -  
c r eased ,  sampling would be less r e l i a b l e ) ,  and it w a s  concluded t h a t  
t h e  r i g h t  answer t o  *his  and o t h e r  recognized problems of t h e  Recuplex 
f a c i l i t y  was t h e  c o n s t r u c t i o n  of a new f a c i l i t y  - Project CAC-880, 
Approval of t h i s  p r o j e c t  had been r eques t ed ,  b u t  its f i n a l  a u t h o r i -  
z a t i o n  involved c o n s i d e r a b l e  d e l a y ,  a s  e l sewhere  noted * 

However, t h e r e  were some o b j e c t i o n s  t o  t h e  i n s t a l -  

2, K-9 was n o t  equipped wi th  a n  alarm-sounding neu t ron  coun te r  which would 
s i g n a l  t h e  presence of too - l a rge  q u a n t i t i e s  of PU. 

The i n s t a l l a t i o n  of a neu t ron  coun te r  (which would s e n s e  t h e  spontaneous  
f i s s i o n  neu t rons  from Pu240) f o r  d e t e c t i o n  of t o o - l a r g e  q u a n t i t i e s  of 
PU i n  K-9 had a l s o  been d i s c u s s e d .  However, no  d e c i s i v e  a c t i o n  had 
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3 ,  

4. 

been t aken ,  it be ing  i n d i c a t e d  t h a t  a coun te r  of t h e  t y p e  d e s i r e d  would 
b e  q u i t e  expensive and f u r t h e r  s t u d y  seemed d e s i r a b l e ,  
a v a i l a b l e  on v a r i o u s  of t h e  process  v e s s e l s ,  b u t  i n  o r d e r  t o  g e t  a 
r ead ing  from them, one must first set a selector swi t ch  to the counter  
of interest ,  s i n c e  s e v e r a l  c o u n t e r s  f e e d  i n t o  t h e  same meter through 
a selector swi t ch ,  There was h e r e  
a l so  some feeii 'ng t h a t  t h e  proper  c o u r s e  of a c t i o n  was t o  r e p l a c e  K-9 
wi th  a g e o m e t r i c a l l y  f avorab le  v e s s e l ,  a s  planned in. Project CAC-880, 
and t h a t  t h e  real answer w a s  t o  g e t  approva l  on CAC-880, 

The d i r e c t l y  a s s o c i a t e d  o p e r a t i n g  o r g a n i z a t i o n  d i d  n o t  real ize  t h a t  a 
J-1 overflow would bypass J-5 

Counters  are  

No counter was ' i n s t a l l e d  on K-9, 

U n t i l  abou t  t h r e e  y e a r s  ago t h e  overflow from J-1 was d i r e c t e d  t o  5-5, 
a tank.which s e r v e s  a l s o  as an overflow c a t c h  t a n k  for v a r i o u s  o t h e r  
v e s s e l s ,  
l e v e l  alarm which n o t i f i e s  t h e  o p e r a t o r  t o  pump o u t  5-5 i n t o  ano the r  
t a n k  from which a p p r o p r i a t e  f i n a l  d i s p o s i t i o n  of t h e  overflow can  b e  
made, 
would be  contaminat ion  of J-1 with  less  pure  over f low s o l u t i o n s  from 
ano the r  v e s s e l s  
through t h e  overflow l i n e ,  
overf low l i n e  was i n s t a l l e d  d i r e c t l y  from J-1 t o  t h e  f l o o r ,  
change d i d  no t  i n t r o d u c e  a d i r e c t  n u c l e a r  hazard ,  s i n c e  t h e  floor of 
t h e  hood is geomet r i ca l ly  f a v o r a b l e ,  However, af ter  t h e  a c c i d e n t  it 
was found t h a t  r e l a t i v e l y  few people  i n  t h e  o p e r a t i n g  o r g a n i z a t i o n  were 
aware of t h e  e x i s t e n c e  of t h e  d i r e c t  overflow l i n e  from J-1 t o  t h e  
f loor ,  and t h e  o p e r a t o r s  r e l i e d  upon the 5-5 alarm signal  to n o t i f y  
them of a n  impending overflow t o  t h e  f l o o r ,  
l i n e  was reviewed and approved by t h e  C r i t i c a l  Mass Engineer a t  t h e  
time of i n s t a l l a t i o n ,  b u t  t h e  o p e r a t i n g  procedures  do not  mention t h e  
l i n e  or its effect  on o p e r a t i o n s D  

5-5 itself overflows t o  t h e  sump, b u t  i s  provided wi th  a h igh  

About t h r e e  y e a r s  ago, it was found t h a t  o c c a s i o n a l l y  t h e r e  

The contaminat ion was t r a c e d  t o  a form of backing-up 
To make s u r e  of c u r i n g  t h i s  t r o u b l e ,  a new 

This  

The i n s t a l l a t i o n  of t h e  

The drawings of t h e  equipment i n  t h e  SE hood, a v a i l a b l e  a t  t h e  t i m e  of 
t h e  a c c i d e n t ,  do  n o t  show t h e  d i r e c t  overflow l i n e  from J-1 t o  t h e  
f l o o r o  
a c t i v i t i e s  r eques t ed  by t h e  I n v e s t i g a t i o n  Committee and aimed a t  ac- 
q u i r i n g  a n  up  t o  d a t e  set of "as -bui l t "  drawings,  

The l i n e  was d iscovered  d u r i n g  t h e  c o u r s e  of t h e  pos t acc iden t  

The operators d i d  not  observe or d i d  n o t  p rope r ly  i n t e r p r e t  t h e  weight 
f a c t o r  i n d i c a t i o n  on J-1, 

That a n  overf low might b e  o c c u r r i n g  could  have been i n f e r r e d  from t h e  
fact  t h a t  t h e  weight  factor c h a r t  i n d i c a t e d  t h e  v e s s e l  t o  be  f u l l ,  
However, t h i s ,  i n  t u r n ,  would have r e q u i r e d  knowledge of t h e  s p e c i f i c  
g r a v i t y  of t h e  s o l u t i o n  i n  J-1, The input -output  f l o w  c h a r t s  would 
a l so  have g iven  sane h i n t  of overflow .had t h e y  been s t u d i e d  cont inu-  
o u s l y ,  However, even i n  normal c i rcumstances ,  t h e  ope ra to r  and t h e  
s h i f t  s p e c i a l i s t  are  t o o  busy t o  be  expected t o  do  such work, 
A p r i l  7, they  were doubly busy s i n c e  t h e r e  had been d i f f i c u l t y  i n  keep- 
i n g  t h e  H - 1  and H-2 columns from f l o o d i n g  and t h i s  had t aken  much of 
t h e  o p e r a t o r r s  a t t e n t i o n  on both  t h e  12-8 and 8-4 s h i f t s ,  
it would have been p o s s i b l e  f o r  t h e  o p e r a t o r  t o  have d e t e c t e d  t h e  over- 
f low from 5-3, it is n o t  r easonab le  t o  expec t  him t o  have done soc 

On 

Thus, whi le  
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5 ,  Valve #431 was open. 

The Committee learned tha t  when suction is applied t o  K-9 there  a r e  two 
routes by which l i q u i d  may be drawn from the same opening at t he  bo t tm 
of L-2 (a tank used for collection of contact organic, located i n  the  
R & B  hood) i n t o  K-9, h e  of these routes admits t h e  l iquid t o  the  top 
of #-9, through valve $506 (see Fig, VZI3-2), 
t o  K-9 through its bot tm,  via valve #431, t he  pump, and valve #543, 
The %ormal" path was through valve # 5 0 6 ,  in to  the  top'of K-9. How- 
ever, some of the  operators f e l t  t ha t  the  transfer went faster if t he  
other route (via valve #431) was used, 
forbid the  use of t he  route  through valve #431, and th i s  route  hed 
been used on the 12-8 s h i f t  i n  making transfers frgm L-2 t o  K-9 and 
thence to K-2. 
The 8-4 operator did nat  make a complete valve s t a tus  check when he 
came on duty, and was, hence, unaware t h a t  $431 was open. 
closed, t he  accident would not have happend. 

The temporary l i n e  from t h e  sump t o  valve #944 had been allowed t o  s tay 
i n  place after its usefulness was past. 

The other admits l iquid 

Operating instructions did not 

Valve #431 was l e f t  open as a r e s u l t  of these t ransferso  

Had it been 

6, 

During t h e  planned use of t h i s  l ine ,  t h e  procedure called f o r  first 
determining the  Pu content of t h e  sump contents, then placing i n  K-9 a 
specified quantity of Cd (NO3)* solution before suckiirp t h e  sump liquid 
in to  K-9. 
s t ruct ion which-. had Cr i t i ca l  Mass Engineering approval. This instruc- 
t i on  was s i l e n t  on the  subject of removal of t he  temporary p las t ic  line 
after the  floor clean-up had been concluded. However, the  supervisor's 
.instructions t o  the  operating crew after the  f loo r  clean-up had been-' 
completed included direct ions t o  cease using t h e  temporary plast ic  l i ne ,  
A work opder-for removal of t he  l i n e  hzd been written four days a f te r  
need of ' the l i n e  ceased. 
not been performed. 
scheduling i t e m  a t  t he  t i m e  of t he  incident. 
passed without correction of t h i s  primary hazard t o  c r i t i ca l  mass 
safety . 

mese precautions were careful ly  detailed i n  a special  i n -  

. After another three days, the  work i t s e l '  hiid 
The work order was being handled as a rout ine 

Thus, a f u l l  week had 
L 

7 ,  Valve #944 was operated, contrary t o  o ra l  instructions. As previously , 
pointed out, no one admits to having operated valve #944, but no other 
plausible explanation is available. 
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EMEBGENCY 
and 

DISASTER PLAN 

The BOO "F'rocedures for Emergencies" are contained i n  AEC Manual - HA Supple- 
ment HA 06~1-01. Fkrtinent portions of the Manual are quoted below: 

06~1-01 Purpose 

The purpose of t h i s  chapter is t o  establish procedures for  providing 
assistance i n  protection of health and safety of the general public 
against (a) radioactive materials under license, (b) government-owned 
radioactive o r  toxic materials involved i n  accidects off-si te,  and (c )  
gnzsLt5 accidents involving possible spread of contamination off-site e 
It also provides for  safeguarding of radioactive, sensitive or c r i t i c a l  

- - - - - - - - _ - - _ _ - - - - - - - - - - - - - - - - -  
gover-nt-owned materials so involved. 
r e l a t e  t o  contractor personnel are not intended t o  a l t e r  the contractor's 
internal  emergency plans or t o  a l t e r  c i v i l  defeose plans i n  effect  t o  cope 
with enemy action. 

The portions of t h i s  Chaser which 

06~1-03 Emergency Plans 

Plans for  notification a d  action are shown i n  the Appendixes for the 
categories of emergencies described b e l o w :  

031 On-site Contractor hcidents .  The plan shown i n  Appndix 06~1-031 
outlines the procedure t o  be followed i n  the event of an accident originating 
at HOO which nay resul t  i n  the spreading of radioactive contamination (gas, 
liquid, or par t icalate)  or my other toxic material outside the Hanford 
Restricted Area. 

The HOO Emergency Committee is t o  be notifie& i n  accordance wZth Appendix 
06~1-031 given belov: 

Appendix 06~1 

Emergency C o d t t e e  
O f f  ice EOme 

Phozte Home Address E x t  .No. - 
F. J. McHale - Chairman 6-5441 

Alternate : 
0. R. Simpson 

V. R.  Hohquist 

Alternate : 
D. J. Keigher 

6-54-41 

6-4911 

w€f 4-5193 1317 Wis 
Richland 

WH 7-7475 

6-4011 WI 5-7537 
1 - 1  

1210 Gwen 
Richland 

1602 Johnst on 
Iiichlmd 

642 mestcut 
R i  c 



Emergency Committee (Continued) 
O f f  ice Home 

Name Ext .NO. phone - 
A. T. Gifford 6-5291 3-3257 

Alternate : 
H. E. Parker 

J. L. Dickson 

Alternate : 
C. F. Goober 

6-5291 WH 6-6820 
I 

6-4646 WH 3-1676 

INFORMATION DIVISION, D'IRECTOR 

M. R. C y d e l l  6-4933 WH 6-6215 

Alternate : 
L. D. Weir 

Home Address 

1935 Harris 
Richland 

1706 Gaillard P1. 
Richland 

2126 Harris 
Richland 

509 Basswood 
Richland 

1918 H a r r i s  
Richland 

1713 Hunt 
Richland 

Notification Call List for Emergency 
Resulting from Rediation Accidents i n  Alaska, 

Oregon and Washington and Other Off-Site Requestsfor Aid 

In the event of an emergency of the types described in Manual Chapter 06~1 ,  
Subsections 032 and 034, the following individuals will be alertet?: 

1. Atomic Energy Commission: 
O f f  ice Home 

Name 

E. G. Hicks 

- Bane Home Address - Ext.NO. 

6-5496 JU 2-8940 1216 W. 27th Ave. 
Kermewick 

K. L. Englund 6-5496 7-5665 1409 Jadwin 
Richland 

2. General Electr ic  Company (W Radiation Protection Operation): 

K. R. Heid 3589 WE 5-14-47 15x3 Sanford 
Richland 

A .  3. Stevens 3376 m 3-3783 1920 Rowel1 
Richland 

A.  R. Gene 3740 WEI 4-0820 519 Catskill 
Richland 

1 - 2  



2 .  

3. 

General Electr ic  Company (iIA30 Radiation Protection Operation) continued: 

Name 

Alternates : 

G. E. B a c L z  

- 

L. A. Caxter 

E. C. Watson 

O f f  ice 
Ext.No. 

315 3 

3598 

3135 

The Emergency Medical Team 

D r .  W. D. Norwood 6-4910 

Alternates : 

D r .  Pnilip A. Fuqua 6-4414 

D r  . Brzdford C . Scudder 6-4948 

Home 
€bone - 

WH 6-6443 

WH 7-2358 

WH 4-9532 

W 4-5155 

WH 4-5180 

WH 7-7565 

Home Address 

1606 Davison 
Richland 

1028 Birch Avenue 
Richland 

2104 Pullen 
Richland 

1937 H a r r i s  
Richlaad 

E l 7  Gowen 
Richland 

1816 Hunt 
Richland 

06H1-04 Emergency Act ion Organizations 

041 An Emergency Coxnittee i s  hereby established which w i l l  be responsible 
fo r  in i t ia t ing  such measures, safeguards, and actions as deemed necessary t o  
p r o p r l y  f u l f i l l  the AEC-EO0 responsibil i t ies i n  the event of emergencies 

The following of f ic ia l s  w i l l  function as the permanent Committee: 

(See c a l l  list Appendix 06m-031). 

C h a i r m r n  - Director, Secmity Division (or  alternate ) 
Director, Safety Division ( QL' alternate ) 
Director, Production Division (or alternate) 
Chief, Transportation & Traffic Branch, Construction Engineering 

acd Supply Division (or  alternate) 

06111-05 Not i f i  cat ion 

051 All published plans contemplate tha t  the HOO Security Duty Officer 
xi11 be notified at once of any emergency condition vhich f a l l s  within the 
scope of t h i s  chapwere 

052 The EO0 S e a r i t y  DJty Officer w i l l  o5ta.h from the individual aotify- 
ing him of the accideat (or f'rorn such other sources as deernes necessary) the 
location, time, zccess, veather conditions, p r sonne l  involved, agency, 
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individual reporting and phone nwber, habitation i n  the vicinity,  and any 
other information pertaining t o  the incisent. 
the person notifying him t o  keep all persons away (a mbim of ,500 feet  from 
weapons, otherwise 50 feet)  from the material and the site involved u n t i l  
specific instructions are issued by the Ehergency C o d t t e e .  

If the notification is received by another EO0 Division OF Office, the minimum 
instructions contained above will be given t o  the person reporting the incident. 

In 811 cwes, he sha l l  instruct 

%E Patrol Emergency Officer 
( h c a t e d  i n  ERC - 703 BLdg. ) 

J 

053 The HOO Security Duty Officer w i l l  immediately report the above 
information t o  the Chairman, Emergency Committee, l i s t ed  i n  Appendix 06~1-031 
a d  request further instructions t o  be given the person reporting the incident, 

of' the Emergency Committee l i s t ed  i n  Appendix 06~1-031 and request them t o  
report t o  the AEC AirporC. 

054 The ‘boo Security Duty Officer w i l l  irmnedistely not i fy  other Embers 

055 If medic82 advice or action is required, the Emergency Medical Team 
w i l l  be alerted by the HOO Security Duty Officer by use of the c a l l  l ist  i n  
Appendix O6H1-042. 

The CE-&APO incident notification- follows the order s h m  below: 

*GE Pa t ro l  Emergency Officer not i f ies  GE personnel only except f o r  
the AEC Security Duty Officer who is responsible for notifyiztg 
HOO personnel identified i n  ApLxndix O6$l-O3l .  

3iANFoRD ATOMIC PRCDUCIS 0fEm"ION 
Master Pr ima?  Emergency Gall List 

FOS 
Plant Diszster and Evacuation 

Supervisors - Manufacturing Areas 
k v e l  LIS: Managers I 

Business 
Bone Erne Bone 

Area k t r o l  Notification 
Crash Alaxm 

6-4122 

6-54-41 

6-4387 or 
6-4069 

4-5197 
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W. E. Johnson 

AEC Security Duty Offier 
(Notifies indivirzualS 
identified i n  Appendix 
06~1-031) 

703 Reception Desk 



Business 

6-4740 WH 6-6715 A. B. Greninger o r  

2-5156 YO 7-3774 0, C. Schroeder or 

Phone Eome Bone 

2-5484 WH 7-3295 C. A. Priode 

6-4733 WB 6-6777 G. R. MacArthur 

3626 WH 5-2128 R. L. Dickman or 

WH 5-1702 3562 W, N. Mobley or  

3874 H. E. Berg 

3642 

3740 other Ers. use 

( 8 : ~  AM t o  4:30 PM 
Mon. thru Fri. - 
3.L.O. Crash Ala.rm) 

3738 

H. M. Parker or  

A. R. Keene or 

R. F. Foster 

6-4055 WE 4-knO R. J. Schier 

6-4524 WH 4-6275 L. L. German or  

6-4022 Ju 2-7693 C. W. Weeks 

6-4002 

2-7699 

2-7706 

2-7807 

North G a t e  House 

P. H. Re-r or 

J. H. Wasren or 

WH 4-0452 

WH 3-9507 

7-0253 P. R. M*ay 

6-5486 JU 6-4386 c. E. c2YLIldall 

6-4010 WE 4-5155 W. D. I?omTood, M.D. or 

6-4414 WE 4-5180 P. A. lbqua, M. D. 

6-475s 7-7675 M. F. Rice or 

WH 7-7725 6-4754 E. G. Jones 

2-7321 Electrical Dispatcher 

Meteorology Tower 

6-4935 (8:OO AM to 4:OO FM) "rain DisFatc3er 
Direct 
Line Telephone Oprator 



The General Electr ic  Conrpmy has i n  existence plast-krS,de emergency and disaster 
plans. For the past few months tbe Company has been reviewing these plans and 
recently presented t o  HOD for  review and comment a new version of these plans. 
They are contained i n  documents aJ-7070Op EM-72200, and HAN-81167. Since the 
new plans have not been approved and issued. i n  f i n a l  form, the Committee has 
reviewed the existing plans contained i n  the "Manual of Standards Practices - 
Finished Products Operstion - 234-5 Building", dated June 1, 1961. 

The en t i r e  Manual consists of nine sections as follows: 

Sub 3e c t  

Emergency Procedures 
Safety 
Radiation Hazard 
Property Accounting 
Essential  Material a d  Supply Procedure 
Process Control 
Standard Operating Procedure 
Job Description and Responsibilities 
234-5 Building Security Rules and 

Regulations 

Sect ion 

I 
I1 
111 
Iv 
v 
VI 
VI1 
VI11 
M 

Section I pertains t o  emergency plans. 
evacuetion plan, and Pazt 102 deals di rec t ly  with the Nuclear Excursion 
Evacuation Plan, while 104 deals with emergency Procedures. Pertinent 
portions of these pzts are extracted belaw:  

Part 101 pertains t o  the 2 B l a n t  

past 101 - 
Z-Plant Evacuation Plan 
Purpose 

It is established t h a t  an organized Withdrawal of personnel from 
the Plants i n  Fpo is considered necessary t o  minimize the possible loss of l i f e  
i n  case of an actual  ecemy actioa. Following an alert, a distance greater than 
t en  miles f r o r n  any target  area is desired. 
which indicates an immediate attack or  bombing, the 234-5 Building tunnel is 
regarded ES the Z-Tlant .cn&ergromd shel ter  and the Elec t r ica l  Gallery i n  
2 2 4 4  is regar&& as the  U P l m t  underground shel ter .  
signal, alp gersomel i n  F-po -dll evacuate t o  its stagiw area which is  elready 
gre-manged by Secmity Ps;trol pe;psomel. Prior t o  831 evacuation, each unit 
i n  F_po areas will be expected t o  perf'orm those fmctions t h s t  are reqyired t o  
shut down a fce i l i t y .  

In case of a Take Cover signal, 

I n  case of an Alert 

The 234-5 €Wilding is equipped with a klaxon that c w  be heard 
throughoat the btdldiag. 
SpeciaUst 's  office, Eoom 251-Z, 
responsible f a  seeiag that the alazm switch I s  activated. 
reacbed by the Alm S-fitern such as outside ground, 29l-Z, 27044, a d  241 
Sums Area, w i l l  be covered by dfsp&tched personnel -iiing a "s'nutdom cardH 
system. 

The activction switch is located i n  the Button Line 
The Processing Operation Supervisor i s  

Aress unable t o  be 



Types of EaT&;cuatiorLs 
Evacuation CEcss I 

Local emergencies mising f r o m  radiation o r  indus t r ia l  hazards which 

The rcmking Troeessing Suprvisor,  the Recovery Specialist  i n  
wruTmt evscmtion of a b u i l d i n g ,  fGcility, o r  the  mea, are known ES Class I 
evacuations . 
h i s  absecce, or principal. oceupmt of a roo-processing operation is responsible 
for making the decisfon to ev&cuateg notifying Security Pa,trol RadLo Operation, 
and i n i t i a t ing  the ALP Clem s ipc l .  

Evacuation C l a s s  IX 

An emergency vhich is of suff ic ient  scope t o  involve =-other area is 
knm as a C l a s s  I1 evacuatfsn. T k  decision t o  evacuate the area i n  which the 
emergency occurs is the r e s p o a i b i l i t y  of the Evacuation Director of that area. 
The decision t o  evactrz5e ether f a c i l i t i e s  o r  areas will be made by the Emergency 
Relocation Cecter o r  the E3acuation Director cf the area i n  question. 
persons makiag the 6ecisioa will noti fy the Security h t r o l  Radio Operator and 
i n i t i a t e  the All Clear Signal, 

The 

Practice Evacmt ions 

In order t ha t  the evacuation plan m y  function smoothly i n  time of 
emergency, it is desirable tha t  the practice evacuation be held periodically. 
General Electric Chenicaf. Processing Department 's Organization and Policy 
Guide s ta tes :  

"The Maawer, Processing Opesatioo, i n  each plant is  responsible fo r  
scheduling practice evecuations such tha t  each s h i f t  w i l l  participate at least 
once each ca lende  year. The element of surprise should be maintained insofar 
a,$ is pract ical  t o  effectively evaluate the practice.  
including paztlcipat2on, pertinent times, and other apgrupriate cormBents should 
be sent to the SpeeiaEist, Health, Safety and R8diation wi tb i rz .  24 hews." 

A report of the prsctice, 

5 mimte s t e&y  blas3 from the 3wer  Eoitse and/or building klaxons. 
The 224-U, 234-59 and 231 Buildings are eqafppd Tit32 kEaxon systems. 
and 2705-2 Buildings a d  222-Y Building m t  5e notified by teleghone o r  dis- 
patched prsonnel .  

The 2704-2 

31 a f s c f l i t y  evaczatiora the ooky s , ignds  -411 be those located within 
the buildings of t3e fac i l i t i e s .  

Aim Tests 

Once pep qc&es the eraccation alrrris i n  the 22b-3, 234-5> and 231 
Bui laags  w i l l  be t es ted  f o r  tkirhy seconds t o  insure t h e i r  vorkeibilitg. 
persor. i n  these two builsings m u s t  be alerted i n  zdmit~ce t h a t  t h i s  is a " tes t"  
i n  order t o  zvoid the p s s i b i l i % y  of z pmfc ,  

All 

Evacuzt ion 3e spom i b  f li ty 

The s l g ~ d  fo r  a a le r t  w i l l  be eommul2icated by t k  Coatrol Center 
t o  k e a  SeccrZ%jr Fatm,i vho will i x i t i s t e  t3e evacuation by mems of the Crash 

1 - 7  Alass System. 



a 

i. 

a 

When the si& " C i v i l  Defense A l e r t "  is  received by an area, normal 
operatior& w i l l  be discoritinced. 
evacuation, the area wi l l  be evacuated. 

After f a c i l i t i e s  have been prepared fo r  

The decision t o  evacuake e i ther  of the 200 Areas for  causes r i s ing  

Line of command is  as follows: 
within it is the responsibil i ty of the ranking Operatiom Supervisor who s h a l l  
be the evacuation director. 

1. R a n k i n g  Processing Supervisor of the Special Separations Processing and 
Auxiliary Operation, 

R a n k i n g  Processing Supervisor i n  234-5 Building (al ternate) .  2, 

Z-P lan t  Processing Supervisor w i l l  be di rec t ly  responsible for originating the 
signa?. t o  evacuate the 2-Plant f ac i l i t y .  
w i l l  &ssume the responsibility. 

In his absence the Recovery Special is t  

The U-Plant Specialist  wi l l  be di rec t ly  responsible fo r  originating the s ignal  
to evacuate the U - P l a n t  f ac i l i t y .  

The l i n e  of command i n  Fpo is BS follows: 

1. Operation Supervisor, Processing @eration. 
2. 
3 . Specialist,  Product Recovery (al ternate  ) . 

Plutonium Y ~ t a l l u r g y  operat ion S u p m i s o r  . 
Faci l i ty  Evacuatioa 

The ranking Processing Supervisor i n  the 234-5 Building and the Specialist  i n  
the 224-U Building ere responsible fo r  i n i t i a t i n g  all evacwtions fo r  causes 
wi s ing  within the f ac i l i t y .  In order to i n i t i a t e  the alarm, he w i l l  noti fy 
Area Security Patrol on 7775 (200-West). The message Hll be as follows: 

1. $vacat ion for  (give f a c i l i t y  name) 
2. Evacuating f o r  (give reason) 

The supervisor or special is t  will preprse his f a c i l i t y  fo r  evacuation and 
complete the ex i t .  

In case of ag &ea Evac-itioil, the  arrnouncement over the Crash Alm System 
w i l l  be applics;ble of tbe following: 

1. 'This is  en (Evacuation - Chss I; Evacuation - C l a s s  II; A C i v i l  Defense 
~ r t ) .  Evacuate ! 'I 

"!!%is is a C i v i l  Defense Take Cover Signal. 2. 

3. "This is e, Practice Evaczration. Proceed according t o  plan." 

Seek Shelter!" 

Ea& Crash Alm s ta t ion  must not E m g  up mt i l  the message is clear ly  mder- 
stood and acbowledged by r e p a t i n g  the telephone number t o  the radio owrator.  
No s ta t ion  that  has lef't the conference cas be re-connected t o  the conference 
exeegt by re-esta3lisberz--l of the en t i re  conference t o  all part ies .  
t o  deli-er t3e mssage, t3e f ac t  vi11 be reported t o  the Sh i f t  L ieu tena t  who 
w i l l  investigzte end t& ajgropriate action t o  insme notification. 

If umble 



lhen a ''Crash Aimv' is received, the fallowing must be done by the ranking 
Operations Supemfsor or alternate : 

234-5 Building 

1. 

2. 

3. 

4. 

Activate the Evac\retion Klaxon (switch Ideated i n  room 251). 

Dispatch personnel with shut-down cards t o  follow prescribed shut-down 
duties . 
Should audio ala;zrm fail, notification of personnel at these locations 
will be M e  by telephone or ruzloers. 

If 8x1 Evacilation Urn is received dtzring shift work, a runner must be 
dispatched t o  inspzct the 231 B u i l d i n g ,  272-2, 2'7O%Z, 2704-2, and clear  
the area. 

Evacuation Procedure Weekends 

When a "Crash Alm" is received on weekends and no 2 plant supervisor is 
present, the h, B, C, and D shift operator who is .on duty w i l l  activate the 
evacuation klaxon i n  the. 23-5 Building. 

He w i l l  assme the 231 Build.ing is cleared of personnel unless he knows 
differbnt ly  f r o m  inspections made of the building prior t o  evacuating 
Z-plant.  
the evacuation alarm i n  Room 263 of the 231 Building. 

If personnel are known t o  be in the 231 Bui ld ing ,  he w i l l  activate 

He will then leave the building through the duct level and out the No. 7 
Power Room Coor t o  cleas personnel from these axeaa w h i c h  are unable t o  be 
reached by the birilding klaxon. 

"he A, €3, C, and D operators w i l l  then check the 272-Z, 2'i'&-Z, a d  2705-2 
W l d i a g s  f o r  persome1 and Sroceed t o  the evacuation bus. 

In U-Plant, the sfiift operator w i l l  activate the klaxon, inspect the premises 
for  other personnel and proceed t o  the evacuation bus. 

The A, €3, C, a d  D operators axe apj?rot.ed evacuation drivers. 

102 

Intmduct ion 

Since the potential  for  a nuclear excursion ex is t s  wherever nuclear 
materiaLs are handled, it becomes necessary to proxchle a proceduse for 
evacuating personnel from the prenzises. 
d i s t inc t  from the  Ppast Defense Plan Emergency Evacuation €?rocedure. 

Thf s  procedure is separate and 

Dis c w  s ion 

Ten r d i a t i o n  deSection devices for  nuclear excursions are located throughout 
the 234-5 Buildiag, m e  warning signal is  a 
continuous s i ren ,  

There are two i n  tfie U O ~  P h n t .  
At tbe  somd of the s i r en  everyone should immediately 
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evacuate t3e building 3y the nemes-t ex i t .  
ex i t  are peinteecf. t k o - i o . x k  t3e baiLdiriio 
feet *om the b u i l d i ~ ~ g  shoali! be attained m d  maintained arzd everyone should 
gather at the evaccation busee. 
Managers should be notified &s soczl 6 s  practical .  

It is imprtult t o  no%e the t  i r a  the eveEt of a lauc1ea.r excursion, time is 
of the essence! 
nuclear reactio-, ~ z y  sabaicle, 
not a second is los t  i n  ex-acmticn. 
clothes, o r  shut down the process, u d e s s  TQU can hit the “shut-dcxm button“ 
on the way aut. 

&revs p i n t i n g  t o  the nearest 
Once outside, a distance of 100 

The Section Mar,ager a d  a l l  Su3-section 

Extremely Hgh garmna ray  fields w i l l  exis t  even though the 
h t h a l  doses of r m a t f o n  nay be avoided i f  

Do act bathe2 to lock files, ch-e 

Practice evacustioss w i l l .  be keld 
be not i f ied i n  advance of“ a -practice evec-ea5ion so -:hat they may leave i m d i a t e l y  
when the a l m  souTLdls witf;Qut a f f e c t i q  the process or  -riohting security. 

k a s t  four times a ye=. Everyone w i l l  

V i s  it or s 

Visitors will evaccate by the mutes  &scribed &ove ~ Q Z I ~  with the building 
residents.  All v i s i t o x  should be m&e awae of an evacuation plan by the 
hosts when they enter  the =eao 

Re-Entry Procedurs 

R n n M n g  magenent i n  the Psocessing, FabsLcation, Control and Maintenance 
Operations shall  set up h e a d q m e r s  w i t h  the m a g e r  of the Processing 
Operation i n  cha-ge. 
evaluating rad io logfcd  hazsrdE, and prsonnel dose r s tes .  
Operation Manqger shall be r e s p m i b l e  for detemicing the safe condition of 
the affected structure and t”ne e l e c t r i c a l  a d  pawer eqpipment. N o  re-entry 
t o  the  plant exclusion =ea shall be allowed without the concurrence of the 
Control Ogeratioa. V-.kw.gez: ma a f t e r  radiation levels  have been defined. 
steps shall be “,&en 3g t5is &-Qu~ t o  e f fec t  tke followhg: 

The Control Operation Manager vi11 be responsible for  
The Maintenance 

Immediate 

1. Completely define radiatiov levels throughout plant area, posting them 
conspicuo-dsly at g e n e r a  apLslosches 
instruments fro= aeigh3oring f a c i l i t i e s  ) 

(03tzin ganma and neutron measuring 

2. Consult w i t h  expzrts on crl-ticd. i l p ~ c , ~  p i o r  t o  re-entry of zones where 
the excwsion ‘cook place. (Suggested contacts are: R. L. Stevenson, 
E. I). Clayton, P. F. Gast,) The cause o f  the excursion and the status 
of the equiptent must be determined, and the procedural steps m u s t  be 
planned before any action is taken t o  k i l l  the reaction. 

3. Eliminate a l l  potentis1 f ire hazards (e.g. Pu i n  moist air, e l ec t r i ca l  
hazards). Adjust vent i la t ioa t o  minimize spread of contamisation. Secure 
a l l  c lass i f ied  mat,erial and products. 
sfasdby. 

Set up a cent ra l  office of communications, records of a11 subseqyezlt 
a c t i v i t i e s  ( i n c l u a i z  first-haad reports, racfiation levels, equ ipea t  
loss, e tc . )  and supplies (SWP clothing, mzsks, decorxtdnating agents, 
radiation svrvey instrune2ts, replaceneat f i lm badges, e t c .  ). 

Place non-affected weas i n  safe 

4.. 
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5. Arrange for the emergency processing of' a l l  personnel exposure badges 
and pencils, the analyses of blood samples as reC,uired t o  determine 
exposures of those most affected and the emergency treatment of personnel. 

6 .  Organize clean-up squads, waste hauling and repair  service. 

7. Assess the extent of the damage and recommend need for  revision t o  
production schedules, emergency procurement of replacement equipment 
o r  any other steps necessary t o  resume continuity of production. 

104 EMERGEMCY PROCED- 

104.2 CHEMICAL PROCESSING DEPARTMEXT EMERGENCY RESCUE EIOCEIIURE 

Rupose 
Voluntary C€D personnel w i l l  be trained and organized t o  m c t i o n  a8 

rescue squads i n  the event of a disaster  from natural, internal,  or external 
causes . 
Responsibility 

Relations Practices i s  responsible fo r  personnel training asrrengements, pro- 
curement of equipment, maintenance of the rescue procedure and integration 
of the  rescue program. 

Per s onne 1 

One s@ of trained personnel w i l l  be established on each of the A, B, C, 
D, and b y  shifts. 
w i l l  consist of s i x  men, for  a t o t a l  of 38 CPD rescue personnel. 

A personnel ros te r  w i l l  be posted on bul le t in  boards i n  Redox, Purex, Power 
and General Maintenance, Finished Products Operation, and other appropriate 
locat ions 

Rescue personnel will casry special  ident i f icat ion cards. 
rescue personnel w i l l  be admitted t o  a l l  exclusion areas. 

A shift swad w i l l  consist of eight men and the day squad 

In an actual  emergency 

ECluipment 

One bus w i l l  be equippd with rescue eqyipment as reconmended by the Office of 
C i v i l  and Defense Mobilization, Deviations From these recommendations may be 
made considering Depastment conditions and the a v a i h b i l i t y  of similm equip- 
ment. 
the l e t t e r s  "200 Areas Emergency Rescue". 
Area Fire Station. 
by 200-West Area Light Equipment Maintenance Operation, CE & UO. 

Rescue squad leaders vi11 inveztory erpipment monthly and drive the bus fo r  a 
test m within the mea. The Pztrol  Radio Operator should be not i f ied pr ior  
t o  making the t e s t  runo 

The bus w i l l  be ident i f ied by blue and white C i v i l  Defense colors and 
It w i l l  be >asked near the  200-West 

Mechanical maintenance of the rescue bus w i l l  be performed 
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Procedure 

A. Non-Evacuation Emergenlces 

Incidents such as f i re ,  explosion, coll ision, s t ruc tura l  or equipment 
failure may endanger l i f e ,  but not involve r a d h t i o n  or contamination. 
incidents may occur within exclusion areas, but may not cause the f a c i l i t y  t o  
be evacaated. 

Similar 

Not i f  ica t  ion 

The rasking Processing Supervisor o r  principal occupant of a non-processing 

The noti f icat ion w i l l  be made 
f a c i l i t y  w i l l  c a l l  the Area Patrol Radio Operator, 7702 West Area, 7302 Eas t  
Ares, and request assistance of the rescue crew. 
on the Crash &ann System: 

Building, 200 - Area immediately." 

Supervision w i l l  immediately not i fy  rescue personnel and dispatch them t o  
the s i t e .  

*'A non-evacuation emergency ex i s t s  i n  the 
Operation. Instruct all rescue personnel t o  report  t o  

Mobilization 

Rescue personnel will immediately assemble at the m a i n  entrance of their 
respective work locations and de@ for  the disaster site using any available 
transport at ion. 

Upon a r r iva l  at the s i t e ,  rescue personnel w i l l  assemble at the rescue 
bus and receive instructions from the ranking Processing Suprvisor  of the 
f a c i l i t y  requesting aia. 

Practice 

Practice non-evacuation emergencies w i l l  be scheduled as needed t o  evaluate 
the effectiveness of the  procedure. 

B . Evacuation Emergencies 

Conditions which require evacuation of f a c i l i t i e s  or meas are defined i n  
the 200 Areas Master Evacuation Plan. 

Not i f  ica t  ion 

Mess otherwise instructed, rescue personnel w i l l  board the evacuation 
buses or report t o  designated shel ters  with other personnel. 

Mobilization 

Upon a r r iva l  at the p i n t  of area ex i t  or the designated staging area, 
rescue personnel w i l l  assemble at the rescue btls and a w a i t  instructions of 
the Evacuation Director. 
k&r by a Security Patrol rzdio cas. 

W s  infomation may be relayed t o  the Rescue Squad 

Duties of Rescue Personnel 

Participate .pully i n  traiEing prog'am; respood to emerency and practice 
alasms; drive rescue bus; inventory rescue ecpipment; request replacement when 
shif't is  changed. 
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Obtain dose ra tes  and o r a l  radiation work instruction before entering a 
Radiation Zone. 

Training Program 

CE & UO Fire Protection Operation w i l l  conduct the t ra ining program. New 
rescue personnel w i l l .  receive 60 hours of instruction and f i e l d  work; ref’resher 
programs of 16 hours w i l l  be scheduled annually. 

Additional Help 

Depending upon the need, other special services may be requested of the 
Patrol Radio Operator by the Supervisor i n i t i a t ing  the notification. 

A. 

B. 

C. 

Industrial Medical - Field F i rs t  Aid, transport injured. 

Security Fatrol - Roadblock, control of personnel, radio coxnunication. 

CE & uo Line M a i n t b c e  - *-energize, restore e l ec t r i ca l  lines. 

D. Disaster Crews f’rom IPD and Fm) - Additional rescue personnel and 
eqyipent .  



The c o d t t e e  has investigated the orgmizational requirement fo r  providing 
reviews and audits of c r i t i c a l i t y  control procedures and f inds that a l l  formal 
require&nts have been met and that the requirements themselves appear t o  be 
reasonable . 
'phe Chemical Processing Department Organization and Policy Guide No. U.9  
defines policy, -general practices and responsibil i ty f o r  control of c r i t i c a l  
mass hazards. 

Paragraph-? of Section 111, Procedures s ta tes :  

~ h f s  OPG was  issued 4-15-60, 

"7. Internal audits will be performed at the direction of the  Opera- 
tion Manager (Purex, Ffnished Products, or  Special Separation 
Processing Auxiliaries) on a continuing basis t o  assure that 
administrative controls are adequate and adhered to .  
audits will be performed i n  accordance with paragraphs 8 and 9, 
Responsibility. 

Independent 

Wagraphs 8, 9 and 11 of Section IV, Responsibility are: 

"8. 

"11 0 

The Mnager, Production Operztion, i s  responsible fo r  providing 
Independent annual audits-of critlca3. metss control performance 
i n  CPD production f a c i l i t i e s  and laboratories." 

The Department General Manager, at  his discretion, will provide 
audits of Department c r i t i c a l  mass control specifications and 
procedues by recognized experts not associated with the opera- 
t i o n  of Hanford Atonic Products Operation," 

' - 

The Senior EEgineer (Nuclear Safety), Adverrce Process Operation, 
Research end Eagineering Operation, is responsible for producing 
an agnual review and t e c m c a l  aspraisal  of Departmnt Cri t ica l  
Mass Ccntrol Activities. 

ming the  period fron October 1960 through September 1961, a t o t a l  Of 42 
vis- auclits were conducted i n  the 234-5 N l d i n g  by a supervisor i n  the 
Radiation Mnitorir?g Operation, In t& period fron October 1961 to February 
1962 the frequency of audits dropped slightly w€th a t&aL of 12, 
visual audits axe valuable fo r  controlling c r i t i c a l i t y  hazards i n  most areas 
within the 234-5 I3l.Q. bct are incapable of &eterddng the s ta tus  i n  the 
Recuplex Area. 

Wse 

A review of c r i t i c a l i t y  procedures in the Chemical Processing Bpartment 
was conducted on m y  19 wd 20, 1960, by A. I). C a l l i h a a  of ORhZ, H. C. 
€%&On of M L  and Pe 3'. G z s t  of BLO. 
ent i re ty  i s  reproduced a d  zppsnded as -bit 2-A. 

The report of this review i n  its 

2 - 1  



Another review of c r i t i c a l i t y  procedures was conducted on September 8 and 12, 
1961, by a group of experts internal t o  W o r d  but external t o  the Chemical 
Processing Department. The menibers of the review committee were C. L. Brown, 
W. S. Nechodom, C. R. Richey and P. Fr Gast. The report of this cormnittee is  
appended as Exhibit 2-B. 

The Senior Engineer (Nuclear Safety) has written a "Nuclear Safety Review" 
i n  the fa l l  of each year since 1958. 
Stevenson and l i s t e d  as Collfidential-Undocumented have the following nmibels 
and issue dates: 

These reviews all written by R. L. 

HW-58077, issued November 4, 1958 
HW-62632, issued November l2, 1959 
EM-67643, issued November 21, 1960 
HW-71588, issued November 9, 1961 

In general, these reviews, both internal and external, re f lec t  some concern 
for  the difficulties of maintaining adequate control of nuclear safety i n  the 
Recuplex Facility because of the presence of non-critically safe tanks, the 
diff icul t ies  of direct  observation in  the hoods, and the deteriorated condl- 
t i o n  of the fac i l i ty  i t s e l f .  Actions taken as the resul t  of recomEndations 
Of the exbernal review conrmittees are included i n  Appendix 4. 

2 - 2  
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PSPENDIX 3 

The Committee has investigated the basis f o r  operat"rn of the Remplex 
f ac i l i t y ,  and finds that tbere axe established operating procedures and 
standards for cesryillg oil these opra t ions .  
"Manual of Standard Prrctices" of the Finished Products Operation of CPD, 
This manual contains, i n  eddition t o  sectiom on such matters as emergency 
procedures, radiatioE hzzzrils and property acco-mtirg, rather complete 
sections on Process Control and Standard Gpratim Prctccdure for  the 234-5 
Building. The Recuplex Operating Procedwes t o t a l  190 pages; the type of 
d e t a i l  i n  these procedures is i l lus t rc ted  i n  "So1verZ.t; Adaitioa t o  K-1 and 
K-2", attached as Exhibit 3-A. !The original process stmdarzs for  vezious 
Operations of 234-5 Building are contained i n  BT-&0517, "Process StExdards 
for Plutonium Isolation, Pa i f i ca t ion  and F a b ~ i c a t i o ~ . "  

A besic document is the 

Prepasation of the @ra'iing Procedures for  3emqLex is a r e swns ib i l i t y  of 
the Research and Engineering Sec5ion of Cm>, mc2 t h i s  compcnent also pravides 
supplementary "Oper&%ing kids 'I contcAEing s p c i f i c  process information for  
current application. An exanplz is attacked as M i b i t  3-33. Other process 
suggestions and run plan information i tens  &-e p x i c i e d  i n  men?orandum form t o  
the oBrat ing group by sqporting t e c h i c a l  p r s u m e l  from Research and 
Engineering - A FeSruwy 26, 1962 memoranltum, "Recuplex Xood Floor Clem-Up," 
and a March 8, 1962 memorandim, "SE Floor Processing Y i a  K-9 and L-2,'' me 
attached as Exhibit 3 4 .  

Plant t e s t s  of new process features are caxTied out ;;rider provisions of a 
llpTocess Test,," which rcust be appovsd trg- the r e spcs ib l e  operati% and 
technical managers, i.e ., t3e Manager, Finished P;.o&xts Operation, and the 
Manager, Finisbed Produc+,s Chemicsl Technology. An exmple is attached a~ 
Exhibit 3-D. Flomheet revisfors a= issued p r i c d i c a l l y  by Finished 
Products Chemical Teclmology; the most recent cfienges me covered by 
L. E. B m s '  l e t t e r  of Jmuary 11, 1962, t o  L. A. Berry, "Rec-eplex Flowsheets" - see W i b l t  3-E. 

In  the important mea  of c r i t i c d i t y  coEtro1, procedures and p a c t i c e s  axe 
governed by C D  @rgmizs%ioi and Zolicy Guide No. 11.9 on Cri t ica l  Mass 
Coatrol, with provisioris rep;%-df-4 sprr;+,ian&l coatmls,  process end equip- 
ment reviews and evdcations,  i a te rns l  mct exf,erne9 audits, and related 
matters incl-ddiw the req2renen-b f o r  - n i t t e n  ex-ftlcd mess control specifi- 
cations. OPG 11.9 I s  reproduced 'cere as Exhibit 3-F, and the current s ta tus  
of c r i t i c a l  m a s s  control specificaticm m d  waivers for  234-5 Building is  
attached as Exhibit 3 4 .  Two fvst;ller safeg-mzds against c r i t i c a l i t y  incidents 
are t o  be noted, Neirtron cozulters we uzed OLZ a nxnber of vessels i n  the 
Recqlex s-ptem t o  assist i~z p x d w t  accc-anting a d  t o  protect wainst over- 
bztching. Plea, there is i c t e r b c k  s-,ts';ero iiesis-ed %a pzeveat crossmixing 
between t2e c r i t i c a l l y  ss% YesseIs cw;..y%ng Sigh ca-centxt ion Flutonium 
solutiors m d  thems-eziticaLly sz?e v e s ~ z l s  ~ 3 2 ~ 3  =e expc ted  to hanrlle 
only law concentra;i;icns of product. 
s a f e m a s  is given i n  secret  docimnt Td-64491, " e i t f c a l  Mass Control 
Specification - Reeuplex," 3. E. Smith, A p r i l  4, ISG. 

A caa-&.ete desCpi@ion of the iaterlock 



234-5-702 , 36-58 

\ 

TBP m d  CCL4 a r e  added direct ly  t o  +,he SE hood .fro= t d s  G-23 and X-3, 
respectively, 
337, 
resgents , 

These taaks a re  located in the  shenical d e - u p  room, 
Tank K-13 i n  the  SE hood is used as a measuring tarik f o r  these 

Periodically, addition of CCL4 t o  the  organic i s  necessitated by its 
evaporation and re la t ive  so lubi l i ty  i n  the  aqueous phase. . 

h e  to the  formztion of  TBP hydrolysis products and other degradati.on 
. impurit ies,  the c o q i e t e  solvent inventory i s  renewed periodically. 

S iec i f ic  gravity range f o r  the  on-line organic i s  1,465 t o  1,495. 
specif ic  gravity i s  above 1,495, it is r i c h  in CCL4 m d  mst be butted 
with TBP, 
must be butted with CCL4, 

If the  

If the specific gravity i s  below 1,465 , it i s  r i ch  i n  TBP and 

11,01 Butt5w of TBP-rich Solvent with 100% CCL/ 

a, From the  specif ic  gravity of the  CAX a -a lys i s ,  c o q u t e  the  
volume of CCL4 t o  adjust the  specif ic  gravity t o  1,490 

, Calculation: 
. v cc14'= V, 0 0 4 9  - SpGr) 

0.105 

Where: V ccl4 = l i t e r s  of CCL4 addition. 
VS 
SpGr. 

= l i t e r s  of CAX solution 
= Specific Gravity of  C-AX 

b. &&e the addi t ior  i n  accordance with Step 11_.05, 

li.02 - Butting of CCLL-rlch Solvent with TBP 

a, From the  specific gravity of the  CAX analysis, calculate the 
volme of TBP t o  Edj'ilst the  specif ic  gravity t o  1,49, 

Where: Vtbp = l i t e r s  of TEP additicn 
vs l i t e r s  of CJLX solution 
S$r, =: specific gravity of CAX 



a 

,-  ... 
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I 

0 
I 

I 

11,03 

- -  

bo 

co  

IGke the addition h Eiccordmce with Step 11,05, 

Treet the solvent with one-20 l i t e r ,  5% sod im carbonate 
wash in accordance with Procedure l2,OO, Step 12,02, , 

New solvent Fake-Up 

a, Norm1 organic soluticn volume is 200 l i t e r s  of 15% TBP, 
YZe-up i s  30 l i t e r s  of lOC$ TBP and 170 l i%ers of 100% CCL4, 

Other t o t a l  volume can be adding one l i t e r  of 100% TBP 
. 

t o  5,7 l i t e r s  of 100% CCL40 
IGke additions t o  the K-tank i n  accordace with Step 11,05, 
Trezt the  organic with one-20 l i t e r ,  5% sodium carbonate 
wash in accorduce with Procedure l2,OO, Step 12,05, 

bo 

c o  

do 

New Solvent Ike-UD on Used G-rEEFnic 

a. Trezt the used orgenic with two-15 l i t e r  FS washes in 
accordvlce with Procedure 12,00, Step 12,03, 

Butt the  used orgaaic t o  200 l i ters.  

Calculztion: 

bo 

- 166 --(lo61)(Vs)(SpGro - 0,976) 
VCClA - 

Where: V c c 4  = liters of caTbon tetrachloride t o  be ad2ed 

= volme of used orgmic in the  K-1 or  K-2 
tank before bdtting 

Specific gravity of the  K-1 o r  K-2 solveat 
before b u t t h g .  (Use last CCX malys is , )  

VS 

SpGr, = \ 

'tbp = l i t e rs  of TBP t o  be added, 

c, 

d. 

X&e the Edditions i n  accor4mce with step 11005e 

Treat the  butted solvent with t t i o  2C l i t e r  caustic-cmbonate 
wzsk?es, (19 l i t e r s  of 5% sodiuz czrbonate, I k 2 C O 3 ,  end one 
litex- of  s o d i m  hydroxide, NaOil,) 
Ste? 12,05, 

See TroceCae l2,OO, 

. .  



11.05 m i t , i o n  t o  K-l-md K-2 

a. 

. bo 

c o  
I 

de  

e. 

f o  

g o  

h. 
io 

jo 
ko 
10 

Obtai? from the  above ca1culEtio;ls the  proper volme or" TBP 

Valve Check: 

I end/or CCL4 t o  be added t o  K-13, '. 

Tat& G-23 (TBP)t.o K-13 Tmk K - ~ ( C C L L ) ~ O  K-13 
Valve No, Pos i t ion  ' Vdne No. Pos i t ion  

504 Closed 501 Closed 
510 Closed 504 Closed . 
537 Closed 510 Closed 

@en valve 537 and receive the  proper volume of TBP 
valve 501 and receive the  proper volme of CCL4 into K-13, 

C.!-lj"IGX: If the  addition of TBP o r  CCL4 exceeds 
45 L, be careful & t o  overflow K-13. 

open 

Trzllsfer the  CCL4 o r  TBP from K-13 t o  K-1 0r.K-2 3y gravity. 

Valve Check: 
Trmsfer  t o  K-1 

&qiti og 

301 Closed 
305 Closed 
425 Closed 
429 Closed 
432 Closed 
433 Closed 
434 Closed 
437 Closed 
504 Closed 
510 Closed 

Trcnafer t o  K-2 

398 Closed 
. 310 Closed 

427 Closed' 
429 Closed 
432 Closed 
433 Closed 

- 43? Closed 
438 Closed 
504 . Closed 
510 Closed 

P o s i t ?  on 

Check the l i q i i d  leve l  i n  K-1 or K-2. 

Open valves 510 and 429 ( f o r  K-1) o r  432 ( f o r  K-2) m d ' t r a r s f e r  
the  organic solution by gravity, 

Close valves 510 &id 429 o r  432. 
Turn on svit&SW-32 ( for  K-1) o r  SI?-35 ( f o r  K-2) aad agi ta te  
the  organic f o r  et l e a s t  5 minutes. 
Turn off switch Shr-34 o r  SV-35. 
Record the  f ina l  liquid l eve l  i n  K-1 e r  X-2. 
TEP ackliticcs mst receive Ka2CC3 - UaCi wash in acco:c%xce 
with Procecae 12,00, Step U005 p r i o r  t o  use in the c o l - m ~ s ,  

L 
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C H E M I C A L  P R O C E S S I N G  D E P A R T M E N T  

G E ? d & R A L @  Y%% ELEGFREc 
R I C H L A N D .  W A S H I N G T O N  
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54-6000- 102 ( t - - 5 8 )  

C J E M I C A L  P R O C E S S I N G  D E P A R T M E N T  

G E R E R W L  @ E L E C Y B I @  
R I C H L A N D ,  G A S H  I N G T O N  



C H E M I CAL P ROC E S S I N G D E PARS fA E N T 

6%!4EEA$ @ ELECTRIG 
R l C H l A N  0 .  W A S H I N G T O N  



C H E h! I CA L P R 0 C ES S I R G D E P A R  Th! EN T a B ; E M E W A L ~  ELECTRIG 
R I C H L A N D ,  W A S H I N G T O N  
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14-6000- I O 2  ( 1  - 5 8 )  

C K E!A I C X  L P ROC ESSI K G D €PA R T M  E N  f 
52% G E F X W A L  69 ELECTRIC a .  R I C H L A N D .  W A S H I N G T O N  
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C H E M I C A L  P R O C E S S I R G  D E P A R T M E N T  

G E @ E R W L  ELECTRIC 
R I C H L A N D .  W A S H  I N  G T O  N 



5660;t-l02 ( 1  -58 )  

R I C H  L A N  D .  W A S  H I  N G T O N  
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C f! E l.f I C A 1 P R 0 C i S S! N G DE Pk A TM ENT 
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Bailding 23L- 5 Recapbex . 

krsa or Task Rempfsx (iimirio~m Bifluorfde) FUe 

W I $U ien , -  E3 Bmns - 
FRO Specialist-s 

Descri?tion of Test: 

A neriu'process* has been developed f o r  the recovery of high tenpeyature. 
4. (lOOO°C) plutonim. dioxide (PL > m  

The fusion mss is then cooled and dissolved i n  a solut ton or' a l m i n u  
n.it.ra,.e &L(N03)3) 16th the conversion of the PuFb, NHbF to plutonium 
nit rat.e (Fu!  NO^) k )  

It is recomendsd tha t  the new process be t r i ed  in t h e  exiFting dfs- 
solvers in Head 42. 
t h e  process h u e  been completed by t h e  previous addition of a tYit.er 
cr"f-gss SCPitbberm 
production flowsheet 

The process converts Pu02 t.o PuF 
K-H4F in  a mo1t.m s a l t  of amornun  '02 bifluoride (NH4FRF) i n  one hour. 

A l l  sqi ipmnt  changes that are necessary f o r  testing 

Additiond equipment changes m y  be necessary f o r  a 

Ths recommended procedure xill be t.o approach the  plut-onium batch l M t  
ir, the  dissolver by 100 gram increments. 

ObSective: To reciuce the  ran time cycle, arid t o  reduce the m b e r  of 
clean-cut puns by increaskg  percent recovery. 

Durstion G f  Test: 10 R ~ n s  



~ 
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M r .  L. A. Berry 
Eecovery 
Finished Products Operation 
234-5 Building, 200-W Area 

Ekperience since the las t  f lomheet  issuance, Jiily 28, 1961, has l ed  t o  
various additiom zind chznges. 
end of t h i s  rneaorandum. 
eliminated in preference t o  processivlg the material thrmgh the HF colnm. 

The new X and Y flowsheets appear a t  the  
The 2 flowsheet, f l oo r  feed flowsheet, has Seen 

A t  preserit, the  H?? colunn i s  used f o r  separating the  phases %%en processing 
SE f loor  raterial. 
being added as r&e-.izr, f o r  f loor  na t e r i a l  and f o r  extra sa l t ing  strength. 
'iChen the Hi? ou t le t  acd i n l e t  systems are repiped, the new p la s t i c  column 
can then be used f o r  i t s  prime purpose, organic clean-up (RB and SE f loor  
na t e r i a l  secondary), -d th  HF as the organic washing additive. then this 
occws, new flowsheets trill be issued. 

2 - s t e z d  of El? being added, n i t r i c  acid a~d &NN are 

0.d.y the  Y flowsheet shows the  presence of the  IT colum (dotted l i nes  
show muting as a? -W colui i ) ,  since the n o r 4  X flowsheet should be 
able t o  hvldle the  sm.p r a t e r i z l  i n  the ??Att feed system, 

The principal changes t o  the Y flovsheet are: 

1. Reduction of sulplxr ic  acid zddition i n  the CCX t o  a nc i~hun  and 
subst i tut ion of FEJ. (hydroyylmine n i t r a t e )  i n  the FS (ferrcus 
suXamate) solution (CTh') for sulphwic acid. This recuced the 
o v e r d l  suQhzte in the  system a d  should reduce t h e  ex-trzction 
waste losses. 
organic bztch haste efficiency. 

It w a  reduce stripping efficiency ar,d m y  reduce 

2, Addition of S 62 C mter l t r l  t o  the  Y flovsheet blended x2th CTWs, 
SN cofidensate , c ~ ~ d  synthetic feed. 

Addition of vitrims cornbinations of *WJ feed whose ratio zzy be 
used as a quick guide for mends not sho-m I n  the  flowsheet. 

& A t r y  of apeaus f looz mate-bl, n i t r i c ,  m-d kI?N betmen t'ie 3-1 
.z.3d H-2 COlLT2lS. 

3 .  

4. 



Rr. L, A. Berry -2- January 31 2  1962 

RXLTPLZX FLO?r?3r"tUl!3ST'S (Contimed) 

5. Mdi t ion  of HF c o l ~ ~ m  (thoilgh not yet used f o r  i t s  prime p q o s e )  . 
60 Increase of 1fi3rf feed rztes based on the past  four nonths eqer ience  

hrith recycle. 

7. Variocs changes in additions a d  rates,  
the new conditions . Motes a re  changed t o  meet 

The riamd X flowsheet xas chaged only i n  reduction of sulfate in the 
CCX an4 FS, znd r h o r  rate and zddition changes. 

Finished Prod-dcts Chemic& Technology 
Research aqd Engineerag Operation 



SAFA (b) 

Feed - ANN -- NaN02 HX3 Mistron Feed 

Ept 2 L  - - 3 L  1 O L  30% 
CDMt 2 L  - - 3 L  1 O L  30% 
J-5 - 5 1  2 L  2 o L  30% 
(2-54 - 5 L  5 1  2 1  20L 40% 
J-9 I - - -  2 0 L  60% 
J-2 - - 5 L  2 L  20x4 40% 
auts - 5 L  - 2 L  2 0 L  50% - 5 L 5 L 2 L 15 L 30% 
Itb Floor - 5 L - 5 L 15 L 30% 
SE Floor - - 5 L  5 x  1 5 L  30% 

S & C  - - 5 L  1 0 L  
Pondem - - 5 L  1 0 L  
SCPP - - 5 L  1 0 L  
PuOxide - - 10 L 10 L 
CTWts 150 L 50 L 30 L 10 L 
Synth t c 150 L 50 L 10 L 10 L 
CAW' s fhf 50 L 50 L 10 L 5 L 
Sch l o o L  2 o L  ? L  1 0 L  

300-400 L (f) !io%+ 
2Oa-400 L - 50%+ 
ZOo-W'l L (f) 50%+ 
200-400 L - 5o%+ 

.- 150 L !io%+ 
150 L -* (s) 50%+ 

300 L - 5oP 
2001. - 50%+ 

(See Notes on following page.) 

H-10 4 

G 

1 

I 

P 
h, 

r 

p-1-& c 

O"5 L 
Water 
Flow 10-20% 

,% TBP 18 - 23 
Sp. Cr. lo47 - 1-43 

Flow: SD.Cr, 
1.47 XJ-m 

900 1.43 

HN 

Fa4 
FAS 
Sulfamic Acid 
Flow 

0.06 ,W 
0015 ,M 
0.09 ,M 

0.0008 3 
0.0916 M 

40 - 60%- 

Exhibit 3-E( 3) 



Flowsheet Hinhli-: 

1. 

2. 

3. 

40 

5. 

6. 

CAFA about 20% CAFB flow. 

CCP concentrated t o  about 200 g/l. 

CAX semicontinuously -had with FS. 

If €I-3 color line d i f f i c u l t  t o  maintain, carbonate 
a s h  o r  c r ib  organic. 

If H-2 color line high, draw off product and/or 
increase salting strength. 

Maintain highest frequencies possible without 
flooding. 

CAFA rates  can be increased i f  flooding i s  not a 
problem and if CCP concentration system can handle 
high F'u input. 

Flushes include IWs, hood f loor  flushes, rag 
fluehes, etc. 

Can e i ther  d i l u t e  high sp. gr. CAFBts or increase 
CIS rate t o  50% chart. 

Dilution in preferred order: CTWts, G-63 and 64, 
CAW'S, waterr 

Dilute t o  specific gravity l e s s  than 1.35. I f  excess 
mte or G-63 and 64 available, all S & Cts or SCFPts 
above 1.30 can be diluted w i t h  up t o  70 l i t e r s ,  all 
above 1.25 with up t o  30 liters. 

G-63, 64, o r  water. 

F i l t e r  CAWS before reworking (o r  drop 50 L bottoms t o  crib). 

High CAWts (above 0.013 g/l) should be contacted 
with: 

20 U t e r a  NaNOz 
15 l i ters HN03 + 10 L mistmn 

30 minutes contact 
15 minutes s e t t l i n g  

100 - 200 liters organic 

CCPts can be concentrated by going directly t o  5-2 
from €I-3 and punping 5-2 t o  5-26 ( i f  5-2 pump is 
available). If no 5-2 pump, 5-2 can be dropped t o  
5-7 directly. Try t o  concentrate as much as possible 
in J-26 (Less impurities) and a minimum i n  5-7. 

The CAX should be semicontinuously washed by adding 
40 liters FS as a cap t o  each IC-tank and agi ta t ing 
organic contents with ES before sending organic t o  
columns. 
(3 consecutive batches) i f  the €I-3 color line cannot 
be maintained at specified ratesr 

CCX rates should be kept a8 l a w  as possible. 
unable t o  maintain low rates,  carbonate wash organic 
(see k) . 

The organic should be carbonate washed 

If 

Exhib i t  3-E(4) 



IlAff FSED MAKE-UP I N  G47. &? (a) 

Type --1-_1_-_1_ Liters Addition (b) Rates - Feed 

MR .lo - I ._ 300 50 12 
CDMR 10 - - ." - 250 40 10 - - 50 12 

boo 24 
12 

5-5 25 -- ... 
J-9 25 -- - ." u 

5-2 2s - - - 300 50 

Flushes 1 5  - - 5  5 300 50 l2 
Floors 10 - 5 5 5 250 40 10 

ANN E3 &NO2 Mistron Ml/Min ;% Chart WF Dvop/30 M h  

RCR ('1 20 - - 5  .. 300 50 12 

t3 L/Hr (HN03) 
I c, 327-3 n CCP 

b P e  Dilution ( 6  
Feed -7 Feed ANN m3 Dilution N3N02 Mistron Material 

CTW 1% 150 
SynthetAs? - 150 
SCP o r  200 
scco t o  400 - 

SCF o r  
SCF (g) 200 50 

CAW ph) 300 50 
sc & cAw100sc 40 

( i )  200CAW 
Fabeoil. 400 - 
SCH 200 100 

30 10 - 
ID 10 G63,64, H2O 

10 20 
10 or  CTWt s ,E-63, 
20(cTw) 20 64, or H2O 
20 10 
15 20 

M l / M l n  % Chart WF lh&c 

M i n .  50 
Max. 1800 70 

H-l T 
CAS 

HN03 0.5 liters 
Water 20.0 l i t e r s  

(6 - 12 Div. WF/hr) 

- 

Flow 10 - 20% 

FIQWSHEIPP Y 

HN 0.06 1 
0.16 1 

0.0008 l 
0.0016 'b 

40 - 608 

E3 

F HT4 ow 
Sulfamic 

0.09 g 

CAX - 
18 - 23 ; TBP 

Ip. Gr.  1 43 -1.47 

'low 
c r .  Ml/Min % Chart 
1-47 >900 32 
1.43 >700 27 

Organic Pu Wash 

FS: FAS 0.1 fi 

1.0 4 
0.2 fi 

Sulfamic 0.05 

HN 
Volume 40 l i t e r  
HNo3 

HF: HF 1.0 & 
HNO 1.0 & 
Volume 20 l i t e r  

Exhibit 3-E(5) 



0 * 
FLOWSHEET Y (Continued) 

- 0  NWl'ES= 

(a) Use mostly MRfs and CDMRts, others when necessary. El& 
should be used f o r  rich "An feud and G47 f o r  flushes, 
aumps, etc. E 4 8  should &way3 contain r ich feed. 

(b) Use ANN i f  system is low in salt, 5 l i t e r s  ANN/20 l i t e r s  
other. 
floods are occurring, 5 l i t e r s  HNO@ liters other. 
Use extra mistron i f  S & C feed is giving flooding trouble, 
5 l i ters /20 liters other, 
especially RCR with f loor  or f lush materials. 
t a i n  high acid, hence a blend might k as follows: 

Use extra HN03 Ff organic i s  bad and frequent 

Various blends a re  also possible, 
RCRIs con- 

10 liters RB f loor  
10 liters RCR 

5 l i t e r s  NaN02 
2 liters mistron 

(c) 

(d) 

I f  S N ' s  become a rate problem, draw off S N t s  at a lower 
Sp. Gr.  t o  prevent line from slowing down. 

Strongly salted IIBV1 feed, yet low in 3p. Gr., should 
give sufficient salt and capacity t o  system. 
is weak (color l ine r ise) ,  increase "B" feed rate. 

Dilution material could be CAW, though it is not as 
effective as water, G63, or  CTWts, e.g., synthetic 
plus CAfi 

If sal t ing 

(e) 

75 liters ANN 
80 liters HNO 
50 l i t e r s  wat& 

200 l i t e r s  CAW 
10 l i t e r s  N d O 2  
10 l i t e r a  mistron 

( f )  C a n  mix SCP or SCCO with CTW, synthetic, or CAW, but it 
must be mixed i n  the ra t io  of chemicals specified, e.g., 
SCP plus CTWls: 200 l i t e r s  SCP plus 75 liters CTW, 
75 liters ANN, 35 l i t e r s  HN03, 15 l i t e r s  NaN02 (no-extra 
mistron required). 

(g) 

(h) 

CAW93 should not be used as diluent f o r  Sp. Gr.  will 
be too high i n  r ich feed flonsheet. 

CAWts should be reworked only l/3 of the time t o  avoid 
su l fa te  build-up and other impurity build-ups (one out 
of every th i rd  batch could be reworked). 

Fab. oil is made up i n  L-tanks. 

Presently using salt solution, since ozi~y f loor  material 
i s  being added t o  the HF column. This will be changed 
t o  an HF solution when organic frm H-3 routinely goes 
through HF column. 
of organic i n  and out of HF column. 

CCX ra te  must be kept as low as possible t o  real ize  

Control CCP concentration above 80 g/l by: 
a. 

b. 

c. 

( i )  

(j) 

Dotted l i n e s  indicate eventual path 

(k) 
80 - 100 g/l CCP. 

(1) 
Increasing o r  decreasing "Aw feed input# maintaining 
organic at  saturation; and 
By increasing o r  decreasing constant CCP removal to 
5-2 o r  5-3. 
Anything over 100 g/l can be sent d i rec t ly  t o  
Task I (if  Task I can accept). 

(m) CAX should be decreased in rate with decreasing Sp. Gr. 
If color rises i n  H-1 due t o  ove-saturation, increase 
product draw-off despite CCP concentration rather  than 
increasing organic. 



CHEhfICAL PROCESSING DEPARTMENT 

General I *  1 ll.9 

I I 

I. 

IP. 

PURPOSE 

The purpose of th i s  guide 'is t o  edxiblish Chemical Processing Depakment policy, 
generoJ. practices and responsibil i ty f o r  control of c r i t i c a l  inass hazards as- 

. societed with the materials handled in the  chemical processing p l a t s .  

POLICY 

X t  i s  the policy of the Chemical Procecsing Department, t h r 5 ,  wheri! prccticable, 
f a c i l i t i e s  a d  equipnent w i l l  be designed t o  exclude c r i t i c a l  mess hazafda. For 
those i n s t a c e s  vkere t h i s  connot be done there w i l l  be io ef fec t  a c r i t i c a l  ' 

mass coatrol system based on m i t t e n  specificetions, implemented by m i t t e n  ad- 
ministrztive proce6ures. 
choracterize the  use of the  administrati$e procedures. 

I '  

Appropriate personnel t ra in ing  axid enforcement will. 

The 2kxigernent of each f a c i l i t y  hana ing  fissiona'ble materials w i l l  be re- 
spocsible f o r  estzblishing t ra ining progrzms t o  f u l l y  acquaint all: building 
personnel, (ma other 'employees who vork from tfre to t ine wi'chitl o r  near 
fne f a c i l i t y )  , with the control program including t h e  incident detection- 
~$azrm system, end building evacuation and re-entrance procL -dues. 

3.0CDrnB 

1. . Potent ia l  f o r  c r i t i c a l  mass incident will be eymnined .b t h e  time designs 
are being tieveloped f o r  new f a c i l i t i e s ,  o r  f o r  revisioxa t o  existing 

' 

f a c i l i t i e s ,  a d  t h i s  potent ia l  w i l l  be mininzized by eppxpria-be des ip .  
Cr i t i ca l ly  safe geometry w i l l  be the preferred desi- cr i ter ion.  

2. I n  s i t u t i o n s  where safety cennot be assured by gecmetry, rdmifiistretive 
procedures f o r  control of the process operation within safe limits w i l l  be 
established and enforced. 
wfll be based on operatio=al controls such as dilution, neutron poisons, 
and batch size  limits, Tnese procedures sb~~J.1. be i n  the  Tom of written 
specifications f o r  the par t ica l s r  f a c i l i t y  under consideration. A&h.erence 
to the written specifications k r i l l  be implemented by incorporatior. of 
specif ic  instructions i n  operating proceaares, by postiag of c r i t i c a l  'mss 
coatrol limits i n  appropriate locations, and thxough t ra ining 02 personnel. 

Cr i t i ca l  mass control mder  these procedures 

3. , \%en process eqpipnent is altered o r  is rephced by equ ipen t  20% idea t ica l  
with the original  i n  design, t he ' e f f ec t s  or" the changes on c r i t i c a l  r&ss 
control safety mergins must be evaliated. 
of safety provide& by existing control procedures, these procedmes s b a l l b e .  
revised t o  re-establish the reqEircd margins of safeky p r io r  t o  introducing 
fissionable Irateriels into t he  epipment. ' 

cbm-gcs increase t h e  mrgiqs  of safety, it m y  be desirab2-s t o  revise pro- 

If the  changes reduce the riargins 

On the other bend, i h e n  the  

. cedures i n  order to recop-ize the iqrovec? s i t - a t i o n .  

\ 

3 Y c i . b i - t  ~-F(I) 

SSUED BY THE DATE I S S U E : )  SUPERSEDES ISSUE DATED PAGE . -,... 
e n e r d  Manager 2: ;,r ? 



2. 

3.  

4. 

5. 

F 
01 

7. 

8. 

9. 

3. 

1. 

2. 

CHEMICAL PROCESSING DEPARTMENT 

The Opcrntion MEuitipr (Purex, Finldied ProductG, o r  Special Separation Pro- 
cessing mcl Auxiliarico), i s  responsible f o r  implementation of c r i t i c a l  
mass contxol. 

The @eration MmaGer (Furex, Finished ProGucts, or Special Separation Pro- 
cessine ond Auxiliaries), io rcapon6ibJ.o fce Lhc mintcnancc of Q critical 
mans incident a l m  system, building-personnel evacuation procedureo and 
post-incident, building re-entry procedures. 
w i l l  be factored into the procedures. 
Manager t o  t e s t  these procedureo a t  suff ic ient  intervals t o  msure himself 
t h a t  a l l  building personnel are trained $13 respond sa t i s fac tor i ly  t o  the 
c r i t i c a l  mass a l a r m .  

The safety of building v i s i to r s  
It is, also, the responsibility'of the 

The Operation Manager (Purex, Finished Products, o r  Special Separation Pro- 
cessing and Auxiliaries), with assistance from the Maneger, Technology (Purex, 
Finished Products, Redox), i a  respoosible f o r  providing c r i t i c a l  mass control 
t ra ining programs for  employees associated with the f ac i l i t y .  

The Elaneger, Research nnd Engineering Operation, or h i s  delegate3 representative, 
must approve, i n  writing pr ior  t o  use, a l l  a l terat ions of process o r  process 
equipment which a f fec t  c r i t i c a l  mass control. - 

It i s  the responsibil i ty of  the Operation Manager (Purcx, Finished Products, o r  
Special Septxation Processing and Auxilicries), t o  have a l l  known incidents 
hvolving compromise of c r i t i c a l  mass control specifications investigated and 
corrective action tsken. Documentation of findings and recornendations i s  re- 
quired. Infractions of c r i t i ce lmass  control specifications which resu l t  i n  a 
c r i t i c e l  mass incident, o r  would have except for  fortuitous circumstances, 
..ill be investigated by a group of indtriduals appointed by the Department 
&nerd. MEneger . 
The Operation Manager (Purex, Finished Products, o r  Special Separation Pro- 
cassing and Auxiliaries)) with the cooperation of the Kmager, Technolorn 
(Pwex, Finished Products, Redox), i s  responsible for  continued, day-to-dzy 
follow-up on quali ty of specifications, adequacy of control aad level of 
performance under t h e  regulations established. 

The Mimager, Production Operation, is  responsible for providing independent, 
ennual audits of c r i t i c a l  mass control performance i n  CPD production fac i l i -  
ties End l.=boratories. ._ 

The Department General Mznager, a t  h i s  discretion, w i l l  provide audits of I?e- 
pertnent c r i t i c a l  m6s control specifications ar?d procedures by recognized ex- 
per t s  not associated with the operation of EItmford Atomic Products Operation. 

The Nmager, Research and Engineering Operation, i s  respowible f o r  providhg 
the l ia i60n with the IIanford Laboratories Operation, and off-s i te ,  r e g i r e d  t o  
keep appropriate Department personnel abreast with the la tes t  technical knowledge 
having bearing on c r i t i c a l  mass control. h'e i s  responsible for recorn-endhg 
specif ic  c r i t i c a l  inass problems, which in  h i s  Judgment deserve ettention, t o .  
the Iiartfcrd Laboretories Operation for  eqc r imen ta l  Investigation. 

The Senior Engineer (Xuc3.esr Sarety), Acbance Process ikvelopnent Operation, 
fiesearch and En@mx-ing  Operation, is responsible for  producing err m n u d  re- 
view mxl tcchnical cppraisal  of Department Cr i t ica l  M a ~ s  Control ac t iv i t ies .  



a 

@ j j M  
R13 n 

' $ 8  

r 

E 

n 
ri 
W 

, 
H 



0 
Y 
? 
IA 

u) 

fr 
0 
+i 

4 
0 
k 

Q 
Ln 

I 

cu 7 

IA 
\o 

k 
x 
2 

I 

rl 

m cu 
Y 

4 

a s 

m 

0 
B 
M c1 

2 

4 
d c 
-rl 

d 
5; 

0 
-P 

A- 

0 
rl 
? 

c 
GI 

E: 
ri 

rl 

cu 
r! 

Ln 

Y 

k iz 
0 6  
k U  



Page -3- 

T i t l e  

Critical Maus Control Specification for, 
Produ.ct Inspection 

Cr i t ica l  l h a s  Conti01 Specif icatiou. f o r  234-5 
RnrzlyticaZ Lab, 

Date 
Issued ReLaFlc s 

-y___ 

6n121r61 

12-7-60 

Date 
Ti t le  

For Storing Plutonium 14e"Ca.l. Somplec i n  Rooms 
138 and 139, 2311-5 Analytical.' Laboratory 

For Storing 50 Bird Cages, Each Containing Up 
t o  4.,$ lcgs of Plutonium Metal, In'Room 172 

I?or bWcirq Neutro Ih iss iv i ty  Checka on Buttons 
f o r  Assessing Ru 2to 'Content 

For Storing 150 LQ<ailed Bird Cage8 i n  Room 194 
Storage Vaul t  

- Issued Expiration Date Remarks 
' I  

9 -20-61 1-15-62 

9-20-61 1-8-61 Supcrsed.cs 1-6 

8-28-61 11- 30 -61 

8-25-61 12-31-61 (or unl;5.1 Guperseded by a 
revision of Ifi&67'k73 Rev. ) 



T i t l e  

Cr i t ica l  Masa Control Specification f o r  
noon1 161, 234-5 Bldg. 

Cri t ica l  Elass Control Specification f o r  
IIood 42 (Recuplex) 

Cri:ticd. Mass ContpL Specif ication-Rccuplcx 

Date 
Issue4 --- 

8-22-60 

5 -8-60 

4-4-60 

CriticnJ, Mass Control Specification f o r  Storage 
aid IImdling of CuZ;tAng~Oil~.'GJac-t;e i n  IIood 41 and Room 227 

11-1-60 

Date 
XS8UCCl 

9-13-61 
___I -..--- T i t l e  . 

c , 
li'or Dissolvihg P1utoni.m Oxide i n  Room 149 of 
23"-5 Rucayticaz, &boratory I .  

For Storing Z Plant, Waste i n  T-1-03 Igloo 8-21-61 

For Storing Plutonium-Aluminum Alloy f i c l  8-11-61. 
l3I.cments i n  the Fhpty Gas Cylinder Storage 
&ea, 234-5 Building 

For Flushing the 26-Inch Vacuum Vent Line i n  
234-5 Bldg. 

8N11-61 

For Storing AJ!TL Pu l/astc (SMD-14524 Grou-p3 7-15 -61 
7, 8, 9 )  in 'the Storage Igloos 

For Dissolving Pu Oxide i n  IIood 1~2 (Recuplex) 6-22-61 

Remarks 
h 

l3Elration Date Remo.rk s 

Supersedes R-10 12-31-61 

12-31.-61 

7-31-62 

7-31-62 . See "General" 



V. 

PTI<lSflll e r Tit1.e 

R-11 

R-9 

-_u 

For Loading PR Cans from Hoods 112 - 11.3 (Rccuplek) 

For Oxidiziiig Pu Slsulls i n  Hood 227 

ri-6 For Storing Pu D;ry Recovery hoductG i n  the 
&my Storage Igloos * 

T3. t 3.e __. 

Crit icdl  Mass Control Specification f o r  Storing 
2l.ul;ouium-Bc~ring Materials i n  the Axmy Ammu- 
n i t ion  Storage I ~ Z O O S  

Do,t e 
E;sued 

6-13-62 

5-29-61 

5-5 -61 

3.-31-61 

- T3w.led 

7-6-61 

Cri t ical  Masa Control Spccifica,tion for  Storing 
Plutoniiun HetaL i n  Room 172, 234-5 Building 

Critical  am Control Specification f o r  Vatiit 174 5-8-61. 

6-1-61 

fluclear Safe ty  Spccif ication - Redisrood Car 

Critical. 140,~s Control Specification fo r  Ikmtc 

‘ 2-10-61 

6-20-60 
Btxi;rnent 

Page -5- 

Open until  replaced by CMCS 

Open unt i l  replaced SnperE;ed.cs .R-8 
by CXCS 

Superseded by HW-69809 except f o r  “Shipacnt; 
by r h c k l ’  (see l imitation limber 6 in R-6) .  

Until IDl-59437 i s  revimd 

e ,  

Remmks 

Limitation’ No. 6 of Waiver R-6 s t i l l  
valid. 

Waiver dated LO-12-60 (FV &id Stora.gc) 

U w6 L AS S I FIE 
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PRIOR ACTIONS ?y) INCPZASE SAFETY 

Cri t ica l i ty  audits and safety reviews frequeatly in i t i a t ed  the studi 3 and 
actions which increased t h e  safety of the operation. 
(see 4penaix 2) provised a sum~~ssy of all act€ons taken during each year. 
The audits by experts outside the CPD organization also led t o  direct  action. 
For example, the recommendation of the external coxnittee i n  &y 1960 (see 
Exhibit 2-A) resulted i n  the assignment of a second CPD engineer t o  c r i t i c a l  
mass safety. 

The annual CPD reviews 

The external aud€t of October 20, 1961 is given under Appendix 2, Exbibit 2-B. 
The response t o  this audft i s  agpended i n  Exhibit 4-A. 

Ln l i e u  of exteasive exbibits on actions t e e n  t o  increase nuclear safety, 
t he  actions q e  summarized i n  four categories which follow: 

I. Studies z;nd ProceCmes 

Engineering studies re la ted t o  Recuplex have been continuous from the  
beginning. 
as follows: 

-1es of those having c r i t i c a l  mass significance axe 

A. 
B. 

C. 
D. 

E. 

F. 
G. 

The r e su l t s  of such s t u a e s  were ap?lied by ne- of the Recuplex engineers 
writing procedures for  the operation. 
procedures, etc., were proposed t o  tk operating supeds ion  and revised 
as necessary t o  achieve mut i r a l  objectives. 

Removal of DBP from TBP-CCQ 
Precipitation and polymer formation i n  plutonium 

Designing a Recuplex vacwm trap. 
Ar concentrations permissible io transferring t o  

Validity of aeutron counting as a plutonium 

HF f l u h i n g  of Recuplex equipment. 
Operating aids for solvent exbraction chznges. 

nitrate solutions. 

c r i t i c a l l y  unsafe tanks. 

measurement . 

!l%c.s., s t a d a r d  procedures, special  

A policy vas adopted t o  submit equipment p l w  2nd inportant process changes 
t o  an engineer spec id iz ing  i n  c r i t i c& mss safety. ;qis evduat ion (aided 
as necessary by consultants) ma approval were necessary pr ior  t o  effecting 
any change. 
reviewed. 

A. 

In the course of time sll pkses of c r i t i c a l  mass safe ty  were 
It i s  approgrizte t o  quote f ive  card ina l  rules  whichwere evolved. 

No process chenges or  e q d p E t  changes will be =de or  put in to  
oper&ioa without (a) a auclear safety review by Research and 
Engineering persomel, (b) proger bstch limits being posted as 
necessmy, (c)  p2operlg approved procedures being issued f o r  the 
guidance of s u p n i s i o n  aaii o p r a t c r s ,  'end (a) personnel in- 
vol.?ed being p r o p r l y  trained an& made aware of batch linits. 



. !  ... . 

I1 . 

. . .  . ... . . . . .  
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1 .  . -_ , 

B. 

c. 

D. 

E. 

In any cpestfomble si%za+Lon, %be process cr  eqai,pnenf; x p f l l  immediately 
be shut down and the  s i h a t i o n  vLll be revieved wfth p r o ~ r  authority 
before proceediag. 

Accountebility of plutonium w t , l l  be ma&e &cross each segment of the 
process, and cozuplete qrstern cle&z-cvks be =de a% frequelrf; 
intervals as a?pmect &er”wes. LmEeate GZme pxM,b i l i t y  of plutonium 
build-up. 
inspected at l ea s t  t v k e  per ye-. 

All segments of the p c c e s s  systsan ~,.ll be mished and 

The resu l t s  of engineerizg s t z a e s  ant2 poczdcre changes becam apparent 
i n  subsequent mual nuclear acfety Pev5.e-m (Appm?.ix 2)  and i n  the 
equipment e w e s  md p l a s  fcr c 7 b z ~ e s  xkicb are described l a t e r .  

Training of‘ Persome1 

The traiang 
with reneved vigor staxx lng  in 1958. 
training. 
a c r i t i c a l i t y  i.ncLiieEt; the  otbr 2’mse vss ccccerred -&th preventive 
measures. 
generally t o  the eDtire bsi16Lag. 

r e t r a i n i x  of 25k-5 ~ d f l ~ n g  gersomel m s  pursued 
There were h..o pbases t o  the 

One b”as cozcemed with e-rgency procedares fn event of 

m e  fo l lming  c m l a i ; s  apgky to Rfciplex specif ical ly  and 

A. Emergency T ~ a i n i x  



Bo PreventLve Trainiq 

The experience records of the chemical operators and shift spec ia l i s t s  
i n  Recuplex imply a high degree of skill generally. 
among the  u t i l i t y  operators did  n& have responsibil i t ies exceeding 
the exbent of t h e i r  training. 

The newmen 

The records show nuclear safety t ra ining sessions were scheduled 
for Recuplex and other personnel i n  June and July of 1961. 
training classes vere conducted by the  engineers. who had respon- 
s i b i l i t y  f o r  c r i t i ca l  mass safety and were conversant with bath 
the process and with safety requisenentso 

These 

- 

Safety meetings %-=e held monthly for  ell employees. 
policy required that part; of each meeting be devoted t o  nuclear 
safety. 

Organizational 

&my of the persomel bad viewed a British film on nuclear safety 
and sone hed seen colored pictures of the unpleasant consequences 
resul t ing from nuclear incidents occurring elsewhere. 

Iieceat actions include additioaxl safety meetings for  supervisors 
(including shif't spec ia l i s t s )  held by the Manager, Fpo, and the 
scheduling of similar meetings on emergency procedures to begin 
in April. In additlon, the log book of the ReCUpleX supervisor 
contains numerous ixistructions t o  shift personnel which show 
active in te res t  and concern wtth nuclear safety, 

In general te,-ms, $he t ra ining of all concerned had imparted an 
understandlag of "safe" and ''unsafe" vessels, batch s ize  importance, 
package spacing an& labeling, and of the requiremnt t o  sample and 
anlayze before moving anythhg to &il 'fmsafe" vessel, 

111. IEw Faci l i ty  

The replacemeat of Recuglex had received extensive ctteneion. 
1959, there was an exchange of l ee t e r s  between the l!EC and GE whf& 
referenced a tietailed stEdy, "New Recuplex Faci l i ty  - Z manto I' 

Early i n  

The budge% stucly of June 1959, lists a reqaest for  $5,300,000 f o r  Iiecuplex 
replacemeat, 
1962, and $800,000 i n  19630 
end i n  the  second querter of FY-63. 

' k i s  cost was UyiZcce2table t o  the AEC, therefore the requlremezkts vere 
!&&nized i n  su3seque& ackioas , 

The schedule called for $1,000,000 i n  1961, $3,500,000 i n  
mese are f i s c a l  years ,  Construction was t o  

The preliminasg project proposd (Project CAC-880) askfng for $150,000 
for  Ti t le  I services was delivered t o  EO0 on Rn-edxr 17, 1959. 
was approved for  $150,000 oa Jszmz%ry 25, 1960, m d  WLle I ac'i;lvity 
was actlasrlzed 20llotj"razg inquiries about senc%.ng scrap off-site.  
Revision Io a increase frorn $lOO,OOO to $255,030 for inberim desi@ 
funds was requested i n  A v g a s t  1960. 
1960, zuthorizee a tea of $150,900. 

This 

Ap?~~s.al by M:C &zt;ed Sefleaber 20 
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ProJect ,9.020s& Rev. 2 W ~ S  sent t o  HOO on October 31, 1960, followed 
by ."Design Scope of Z Plant - Plutoniun Reclamztion Facil i ty" on 
Noveziber 7, 1960. These requested (a) t o t a l  project authorization of 
$2,900,000 and (b) authority for General Electric t o  perform Ti t le  I, 
11, and I11 services; re la ted mmgement services in t he  amount of 
$1,706,000 were a i s 0  requested, 

A l e t t e r  to t he  Division of Production, AEC Headquarters, f r o m  the 
HOO Manager on Novenber 28, 1960, gives the  following pertinent 
des cr ipt  i on : 

"!The present Recuplex f a c i i i t y  I s  inadequate for (1) con- 
temglated loads, (2) shielding of operations to the extent 
that operators must be rotated t o  s tay  within exposure 
tolerances, (3) c r i t l c a l  mass considerations t o  the extent 
that aiMnistrat ive controls must be applied. 

% 

The crowded conditions, result ing inaccessibi l i ty  and 
s ignif icant  deterioration have doubled the required 
maintenance i n  the p s t  three years  which r e su l t s  i n  a 
corresponding decrease in operating efficiency. 

The proposed f a c i l i t y  w i l l :  
h d l e  forecasted loads, (2) reduce personnel exposure 
t o  r a d k t i o n  mder curre& aad future Pu processing con- 
ditions, (3) allow process work to be done i n  nuclearly 
safe equipment, (4) recluce loss of' Rr to the ground,. and 
(5) allow f'uture campaimed segregation of' At of different 
exposure levels. " 

(1) provide capacity t o  

A l e t t e r  of December 28, 1960, advised AEC th& GI3 would be compelled 
to discontinue desiga unless additional funds were authorized within 
one week. 

On January 5, 1961, GE was  directed to discontinue design activity.  
AEC W d e d  additiozal information from which t o  reach a decision 
which would permit resuqtiolz of project ac t iv i ty  i n  Fe^Dr;rary 1961. 

After farther communication the fluids were increesed t o  $200,000 on 
January 27, 1,061, asd Project CAC-880 was authorized for $2,9OO,OOO 
on W c h  21, 1961. 

Wing July 1961, and t h e r e a f e r ,  there were l ee t e r s  on the possible 
c o e r c i a l  processing and on possible off-s i te  cexbraiized processing 
of plutoaium scrap f o r  the AEC complex., The c m c z t i o n s  include 
recovery costs, Xecuplex ra&xtenance costs, storzge and shipping 
problem, design problems, and means of preventing preferent ia l  t rea t -  
ment of an AEC contractor over a non-AEC corrf;=.zctor, The records show 
concern by both GE md AEC over the progressive delerioretion of Recup- 
lex. Ro date coulii be given when permanent shutdown would be forced 
by equipnent fa i lures  or  for plant safety. 

On August 30, 1961, Phase I contzact bidders on 2roJect CAC-880 kr'ere 
nbti'fied by %..re that  bid opedng Izz?d been pstpoaed, 
curement was also sto2pd.  

Activ? pro- 
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In the  m m t h  t h a t  followed, GE developed means t o  deal with mounting 
plutonium recovery problems. Some of the neasures d-eveloped were not 
who3ly dependeat upon Recuplex q e r a b i l i t y .  kanwhlle ,  the  p,EC complex 
wrestled with Conmissform- ide aspects of the  plrttonium recovery problem, 

FinalLy, by l e t k r  of W c h  29, 1962, seven months a f te r -  the bid delay, 
GE was &vised t o  proceed immediately on all phases of Project CAC-880, 
The f i l e  shows clearly that bath HOO and HAP0 recognized safety as one 
of the important just i f icat ions fsr CAC-880, although not the only 
just i f icat ion.  

Recuplex Alterations 

Recuplex wes originally built  nder Project C0496 as a senaimrks. 
The purpose of Project CGC-723, proposed l a t e  i n  1956 and completed 
i n  1959, was t o  convert Recuplex from a semiworks t o  a manufacturing 
f ac i l i t y ,  Several. improvements =re made at that tirne t o  increase 
nuclear safeey, 
section of the H-3 column, provision of a c r i t i c a l l y  safe fi l trate 
receiver and concentrator, and the  replacement of surge tanks H-9 
and H-10 and feed receiver tank C-50 with c r i t i c a l l y  safe vessels. 

These included replacement of the bottom disengaging 

In additfon t o  the changes made under the conversion proJect, there 
are other a l terat ions completed or  contenplated which have a bearing 
on nuclezs safety, 

A, es Completed 

Among those t w s  accomplished which had improved the ouclear 
safety of t h e  Recuplex operation, we l ist  the following: 

Replacem%& of the buildiig vacuum header which vas &inch 
diameter w'rth one which is &-inch dbameter. 

Ins ta l la t ion  of c r i t i c a l i t y  incfdene alarms (gamma activated) 
throughout %he bu2lding wtth addft ioml audLble signals added 
l a t e r  as necessary. 

Posting of fnstractfoas and d i r e c t f o d  ~rrcx-s f o r  evacuation, 

Ins ta l la t ioa  of ailditfonal, neutros probes &t vessels 5 8 9  D9, 
0109 G-58, L-2, 0-1, end bottom of H-3 col~mn. 

Addition of aa organic wash c o l m .  

In April 1959, the J-1 tank overflow pipe vas disconnected f r o m  the  
comnon averf la?  header which leads t o  the J-5 overflow tank. 
p l a s t i c  overf lm l i n e  d i rec t ly  from J-1 to the  hood f loor  was 
instal led,  thus by-passirg J-5 and i ts  liquid-level alarm. 
e w e  asscred k h t  cmerflrnxj of other tasks could not conturziaate 
the  p & u c t  solutrsn i n  Z-1. 

A 

T'ds 
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B e  es  Incomplete 

Changes i n  Recuplex equipnent which have been cont,exnplated but 
have not been accomplished are as follows: 

Conversion K-9 tank t o  a safe status by f i l l i n g  it with *ex  
glass Raschig rings, 
the volume while t ~ e  boron of the  glass would serve as an 
effective poison. 

These would occupy only about 15% of 

c 

Operation of an additional safe vessel between the organic 
effluent of the H-3 column and tanks K-1 and 2, For this 
purpose the CO column was already i n  place but routine 
operation had not been achieved, 

Replacemert of soae Recuplex piping fo r  which Teflon tubing 
had been purchased. 

Addition of new hoods 4.4 and 45. 
about 8 6  complete and fabrication of Hood 45 and equip- 
ment is about go$ complete. 
provide dissolvers, feed tanks, and storage tanks which 
are  all c r i t i c u y  safe. 
tanks could be re t i red  from use. 

Hood 44 ins ta l la t ion  is 

These additions were t o  

With use of these, some unsafe 

There was  another small  but very significant i t e m ,  
tenance work request (number 12169) was issued April 4, 1962, 
by a shif% specialist  t o  "Remove the polythene l i n e  from the 
SE f loor  to- K-9 header and plug the valve." Bite required 
"A.S,A.P," This removal kad not been accomplished by April 7, 
the date of the incident. 

A main- 
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Xr. I?. zi. Rei&er -3- 

Comcnt: rrhis reconmcn*tfon i s  essentially a re- 
s ta tener t  of the basic question posed by W. J. Gartin 
in his l e t t e r  of Jur,e 12, 1951 t o  V. R. CooDer re- 
giesting a c r i t i c a l i t y  cudit . '  The bzsic request f o r  
assu-ace  t k a t  no rrdclear hazard is extant because of 
the 5-PID i n  Eecu2lex TTZS ms.r.:ered in a l e t t e r  froa 
3. E. Topi!-inson t o  I$. J. Gartin, dated Xovelrber 6, 1961 
i n  which he pointed o ~ t  that  Fnsependent neasuremea3.s 
of neutron flux con2im the absence of bzzardo-as 
accmulations of plu-bonim i n  the equpnent- A broed 
pr0gra.n t o  iiqrove the B-PID si tuat ion is i n  progress 
as outlined 'celov. 

A, p r o g r a  trcs i n i t k t e d  October 4, 1961, t o  i m e s t i -  
gate Xecuplex waste, to determine i f  mdetected anouats 
02 s l u t o n i m  nay be in the waste s t r e a ;  ,ad t o  e s t a t e  
the plutonim cozteent i n  the waste crib.  
?ro6ucts Operction is t & i a g  t i e  s a q i e s  ; lzboratcry 
groilgs, Redox 2nd P i n i s h d  l?rod~cts Qeyction, wil l  
a a l y z e  the sexples; zad F i ~ s h e d  PFadccts CheaLcd- 
Teckology -id11 e v z l u t e  the resul ts .  

Finished 

&hibit &-A (3) 
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Action yet t o  be i n i t i a t e d  irclurles imes t igz t ion  
of s.m?les t o  Cietemiae tine v d i d i t y  of s a q f i n g  
znd analysis. 

Tae use of "soison" SEschig rings t o  D-1, K-9 
aEd K-10 tanks i s  .&so being considered as an 
edded safety Zactor. A% the  Present it zppars 
t,h& it cay be easier t o  LnstalU Eev tmks thw 
t o  modify ?resect tai2cs t o  zccormokte rizgs. 

2 P1mt - '"G) 
. 

IC Task I, i n s t a l l  a&?itionzl devices on the 
cslciner  hopper -Lo warn of a plu-loniur; oxEle-te 
buildu2. " 

Cormat: W s  recomenbt fon  i s  being investigated. 
It zpgezrs that it azjr be fessible to aevise .z count , 
r a t e  meter such t h a t  the ga-zx?. from the plutcaium 
oxal2te i n  the hq)Fer co.dl2 33 reed. 
could possibly be alamed. 

Scch a systeen 
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355. P. H. Xeiaker - 5- Bo-iei&er 30, 1961 

Z Plant - 'Id) Reviev tbe RecuFlex process periodically to 
~ssu re  that Pu@ part ic les  i n  significul-l 
mounts are not working t h e i r  m y  through 
the Recqlex process md se t t l i ng  out - in  
g e o n e t r i c a y  uszfe  vessels." 

Coment: 
(E - ~$03) are  being perfomed periodically t o  
cleen out geonetr icdly msafe  vessels. 
neutron com<s z f t e r  flushir-g are in&ications 
that plutonium build-ups hzve been renoved. 

Xeutron monitoring and routine flushes 

Re6uced 

!he hood exhaust f i l t e r s  are  -the pricary b a r r i e r  
f o r  preventing -0;i frm entering the E-4 system. 
S m e y s  of tbe systen should indtcz-le if plutoonPm 
na-lerials were elztering znd eccmuht ing  i n  the 
systen. 
Products meration. 
frecpently t o  prevent oxide ~cc-m-&z<lon. 

These surveys a re  corducted by Finished 
Tie buming b o d  i s  cleaned 

"e) Check the D-6 SLE t o  be cer ta in  p1ctoniu-t 
so l ids  are not baildirs >JF. I' 

\ 
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eo Include trainLag on t h e  crLtical i ty  
hazards associEted - d t h  each job descriptioo 
o r  ozeratiox. 
foncaL method of perso-me1 selection t o  f i l l  
those positlozs ifnere c r i t i c a l i t y  hzzzrds 
exist. 

At temt  t o  devise e ;;lore 

Cozzezlt: We hcxe e srograa ce l l ing  fo r  s o ~ e  
sgecizlized educational t r a i n i r g  In  the Tield 
of c r i t i c a l i t y  a d  i t s  control, as vel1 as a 
T.iiiXC-tlToU& excws5.cn d r i l l  a t  l e a s t  evzry 
six aonths. 
2 ?;rogrm to m&e then zmre 02 safety ru les ,  
q e c i a l  vo& pem-its 
a l l  of vlnich are g r e p r e d  v i t h  c r i t i c a l i t y  control 
3a niad. 
szfe%y reet ings a% least once 8 rronth a6 oze 
chase or" t h i s  meeting i s  directed to;.mrii raCtietion 
(ecd c r i t i cz l i<y)  s&ety. It i s  om c~ir-icn %hzt 
c r i t i c a l i t y  trail l ing f o r  c-i;eracors sho-dd incl 'de 
thm-ovgh instruct ion of tLe r L e s  and the consEGcences 
tcet would i-esulk iI" the :rules vere not c'bserved. 
%!e do no t  pro2ose t o  g;ive czerators the kknd of 
t,_zix?-lng reqdired t o  deterziire c r i t i c a l  izzss l k i t s .  
@erators are not  alloired t o  z;1=dir̂ y rules a d  l a i t s .  

mew eqlo2ees  m e  orierzkted with 

a d  job liezarii brezkdmms, 

All personnel are reqJ.ired t o  zt'iend 

.L ;.. 

http://excws5.cn
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Coriment: 
- Dosted. 

All locztioizs are now clear ly  

Acting I%nzger 
liesearch mil Engineering 
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The Investigation Committee, through the AEX and General Electr ic  Counsels, has 
explored Washington State ' 8  labor compensation l a w s  re la t ive t o  radiation incidents, 
the conditions under which an individual may initiate a claim, and conditions, i f  
any, under which a claimant may in i t i a t e  a su i t .  
contained i n  some de ta i l  i n  the attached Exhibits 5-A and 5-B. 

Answers t o  these questions are 

Briefly, it can be stated tha t  the sole remedy for  a workmas suffering a 
d isab i l i ty  through a traumatic injury is under the Workmen's Compensation 
statutes,  regardless of fault. However, i f  the worhants injury was  caused 
by the negligence of another not i n  the sane employ, he has the right t o  sue 
the negligent party or  t o  receive only Workmen's Compensation. If he elects  
Worhents Compensation, the su i t  for  negligence is assigned t o  the s ta te .  If 
he e lec ts  t o  sue fo r  negligence, he s t i l l  receives vazious WorBmen's Compensa- 
t i o n  benefits but the s ta te  recovers the cost of furnishing the benefits f'rom 
the recovery in :  the suit for negligence. 

. 

On A p i l  24, 1962, three employees, No. 1, No. 17, and No. 23, f i l e d  a Report 
of Accident with the Washington State Department of Labor and Industries. 
Reports constitute applications for  compensation. They were accompanied by a 
supplemental le t ter  f'rom the HAfo attending physician which pointed out that 
dthough extensive t e s t s  had been made, they revealed no evidence of harmf'ul 
effects.  
open as tbe long-range possibil i ty of harmful effects  carmot now be ruled out. 

The 

The physician's l e t t e r  also recommended tha t  the matter be kept 

The Committee has no evidence tha t  the three emplopes will inst i tute  a claim 
for  injur ies  sustained. 

5 - 1  
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RICHLAND, W A S H I N G T O N  . . . T E L E P H O N E  W H i t e h o l l  2 - 1  1 1  1 f O P E R A T i O N  
Ext. 6-5486 t 7 0 3  Bldg., 700 Area 

April  30, 1962 

U. 5. Atomic Energy Commission 
Hanford Operations Office 
Ri c hland, Washington 

Attention: Mr .  Carl  N. Zangar, Chairman 
Tnves tigation Committee 

Gentlemen: 

IYVESTIGATiOX O F  RE C UPLEX CRITIC-A?.ITY INCIDENT 

This  is in  response to your request of April  18, 1962, for  informa- 
tion regard icg  workm-en's compensation laws and claims for use in  
connection with yoar investigation of the Recuplex Crit icali ty h c i -  
dent. The questions a r e  covered in  the order  presented: 

1. W&-iin~E;ton Statels labor compensation lams re lat ive to  radiation 
iRcidents. 

In genera? under Washingtor, law cornpeasation is available to 
work-men who a r e  . . . injured in  the course of . . ernploy- 
melit . . . (51. 32.010:k). Injury is defi2ed 5y statute a s  a . . . 
sudden a i d  tangible hqpening ,  of a t r a m a t i c  nature, producing 
an imzneciiate o r  prmmpt resal t ,  and occurr ing f rom without, and 
such physical conditions 8s resul t  therefrom (51. O S .  XO). An 
occupational disease is defined as 
a s  a r i s e s  na tu rd ly  and proximately out of employment . . . 
(51.08.140). 
wkich workmen's compensation benests a r e  p e d  z2plies to  ail 

1 1  

1 1  I t  

I 1  

11 . . . such disease or izfection 

The Washington Workmen's Comper,sation Act uzder 

1 1  

., '.* 
Referelices a r e  to sectiom of The Revised Code ~f W ~ ~ h i n g t o n  



Car l  N. Zangar - 2 -  April  30, 1962 

2. 

Eanford Atomic Products Operation employees under the pro- 
visions of Contrzct W-7412-Eng-25, betwee2 the Department 
of Labor  and Industries, State of Washington, the Atomic Energy 
Corn-mission and General Electr ic  Company. 

A claim based upon an "irLjury" must be filed within one year  after 
the irLjury occurred or the rights of dependents o r  beneficiaries 
have accrued (51.28.050). A claim f o r  an "occupiitional disease' '  - 
must  be  filed within one year  after 2 physicizn's notice to the work- 
man of the existence of his "occupational disease' '  (51.28.055). 
The Act does not describe specific types of injur ies  or nazne specific 
diseases  which a r e  covered. Instead, the t e r m s  injury" and "occu- 
pationzl disease", as defined, a r e  applied to the pertinent facts  i n  
each case. 
c lear ly  cover radiation hazards.  
and occupaticnal disease may not always be clear .  C l a i n s  for radia- 
tion injury a r e  eas ie r  to establish because of the element of a sudden 
t raumatic  happening. Whether a pzrticular disezs e is an occupational 
disease' '  and covered under the Act depends upon whether it is found 
to have a r i s en  naturally and proximately" cut of the employment. 
It is clear ly  the intent of the Act to cover any disease which is in  
fact c m s e d  by radiation in  the course of employmer;t. 

! I  

The statutory definiticns by virtue of the i r  broadness 
The l ine between t raumatic  injury 

1 1  

I !  

Once a claim is estzblished 03 the basis of "injury" or "occupational 
disease' '  d lowable benefits a r e  idectizal. The workm-an, in  case  of 
injury' '  o r  "occupational disease", or, in  the event of his death, 

the workman's family or dependents a r e  entitled to compensation 
under the Act. 
nent total disability a r e  based upon m a r i t d  s ta tus  and the n u r i  e r  
of dependents. 
based upon impairment of bodily function o r  ar-putation of the mem- 
ber involved. 
the cost  or c h a t i o n  of t reatment  or compensation f o r  loss of ti=? 
f rom work. 
qial i f ied to t r ea t  their  condition. 

t l  

The a m o u t s  payable in  the event cf death GI" perma-  

Compensation for permanent partizl disability is 

TvVashing-ton is one of the s ta tes  with no limitaticn on 

Eligible workmen a r e  f r e e  to choose any physician 

Where a \frOi-liman is entitled to con>er,sation kz milst file h is  applica- 
tiori together with rhe certif icate cf the physician who attendee! him. 
It is the d ~ t y  of the attending phys ic im to i n f o r n  the w o r h ~ - 3 n  cf his 
r ights  a:id to i e ~ d  a l l  necessary  a s s i s t m c e  in  rr;ali~ng applicatim for , .  
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Compensation without charge to the workman (51. 28.020). 
the  physician must inform the workman of his r ights  and assist 
in  making application for  compensation, the burden is on the 
workman to fi le his claims for  benefits (Pate  v. General Electr ic ,  
43 Washington 2nd, 185). 

While 
~ 

Where death resu l t s  from injury the par t ies  entitled to compensa- 
tion o r  someone on the i r  behalf must apply to the Department f o r  
such compensation (51. 28.030). 

3. Organizations o r  individuals that may be sued, i f  any, by claimant. 

Unlsss injury o r  death resu l t s  f rom the deliberate intention of the 
employer to  produce such injury o r  death, claimznt 's  recovery is 
l imited to that provided under tne Act. If injury o r  death resu l t s  
f rom such deliberate and intentional act of the employer,  the work- 
man o r  his  depende&s may receive the workmen's compensation 
2nd also have a taus of action against the employer f o r  any additional 
damages over  the amount received or receivable under the Act 
(51. 24. 020). 

If illjury or death is dvle to the negligence o r  other wrongful act of 
a th i rd  par ty  cot in  the s a n e  employ, claimant may elect to proceed 
under the  compensation law or to seek  a remedy against  such a 
third party. 
2s h e  may have against a third par ty  is assigned to the s ta te .  If 
he  makes the la t te r  election lie receives  the compensation to  which 
he is elltitled under the compensation law and the s t a t e  is entitled 
by way of subrogation to reimbursment  out of his  ult imate recovery, 
i f  any, f rom such th i rd  party. 

If he makes the fo rmer  election, such right of action 

Report 'of Accident forms  have been completed 2nd forwarded to the 
Department of Labor and Industries Gn behalf of Messrs .  A a r d d >  
Lohdefinck, and TVilliamson. The r q o r t  constitutes ap$icatim for  
compensation. 
the attending physician which pointed out that although extensive t e s t s  

They were  accompznied by a srrpplemental l e t t e r  f rom 
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had been made, they revealed no evidence of harmful effects. 
recommended that the ma t t e r  be  kept open as the long-range possibikLj” 
of harmful effects could not now be  ruled out. 

It w2s 

Counsel 

Clayton H. Crandal1:beh 
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SNTRODUCTIOX 

A t  10:59 AI4 (PST), Saturday, April 7, 1962, a c r i t i c a l i t y  accident oc- 

curred in a plu+bnium waste &ia i ca l  recovery f a c i l i t y  a t  the  Hanford Atonic 

Products Operation, operated for  tkse Atomic Ehergy Comnission by the Geceral 

Electr ic  Company. 

observation and after estimates of the  radiation doses received were available. 

This report describes the dosimetry iavestigation tht was made following 

the accident. 

affected had personnel dosimeters i n  the i r  possession when the  incident occurred. 

The interpretation of the  data supplied by t5ese dosimeters was supplemented 

by information gathered by techniwes tha t  were developed in connection with 

other accidents. 

Four men were hospitalized but were released after medical 

This investigation was fac i l i t a ted  by the f a c t  that all employees 

Below, the  available information i s  first presented and 

then applied in a discussion of the  dosinetry of the people involved in the  

accident. 

DESCRIPTION OF D33 ACCIDENT 

The accident occurred a f a c i l i t y  known as  Recuplex within a building 

known as the  234-5 Building. 

two persons i n  the 234-5 Buildiqg. 

a h o s t  a t  once (several people reported tjat air-proportional alpha contzmi- 

nation monitors broke down s l i & t l y  befcre the s i ren sciunded) . 

%en the accident occurred, there  were twenty- 

The Cr i t ica l i ty  alarm s i ren  started 

All persons 

* %is report  was prepare3 b y  8 crJmdtC,ee consisting o f  C. C. Gamertsfelder, 
H. V. Larson, J. M. NielseD, W. C. Roesch (Chairma), a d  E. C. Vatson. 
reports t he  mrk of a nmilber of people a t  Emford. 

It 
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i n  the 234-5 Buf'lding evacuated t o  a gate house (2701-2) about a hundred ya rds  

from 234-5 and then took shel ter  behind mather building (2704-2) when the 

former area was found t o  have an exposure r a t e  of about 200 mr/hour. 

f i v e  t o  ten minutes they had evacuated these Eirees i n  the  evacuation bus or by 

private cer.  Two patrolmen, stationed i n  the gate house a t  the time of the  

excursion, increased the t o t a l  number of evacuees t o  twenty-four. 

Within 

The evacuees went t o  the f i r s t  aid building for  the area (except for one 

who went t o  the area badge house and was directed t o  f i r s t  a i d ) .  By t h i s  time 

the employees who had been i n  the Recuplex area and had seen the Cerenkov 

radiation f l a sh  were knob; however;all employees were given a "Quick Sort" 

examination t o  determine who had been exposed t o  significant f a s t  neutron 

doses'). 

observed while the person bent over around the  counter. 

The counting rate of a Geiger counter held a t  t h e i r  abdomen w a s  

Only those employees 
I .a - .  .- 
.~ . 

who had been i n  the Recuplex area gave significant Peadings. 

Contamination surveys of the evacuees were also Bade while they were 

at the  f i r s t  aid building. No contamination was found. Their  personnel 

dosimeters were collected for  examination. Personal e f fec ts  were examined 

fur radioactfvity and then sent i n  for  laboratory study. The f i r s t  blood 

and hair samples and excreta collections were made. 

After examination and treatment a t  Kadlec Hospital, four  persons, 

including the  three most highly exposed, were sent t o  the Hanford Whole Body 

Counter for examination. 

were also examined a t  the Counter; the l a s t  man was examined the following 

The next day a l l  but one of the remining evacuees 

day, 

the most highly exposed persons u n t i l  no radioact ivi ty  of interest  was 

Whole body counts and blood and excreta collection were repeated on 

detectable. 
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Information w a s  obtained immediately from each employee t o  es tabl ish 

where he had been when the  c r i t i c a l i t y  alarm sounded and how he l e f t ' t h e  

building. 

week. 

Detailed personal interviews were made during the  following 

A l l  but f ive  people, i n  the 234-5 Building evacuated immediately upon 

hearing the siren; a l l  but one had l e f t  within about two minutes; the  last 

man was out within four minutes, The routes each one followed i n  leaving 

the building a re  shown i n  Figures' 1 and 2.  

Information f o r  the three most highly exposed persons was made as 

detailed as the i r  recollections would allow. 

people were standing a t  the time they saw the Cerenkov radiation f lash ,  

Employee #1 was standing immediately below the c r i t i c a l  vessel, the K-9  

Figure 3 shows where these 

Tank, manipulating a valve a t  the face of the hood contzining the tank. 

H i s  body was very close t o  the hood wall. 

the center of the  K-9 Tank; the par ts  of the trunk of h i s  body were between 6 

' H i s  eyes were about 5 f ee t  from 

and 

about 5 f e e t  behind Employee #l. 

8 f e e t  away. Employee #S7 was standing about 2 f e e t  t o  the side and 

There w a s  a movable-lead shield behind 

#l, but #l7 was i n  f u l l  view of #1 and of the K - 9  Tank. #17's eyes were 

about l 0 ' f e e t  from the  center of K-9  and the trunk of his  body was 10 t o  

11 fee t  away. The K-9 Tank is  cylindrical  with a capacity of 69 l i ters ;  

it contained about 45 l i t e r s  when the excursion occurred. The tank.has a 

Pyrex wall about 3/8 inch thick and a s t e e l  bottom plateabout one inch thick. 

#l and.#l7 were exposed t o  radiations coming through both the w a l l  and the 

bottom. The only other materials between them and the tank were the half 

inch thick luc i t e  hood walls and some plumbing inside the hood. 

#23 was standing i n  f ront  of another hood about"% f e e t  from the  center of 

9-9,. Most of the  radiation reaching him probably came through the sides of 

Employee 

the tank. The only materials between him and K-9 were the  luc i t e  w a l l s  of 

c -  
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t he  hood containing K-9 and t h e  hood he was facing and the th in  metal back of 

the  l a t t e r .  

Of the  next two most highly exposed people, Employee #6 was about 30 

f ee t  from K - 9  with one concrete w a l l  about 4 inches thick and one metal 

par t i t ion wall i n  between. 

documents but was outside the  building i n  about 25 seconds. 

about 40 f e e t  away and was shielded by an 8 inch thick concrete wall. 

This employee delayed t o  lock up some classif ied 

Employee #21 was 

Before considering the measurements made fo r  each individual, informa- 

t ion  of general in te res t  can be obtained from instruments t ha t  were near the 

scene of the accident. 

for low) were operating a t  the time of the accident i n  an incinerator room 

Two recording BF counters (one f o r  high levels, one 3 

i n  the 234-5 Building. 

Figure 4. 

The data from the chart recorders are plotted i n  

They indicate an i n i t i a l  excursion the exact magnitude of which 

cannot be determined because the flux leve l  i s  recorded only every 30 seconds 

and it may be expected t o  vary by orders of magnitude within such a time 

period. 

ca l i t y  alarm there was a continuing nuclear reaction of a magnitude suff i -  

Following t h i s  i n i t i a l  pulse which presumably activated the c r i t i -  

c ient  t o  keep the recorder off-scale fo r  a period of about 30 minutes. 

the recorder returned t o  on-scale readings the fissioning continued a t  a 

After 

generally reduced r a t e  till 36 hours a f t e r  the incident began. It appears 

. t h a t  those i n  a position t o  be most seriously exposed t o  the c r i t i c a l  vessel 

evacuated i n  t i m e  t o  l i m i t  t he i r  exposure t o  only a par t  of the i n i t i a l  

excurs ion e 

I 

A threshold detector2) was located ebout 26 f e e t  from the  c r i t i c a l  

vessel, 

of the stairway shown i n  the f igure vas on the line-of-sight between the 

Its position i s  shown i n  Figure 3 .  A t  l eas t  one of the s t e e l  beams 



, 

W 
m V 
v, 
L W 

- 

E 
8 
Q) 
p: 

1M1 

80 

60 

40 

20 

0 

O O O O O Q  

0 (’ 

0 

0 0  

L57 11:OO 11:03 
April 7 AM 

April 7 1962 April 8. 1962 

FIGURE 4 

Data from a Recording BF3 Counter Operating in the 234-5 Building at the 
Time of the Accident. 

6-8 



vessel and the dosimeter. The metal g r i d  floor’ of the  mezzanine level, the 

stairway, and another hood a t  the head of the s t a i r s  provided masses of 

material i n  which radiation from K-9 could sca t te r  and then reach the de-  

t ec tor .  These certainly influenced the re la t ive  spectra of the neutrons 

reaching the detector as compared t o  those reaching the men. 

other information, however, the  spectrum received by the detector was used 

i n  analyzing other pertinent data. 

a f t e r  the accidental excursions started so it was present during the large 

excursion shown i n  Figure 9 as  well as dwing the time the peGple were present, 

For lack of 

The detector was removed &bout 36 minutes 

The resu l t s  obtained from analysis of the tkeshold detector a re  given 

i n  Table I. 

plutonium f o i l  are  a lso given. 

The resu l t s  re la t ive  t o  the neutrcns/cm2 measured with the 

The l a t t e r  i s  assumed t o  include a l l  the  

neutrons above 1 Kev. 

TABU3 I 

Threshold Detector Results 

Neutron 
Energy Band 

Thermal 

1--750 Kev 

0.75--1.5 MeV 

1.5--2.5 M ~ v  

7 2 . 5  M ~ V  

Relative* Relative* 
n/cm2 Dose n / 2  cm 

1.17 x. 1O1O 0.39 0.005 

1,26 x 10” 0.42 0.25 

1.05 x 1o1O 0*35 0.40 

0.34 x lolo 0.11 0.15 

0,35 x lolo 0.12 0.20 

2 *Relative t o  n/cm or t o  dose for  neutrons above 1 Kev. 

The number spectrum i s  presented i n  Figure 5 .  
spectra obtained with threshold detectors 3)4)5) and norinalized i n  the same 

way are shown i n  Figure 6 .  

spectra‘); since information i s  l o s t  i n  going from the calculated spectra t o  

For comparison several  other 

Figure 7 shows histograms prepared from calculated 
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Theoretical  Spectra (kistograms) Calculated for Threshold Detectors.  
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t he  histograms,, the original normalized spectra are given i n  Figure 8. There 

i s  not close agreement between the present spectrum and any of the others, but 

the general features a re  the  same and the differences are of the  so r t  t o  be 

expected i f  the present resu l t s  include the effects  of a significant number of 

scattered, and hence lower energy, neutrons, Table I also contains the dose 

spectrum normalized t o  uni t  dose fo r  the neutrons above 1 Kev. 

The threshold detector was calibrated and interpreted i n  a s l i gh t ly  d i f -  

ferent  manner7) from tha t  described i n  the original reference2). The C a l i -  

bration constant provided fo r  the sulfur disk i n  reference 7 was increased by 

a factor 1.5 = 0.34/0.23. The 0.34 is  the cross section i n  barns of the 

S(n,p) reaction a t  4.2 Mev, the energy used i n  the calibration. 

the effective cross section i n  barns for  neutrons above 2.5 Mev for spectra 

The 0.23 is  

s i m i l a r  i n  shape t o  f i ss ion  spectra above t h i s  energy. The intermediate 

neutron energy spectrum was estimated from the activation i n  the gold and 

cadmium-covered gold f o i l s  i n  the detector. If gth was the  thermal neutrons/cm2 

and if  3 2 0 0  i s  the activation cross section of gold for neutrons whose velocity 

is  2200 m/sec, then the difference i n  ac t iv i ty  of the  two f o i l s  is  proportional 

t o  +mE200 $tho If the intermediate neutron flux is  assumed t o  be given by 

kjdpU/E, where E i s  the neutron energy, k i s  a constant, and $u the  f lux meas- 

u r e d  by the shielded plutonium f o i l ,  then the activation of the cadmium covered 

f o i l  i s  proportional t o  

k $,dq;,t (dE/E) 

where the integral  i s  over the  activation cross section of gold. Measured 

f o i l  ac t iv i t i e s  of 1.6 and 1.0 x 10 6 disintegrations/min, Hughes' 8 )  values 

of the cross sections, and flux r a t io s  from Table I give k = 0.042. This i s  

shown as a dashed l i ne  i n  Figure 5 and is i n  good agreement with the spectrum 

determined with the threshold fo i l s .  
* - -  



FIGURE 8 

Theoretical  Spectra from Which the Histograms of Figure 7 Were Prepared. 
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PERSONNEL DOSIMETERS 

Each of the person near the c r i t i  SI, ‘Jess 

9) was wearing h is  Hanford Film Badge Dosimeter 

1* a t  the time of the accident 

The dosimeters had last  been 

exchanged 15 days before the  accident; theref ore, par t icular ly  fo r  tke smller 

doses, a significant par t  of the darkening of the f i lm may fiave been pro- 

duced durfng employment pr ior  t o  the accident, 

The exposures of Enployees #lj #ST, and #23 were so  great tha t  the 

developed sensit.ive (508) f i lm from the i r  dosimeters was too dark  t o  permit 

opt ical  density measurements The insensitive (l.290) f i lm from the i r  6osi- 

meters was used t o  obtain t h e i r  doses, 

of the aluminum and s i lver  absorbers i n  the dosimeters, there  was additional 

darkening of the areas of the dosimeter covered by them s o  t h e  usual interp- 

Beea-ase of slow neutron a c t i n t i o n  

retat ion methods could not be used, The doses were determined from the 

densit ies of the unsfilelded portion of the dosimeter ( the  open window). 

There is an uncertainty i n  doing this”) because during both exposure and 

calibration the fi lm is affected by secondary electrons produced by the photons 

i n  the environuent of the dosimeter as well as i n  the  material  of the dosi- 

meter i t s e l f ,  

could have been as much as 15 percent too low because of t h i s  effect .  

I n  the present case the dose determined from the  open window 

The 

dosimeter cont.aTns a lezd s t r i p  i n  which the payroll number and other infor- 

mation i s  punched. For the films i n  question there was enough unused area 

under the lead tape t o  take a densftoneter reading. These readings were 

compared with similar readings on the calibration films; they gave dose 

estimates that confirmed those from the open window readings. In  making 

t h i s  coxparison it 5s assumed tha t  there is  no appreciable slow neutron 

’ATwo patrolmen stationed fn the gate house recefved neglfgible doses and are  
not considered further i n  t h i s  report. 
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activation of the  lead tapes and no effect  due t o  different  photon spectra. 

Some of the darkening of these films must have been due t o  neutron 

activation of the  materials i n  the emulsion.’ It has been reported’’) t ha t  

0.13 rad of thermal neutrons or about 40 rads of f a s t  neutrons ( f i r s t  col- 

l i s ion  dose) would produce the same darkening of‘ 1290 f i l m  as 1 r of CO-60 

gamma rays. For example, i f  the exposure of Gmployee #1 was 25 rads of 

f a s t  neutrons plus 0.5 rad of thermal neutrons, the darkening predicted 

would be equivalent t o  4.5 r of gamma radiation. This is  7 per cent of the  

dose measured as described above. 

The dosimeters of the  other people i n  the 234-5 Building were, where 

necessary, read by these same methods but with the 508 film. The resu l t s  of 

a l l  the fi lm badge dosimeter measurements are given i n  Table 11. No cor- 

rections have been made for  the neutron darkening just  mentioned. 

TABLE I1 

Personnel Dosimeter Results 
‘(All Exposures i n  Roentgens) 

Eknployee 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
18 
21 
22 
23 
24 

# 1 -  

508 
Film - 

- - 
1290 Neutron 
Film F i  l.m 
63 
- 

0.03 
0.12 
0.15 
0.02 
0.98 
0.04 
0,lO 
0.05 
0.06 
0.07 
0.20 
0.13 
0.70 
0,20 
0 , l  

0.40 
1.0 
0.05 

0.02 
13 

C - , K  I 

10 

Finger 
Ring 

80 

23 

5 97 



u) Employees #21 and #23 were wearing neutron f i lm  badge dosimeters . 
In  each case the nuclear track p la te  was so darkened by the photon exposure 

tha t  recoi l  tracks could not be identified.  

mate readings of the 508 fi lm i n  the  dosimeter could be made. 

In  the case of #23, approxi- 

They indicate 

a gamma ray dose of about 10 r, i n  agreement with his regular dosimeter, and 

about 3.5 x 10 9 neutrons/cm* of thermal neutrons. 

Employees #1 and #23 were wearing f i lm r ing dosimeters. These indi-  

cated doses of 80 and 5.7 r, respectively. 

Two additional studies were made w i t h  the  personnel dosimeters of 

Employees #I, #i7, and #23. 

neutrons and measurements of the  activation of the  developed s i lver  used 

as a measurement of the gamma ray dose received '3)l'). 

The very dark 508 films were exposed t o  slow 

me activation of 

the films was done in .  the large moderator used for  producing slow neutron 

fluxes w i t h  the Van d e  Graaff accelerator15). The radioactivity was easi ly  

measurable 16), but it was found that the three films were a t  or very near 

the f irst  maximum of the curve of ac t iv i ty  versus dose f o r  the calibration 

film17). It was not possible t o  get accurate dose estimates. The same slow 

neutron f a c i l i t y  was used t o  estimate the neutron flux t h a t  had produced the 

excess darkening on the 1290 f i l m  behind the s i lver  shields. Fresh films 

were exposed t o  gamma ray doses i n  the range of those t o  which the people 

were exposed and then exposed t o  slow neutrons u n t i l  the  t o t a l  f lux produc- 

ing the same density pattern as on the personnel film w a s  found. 

neutron fluxes found in  t h i s  way were decreased by a factor  0.79 t o  allow 

fo r  t he  f a c t  that  part of the  activation during the accident was due t o  

The 

intermediate energy neutrons. The factor was calculated fromthe gold f o i l  

ac t iv i t i e s  i n  the threshold detector and the thermal neutron cross sections 
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8 )  - and resonance integrals of gold and s i lver  . The thermal neutron f i e l d s  

estimated by t h i s  method are given in.Table 111. 

TABLE I11 

Employee 

# 1 -  

#17 

#23 

Thermal Neutron Estimates 
From Film Badges 

2 Thermal 
xeutr ons /cm 

LO 2.3 x io 
9 

9 
6.5 x 10 

3.1 x io 

E s t  irat ed 
Uncertainty -- 

10% 

so$ 
200$ 

WHOLE BODY COUhTING 

The occupants of the 234-5 3uilding a t  the time of the accident were 

counted i n  the  Hanford Whole Body Counter18). 

Na-24 act ivi ty ,  corrected for  decay since the t i m e  of the  accident, and 

The measured values of 

the individual’s weights a re  given i n  Table I V .  No correction w a s  made fo r  

Na-24 tha t  might have been eliminated before the counting took place; it is  

estimated tha t  only a few percent was missed i n  t h i s  way fo r  those counted 

immediately. The quotient of the number of microcuries by the  body weight 

i n  kilograms was multiplied by 215 rad-kg/pc t o  obtain the f i r s t  coll ision 

dose’to the person, 

The factor  215 rad-kg/pc was obtained by averaging the following two 
19 1 experimental values. Measurements with a burro a t  the mock-up of the 

Oak Ridge c r i t i ca l i t y  accident gave 204 rad-kg/pc. An experiment w i t h  

solutions of sodium salts i n  bot t les  a t  the Godiva I1 reactor gave 226 
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Recently the dosimetry investigation of the Vinca c r i t i c a l  accident 

was reported5) fo r  which an average factor of‘ 81 rad-kg/pc was used (neg- 

lect ing corrections for  t he  weights of the individual persons). The d i f  - 
ference between this figure and those above is  due t o  the presence of a, 

very large proportion of thermal neutrons near the Vinca reactor. 

threshold detector measurements reported f o r  t ha t  reactor and those reported 

If the 

above for  the present c r i t i c a l i t y  accident a r e  used t o  estimate the neutron 

f irst  col l is ion dose per uni t  Na-24 activetion2l),  the  rad-kg/Pc factor for 

the Hanford accident is about 2.3 times that  f o r  the Vinca, i.e., about 

190 rad-kg/pc. This i s  sat isfactor i ly  close t o  the value used above. 

Although, as remarked above, the  threshold detector measurements for  the 

Hanford accident probably represent a different spectrum than that t o  which 

the employees were exposed because of attenuation and scattering, the com- 

parison of the Vinca and Hanford spectra t o  estimate the above factor is not 

much affected by the  difference. 

It is estimated that  the Na-24 burdens were determined t o  an accuracy 

of about 5 percent where counting data were not l i m i t e d  by s t a t i s t i c s .  

Counting statist ics became important for  burdens of about 0.001 pc (before 

correction for decay). 

detected were assigned a dose of l ess  than 0 , O l r a d .  

Those employees i n  whom less  than 0.001 pc was 
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TABL;E I V  

\&ole Body Counting Results 

Employee 

# l  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
21 
22 
23 
24 

pc Na-24 

7.55 
0.001 
0.014 
0 022 
0.001 
0.088 
0.002 
0.004 
0.001 
0.006 
0.001 
0.008 
0.001 
0.034 
0.003 
0.010 
4.20 
0.019 
0 055 
0.001 
1.12 
0.001 

Weight 
kg 

70.4 
85.3 
71.8 
95.4 
93.4 
55 93 
68.5 
71.2 
61.2 
71.7 
73.5 
75 99 
70.8 
70.3 
67.1 
84.8 
98.1 
85 
72.7 

82.4 
78.9 

56.7 

Neutron 
F i r s t  Collision 

Dose - -rads 

23 
c 0.01 

0.04 

4 0.01 
0.34 

L 0.01 
0.01 

10.01 
0.02 

L O .  01 
0.02 

40.01 
0.10 

10.01 
0.02 
9.2 
0.05 
0.16 

L O .  01 
2.9 

L O .  01 

0.05 

The presence of K-42 was noticed i n  those people who had large Na-24 

burdens. 

and cross-section dzta which indicate that there should be about one seventh 

as many microcuries of K-42 as of Na-24. 

counted several  more times a t  the whole body counter. 

The amounts present were consistent with estimates from abundance 

Employees #1, #17, and #23 were 

The Na-24 was observed 

t o  disappear with the expected 15 hour half- l i fe .  

was found t o  have had some AU-198 produced i n  f i l l i n g s  i n  h i s  teeth. 

Each of these three men 

I n  the 

case of #l7 the  gold was i n  bridge-work tha t  could be removed. This made it 

possible t o  count him with the P-32 counter22). After the  original report 

on the counter, the detector was moved t o  a counting position over the head 

rather than over the chest in  order t o  reduce interference by other isotopes; 
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the  presence of radioactive gold f i l l i n g s  would have prevented such measure- 

ments. 

The P-32 was eas i ly  detected. The counting r a t e  due t o  the P-32 decreased ex- 

ponentially with a 14.5 day half- l i fe  (i.e., the radioactive decay ha l f - l i fe )  

The f irst  count for  P-32 was made on #17 ten days a f t e r  the accident. 

ra ther  than the  8 t o  10 day ha l f - l i fe  observed for  subjects who receive P-32 

intravenously. 

formed i n  the relat ively t igh t ly  bound phosphorous, probably tha t  i n  the 

skull ,  rather than tha t  nore mobile portion in  which the intravenously in-  

jected P-32 appears. 

This indicate3 tha t  most of the P-32 being observed was 

Thus the calibration of the counter, which w&s done 

with intravenously injected subjects, was not applicable; if  applied anyway, 

the calibration would have indicated two t o  three times as much P-32 as pre- 

dicted from the ac t iv i ty  of the Na-24 present. 

Ka-24 I N  BLOOD 

3 Two 2 crn blood semples each f o r  mployees #l, i'17, and $23 were 

counted fo r  Ma-24. 

c rys ta l  sc in t i l l a t ion  counter. 

The f i r s t  sanples were counted on a three inch vel1 

They had coagulated before they could be 

counted. 

coagulation. 

ray s p e c t r o ~ n e t e r ~ ~ ) .  The resu l t s  of the  two counts, corrected f o r  decay 

from the time of the accident, are  given i n  Table V. 

sidered reasonably good * 

The second s e t  of samples was treated with heparin t o  prevent 

They were counted for  30 minutes on a t o t a l  absorption gama- 

The agreement is con- 

The ac t iv i ty  density of the Ea-24 i n  the whole blood was converted 

5 t o  neutron f i r s t  coll ision dose by multiplying by the factor  1.65 x 10 

rad-cm3/)lc. 

found i n  the Oak Ridge b-drro experiment e 

This i s  the r a t i o  of f i r s t  col l is ion dose t o  blood ac t iv i ty  

19 1 
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If the sodium i n  the whole body and i n  the blood are equally i r r ad i -  

a t ed  by slow neutrons or if there  i s  rapid equilibration of the sodium 

throughout a l l  compartments i n  the body, then t h i s  factor  should be re -  

l a t e d  t o  the factor used above with the whole body counter data. The r a t i o  

of pc/kg of Na-24 i n  the body t o  pc/cm3 i n  the blood should equal the  r a t i o  

of the  density of sodium i n  the  body (105 g/70 kg for the  standard man 

t o  tha t  i n  the blood (1.91 x g/cm3 25)): (1.91 x 

x 10'3. 1.65 x lo5 x 1.27 x = 210 rs?-kcb..:, ?:I ~jood c.greenent w t - ~ h  t he  

f igure chosen above for the whole body c0uritir.i:. '.fit: cc.qa:-ison i s  s i g n i f l -  

cant because the  blood and whole body ac t iv i t i e s  of t h e  burro were deternlined 

24)) 

x 70)/105 = 1.27 

i n  different  ways. 

a f t e r  the c r i t i c a l  accident a t  Los Alamos. 

was found t o  have 0.00531 pc/cm3 of Na-24 i n  whole blood and 293 pc i n  h i s  

whole body, which weighed 71.5 l ~ g * ~ ) .  

i n  good agreement with the above value. 

significant because the neutron dose dis t r ibut ion i n  the  man's body was 

very non-uniform. The agreement between the  two resu l t s  indicates t ha t  

A similar comparison can be made using the d a t a  obtained 

The f a t a l l y  exposed employee 

(0.00531 x 71.5)/293 = 1.30 x lom3 
This l a t t e r  value i s  particularly 

the sodium had been able t o  effect ively equilibrate throughout the body. 

Zmpl oyee 

iiC1 

# 17 

H 23 

Na-24 i n  Blood 
(Two Samples From Each Employee) 

TTa -24 
p c / c d  blood 

-5 2.0 x 10 
2.1 10-5 

Neutron F i r s t  
Collision Dose 

rads 

30 

l5 12 f 
- 1.4 4 * 0  f 0.8 
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Ne-24 I N  EXCRETA 

The f i rs t  urine samples from Employees #1, #l7, and #3 were counted 

on a three inch well c rys t a l  s c i n t i l l a t i o n  counter. 

were repeated and a l l  l a t e r  samples were measured on a f i v e  inch w e l l  

c rys ta l  s c i n t i l l a t i o n  counter Sample s i ze  varied from 2 t o  500 cm- 

and counting time from 5 t o  30 minutes depending on the  a c t i v i t y  of the  

sample. 

a r e  given i n  Table V I .  

These measurements 

27) ? 

Tkc resu l t s ,  corrected fo r  decey from the  t i n e  of t he  accident, 

The Na-21: activity fourid i n  feces was negligible.  

TABLE VI 

Na-24 i n  Urine 

Ehployee 

# I  

# 17 

# 23 

Date - 
4/7/62 
4/8/62 
4/9/62 
4/io/62 
4/11-E/62 
4/32 -13/62 

4/7/62 

4/9/62 
4/8/62 

4/io/62 
4/11-E/62 
4/12-13/62 

4/7/62 
4/8/62 
4/9/62 
4/12-13/62 

Average 
D i s  . /min-ml 

174.1 
210.9 
229 9 7 
142.0 
77.8 

335 0 

339 5 
310.7 
185 5 
l20.0 
136.8 
135.0 

66.7 
44.3 
27.8 
40.5 

Total ml 

1685 
3800 

2500 
4340 

4900 
4280 

580 
3020 
3200 
3300 
3225 
1950 

1415 
3935 
3850 
3050 

Total 
D i s  . /min 

2.93 x 10 5 
8.01 105 
9.97 105 
3.55 105 
3.81 x 10; 
5.78 x 10 
1.97 x 10 5 

5.94 105 
9.38 x lo5 

3.96 x 105 
4.41 x I O 5  
2.63 x 105 

0.94 105 
1.74 105 
1.07 105 
1.24 105 

P-32 I N  HAIR 

Samples of hair  were taken from Employees #1, #17, and #23 from several  

locations on t h e i r  bodies. The P-32 was seperated from the  hair28) and 

counted i n  a low background proportional coucter. The sulfur content was 

determined f o r  several  samples by a spectrometric method End found t o  agree 
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with the results of Peterson, et.a1.29) so the i r  value, 47.7 mg sulfur per 

gl*am of hair, was then assumed f o r  a l l  calculations. 

i n  Table V I I .  

The resu l t s  are l i s ted  

The time integral  of the flux density of neutrons having 

energies greater than 2.5 MeV arid the  f i r s t  coll ision dose due t o  these 

neutrons vere calculated using the formula given by Peterson, e t .  al. 

formula gives factors of 6.41; x 10 

Their 
6 2 

neutrons/cm per dis./min-g sulfur and 

0.0246 rads per d i s  ./min-g sulfur. 

P-32 in H a L r  

Employee 

# I  

# 17 

# 23 

Hair Sample 
cm from 

Top of Head BE 
Head 
Posterior 
Chest 

Pubic 

(Finger na i l  
Left 
Right) 

(Toenails) 

Chest 

Pubic 

Back 

Head 

Pubic 

0 

33-77 

87 

135 -161 

43-73 

94 

34 

0 

93 

d i s  /min-g 

24 
37 
11 

Neutrons Above 
2.5 M ~ V  

F i r s t  
Neutrons/cm2 Collision Dose 

2.4 109 
9 2.9 x i o  

1.8 109 

i . 5  x lo9 

1.4 109 
8 

8 

8 

8 

7.7 x 10 

9.1 x 10 

4.3 x 10 

3.8 x i o  

9.3 

11 

6.9 

5.6 

592 

2 *9 

3.5 

1.6 

1.4 
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RADIOACTIVITY OF OTHER OBJECTS 

A variety of other objects 

measured for radioactivity i n  a 

was collected from the three principals and 

f ive  inch well c rys ta l  sc in t i l l a t ion  counter 27). 

Later these same objects were activated with slow neutrons i n  the large mod- 
16) * erator i n  the same way as i n  the study of the filmbadges described above . 

The neutron fluxes i n  the large moderator t ha t  produced the  same ac t iv i ty  as 

i n  the accident were corrected t o  allow far the  intermediate energy neutron 

activation during the accident. 

gold i n  the eye frames of Employee #l7's glasses was found t o  be 581 barns 

(compared t o  1300 fo r  thin foi ls8))  by the cadmium ra t io .  

th in  f o i l  values were used. 

way are  l i s t ed  i n  Table V I I I .  

The esfective resonance integral  f o r  the 

Otherwise, the 

The thermal neutron fluxes estimated i n  th i s  

RBE DOSE 

RBE dose ( i n  rem) i s  the product of the  absorbed dose i n  rads by an 

agreed RBE multiplier. Its function is  t o  provide a common, additive 

measurement of a l l  radiations that expresses the radiation protection 

30) hazard involved i n  exposures t o  the radiations. mBS Handbook 59 recom- 

mends RBE values which are dependent upon the l inear energy transfer t o  

t i s sue  by the charged par t ic les  generated by the radiation..  These values 

of RBE are t o  be used i n  assessing hazards due t o  long continued low l eve l  

irradiation. 

'but t h i s  is not applicable for  the acute exposures described i n  t h i s  report .  

Indeed, one of the  reasons f o r  the careful analysis of the  data provided by 

such accidents is  t o  provide RBE's that m i g h t  be suitable.  For this  reason 

none of the doses given i n  t h i s  report has been converted t o  an XBE dose. 

For purposes of administrative recording of whole body radiation exposures 

The value usually accepted for neutron i r radiat ion i s  10, 
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Employe e 

# 17 

'7\ 
# 23 1u 

ch 

TABLE VI11 

Radioactivity of Other Objects 

Location cm Radioisotope Large Moderagor 
Item from Top of Head Measured Neutrons/cm 

1.49 x 10 10 Silver shield from r3 40 Cu-64 

t iP 

Silver shield from - 40 CU -64 

10 

10 

fi lm badge 
Ball  point pen, minus 45 CU-64 1.37 x 10 

Tip of b a l l  point pen 45 CU-64 0.99 x 10 

10 
fi lm badge 
Nickel 100 Mn-56 0.48 x lolo 
Belt buckle 73 CU-64 0.42 x lolo 
Lens of eye glasses 12 Na-24 0.63 x lolo 
Frame of eye glasses 12 AU-198 1.07 x i o  

10 Silver shield from 47 CU-64 0.22 x 10 
LO Pencil c l i p  47 ~ n - 5 6  0.18 x iolo 

But ton 34 Cu-64 0.19 x 10 
Watch band (86) Mn-56 0.16 x lolo 

0.73 x 10 10 

f i l m  badge 

2 

10 

10 

10 

10 

10 0.42 x lolo 

0.59 x lolo 

10 0.22 x 10 

Thermal 
Neutrons/cm 

1.34 x 10 

1.23 x 10 

0.89 x 10 

0.66 x io 

0.38 x io 

10 0.16 x iolo 
0.17 x lolo 
0.14 x 10 



of the employees involved an RBE factor of 2 f o r  acute neutron exposure was 

assumed. This is largely based on extrapolation from experimental animal 

exposures and d a t a  from previous accidental exposures of humans19). The 
31) doses t o  the eyes were recorded with an assumed RBE of 10 . 

CONCUJSIONS AND SUMMARY 

Our primary sources of information concerning the exposure of individuals 

during the accident are the i r  personnel dosimeters fo r  the gamma rays and the 

whole body counts and blood activation for the  neutrons. The dosimeters con- 

st i tute  practically point detectors. 

small so the  dosimeters indicate the f i rs t  col l is ion photon dose where they 

were worn. 

experiments performed t o  relate Na-23 activation t o  neutron dose, however, 

The backscattering f o r  gamma rays is 

The activation of Na-23 takes place throughout the body. The 

have related the activation t o  the first col l is ion dose. 

these prfmary sources give us information on the first col l is ion dose. 

has been customary t o  report first col l is ion doses i n  accidents such as the 

present one i n  the belief that greater complexity would hinder rather than 

help correlation of observed biological effects  with physical dose measure- 

ments. 

Consequently, 

It 

Employees #1 and #l7 were close enough t o  the c r i t i c a l  vessel that  the 

actual absorbed dose must have been f a i r l y  non-uniform within t h e i r  bodies. 

The relat ion of Na-23 activation t o  f irst  col l is ion dose may not, therefore, 

be quite the  same as i n  the calibration experiments. The relationship i s  

even more complicated by the f a c t  tha t  w e  do not know the exact course of 

events following the first c r i t i c a l  excursion. 

were moving rapidly and t he i r  position and orientation relat ive t o  the 

c r i t i c a l  vessel  were constantly changing, 

During th i s  period the men 

We do not know i f  there were 
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any other c r i t i c a l  excursions during t h i s  period or whether they received 

practically a l l  the i r  dose during the first one, The only indication we 

have that these subsequent motions were not very important i s  the value of 

the r a t i o  of the gamma ray t o  the neutron dose. 

and 3 for the two men close t o  the  c r i t i c a l  vessel. 

ment with values observed i n  s i m i l a r  circumstances . Their motions and the 

possible l a t e r  excursions would a f fec t  t he i r  personnel dosimeter 

even more than the Na-23 activation because of the changing shielding of the 

dosimeters by the body. 

substantial  e f fec t  on the r a t i o  suggests that  most of the dose came during 

one c r i t i c a l  excursion while they were nearly stationary. 

This r a t i o  was between 2 

This ib i n  good agree- 
6) 

readings 

The fact  tha t  they do not appear t o  have had a 

The doses determined from sulfur activation i n  hair were about one half 

those obtained from Na-23 activation. 

cause they are the doses for only those neutrons above 2.5 MeV. 

hold detector, Table I, would indicate that only 20 percent of the dose 

should come from such neutrons. The application of the l a t t e r  data are 

They should, of course, be lower be- 

The thres- 

suspect because, as already discussed, the detector may not have been 

exposed t o  exactly the same spectrum as the people. 

some of the  differ-ence - may be due t o  a difference i n  the relat ion between 

f irst  +ollision dose and Na-23 activation i n  the  calibration experiments 

and i n  the present accident because of greater non-uniformity of the dose 

dis t r ibut ion during the  accident. The neutrons/cm detected by sulfur 

activation can also be compared with the number of thermal neutrons. 

are  several measurements of the two on exposed people t h a t  are f o r  nearly 

the same parts of the body. 

threshold t o  thermal neutrons/cm 

On the other hand, 

_-. 
-<+ -- 

2 .  

There 

A r a t i o  of neutrons/cm2 above the sulfur 
2 

of about 0.2 was obtained where such 
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measurements were made. 

as close agreement as we can expect. The scattering and absorbing materials 

i n  a human body are enough different  from those near the detector t o  pro- 

duce t h i s  much difference i n  the thermal f lux density. (It w i l l  be noted 

tha t  these r a t io s  d i f fe r  by jus t  the factor of 1.5 by which the calibration 

of the threshold detector was changed t o  allow for  the energy a t  which the  

calibration was made. Some of the difference may be due t o  error i n  t h i s  

factor.  

has a sharp maximum a t  t h i s  energy. 

resulted i n  decreasing the factor e )  

The threshold detector gave 0.3. Probably t h i s  i s  

The calibration was performed a t  4.2 MeV. 

A small error i n  energy would have 

The S(n,p)  cross section 

It appears t ha t  there may be some uncertair;ty i n  the doses determined from 

Na-23 activation, but that  it i s  probably no5 very great. 

received the highest exposure. 

from f a s t  neutrons and 63 roentgens i n  the central  region of his body. 

The dose due t o  thermal neutrons was negligible i n  comparison. The P-32 

measurements i n  hair  suggest a variation by a factor of a t  least  two for  

the doses i n  different par ts  of the body. 

as the inverse square of the distance from the center of the c r i t i c a l  vessel. 

The neutron dose t o  the eyes i s  considered t o  be of importance i n  an exposure 

Employee #l 

The f i r s t  coll-fsion doses were 23-30 rads 

This is compatible with variation 

such as this because of the  possibi l i ty  of cataract formation. 

square variation suggests a dose of 42-54 rads of neutrons fo r  h i s  eyes. 

Inverse 

Employee #17 received the next highest exposure. They were 9-12 r a d s  

from neutrons and 23 roentgens in  the central  region of the  body. 

doses are related t o  those received by #l by the inverse square of the 

distance from the center of the c r i t i c a l  vessel, 

l a w  the neutron dose t o  h i s  eyes must have been 11-14 rads. 

These 

By the  inverse square 
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Employee #k3 received about 3 rads from neutrons and 13 roentgens 

and these must have been pret ty  uniform over his  body. Employees #% and 

#21 each received about 1 roentgen and 0.34 and 0.16 rads from neutrons, 

respectively. 

of the accident receivdconsiderably less exposure. 

The rest of the  people i n  the 234-5 Building at the time 

The doses they d i d  

receive can be taken t o  be those given by the i r  personnel dosimeters, 

Table 11, and the i r  whole body counts, Table IV.  
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APPENDIX 7 

MEDICAL REPORT 

As a resul t  of the  c r i t i c a l i t y  incident a t  the Recuplex Operation of 234-5 
on April 7, 1962, four men involved i n  the operation were hospitalized at 
approximately noon, Case summaries are given below: 

EMPIDYTE NO. 1 (&e 40) 

1. 

2. 

3. 

,4*  

5. 

6. 

8. 

9. 

10. 

11. 

12. 

13 

14 . 
15 

Estimated acute whole body radiation exposure gannna 63r, 
to ta l  (RBE=~)  110 rem. 

He believed he had received a f a t a l  exposure. 

He described feeling an instant sensation of heat over his upper body 
and a d r y  sensation of his mouth which persisted for  several hours, 

His f lu id  intake was above n o w  for several days. 

He was able t o  ea t  his evenbg mal a t  about 6:00 PM, or  approximately 
7 hours a f t e r  the incident. 

He had a temperature i n  the v ic in i ty  of 100°F developing the  next morn- 
ing after the incident and persisting fo r  about 24 burs. 

neutron 24 rads, 

He experienced great re l ie f  following notification of his dosage 
estimate. This was approximately 5 hours m e r  the incident. 

There was no nausea or erythema a t  any time. 

Daily blood counts were done. 
for  detailed chemical studies and bone marrow aspiration biopsies were 
made on the first and seventh days. 

Blood and urine samples were collected 

The fluctuation i n  the absolute lymphocyte have not been below or above 
the usual normal range but ‘a re  i n t e n r e t e d  as minor variations result-  
ing from the exposure, 

!Vhe maximum estimated dose t o  the eye c rys td ine  lens could be as 
high as 790 rem, 

A slit-lm- examination of both eyes was done and will be repeated at 
appropriate intervals 

The gonad dose is  presently estimated at 60r gamma, and 30 rads neutron. 
On the 5th day a t e s t i c u l a r  biopsywas performed and follow-up studies 
are planned at three-week intervals i n to  July, and at appropriate 
intervals thereaf ter  as indicated, 

He was discharged k.om the hospital on the d n t h  day which was 
A ~ I U  16, 1962. 

He vomited once after breakfast on the seventh day. 
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EMPLOYEE NO. 17 (&e 50) 

1. Estimated acute whole body radiation exposure gamma 23r, neutron 10 rads, 
t o t a l  (RBE=2) 43 rem. 

2. There was no nausea or  vomiting a t  any time. 

3. On the second day just before lunch he experienced a very adld shock- 
l i k e  reaction which he described as a sudden feeling of weakness. 
There was no pain and he recovered rather quickly. 

4. Daily blood counts were done. 
studies were collected, and on the first and seventh days bone marrow 
aspirations were made. 
have been compatible with the estimated dosage and essent ia l ly  within 
normal raages. 

Blood and urine s a q l e s  fo r  detailed 

The c l in ica l  and laboratory findings t o  date 

5. 

6. 

The maximum dose t o  the lens of the eye is estimated a t  230 rem. 

He was discharged from the hospital on the 9th day, April 16, 1962. 

7. On the 5th day an attempt; was made t o  obtain a t es t icu lar  biopsy, 
however, due to a hypotensive reaction, no biopsy was obtained. 

8. The clinical. and laboratory findings to date have been compatible with 
the estimated'dose and essentially within normal ranges. 

1. Estimated acute whole body radiation exposure gasrma 13, neutron 3 rads, 
t o t a l  (RJB=~)  19 rem. 

2. He experienced no nausea or vomiting. 

3. M l y  blood counts were done. 
for  detailed chemical studies and on the first and seventh days bone 
m839"ow aspirations were made . 

Blood and urine samples were collected 

4. On the f i f t h  day a tes t icu lar  biopsy was performed. 

5. There hEzs been no physical or  laboratom findings t o  date which might 
be attr ibutable t o  radiation exposure. 

6. He was released from the hospital on the ninth b y .  

EMPLOYEE NO. 21 (Age 43) 

1. Esthz ted  dose 1.4 rem. 

2. He was a d d t t e d  t o  the hospital because of uncertainty of exposure. 

3. He had no conplaints a d  there were no signlficant findings. 

4. Upon coaflrmation of his estimated dosqe, he was discharged from the 
hospital a3 about 5:OO E4 on 4ril 8, 1962, one day 
admission. 



!l3m consul ta t s  were eqloyed by the contractor t o  evaluate his procedures 
and methods of t reat ing the patients and t o  ass i s t  i n  examining the 
patients. 'phe two consultants were: G. A. Andrews, M.D., and C. C. 
Lushbaugh, M.D. Both consultaxts thought t h a t  the General Electric 
Medical Staff was doing an excellent job and were impressed by their 
thoroughness and scope. 

A medical report containing c l in i ca l  and laboratory data is attached 
aS =bit 7-A. 

A complete, camprehensive, medical report i s  being prepared by the 
Industrial Bdica l  Staff of the contractor. This report carmot be 
conqleted unt i l  certain t e s t s  (such as spem count) have been repeated 
for several. more m&b. 
separately as soon as it becoms available. 

The final medical report wlll be issued 
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Gentlemen: 
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P A N F O R D  A T O M I C  
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RELAT!ONS OPERATION 

I 

April 20, 1962 '. 

Tie folloviag Infomat ion  i s  subnitted as per request l e t t e r  C. N. &rgar t o  
2.  P,. F~que, M. D., dated April 11, 1952 re la t ing  t o  tCe radi&tion incidel?t 
a t  Zecqlex on April 7, 1962. 



AFril 20, 1962 

Ee 21zd soxe nasal a l lergy pzicr t o  t ' le scci?eat.. 
a vaccine. 

Ee hed been receiving 

2aily blsod c0mt.s vera done. 3Locd cad u r k e  s a p l e s  vere collected 
Ck the 1st asd 7th &ay boze rzrrov as$ira- 

011 the 5th dzy a t e s t i cu la r  biopsy wzs pSrTomed. 
for  detailed cheaiczi studies. 
tion biopsies were nade. 
The c l i n i c a l  and laboratory findings -t;o date k v e  been grossly coxpatible 
with the est ixated dGse and essent ia l ly  within nomzl  ranges. 
tuations in the absolute lpqhoc-fie counts hzve no t  been below or above 
%he usual n o i w l  rmge brb could be i Q t e r p e t e d  izs rrinor variations 
r e su l t i rg  f r o m  the  e-osure. 

The fluc- 

The rns5mxn es t i rz ted  dose t o  eiie eye crystal-tne lens could be es high 
as 793 rem besed on an eqosu re  of 93r 
E 3  of 10 for  lell t iculzr injury. 
dore snd will b2 repected at  msropr ia te  intervals.  
preseDtly estircz%ed et 60r 
studies are - ; k m e d  at  t h e e  week inkemals in to  July and at  epproprizte 
ir?tcrvals '&ereafter 2s izdiceted. 

g s L m  a d  70 reds zeutron acd 32 
A s l i t - l a p  e ~ ~ i n a t i o n  of both eyes iTaS 

The goEad dose i s  
gmsia and 30 rzds neutron. Follow-up szerill 



'J. S. J-toz~ic Energy Comission 

20 r d s  ceutron a d  an XEB TEctor 02 10 f o r  I ~ B ~ ~ T O C S  with respect t o  
lent icular  chmges . 

D>loyee Zo. 17 h ~ s  Seen a YJery cooper&ive p&lent eod has ~ z r t i -  
c i p t e d  ~ o s t  ir i l l ingly i n  studies Leirig czrried out, although he adnits 
t o  some concern txd s m e  apprehensiveness E'GOE~ Losnital  procehres  . 

On the  hth, 7th a i d  8 th  h y ,  k? lq ree  I;TO. 17 %-as released f r o m  the  
hosgi ta l  t o  his  hoze betxeen the hours of 1:OO m d  9:OO P.M. 
discharged from the hospi ta l  on the  9th dEfi 4-16-62. 

Ee vas 

Daily blood c o - ~ ~ t s  were cone. 
collected for detailed chefiistry studies. 
bole mzro'vJ zsp i rz t iom were Ins,&. 
biopsy vas perfomed. 
TiLdicgs t o  ckte s,rhizfi might be attribdtz33.e t o  rsdlat ion expssure. ' 

Blcod asd urlne s x ? l e s  x.7ere 

0;1 the 5th day, s, t e s t i cu la r  
There has been co p3ysiczl o r  lzbare-lory 

On the  1st arid 7th &y, 



The p3ysician on errergexy c a l l ,  D r .  Ratherford, t-as called 10 - 15 
xixutes a f t e r  the acciaer-t a t  ~I:OC) A.M. 02 AgriI. 7, 1962 by Xrs. Botker 
the nuzse on duty, 200-1.7 Area. 
minutes l z t e r .  

Ee reported t o  the 200-11 k e a  &out 45 

At appoxi rz te ly  11:&5 A.M., ICr. Schier called D r .  I i eh  st h i s  home 
i,rfi_o reportea t o  YMlec Fiosgital 10 - 15 minutes leter. 

the bospi ta l  undergoing surveys by radiation monitors.  
kmediate medicel Siesmd except t o .  obtain vemus bled sa@.es f o r  asszy. 
Tsie hospi ta l  lzborztory technician, Miss Rit ter ,  Lrmediately 5 e g m  t o  
czrry orL th i s  p r o c e d u e  on a11 three patients.  Rr. Ezhier requested 
Dr. Rehm t o  c a l l  DT, Fua_ua zt apgroxiaztely f2:05 3.14, and D r .  Fuwa 
arrzved a% the hosgttal about 10 minutes l a t e r .  U e d i a t e l y  prior t o  
D r .  Rehrn's czll t o  D r .  Fmpa, Dr. Fuqu,a had received a pa t ro l  call 
reporting a c r i t i c a f l t y  accida2t jll 234-5 Build3zs along trith tke  
izfor-atfor ,  t ha t  Dr. Scudder had req-xsted tht Dr.  fiqca be noti f ied.  
Dr. -qua asked the pztrol off icer  i f  he kl'lEi.7 vkere D r .  Scuadzr was. 
Xe did not hmv. 
ke, D r .  Fuqua, should report  t o  the fiergency @on%rcl Cez%er, the hos- 
pi ta l ,  or t o  the 2GO-I? .!kea. Fro??, Dr. Scudder a t  h i s  Loxe DT. h q x a  
leerned tbt D r .  Scudder &;ad no a?.ditional i n f o m t i c n .  Knile Dr. Fuqw 
a d  D r .  Scudder inrere en the telephone, a pa t rob=  cm.e t o  D r .  ScuZSer's 
house, r e p r t i n g  the c r i t i c a l i t y  accident a 6  a lso  tht scme people were 
beirg taken t o  the hospital .  
by 

4-t t h l s  t i m e ,  

53er.e w2s no 
qyroxTz&tely 12:O;) Noon, EX>. L;, __ lq& 17 ' m& 1, 2q. 

D r .  Furpa called Cr. Scuads's.hcme t o  determir?e iI' 

Dr .  Fqua requested Dr. Scudcler t o  stand. 

On Dr. f i c p a ! s  ETrivEl a% the  hosTital a t  qprcxim2el.y 12:15 P.M., 
tk?e pzt ients  tiere being surveyed arid % h o d  szqles ?:rere being - iake~.  
Dr. fiqua cbtained &vailable inI"orim.tion f ron  D r .  Rehq, YT. Schier end 
lk .  Geman ma f roa  radiat ion monitoring Sersomel concerning tne  
accident and tbz smrzy  results. ' D r .  fiqua called Dr. Sc.d&-t. and 
asked him to report, t o  the hoszital vhich he did ~ ~ i ' i h i n  10 -. 15 ninctes. 





. 

V. S. Atonic Znergy Cors?5ssion f- -0- 

4-10-62 General exarcin&ior,s v e x  re-,ezted, ?:<, 1 8 c h o n i c  eczezz 
en dorsuq of fingers of r ight  hznd 'ii;?s activated and there TTZS 
a psi?abie tenser epitrachlear node. 
ointmexb tras ordered. 
t o  b e t t e r  evaluate dosage being received fTDXl induced zc t iv i ty  
of a fixed gold in la id  de-;t;al b r i a e  of upper central  i x i s o r s .  
A t  ET. Sc'nier's reqEest t o  procure t i s 7 0  co~sult2i1ts t o  look over 
the o v e r d l  case Ir,anzigemellt, D r .  Fqaa had telenhone consulta- 
t ions vi%h D r .  Aridrews of the 0sk R i Q e  Xa%ior?al Ins t i tu te  of 
Ihclear Stcdies, with D r .  Lushbzugh 02 Lcs A k z o s ,  a d  with 
Dr. Ncrmod i n  Chicago. Dr. .9ndrews acd I>r. Lxsk3a~gfi were 
asked t o  see patieats io consultztion a d  accepted. 
of Isbcra~s;.y studies vere arrmged. D r .  Fcqua a l s o  mde 
n x ~ n g e ~ e r t s  ~ 5 t h  D r  , Paulsen, a University of WishTr;g-Lon 
Sch~ol of fkdicine erdrocrinologist, t o  coae t o  RichlaEd for 
sperm s t t "  Tales. 

Eo't soaks azd cortisone 
LY?. 1 m s  s e c t  t o  tLe w3.ol.e boay coxnter 

Iktaf ls '  

V e r y  truly yours, 

A t t a c h e n t  
Consultant Reports 



A 
-* ib qqesrs  t o  ne t h z t  an exce1ler.t ;$a i s  being dace of managing t h i s  

Tiley could ssr'ely be out of tke hospitsl i f  
accident. 
withouk s i g n i f i c e n t  i a c i d e n t .  
c l i n i c a l .  end hemi to log ic  obsert-aticns c m  be con t inued  a t  least three tines 
weekly. 
?or mire acid deteminetions. 
tritl-iin the fast year, these. skculd p robb ly '  be dcne. 
current disease not  d i rec t ly  r e l E t e d  to the accideRt. (E suppose tha* mything 
thzt hzpper-s t o  the health of' these m e 2  in.the next . f m  .. . months . . . t r i l l  be sttri- 
b-cted by S G X ~  t o  the ex2osure. ) 
s ta tus  needs tmtching. 

The pat lents  sl?,ould 211 recover r'roa the  imediate rzdiation ef."ects. 

It' is vocth vhile t o  save 24. hour urine collections f o r  mother week 
If X-rzys of the chest have not  been made - 

i 2\11 thinking of inter 

.. Similarly, ~ ~ ~ > l ~ ~ ~ ~ ~  x3. 2-7 c a r d i o v a s c u h r  

I n  the  Y - 1 2  a c c i d e n t  i n  O& Ridge we fousd it t l i f f icu l t  t o  keep all 
c l i n i c a l  cad k5ora to ry  b t a  clrgarized -- especi i l ly  spzcial reseerch f ina inzs  
vlaich m r ~ ?  cot alvzys reported ~roxptPy,  if st all. 
t o  keep 211 avzilzble &%a oa the c h a t s  of the i?zdivi&Qal pztients.  

Ke found it best to try 

I note t h ~ t  c a r e  hzs been taken t o  r e c o r d  perraission of patiezts Tor 
release o f  &ta. This  should be coatinued acd it trould be wor th  vhl le  t o  
hzve t h i s  i n  writ ten T o n ,  f o r  e i t h e r  nevspeper o r  s c i e n t i f i c  news relezses. 

G.  A. Psdrews, It. 3. 
Act ing  K e d i c a i  D i r e c t o r  
Czk Ridge k s t i i t u t z  of M x l e a r  S t u d i e s  
O& Ridge, Temessee 
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PHYSICAL ANALYSIS OF TI33 BCCURSION 

Reconstruction of the Pover History of the  Excursion 

No complete record of the power leve l  history of the excursion has been 
discovered. 
B q  caclnters lccated i n  a waste inciner&tor building at a distance of 
about 350 f ee t  frorr: the K-9 tank. 
Exhibit 8-A.' The l e s s  sensit ive of the two counters remained off scale 
f o r  a period of about 28 minutes following the i n i t i a t i o n  of the excur- 
sion. P r i o r  t o  going off s c d e ,  the  recorder which pr in ts  a data point 
every 30 seconds recorded three on-scale points which are  suggestive tha t  
the  i n i t i a l  excursion corisisted of" a pulse, fcllowing which the power 
dropped t o  a very l o w  level  before it again rose and carried the recorder 
off scale. 
the  power level  dropped exponentidly w i t h  a period of about 18 minutes 
u n t i l  approxiaately noon on April 7 (Exhibit 8-B) . 
t ions  were superimposed upon the general expone;ntid decay. 

The best available information comes from recordings of two 

A portion of t h i s  chart is  shown i n  

Following the return of the  recorder on scale 28 minutes l a t e r ,  

Some pulse-type varia- 

The excursion then contimed f o r  a period of a3out 36 hours. 
portion of t he  recorder t race  can be matched t o  neutron flux measurements 
taken i n i t i d l y  outside of the  entrance t o  the 234-5 Building a t  a loca- 
t i o n  designated as checlrpoint 3 and l a t e r  t o  neutron flux meas-arements 
obtained with a moderatea Blhj counter placed i n  corridor 2 of the building 
a d j a c a t  t o  Room 221. 
April 8 and reached background levels  by midnight of April 9 .  
analysis of the  decline of neutron level  suggests that the  material i n  the 
tank wen% subcri t ical  at about miaaight of April 8 and t h a t  the neutron 
flux levels a f t e r  t h i s  time were the  resrrlt of sxbcri t ical  multiplication 
of the na.t.;raUy occwring source reitt.rc,ris i n  the plutonium solution. 

Samples subsequently obtained of the  material i n  the  K-9 t ank  were analyzed 
t o  obtain a measue of the t o t a l  f iss ions which occ-=red during the  course 
of the excwsior,. Za this reccnstruction w e  have used the  values obtained 
from Ed03 and Zr-Hb95, re ject ing the  value from 13~~140 Secame of possible 
losses of one of the precursorss X&O, from the reacttng solution. 
this way a value of 8.2 x 1017 fissioris was cbtained f o r  The t o t a l  excursion 

6 correspancling t o  an ezlergy release of 2.7 x 107 j d e s  or  6.4 x 10 
calories.  
the missing portiot? reconstructed 3y the  aponent ia l  extrapolation t o  the 
time of i n i t i a t ion  of the excursion. 
a fair represeritation of t he  average parer 6urirg this  earljr period although 
the actual pmer wasm2ergoing wide oscf1latiori.s about t h i s  mean vahe .  
It should a s 0  be ncted t h a t  the reconstructed portion represents only 205 
of the totag energy releese an5 t ha t  t3e uncertainties here cor,tribute cor- 
respondirgly small mcerksict ies  t o  the chart calibratior,. 

The l a t e r  

The nextiron flux dropped rapidly a f t e r  10 P.M. on 
Subsequent 

In 

gram 
T h i s  figure was used t o  cal ibrate  tkie recorder chart, including 

This extrapolation i s  believed t o  be 
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The reconstructed power history i s  shown i n  Exhibit 8-C. 

. .--.- 

One additional piece of evidence indicates tha t  t h i s  calibration i s  reason- 
ably correct. 
was located about 26 fee t  fron the K-9 tank i n  the same room, and these 
f o i l s  were retrieved at, 1 2 ~ 3 5  P.M. o n m r i l 7 .  
t ions to determine the number of f iss ions occurring up u n t i l  the  time of 
f o i l  removal i s  subject t o  considerable uncertainty. 
tha t  a significant number of neutrons, especially of lower energies, were 
scattered to the  dosimeter by other tanks and structures i n  the room so 
tha t  the fluxes do not decrease with the inverse square of the distance. 
An estimate of the number of f iss ions based on this law i s  therefore higher 
than the  correct value. 
12:35 P.M. wbereas the value calculated from the curve calibration process 
is  3.5 x 1017. 
agreeplent . 
One *her piece of information has been used i n  reconstructing the inci-  
dent. 
occurre before he l e f t  the room. 
2 x 
not inconsistent w i t h  t h i s  magnitude of exposure. 
f i s s ion  r a t e  w i l l  be used again below t o  thrm some light on possible 
mechanisms fop i n i t i a t ing  the excursion. 

A collection of threshold f o i l  detectors ( H u r s t  dosimeter) 

Analysis of the  f o i l  activa- 

There are indications 

Such an estimate gives 4.1 x ld-7 f iss ions up until 

In view of t he  uncertainties, t h i s  i s  regarded as reasonable 

The neutron dose t o  ap loyee  #l indicates tha t  8 x 1d-5 f iss ions 
The average i n i t i a l  f i s s ion  ra te  of 

fissions/minute implied by the reconstruction presented here i s  
This rather low in i t ia l  

Estimates of Cr i t ica l i ty  

A) Value Derived from In Si tu  Neutron Multiplication Measurements 

Cr i t ica l  Mass Physics personnel s e t  ~p three complete neutron monitor- 
ing channels i n  the 234-5 Building. 
recorders were located i n  Corridor 912 near the  entrance t o  Corridor 3. 

The electronics and associated 

The Rcbot Monitor positioned the first two counters on the f loor  be- 
hind the SE hood a t  about 8 f ee t  from vessel K-9 ( the  c r i t i c a l i t y  
vessel)  on A p r i l  13.  
the  area sensit ive enough, and a t  the same time s t ra tegical ly  located, 
t o  obtain any usef'ul information on vessel K-9 w h i l e  in the subcrit ical  
s ta te .  

These counters were perhaps the only  units in  

'Phese two units were the  constituent elements of channels No. 1 a d  
No. 3 fromthe safety c i rcu i t s  a t  the Cr i t ica l  Mass Laboratory. 
are l a w  level  startup channels f o r  use i n  the cri t icail  experiments w i t h  
plutoaium n i t r a t e  solutions. One detector was a f i s s ion  chamber, and 
the other a neutron sensit ive sc in t i l l a t i on  crystal  (sensit ive t o  both 
neutrons and gamma rays). 
moderators similarly as used i n  c r i t i c a l i t y  experiments a t  the Cr i t ica l  
Mass Laboratory. 

These 

The detectors were mounted i n  paraffin 
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As used i n  c r i t i c a l i t y  experia;erks, the f i ss ion  chamber was normally 
positioned about one foot front the surface of the  vessel; the scin- 
t i l l a t i o n  detector, being more sensitive, was positioned about 1 5  t o  
18 fee t  fromthe vessel. 
far ther  away while the  sc in t i l l a t i on  counter was actually about 7 t o  
10 fee t  closer i n  ccmpazism t o  K-9. 

Thus, the  f i s s ion  chamber was -7 fee t  

During the draining of vessel  K-9, it was possible t o  obtain an e s t i -  
mate of the c r i t i ca l  volume fromthe change i n  neutron flux, i.e., 
from the  inverse rmrltiplicatfon curve. 
not corrtbuous, but somewhat intermittent, it was d i f f i c u l t  t o  obtain 
an accua te  correlation of the observed flux values with solution volume 
i n  K-9.  Also, there w a s  some question concerning the holdup i n  the l i ne  
from K-9 t o  the receiver vessel. 

Since the  draining process w a s  

During the draining process, weight measurements were made of the solu- 
t i on  in the  receiver vessel. From these measurements, and a correla- 
t i on  i n  time with the f lux measurements, it was possible t o  associate 
the proper flux values w i t h  solution volume remaining i n  vessel K-9 
( subject t o  the l i n e  holdup uncertainty). 

From the nectron flux measurements during the draining process, the 
c r i t i c a l  volume i n  K-9 is estimated t o  bel - 44 +, 1 l i t e r s .  The 
inverse multiplication curve is shown i n  Exhibit,8-D0 This would then 
be the c r i t i ca l  volume for  solution of the same c m o s i t i o n  as existed 
i n  vessel K-9 a t  the time of draining--for a solution containing 
-35 g pU/l and CJ 2M ni t ra te .  

For this solvltion the c r i t i c a l  mass i n  K-9 w o u l d  be 
the vessel con%ained YO 90$ of the c r i t i c a l  mass. 

Since the t.otal amount of plutonium i n  solution i n  K-9 (39 l i t e r s  a t  
-35 g Pu/g) was ~1.36 Kg, the  vessel  was obviously c r i t i ca l  a t  a 
lesser  concentratior,. It could also have been c r i t i c a l  with 1.36 Kg 
of Pu at  35 g pu/g i f  reflected by a solution on top of the plutonium 
r ich solution--such as might be brought about by phase separation 
between an organic and aqueous solution. 

1.54 Kg Pu--or 

B) Calculated Val~es of Cr i t i ca l i t y  From Multi-Group Diffision Theory 

The calculated values fo r  c r i t i c a l i t y  i n  K-9 were determined from 
the 9-Zoom slnd the  I S J l  codes. Tne c r i t i c a l  radii of bare spheres 
were calculated fo r  Pu( N+)h solutions w i t h  n i t r i c  acid molarities 
of one and two i n  order t o  cover possible cases of fnteress;; the acid 
molarity of the solation i n  K-9 was - 2.0 and the  t o t a l  n i t r a t e  eoncen- 
t r a t i o n  w a s  - 120 g NO$$. 
f o r  i n  these calculations. 

The effect  of ~ $ 4 0  w a s  d s o  accounted 
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The c r i t i c a l  radii of the bare spheres were used t o  obtain buckling 
values as a function of the solution concentration. These values 
were then i n  turn used t o  compute the c r i t i c a l  s o h t i o n  height as a 
function of mS concentration i n  vessel K-9, through use of the follow- 
ing relationship: 

w i t h  Rc = 22.07 cm 

xr = 3.0 a 

)lo = 2.2 cm 

x,, = 3.0 ~m 

The extrapolation length was assumed t o  be 2.2 cm f the  thickness of 
the vessel w a l l  (0.8 cm). The results of the constant buckling con- 
versions are shown graphically i n  Exhibits 8-E. 

Estimates of c r i t i ca l i t y  were also made on the basis of an aqueous 
reflector on top of the plutonium solution ( for  this  case Xo = 6 cm). 
The 6 cm value would be obtained fo r  a solution ref lector  of 3-4 
inches thickness. 

With the system unreflected on top and for  a Pu concentration of 35 
g/g w i t h  one molar n i t r i c  solution, the c r i t i c a l  volume is  calculated 
as N 44 l i t e r s .  T h i s  value is  i n  agreement w i t h  the  measured vdue.  

Although the calculated c r i t i c a l  volume (-45 l i t e r s )  agrees w i t h  the  
measured volurtie there are sone apparent discrepancies elsewhere. The 

mi r_ ihum c r i t i ca l  mass i s  calculated at  1.38 kg with one molar n i t r i c  
acid and 1.48 kg z t  two molar, which i s  la rger  than the 1.36 kg 
found i n  sclution. 
bottom of the t a n k  and about 100 p s  i n  a pipeline leading t o  the 
bottom of t he  tank. Sone of th i s  additional material may have been 
suspended i n  the solution at  the time of c r i t i ca l i t y .  The calculated 
c r i t i c a l  volw-e (for  minimum m s s )  would be - 55 l i t e r s  of solution. 
The solution was s l ight ly  on the m e r  concentrated side of the minimum 
i n  the m a s s  c w e  at  the beginning of c r i t i ca l i t y ,  if the concentration 
were uniform. 

However, abo-ct 60 gns were found 2s solids on the 

Because of the uncertainty fi the mount of plutonium, *her attenpts 
t o  obtain better agreement between the computed and measured value would 
not produce significant resurlts. 
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on the basis of the calculations the system would have been delayed 
c r i t i c a l  a t  a volume of N 50 l i t e r s  with a Pu concentration of 
less  than 30 g m/g2 and supercr i t ical  throughout the  volume range 
t o  -/55 l i t e r s .  . 

The calculations with a top ref lector  (layer of solution 3-4 inches 
i n  thickness) indicate tha t  c r i t i c a l i t y  could be obtained w i t h  a volume 
of 39 l i t e r s  fo r  the concentration of 35 g PLI/~. In other words, the 
so1u';ion i n  the vessel  at the t i n e  of draining could have been made 
c r i t i ca l  by adding a hydrogezous, ref lector  t o  the top of the solution 
as it existed. 

Although these cctlculations are  subgect t o  some uncertainties it is 
clear tha t  the mount of plutonium i n  K-9 was only slightly i n  excess 
of the m i n k n u n  needed t o  achieve c r i t i c s l i t y  and that the excess 
react ivi ty  was not large a t  any t b e .  
i s  also i n  agreemefit w i t h  th is  canclusion. 

The s ize  of the  i n i t i a l  pulse 

Analysis of Initial Pulse 

The s m a U  s ize  of the i n i t i a l  pulse f i ss ions)  as indicated by the  
neutron doses t o  personnel nearby was an unusual feature of the excursion, 
I n  a.n effor t  t o  explore possible mechanisms f o r  i n i t i a t i n g  the excursion, 
calculations were made of' the  burst s ize  t o  be expected i f  solution were 
added t o  the vessel a t  a uniform ra te .  
burst and up t o  10 secoads beyond the peak were calculated as a function 
of ra te  of addition. It w a s  expected t h a t  these two values would allow 
assessment of the exposure of hypothetical personnel who l e f t  the scene 
promptly. 

An addition r a t e  of 1 cc/sec w&d produce a burst having 3 x 10l6 fissions 
up t o  10 seconds a f t e r  i ts  peak. 
would reduce the burst s ize  by only a factor  of the order of two. 
1 cc/secJ addition of 50 l i t e r s  t o  the  tank would reqyire 14 hours; at 
0.1 cc/secJ 140 hours would be needeil, a quite improbable course of events. 
The f i n a l  addition of react ivi ty  must have been at a much lower r a t e  than 
tha t  a t  which the bulk of t he  plutonium was added t o  the  tank. A plausible 
c m s e  of events w d d  be the  addition of h~ 1450 grams of PU a t  a concen- 
t r a t ion  greater than 30 & l i t e r .  
c r i t i c a l  volume am3 would remain szbcritica3. Subsequent addition of 
d i lu te  n i t r i c  acid would lead t o  c r i t i c a l i t y .  mcrease of react ivi ty  
w o u l d  not be especially rapid and the  tot.& amount available would be 
limited t o  a fixed amcunt by the  plutordm present. A low Concentration 
of plutonium i n  the added l iquid w o u l d  not materially change this situa- 
t ion.  
ing pulse, gllawing nearby personnel t o  escape mer being exposed t o  
only 5 1Gl fissions.  
f i ts  th i s  p . t t e rn .  

Fissions up t o  the  p e a  of the  

Cutting the  addition r a t e  t o  0.1 cc/sec 
A t  

T h i s  material occupies l e s s  than the  

Such a course of events could lead t o  a small and slowly develop- 

The cmrse of events described i n  Section VI 
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Analysis of the Contiming Reaction 

It is  l ike ly  tha t  repeated pulses were generated a f t e r  the  first. 
pulse was terminated by gas bubble formation due primarily t o  radiolytic 
decomposition of the l iquid.  
absorption of the bulk of the  energy released and a f t e r  about 20 minutes 
of operation reached the boiling point (-6oOc under the vacuum i n  the 
tank). The react ivi ty  absorbed by voids i n  the tank and the temperature 
r i s e  of the solution matched the excess react ivi ty  available. 
proceededto reduce the solution volume the  excess react ivi ty  declined 
forcing a decline i n  voids and consequently a drop i n  power. Such a 
decline would be expected t o  be exponential and it was this  phase of the  
excursion t h a t  was observed as the neutron chart recorders came back on 
scale. The volume a t  the beginning of this  process was 50 t o  55 l i t e r s  
and volume reduction ap-pears t o  have produced a reac t iv i ty  decline through 
most of t h i s  period. 
greater than that corresponding t o  minimum c r i t i c a l  mass throughout the  
en t i re  period. 

Each 

The temperature of the  solution rose through 

As boi l ing  

That is, the solution concentration was most probably 

After boiling off two or three l i t e r s  the  declining reac t iv i ty  could no 
longer support voids and bulk boi l ing ceased. 
After the stop of boiling, evaporative cooling and heat losses t o  the 
environment reduced the temperature of the solution supplying a slight 
excess of react ivi ty  which allowed the power t o  r i s e  again and go through 
a transient osci l la t ion before se t t l i ng  dawn t o  a new quasi-equilibrium 
i n  which the  remaining excess react ivi ty  was bdlanced by the temperature 
coefficient of react ivi ty  a,nd where the  non-boiling evaporation r a t e  was 
determined by the  solution t q e r a t x r e .  
decline i n  power extending Over some 30 hours. 
t he  temperature approached that of the environment and 30 further react ivi ty  
gains through cooling were possible t o  balance the continuing losses through 
evaporation and the system went subcrit ical .  
l i t e r s  were evaporated. 
was shut off 142 hours l a t e r .  
were evaporated leaving the  tmk i n  the condition i n  which it w a s  fuund 
when inspection becane possible. 

This occurred about noon. 

This produced the long sluw 
A t  the  end of this  period 

During t h i s  phase several 
Evaporation continued u n t i l  the  vacuum on the tank 

During this  time some 10 additional l i t e r s  
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MPONENTIAL DECLINE IN PCMEEl 

AFE3 INrmIAL EXCURSION 

K-9 TANK 

April 7, 1962 

Least Squares F i t  t o  Data: 
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The record shows t h a t  the following persons k-re been interviewed at  least 
once each: 

Eecuplex Operator on duty at tias of axi6errb (Bqloyee No. l), GE 

Supervisor i n  Recuplex on Zu%y at %isle of accident (Eqgloyee No. IT), GX 

Ut i l i t y  Operator on 3xky at ti= of eccident; (Ztqloyee Eo. 23), GZ 

Supervisor in Recupiex on duty d w k g  sbi-rt prior to accideat, GE 

Supervisor i n  Recuplex on &.ty dwing last shift of day prior  t o  
accident, GE 

Operator i n  Recuplex on duty 51rrring last shift of day pr ior  t o  
accident, GE 

Relief Operator i n  Recuplex on duty during accident (Ehployee No. 18), GE 

Recuplex Operator working days, f o l l o w i q  x i r ; t e m c e  ac t iv i t ies ,  GE 
(not present at time of accisent) 

Engiaeer, Finisbed Froduct Chemical Techriology @cation, GE (The 
senior technical person close t o  the process) 

Engineer, Finished Product Chemical %chnology Operation, GE (A 
less experienced technicel p r s o n  close t o  the  process) 

Control Laborato-ry Supervisor (90% on duty a t  time of accident), GE 

Engineer, Fac i l i t i es  Eqheesirg Operstion, CPD, GE 

Engineer, Fcc i l i t i es  Fagizeering Ope?&tion, CPD, GE 

Manager, Finished Prodacts @erstion (FPO) CPD, GE 

Manager, Proiluction Operation, CPD, C;-E 
(Served as Field Director during emrgency) 

Manager,. Processing, FAW, CPL), G3 

Supervisor, . Processhg (2ecweq)  FZ3, CPD, GE 



Supervisor, 

Radiation Mnitor,  FPO, CPD9 GE 

Mmager, Research and Engineering, CPD, GE 

Radiation Mnitoring, Fpo, CPD, GE 

Chemist, FPO, CPD, GE 

General U a g e r ,  CPD, GE 

Written reports have been received from 

Mmager, HarSord merations Office, AEC 

Assistant Mmager f o r  TecMcaJ, Operations, BOO-AEC 

Engineer, Radiations Sciences Brznch, EOO-AEC 

Directcjr, Information Division, HOO-AEC 

Chief, ComnunLcations, Shipmerit & Disaster Planning, HOO-AEC 

Safety Engineer, BOO-AEC 

Security Inspector, BOO-AEC 

General Mana,ger, HAPO, GE 

General Manager, CPD, GE 

Manager, Finished fioducts Operation, CFD, GE 

Manager, Production, CPD, GI3 

Manager, Rela t ioa ,  GE 

Captain, Security Ektrol, GE 



B-PID 

CAP 

CC14 

CONTACT ORGANIC 

CPD 

mrB 

DBBP 

DEMISTER 

FAB orL 

FPGO 

m 

C-MSSARL 

(Including Recl@ex Vernacular Terns) 

Book - Physical Inventory Difference. 

An aqueous layer on top of organic solution. 

Carbon tetrachloride, the solvent vhich i s  the  
principal component of organic solutions i n  
Recuplex . 
A CCl4 solution of a strong extractant.  
extractant being Tributyl phosphate - Dibutyl- 
phosphate, o r  Dibutyl--butylphosphonate, o r  a 
combination of both used t o  remove plutonium 
from aqueous vaste solutions i n  tanks L-2, 

!The 

L-3, L-8. 

Chemical Processing Department 

wen-work box buried i n  the ground from which 
waste can percolate into the s o i l .  

l iquid 

Dibutyl--butylphosphonate 

Dibutyl phoqhate 

A t r a p  i n  the vacuum l ine .  

m e  f loor  above Recuplex where a i r  ducts are  located. 

Distribution coefficient.  An equi l ibr im nwber 
expressing in  r a t i o  forn the concentration of PU 
i n  the  organic phase t o  the  concentra%ion i n  the  
aqueous phase . 
A machining lubricant of l a rd  o i l  m d  carbon 
tetrachloride originating i n  the fabricat  io2 
opcrations . 
Finished Products Chenical Technology 02erstion 

Finished Products Operation 

FS Anixture of ferrous ammonium sulfate, sulfamic acid, 
m d  n i t r i c  acid, often referred t o  as a ferrous 
sulfazate s o h t  ion. 

C-EOI\E% ICALLY 
FAVGMLZ TTSSEL. 

A gemietry-ccntrolied vessel vhich is c r i t i ca l ly  safe 
f o r  soluticns zp t o  450 gram phtcni?sr  per l i t e r  and 
up t o  at l ea s t  5500 grams p h t o n i m  t G t d .  
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GEOMETRICALLY 
UNFAVORABLY VESSEL 

HF 

HLO 

HOO 

M E m m  

MISTRON 

ORGANIC 

POPPY 

PRO 

R&F: 

F&B HOOD 

S&C 

SE HOOD 

SLUDGE 

SP. G. 

A vessel of geometric design which may permit 
nuclear excursions except for  operational 
controls such as batch size limits, solution 
concerztration lizdts, mclear  poisoning, etc. 

Haaford Atomic Products Operation of General 
Electric Company 

Hydrofluoric acid s o l u t i m  

Hanford Labma-tories Operation 

Hanford Operations Office of the AEC 

A gallery l eve l '  (about t en  feet  above floor l eve l )  
for  conveniea% access t o  tlx u2per levels of 
equipnezt 

Atrade name for a nagnesiun s i l i c a t e  used as a 
de-emulsification agent. 

"B i n  carbon tetrachloride 

An instrumeat used t o  detect alpha contamination. 
Alpha radietiozl causes t k  poppy'to emit s ta t ic -  
l i ke  S O W & .  

Plutonium Recovery Operation 

Research and Engineering of CP9 

A large glove box conta in iq  reception and blending 
t a m .  

A &ti-purpose recovery f a c i l i t y  located i n  
Room 221, 234-5 Building. 
the words "recovery", %ouple I t  ( to  connect 
with products of other f ac i l i t i e s ) ,  and "extract 'I 

(solvellt extraction) e 

A name derived from 

Slag and crucible 

The large glove box containing the solvent ex t rac t im 
colunns m-d other Recuplex equipnent. 

Residud metal, metallic oxide, slag, etc., l e f t  
i n  tbe cracible a f t e r  the molten metal has been 
poured. 

Wet solids w?Gch s e t t l e  a d  acerumrlate in the bottom 
of a vz-sscl. 

S p  c i  f i c  gravity 

10 - 2 



SUMP 

TBP 

WEIGHT FACTOR 

A dLp tube used t o  withdraw the top layer of 
l iquid from a vessel. 
K-1, K-2, K-9, for example. 

These exist i n  tanks 

The trough i n  the bottom of the SE hood is 
sometimes referred t o  as the hood sump. A 
sump such as D-6 is a large catch tank for 
low-level waste.solution, If analyses show 
normal low plutoniun coatent, the solution 
i s  discarded t o  the Z-9 crib. 

Tributyl phosphate 

A measure o f t b e  hydrostatic pressure i n  a 
dip tube used t o  indicate the l iquid level i n  
a vessel. It i s  as& with the vessel calibration 
and Sp. G. values t o  determine the liquid volume. 
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APPENDIX 11 

Tne cost of the imident as booked through June 30, 1962, i s  $891,000.00. 
These costs, shotm in  Exhibit 11-A, include (a) expenditures unique 
t o  the incident problem, and (b) 211 regular costs associated with 
the 200 West Area servicifig azd poc3uctioii f a c i l i t i e s  f o r  the period 
each plant o r  process l i n e  w a s  vacated. 

It i s  not expected tha t  additional costs w i l l  be charged t o  t h i s  in- 
cident with the possible exception of a contingent l i a b i l i t y  of 
$66,000.00 which existed on June 30, 1962, f o r  the sa la r ies  of men 
placed on furlough as a resu l t  of the incident. 
Compvly and the labor union are  presently discussing t h i s  issue. 

The General Electric 

TLe expen&itures "unique t o  the incident problems" are too numerous 
t o  l i s t  independently; however a tabulation of the  major work orders 
f o r  special services i s  presented in  Exhibit 11-B. 
costs incurred f e r  processing, technical, maintenance, power, bus ser- 
vices, e tc .  plus overheads were accumulated and charged t o  the incident 
fo r  the  period each par t icular  process f a c i l i t y  was  vacated. 
preciation expense vas treated i n  a similar manner. 
included i n  the production inventory accounts f o r  pricing plutonium. 

Regular operating 

The de- 
All costs were 

Costs recorded here do not take in to  consideration potential  expendi- 
tures  which may be direct ly  related o r  perhaps re la t ive  t o  the in- 
cident. 
t o  plutonium scrap generated tha t  can not be recovered u n t i l  comple- 
t ion  of the new Recovery Faci l i ty  (Project 880) o r  the  additional 
incremental expenutures izcurred while handling plutonium tha t  w i l l  
be re turnedto  the primary plants f o r  recovery. Also, costs applicable 
t o  the "Button L i r e  F i l t r a t e  Handling Facility" (Project 978) o r  the 
increased eaphasis f o r  technical maljrsis of all Hanford operating 
facets.  

For exarople, additiocal handling and storage costs applicable 



Salaries 
Salaries 
Bnployee Benefits 

Other Direct Cost 
Travel  & Living 
Shop & Office Supplies 
Electricity 
B & O T a x  
Miscellaneous Incident Costs 

Other Indirect Cost 
Maintenance Services 
minee r ing  &Technical 
Laundry & Ut i l i t i e s  
Patrol 
Telephone 
Inspection 
Bus & Vehicle Services 
Miscellaneous 
Recovery 

mrAL 
Overhead 

Total Operation Costs 

Depreciation Escpenee a) 

Directly Power & General & 
t o  Finished Products Operation General Production 

Incident Button6 Shapes Recuplex UOs Other Maintenance Operation Redox Purex Total 

9,836 24,902 28,010 2,627 68,676 
836 e.116 2,380 223 5,834 

5,588 
2,423 

19,857 

4,008 
271 

406 
38 

2,142 
264 

866 

166,380 
14,066 

406 
5,626 
3,289 
2,142 

20,121 

28 1,921 

120,468 

1,981 
2,993 582 
1,032 

6,260 

5,809 195,452 
ll7,494 
17,690 

2,500 
532 

1,105 1,105 
154 402 773 632 116 2,569 137 1,638 6,421 

18 1 5  277 ll0 179 5,904 
1o,,OOo 10, OO0 

5,234 28 43 

c 216,783 u,102 27,834 41,068 4,gO2 86,423 126,728 12,445 36,034 5,802 569,128 
190,000 

a )  Represents a f ina l  allocation of depreciation expense accumulated 
Awn all sources including Recuplex and other supporting fac i l i t i es .  

12,000 - 
759,128 

132,000 

891,128 - 
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F~ECLTLEX' 3NCFDEI\rT COSTS - FY-1962 
WOXK ORDER SERVICES 

cost t o  
Work Orcter B scr ipt  ion Ikte Estimate 

A-44201 

B-20625 

3-37527 
B-41258 

B-44800 

33-44975 

B-44976 
3-59234 

B-59237 

3-59241 

33-59245 

B-59247 
3-59251 
3-59256 

B-60309 

B-63240 
B-63330 
B-64916 

B-67845 
33-67980 

B-68192 

B-68292 

B-68199 

B-68701 

B-69620 

IC-06910 

R-65511 

B-82001 

Fabricate and erect mock-up of 

Provide construction eigineering 

Paint the  floors i n  9A room 
Provide emergency communication, 

Provide t rmsportat ion and main- 

Provide e l ec t r i ca l  substation 

Provide staniiby linenan coverage 
Assist installatior,  of 440 vol t  

Provide niscellanecus hauling ( f i l e  

Fabricate special card holder f o r  

H a u l  mck-up hood to 200 Area from 

Set sparger Ec furnish air  compressor 
Install hasp on Recuplex door 
Fabricate wooden box t o  contain ball 

valve from RecQplex 
Install two spots t o  illuminate PR can 

unloading pad 
l r n i s h  a jmper  between tanks 
Fabricate special f i t t e r  frame 
Mock-cp vacuum transfer  from K-9 tank 

and renote mechanisn fo r  draining 
a d  addftion 

Recuplex area 

persomel services 

equipent  and labor 

tenance e f for t  

ope rst o r  cove rage 

generat o r  

cabinet t o  703, instruments, e tc . )  

badges 

300 Area 

Fabricate 235 PR cans 
Rezlign hoc?& 7A &. 7C t o  support SNT 

traslsfers i n  recovery f a c i l i t y  
B s t m e n t  ~ m r k  Qn 33'-3 rreutron counter 
Provide maintenance a d  e lec t r i ca l  aork 

on lab. dissolver 
Analyze ccritents of t.arAs and sump i n  

Recuplex 
To prcviae medium of costing interrup- 

t ion  cf work on Project 912 "Waste 
Treatnmit Faci l i ty  - Z Plant" per AEC 

Fabricate snrriple bo t t l e  
Provide tectfiical services from labora- 

Provide CFD FacilitFes engineering 

Frovi_& reector esgineering rem0t.e 

t or le  s 

services 

nanipulatcr and technical services 

$ 8,306 

1,195 
227 
499 

1,102 

2,200 
3,259 

212 

235 

265 

375 
495 
28 

36 

163 
859 
257 

1,184 
139,292 

6,383 
223 

1,437 

6,952 

2,221 
31 

18,462 

41,829 

$ 13,473 

$251,200 

16,500 

5,000 
312 
500 

1,102 

2,200 
3,259 

334 

350 

622 
522 
30 

37 

188 
954 
356 

1,050 
186,400 

7,184 
244 

2,446 

6,500 

4,000 
31 

18,500 

50,000 

13,000 

$321,891 

Exhibit 11-B (1) 
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