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FOREWORD 

This quar ter ly  journal i s  one of a s e r i e s  of Technical Progress Re- 

views prepared by the  O a k  Ridge National Laboratory a t  t he  request  of the  

Division of Information Services, U. S. Atomic Energy Commission. This  

Review i s  intended t o  a s s i s t  those in te res ted  i n  keeping abreas t  of s ig -  

n i f i c an t  developments i n  t he  f i e l d  of nuclear sa fe ty .  Nuclear Safe ty  i s  

not a comprehensive abs t rac t  of a l l  l i t e r a t u r e  published i n  t h i s  f i e l d  

during a given quarter ,  but  r a t he r  a mechanism f o r  presenting concise 

reviews of se lected subjects  a s  prevai l ing i n t e r e s t  and ava i lab le  i n -  

formation warrant. 

Coverage of the  Review i s  l imi ted  t o  top ics  re levant  t o  t he  ana lys i s  

and con t ro l  of hazards associa ted with nuclear reac to rs ,  operat ions i n -  

volving f i s s ionab le  mater ia ls ,  and the  products of nuclear f i s s i on .  P r i -  

mary emphasis i s  on sa fe ty  i n  reac to r  design, construction,  and opera- 

t i on ;  however, safe ty  considerat ions i n  reac to r  f u e l  f abr ica t ion ,  spent- 

f u e l  processing, nuclear waste disposal ,  and r e l a t e d  operations are  a l so  

t r e a t ed .  Safe ty  i n  the  use of radioisotopes  i n  industry,  medicine, and 

research i s  excluded, a s  a r e  most top ics  considered t he  province of hea l th  

physics. Even with these  exclusions, nuclear s a f e ty  c u t s  across  such 

diverse  f i e l d s  a s  nuclear physics, so l id -  s t a t e  physics, mechanics, 

chemistry, meteorology, geology, seismology, metallurgy, law, and near ly  

a l l  branches of engineering. The authors w i l l  t he re fore  review material,  

from these  f i e l d s  which, i n  t h e i r  opinion, has a d i r e c t  bearing on nuclear 

sa fe ty .  



Two d i s t i n c t l y  d i f f e r en t  types of a r t i c l e  may be found i n  t h i s  issue 

of Nuclear Safety. These include reviews of current l i t e r a t u r e  and special  

review a r t i c l e s  on specif ic  topics.  The ed i to r s  f e e l  t h a t  both types of 

a r t i c l e  make a necessary and d i s t i nc t i ve  contribution t o  Nuclear Safety. 

The specia l  review a r t i c l e s  permit discussion of per t inent  subjects which 

cannot be adequately considered by reference t o  only the  current l i t e r a -  

tu re .  The current review a r t i c l e s ,  however, cons t i tu te  the  major p o r t i ~ n  

of t h i s  publication. A l l  incoming l i t e r a t u r e  (including reports,  books, 

American and foreign technical  journals, and t ransact ions)  i s  examined 

f o r  subjects within our area  of i n t e r e s t .  This material  i s  collected,  

grouped, and reviewed by experts. In te rpre ta t ions  i n  any a r t i c l e  repre- 

sent the  opinions of the  ed i to rs ,  who are  employees of the  Oak Ridge 

National Laboratory. Readers a re  urged t o  consult the  references t o  

o r ig ina l  work f o r  more complete information. 

It i s  recognized t h a t  the  c r i t i c a l  evaluation of subject  areas  lead- 

ing t o  the  determ.ination of c r i t e r i a  cannot f a i l  t o  stimulate contrary 

opinions. This i s  expected t o  be pa r t i cu l a r ly  t rue  i n  the  area  of nu- 

c l ea r  safety, since i n  many instances only preliminary information i s  

available,  the  ramifications are  many and varied, and opinion and judgment 

must be r e l i ed  upon so heavily. While t he  ed i to rs  do not propose t h a t  

the  pages of Nuclear Safety a c t  a s  a clearing house f o r  sa fe ty  correspond- 

ence because of the above f ac t s ,  we have had f o r  some time a policy which 

would permit the  publication of statements of posi t ion a t  variance with 

those expressed by the  ed i to rs .  Such statements w i l l  be published a f t e r  

the  ed i to rs  have ascertained tha t  a r e a l  difference e x i s t s  and that; the  

posi t ion i s  reasonable. 



I n  addi t ion  t o  t h e  i n v i t e d  contr ibutors ,  many members of t h e  Oak 

Ridge National Laboratory s t a f f  wrote review material ,  reviewed manu- 

s c r i p t s ,  o r  otherwise contributed t o  t h i s  publicat ion.  Their  contr ibu- 

t i o n s  a re  g r a t e f u l l y  acknowledged. 

W. B. CGTTRELTU, Edi tor  
C.  G. BELL, E. E. GROSS, C .  E. GUTHRIE, 
W. de LAGLTNA, A. W.  SAVOLAINEN, and 
C. S. WALKER, Assis tant  Editors ,  Oak 
Ridge National Laboratory 
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I. GENERAL SAFETY CRITERIA 



SECOND REPORT OF THE FEDERAL RADIATION COUNCIL 

The Federal  Radiat ion Council i s  the  o f f i c i a l  government advisory 

body with respect  t o  rad ia t ion  matters  d i r e c t l y  o r  i n d i r e c t l y  a f f ec t i ng  

heal th .  The establishment of the  Council and a summary of i t s  f i r s t  r e -  

port' were discussed i n  an e a r l i e r  i s sue  of Nuclear The second 

repor t3  of t he  Council provides background mater ia l  f o r  a memorandum, en- 

t i t l e d  "Radiation Protect ion Guidance f o r  Federal Agencies," which was 

approved by t he  President  of t h e  United S t a t e s  on September 20, 1961.4 

The memorandum cons i s t s  e s s e n t i a l l y  of four  recommendations which a r e  

quoted here i n  some d e t a i l :  

"1t i s  recommended t h a t  : 

1. The following Radiation Protect ion Guides be adopted f o r  normal 
peacetime operations.  

TABLE I -RADIATION PROTECTION GUIDES FOR CERTAIN BODY 
ORGANS I N  RELATION TO EXPOSURE OF POPULATION GROUPS 

- 

Organ 

Thyroid- - - 
Bone marrow 

Bone- - - - - 
Bone ( a l t e r -  
nate  guide ) . 

RPG f o r  individuals  

I ' 
RPG f o r  average of 
su i t ab l e  sample of 
exposed population 

group 

1 . 5  rem per year- - - 
0.5  rem per year-  - - 

1 .5  rem per year- - - 
0.003 micrograms of 
Ra-226 i n  the  adu l t  
skelton o r  t h e  bio-  
l o g i c a l  equivalent  
of t h i s  amount of 
Ra-226 

0 . 5  rem per year .  

0.17 rem per year .  

0 .5  rem per year .  

0.001 micrograms of 
Ra-266 i n  t he  adu l t  
skelton or  the  bio- 
l o g i c a l  equivalent  
of t h i s  amount of 
Aa-226 



"2. The r a d i o l o g i c a l  h e a l t h  a c t i v i t i e s  of Federa l  Agencies i n  
connection wi th  environmental contamination wi th  r a d i o a c t i v e  
m a t e r i a l s  be based, w i th in  t h e  l i m i t s  of t h e  agency ' s  s t a t u t o r y  
r e s p o n s i b i l i t i e s ,  on a  graded s e r i e s  of appropr i a t e  a c t i o n s  
r e l a t e d  t o  ranges of in take  of r ad ioac t ive  m a t e r i a l s  by exposed 
populat ion groups. 

" .  . . The gene ra l  cha rac te r  of these  a c t i o n s  i s  suggested i n  
the  fo l lowing t a b l e .  

TABLE I1 - GRADED SCALES OF ACTION 

Ranges of t r a n s i e n t  
r a t e s  of d a i l y  in take  

Graded s c a l e  of a c t i o n  

------------ -- 
Range I-------------- Per iodic  confirmatory s u r -  

v e i l l a n c e  a s  necessary.  

Q u a n t i t a t i v e  s u r v e i l l a n c e  and 
r o u t i n e  c o n t r o l .  

Evaluat ion and a p p l i c a t i o n  of 
a d d i t i o n a l  c o n t r o l  measures 
a s  necessary.  

I13 . (a)  The fol lowing guidance on d a i l y  in take  be adopted f o r  
normal peacetime opera t ions  t o  be app l i ed  t o  the  average of 
s u i t a b l e  samples of an  exposed popula t ion  group: 

TABLE 111 - RANGES OF TRANSIENT RATES OF INTAKE (MICROMICROCURIES 
PER DAY ) F?IR USE I N  GRADED SCALE OF ACTIONS SUMMARIZED I N  TABLE I1 

- - - -  -----I------ 
Radionuclides Range I r x n g e  I1 Range I11 

Radium-226---- 20 - 200 
~odine-1311- - - 100-1,000 
Strontium-90-- 20-200 1 200-2,000 
Strontium-89-- 0-200 200-2,000 I 2,000-20,000 

- I I ___i__________-__ 

l1n  the  case  of iodine-131, t he  s u i t a b l e  sample would include 
only s m a l l  c h i l d r e n .  For a d u l t s ,  t h e  RPG f o r  t h e  t ,hyroid would 
not be exceeded by r a t e s  of in take  higher  by a f a c t o r  of 10  than  
those app l i cab le  t o  s m a l l  ch i ld ren .  



" ( b )  Federa l  agencies  determine concent ra t ions  of t hese  r a d i o -  
nucl ides  i n  a i r ,  water,  o r  i tems of food app l i cab le  t o  t h e i r  pa r -  
t i c u l a r  programs which a r e  c o n s i s t e n t  wi th  the  guidance contained 
he re in  on average d a i l y  in take  f o r  t h e  r ad ionuc l ides  radium-226, 
iodine-131, strontium-90, and stront ium-89.  Some of t h e  gene ra l  
cons idera t ions  involved i n  t h e  d e r i v a t i o n  of concent ra t ion  va lues  
from in take  va lues  a r e  given i n  S t a f f  Report No. 2.  . . . . . . , . . . . . . . . . .  " . . . . . . . . . . . . .  
"4. For rad ionucl ides  no t  considered i n  t h i s  r e p o r t ,  agencies  
use concent ra t ion  va lues  i n  a i r ,  water,  o r  items of food which 
a r e  c o n s i s t e n t  w i th  recommended Radia t ion  P r o t e c t i o n  Guides and 
the  genera l  guidance on in t ake .  

"1n the  f u t u r e ,  t he  Council  w i l l  d i r e c t  a t t e n t i o n  t o  the  develop- 
ment of appropr i a t e  r a d i a t i o n  p r o t e c t i o n  guidance f o r  those 
rad ionucl ides  f o r  which such cons ide ra t ion  appears  appropr i a t e  
o r  necessary.  I n  p a r t i c u l a r ,  t he  Council  w i l l  s tudy any r ad io -  
nucl ides  f o r  which u s e f u l  a p p l i c a t i o n s  of r a d i a t i o n  o r  atomic 
energy r e q u i r e  r e l e a s e  t o  the  environment of s i g n i f i c a n t  amounts 
of these  nuc l ides .  Federa l  agencies  a r e  urged t o  inform the  
Council  of such s i t u a t i o n s . "  

It is apparent  t h a t  t h e  RPG values recommended i n  Table I memorandum 

a r e  somewhat d i f f e r e n t  than  corresponding guides recommended by I C R P ~  o r  

N C R P , ~  and it is i n s t r u c t i v e  t o  review t h e  cons ide ra t ions  which l e d  t o  

these  d i f f e r e n c e s .  I n  the  case  of t he  thyro id ,  t h e  va lues  recommended 

by t h e  Council  a r e  h a l f  t he  corresponding va lues  suggested by the  ICRP. 

(1n i t s  1958 r e p o r t  t he  ICRP d i d  not  d i r e c t l y  recommend l i m i t i n g  doses 

f o r  exposure of t he  populat ion but  d i d  suggest  1/30 of t h e  occupat ional  

MPC as a guide f o r  exposure t o  rad ionucl ides  which d i d  not  g ive  a s i g n i -  

f i c a n t  gene t i c  dose.  It ind ica t ed  these  va lues  were p rov i s iona l  and t h a t  

t he  problem was under s tudy.  In  t h e  Munich supplement i ssued  i n  1958, 

t he  ICRP f u r t h e r  i nd ica t ed  t h a t  t h i s  f i g u r e  of 1/30 app l i ed  t o  an  average 

i n  the  popula t ion  bu t  t h a t  1/10 might be considered a s  app l i cab le  f o r  

exposure of i nd iv idua l s  i n  the  populat ion.  The Munich Statement a l s o  

ind ica t ed  t h a t  these  recommendations should apply t o  t h e  doses r ece ived  

and not  merely t o  t h e  environmental l e v e l s . )  The second FRC r e p o r t  



i .ndicates t h a t  the  reason f o r  t h i s  lowering is  the increased incidence 

of thyroid carcinoma i n  chi ldren given x-ray treatmect  f o r  enlargement 

of the thymus. Several  a r t i c l e s  a r e  ava i l ab le  t h a t  give more d e t a i l s  of 

t h i s  work . 7 ~ 8  J Although the dosimetric data  a r e  not  very precise ,  they 

ind ica te  t h a t  the  ch i ld ' s  thyroid may not be more r a d i o r e s i s t a n t  than other  

body t i s s u e s ,  a s  i s  thought t o  be the  case f o r  the  a d u l t .  Thus the  FRC 

has recommended a value i n  l i n e  with l i m i t s  s e t  f o r  o ther  s o f t  t i s s u e s .  

Probably the  preponderance of informed opinion would now support t h i s  

change. 

Neither the  memorandum nor the  repor t3  c l a r i f i e s  the  i n t e n t  of the  

FRC i n  giving two RPG values f o r  bone. The a l t e r n a t i v e  RPG value of 

"0.003 pgm of ~a~~~ i n  the  adu l t  skele ton o r  i t s  b io log ica l  equivalent" 

i s  used i n  the  d iscuss ion on ~ a ~ ~ ~ ,  while the RPG value of 1 . 5  remIyr i s  

used i n  the d iscuss ion of srgO. It i s  not  c l e a r  whether the  FRC recom- 

mends both these a s  appl icable  t o  a l l  bone-seekers o r  not .  Since the  

NCRP and the  ICRP have used ~a~~~ a s  the standard f o r  a l l  bone-seekers, 

it may be t h a t  the FRC i s  giving agencies the option of continuing t h i s .  

The two RPG values a r e  not equivalent ,  however, i n  terms of average rem 

dose t o  the  skele ton.  In  f a c t ,  0.003 pg of ~ a ~ ~ % n  the  skele ton d e l i v e r s  

a c  average dose t o  the  bone of about 0.87 remIyr, whereas the RPG value 

based on dose i s  about 50% higher than t h i s .  This discrepancy i s  not a 

s i g n i f i c a n t  one i n  view of the  l a rge  meas-we of uncer ta in ty  concerning 

the  e f f e c t s  of such doses and body burdens. It w i l l  be noted t h a t  the  

FRC has decreased the  values recommended by ICRP and NCRP f o r  ~ a * ~ ~ .  In- 

s tead of taking 1/10 of the  occupational body burden a s  the c r i t e r i o n  



f o r  i nd iv idua l s  i n  the  populat ion,  it has adopted 1/30 f o r  t he  occupat ional  

l e v e l .  

I f  t h e  RPG value  f o r  bone is app l i ed  t o  o t h e r  r ad ionuc l ides ,  t he  

d i f f e r e n c e s  noted above become l a r g e r .  The NCRP and ICRP have used bio-  

l o g i c a l  d a t a  on r e l a t i v e  t o x i c i t y  of ~a~~~ and o the r  bone-seekers i n  a t -  

tempting t o  ob ta in  s a f e  s k e l e t a l  burdens of t hese  r ad ionuc l ides .  The 

experimental  d a t a  a v a i l a b l e  are r a t h e r  l imi t ed ,  e s p e c i a l l y  f o r  srgO. 

Report No. 2 i n d i c a t e s ,  however, t h a t  long-term experiments now under 

way may provide a  b e t t e r  assessment of t h e  r e l a t i v e  hazard.  A t  p re sen t  

t he  ICRP and NCRP use  a r e l a t i v e  damage f a c t o r  of 5 f o r  bone-seekers o the r  

than  radium, and t h i s  f a c t o r  a p p l i e s  t o  a l l  dose t o  bone, except  t h a t  from 

photons; that is,  a dose de l ive red  t o  bone by a lpha  p a r t i c l e s ,  b e t a  r ays ,  

e t c .  (bu t  not  photon dose )  i s  m u l t i p l i e d  by 5 before  t h e  comparison wi th  

radium i s  made. In  essence,  t h i s  usage implies  t h a t  t hese  r ad ionuc l ides  

a r e  about 5 t imes a s  t o x i c  as ~a~~~ when compared on the  b a s i s  of equa l  

rem dose t o  bone. Thus the  ICRP and NCRP e f f e c t i v e l y  l i m i t  an  ind iv idua l ' s  

s k e l e t a l  dose from srgO t o  0.58 rem/yr averaged i n  bone, whereas t h e  FRC 

is us ing  1 .5  rem/yr f o r  t h i s  purpose. Although t h e  FRC has chosen a 

lower RPG value f o r  ~a~~~ than  t h a t  of t h e  o the r  groups, it has i n  f a c t  

chosen a r a t h e r  l a r g e r  RPG value f o r  sr8' and srgO. The inc rease  i s  by 

a f a c t o r  a l i t t l e  l e s s  than  3. There i s  cons iderable  d i scuss ion  i n  t h e  

r epor t3  of t h e  m c e r b a i n t i e s  involved i n  comparing bone dose from srgO 

and ~ a ~ ~ ~ ,  but  t h e r e  i s  l i t t l e  d i scuss ion  of the  reasons  f o r  p r e f e r r i n g  

t h e  higher  RPG value  of 1 . 5  rem/yr. It seems a b i t  s t r ange  t h a t  t h e  FRC 

has based t h e  RPG value f o r  sr8' and srgO on t h e  r a t h e r  a r b i t r a r i l y  chosen 

dose r a t e  of 1 . 5  rem/yr r a t h e r  than on a  comparison wi th  t h e  ~a~~~ s tandard  



w i t h  which we have 50 y e a r s  of human exper ience .  This  i s  t r u e  e s p e c i a l l y  

i n  view of t h e  ex tens ive  s t u d i e s  t h a t  have been under way f o r  some time 

which a r e  aimed a t  determining t h e  r e l a t i v e  t o x i c i t y  of ~ a ~ ~ ~ ,  sr9', and 

va r ious  o the r  r ad ionuc l ides .  

For bone marrow t h e  FRC has chosen a n  RPG value  of 0 . 5  rem/yr. This  

i s  i n  l i n e  w i t h  t h e  dose t h e  bone marrow would r e c e i v e  from e x t e r n a l  ir- 

r a d i a t i o n  accord ing  t o  t h e  exposure l i m i t s  suggested by NCRP and ICRP 

f o r  whole-body exposure. However, ICRP ar,d NCBP sugges t ions  would l i m i t  

bone marrow dose of  . i nd iv idua l s  i n  t he  popula t ion  from ~r t o  0.19 rem/yr, 

and thus  t h e  FRC a l s o  i s  recommending an inc rease  i n  bone marrow dose by 

t h e  same f a c t o r  used f o r  sr90 i n  the  case  of bone. This  i nc rease  i n  t h e  

bone marrow dose t h a t  i s  permi t ted  from sr90 o r  ~ r * ~  is  i n  accordance 

w i t h  t h e  l i m i t s  used by a l l  t hese  bodies  f o r  total-body exposure.  Once 

t h e  d e c i s i o n  is  taken  t o  abandon t h e  comparison w i t h  radium, t h e r e  i s  

l i t t l e  e l s e  t o  t u r n  t o  except  t h e  comparison wi th  e x t e r n a l  dose.  The 

r a t h e r  ex tens ive  and long-term experiments now under way which w i l l  more 

d i r e c t l y  determine t h e  r e l a t i v e  t o x i c i t y  of sr90 and ~a~~~ i n  t h e  s k e l e t o n  

should do much t o  c l a r i f y  t h e  s i g n i f i c a n c e  of t h e  increased  dose permi t ted  

by these  recommendations. 

Having developed t h e s e  b a s i c  recommendations, t h e  FRC devoted much 

a t t e n t i o n  t o  secondary s t anda rds .  I n  a d d i t i o n  t o  having s tandards ,  every 

p r a c t i c i n g  h e a l t h  p h y s i c i s t  w i l l  use  a number of "ac t ive  p o i n t s ' h h i c h  

serve  t o  a l e r t  him t o  t h e  p o s s i b l e  need f o r  co r r ec t , i ve  a c t i o n  and provide 

some l e a d  time f o r  such a c t i o n  t o  be e f f e c t i v e .  The choi.ce of t hese  

a c t i o n  points  may vary  widely wi th  t h e  type of problem under cons ide ra t ion  

and wi th  t h e  means a v a i l a b l e  f o r  remedia l  a c t i o n .  Thus t h e  choice of 



these  a c t i o n  po in t s  i s  always l e f t  t o  t h e  agency respons ib le  f o r  the  

l o c a l  program. I n  the  memorandumandthe r e p o r t  t h e  FRC recommends a 

po l i cy  involving th ree  ranges of d a i l y  in take  and undertakes t o  recommend 

measures which a r e  appropr ia te  t o  each of these  l e v e l s .   h he upper boundary 

of Range 11, Table 111, is  t o  correspond t o  the  RPG.) These d a i l y  in takes  

a r e  considered t o  apply t o  a  s u i t a b l e  sample of exposed indiv iduals ,  a s  

spec i f  i ed  i n  t h e  f i r s t  r e p o r t  of t h e  FRC . It is  cur ious  t h a t  the  FRC 

f e e l s  impelled t o  i s sue  these  d i r e c t i v e s  even though the  r e p o r t 3  s t a t e s  

t h a t  the  in take  values which de f ine  these  ranges a r e  not  the  only f a c t o r s  

which should be considered i n  determining the  appropr ia te  a c t i o n  t o  be 

taken o r  t h e  timing of such a c t i o n .  Probably those respons ib le  f o r  r a -  

d i a t i o n  p r o t e c t i o n  programs w i l l  continue, a s  i n  t h e  pas t ,  t o  base t h e i r  

a c t i o n  on a s  complete a  knowledge of the  problem a s  they can ob ta in .  Not 

only a  s i n g l e  l e v e l  of in take  w i l l  be considered bu t  a l s o  t h e  t r end  i n  

time, the  a v a i l a b l e  knowledge concerning t h e  source, t he  means a v a i l a b l e  

f o r  meeting the  problem, e t c . ,  before determining t h e i r  a c t i o n .  One may 

hope t h e  recommendations so  s t r i c t l y  coupled here t o  t h e  in take  l e v e l  w i l l  

not  cause any h e a l t h  p h y s i c i s t  t o  overlook these  o the r  f a c t o r s .  

I n  recommending numerical l e v e l s  f o r  these  ranges of in take  f o r  1131, 

~ a ~ ~ ~ ,  srgO, and sr8', the  FRC has made seve ra l  depar tures  from previous 

p r a c t i c e s .  It has considered the  i n f a n t  o r  young c h i l d  a s  t h e  c r i t i c a l  

i nd iv idua l  i n  the  populat ion when exposure t o  i s  i n  ques t ion .  This 

i s  i n  accord wi th  B r i t i s h  p r a c t i c e  fol lowing the  Windscale inc iden t  and 

is  a major co r rec t ion  t o  previous p r a c t i c e .  While t h e  ICRP had ind ica ted  

t h a t  such co r rec t ions  were t o  be made, it has never implemented t h e  r e -  

commendation by g iv ing  s p e c i f i c  numerical va lues .  Thus the  in take  va lues  



f o r  a re  markedly lower than have been generally used. In f a c t ,  the 

lower range of values presents the Health Physicist  with a not inconsid- 

erable  problem; he i s  d i rected t o  provide confirmatory evidence t h a t  the 

s i t ua t i on  i s  within Range I, but it w i l l  be d i f f i c u l t  t o  obtain t h i s  evi-  

dence by most technical  means now avai lable .  

The intake leve ls  of sr90 and ~r~~ are  based on a comparison with 

calcium i n  the d i e t .  B r i t i sh  data on s t ab l e  strontium obtained within 

the l a s t  few years10 indicate t h a t  t h i s  i s  an acceptable basis  f o r  coupling 

the average da i ly  intake with the average bone burden of strontium. There 

a r e  fewer data avai lable  t o  indicate the extent  of the perturbations t o  

be expected a s  a r e s u l t  of the competition of other d ie ta ry  elements, 

physiological s t a t e ,  calcium deficiency i n  the d i e t ,  e t c .  However, t h i s  

i s  probably a sound enough approach t o  a population average, and the 

ranges a re  defined only i n  terms of averages over su i tab le  samples of 

the population. 

In the case of ~a~~~ the FRC has used data  from populations using 

water supplies with r e l a t i ve ly  high radium content. The ru l e  t h a t  the 

adul t  body burden represents about 50 da i ly  intakes is taken a s  the bas i s .  

According t o  the repor t  there i s  no marked age dependency of ~a~~~ con- 

centra t ion i n  bone. Perhaps such population s tudies  a r e  the soundest 

basis  f o r  population exposure when adequate data  a re  avai lable ,  since the 

conditions of the study a r e  quite close t o  the exposure s i t ua t i on  t h a t  

i s  envisaged. 

Like the f i r s t  repor t  of the FRC, report  No. 2 i s  not documented, 

and thus it is not possible t o  indicate spec i f ic  references f o r  the many 

f a c t s  which a re  alluded t o  i n  the course of the argument. This is the 



more s u r p r i s i n g ,  a s  t hese  r e p o r t s  a r e  intended t o  f u l f i l l  an educa t iona l  

func t ion  and a r e  not  merely admin i s t r a t ive  o rde r s  t o  Fede ra l  agencies .  

A s  wi th  t h e  previous r e p o r t ,  t h e r e  i s  extens ive  d i scuss ion  and considera-  

t i o n  of t h e  r i s k s  of r a d i a t i o n  exposure. There i s  l i t t l e  d i scuss ion  of 

t he  b e n e f i t s  o r  how these  were balanced a g a i n s t  t h e  r i s k s .  Sec t ion  1 .10  

of t he  Report r eads :  

"1.10 I n  order  t o  consider  as completely a s  poss ib l e  t h e  many 
f a c t o r s  involved i n  e s t a b l i s h i n g  r a d i a t i o n  p r o t e c t i o n  s tandards  
f o r  t he  genera l  populat ion,  t h e  Council  s o l i c i t e d  comments from 
i n t e r e s t e d  o rgan iza t ions  and ind iv idua l s .  For t h i s  purpose, t h e  
Counc-il prepared and t r ansmi t t ed  widely a paper s t a t i n g  major 
po l i cy  i s s u e s  involved i n  t h e  development of r a d i a t i o n  p r o t e c t i o n  
guid.ance i n  coilnection with the  r ad ionuc l ides  considered i n  t h i s  
r e p o r t .  Among these  po l i cy  i s s u e s  i s  t he  ques t ion  a s  t o  t h e  
appropr ia teness  of s p e c i f i c  r a d i a t i o n  p r o t e c t i o n  s tandards  from 
t h e  p o i n t  of view of t h e i r  s o c i a l  and economic impact. Ques- 
t i o n s  of t h i s  s o r t  do not  lend themselves t o  exac t  q u a n t i t a t i v e  
t r ea tmen t .  They a r e  ma t t e r s  of judgement on which t h e  b e s t  
a v a i l a b l e  information i s  brought t o  bea r . "  

There i s  no i n d i c a t i o n  of t h e  s p e c i f i c  po l i cy  i s s u e s  r a i s e d ,  t h e  organiza-  

t i o n s  o r  i nd iv idua l s  po l l ed ,  o r  t h e  response t h a t  was obta ined .  Thus 

only one pan of t h e  balance i s  o f fe red  t o  publ ic  view. The a c t  of ba l -  

ancing t h e  b e n e f i t s  of r a d i a t i o n  usage a g a i n s t  t h e  r i s k  of r a d i a t i o n  ex- 

posure remains as e l u s i v e  a s  t h e  E leus in i an  myster ies  of t h e  p a s t .  

( w .  S .  Snyder) 



STATE CONTROL OF RADIOACTIVE MATERULS 

Since t h e  beginning of t he  "Atomic Age" the  r e s p o n s i b i l i t y  f o r  t h e  

c o n t r o l  of r a d i o a c t i v e  m a t e r i a l  has been ves ted  i n  a n  agency of t h e  Federa l  

government. During the  in tervening  yea r s ,  i n  which t h e  use  of atomic 

energy has become q u i t e  d ive r se  and widespread, many of t h e  s t a t e s  have 

become concerned about  t he  use  of p o t e n t i a l l y  hazardous m a t e r i a l s  w i th in  

t h e i r  borders .  These s t a t e s  have no t  only e s t a b l i s h e d  competency f o r  

dea l ing  wi th  some of t h e  r a d i a t i o n  problems wi th in  t h e i r  own S t a t e  Heal th 

Departments, bu t  a l s o  have a g i t a t e d  f o r  t h e  Federa l  government ( i . e . ,  t h e  

AEC) t o  r e l i n q u i s h  i t s  regula, tory c o n t r o l  over many func t ions  involv ing  

r ad ioac t ive  and s p e c i a l  nuc lear  m a t e r i a l .  

In  response t o  pub l i c  d e s i r e ,  Congress i n  1959 amended1' t h e  Atomic 

Energy Act of 1954 t o  permi t  s t a t e  c o n t r o l  of such a c t i v i t i e s .  Kentucky 

has now become the  f i r s t  of the  s t a t e s  t o  submit a formal  proposal'2 f o r  

t he  assumption of c e r t a i n  a u t h o r i t y  over the  r egu la to ry  c o n t r o l  of by- 

product ,  source,  and l i m i t e d  q u a n t i t i e s  of s p e c i a l  nuc lear  m a t e r i a l s .  

The Commonwealth of Kentucky i s  t o  be commended f o r  i t s  forward a c t i o n  

i n  a t tempt ing  t o  t ake  f u l l  advantage of t h e  p rov i s ions  of Sec t ion  274 of 

t he  Atomic Energy Act.  Their  a c t i o n  w i l l  undoubtedly serve  t o  s e t  t h e  

p a t t e r n  f o r  o the r  s t a t e s  t o  fo l low i n  assuming l o c a l  r e s p o n s i b i l i t y  i n  

a  f i e l d  here tofore  l i m i t e d  by f e d e r a l  c o n t r o l .  

In  conjunct ion  wi th  the  proposed agreement wi th  Kentucky, t h e  Com- 

mission has a l s o  i ssued  proposed r egu la t ions13  au thor i zed  by Sec t ion  274c 

of t he  Atomic Energy Act f o r  e x e r c i s i n g  c e r t a i n  c o n t r o l s  over byproduct 

source and s p e c i a l  nuc lear  m a t e r i a l s  i n  s t a t e s  wi th  which it has agreements.  



These controls  involve the  disposal  of such mater ia ls  and the t r an s f e r  

by the  producer of products containing such mate r ia l s .  Some comments on 

these proposed controls  a r e  included i n  t h i s  Review i n  Section V I ,  under 

"~omments on Proposed Regulations. " 

Governor Combs of Kentucky made the i n i t i a l  presenta t ion of h i s  

s t a t e ' s  program t o  the Atomic Energy Commission on September 20, 1960. 

Subsequently modifications were made i n  consul ta t ion with the Commission's 

s t a f f .  After public hearings by the  Commonwealth on June 30, 1961, the 

completed proposed regulakory program was submitted July  6, 1961, by 

Attorney ~ e n e r d  John D .  Brechinridge t o  D r .  Glenn T.  Seaborg, Chairman 

of the  Commission. Unt i l  approved by the  Commission, the agreement s t i l l  

has no force  or e f f e c t .  I f  and when approved and published f o r  four 

consecutive weeks i n  the  Federal  Register ,  a s  provided by s t a t u t e ,  Kentucky 

w i l l  be the f i r s t  s t a t e  t o  assume regulatory con t ro l  over byproduct, source, 

and spec ia l  nuclear mater ia ls  i n  quan t i t i e s  l e s s  than a c r i t i c a l  mass 

pursuant t o  Public L a w  86-373, the Atomic Energy Act of 1954, a s  amended 

i n  1959. 

The Chairman of Kentucky's Advisory Committee describes the  document 

a s  "an important forward s t ep  i n  the preparation of the  Commonwealth f o r  

a leading ro l e  i n  the  peace-time development of atomic energy f o r  the  

benef i t  of our s t a t e , "  and r e c i t e s  the Commonwealthts in ten t ion  t o  con- 

t inue t o  take the i n i t i a t i v e  i n  doing a l l  i t  can t o  develop sources of 

ionizing rad ia t ion  f o r  the benef i t  of i t s  c i t i z ens  i n  order t o  r e a l i z e  

the f u l l  i ndus t r i a l ,  ag r i cu l t u r a l ,  and medical advantages of nuclear 

energy, while a t  the  same time recognizing the v i t a l  importance of proper 

protect ion of i t s  c i t i z ens '  hea l th  and welfare. 



8 J w s  N. Neel, Jr . , i s  the designated Coordinator of Atomic Act iv i t i es  

f o r  the Commonwealth. In the foreword of the publication,  he r e f e r s ,  

among other things,  t o  the d e s i r a b i l i t y  of decentra l izat ion of l icensing 

and regulatory functions from f ede ra l  t o  s t a t e  l eve l s .  He foresees the 

over-a l l  e f f e c t  a s  being a st imulation of the development and u t i l i z a t i o n  

of these mater ia ls  by science and industry,  H i s  expressed be l ie f  is  t h a t  

t h i s  w i l l  a t t r a c t  nuclear and nuclear-related industr ies  t o  locate  within 

the s t a t e ,  s ince industry w i l l  prefer  the time- and cost-saving advantages 

of dealing with a decentral ized agency i n  obtaining and amending l icenses  

f o r  the possession and use of the mater ia ls  involved. 

The s t a t e ' s  regulatory program proposal i s  described a s  comprised 

of :  (1) Kentucky's amended Nuclear Energy Act authorizing the Governor 

t o  execute the Federal-State Agreement and conferring the l icensing power 

over sources of ionizing rad ia t ion  on s t a t e  agencies; (2 )  executive orders 

creat ing a s t a t e  task force on atomic energy and the posi t ion of Coordi- 

nator of Atomic Act iv i t i es ,  and designating the Division of Radiological 

Health of Kentucky S t a t e  Department of Health as the agency primarily 

responsible f o r  l icensing and regulat ing the possession and use of by- 

product, source, and spec ia l  nuclear material ;  ( 3 )  twelve regulat ions  

based on T i t l e  10 of the Code of ~ e ~ u l a t i o n s ' ~  pa r t s  2, 20, 30, 31, 40, 

and 70; and (4) other data  r e l a t i n g  t o  personnel, administration, and 

equipment. 

The Coordinator r e f e r s  t o  a ca re fu l  e f f o r t  t o  comply with the speci- 

f i c a t i o n  of Public Law 86-373 tha t  a s t a t e r s  regulatory program must be 

compatible with the federa l  program. In addit ion,  the s t a t e r s  rad ia t ion  

protection standards a r e  sa id  t o  have been prepared i n  cooperation w i t h  



the  AEC and a re  designed t o  conform with the Commission's regula t ions  

fo r  protect ion agains t  r ad ia t ion .  The Coordinator a l s o  concludes t h a t  

i f  another regulatory system of control  were devised, even i f  deemed com- 

pa t ib le ,  AEC l icensees  who have grown accustomed t o  the  AEC procedure 

would be burdened with asce r ta in ing  the  compatibil i ty of the new system, 

and, f i n a l l y ,  t h a t  the heal th  and sa fe ty  of the  public would tend t o  be 

be t t e r  secured by the  fo s t e r i ng  and adoption of a uniform and compatible 

system based on the f ede r a l  program. 

The Division of Radiological Health, r e fe r red  t o  a s  the "Agency," 

proposes the  following regula t ions  designed t o  p ro tec t  the  heal th  and 

sa fe ty  of the  public:  

RH- 1 Scope of Radiological Health Regulations 

RH- 2 Def ini t ion of Terms 

RH-3 Rules of Pract ice  

RH-4 Permissible Dose Levels, Concentrations, and Precautionary 

Procedures 

RH- 5 Waste Disposal 

RH-6 Records, Reports, and Notif icat ions 

RH-7 Exemptions or  Additional Requirements 

RH-8 Licensing of Byproduct Material  

RH-9 Radiation Safety Requirements f o r  Radiographic Operations 

RH-10 Licensing of Source Material  

RH-11 Licensing of Specia l  Nuclear Material  

RH-12 Transportation of Radioactive Material  

General and spec i f i c  l icenses  a r e  t o  be issued.  Persons who use, 

t r ans fe r ,  possess, or receive source, byproduct, or  spec i a l  nuclear mater ia l  



i n  quant i t ies  not suff ic ient  t o  form a c r i t i c a l  mass within Kentucky, 

pursuant t o  a l icense issued by the USAEC or  any s t a t e  having an agree- 

ment with USAEC pursuant t o  Section 274 of the Atomic Energy Act of 1954, 

a s  amended, may be exempted from the requirement f o r  a l icense under 

Kentucky's regulations,  provided tha t ,  such persons not i fy  the Agency 

immediately of the presence of such materials  within the s ta te ;  and, the 

AEC, as  well  a s  i t s  ins ta l la t ions ,  a re  spec i f ica l ly  exempted. Under these 

Kentucky regulations persons who possess byproduct, source, or spec ia l  

nuclear materials  i n  l e s s  than a c r i t i c a l  mass pursuant t o  a general or 

specif ic  l icense issued by the AEC s h a l l  be deemed t o  possess such ma- 

t e r i a l  pursuant t o  a l icense issued under the provisions of Kentucky's 

regulations and which w i l l  expire 90 days a f t e r  rece ip t  from the State  

Agency Gf a notice of expiration of such l icense,  or  on the date specif ied 

i n  the federa l  l icense,  whichever i s  e a r l i e r .  

Under the proposed regulations it s h a l l  become a s t a t e  offense f o r  

any person t o  manufacture, construct ,  produce, t rans fe r ,  acquire, or possess 

any spec ia l  nuclear material ,  byproduct material,  production f a c i l i t y ,  or 

u t i l i z a t i o n  f a c i l i t y  within the Commonwealth i n  the absence of compliance 

with the Federal Atomic Energy Act of 1954 and amendments and the ru l e s  

and regulations promulgated by the USAEC. The Attorney General i s  em- 

powered, whenever i n  h i s  opinion there i s  or i s  about t o  be a v io la t ion  

of any of the Commonwealthas ru les  and regulations,  t o  seek a res t ra in ing  

order or injunction or any other appropriate order. 

Other provisions of the proposal include the following: 

1. Nothing i n  the proposed regulations s h a l l  be interpreted a s  

l imit ing the intent ional  exposure of pa t ien t s  t o  rad ia t ion  fo r  the purpose 

of medical diagnosis or medical therapy. 



2 .  The Agency may, upon app l i ca t ion  by any l icensee  o r  upon i t s  

own i n i t i a t i v e ,  grant  exemptions it determines a r e  authorized by law and 

w i l l  not  r e s u l t  i n  undue hazard t o  l i f e  or  property.  The Agency may a l so ,  

by ru le ,  regula t ion,  or  order,  impose upon any l icensee  requirements, i n  

a d d i t i o c  t o  those es tabl ished,  t h a t  it deems appropr ia te  or  necessary t o  

p ro tec t  hea l th  or  t o  minimize danger t o  l i f e  or  property.  

3. No l i cense  i s  t r ans fe rab le  or  subject  t o  assignment. 

4.  Although the  custom i s  provided t o  hold publ ic  hearings thereon, 

i n  case of an emergency, the  Governor i s  empowered by the  Act t o  promul- 

gate by executive order any add i t iona l  r u l e s  and regu la t ions .  

(w.  L. Harwell) 



IAEA NUCLEAR SAFETY ACTIVITIES 

The i n t e r n a t i o n a l  Atomic Energy Agency which j u s t  passed i t s  f o u r t h  

anniversary  was c r e a t e d  p r imar i ly  t o  f a c i l i t a t e  t h e  supply and use of 

f i s s i o n a b l e  m a t e r i a l s .  It w a s  intended t h a t  t h e  s o - c a l l e d  "nuclear"  powers 

would p l ace  a t  t h e  d i s p o s a l  of t h e  "have not"  c o u n t r i e s  m a t e r i a l s  neces- 

s a r y  f o r  ope ra t ing  power r e a c t o r s  and t h a t  t h e  agency would p l ay  t h e  r o l e  

of t h e  broker i n  t h i s  t r a n s a c t i o n .  In  a d d i t i o n  t o  r e a c t o r s  t he  wide- 

spread use of r ad io i so topes  f o r  medical,  i n d u s t r i a l ,  a g r i c u l t u r a l ,  and 

r e sea rch  purposes was a l s o  s t r o n g l y  suppor ted .  

The Agency has made g r e a t  p rog res s  dur ing  t h e  p a s t  few yea r s ,  a i -  

though a l l  t h e  aims o r i g i n a l l y  s e t  have not  y e t  been reached.  It soon 

became obvious t h a t  r a d i a t i o n  s a f e t y  measures would p lay  an important r o l e  

i n  the  a c t i v i t i e s  because r e l a t i v e l y  easy a v a i l a b i l i t y  of f i s s i o n a b l e  ma- 

t e r i a l s  r e p r e s e n t s  an  eve r  i nc reas ing  r i s k  i n  t he  hands of persons no t  

accustomed t o  handl ing them. The degree of t e c h n i c a l  competence of pe r -  

sonnel  of t he  var ious  r e c i p i e n t  na t ions  v a r i e s  g r e a t l y ,  and measures which 

appear obvious under a c e r t a i n  s e t  of c ircumstances must be s p e l l e d  ou t  

i n  d e t a i l  i n  o the r  c ircumstances i n  o rde r  t o  avoid  a c c i d e n t s .  While i n -  

d i v i d u a l  s c i e n t i s t s ,  even i n  t he  under-developed c o u n t r i e s ,  a r e  u s u a l l y  

h ighly  capable persons,  d i f f i c u l t y  a r i s e s  from t h e  l ack  of t he  carefu l - ly  

t r a i n e d  suppor t ing  personnel  who i n  most ca ses  must d i r e c t l y  handle t hese  

m a t e r i a l s .  

It is  not  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e  agency turned  i t s  a t t e n t i o n  

t o  developing the  necessary safeguards a t  an  e a r l y  s t a g e .  In  view of t h e  

f a c t  t h a t  development and ope ra t ion  of power r e a c t o r s  r e p r e s e n t s  a n  advanced 



s t a g e  of t e c h n i c a l  progress  t h a t  has no t  been reached by t h e  ma jo r i t y  of 

t h e  member coun t r i e s  of t he  Agency, it i s  q u i t e  n a t u r a l  t h a t  t he  f i r s t  

s e t  of safeguards s p e l l e d  ou t  i n  d e t a i l  i s  devoted t o  r ad io i so topes .  

While nuclear  power i s  only a promise of t h e  f u t u r e ,  r ad io i so topes  a r e  

a l r eady  i n  f u l l  use i n  a l a r g e  number of l a b o r a t o r i e s  and it is  obvious 

a t  a n  e a r l y  s t a g e  t h a t  t h e i r  handl ing and t r a n s p o r t a t i o n  must be c a r e f u l l y  

c o n t r o l l e d .  

In  e s t a b l i s h i n g  t h e  s tandards ,  t he  Agency had t o  overcome s e v e r a l  

d i f f i c u l t i e s  of n o n s c i e n t i f i c  na tu re .  Although i n  p r i n c i p l e  a s c i e n t i f i c  

body, t h e  Agency i s  a p o l i t i c a l  o rgan iza t ion  a s s o c i a t e d  wi th  the  United 

Nations and, a s  such, it may occas iona l ly  g e t  "bogged down" i n  p o l i t i c s .  

When t h e  safeguards p rov i s ions  and procedures  f o r  i n t e r n a t i o n a l  c o n t r o l  

of nuclear  m a t e r i a l s  supp l i ed  t o  member na t ions  by t h e  agency was adopted 

by the  Board of Governors, t h e  adoption of t he  p rov i s ions  w a s  s t r o n g l y  

opposed by t h e  Soviet-block n a t i o n s .  This oppos i t ion  w a s  p r i m a r i l y  go-  

l i t i c a l  r a t h e r  than  t e c h n i c a l :  t he  r e p r e s e n t a t i v e s  of t hese  na t ions  in-  

s i s t e d  t h a t  a simple pledge on t h e  p a r t  of t h e  r e c i p i e n t  na t ions  s t a t i n g  

t h a t  they  would n o t  d i v e r t  any m a t e r i a l s  rece ived  t o  nonpeaceful app l i ca -  

t i o n s  would be s a t i s f a c t o r y ;  they proposed t o  make cons ide ra t ion  of t he  

p rov i s ions  dependent on t h e  resumption of t he  Geneva Atomic Weapons Control  

d i scuss ions .  The Sov ie t  p o s i t i o n  w a s  t h a t  i n spec t ion  would be a v i o l a t i o n  

of n a t i o n a l  sovere ignty .  

R a d i o i s o t o ~ e  Handling 

It is  i n t e r e s t i n g  t o  note  t h a t  i n  s p i t e  of t h e  p o l i t i c a l  problems 

and t h e  many o r g a n i z a t i o n a l  d i f f i c u l t i e s  experienced dur ing  t h e  f i r s t  y e a r  



of i t s  existence,  i n  1958 the Agency published the f i r s t  of i t s  sa fe ty  

manuals e n t i t l e d  "Safe Handling of Radioisotopes. "15 The foreword of t h i s  

book ou t l ines  the  broad philosophy of the Agency: 

"Under i t s  S t a tu t e  the  Internat ional  Atomic Energy Agency is  em- 
powered t o  provide f o r  the appl ica t ion of standards of sa fe ty  
f o r  protect ion agains t  r ad i a t i on  t o  i t s  own operations and t o  
operations making use of ass is tance  provided by it or with 
which it is  otherwise d i r e c t l y  associa ted.  To t h i s  end au- 
t h o r i t i e s  receiving such ass is tance  a r e  required t o  observe 
re levant  heal th  and sa fe ty  measures prescribed by the Agency" 

There i s  an important l e g a l  d i f ference between t h i s  manual and the 

r u l e s  and regula t ions  imposed by a nat ional  government. In the  absence 

of l e g i s l a t i v e  power and a pol ice  force,  the sa fe ty  problems remain l a rge ly  

a respons ib i l i ty  of the nat ional  government of the country i n  which the 

mater ia l  is  used; however, guidance must be provided f o r  the benef i t  of 

the law-enforcing agencies of those countr ies .  

This f i r s t  publ ica t ion of the s e r i e s  i s  primari ly a statement of 

general sa fe ty  p r inc ip les  without spe l l ing  out de t a i l ed  standards.  On 

occasions, a s  i n  the case of the maximum permissible l eve l s  f o r  exposure 

t o  external  r ad ia t ion  and t o  radioact ive  contamination, reference i s  made 

t o  pe r t inen t  recommendations of the In te rna t iona l  Commission f o r  Radio- 

l og i ca l  Protection (ICRP). 

The manual a l s o  t r e a t s  r e l a t ed  subjects ,  such a s  the medical super- 

v is ion of workers, determination of rad ia t ion  exposure of personnel, moni- 

tor ing,  and record keeping. Turning t o  more spec i f i c a l l y  radiochemical 

s tudies ,  it discusses sealed and unsealed sources, t h e i r  s torage,  the 

t ranspor ta t ion of radioact ive  materials ,  accidents,  and decontamination 

procedures. Final ly ,  spec i a l  a t t en t i on  is  paid t o  radioact ive  waste con- 

t r o l  and disposal .  The maximum permissible l eve l s  mentioned above a r e  



given i n  t h e  appendix on t h e  b a s i s  of d a t a  suppl ied  by o t h e r  i n t e r n a t i o ~ a l  

organiza t ions .  

Health Physics  and Medical Aspects 

The p u b l i c a t i o n  of t h e  manual on t h e  handling of r ad io i so topes  was 

soon followed by two b r i e f  books, numbered 2 and 3 of t h e  Sa fe ty  S e r i e s ,  

e n t i t l e d  "Health Phys i c s  ~ d d e n d u m " ' ~  and " ~ e d i c a l  Addendum. "17 There i s  

a  g r e a t  d i f f e r e n c e  between t h e  o r i g i n a l  p u b l i c a t i o n  and these  adenda: t h e  

f i r s t  one15 was prepared by an  i n t e r n a t i o n a l  panel  no t  only a s  a  t e c h n i c a l  

bu t  a l s o  a s  a  l e g a l  guide.  On t h e  o t h e r  hand, t h e  "Health Phys ics  ~ddendum'.' 

was prepared by two s c i e n t i s t s  and c o n s i s t s  of a n  e x c e l l e n t  s h o r t  i n t r o -  

duct ion  t o  nuclear  physics  and, i n  p a r t i c u l a r ,  t o  h e a l t h  phys ics .  I n  p re -  

s en t ing  a  very abbrevia ted  d e s c r i p t i o n  of nuclear  physics  fundamentals it 

t r e a t s  t h e  i n t e r a c t i o n  of r a d i a t i o n  wi th  ma t t e r ,  i n  p a r t i c u l a r  w i th  t h e  

l i v i n g  c e l l s ,  and then  d i scusses  more i n  d e t a i l  r a d i a t i o n  u n i t s ,  dose r a t e s ,  

and maximum permiss ib le  doses.  Measures of r a d i a t i o n ,  monitoring i n s t r u -  

ments, and c o n t r o l  measures r ece ive  d e t a i l e d  t r ea tmen t .  The main p a r t  

of t h e  book is i t s  chapter  dea l ing  wi th  r a d i a t i o n  sh ie ld ing ,  bas i c  des ign  

f e a t u r e s  of working p laces ,  and d e s c r i p t i o n  of handling equipment f o r  r a -  

d i a t i o n  sources,  which a r e  t r e a t e d  i n  d e t a i l .  The p r a c t i c a l  p o i n t s  of 

radiochemical work, such a s  con ta ine r s  forradioactivematerials, protec-  

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

decontamination, and waste d i s p o s a l  procedures,  a r e  a l l  d i scussed .  

Of s p e c i a l  i n t e r e s t  a r e  the  two s h o r t  chap te r s  on r a d i a t i o n  acc iden t s  

and emergency procedures and on admin i s t r a t ion  of r a d i a t i o n  p r o t e c t i o n .  

The r a d i a t i o n  indus t ry  can be proud of i t s  e x c e l l e n t  s a f e t y  r eco rd  up t o  

now, al though t h e r e  have been some p o t e n t i a l l y  dangerous even t s .  This  i s  



a t r i b u t e  t o  t h e  c a r e f u l  work of t h e  ind iv idua l s  involved i n  inves t iga -  

t i o n s  i n  t h i s  novel f i e l d  of s c i ence .  However, t h i s  very  absence of ac-  

c i d e n t s  and lack  of experience i n  dea l ing  wi th  them makes it d i f f i c u l t  

t o  eva lua te  how the  va r ious  i n s t a l l a t i o n s  would f a r e  should a major emer- 

gency occur involving a l a r g e  number of people.  Therefore it i s  imperative 

t o  give thought t o  the  emergency organiza t ion  i n  the  var ious  l a b o r a t o r i e s .  

I n  view of t h e i r  e x c e l l e n t  r a d i a t i o n  s a f e t y  record ,  t h i s  phase of t h e  

s a f e t y  program might be neglected,  even i n  t h e  more advanced c o u n t r i e s .  

The only way t o  ensure t h a t  a n  acc iden t  w i l l  no t  become a major ca tas t rophe  

i s  t o  prepare  f o r  it by c a r e f u l l y  organiz ing  emergency procedures and by 

holding t e s t  evacuat ions and simulated acc iden t  d r i l l s  as o f t e n  a s  poss ib l e  

without  i n t e r f e r i n g  wi th  t h e  work of t h e  i n s t a l l a t i o n .  Many weaknesses 

of a p o i n t  become obvious only a t  t he  time of a r e a l i s t i c  f i e l d  t e s t .  

The IAEA. book deserves  c r e d i t  f o r  a t t r a c t i n g  a t t e n t i o n  t o  these  m a t t e r s .  

The admin i s t r a t ion  of r a d i o l o g i c a l  p r o t e c t i o n  i s  another  sometimes 

neglected f i e l d  which deserves a t t e n t i o n .  The gene ra l  p r i n c i p l e s  t o  be 

considered a r e  o u t l i n e d  i n  t h e  las t  few pages of t h e  book. It i s  empha- 

s i z e d  t h a t  t h e  person i n  charge of t h e  organiza t ion  and a d m i n i s t r a t i o n  

of t he  r a d i a t i o n  p r o t e c t i o n  program must be r e spons ib le  f o r  t h e  des ign  

of working a r e a s  and t h e  s p e c i f i c a t i o n  of t h e  permiss ib le  types  of r a -  

d i a t i o n  sources t o  be used t h e r e .  He must be aware of  t h e  environmental 

f a c t o r s  r e l a t e d  t o  the  d i s p o s a l  of r ad ioac t ive  m a t e r i a l  and of t h e  prob- 

lems presented by neighboring occupied a r e a s .  I n  the  opinion of t h e  au- 

tho r s ,  t h i s  i n d i c a t e s  t h a t  t h e  r a d i a t i o n  p r o t e c t i o n  o f f i c e r  of an i n s t a l l a -  

t i o n  must have management r e s p o n s i b i l i t i e s  r a t h e r  t han  being a s t a f f  member 

who only t akes  c a r e  of t h e  monitoring and r e p o r t i n g  d u t i e s .  



P r a c t i c e s  i n  t he  admin i s t r a t i on  of r a d i a t i o n  s a f e t y  vary cons ider -  

ab ly  i n  t h e  va r ious  coun t r i e s  and o f t e n  change even i n  t h e  nuc lea r ly  ad- 

vanced c o u n t r i e s .  It would be h ighly  d e s i r a b l e  i f  t he  Agency o r  a  s i m i l a r  

i n t e r n a t i o n a l  body o r  t e c h n i c a l  s o c i e t y  would undertake t h e  c o r r e l a t i o n  

of t h e  management techniques used f o r  r a d i a t i o n  c o n t r o l .  

A s  i nd i ca t ed  by i t s  t i t l e ,  the  " ~ e d i c a l  ~ d d e n d w n " ' ~  t o  t h e  "Safe 

Handling of isotopesn i s  p r imar i ly  devoted t o  t h e  medical  a s p e c t s  of t h e  

program. It not  only d i scusses  t h e  bas i c  concepts  of rad iobio logy  and 

radiopathology and t h e  incorpora t ion  o f r a d i o i s o t o p e s ,  b u t  it a l s o  d i s -  

cusses  i n  g r e a t  d e t a i l  t h e  h e a l t h  supe rv i s ion  of r a d i a t i o n  workers, i n -  

c luding  personnel  monitoring, medical  care ,  and t h e  keeping of h e a l t h  

records .  The r equ i r ed  minimum medical f a c i l i t i e s  and equipment a r e  i n -  

d i ca t ed .  

It should be emphasized t h a t  t hese  bookle ts  a r e  r e l a t i v e l y  b r i e f  and 

thus  do no t  g ive  d e t a i l e d  i n s t r u c t i o n s  on every phase of t h i s  somewhat 

complicated problem; i n  add i t i on ,  no t  be ing  p r imar i ly  t e c h n i c a l  pub l i ca -  

t i o n s ,  they  do no t  g ive  d e t a i l e d  b ib l iog raph ie s  on t h e  s u b j e c t s  t r e a t e d .  

They r ep resen t  a very important s t e p  i n  an  i n t e r n a t i o n a l  agreement on t h e  

minimum s tandard  of a new indus t ry  which up t o  now has an  e x c e l l e n t  s a f e t y  

r eco rd .bu t  which c a r r i e s  w i t h i n  it the  p o t e n t i a l i t y  of caus ing  a  tremendous 

amount of damage. 

Transpor ta t ion  of Radioact ive Mate r i a l s  

I f  t h e r e  a r e  many problems connected wi th  handl ing  of r a d i o a c t i v e  

m a t e r i a l s  i n  a given i n s t a l l a t i o n  p laced  under t he  j u r i s d i c t i o n  of a  na- 

t i o n a l  government it i s  obvious t h a t  t r a n s p o r t a t i o n  of snch m a t e r i a l s  



involving two o r  more governments and i n t e r n a t i o n a l  bodies presents  even 

more ser ious  problems. Carrying radioact ive  mate r i a l s  across  s t a t e  bound- 

a r i e s  necess i t a t es  t h e i r  handling by a large  number of persons untrained 

i n  these s p e c i f i c  hazards. Therefore t h e i r  mode of t r anspor ta t ion  and 

packaging must be such t h a t  no accident  i s  l i a b l e  t o  a r i s e  even i f  the  

shipping containers a r e  mishandled or  a re  broken i n  t r a n s i t .  

The regula t ions  should be appl ied  uniformly by a l l  countr ies ,  but 

t h i s  can be achieved only by an in te rna t iona l  agreement on the  bas ic  sa fe ty  

standards.  It is  expected t h a t  the regula t ions  framed by the  Agency f o r  

i t s  own l i cens ing  p r a c t i c e s  w i l l  be accepted by the  member countr ies  a s  

the bas i s  of an i n t e r n a t i o n a l  convention. In  view of the d i f f e r e n t  tech- 

n i c a l  aspects  involved, two separate panels have been convened by the  

Agency t o  d r a f t  regula t ions  f o r  the  sa fe  t r anspor ta t ion  of a l l  types of 

radioact ive  mate r i a l s :  the  f i r s t  one studied the  t r anspor ta t ion  of r a -  

dioisotopes and .radioact'ive ores  of low s p e c i f i c  a c t i v i t y ,  while the  

second one was assigned the  task  of developing s a f e t y  measures f o r  the  

t r anspor ta t ion  of l a rge  radioact ive  sources and f i s s i l e  mate r i a l s .  A s  

the  bas ic  p r inc ip le ,  the  dose r a t e  of ex te rna l  r a d i a t i o n  from shipment 

of radioact ive  mate r i a l s  was l imi ted  t o  values considered safe  i n  the  

l i g h t  of maximum permissible r a d i a t i o n  l e v e l s .  In  addi t ion ,  the  quan- 

t i t i e s  of ma te r i a l  per  package and per shipment were l imi ted  i n  order t o  

reduce the l ike l ihood of contamination i n  the  event of an accident .  The 

permissible q u a n t i t i e s  a r e  dependent l a rge ly  on the nature of the  mate r i a l s  

and t h e i r  l e v e l s  of a c t i v i t y .  

The problem of t ranspor t ing radioact ive  mate r i a l s  i s  complicated by 

l e g a l  considerat ions.  The quest ions of l i a b i l i t y  and compensation f o r  



damages su f fe red  by t h i r d  p a r t i e s  must be solved, and agreement on the  

so lu t ion  is f a r  from being achieved.  In the  f i r s t  version18 the  Agency 

pa id  primary a t t e n t i o n  t o  t e c h n i c a l  and admin i s t r a t ive  f a c t o r s  i n  an a t -  

tempt t o  f i n d  a compromise between the  var ious  n a t i o n a l  r e g u l a t i o n s .  

Conclusions 

In  these  a t tempts  t o  codi fy  nuclear  s a f e t y  procedures and thus p re -  

pare  the  way f o r  a t r u l y  uniform i n t e r n a t i o n a l  p r a c t i c e  i n  t h i s  f i e l d ,  t h e  

Agency makes good use of the  expe r t s  from i t s  member c o u n t r i e s .  Whenever 

the  need a r i s e s ,  advisory  panels  on s a f e t y  s u b j e c t s  a r e  brought toge the r  

f o r  eva lua t ing  condi t ions  and formulat ing recommendations i n  var ious  f i e l d s .  

To mention only a few cases ,  such a group of e x p e r t s  was empaneled f o r  

i n v e s t i g a t i n g  the  Yugoslav r e a c t o r  acc iden t  i n  order  t o  determine t h e  

f a c t o r s  t h a t  caused it and t o  provide safeguards f o r  prevent ing  similar 

occurrences i n  t h e  f u t u r e .  A t  the  r eques t  of t he  Dutch Government, an  

advisory  panel  was organized f o r  eva lua t ing  the  s a f e t y  of a r e a c t o r  pro- 

j e c t  i n  the  Netherlands. Another panel  of expe r t s  from nine c o u n t r i e s  

has been c a l l e d  together  f o r  dev i s ing  methods of determining the  l e v e l  

of r a d i o a c t i v i t y  i n  the  b i o l o g i c a l  environment. A s i m i l a r  group s t a r t e d  

work r e c e n t l y  on d r a f t i n g  a manual on low-level-waste d i s p o s a l  techniques.  

In summary, it can be s t a t e d  t h a t ,  a l though up t o  now the  main achieve-  

ment of t he  Agency cons i s t ed  i n  t h e  coordina t ion  of e x i s t i n g  n a t i o n a l  r e -  

gu la t ions  on the  f i e l d  of r a d i a t i o n  sa fe ty ,  i t  can render  a s t i l l  g r e a t e r  

s e rv ice  by e s t a b l i s h i n g  uniform s tandards  throughout the  world and by de- 

veloping new methods f o r  d e t e c t i o n  and c o n t r o l  of r a d i o a c t i v i t y  i n  a l l  i t s  

forms through mutual co l l abora t ion .  ( ~ r a n c o i s  ~ e r t e s z )  



ADMINISTRATION OF RADIATION PROTECTION 
AT T m  OAK RIDGE NATIONAL LABORATORY 

( ~ d i t o r ' s  Note: This a r t i c l e  was o r i g i n a l l y  intended t o  
be a survey of r a d i a t i o n  p ro tec t ion  adminis t ra t ive  p r a c t i c e s  
i n  the  United S t a t e s .  It quickly became apparent ,  however, 
t h a t  too l i t t l e  had been published on the  sub jec t  t o  make such 
a review poss ib le .  Therefore t h i s  i s  the  f i r s t  of a  s e r i e s  
of inv i t ed  a r t i c l e s  which w i l l  describe the  adminis t ra t ion  
of r a d i a t i o n  p ro tec t ion  a t  the  various atomic energy i n s t a l -  
l a t i o n s .  ) 

Introduction 

The Oak Ridge National Laboratory presents  a  wide v a r i e t y  of r ad ia -  

t i o n  s a f e t y  problems. The Laboratory populat ion (about 4200 people) is  

engaged i n  a  spectrum of a c t i v i t i e s  ranging from fundamental research  t o  

rout ine  production. The work of t h e  Laboratory i s  broadly divided i n t o  

seven f i e l d s .  I n  r e a c t o r  technology, the  problems associa ted  with in -  

p i l e  experiments, the  examination of i r r a d i a t e d  samples, and t h e  opera- 

t i o n  of r e a c t o r  p i l o t  p l a n t s  a r e  encountered. In  the  chemical technology 

program, small-scale labora tory  development and h o t - c e l l  a c t i v i t i e s  cu l -  

minate i n  the  p i l o t - p l a n t  demonstration of separa t ion  processes f o r  highly 

i r r a d i a t e d  uranium and plutonium and f o r  t h e  transplutonium isotopes .  

The Laboratory is  a c t i v e  i n  the  development of processes f o r  production 

of s t a b l e  and radioact ive  i so topes .  In t h i s  program, most of t h e  f i s s i o n  

products a r e  separated,  some i n  -mul t ik i locur ie  q u a n t i t i e s .  Many iso topes  

not produced i n  f i s s i o n  a r e  prepared by r e a c t o r  o r  cyclo t ron i r r a d i a t i o n  

of s p e c i a l  t a r g e t s .  I n  bas ic  research,  a  wide v a r i e t y  of radio isotopes  

is  employed i n  the  biology, chemistry, physics, metallurgy, and h e a l t h  

physics programs. These a c t i v i t i e s  a l s o  make extensive use of x-ray 



machines, cyclotrons,  and o ther  acce le ra to r s  f o r  t h e  production of ion-  

i z ing  r a d i a t i o n .  I n  t h e  education program of t h e  Laboratory, s tudents  

engage i n  t r a i n i n g  a c t i v i t i e s  which employ source and f i s s i o n a b l e  mater ia l  

and radioisotopes .  

During 1959, when unusually l a r g e  q u a n t i t i e s  of r ad ioac t ive  mater ia ls  

were being employed i n  severa l  of t h e  Laboratory's programs, t h r e e  a c c i -  

dents  were experienced. lg Ear ly  i n  1960, Laboratory management conse - 
quently i n s t i t u t e d  a new rad ia t ion  sa fe ty  and c o n t r o l  program which had 

t h e  dual  objec t ive  of upgrading Laboratory f a c i l i t i e  s1 and improving op- 

e r a t i n g  p rac t i ces .  The ORNL Radiat ion Safe ty  and Control  program, t o  be 

described here,  was developed t o  achieve t h e  des i red  goa l s  without i m -  

posing so many r e s t r i c t i o n s  t h a t  t h e  Laboratory 's  primary mission - r e -  

search and development - would be compromised. Under t h i s  program, a 

progressive decrease i n  both  t h e  frequency and ser iousness  of r a d i a t i o n  

accidents  at t h e  Laboratory has been observed. 

The e s s e n t i a l  elements of t h e  ORNL program are :  ( 1 )  organizing f o r  

coping with r a d i a t i o n  p ro tec t ion  problems; ( 2 )  ass igning s p e c i f i c  respon- 

s i b i l i t i e s  f o r  s a f e t y  t o  t h e  var ious  Laboratory groups; (3 )  maintaining 

each f a c i l i t y  i n  a safe condit ion;  (4) requi r ing  sa fe  opera t ing  procedures; 

( 5 )  p r o f i t i n g  from t h e  experience offered  by minor acc idents ;  ( 6 )  personnel 

t r a i n i n g ;  (7)  holding t h e  i n t e r e s t  of Laboratory personnel  i n  r a d i a t i o n  

s a f e t y  and con t ro l  problems; and (8) planning f o r  r a d i a t i o n  emergencies. 

Organizing f o r  Radiat ion Safety 

The r a d i a t i o n  p ro tec t ion  organizat ion which has evolved a t  t h e  Labo- 

r a t o r y  i s  shown i n  F ig .  1. Under t h e  Direc tor  and Deputy Direc tor  of t h e  

Oak Ridge National  Laboratory the re  i s  a Direc tor  of Radiat ion Safe ty  and 
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Control who i s  a member of the Laboratory Director ' s  s t a f f .  Close and 

frequent contact i s  maintained between the Laboratory Director, Deputy 

Director, and the Director of Radiation Safety and Control. In addit ion 

t o  the Director, the of f ice  of Radiation Safety and Control includes four 

s t a f f  members - two chemical engineers, a chemist, and a phys ic i s t .  Each 

s t a f f  member i s  assigned responsibi l i ty  fo r  following closely the ac t i v i -  

t i e s  of ce r ta in  of the 20 Laboratory divisions which handle s ign i f ican t  

quant i t ies  of radioactive materials .  Each one a l so  specia l izes  i n  cer- 

t a i n  key elements of the rad ia t ion  safety  program: f o r  example, c r i t i -  

c a l i t y ,  safe  design c r i t e r i a ,  t ra ining,  waste disposal ,  e t c .  One s t a f f  

member serves a s  ful l - t ime executive secretary of the Laboratory Director ' s  

review committees. 

The s i x  review committees are  regarded a s  the Laboratory Director 's  

"eyes and ears"  on radiat ion safety  matters.  These committees consis tent ly  

make valuable suggestions f o r  improving the safety  of the Laboratory. 

Although most committee business i s  handled by the Radiation Safety and 

Control o f f ice ,  d i r ec t  contact between the committees and the Laboratory 

Director i s  encouraged and l e f t  t o  the d i sc re t ion  of the committee chair-  

men. Contact between the Director and the committees i s  assured by an 

annual meeting with each committee. On t h i s  occasion, the highlights of 

the past  year ' s  a c t i v i t e s  a re  reviewed, par t i cu la r  problems of concern 

t o  the committees a r e  discussed, and plans f o r  the coming year a r e  de- 

scribed.  The of f ice  of Radiation Safety and Control i s  responsible f o r  

informing divisions of a l l  committee recommendations a f fec t ing  t h e i r  op- 

era t ions  and f o r  seeing tha t  the committee's recommendations a re ,  i n  f a c t ,  

implemented. 



The Health Physics Division a t  ORNL has two ra ther  d i s t i n c t  functions: 

health physics research and heal th  physics services i n  d i r e c t  support of 

the Laboratoryls research and development a c t i v i t i e s .  Health Physics 

services may be fur ther  broken down in to  Applied Health Physics and Health 

Physics Technology. In the areas of Applied Health Physics and Health 

Physics Technology, the Director of the Health Physics Division reports  

t o  the Laboratory Director through the Director of Radiation Safety and 

Control. 

Six advisory groups both supplement the s t a f f  of Radiation Safety 

and Control and make avai lable  specialized knowledge t o  it. 

The Laboratory Director established a post within each d iv i s ion  f o r  

handling radioactive mater ia ls .  The individual holding t h i s  post i s  known 

a s  the Radiation Control Officer.  Depending on the nature of the d iv i s ion ' s  

a c t i v i t i e s ,  he spends between 20 and 80% of h i s  time on rad ia t ion  sa fe ty  

matters. The Radiation Control Officerg, i n  monthly meetings with the 

Director of Radiation Safety and Control, a r e  informed of changes i n  r a -  

dia t ion safety  policy and a r e  made aware of those areas  where increased 

a t ten t ion  should be focused. In general, the radiat ion sa fe ty  program 

i s  implemented i n  each division through the Radiation Control Officer.  

Experience has shown the Radiation Control Officer function t o  be one of 

the most important elements of the Oak Ridge National Laboratoryls r a -  

dia t ion safety  program. 

Radiation Safety Policy 

The radiat ion protection program a t  the Oak Ridge National Laboratory 

has the following broad objectives:  



1. To ca r ry  out a l l  operat ions with the  lowest reasonable personnel 

exposure t o  r a d i a t i o n  and contamination; i n  no case should i n t e r n a l  and 

ex te rna l  exposures exceed the recommendations of the Federal  Radiation 

Council and the National Committee on Radiation Protec t ion.  

2.  To perform a l l  work i n  such a manner t h a t  losses  r e s u l t i n g  from 

contamination a r e  minimized; such losses  may include research,  development, 

and production time; f a c i l i t y  o r  equipment abandonment; and the c o s t  of 

cleaning up contamination. 

3. To maintain environmental contamination a t  a s  low a l e v e l  a s  

possible cons i s t en t  wfth sound operat ing p rac t i ce ;  i n  no case should the 

atmospheric and water contamination outside the  con t ro l l ed  a r e a  exceed 

the  maximum permissible concentrat ion values f o r  the  neighborhood of an 

atomic energy i n s t a l l a t i o n .  

In order t o  ca r ry  out  these object ives ,  s p e c i f i c  r e s p o n s i b i l i t i e s  

and a u t h o r i t i e s  a r e  delegated by the  Laboratory Director .  

Assignment of Responsibi l i ty  

Laboratory Director  and Deputy Director .  Both the  Laboratory Director  

and the Deputy Director  show deep personal  i n t e r e s t  i n  a l l  mat ters  of r a -  

d i a t i o n  sa fe ty .  This i s  manifested by personal p a r t i c i p a t i o n  i n  the 

t r a n s l a t i o n  of AEC regula t ions  i n t o  Laboratory operat ion,  by vigorous 

inves t iga t ion  of r a d i a t i o n  accidents ,  and, most importantly, by s t rong 

en thus ias t i c  support of the  rad ia t ion  sa fe ty  and con t ro l  programs. The 

importance of top management i n t e r e s t  in ,  and support of ,  the  r a d i a t i o n  

sa fe ty  program cannot be overemphasized. 

Director  of Radiation Safe ty  and Control.  The Director  of Radiation 

Safe ty  and Control es , tablishes,  on behalf of the Laboratory Director ,  



policy with respect  t o  rad ia t ion  protect ion and ascer ta ins  t h a t  Laboratory 

policy with regard t o  rad ia t ion  sa fe ty  and con t ro l  i s  met a t  a l l  t imes. 

Laboratory Divisions. It i s  e s s e n t i a l  t o  the Laboratory's program 

t h a t  each Laboratory d iv i s ion  assume the primary respons ib i l i ty  f o r  a t -  

tainment of the object ives  which have been s e t  with regard t o  personnel 

exposure, minimizing losses  due t o  contamination, and environmental con- 

tamination. 

Radiation Control Off icers .  The Radiation Control Officer  represents  

the  Division Director on matters  of rad ia t ion  s a f e ty .  He ac t ive ly  and 

aggressively keeps under continuous survei l lance  a l l  operat ions of the 

Division t h a t  could lead t o  rad ia t ion  incidents .  He, under the  Division 

Director,  assumes f u l l  r espons ib i l i ty  f o r  rad io log ica l  sa fe ty  i n  the Divi- 

s ion.  In s p i t e  of the  g rea t  r espons ib i l i ty  f o r  r ad i a t i on  sa fe ty  which 

is  borne by the Radiation Control Officer ,  it i s  made per fec t ly  c l e a r  t h a t  

the Division Director,  himself, bears the primary respons ib i l i ty  and w i l l  

be held accountable f o r  rad ia t ion  sa fe ty  within h i s  Division.  

Applied Health Physics. A major r o l e  i n  the r ad i a t i on  sa fe ty  program 

is  played by the  Applied Health Physics Section, which advises the Labo- 

ra to ry  divis ions  on the  heal th  physics aspects  of t h e i r  programs. It a l s o  

ca r r i e s  out the personnel and environmental monitoring programs. The 

Applied Health Physics sect ion includes 86 people, 6 of whom a r e  admin- 

i s t r a t o r s ,  1 3 a r e  engaged i n  the personnel monitoring program t h a t  assesses 

the  exposure which Laboratory employees receive,  47 perform the rad ia t ion  

survey needed t o  e s t a b l i s h  rad ioac t iv i ty  l eve l s  i n  Laboratory f a c i l i t i e s  

and areas  where ioniz ing rad ia t ion  is  present ,  11 are  engaged i n  the bio- 

assay and instrument ca l ib ra t ion  program, and 9 carry  out area  monitoring 



f o r  the  purpose of determining the  environmental contamination r e s u l t i n g  

from ORNL operat ions.  

Health Physics Technology. In  many cases, e x i s t i n g  "know-how" i s  

inadequate t o  assess  r a d i a t i o n  hygiene problems which a r i s e  a t  the Iabo- 

ra to ry .  In  order t o  cope with these,  a Health Physics Technology Section 

was es tabl ished t o  perform the  necessary research and development i n  sup- 

por t  of the  Iabora tory ' s  r a d i a t i o n  protec t ion program. This Section has 

s i x  people who a r e  engaged i n  a c t i v i t i e s  such a s  developing a n a l y t i c a l  

techniques s u i t a b l e  f o r  de tec t ion  of environmental iodine i n  concentra- 

t i o n s  t h a t  a r e  approaching the  newly es tab l i shed  limits, developing methods 

f o r  determiGng i n  body f l u i d s  radioisotopes  unique t o  the  ORNL program, 

and pu t t ing  i n t o  operat ion a newly acquired whole-body counter .  

Instrumentation and Controls .  The Instrumentation and Controls 

Division i s  responsible  f o r  specifying the  h e a l t h  physics instruments t o  be 

Bmpkoyed a t  t h e  Laboratory,' with t h e  advice of t h e  Applidd Health Physics 

Section.  In  making such judgments, cognizance is  given t o  p a s t  experience 

with s imi la r  instruments, the  existence of spare p a r t s ,  and maintenance 

problems. This Division a l s o  performs the  necessary maintenance work 

on hea l th  physics instruments. 

Iaboratory S h i f t  Supervisor. Under the  ORNL operat ing pa t t e rn ,  a 

Iaboratory S h i f t  Supervisor i s  present  a t  a l l  t imes.  He immediately and 

automatical ly assumes r e s p o n s i b i l i t y  f o r  an  emergency following an in-  

c ident  and remains i n  charge u n t i l  he i s  re l i eved  by Iaboratory management. 

Radiation Safe ty  and Control Advisory Groups. Standing and "ad hoc" 

groups a r e  used t o  supplement the Radiation Safe ty  and Control s t a f f  and 

t o  cope with specia l ized problems which a r i s e .  The standing groups a r e :  



1. The Advisory Group f o r  Fixed Radiation Control Instruments, which 

s p e c i f i e s  the  numbers and types of f ixed  instruments required  f o r  new and 

e x i s t i n g  f a c i l i t i e s  and advises on the  necessary replacement schedule. 

2. The Advisory Group f o r  Portable Radiat ion Control Instruments, 

which s p e c i f i e s  the  numbers and types of por table  instruments required  

f o r  new and e x i s t i n g  f a c i l i t i e s  and advises on the  necessary replacement 

schedule. 

3. The Radiation Incident  Advisory Group, which gives advice on the  

ac t ion  t o  be taken following an incident ,  including hea l th  physics pro- 

cedures, cleanup techniques and standards, s t a f f i n g  the  cleanup e f f o r t ,  

and work r e s t r i c t i o n s  t o  be imposed on exposed personnel.  

4 .  The Analyt ica l  Chemistry Coordinator, who arranges procedures 

and p r i o r i t i e s  f o r  the  ana lys i s  of samples during an  emergency. 

5 .  The Design C r i t e r i a  Review Group, which approves ( f o r  conformance 

with r a d i a t i o n  s a f e t y  and con t ro l  po l i cy)  the  design c r i t e r i a  f o r  f a c i l i t y  

changes and f o r  new f a c i l i t i e s .  

6.  The Radioactive Materials  Transport Advisory Group, which es tab-  

l i s h e s  the  c r i t e r i a  f o r  shipping conta iners  f o r  r ad ioac t ive  mate r i a l s  

and recommends procedures t o  be employed f o r  shipments i n  the  Laboratory 

and t o  o ther  Oak Ridge p lan t s .  

Safety of F a c i l i t i e s  

I n  recogni t ion  of the importance of s a f e  f a c i l i t i e s  f o r  the handling 

of hazardous mater ia ls ,  c r i t e r i a  p a r a l l e l i n g  those already es tab l i shed  

f o r  r eac to r s  have been s e t  up f o r  assess ing the  adequacy of Laboratory 

f a c i l i t i e s ,  ho t  c e l l s ,  and chemical p l a n t s .  These c r i t e r i a  were described 



e a r l i e r  .lg E x i s t i n g  f a c i l i t e s  e i t h e r  have been o r  a r e  being modified t o  

meet t hese  s tandards .  

Prel iminary design c r i t e r i a  f o r  a l l  new f a c i l i t i e s  a r e  presented  

t o  the  o f f i c e  of r a d i a t i o n  Sa fe ty  and Cont ro l  by t h e  respons ib le  d i v i s i o n  

f o r  review t o  determine compliance wi th  s a f e t y  c r i t e r i a .  Radia t ion  Sa fe ty  

and Control  approval  i s  r equ i red  before  d e t a i l e d  engineer ing  des ign  i s  

s t a r t e d .  Before cons t ruc t ion  i s  s t a r t e d ,  t h e  appropr i a t e  Laboratory 

Di rec to r ' s  review committees must a l s o  approve t h e  design.  Appropriate 

drawings, a hazards eva lua t ion ,  emergency p lans ,  and ope ra t ing  procedures 

a r e  presented  a t  t h i s  time f o r  i n spec t ion  and eva lua t ion .  Acting on the  

recommendations of t h e  review committee, t h e  Di rec to r  of Radia t ion  Sa fe ty  

and Control  g ives  w r i t t e n  approval  of t he  f a c i l i t y .  

Review of b e r a t i n g  P r a c t i c e s  

Laboratory Di rec to r ' s  Review Commi$tees. For  s e v e r a l  y e a r s  t h e  

Laboratory Direc tor  has c a l l e d  upon review committees t o  advise  him on 

the  s a f e t y  of t h e  Labora tory ts  opera t ions .  Early i n  1960 the  number of 

such committees w a s  increased  and, a t  present ,  t o t a l s  s ix .  Each of t hese  

committees c o n s i s t s  of a chairman, five o r  s i x  members, and a n  execut ive  

sec re t a ry  i n  common. The execut ive  s e c r e t a r y  i s  a member of t h e  Radia- 

t i o n  Sa fe ty  and Cont ro l  s t a f f ,  Only sen io r  personnel  a r e  appointed t o  

t h e  Laboratory D i r e c t o r t s  committees; t h e i r  terms of o f f i c e  a r e  two o r  

t h r e e  yea r s .  Although the  number of meetings he ld  by each committee v a r i e s ,  

t h e  t o t a l  number of committee meetings i n  1960 w a s  86. During t h a t  per iod ,  

which w a s  t y p i c a l ,  approximately 250 t e c h n i c a l  man-weeks of e f f o r t  were 

devoted by t h e  Di rec to r ' s  committees t o  t h e  review of s a f e t y  a s p e c t s  of 



Laboratory ope ra t ions .  Committee review may be i n i t i a t e d  by Laboratory 

management, t h e  committee chariman, t h e  ~ i r e ' c t o r  of Radia t ion  Sa fe ty  and 

Control ,  o r  upon r e q u e s t  of a Div is ion .  In  genera l ,  each f a c i l i t y  i s  

reviewed by a committee a t  l e a s t  annual ly .  

Audit  of Operat ing P r a c t i c e s .  It i s  r e q u i r e d  t h a t  a l l  n u c l e a r i o r  

radiochemical  ope ra t ions  involv ing  1 g o r  more of plutonium, o r  m a t e r i a l  

of equ iva l en t  hazard, be formal ly  reviewed by t h e  app ropr i a t e .Labora to ry  

Di rec to r  ' s review committee. Reviews of opera t ions  w i t h  l e s s  a c t i v i t y  

may be made a t  t h e  d i s c r e t i o n  of t h e  Laboratory D i r e c t o r ' s  review com- 

m i t t e e s  and t h e  execut ive  s e c r e t a r y .  Compliance w i t h  t he  recommendations 

of t h e  committees i s  e f f e c t e d  through t h e  o f f i c e  of Radia t ion  S a f e t y  and 

Cont ro l .  

The execut ive  s e c r e t a r y  r eques t s  from t h e  r e spons ib l e  Div is ion  a 

hazards r e p o r t ,  ope ra t ing  procedures,  and emergency p lans  cover ing  t h e  

ope ra t ion  f o r  committee review p r i o r  t o  t h e  formal  meeting.. 

I n  t hese  a u d i t s ,  p a r t i c u l a r  a t t e n t i o n  i s  given t o  t h e  fo l lowing  

p o i n t s  : 

1. Kind and q u a n t i t y  of m a t e r i a l  t o  be handled. 

2 .  Containment f e a t u r e s  of t h e  f a c i l i t y .  

3. Condit ion of ins t rumenta t ion  and c o n t r o l s .  

4 .  Adequacy of s t a r t u p ,  opera t ing ,  maintenance, and shutdown pro-  

cedures .  

5. Adequacy of emergency procedures . 

6 .  Operator t r a i n i n g  and q u a l i f i c a t i o n s .  

7.  Adequacy of supe rv i s ion .  

8. Unusual occurrences s ince  previous review.  



9 .  Radiat ion exposure record.  

S t a f f  members of the o f f i c e  of Radiation Safety and Control  a l s o  

conduct f requent  informal a u d i t s  of a l l  Laboratory opera t ions .  

Unusual Occurrences 

In the  b e l i e f  t h a t  seemingly i n s i g n i f i c a n t  occurrences f requent ly  

presage ser ious  accidents ,  a l l  unusual occurrences a t  the Laboratory a r e  

ca re fu l ly  examined. If a v i o l a t i o n  of Laboratory r u l e s  is  en ta i l ed ,  o r  

i f  the accident  could have been se r ious  under l e s s  fo r tuna te  circumstances, 

the responsible Division is  required t o  inves t iga te  it, t o  prepare a r e -  

p o r t  descr ib ing the accident ,  and, f i n a l l y ,  to make recommendations f o r  

preventing recurrences.  I f  it seems indicated,  s u i t a b l e  Laboratory-wide 

r e s t r i c t i o n s  o r  procedural requirements t o  preclude r e p e t i t i o n  of s imi la r  

accidents  a r e  i n s t i t u t e d .  

Training 

The Oak Ridge National Laboratoryls r a d i a t i o n  s a f e t y  t r a i n i n g  pro- 

gram has severa l  f a c e t s .  New employees, upon a r r i v a l ,  a r e  given genera l  

o r i en ta t ion ,  including an in t roduct ion t o  r a d i a t i o n  s a f e t y .  This i s  f o l -  

lowed by on-the-job i n s t r u c t i o n  by the employee's immediate supervisor 

i n  s p e c i f i c  r a d i a t i o n  protec t ion p rac t i ces ,  procedures, and r e s p o n s i b i l i -  

t i e s .  The r a d i a t i o n  s a f e t y  program i s  discussed with the  s c i e n t i f i c  s t a f f  

and supervisory employees i n  S t a f f  Conferences. I n  1960, approximately 

132 people p a r t i c i p a t e d  i n  such S t a f f  Conference discuss ions .  

In  1961, two r a d i a t i o n  sa fe ty  t r a i n i n g  courses were i n s t i t u t e d  and 

presented t o  approximately 800 employees. The f i r s t ,  which w i l l  be 



repeated once each year,  cons i s t s  of 12 h r  of ins t ruc t ion  and covers 

such topics  a s  ORNL rad ia t ion  sa fe ty  policy,  r ad i a t i on  un i t s ,  permissible 

exposures, r ad i a t i on  damage t o  man, instruments f o r  rad ia t ion  detection,  

chemical tox ic i ty ,  containment c r i t e r i a ,  i n i t i a l  hazards evaluation,  the 

Laboratory Director ' s  review committees and operating procedures, Applied 

Health Physics Section procedures, r ad ia t ion  emergency procedures, i n t r a -  

laboratory t rans fe r ,  handling, and storage of radioact ive  mater ia ls ,  and 

waste d isposal .  A s  a  t e x t  f o r  the t r a i n ing  program, a  117-page Radiation 

Safety and Control Tra4ning Manual was prepared t h a t  serves a s  a  bas i s  

f o r  the l ec tu res .  In 1961, approximately 1300 copies of the Training 

Manual were d i s t r i bu t ed  t o  Laboratory personnel. 

An abridged t r a i n ing  course was presented t o  bas ic  research workers 

handling r e l a t i v e l y  small quan t i t i e s  of rad ioac t iv i ty .  In addit ion,  a  

3-hr t r a i n ing  course was presented t o  approximately 70 technical  summer 

employees. 

Radiation Safety and Control Publicat ions 

Quar ter ly  Reports. A Radiation Safety and Control quar te r ly  repor t  

i s  d i s t r i bu t ed  t o  Laboratory management, Division Directors,  and Radia- 

t i on  Control Off icers .  It provides a  running assessment of the s t a t e  of 

rad ia t ion  sa fe ty  within the Laboratory and emphasizes those areas  where 

g rea te r  d iv i s i ona l  a t t en t i on  is  needed. An Applied Health Physics Section 

quar ter ly  repor t ,  prepared by the Health Physics Division, summariz,es 

personnel exposures during the quarter  and evaluates l o c a l  and environ- 

mental contamination problems s t e p i n g  from Laboratory operations.  



Advisory Bul le t ins .  Advisory Bul le t ins  a r e  published pe r iod ica l ly  

by Radiation Safety and Control.  These b u l l e t i n s  describe se lec ted  un- 

usual  occurrences involving personnel exposure or  spread of radioact ive  

contamination. Their purpose i s  t o  maintain Laboratory awareness of r a -  

d i a t i o n  s a f e t y  and t o  e f f e c t  improvement of s p e c i f i c  hazardous condit ions 

or  p rac t i ces  which a r e  brought t o  l i g h t .  

Radiation Safe ty  and Control Handbook. To provide a convenient r e f -  

erence source, a Radiation Safety and Control Pocket Handbook was pre- 

pared and 1200 copies were d i s t r i b u t e d .  This Handbook serves the  dual  

purpose of providing a simple in t roduct ion t o  r a d i a t i o n  s a f e t y  and hea l th  

physics f o r  nontechnical personnel and of providing a convenient source 

of reference mate r i a l  f o r  s c i e n t i s t s  and engineers.  

In  add i t ion  t o  the  preceding publ ica t ions  prepared by Radiation Safety 

and Control, i n  1961 the  Health Physics Division published the  Health 

Physics Manual, which c o n s t i t u t e s  a "bible" of r a d i a t i o n  p ro tec t ion  pro- 

cedures and p rac t i ces  a t  the  Laboratory. It i s  widely d i s t r i b u t e d ,  and 

a l l  Divisions a r e  required t o  carry  out  t h e i r  operat ions i n  conformance 

with the  management-endorsed recommendations contained the re in .  

Planning f o r  Emergencies 

The Laboratory S h i f t  Supervisor, who represents  the Laboratory D i -  

r ec to r ,  i s  responsible f o r  the  handling of emergencies. An Emergency 

Manual has been prepared and given wide d i s t r i b u t i o n  t o  assure  expedit ious,  

e f f e c t i v e  handling of emergencies. 



Basic elements of t h e  emergency p l a n  a r e  : 

1. Wacuat ion .  Personuel  a r e  evacuated from t h e  acc iden t  a rea ,  

and contaminated equipment, bu i ld ings ,  o r  a r e a s  a r e  i s o l a t e d .  

2 .  Del inea t ion .  Radia t ion  o r  contamination zones a r e  c losed  o f f .  

When contamination i s  t h e  primasy cons idera t ion ,  t he  a f f e c t e d  a r e a  i s  

sea l ed  o f f  i f  p o s s i b l e .  

3. Containment. If a i r  contamination i s  p re sen t ,  a i r  condi t ioning  

and v e n t i l a t i o n  systems a r e  shu t  o f f  i f  condi t ions  permi t .  I f  l i q u i d  

wastes a r e  involved, t h e i r  r e l e a s e  t o  t h e  environment i s  prevented.  

4.  Sampling. Samples of a i r ,  l i q u i d ,  and su r face  contamination 

a r e  obtained f o r  immediate a n a l y s i s  t o  identify; and determine t h e  concen- 

t r a t i o n  of p o t e n t i a l l y  hazardous m a t e r i a l s .  

5. Decontamination. A s  soon a s  poss ib l e ,  s t e p s  a r e  taken  t o  remove 

contamination t o  a s u f f i c i e n t l y  low l e v e l  t h a t  normal Laboratory opera t ions  

may be resumed. 

6 .  Monitoring. Personnel  a r e  surveyed on e x i t  from t h e  Laboratory 

and those who a r e  contaminated o r  have been exposed a r e  segregated  f o r  

decontamination o r  medical t rea tment .  

D e f i n i t e  r e s p o n s i b i l i t i e s  f o r  s p e c i f i c  phases of t h e  emergency p lan  

have been assigned,  and about  twice a year  an  unannounced Laboratory-wide 

evacuat ion,  premised on a p l a u s i b l e  s i t u a t i o n ,  i s  he ld .  The p r a c t i c e  

evacuat ions a r e  monitored by a group of judges, and t h e i r  comments a r e  

used t o  improve both  t h e  emergency p l a n  and t h e  response of t h e  emergency 

groups. (I?. R. ~ r u c e )  
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11. ACCIDENT MALYSIS 



POWER-EXCURSION EXPERIMENTS I N  SPERT 1 

Numerous l igh t -wa te r  moderated r e a c t o r s ,  among them Dresden and 

Yankee, employ s l i g h t l y e n r i c h e d  U02 a s  fuel .  Other similar r e a c t o r s ,  such 

a s  the  Consolidated Edison r e a c t o r ,  employ f u e l  rods t h a t  con ta in  enriched 

U02 mixed wi th  a l a r g e  amount of Tho2. In  these  oxide-fueled r e a c t o r s ,  

t he  dimensions of the  f u e l  elements a r e  usua l ly  such t h a t  t h e  time con- 

s t a n t  f o r  hea t  t r a n s f e r  from the  f u e l  t o  the  moderator i s  of the  order  

of s e v e r a l  seconds. Under such circumstances, t he  r e a c t i v i t y  e f f e c t s  

of temperature o r  dens i ty  changes of t h e  moderator a r e  much too  slow t o  

e f f e c t i v e l y  s t o p  excursions i n i t i a t e d  by l a rge ,  r ap id ,  r e a c t i v i t y  a d d i t i o n s ,  

Safe ty  c a l c u l a t i o n s  then r e l y  on t h e  prompt Doppler e f f e c t  t o  counterac t  

such r e a c t i v i t y  a d d i t i o n s .  Therefore the  s a f e t y  of bulk-oxide-fueled r e -  

a c t o r s  depends on the  mechanism e n t i r e l y  d i f f e r e n t  from t h e  shutdown mecha- 

nism t h a t  con t ro l s  excursions i n  p l a t e  type r e a c t o r s  and which has been 

s tud ied  ex tens ive ly  . 
The f i r s t  systematic  i n v e s t i g a t i o n  of power excursions,  i n  a r e a c t o r  

with f u e l  rods of the  type discussed above, was c a r r i e d  ou t  i n  t h e  summer 

of 1961 a t  the  SPERT I f a c i l i t y  a t  t he  National  Reactor Tes t ing  S t a -  

t i o n  y y 4  The core used was composed of the  6- f t - long s t a i n l e s s - s t e e l -  

c l ad  U02 f u e l  p ins  employed e a r l i e r  i n  the  NS Savannah c r i t i c a l  exper i -  

m e n t ~ . ~  A qua r t e r - sec t ion  of t h e  core c o n s i s t i n g  of 592 of these  p ins  

on a 0.663-in. p i t c h  i s  shown i n  F ig .  2 .  In  i t s  o r i g i n a l  vers ion ,  here- 

a f t e r  r e f e r r e d  t o  a s  the  "unconstrained core ,"  the  f u e l  rods were f a s t ened  

a t  both ends but  were f r e e  t o  move elsewhere.  h his freedom does no t  

e x i s t  i n  the  a c t u a l  r e a c t o r  of t h e  NS Savannah o r  i n  o the r  power r e a c t o r s . )  
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Fig. 2. Quarter-Section of Spert I Oxide-Core Containing 592 Fuel 
Pins  (Reprinted from USAEC repor t  IDO-16693). 



In a  l a t e r  vers ion ,  the  "constrained core ,"  spacers  were i n s e r t e d  between 

the  f u e l  rods  t o  r e s t r a i n  sideways displacement .  The i n i t i a l  per iods  of 

t he  excursions inves t iga t ed  ranged down t o  3.2 msec, corresponding t o  a n  

i n i t i a l ,  s tepwise r e a c t i v i t y  a d d i t i o n  of approximately $2. 

A t  t h e  p resen t  time (~ovember 1961) t h e  experiments have bare ly  been 

f in i shed ,  bu t  t h e  fol lowing gene ra l  conclusions have been r epor t ed  

1. A prompt, negat ive r e a c t i v i t y  e f f e c t ,  presumably l a r g e l y  Doppler, 

indeed counterac ts  t h e  r e a c t i v i t y  a d d i t i o n .  

2 .  I n  the  unconstrained core,  a  p o s i t i v e  r e a c t i v i t y  e f f e c t  appears ,  

wi th  a  time cons tant  of t he  order  of 10  t o  100 msec. This r e a c t i v i t y  

e f f e c t  may reach  almost $1 and has t o  be compensated by a d d i t i o n a l  Doppler 

e f f e c t  (as we l l  as some moderator dens i ty  e f f e c t ) ,  r e q u i r i n g  a l a r g e r  

temperature r i s e  of t he  f u e l  and a n  increase  i n  t h e  energy generated dur ing  

t h e  excursion by a f a c t o r  of about 2 o r  3 a t  t h e  most.  I n  t h e  excursions,  

with i n i t i a l  per iods  below 40 msec, t he  o r i g i n a l  peak i s  over before  the  

p o s i t i v e  r e a c t i v i t y  e f f e c t  appears and t h u s  t h e r e  i s  a second peak i n  

t h e  power t r a c e .  

3. The p o s i t i v e  r e a c t i v i t y  e f f e c t  mentioned under i tem 2 has been 

i d e n t i f i e d  wi th  the  e f f e c t  of bowing of t h e  f u e l  rods  a s  a r e s u l t  of t h e  

g rad ien t  i n  t h e  power d e n s i t y .  This i d e n t i f i c a t i o n  was accomplished by 

motion p i c t u r e s  of t he  f u e l  rods  du r ing  t h e  excursion,  and a l s o  by t h e  

f a c t  t h a t  t he  cons t ra ined  core d i d  not  show t h e  p o s i t i v e  r e a c t i v i t y  e f f e c t .  

4 .  The f u e l  rods  can be expected t o  bow i n t o  t h e  reg ions  of higher  

power dens i ty ,  o r  higher  f l u x .  For t h i s  bowing t o  r e s u l t  i n  a  p o s i t i v e  

r e a c t i v i t y  e f f e c t ,  t he  h igh-f lux  regions  must a l s o  be t h e  r eg ions  where 

t h e  importance of a f u e l  rod  i s  high.  This cond i t ion  e x i s t s ,  i n  t h e  



r e a c t o r s  i n  q u e s t i o n , \ a t  t h e  i n t e r f a c e s  between f u e l e d  and unfueled reg ions ,  

such a s  t h e  o u t e r  su r face  of the  core ,  and poss ib ly  the  s i d e s  of empty 

cont ro l - rod  channels .  

5. The power t r a c e s  f o r  t he  cons t ra ined  core ,  and a l s o  the  i n i t i a l  

p a r t s  of t h e  power t r a c e s  f o r  t h e  f a s t  t r a n s i e n t s  of t h e  unconstrained 

core,  a r e ,  i n  f i r s t  approximation, i n  agreement wi th  a prompt, negat ive,  

r e a c t i v i t y  c o e f f i c i e n t  of about  3 cen t s  pe r  Mw-see. For t h e  f a s t e s t  

t r a n s i e n t s  i nves t iga t ed ,  however, a systematic  dev ia t ion  toward lower r e -  

a c t i v i t y  c o e f f i c i e n t s  seems t o  appear .  

The p o s i t i v e  r e a c t i v i t y  e f f e c t  of t he  fue l - rod  bowing w a s  somewhat 

of a  s u r p r i s e .  Such e f f e c t s  have been inves t iga t ed  ex tens ive ly  f o r  f a s t  

r e a c t o r s ,  bu t  they were widely be l ieved  t o  be unimportant f o r  water-mod- 

e r a t e d  thermal  r e a c t o r s ,  as the  r e a c t i v i t y  e f f e c t s  due t o  water-tempera- 

t u r e  o r  d e n s i t y  changes would be f a r  g r e a t e r .  Af t e r  t hese  experiments,  

it is c l e a r  t h a t  t he  bowing e f f e c t s  can make themselves f e l t  anyway, 

because they a c t  before  the  water temperature o r  d e n s i t y  changes appre- 

c  i a b l y  . 
Pos i t ive  r e a c t i v i t y  e f f e c t s  of fuel-element  deformation a l s o  mani- 

f e s t e d  themselves s u r p r i s i n g l y  i n  t h e  Sodium Reactor Experiment, 6 ,  and 

some modif ica t ion  of t he  SRE f u e l  element was ind ica t ed .  

To what e x t e n t  a c t u a l  power r e a c t o r s  a r e  s u b j e c t  t o  p o s i t i v e  r eac -  

t i v i t y  e f f e c t s  from fue l - rod  bowing, o r ,  more gene ra l ly ,  from mechanical 

deformation, w i l l  have t o  be determined on a n  i n d i v i d u a l  b a s i s .  Hope- 

f u l l y ,  it w i l l  be poss ib l e  t o  design r e a c t o r s  s o  t h a t  t h e  power-induced 

bowing o r  o the r  mechanical deformation w i l l  g ive a negat ive,  r a t h e r  than  

a p o s i t i v e ,  r e a c t i v i t y  e f f e c t .  ( w .  K .  ~ r g e n )  



REACTOR STABILITY EXPEBIENCE 

A common feature  of recent papers on experimental observations of 

reactor s t a b i l i t y  charac te r i s t i cs  i s  the  emphasis on the e f f ec t s  of "minor" 

phenomena which could ea s i l y  be ignored i n  the design. While much of the 

information reported i s  quite specialized, it must not be assumed t h a t  

experience which has been gained with a par t i cu la r  reactor i s  r e s t r i c t ed  

i n  usefulness t o  reactors  of the same type; the  l i t t l e  things which have 

caused trouble i n  an aqueous system may have t h e i r  analogs i n  a molten- 

s a l t  reactor .  A fu r ther  impression i s  one of confidence t ha t  s t a b i l i t y  

problems can be understood and dea l t  with ra t iona l ly .  

Experimental Breeder Reactor 

EBR experience provides perhaps the  strongest  support f o r  these con- 

tent ions .  Smith e t  a1. have reported t h e i r  work on i n s t a b i l i t y  studies 

with the  Mark I11 core of the  =-I. While the EBR-I operated smoothly 

enough a t  f u l l  power and steady s t a t e  with the Mark I1 core, departures 

from the steady s t a t e  often caused power o sc i l l a t i ons .  Further, a prompt 

posi t ive  power coeff ic ient  of r eac t i v i t y  was evident on varying the  cool- 

ant  flow, and a p a r t i a l  meltdown eventually occurred because of it.  

Specifically,  the power would increase following a reduction i n  flow, pass 

through a maximum, and eventually decrease t o  some lower equilibrium 

value; or, conversely, the  power would decrease following a r i s e  i n  flow, 

pass through a minimum, and eventually increase t o  some higher equilibrium 

value. The power coeff ic ient  was considered t o  have a large but slowly 

acting negative component and a smaller but prompt posi t ive  component. 

The authors summarized8 the work of others which showed t h a t  fue l  rod 



bowing was t h e  p r inc ipa l  source of the  prompt pos i t ive  power coef f i c ien t  

and t h a t  t h e  Doppler-effect hypothesis could be r e j e c t e d ,  The delayed 

negative temperature coef f i c ien t  i s  explained by t h e  authors a s  the  r e s u l t  

of delayed s t r u c t u r a l  expansion. 

The Mark 111 core was designed t o  el iminate i n s t a b i l i t i e s  character -  

i s t i c  of previous cores.  The r e s u l t s  of t h e  s tud ies  reported show t h a t  

t h e  f u l l y  ribbed and r i g i d  Mark I11 loading was thoroughly successful  i n  

t h i s  respect .  No pos i t ive  r e a c t i v i t y  e f f e c t s  were noted f o r  t h i s  core.  

Extrapolat ion of t e s t  da ta  showed t h a t  t h e  reac to r ,  which normally op- 

e r a t e s  a t  1 .2  Mw, could be made unstable only by exceeding 1000 Mw; but ,  

while t h e  power c o e f f i c i e n t  i s  s t rongly  negative above 200 kw, it i s  qui te  

nonlinear.  The o r i g i n s  of t h i s  non l inea r i ty  a re  complex, and t h e  authors 

were unable t o  const ruct  a uni f ied  mathematical model which would embody 

the  involved r e l a t i o n s h i p s  between the  clearances and power and tempera- 

t u r e .  Empirical methods were reasonably successful ,  however. 

Tes t s  run with t h e  s t a b i l i z i n g  ribs removed gave da ta  which, when 

extrapolated,  showed t h a t  the  power a t  which resonance would occur was 

d r a s t i c a l l y  reduced from something i n  excess of 1000 Mw t o  11 Mw; how- 

ever, t h e  Mark I11 core would s t i l l  be governed by a small prompt nega- 

t i v e  power coef f i c ien t  even i f  a l l  the  r i b s  were sheared. It i s  believed 

t h a t  t h e  prompt pos i t ive  rod-bowing component was t h e  r e s u l t  of condit ions 

of f u e l  rod r e s t r a i n t  c h a r a c t e r i s t i c  of t h e  Mark I1 core; condi t ions  t h a t  

a r e  not easy t o  dupl ica te .  The Mark I11 core has contr ibut ions  t o  t h e  

prompt negative power coef f i c ien t  from both a x i a l  and r a d i a l  expansion, 

whereas i n  Mark I1 r a d i a l  expansion contributed l i t t l e .  The authors 

ind ica te8  t h a t  the  prompt negative e f f e c t s  i n  Mark I11 would be enough 



t o  overcome t h e  prompt p o s i t i v e  con t r ibu t ion  from rod bowing, and inc lus ion  

of t h e  s t a b i l i z i n g  r i b s  e l imina tes  t h e  bowing. An a d d i t i o n a l  delayed 

negative component was found i n  t h e  Mark I1 core  t o  be due t o  delayed ex- 

pansions i n  t h e  lower s h i e l d  p l a t e .  This  c h a r a c t e r i s t i c  was e l iminated  

i n  Mark 111.  

Sodium Reactor Experiment 

G r i f f i n  and ~ u n d h o l m ~  descr ibe  experimental measurements i n  t h e  SRE 

of power c o e f f i c i e n t s  and reac to r  parameters by o s c i l l a t i n g  a shim rod .  

I n  t h i s  r epor t  t h e  authors  present  ind iv idua l  t r a n s f e r  func t ions  of f u e l ,  

moderatcr, and coolant ,  which i n  t u r n  were used t o  obta in  t h e  sepa ra te  

temperature c o e f f i c i e n t s  of r e a c t i v i t y .  For t h e  f u e l  t h i s  was -1,l X 1om5/"F 

and + 1 . 3  x ~ o - ~ / " F .  The w r i t e r s  were ab le  t o  show t h a t  " the  SRE has  ex- 

c e l l e n t  dynamic s t a b i l i t y  over a l l  frequency ranges and opera t ing  condi- 

t i o n s  of p r a c t i c a l  importance." Measurements were conducted a t  s u b s t a n t i a l  

power l e v e l s  ranging between 5.25 and 1 8 . 5  Mw i n  t h e  neighborhood of 

600°F. It was found t h a t  t h e  s t a b i l i t y  w a s  due t o  t h e  l a r g e  and r e l a -  

t i v e l y  prompt negat ive power c o e f f i c i e n t .  The p o s i t i v e  con t r ibu t ion  from 

t h e  g raph i t e  was s luggish  and t h e r e f o r e  e a s i l y  con t ro l l ed .  Good agreement 

was gene ra l ly  found between measurement and theory .  

Homogeneous Reactor 

Rosenthal, Jaye, and ~ o b i a s ' '  examined t h e  power t r a c e s  from t h e  HRT 

(Homogeneous Reactor T e s t ) ,  when t h e  core  flow was upward. The d a t a  

t r e a t e d  gene ra l ly  covered t h e  period of opera t ion  ending i n  September 1958. 

During per iods  when t h e  HRT was operated a t  power, l a r g e  p o s i t i v e  power 

excursions occurred a t  a  r a t e  of about two per hour. These excursions 

were r a r e l y  observed a t  power l e v e l s  below 1 Mw, bu t  above 1 Mw t h e  frequency 



of occurrence increased  wi th  power l e v e l .  Negative excurs ions  were a l s o  

observed, b u t  wi th  much lower frequency.  The power inc reased  i n  most of 

t h e  excursions t o  l e s s  than  50$ above i t s  i n i t i a l  va lue .  Three excursions 

were noted t h a t  r e s u l t e d  i n  power i n c r e a s e s  between 100 and 1 5 0 % ~  and once 

t h e  power rose  from 3 .7  t o  25 Mw i n  8 s e c .  Recovery from t h e s e  excursions 

was rap id ,  and no g r e a t  pressure  surges were noted.  It i s  g e n e r a l l y  be-  

l i e v e d  t h a t  t h e s e  excurs ions  were the  consequence of uranium p r e c i p i t a -  

t i o n .  A t  t h e  same t ime,  t h e  HRT power t r a c e  d isp layed  f l u c t u a t i o n s  of a 

d i f f e r e n t  cha rac te r  t h a t  occurred at  much higher  frequency, 8 t o  16  peaks 

pe r  minute, wi th  an amplitude usua l ly  l e s s  than  3% and on the  average 

about 1% of t h e  t o t a l  power. These f l u c t u a t i o n s  showed no r e l a t i o n s h i p  

wi th  f u e l  feed,  letdown-valve operat ion,  o r  core  pressure .  The au thor s  

poin t  out1' t h a t  t h e  response of t h e  HRT t o  t h e  added r e a c t i v i t y  i l l u s -  

t r a t e s  t h e  r a p i d  and e f f e c t i v e  compensation af forded  by t h e  l a r g e  negat ive  

temperature c o e f f i c i e n t .  Even though the  r e a c t i v i t y  a d d i t i o n  respons ib le  

f o r  t h e  l a r g e s t  excilrsion exceeded 2$ Ak/k, t h e  r e a c t o r  was never  prompt 

c r i t i c a l  and t h e  n e t  excess r e a c t i v i t y  was qu i t e  small. The pressure  i n  

t h e  core never increased  apprec iably  over t h a t  i n  t h e  p r e s s u r i z e r .  

The Homogeneous Reactor Program progress  report1'  f o r  the per iod  

December 1, 1960 t o  May 31, 1961 throws f u r t h e r  l i g h t  on t h e  o r i g i n  of  

t he  power f l u c t u a t i o n s  i n  t h e  HRT. When t h e  KRT was opera ted  wi th  down- 

ward f low through t h e  core ,  t he  l a r g e  power excursions d i d  not  occur .  The 

frequency of t h e  low-level  power f l u c t u a t i o n s  increased  markedly t o  about 

fou r  t imes  t h a t  observed i n  upward f low ope ra t ion .  These f l u c t u a t i o n s  

were dupl ica ted  i n  a f u l l - s c a l e  model of t h e  co re  i n t o  which s a l t  was i n -  

j ec t ed .  Using t h e  f l u c t u a t i o n s  i n  s a l t  concent ra t ion  a s  an analog of t h e  



temperature l eve l ,  an analog computer c i r c u i t  embodying t he  reac to r  k ine t i c  

equations was used t o  produce a f luc tua t ing  "power t race"  which resembled 

the  r e a l  r eac to r  power t r a ce  i n  many important respects .  S t a t i s t i c a l  

analyses of t he  power t r a ce  were then performed with t he  a i d  of d i g i t i z i n g  

equfpment and IBM-7090 codes. I n  t h i s  way many hours of reactor  operating 

data  could be object ively  examined. The r e s u l t s  of these  s tud ies  strongly 

supported the  hypothesis t h a t  t he  f luc tua t ions  or ig inated hydrodynamically. 

That i s ,  t h e  flow pa t te rn  was constant ly  undergoing changes t h a t  produced 

s l i gh t  va r ia t ions  i n  t he  core average temperature. These, i n  turn ,  pro- 

duced the  power f luc tua t ions .  

Another s t a b i l i t y  problem pecul iar  t o  aqueous c i rcu la t ing- fue l  r e -  

ac to rs  was a l s o  b r i e f l y  discussed i n  t he  progress report. ' '  The f u e l  con- 

centra t ion was d i f f e r en t  i n  d i f f e r en t  p a r t s  of the  system, and the  equi-  

l ibrium between these  concentrations was e a s i l y  upset; such changes f r e -  

quently l e d  t o  a t r an s i en t  i n  operating condit ions.  An ana lys i s  of a 

temperature t r an s i en t  on s t a r t up  i s  described i n  the  report. ' '  It i s  

s t a ted  t h a t  when operating a t  a  power l e v e l  jus t  su f f i c i en t  t o  make up 

heat losses ,  the  core, the  heat exchanger, and t he  i n l e t  and o u t l e t  l i n e s  

t o  the  core were a l l  a t  about t he  same temperature. On increasing the 

power t o  5 Mw, t h e  average core temperature remained t he  same, but the  

i n l e t  and ou t l e t  temperatures f e l l  below t h i s  temperature. Liquid would 

therefore  have t o  be added t o  t he  core c i r cu l a t i ng  system t o  make up f o r  

the  contract ion.  The r e su l t i ng  minor disturbances t o  the  flow streams 

led  t o  a r i s e  i n  temperature of about 0.7"C followed by a gradual f a l l  

over a 2-hr period t o  an equilibrium point i . 3 " C  below the  o r i g ina l  tem- 

perature.  ( ~ e l v i n  L . Tobias ) 



NUCLEAR REACTOR STABILITY THEORY 

S t a b i l i t y  s t u d i e s  of nuclear  r eac to r s  a r e  concerned with t h e  in-  

ves t iga t ion  of system power behavior following r e a c t i v i t y  disturbances.  

If t h e  influence of a disturbance s i g n i f i c a n t l y a f f e c t s  t h e  eventual time 

behavior of t h e  power, regardless  of how small t h e  r e a c t i v i t y  disturbance 

may be, t h e  system is  termed unstable.  I n  addi t ion ,  i n s t a b i l i t y  can be 

associa ted  with "threshold" values  of r e a c t i v i t y  disturbances,  t h a t  is, 

t h e  power l e v e l  may tend t o  increase i n d e f i n i t e l y  with time only i f  t h e  

i n i t i a l  r e a c t i v i t y  change exceeds a c r i t i c a l  value. Conversely, a system 

i s  s t a b l e  if, following a r e a c t i v i t y  change, t h e  r e a c t o r  power eventually 

re tu rns  t o  a s teady-s ta te  condition. The theory of s t a b i l i t y  i s  concerned 

with t h e  determination of c r i t e r i a  by which t o  judge whether a system is 

s t a b l e  o r  unstable;  such c r i t e r i a  help  ensure sa fe - reac to r  designs. 

In  order t o  examine t h e  s t a b i l i t y  of a r e a c t o r  system i n  a general  

fashion, t h e  appropriate equations of motion a r e  required.  These involve 

equations such as  t h e  t ime-dependent Boltzmann equation, cont inui ty ,  

momentum and energy equations, and t h e  equation of s t a t e .  Under c e r t a i n  

condit ions these  equations can be g r e a t l y  s impl i f ied  t o  f a c i l i t a t e  s t a b i l i t y  

analys is ;  spec i f i ca l ly ,  t h e  assumption i s  o f t en  made t h a t  t h e  space- 

independent k i n e t i c  equations a r e  v a l i d  and t h a t  system s t a b i l i t y  can be 

judged from examination of t h e  l inea r ized  equations of motion. The v a l i d i t y  

of these  and s i m i l a r  s impl i f ied  procedures is  uncer ta in  i n  many cases, but 

information i s  gradually being developed which helps c l a r i f y  t h e i r  app l i -  

c a b i l i t y .  However, a g rea t  dea l  of work remains t o  be done before a 

general understanding of r eac to r  s t a b i l i t y  w i l l  be obtained. 



A discussion of approaches used i n  studying reac to r  behavior i s  given 

by Kemeny. l 2  In  l inea r ized  analysis ,  transform-function representa t ion is 

very useful  and convenient. I f  nonlinear equations a r e  considered, use of 

topological  methods gives ins igh t  i n t o  s t a b i l i t y  f o r  c e r t a i n  cases. With 

t h e  more complicated mathematical models involving many var iab les  and non- 

l i n e a r i t i e s ,  p r a c t i c a l  in tegra t ion  of t h e  equations requires  use of d i g i t a l  

o r  analog computers. In  such s tudies ,  s p e c i f i c  cases a r e  considered, r a t h e r  

than general  cases. 

In  inves t iga t ing  r e a c t o r  s t a b i l i t y ,  r e a c t o r  k i n e t i c s  equations have 

t o  be considered, a s  well  a s  equations involving r e a c t i v i t y  feedback. The 

majori ty of work has been done using t h e  conventional space-independent 

k ine t i c s  equations and a feedback mechanism t h a t  i s  a l i n e a r  funct ion of 

the  power h i s to ry .  Even on these  bases, t h e  equations a re  nonlinear; 

however, s ince  t h e  l inea r ized  equations approximate t h e  nonlinear ones 

f o r  r e l a t i v e l y  small changes i n  power, they should give use fu l  informa- 

t i o n  i f  small r e a c t i v i t y  disturbances a r e  involved and should provide 

guidelines t o  actual-system s t a b i l i t y .  

Linear Analysis - Transform-Function Method 

With t h e  l i n e a r i z e d  equations, general information can be obtained 

concerning system s t a b i l i t y  by examining t h e  t r a n s f e r  function of t h e  

system ( e i t h e r  by means of a Nyquist p lo t ,  a root- locus p lot ,  o r  a Bode 

diagram) and e s s e n t i a l l y  determining t h e  condit ions under which reac to r  

power o s c i l l a t i o n s  ( i n i t i a t e d  by a r e a c t i v i t y  disturbance) decay with 

increasing time. St .  ~ o h n l ~  i l l u s t r a t e s  t h e  various methods used t o  

examine s t a b i l i t y  of l i n e a r  r eac to r  systems. 



The conventional l inea r ized  k i n e t i c  equations can be wr i t t en  i n  t h e  

form : 

where 

c = r e l a t i v e  l a t e n t  power associa ted  with delayed-neutron pre- 
i cursors of i t h  group, normalized t o  power a t  time zero, 

6k ( t )  = r e a c t i v i t y ,  e 
2 = prompt neutron l i f e t ime ,  

t = time, 

x = r e l a t i v e  reac to r  power, normalized t o  i t s  value a t  time 
zero, 

B = f r a c t i o n  of f i s s i o n  neutrons which a r e  delayed, 

8. = f r a c t i o n  of f i s s i o n  neutrons i n  i t h  group of delayed neutrons, 
1 

Pi = B y  
i 

1. = decay constant  associa ted  with i t h  group of delayed-neutron 
1 

precursors.  

S t a b i l i t y  is determined by t h e  time behavior of x following a r e a c t i v i t y  

disturbance.  As reviewed by Soodak, l 4  t h e  s t a b i l i t y  of t h e  above equations 

i s  dependent on t h e  r e a c t i v i t y  feedback mechanism associa ted  with 6k ( t )  
e 

Spec i f i ca l ly ,  l e t  

where 

6kext 
= ex te rna l  or  applied r e a c t i v i t y  changes, 

6kf = feedback o r  inherent r e a c t i v i t y  changes. 



Designating Wo a s  t h e  zero-feedback t r a n s f e r  func t ion  a s soc ia t ed  wi th  

equat ions 1 and 2, and W a s  t h e  feedback t r a n s f e r  func t ion  a s soc ia t ed  
f 

wi th  6kf, t h e  t r a n s f e r  funct ion  becomes 

where s i s  t h e  Laplace-transform parameter.  The cond i t ion  f o r  s t a b i l i t y  

r equ i re s  t h a t  none of t h e  roots ,  s have a  p o s i t i v e  r e a l  p a r t ,  where t h e  
j' 

s  s a t i s f y  t h e  equat ion 
3 

1 + w 0 ( s . )  W ( s )  = o  . 
J f j  

I f  6k can be considered a  l i n e a r  func t ion  of power h i s t o r y  and 
f 

s t eady- s t a t e  ope ra t ion  e x i s t s  f o r  t < 0, 6k can be w r i t t e n  a s  
f 

where ~ ( t )  is t h e  r e a c t i v i t y  decrease a t  t ime t fol lowing a  ne t  energy 

a d d i t i o n  a t  t ime zero. Under t h e s e  condi t ions ,  

where E(s) i s  t h e  Laplace t ransform of  ~ ( t )  . A s  pointed out  by Brooks, l 5  

- 
K can be obtained i n  p r i n c i p l e  from r e a c t o r  o s c i l l a t o r  measurements ( a s  

long as t h e  e s s e n t i a l  information contained i n  t h e  rJyquist c r i t e r i o n  

corresponds t o  s t r a v e r s i n g  t h e  imaginary a x i s ) .  Thus, from Eqs. 4 and 

7, K is  given by 



Steady-s t a t e  o s c i l l a t o r  measurements can be performed a t  s e v e r a l  r e a c t o r  

powers over a l a r g e  range of impressed r e a c t i v i t y  frequencies ,  and Eq. 8 

can be used t o  p r e d i c t  z ( s )  a s  a func t ion  o f  power l e v e l .  S t a b i l i t y  a s  

a funct ion  of power l e v e l  can t h e n  be examined by means o f  t h e  Nyquist 

c r i t e r i o n .  

The feedback mechanism i s  mot always a l i n e a r  func t ion  o f  power h i s t o r y ;  

under such circumstances t h e  r e a c t i v i t y  feedback i s  o f t e n  represented  by 

s e v e r a l  d i f f e r e n t i a l  equat ions.  This  was done by Smith and stenning16 i n  

s tudying t h e  s t a b i l i t y  of nuclear  rocket  systems, i n  which r e a c t i v i t y  e f -  

f e c t s  a s soc ia t ed  wi th  core  temperature changes, gas p res su re  change (hy- 

drogen gas coo lan t ) ,  pump c h a r a c t e r i s t i c s ,  and t u r b i n e  power input  were 

considered.  By l i n e a r i z i n g  t h e  r e s u l t i n g  equat ions  and neg lec t ing  delayed 

neutrons, s t a b i l i t y  c r i t e r i a  were obtained.  S t a b i l i t y  was a l s o  examined 

us ing  t h e  nonl inear  equat ions,  by means of an analog-computer s tudy.  I n  

genera l ,  t h e  s p e c i f i c  r e s u l t s  obtained from t h e  analog s tudy were i n  agree-  

ment with those  p red ic t ed  by l i n e a r i z e d  a n a l y s i s .  

Other i l l u s t r a t i o n s  of l i n e a r i z e d  a n a l y s i s  a r e  g iven  below. For 

example, Agresta17 used l i n e a r i z e d  equat ions  i n  s t a b i l i t y  s t u d i e s  of  f a s t  

r e a c t o r s  having conductive and convect ive de layed- reac t iv i ty  c o e f f i c i e n t s .  

It was shown t h a t  appearance of r o o t s  with p o s i t i v e  r e a l  p a r t s  corresponds 

t o  appearance of an i n f i n i t e  resonance i n  t h e  t r a n s f e r  funct ion .  Most of 

t h e  s t u d i e s  were done cons ider ing  no delayed neutrons.  I n  cases  where one 

group of delayed neuteons was t r e a t e d ,  i t s  presence caused t h e  t h r e s h o l d  

power of i n s t a b i l i t y  t o  be d isp laced  s l i g h t l y  h igher  than  when no delayed 



neutrons were present .  A s imi la r  analys is  was performed by Miida and 

suda18 f o r  cases where t h e  feedback transform function has two terms, each 

containing a s ing le  time constant .  ~ o c h e n o v ' ~  a l s o  used l i n e a r  equations 

t o  examine t h e  s t a b i l i t y  of a water-moderated-and-cooled power reac to r  

system, i n  which equations covering operat ion of t h e  steam generator, t u r -  

bine, and delay elements were included. The e f f e c t s  of various parameter 

values on s t a b i l i t y  under these  conditions were discussed. 

The use of l i n e a r  equations t o  study reac to r  system s t a b i l i t y  was 

discussed by Gyftopoulos, 20 who points  out t h a t  experimental da ta  appear 

t o  be i n  good agreement with t h e o r e t i c a l  predic t ions  based on t r a n s f e r -  

funct ion analys is .  

Based on l inea r ized  analys is ,  i n s t a b i l i t y  i s  usua l ly  associa ted  with 

operat ion of a r eac to r  above a c r i t i c a l  power l e v e l .  As discussed by 

Brooks, l5 s t a b i l i t y  agains t  small o s c i l l a t i o n s  does not guarantee s t a b i l i t y  

agains t  l a rge  o s c i l l a t i o n s  i f  t h e  power l e v e l  during an o s c i l l a t i o n  exceeas 

t h e  c r i t i c a l  power l e v e l  (even neglect ing nonlinear e f f e c t s )  . 
Usually s t a b i l i t y  i s  inves t igated  with t h e  reac to r  considered t o  be 

o s c i l l a t i n g  about some average power l eve l ;  however, s t a b i l i t y  can a l s o  

be studied with t h e  everage power increasing with time. Using linearized 

equations, po t t e r21  showed t h a t  a reactor  i s  l e s s  s t a b l e  when r e a c t i v i t y  

o s c i l l a t i o n s  accompany a pos i t ive  s t a b l e  period r a t h e r  than an i n f i n i t e  

period. 

Linear Analyses - Describing-Function Method 

I n  t h e  conventional treatment, t h e  k ine t i c s  equations a r e  l i n e a r i z e d  

with t h e  power l e v e l  a s  t h e  dependent va r iab le .  A s  shown by Smets, 2 2  

however, l i n e a r i z a t i o n  can a l s o  be done by t r e a t i n g  t h e  logarithm of the  



power as  t h e  va r iab le .  Under such circumstances a s inusoidal  v a r i a t i o n  

i n  8kext, with no r e a c t i v i t y  feedback, produces a s inusoidal  v a r i a t i o n  

i n  In x. Thus, In x is given by 

In x = ~ ( w )  kl s i n  ( w t  + 4) , (9) 

where 

A = parameter determined by w, 

kl = magnitude of 6k var ia t ion ,  
ext  

w = frequency of 6k var ia t ion ,  
ext  

4 = phase angle.  

Thus, i f  t h e  r e a c t i v i t y  o s c i l l a t i o n  were a s i n e  wave which averaged zero, 

and t h e  reac to r  were operat ing a t  low power, t h e  neutron dens i ty  would 

tend t o  increase with time. I n  p rac t i ce  t h i s  p a r t i c u l a r  tendency can be 

negated by a small adjustment i n  r e a c t i v i t y .  

Analysis of system s t a b i l i t y  using t h e  zero-feedback k i n e t i c s  equations 

indicated above ( l i n e a r  i n  Zn x) can be performed using t h e  describing- 

function method. This method appl ies  t h e  t r ans fe r - func t ion  method of 

analys is  and i s  v a l i d  only when t h e  harmonics generated i n  t h e  nonlinear 

components a r e  s t rongly  a t tenuated by t h e  l i n e a r  components of t h e  system. 

To i l l u s t r a t e  t h e  descr ib ing function, consider f i r s t  t h e  conventional 

l inea r ized  k i n e t i c s  equations; t h e  equation corresponding t o  Eq. 9 would 

be 

x = 1 + ~ ( w )  kl s i n  ( w t  + 4) . ( 10) 

A s  defined previously, the  conventional t r a n s f e r  function associa ted  with 

Eq. 10 i s  wo(s ) .  Comparison of Eqs. 9 and 10 shows t h e  descr ib ing or  

" t r ans fe r"  function of the  low-power nonlinear system t o  be given by t h e  



conventional t r a n s f e r  funct ion  followed by a nonl inear  ampl i f i e r .  Thus, 

with i n s e r t i o n  of a  l i n e a r  feedback mechanism whose t r a n s f e r  func t ion  i s  

W ( s ) ,  t h e  system desc r ib ing  funct ion  analogous t o  Eq. 4 would be 
f  

where C is  as soc ia t ed  with a  nonlinear  ampl i f i e r  having an  exponential  

c h a r a c t e r i s t i c  . 

Because of C, t h e  value of ~ ( s )  i n  Eq. 11 i s  dependent on t h e  magnitude 

of kl; f o r  a  s p e c i f i c  case, increas ing  kl caused t h e  ga in  a t  t h e  resonant  

frequency t o  inc rease  and t h e  frequency of maximum gain  t o  increase .  Thus, 

increas ing  kl appears t o  decrease t h e  margin of s t a b i l i t y .  

The use of t h e  descr ib ing  funct ion  t o  s tudy s t a b i l i t y  of t h e  above 

nonlinear  system was a l s o  discussed by Franz; 23 he po in t s  out  t h a t  i n  

p r a c t i c a l  r e a c t o r  systems t h e r e  a r e  thermal and hydraul ic  time cons tants  

wlii-h tend t o  a t t e n u a t e  t h e  harmonics generated i n  t h e  nonl inear  element. 

:;andmei.cr "+ 2 1 . ~ 0  found t h e  s t a b i l i t y  of t h e  nonl inear  system t o  be 

dependent upon t h e  input  reacti-:it;., 2nd he s t a t e s  t h a t  experimental r e -  

s u l t s  i n  t h e  EBR-1 and EBWR ind ica te  a  decrease i n  s t a b i l i t y  with increas ing  

k l .  This  was found by obtaining s t e a d y - s t a t e  o s c i l l a t o r  r e s u l t s  and t h e  

average power a s  a  funct ion  of frequency and amplitude of r e a c t i v i t y  d i s -  

turbance, analyzing t h e  wave form by Four ier  ana lys i s ,  and t r e a t i n g  t h e  

fundamental f l u x  component a s  i f  it were t h e  response from a l i n e a r  system 

( t r a n s f  e l , - funct  f~on met-hod) 



Nonlinear Analysis 

The use of  l i n e a r i z e d  equat ions a s  an  approximation t o  nonl inear  

systems i s  i n  genera l  an inco r rec t  procedure, although f o r  s p e c i f i c  cases 

t h i s  approach may g ive  v a l i d  s t a b i l i t y  c r i t e r i a .  I n  o rde r  t o  examine t h e  

v a l i d i t y  of such c r i t e r i a ,  it i s  necessary t o  i n v e s t i g a t e  t h e  nonl inear  

equat ions.  

The conventional  nonlinear  k i n e t i c s  equat ions a r e  given by 

and Eq. 2. Using t h e s e  and t h e  l i n e a r  feedback mechanism given by Eq. 6, 

welton2' obtained a genera l  s t a b i l i t y  c r i t e r i o n .  It was found t h a t  a s u f -  

f i c i e n t  condi t ion  f o r  s t a b i l i t y  i s  

where w i s  t h e  frequency of  Zn x and K has i t s  previous meaning. Gyftopoulos 

and ~ e v o o g h t ~ ~  g ive  a mathematical proof of Welton's c r i t e r i o n  and use  t h e  

r e s u l t s  t o  eva lua te  l i n e a r  s t a b i l i t y  c r i t e r i a  f o r  two cases.  I n  one, 

s t a b i l i t y  was p red ic t ed  by both t h e  l i n e a r  and nonl inear  c r i t e r i a  f o r  some 

pos tu l a t ed  opera t ing  condit ions;  i n  t h e  other ,  t h e  l i n e a r  s t a b i l i t y  c r i t e r i a  

were l e s s  r e s t r i c t i v e  than  t h e  nonl inear  c r i t e r i a .  

Recently Akcasu and ~ a l f e s ~ ~  performed an a n a l y t i c a l  s tudy of non- 

l i n e a r  s t a b i l i t y  c r i t e r i a  f o r  s t a t i o n a r y  r e a c t o r s  and obtained a gene ra l  

form of s o l u t i o n  app l i cab le  t o  both l i n e a r  and nonl inear  feedback mechanisms. 



Spec i f i c  cases have been cal-culated i n  which t h e  s t a b i l i t y  c r i t e r i a  

based on t h e  conventional l i n e a r i z e d  equations have been compared with r e -  

s u l t s  obtained with t h e  conventional nonl inear  equations.  For example, 

chernick2* has s tud ied  t h e  dynamics of a  xenon-control led r e a c t o r  and found 

condit ions where t h e  nonlinear  equations gave s t a b l e  o s c i l l a t i o n s ,  while 

t h e  l i n e a r  equations predic ted  d ivergent  o s c i l l a t i o n s ;  conversely, condi- 

t i o n s  were a l s o  noted where t h e  l i n e a r i z e d  equations p red ic t ed  s t a b i l i t y ,  

while t h e  nonl inear  equations predic ted  i n s t a b i l i t y .  ~ ~ f t o p o u l o s ~ ~  a l s o  

compared r e s u l t s  obtained from t h e  nonlinear  r e a c t o r  equations with those  

from l i n e a r i z e d  ana lys i s .  I n  t h i s  study, geometric theory  was used t o  

f i n d  t h e  s t a b i l i t y  p roper t i e s  of t h e  nonl inear  system. He found t h a t  t h e  

l i n e a r i z e d  equations do not necessa r i ly  conta in  a l l  t h e  information r e -  

quired t o  p red ic t  t h e  s t a b i l i t y  condit ions a s soc ia t ed  with r e l a t i v e l y  

l a r g e  power changes. They a r e  useful ,  however, w i th in  a  l i m i t e d  range 

of amplitude v a r i a t i o n  of t h e  dependent va r i ab les .  

Although o f t e n  used, t h e  conventional nonl inear  r e a c t o r  equations 

do not  apply i n  genera l .  Gyftopoulos and ~ e v o o ~ h t ~ '  have r e c e n t l y  s tud ied  

t h e  range of v a l i d i t y  of t h e  nonl inear  equations.  I f  t h e  s p a t i a l  modes 

are  higher t han  t h e  fundamental decay quickly following a r e a c t i v i t y  d i s -  

turbance, t h e  nonl inear  form of t h e  equations should be c o r r e c t .  However, 

t h e  very condi t ion  n e c e s s i t a t i n g  t h e  nonl inear  equations,  namely, a  l a r g e  

r e a c t i v i t y  disturbance,  t ends  t o  a c t i v a t e  t h e  higher-order  s p a t i a l  modes. 

The s p e c i f i c  range of v a l i d i t y  depends on t h e  p a r t i c u l a r  case a t  hand. 

Under condit  ions where s p a t i a l  o s c i l l a t i o n s  a r e  important, a  complex 

time v a r i a t i o n  of t h e  power d i s t r i b u t i o n  can occur. S p a t i a l  o s c i l l a t i o n s  



tend t o  be i n i t i a t e d  more read i ly  i n  l a rge  reactors  than i n  small reactors,  

and so  s t a b i l i t y  s tudies  of physically l a rge  reactors  should consider such 

var ia t ions .  Some of the  d i f f i c u l t i e s  associa ted with s t a b i l i t y  analyses 

of large  reactors  a r e  discussed by Fonda, 'l who notes t h a t  the  mathematical 

models used i n  formulating k ine t i cs  problems a r e  considerably l e s s  de ta i l ed  

than those used i n  s t a t i c s  ca lcula t ions .   itchc cock'^ gives a  de ta i l ed  

method fo r  studying s t a b i l i t y  under conditions of s p a t i a l  power var ia t ion .  

The space and time port ions a r e  assumed t o  be separable, and model analys is  

i s  used t o  determine f lux  shape. The var iables  a re  expanded i n  su i t ab l e  

modes and in tegra t ion  i s  performed; time dependent ca lcula t ions  a re  then 

made f o r  t he  d i f f e r en t  model amplitudes and coupling parameters. L i t t l e  

i n  the  way of general  r e s u l t s  have been obtained i n  t h i s  area.  

Influence of Delayed Neutrons and Heat Diffusion on S t a b i l i t y  

The e f f ec t  of delayed. neutrons on reac to r  s t a b i l i t y  has been a  subject  

of invest igat ion f o r  many years. With no delayed neutrons and a  negative 

temperature coef f i c ien t  of r e ac t i v i t y ,  a  s e r i e s  of undamped power o s c i l l a -  

t i ons  follows a  s t e p  change i n  r e ac t i v i t y ;  addi t ion of a  constant source 

of delayed neutrons leads t o  a  s ing le  power excursion. Also, as  discussed 

by Soodak,14 a constant source of delayed neutrons and a  ramp r e a c t i v i t y  

addi t ion leads t o  a  damped sequence of power o sc i l l a t i ons .  

Addition of t he  decay charac te r i s t i c s  of delayed-neutron precursors 

makes analys is  more d i f f i c u l t .  Again with a  negative temperature coef f i c ien t  

of reac t iv i ty ,  it can be shown t h a t  f o r  the  conventional l inear ized  equations, 

delayed neutrons increase t h e  s t a b i l i t y  of t he  system. It appears t h a t  t h i s  

is a l so  t r u e  f o r  t he  nonlinear system; Akcasu and ~ a l f e s ' ~  have shown t h a t  



t h e  e f f e c t  of delayed neutrons is t o  make t h e  s t a b i l i t y  cond i t ion  s l i g h t l y  

l e s s  r e s t r i c t i v e .  For t h e  nonl inear  system, Gyftopoulos and ~ e v o o ~ h t  33 

have a l s o  shown t h a t  i f  t h e  system is  s t a b l e  without delayed neutrons, it 

i s  s t a b l e  with delayed neutrons.  

I f  complex r e a c t i v i t y  feedback mechanisms e x i s t  i n  a r e a c t o r  system, 

it i s  poss ib l e  t h a t  delayed neutrons may a c t u a l l y  decrease s t a b i l i t y .  For 

example,  elt ton^^ cons iders  a hydrodynamic system i n  which t h e  delayed 

neutrons may supply a feedback mechanism e x c i t i n g  a hydrodynamic o s c i l l a -  

t i o n  which, i n  tu rn ,  i n f luences  r e a c t i v i t y .  I n  t h e  case considered, f r i c t i o n  

was requi red  t o  compensate f o r  t h i s  anti-damping tendency. Thus, t h e  in -  

f luence  of delayed neutrons upon system s t a b i l i t y  appears dependent upon 

t h e  phys ica l  r e a c t o r  system, inasmuch as  delayed neutrons can damp one 

kind of motion and e x c i t e  another .  

There a r e  a number of o the r  f a c t o r s  which can be looked a t  i n d i v i d u a l l y  

i n  r e s t r i c t e d  s t u d i e s  and inves t iga t ed  with regard  t o  t h e i r  i n f luence  on 

r e a c t o r  s t a b i l i t y .  One of t h e s e  i s  t h e  d i f f u s i o n  of energy from t h e  po in t  

of generat ion.  For t h i s  case, ~ r ~ e n ~ ~  showed t h a t  t h e  e f f e c t  of h e a t  d i f -  

fu s ion  was t o  increase  system s t a b i l i t y .  

S t a t u s  

I n  a c t u a l  r e a c t o r  systems involving many va r i ab le s ,  s t a b i l i t y  a n a l y s i s  

i s  normally performed us ing  l i n e a r i z e d  equat ions and t h e  t ransform func t ion  

method, i n  combination with computer s t u d i e s  of t h e  nonl inear  equat ions.  

This  approach w i l l  undoubtedly continue.  Based on t h e  work of Welton, 

Akcasu, Smets, Gyftopoulos, and o thers ,  a much b e t t e r  understanding of  

nonlinear  k i n e t i c s  has been obtained, and f u r t h e r  work on nonl inear  feed-  

back mechanisms, such a s  t h a t  of  Akcasu and Dalfes,  should provide 



a d d i t i o n a l  i n s i g h t .  The a s soc ia t ed  r e s u l t s  should be used wherever poss ib l e  

t o  complement, expand, o r  c o r r e c t  r e s u l t s  from o the r  s t a b i l i t y  s t u d i e s .  

Inves t iga t ions  concerning t h e  e f f e c t s  of s p a t i a l  o s c i l l a t i o n s  on 

s t a b i l i t y  have been i n i t i a t e d ,  but  a  g r e a t  d e a l  of work remains before  

t h e s e  e f f e c t s  a r e  understood i n  a  genera l  fashion.  Future s t u d i e s  should 

emphasize a r e a s  involving t h e  e f f e c t s  of s p a t i a l  o s c i l l a t i o n s  and non- 

l i n e a r  feedback mechanisms on r e a c t o r  response; r e s u l t s  from such s t u d i e s  

should permit b e t t e r  i n t e r p r e t a t  i on  of experimental  da ta .  (P.  R.   as ten) 



u2 3 5  FISSION-PRODUCT HEATING 

In  t h e  design and opera t ion  of nuclear  r e a c t o r s ,  cons ide ra t ion  must 

be given t o  the  hea t  generated i n  t h e  var ious  components fo l lowing a shu t -  

down o r  a  r educ t ion  i n  t h e  opera t ing  power l e v e l .  This is  necessary i n  

t h e  s i z i n g  of emergency cool ing  systems, i n  t h e  eva lua t ion  of t h e  p o t e n t i a l  

hazards, and i n  t h e  development of necessary p r o t e c t i v e  devices .  A s  men- 

t ioned  e a r l i e r  by   in ford,^^ approximately 6.9% of t h e  u~~~ f i s s i o n  energy 

r e s u l t s  from the  decay of t h e  f i s s i o n  products  produced dur ing  t h e  f i s s i o n  

process .  For t h e  computation of t h e  r e a c t o r  shutdown hea t ing  r a t e s ,  knowl- 

edge of t he  fo l lowing parameters as a func t ion  of time is  r equ i red :  

1. The energy d i s t r i b u t i o n  and t h e  energy r e l e a s e  r a t e  of t h e  f i s s i o n  

product gamma r a y s  . 
2 .  The energy r e l e a s e  r a t e  of t h e  f i s s ion -p roduc t  b e t a  r a y s .  

A number of i n v e s t i g a t i o n s  have been made t o  provide t h i s  r equ i red  

information.  Summaries of t h e  r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  have been 

prepared by ~ e a g f ,  37 Knab and ~ u t n a r n , ~ ~  and Avery e t  a1. 3 8  Keagy ind i -  

c a t e s  t h a t  t h e  e a r l y  r e l a t i o n  developed by Way and wigner3' f o r  p r e d i c t i n g  

be ta  and gamma a f t e r h e a t  product ion r a t e s  probably is accura t e  wi th in  a 

f a c t o r  of 2 f o r  shutdown t imes ranging from 10 sec  t o  s e v e r a l  weeks. The 

more r ecen t  i n v e s t i g a t i o n s  were f o r  the  purpose of being a b l e  t o  p r e d i c t  

these  hea t ing  r a t e s  more accura t e ly ,  p a r t i c u l a r l y  f o r  shutdown times of 

l e s s  than one day. ( ~ x p e r i m e n t a l  determinat ions of t h e  s h o r t - l i v e d  f is- 

aion products  a r e  d i f f i c u l t  t o  o b t a i n  because of t h e  time r equ i red  t o  

perform the  necessary chemcial s epa ra t ions .  ) 



A l l  t h r e e  summaries mentioned above i n d i c a t e  t h a t  t he  most r e l i a b l e  

d a t a  f o r  t h e  c a l c u l a t i o n  of the  be ta  and gamma decay energy and the  gamma 

energy spectrum f o r  shutdown t imes g r e a t e r  than 1 h r  a r e  those presented  

by Perkins and  in^.^' For decay times i n  t h e  range of 1 t o  1550 sec ,  

t he  d a t a  obtained by Zobel and ~ o v e ~ l  and by Zobel e t  a 1 . 4 2  appear t o  be 

the  most r e l i a b l e  a t  t h e  p resen t  t ime.  Knabe and Putnam combined t h e  d a t a  

presented  by Perkins and King wi th  those obta ined  by Zobel e t  a l .  t o  ob- 

t a i n  t h e  decay ene rg ie s  and t h e  gamma energy spectrum f o r  shutdown t imes 

between 1550 sec and 1 hr. The Knabe and Putnam r e s u l t s 3 6  a r e  presented  

i n  t a b u l a r  and g raph ica l  forms and formulas a r e  given wi th  which these  

r e s u l t s  can be app l i ed  t o  a r e a c t o r .  Recently, Z i g o n  and M a ~ k i n ~ ~  made 

experimental  measurements on low-energy gammas given o f f  du r ing  t h e  e a r l y  

time decay of u~~~ f i s s i o n  products ,  and they made ref inements  t o  the  

gamma energy and spectrum d a t a  presented  by Knabe and Putman f o r  t imes 

from 1 sec t o  5 hr a f t e r  an ins tan taneous  thermal-neutron f i s s i o n  of u ~ ~ ~ .  

For completeness, mention should be made of t he  work of Stehn and ~ l a n c ~ , ~ ~  

which Avery e t  a1.38 suggested f o r  t he  use of c a l c u l a t i n g  t h e  a f t e r h e a t  

i n  an i n f i n i t e  r e a c t o r .  Their  r e s u l t s  appear t o  be i n  f a i r  agreement wi th  

those  presented  by Perkins and King. ~ ~ e i ~ l e r ~ ~  a l s o  computed t h e  a f t e r -  

hea t ing  r a t e s  i n  a r e a c t o r  us ing  the  d a t a  of Perkins and King, w i th  some 

ref inements .  H i s  r e s u l t s  a r e  presented  i n  the  form of c h a r t s  f o r  a r e -  

a c t o r  which had operated f o r  an i n f i n t e  l eng th  of t ime.  

In  a d d i t i o n  t o  the  con t r ibu t ion  by the  f i s s ion -p roduc t  b e t a s  and 

gammas, o the r  sources such a s  a c t i v a t i o n  products  must a l s o  be considered 

i n  c a l c u l a t i n g  t h e  shutdown hea t -genera t ion  r a t e s .  For example, ~1~~ i n  

t h e  High Flux Isotope Reactor (HFLR) f u e l  r eg ion  makes a s i g n i f i c a n t  



a d d i t i o n  t o  the  hea t ing  r a t e s  dur ing  t h e  f i r s t  1000 sec  of s h u t d ~ w n . ' ~ ~ ~ ~  

Another source of shutdown hea t  somewhat unique t o  t h e  HFLR i s  t h a t  from 

the  spontaneous f i s s i o n  of ~f~~~ and ~f~~~ i n  t h e  r e a c t o r ' s  t a r g e t  rods .  4 6 

This source could increase  t h e  after-shutdown hea t -genera t ion  r a t e  i n  the  

HFIR t a r g e t  rods  50% f o r  cool ing  times of l o 5  s e c .  

The delayed gammas can a l s o  cause hea t ing  i n  the  r e a c t o r  by an  i n -  

d i r e c t  mechanism such as inc reas ing  the  r a t e  of oxida t ion  of g raph i t e  i n  

t h e  Experimental Gas-Cooled Reactor (EGCR) i n  case  of a rup tu re  of a gas 

coolant  l i n e . 4 8  Such a r e a c t i o n  poss ib ly  could be i n i t i a t e d  by t h e  a f t e r  

shutdown hea t  i n  the  r e a c t o r  and be a c c e l e r a t e d  by the  gamma r a y s .  Of 

course, t h e  hea t  r e s u l t i n g  from t h e  graphite-oxygen r e a c t i o n  would a l s o  

add t o  the  a f t e r h e a t  produced i n  t h i s  r e a c t o r .  

In  some r e a c t o r s ,  such a s  t h e  ORNL Graphite Reactor and t h e  Low In-  

t e n s i t y  Tes t  Reactor (LITR), the  i n t r i n s i c  hea t  removal mechanisms a r e  

s u f f i c i e n t  t o  remove t h e  a f t e r h e a t  produced i n  these  r e a c t o r s  . 3 5  In o the r  

r e a c t o r s ,  however, p a r t i c u l a r l y  t h e  ones which normally opera te  wi th  h igher  

hea t  f luxes ,  emergency cool ing  equipment, such a s  a u x i l i a r y  pumps o r  ba t -  

tery-powered pony motors a t t ached  t o  t h e  main c i r c u l a t i n g  pumps, must be 

provided.  A s  mentioned by B i n f ~ r d , ~ ~  it may be poss ib l e  t o  t ake  advantage 

of t h e  f a c t  t h a t  t he  pumping equipment w i l l  cont inue t o  opera te  f o r  a 

s h o r t  time a f t e r  a power outage.  Methods of e s t ima t ing  f low r a t e s  a f t e r  

an  e l e c t r i c a l  power outage have been presented by ~ u r ~ r e e n ~ ~  and Love. 50 

For very s h o r t  shutdown t imes,  hea t  r e s u l t i n g  from delayed neutrons 

should be considered i n  a d d i t i o n  t o  t h a t  produced from the  b e t a s  and gammas. 

The s tandard k i n e t i c  equat ions51 could be used i n  e s t ima t ing  t h e  a f t e r  

shutdown neutron f l u x e s  from which the  hea t ing  r a t e s  could be es t imated .  



These equat ions  a r e  somewhat d i f f i c u l t  t o  use ,  however, and Zubarev and 

~ o k o l o v ~ '  suggested t h e  use  of an  empi r i ca l  r e l a t i o n  which w i l l  g ive  s u f -  

f i c i e n t l y  accu ra t e  r e s u l t s  f o r  a l l  t h e  negat ive  r e a c t i v i t y  va lues  of 

gene ra l  i n t e r e s t .  

There i s  s u f f i c i e n t  information a v a i l a b l e  t o  p r e d i c t  t h e  shutdown 

hea t ing  r a t e s  i n  a r e a c t o r  w i th  a f a i r  degree of accuracy,  except  f o r  very 

s h o r t  cool ing  t imes .  This information should permi t  t h e  des igne r  t o  s i z e  

emergency cool ing  equipment, i f  r equ i r ed ,  f o r  most r e a c t o r s  w i th  a n  ap- 

p rec i ab le  amount of confidence.  ( H .  A .  ~ c ~ a i n )  
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111. CONTROL AND INSTRUMENTATION 



CRITICALITY EXCURSION DETECTION I N  PROCESSING PLANTS 

The d e t e c t i o n  of a c c i d e n t a l  c r i t i c a l  nuc lear  r e a c t i o n s  has been of 

primary importance i n  t h e  f i e l d  of personnel  p r o t e c t i o n  s i n c e  t h e  advent 

of l a r g e - s c a l e  atomic energy programs. Although much work has been done 

i n  t h e  p a s t  on ins t rumenta t ion  systems t o  accomplish t h i s  end, t h i s  work 

has no t  been given nea r ly  as much a t t e n t i o n  as t h e  be fo re  and a f t e r  phases 

of t h e  problem, t h a t  i s ,  nuc lear  acc iden t  prevent ion  and procedures  f o r  

coping wi th  the  e f f e c t s  of a r a d i a t i o n  excurs ion .  This l a c k  of compre- 

hensive assessment of c r i t i c a l i t y  monitor ing i n  nuc lear  p roces s ing  f a c i l -  

i t i e s  has been remedied i n  t h e  p a s t  few yea r s ,  however. The Y - 1 2  i n c i -  

dent1 i n  mid-1958, followed by a c c i d e n t a l  excurs ions  a t  Los ~ l a m o s ~  and 

t h e  Idaho Chemical Processing p l a n t 3  wi th in  a pe r iod  of 16  months, has  

spur red  a c t i o n  on t h e  d e t e c t i o n  problem. 

Recent Developments --- 

Notable work has been done by t h e  Area Monitoring Subcommittee of 

t h e  Radia t ion  Ehergencies S t e e r i n g  Committee, which was formed a f t e r  t he  

Y-12 acc iden t  and w a s  composed of  r e p r e s e n t a t i v e s  from t h e  t h r e e  Union 

Carbide Nuclear Company f a c i l i t i e s  a t  Oak Ridge, Tennessee, t h e  Union 

Carbide p l a n t  a t  Paducah, Kentucky, and the  Goodyear Atomic Corporat ion 

works a t  Portsmouth, Ohio. The subcommittee w a s  charged wi th  t h e  respon- 

s i b i l i t y  f o r  r e d e f i n i n g  the  c r i t e r i a  f o r  a n  alarm and monitor ing system 

s u i t a b l e  f o r  use i n  t h e  AEC product ion p l a n t s  involved.  Consequently, 

i n t ens ive  reviews of  e x i s t i n g  monitor ing systems wi th in  t h e  a f f e c t e d  f a -  

c i l i t i e s  and a t  o t h e r  AEC ope ra t ions  were i n i t i a t e d .  



It was ev iden t  from these  i n v e s t i g a t i o n s  t h a t  a l l  systems then  i n  

opera t ion  were of a  s i m i l a r  n a t u r e .  They u t i l i z e d  gamma r a d i a t i o n  r a t e -  

measuring ins t ruments  i n s t a l l e d  proximate t o  a r e a s  cons idered  a s  p o s s i b l e  

acc iden t  p o i n t s .  The r a d i a t i o n - r a t e  d e t e c t o r s  a t  t h e  va r ious  s i t e s  em- 

p loying  monitor ing systems were of d ive r se  o p e r a t i o n a l  design;  e . g . ,  among 

o t h e r s  were t h e  ionization-chamber - type ~ r ~ o n - ~ a m m a ~ r a ~ h , ~  the  Vic to reen  

Model 350 Geiger tube instrument ,  and t h e  Rocky F l a t s  s c i n t i l l a t i o n  de-  

t e ~ t o r . ~  The e s s e n t i a l  purpose of t h e  monitors  was t o  immediately i n d i c a t e  

t h e  need t o  evacuate  personnel  i n  t h e  event  of an excursion,  e s p e c i a l l y  

those  people who may have been subjec ted  t o  an apprec i ab le  r a d i a t i o n  dose 

from t h e  r e a c t i o n ,  i n  order  t o  p r o t e c t  them from exposure t o  f i s s i o n - p r o -  

duc t  r a d i a t i o n  o r  subsequent b u r s t s .  The alarm l e v e l s  were r a t h e r  low 

( 0 . 1  t o  10 mr/hr) ,  having been s e l e c t e d  so  t h a t  an  a r e a  would be evacuated 

i f  t h e  dose r a t e  anywhere i n  t h e  a r e a  exceeded a  minimum a l lowable  amount. 

It was t h e  subcommittee's conclusion t h a t  t hese  systems could no t  

provide t h e  most e f f e c t i v e  s u r v e i l l a n c e  of l a r g e  a r e a  nuc lear  process ing  

p l a n t s .  The response of r a t e  instruments  t o  c r i t i c a l  r e a c t i o n s  i s  some- 

what unpred ic t ab le  because t h e  time cons t an t  of t h e  u s u a l  instrument  of 

t h i s  type i s  no t  s h o r t  enough t o  al low p r e s e n t a t i o n  of t h e  t r u e  r a d i a t i o n  

r a t e s .  This r e q u i r e s  s e n s i t i v e  a l a rm- ra t e  s e t t i n g s  t h a t  w i l l  evacuate  

much l a r g e r  a r e a s  of an i n s t a l l a t i o n  than i s  d e s i r a b l e ,  s i n c e  instruments  

f a r  from t h e  source of t h e  excurs ion  and o u t  of t h e  danger a r e a  w i l l  r e -  

spond. Unnecessary o r  too  has ty  evacuat ion may be dangerous i n  continuous 

product ion p l a n t s  where opera tor  a c t i o n  a t  a  s a f e  d i s t a n c e  could conceiv- 

ab ly  a v e r t  f u r t h e r  damage. Furthermore, fo l lowing  evacuat ion ,  t h e  pro-  

ce s s ing  of l a r g e  nurnbers of  people from s a f e  a r e a s  can s e r i o u s l y  complicate  



t h e  f i n d i n g  of those persons from the  v i c i n i t y  of t he  excursion who r e -  

ceived s i g n i f i c a n t  r a d i a t i o n  exposures.  

The ques t ion  of a  minimum expected excurs ion  from a process ing  p l a n t  

acc iden t  has rece ived  cons iderable  a t t e n t i o n .  A number of experienced 

persons have expressed t h e  b e l i e f  t h a t  a  lower l i m i t  f o r  t h e  s i z e  of an  

a c c i d e n t a l  r a d i a t i o n  b u r s t  w i l l  be on the  order  of 1016 f i s s i o n s .  This 

i s  borne out  by r epor t ed  s t u d i e s 7  t h a t  t h e  "average acc iden t f '  i n  uranium 

process ing  opera t ions  i s  expected t o  y i e l d  between 4 X 1016 and 4 X lo1? 

f i s s i o n s  i n  the  i n i t i a l  p rompt -c r i t i ca l  b u r s t .  I t  i s  f e l t  t h a t  t h e  ad- 

d i t i o n  of r e a c t i v i t y  t o  a  s u b c r i t i c a l  conf igura t ion  i n  an  a c c i d e n t a l  man- 

ner  w i l l  be a t  such a r a t e  a s  t o  preclude a smaller  energy r e l e a s e  wi th in  

the  f i r s t  minute, o r  l e s s ,  of t he  c r i t i c a l i t y .  

The Radiat ion h e r g e n c i e s  S t e e r i n g  Committee r epor t8  l i s t s  t he  design 

c r i t e r i a  developed t o  de f ine  a dose - sens i t i ve  r a d i a t i o n  alarm system s u i t -  

a b l e  f o r  product ion p l a n t s .  Numbered among the  requirements  a r e  a system 

de tec t ion  s e n s i t i v i t y  s u f f i c i e n t  t o  sound an alarm i n  t h e  event  of a 

b u r s t  of r a d i a t i o n  from a  minimum of 1016 f i s s i o n s ,  response of the  moni- 

t o r s  t o  both gamma rays  and neutrons,  locked i n  audib le  and v i s u a l  alarms, 

maximum r e l i a b i l i t y ,  use  of emergency e l e c t r i c a l  power, and d i sp lay  of 

the  alarmed monitors i n  a  c e n t r a l  c o n t r o l  f a c i l i t y .  The c r i t e r i a  a r e  

being followed i n  the  r a d i a t i o n  alarm systems p r e s e n t l y  being i n s t a l l e d  

i n  t h e  gaseous d i f f u s i o n  p l a n t s  a t  Oak Ridge, Tenn., Paducah, Ky., and 

Portsmouth, Ohio. 

The minimal excursion of a r a d i a t i o n  b u r s t  from a  c r i t i c a l  i nc iden t  

expressed i n  terms of number of f i s s i o n s  may be predic ted ;  however, t h e  

time dura t ion  cannot .  The time may be from s e v e r a l  microseconds t o  s e v e r a l  



seconds f o r  t he  i n i t i a l  b u r s t .  Under these  condi t ions ,  t h e  r e a c t i o n  of 

r a t e - s e n s i t i v e  instruments  cannot be determined a s  c l o s e l y  a s  t h a t  of 

i n t e g r a t i n g  instruments;  i n  add i t ion ,  t he  " r a t e "  i n  such an  instrument  

has no p red ic t ab le  r e l a t i o n  t o  t h e  exposure rece ived  by an  ind iv idua l  i n  

a  c r i t i c a l  acc iden t .  In view of t h e  shortcomings of rate-measurement moni- 

t o r i n g  devices ,  t h e  d i r e c t  r e l a t i o n s h i p  between b u r s t  s i z e  and dose, and 

the  b i o l o g i c a l  s ign i f i cance  of r a d i a t i o n  dosage, it was concluded t h a t  

dose-sens i t ive  instruments  w i l l  provide a  more s a t i s f a c t o r y  c r i t i c a l i t y  

d e t e c t i o n  and alarm system than  dose - ra t e  instruments .  

It is  i n t e r e s t i n g  t o  note t h a t  t h e  B r i t i s h  have adopted, q u i t e  in-  

dependently, t h e  concept of us ing  dose - sens i t i ve  c r i t i c a l i t y - d e t e c t i o n  

instruments  i n  t h e i r  p l a n t s  a t  Capenhurst and Windscale. wachterg i n d i c a t e s  

t h a t  t h i s  system is  very s i m i l a r  t o  t h a t  descr ibed  below, wi th  t h e  excep- 

t i o n  t h a t  a  discontinuous t imer-cont ro l led  method of recharg ing  the  monitor 

ion chambers is  u t i l i z e d  t o  annul  t h e  e f f e c t s  of background r a d i a t i o n .  

Such a method i s  no t  considered a s  s a f e  a s  continuously rate-compensated 

excursion d e t e c t o r s  because of t h e  instrument  i n a c t i v i t y  dur ing  t h e  r e -  

charging pe r iod .  Although such per iods  can be made q u i t e  small,  they 

become s i g n i f i c a n t  when it is  considered t h a t  a  prompt b u r s t  can occur 

wi th in  a  few microseconds. 

Dose Type of Monitor 

The i d e a l  dose - sens i t i ve  r ad ia t ion -excur s ion  d e t e c t o r  embodies two 

mutually exc lus ive  a t t r i b u t e s ,  p e r f e c t  i n t e g r a t i o n  and i n s e n s i t i v i t y  t o  

background r a d i a t i o n .  In  p r a c t i c e ,  t h e  time cons tant  of t h e  instrument  

must be much l a r g e r  than  the  longes t  expected b u r s t  i f  good i n t e g r a t i o n  



i s  t o  be obta ined .  These requirements  were met by the  Radia t ion  A l a r m  

1ns trurnent1° developed through the  mutual e f f o r t s  of Union Carbide Nuclear 

Company and Goodyear Atomic Corporation engineers .  A unique method of 

continuously compensating t h e  i n t e g r a t i n g  i o n i z a t i o n  chamber of t h e  i n s t r u -  

ment f o r  i n c i d e n t  r a d i a t i o n  below a predetermined th re sho ld  r a t e  enables  

t h e  monitor t o  func t ion  i n  normally expected r a d i a t i o n  f i e l d s  wi th  un- 

diminished s e n s i t i v i t y  t o  r a d i a t i o n  b u r s t s .  

The rate-compensated dose-type excursion d e t e c t o r  inc ludes  a cons tan t  

c u r r e n t  source supplying a r a d i a t i o n  d e t e c t o r ,  which i s  shunted by both 

a u n i d i r e c t i o n a l  c u r r e n t  i n t e g r a t o r  and a  compensating element possess ing  

a  cur rent -vol tage  r e l a t i o n s h i p  wi th  an i n f i n i t e  s lope  over a p o r t i o n  of 

i t s  c h a r a c t e r i s t i c .  In  a background r a d i a t i o n  f i e l d ,  t h e  d e t e c t o r  cu r ren t ,  

which is p ropor t iona l  t o  t h e  r a d i a t i o n  r a t e ,  and t h e  compensating element 

cu r ren t  au tomat ica l ly  appor t ion  themselves t o  main ta in  a nea r ly  cons tan t  

p o t e n t i a l  ac ross  t h e  i n t e g r a t o r  a t  a value t o  prevent  i n t e g r a t i o n .  How- 

ever ,  i n  t h e  presence of r a d i a t i o n  r a t e s  exceeding a th re sho ld  l i m i t ,  

t h e  compensating element no longer  i s  a b l e  t o  maintain a cons tan t  output  

vol tage o r  supply t h e  a d d i t i o n a l  cu r ren t  demanded by t h e  r a t e  d e t e c t o r .  

This c u r r e n t  i s  provided by the  i n t e g r a t o r .  Thereby, t he  instrument  per-  

forms as a dose - sens i t i ve  d e t e c t o r  i n  high r a d i a t i o n  f i e l d s .  

The key component i n  t h e  r a t e  compensation scheme i s  t h e  compensating 

element.  I n  p r a c t i c e  t h e r e  a r e  a number of devices  having ope ra t ing  char-  

a c t e r i s t i c s  t h a t  approach t h e  i d e a l .  Examples a r e  a Zener diode,  a normal 

diode wi th  low forward r e s i s t a n c e ,  and an  e lec t rometer  tube ope ra t ing  

i n  t h e  high, p o s i t i v e ,  g r id -cu r ren t  r eg ion  of i t s  c h a r a c t e r i s t i c .  The 



l a t t e r  was coupled wi th  an  i o n i z a t i o n  chamber, which doubled a s  the  r a t e  

d e t e c t o r  and i n t e g r a t o r  i n  t h e  f i n a l  instrument  conf igu ra t ion .  

R e l i a b i l i t y  of performance was paramount i n  t h e  o v e r - a l l  Radiat ion 

Alarm Instrument design and i n  the  choice of i nd iv idua l  components. Note- 

worthy among the  s t e p s  taken  t o  ensure a  h igh  degree of dependabi l i ty  a r e :  

s e l e c t i o n  of t he  highly r e l i a b l e  i o n i z a t i o n  chamber a s  the  r a d i a t i o n  de- 

t e c t o r  element; t he  use of a  two-out-of-three u n i t  a larm matr ix;  provi -  

s ion  of a n  instrument  c l u s t e r  t roub le  alarm i n  t h e  event  of f a i l u r e  of 

a  s i n g l e  u n i t  from p r a c t i c a l l y  any cause; supplying power t o  each i n s t r u -  

ment from i t s  owntr ickle-charged nickel-cadmium b a t t e r y  pack, which i s  

capable of a t  l e a s t  8 h r  of opera t ion  i n  the  absence of  l i n e  power; and 

the  use of degenerat ion i n  the  e l e c t r o n i c  c i r c u i t r y  of t he  instrument  t o  

reduce s e n s i t i v i t y  d r i f t  wi th  component ag ing .  

Prototype instruments  were subjec ted  t o  f a s t  r a d i a t i o n  b u r s t s  of 

approximately 1016 f i s s i o n s  from the  Godiva I1 reactor1'  a t  Los Alamos 

t o  study the  instrument  response.  As a  r e s u l t  of t hese  t e s t s  t h e  i n s t r u -  

ment alarm s e n s i t i v i t i e s  were independently ad jus t ed  t o  the  equ iva len t  

of e i t h e r  10 m r  co60 gamma o r  an es t imated  6 mrem (RBE = 2 )  neutron r a -  

d i a t i o n .  The threshold  l e v e l ,  below which t h e  instrument  does not  ac-  

cumulate background r a d i a t i o n ,  i s  approximately 50 mr /h r  . Instruments  

e x h i b i t i n g  these  s e n s i t i v i t i e s  can be expected on t h e  average t o  c o v e r a s  

much a s  a  225-ft;, r a d i a l  process a r e a  i n  t h e  event  of a  minimum b u r s t ,  

no mat te r  what t he  na ture  of t he  c r i t i c a l i t y ,  be it aqueous, dry chemical, 

o r  meta l .  



Rate Type of Systems 

C r i t i c a l i t y  monitoring i n  nuclear  process ing  f a c i l i t i e s  t h a t  a r e  

small  o r  where the  evacuat ion of t he  e n t i r e  p l a n t  w i l l  c r e a t e  no se r ious  

problems can be s a t i s f a c t o r i l y  accomplished by t h e  use of r a d i a t i o n - r a t e  

d e t e c t o r s .  Independent t e s t s  of var ious  types  of r a t e  d e t e c t o r s  on the  

Godiva I1 r e a c t o r  by personnel  from the  Y-12 p lant12  and  anf ford'^ have 

shown t h a t  r a d i a l  i n -p lan t  coverage of 400 f t  o r  more may be assigned t o  

a s i n g l e  instrument  wi th  a low (3  mr/hr o r  l e s s )  a la rm-ra te  s e t t i n g .  

Systems ope ra t ing  i n  t h i s  f a sh ion  a r e  much more suscep t ib l e  t o  f a l s e  alarms,  

however, than  systems composed of rate-compensated i n t e g r a t i n g  ins t ruments .  

Seve ra l  planned excursion-alarm systems were d iscussed  a t  the  Hanford 

C r i t i c a l i t y  Instrumentat ion ~ e e t i n ~ l ~  i n  1959. Among these  was a r a t e  

type of system designed t o  provide f u l l  coverage of the  400- by 800- f t  

plutonium-processing a r e a  involved i n  the  1958 acc iden t  a t  Los Alamos. 

This system has s ince  been p laced  i n  opera t ion .15  It c o n s i s t s  of 1 5  modi- 

f i e d  Victoreen Instrument Company, Model 712 S e r i e s ,  Remote Area Monitors 

and 8 1  alarm horns interconnected through a s i n g l e ,  remotely loca ted ,  

c o n t r o l  console .  The ion-chamber monitors a r e  gamma-sensitive only .  Two 

o r  more d e t e c t o r s  must be ac tua ted  before a genera l  evacuat ion alarm is  

sounded . 
A hybrid system has been descr ibed  by J .  N.  Wilson, Savannah Rives 

P lant ,  which inc ludes  both r a t e  and i n t e g r a t i n g  ac t ion .16  The bas i c  

c r i t i c a l i t y  monitor developed f o r  t he  system i s  a r a t e  d e t e c t o r  wi th  a 

Meher-White i o n i z a t i o n  chamber and a contact-meter r e l a y  alarm device .  

The instrument is  simple, compact, r e l i a b l e ,  acd shows pos i t i veness  of 



opera t ion  i n  high r a d i a t i o n  f i e l d s .  The u n i t  i s  opera ted  from mercury 

c e l l s  and t h e  alarm system i s  powered by a s torage  b a t t e r y  under t r i c k l e  

charge.  The excursion alarm system u t i l i z e s  t h e  instrument  i n  two fa sh -  

ions .  The f i r s t  u n i t  i s  ad jus t ed  t o  alarm a t  1 r/hr of gamma r a d i a t i o n  

and is  intended t o  i n i t i a t e  evacuat ion of a l o c a l  a r e a ,  say wi th in  100 

f t  t o  200 f t  of t he  acc iden t .  The second instrument  i s  an  a u x i l i a r y  box 

s e t  t o  alarm i f  a  dose r a t e  of 10 r/hr p e r s i s t s  f o r  a t  l e a s t  5 sec ,  i n  

which case the  e n t i r e  bu i ld ing  o r  a r e a  i s  evacuated.  By us ing  a  r e l a t i v e l y  

high primary alarm r a t e  and the  r a t e - t ime  dependent a u x i l i a r y  instrument ,  

the  Savannah River system is  somewhat a k i n  t o  the  dose type of system. 

Conclusion 

The papers  which have been c i t e d  here  a r e  thought t o  p re sen t  a  com- 

prehensive p i c t u r e  of p a s t  and contemporary information on c r i t i c a l i t y  

monitoring i n  t h e  nuclear-processing i n d u s t r i e s .  It must be kep t  i n  

mind t h a t  the  systems and phi losophies  examined a r e  intended s o l e l y  t o  

d e t e c t  a r a d i a t i o n  excursion and t o  provide a n  evacuat ion warning subse- 

quent t o  t h e  a c c i d e n t .  The ins t rumenta t ion  d iscussed  cannot a n t i c i p a t e  

a  prompt c r i t i c a l  burst and sound an alarm f o r  p r i o r  c l e a r i n g  of t he  

danger a r e a .  Proper process system design,  wi th  due r ega rd  f o r  nuclear  

s a f e t y  p r a c t i c e s ,  and s t r i c t  admin i s t r a t ive  c o n t r o l  of ope ra t ing  procedures 

a r e  mandatory f o r  acc iden t  prevent ion .  Addi t ional ly ,  i n t ens ive  emergency 

t r a i n i n g  is  r equ i red  t o  f u l l y  r e a l i z e  the  value of an  excurs ion  d e t e c t i o n  

system. ( D .  M .  ~ a p k e )  



REACTOR NEUTRON DETECTION 

Neutron d e t e c t o r s  comprise one of t h e  more important  types  of s enso r s  

i n  r e a c t o r  s a f e t y  and c o n t r o l .  Since a r e a c t o r  may ope ra t e  a t  power l e v e l s  

from a few microwatts  t o  s e v e r a l  megawatts, a r a p i d  and accu ra t e  means 

of s ens ing  t h e  neutron popula t ion  over  a wide range i s  e s s e n t i a l  i n  o rde r  

t o  main ta in  s u r v e i l l a n c e  over t h e  r e a c t o r  k i n e t i c  behavior .  Counting 

techniques a r e  u s u a l l y  employed a t  very  low power l e v e l s ,  and e x c e l l e n t  

d i sc r imina t ion  a g a i n s t  gamma photons i s  p o s s i b l e  w i th  pu l se  chambers. 

Ion chambers provide a continuous s i g n a l  a t  h igher  va lues  of neutron f l u x ;  

however, gamma compensation i s  necessary i n  o rde r  t o  ob ta in  a s i g n a l  pro- 

p o r t i o n a l  t o  neutrons a lone  i n  t h e  presence of a s t r o n g  gamma f i e l d .  

A t  t h e  S i x t h  T r i p a r t i t e  Ins t rumenta t ion  conference17 a t  Chalk River ,  

A p r i l  1959, papers  p e r t i n e n t  t o  neutron monitor ing were presented  t h a t  

covered count ing  and i n t e g r a t i n g  ion chambers and t h e  u s u a l  neutron-detec-  

t i o n  m a t e r i a l s ,  B1° and u ~ ~ ~ .  These papers  a r e  reviewed here ,  t oge the r  

wi th  a number of c u r r e n t  documents on the  same s u b j e c t .  

Compensated and Uncompensated Ion iza t ion  Chambers 

The development of t h r e e  d i r e c t - c u r r e n t  (d -c )  i o n i z a t i o n  chambers 

was r epo r t ed  by ~ o n e s l *  of BNL. A l l  t h r e e  chambers are neutron s e n s i t i v e ,  

and one of t h e  t h r e e  i s  a l s o  used uncoated a s  a gamma chamber. The neutron-  

r e a c t i n g  m a t e r i a l  i s  B1'. The chambers a r e  cons t ruc t ed  wi th  aluminum 

w a l l s  and s t anda rd  s t e a t i t e  i n s u l a t o r s  with Kovar-seal  feedthroughs .  A 

d i f f e r e n t i a l ,  o r  compensated, chamber t h a t  d e p a r t s  from common des ign  

was one of t he  t h r e e  d e t e c t o r s  descr ibed  by Lones. In  t h i s  chamber 



t h e  c o l l e c t o r  e l ec t rode  i s  surrounded by a cy l inde r  a x i a l l y  s p l i t  i n t o  

ha lves .  One of the  ha l f - cy l inde r s ,  coated wi th  B I O ,  i s  connected t o  the  

p o s i t i v e  te rminal  of the  high-voltage supply. The o the r  uncoated h a l f -  

cy l inder  i s  connected t o  the  negat ive  te rminal  of the  supply vo l t age .  

The proposed method of compensation i s  t o  r o t a t e  the  chamber i n  i t s  hole 

u n t i l  t he  gamma s i g n a l  goes t o  zero.  Also, by r o t a t i n g  t h e  chamber, t he  

s i g n  of t h e  d i r e c t  c u r r e n t  can be changed. Reversal  of the  e l e c t r i c a l  

p o l a r i t y  of the  coated and uncoated ha l f - cy l inde r s  w i l l  a l s o  accomplish 

t h i s .  

The second and t h i r d  de tec to r s  t h a t  were described c o n s i s t  of a  

boron-coated chamber (uncompensated f o r  gamma r a y s )  and i t s  uncoated twin 

t h a t  can be used 8 s  a  p a i r  t o  ob ta in  gamma compensation. The two s i g n a l  

e l ec t rodes  a r e  connected, and voltages of the  opposi te  p o l a r i t y  a r e  i m -  

pressed on t h e  high-voltage e l ec t rodes .  Compensation i s  achieved by 

moving one chamber wi th  r e spec t  t o  the  o t h e r .  

In  a  paper by Henderson,19 boron-coated ion chambers designed a t  

AERE, Earwell, were descr ibed .  These chambers a r e  simple i n  des ign .  For 

t h e  gamma-compensated chamber, concent r ic  r i g h t  cy l inde r s ,  open a t  both 

ends, serve a s  e l e c t r o d e s .  For the  uncompensated chamber, the  e l ec t rodes  

a r e  concent r ic  r i g h t  cy l inde r s  c losed  with hemispherical  end caps a t  t he  

sensitive-volume end. The chambers a r e  3.5  i n .  i n  diameter and 1 3  i n .  

long. The cons t ruc t ion  m a t e r i a l s  a r e  ceramics, aluminum, and some s t e e l .  

The lead-through i n s u l a t o r s  a r e  commercially ava i l ab le  ceramic-to-metal 

s e a l s .  The compensated chamber i s  of t h e  f i x e d  v a r i e t y  but  i s  ad jus ted  

during manufacture f o r  a  3 0 : l  compensation i n  a  uniform gamma f i e l d  t o  

a s su re  a  b e t t e r  than 1 0 : l  compensation i n  a c t u a l  use .  The chambers a r e  



f i l l e d  with hydrogen gas t o  give an optimum neutron-to-gamma r a t i o .  With 

a  higher  f i l l i n g - g a s  pressure  t o  prevent  co l l apse  of t h e  ou te r  aluminum 

case ,  t h e  chambers may be operated a t  a temperature up t o  300°C. Some 

parameters of t hese  chambers a r e  l i s t e d  i n  Table 111-1. 

~ a n a ~ a n ~ '  of ANL r epor t ed  t h a t  one goa l  i s  t o  design h igh-current  

output  chambers wi th  s a t u r a t i o n  vo l t ages  from 100 t o  300 v .  Experimental 

d a t a  were presented  on boron th ickness  vs c u r r e n t  output  wi th  f i l l i n g  

gases of argon, n i t rogen ,  and hydrogen; s a t u r a t i o n  vo l t ages  f o r  d i f f e r e n t  

c u r r e n t  d e n s i t i e s ;  and s a t u r a t i o n  vol tages  f o r  t h e  t h r e e  gases a t  var ious  

p res su res .  Some p a r a l l e l - p l a t e  chambers t h a t  make use of t hese  d a t a  were 

descr ibed .  The r e s u l t s  showed t h a t  an uncompensated chamber having a 

p a r a l l e l - p l a t e  spacing of 0.093 i n .  and a  gas f i l l i n g  of n i t rogen  a t  1 

atm w i l l  c o l l e c t  95% s a t u r a t i o n  c u r r e n t  a t  150 v  f o r  100-pa c u r r e n t  ou t -  

pu t  o r  a t  300 v  f o r  1-ma ou tpu t .  

Sani  and zanchi21  have discussed some of t h e  problems of neutron 

de tec to r s  i n  r e a c t o r  a p p l i c a t i o n s .  Data f o r  s p e c i f i c  BF3 counters  a r e  

p l o t t e d  t h a t  give gas ampl i f i ca t ion ,  count r a t e  vs  counter  vol tage  a t  

d i f f e r e n t  pulse-he ight  s e t t i n g s ,  count r a t e  vs pu l se  he igh t  a t  d i f f e r e n t  

counter  vo l t ages ,  and c h a r a c t e r i s t i c s  f o r  d i f f e r e n t  a m p l i f i e r  time con- 

s t a n t s .  A l i b e r a l  t r a n s l a t i o n  of t he  summary of t h e i r  paper fo l lows :  

"One needs t o  know the  magnitude of t h e  neutron f l u x  f o r  
t h e  c o n t r o l  of a  nuclear  r e a c t o r  a t  the  f i r s t  phase of s t a r t u p  
and a t  the  moment of shutdown. For t h i s  reason,  it i s  i n -  
d ispensable  t o  have a  system wj.th the  capac i ty  t o  d i sc r imina te  
between neutrons and gamma r a d i a t i o n .  . . . The boron trif luo r  ide 
p ropor t iona l  counter  responds e x c e l l e n t l y  t o  t h i s  requirement 
when connected t o  a  s c a l e r  and ampl i f i e r  wi th  pulse  he igh t  
d i s c r i m i n a t o r . .  . . Besides having a  h igh  s e n s i t i v i t y  f o r  neutrons 
when used wi th  an ampl i f i e r  of s h o r t  time r e s o l u t i o n ,  t he  boron 
t r i f l u o r i d e  counter  works we l l  a t  a  maximum r a t e  of lo5  counts/sec 
and a t  %he same time d i sc r imina te s  w e l l  a g a i n s t  the  pu l ses  due 
t o  a  gamma dose of some hundreds of roentgens per  hour. ' '  



Table 111-1. Parameters of AERE Ion iza t ion  Chambers 

b 
Type ~ c - 6 ~  Type RC-7 

Hydrogen f i l l i n g - g a s  25 150 25 150 
p res su re ,  cm Hg 

Coated a r e a ,  cm2 640 640 450 450 
C 

Coat t h i ckness ,  0 .4  0 .4  0 . 4  0 . 4  
mg/cm2 

S e n s i t i v i t y  p e r  8 . 4  x lo'15 2 . 7  x lo-15 6 . 4  x lo-15 1 . 9  X lo'14 
u n i t  neutron f l u x ,  
amp 

Gamma s e n s i t i v i t y ,  7 .6  X lo-13 4 . 5  X 10-12 5 .0  X lo-13 3 . 0  X 10- l~  
amp/r. h r  

Voltage f o r  90% 23 12 5 52 300 
s a t u r a t i o n  a t  
amp, v 

a 
Compensated ion  chamber. 

buncornpensated ion  chamber. 
C 
Enriched boron coa t ing .  

F i s s i o n  Chambers 

An i n t e r e s t i n g  paper by from AERE, Harwell, descr ibed  t h r e e  

f i s s i o n  counters  (pu l se  dev ices )  t h a t  a r e  designed t o  opera te  a t  a  tem- 

pe ra tu re  of 500°C o r  h igher .  The e l e c t r o d e s  a r e  s t a i n l e s s  s t e e i ,  and t h e  

i n s u l a t o r s  a r e  alumina. The f i l l i n g  gas is  argon a t  50 p s i .  These de- 

v i c e s  have 1 5 - f t  r i g i d  ex tens ions  and a r e  f o r  f l u x  scanning and r e a c t o r  

c o n t r o l  ( s ee  Table 111-2 f o r  chamber c h a r a c t e r i s t i c s ) .  Processing and 

c leaning  techniques r equ i red  t o  a s su re  t h a t  t h e  d e t e c t o r s  w i l l  work a t  

high temperature were d iscussed .  

A counting system employing a  f i s s i o n  counter  t h a t  is  capable of 

process ing  input  pu l ses  a t  an average r a t e  which exceeds 3 X l o 5  events/sec 

was developed23 i n  order  t o  monitor lower neutron l e v e l s  f o r  s t a r t u p  of 



Table 111-2. Charac te r i s t i c s  of AERF Fiss ion Counters 

- - - - -  

Chamber d i m e  t e r  , i n .  1. 75a 0.4 
b 

0.125' 
d 

Coated area ,  cm2 500 8 0 .8  

Coating thickness,  1 1 1 
mg/cm2 

Sens i t i v i t y  p ~ r  un i t  , 0.5  8 x l o w 3  5 x 
neutron flux, counts/sec 

Operating temperature, 500 500 600 
" C 

Operating voltage, v 400 400 300 

a 
For reac to r  control .  

b ~ o r  reac to r  con t ro l  and f l u x  scanning; a chamber of t h i s  
type has been operated successfully i n  a laboratory f o r  e i gh t  
months a t  500°C and has been i n  low-temperature use f o r  several  
years .  
C 

For f l u x  scanning; t h i s  type of chamber was i n  an experi-  
mental s tage a t  the time of the  r epo r t .  

d ~ l l  chambers coated with enriched u ~ ~ ~ .  

the EBR-I1 r eac to r  than could be done by current-measuring devices (com- 

pensated ion chambers). In order t o  obtain a decade overlap with the  

compensated chamber, the upper operating l eve l  was s e t  a t  2.2 X l o 5  

neutrons/cm2.sec. A t  the lower operating l eve l ,  the  de tec to r  had t o  be 

capable of de tec t ing  a f l u x  of 2 neutrons/cm2 ' sec i n  a lo3 -r/hr back- 

ground. 

The detector  i s  a f i s s i o n  counter (westinghouse ~ 4 2 4 5 )  which i s  

coated with 1 mg/cm2 of U308 enriched t o  90% u ~ ~ ~ .  The coated a rea  is  

1020 cm2; the e lec t rode separat ion i s  0.15 i n . ;  the  f i l l i n g  gas is an 

argon-nitrogen mixture a t  1 atm; and the  e l e c t r i c a l  capacity is 200 p p f .  

The s e n s i t i v i t y  per u n i t  neutron f l u x  is 0.45 counts/sec. Thus a t  the  

upper l e v e l  (2 .2  X lo5 neutrons/cm2 -set ) the de tec to r  output is approximately 



lo5  counts/sec . Measurements made on r i s e  time of the  d e t e c t o r  showed 

a charge c o l l e c t i o n  time of 7 X lo-' s e c .  

The system design al lows a 0.5-psec time span f o r  de tec t ion ,  ampli- 

f i c a t i o n ,  and d iscr iminat ion ,  and an a d d i t i o n a l  0 .5  psec f o r  recovery.  

This allows 1 psec/event . The preamplif ier-amplif  i e r  gain i s  i n  excess 

of 5 X l o4 .  The r i s e  time of t h e  cascaded preampl i f ie r  and ampl i f i e r  

i s  l e s s  than  0 . 1  psec. The ampl i f i e r  i s  not  recommended f o r  severe 

overload. 

Results  of t e s t s  showed t h a t  the  a c t u a l  count r a t e  decreased by 10% 

from the  t r u e  count r a t e  a t  3 . 3  x l o 5  counts/sec and t h a t  the  measured 

l o s s e s  of neutron s e n s i t i v i t y  a s  a func t ion  of gamma-ray background were 

t h e  fol lowing ( l o s s e s  a r e  based on t h e  s e n s i t i v i t y  obtained i n  gamma f i e l d s  

of lo4 r/hr or  l e s s ) :  

1. A t  lo4  r/hr no l o s s  of s e n s i t i v i t y  was encountered. 

2 .  A t  lo5  r/hr the  s e n s i t i v i t y  decreased t o  60$. 

3 .  A t  lo6  r/hr t h e  s e n s i t i v i t y  decreased t o  10%. 

These l o s s e s  come about from the  necess i ty  t o  increase  t h e  d iscr iminator  

s e t t i n g  t o  a  higher  l e v e l  a s  t h e  gamma-ray i n t e n s i t y  inc reases .  (This 

is  the  problem of pulse p i l e u p . )  

S e l f - c a l i b r a t i n g  Thermal-Neutron Counter 

Preliminary work has been done by Eisenacher a t  KAPL t o  t e s t  t he  

f e a s i b i l i t y  of opera t ing  a neut ron-sens i t ive  counting device wi th  an in-  

t e r n a l  a lpha  source i n  order  t o  make a d e t e c t o r  t h a t  could be checked 

without an e x t e r n a l  neutron source .24  This i s  proposed a s  a  d e s i r a b l e  

a l t e r n a t i v e  t o  us ing  a neutron source and s u i t a b l e  mechanical equipment 



t o  check a neutron d e t e c t o r  i n  p o s i t i o n  p r i o r  t o  r e a c t o r  s t a r t u p .  A BF3 

counter  was f a b r i c a t e d  w i t h  an i n t e r n a l  a lpha  source of 1 . 7  X l om9  g of 

~ r n ~ " .  The source was micropipe t ted  i n t o  the  cathode cy l inde r  as a n  

aqueous s o l u t i o n  and then  evaporated t o  dryness .  

The counter  performed a s  expected.  The l a r g e s t  pu l ses  from t h e  a lpha  

source were g r e a t e r  than  the  pu l ses  from the  B~~ r e a c t i o n  by a f a c t o r  of 

approximately 2; however, the  a lpha  source a l s o  gave r i s e  t o  pu l ses  i n  

t h e  amplitude range of t he  neutron-produced p u l s e s .  The use of an  in-  

t e r n a l  a lpha  source appears t o  be a reasonable way t o  check the  pe r fo r -  

mance of the  d e t e c t o r .  However, t h e  d e t e c t o r  must always be operated 

wi th  a background i f  a l l  pu l ses  above a f i x e d  b i a s  a r e  counted. 

Eisenacher sugges ts  t h a t  a lpha  source pu l ses  f a l l i n g  i n  the  neutron 

pu l se  d i s t r i b u t i o n  could be minimized by a des ign  t h a t  would achieve 

g r e a t e r  energy r e s o l u t i o n  of t h e  a lpha  source and t h a t  a lpha-source pulses  

exceeding the  maximum neutron pu l ses  could be e l iminated  e l e c t r o n i c a l l y .  

The minimum d e t e c t a b l e  neutron f l u x  wi th  the  100-count/sec a lpha  back- 

ground is  20 counts/sec us ing  t h e  95% confidence l e v e l  a s  f 2 m .  The 

d e t e c t o r  s e n s i t i v i t y  pe r  u n i t  neutron f l u x  i s  5 counts/sec.  

Threshold Detec tors  f o r  Fast-Neutron Flux Measurements 

~ i c a b a r 1 - 0 ~ ~  notes  t h a t  s e v e r a l  yea r s  ago it w a s  suggested t h a t  t h e  

( n , p )  t h re sho ld  r e a c t i o n  on p31 y i e l d i n g  si31 (2.6  hr)  could be used t o  

measure f a s t -neu t ron  y i e l d s  from a c c e l e r a t o r s .  He s t a t e s  t h a t  t h i s  pro-  

cess  f o r  measurement of f a s t  neutrons around a r e a c t o r  i s  about  70 times 

more s e n s i t i v e  than  the  s~~ (n ,p )  P~~ (14.3 d )  process,  and, based on 

evidence a v a i l a b l e  on c ross  s e c t i o n  and ex t r apo la t ed  threshold  energy, 



t h e  two processes should be equivalent  over the  neutron spectrum of in -  

t e r e s t .  To check t h i s  conclusion, samples i n  p a i r s  (sulphur and phosphorus) 

were i r r a d i a t e d  i n  s e v e r a l  p o s i t i o n s  i n  a r e a c t o r  t o  expose the  samples 

t o  f a s t  f luxes  t h a t  va r i ed  by a f a c t o r  of 300. Ricabarro concludes t h a t  

the  a c t i v i t i e s  of P~~ and si31 showed t h e  same r a t i o  (wi th in  the  l i m i t s  

of accuracy) i n  a l l  cases .  A f l u x  of roughly 100 f a s t  neutrons/cm2.sec 

o r  a s i n g l e  b u r s t  of about 2 X lo6  neutrons/cm2 can be observed. 

( R .  K .  Abele) 



CALCULATION OF CONTROL ROD EFFECTIVENESS 

Calcula t ions  of c o n t r o l  rod worth p lay  an  important r o l e  during t h e  

des ign  of a nuclear  r e a c t o r .  Control  rods and t h e  a s soc ia t ed  c o n t r o l  rod 

d r ives  a r e  mechanically complicated and q u i t e  expensive, and t h e r e f o r e  

t h e r e  i s  cons iderable  incen t ive  t o  reduce t h e  number of c o n t r o l  rods t o  

a minimum. Addit ional  i ncen t ive  is  present  i f  t h e  c o n t r o l  rods g ive  r i s e  

t o  d i f f i c u l t  s t r u c t u r a l  des ign  problems i n  t h e  r e a c t o r  core  and pressure  

vesse l .  

On t h e  o the r  hand, t h e  s a f e t y  of t h e  r e a c t o r  hinges on t h e  provis ion  

of s u f f i c i e n t  Ak i n  t h e  a r r a y  of c o n t r o l  rods t o  maintain t h e  core  i n  a 

s u b c r i t i c a l  s t a t e  f o r  t h e  h ighes t  r e a c t i v i t y  cond i t ion  achievable.  Except 

f o r  t imes when a number of c o n t r o l  rods a r e  removed f o r  r e p a i r ,  core  

access ,  e t c . ,  o r  when s p e c i a l  f u e l  management schemes a r e  being appl ied ,  

t h e  maximum r e a c t i v i t y  condi t ion  of  t h e  r e a c t o r  w i l l  normally occur a t  

t h e  beginning of a n  opera t ing  cyc le  with a f r e s h  core .  Addi t ional  i n -  

cent ives  f o r  reduct ion  of t h e  shutdown margin t h u s  a r i s e  from t h e  d e s i r e  

t o  obta in  a long core  l i f e t i m e  i n  order  t o  reduce f u e l  f a b r i c a t i o n  ex- 

penses. 

Although s u f f i c i e n t  shutdown margin must be a v a i l a b l e  f o r  s a f e  r e -  

a c t o r  operat ion,  i t s  ach ievemht  does not depend s o l e l y  on accura t e  c a l -  

cu la t ions  of c o n t r o l  rod worth. I n i t i a l  c r i t i c a l  experiments a t  r e a c t o r  

s t a r t u p  provide t h e  f i n a l  inf'ormation on c o n t r o l  .rod e f f ec t iveness ,  and 

t h e  discovery a t  t h a t  time of overest imates  of  c o n t r o l  rod worth allows 

t h e  development of s p e c i a l  s t e p s  t o  a s su re  adequate margin. Such s t e p s  

would, i n  general ,  involve e i t h e r  incomplete loading  of t h e  core  o r  t h e  

i n s e r t i o n  of a d d i t i o n a l  a u x i l i a r y  poison elements.  This a v a i l a b l e  check 



and t h e  oppor tuni ty  f o r  c o r r e c t i v e  a c t i o n  prevent  i naccu rac i e s  i n  ca l cu la -  

t i o n s  of c o n t r o l  rod worth from becoming a  d i r e c t  cause f o r  a  hazardous 

s i t u a t i o n ,  a l though a  very  important i n d i r e c t  connect ion may e x i s t .  

Methods of Ca lcu la t ion  

The t r a d i t i o n a l  d i f f i c u l t y  i n  doing accu ra t e  c o n t r o l  rod c a l c u l a t i o n s  

stems p r i m a r i l y  from t h e  i n a p p l i c a b i l i t y  of d i f f u s i o n  t h e o r y  i n  systems 

wi th  t h e  high degree of f l u x  an i so t ropy  c h a r a c t e r i s t i c  of c o n t r o l  rod 

l a t t i c e s .  The most d i r e c t  means of  combating t h i s  d i f f i c u l t y  i s  through 

t h e  a p p l i c a t i o n  of  t r a n s p o r t  t h e o r y  t o  a l l  a s p e c t s  of  t h e  problem. Here 

t h e  d i f f i c u l t y  a r i s e s  t h a t  t h e  equat ions  of  most i n t e r e s t i n g  systems can 

be solved only through t h e  a p p l i c a t i o n s  of numerical methods f o r  t h e  d i r e c t  

i n t e g r a t i o n  of  t h e  t r a n s p o r t  equat ion.  The modern computing f a c i l i t i e s  

now a v a i l a b l e  provide t h e  means f o r  doing t h i s ,  b u t  t h e  s i m p l i c i t y  and 

economy o f  d i f f u s i o n  theo ry  c a l c u l a t i o n s  have tended t o  prevent  widespread 

use  of t h i s  method. A s  noted above, t h e  d i f f u s i o n  theo ry  i s  inadequate  

near  a  c o n t r o l  rod, bu t  t h i s  shortcoming may be removed by imposing an 

accu ra t e  boundary cond i t i on  a t  t h e  c o n t r o l  rod su r f ace .  I n  t h i s  way t h e  

well-known accuracy of d i f f u s i o n  theo ry  i n  t h e  asymptot ic  r eg ion  i s  con- 

t i nued  up t o  t h e  c o n t r o l  rod su r f ace .  

The c l a s s i c  work i n  t h e  d e s c r i p t i o n  of t h i s  boundary cond i t i on  f o r  

a  b lack  rod is  t h a t  of Davison, Kushneriuk, and Se ide l .  2 6 ' 2 9  I n  t h i s  

s e r i e s  of r e p o r t s  t h e  f l u x  e x t r a p o l a t i o n  l eng th  of  t r a n s p o r t  t heo ry  i s  

der ived  f o r  spheres  and cy l inde r s  by examining t h e  s o l u t i o n s  of t h e  t r a n s -  

p o r t  equat ion  f o r  t h e s e  systems i n  t h e  l i m i t s  of  bo th  l a r g e  and smal l  rods.  

For s l a b  systems t h i s  e x t r a p o l a t i o n  l eng th  i s  obtained a s  t h e  s o l u t i o n  t o  



t h e  famous Milne problem, which was f i r s t  so lved  i n  connect ion wi th  problems 

of s t e l l a r  atmospheres. Once t h e  f l u x  e x t r a p o l a t i o n  l e n g t h  is known a t  t h e  

c o n t r o l  rod  su r f ace ,  a  complete d e s c r i p t i o n  of t h e  boundary cond i t i on  is 

poss ib le ,  s i n c e  t h e  inve r se  e x t r a p o l a t i o n  l eng th  i s  equa l  t o  t h e  loga r i thmic  

d e r i v a t i v e  of t h e  f l u x  a t  t h e  su r f ace .  

The boundary cond i t i on  a t  t h e  s u r f a c e  of  a  c o n t r o l  rod with some t r a n s -  

mission o f  neutrons has been s t u d i e d  by Davison and ~ u s h n e r i u k ~ '  and by 

Royston. 1, Here again, t h e  r e s u l t i n g  q u a n t i t y  i s  t h e  f l u x  e x t r a p o l a t i o n  

l eng th .  I n  t h i s  case  it i s  convenient t o  note  t h a t  

where d$/dr i s  t h e  r a d i a l  d e r i v a t i v e  of t h e  neutron f lux ,  D i s  t h e  diff 'usion 

c o e f f i c i e n t  i n  t h e  medium ou t s ide  o f  t h e  rod, and I i s  t h e  f l u x  ex t r apo la -  
e x t  

t i o n  length .  From t h i s  case,  t h e  e x t r a p o l a t i o n  l eng th  may be seen  t o  provide 

a measure of  t h e  c u r r e n t  per  u n i t  f l u x  a t  t h e  s u r f a c e  of t h e  rod, which i s  

a  r e l a t i v e  t r ansmis s ion  f a c t o r  f o r  neut rons .  

The above d i scuss ion  covers a method f o r  desc r ib ing  t h e  rod t h a t  r e -  

p laces  t h e  a c t u a l  rod reg ion  wi th  a  boundary cond i t i on  a t  t h e  p h y s i c a l  

s u r f a c e  of t h e  rod.  This  method is equa l ly  s a t i s f a c t o r y  f o r  rods  t h a t  

a r e  completely absorbing (b l ack )  o r  p a r t i a l l y  absorbing ( g r a y ) .  An a l t e r -  

na t e  method which has been u s e f u l  p r i m a r i l y  f o r  b lack  rods of  i r r e g u l a r  

shape i s  t h e  e f f e c t i v e  r ad ius  model of Wheeler, 33 The e f f e c t i v e  rad ius ,  

r e f f '  is def ined  a s  t h e  r a d i u s  of  a  c y l i n d r i c a l  rod t h a t  has  t h e  same e f -  

f e c t  on t h e  asymptotic neutron d e n s i t y  a s  t h e  a c t u a l  rod  under t h e  condi- 

t i o n  t h a t  t h e  neutron d e n s i t y  vanishes a t  t h e  s u r f a c e  of  t h e  equ iva l en t  



rod. The re la t ionsh ip  between t h i s  model and t he  previously described 

model based on s p e c i n i n g  the  extrapola t ion length i s  most apparent f o r  

large  cy l indr ica l  rods where t he  effeckive radius  i s  jus t  t he  a c tua l  radius 

minus the  ext rapola t  ion length.  

An analogous method f o r  handling bodies of i r r egu l a r  shape is the  

absorption area  method of Hurwit z and Roe. 3 4  Here, the  absorption area  

i s  defined a s  the  r a t i o  of the  r a t e  of neutron absorption by the  body t o  

the  source i n t ens i t y  in  the  surrounding medium. Any two bodies with the  

same absorption a rea  may be considered equivalent  i n  t h e i r  e f f e c t s  on the  

system. 

The usefulness of the  e f f ec t i ve  radius and absorption-area methods 

r e s t s  mainly on t h e i r  a b i l i t y  t o  provide geometrical s impl i f i ca t ion  where 

t he  shape of t he  control  element is  complicated. For example, t he  reduction 

of a cruciform rod t o  an equivalent cy l indr ica l  rod reduces t h e  e n t i r e  

problem from two dimensions t o  one. 

The methods described above provide t he  bas i s  f o r  an accurate de- 

s c r i p t i on  of t h e  control  element i t s e l f ,  which i s  t he  s t a r t i n g  point f o r  

ca lcula t ions  of the  r e a c t i v i t y  worth of a control  rod or  an array of con- 

t r o l  rods. The problem most l i k e l y  t o  cause t rouble  a t  t h i s  point  i s  t he  

need t o  provide accurate treatment of rod in te rac t ion  e f f e c t s  and t h e  

e f f ec t  of neutron leakage. These e f f e c t s  cause t he  t o t a l  worth of various 

arrays of rods t o  be l e s s  than t he  sum of t he  worths of the  separate rods 

when inser ted  individually.  Precise  t heo re t i c a l  s tud ies  of t h i s  e f f e c t  

have been made by Nordheim and Sca l e t t a r .  35 They suggest synthesizing 

the  neutron f l ux  d i s t r i bu t i on  by a weighted superposit ion of two o r  more 

d i s t r ibu t ions ,  each of which contains a cha r ac t e r i s t i c  s i ngu l a r i t y  a t  t h e  



p o s i t i o n  of a  c o n t r o l  rod. For systems with a  high degree of he terogenei ty ,  

t h e  small  source and s i n k  method of H ~ r n i n g , ~ ~  Feinberg,37 and ~ a n n i n ~ ~ ~  

i s  accura te .  The c h a r a c t e r i s t i c  of t h i s  work i s  t h e  replacement of each 

c o n t r o l  rod and f u e l  element by an equiva lent  source o r  s ink .  The e n t i r e  

he terogenei ty  of  t h e  core may thus  be maintained i n  t h e  c a l c u l a t i o n  i n  an 

approximate way. 

A more d i r e c t  procedure f o r  use a f t e r  t h e  rod boundary cond i t ion  has 

been determined i s  t h e  use  of a  high-speed computer i n  so lv ing  t h e  d i f -  

fu s ion  equat ions over a  one- o r  two-dimensional d e s c r i p t i o n  of t h e  system. 

This method i s  app l i cab le  t o  s i n g l y  i n s e r t e d  rods and a r b i t r a r y  a r r a y s  

of rods i n s e r t e d  i n t o  a  core.  The e f f e c t s  of rod i n t e r a c t i o n s  and l eak -  

age a r e  au tomat ica l ly  t aken  i n t o  account and t h e  accuracy o f  t h e  smal l  

source o r  Nordheim-Scalettar methods w i l l  be obtained.  

I n  summary, we may note  t h a t  a  number of d i f f e r e n t  methods a r e  a v a i l -  

a b l e  f o r  t h e  c a l c u l a t i o n  of c o n t r o l  rod worth. Except f o r  t hose  involv ing  

t h e  d i r e c t  a p p l i c a t i o n  of t r a n s p o r t  theory,  u s u a l l y  numerically,  t h e s e  

methods r e q u i r e  t h e  provis ion  of a  boundary cond i t ion  a t  t h e  c o n t r o l  rod 

su r face  o r  i t s  equiva lent .  This  i n t roduc t ion  of a  boundary condi t ion  from 

t r a n s p o r t  t heo ry  r e s u l t s  i n  an o v e r - a l l  c a l c u l a t i o n  with t h e  accuracy of 

t r a n s p o r t  theory.  

Applicat ions of t h e  Methods 

I n  e s s e n t i a l l y  every in s t ance  some ve r s ion  of t h e  methods ou t l ined  

above i s  being employed i n  t h e  con t ro l  rod c a l c u l a t i o n s  c u r r e n t l y  being 

done f o r  t h e  p r a c t i c a l  design of nuclear  r e a c t o r s .  I n  r ecen t  yea r s  t h e  

app l i ca t ion  of high-speed d i g i t a l  computers has been e s p e c i a l l y  common, 

and two examples a r e  given here  by way of i l l u s t r a t i o n .  



Extensive use of numerical t r a n s p o r t  t heo ry  has been made by Colston, 

Gross, and   in ton^^ i n  t h e  a n a l y s i s  of c o n t r o l  rod e f f e c t i v e n e s s  f o r  t h e  

NS Savannah r e a c t o r .  I n  t h i s  s tudy t r a n s p o r t  t heo ry  was appl ied  t o  a  

complicated c o n t r o l  rod geometry and t h e  boundary cond i t ion  a t  t h e  c o n t r o l  

rod su r face  was determined. This  boundary cond i t ion  was then  used t o  

r ep resen t  t h e  c o n t r o l  rod, and t h e  e f f e c t s  of va r ious  complex a r r a y s  of 

c o n t r o l  rods were s tud ied .  Since t h i s  l a t e r  c a l c u l a t i o n  was done i n  a  

two-dimensional l a t t i c e  geometry, t h e  r e a c t i v i t y  e f f e c t s  of c o n t r o l  rod 

i n t e r a c t i o n s  and t h e  e f f e c t  of neutron leakage on c o n t r o l  rod e f f e c t i v e -  

ness  were obtained d i r e c t l y .  The authors  show t h a t  t h e  use  of i naccura t e  

methods of c o n t r o l  rod a n a l y s i s  can r e s u l t  i n  cons iderable  e r r o r  i n  t h e  

p r e d i c t i o n  of opera t ing  c h a r a c t e r i s t i c s  of t h e  core a s  w e l l  a s  i n  c o n t r o l  

rod e f f ec t iveness .  

A second i l l u s t r a t i o n  of t h e  methods employed i n  c o n t r o l  rod c a l c u l a -  

t i o n s  i s  provided by t h e  a n a l y s i s  which has been done f o r  t h e  design of 

t h e  Experimental Gas -Cooled Reactor.  40 I n  t h i s  a n a l y s i s  t h e  s irnple cy- 

l i n d r i c a l  geometry of t h e  c o n t r o l  element al lows t h e  use  of boundary condi 

t i o n s  from t h e  previous ly  d iscussed  bas i c   treatment^^^-^^ over t h e  range 

of neutron ene rg ie s  f o r  which t h e  absorber  is  "black." Dif fus ion  theo ry  

is  app l i ed  over t h e  energy range f o r  which t h e  absorber  i s  only "gray. " 

Since t h e  f u e l  f o r  t h e  EGCR i s  i n  a  r e g u l a r  l a t t i c e  a r ray ,  t h e  au thors  

a l s o  compared t h e  r e s u l t s  f o r  homogeneous approximations t o  t h e  l a t t i c e  

with those  f o r  t h e  f u l l y  heterogeneous t rea tment .  I n  a l l  cases  t h e  ca lcu-  

l a t e d  values agreed with t h e  experimental va lues  wi th in  t h e  quoted expe r i -  

mental unce r t a in ty .  ( c .  A, ~ r e s k i t t )  
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IV. PLANT SAFETY FEATURES 



RADIOACTIVE FLUIDS LEAK DETECTION 

The high l e v e l s  of contaminat ion and p o t e n t i a l  hazards t h a t  may r e -  

s u l t  a s  t he  consequences of a  l e a k  i n  a  system con ta in ing  r a d i o a c t i v i t y  

have imposed upon the  nuc lea r  i ndus t ry  a  l e a k t i g h t n e s s  requirement  not  

gene ra l ly  found ou t s ide  the  high-vacuum indus t ry .  The a c t u a l  l e a k t i g h t n e s s  

requirement depends on the  s p e c i f i c  system o r  con ta ine r ,  a s  w e l l  a s  t h e  

l e v e l  of t h e  a c t i v i t y  t h e r e i n ,  and the  p r o b a b i l i t y  and consequences of 

escape of t h e  a c t i v i t y .  This a r t i c l e  i s  p r i n c i p a l l y  concerned wi th  leakage 

of  r a d i o a c t i v e  f l u i d s  from dynamic systems. Some r e c e n t  a r t i c l e s  on 

l i qu id -me ta l  and heavy-water l e a k  d e t e c t i o n  a r e  a l s o  reviewed. Some a s -  

p e c t s  of r a d i o a c t i v e - f l u i d  l eak  d e t e c t i o n  have been covered i n  previous 

a r t i c l e s  i n  Nuclear Sa fe ty ,  inc luding  f u e l  element l eak  de tec t ion1 ,  

and l eak  t e s t s  of containment s t r u c t u r e s .  The l a t t e r  s u b j e c t  i s  r e -  

viewed f u r t h e r  i n  t h e  succeeding a r t i c l e s .  I n  a d d i t i o n ,  techniques  of 

monitor ing l i q u i d 4  and gaseous wastes5 have been reviewed t h a t  a r e  a p p l i -  

cab le  t o  d e t e c t i o n  of l e a k s  of r a d i o a c t i v e  f l u i d s  i n t o  e i t h e r  a  l i q u i d  

o r  gaseous s t ream. 

P reope ra t iona l  Leak Tes t ing  

A prime s t e p  toward e l i m i n a t i n g  t h e  need f o r  r a d i o a c t i v e  f l u i d s  l eak  

d e t e c t i o n  i s  thorough p reope ra t iona l  l eak  t e s t i n g  of a l l  equipment and 

p ip ing .  Seve ra l  a r t i c l e s  summarizing c u r r e n t  methods have been pub- 

l i ~ h e d . ~ - '  The d i f f e r e n c e  of opinions noted i n  r e f s .  7 and 8 on t h e  use-  

f u l n e s s  of  a  r a d i o a c t i v e  t r a c e r  gas  a s  a  l eak -de t ec t ion  method i s  of 

i n t e r e s t .  On the  one hand winter7  r e p o r t s  t h a t  P~~ would have been t o o  



expensive, too d i f f i c u l t  t o  obta in  and dispose o f ,  and would have r e -  

quired unduly elaborate sa fe ty  precautions.  On the other  hand, ~ a n l e ~ '  

repor ts  the favorable r e s u l t s  obtained with ~ r * ~  as  compared with the r e -  

s u l t s  of the  use of a  halogen leak-detection method. Mass spectrometry, 

infrared,  and vacuum techniques were re jec ted  because of t h e i r  cos t  and 

the  weight of the required equipment. The di f ference of opinions on the 

meri ts  of t r a ce r  leak-detection methods may have been the r e s u l t  of com- 

paring the  use of an i n e r t  gas with the use of a  l i qu id ,  although the 

use of the p3* i n  a  l i qu id  was not spec i f i c a l l y  discussed. 

Chemical preoperational  l eak- tes t ing  methods can be very use fu l  i n  

c e r t a i n  systems, pa r t i cu l a r l y  where one of the t e s t  reagents i s  a l so  used 

during operation of the  system. Such was the case with the leak t e s t i n g  

of the  Vo la t i l i t y  P i l o t  Plant  a t  Oak Ridge National Laboratory, f o r  which 

the f luorine-starch-KI react ion was used. lo A s  a  f i n a l  leak t e s t  ( a f t e r  

the soap-bubble t e s t  showed no l e aks ) ,  a  f luor ine-ni t rogen mixture was 

introduced i n to  the system a t  a  pressure higher than would be encountered 

during operation.  Then each jo in t  was wrapped with cleansing t i s sue  and 

wet with a  starch-KI water solut ion from a  wash b o t t l e .  The r e su l t an t  

darkening of the wet t i s sue  disc losed a l l  leaks which were g r ea t  enough 

t o  be of any process s ignif icance.  

Gperation Leak Detection 

A common method f o r  the detect ion of leaks of radioact ive  gases 

during ac tua l  operation i s  r ad ia t ion  monitoring of a  stream in to  which 

the gas has leaked. A change i n  pressure i s  another use fu l  way of de- 

t e c t i ng  gas leaks .  The two methods were combined i n  the leak-detection 



scheme f o r  t h e  hea t  exchanger of t h e  Circulat ing-Fused-Salt-Fuel  I r r a d i a -  

t i o n  Test  Loop loca ted  i n  the  Mater ia ls  Tes t ing  Reactor. ' '  The loop i s  

composed of a pump and a hairpin-shaped l eng th  of 1 /8- in .  sched. -40 p ipe .  

The hea t  exchanger c o n s i s t s  of a 1 l /4 - in .  -0 .d .  tube concent r ic  around 

the  f u e l  p ipe .  It c a r r i e s  a i r  a t  30 t o  90 p s i  i n l e t  pressure  a t  flows 

up t o  2500 lb/hr  t o  remove hea t  from the  f u e l  p ipe .  The f u e l  pipe through 

the  hea t  exchanger i s  a f  double-wall cons t ruc t ion  t o  prevent r e l e a s e  of 

f u e l  and f i s s i o n  products t o  the  e x t e r n a l  unshielded cool ing  a i r  stream 

if the  primary f u e l  tube should rup tu re .  In  order  t o  provide f o r  con- 

tinuous monitoring of the  i n t e g r i t y  of each w a l l ,  t he  o u t e r  tube of t h e  

double-walled f u e l  pipe has both long i tud ina l  and h e l i c a l  grooves c u t  

on i t s  inner  su r face .  Gas f low i s  maintained through these  grooves with 

provision f o r  sensing both pressure  change and r a d i o a c t i v i t y  r e s u l t i n g  

from a leak  i n  the  primary f u e l  p ipe .  

The r a d i a t i o n  monitoring of a small  a i r  sweep through i t s  containment 

vesse l  was the  l eak -de tec t ion  method employed with t h e  i n - p i l e  corros ion  

t e s t  loops f o r  aqueous homogeneous r e a c t o r  so lu t ions  .12 The a i r  was routed 

through a charcoal  t r a p  t o  adsorb r ad ioac t ive  gases picked up by t h e  a i r  

and thus  provide a concent ra t ion  f a c t o r  f o r  the  r a d i a t i o n  monitor loca ted  

near  the  charcoal  t r a p .  

Leaks of r ad ioac t ive  gases from t h e  equipment i n  t h e  c u r r e n t  ve r s ion  

of t h e  ORNL Fluor ide  V o l a t i l i t y  P i l o t  P lan t  w i l l  be de tec ted  by pressure  

changes a t  s p e c i a l l y  modified r i n g -  j o i n t  f l anges  , 1 3  by f l u o r i d e  l eak  de- 

t e c t o r s ,  and by r a d i a t i o n  monitors.14 Leak de tec t ion  a t  r i n g - j o i n t  f langes  

i s  accomplished a s  fo l lows:  a small  hole i s  d r i l l e d  i n t o  one f l ange  of 

each p a i r  and another  hole i s  d r i l l e d  through the  r i n g  j o i n t  t o  make a 



continuous connect ion between t h e  c a v i t y  on both  s i d e s  of  t h e  r i n g  j o i n t  

t o  a  smal l  tube leading  away from t h e  p a i r  of f l a n g e s .  Nitrogen pressure  

is  appl ied  through t h e  tube t o  t h e  opening i n  one f l ange  of each p a i r .  

Thus a leak  i n  e i t h e r  of t h e  two inner ,  o r  process ,  l i n e s  of c o n t a c t  be- 

tween t h e  gasket  and t h e  f l ange  grooves w i l l  f o r c e  n i t rogen  i n t o  t h e  

process s t ream i f  t h e  n i t rogen  pressure  i s  higher  than  the  process p res -  

sure ;  a l eak  i n  e i t h e r  of t h e  two o u t e r  l i n e s  of  c o n t a c t  w i l l  a l low n i -  

t rogen t o  escape t o  t h e  atmosphere. Nitrogen p res su re  i s  suppl ied  from 

a manifold which can be used as e i t h e r  a  dynamic o r  s t a t i c  system. If 

t o t a l  l eak  r a t e s  a r e  h igh  enough, t h e  n i t rogen f low r a t e  t o  t h e  buffered  

f l anges  w i l l  be measured by a ro tameter .  A s  t h e  l eak  is  decreased,  a  

s t a t i c  system w i l l  be used; t h e  manifold w i l l  be p res su r i zed ,  t h e  gas 

supply stopped, and t h e  leakage w i l l  be measured by r a t e  of p re s su re  drop.  

This technique w a s  adopted from a l i q u i d  system devised f o r  use  on t h e  

Aqueous Homogeneous ~ e a c t o r ' ~  and i t s  chemical process ing  p l a n t  a t  ORNL. l6 

The f l u o r i d e  ana lyze r s  previous ly  mentioned a s  being used i n  t h e  ORNL 

V o l a t i l i t y  P i l o t  P l a n t  f o r  l eak  d e t e c t i o n  a r e  based on t h e  c u r r e n t  f low 

method and were developed by Howard and Weber of t h e  Oak Ridge Gaseous 

Dif fus ion  P l a n t .  l7 

Two l i q u i d  l eak -de tec t ion  methods from t h e  nuclear  process f i e l d  

t h a t  do not  r e l y  on r a d i a t i o n  monitoring have been r epor t ed  r e c e n t l y .  

A s  a  p a r t  of a  d i scuss ion  on l iqu id -me ta l  ins t rumenta t ion  p r a c t i c e  a t  

m a t t  & Whitney A i r c r a f t ,  B l i s s  descr ibed  techniques f o r  d e t e c t i n g  l i q u i d  

metal  l eaks  .18 Even s l i g h t  leakage from uncovered v e s s e l  wa l l s  o r  p ip ing  

can usua l ly  be de tec t ed  v i s u a l l y ,  e i t h e r  by spu t t e r ing ,  smoke, o r  su r face  

depos i t s .  Covered sec t ions  can be wound, p r i o r  t o  covering, wi th  a  



conducting tape  cons i s t ing  of stranded No. 18 Chromelwires held i n  place 

by weaving i n  Fibrefrax .  Liquid metal leakage i s  detec ted  by e l e c t r i c a l  

conductivi ty between the  wires .  P a r t  of the  tape d i s i n t e g r a t e s  a t  1600°F, 

but the wires a r e  held i n  place by the thermal lagging.  The problem of 

de tec t ing  l iquid-metal  leaks  from a r a d i a t o r  i n t o  the  a i r  stream of a 

j e t  engine i s  much more d i f f i c u l t  and s t i l l  not  solved s a t i s f a c t o r i l y .  

A smoke detec tor  has been used with some success on t e s t  r a d i a t o r  sec t ions .  

The problem of heavy-water leakage de tec t ion  i n  c e r t a i n  pressurized- 

water-cooled power r e a c t o r s  f a l l s  wi th in  the scope of t h i s  d iscuss ion 

s ince  the  D20 becomes radioact ive  from formation of t r i t ium,  N ~ ~ ,  019, 

and ac t iva ted  corrosion products. Two s t u d i e s  r e l a t e d  t o  the  problem 

were made recen t ly  i n  connection with the design of the  CVNPA, a pres-  

surized-D20-moderated and -cooled tube power r e a c t o r .  l9 J 2 0  The problem 

was t o  minimize the  l o s s  of expensive D20 by de tec t ing  a s  quickly and a t  

a s  low concentrat ion a s  poss ib le  leaks  of D20 from the primary t o  the  

secondary c i r c u i t s  of the  steam generator .  The de tec t ion  methods r e -  

viewed were the  in f ra red  spectrometer, which i s  an on-stream monitor f o r  

the  i so topic  ana lys i s  of D20 i n  l i g h t  water, the  on-stream r a d i a t i o n  de- 

t e c t o r  f o r  monitoring the  a c t i v i t y  i n  the  secondary system, and the  l ab -  

ora tory  batch-sample type of spectrometer f o r  measuring the  t r i t i u m  con- 

t e n t  of the secondary system. The in f ra red  spectrometer was determined 

by analys is  t o  be the bes t  on-stream de tec to r ,  s ince  smaller leak r a t e s  

can be detected than with the on-stream r a d i a t i o n  de tec to r .  The lower 

c a p a b i l i t i e s  of the l a t t e r  instrument a r e  due mainly t o  the s h o r t  ha l f  

l i v e s  of the  ni trogen and oxygen isotopes and t o  the  low s p e c i f i c  a c t i v i t y  

of the f i s s i o n  products produced from the  u~~~ contamination i n  Zircaloy . 



The analysis  fu r ther  indicated t ha t  t he  laboratory tritium monitor would 

serve as  a very good backup instrument because of i t s  much greater  sen- 

s i t i v i t y ,  despi te  the  longer time cycle required. An on-stream in s t ru -  

ment of greater  s ens i t i v i t y  than afforded by the infrared spectrometer 

i s  needed t o  lower the  heavy-water leak r a t e  t h a t  can s t i l l  be detected.  

Secondary system losses  must be kept t o  a minimum t o  reduce losses  which 

mightoccur when the  D20 l o s s  was a t  a l eve l  below the infrared spectrome- 

t e r  l i m i t  of detection.  (R.  P. ~ i l f o r d )  



LEAK TESTS OF CONTAINMENT STRUCTURES 

Containment s t r u c t u r e s  a r e  u s u a l l y  provided t o  enc lose  nuc lear  f a -  

c i l i t i e s  s o  t h a t  i n  t he  event  o f  an  acc iden t  t he  uncon t ro l l ed  r e l e a s e  of  

r a d i o a c t i v i t y  w i l l  be l i m i t e d .  Although a steel  p re s su re  v e s s e l  i s  t h e  

most common type of containment s t r u c t u r e  on power r e a c t o r s  i n  t h e  United 

S t a t e s ,  21 containment s t r u c t u r e s  i n  gene ra l  have assumed many forms, i . e . , 
concrete ,  underground bu i ld ings ,  e t c . ,  and i n  each case  t h e  p o t e n t i a l  

a c t i v i t y  r e l e a s e  i s  combined wi th  some l i m i t i n g  exposure va lue  and o t h e r  

phenomena22 t o  determine the  maximum al lowable leakage r a t e .  With the  

acceptab le  leakage thus  e s t a b l i s h e d ,  it is  then necessary t o  prove the  

nonexistence of a higher  leakage r a t e .  This a r t i c l e  updates  a previous 

s i m i l a r  a r t i c l e  i n  Nuclear and inc ludes  a review of  s e v e r a l  cu r -  

r e n t  r e p o r t s  d e a l i n g  wi th  var ious  a spec t s  of containment leakage .  

In t eg ra t ed  Leak Tes t s  of Pressure-Containment S t r u c t u r e s  

The techniques used i n  t h e  l eak  t e s t i n g  of pressure-containment  

s t r u c t u r e  have been developed and used i n  t h e  l eak  t e s t i n g  of convent iona l  

process  and steam power v e s s e l s .  The comparat ively l a r g e  s i z e  of "gas- 

t i g h t "  containment s t r u c t u r e s  and t h e  need t o  e s t a b l i s h ,  i n  gene ra l ,  a 

very p r e c i s e  o v e r - a l l  leakage r a t e  a r e ,  however, f a c t o r s  which d i s t i n g u i s h  

conta inment -s t ruc ture  leak  t e s t i n g  from t h e  l eak  t e s t i n g  encountered i n  

ord inary  i n d u s t r i a l  p r a c t i c e .  A s  a r e s u l t  of t hese  f a c t o r s ,  a pressure-  

drop observa t ion  has gene ra l ly  been used t o  determine t h e  o v e r - a l l  leakage 

r a t e .  



Many environmental va r i ab les  such a s  a change i n  barometric  pressure ,  

a heat  l o s s  o r  ga in  r e s u l t i n g  from t h e  d a i l y  temperature cycle ,  and a 

change i n  t h e  absorbed water content  i n  the  contained a i r  con t r ibu te  t o  

the  d i f f i c u l t y  i n  determining a p rec i se  o v e r - a l l  leakage r a t e .  I n  an  

e f f o r t  t o  combat t h e  e f f e c t  of temperature v a r i a t i o n s  of the  containment 

s t r u c t u r e  and the  contained a i r ,  i n  p a r t i c u l a r ,  on the  pressure-drop meas- 

urement, some f a b r i c a t o r s  have employed a technique t h a t  is o f t e n  c a l l e d  

the  "reference method." Pre leak- tes ted  interconnected reference  v e s s e l s  

a r e  in t e r spe r sed  throughout t h e  containment s h e l l ,  and pressure  drop 

measurements a r e  made by comparing the  pressure  d i f f e r e n t i a l  between t h e  

reference  v e s s e l  system and t h e  containment s h e l l .  Since t h e  temperature 

of the  reference  v e s s e l s  should fol low c lose ly  t h e  temperatures of the  

containment air  i n  which they a r e  immersed, the  e f f e c t  of temperature 

t r a n s i e n t s  may be l a r g e l y  e l iminated  i f  proper d i s t r i b u t i o n  of the  r e f -  

erence vesse l s  has been made. 

The expense of providing a reference  system f o r  leak  t e s t i n g  cannot 

always be j u s t i f i e d .  Some g a s - t i g h t  containment s t r u c t u r e s  have been 

s a t i s f a c t o r i l y  leak t e s t e d  by d i r e c t  observat ion of a l l  the  v a r i a b l e s  

which may a f f e c t  t h e  contained p ressu re .  The choice between the  two tech-  

niques can be based pr imar i ly  on economic f a c t o r s .  There does not  appesr  

t o  be any c l e a r  t echn ica l  advantage of one method over t h e  o ther ,  a l though 

the  major i ty  of g a s - t i g h t  containment s t r u c t u r e s  have been t e s t e d  by the  

reference  method.'l Petersen and v in the rZ4  r e p o r t  a preference f o r  t h e  

d i r ec t -obse rva t ion  method i n  the  leak  t e s t i n g  of t h e  containment bui ld ings  

f o r  DR-2 and DR-3. In  the  l eak  t e s t i n g  of t h e  DR-3, both t h e  reference  

and d i r e c t  observat ion methods were used with apparent ly  comparable 



t e c h n i c a l  r e s u l t s .  The preference expressed by Vinther and Petersen  f o r  

the  d i r e c t  observat ion  was based on t h e  complexity of t h e  reference  system 

t e s t  se tup  and the  favorable  c o s t  experience with the  d i r e c t  Obsefvation 

method . 
The r e s u l t s  repor ted  by Vinther and Petersen  f o r  the  DR-2 and DR-3 

leak t e s t s  po in t  up a c h a r a c t e r i s t i c  problem of a l l  t e s t s  by pressure-  

drop observat ion.  The d a t a  s c a t t e r  has such g r e a t  magnitude t h a t  a r e -  

l i a b l e  leak  t e s t  r equ i re s  days, r a t h e r  than  hours,  t o  run .  Another in -  

t e r e s t i n g  and obvious gene ra l i za t ion  based on these  t e s t s  i s  t h a t  t he  

e f f e c t  of temperature t r a n s i e n t s  on da ta  s c a t t e r  i s  considerably lessened 

with an increase  i n  containment bu i ld ing  compartmentation and wi th  in -  

s u l a t i o n  of the  bu i ld ing  s h e l l .  

Operation Leak Tes ts  of Containment Vessels 

Concern and even doubt have been expressed about t h e  a b i l i t y  t o  

maintain t h e  i n i t i a l  l eak t igh tness  of containment s h e l l s , 2 5  b u t  t h e  a b i l i t y  

t o  continuously demonstrate the  i n t e g r i t y  of containment has been pro- 

vided a t  a number of i n s t a l l a t i o n s .  Notable among these  i s  t h e  use a t  

Yankee of a system of reference  vesse l s  t o  monitor leakage of t h e  con- 

tainment s h e l l . 2 6  A s l i g h t  p o s i t i v e  pressure  continuously e x i s t s  i n  the  

containment s h e l l  during opera t ion  a t  Yankee, and maintaining the  p o s i t i v e  

pressure  d i f f e r e n t i a l  by comparison with the  r e fe rence  system by means 

of gas f low through a common household gas meter permits  continuous leakage 

monitoring of t h e  s h e l l .  Operat ional  leak  t e s t s  a t  Hallam w i l l  be per -  

formed continuously by t i e i n g  i n t o  t h e  system a 220-scf i n e r t  gas supply 

through a pressure  r egu la to r  t o  maintain 2 1 / 2 - p i g  pressure  i n  the  c e l l .  2 7  

The upper l i m i t  f o r  leakage r a t e  f o r  the  c e l l  i s  200 scf  per  day. 



Leak Tes t s  of Container  Pene t r a t ions  

Increas ing  concern has been manifested wi th  r e s p e c t  t o  t h e  r o l e  t h a t  

p e n e t r a t i o n s  have i n  t h e  o v e r - a l l  leakage r a t e  of a  containment s h e l l .  

Baurmash e t  a l .  have conducted leakage t e s t s  on b u t t e r f l y  va lves ,  roof  

acces s  ha tches ,  dogging bulkhead doors ,  qu ick -ac t ing  bulkhead doors ,  l ouve r s ,  

and hollow metal  door s .  2 8  The formulas e s t a b l i s h e d  f o r  e v a l u a t i n g  the  

leakage of the  va r ious  openings permit  e s t i m a t e s  of a t t a i n a b l e  l e a k t i g h t -  

ness and thereby  enable  c o s t  e s t i m a t e s  t o  be made of containment s t r u c t u r e s ,  

inc luding  t h e  openings, f o r  t h e  p a r t i c u l a r  degree of l e a k t i g h t n e s s  r e q u i r e d .  

An extens ion  of t h e  t e s t s  f o r  eva lua t ion  of o t h e r  types  and s i z e s  of open- 

ings ,  i nc lud ing  p e n e t r a t i o n s  f o r  ins t rumenta t ion  and e l e c t r i c a l  l eads ,  

and t o  h igher  ranges of p re s su re s  would be worthwhile endeavor,  s i n c e  t h e  

range of i n t e r e s t  i n  t h e  nuc lear  power indus t ry  i s  cons iderably  beyond 

t h e  scope of t h e  r e p o r t  .2 

The convent iona l  approach t o  s e a l i n g  e l e c t r i c a l  p e n e t r a t i o n s  has been 

t o  remove t h e  c a b l e  i n s u l a t i o n  i n  order  t o  enc lose  t h e  cab le  i n  a  pothead 

o r  s p e c i a l  condui t  f i t t i n g  and t o  s e a l  it wi th  a  p o t t i n g  compound, such 

a s  t h e  epoxy r e s i n s .  2 4 9 2 9 - 3 2  Leak t e s t s  of such s e a l s  a r e  u s u a l l y  pe r -  

formed by one of t h e  fo l lowing  methods: ( 1 )  soap bubble t e s t s ,  ( 2 )  p re s -  

su re  t e s t s  u s ing  h a l i d e  leak  d e t e c t o r s ,  o r  (3)  p re s su re  t e s t s  u s ing  helium 

mass spectrometer  l eak  d e t e c t o r s .  With these  methods of l e a k  t e s t i n g ,  

leak  r a t e s  02 the  o rde r  of t o  10'~ cm3/sec can be sensed .33  Hermeti- 

c a l l y  s ea l ed  t e rmina l s  capable of leakage r a t e s  as low as lo-* cm3/sec 

have a l s o  been used f o r  low-voltage e l e c t r i c a l  p e n e t r a t i o n s .  34 The con- 

t r i b u t i o n  of e l e c t r i c a l  and ins t rumenta t ion  p e n e t r a t i o n s  t o  t h e  con ta in -  

ment leakage r a t e  is  usua l ly  very  low, even though hundreds of e l e c t r i c a l  



and instrumentat ion pene t ra t ions  may be involved. Nevertheless,  double- 

sea led  e l e c t r i c a l  pene t ra t ions  have been incorporated i n  the  NASA Plum 

Brook Reactor ~ a c i l i t ~ . ~ *  Any leakage through t h e  s e a l s  i s  measured and 

pumped from a void between the  s e a l s  back t o  the  containment s h e l l .  121- 

though t h i s  scheme involves considerable complexity, any se r ious  d e t e r i o -  

r a t i o n  of the  s e a l s  w i l l  be immediately de tec ted .  

A i r  locks and i s o l a t i o n  va lves  a r e  usua l ly  t h e  prime con t r ibu to r s  

t o  the  o v e r - a l l  conta iner  leakage r a t e ,  both i n i t i a l l y  and throughout 

opera t ion .  Regularly scheduled maintenance and t e s t s  have been shown t o  

be requi red  a t  Shippingport t o  maintain an acceptable leak r a t e  f o r  these  

openings. 

Leak Tes ts  of Caverns 

Economic and s i t e  cons idera t ions  p resen t  a t t r a c t i v e  and sometimes 

even overr id ing  advantages f o r  underground containment compared wi th  con- 

ven t iona l  g a s - t i g h t  s t e e l  bui ld ings  f o r  many r e a c t o r  f a c i l i t i e s  i n  Europe. 37  

S i t i n g  problems have not  been genera l ly  so  c o n s t r i c t e d  i n  t h e  United 

S t a t e s .  Shippingport i s  a notable exception.  Nevertheless ,  underground 

containment w i l l  undoubtedly become increas ingly  more a t t r a c t i v e  i n  the  

United S t a t e s ,  s o  a cons idera t ion  of t h e  leakage c h a r a c t e r i s t i c s  i s  i n  

o rde r .  

Tes ts  repor ted  by Leardini  and Cadeddu of l eak t igh tness  of under- 

ground excavations i n  cracked-rock s t r a t a  ind ica te  a t i g h t n e s s  b e t t e r  than 

t h a t  of the  conventional  bu i ld ing  s t r u c t u r e  but  considerably below t h a t  

f o r  gas - t igh t  containment. 2 1 9 3 8  Leardini  and Cadeddu propose t h a t  t i g h t -  

ness f o r  underground containment be def ined  a s  a  ha l f - t ime ( T ~  2 ), the 
. / 



per iod  f o r  which t h e  pressure  decays t o  ha l f  of i t s  i n i t i a l  va lue ,  a s  

expressed by t h e  fo l lowing formula: 

where a is t h e  cons tan t  of ~ o n t a i n r n e n t . ~ ~  The cracked-rock s t r a t a  was 

found t o  have very poor t i g h t n e s s ,  so  va r ious  t rea tments  of t h e  w a l l s  

were a l s o  t e s t e d .  The t rea tments  and t h e  corresponding ha l f  t imes a r e  

l i s t e d  below : 

I n i t i a l  
Pressure  Half - 

Treatment ( c m ~ g )  Time 

Or ig ina l  l i n i n g  made of 6 i n .  of unre inforced  4 
concrete  

F loor  paved wi th  1 2  i n .  of good-quality concrete;  7 .2  5.05 min 
wa l l s  p l a s t e r e d  wi th  good cement mortar 

Space between l i n i n g  and rock f i l l e d  wi th  cement 7 . 8  108 min 
grout  

Cement mortar i n j e c t e d  a t  30 t o  75 p s i g  i n t o  8 .O 2 1  h r  
rock s t r a t a  t o  f i l l  c racks  wi th in  1 0 - f t  
d i s t ance  from l i n i n g  

Tes t s  run  on t h e  d i f f u s i o n  v e l o c i t y  through t h e  microscopic pores 

of a  concre te  t e s t  specimen gave a  ha l f - t ime of 25 hr. The ha l f  -time is 

based on an  observed d i f f u s i o n  v e l o c i t y  of 0.02 m3/m2 ehr a t  an  overpres-  

su re  of 1 kg/cm2. Leakage t e s t s  conducted wi th  condensation occurr ing  

on t h e  cavern l i n i n g  ind ica t ed  a  marked increase  i n  t h e  ha l f - t ime .  It 

would the re fo re  be expected t h a t  t h e  presence of water i n  t h e  rock s t r a t a  

or  a  containment acc iden t  involving t h e  r e l e a s e  of water  would m a t e r i a l l y  

improve t h e  t i g h t n e s s  of underground containment.  

The foregoing  t e s t s  i n d i c a t e  t h a t  containment systems u t i l i z i n g  un- 

t r e a t e d  underground excavat ion i n  cracked s t r a t a  o r  u t i l i z i n g  un t r ea t ed  



concrete should be used f o r  r e a c t o r  types r e q u i r i n g  the  t i g h t n e s s  of semi- 

ges - t igh t  bui ld ings  o r  conventional  bu i ld ings .  Tightness approaching t h a t  

of a  gas - t igh t  bui ld ing  w i l l  r equ i re  s p e c i a l  t reatment  o r  i n s t a l l a t i o n  

of l i n i n g s .  Fur ther  leak  t e s t s  a r e  being conducted39 t o  determine the  

e f fec t iveness  of var ious  l i n i n g s ,  inc luding s p e c i a l  compact cements, 

epoxy-resin coats ,  and s h e e t - s t e e l  l i n e r s .  

Leak Tes ts  of Other Containment S t ruc tu res  

An important development from a c o s t  s tandpoint  f o r  the  bo i l ing -  

water r e a c t o r  i s  t he  containment concept designed f o r  the  Humboldt Bay 

nuclear u n i t . 4 0  A loss-of -coolant  acc iden t  ven t s  the  steam from a dry  

wel l  enclos ing  t h e  r e a c t o r  t o  a suppression chamber where t h e  steam i s  

quenched i n  the  suppression pool  and where noble gases a r e  absorbed by 

the. pool .  The c o s t  saving i s  l a r g e l y  e f f e c t e d  by dramat ica l ly  reducing 

the  u s u a l  c r i t i c a l  conta iner  boundary from a r e a c t o r  p l a n t  ou t s ide  envelope 

t o  one enclos ing  j u s t  t h e  primary coolant .  The leakage r a t e  f o r  the  dry-  

we l l  conta iner  i s  very s t r i n g e n t ,  being 0.05% of t h e  contained volume 

per  day, but  t h e r e  should be l i t t l e  d i f f i c u l t y  i n  performing t h e  leak  

t e s t i n g  and maintaining the  i n t e g r i t y  because the  v e s s e l  i s  very small .  

I5ellas4l has repor ted  t h e  completion of leak  t e s t i n g  by t h e  reference  

v e s s e l  technique of t h e  HWCTR containment s t r u c t u r e ,  a  composite s t e e l  

and concrete s t r u c t u r e .  An o v e r - a l l  leakage r a t e  of 0.58% of t h e  t o t a l  

f r e e  volume per  day was observed, which was w e l l  w i th in  the  1% leakage 

r a t e  permissible f o r  the  s t r u c t u r e .  The l eak  t e s t i n g  of t h e  HWCTR con- 

firmed t h a t  p l a s t i c -coa ted ,  p res t r e s sed  concrete s t r u c t u r e  can be con- 

s t r u c t e d  and t e s t e d  by conventional  techniques f o r  leakage r a t e s  of 1% 



o r  l e s s  of the  f r e e  volume per  day. P r i o r  t o  the  cons t ruc t ion  of the  

fIWCTR, the  use of s t e e l  v e s s e l s  o r  l i n e r s  had genera l ly  been considered 

necessary t o  a t t a i n  leakage r a t e s  of the  order  of 1%. The p res t r e s sed  

concrete s t r u c t u r e  approach may p resen t  very s i g n i f i c a n t  c o s t  savings 

compared wi th  t h e  conventional  s t e e l  s t r u c t u r e ,  so the  HWCTR s t r u c t u r e  

completion is  an outs tanding milepost  i n  the  p u r s u i t  of s a f e  and economic 

containment. 

Nongastight containment s t r u c t u r e s  a t  O R N L ~ ~  have been t e s t e d  f o r  

in t eg ra ted  leakage r a t e s  of the  order  of 1% of t h e  s t r u c t u r e  volume pe r  

minute by determining the  v e l o c i t y  p r o f i l e  i n  the  s i n g l e  exhaust pa th  

from the  s t r u c t u r e .  Hot-wire anemometers have been used t o  determine the  

leakage r a t e  t o  an accuracy of 210%. Since contamination prevents  access  

t o  t h e  exhaust  duct  f o r  r e t e s t i n g  wi th  hot-wire anemometers, it i s  an- 

t i c i p a t e d  t h a t  f u t u r e  i n s t a l l a t i o n s  w i l l  have t h e  exhaust  duct  o r i f i c e d  

and instrumented t o  permit  continuous monitoring of the  leakage r a t e .  

( G .  C .  ~ o b i n s o n )  



SEVENTH AEC A I R  CLEANING C0NFE;RENCE 

The Seventh AEC A i r  Cleaning Conference was held a t  the  Brookhaven 

National Laboratory on October 10-12, 1961. The agenda included 40 papers 

covering many f a c e t s  o r  the  var ious  air  and gas c leaning problems ex- 

perienced by companies and agencies i n  the  nuclear  f i e l d .  

Papers presented a t  t h i s  Seventh AEC A i r  Cleaning Conference a r e  

scheduled t o  be published,  together  with r e p o r t s  of the  d iscuss ions  from 

the  f l o o r ,  i n  t h e  near  f u t u r e .  A s p e c i a l  e f f o r t  is  being made t o  keep 

the time i n t e r v a l  between the conference and issuance of the  proceedings 

t o  a minimum. For those i n t e r e s t e d  i n  a d d i t i o n a l  information on t o p i c s  

discussed,  re ference  t o  the  proceedings of the  S i x t h  AEC A i r  Cleaning 

Conference is  recommended." Also of i n t e r e s t  would be p a s t  reviews i n  

Nuclear Safe ty  . 4-5 

F i l t r a t i o n  0% Micron and Submicron P a r t i c l e s  

Considerable a t t e n t i o n  i s  s t i l l  being given t o  the  problem of e f -  

f i c i e n t  removal of micron and submicron p a r t i c l e s  from air  and gases 

emanating from nuclear  i n s t a l l a t i o n s .  This problem may be divided i n t o  

t h r e e  p a r t s :  (1) procurement of s u i t a b l e  f i l t e r  u n i t s  i n  opera t ing  con- 

d i t i o n ,  ( 2 )  e f f i c i e n t  i n s t a l l a t i o n  of such f i l t e r s ,  and (3)  inspect ion  

and t e s t i n g  of f i n a l  i n s t a l l a t i o n  t o  a s su re  t h a t  t h e  d e s i r e d  a i r - f i l t r a -  

t i o n  e f f i c i e n c y  w i l l  be achieved. 

A t  t he  S i x t h  AEC A i r  Cleaning ~ o n f e r e n c e , ~ ~  held  i n  J u l y  1959, r e -  

p o r t s  from s e v e r a l  l a r g e  u s e r s  of high-eff  ic iency f i l t e r s  ind ica ted  t h a t  

procurement of l a r g e  numbers of f i l t e r s  i n  a usable condi t ion  was sometimes 



d i f f i c u l t .  Rejections of f i l t e r s  due t o  damage t o  the f i l t e r  media, 

separa tors ,  or wooden frames ran  a s  high a s  100% i n  some cases .  Even if  

the  f i l t e r  u n i t  passed v i s u a l  inspection,  there  was no assurance t h a t  

the f i l t e r  would produce the  f i l t r a t i o n  e f f i c iency  and pressure drop s t a t e d  

in  the  purchase spec i f i ca t ions .  Gi lbe r t  of the  AEC s t a t e d  during t h a t  

conference t h a t  the  AEC was es tab l i sh ing  two f i l t e r  t e s t i n g  s t a t i o n s ,  

complete with equipment t o  determine dioctylphthala te  (DOP) aerosol  pene- 

t r a t i o n  and pressure drop values f o r  f i l t e r s  of up t o  1000-cfm capaci ty .  

One was t o  be located  a t  Hanford and the o ther  a t  the  Army Chemical Center, 

Edgewood, Maryland. The se rv ices  of these s t a t i o n s  were t o  be ava i l ab le  

t o  users  of high-eff  i c  iency f i l t e r s  within the atomic energy program. 

A t  the  Seventh AEC A i r  Cleaning Conference, Gi lbe r t  repor ted  t h a t  

the  two f i l t e r  t e s t i n g  s t a t i o n s  a re  now i n  operat ion and t h a t  l a rge  num- 

bers  of f i l t e r s  have been t e s t e d .  It i s  i n t e r e s t i n g  t o  note t h a t  the  

qua l i ty  of the f i l t e r s  is  much b e t t e r  s ince  the  inception of t h i s  t e s t i n g  

program, and it i s  now poss ib le  t o  obta in  high-efficiency f i l t e r  u n i t s  

of t e s t e d  q u a l i t y  and i n  usable condit ion with much l e s s  d i f f i c u l t y .  

Progress on the  second phase of the  problem has been l e s s  impressive. 

Damage during i n s t a l l a t i o n  of f i l t e r s  i n t o  the gas-handling ducts  o r  

f i l t e r  p i t s  seems t o  have become the  major f a c t o r  i n  low e f f i c iency .  The 

high e f f i c iency  of a  f i l t e r  can be se r ious ly  impaired by poor o r  c a r e l e s s  

i n s t a l l a t i o n  methods or  improper handling. Persons not f ami l i a r  with the  

construction of such f i l t e r s  sometimes do not  r e a l i z e  t h a t  marred surfaces ,  

s p l i t  f i l t e r  media, damaged separa tors ,  and small holes i n  the  f i l t e r  

face  can impair e f f i c i ency .  To a i d  i n  reducing t h i s  problem, a  f i l t e r  

handbook i s  being published by the AEC s p e c i f i c a l l y  t o  inform people 



concerned wi th  the  i n s t a l l a t i o n  and inspec t ion  of h igh-ef f ic iency  f i l t e r s  

a s  t o  the  proper and accepted methods f o r  s to rage ,  i n spec t ion ,  handling,  

and i n s t a l l a t i o n .  

In-place t e s t i n g  of f i l t e r  i n s t a l l a t i o n s  w a s  t h e  sub jec t  of papers 

presented  by A .  J .  Bres l in ,  AEC, New York; J. A .  Young, Naval Research 

Laboratories;  R .  W .  Schneider,  Oak Ridge; G .  Wehmann, AEC, Idaho; and 

L. Silverman, Harvard. The in-place t e s t i n g  i s  accomplished by in t roducing  

e i t h e r  DOP o r  uranine  a e r o s o l  i n t o  t h e  gas duc t s  upstream of the  f i l t e r  

bank. By sampling before and a f t e r  t he  f i l t e r  bank, an  o v e r - a l l  e f f i c i e n c y  

determinat ion can be made. Young of the  Naval Research Labora tor ies  de- 

scr ibedamethod f o r  l o c a t i n g  smal l  l eaks  i n  a l a r g e  m u l t i f i l t e r  i n s t a l l a -  

t i o n .  The t e s t  equipment f o r  measuring the  DOP a e r o s o l  w a s  t aken  i n t o  

the  gas plenum a t  t he  downstream f a c e  of the  f i l t e r  bank. By surveying 

the  downstream f a c e  wi th  a sampling probe while  DOP a e r o s o l  i s  being 

introduced upstream, the  exac t  l o c a t i o n  of l e a k s  can be determined. For 

example, t he  in spec t ion  of one f i l t e r  i n s t a l l a t i o n  ind ica t ed  t h a t  each 

ind iv idua l  f i l t e r  was func t ion ing  proper ly  and t h a t  t he  leakage was through 

and around t h e  gasket ing  m a t e r i a l  used t o  s e a l  t h e  ind iv idua l  f i l t e r s  

i n t o  the  f i l t e r  bank. Another l eak  was found i n  the  welded juncture 

between t h e  f i l t e r  bank hardware and the  wa l l s  of t he  gas duc t .  

A f t e r  i n i t i a l  i n s t a l l a t i o n  and t e s t i n g  of a h igh -e f f i c i ency  f i l t e r i n g  

system, it is  important t h a t  t he  performance of t he  system be checked 

continuously o r ,  a t  l e a s t ,  f r e q u e n t l y  under a c t u a l  ope ra t ing  condi t ions  

wi th  the  p a r t i c u l a t e  mat te r  and ae roso l s  p e c u l i a r  t o  t h e  opera t ion  p resen t  

i n  the  a i r  o r  gas t o  be cleaned.  A r e p o r t  presented  by S.  Posner,  AEC, 

New York, was concerned wi th  a s tudy of var ious  types  of air-sampling 



f i l t e r  papers using 0.025- and 0.3-p uranine ae roso l s .  Some papers t e s t e d  

indicated qu i t e  d i f f e r e n t  e f f i c i e n c i e s  f o r  the  two p a r t i c l e  s i z e s ,  while 

o ther  papers exhibi ted  exce l l en t  e f f i c i e n c i e s  f o r  both p a r t i c l e  s i z e s .  

Among the  more e f f i c i e n t  papers are Gelman, type AM-4; Whatman, Fibroglas,  

types A and C; Mil l ipore,  types AA and RA; and Mine Safe ty  Appliances, 

type 1106B. When completed the  study w i l l  supplement and br ing up t o  

da te  an  e a r l i e r  study by A .  D .  L i t t l e ,  I ~ c . ~ ~  

The problem of sample l o s s  i n  sampling l i n e s  from gas ducts  o r  s tacks  

was discussed by L. C .  Schwendiman, Hanford. Deposition of zinc s u l f i d e  

p a r t i c l e s  of 2- o r  4-p-diam under tu rbu len t  condit ions has been s tudied.  

The degree of turbulence and the  p a r t i c l e  s i z e  were found t o  be important 

parameters. Sampling l i n e  losses  can be s i g n i f i c a n t ,  a s  evidenced by 

losses  a s  high a s  87% f o r  4 - p  p a r t i c l e s  i n  a v e r t i c a l l y  mounted 1 - i n .  - 
diam pipe 72 f t  i n  length .  J. F .  Manneschmidt, Oak Ridge, repor ted  on 

research and development a t  the Oak Ridge National Laboratory on the prob- 

lem of monitoring gas-disposal  s t acks .  The monitoring devices include 

a step-moving f i l t e r  paper c o l l e c t o r  f o r  p a r t i c u l a t e  de tec t ion ,  a  char-  

coa l  t r a p  f o r  adsorbable gas detec t ion,  and an in-place ion-chamber 

detec tor  f o r  gross a c t i v i t y  monitoring. 

Environmental A i r  Monitoring and Dispersion 

Several  aspects  of environmental a i r  monitoring were covered. 

C .  Distenfeld,  Brookhaven National Laboratory, discussed the environmental 

a i r  control ,  alarm, and monitoring system of the  BNL Research Reactor. 

P a r t i c u l a t e  monitoring i n  the  reac to r  a rea  i s  by moving f i l t e r - t a p e  de- 

v ices ,  with the alarm system being a c t i v a t e d  by high a c t i v i t y  detec ted  



on the tape .  A .  W. Western, U .  S. Public Health Service,  Idaho, reported 

on the  development of a high-volume e l e c t r o s t a t i c  sampler f o r  the  detect ion 

of srgO and ~s~~~ i n  the atmosphere. Because of the  very low concentra- 

t ions  i n  a i r ,  sampling r a t e s  of 1000 t o  2000 cfm a r e  necessary. Prelimi- 

nary r e s u l t s  on co l lec t ion  of t e s t  aerosols  a re  encouraging. Large col-  

l e c to r  p l a t e s  a r e  used, and the problem of sample recovery may become 

annoying. A i r  monitoring following the SL-1 reac to r  accident  a t  the NRTS 

was the subject  of the  paper presented by G .  Wehmann, AEC, Idaho. An 

ex i s t ing  network of air-sampling s t a t i ons  a t  the  NRTS was involved. A i r  

sampling by f i l t e r  paper and activated-charcoal  u n i t s  indicated t ha t  the 

a i r  concentrat ion of 1131, off s i t e ,  d id  not exceed the recommended MPC. 

The u t i l i t y  of an es tabl ished a rea  air-monitoring system was v iv id ly  

i l l u s t r a t e d  by t h i s  unfortunate accident .  

The atmosphere i s  the f i n a l  d isposal  medium f o r  decontaminated gases 

released from nuclear i n s t a l l a t i o n s .  An understanding of the  meteorological 

parameters r e l a t ed  t o  atmospheric d isposal  i s  important t o  both the  de- 

signer and user  of a i r -c leaning devices.  D .  Pack of the U.  S .  Weather 

Bureau described meteorological t e s t s  being conducted a t  various locat ions  

i n  the United S t a t e s  t o  study atmospheric d i spe r s a l  and t ranspor t  of con- 

taminants re leased i n to  the  environment. It i s  now poss ible  t o  p red ic t ,  

with f a i r  accuracy, using read i ly  obtainable meteorological information, 

the  r e su l t i ng  a i r  concentrat ion of a mater ia l  a t  various dis tances  from 

a gas-disposal s t ack .  W .  M .  Culkowski, U. S.  Weather Bureau, Oak Ridge, 

reported on the development of an analog device f o r  obtaining l o c a l  mete- 

orological  information d i r e c t l y  and providing a continuous est imate of 

atmospheric d ispers ion constants.  



A program i s  under way a t  Brookhaven National  Laboratory t o  s tudy 

t h e  d i f f u s i o n  and depos i t ion  of r a d i o a c t i v e  p a r t i c l e s  r e l e a s e d  near  ground 

l e v e l .  M. Smith of Brookhaven d iscussed  t h e  f a c i l i t y  f o r  performing these  

s t u d i e s .  A 100- by 100-meter f i e l d  i s  o u t f i t t e d  wi th  100 sampling s t a t i o n s  

wi th  sampling heads a t  t h r e e  he igh t s  above ground l e v e l  f o r  d i f fus ion  

measurement. Radioact ive copper spheres,  9.5,  4.6, o r  2 . 7 . ~  i n  diameter,  

a r e  d ispersed  a t  one corner  of t h e  f i e l d  t o  s imula te  an  a e r o s o l .  F a l l o u t -  

p l a t e  c o l l e c t i o n ,  t oge the r  wi th  d i r e c t  counting of t h e  g ras s ,  is  u s e d ' t o  

ob ta in  depos i t ion  d a t a .  

A c t i v i t y  Control  i n  Nuclear Accidents 

Accidents involving nuclear  r e a c t o r s  o r  nuclear  f u e l  process ing  

p l a n t s  where r e l e a s e s  of l a r g e  q u a n t i t i e s  of f i s s i o n  products  could oc- 

cu r  must be handled i n  a manner d i f f e r e n t  from t h a t  used f o r  normal pro-  

ces s ing  of low-level  contaminated a i r .  I n  many ins t ances  g a s - t i g h t  meta l  

containment v e s s e l s  a r e  used t o  enc lose  a r e a c t o r  and prevent  r e l e a s e  

of a c t i v i t y .  This  i s  a very expensive s o l u t i o n .  P a r t i c l e  f i l t e r s  a r e  

used as p a r t  of t h e  r e a c t o r  confinement system a t  Hanford according t o  

H.  W .  Heacock. This confinement system c o n s i s t s  of ( 1 )  a dense, f i n e l y  

atomized spray over  t h e  r e a r  f a c e  of t h e  a f f e c t e d  r e a c t o r ,  which w i l l  

remove some halogen vapors and p a r t i c u l a t e s  a s  w e l l  as provide some cool ing  

and p res su re  c o n t r o l ,  ( 2 )  a f i l t e r i n g  f a c i l i t y  us ing  h igh-ef f ic iency  f i l -  

t e r s ,  and (3)  a c t i v a t e d  charcoal  u n i t s  f o r  f i n a l  removal of iodine  vapor.  

J. B. Hays, Savannah River Laboratory, r epor t ed  on the  performance of 

h igh-ef f ic iency  p a r t i c u l a t e  f i l t e r s  subjec ted  t o  s team-air  mixtures  such 

as those t h a t  could be p resen t  i n  the  event  of a n  acc iden t  involving 



water-moderated o r  -cooled r e a c t o r s .  Exposure of f i v e  u n i t s  t o  steam- 

a i r  mixtures  f o r  per iods  of 10  days a t  r a t e d  a i r  f low r e s u l t e d  i n  severe  

damage t o  only one u n i t .  Double-containment c r i t e r i a  f o r  chemical pro-  

ce s s ing  p i l o t  p l a n t s  a t  t h e  Oak Ridge National  Laboratory were d iscussed  

by J .  P. Nichols .  A l l p l a n t  opera t ions  a t  ORNL capable of  producing a 

r a d i o a c t i v e  hazard have been eva lua ted ,  and c o r r e c t i v e  a c t i o n  has been 

taken i n  t h e  a i r  handl ing and c o n t r o l  system i f  deemed necessary .  

Two e n t i r e l y  d i f f e r e n t  methods of confinement o r  containment of 

r a d i o a c t i v e  m a t e r i a l  emanating from a r e a c t o r  a c c i d e n t  a r e  under s tudy 

a t  t he  Harvard A i r  Cleaning Laboratory. L. Silverman gave an  encouraging 

progress  r e p o r t  on these  concepts .  One concept  concerns use  of a d i f f u s i o n  

board f o r  r e a c t o r  containment.  This  m a t e r i a l  would r ep lace  t h e  meta l  

p l a t e  i n  a containment v e s s e l  and would be perv ious  t o  expanding gases  

b u t  impervious t o  p a r t i c u l a t e  ma t t e r  and iodine  vapor .  Other necessary 

p r o p e r t i e s  inc lude  noncombust ibi l i ty  and r e s i s t a n c e  t o  steam, shock waves, 

and nuc lear  r a d i a t i o n .  Prel iminary t e s t s  on m a t e r i a l s  meeting some of 

t hese  requirements  i n d i c a t e  t h a t  t h e  concept is, indeed, f e a s i b l e .  The 

o the r  concept,  termed "foam encapsulat ion, j l  involves  t h e  use  of a n  aqueous, 

p l a s t i c ,  o r  r i g i d  foam t o  encapsula te  halogens and p a r t i c u l a t e s  evolved 

wi th in  an  e x i s t i n g  containment v e s s e l .  S tud ie s  conducted wi th  0.2-  and 

0.07-p uranine  a e r o s o l s  and wi th  vapor have demonstrated t h a t  en- 

capsu la t ion  and r e t e n t i o n  of up t o  95% of a n  a e r o s o l  i s  p o s s i b l e  i n  

l abo ra to ry - s i ze  systems. 



Control  of Spec i f  i c  Isotopes 

Laboratory s t u d i e s  of methods and equipment f o r  the  c o n t r o l  of s p e c i f i c  

hazardous isotopes were presented.  Radioactive iodine vapor is  one of 

the  more hazardous v o l a t i l e  f i s s i o n  products and may be removed from a 

gas stream by a c t i v a t e d  charcoal ,  s i l v e r - p l a t e d  copper mesh, copper mesh, 

and o the r  m a t e r i a l s  wi th  e f f i c i e n c i e s  a s  high a s  99.99+$ i n  some cases ,  

according t o  P. Dejonghe, CEN, Mol, Belgium; R .  Dennis, Harvard Universi ty;  

and R .  E .  Adams, Oak Ridge. The phys ica l  form of the  iodine i n  the  gas 

system is considered t o  be of primary importance i n  iodine-removal prob- 

lems. The behavior has been shown t o  d i f f e r  depending upon whether the  

iodine e x i s t s  a s  a  vapor, a s  a  complex compound, o r  adsorbed on a smal l  

s o l i d  p a r t i c l e .  Future s t u d i e s  on the  removal of iodine  vapor, i n  very 

small  concent ra t ions ,  from gas streams were ind ica ted .  Dejonghe presented 

r e s u l t s  on the  removal of iodine through use of a  f lu id ized-bed technique.  

The a c t i v a t e d  charcoal  i s  moved i n  a  f l u i d i z e d  state through a "closed" 

loop.  Removal of the  charcoal  granules from the  gas s tream is  accomplished 

through the  use of a  cyclone p a r t i c l e  remover. F i n a l  f i l t r a t i o n  of the  

exhaust a i r  was indica ted  f o r  removal of charcoal  f i n e s  pene t ra t ing  the  

cyclone. In p r a c t i c e ,  it is thought t h a t  use of the  f l u i d i z e d  bed would 

produce s u f f i c i e n t  decontamination with l e s s  hea t ing  of the  charcoal  by 

decay of adsorbed iodine,  s ince  adsorpt ion  of iodine vapor on t h e  i n -  

d iv idua l  charcoal  granules is  more uniform than i n  a  f i x e d  charcoal  bed. 

If t h i s  occurs a s i g n i f i c a n t  decrease i n  the  f i r e  hazard would be produced. 

F. Salzano, Brookhaven, summarized the  f i ss ion-product  adsorpt ion  work 

a t  BNL covering the  adsorpt ion  of krypton and xenon on a c t i v a t e d  charcoal  



over t h e  temperature range 25 t o  100°C. Prel iminary d a t a  on the  behavior 

of iodine  and xenon on g raph i t e  a t  e l eva ted  temperatures  were a l s o  pre-  

sented .  

Other Gas Cleaning Problems 

One major problem f a c i n g  workers i n  the  f i e l d  of a i r  and gas c lean-  

ing has been and s t i l l  i s  t h e  lack  of information a s  t o  the  i d e n t i t y ,  

amount, and phys ica l  c h a r a c t e r i s t i c s  of r ad ioac t ive  m a t e r i a l  r e l e a s e d  

i n t o  of f -gas  systems se rv ing  nuclear  p l a n t s  and r e a c t o r s .  E f f o r t s  t o  a l -  

l e v i a t e  t h i s  void of information a r e  be ing  made. W .  J.  Martin r epor t ed  

on s t u d i e s  under way a t  t he  Oak Ridge National  Laboratory designed t o  

i d e n t i f y  and study the  c h a r a c t e r i s t i c s  of f i s s i o n  products  r e l e a s e d  from 

a v a r i e t y  of p r e i r r a d i a t e d  nuclear  f u e l  specimens under mel t ing  tempera- 

t u r e s .  Information is  a l s o  being c o l l e c t e d  on t h e  i d e n t i t y  and phys ica l  

c h a r a c t e r i s t i c s  of submicron p a r t i c l e s  evolved dur ing  mel t ing  of t h e  

specimens . 
The d i s p o s a l  of contaminated l i q u i d  and combustible waste m a t e r i a l s  

a l s o  involves a i r - c l e a n i n g  problems according t o  W. T .  K y r i t s i s  and 

R .  Dennis of t h e  Harvard A i r  Cleaning Laboratory. An eva lua t ion  of t h e  

performance of a l i q u i d - j e t  fume scrubber  as a means of process ing  con- 

taminated gas streams r e s u l t i n g  from t h e  evaporat ion and c a l c i n a t i o n  of 

r ad ioac t ive  l i q u i d  wastes is  i n  progress .  Removal of i r o n  oxide fume, 

f l y  ash ,  n i t r i c  a c i d  vapor, iod ine  vapor, and n i t rogen  d ioxide  gas has 

been s tud ied .  Inc ine ra t ion  of combustible s o l i d  wastes  i s  an  a t t r a c t i v e  

process t o  reduce t h e  volume s o  t h a t  o v e r - a l l  d i s p o s a l  c o s t s  may be r e -  

duced, Dennis reviewed i n c i n e r a t i o n  experience a t  s e v e r a l  AEC s i t e s .  



F a i l u r e  of most i nc ine ra t ion  devices t o  compete economically wi th  the  

bulk b u r i a l  of contaminated wastes was due 'o the  high c o s t  of providing 

adequate gas c leaning  systems. Incomplete combustion r e l e a s e d  s u f f i c i e n t  

a s h  and p a r t i c u l a t e  mat te r  t o  overload h igh-ef f ic iency  f i l t e r s  i n s t a l l e d  

i n  t h e  gas exhaust  d u c t s .  (R .  E .   dams) 



GLOVE BOX AND HOT CELL DESIGN CONSIDERATIONS 

Glove boxes and ho t  c e l l s  a r e  used throughout t h e  nuclear  i ndus t ry  

f o r  handling and process ing  r a d i o a c t i v e  m a t e r i a l s .  Because of t he  d ive r -  

s i f i c a t i o n  of r e sea rch  and development work, t h e  des igns  and the  m a t e r i a l s  

of cons t ruc t ion  of t hese  f a c i l i t i e s  vary widely. The handling of h igh  

l e v e l s  of r a d i o a c t i v i t y  makes it important t h a t  s a f e t y  be given primary 

cons idera t ion  i n  the  des ign  of these  f a c i l i t i e s .  

I n  cons ider ing  des ign  c r i t e r i a  t he  ope ra t iona l  a spec t s  of s a f e t y  must 

be considered.  Procedures f o r  normal opera t ions  and a l l  fo reseeab le  emer- 

gencies  should be i n  w r i t i n g .  Regular inspec t ions  should be conducted t o  

determine t h e  cond i t ion  of each f a c i l i t y  and t o  ensure tha t  approved pro-  

cedures a r e  be ing  fol lowed.  The value of remote manipulat ions,  conta in-  

ment, and o the r  s a f e t y  provis ions  i n  even t h e  most c a r e f u l l y  designed 

c e l l s  o r  glove boxes can e a s i l y  be n u l l i f i e d  by inexperienced o r  c a r e l e s s  

people who f a i l  t o  work and th ink  s a f e l y .  

While t h e  bas i c  purpose of both  glove boxes and h o t  c e l l s  is  t o  pe r -  

m i t  c e r t a i n  opera t ions  t o  be accomplished wi th  s a f e t y  t o  personnel  and 

property,  t h e  cons t ruc t ion ,  opera t ion ,  and s a f e t y  a spec t s  d i f f e r  s u f f i -  

c i e n t l y  t o  warrant  s e p a r a t e  d i scuss ions  of s a f e t y  des ign  c r i t e r i a  f o r  

glove boxes and f o r  hot  c e l l s .  

Glove Boxes 

Glove boxes a r e  used t o  permit opera t ions  wi th in  a c o n t r o l l e d  atmos- 

phere of a p a r t i c u l a r  na ture  e i t h e r  f o r  t h e  b e n e f i t  of t he  opera.tion o r  

t he  ope ra to r .  5 6  The welding and c a s t i n g  of h ighly  r e a c t i v e  meta ls ,  such 



a s  t i tan ium,  zirconium, tantalum, and niobium, i n  a pure i n e r t  atmosphere 

and the  handling of m a t e r i a l s  r e q u i r i n g  an  extremely dry  atmosphere, such 

a s  l i th ium,  sodium, potassium, rubidium, and y t t r ium,  a r e  examples of 

opera t ions  which r e q u i r e  a c o n t r o l l e d  environment. On t h e  o the r  hand, 

glove boxes a r e  used t o  p r o t e c t  t h e  experimenter,  o the r  persons,  and pro- 

p e r t y  from rad ioac t ive  o r  o t h e r  types  of t ox ic  m a t e r i a l .  Glove boxes a r e  

sometimes used f o r  both reasons,  a s  i n  t h e  case of t h e  handling of p lu to -  

nium meta l  i n  a n  i n e r t  atmosphere. A previous a r t i c l e  i n  Nuclear Safe ty  

contained a d e t a i l e d  d i scuss ion  of glove box des ign  f o r  plutonium hand- 

l i n g .  5 7  

The des ign  of glove boxes and t h e  a s s o c i a t e d  equipment and systems 

v a r i e s  considerably throughout t h e  many Atomic Energy Commission i n s t a l l a -  

t i o n s  .58  This var iance  i s  p a r t l y  r e l a t e d  t o  t h e  type  of ope ra t ion  ( r e -  

s ea rch  o r  product ion) ,  and the  kind, form, and q u a n t i t y  of m a t e r i a l  handled. 

Another cause of t h e  var iance  is  t h a t  s a f e t y  des ign  c r i t e r i a  f o r  glove 

boxes have no t  been d e f i n i t e l y  o r  uniformly e s t a b l i s h e d .  The ind iv idua l  

na ture  of glove boxes accounts f o r  some of the  v a r i a t i o n  i n  the  s e l e c t i o n  

of m a t e r i a l s  f o r  cons t ruc t ion .  Plywood, coated mild s t e e l ,  s t a i n l e s s  

s t e e l ,  and aluminum a r e  a l l  p a r t i a l l y  j u s t i f i e d ,  according t o  t h e  circum- 

s t ances  and the  des igne r s  p o i n t  of view, on t h e  b a s i s  of economy. There 

i s  a d i f f e r e n c e  of opinion on the  f i r e  r e s i s t a n c e  of aluminum used f o r  

f l o o r s  i n  glove boxes conta in ing  plutonium. Furthermore, t h e r e  seems t o  

be no one window m a t e r i a l  t h a t  s a t i s f i e s  a l l  the  requirements ,  and con- 

sequently compromises must o f t e n  be made. Safe ty  g l a s s  and s e v e r a l  p l a s -  

t i c  m a t e r i a l s  a r e  used. 



Experience wi th  f i r e s  and explosions i n  glove boxes has focused 

a t t e n t i o n  on t h e  s a f e t y  a s p e c t s  of these  f a c i l i t i e s .  59-62 An engineering 

s tudy of t he  des igns  and the  procedures f o r  t he  use of glove boxes was 

conducted by t h e  Atomic E n e r a  Commission i n  order  t o  e s t a b l i s h  recommenda- 

t i o n s  f o r  t h e  development of s a f e  and r a t i o n a l  design,  cons t ruc t ion ,  and 

opera t ion  of glove boxes and a s soc ia t ed  f a c i l i t i e s ,  e s p e c i a l l y  f a c i l i t i e s  

f o r  handling plutonium o r  o the r  pyrophoric me ta l s .  5 8  A genera l  conclusion 

was t h a t  a  more u n i f i e d  e f f o r t  should be made t o  improve t h e  des ign  of 

glove boxes wi th  r e s p e c t  t o  f i r e  and s a f e t y  f e a t u r e s .  From t h e  s a f e t y  

a spec t ,  f a c i l i t i e s  which handle plutonium o r  o the r  pyrophoric meta ls  a r e  

of  ch ief  concern. F a c i l i t i e s  t h a t  a r e  s a f e  f o r  handling plutonium a r e ,  

i n  genera l ,  s a f e  f o r  work wi th  o the r  a lpha  e m i t t e r s  and t o x i c ,  nonradio- 

a c t i v e  m a t e r i a l s .  56 

The p r i n c i p l e  hazards a r i s i n g  ou t  of glove box opera t ions  a r e  c r i t i -  

c a l i t y ,  p e n e t r a t i n g  r a d i a t i o n ,  contamination, and f i r e  and explos ion .  

C r i t i c a l i t y  i s  of cons tant  concern when more than t h e  "always-safe" amounts 

of m a t e r i a l  a r e  being handled. There a r e  two gene ra l  methods of guarding 

a g a i n s t  c r i t i c a l  i nc iden t s :  one involves the  always-safe mass and t h e  

o the r  the  always-safe shape. These methods a r e  o f t e n  combined, but  t h e  

always-safe method i s  recommended f o r  glove boxes. Precaut ions  must be 

taken t o  prevent  f lood ing  glove box systems and ope ra t ing  f l o o r s .  Over- 

head s p r i n k l e r s  a r e  gene ra l ly  not used i n  a r e a s  conta in ing  glove boxes 

i f  t he  q u a n t i t i e s  of m a t e r i a l  p re sen t  could c r e a t e  a  c r i t i c a l i t y  problem. 

Pene t r a t ing  r a d i a t i o n  (beta and i s  no t  of g r e a t  concern i n  

t h e  major i ty  of glove-box ope ra t ions .  The a d d i t i o n  of s h i e l d i n g  m a t e r i a l  

and t h e  use of remotely operable equipment a r e  f r equen t ly  employed i n  



order  t o  cope wi th  pene t r a t ing  r a d i a t i o n .  Thin s h e e t s  of l ead  over t h e  

glove box and e x t r a  g l a s s  ( s a f e t y  o r  l e a d )  a r e  used when t h e  r a d i a t i o n  

l e v e l s  a r e  moderately low. Lead-impregnated gloves a r e  o f t e n  employed; 

however, such gloves a r e  s t i f f  and do not  permit d e l i c a t e  manipulat ions.  

For higher  l e v e l s  of r a d i a t i o n ,  t h i c k  s h e e t s  of l e a d  o r  s t e e l  a r e  added 

t o  t h e  box; l e a d  g l a s s  wi'ndms toprov ide  comparable s h i e l d i n g  a r e  i n s t a l l e d ;  

and manipulating devices,  such as the  Cas t l e  manipulator ( cy l inde r  and 

d isk  type )  o r  t h e  ba l l - socke t  type of manipulator,  a r e  used. For very 

high l e v e l s  of r a d i a t i o n ,  glove boxes may be p laced  i n  hot  c e l l s  and the  

remote manipulating f a c i l i t i e s  of t h e  hot  c e l l  used.  

Contamination (no t  aggravated by f i r e  o r  explos ion)  is  the  most preva-  

l e n t  glove-box hazard because t h e r e  a r e  so many ways f o r  it t o  happen. 

The highly t o x i c  na tu re  of a lpha  e m i t t e r s  r e q u i r e s  e s s e n t i a l l y  complete 

confinement, and t h i s  is  e s p e c i a l l y  d i f f i c u l t  when t h e  contaminant is  i n  

t h e  form of f i n e l y  d iv ided  dry p a r t i c l e s .  

The most common technique of handling a lpha  e m i t t e r s  i s  t o  confine 

them i n  a box he ld  a t  a s l i g h t l y  negat ive pressure  wi th  r e s p e c t  t o  room 

pres su re .  The pressure  i n  the  room where the  glove box is  loca ted  i s  

a l s o  he ld  a t  l e s s  than  atmospheric p re s su re .  While some workers f e e l  t h a t  

adequate containment can be achieved by holding a negat ive  pressure  wi th in  

the  glove box, most f e e l  t h a t  t he  glove box must a l s o  be as t i g h t  as 

p r a c t i c a l ,  and the  ma jo r i ty  of glove boxes a r e  designed t o  o b t a i n  t i g h t -  

ness .  It should be noted t h a t  not  a l l  glove boxes a r e  he ld  a t  negat ive  

p res su res .  I n  i n e r t  atmosphere boxes where no t o x i c  m a t e r i a l  i s  involved 

the  glove box may be operated a t  a s l i g h t l y  p o s i t i v e  p res su re .  



Glove m a t e r i a l s  a r e  suscep t ib l e  t o  c racks ,  rup tu res ,  and punctures .  

Sharp o b j e c t s  a r e  sometimes p roh ib i t ed  i n  glove boxes t o  avoid puncturing 

gloves o r  p l a s t i c  t r a n s f e r  pouches. Where they a r e  requi red ,  it is  nec- 

e s sa ry  t o  use them wi th  c a r e .  A s  p r o t e c t i o n  a g a i n s t  i n c i p i e n t  cracks,  

gloves a r e  o f t e n  changed p e r i o d i c a l l y  (a prevent ive  maintenance measure) 

and some contamination is  l i k e l y  du r ing  t h i s  opera t ion .  

F i l t e r i n g  systems a r e  r equ i red .  The glove-box atmosphere must pass  

through one o r  more h igh-ef f ic iency  f i l t e r s  before  being exhausted. In  

many cases  it i s  d e s i r a b l e  t o  f i l t e r  t he  glove-box atmosphere a t  the  

glove box before  pass ing  the  stream on t o  o the r  f i l t e r s  s e rv ing  the  room 

or  bu i ld ing  exhaust  system. 

F i r e s  and e x p l o s i o n a r e  majorglove-box hazards, s ince  gloves,  p l a s t i c  

t r a n s f e r  pouches, p l a s t i c  windows and glove-box panels ,  f i l t e r  boxes 

(perhaps conta in ing  l a r g e  q u a n t i t i e s  of r a d i o a c t i v e  p a r t i c l e s ) ,  and t h e  

combustible po r t ions  of bui ld ings  may be des t royed.  The spread of con- 

taminat ion inva r i ab ly  fo l lows the  d e s t r u c t i o n  of any of t he  containment 

elements .  S c a t t e r i n g  f o r c e s ,  such a s  the  high thermal  c u r r e n t s  from the  

hea t  of t h e  f i r e ,  wind, and water used t o  c o n t r o l  t he  f i r e ,  spread a c t i v i t y ,  

which i s  l i k e l y  t o  contaminate s i z e a b l e  a r e a s  and i n j u r e  and endanger 

people.  Therefore, e f f o r t  must be given t o  prevent ing  t h e i r  occurrence.  

Means f o r  d e t e c t i o n  and i n d i c a t i n g  dangerous and p o t e n t i a l l y  dangerous 

condi t ions  should be provided.  

F i r e s  may be i g n i t e d  i n  a number of ways. The important sources of 

i g n i t i o n  a r e  the  pyrophoric metals  ( e s p e c i a l l y  i n  dus t ,  ch ip ,  o r  shaving 

form);  glove-box s e r v i c e s  and equipment, such as open-flame devices,  

hea ters ,  t o o l s ,  motors, e l e c t r i c  wir ing ,  e t c  . ; and a l k a l i  meta l  r e a c t i o n s .  



The chief methods of f i r e  prevention commonly reported a re  the use of dry 

i ne r t  atmospheres and very dry a i r  atmospheres. Humidity sensors and 

oyygen analyzers may be employed t o  de tec t  and indicate undesirable con- 

d i t i ons .  

Insofar a s  possible,  noncombustible mater ia ls  of construction should 

be used. Except where metal recovery i s  required, most glove boxes a r e  

being equipped with noncombustible f i l t e r s .  Glove boxes should have in -  

dividual  f i l t e r s .  F i re  breaks should be used where glove boxes fabr icated 

of combustible mater ia ls  a re  joined. Metal covers f o r  glove por ts  should 

be provided. Buildings, c l a s s i f i ed  as  noncombustible (preferably f i r e  

r e s i s t i v e ) ,  should be selected t o  house glove-box f a c i l i t i e s .  Where 

c r i t i c a l i t y  is  not a problem, combustible buildings should be protected 

by an automatic spr inkler  system. E l ec t r i c a l  i n s t a l l a t i ons  should meet 

accepted sa fe ty  codes. 

The chief measure t o  avoid explosions is t o  l i m i t  the  use of explosive 

materials, suah as  solvents,  and t o  l i m i t  dust co l lec t ions .  Explosion 

venting, t h a t  i s ,  unique devices such a s  rupture disks ,  blow-out panels, 

blow-off valves, e t c .  is  not in  general use.  Gloves and t rans fe r  pouches 

serve the purpose; however, they are  not ducted t o  prevent contamination 

t o  the operators and t o  the room i n  which the glove box is  located.  Glove 

boxes a r e  a l so  vented through t h e i r  f i l t e r s  and ven t i l a t i on  systems, 

although again t h i s  may not prevent damaging r e s u l t s .  

Hot Cel ls  

The basic design considerations f o r  hot c e l l s  a r e  s imi la r  t o  those 

discussed above f o r  glove boxes. The major differences a re  t h a t  most hot 



c e l l s  a re  designed f o r  the  remote handling of l a rge  amounts of beta  and 

gamma ac t i v i t y ,  although hot c e l l s  have been designed f o r  handling alpha 

and neutron emit ters .  Hot c e l l s  consis t  primarily of shielding walls, 

c e l l  l i ne r ,  services,  drainage system, and ven t i l a t i ng  system. Special- 

purpose c e l l s  may a l so  have viewing windows, manipulators, hois ts ,  con- 

veyors, and access por ts .  A number of recent repor t s  discuss the  design 

of hot c e l l s  f o r  various 

Explosions and f i r e s  present the  g rea tes t  hazards i n  hot c e l l  opera- 

t ions ,  a s  i s  evidenced by several  incident s which have occurred. ' 7-6 
Quant i t i es  of radioactive materials  may be released which could create  

major problems. Four of the  most common explosion hazards t h a t  may be 

encountered a r e  (1) incompatible chemicals, ( 2 )  flammable solvents, ( 3 )  

flammable gases, and ( 4 )  excessive heat from c r i t i c a l  amounts of f i s s i on -  

able materials .  F i r e s  may r e s u l t  from pyrophoric metals and combustible 

materials .  Other hazards include inadequate shielding, l o s s  of viewing 

window shielding, t r ans f e r  of radioactive solution t o  the  outside of the  

c e l l  through service piping, contamination of water supply system, manipu- 

l a t o r  removal f o r  repair ,  inadequate c e l l  ven t i l a t ion  f i l t e r s ,  and i m -  

proper handling of radioactive so l id  waste. 

Ce l l  and equipment design and subsequent operating procedures must 

minimize explosion p o s s i b i l i t i e s  i n  f a c i l i t i e s  where radioactive mater ia ls  

a r e  handled. The use of flammable gases, flammable solvents, incompatible 

chemicals, and f i n e  powders must be control led.  For some operations, 

sensing instruments should be i n s t a l l ed  i n  the  hot c e l l s  with alarm sy- 

stems t o  warn of explosive conditions. 



Fire-protec t ion equipment should be i n s t a l l e d  i n  f a c i l i t i e s  where 

the  p o s s i b i l i t y  of a f i r e  hazard e x i s t s  . 7 0  This equipment may cons i s t  

of fog nozzles, C 0 2  systems, dry powder, o r  foam, depending upon the  na- 

t u r e  of the  operat ion.  The system should provide f o r  automatic operat ion 

by thermal de tec to r s  ins ide  the c e l l  and manual con t ro l  from outside the  

c e l l .  A t  t he  same time, precautions must be taken t o  prevent pressur iza-  

t i o n  of the  hot c e l l s  during the  discharge of the  f i r e - p r o t e c t i o n  systems. 

This may be an emergency v e n t i l a t i n g  duct complete with f i l t e r s  and equipped 

with a damper ac tuated  by the  f i r e - p r o t e c t i o n  system. 

Two methods employed i n  h o t - c e l l  operat ions t o  guard aga ins t  unex- 

pected chain reac t ion  incidents  a r e  the always-safe mass and the  always- 

sa fe  shape. Wherever poss ib le ,  the  always-safe mass should be used. How- 

ever,  i f  the  operat ion requ i res  amounts of f i s s ionab le  mate r i a l  i n  ex- 

cess of the  always-safe mass, a t t e n t i o n  must be given t o  the  design of 

the  equipment, product flow, and equipment arrangement t o  provide f o r  

safe-shape condit ions a t  a l l  t imes, making it impossible f o r  c r i t i c a l  

amounts of f i s s ionab le  mate r i a l s  t o  accumulate i n  one p lace .  

The c e l l  walls  must provide p ro tec t ion  from the  radioact ive  mate r i a l  

handled and must withstand forces  r e s u l t i n g  from the  maximum cred ib le  

accident  t h a t  could occur ins ide  the  c e l l .  Ordinary concrete, with s u i t -  

ab le  reinforcement, is  used f o r  const ruct ing most c e l l s ,  but  high-density 

~ o n c r e t e , ~ ~ , ~ ~  s t e e l ,  lead,  and combinations of these mate r i a l s  a r e  a l s o  

used. 

A l l  piping t h a t  penet ra tes  the  c e l l  walls  should be arranged i n  a 

manner t h a t  r e s u l t s  i n  a minimum l o s s  of shie ld ing and must withstand the  

maximum pressures t h a t  can occur. Access por t s  or  plugs must be stepped 



or  f langed t o  e l imina te  s t r a i g h t  paths f o r  escape of r a d i a t i o n  from t h e  

c e l l .  A l l  c e l l  pene t r a t ions  including plugs,  access  p o r t s ,  and doors 

should be equipped wi th  t i g h t  s e a l s  and secured t o  prevent  leakage from 

t h e  c e l l s  under a l l  ope ra t ing  cond i t ions .  

Viewing windows should provide s h i e l d i n g  equ iva len t  t o  t h a t  provided 

by t h e  c e l l  w a l l s .  Windows f i l l e d  wi th  zinc bromide s o l u t i o n  (dens i ty ,  

2.5 g/cm3) a r e  usua l ly  used wi th  normal concre te  walls. Nonbrowning 

l ead  g l a s s  (dens i ty ,  -3.3 g/cm3) windows a r e  used wi th  high-densi ty con- 

c r e t e  wa l l s .  C e l l s  wi th  w a l l s  of s t e e l  o r  l ead  a r e  equipped wi th  g l a s s  

of 6.  2-g/cm3 dens i ty  o r  combinat ions of g l a s s  of 3 .  3-g/cm3 and 6 .  2-g/cm3 

d e n s i t y ,  Cover panels  of nonbrowning s a f e t y  g l a s s  a r e  recommended f o r  

t h e  i n - c e l l  s i d e  of t h e  windows. Viewing windows u t i l i z i n g  a l i q u i d  f o r  

s h i e l d i n g  must be p ro tec t ed  from a c c i d e n t a l  l o s s  of t he  s h i e l d i n g  l i q u i d .  

I n  a d d i t i o n  t o  s a f e t y - g l a s s  cover panels ,  a d d i t i o n a l  p r o t e c t i v e  covers  

of p l a s t i c  o r  g l a s s  should be used i f  t h e  opera t ions  a r e  such t h a t  t h e  

i n t e g r i t y  of e i t h e r  of t h e  g l a s s  panels  i s  endangered. 

A l l  p ip ing  should be designed t o  prevent  t h e  t r a n s f e r  of r ad io -  

a c t i v e  s o l u t i o n s  t o  unshielded a r e a s  ou t s ide  t h e  c e l l .  A s a t i s f a c t o r y  

system f o r  se rv ice  l i n e s  i s  t o  enc lose  t h e  c o n t r o l  va lves  i n  a s e r v i c e  

tunnel  and i n s t a l l  a check valve i n  each l i n e  a t  t h e  c e l l  w a l l .  So lu t ion  

a d d i t i o n  l i n e s  may be equipped wi th  check valves o r  may be vented i n s i d e  

t h e  c e l l  t o  prevent  back p res su re .  S t e m  l i n e s  t o  j e t s  should be pro-  

vided wi th  vacuum breake r s .  

A l l  r ad ioac t ive  waste s o l u t i o n s  should be discharged i n t o  a hot  waste 

system. So lu t ions  t h a t  a r e  normally nonradioact ive,  such as cool ing  water  

and steam condensate,  should be monitored f o r  r a d i o a c t i v i t y  and discharged 



i n t o  a process waste system. Provision should be made f o r  automatic 

d ive r s ion  of the  process stream t o  the  hot-waste system i f  excessive r a -  

d i a t i o n  is  de tec ted .  

A process-water supply should be used i n  a l l  h o t - c e l l  a r e a s  t o  e l imi -  

nate t h e  p o s s i b i l i t y  of contamination i n  t h e  potable-water system. 

E l e c t r i c a l  o u t l e t s  should be of the  vapor-proof type t o  prevent  de- 

t e r i o r a t i o n  from corros ive  atmospheres. C e l l  l i g h t i n g  should be acces-  

s i b l e  e i t h e r  d i r e c t l y  o r  remotely f o r  r ep lac ing  bulbs .  A l l  manipulators 

should be grounded t o  p r o t e c t  opera t ing  personnel  from e l e c t r i c  shock. 

Manipulators t h a t  must be removed from the  c e l l  i n t o  the  opera t ing  a r e a  

should be equipped with slave-end booting.  It i s  recommended t h a t  the  

boot be remotely removable and t h a t  it be discharged i n t o  t h e  c e l l  f o r  

d i sposa l .  The boots  should be examined regu la r ly  and should be changed 

as soon a s  a f a i l u r e  i s  de tec ted .  Various types of boots  a r e  a v a i l a b l e  

from manipulator s u p p l i e r s .  It is  a l s o  recommended t h a t  a l l  Model 8 

master-slave-type manipulators be equipped with a ir  r e s t r i c t e r s  i n  the  

mounting tube.  This device i s  a v a i l a b l e  from manipulator supp l i e r s  and 

g r e a t l y  reduces the  t r a n s f e r  of a i r  i n t o  o r  from the  c e l l  through the  

manipulator i n s t a l l a t i o n .  

Considerat ion must be given t o  t h e  problem of removal and d i sposa l  

of r ad ioac t ive  s o l i d  waste from hot  c e l l s .  This waste includes manipulator 

boots,  p l a s t i c  bags, wipes used f o r  cleaning,  and d iscarded equipment. 

Provisions must be made f o r  bagging o r  canning the  ma te r i a l ,  monitoring 

f o r  excessive r a d i a t i o n ,  and removing it i n  sh ie lded  conta iners  t o  a 

d i sposa l  a r e a .  Shielded casks with truck-dumping f e a t u r e s  and s p e c i a l  

casks f o r  canned waste a r e  used. 



The escape of r ad ioac t ive  gases and a i rbo rne  p a r t i c u l a t e  ma t t e r  

from t h e  c e l l s  is  accomplished by maintaining a negat ive  pressure  on t h e  

c e l l  i n t e r i o r .  A minimum flow of 100 f t /min through a l l  openings is de- 

s i r e d .  An alarm should be provided t o  i n d i c a t e  l o s s  of c e l l  p re s su re .  

Primary and secondary f i l t e r i n g  systems prevent  t h e  d ischarge  of excess ive  

amounts of r a d i o a c t i v i t y  t o  t h e  atmosphere. The primary system should 

be loca ted  i n  o r  near the  c e l l  and should c o n s i s t  of roughing and high- 

e f f i c i e n c y  f i l t e r s .  The secondary system should be loca ted  downstream 

from the  c e l l  and may be of adequate s i z e  t o  serve  an e n t i r e  process ing  

f a c i l i t y  o r  a r e a .  The f i l t e r s  must be continuously monitored f o r  pres-  

su re  drop and r a d i a t i o n  accumulation. If e i t h e r  becomes excess ive ,  t h e  

f i l t e r s  must be changed. Contaminated f i l t e r s  should be removed i n  p l a s t i c  

bags o r  metal  cans enc losed  i n  s h i e l d i n g  t o  permit  s a f e  t r a n s p o r t  t o  a 

d i s p o s a l  a r e a .  

Conclusions 

While t h e  above d i scuss ion  has covered t h e  major p o i n t s  of concern 

wi th  regard  t o  h o t - c e l l  and glove-box des ign  requirements ,  it remains 

f o r  genera l ized  c r i t e r i a  t o  be evolved f o r  t he  r a d i o a c t i v e  f a c i l i t i e s .  

Some t e n t a t i v e  c r i t e r i a  f o r  h o t - c e l l  des ign  a t  Oak Ridge National  Labo- 

r a t o r y  were developed73 a f t e r  an  inc iden t  t h e r e .  These c r i t e r i a  r equ i red  

t h a t  a vacuum equal  t o  o r  g r e a t e r  than 1 . 0  i n .  B20 be e s t a b l i s h e d  t o  

assure  a p o s i t i v e  f low of a i r  from t h e  bu i ld ing  i n t o  t h e  c e l l .  C e l l  ex- 

haus t  capac i ty  equal  t o  o r  g r e a t e r  than  0 . 1  c e l l  volume per  minute should 

be provided t o  e l imina te  any explosion hazard i n  c e l l s  handling flammable 

so lven t s  o r  gases .  A leakage r a t e  not  t o  exceed 0 .01  c e l l  volume per  



minute a t  a  p re s su re  d i f f e r e n t i a l  of 2 i n .  H20 is  s p e c i f i e d  t o  a s su re  

t h a t  contamination escaping  t h e  c e l l  w i l l  be a t  a  minimum i n  the  event  

of c e l l  p r e s s u r i z a t i o n .  

S imi l a r ly ,  t h e  gene ra l i za t ion  of c r i t e r i a  f o r  glove boxes i s  d i f f i -  

c u l t  because of t h e  h ighly  ind iv idua l  na ture  of t he  f a c i l i t i e s  and t h e i r  

opera t ion .  On the  o the r  hand, t h e  gene ra l  s a f e t y  p r i n c i p l e s  d iscussed  

he re in  provide the  b a s i s  f o r  a r r i v i n g  a t  a  s a f e  des ign .  Items which must 

be considered i n  eva lua t ing  glove box opera t ions  involv ing  h ighly  tox ic  

r ad ioac t ive  m a t e r i a l s  a r e  l i s t e d  below. S p e c i f i c  c r i t e r i a  must be de- 

veloped f o r  each f a c i l i t y  and ope ra t ion .  

1. Design glove boxes f o r  pressure  and l e a k t i g h t n e s s .  

2 .  Use noncombustible and f i r e - r e s i s t a n c e  m a t e r i a l s  of cons t ruc t ion .  

3 .  Provide f o r  t h e  movement and f i l t e r i n g  of t h e  glove box atmosphere 

4.  Use i n e r t  d r y  atmospheres where pyrophoric m a t e r i a l s  a r e  involved.  

( L .  N .  Howell and E .  E .  p i e r c e )  
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V . CONSEQUENCES OF ACTIVITY RELEASE 



ANALYTICAL REQUIREMENTS FOR ENV IROMENTAL SURVEYS 

The r ecen t  resumption of weapons t e s t i n g  has once more d i r e c t e d  pub- 

l i c  a t t e n t i o n  t o  r ad ioac t ive  contamination of t h e  biosphere and may r e -  

s u l t  i n  increased  i n t e r e s t  and concern wi th  t h e  proximity of r e a c t o r s  t o  

populated a r e a s ,  s i t e  s e l e c t i o n ,  and ope ra t ion  of nuclear  f a c i l i t i e s  i n  

gene ra l ,  Actua l ly  t h e  need f o r  more and b e t t e r  d a t a  on l e v e l s  of environ-  

mental contamination has been recognized f o r  s e v e r a l  yea r s ,  as i l l u s t r a t e d  

by an  order  i ssued  by t h e  Pres ident  i n  August, 1959. This order  gave 

t h e  Sec re t a ry  of Health, Education, and Welfare t h e  primary r e s p o n s i b i l i t y  

wi th in  t h e  Executive Branch f o r  t he  c o l l a t i o n ,  a n a l y s i s ,  and i n t e r p r e t a -  

t i o n  of d a t a  on environmental r a d i a t i o n  l e v e l s . '  The gene ra l  problem 

assigned t h e  Sec re t a ry  i s  w e l l  s t a t e d  i n  t h e  f i r s t  r e p o r t  of h i s  depa r t -  

ment, ' p .  6: "The determinat ion of t h e  degree and na ture  - type of 

rad ionucl ides  - of environmental contamination [which probably w i l l  be 

everchanging],  t he  s tudy of movement of r ad ionuc l ides  i n  t h e  biosphere,  

t h e  e s t ima t ions  of in take ,  . . .  c o n s t i t u t e  sets of problems t h a t  w i l l  hold 

the  a t t e n t i o n  of s c i e n t i s t s  i n  many f i e l d s  f o r  y e a r s  t o  come." 

The a n a l y t i c a l  requirements of an  environmental survey a r e  inf luenced  

by many f a c t o r s .  The i n t e n s i t y  of t he  survey w i l l  depend on the  purpose, 

and whether it i s  p reope ra t iona l  o r  cont inuing .  The k inds  of r ad ionuc l ides  

f o r  which analyses  a r e  made, t h e  environmental media which may be con- 

taminated by waste e f f l u e n t s ,  and t h e  kinds of b i o l o g i c a l  m a t e r i a l  r e -  

qu i r ing  a n a l y s i s  a r e  among t h e  primary f a c t o r s  which w i l l  govern t h e  o r -  

ganiza t ion  of t h e  work. The r e l a t i v e  importance of t h e  va r ious  elements 

and s t ages  of t h e  s-mvey w i l l  depend on the  na ture  of t h e  nuclear  



i n s t a l l a t i o n ,  the  charac ter  and composition of i t s  waste r e l eases ,  and 

the  ex ten t  t o  which surrounding environments a r e  u t i l i z e d  as sources of 

food and f o r  r e c r e a t i o n .  It i s  obvious then t h a t  t h e  ob jec t ive  design 

and operat ion of an'environmerltal survey i s  dependent on the  evaluat ion  

of a number of complex i n t e r r e l a t e d  f a c t o r s ,  and t o  these  the re  must be 

added such sub jec t ive  considerat ions a s  publ ic  r e l a t i o n s  and the  l e g a l  

r e q ~ i r e m e n t s  f o r  th i rd -pa r ty  l i a b i l i t y .  In  p rac t i ce ,  however, the  reso-  

l u t i o n  of these many requirements r e s u l t s  i n  a genera l  design of a survey 

which i s  r e l a t i v e l y  simple. 

The primary purpose of most surveys213 is t o  see  t h a t  the  r a d i o a c t i -  

v i t y  of the  surrounding a r e a  i s  maintained a t  or does not  exceed some pre-  

determined t o l e r a b l e  l e v e l  and t h a t  the  q u a n t i t i e s  of r ad ioac t ive  ma te r i a l s  

re leased t o  nearby environments do not exceed l e v e l s  recommended by the  

appropr ia te  regula tory  agencies.  The Federal  Radiation counci l4  has r e -  

cent ly  e s t ab l i shed  new l i m i t s  f o r  c e r t a i n  radionucl ides ,  such as sr90 

and 1131, i n  terms of a  permissible r a t e  of intake both f o r  the  genera l  

population and f o r  the  populat ion i n  the  immediate v i c i n i t y  of a nuclear  

i n s t a l l a t i o n  (see Sec. I, t h i s  Review). In order t o  r e l a t e  these  new - 
l i m i t s  t o  observed concentrat ions i n  environmental media, more d a t a  on 

uptake and concentrat ion i n  b io log ica l  ma te r i a l s  a r e  needed. I n  o the r  

words, sampling and subsequent i n t e r p r e t a t i o n  of environmental d a t a  should 

now be designed t o  r e l a t e  quan t i t a t ive ly  the  movement of radionucl ides  

through ecologica l  food chains i n  order  t h a t  environmental contamination 

can be r e l a t e d  t o  human in take .  

The a n a l y t i c a l  methods f o r  determining t h e  q u a n t i t i e s  of individual  

radio isotopes  i n  var ious  media a r e  being constant ly  improved. Simple 



determinat ions of gross  be ta ,  gamma, and a lpha  a c t i v i t y  a r e  s t i l l  very 

use fu l ,  provided these  a r e  augmented by o the r  more s p e c i f i c  measurements. 

The low c o s t  of such gross  measurements i s  a m a t e r i a l  advantage, especi -  

a l l y  i n  a cont inuing survey. A gross  b e t a  a n a l y s i s  is  a l s o  u s e f u l  f o r  

background measurements i n  preopera t ional  surveys. The disadvantage of 

the  gross  b e t a  a n a l y s i s  f o r  ope ra t iona l  monitoring i s  t h a t  a l l  a c t i v i t y  

de tec ted  must be assumed t o  be due t o  the  l i m i t i n g  nucl ide,  which is  

usua l ly  srgO. Under these  condi t ions ,  i f  the  t o t a l  b e t a  a c t i v i t y  exceeds 

the  maximum permissible concent ra t ion  f o r  srgO, a radiochemical a n a l y s i s  

f o r  t h a t  i so tope  becomes es sen tba l .  In genera l ,  measurements of s p e c i f i c  

nucl ides  a r e  abso lu te ly  r equ i red  only when t h e  source of t h e  a c t i v i t y  is  

uncer ta in ,  b u t  they may be of i n t e r e s t  i n  many cases  where a degree of 

unce r t a in ty  e x i s t s  regarding  the  spec ies  and q u a n t i t i e s  of radionucl ides  

which may have been re l eased .  

~r Analysis  

A g r e a t  d e a l  of a t t e n t i o n  has been d i r e c t e d  toward the  problem of 

srgO i n  g loba l  f a l l o u t ,  but u n t i l  r e c e n t l y  r e l a t i v e l y  l i t t l e  e f f o r t  has 

been appl ied  t o  the  i n v e s t i g a t i o n  of the  behavior and d i s t r i b u t i o n  of 

srgO i n  l i m i t e d  a r e a s .  In a s sess ing  the  con t r ibu t ion  of srgO, o r  any 

o the r  radionuclide,  from a l o c a l  i n s t a l l a t i o n ,  it is necessary t o  be a b l e  

t o  d i s t i n g u i s h  between the  contamination from weapons f a l l o u t  and from 

l o c a l  sources .  This  sepa ra t ion  of sources i s  exceedingly d i f f i c u l t  f o r  

s e v e r a l  reasons .  New weapons t e s t i n g  may give r i s e  t o  new m a t e r i a l s  

whose composition and r a t e  of depos i t ion  w i l l  vary not  only wi th  meteoro- 

l o g i c a l  condi t ions  but  a l s o  with the  type, s i z e ,  and a l t i t u d e  a t  which 



the device was exploded. Consequently, the assumption tha t  the deposition 

r a t e  w i l l  be nearly constant over a small study a r e a Y 5  while perhaps t rue  

during the t e s t i ng  moratorium, i s  l i ke ly  t o  be inval id  during the next 

few years.  Moreover, as  01son6 and others have pointed out, such loca l  

features  as  topography, r a i n f a l l ,  and surface vegetation may a f f e c t  the 

movement and subsequent d i s t r ibu t ion  of both loca l ly  derived and f a l l o u t  - 
contamination. The types and accuracy of the analyses required f o r  an 

environmental survey therefore may be controlled by the more complex prob- 

lems of se lect ion and col lect ion of samples and of the in te rpre ta t ion  of 

the r e su l t s ,  ra ther  than by the complexity or accuracy of the ana ly t ica l  

methods. 

Many analyses of radiostrontium are  complicated by the need t o  sepa- 

r a t e  the strontium from large quant i t i es  of chemically similar calcium. 

This is t rue ,  f o r  example, where the survey requires t h a t  t h i s  radionuclide 

be measured i n  s o i l ,  water, vegetation, milk, bone, and other biological  

materials .  Unfortunately, because sr90 i s  a pure beta emitter ,  the rapid 

and simple spectrographic techniques t ha t  can be used t o  detect  and meas- 

ure many of the alpha and gamma emit ters  cannot be employed. 

I n  September, 1958, the World Health Organization met t o  review 

ex is t ing  ana ly t ica l  procedures fo r  sr90 and adopted7 as standards the 

methods used a t  the Br i t i sh  Atomic Energy Research Establishment a t  ~ a r w e l l '  

and a t  the U.  S.  Atomic Energy Commission's Health and Safety Laboratory 

(HAsL) . 9 ~ 1 0  These methods are,  basical ly ,  modifications of the or ig ina l  

method of   lend en in" which employed an i n i t i a l  i so la t ion  of barium and 

strontium by prec ip i ta t ion  a s  n i t r a t e s  with fuming n i t r i c  ac id .  A new 



method12 has r e c e n t l y  been developed i n  which t h e  f i n a l  srgO assay  i s  

obtained by sepa ra t ing  ygO from d i l u t e  a c i d  s o l u t i o n  by e x t r a c t i o n  wi th  

di-2-ethylhexyl  phosphoric ac id .13  This is a r e l a t i v e l y  simple procedure 

r e q u i r i n g  fewer manipulations and chemLcals than  t h e  fuming n i t r i c  a c i d  

method and is  app l i cab le  t o  v i r t u a l l y  a l l  types  of samples taken i n  en- 

vironmental surveys.  Accuracy may be checked by a d d i t i o n  of s ~ ~ ~ - Y ~ ~  

t r a c e r  t o  i d e n t i c a l  samples o r  by i n t e r l a b o r a t o r y  comparisons, and both  

checks have shown e x c e l l e n t  agreement .12 None of these  radiochemical  

methods can, however, avoid t h e  need f o r  t h e  d i f f i c u l t  and time-consuming 

sepa ra t ion  of rad ios t ront ium from calcium i n  b i o l o g i c a l  m a t e r i a l s .  A 

s i n g l e  rad ios t ront ium a n a l y s i s  of bone, s o i l ,  o r  vegeta t ion ,  inc luding  

sample p repa ra t ion  and low-level counting, r e q u i r e s  some 4 man-hours of 

e f f o r t ,  p l u s  t h e  delay r equ i red  t o  permit  t h e  growth of ygO,  if t h i s  is  

being measured. The r e l a t i v e l y  h igh  c o s t  of an ind iv idua l  rad ios t ront ium 

a n a l y s i s  can be reduced somewhat by simultaneously process ing  l a r g e  numbers 

of samples. The long h a l f - l i f e  of s t ront ium makes f r equen t  samplings of 

s o i l  o r  vege ta t ion  unnecessary because r a t e s  of change would be s m a l l ,  

and some i n s t a l l a t i o n s  c u r r e n t l y  sample on an  annual  bas i s .12  On t h e  

o the r  hand, milk and water ,  which a r e  d i r e c t  pathways of i nges t ion ,  must 

be analyzed more f r equen t ly .  For tunate ly ,  t h e  p repa ra t ion  time f o r  t hese  

samples is  l e s s  than  f o r  s o i l  o r  bone, and a new methodi2 i n  which Dowex 

50W r e s i n  i n  t h e  sodium form is  used t o  remove s t ront ium and calcium from 

milk permits  a considerable saving of time a s  compared wi th  t h e  ash ing  

process .  



Mixed-Fission-Product Analysis 

The complications introduced by recur ren t  f a l l o u t  of a mixture of 

f i s s i o n  products can be p a r t i a l l y  o f f s e t  i n  the  case of gamma emi t t e r s  

by the  use of pulse-height analyses.  Although quan t i t a t ive  ana lys i s  of 

mixed gamma emi t t e r s  i s  d i f f i c u l t ,  many of the components of a mixture 

can be q u a l i t a t i v e l y  iden t i f i ed ,  and p a r t i c u l a r  radioisotopes  can be 

singled out  f o r  more re f ined  analyses.  With c a r e f u l  c a l i b r a t i o n  and cor-  

r ec t ion  f o r  Compton sca t t e r ing ,  however, the  gamma spectrometer can a l s o  

be used f o r  quan t i t a t ive  ana lys i s  of simple mixtures. Recent develop- 

ments i n  computer techniques and e l e c t r o n i c  da ta  processing o f f e r  con- 

s iderable  promise f o r  almost complete automation of t h i s  a n a l y t i c a l  t o o l .  

Currently such programs, involving the so lu t ion  of the  r e q u i s i t e  number 

of simultaneous equations, a r e  under development and i n  p a r t i a l  use a t  

severa l  i n s t a l l a t i o n s .  l4 This p o s s i b i l i t y ,  i n  add i t ion  t o  the  well-es- 

tabl ished advantages of minimum processing of samples, a b i l i t y  t o  accom- 

modate r e l a t i v e l y  large-s ized samples, and l i t t l e  o r  no need f o r  s e l f -  

absorption correc t ions ,  make the  multi-channel gamma spectrometer an in-  

d ispensible  t o o l  i n  environmental r a d i a t i o n  s t u d i e s .  

Iodine Analysis 

Radioiodine (1131) i s  another nuclide t h a t  i s  of s p e c i a l  concern and 

which has been considered by the  Federal  Radiat ion Council a s  mer i t ing  

p a r t i c u l a r  a t t e n t i o n  i n  s tud ies  of environmental  ont tam in at ion.^ The new 

l i m i t s  recommended by the  Council a r e  considerably lower than those pre- 

viously recommended by the  NCRP and the  ICRP. The problems involved i n  



r e l a t i n g  meteorological condit ions t o  1131 deposi t ion  on vegeta t ion and 

p a r t i c u l a r l y  on t r e e  f o l i a g e  have recen t ly  been r e ~ i e w e d . ~  As the  r e -  

viewer and o the rs  have pointed out ,  r e l a t i n g  r a t e  of uptake t o  r a t e  of 

deposit ion i s  dependent upon a good knowledge of l o c a l  meteorological 

condit ions and accurate stack monitoring equipment. 

Because radioiodine is  concentrated i n  the thyroid,  the  sampling and 

ana lys i s  of animal thyroids can provide an index of the  extent  of radio-  

iodine contamination and of the  degree t o  which the environmental contami- 

nat ion is  making i t s  way i n t o  the  b i o t a .  Herbivorous mannals, which 

feed d i r e c t l y  upon vegetat ion a r e  the  obvious choice. Less obvious a r e  

the c r i t e r i a  f o r  choosing between domestic and nat ive  mammals. Here se-  

l e c t i o n  must draw upon knowledge of the  feeding s i t e s  of the  animals i n  

quest ion.  Although thyroids a r e  usua.lly read i ly  ava i l ab le  from l o c a l  
, . 

slaughter  houses, the  animals from which they were obtained may not be 

a r epresen ta t ive  sample of l o c a l  condit ions,  and the  previous h i s t o r y  of 

many of the  animals may not be r e a d i l y  obta inable .  In  such cases,  use 

of r a b b i t s  or  o ther  nat ive  herbivores may be advisable .  We may quote the  

following from  ort ton:^ "A program [regional  survey] t h a t  w i l l  be s a t i s -  

fac tory  f o r  a l l  locat ions  cannot be designed without t h e  a i d  of a  b io lo-  

g i s t  who is  we l l  acquainted with l o c a l  condi t ions ."  The s h o r t  h a l f - l i f e  

of radioiodine makes it highly des i rab le  t h a t  i t s  ana lys i s  be done by 

means of gamma spectrometry i n  a l l  cases where such instrumentat ion is  

ava i l ab le .  



Cesium Analys is 

is another nuclide t h a t  can be determined by gamma spec? 

trometry. I t s  presence can be determined by d i r e c t  comparison of i t s  

energy peak a t  0.661 Mev with t h a t  from a standard source. If i n t e r f e r i n g  

nuclides, such a s  zr95, a r e  present  i n  the  mixture, it may be necessary t o  

allow the samples t o  decay before the  f i n a l  determination of radiocesium, 

Ruthenium-106, whose c h a r a c t e r i s t i c  photopeak (0.51 ~ e v )  is  c lose  t o  t h a t  

of cesium, may i n t e r f e r e  and, f o r  c r i t i c a l  quan t i t a t ive  determinations, 

a radiochemical separa t ion may be necessary. In  general  it i s  e a s i e r  t o  

separate the  cesium from the  mixture than t o  t r y  t o  separa te  the  ruthenium. 

I n  one of two common methods, ~s~~~ i s  precipi tat .ed with cesium c a r r i e r  

and phosphotungstic acid;'* t h i s  method is shor te r  and simpler than t o  

p r e c i p i t a t e  the  cesium a s  cesium aluminum s u l f a t e  and then a s  cesium 

chloropla t inate  . 

The ana lys i s  f o r  c e r t a i n  alpha emi t t e r s  r equ i res  a chemical separat ion,  

but  under favorable circumstances much simpler methods employing pulse-  

height  ana lys i s  may be used. Alpha pulse-height ana lys i s  is  not  t roubled 

by the  Compton e f f e c t ,  and, i f  care  is  taken t o  reduce se l f -absorpt ion,  

quan t i t a t ive  determinations a r e  more e a s i l y  made than with gamma emitter;.  

Recent i n t e r e s t  i n  na tu ra l  r a d i o a c t i v i t y  i n  water suppl ies  has d i rec ted  

a t t e n t i o n  t o  the a n a l y t i c a l  requirements of large-scale  f ield-sampling 

programs.15 The standard techniques f o r  ana lys i s  of radon and rhodium 

a r e  designed f o r  determination of low l e v e l s J 7  and, as Higgins e t  a l l5  



have poin ted  out ,  these  a r e  too  time-consuming when t h e r e  a r e  many samples,  

These au thors  have developed a procedure which involves d r i v i n g  t h e  ~a~~~ 

out  of a s o l u t i o n  and c o l l e c t i n g  the  gas i n  an  Erlenmeyer f l a s k  coated 

wi th  a screen  of  s i l v e r - a c t i v a t e d  zinc s u l f i d e ,  followed by a l p h a - s c i n t i l -  

l a t i o n  counting.  Radium-226 w a s  a l s o  analyzed wi th  t h e  use  of a  simple 

modif ica t ion  of  t h i s  procedure. l5 

S tab le  Element Analyses 

Many environmental surveys r e q u i r e  a n a l y s i s  f o r  s t a b l e  elements .  For 

example, t h e  uptake and accumulation i n  organisms of r ad io i so topes  is  r e -  

l a t e d  t o  t h e  uptake and accumulation of s t a b l e  i so topes  of t h e  same o r  

chemcially r e l a t e d  elements .  The maximum concent ra t ion  of t he  s t a b l e  form 

of an element i n  a marine o r  a q u a t i c  organism, o r  i n  some p a r t  of such 

an organism, i s  a l s o  t h e  maximum concent ra t ion  t h a t  can be expected of 

a r ad ioac t ive  i so tope  of t h i s  element.  Because complete replacement of 

a s t a b l e  i so tope  i s  extremely improbable, t h i s  l i m i t  i s  not  l i k e l y  t o  be 

a t t a i n e d .  Nevertheless ,  a knowledge of t he  r e l a t i o n  between t h e  s t a b l e  

i so tope  content  of t he  medium and t h a t  of t he  organisms of s p e c i a l  i n t e r e s t  

i n  t h a t  medium provides a means f o r  p r e d i c t i n g  l e v e l s  of contamination 

i n  these  organisms. I f  such analyses  a r e  poss ib l e ,  a r e  s t rong ly  

recommended, p a r t i c u l a r l y  i f  t h e r e  a r e  aqua t i c  environments i n  the  a r e a s  

sub jec t  t o  r a d i o a c t i v e  contamination. (s. I. Auerbach) 



WASTE DISPOSAL BY INCINERATION 

Disposal  of r ad ioac t ive  s o l i d s  has long been recognized as a problem 

i n  a l l  nuc lear  a c t i v i t i e s .  One of t h e  e a r l y  approaches f o r  combustible 

waste w a s  i n c i n e r a t i o n  t o  reduce t h e  o r i g i n a l  volume t o  a r e l a t i v e l y  small 

volume of ash .  I n v e s t i g a t i o n  of t h i s  poss ib l e  use of i n c i n e r a t o r s  w a s  i n  

progress  by 1948.16 I n  1950, Argonne, Los Alamos, Knolls ,  and Mound 

Labora tor ies  had i n c i n e r a t o r s  i n  opera t ion ,  under cons t ruc t ion ,  o r  had 

inves t iga t ed  them.17 Also, a t  about t h i s  same t h e ,  t h e  Combustion Re- 

search Sect ion,  U .  S. Bureau of Mines, P i t t sbu rgh ,  Pennsylvania,  designed 

a s p e c i a l  inc inera tor1*  f o r  t h e  d i s p o s a l  of r a d i o a c t i v e  waste m a t e r i a l s  

from h o s p i t a l s  and r e sea rch  l a b o r a t o r i e s .  

During t h e  decade 1950 t o  1960, cons iderable  work on i n c i n e r a t o r s  

w a s  repor ted  from, a  number of s i t e s .  I n  many cases  t h e  documents were 

completion r e p o r t s  f o r  a c t i v i t i e s  begun dur ing  t h e  e a r l y  years .  A s  an 

a l t e r n a t i v e  s o l u t i o n  t o  inc ine ra t ion ,  however, one c o n t r a c t o r l g  found 

t h a t  by c a r e f u l  s o r t i n g  t o  e l iminate  miscel laneous s o l i d s  and t o  sepa ra t e  

t h e  small  amount of h ighly  r ad ioac t ive  ma te r i a l ,  t h e  remaining "paper" 

could be s a f e l y  ba led  without s e r ious  a i r  contamination. Baled m a t e r i a l  

w a s  shipped t o  t h e  Lake Ontario Disposal  S i t e  f o r  s torage  i n  AEC custody, 

a t  a c o s t  of $1.56 per  cubic foo t ,  which included c o l l e c t i o n ,  ba l ing ,  

and d i sposa l .  Since i n c i n e r a t i o n  g ives  a ne t  volume reduct ion  i n  com- 

parison wi th  b a l i n g  of only 25% when nonburnable i tems a r e  included,  t h e  

c o n t r o l l i n g  f a c t o r  i s  t h e  l a r g e  c a p i t a l  requirement f o r  i n c i n e r a t i o n  

($50,000 compared wi th  $4550 f o r  b a l i n g ) .  Consequently, i n c i n e r a t i o n  of 

combustible r ad ioac t ive  wastes has never been widely p rac t i ced ,  p a r t i c u -  

l a r l y  a t  r e l a t i v e l y  s m a l l  i n s t a l l a t i o n s .  



The A i r  Cleaning Laboratory of t h e  Harvard School of Publ ic  Heal th 

designed a new a i r - c l e a n i n g  system f o r  t h e  i n c i n e r a t o r  developed by t h e  

Bureau of Mines f o r  t h e  AEC. T e s t s  of t he  i n c i n e r a t o r  revea led  t h a t  op- 

e r a t i o n a l  and leakage problems made design changes necessary f o r  p r a c t i c a l  

a p p l i c a t i o n  of t h e  u n i t . 2 0  A small. i n c i n e r a t o r ,  designed t o  process waste 

conta in ing  >200 pc/kg and incorpora t ing  t h e  requi red  design change s ,  was 

then  b u i l t  and t e s t e d ,  and c o s t s  f o r  commercial product ion a r e  now being 

developed. The new design u t i l i z e s  t h e  t a n g e n t i a l  o v e r f i r e  a i r - supp ly  

system of t h e  Bureau of Mines system., but  a number of new f e a t u r e s  have 

been added t o  overcome disadvantages which came t o  l i g h t  i n  t h e  t e s t s .  

For example, s i d e  charging, wi th  predrying i n  t h e  combustion chamber, 

a l lows continuous opera t ion ,  and f i r e b r i c k  l i n i n g  of t h e  combustion 

chamber and of an a f t e r b u r n e r  permi ts  h igher  temperatures  and m.ore com- 

p l e t e  combustion. An i n c i n e r a t o r  incorpora t ing  t h i s  advance des ign  i s  

t o  be b u i l t  f o r  t h e  Nuclear Defense Laboratory, Army Chemical Center,, a t  

Edgewood, Maryland. 

There have been few new i n c i n e r a t o r  i n s t a l l a t i o n s  at nuclear  p l a n t s  

wi th in  r ecen t  yea r s .  An i n s t a l l a t i o n  a t  t h e  UKAEA Copenhurst Research 

Establishment has been described21 t h a t  processes  550 g a l  of mixed r ad io -  

a c t i v e  o i l  wastes  and 1 5  t o n s  of gene ra l  f a c t o r y  r e fuse  per  week (about  

1 4  g a l  of l i q u i d  and 750 l b  of r e fuse  per  h o u r ) .  The furnace  i s  l i n e d  

wi th  f i r e b r i c k  t o  permit a r e l a t i v e l y  high combustion temperature.  

An i n c i n e r a t o r  has been used t o  des t roy  uranium.-contaminated paper ,  

polyethylene bags, and o t h e r  con ta ine r s ,  and paper c l o t h i n g  worn by workers 

i n  a fue l - e l emen t - f ab r i ca t ing  p l a n t .  2 2 , 2 3  This  i n s t a l l a t i o n  uses t h r e e  

combustion chambers, followed by a spray chamber, p r e f i l t e r s ,  and absolu te  



f i l t e r s .  Large savings a r e  repor ted  f o r  o n - s i t e  i n c i n e r a t i o n  i n  com.pari- 

son wi th  handling by AEC waste d i sposa l  l i c e n s e e s .  Segregat ion of p l a s t i c  

ma te r i a l ,  rubber gloves,  t ape ,  and s i m i l a r  i tems from t h e  waste g r e a t l y  

inc reases  f i l t e r  l i f e  and t h u s  reduces c o s t  of ope ra t ion .  

An i n c i n e r a t i o n  u n i t  a t  t h e  Rocky F l a t s  P l a n t  of t h e  AEC a l s o  used 

t h e  three-chamber des ign .  2 4  The o f fgas  c leaning  system. c o n s i s t s  of a 

slag-wool roughing f i l t e r ,  a t a y  t r a p ,  and abso lu te  f i l t e r s .  The waste 

handled c o n s i s t s  of rubber,  p l a s t i c s ,  rags ,  paper, and even ion-exchange 

r e s i n s  conta in ing  20 t o  50% water,  packed i n  polyethylene bags, 3 l b  per  

bag.  The e n t i r e  opera t ion  i s  glove-box enclosed.  Eight  AEC f i l t e r s  a r e  

requi red  f o r  each 1 6  h r  of opera t ion  (approximately 1000 l b  of was te ) ,  

bu t  t h e  system i s  repor ted  t o  be f e a s i b l e  because of plutonium. recovery 

from t h e  a sh  and reduced d i sposa l  c o s t s  of t h e  ash  a s  compared wi th  un- 

burned waste .  

Simple d e s t r u c t i v e  i n c i n e r a t i o n  i s  c a r r i e d  on at  a number of l oca -  

t i o n s .  The wastes burned a r e  not  considered t o  have s u f f i c i e n t  poss i -  

b i l i t y  of contamination t o  j u s t i f y  a complete a i r - c l e a n i n g  system. 2 5  

These i n c i n e r a t o r s  a r e  t y p i c a l l y  i n s t a l l e d  a t  fue l - e l emen t - f ab r i ca t ion  

s i t e s  and a t  small,  experimental r e a c t o r s .  

A t  t h e  Chalk River  Labora tor ies  of Atomic Energy of Canada Limited, 

t h e r e  i s  being i n s t a l l e d  a 200-lb/hr i n c i n e r a t o r  t o  handle contaminated 

combustible was te .26  This  i s  a two-chamber i n c i n e r a t o r ,  ceramic l i n e d ,  

t h a t  ope ra t e s  a t  2000°F. The exhaust a i r  i s  cleaned by a bag house 

followed by abso lu te  f i l t e r s .  

It m.ay be concluded t h a t  i n c i n e r a t i o n  has so f a r  proved t o  be of 

l i m i t e d  usefu lness  i n  t h e  d i sposa l  of low-level  s o l i d s ,  Where t h e  s o l i d s  



a r e  contaminated wi th  uranium o r  plutonium, i n c i n e r a t i o n  may be u s e f u l  

because it makes poss ib l e  recovery of f i s s i o n a b l e  m a t e r i a l  from t h e  a s h ,  

Where no m a t e r i a l  i s  t o  be recovered and s u r f i c i a l  b u r i a l  i s  a v a i l a b l e  

a t  reasonable c o s t s ,  t he  c a p i t a l  investment and ope ra t ing  c o s t s  of an 

i n c i n e r a t o r  and a s soc ia t ed  a i r - c l e a n i n g  equipment make i n c i n e r a t i o n  l e s s  

d e s i r a b l e  than  competi t ive methods of d i s p o s a l .  (F. M .  Empson) 



DEVELOPMEUP OF ENVIRONMENTAL SURVEY PROGRAMS 

In re t rospec t ,  present  programs of rad ia t ion  con t ro l  have been devel- 

oped i n  the face of unprecedented problems. When the atomic energy pro- 

j ec t  was i n i t i a t e d  i n  1942, "some experts  believed t h a t  nuclear reac to rs  

would c rea te  so much powerful r ad ia t ion  t h a t  it would be impossible t o  

protect  the operators by any means." There was s imi lar  uncer ta inty  and 

concern about the methods by which the  escape of radioact ive  mater ia ls  

t o  the environment could be prevented and the public protected agains t  

the hazards of the unique i n d u s t r i a l w a s t e s .  Pas t  experience with the 

management and disposal  of toxic  wastes was not d i r e c t l y  applicable,  and 

experience with rad io log ica l  hazards had been mainly i n  connection with 

medical usage of x-rays and radium. 

In s p i t e  of these problems, the Manhattan Engineer D i s t r i c t  (MED) 

es tabl ished a t r a d i t i o n  of radiological  sa fe ty  which has been passed on 

t o  the U .  S .  Atomic Energy Commission (AEc) and i s  now accepted by v i r t u -  

a l l y  a l l  the agencies t ha t  a r e  concerned with appl ica t ions  of nuclear 

energy. Conservative standards of permissible rad ia t ion  exposure were 

developed ea r ly  and enforced. Despite a lack of exact  knowledge of r a -  

d ia t ion  hazards and of the behavior of radioact ive  mater ia ls  i n  the en- 

vironment, the AEC adopted and made i t s  contractors  responsible f o r  these 

standards, which were believed t o  ensure aga ins t  harm from rad ia t ion .  

The o r i g ina l  pol icy  of the MED, the spec i f i c  requirements of the 

Atomic Energy Act of 1946, with l a t e r  amendments, and the very r e a l  public 

concern with rad io log ica l  hazards have a l l  demanded sa fe ty  i n  the atomic 

energy program. They have committed both the  AEC, a s  well  a s  i t s  



c o n t r a c t o r s  and l i c e n s e e s ,  t o  t h e  very g r e a t e s t  c a r e  i n  t h e  c o n t r o l  of 

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

of p o t e n t i a l l y  dangerous m a t e r i a l s  ou t s ide  t h e s e  i n s t a l l a t i o n s .  There 

is  evidence t h a t  t h e  AEC and i t s  c o n t r a c t o r s  have accepted  and met t hese  

r e s p o n s i b i l i t i e s  admirably.  Semiannual (now annual )  r e p o r t s  by t h e  AEC 

t o  t h e  Congress have given d e t a i l s  of t h e  r a d i a t i o n  exposure and acc iden t  

record  i n  t h e  MED p r o j e c t  and i n  Commission-sponsored ope ra t ions ,  and 

surveys by o u t s i d e  a u t h o r i t i e s  have s u b s t a n t i a t e d  t h e  claim t h a t  t h e  record  

i s  "without p a r a l l e l  i n  i n d u s t r i a l  h i s t ~ r y . " ~ ~ - ~ ~  For example, up t o  

1950, i n j u r i e s  of a l l  k inds  i n  AEC ope ra t ions ,  inc luding  cons t ruc t ion ,  

averaged l e s s  than  ha l f  t h e  r a t e  f o r  a l l  American i n d u s t r i e s ,  2 7  and t h e  

r a d i a t i o n  s a f e t y  record  was b e t t e r  than  t h a t  enjoyed by any o t h e r  organi -  

z a t i o n .  

Ear ly  Environmental Monitoring Programs 

Di spe r sa l  of contaminants i n  t h e  environment - water ,  a i r ,  s o i l ,  

vege ta t ion ,  and animals - may r e s u l t  from d e l i b e r a t e  r o u t i n e  d ischarges  

of r a d i o a c t i v e  wastes  o r  from a c c i d e n t a l  r e l e a s e s  of d i s p e r s a b l e  r a d i o -  

a c t i v e  m a t e r i a l s .  Broadly speaking t h e r e  a r e  two methods of c o n t r o l  of 

r a d i o a c t i v e  wastes:  (1) concen t r a t ion  and s to rage  s o  t h a t  d i s p e r s a l  i s  

prevented and ( 2 )  d i s p e r s a l  and d i l u t i o n  by mixing t h e  m a t e r i a l  wi th  

enough nonradioac t ive  d i l u e n t  ( f o r  example, a i r  o r  water )  t o  ensure t h a t  

concent ra t ions  i n  t h e  environment w i l l  always be below harnlful l e v e l s .  

The prevent ion  of excess ive  contamination of t h e  environment depends 

upon c o n t r o l  of r a d i o a c t i v e  m a t e r i a l s  a t  t h e  source .  Environmental moni- 

t o r i n g  se rves  a s  a  check on t h e  e f f e c t i v e n e s s  of t h e  c o n t r o l  measures 



and a s  a bas is  f o r  evaluating the degree of po t en t i a l  hazards from en- 

vironmental exposures. The nature and extent  of environment monitoring 

t h a t  i s  necessary a t  a par t i cu la r  s i t e  a re  influenced by the quan t i t i es  

of radioactive materials  being handled or  i n  storage,  ce r ta in ly  of the 

a b i l i t y  t o  r e t a i n  the  materials  a t  the source and t o  control  both routine 

and accidenta l  discharges, and the number and d i s t r i bu t i on  of the popula- 

t i on  t h a t  might be affected by excessive re leases .  

In the ea r ly  years of the atomic energy program, f i r s t  a t t en t i on  was 

given t o  measurement and evaluation of the mater ia ls  handled a t  each 

par t i cu la r  i n s t a l l a t i on  and t o  inventories of the mater ia ls  i n  storage 

and released rout inely .  From these data, probable concentrations i n  the 

environment and po ten t ia l  hazards t o  people were estimated. Where the 

quan t i t i es  of mater ia l  and po ten t ia l  hazards were large,  a s  a t  the Hanford 

Works, environmental monitoring of the environs, i n  some cases t o  d i s t an t  

points,  was developed rapidly;  but, where r e l a t i v e l y  smaller amounts of 

materials  and po t en t i a l  hazards existed,  a s  a t  the  Oak Ridge National 

Laboratory, environmental monitoring beyond the  plant  boundaries was 

l e s s  extensive and developed more slowly. Examples of the ea r ly  programs 

a t  Hanford and ORNL are  summarized below. 

During the period, 1947 t o  1950, the operating contractor a t  Hanford 

was expanding the environmental program with emphasis on three  major as -  

pects:  (1) area  monitoring t o  discover a s  precise ly  a s  possible where 

radioactive mater ia ls  discharged from the plants  were going, ( 2 )  research 

t o  determine a s  precise ly  a s  possible the composition and behavior of 

the radioactive wastes and t h e i r  e f f ec t s  on p lan t  and animal l i f e ,  and 

(3) i n s t a l l a t i ons  of f a c i l i t i e s  t o  reduce or eliminate the re lease  of 



r a d i o a c t i v i t y  t o  the environment. By 1950 seven s i t e  surveyors were con- 

t inuously i n  the f i e l d  i n  the  Hanford regions,  some with mobile labora- 

t o r i e s ,  measuring r a d i o a c t i v i t y  and c o l l e c t i n g  samples of a i r ,  water, 

ea r th ,  vegetat ion,  and animal l i f e .  They t raveled  scheduled routes ,  some 

covering points  100 miles away. Their t r a v e l  amounted t o  10,000 miles 

o r  more per month with more than 5000 measurements. A t y p i c a l  month's 

record showed 600 samples of r i v e r  and we l l  water,  4000 a i r  samples and 

readings, 500 samples of vegetat ion,  s o i l ,  and mud, and 15 surveys of 

spec ia l  a reas  with portable instruments. A t  s i t e  survey headquarters, 

maps and char t s  were kept current  t o  show the month-by-month d i s t r i b u t i o n  

of radioact ive  mate r i a l s  i n  the a i r ,  water,  and e a r t h  around the Hanford 

reservat ion and a l s o  na tu ra l  background and dispersed r a d i o a c t i v i t y  a t  

sources of se lec ted  points  outside the  rese rva t ion .  

Sampling of the water of the  Columbia River, which receives  l a rge  

volumes of r eac to r  cooling water containing induced r a d i o a c t i v i t y ,  was 

begun i n  1945. In 1950 the  s i t e  survey group was c o l l e c t i n g  weekly sam- 

p l e s  from eleven points  on the  Columbia River, f i v e  of the  Yakima, and 

l e s s  f requent ly  from points  a s  far downstream a s  the  mouth of the  Calumbia. 

In  addi t ion  t o  monitoring, in tens ive  f i e l d  s tud ies  and b io log ica l  l ab -  

ora tory  experiments were developed. These s tud ies  were designed t o  gain 

knowledge of the concentrat ions and e f f e c t s  of s p e c i f i c  radionuclides 

i n  aquatic food chains, p a r t i c u l a r l y  i n  salmon and other  important food 

f i s h e s  . 2 7 7  30 It was found, f o r  example, t h a t  plankton could accumulate 

phosphorus i n  concentrat ions 200,000 times t h a t  of the  surrounding water, 

algae 50,000 times, and f i s h  over 100,000 times . 2 7  During a two-year 

period, 1951-1953, an extensive survey of the Columbia River t o  def ine  



i t s  hydro logica l ,  phys ica l ,  chemical, and b i o l o g i c a l  c h a r a c t e r i s t i c s  i n  

r e l a t i o n  t o  Hanford opera t ions  and waste d i s p o s a l  w a s  made by the  U .  S .  

Publ ic  Heal th Se rv i ce .  3 1  

Water-monitoring and a i r -moni tor ing  procedures  a t  t h e  Oak Ridge 

National  Laboratory ( then  C l in ton  Labora to r i e s ) ,  p r i o r  t o  1946, were r e -  

viewed i n  two r e p o r t s  by Parker .  The r e p o r t  on water monitor ing d e a l s  

mainly wi th  methods of measurement and i n t e r p r e t a t i o n  of r a d i o a c t i v i t y  

i n  t h e  waters  and muds of White Oak Creek andWhiteoak Lake and con ta ins  

c a l c u l a t i o n s  of t h e  probabl<e concent ra t ions  i n  t h e  Clinch River  from 

r o u t i n e  d ischarges  o r  from r e l e a s e s  a t  t h e  Laboratory, a s  w e l l  a s  those 

from f loods  t h a t  might scour  o u t  t he  a c t i v i t y  i n  t h e  sediment i n  White 

Oak Lake. A maximum permiss ib le  d ischarge  a t  White Oak D a m  of 5 c u r i e s  

per  day w a s  considered reasonable .  In  l a t e r  yea r s ,  pe rmis s ib l e  d i s  - 
charges were decreased,  and water  monitor ing was extended t o  inc lude  

r o u t i n e  c o l l e c t i o n  and a n a l y s i s  of water samples near t h e  mouth of t h e  

Clinch River .  Since 1952 t h e  ORNL area-monitor ing group has made annual  

surveys t o  eva lua t e  t he  r e a c t i v i t y  i n  t he  bottom sediments of t h e  Clinch 

and Tennessee Rivers ,  employing both  underwater r a d i a t i o n  measuring in -  

s t ruments  and l abo ra to ry  measurements of concurren t ly  c o l l e c t e d  mud 

samples . 3 3 9 3 4  

The 1946 r e p o r t  by Parker  on a i r  monitor ing shows t h a t  even p r i o r  

t o  t h a t  time a n  ex tens ive  system had been developed f o r  measuring t h e  

concent ra t ions  of be t a ,  gamma, and a lpha  a c t i v i t y  i n  t h e  d i scha rges  from 

the  Laboratory s t a c k s  and i n  t h e  atmosphere a t  d i s t a n c e s  of up t o  about  

1 5  mi les  from t h e  s i t e .  A t  t h a t  time, a l s o ,  cont inuous a i r  monitors 

( i n t eg rons )  were be ing  opera ted  i n  bu i ld ings ,  and i o n i z a t i o n  chambers, 



e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  f i l m  meters, and standard gas-sampling in-  

struments were i n  regular  use a t  numerous places on-s i t e  and off -area  t o  

monitor rout ine  r e l e a s e s  of s tack gases and t o  make spot  checks o r  spec ia l  

inves t igat ions  of a r e a s  suspected of temporarily increased a c t i v i t y .  35 

Since 1946 the  procedures f o r  a i r  monitoring have been improved and the  

a rea  studied has been extended t o  include more d i s t a n t  points ,  but the re  

has been no bas ic  change i n  the program. The many problems of contamina- 

t i o n  of the  a i r  have been s tudied i n  p r i n c i p a l  and i n  d e t a i l  t o  gain more 

exact  knowledge of the  phenomena involved and t o  r e f i n e  the  monitoring 

techniques. 2 8 ~ 3 3  

A program f o r  monitoring the  amounts and kinds of r a d i o a c t i v i t y  pres-  

e n t  i n  the  environment is  e s s e n t i a l  f o r  assurance t h a t  the environment 

is  protec ted  and that control  a t  the source i s  opera t ing e f fec t ive ly ;  such 

programs have been es tab l i shed  a t  a l l  major i n s t a l l a t i o n s .  The programs 

vary from i n s t a l l a t i o n  t o  i n s t a l l a t i o n  according t o  the  problems present  

i n  each case .  A t  the  younger i n s t a l l a t i o n s ,  monitoring systems were es -  

tabl ished i n  advance of p lan t  operat ion t o  provide data  on the pre-exis t -  

ing background, which v a r i e s  according t o  l o c a l  condit ions.  Consultat ion 

and cooperative ass i s t ance  f o r  these programs have been provided by var-  

ious agencies and individuals ,  including the  U .  S .  Weather Bureau, the  

U. S. Geological Survey, the U. S. Public Health Service,  and s p e c i a l i s t s  

from u n i v e r s i t i e s .  Advisory boards a l s o  gave ass i s t ance  t o  the  AEC i n  

p a r t i c u l a r  aspects  of c e r t a i n  of these programs.28 

Extension of Proaams of Environmental Control  

Since 1948 the programs f o r  protec t ion aga ins t  r a d i o a c t i v i t y  i n  the  

ecvironment have been g rea t ly  expanded and strengthened by (1) extension 



of r a d i o l o g i c a l  monitoring t o  include t h e  b a s i c  elements t h a t  experience 

has shown necessary i n  o the r  f i e l d s  of environmental s a n i t a t i o n  and ( 2 )  

ex tens ion  of o lde r  e s t a b l i s h e d  programs f o r  c o n t r o l  of nonradioact ive 

hazards t o  include t h e  hazards of r a d i o a c t i v i t y .  P r i o r  t o  1943, wel l -  

defined s a n i t a r y  engineer ing  programs had been developed f o r  environmental 

c o n t r o l  of var ious  h e a l t h  hazards; f o r  example, organisms of d i sease ,  

t o x i c  i n d u s t r i a l  ma te r i a l s ,  and phys ica l  condi t ions ,  such as de fec t ive  

l i g h t i n g ,  inadequate hea t ing  and v e n t i l a t i o n ,  noise ,  and v i b r a t i o n .  The 

b a s i c  elements of these  programs included ( 1 )  f i e l d  and l abora to ry  i n -  

v e s t i g a t i o n s  t o  de f ine  environmental conditons,  hazards, and e f f e c t s  of 

exposure; ( 2 )  research;  ( 3 )  development of c o n t r o l  measures; ( 4 )  e s t a b l i s h -  

ment of s tandards ;  and ( 5 )  promotion of c o n t r o l  measures backed by manda- 

to ry  r e g u l a t i o n s  when necessary.  These s t u d i e s  employed the  knowledge 

of var ious  p ro fes s ions -  s a n i t a r y  engineers ,chemis ts ,  b i o l o g i s t s ,  medical 

s c i e n t i s t s ,  hydrologis t s ,  and o the r s  - i n  a coordinated program. F i e l d  

i n v e s t i g a t i o n s  and surveys alone,  a l though of primary importance, were 

i n e f f e c t i v e  un le s s  combined wi th  the  o the r  b a s i c  elements ou t l ined  above. 

A p a t t e r n  of environmental c o n t r o l  s u i t e d  t o  t h e  wartime opera t ion  

w a s  developed i n  the  MED p r o j e c t  and continued dur ing  the  e a r l y  y e a r s  of 

t h e  AEC program. Safe methods were devised and used, whatever the  c o s t ,  

i n  order  t o  ensure s a f e t y  f o r  workers and t h e  pub l i c .  There w a s  l i t t l e  

opportuni ty f o r  r e sea rch  and long-range planning.  Environmental measure- 

ments were almost  s o l e l y  f o r  monitoring the  r e l e a s e s  of r a d i o a c t i v i t y ;  

and, because of s e c u r i t y  r e s t r i c t i o n s ,  t he re  was a minimum of intercom- 

munication between h e a l t h  p h y s i c i s t s  i n  the  atomic energy program and 

workers i n  the  o the r  h e a l t h  p ro fes s ions .  2 9  



Some s a n i t a r y  engineers ,  and o t h e r s  i n  t h e  nuclear  energy program, 

saw the  need t o  extend the  programs ' f ~ r  c o n t r o l  of r a d i a t i o n  i n  the  en- 

vironment t o  inc lude ,  on the  one hand, more b a s i c  and app l i ed  r e sea rch  

and, on t h e  o the r  hand, t o  increase  the  p a r t i c i p a t i o n  of those e s t a b l i s h e d  

Federal ,  s t a t e ,  and l o c a l  publ ic  h e a l t h  agencies  which have r e s p o n s i b i l i t y  

f o r  p r o t e c t i o n  of t he  pub l i c  h e a l t h .  A t  a seminar on r a d i o a c t i v e  waste 

d i sposa l ,  sponsored by the  AEC i n  1949, Wolman summarized these  v i e ~ p o i n t s . ~ ~  

He pointed out  t he  p e c u l i a r i t i e s  and s i m i l a r i t i e s  of r a d i o a c t i v e  waste 

a s  compared wi th  o the r  waste and emphasized t h e  gaps i n  t h e  program of 

r a d i o l o g i c a l  c o n t r o l  up t o  that t ime.  Addressing h i s  remarks p a r t i c u l a r l y  

t o  the  s a n i t a r y  engineering p ro fes s ion  and t h e  AFC, he recommended t h a t  

s a n i t a r y  engineers  f a m i l i a r i z e  themselves wi th  t h e  nuclear  energy indus t ry ,  

develop r e sea rch  and s p e c i a l  i n v e s t i g a t i o n s  i n  the  e n t i r e  f i e l d  of r ad io -  

a c t i v e  wastes and of water and sewage t rea tment ,  atmospheric d i l u t i o n ,  

and d i s p o s a l  of l i q u i d  and s o l i d  r ad ioac t ive  ma te r i a l s ,  and extend t h e i r  

normal r e s p o n s i b i l i t i e s  i n t o  the  a r e a s  of nuclear  r e sea rch  and of com- 

merc ia l  nuc lear  power product ion.  

A s i g n i f i c a n t  s t imulus i n  the  development of t h e  programs f o r  t h e  

c o n t r o l  of r a d i a t i o n  i n  the  environment w a s  a survey of a l l  major AEC 

i n s t a l l a t i o n s  made by the  Sa fe ty  and I n d u s t r i a l  Heal th Advisory Board i n  

1947 and a r e p o r t  t o  t h e  AFC i n  1948 . 2 9  This Board of 12  members, s e l e c t e d  

from f i e l d s  r e l a t e d  t o  h e a l t h  and s a f e t y ,  made s p e c i f i c  recommendations 

f o r  improvements i n  such AEC programs as f i r e  p ro tec t ion ,  employee hygiece 

and hea l th ,  and pub l i c  h e a l t h .  The Board recommended t h a t  environmental 

r a d i a t i o n  monitoring be continued and extended and emphasized the  prime 

importance of developing a comprehensive program, inc luding  f i e l d  surveys 



and laboratory  research.  For example, one of i t s  f i v e  p r inc ipa l  recom- 

mendations was the  following: 

" p ~ m p t l y  study and cor rec t  r ad ia t ion  and other  hazards t o  
public health,  both immediate and long range. Make g r ea t e r  
use of t he  cooperation of public hea l th  au tho r i t i e s ,  and of 
out side consultants  generally.  I f  

Under the  heading of "~nvironmental  Sanitat ion' '  t h e  Board l i s t e d  11 

"problems demanding immediate invest igat ion."  These included: laboratqry 

and f i e l d  study of t h e  problem of t he  disposal  of radioact ive  and toxic  

wastes; determination of the  extent  t o  which such wastes have t raveled 

i n  surface water courses and have deposited on t he  banks o r  beds of water- 

ways; determination of t he  a i r  t r a v e l  of such wastes from vents o r  stacks 

and t h e i r  e f f e c t s  on p lan t  and animal l i f e  i n  the  area  affected;  develop- 

ment of equipment and sampling techniques capable of maintaining and r e -  

cording t e s t s  i n  a i r ,  s o i l ,  water, and exposed surfaces with a minimum 

of labor  an^ time; study of the  biology, geology, meteorology, and hydrology 

of areas  within and surrounding present and proposed AEC operations;  and 

study of t he  e f f e c t s  of wastes on t he  b io log ica l  pYocesses common t o  sew- 

age treatment and disposal  and t h e  se l f -pur i f i ca t ion  of streams. The 

Board fu r t he r  recommended the  establishment of a heal th  protect ion d iv i -  

s ion i n  the  AEC and t he  immediate employment of a san i ta ry  engineer with 

respons ib i l i ty  f o r  i n i t i a t i n g ,  developing, and administering, a s  summarized 

above, an expanded program of environmental san i ta t ion  a t  t h e  operational  

atomic energy s i t e s  .2 

The de ta i l ed  recommendations of t he  Board regarding public heal th  

and environmental san i ta t ion  provided a well-conceived plan which, i n  

general, was accepted and followed by t he  AEC and which has a l so  served 



a s  a  guide f o r  programs of o the r  agencies .  A s t a f f  s a n i t a r y  engineer  was 

employed by t h e  AEC i n  November 1947, a  p o s i t i o n  which evolved i n t o  the  

Environmental and San i t a ry  Engineering Sec t ion  i n  t h e  AEC Divis ion  of 

Reactor Development. The primary goal  of t h i s  s e c t i o n  has been the  advance- 

ment of r e sea rch  and development and the  a p p r a i s a l  of p r a c t i c e s  i n  t h e  

d i s p o s a l  of r a d i o a c t i v e  and t o x i c  was tes .  37  From the  f i r s t ,  t h i s  work 

included t h e  coopera t ion  of t h e  U.  S .  Geological  Survey, t h e  Weather Bu- 

reau,  and the  Publ ic  Health Serv ice ,  whose s t a f f s  have long experience 

wi th  s i m i l a r  problems in ather i n d u s t r i e s  . Re search  programs were developed 

i n  nea r ly  a l l  the  major AEC opera t ions ,  inc luding  Hanford, ORNL, Los 

Alamos, KAPL, BNL, and, i n  l a t e r  years ,  t h e  National  Reactor Tes t ing  S t a t i o n  

and o the r  AEC i n s t a l l a t i o n s .  Noteworthy among t h e  u n i v e r s i t y  programs 

i s  t h a t  of the  Harvard A i r  Cleaning Laboratory, which has done pioneer  

work i n  research ,  development, and t e s t i n g  t o  improve a i r - c l e a n i n g  systems 

and which has a s s i s t e d  i n  eva lua t ing  and so lv ing  a i r - c l e a n i n g  problems 

a t  AEC i n s t a l l a t i o n s .  Numerous o the r  r e sea rch  p r o j e c t s  and consu l t an t  

c o n t r a c t s  were i n i t i a t e d .  37,38 During the  per iod ,  1948 t o  1955, t he  r e -  

search  and development program was p r imar i ly  concerned wi th  high-volume 

low-level  l i q u i d  wastes,  a i r -borne  p a r t i c u l a t e  wastes,  and t h e  assessment 

of t h e  e f f e c t s  of t he  r e l a t i v e l y  low l e v e l s  of r a d i o a c t i v i t y  i n  these  

wastes on pub l i c  sewage treatment  and water-supply f a c i l i t i e s .  From about 

1954 t o  t h e  p r e s e n t  time, t he  program has been expanded t o  inc lude  s t u d i e s  

on problems of h igh- leve l  r ad ioac t ive  wastes,  p a r t i c u l a r l y  those  a n t i c i -  

pated from f i t u r e  development of a  nuclear  power indus t ry .  

A s  descr ibed  by   or man, 37 t h e  guiding po l i cy  i n  t h e  AEC s a n i t a r y  

engineering program was t o  appra i se  t h e  problem f i r s t  and then a t t a c k  



it i n  as d i r e c t  a manner as p o s s i b l e .  Appra isa l  of waste d i sposa l  prob- 

lems a t  ope ra t ing  s i t e s  r equ i red  ex tens ive  meteorologic,  geologic,  and 

hydrologic programs t o  de f ine  environmental parameters  and s p e c i a l  f i e l d  

surveys of r a d i o a c t i v i t y  i n  t h e  environment t o  i n d i c a t e  t h e  na ture  and 

importance of p a r t i c u l a r  problems. Environmental-monitoring d a t a  were 

use fu l ,  bu t  i n t ens ive  and s p e c i a l i z e d  f i e l d  surveys were necessary t o  

guide and supplement l abora to ry  r e sea rch  development. 

A schematic o u t l i n e  presented  i n  1959 by H. M .  Parker a t  t h e  Congres- 

s i o n a l  hear ings  on r a d i o a t i v e  wa$te d i s p o s a l  summarized t h e  p r i n c i p a l  

pathways of exposure of humans o r  o the r  organisms t o  r a d i o a c t i v e  wastes 

i n  t h e  environment. "The s i t u a t i o n  around any p a r t i c u l a r  s i t e  must be 

determined experimental ly f o r  t h a t  s i t e .  "39 The major components is  t h i s  

o u t l i n e  (omi t t ing  d e t a i l e d  pa ths  of exposure)  a r e  the  fo l lowing:  

A .  Radioact ive Wastes i n  Rivers ,  Streams, Lakes, o r  Oceans 

1. Hazards r e l a t e d  t o  use  a s  d r ink ing  water 

2 .  Hazards a r i s i n g  from immersion i n  the  water  

3. Hazards a r i s i n g  from c l o s e  approach t o  t h e  water 

, 4. Hazards a r i s i n g  from i r r i g a t i o n  

5. Hazards a r i s i n g  from b i o l o g i c a l  cha ins  i n  f r e s h  water  

6 .  Hazards a r i s i n g  from b i o l o g i c a l  cha ins  i n  t h e  ocean 

7. Hazards r e l a t e d  t o  i n d u s t r i a l  processes  

8 .  Hazards r e l a t e d  t o  sewage d i s p o s a l  

B. Radioact ive Wastes Released t o  t h e  Atmosphere 

1. Hazards r e l a t e d  t o  inha la t ion  

2 .  Hazards from r a d i o a c t i v e  m a t e r i a l  i n  ambient a i r  

3. Hazards r e l a t e d  t o  depos i t ion  of m a t e r i a l s  



C .  Ground Disposal of Liquid Wastes 

1. Hazards a t  the disposal  s i t e  

2.  Hazards resu l t ing  from underground t r a v e l  

Types of Environmental Surveys 

The general types of surveys t h a t  have been developed t o  a i d  i n  the 

evaluation and control  of rad ioac t iv i ty  i n  the environment include : (1) 

surveys of the  environs of nuclear energy i n s t a l l a t i ons  and surrounding 

areas; ( 2 )  background and radiological  surveil lance surveys by s t a t e  or 

l o c a l  agencies (most of ten  s t a t e  heal th  departments ); ( 3 )  intensive sur-  

veys f o r  evaluation of par t i cu la r  fea tu res  of the environment or  spec ia l  

problems of waste disposal; and (4 )  regional  or nation-wide network sur-  

veys t o  evaluate over-a l l  conditions or  spec ia l  hazards ( f o r  example, 

f a l l o u t )  a s  a guide f o r  determining the type and magnitude of the radio- 

l og i ca l  heal th  programs t h a t  a re  needed. A more de ta i l ed  summary might 

include many other spec ia l  types of surveys and var ia t ions  of these gen- 

e r a l  types according t o  par t i cu la r  circumstances. Examples of the four 

types outl ined above w i l l  be mentioned and references given t o  sources 

of more de ta i l ed  information. 

A good example of the f i r s t  type of survey i s  given by Nehemias 

e t  a140 i n  the descr ipt ion of a recent preoperational  survey of the radio- 

iogic  environment of a nuclear power p lan t  being constructed near Mornroe, 

Michigan. Plans c a l l  f o r  continuing the measurements of environmental 

rad ioac t iv i ty  a f t e r  routine operation of the p lan t  has begun. Both the 

preliminary survey i n  1958-1959 and the subsequent continuing investiga- 

t ions  were conducted f o r  the power company by the  National Sani ta t ion 



Foundation of Ann Arbor, Michigan. The purpose was t o  provide background 

information which, i n  conjunction with continuing measurements of environ- 

m e n t a l r a d i o a c t i v i t y ,  w i l l  provide a sound b a s i s  f o r  evaluat ing  the  impact 

of r eac to r  opera t ion  on the  r ad io log ic  environment. During 1959, 1221 

samples were co l l ec ted  from the  r e a c t o r  s i t e  and surrounding communities 

including samples of surface  water,  ground water,  sediment, aquat ic  p l a n t s  

and algae,  r a i n  water, milk, mammals, f i s h ,  e a r t h ,  dus t ,  grass ,  t r e e s ,  

f r u i t s ,  and vegetables.  Analyses included gross-beta a c t i v i t y  of a l l  

samples, radiochemical procedures t o  determine l e v e l s  of s p e c i f i c  radio-  

nuclides,  wi th  p a r t i c u l a r  emphasis on srgO, and i d e n t i f i c a t i o n  of p r  in-  

c i p a l  radionucl ides  by gamma spectrometry. The r e s u l t s  a r e  summarized 

i n  t a b l e s  and c h a r t s .  Col lec t ion  and analyses of environmental samples 

f o r  gross-beta a c t i v i t y  a r e  a l s o  made i n  the  same genera l  a r e a  covered 

by t h i s  survey by severa l  government agencies, including the  D e t r o i t  c i t y  

h e a l t h  department, the  Michigan s t a t e  hea l th  department, the  Ohio s t a t e  

hea l th  department, and the  Michigan Water Resources Commission. 

One of the  e a r l i e s t  extens ive  preopera t ional  surveys was i n i t i a t e d  

i n  June 1951 a t  the  Savannah River P lan t .  This work, a s  we l l  a s  a design 

f o r  a r eg iona l  survey program, has been repor ted  by  ort ton.^^,^* In  

general ,  the  na ture  and scope of the  Savannah River survey and of o ther  

well-designed surveys f o r  l a r g e  operat ions a r e  very s i m i l a r  t o  the  program 

f o r  the  Michigan p l a n t  described above. Many annual r e p o r t s  on continuing 

pos topera t ional  surveys of the  environs of s i t e s  i n  the  United S t a t e s  

and fo re ign  coun t r i e s  a r e  ava i l ab le  i n  the  l i t e r a t u r e .  Typical i s  the  

1958 r e p o r t  from   an ford . 4 3  I n  add i t ion  t o  l i s t i n g  sampling loca t ions ,  

analyses, and r e s u l t s ,  t h i s  r e p o r t  includes an est imate of the  annual 



exposures of the population from various fea tures  of the environment so 

tha t  these may be compared with maximum permissible exposure values. A 

report  by Mawson e t  a l . 4 4  presented a t  the Monaco Conference on Waste Dis- 

posal i n  1959 includes four papers describing waste management and monitor- 

ing a t  Chalk River, Canada, including a description of sampling devices 

and techniques. 

With regard t o  surveys of the second type, it i s  a long-established 

pr inciple  t ha t  the basic l ega l  responsibi l i ty  f o r  the protection of the 

environment r e s t s  with the various s t a t e s .  In recent years an increasing 

number of s t a t e  heal th  departments, and a few other s t a t e  agencies and 

c i t y  heal th  departments, have developed radiological  heal th  programs, 

including environmental surveys f o r  background and surveil lance of radio- 

ac t i v i t y .  The e a r l i e r  and more elaborate programs were developed i n  the 

larger  s t a t e s  with major nuclear energy problems, such a s  I l l i n o i s ,  New 

York, Pennsylvania, and California.  The I l l i n o i s  program was described 

recently by Klassen and ~ r e n c h . " , ~ ~  Since the ear ly  19501s, I l l i n o i s  

sani tary  engineers have maintained contacts and developed cooperative 

working re la t ionships  with the AEC, the Argonne National Laboratory, and 

other nuclear energy agencies. State-wide control  has been established 

over the use and disposal  of radioisotopes by nearly 300 users l icensed 

by the AEC, and over 8000 x-ray machines reg is te red  i n  the s t a t e  a re  being 

surveyed and checked f o r  po ten t ia l  hazards. Determinations of rad ioac t iv i ty  

have been added a s  a regular pa r t  of the analyses of samples from over 

250 s ta t ions  on I l l i n o i s  streams from which water i s  regular ly  collected 

a s  par t  of the water qual i ty  control  program. Additional spec ia l  samples 

and analyses a r e  taken as considered necessary i n  the environs of nuclear 



energy s i t e s .  A program of continuous a i r  monitoring and sampling of 

p a r t i c u l a t e  ma t t e r  i n  s e l e c t e d  a r e a s  has been begun, and p lans  have been 

made f o r  m t u r e  ex tens ions .  

An extens ive  program of background surveys and environmental su r -  

v e i l l a n c e  has been c a r r i e d  o u t  by the  New York S t a t e  Health Department 

s ince  1953 .47  This  program has provided f o r  t h e  c o l l e c t i o n  of samples 

of a i r ,  water,  p r e c i p i t a t i o n ,  and m i l k .  The purpose of t h e  program i s  

t o  c o l l e c t  bas i c  background da ta ,  record  f a l l o u t  r a d i o a c t i v i t y  i n  r a i n -  

f a l l  and dus t ,  and fo l low t h e  l e v e l  of r a d i o a c t i v i t y  i n  public-water  

supp l i e s  and m i l k  supp l i e s .  P r i o r  t o  1959, gross-be ta  a n a l y s i s  was used.  

Since February 1959, radiochemical ana lyses  have been used t o  determine 

a l k a l i n e  e a r t h s ,  some of the  r a r e  e a r t h s ,  and radium. Water-sampling 

p o i n t s  and supply systems have been s e l e c t e d ,  and the  number i s  being 

increased s o  t h a t  t h e  samples w i l l  r e p r e s e n t  s ta te -wide  cond i t ions .  Milk 

samples a r e  taken monthly from seven s t a t i o n s  s e l e c t e d  t o  r e p r e s e n t  d i f -  

f e r e n t  geographical  p a r t s  of t he  s t a t e .  

An example of surveys of t h e  t h i r d  type, surveys f o r  eva lua t ion  of 

s p e c i a l  problems, i s  provided by a r e c e n t  comprehensive i n v e s t i g a t i o n  of 

r ad ioac t ive  p o l l u t i o n  of t he  Animas River by r e f i n e r y  wastes of uranium 

ore ,  a s  r epor t ed  by ~ s i v o ~ l o u . ~ ~  These s t u d i e s  l a s t e d  a f u l l  yea r ,  i n -  

c luding  a two-month per iod  of i n t ens ive  s tudy and an a d d i t i o n a l  t e n  months 

of l e s s  in t ens ive  sampling. Samples were obta ined  of r i v e r  water ,  muds, 

and b i o t a  along a 60-mile s t r e t c h  of t h e  Animas River ,  of l o c a l l y  grown 

crops,  and of l o c a l  m i l k  s u p p l i e s .  Drinking water supp l i e s  and var ious  

o ther  p o s s i b i l i t i e s  of environmental exposure were i n v e s t i g a t e d .  E s t i -  

mates were made of t h e  poss ib l e  r a d i a t i o n  exposures from ~a~~~ and srgO 



i n  the  environment. The survey r e s u l t s  showed a need f o r  p o l l u t i o n  aba te-  

ment and o the r  p r o t e c t i v e  measures, and these  were quickly i n s t a l l e d .  

Subsequent surveys showed t h a t  s a t i s f a c t o r y  p r o t e c t i o n  had been achieved.  

A comprehensive s tudy of t he  Clinch River  was i n i t i a t e d  a t  the  Oak 

Ridge National  Laboratory i n  February 1960, wi th  p a r t i c i p a t i o n  by f i v e  

s t a t e  and f e d e r a l  agencies  i n  a d d i t i o n  t o  the  Laboratory. The purpose 

of t h i s  survey study of t he  Clinch River  below ORNL i s  t o  o b t a i n  funda- 

mental information on the  phys ica l ,  chem'ical, and b i o l o g i c a l  dynamics of 

t h i s  stream, which r ece ives  contamination from discharges  of large-volume 

low-level  r a d i o a c t i v e  wastes from s e v e r a l  sources .  The a r e a  monitoring 

program on the  Clinch River  i s  being continued and ampl i f ied  t o  a i d  i n  

t h i s  s p e c i a l  s tudy.  '' 
An example of t he  f o u r t h  type of survey i s  t h e  nationwide r a d i a t i o n  

su rve i l l ance  program of the  U.  S .  Publ ic  Health Serv ice ,  sponsored j o i n t l y  

by the  Publ ic  Heal th Service and the  AEC. The a c t u a l  sampling is  done 

coopera t ive ly  by the  Public  Health Serv ice  and s t a t e  and l o c a l  h e a l t h  

departments.  The survey was designed a s  a primary a l e r t  system t o  d e t e c t  

and evalua te  f a l l o u t  and a l s o  t o  i n d i c a t e  l e v e l s  and changes i n  environ-  

mental r a d i o a c t i v i t y  from o the r  sources.  It now inc ludes  an  e s t a b l i s h e d  

network of l o c a t i o n s  f o r  sampling the atmosphere, su r face  water ,  and mi lk .  

The bas i c  program is  occas ional ly  suplemented by a d d i t i o n a l  samples of 

a i r ,  water ,  and milk o r  of o the r  m a t e r i a l s  by c e r t a i n  "quick-check" s p e c i a l  

determinat ions and by r a d i o l o g i c a l  ana lyses  of samples c o l l e c t e d  f o r  o the r  

purposes.  Reports of the  r e s u l t s  a r e  included i n  monthly and q u a r t e r l y  

i s sues  of Radio logica l  Health Data. 



Atmospheric samples for gross-beta analysis are taken daily from 

continuous sampling at 58 stations in the United States (including Alaska) 

and Canada. Also, radiological determinations are included in analyses 

of weekly or monthly air samples from about 200 stations in the general 

air pollution sampling program. Surface-water samples are collected on 

a weekly schedule from 93 established water quality stations and analyzed 

for specific radionuclides. Twelve of these stations represent metropolitan 

water supplies. Samples of market milk are obtained from approximately 

60 established stations, 18 on a daily sampling schedule. These daily 

composites represent at least 90% of the milk sold in the particular com- 

munity. The milk and food program is supplemented by sampling 10 raw 

milk sources, by grab samples for spot checks of fresh foods (leafy vege- 

tables, etc.), and by quick checks of milk for radioiodine before beginning 

complete analyses.51' (ROY J.   or ton) 



References 

1 .  U. S. Dept. Health, Education and Welfare, Radio logica l  Heal th Data, 

l! 1) : 5-6 ( ~ p r i l  1960) . 
2. A .  F e l l e t i e r ;  Environmental Surveys f o r  Nuclear F a c i l i t i e s ,  Nucleonics, 

17(1)  : 56-59 (1959).  

3. J. H A  Horton, Jr., Design of a Regional Survey Program, USAEC Report 

DP-253, E. I .  du Pont de Nemours & Co., November 1957. 

4 .  Federa l  Radia t ion  Council, Background Mate r i a l  f o r  t h e  Development 

oi" Radia t ion  P r o t e c t i o n  Standards,  S t a f f  Report No. 2, September 1961. 

5.  W. B. S i l k e r ,  s t ront iumgo Concentrat ions i n  t h e  Hanford Environs, 

USAEC Report HW-55117, Hanford Atomic Products  Operat ions,  May 20, 

1958. 

6. J. S. Olson, Ecologica l  Sampling and Meteorological  Ca lcu la t ion  of 

F a l l o u t  on Fores t s  near  Oak Ridge, USAEC Report ORNL-3181, Oak Ridge 

National  Laboratory, September 6, 1961. 

7 .  World Heal th Organization, Method of Radiochemical Analysis ,  W. H. 0 .  

Technica l  Report S e r i e s  173, 1959. 

8. F. J. Bryand, A.  Morgan Chamberlain, and G .  S. Spicer ,  Radiostront ium 

F a l l o u t  i n  B io log ica l  Ma te r i a l s  i n  B r i t a i n ,  B r i t i s h  Atomic Energy 

Author i ty  Report AERE HP/R 2056, 1957. 

9. J. H. Harley and I. B. Whitney, Heal th and S a f e t y  Laboratory Ana ly t i ca l  

Methods, USAEC Report NYO-4700, New York Operat ions  Off i ce ,  1957. 

10 .  J. B. Bursh ( e d .  ) , Chemical Methods f o r  Routine Bioassay, USAEC Report 

AECU-4024, Rochester,  New York, 1958. 

11, L. E.  Glendenin, Radiochemical S tud ie s  : The F i s s i o n  Products ,  3 : 

1460-64, e d i t e d  by C. D. Corye l l  and N. Sugarman, McGraw-Hill Co., 

Inc. ,  New York, 1951. 



12. F. E. But le r ,  srgO Monitoring a t  t h e  Savannah River  P l an t ,  USAEC 

Report DP-473, E. I ,  du Pont de Nemours & Co., May 1'360. . 

13.  D. F. Peppard, G. W. Mason, and S. W ,  Moline, The Use of Dioc ty l  

Phosphoric Acid Ex t r ac t ion  i n  t h e  I s o l a t i o n  o f  C a r r i e r  Free y90, 

~ a ' ~ ' ,  CelL4, p r l L 3 ,  and Jour .  Inorg .  Nucl. Chem., 5:  141-146 

(1957).  

4 G. G.  Manov and D. L. Eads, Techniques of Large Sca le  Process ing  o f  

Counting Data, i n  Symposium on t h e  Metrology of Radionucl ides ,  pp. 

103-115, I n t e r n a t i o n a l  Atomic Energy Agency, Vienna, Aus t r ia ,  1960. 

15.  F. Ba Higgins, Jr . ,  W. N. Grune, B. M. Smith, and J. G. T e r r i l l ,  Jr., 

Methods f o r  Determining   ad on^^^ and ~ a d i u m ~  26, Jour .  Amer. Water- 

works Assoc., 53(1)  : 63-74 (1961) . 
16.  R. J. Schauer, P i l o t  P l a n t  Work on S o l i d  Burnable Waste Disposal  f o r  

Mound Laboratory, USAEC Report MLM-262, Mound Laboratory, November 1, 

1948. 

17 .  A. T. Rossano, Jr., L. Silverman, and M. W. F i r s t ,  A Pre l iminary  

F i e l d  Survey of  A i r  Cleaning A c t i v i t i e s  a t  AEC F a c i l i t i e s ,  September- 

November 1950, USAEC Report NYO-1580, New York Operat ions Off ice ,  1951. 

18. R .  Dennis, L. Silverman, C. E. B i l l i n g s ,  D. M. Anderson, W. R .  Samples, 

H. M. Donaldson, Jr . ,  and P. Drinker, A i r  Cleaning S tud ie s  Progress  

Report, J u l y  1, 1954 t o  June 30, 1955, USAEC Report NYO-4611, New 

York Operations Off ice ,  October 15, 1956. 

19.  R.  E. Larson and R .  H,  Simon, S o l i d  Waste Disposal  a t  t h e  Knolls Atomic 

Power Laboratory, USAEC Report KAPL-936, Knolls Atomic Power Laboratory, 

June 15, 1953. 



20. R. Dennis, F. L. Muller, E. K r i s t a l ,  and L. Silverman, S i x t h  AEC A i r  

Cleaning Conference, J u l y  7-9, 1959, USAEC Report TID-7593, pp. 344-364, 

October 1960. 

21. R. F. West, Disposing of Radioact ive Waste by F i r e ,  I n d u s t r i a l  Review 

Africa, Supplement, Atomics and Energy, 11( 10) : 98 ( A p r i l  1960) . 

22. R.  C.  Thorburn and R .  J. Chandler, An I n c i n e r a t o r  f o r  Uranium contami- 

nated Wastes, I n d u s t r i a l  Water and Wastes, 6(2)  : 46-48 (1961).  

23. R .  C.  Thorburn and R. J .  Chandler, I n c i n e r a t o r  Reduces Volume of U- 

Contaminated Paper, Nucleonics, 19(  5)  : 86-87 ( ~ a ~  1961) . 
24.. R .  Dennis and L.  Silverman, Seventh AEC A i r  Cleaning Conference, October 

10-12, 1961, Brookhaven Na-tional Laboratory (proceedings t o  be pub l i shed) .  

25. P. Loysen, Seventh A i r  Cleaning Conference, October 10-12, 1961, 

Brookhaven National  Laboratory (proceedings t o  be publ i shed) .  

26. J. Neil, Atomic Energy of Canada Limited, personal  communication t o  

F. M. Empson, Oak Ridge National  Laboratory ( ~ e p t e m b e r  29, 1961) 

27. Control  of Radia t ion  Hazards i n  t h e  Atomic Energy Program, Eighth 

Semiannual Report t o  Congress, U. S. Atomic Energy Commission, ( ~ u l ~  

28. Radia t ion  Sa fe ty  and Major A c t i v i t i e s  i n  t h e  Atomic Energy Programs, 

July-December 1956, U. S.  Atomic Energy Commission, January 1957. 

29. Excerpts  from t h e  Report of t h e  Sa fe ty  and I n d u s t r i a l  Health Advisory 

Board, USAEC Report ORNL-CF-48-5-160, Oak Ridge National  Laboratory, 

Apr i l  2, 1948 ( ~ e c l a s s i f i e d ,  June 17, 1957). 

30. Richard F. Foster ,  Research and Development Programs Related t o  t h e  

Disposal  of Reactor E f f luen t  t o  t h e  Columbia River,  I n d u s t r i a l  



18 1 

Radioactive Waste Disposal, Hearings before t h e  Special  Subcommittee 

on Radiation of the  Jo in t  Committee on Atomic Energy, Congress of the  

United Sta tes ,  Vol. 2, pp. 1018-1047, January 28, 29, and 30; February 2 

and 3, 1959, 

31. G. G. Robeck, C .  Henderson, and R. C. Palange, Water Quality Studies 

on the  Columbia River, U. S. Public Health Service, Robert A. Taf t  

Sani tary  Engineering Center, Cincinnati,  Ohio (1954). 

32. H. M. Parker, Review of Water Monitoring Procedures a t  Clinton Labora- 

t o r i e s ,  U. S. Atomic Energy Commission, Oak Ridge, Tennessee, USAEC 

Report MDDC-401 ( ~ e c l a s s i f  ied, October 28, 1946). 

33. K. Z. Morgan, Waste Management Program a t  Oak Ridge National Laboratory, 

I ndus t r i a l  Radioactive Waste Disposal, Hearings before t he  Specia l  

Subcommittee on Radiation of the  Jo in t  Committee on Atomic Energy, 

Congress of t he  United S ta tes ,  Vol. 1, pp. 445-460, January 28, 29, 

and 30; February 2 and 3, 1959. 

4 .  W ,  D. Co t t re l l ,  Radioactivi ty i n  S l i t  of t h e  Clinch and Tennessee 

Rivers, USAEC Report ORNL-2847, Oak Ridge National Laboratory, 

November 18, 1959. 

35,. H. M. Parker, Review of A i r  Monitoring Procedures a t  Clinton Labora- 

t o r i e s ,  U. S. Atomic Energy Commission, Oak Ridge, Tennessee, MDDC- 

471 ( ~ e c l a s s  i f  ied November 19, 1946). 

36. Abel Wolman, AppT~isal  of t he  Sani tary  Engineering Problems i n  t he  

Atomic Energy Program, Proceedings of Seminar on Dispqsal of Radio- 

ac t ive  Wastes, January 24-25, 1949, U. S. Atomic Energy Commission, 

Washington, D. C. 



Arthur E. Gorman, Sani tary  Engineering Objectives i n  t h e  Atomic 

Energy Industry, Proceedings of Seminar on San i t a ry  - Engineering A s -  

pects  of t h e  Atomic Energy Industry, Cincinnati ,  Ohio, December 6-9, -- 
1955, USAEC repor t  TID-7517, Par t  Ia ,  pp. 4-9, October 1956. 

J. A. Lieberman, AEC Waste Disposal Research and Development Program, 

Proceedings of Seminar on Sani tary  Engineering Aspects of t h e  Atomic 

Energy Industry, -- Cincinnati ,  Ohio, December 6-9, 1955, USAEC Report 

TID-7517 ( ~ a r t  l a ) ,  pp. 10-18, October 1956. 

H. M. Parker, Exposure Pathways of Released Radioactive Wastes, 

I n d u s t r i a l  Radioactive Waste Disposal, Hearings before t h e  Special  

Subcommittee on Radiation of t h e  J o i n t  Committee on Atomic Energy, 

Congress of t h e  United S t a t e s ,  Vol. 3, pp. 2359-2366, January 28, 

29, and 30; February 2 and 3, 1959 

John V. Nehemias, G.  H. Whipple, and R. C .  Kothary, Environmental 

Radioact iv i ty  P r i o r  t o  Nuclear Power Plant  Operation, Journal  American 

Water Works Association, 52(10) : 1291-1302 ( ~ c t o b e r  1960) . 
J. H. Horton, Radioact iv i ty  i n  t h e  Environs of t h e  Savannah River 

Plant ,  January t o  July  1954, USAEC Report DP-92, E. I, du Pont de 

Nemours & Co. , November 1954. 

J. H. Horton, Design of a Regional Survey Program, USAEC Report DP- 

253, E. I. du Pont de Nemours & Co. , November 1957. 

B. V.  Andersen, Hanford Environmental Monitoring Annual Report - 

1958, USAEC Report HW-61676, Hanford Atomic Products Operation, 

August 27, 1959. 

C. A. Mawson e t  a l . ,  Waste Management and Monitoring a t  Chalk River, 

Atomic Energy of Canada Ltd. , Chalk River, Ontario, CRL-59, November 

1959, (AECL No. 987). 



45. C. W. Klassen, Environmental Aspects a s  Applied t o  t h e  S t a t e  of 

I l l i n o i s ,  Proceedings Second San i t a ry  Engineering Conference, Radio- 

l o g i c a l  Aspects of Water Supplies ,  January 27 and 28, 1960, Univers i ty  

of I l l i n o i s ,  C i rcu la r  No. 69, pp. 16-19. 

46. Robert R. French, Monitoring Experience of t h e  I l l i n o i s  Department 

of Publ ic  Health, Proceedings Second San i t a ry  Engineering Conference, 

Radiological  Aspects of Water Supplies,  January 27 and 28, 1960, 

Univers i ty  of I l l i n o i s ,  C i rcu la r  No. 69, pp. 62-64. 

47. Sherwood Davies, Radiological  Monitoring of t h e  Environment i n  New 

York S t a t e ,  -Health News, 37(10) : 4-13 ( ~ c t o b e r  1960), New York S t a t e  

Department of Health, Albany. 

4 .  E, C.  Tsivoglou e t  a l . ,  Est imating Human Radiat ion Exposure on t h e  

Animas River, Journal  American Water Works Association, 52(10) : 

1271-1290 (October 1960). 

49. R .  J. Morton (ed.  ) e t  a l . ,  S t a tus  Report No. 1 on Clinch River Study, 

USAEC Report ORNL-3119, Oak Ridge National Laboratory, J u l y  27, 1961. 

50. Radiological  Health Data, Monthly and Quarter ly Reports, PB-161371, 

U. S. Publ ic  Health Service,  Washington, D. C .  

51. Personal  communication from U. S. Publ ic  Health Service  t o  R. J. 

Morton, October 26, 1961. 



VI. CURRENT EVENTS 



HOMOGENEOUS REACTOR EXPERIMENT NO. 2 OPERATING EXPERIENCE 

ÿÿ ate rial he ld  over  from d r a f t  of Vol. 2, N o .  4 t o  be i n s e r t e d  here;  

see  d r a f t  pages 223 through 238 and r e fe rences  1 through 6 on page 274.) 



THE SL-1 INCIDENT 

 a ate rial he ld  over from d r a f t  of Vol. 3, No. 2 t o  be i n s e r t e d  here; 

s ee  d r a f t  pages 170 through 186 and references  20 through 28 on pages 

211 and 212. ) 



RADIATION INCIDENTS AT THE MTR AND ETR DURING 1959 

Unplanned events which occurred i n  1959 a t  t h e  MTR and ETR and which 

caused evacuation o r  severe r e s t r i c t i o n s  of en t ry  of s i g n i f i c a n t  r eac to r  

operating areas  were reported i n  t h e  hazards evaluat ion of t h e  ETR I1 

( l a t e r  designated ATR) proposed s i t e .  l Incidents  occurring i n  nuclear 

energy operhtions a r e  of p a r t i c u l a r  i n t e r e s t  t o  everyone concerned with 

nuclear safe ty ,  and as  information of' t h i s  nature becomes ava i l ab le  it 

i s  discussed i n  Nuclear Safety.  

Both t h e  MTR and t h e  ETR a r e  water-moderated, beryll ium-reflected,  

enriched-uranium reac to r s  using pla te- type  f u e l  elements. They a re  op- 

e ra ted  and maintained f o r  t h e  AEC by t h e  Atomic Energy Division of t h e  

P h i l l i p s  Petroleum Company. The MTR, which has a design power l e v e l  of 

40 Mw, was s t a r t e d  up i n  1952, while t h e  ETR, with a design l e v e l  of 175 

Mw, was s t a r t e d  up i n  1957. The reac to r s  provide space t o  carry  out ex- 

perimental programs with thermal-neutron f luxes  varying from 1012 t o  

5 X lo1& neutrons/cm2.sec. The engineering complexity of the  experiments 

many times approaches o r  exceeds t h a t  of t h e  reactors .  I n  addi t ion  t o  

t h e  prime object ive  of developing rad ia t ion  damage information from these  

experiments, t h e  reac to r s  a l s o  produce neutrons f o r  s o l i d - s t a t e  s tud ies  

and isotope production. It has been s t a t e d  t h a t 2  

"The bas ic  philosophy governing t h e  operat ion of t h e  MTR 
and ETR i s  t o  conduct operat ions i n  a s  sa fe  and expedit ious a 
manner a s  poss ib le  consis tent  with t h e  o v e r a l l  objec t ives  f o r  
which t h e  reac to r s  were constructed. This philosophy requires  
t h e  acceptance of some calcula ted  r i s k s  but  t h e  p r o b a b i l i t i e s  
of major inc idents  a re  kept below khat could be considered 
t h e  taking of chances with respect  t o  t h e  reac to r s  o r  t h e i r  
associa ted  experiments. This method of operat ion is  made 
mandatory by an ever increasing tendency t o  work a t  higher 



and h igher  temperatures  and p re s su res  and t o  s u b j e c t  m a t e r i a l s  
t o  s t r e s s e s  under condi t ions  not h i t h e r t o  explored.  " 

Reactor Buildings 

The MTR i s  l o c a t e d  i n  a  130-f t2 ,  80- f t -h igh  b u i l d i n g  t h a t  con ta ins  

a  17 - f t -h igh  basement. I n  a d d i t i o n  t o  t h e  r e a c t o r  s t r u c t u r e ,  t h e  bu i ld ing  
/' 

conta ins  experimental  f a c i l i t i e s  and a  s to rage  cana l .  A l l  experimental  

f a c i l i t i e s  t h a t  a r e  l oca t ed  o u t s i d e  t h e  r e a c t o r  a r e  i n  sh i e lded  cub ic l e s  

i n  t h e  basement. The r e a c t o r  s t r u c t u r e ,  inc luding  sh i e ld ing ,  i s  approxi-  

mately 35 f t  by 35 f t  by 25 f t  high and i s  l o c a t e d  i n  t h e  c e n t e r  of t h e  

bui ld ing .  Most i r r a d i a t e d  m a t e r i a l  l eaves  t h e  r e a c t o r  t ank  downward 

through a  d ischarge  mechanism t o  t h e  cana l .  The head of t h e  r e a c t o r  is  

removable f o r  access  from above f o r  f u e l  and experimental  equipment handl ing.  

Samples f o r  i r r a d i a t i o n  i n  t h e  h o r i z o n t a l  beam hole  a r e  handled by p u l l i n g  

them out  i n t o  s h i e l d e d  conta iners .  

The ETR b u i l d i n g  i s  112 f t  by 136 f t  by 58 f t  high above ground, and 

it has two complete f l o o r s  below grade. The main f l o o r  of t h e  bu i ld ing  

i s  r e l a t i v e l y  c l e a r  of equipment, with t h e  t o p  of t h e  r e a c t o r  r i s i n g  8 f t  

above f l o o r  l e v e l .  A l l  heavy and r a d i o a c t i v e  experimental  equipment i s  

housed i n  sh i e lded  concre te  cub ic l e s  i n  t h e  lower basement. The upper 

basement houses a l l  experiment c o n t r o l  pane ls .  The r e a c t o r  dome can be 

removed t o  move f u e l  elements and small  experimental  equipment underwater 

t o  t h e  s to rage  cana l .  Large experimental  equipment is  u s u a l l y  p u l l e d  

from t h e  experimental  tube  i n t o  heav i ly  s h i e l d e d  c a r r i e r s .  

Inc ident  Record 

While none of t h e  events  t h a t  occurred a t  t h e  r e a c t o r s  i n  1959 were 

considered t o  be se r ious ,  some were of such na tu re  t h a t  t h e y  r e q u i r e d  



evacuation o r  severe r e s t r i c t i o n s  of en t ry  t o  major operat ing a reas  of 

the  reac to r  buildings and f a c i l i t i e s .  I f  t h e  a f fec ted  area was l e s s  than 

one operat ing f l o o r  of a r eac to r  building, t h e  event was c l a s s i f i e d  a s  

minor. Only t h e  major events a r e  enumerated here. 

The major events which in ter rupted operat ions a t  t h e  two reac to r s  

i n  1959 a r e  l i s t e d  i n  Table V I - 1 .  A l l  t h e  events or ig inated  a t  t h e  MTR, 

but they a l l  caused evacuation of t h e  ETR, with t h e  longest  evacuation 

time a t  t h e  ETR being 1.8 hr .  

The major events a t  t h e  M!TR, which a f fec ted  only t h a t  reactor ,  a r e  

l i s t e d  i n  Table VI-2. A s e r i e s  of ruptures  of fuel-bearing s t r u c t u r e s  

i n  t h e  MTR i n  October and e a r l y  November caused s o  many a i r - a c t i v i t y  problems 

t h a t  t h e  whole period of time can be c l a s s i f i e d  as  a major event. I n  addi- 

t i o n  t o  t h e  major events, t h e r e  were a l s o  21 events a t  t h e  MTR t h a t  caused 

severe r e s t r i c t i o n s  t o  en t ry  and occupancy of small sec t ions  of operat ing 

areas .  These events a re  not enumerated. 

The ETR major events a r e  l i s t e d  i n  Table VI-3. I n  addi t ion ,  t h e r e  

were 18 events t h a t  were c l a s s i f i e d  a s  minor, s ince  they a f fec ted  only 

small sec t ions  of operat ing areas.  

Study of the  events described i n  t h e  t h r e e  t a b l e s  reveals  t h a t  80% 

of them were d i r e c t l y  due t o  re leases  of a c t i v i t y  from experimental a s -  

semblies i n  t h e  reactors .  The re leases  were due t o  leaks  o r  ruptures 

o r  occurred as  t h e  experimental assembly was being removed f o r  disassembly. 

Conclusions 

Each of t h e  reac to r  s i t e s  has had rad ia t ion  l e v e l s  f o r  shor t  periods 

of time which have exceeded des i rab le  l i m i t s .  These events have not, 



Table V I - 1 .  MAJOR EVENTS AT MTR THAT AFFECTED OPElRATION AT BCTH THE MTR AND ETR I N  1959 

Time 
1959 

Descrlpt lon 
and Cause 

Locat ion  
(r 

Remarks 

0.5 (max) 6 X l o 6  (max) >lo00 
around on r e a c t o r  
r e a c t o r  main f l o o r  
main 
f l o o r  

January 8, MTR experimental assembly Gas feed l i n e  15 000 a t  Shor t - l ived >lo00 ~ e ~ ~ ~ ,  ~ e ~ ~ ~ ,  Tota l  Evacuation of M!TR down 52 h r  f o r  
1115-2200 ORNL-44-1 f i s s ion-gas  from HB-3 t o  surface  Kr88, Kr8' MTR r e a c t o r  bu i ld -  removal of experi-  

purge l i n e  plugged and NW corner of of l i n e  and daugh- ing and complex mental equipment 
caused d i f f u s i o n  of MTR t e r s  f o r  8 h r  and ETR and evacuation; 
gases up feed l i n e  and f o r  1 .5  h r  down time of t h e  
out  through a l e a k  i n  ETR was extended 
t h e  l i n e  by 1 .5  h r  

March 3, Two walls  on t h e  con- MTR t o p  ~a~~ 113' EvacuatedMTRfor M!TRdown48hrfor  S h o r t h a l f - l i f e m a t e r i a l  
2100 t a i n e r  of ITIX exper i -  I 1 3 ,  27 hr ,  except f o r  evacuation and f o r  decayed o f f  rapidly;  a i r  

ment ANL-43-1 ruptured 113', personnel wearing removal of experi-  a c t i v i t y  removed by 
and allowed a NaK-water ~e~~ ', r e s p i r a t o r y  pro- mental equipment; normal v e n t i l a t i o n  a f t e r  
r eac t ion  which caused noble f is- t e c t i o n ;  evacuated extended shutdown experimental equipment 
a vent  l i n e  t o  s p l i t  s ion  gases ETR f o r  1 . 8  h r  of ETR f o r  1.8 h r  was discharged 
and re lease  f i s s i o n  and daugh- 
gases i n t o  t h e  r e a c t o r  t e r s  
bui ld ing 

October 24 A i r  a c t i v i t y  from rup- M!TR tank Minor Negligible > 1 Evacuated ETR, Extended ETR shut-  General a c t i v i t y  r i s e  over -30 min 
t u r e d  capsules a t  MTR TPP, and mainte- down f o r  45 min e n t i r e  area  

nance bui ld ing 
f o r  45 min 

November 1, Process water contain-  MTR t o p  Minor 2000, small 6 t o  8 on 113', 113 2, Evacuated MTR t o p  Reduced MTR power Personnel wore p o s i t i v e  
0420 ing iodine leaked a rea  r e a c t o r  and main f l o o r  f o r  f o r  3.2 h r  while a i r -supply  r e s p i r a t o r s  1133 

through a packing t o p  and 40 min; evacuated repa i r ing  leak; while r e p a i r i n g  leak;  
gland i n  a lead-  main f l o o r  ETR f o r  45 rnin extended ETR shut-  ETR had i n t e r m i t t e n t  
i r r a d i a t i o n  MTR ex- down by 45 min a i r  a c t i v i t y  a l l  day 
periment onto t h e  
r e a c t o r  t o p  and caused 
a i r  a c t i v i t y  a s  t h e  
iodine vaporized 



Table VI-2. MAJOR EVENTS AT THE WTR I N  1959 THAT AFFECTED OPERATION 

Date and 
Time 
1959 

Descr ip t ion  
and Cause 

Uni ts  of A i r  
Contaminat ion 

Radia t ion  Level on Ac t iv i ty ,  
Major R e s t r i c t e d  Entry 

Location Level One Unit = 
Reactor Down 

( rad/hr)  Smear 3 x Isotopes o r  Evacuation Time 
(d is lmin)  mc/cm3 

Remarks 

Februa 
1730 

Apr i l  3, 
2000 

May 15, 
2400 

r y  24, High gamma hea t ing  
caused t h e  evo lu t ion  
of r ad ioac t ive  gases 
from GE-ANP-1 which 
escaped i n t o  t h e  r e -  
a c t o r  bui ld ing  a s  t h e  
experimental  equipment 
a i r  l i n e s  were cut  
p r i o r  t o  removal of 
t h e  experimental  a s -  
sembly 

F i s s ion  gases from t h e  
ruptured GEH-4-36 ex- 
perimental  assembly 
were r e l eased  i n t o  t h e  
r eac to r  bu i ld ing  
through a f a u l t y  i so -  
l a t i o n  valve a s  t h e  
experimental  equipment 
was being discharged 

F i s s ion  gases from ANL- 
35 rupture  escaped in -  
t o  r e a c t o r  bui ld ing  
when r e a c t o r  t ank  was 
opened 

June 12, Experiment GEH-4 rup- 
1100-1400 tu red  and gave t h r e e  

separa te  r e l e a s e s  of 
noble f i s s i o n  gases;  
water samples con- 
firmed f i s s i o n  break 

September 16, The GEH-4 de fec t  t e s t  
1730-1830 (opera ted  with r e -  

a c t o r  a t  power f o r  
1 . 5  h r )  evolved f  i s  - 
s ion-product gases 
i n t o  t h e  exper i -  
mental loop which 
were r e l eased  i n t o  
t h e  r e a c t o r  bu i ld ing  
when t h e  loop was 
opened 

October 12, Noble f i s s i o n  gases from 
0150 -0315 a ruptured experiment 

(KAPL-2-95 and perhaps 
o the r s )  d i f fused  up 
through t h e  process  
water a f t e r  shutdown 
and escaped i n t o  t h e  
r e a c t o r  bui ld ing  when 
t h e  r e a c t o r  t ank  was 
opened 

HT-1 nor th  
and south 
r e a c t o r  
faces  

Reactor tank 

Reactor t o p  

Reactor t ank  
and top  

Reactor t o p  

Reactor t o p  

Minor None 3 t o  10 i n  
r e a c t o r  
bu i ld ing  

230 ( m a )  4700 on r e -  -900 on r e -  
a c t o r  t o p  a c t o r  t o p  

Minor 

Minor 

Minor 

Minor 

None 

1lS1, 113', Evacuated t h e  r e -  
1133 a c t o r  bu i ld ing  

f o r  1 .2  hr ;  r e s -  
p i r a t o r s  worn by 
those  who r e -  
entered  

Fiss ion  Evacuated MTR re -  
gases, ~ b "  a c t o r  bu i ld ing  
and par-  f o r  4 .5  h r  
t i c u l a t e  
mat ter  

Increased down time The element was moved t o  
by -1 h r  a high gamma h e a t  zone 

i n  order  t o  cu t  t h e  a i r  
l i n e s  

Down 19 .1  h r  be- Contamination l e v e l  de- 
cause of evacua- cayed r ap id ly  
t i o n  and removal 
of GEH-4-36 and 
WAPD-22.2, which 
had a l s o  ruptured 

Shor t - l ived  Evacuated r e a c t o r  Increased down t ime Ac t iv i ty  removed by 
bui ld ing  f o r  -15 by -1 h r  normal v e n t i l a t i o n  
m i n  and decay 

l i g i b l e  2 8 5 ( m a x ) i n  Noble Main f l o o r  evacua- Down time 7 . 1  hr;  Personnel  re-entered  
tank;  25 on f i s s i o n  t e d  40 min; base- reduced power bu i ld ing  wearing 
t h e  south gases, ~ b " ,  ment evacuated 0.7 h r  p o s i t i v e  a i r - supp ly  
r e a c t o r  face ,  ~s~~~ 70 min; ETR c r i t i -  equipment 
and 7.6 i n  c a l  f a c i l i t y  evacu- 
basement a t e d  21 h r  

None 10-15 a t  r e -  K r 8 8 ,  ~b~ P a r t i a l  evacuation Down 8.5 h r  
a c t o r  t o p  of r e a c t o r  t o p  and 

5-8 a t  f l o o r  main f l o o r  f o r  1 h r  

Negligible 5-25 i n  r e -  Kr", ~ b ~ ~ ,  Evacuated r e a c t o r  None 
a c t o r  xe13 ', t o p  and main 
bu i ld ing  cs13 f l o o r  f o r  2.5 hr ,  

except f o r  those  
wearing r e s p i r a -  
t o r y  equipment 

Reactor t ank  vented 
t o  t h e  s t a c k  t o  r e -  
move a c t i v i t y  



Table VI-2 (continued) 

Date and 
Time 
1959 

Description 
and Cause 

Uni ts  of A i r  
Contamination 

Radia t ion Ac t iv i ty ,  Level on Major Res t r i c t ed  Entry Reactor Down 
Locat ion  Level One Unit = 

Smear 3 x Isotopes or  Evacuation 
( rad/hr)  

Time 
(dis/min) mc/cm3 

Remarks 

October During October and Usually <10 The a c t i v i t y  was usu- 
and e a r l y  November a bu t  on one a l l y  r e l eased  e i t h e r  

November number of ruptured occasion from t h e  MTR s t a c k  
capsules caused s o  >loo; dura- over whole a rea  o r  
many a i r  a c t i v i t y  t i o n  of r e -  from process water 
problems t h a t  t h e  l e a s e  usu- i n  process-water 
whole per iod can a l l y  1 h r ;  bui ld ing 
be c lassed a s  a but on oc- 
major event cas ion longer 

November 6, F iss ion gases were Reactor t o p  0.027 4000 on r e -  270 on r e a c t o r  ~ s ~ ~ ~ ,  ~b~~ Evacuated bu i ld -  Down 22.8 hr  be- When t h e  r eac to r  was 
0855-1100 re leased i n t o  a c t o r  t o p  top,  70 on ing and wing f o r  cause of removal r e s t a r t e d ,  a c t i v i t y  

bui ld ing from r e -  f l o o r ,  2 i n  2 . 1  h r  of suspect  cap- was again detec ted;  
a c t o r  when it was wing su les  and evacua- on November 8 ex- 
opened immediately t ion periment NAA-47-3 
a f t e r  a scram i n  was found t o  be rup- 
an e f f o r t  t o  l o c a t e  t u r e d  
which experiments 
were ruptured and 
giving o f f  bubbles 

December 9, Numerous r a d i a t i o n  Reactor t o p  20 Evacuated e n t i r e  Down time increased T o t a l  evacuation 
1315 alarms were t r i g -  and main by -0.1 h r  s i g n a l  was inadver- MTR complex f o r  

gered by d i r e c t  f l o o r  -10 min t e n t l y  t r ipped  in -  
r a d i a t i o n  from t h e  s t ead  of r e a c t o r  
removal of a thermo- bui ld  ing s i g n a l  
couple l e a d  on t h e  
r eac to r  f l o o r  north 
coincident with d i -  
r e c t  r a d i a t i o n  from 
t h e  upper g r i d  of 
t h e  r e a c t o r  being 
removed t o  t h e  canal  

None None None 



Table V I - 3 .  MAJOR EVENTS AT THE ETR I N  1959 THAT AFFECTED OPERATION 

Unit of A i r  
Contaminat ion Activi ty,  Major 

Level on One Unit = Isotopes  o r  
Smear 

(dis/min) 
3 x lo-' Half-Life 

mc/ cm3 

Radiat ion 
Level 

( rad/hr)  

Date and 
Time 
1959 

R e s t r i c t e d  Entry 
or  Evacuation 

Descript ion 
and Cause 

Reactor Down 
Time Locat ion  Remarks 

March 17, 
1730 

Evacuated r e a c t o r  Reactor tank Unknown Unknown 70 (max), 34 min Building evacuated None 
bui ld ing because 30 ( a d  f o r  4.5 h r  
of a i r  a c t i v i t y  
caused by a f l u x  
run; a c t i v i t y  stop- 
ped when f l u x  run 
ended 

Personnel remaining i n  
bu i ld ing  wore r e s -  
p i r a t o r y  equipment 

March 23, 
1900 

A i r  a c t i v i t y  was r e -  Reactor t o p  Unknown Low 
leased when packing 
was removed from an 
ANP experiment i n  
prepara t ion f o r  p u l l -  
ing reac to r  head 

1200 over 18 min 
tank, 50 
on reac to r  
f l o o r  

Reactor main f l o o r  None 
evacuated f o r  4 
h r  

Personnel i n  a r e a  of 
a i r  a c t i v i t y  wore 
r e s p i r a t o r y  equip- 
ment 

Low 1 8  rnin 

1 8  rnin 

March 31, 
2015 

A i r  a c t i v i t y  re leased  Reactor t o p  Low 
from under r e a c t o r  
dome when removed 
from tank 

Evacuated bui ld ing Extended shutdown Act iv i ty  source was 
f o r  45 min by 45 min unknown 

Apri l  10, 
1215 

A i r  a c t i v i t y  came from Reactor tank Low 
experiment GEEL a f t e r  
a pipe housing thermo- 
couple leads  broke; 
a i r  entered t h e  primary 
water system 

Low Evacuated bu i ld ing  Caused shutdown; Evacuated except f o r  
f o r  3.8 h r  power reduced 3 .3  personnel wearing 

h r r e s p i r a t o r y  equip- 
ment; repai red  l eak  
with welded cap over 
l e a d  connection 

Apr i l  10, 
1615 

A i r  a c t i v i t y  re leased on Reactor t o p  Low 
removal of r e a c t o r  dome 
following shutdown 

Low 17 1 8  rnin Evacuated bui ld ing Extended shutdown Shutdown was caused 
f o r  2.3 h r  by 2.3 h r  by previous item 

Unknown 79 i n  base- 15 min 
ment, 3 on 
main f l o o r  

Evacuated basement Work other  than Scram caused by rup- 
f o r  1 h r  cleanup done dur- t u r e ;  power reduced 

ing shutdown; es -  37 rnin before  scram 
t imated extended 
time, 24 h r  

May 17, 
0630 

F i s s ion  break i n  experi-  Outside ex- 1 
ment GEH-10 caused per iment 
r a d i a t i o n  f i e l d  and cubic le  
i n t e r m i t t e n t  a i r  ac- 
t i v i t y  u n t i l  discharged 
t o  canal  

June 10-11 In te rmi t t en t  leaks  from Reactor tank Low 
t h e  tank access nozzle 
of KAPL-33; a i r  a c t i v i t y  
f luc tua ted  with leaks  

Low 20 rnin Evacuated main 
f l o o r  s e v e r a l  
t imes f o r  a t o t a l  
of 45 rnin 

None Wore r e s p i r a t o r s  t o  
r e p a i r  l e a k  with re -  
mote t o o l  
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however, prevented complex experimental  programs from being completed 

without s i g n i f i c a n t  l o s s  of t ime. Further ,  t h e r e  have been no se r ious  

inc iden t s  i n  nine yea r s  of r e a c t o r  opera t ion .  This  record  i s  based not  

only on t h e  good engineer ing  design of t h e  r e a c t o r s  bu t  a l s o  on t h e  ex- 

perienced opera t ing  organiza t ion  and sound s a f e t y  p r a c t i c e s  which a r e  

used t o  cons tan t ly  survey t h e  r e a c t o r s  and t h e i r  a s soc ia t ed  experiments.  

(J.  R .  ~ u c h a n a n )  



CHANGES I N  LICENSING REGULATIONS 

Amendments t o  t h e  AEC r u l e s  and r egu la t ions ,  a s  found i n  T i t l e  10, 

Code of Federal  Regulations, Chapter 1, a r e  f r e q u e n t l y  proposed. Among 

those  now being considered f o r  change and d i scuss ion  he re in  a r e  P a r t  9, 

Publ ic  Records; P a r t  20, Standards f o r  P ro tec t ion  Against Radiat ion;  P a r t  

30, Licensing of  Byproduct Mater ia l ;  P a r t  40, Licensing of Source Mater ia l ;  

P a r t  50, Licensing of Production and U t i l i z a t i o n  F a c i l i t i e s ;  P a r t  55, Op- 

e r a t i o n  Licenses; P a r t  72, P ro tec t ion  Against Accidental  C r i t i c a l i t y  and 

Radiat ion Exposure i n  Shipment of Fuel  Elements; P a r t  95, Safeguarding 

of R e s t r i c t e d  Data; P a r t  140, F inanc ia l  P ro tec t ion  Requirements and In -  

demnity Agreements; P a r t  150, T rans fe r  of Regulatory Power. 

I n  a d d i t i o n  t o  t h e  above, a proposed amendment t o  T i t l e  41, P a r t  9, 

e n t i t l e d  "Public Cont rac ts"  was d i r e c t e d  t o  t h e  opera tors  of AEC-owned 

nonlicensed r eac to r s ,  inc luding  c r i t i c a l  f a c i l i t i e s ,  and i s  d iscussed  

here in .  

T i t l e  10, P a r t  9, Publ ic  Records 

On October 9, proposed amendments t o  P a r t  9 were published i n  t h e  

Federa l  Regis te r .  The amendments would r equ i re  t h a t  a l l  r e p o r t s  of 

nuclear  i nc iden t s  f i l e d  by AEC l i c e n s e e s  be included i n  t h e  pub l i c  r e -  

cords of AEC. The names of persons exposed t o  r a d i a t i o n  w i l l  not  be 

made a p a r t  of t h e  pub l i c  records because of t h e  personal  na tu re  of t h e  

information. 

By t h e  end of October two comments had been rece ived  on t h e  proposal;  

both opposed t h e  change. One f e l t  t h a t  t h e  r e p o r t i n g  could serve  no use-  

f u l  purpose and would c r e a t e  confusion, s ince  t h e y  doubted t h a t  t h e  pub l i c  



had enough understanding of  r a d i o a c t i v i t y  t o  proper ly  u s e  t h e  information. 

The o the r  commentator f e l t  t h a t  t h e  amendments would t end  t o  i n h i b i t  t h e  

r epor t ing  of i nc iden t s  by Commission l i censees .  It was f e l t  t h a t  l i c e n s e e s  

would withhold r e p o r t s  where t h e y  f e l t  t h a t  no harm had been done r a t h e r  

t han  see  every r e p o r t  i n  t h e  publ ic  r e ~ o r d . ~  

T i t l e  10, P a r t  20, Standards f o r  P ro tec t ion  Against Radia t ion  

The Federal  Reg i s t e r  of August 9 contained a  proposed amendment t o  

P a r t  20 " to  provide a d d i t i o n a l  ways t o  determine a  permiss ib le  concentra-  

t i o n  l i m i t  f o r  a  mixture of r ad io i so topes  contained i n  e f f l u e n t s  r e l eased  

i n t o  a i r  o r  water .  One comment was rece ived  t h a t  expressed t h e  opinion 

t h a t  t h e  amendment was a  d e s i r a b l e  improvement. 

T i t l e  10. P a r t  30. Licensing of B v ~ r o d u c t  Mater ia l  

The AXC continues t o  r ece ive  both favorable  and unfavorable comments 

on t h e  requirements f o r  exemption of t r i t i u m  from l i c e n s i n g  f o r  use  i n  

automobile-lock i l l umina to r s  t h a t  were s e t  f o r t h  i n  t h e  Federa l  Reg i s t e r  

of Apr i l  26, 1961. 2~ 6-8 The commission on September 12 proposed an  addi -  

t i o n a l  amendment t o  P a r t  30 t h a t  would au thor i ze  possession and use  of 

luminous s a f e t y  devices  not  conta in ing  more t h a n  4 c u r i e s  of t r i t i u m  each 

i n  a i r c r a f t .  Favorable comments were rece ived  both from t h e  a i r l i n e s  

and from poss ib l e  manufacturers of such devices.  There were sugges t ions  

t h a t  some of t h e  q u a l i f i c a t i o n  t e s t s  were t o o  s t r i n g e n t  and c o n t r o l  samples 

t o o  numerous. 2, 6~ 

T i t l e  10, P a r t  40, Licensing of Source Mater ia l  

A proposed amendment was published i n  t h e  Federa l  Reg i s t e r  of August 9 

which would extend exemption from c e r t a i n  l i c e n s i n g  requirements,  t h a t  is, 



t hose  dea l ing  with uranium i n  t h e  form of a i r c r a f t  counter  weights, and 

would a l s o  exempt c e r t a i n  shipping casks made of o r  incorpora t ing  uranium 

a s  a  s h i e l d i n g  ma te r i a l .  

T i t l e  10.  P a r t  50. Licens i n a  of Product i on  and U t i l i z a t i o n  F a c i l i t i e s  

Chanae Without S p e c i f i c  Authorizat ion.  Comments continue t o  be r e -  

ceived on t h e  "changef1 procedure r u l e s  published i n  t h e  Federa l  R e g i s t e r  

of Apr i l  8, 1 9 6 L 7  One commentator f e l t  t h a t  proposed amendments t o  P a r t  

50 were incons i s t en t  wi th  each o the r  and could have consequences not i n -  

tended by t h e  Commission. " Another commentator, while  g e n e r a l l y  favor ing  

t h e  proposal,  f e l t  t h a t  some of t h e  approval  and r e p o r t i n g  requirements 

should be e l iminated .  

The Federa l  Reg i s t e r  of October 10 published an  amendment t o  P a r t  

50, e f f e c t i v e  immediately, t h a t  g ives  AEC consent t o  c r e a t i o n  of mortgages 

o r  b the r  l i e n s  on nuclear  r e a c t o r s  and o the r  product ion and u t i l i z a t i o n  

f a c i l i t i e s  l i censed  by AEC. No c r e d i t o r  may t a k e  possess ion  of t h e  f a c i l i t y ,  

however, without a  l i c e n s e  from AEC au thor i z ing  t h e  possess ion  of t r a n s f e r .  l 3  

T i t l e  10. P a r t  55. Operator Licenses 

AEC published i n  t h e  Federal  Reg i s t e r  of October 10 proposed amend- 

ments on opera tor  l i cens ing .  They provided f o r  l i c e n s i n g  of superv isory  

opera tors  of r e a c t o r s  and f o r  a  more d e t a i l e d  d e s c r i p t i o n  of t h e  q u a l i f i -  

ca t ions  of app l i can t s  and of t h e  examinations t o  be administered.  Ex- 

aminations t o  be given t o  opera tors  and t o  supervisory  opera tors  were 

d i f f e r e n t i a t e d .  Conditions were e s t ab l i shed  f o r  re-examination of  t hose  

who f a i l  t h e  w r i t t e n  o r  opera t ing  t e s t s  and f o r  l i c e n s e  renewals. In-  

d iv idua l s  who "manipulate" con t ro l s  f o r  a  r e sea rch  o r  t r a i n i n g  r e a c t o r  



a s  s tuden t s  of nuclear  engineer ing  courses were exempted from l i c e n s i n g  

provided they  a r e  i n  t h e  presence of a n  opera tor  o r  superv isor  who is 

l i censed .  13 

T i t l e  10, P a r t  72, P ro tec t ion  Against Accidental  C r i t i c a l i t y  and Radia t ion  
Exposure i n  S h i ~ m e n t  of Fuel Elements 

Comments were received on Pa r t  72, proposed r egu la t ions  which were 

i ssued  i n i t i a l l y  on March 17, 1960, i n  t h e  Federa l  Reg i s t e r  and r e c e n t l y  

r e i s sued  on September 23, 1961. It was f e l t  t h a t  t h e  AEC had obviously 

given a g r e a t  d e a l  of thought t o  t h e  shipment of f u e l  elements and t h a t  

i n  some r e s p e c t s  t h e  r egu la t ions  were q u i t e  s a t i s f a c t o r y .  Some com- 

mentators feared,  however, t h a t  t o o  much a t t e n t i o n  had been g iven  t o  spec i -  

f i c a t i o n  of what t h e y  f e l t  was a preconceived sh ipping  cask des ign  ins t ead  

of s e t t i n g  f o r t h  performance p r i n c i p l e s .  5~ 

T i t l e  10. P a r t  95. Safeguarding of R e s t r i c t e d  Data 

Amendments t o  t h e  AEC r egu la t ions  on s e c u r i t y  d a t a  access  permits  

were proposed i n  t h e  Federa l  Reg i s t e r  of August 12. The permit program 

al lows p r i v a t e  bus iness  and research  access  t o  r e s t r i c t e d  d a t a  which can 

a i d  i n  developing t h e  peacefu l  uses of atomic energy. The proposed changes 

r e l a t e d  t o  t h e  f ~ l l o w i n g : ~  

"New technology; new address  f o r  communications and r e -  
po r t s ;  t e c h n i c a l  changes i n  r i g h t  of access;  t e rmina t ion  of 
and l i m i t a t i o n s  on t h e  r i g h t  of access;  c learance  by o t h e r  
agencies  under c e r t a i n  circumstances; making of documents; 
provis ions  f o r  accounting f o r  r e s t r i c t e d  d a t a  upon exp i ra t ion ,  
suspension o r  revocat ion  of an  access  permit;  new r e p o r t s ,  
p a r t i c u l a r l y  year-end r epor t ing  of use made of an  access  per -  
m i t  and number of access  au thor i za t ions  received;  and miscel-  
laneous t e c h n i c a l  changes." 

A comment was rece ived  d e s i r i n g  c l a r i f i c a t i o n  of  f o u r  of t h e  po in t s .  



T i t l e  10, P a r t  140, F inanc ia l  P r o t e c t i o n  Requirements and Indemnity 
Agreements 

AEC adopted amendments t o  i t s  indemnity agreements by having them 

published i n  t h e  Federa l  Reg i s t e r  of August 19.  The amendments concern 

t h e  d e f i n i t i v e  form of t h e  agreement bhich t h e  Commission w i l l  execute 

with those  l i c e n s e e s  who a r e  requi red  t o  maintain pub l i c  l i a b i l i t y  in -  

surance o r  o t h e r  f i n a n c i a l  p ro tec t ion .  Severa l  e d i t o r i a l  changes I n  t h e  

amendments were made a s  suggested by t h e  Atomic I n d u s t r i a l  Forum.14 

On August 3 t h e  Divis ion  of Licensing and Regulat ion s e n t  out  a form 

l e t t e r  t o  var ious  l i c e n s e e s  r e l a t i n g  t o  de f in ing  t h e  l o c a t i o n  of a s i t e  

t o  be indemnified. ' 
A t  t h e  c lose  of the :  f i r s t  s e s s i o n  of t h e  86th Congress, t h e  J o i n t  

Committee on Atomic Energy had pending before  it an  item of l e g i s l a t u r e  

( H . R .  -9244) which would amend t h e  indemnity provis ions  of t h e  Atomic 

Energy Act t o  extend coverage t o  inc iden t s  occurr ing  ou t s ide  t h e  U.S. 

The mat te r  w i l l  be considered during t h e  r ecess  and t h e  next s e s s i o n  of 

Congress. l 6~ 

T i t l e  10, P a r t  150, T rans fe r  of Regulatory Power 

Terms of a proposed agreement with Kentucky f o r  p a r t i a l  t r a n s f e r  

t o  t h e  s t a t e  of t h e  AEC1s r egu la to ry  a u t h o r i t y  over rad io iso topes ,  t h e  

source ma te r i a l s  uranium and thorium, and smal l  q u a n t i t i e s  of s p e c i a l  

nuc lear  m a t e r i a l s  ( u ~ ~ ~ ,  u ~ ~ ~ ,  and plutonium) were approved f o r  pub l i c  

comment and published t n  t h e  Federa l  Reg i s t e r  of September 29. Also 

published was a r a d i a t i o n  c o n t r o l  program proposed by Kentucky ( s e e  a r t i c l e  

i n  t h e  first s e c t i o n  of t h i s  i s s u e ) .  The s t a t e  proposes t o  assume a l l  



regula tory  r e s p o n s i b i l i t y  allowed under t h e  law, including d i sposa l  of 

low-level radioact ive  wastes o the r  than i n t o  t h e  sea  o r   ocean.'*^'^ 

Numerous comments have been received by t h e  Commission, pr imar i ly  

from various o the r  s t a t e s .  They were v i r t u a l l y  unanimous i n  t h e  opinion 

t h a t  t h e  regula t ions  would s e t  up a p o t e n t i a l  d u a l i t y  of j u r i s d i c t i o n  

between t h e  s t a t e s  and t h e  f e d e r a l  government, e s p e c i a l l y  a s  regards 

sec t ions  150.8 (d)  and ( e ) ,  which dea l  with waste d i sposa l  and t r a n s f e r  

of o r  con t ro l  of radioact ive  m a t e r i a l s . 3 ~ 6 ~ 1 0 ~ 2 0  

T i t l e  41, Pa r t  9, Public  Contracts 

On August 29 a nuclear  r eac to r  s a f e t y  c lause  f o r  AEC-owned nonlicensed 

reac to r s  was re leased by t h e  AEC Division of Contracts f o r  pub l i ca t ion  i n  

t h e  Federal Regis ter  a s  an amendment t o  P a r t  9-7, Contract Clauses; T i t l e  

41, Public  Contracts.  The new regula t ions  became e f f e c t i v e  immediately 

upon publ ica t ion  i n  t h e  - . Federal . - . Register .  - - - - It i s  s t i p u l a t e d  t h a t  t h e  c lause  

s h a l l  be incorporated i n  a l l  con t rac t s  involving t h e  s t a r t u p  o r  operat ion 

o r  AEC-owned nonlicensed reactors ,  including c r i t i c a l  f a c i l i t i e s .  The 

clause w i l l  have t h e  e f f e c t  of r equ i r ing  of nonlicensed reac to r s  t h e  e s -  

sent  i a l s  required of l i censed  reac to r s .  

Among points  covered i n  t h e  clause2' a r e :  

1. Acknowledgement t h a t  t h e  cont rac tor  w i l l  exerc ise  a  degree of 

care  commensurate with t h e  r i s k  of a  nuclear  inc ident  which i s  involved. 

2. Agreement by cont rac tor  t o  comply with a l l  nuclear  r e a c t o r  s a f e t y  

requirements ( inc luding repor t ing  and ins t ruc t ions )  of t h e  Commission. 

3. Agreement by cont rac tor  t o  prepare a hazards summary repor t ,  

plans, check l i s t s ,  and procedures t o  assure  s a f e  operat ion and maintenance 



of t h e  reac to r .  The contrac tor  w i l l  a l s o  ca r ry  out personnel t r a i n i n g  

programs and obta in  contrac t ing o f f i c e r  approval p r i o r  t o  s t a r t u p  of the  

reactor .  S ign i f i can t  devia t ion from t h e  provision of t h e  hazards repor t  

w i l l  require  t h a t  a l l  t h e  condit ions of t h i s  item (hazards repor t ,  t r a i n -  

ing, approval, e t c . )  be repeated. 

4. The contrac tor  agrees t o  see  t h a t  a l l  operat ions and maintenance 

a c t i v i t i e s  a r e  performed by qua l i f i ed  t r a i n e d  personnel (un less  otherwise 

speci f ied  i n  writ ing) under qua l i f i ed  supervisory personnel. Plans f o r  

procedures f o r  nuclear  s a f e t y  must be followed s t r i c t l y .  A system of ap- 

proved inspections must be i n s t i t u t e d  t o  provide frequent  checks on reac to r  

and personnel performance. Any change which might a f f e c t  t h e  safe  opera- 

t i o n  of t h e  reac to r  should be promptly reported.  The reac to r  should be 

shut down when t h e  r i s k  of a nuclear inc ident  endangering persons o r  prop- 

e r t y  warrants. Plans t o  minimize t h e  e f f e c t s  of a  nuclear incident  on t h e  

hea l th  and s a f e t y  of t h e  operat ing personnel and publ ic  must be prepared. 

(J .  R.  ~uchanan)  



ACTION ON REACTOR PROJECTS BY LICENSING AND REGULATING BODIES 

The Atomic Energy Act r e q u i r e s  t h e  AEC t o  p r o t e c t  t h e  publ ic  from 

undue hazards r e s u l t i n g  from exposure t o  r a d i o a c t i v i t y .  Regulat ions which 

a r e  followed t o  ensure t h a t  t h i s  r e s p o n s i b i l i t y  i s  f u l f i l l e d ,  while f u r -  

t h e r  ing the  sb in~~l taneous  r e spons ib i l , i t y  f o r  deVeloping, t he ,  use  of nuclear  

energy, a r e  published i n  t h e  "Code of Federa l  Regulat ions."  T i t l e  10 

of t h e  code r e q u i r e s  t h e  AEC t o  make c e r t a i n  s p e c i f i c  f i n d i n g s  regard ing  

t h e  s a f e t y  of t h e  publ ic  before i s s u i n g  e i t h e r  t h e  cons t ruc t ion  permit  

o r  t h e  ope ra t ing  l i c e n s e  f o r  a f a c i l i t y .  It a l s o  r e q u i r e s  au thor i za t ions  

f o r  changes i n  f a c i l i t y  equipment o r  opera t ion  which con ta in  an  element 

of hazard not  previous ly  reviewed o r  approved. The l i c e n s e  a p p l i c a t i o n  

record  of t h e  va r ious  f a c i l i t i e s  i s  r epor t ed  i n  Table VI-4. 

The ACRS on September 11 recommended t o  Chalrman Seaborg of AEC t h a t  

f i v e  po in t s  be considered t o  help ensure adequate mechanical design of 

t h e  primary loop of any nuclear  r e a c t o r  system. Since t h e  primary loop 

i s  t h e  p r i n c i p a l  and, sometimes, t he  f i r s t  l i n e  of containment f o r  r ad io -  

a c t i v e  f i s s i o n  products ,  adequate design of t he  loop components i s  i m -  

po r t an t  t o  the  i n t e g r i t y  of t h e  r e a c t o r  and t h e  h e a l t h  and s a f e t y  of t he  

pub l i c .  

The p o i n t s  recommended were: 

" ( 1 )  Except i n  s p e c i a l  u n i t s ,  a l l  nuclear  v e s s e l s  and p ip ing  
be designed, b u i l t ,  and inspected i n  accordance wi th  
one of t he  recognized codes and t h a t  no dev ia t ion  be 
permi t ted  except  a s  provided by t h e  code uaed; 

( 2 )  In  s e l e c t i o n  of vendors f o r  supplying equipment f o r  
use i n  nuclear  i n s t a l l a t i o n s ,  r ecogn i t ion  be given 
t o  t h e  need f o r  ca re  beyond code requirements  i n  



Table V I - 4 .  Calendar of Legal S teps  i n  Licensing 
U, S ,  Power Reactors  

( t o  be provided sepa ra te ly )  



s e l e c t i o n  of m a t e r i a l s ,  c o n t r o l  of f a b r i c a t i o n ,  and 
t e s t i n g ;  

(3) I n  t h e  Hazards Summary Report, ( a )  t h e  code used be 
s p e c i f i e d ,  and ( b )  assurance be given t h a t  adequate 
concomitant m a t e r i a l  s e l e c t i o n ,  manufacturing procedure, 
and t e s t i n g  w i l l  be used; 

( 4 )  Every e f f o r t  be made t o  expedi te  t h e  l abora to ry  and 
f i e l d  s tudy of r a d i a t i o n  damage of meta ls  as r e l a t e d  
t o  n i l  d u c t i l i t y  temperature; 

( 5 )  The Divis ion  of  Licensing and Regulat ion continue t o  
pursue v igorous ly  t h e  de terminat ion  of  t h e  s t a t u s  of 
p re sen t  r e a c t o r  ves se l s ,  t he  necessary s t e p s  t o  avoid 
f a i l u r e  from b r i t t l e  f r a c t u r e ,  and d e f i n i t i o n  of t h e  
b a s i s  f o r  prevent ive  des ign  of  f u t u r e  i n s t a l l a t i o n s . "  

Recent a c t i o n s  on s p e c i f i c  r e a c t o r s  a r e  descr ibed  below. 

On September 7-9, t h e  Advisory Committee on Reactor Safeguards con- 

s ide red  t h e  3 5 . 7 - ~ w ( t )  experimental  boi l ing-water ,  i n t e r n a l  nuclear  super-  

hea t ,  BORAX V r e a c t o r , 2 3  which i s  near ing  completion a t  t h e  National  Re- 

a c t o r  Tes t ing  S t a t i o n .  Since the  f a c i l i t y  i s  t e s t i n g  a  new concept,  t he  

Committee f e l t  it would be prudent  t o  provide d u p l i c a t e  pe r iod  c i r c u i t r y  

and t o  provide t h a t  t h e  r e a c t o r  be shu t  down i n  t h e  event  t h a t  one of  

t h e  two power l e v e l  scrams is  i n a c t i v a t e d  f o r  any reason.  The ACRS a l s o  

suggested t h a t  t h e  Argonne National  Laboratory do some a d d i t i o n a l  acc iden t  

ana lyses .  

The ACRS concluded t h a t  t he  " f a c i l i t y  may be opera ted  without  undue 

hazard t o  t h e  h e a l t h  and s a f e t y  of t h e  publ ic  and s i t e  personnel f f  w i th  

t h e  a d d i t i o n  of suggested ins t rumenta t ion  and evacuat ion p l ans  i n  in -  

corpora t ing  t h e  r e s u l t s  of suggested acc iden t  s t u d i e s .  



Dresden Reactor ( ~ o c k e t  50-10) 

On September 28, Commonwealth Edison of Chicago was advised by the  

AEC's Divis ion  of Licensing and Regulat ion t h a t  i t  could conduct a high 

core-void con ten t  t e s t  i n  t h e  630-MW ( t  ) Dresden boi l ing-water  power r e -  

a c t o r .  The t e s t  i s  t o  be conducted a s  descr ibed  i n  Edison ' s  proposa l  of 

September 6 and fou r  supplementary submi t t a l s ,  s u b j e c t  t o  a d d i t i o n a l  con- 

d i t i o n s  s e t  by AEC.24 It i s  planned t o  increase  the  voids i n  the  co re  

froln a normal va lue  of 12 w t  t o  about  30 w t  $ i n  gradual  s t e p s .  Tech- 

n i c a l  personnel  from General E l e c t r i c  w i l l  superv ise  t h e  t e s t ,  which w i l l  

t ake  only about  12 h r .  The r e s u l t s  of the  t e s t  a r e  expected t o  c o n t r i b u t e  

t o  t h e  advancement of boi l ing-water  r e a c t o r  des ign .25  

Edison was advised,  on October 4, t h a t  i t s  J u l y  11 r e q u e s t  f o r  ex- 

emption from equipping h igh - rad ia t ion  a r e a s  with v i s i b l e  and aud ib le  

alarms a s  r equ i red  by p a r t  20 of t h e  Code of  Fede ra l  Regulat ions could 

not  be j u s t i f i e d .  It was f e l t  t h a t  s u f f i c i e n t  information had not  been 

presented  t o  warrant  accep t ing  the  proposed admin i s t r a t ive  and mechanical 

safeguards as s u i t a b l e  s u b s t i t u t e s .  2 4  

On August 1, Edison was advised26 t h a t  t h e r e  was no o b j e c t i o n  t o  a 

change i n  t h e  des ign  of f u e l  assembiy PF-12. During t h e  month of Sep- 

tember, Edison proposed t h r e e  a d d i t i o n a l  changes t o  r e a c t o r  s p e c i f i c a t i o n  

components. They were: 

1. To inc rease  t h e  primary steam flow by 12% and secondary f low 

by 18$. 

2 .  To change t h e  hydraul ic  c o n t r o l  blade d r i v e  t o  reduce o p e r a t i o n a l  

t e s t i n g  t ime.  



3. To inc rease  t h e  q u a n t i t y  of emergency l i q u i d  poison s to rage  s o  

t h a t  t he  concen t r a t ion  of t h e  bo ra t e  i n  s o l u t i o n  could be lowered. 

On October 3, t h e  AEC n o t i f i e d  Edison t h a t  t he  t h r e e  changes should 

not  be made u n t i l  au thor ized  i n  w r i t i n g  by t h e  Commission. Addi t iona l  

information was reques ted ,  s i n c e  t h e  Comrflission f e l t  t h a t  poss ib l e  hazards 

a s s o c i a t e d  wi th  t h e  changes could no t  be p rope r ly  analyzed us ing  the  i n -  

Tormation previous ly  submit ted.  24 

Edison has reques ted  suspended c r e d i t  on i t s  insurance indemnity 

f e e  covering t h e  r e c e n t  shutdown pe r iod .  2 6  7 The insurance a s s o c i a t i o n s ,  

Nuclear Energy Property Insurance Assoc ia t ion  and Mutual Atomic Energy 

Reinsurance Pool, have t h e  refund r eques t  under cons ide ra t ion ,  bu t  nothing 

f i r m  on t h e  formula t o  be followed has been announced, as y e t . 2 5  

Elk River Reactor ( ~ o c k e t  PP-1) 

The AEC, on September 27, submit ted a  l e t t e r  t o  Allis-Chalmers w i th  

r e s p e c t  t o  t h e  p re s su re  v e s s e l  d i f f i c u l t i e s  of t h e  58-Mw boi l ing-water  

Elk River r e a c t o r .  2 7  The v e s s e l  had developed many p i n  ho le s  and c racks  

i n  t h e  weld over lay  c ladding  near  t h e  head f l a n g e .  Des t ruc t ive  examina- 

t i o n s  revea led  thousands of a d d i t i o n a l  i n t e r n a l  d e f e c t s  i n  t h e  c ladding  

which were not  apparent  from su r face  examinat ions.  The AEC f e e l s  t h a t  

improper m a t e r i a l  o r  techniques were used i n  apply ing  t h e  c l add ing .  2 L .  

The head of t h e  v e s s e l  was re tu rned  t o  t h e  manufacturer so  t h a t  t h e  

d e f e c t i v e  base meta l  could be removed t o  i t s  f u l l  depth  and new c ladding  

app l i ed .  Although the  AEC had rece ived  information on t h e  r e p a i r s ,  it 

f e l t  t h a t  t he  d a t a  were not  adequate and t h a t  information on q u a l i t y  

c o n t r o l  techniques,  r e s u l t s  of chemical and m e t a l l u r g i c a l  examinations 

of numerous sample p lugs ,  and o t h e r  techniques of examinations must be 



forthcoming. The AEC a l s o  reques ted  a  comprehensive examination of t h e  

v e s s e l  o t h e r  than  t h e  head f l a n g e  and r e p a i r  i f  d e f e c t s  a r e  found. 2 4  

I n  a  r e p o r t  of August 18, Allis-Chalmers advised t h e  AEC t h a t  dur ing  

v e s s e l  f a b r i c a t i o n  a d d i t i o n a l  metal  was welded on t h e  ou t s ide  su r f ace  of 

a  v e s s e l  f l a n g e  because of a mismatch between t h e  f l a n g e  and 

I n  view of t h i s ,  t h e  AEC f e e l s  t h a t  t h e  s t r e s s  a n a l y s i s  completed dur ing  

t h e  v e s s e l  des ign  i s  no longer  adequate and accord ingly  has reques ted  a  

more complete a n a l y s i s .  

On J u l y  10 and 18, i n  l e t t e r s  t o  Alphonso Tammuro, a s s i s t a n t  gene ra l  

manager of AEC1s Divis ion  of Reactor Development, Edward E. Wolter of 

Rura l  Cooperat ives  Power Assoc ia t ion  p r o t e s t e d  a g a i n s t  what he f e l t  were 

unnecessary de lays  of t h e  r e a c t o r  p r o j e c t  by t h e  a c t i o n  of AECrs Div is ion  

of Licensing and Regula t ion .  In  a  r e p l y  of J u l y  25, Tammuro a s su red  t h a t  

AEC is  aware of t h e  sense of urgency f o r  t h e  Elk River  s t a r t u p  bu t  t h a t  

t h e  concern f o r  s a f e t y  j u s t i f i e d  any time l o s t  i n  c l a r i f i c a t i o n s  and 

remedy of t he  r e a c t o r  s problems. 

The ACRS, on August 3, advised t h a t  on t h e  b a s i s  of i t s  subcommittee 

s tudy  t h e  Elk River v e s s e l  "meets t h e  minimum requirements  and is  accep t -  

a b l e  from a s a f e t y  viewpoint if  no f u r t h e r  de t r imen ta l  information develops ."  

They f e l t  t h a t  t h e  AEC s t a f f  was cognizant  of t h e  s i t u a t i o n  and should 

cont inue t o  fo l low it c lose ly .30  

Enrico Fermi Atomic Power P l a n t  ( ~ o c k e t  F-16) 

On September 10,  t h e  Power Reactor  Development Company submit ted 

t o  t he  AEC t h e  seventh volume of a  seven-volume hazards r e p o r t  on t h e  

200-MW (t  ) (maximum power i n  a u t h o r i z a t i o n  r e q u e s t )  Enrico Fermi 



f a s t -b reede r  r e a c t o r .  2 5  The o the r  volumes had been previous ly  sub- 

mi t t ed .  

Hallam Reactor ( ~ o c k e t  PP-3) ----- 

Atomics I n t e r n a t i o n a l  requested,  on September 25, t h a t  i t s  p r i o r  

a p p l i c a t i o n  f o r  ope ra t ing  a u t h o r i z a t i o n  f o r  t h e  2 4 0 - ~ w ( t )  Hallam Reactor 

be amended t o  cover t h e  Dry Zero Power Experiments ( f u e l  i n  r e a c t o r ,  bu t  

no coo lan t )  . They hope t o  begin t h e  experiments i n  January 1962. 2 4  

The AEC, i n  a r e p l y  of September 29, advised t h a t  very c l o s e  sched- 

u l i n g  was needed i n  o rde r  t o  hold a hear ing  and g e t  a u t h o r i z a t i o n  f o r  

t he  experiments t o  begin a s  soon a s  planned. Before t h e  hear ing ,  which 

was t o  be he ld  on November 30, t he  AEC needed proposed t e c h n i c a l  spec i -  

f i c a t i o n s  from Atomics ~ n t e r n a t i o n a l , ~ ~  t h e  ACRS had t o  review the  case ,  

and the  s t a f f  Is hazards a n a l y s i s  on the  r e a c t o r  had t o  be a v a i l a b l e  t o  

t h e  pub l i c  a t  l e a s t  20 days p r i o r  t o  t h e  hea r ing  d a t e . 2 4  

Atomics I n t e r n a t i o n a l ' s  course of a c t i o n  w i l l  r e q u i r e  another  hear ing  

on a u t h o r i z a t i o n  f o r  wet opera t ions  a f t e r  p l a n t  completion and poss ib ly  

s t i l l  another  hea r ing  t o  cons ider  ful l -power ope ra t ion .  2 4  

Humboldt Bay ( ~ o c k e t  50-133) 

The P a c i f i c  Gas and E l e c t r i c  Company, on September 1, submitted t o  

the  AEC the  F i n a l  Hazards Summary Report f o r  t he  163-Mw(t) Humboldt Bay 

r e a c t o r  .25 On October 4 ,  P a c i f i c  Gas and E l e c t r i c  r e l e a s e d  a r ev i sed  

working schedule f o r  t h e  p l a n t ,  and, i f  the  schedule i s  met, cons t ruc t ion  

w i l l  be completed, f u e l  loading  commenced, and i n i t i a l  c r i t i c a l i t y  a t t a i n e d  

i n  August 1962.31 



P a c i f i c  Gas and E l e c t r i c  submit ted t o  AEC, on Oc-tober 23, a  reques1;ed 

r e p o r t  concerning AEC's survey of r e a c t o r  v e s s e l s  f o r  induced b r i t t l e n e : ; ~  

from -the e f f e c t s  of neutron dose .  3 2  

Indian  Poin t  Reactor ( ~ o c k e t  50-3) ---------- 

On August 24, Consol idated Edi::on Company r ece ived  permission t o  ex-  

tend  t h e  completion d a t e  f o r  i t s  585-Mw(t ) p ressur ized-water  Indian  I-'dint 

Reactor t o  December 15,  1961 (from October 1, 1961) .  The ex tens ion  had 

been reques ted  because of de l ays  caused by l abo r  d i s p u t e s  and because of' 

ex t ens ive  t e s t i n g  programs. 33  During September, Consol idated Edison 

s u - ~ ~ n i t t e d  t h e  AEC t ech f i i ca l  s p e c i f i c a t i o n s ,  a  p r e o p e r a t i o n a l  environ-s  

nlental survey of t h e  r e a c t o r  v i c i n i ~ y ,  and a d d i t i o n a l  in format ion  on iht:  

s u i t a b i l i t y  of  17-4 PH s t a i n l e s s  s t e e l  f o r  use  i n  t h e  c o n t r o l  rod  d r i v e  

m e c h a n i ~ m ~ . 2 7 , 2 5 ~ 3 ~ > 3 5  

Consol idated Edison asked AEC, on October 19,  f o r  a  l i c e n s e  amend- 

ment e s t a b l i s h i n g  s a f e t y  l i m i t a t i o n s  beyond which t h e  f a c i l i t y  should not  

ope ra t e  wi thout  AEC a u t h o r i z a t i o n .  36 

LaCrosse Boiling-Water Reactor 

On May 18-20) t h e  Advisory Committee on Reactor  Safeguards cons idered  

the Dairyland Power Cooperative s i t e  near  Genoa, Wisconsin, f o r  t h e  pro-  

posed 1 6 5 - ~ w ( t )  Lacrosse improved-cycle boi l ing-water  r e a c t o r .  ' The 

Esme s i t e  had been considered,  and found s u i t a b l e ,  by t h e  Committee on 

A p r i l  6-8 f o r  a 2 0 0 - ~ w ( t )  organic-cooled pro to type  r e a c t o r .  The Committee 

!lad been presented  a  pre l iminary  d e s c r i p t i o n  of t h e  improved-cycle b o i l i n g -  

wa.t.er r e a c t o r  i n  1960 f o r  s i t i n g  i n  C a l i f o r n i a .  The ACRS concluded t h a t  



i n  i t s  opinion, the  Dairyland s i t e  was "sui table  f o r  a  r e a c t o r  of t h i s  

general  type and power l e v e l .  " 

Nuclear Merchant Ship NS Savannah 

Early i n  November, a  r igorous 4-hr "dry run" i n  a t e s t  loading of 

the  core of the  6 9 - ~ w ( t )  pressurized-water r eac to r  of the  NS Savannah 

was completed. The t e s t  loading prepared shipyard personnel f o r  a c t u a l  

loadings which were expected t o  fol low soon.38 Pr io r  t o  the dry run, f i n a l  

in tegra ted  t e s t s  of the  cooling, control ,  p u r i f i c a t i o n ,  r a d i a t i o n  moni- 

tor ing,  emergency shutdown, and a l l  o ther  systems had been completed. 

During these t e s t s ,  the  reac to r  con t ro l  rod d r ive  system i n i t i a l l y  f a i l e d  

t o  perform up t o  spec i f i ca t ions .  The d i f f i c u l t y  was el iminated by ad jus t -  

ments i n  the hydraulic por t ion  of the  system.39 

Pathfinder Reactor ( ~ o c k e t  50-130) 

On August 8, the  Northern S t a t e s  Power Company advised the  AEC t h a t  

the  schedule submitted ( i n  September 1960) f o r  review of the  2 0 3 - ~ w ( t )  

Boiling-Water Pathfinder ~ e a c t o r ~ '  cannot be met. Events a r e  genera l ly  

being postponed by two t o  three  months, wi th  i n i t i a l  c r i t i c a l i t y  expected 

i n  June 1962. The Company expects t o  issue a new schedule soon. 

Peach Bottom Reactor ( ~ o c k e t  50-171) 

On August 7 and October 20 Philadelphia E l e c t r i c  Company submitted 

da ta  t o  the  AEC on the  1 1 7 - ~ w ( t )  High-Temperature Gas-Cooled Peach Bottom 

Reactor. 2 9 ,  3 6  The information included a p l a n t  descr ip t ion,  sa,feguards 

analyses ( inc luding an i n i t i a l  hazards r e p o r t ) ,  s i t e  and environmental 

da ta ,  and spec i f i ca t ions  on the  proposed reac to r  pressure v e s s e l .  



The f i n a l  hazards r e p o r t  i s  expected t o  be i s sued  about  October 1963. 

The AEC has s e t  a hear ing  f o r  December 18  t o  consider  issuance of a con- 

s t r u c  t i o n  permit  f o r  t h e  f a c i l i t y . 4 0  The e a r l i e s t  completion of t h e  p l a n t  

i s  es t imated  t o  be March 1, 1964, t h e  l a t e s t  December 31, 1964. 

Piqua Nuclear Power F a c i l i t y  (Docket PP-2) 

In  a l e t t e r  of October 20, Atomics I n t e r n a t i o n a l  recommended t h a t  

a publ ic  hear ing  f o r  an  ope ra t iona l  l i c e n s e  not  be he ld  on t h e  4 6 - ~ w ( t )  

Organic-Cooled and -Moderated Piqua i n  December because the  

comtemplated fue l - load ing  da te  d i d  not  n e c e s s i t a t e  a hear ing  t h a t  e a r l y  

and, a l s o ,  they were prepar ing  f o r  a hear ing  on t h e i r  Hallam f a c i l i t y .  

Ear ly  1962 was suggested a s  a poss ib l e  hear ing  d a t e  f o r  t h e  Piqua r e a c t o r .  

Plum Brook (NASA) Reactor ( ~ o c k e t  50-30) - 

On J u l y  24, JJASA submitted d e t a i l s  of a change on the  6 0 - ~ w ( t )  Light-  

Water-Cooled and -Moderated Plum Brook Reactor . 2 6  The change concerned 

i n s t a l l a t i o n  of beam room f a c i l i t i e s  s o  t h a t  experiments wi th  neutrons 

i n  the  ep i thermal  e n e r a  range could be run .  NASA repor t ed  t h a t  t h e i r  

safeguards committee had reviewed the  change and t h a t  it was not  considered 

an unreviewed s a f e t y  ques t ion .  

Saxton Reactor ( ~ o c k e t  50-146) 

AEC's Chief Hearing Examiner, Samuel W .  Jensch, recommended, on 

October 11, t h a t  a p rov i s iona l  opera t ing  l i c e n s e  t o  cover the  s t a r t u p  

period be granted  t o  t h e  20-Mw Pressurized-Water Saxton Reactor .  Included 

i n  the  proposed l i c e n s e  was a change procedure pa t t e rned  a f t e r  t h a t  i n  



t h e  l i c e n s e  of t h e  V a l l e c i t o s  Boiling-Water Reactor w i th  a  modif ica t ion  

r ep resen t ing  "an i n i t i a l  endeavor t o  a s s i s t  i n  t h e  de terminat ion  of t h e  

au thor ized  change procedures."  This  was done by inc luding  i n  t h e  d e f i n i -  

t i o n  of t he  term " f a c i l i t y "  only those p l a n t  systems and components having 

a  s i g n i f i c a n t  bear ing  on the  s a f e t y  of t h e  p l a n t  .41 The hear ing  on which 

Jensch t s  dec i s ion  was based was he ld  September 6 . 4 2 ) 4 3  

The Saxton Nuclear Experimental Corporation, on October 23, suppl ied  

information t o  t h e  AEC concerning a  survey of  r e a c t o r  v e s s e l s  f o r  induced 

b r i t t l e n e s s  from the  e f f e c t s  of i n t e g r a t e d  f l u x .  The submitted informa- 

t i o n  was obtained by Westinghouse and A .  D .  Smith from s t u d i e s  on the  

Saxton v e s s e l .  32  

V a l l e c i t o s  Boiling-Water Reactor ( ~ o c k e t  50-18) 

On September 1, the  AEC i s sued  t o  t h e  General E l e c t r i c  Company an 

amendment t o  the  l i c e n s e  of t h e  5 0 - ~ w ( t )  (au thor ized  power) V a l l e c i t o s  

Boiling-Water Reactor 

" s e t t i n g  f o r t h  new provisiol is  on r e a c t o r  component in spec t ions ,  
v i s u a l  monitoring f o r  i n d i c a t i o n  of c o n t r o l  rod  s t i c k i n g  or  
binding, withdrawal of disconnected c o n t r o l  rods ,  r e a c t o r  
shutdown procedures and precaut ions ,  and a  new r e p o r t i n g  
requirement on s i g n i f i c a n t  v a r i a t i o n s  from p red ic t ed  values 
of r e a c t o r  ope ra t ing  c h a r a c t e r i s t i c s  which might a f f e c t  
nuclear  s a f e t y .  " 

In  add i t ion ,  t h e  amendment provides t h a t  GE should main ta in  adequate nu- 

c l e a r  c o n t r o l  ins t rumenta t ion  and q u a l i f i e d  supe rv i s ion  du r ing  shutdown 

per iods  when core r e a c t i v i t y  can change.34 

On September 29, GE objec ted  t o  t h e  f a c t  t h e t  t h e  l i c e n s e  amendment, 

had incorporated,  by r e fe rence ,  a  GE l e t t e r  of January 25, 1961, s i n c e  

t h e  l e t t e r  was prepared without  knowledge t h a t  t h e  information i n  t h e  



l e t t e r  would become p a r t  of  t h e  f a c i l i t y  l i c e n s e  t e c h n i c a l  s p e c i f i c a t i o n s .  

While GE has no ob jec t ions  t o  the  substance of the  a d d i t i o n a l  requirements,  

they f e l t  t h a t  they should be s p e c i f i e d  i n  the  amendment in s t ead  of merely 

re ferenced .  2 4  

GE was advised on September 21 t h a t  permission t o  perform a c o n t r o l  

rod  m a t e r i a l  t es t  was granted according t o  f i l i n g s  of May 16  and Ju ly  1 4 ,  

Va l l ec i to s  E x ~ e r i m e n t a l  S u ~ e r h e a t  Reactor ( ~ o c k e t  50-183) 

On August 10,  t h e  AEC gave the  General E l e c t r i c  Company a permit  

au tho r i z ing  cons t ruc t ion  of  t he  1 2 . 5 - ~ w ( t )  Va l l ec i to s  Experimental Super- 

hea t  ~ e a c t o r  . 3 0  The e a r l i e s t  completion da te  is s e t  f o r  A p r i l  1, 1962, 

and t h e  l a t e s t  f o r  February 28, 1963. 

Nestinahouse Tes t  Reactor (Docket 50-22) 

On August 17, t h e  AEC granted  Westinghouse E l e c t r i c  Corporat ion ex- 

emption from requirements  f o r  audib le  alarm devices  f o r  a s p e c i f i c  a r e a  

surrounding p a r t  o f  t h e  primary coolant  loop of i t s  60-Nw(t) t e s t  r e a c t o r  . 2 9  

The AEC f e l t  t h a t  t he  Westinghouse proposed h igh - rad ia t ion  c o n t r o l  pro- 

cedures were an  acceptable  a l t e r n a t e  t o  t h e  requirements  i n  p a r t  20 of  

t h e  Code of Fede ra l  Regulat ions.  

Yankee ( ~ o c k e t  50-29 ) 

The Yankee Atomic E l e c t r i c  Company was advised by t h e  AEC, on Ju ly  

21, t h a t  i t s  proposed change ( N O .  9 )  which provided f o r  access  t o  t h e  

vapor con ta ine r s  while  t h e  4 8 5 - ~ w ( t )  Pressurized-Water Yankee Reactor 

i s  a t  power was acceptable  ( a s  modified by AEc) . 2 9  



On August 21, Yankee advised the  AEC t h a t  i t  was adding undervoltage 

p ro tec t ion  t o  the  four  2400-v c i r c u i t s  supplying t h e  main coolant  pumps 

t o  p o s i t i v e l y  prevent r e s t a r t i n g  a pump by re-energiz ing  a 2400-v bus 

fol lowing an  i n t e r r u p t i o n  i n  power t o  t h a t  bus. They noted t h a t  p r i o r  

au thor i za t ion  from AEC was not requi red .33  

On September 12, AEC n o t i f i e d  Yankee t h a t  approval  t o  perform a  t e s t  

demonstration of the use of bo r i c  a c i d  a t  higher  concent ra t ions  while 

opera t ing  t h e  power a t  f u l l  load was granted.  The l i c e n s e  r e s t r i c t i o n s  

on bor ic  a c i d  concent ra t ions  were va r i ed  f o r  the  per iod  of the  t e s t ,  t h a t  

i s ,  two t o  s i x  weeks. "The proposed t e s t  i s  intended t o  demonstrate 

f e a s i b i l i t y  of using bor i c  a c i d  a s  a  means of extending the  l i f e t i m e  of 

f u t u r e  core loadings ."25 

On October 23, Yankee submitted an answer t o  AEC concerning i r r a d i a -  

t i o n  of i t s  r e a c t o r  (J. R .  Buchanan) 



SAFEGUARDS REPORTS AND SELECTED FEADING 

The recen t ly  issued safeguards repor t s  and se lected l i t e r a t u r e  per- 

t a in ing  t o  hazards of reactors  are  l i s t e d  below f o r  reference.  Fecause 

of the  s im i l a r i t y  of many reac to rs  ( i n  pa r t i cu la r ,  research r eac to r s ) ,  

t h i s  l i s t  i s  not intended t o  be a l l  inc lus ive .  

1. L. R .  Amyot e t  a l . ,  Safeguards Report f o r  t h e  MGCR C r i t i s a l  Ex- 

periment,, GA-1100, General Atomic, December 18, 1959. 

2. Application t o  U .  S. Atomic Energy Commission f o r  Reactor Con- 

~ t ~ r u c t i o n  Permit and Operating License, F ina l  Safeguards Report from 

Saxton Nuclear Experimental Corporation a t  Reading, Pennsylvania, NP- 

10094, 1961. 

3. Army Gas -Cooled Reactor Systems Program, GCRE-I Hazard Summary 

Report, IDO-28506, July  8, 1959; GCRE-I Hazard Summary Report, Addendum 

I; GCRE-I Hazard Summary Report, Addendum 11; GCRE-I Hazards Summary Re- 

port ,  Addendm 111. 

4. R .  L. Ashley e t  a l . ,  F ina l  Report, SRE Fuel  Element Damage, of 

t he  Atomic s In te rna t iona l  Ad Hoc Committee, NAA-SR-4488 (supplement ) , 
June 30, 1961. 

5 .  P. Balligand, Operational Accidents i n  EL 2 and EL 3 between 

1.1. 1957 and 1.7.  1959, CEA-1397, 1960. 

6. D. W .  Ba t t l e s  and E. G. Joki, Summary Report on the Hazards of 

t he  UTR Test  Reactor, ATL-D-619, June 7, 1961. 

7. Belgian Engineering Test Reactor, BR-2, Safety and Design, Final  

Report, BLG-59, May 1, 1961. 

8. W .  E. Bost, Radiation Protect ion Standards, A L i t e r a tu r e  Sear;kL, 

TID-3551, rev.  1, June 1961. 



9 .  J,  C . Couchman, Graphic and Tabular Aids f o r  Reactor  Hazards 

Evaluation, FZM-227, June 9, 1961. 

10 .  P .  W .  Davison e t  a l . ,  Yankee C r i t i c a l  Experiments Hazards Sum- 

mary Report, YAEC-31, Supplement 2, J u l y  1, 1958. 

11. D .  R .  deBoisblanc e t  a l . ,  Hazards Evalua t ion  of Proposed S i t e  

f o r  ETR 11, IDO-16623, P h i l l i p s  Petroleum Company, August 18, 1960. 

12. Enr ico  Fermi Atomic Power P l a n t  Revised License Applicat ion,  

P a r t  A, General Information and Request f o r  License; P a r t  B, Technical  

Information and Hazards Summary Report, Volumes 1 through 6, NP-10458, 

J u l y  1961. 

13 .  F .  L. Fil lmore,  Analysis of SRE Power Excursion of J u l y  13, 

1959, NAA-SR-5898, Atomics I n t e r n a t i o n a l ,  Div is ion  of North American 

Aviation, September 15, 1961. 

4 F i n a l  Safeguards Summary Report f o r  t h e  Piqua Nuclear Power 

F a c i l i t y ,  NAR-SR-5608, Atomics I n t e r n a t i o n a l ,  Div is ion  of North American 

Aviation, Inc  . , August 1, 1961. 

15.  W .  Haass and J. Seig,  PM-1 Nuclear Power P l a n t  Addendum t o  

Hazards Summary Evaluat ion,  MFID-M-1853, Addendum I ,  February 1961. 

1.6. W. Haass, PM-3A Nuclear Power P lan t ,  Hazards Summary Report,  

S i t e  Descr ip t ion  and Safe ty  Evaluat ion,  Vol. 111, MND-M3A-2496-11, 

June 1961 

1 7 .  Hazards Summary Report f o r  t h e  Univers i ty  of Puer to  Rico Nuclear 

Reactor ,  ORO-402, March 1960. 

1 8 .  E. U. Kauer, Metal-Water React ions,  A L i t e r a t u r e  Survey, TID- 

12746, March 17,  1961. 



19 ,  L. V .  Koch e t  a l . ,  EBR-I1 Dry C r i t i c a l  Experiments, Experimental 

Programs, Experimental Procedures, and Safe ty  Considerat ions,  ANL-6299, 

February 1961. 

20, A .  L .  MacKinney, Hazards Summary Report Advanced Tes t  Reactor 

C r i t i c a l  Experiment at  Lynchburg, Virg in ia ,  TID-13696, August 1961. 

21. R .  L .  Menegus and H, F.  Ring, Reactor Sa fe ty  Determination 

Savannah River P lan t ,  TID-5584 (DPW-56-106 ) , February 1956. 

22. R .  C .  Paulus e t  a l . ,  Nuclear Inc iden t  at t h e  Idaho Chemical 

Processing P lan t  January 25, 1961, Report of t h e  Inves t iga t ing  Committee, 

IDO-10036, June 1, 1961. 

23,. H .  D.. Raleigh and R .  L .  Sco t t ,  Nuclear Instrumentat ion,  A 

L i t e r a t u r e  Search, TID-3550, r ev .  1, June 1961. 

24. N ,  G .  Wittenbrock, F i n a l  Safeguards Analysis,  Plutonium R e -  

cyc le  Tes t  Reactor,  Supplement 3, Ef f luen t  Ac t iv i ty  Limits ,  HW-61236, 

Supplement 3, Apri l  1961. 
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