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T h i s  report is based upon o f f i c i a l  documents on v a r i o u s  

aspects of t h e  U.S. nuclear tes t ing  program. The document 

cen t ra l  to this report is t h e  formerly secret r e p o r t ,  now 

declassifed wi th  d e l e t i o n s ,  on t h e  experimental i r r a d i a t i o n  of 

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

r e s u l t i n g  from n u c l e a r  weapons’ e x p l o s i o n s  e n t i t l e d  Early Cloud 

P e n e t r a t i o n s .  

T h i s  :eport  would n o t  have been g o s s i b l a  r i t h o u t  t h e  i n s i g h t  

and h e l p  o f  .3obert AlvarPz ,  5 i r e c t o r  of tSe  Xuclear qeapons and 

?ewer p r o j e c t  of :Se Envi ronmen ta l  ? o l i c y  I n s t i t u t e .  !lis 

i n t i m a t e  knowledge wi th  t h e  s u b j e c t  of n u c l e a r  t . e s t ing  and 

=elated natters  has Led biin to d i s c z v e r  and :a r e c z g n i z e  t h e  

s i g n i f i c a n c e  of nany documents and f a c t s ,  among :hem :3e document 

2arly Cloud ? a n e c r a c i o n s ,  which is tSe s u b j e c t  of :h i s  r e p o r t .  1 

would also Like to  :bank E. Cooper 3rown, and t he  Yational  

Committee €o r  2 a d i a t i o n  V i c t i m  w h i c h  made tSe i s s o u r c e s  

avai lable  f o r  :his  p r o j e c t .  J e r n d  F‘ranke helsed wits :Se 

i z t z r n a l  <os2 =alc*Jla: ions.  Z L a i n e  Xausc.iil5.t of Teamwork, Znc. 

? i d  h e r  a s u a l  l e t t e r  ? e r f e c t  ty?inq on s h o r t  n o t i c e .  
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CBAPTER 1 
Summary and Conclusions . 

Maximum dose rates as h i g h  as  800 r / h t  were 
encounteredl and s e v e r a l  f l i g h t s  y i e l d e d  t o t a l  
r a d i a t i o n  d o s e s  to  Crew of 15 r ( o e n t g e n s 1 ,  as measured 
by film badges ,  and 3 5  r(ocntgens1 t o  40 r ( 0 e n t g c n s )  I 
a s  measured by instrumentation more s e n s i t i v e  to  low- 
energy (gamma) r a d i a t i o n .  

P r e l i m i n a r y  Report 
E a r l y  Cloud P e n e t r a t i o n s  
Armed Forces  S p e c i a l  Weapons Project 

During O p e r a t i o n  Redwing, a ser ies  of 17 n u c l e a r  weapons'  

'tests a t  3 i k i n i  and Znewetak i n  1 9 5 6 ,  t h e  Commanders of  j o i n t  

~ z s k  Force Seven conducted an exper iment  i n  whict  A i r  Force 

? e r s o n n e l  and a i r c - a f t  were d e l i b e r a t e l y  and r e p e a t e d l y  flown 

tSrouqh h i g h l y  r a d i o a c t i v e  mushroom c l o u d s .  This  ex7e r imen t  is 

now o f f i c i a l l y  l a b e l e d  as 3uman Zxrreriment t133 2y :Se Departsnent 

o f  Znerqy i n  its communication wits t h e  Souse Sukcommit:ee on 

Znerqy C m s e r v a t i o n  and Power of :he U.S. Congress.  T3e ?ur?ose 

of :.'lis ex?er iment  v a s  t o  s u b j e c t  2 e r s o n n e l  and z l : c r a f t  t o  

r a d i a t i o n  20 o b t a i n  in fo rma t ion  which  would enable  the Air Tgrce 

t o  p l a n  o p e r a t i o n s  i n  and near  nushroom c l o u d s  ir. case of  n u c l e a r  

xar  . 
T h e  o p e r a t i o n  v a s  undertaken w i t h  t h e  f u l l  izowledqe t h a t  i: 

'was .7er:? zaza rdous  and w a u l 2  subject p e r s o n n e l  cs s u b s t a n t i a l  

doses of : a d i d t i o n .  As long ago as Hay 1 9 4 5 ,  t h e  c h i e f  s c i en t i s t  

> f  :.*.e : s x n  :.'.at Tiesiqned :.'.e first a:Sm bomb >ae .wa:zed :.*.az 

m s t  avoi2 comi.iq close t o  the c loud  of ! c a d i o i a c : i . ~ e  a l z c r a f z  

nacz r  :a-. 

* '  

' . I  

Dr3ne a i r = r a € :  sen: i n c 3  :he sushroom c l o u d s  ? u r i ? g  the 

t ~ s r s  a f z e r  X o r l d  X a :  I1 c m f i z a e d  t h e  l e t h a l  1 e ~ e l s  3 f  r a d l z z i o n  



in them at times a few minutes after the detonation.. A report on 

Operation Greenhouse said that while some penetrations may be 

lethal, some pilots may be able to return to base since .the 

effects of radiation are frequently sufficiently delayed to 

permit such an Operation even though the crew were eventually 

doomed. 

The penetrations of the mushroom clouds were delayed by a 

few minutes (to a minimum of 20 minutes after the detonation) to 

avoid immediate radiation sickness. Fligh levels of radiation up 

to 800 roentgens per hour were encountered by the aircrews. Most 

of the crew members received well over the maximum permissable 

radiation level of 3.9 roentgens set for personnel €OK Operation 

Redwing. In anticipation of this, a different standard was 

adopted for  the aircrews. They were permitted to receive 3.9 

roentqen during a single flight and 20 roentgen during the entire 

operation. These limits were also exceeded. The maximum 

recorded dose to a crew member was 40 roentgen. Anywhere from 2 6  

to over LOO Gersonnel were involved i n  the early cloud 

?enetrations which involved experiments as well 3s cloud 

sampling. 

One of the most significant aspects of the official 

preliminary report of the human experiment is that it admits that 

f i h  badge readi3as of radiation doses were Loo '_ow by a factor 

of ~ ' J O  and a half. Thus, when the film badges measured radiation 

levels of 1 5  roentgen to the crew, more sensitive instruments 

measured 35-40 roentgen. This fact has, howev*r, been entirely 

omitted S y  the Defense Nuclear Aqency i n  its o f f i c i a l  assessment 

i 



in 1982 o f  the radiation d o s e s  a t  Operation Redwing., ma team 

t h a t  p r e p a r e d  t h e  1982 report was f a m i l i a r  wi th  t h e  special 

r e p o r t  on the early p e n e t r a t i o n  exper iment  w h i c h  stated € l a t l y  

t h a t  film badges  were o n l y  "minimally r e s p o n s i v e "  to  low-energy 

r a d i a t i o n .  Y e t  it chose to  i g n o r e ,  pe rhaps  even s u p p r e s s  t h i s  

f a c t .  The c l a i m s  o f  t h e  Defense Nuclear  Agency (and through i t ,  

t h o s e  of  t h e  Ve te rans  A d m i n i s t r a t i o n )  t h a t  f i l m  badges a r e  t h e  

b e s t  ava l a b l e  source of  e x t e r n a l  r a d i a t i o n  e s t i m a t e s  is not 

c o r r e c t .  Th i s  c l a im h a s  Seen shown t o  b e  t e c h n i c a l l y  un tenab ln  

b y  the  f n d i n g  of its p r e d e c e s s o r  agency ,  the Armed Forces 

S p e c i a l  Weapons 2 r o j e c t  t3at  film Sadges s y s t e m a t i c a l l y  ,mder -  

rncord r a d i a t i o n  ex?osur%s i n  a t  l e a s t  some c i r c u m s t a n c e s .  i f  

t h e  same c o r r e c t i o n  f a c t o r  of 2 . 5  is apo l ind  t o  a l l  t h e  j e r s o n n e l  

o f  m e r a t i o n  Xedwing a l m o s t  40  j e r c e n t  ( a b o u t  5,500)  o f  :hen 

r x e i ~ p d  doses excaeding :he naximum pe rmis sab le  of 3 . 9  :aentqen 

n s t a b l l s h e a  fCrr tSe  m e r a t i o n .  

The  3e fense  Nuclear Agency also dees not d e a l  w i t h  :he h iqh  

l i k e l i h o o d  t h a t  t he  .many crews u h i c h  decontaminated t h e  k i g h l y  

r a d i o a c t i 7 e  a i z c r a f t  r i c e i v n d  i n t e r n a l  :adFation 2 o s e s .  The:? 

wore no r e s p i z a t o r s  a s  they nosed down :.ie a i r c r a f t  w i t . " .  high 

? r e s s u r 2  :ets. Yany s a r i n e s  d u r i n g  Opera t ion  Redwing 'xes? also 

i n  a i l n l l a r  ? o s i t i o n  of c l e a n i n g  up d e l i b e r a t e l y  contaminaced 

s h i 2 s  zy h o s i n q  and ic:ubbing. T h i s  c t e a t e d  a s i t - a t i o n  in .xnich 

i e r s c n n e l  ;lers ? u t  i n  an e n r i s o l y  m p r s d i c z a b l e  i : z s a t i o n  ~ J C  

wnich  i a r a  do not  a x i s t  :or the calcvJlation of irittrna!, doses.  

?st 5 e  Jezense Xuc lna r  Agency s a i a t a i n s  :hat l n t s r r i a l  doses 'der? 

. . 



b 

g e n e r a l l y  i n s i g n i f i c a n t  d u r i n g  t h e  atmospher ic t e s t i n g  program. 

rt docs not even d i s c u s s  them i n  its Operation Redwing report. 

The evidence  h e r e  s u p p o r t s  t h e  g e n e r a l  c o n c l u s i o n  t h a t  t h e  

p e r s o n n e l  were probably  s u b j e c t e d  t o  s u b s t a n t i a l l y  h i g h e r  doses 

of e x t e r n a l  and,  i n  many cases, i n t e r n a l  r a d i a t i o n  than  t h e  

Defense Nuclear  Agency h a s  a d m i t t e d .  It a l s o  s u g g e s t s  t h a t  t h e  

Defense Nuclear Agency has a t  b e s t  due t o  incompetence,or a t  

worst d e l i b e r a t e l y ,  k e p t  i n f o r m a t i o n  regard ing  the  inadequacy o f  

f i l m  badge d a t a  from t h e  v e t e r a n s ,  t he i r  f a m i l i e s ,  and t h e  p u b l i c  

a t  l a r g e .  



CBAPTeR 2 

Description of t h e  Experiment 

Operation Redwing consisted of a series of 17 explosions of 

tbermonuchar weapons (hydrogen bombs) a t  t h e  P a c i f i c  a t o l l s  o f  

B i k i n i  and Enewetak i n  1356.. The purpose  of  t h e  s e r i e s  was t o  

t es t  t h e  e f f e c t s  of  a v a r i e t y  of hydrogen bomb d e s i g n s  f o r  t h e  

U . S .  n u c l e a r  a r s e n a l . ’  

carr ied out i n  c o n j u n c t i o n  with each of the  L7 d e t o n a t i o n s .  

“ese  2xgeriments neasured  the  y i e l d  and e f f i c i e n c y  of t h e  

d e v i c e s  and a t t empted  t o  gauge the  s i l i t a r y  a f f e c t s  of the  

e x p l o s i o n s .  n 2  .4r; a par t  of this e x p e r i n e n t a l  srogram, t h e  

Commander of J o i n t  Task Force Seven ,  who xas r e s p o n s i b l e  for  

OFera t ion  Xedwing, conducted an e x p e r i n e n t  i n  w h i c h  Air 7orce  

?e?sonnel f l e w  3-573 and P-84 ?lanes through t h e  i n t i n s e l y  

- +  - * d i o a c t i v e  inushroorn c l o u d s  t h a t  r e s u l t e d  ::om t h e  t h e r n o n u c l e a r  

s x ? l o s i o n s .  

A number of “ technical  expe r imen t s  were 

?he yr?ose of t h i s  sxper iment  vas to  s e c u r e  i n f o r n a t i o n  

~ n i c 3  would enable “ t h e  o p e r a t i o n a l  commands of  5 e  A i r  ?orce i n  

:.Lei= p l ann ing  t o  i n s u r e  the sost e f f e c t i v e  a t i l i z a t i o n ,  

c a n s i s t e n t  w i t h  crew s a f i t y ,  of  a i r c r a f t  i n  :loud a r e a s .  n 3  (AS 

‘de s h a l l  s e e ,  c a n s i d e r a t i o n s  of *::sw s a t s t y ”  v e r i  ?ot based In 

long t e r n  c: i csr i a  . I  

In o r d e r  :D d o  x i s  o p e r a - - o n a l  J L a n n i x j ,  :?.e czmmand o f  

Z o i n t  Task -?or=e Stoen i e c i d e d  t 3  conduct ?r~:$c: i.36, “ Z a z ’ . ~  -_ 
Cloud J e n e t r a t i o n s . “  - . S i s  wou1d j r o v i d n  detailed Cata on 

r z d i a t i o n  doses i n  r z a i o a c t l 7 e  c l o u d s :  

T 
. 



“The objective of t h i s  project (2.66) was to  
measure t h e  radiation dose  and dose  ra te  one would 
experience i n  f l y i n g  through t h e  c l o u d  r e su l t i ng  from a 
megaton-range weapon and some f a c t o r s  a f f ec t ing  
personnel s a f e t y  i n  t h e  even t  of an operational 
s i t u a t i o n  requiring f l i g h t s  through such  c l o u d s  .“4 

A large amount of specif ic  d a t a  was sought .  As p a r t  of t h i s  

program, 27 p e n e t r a t i o n s  of r a d i o a c t i v e  mushroom c louds  were made 

d u r i n g  6 of t h e  n u c l e a r  t e s t s .  These  shots were coda-named 

CHEROKEE, Z U N I ,  FLATREAD, DAKOTA, APACHE, and NAVAJO. (Other  

p l a n e s  a l s o  p e n e t r a t e d  t h e  mushroom c l o u d s  of s e v e r a l  t e s t s ,  a s  

p a r t s  o f  other p r o j e c t s . )  F ive  8-578 p l a n e s  were used .  The 

mushroom c l o u d s  were p e n e t r a t e d  a t  times va ry ing  between 20 and 

7 8  minutes  a f t e r  t h e  e x p l o s i o n s .  The data o b t a i n e d  were “on t h e  

r a d i a t i o n  d o s e  ra tes  i n s i d e  t h e  cloud, t h e  t o t a l  dose rece ived  i n  

f l y i n g  through t h e  c l o u d ,  and t h e  c o n d i t i o n s  o f  f l i g h t  i n s i d e  t h e  

c loud .“ ’  I n  a d d i t i o n ,  d a t a  were sought  on “ c o n d i t i o n s  of f l i g h t  

i n s i d e  t h e  r a d i o a c t i v e  c l o u d :  i . e . ,  t u r b u l e n c e  and i c i n g .  “ 6  

Another ?ar t  o f  t h i s  experiment  c o n s i s t e d  of f l y i n g  F-84 

and/or 5-57 a i r c r a f t  through t h e  mushroom clouds i n  o r d e r  “ t o  

2 s t a b l i s h  the  r a d i a t i o n  l e v e l s  on v a r i o u s  s e c t i o n s  of p l a n e s  and 

a s s e s s  t h e  p r o t e c t i o n  to t h e  a i r c r e w  a f f o r d e d  by wearing 

d i f f e r e n t  types o f  g l o v e s .  ” These a i r c r a f t  en t e red  t h e  

r a d i o a c t i v e  c l o u d s  a t  times vary ing  from 2 4  t o  4 0  i i n u t e s  a f t e r  

t h e  e x p l o s i o n .  I n  a d d i t i o n  t o  the f i v e  5-578 a i r c r a f t ,  one P-84 

a p p e a r s  t o  have been used .  

Each a i r c r a f t  involved i n  the  Ea r ly  Cloud P e n e t r a t i o n  

exper iment  was equipped  w i t h  s e v e r a l  s p e c i f i c a l l y  designed 

L n s t r u m e n t s .  T5e i n s t rumen t s  were des igned  t o  measure r a d i a t i o n  

: a t e s ,  t o t a l  r a d i a t i o n ,  degree  of a i r c r a f t  c o n t a m i n a t i o n ,  the  



. '  

time a t  f l i g h t  th rough the radioactive c l o u d s ,  etc.. &Since t h e r e  

were o n l y  six a i r c r a f t  invo lved ,  each one was used several  

times. Some a i r c r a f t  made more than one run through a p a r t i c u l a r  

radioactive cloud.  
! 
~ The o f f i c i a l  report i s sued  by t h e  Defense Uuclear Agency on 

Opera t ion  Redwing as p a r t  of its Nuclear  T e s t  Personnel Review 

series ha5  i d e n t i f i e d  only twelve people who were t h e  crews o f  

t h e  s i x  a i r c r a f t  involved.* 

impor tan t  to notc t h a t  these twelve men were involved  i n  s e v e r a l  

e a r l y  j e n e t r a t i o n s  of highly r a d i o a c t i v e  c l o u d s .  

If t h i s  is c o r r e c t ,  then  i t  is 

While the  Early Cloud P e n e t r a t i o n  expe r imen t  v a s  a s e e c i f i c  

, s r o j e c t ,  wi th  a d e s i g n a t e d  p r o j e c t  number, des igned  t a  

e x p e r i m e n t a l l y  i r r a d i a t e  t h e  men and a i r c r a f t ,  t!?ece was a l so  a 

sroqram of  co l l ec t ing  samples of t h e  r a d i o a c t i v e  p a r t i c l e s  i n  

aushrcom c l o u d s .  This sampling ?roqram involved  d t  l e a s t  Z L V P  

o t h e r  3-37 and s i x  o t h e r  F 4 4 G  a i r c r a f t .  ?resumably t h i s  s rogram 

gave Lie J o i n t  Task ?orce Seven and t h e  Atomic Energy Commission 

h t a  e n  :he charac te r i s t ics  and e f f i c i e n c y  of t he  e x p l o s i o n .  ( A  

iix:l3=, complementary e f f o r t  :a c o l l e c t  land ? a l l - o u t  d a t a  ilas 

31sc conduc ted .  1 The mushroom cloud sampling sroqram involved  

nore !>an 130  f l i g h t s  i n t o  r a d i o a c t i v e  c l o u d s ,  a t  short  times 

a::er :.'.e bombs were d e t o n a t e d .  Fle do not know t he  number of 

?eagle involved i n  t h i s  groqram. 

- .  

- 

2 0 l s  L shows t h e  number  crf s l r c r a f :  Invcl:7ei i n  sacs C Z S :  

1.1 :'?.e Zarly ?enet:ation i r z 3 d i a t i o n  ex3er iment  m d  i n  3 e  

iampli?: acoqram. T5er5 'der4 a t o t a l  of l 5 6  f l i g h t s  i n v o i v e d  i n  

sar ::I r ad :cac t ive  Claud 3enetr3ticrns.  ?>e n u m b e r  crf 2enet :z t ions 



was h i g h e r  because  of multiple p e n e t r a t i o n s  by some. a i r c r a f t  

d u r i n g  a s i n g l e  f l i g h t .  

The l a r g e s t  number of a i rc raf t  involved  in a s i n g l e  tes t  was 

16, accord ing  t o  the Defense Nuclear Agency. This was d u r i n g  

shot Z U E I I ,  a three-and-a-half  megaton e x p l o s i o n  over B i k i n i  on 

May 28, 1956. Ten of these were E-57's and s i x  were P-84's. The 

B-57's normally had a crew of two, and t h e  F-04's a crew of 

one .  Thus ,  a t  l e a s t  26 p e r s o n n e l  were involved  i n  t h e  c loud  

sampl ing .  According to  Langdon Harrison, who was p r e s e n t  a t  

Opera t ion  Redwing, and was a crew member on many c l o u d  sampling 

f l i g h t s ,  over  1 0 0  p e r s o n n e l  may have been involved  i n  t h e  

sampling program a l o n e .  

i 
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TABLE 1 

Number of A i r c r a f t  Involved in Early 
Radioactive Cloud Penetrat ions  During Operation Redwing 

E a r l y  Penetration 
Experiment, Project  2 .66  Samglinq Program 

1. CSEROKEE 1 1 4 6 

2 .  ZUNI 5 5 6 
3 .  FLATHEAD 4 - 
4 .  DAKOTA (Xote 2 )  (Nota 2 )  4 6 

5 .  VAVAJO 5 5 4 

4 6 .  “ZWA - - 

- 
- 4 

- 
* 
3 

. 7 .  
9 .  

3 .. 
LO. 
;1. 
I 2  * 

1 3 .  

14. 

LACXOSSE 
YUMA 
ERIE 
SmINOLz 
3LXCE‘OOT 
I(iCXAPO0 

OSAGZ 

INCA 

2 - 
2 
2 

1 
1 
1 
1 
i 2 
3 4 - 

S o u r c s :  Operation Zedwing - 1 9 5 6 ,  Defense Nucloar Aqency, Aepoct 
No. DNA 6 0 3 7 ? ,  Xashlngion ,  DC, August 1, 1 9 8 2 ;  C h a p t e r s  4 and 3 .  

!lore 1: ?>e 11:s: six :os:s L i s t a d  were z c  311cr3 i  , t o l l .  ?Ye _ .  

:est were an Znewetak. 

Voce 2 :  ?:e 2AK3TA t e s t  was ?ar t  Of ?r3;3Ct  2 . 5 6 ,  burr 
j a r : i c i ?ae ing  a i r c r a f t  are nor shown  i n  :he l i s t  in :he 
Defsnse S u c l a a r  Agency :eI)ort. 
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CEAPTER 3 

External R a d i a t i o n  Doses 

maximum r a d i a t i o n  dose ra tes  a s  h igh  a s  800 r h r .  were 
e n c o u n t e r e d ,  and s e v e z a l  f l i g h t s  y i e l d e d  t o t a l  
r a d i a t i o n  d o s e s  to  crew of 15 r ,  as measured by f i lm 
badges ,  and 35 t o  40 t as measured by i f a t r u m e n t a t i o n  
more s e n s i t i v e  t o  low-energy r a d i a t i o n .  

A i r  Force  p e r s o n n e l  were s e n t  i n t o  t h e  r a d i o a c t i v e  mushroom 

c l o u d s  w i t h  t h e  full knowledge t h a t  i t  was dangerous and c o u l d  

r e s u l t  i n  heavy r a d i a t i o n  d o s e s .  As e a r l y  a s  May 11, 1945,  more 

than  2 months b e f o r e  t h e  f i r s t  a tomic exp los ion  near  Alamogordo 

i n  N e w  Mexico, J. Robert Oppenheimer, who headed the s c i e n t i f i c  

team t h a t  des igned  t h a t  f i r s t  atomic bomb, had warned a g a i n s t  

i t .  In h i s  p r e d i c t i o n  of the  e f f e c t s  of t h e  f i r s t  a tomic  bomb h e  

warned t h a t  “ ( a ) i r c r a f t  must ma in ta in  a minimum d i s t a n c e  from t h e  

d e t o n a t i o n  i n  order t o  avoid r a d i a t i o n . .  . . ?allowing a i r c r a f t  

must avoid coming c l o s e  t o  t h e  could  o f  ( r a d i o ) a c t i v e  mater ia l ,  

and moni tor ing  t o  de te rmine  t h e  e x t e n t  and d i s p o s i t i o n  of  t he  

( r a d i o ) a c t i v i t y  w i l l  be  necessa ry  i f  a i r c r a f t  a r e  to  e n t e r  t h e  

a r e a  w i t h i n  hours  of t h e  pr imary d e t o n a t i o n ,  In O p e r a t i o n  

Redwing, a i r c r a f t  en t e red  the  r a d i o a c t i v e  cloud a s  e a r l y  as 20 

minutes  a f t e r  t he  d e t o n a t i o n s .  

I n  a tomic bomb t e s t s  a f t e r  the  World War XI, drone  a i r c r a f t  

were used t o  measure r a d i a t i o n  l e v e l s  i n s i d e  t h e  r a d i o a c t i v e  

clouds. 3rones  wer2 sent i n t 3  the c l o u d s  of t h e  t h r e e  a tomic  

e x p l o s i o n s  of Opera t ion  Sands tone ,  at B i k i n i  a t o l l  i n  1 9 4 8 .  

These drones  measured r a d i a t i o n  l e v e l s  of up t o  1 , 0 0 0  r o e n t g e n s  

?e r  minute a t  times abou t  7 minutes a f t e r  the d e t o n a t i o n .  l2 

r e p o r t  o f  the s u b j e c t  concluded t h a t  r a d i a t i o n  i n  r a d i o a c t i v e  

A 



c louds  ‘would b e  s u f f i c i e n t l y  h i g h  a s  to provide C o n A d e r a b l e  

hazard  and t h e r e f o r e  s u c h  contact s h o u l d  be avoided (by 

p e r s o n n e l ) .  If t h e  mushroom head of t h e  c l o u d  is p e n e t r a t e d  t h e  

external r ad ia t ion  would f r e q u e n t l y  be  ... l e t h a l .  -13 

a l s o  speculated on the question as to whether the crew of  a 

manned f l i g h t  uould be too sick t o  r e t u r n  t o  base :  

The r e p o r t  

However, such a r e t u r n  ( t o  b a s e )  does not appear  
to  be ruled o u t .  For t h e  e f f e c t s  of r a d i a t i o n  exposure  
a r e  f r e q u e n t l y  s u f f i c i e n t l y  d e l a y e d  to p e r m i t  such an 
o p e r a t i p a  even though the  crew were e v e n t u a l l y  
doomed. 

Subsequent  d rone  g e n e t r a t i o n s  of nushroom c louds  d u r i n g  

@ e r a t i o n  Greenhouse in 1951,  c m f i z m e d  t h e  h igh  l o v e l s  of 

r a d i a t i o n  and danger  o f  e n t r y .  Y e t ,  the f i r s t  mamed 

g e n e t z a t i o n s  were conducred d u r i n g  O p e r a t i o n  Teapot  is 1955.  15 

i7e have not  s t u d i e d  tke manned ? e n e t r a t i o n s  d u r i n q  Cperac ion  

Teapo t .  

The manned p e n e t r a t i o n s  during O p e r a t i o n  Redwing were 

de layed  :3 2 0  minutes  or  mor^, Y h i c h  was s u f f i c i e n t  zo ? r e v e n t  

i.mediate symutoms, and to  allow r e t u r n  to  S a s e .  :hey w e r e ,  

?owever ,  made i n  Pill rec-gnition of :he g r e a t  daccer  3 f  h i s h  

: a d i a t i o n  r a t e s .  3 e  r a d i a t i o n  s t a n d a r d s  f o r  the  a i r c r e w s  Q €  t h e  

sx3e r l sen t  were q u i t e  d i f f e r e n t  from :hose of the  r 2 s t  of t h e  

s e r s o n n e l  of  Opera t ion  gedwinq.  

R - h e  crews Irivolved i n  t h e  Z a r l y  ? * n e t r a t i o n  ex3er iner . t  

Pncounzered h i g h  r a d i a t i o n  l e v e l s  3n n o s t  f l i g h t s .  The r i c z c l e d  

radiation :ate5 ranged ‘ip :3 300  coentgens /hour  ! aFprox ina te ly  

300 i a d s / b o u r )  ? w i n g  the early j e n e t : a t i o n s .  1’ S i n c e  c*e 

decls ;on-maksr i  o f  Joiz: T a s k  ? o K = ~  Seven had ani:=:jared h i q h  
. .  

. 
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r a d i a t i o n  levels ,  t h e y  set  d i f f e r e n t  s t a n d a r d s  for t h e  

experimental p e r s o n n e l  t han  for  t h e  o t h e r  personnel involved  i n  

Opera t ion  Redwing. The t o t a l  maximum p e r m i s s i b l e  exposure to  

external  (gamma) r a d i a t i o n  e s t a b l i s h e d  for t h e  13-week d u r a t i o n  

of Opera t ion  Redwing was 3.9 r o e n t g e n s .  The  l i m i t  “ f o r  t h e  

a i r c r e w s  on t h i s  p r o j e c t  was 50  r ( o e n t g e n s )  w i th  a l i m i t i n g  

p l ann ing  dosage of 25 r f o r  any s ing le  p e n e t r a t i o n .  It 

appea r s  from t h i s  p a s s a g e  t h a t  t h e  l i m i t s  were t h e  sum of t h e  

e x t e r n a l  r a d i a t i o n  to  be r ece ived  by t h e  two crew members. The 

maximum dose for each crew member, t h e r e f o r e ,  appea r s  t o  have 

been 25 r a d s ,  w i t h  a s u b l i m i t  of 12.5 r a d s  per  p e n e t r a t i o n .  The 

exposure s t a n d a r d s ,  a s  d i s t i n c t  from t h e  “ p l a n n i n g ”  f i g u r e s  above 

were d i f f e r e n t .  According t o  t h i s ,  t h e  maximum exposure  to  

e x t e r n a l  r a d i a t i o n  p e r  crew .member was to be 20 roen tgens  (gamma 

o n i y )  . 
I n  a d d i t i o n ,  t h e r e  was a “ s t i p u l a t i o n  t h a t  i f  an a i r c r e w  

member accumulated 3 . 9  r o r  more on any one m i s s i o n ,  no second 

miss ion  would be a u t h o r i z e d  b e f o r e  a l a p s e  of  13 weeks had 

occurred  . “ 1 9  

The s t a n d a r d s  were a p p a r e n t l y  v i o l a t e d ,  a s  b e s t  a s  we have 

been a b l e  t o  de te rmine .  Even t h e  p l ann ing  f i g u r e s  were exceeded 

on s e v e r a l  o c c a s i o n s .  The most s e n s i t i v e  e l e c t r o n i c  i n s t r u m e n t s  

on :he a i r c r a f t  recorded t o t a l  exposure  t o  t h e  crew of 35 t o  40  

r3en tgens  on s e v e r a l  f l i g h t s .  The f i l m  badges recorded on ly  1 5  

roentgens .  T h e  d i s c r e p a n c i e s  were n o t  due t o  r eco rd ing  e r r o r s .  

They were a t t r i b u t e d  by t h e  p r o j e c t  r e p o r t  t o  t h e  f a c t  t h a t  t h e  

e l e c t z o n i c  i n s t r u m e n t s  were a b l e  t o  measure r e l a t i v e l y  low-energy 



of 2 .5 ,  i t  would mean t h a t  t h e  h i g h e s t  dose  of external  r a d i a t i o n  

alone was 40 roentgens and t h a t  12 persons g o t  w e e  t h a n  2 5  

r o e n t g e n s .  The number of pWplC w i t h  over 10 r o e n t g e n s  would 

increase from 12 to  over 1 ,100 .  A similar ad jus tmen t  of a l l  

ex terna l  d o s e s  by a factor of 2.5 would increase t h e  estimate of 

t h e  number of p e r s o n n e l  who r e c e i v e d  more than  the  o f f i c i a l  l i m i t  

of  3.9 roen tgens  from about  1 , 2 0 0  t o  about  5 , 5 0 0  or abou t  4 0  

p e r c e n t  of t h e  p e r s o n n e l  who p a r t i c i p a t e d  i n  Opera t ion  Redwing. 

In  p r a c t i c e ,  e x t e r n a l  dose estimates would not be so easy  t o  

de t e rmine .  Besides  t h e  well-known problems wi th  i n t e r p r e t a t i o n  

of badge dark  spots (which' i n d i c a t e  i r r a d i a t i o n  of  t h e  b a d g e s ) ,  

d e t e r i o r a t i o n  o f  badges with wear ,  e t c . ,  a simple s c a l i n g  up does 

n o t  a d d r e s s  t h e  q u e s t i o n  of t h e  p r o p o r t i o n  of low-onergy gamma 

r a d i a t i o n  encountered by o p e r a t i o n  p e r s o n n e l .  S ince  t h i s  

2 r o p o r t i o n  v a r i e s  w i t h  time, a d e t a i l e d  knowledge of each 

i n d i v i d u a l ' s  a c t i v i t i e s  and t h e  time of these a c t i v i t i e s  is  

n e c e s s a r y .  In  such  an endeavor ,  a d e t a i l e d  survey  of eve ry  

a tomic  v e t e r a n  would appear  t o  b e  e s s e n t i a l .  This  t h e  Defense 

Nuclear  Agency and the  Ve te rans  A d m i n i s t r a t i o n  has r e f u s e d  t o  do. 

The  q u e s t i o n  of the  v a l i d i t y  of  f i l m  badge data goes  f a r  

- 

beyond t h i s  p a r t i c u l a r  experiment  o r  even t h e  e n t i r e  o p e r a t i o n .  

I t  goes  t o  t h e  h e a r t  of the  "dose c e c o n s t r u c t i o n "  method used by 

? h e  Defense Nuclear Agency. These d a t a  ar5 also t h e  b a s i s  on 

w h i c h  t h e  Ve te rans  Admin i s t r a t ion  aakes  i ts  d e c i s i o n s  on 

v e t e r a n s '  c l a i m s .  3 0 t h  these a g e n c i e s  have t r e a t e d  film badge 

d a t a  as a c c u r a t e .  T5e e n t i r e  r e p o r t i n q  of doses  by t h e  Defense 

Nuclear Agency for all e x t e r n a l  doses is based a lmost  s o l e l y  on 



e .  

film badge data. 

i n d i v i d u a l s ,  t h e  d a t a  of o t h e r s  are used to  i n f e r  the doses. I n  

s p i t e  of many criticisms of its methods,  t h e  Defense Nuc lea r  

Agency b a s  persisted i n  u s i n g  the badge d a t a  as t h e  best and most 

accurate estimating method for radiation doses. 

When badge d a t a  are not a v a i l a b l e .  €or 

The p r e l i m i n a r y  r e p o r t  E a r l y  Cloud P e n e t r a t i o n s  w h i c h  is the 

sub jec t  of t h e  p r e s e n t  a n a l y s i s  was, however, an o f f i c i a l  r e p o r t  

of t h e  Armed Forces  S p e c i a l  Weapons Project ,  w h i c h  was t h e  name 

of the  Defznse Nuclear Agency i n  t h e  1950’s. 1.1 e f f e c t ,  one of 

t h e  Aqency‘s  own :epor t s  noted almost 30 y e a r s  ago t b a t  film- 

5adqe da ta  werP- s y s t e m a t i c  u n d e r t s t i m a t a s  of $xtsrnal  gamma 

r a d i a t i o n  d o s e s  because t 5 e  badqes were o n l y  “ s i z i m a l l y  

r e s p o n s i v e “  . t o  low-?nergy gamma r a d i a t i o n .  1 5  also h a d  

i n s t r u m e n t s  a v a i l a b l e  which c o u l d  have been ilsed to improve 

r s a d i n g s  and s t i n a t a s .  I n s t e a d ,  it apqea r s  that the Defense 

Yuc lea r  Agency had d e l i b e r a t e l y  chosen not t o  r e p o r t  t h i s  l a r S e  

unde r - r eco rd ing  of :ad id t ion  2 o s e s  by f i L n  badges.  

It is, g e r h a p s ,  a l s o  s i g n i f i c a n t  t h a t  t h e  o f f i c i a l  Defense 

Yuclaar  Agency 3 e p o r t  of Gpera t ion  Redwinq i ssued  i n  L982, l i s t s  

:he Z a r l y  Cloud ? m e t r a t i o n s  a s  “not  a v a i l a b l e “  53 t h e  p b l i c ,  

and among t h o s e  documents w h i c h  may “5ecome a v a i l a b l e  d u r i n g  t h e  

f e c l a s s i f i c a t i o n  review ?recess. * 2 6  Zowever, the ? r e l i m i n a r y  

r e p o r t  e n t i t l e d  Zarly Cloud P e n e t r a t i o n  was d e c l a s s i f i e d  i n  A p r i l  

1 3 6 0 ,  and a v a i l a b l e  t3 zhe ? u b l i c  by t h e  O f f i c e  cf T e c h n i c a l  

S-er-Jices of  t a e  Degarmen: oE Commerco as long a5o as 1 3 6 0 .  The 

s u t S o r  3f the ?resen:  a n a l y s i s  ab ta ined  h i s  copy from :he L i 5 c u : f  

o €  Z n q r - . s s .  I t  is rzmarkabls  tha t  3 repo r t  AI:-* ic.. 3ad beon 



d e c l a s s i f i e d  ( w i t h  d e l e t i o n s )  f o r  over 20 years,  w i th  a l i  copies 

presumably so marked, was l i s t e d  as  'not a v a i l a b l e "  by the 

Defense Nuclear Agency in 1982. 

There are f u r t h e r  q u e s t i o n s  r e g a r d i n g  t h e  Defense Nuclear 

Agency's a s ses smen t  of doses  for the  aircrews involved  i n  t h e  

ear ly  c loud  p e n e t r a t i o n  exper iment .  I t  lists the h i g h e s t  

recorded  (f i lm-badge)  e x t e r n a l  dose a s  1 6 . 4  roen tgens .  The E a r l y  

C loud  P e n e t r a t i o n  report s ta tes  t h a t  t h e  "maximum to t a l  dose 

r ece ived  by a crew member d u r i n g  a p e n e t r a t i o n  f l i g h t  . . . was 

approx ima te ly  16  r ,  a s  measured by f i l m  dos imet ry .  m 2 7  

t h e  r e p o r t  s t a t e s  t h a t  t o t a l  dose to t h e  crew exceeded 15 

roen tgens  on " s e v e r a l  f l i g h t s . "  T h i s  is more than 7 .5  roen tgens  

F u r t h e r ,  

pe r  crew member. Thus,  f o r  t h e  maximum dose over  t h e  e n t i r e  

exper iment  to have been 1 6 . 4  r o e n t g e n s  would probably  have  

cequ i r ed  a c o n s i d e r a b l y  Larger number of crew members than t h e  12 

acknowledged i n  t h e  1982 Defense Nuclear  Agency r e p o r t .  

Many of t h e  c loud  sampling crews a l s o  probably  r ece ived  

l a r g e  d o s e s  of r a d i a t i o n .  Cloud sampling involved f l y i n g  i n t o  

t h e  mushroom c loud  o r  through t h e  stem of  t h e  mushroom cloud i n  

o rde r  to  c o l l e c t  o u t s i d e  a i r  l aden  w i t h  r a d i o a c t i v e  p a r t i c l e s .  

T3is w a s  pumped i n t o  compressed a i r  t anks  c a r r i e d  i n  t h e  

a i r c r a f t .  According t o  Langdon H a r r i s o n ,  who was p a r t  o.f t h e  

sampling crow,  c o l l e c t i o n  of a s u f f i c i e n t  quantit:? g f  a i r  3 f t o n  

roqu i r ed  s e v e r a l  passes through tne  stem. 2 8  

I t  i s  d i f f i c u l t  t o  fo rn  an a c c u r a t e  p i c t u r e  of the exte:nai 

r a d i a t i o n  doses r sce ived  by the  a i r c r e w s  involved in the  e a r l y  

?enet:ation exper iment  and i n  c loud  sampl ing .  However, 'de have 

i 



enough data to know that many received large  doses  of whole body 

rad ia t ion .  A dozen or more may have received over 25 rads of 

externa l  rad ia t ion  during the f l i g h t s  above, when t h e  film-badgt 

dose ra tes  are  adjusted fos under-recording. They undoubtedly 

received further doses during the rest o f  t h e i r  s t a y  and i n  t h e i r  

other a c t i v i t i e s  during Operation Redwing. 



CHAPTER 4 

In  t a rna l  Rad ia t ion  

There is p r a c t i c a l l y  no d i s c u s s i o n  of i n t e rna l  r a d i a t i o n  

d u r i n g  O p e r a t i n g  Redwing i n  the off ic ia l  report of t h e  Defense 

Nuclear Agency. T h i s  ques t ion  is also no t  mentioned i n  t h e  

e d i t e d ,  p u b l i c  v e r s i o n  of t h e  r e p o r t  on e a r l y  cloud 

p e n e t r a t i o n s .  W e  unde r s t and  t h a t  t h e  c loud p e n e t r a t i o n  a i r c r e w s  

wore masks and were s u p p l i e d  w i t h  pure oxygen f o r  b r e a t h i n g .  

We do not know i f  t h e  r a d i o a c t i v e  a i r  from t h e  cloud was f i l t e r e d  

and taken i n  to m a i n t a i n  i n t e r n a l  c a b i n  p r e s s u r e .  

i t  is l i k e l y  t h a t  t h e  i n t e r n a l  s u r f a c e s  of t h e  a i r c r a f t  and i t s  

equipment may have become s u b s t a n t i a l l y  contaminated .  O f  course, 

t h e  e x t e r n a l  a i r c r a f t  s u r f a c e s  and engines  became i n t e n s e l y  

r a d i o a c t i v e .  About  15 p e r c e n t  of t h e  e x t e r n a l  r a d i a t i o n  dose to  

tbe  crews d u r i n g  f l i g h t  was dur ing  t h e  r e t u r n  f l i g h t ,  a f t e r  e x i t  

from t h e  mushroom cloud.  The  f l i g h t s  through the mushroom c louds  

v a r i e d  between 1 and 5 m i n u t e s ,  and r e t u r n  f l i g h t s  were a b o u t  5 0  

minu tes .  Some sampling crews who repea ted ly  p e n e t r a t e d  t h e  

r a d i o a c t i v e  cloud may have had h i g h e r  doses  i f  they  s t a y e d  i n  

€ l i g h t  l o n g e r .  

2 9  

In t h a t  case, 

The r a d i a t i o n  danger  t o  the crews d i d  not s t o p  w i t h  the 

f l i g h t ,  of c o u r s e .  Like a l l  o t h e r  pe r sonne l  they were exposed t o  

t h e  hazards  of l i v i n g  and w o r k i n g  i n  a r a d i o a c t i v e  environment 

d u r i n g  most of :he 13-week d u r a t i o n  of Opera t ion  Xedring.  

We do not  have a d e s c r i p t i o n  of the o t h e r  a c t i v i t i e s  of t h e  

a i r c r e w s .  aowever,  much o f  t h e  work on t h e  ground a s s o c i a t e d  

w i t h  t h e  p r o j e c t ,  i n  p a r t i c u l a r  the decontaminat ion  of :he e a r l y  

. .\ . . . 



penetration and sampling a i r c ra f t ,  is qui te  l i k e l y  to have 

r e s u l t e d  i n  s u b s t a n t i a l  in te rna l  r a d i a t i o n .  I t  was a p p a r e n t l y  

not  t h e  p r a c t i v e  to  wear nrasks w h i l e  decon tamina t ing  a i r c r a f t  and 

o t h e r  equipment. These were hosed down by p e r s o n n e l  u s ing  h igh-  

p r e s s u r e  water j e t s ,  as can be  seen from t h e  pho tographs  i n  

F i g u r e r  1 and 2 .  The h i g h - p r e s s u r e  j e t s  undoubtedly c a u s e d  

s u b s t a n t i a l  q u a n t i t i e s  of r a d i o a c t i v e  contaminants t o  be come 

suspended i n  t h e  a i r .  P i g u r e  3 shows t h e  forehead  of a p e r s o n  

marked as contaminated as t h e  t e s t  o f  h i m  is being checked .  TSe 

amounts of r a d i o a c t i v e  mater i a l s  :hat were i a n a l e d  5y :he 

g e r s o n n e l  probably  7 a r i e d  g r e a t l y  from one person co t h e  n e x t  and 

t h e r e  is now no way t o  de t5 rmine  what.  t h e s e  were.  Given :>e 

heavy con tamina t ion  of  the  a i : c r a f t  and t h e  c l e a r i y  dange rous  

n a t x r e  of t9e s c a c t i c e ,  and the f a i l u r e  to i s s u e  : e s p i r a t o r s  

( w h i c h  were a v a i l a b l e ) ,  t h e r e  is- a s t r o n g  case t o  h e  s a d e  t o r  

?resuming t h a t  the  atomic v e t e r a n s  who have : a d i d t i o n - r e l a t e d  

d i s e a s e s  t ha t  thei: o f f i c i a l  d u t i e s  d u r i n g  t h e  t e s t s  caused OK 

c o n t r i b u t e d  to  t h e i r  d i s e a s e s .  

The case Cor th is  is ? s p e c i a l l y  5t:ong s i n c e  i: was common 

to  conduc t  hazardous d e c o n t a m i n a t i o n  a c t i v i t i e s  w i t h o u t  

: e s p i r a t o r s  . ?or example,  thrso s h i p s ,  YAG-39, YAG-40,  and Crook 

Countv were ex?er i m e n t a l l y  con tamina ted  z i t 3  f a l l - x t  d u r i n g  
.I 

O p e r a t i o n  Xedwinq. Zx?er imenta l  decon tamina t ion  methods "such a s  

fi:ehosrng, hand-scrsbbing ,  and h o t  l i q u i d  j e t  cleaninq" were 

t r i s d  o u t  on :.iese s h i 2 s .  30 T3e Defense Yuclear Agency l ist5 

s x t e r n a l  doses ! 5ilm-badge) o n l y  for two c i v i l i a n  3 e r s o n n e l .  

?owever ,  the  aczzal. d e c o n t i m i 2 a t i o n  xas ?cooabL:I car  l ed  m t  Jy 

I 
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marines based on the USS - Estes and t h e  USS C u t t i s ,  and p o s s i b l y  

by o t h e r  p e r s o n n e l .  The o f f i c i a l  r eco rd  on t h i s  p o i n t  is “ n o t  

clear. m31 

h igh  and t h e  surfaces h e a v i l y  contaminated. It is l i k e l y  t h a t  

much, pe rhaps  all, o f  t h i s  decontaminat ion  w o r k  was done w i t h o u t  

t h e  b e n e f i t  of respirators.  

Radiation leve ls  on these s h i p s  were sometimes q u i t e  

There a r e  o t h e r  examples of decisions which r e s u l t e d  i n  

i n c r e a s e d  p e r s o n n e l  exposure and i n t e r n a l  r a d i a t i o n  h a z a r d s .  The 

l a r g e s t  s i n g l e  case was t h e  d e c i s i o n  not to evacua te  Enewetak 

a f t e r  f a l l - o u t  from s h o t  TEWA a t  B i k i n i  d r i f t e d  toward Enewetak 

and came down on it f o r  I f  h o u r s ,  accompanied by s e v e r a l  r a i n  

showers. Rain samples were found t o  be h e a v i l y  contaminated  a s  
were puddles  of r a i n w a t e r  on the  runway and pa rk ing  a r e a .  32 

There was a s u b s t a n t i a l  i n c r e a s e  i n  e x t e r n a l  gamma r a d i a t i o n  

doses due  t o  t h i s  f a l l - o u t  -- the  i n i t i a l  e s t i m a t e  was 2 . 5  

r o e n t g e n s .  “ L a t e r  e s t i m a t e s  i n d i c a t e d  . . . . -about  3 t o  6 R a c t u a l  

exposure .  m 3 3  

s t a t i o n e d  on Enewetak were s u b j e c t e d  t o  r a d i a t i o n  doses exceeding  

t h e  t o t a l  a l l o w a b l e  l i m i t  for the  o p e r a t i o n  d u r i n g  t h i s  one f a l l -  

o u t  ep i sode  above. 

T h u s ,  many of the l a r g e  number o f  p e r s o n n e l  

The J o i n t  Task Force command, i n s t ead  of  evacua t ing  Enewetak 

“ l a t e r  a u t h o r i z e d  r a i s i n g  t h e  maximum pe rmis sab le  exposure  from 

3 . 9  R t o  7 R for t h e  Redwing Opera t ion .  * 3 4  

l i k e l i h o o d  of i n t e r n a l  doses t o  a t  l e a s t  some p a r t i c i p a n t s ,  t h e  

Defense  Nuclear Agency‘s r e p o r t  c o n t a i n s  no d i s c u s s i o n  o r  

e s t i m a t e s  of  s u c h  doses. 

I n  s p i t e  of t h e  



I n  one a c c i d e n t  connec ted  w i t h  a p r o j e c t  on  ncut ton  flux 

measurements "a plutonium f o i l  s p l i t  open ,  re leasing a n  

e s t i m a t e d  100 mq of o x i d i z e d  p lu ton ium i n t o  t h e  c o u n t i n g  

t t a i l e r ,  Alpha c o n t a m i n a t i o n  was sp read  t o  o t h e r  a reas ,  

u n f o r t u n a t e l y  as p r o j e c t  p e r s o n n e l  con t inued  t o  u s e  t h e  t r a i l e r  

a f t e r  t h e  a c c i d e n t .  Moni tor ing  s u b s e q u e n t l y  showed t h a t  1 0  

p e r s o n s  had been con tamina ted .  Twenty-hour u r i n e  specimens 

c o n t a i n e d  l o w  l e v e l s  o f  p lu tonium.  n35  g r i n e  samples  are well  

r ecogn ized  t o  be poor i n d i c a t o r  of t h e  amount of i n g e s t i o n  or 

I n h a l a t i o n .  Zowever , iiilcp plutonium was d e f i n i t e l y  ? r e s e n t  i n  

10 ,seoplc, some o s t i m a t a s  of t h e  i n t e r n a l  dose cou ld  have bees 

g i v e n .  But t h e  Defense Nuclear  Agency d i d  not do 30 i n  I t s  

r e p o r t  on dose estimatPs. 

Like  t h e  problem of f i l m  badges ,  and 2erhaps nors i n s i d i o u s ,  

t h e  Oefense Yuc lea r  Agency has  c o n s i s t e n t l y  taken t h e  ?osi:ion 

t h a t  i n t e r n a l  doses  were i n s i g n i f i c a n t  d u r i n g  t h e  U.S. 

a t n o s p h e r  i c  c e s t i n g  program. T h i s  conc lus ion  is unwar ran ted .  

?'ow neasurements  ve ro  a c t u a l l y  made. ? ' a l l - o u t  p a t t e r n s  are 

i r z a t i c  *wit> c n p r e d i c t a b l y  l o c a t e d  " h o t  sjots." i n d i v i d u a l s  d i 2  

, d i d e l y  v a r y i n g  k inds  of work, Same ' x r y  dangerous s u c h  a s  h o s i n q  

and s c r u b b i n g ,  o f t e n  wi th  poor p r o t e c t i o n .  a g a i n s t  i n h a l a t i o n  znd 

sometimes i n q e s t i o n .  A i t z d y  of Opera t ion  Cross roads  i n  1 9 4 6 ,  

based on t h e  page r s  o f  t h e  C k i e f  of :he ZadioLogical  Saf?t:i 

S e c t i o n ,  Co lone l  S t a f f o r d  xa r ren ,  ?one ?do ;/ea:s aqo, qucted 

doczmencs say ing  t h a t  due t o  tSe "?xtens i :?e  and u n p r e d i c t a a l e "  

e x t s n t  of t h e  alba (2ljtonigm) contamination, "no one can 

any g l a c e  ~i i a f z  Ear a n y  : ~ n q i . i  of t i n e "  ?ran ?he dancers g f  



ingestion or inhalation of radioactive particles. 36. 
Defense Nuclear Agency continues t o  insist that almost all 

occupied places were safe almost all of the time and that 

interval doses were insignificant. This is an unscientific 

claim. 

Yet the 

Even the maximum limits for radioactive materials' 

concentration in air and water adopted by Joint Task Force Seven 

were questionable, at best. The standard adopted initially for 

air was loe6 microcuries per cc of particles less than 5 microns 

in air. Even this was apparently later aband~ned.~' A 

hypothetical calculation will illustrate how dangerous this can 

be. I f  the entire contamination were due to strontium-90, and 

the air had the maximum permissable contamination, the Iifetime 

dose to the bone marrow due to breating such air for 13 weeks 

would be over 3,000 rems. This would be very likely to cause 

leukemia. Of course, in practice, most radionuclides are not as 

effective in irradiating bone marrow, so that the actual dose to 

the bone marrow from a "typical" mixture might be a factor of 100 

less or 30 rem -- still large. However, other organs would also 

be irradiated, and hence the chances of other cancers would also 

increase. A rough estimate is that the absolute risk of 

contracting some cancer due to a dose of 30 rem over the entire 

body is about 3 percent. Sinilar figures are obtained if one 

attempts computations based on the drinking water standard of 5 x 

38 

microcuries per cc adopted for Oueration Redwing. 

We do not know whether the actual contamination was above or 

below these limits, or how much it varied over time and from 
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place to place. T h i s  reinforces the conclusion t h a t ' i t  is 

e x c e e d i n g l y  d i f f i c u l t  i n  any s p e c i f i c  case to  de te rmine  such  

d o s e s .  The b e s t  way would a c t u a l l y  be to do a thorough 

e p i d e m i o l o g i c a l  s t u d y ,  estimate t h e  increases i n  r a d i a t i o n  

related diseases ove r  the expected (in a well d e f i n e d  c o n t r o l  

g r o u p ) .  Special epidemiological s t u d i e s  o f  h i g h  r i s k  p e r s o n n e l  

such as  cloud p e n e t r a t i o n  exper iment  and cloud sampling a i r  crews 

a r e  a lso c r i t i c a l l y  needed. From such a s t u d y ,  i t  may be 

possible  t o  i n f e r  i n t e r n a l  dose s a q n i t u d e s .  ,?owever, t h e  Defense 

Nuclear  agency and t h e  Ve te rans  A d m i n i s t r a t i o n  have c o n s i s t e n t l y  

:+fused to  do such a s t u d y ,  w h i l s  a t  t h e  same tis@ deny ing  a tomic  

v e t e r a n s  t h e  b e n e f i t  o f  the very s c r i o u s  d o u b t s  urd  u n c e r t a n t i e s  

which exist. 
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