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DRAFT 
INTRODUCTION 

From 1945 t o  1962 approximately 235 atmospheric nuclear  
weapons t e s t s  were conducted by the United S ta t e s .  These t e s t s ,  
organized i n t o  twenty d i f f e r e n t  s e r i e s ,  were d i rec ted  j o i n t l y  by the A E C  
and DoD w i t h  t h e  pa r t i c ipa t ion  of some 210,OOD Department o f  Defense 
personnel. The Defense Nuclear Agency ( D N A )  was recent ly  tasked t o  
develop personnel- or iented histories f o r  these tests t o  determine the 
rad io logica l  exposure of  personnel,  and examine the  measures taken t o  
l imit  exposure t o  sa fe  l eve l s .  This reconstruct ion is  a par t  of DNA's 
overal l  Nuclear Test Personnel Review ( N T P R ) .  

This report  provides a ready reference t o  personnel r ad ia t ion  
exposure s tandards ,  personnel decontamination c r i t e r i a  and procedures, 
and information on personnel dosimetry ( f i lm  badges and o the r  devices)  
f o r  each test  s e r i e s  i n  t he  U.S. atmospheric nuclear weapons t e s t i n g  
p rogram. 

In Sect ion 1 the  above data  f o r  each t e s t  operat ion a r e  
presented in  t h r e e  t ab le s :  Table 1-1 shows exposure s tandards;  Table 
1-2 shows decontamination c r i t e r i a ;  and Table 1-3 shows dosimetry 
devices .  Section 2 combines these  t h r e e  s e t s  o f  information on 
individual  shee ts  f o r  each t e s t  operat ion.  

Appendix F, documents the h i s t o r i c a l  development of rad ia t ion  
s tandards.  I t  provides a d e t a i l e d  chronology of the recommendations of 
var ious agencies f o r  s a fe  r ad ia t ion  s tandards,  ranging from the 
beginning e f f o r t s  in r ad ia t ion  pro tec t ion  t o  t h e  more de t a i l ed  
recommendations made by several  nat ional  and in te rna t iona l  rad ia t ion  
pro tec t ion  groups. Appendix B i s  a n  acronym glossary.  Appendix C i s  a 
bibl  iography of primary source documents referencing each en t ry  i n  

Sect ions 1 and 2. The pages consulted i n  each source document a re  
referenced by l e t t e r s  of the alphabet ,  as explained i n  Appendix C. 

i i  

i 

DRAFT 



DRAFT 

SECTION 1 

RAD I OL OG I CAL SAFETY STANDARDS 

DRAFT 



OPE RAT1 ON 

T R I N l l l  
(Alm3gordo. hY) 
1/16/45 

WOSTONE 
(Enewetat1 
4/14/4& 
5/15/48 

- 
RADIOLOGICAL STANDARDS M T R I X  

1-1 RADIATION EXPOSURE STANDARDS 

PEEmOUSf 
( E n e r t a t )  
418/51- 
5 125 15 I 

BUSTERJANGLE 
(NTS) 
10122/51- 
11/29/51 

(msl 
4/1/52- 
6/5/52 

1 1 1  
(En-tak> 
i l l l / 5  1- 
11/16/52 

UPSHOT-KNOTHOLE 

3/17/53- 
6/4 /51  

inrsi 

cum 
( B l t l n l  

3/1/54- 
5/14/54 

E n n t a k l  

TWO1 
W S )  
2/18/55- 
5/15/55 

HCRP ICRP FRC 
ROUTINE WE 

O.1Rldsy no? t o  
exceed 5 ~ 6 m  i n  
2 wks. I f  rndlr, 
l dua l  received 
1ffl In one day 0 
60(( i n  2 w t s .  he 
X I S  w i t h d r a m  
frm opcrrtion 

(244 

C. lR I24  hrs. not 
t o  exceed El for 
the opera t i on  
( 3 2 4  

>/operation; A' 
for  personnel 
p a r t i c i p a t i n g  In 
GREENHOUSE; kEC 
m r t e r s :  3.R/* 
140a) 

3.9 R/13 uts 115 
0.1 Rlday; not t 
exceed 0.7R/rcek 

3RIoperat Ion 
(70a) ;  Ref. l l b  
gives 3.9 Rlooer 
a t l o n  

J.mlcperail0" - 
g m a  mly 180a) 
82, says 3R/ 3 
ms. ( m a w r e d  
j m a  0"l"l 

3,s ( g m r  m l y  
unless reduced 
by Test O l r e c t o r  
1%) 

3.9R113 w e t s :  
a u g m n t t d  by .yI 
wet a f t e r  that 
(1001h103al 

CtWD LVIPLEP.S CESERT ROCK SPECIAL K W 7 S  W W K S  

N/A N/A N/A  

:loud samplers See Reference 
m e  Drone 8-l?s 3 la  

(351 N/A 

8-50.8-29's 

t l o n  (113a) 

*eriOnnCi tc 
e"diY*tl bcClor. 30 
.in. i f  pa- rrad- 
ing mtside shelter 
reached l P l h ;  put 
m gas musts 6 
?vacuate If alpha 
readrng r e a c h d  5 
:/m. f13bl 

:loud t?ackt*s 
3dhered t o  saw 
5trndards I S  
>the7 units  a ?  
CROSSROAOS (2:s) 

Se? Reference 
53a 

A E T s  0,". o i  
B io logy h MMI- 
cine agreed to 
Y n p b I l c t i e d  eroe 
sure O f  1.9R. X 
WE could t+ exceed. , 
cd r f  rest O I m E t O r  
dOOrDred 160a.lla' 

1.1: Of t F S t  Dlr -  ! 
t i c i v a n t s  exceeded 

3.9R ( ? I C ]  
exposure lercl C f  ! 

1-1 



R M I A T I D N  EXPOSURE STANDARDS 
(Cont i nued) 

bniy LIOUC LrackJ 
3.5Woprar ion ;  e m .  no S d n p I e ~ ' ~  
hands b feet ZCR a t  UIGy;H ( 1 5 )  

illlole m a y .  

owration (1201 

J.%!/II r e e k s  mR (grmnz  mly) 
only 
I110e l  o p r a t i o n a l  

au thor ized  for 

1 
OPERATIOH 

E%cl 
5/11/55 

N/*  

N / h  

REDUI#, 
( 8 i k i n i .  
t n n e t a t )  
5/5/56- 
7/22/56 

I 
¶ 'mly 
laws) 
12 rm/y 
(r.J~) 
2 7  
6 I C  

G . 2  rmiwk 6 .1  reniwr 
(max)  1.0 3.0 rm 
rm/13 Yks 1 3 / * t  1 
12 rmiy s ( n - i a ) r ~  

and Eastem 
Pac J f I C )  

4 /25 /62 -  
11/1/52 

( N X I  
717/62- 
7/11/61 

AQWL 
Project 

G n m  ( C i r l s a a d  
12/10/61 
Sedan (HTS) 
7/6/62 

2.a [ m o l e  b o y  
g m a ) / 1 3  m k r .  7.5R 5 W 6  nonins :no 
5 Rlyr  (XC]; ( 1 4 1 ~ )  l i m i t  on r a t e  o 
1)Dha:mi. o f  8-57's u r d  for  accu*r lat lon.  H 
W O  unitslll cloud sampling more thar  ZR 
consee. *s ( I t O a l  I151  Drmpt 1 l 4 t l  

3.75 R i l l  wks; 8-57's 
5R for o p r a t l o n  (151 

(152.1531 N/A 

$ ( IODprd i lOn  10R-laK 1or those 

S m / y e r r  cing Hardtack l 
neutron see Peference 
f 17Od .1 ?Ob) I711 

lranlquarter also partlci pa- N/A 

T 

' 3  i O n / l J U Y  Over rge 1 9 : I W I i  -hone ( 1 5 )  
5 rm/y nks, %/year 1 N/A 
(avg) 12 (*hole M y  gama) 
rrm/year Under a w  19:1.2% 
( . ax )  113 reeks (14)) 
5 l N - 1 8 ) r m  I I 

SPECIAL (ficuPS REWRKS 

1-2 
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1-3 FILM BADGE AND OTHER PERSONNEL D O S I M E T R I C  D E V I C E  I Y F O R M A T I O N  
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APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

CHRONOLOGICAL HISTORY (RADIATION PROTECTION ORGANIZATIONS)* 

I n  1916, t h e  p r o f e s s i o n a l  s o c i e t i e s  o f  c i v i l ,  e l e c t r i c a l ,  mechanical and 
m i n i n g  eng ineers  met t o  d iscuss  t h e  c o o r d i n a t i o n  of s tandards on a n a t i o n a l  
l e v e l .  A f t e r  two yea rs  o f  conferences these  s o c i e t i e s  e s t a b l i s h e d  t h e  
American Engineers Standards Conanittee. The purpose o f  t h i s  o r g a n i z a t i o n  
was n o t  t o  c r e a t e  s tandards,  b u t  t o  r e v i e w  and coo rd ina te  those  be ing  
developed. A f t e r  a p e r i o d  o f  t ime, va r ious  government agencies and many 
t r a d e  a s s o c i a t i o n s  j o i n e d  t h e  committee, and i n  1928 i t  was reorgan ized and 
renamed t h e  American Standards A s s o c i a t i o n  (ASA). I n  1969 i t  became t h e  
American N a t i o n a l  Standards I n s t i t u t e  (ANSI). 

ICRU - 
The I n t e r n a t i o n a l  Comnission on R a d i o l o g i c a l  U n i t s  and Measurements (ICRU) 
was formed i n  1925 under  t h e  auspices o f  t h e  F i r s t  I n t e r n a t i o n a l  Congress 
o f  Radio logy,  f o re runner  o f  t h e  I n t e r n a t i o n a l  S o c i e t y  o f  Radio logy.  The 
p r i n c i p a l  o b j e c t i v e  o f  t h e  I C R U  i s  t o  develop i n t e r n a t i o n a l l y  acceptable 
reconmendat i ons rega rd ing  : 

- Q u a n t i t i e s  and u n i t s  o f  r a d i a t i o n  and r a d i o a c t i v i t y  - Procedures s u i t a b l e  f o r  t h e  measurements o f  a p p l i c a t i o n  o f  
t hese  q u a n t i t i e s  i n  c l i n i c a l  r a d i o l o g y  and r a d i o b i o l o g y ,  - Phys ica l  da ta  needed i n  t h e  a p p l i c a t i o n  o f  t hese  procedures, which 
w i l t  tend, i f  used, t o  assure u n i f o r m i t y  i n  r e p o r t i n g .  

The ICRU a l s o  cons iders  and makes s i m i l a r  recomenda t ions  f o r  the r a d i a t i c n  
p r o t e c t i o n  f i e l d .  I t  c o l l e c t s  and eva lua tes  t h e  l a t e s t  data and 
i n f o r m a t i o n  and recommends t h e  most accep tab le  va lues and techniques f o r  
c u r r e n t  use. It has d i v i d e d  i t s  f i e l d  of  i n t e r e s t  i n t o  e leven t e c h n i c a l  
areas wh ich  a r e  rev iewed p e r i o d i c a l l y  wi th r e p o r t s  issued as needed. The 
I C R U  has c l o s e  r e l a t i o n s h i p s  w i t h  o t h e r  o rgan iza t i ons ,  such as t h e  
I n t e r n a t i o n a l  Commission o f  R a d i o l o g i c a l  P r o t e c t i o n ,  t h e  d o r l d  Hea l th  
Organ iza t ion ,  t h e  I n t e r n a t i o n a l  Atomic Energy Agency, t h e  Vn i ted  Nat ions  
S c i e n t i f i c  Committee on t h e  E f f e c t s  o f  Atomic R a d i a t i o n ,  and o thers .  

I SA - 
The I n t e r n a t i o n a l  Federa t i on  of Na t iona l  S tandard i z ing  Assoc ia t i ons  ( ISA)  
was founded i n  1926, and has been known as t h e  I n t e r n a t i o n a l  Organ iza t i on  
f o r  S t a n d a r d i z a t i o n  (ISO) s i n c e  1946. Counterpar ts  w i t h i n  t h e  U.S. a r e  t h e  
American N a t i o n a l  Standards I n s t i t u t e  ( A N S I ) ,  which has a Federa l  c h a r t e r ,  
and t h e  Bureau o f  Standards. 

*See Reference 228 (Page C-25) f o r  b ib1  i o g r a p h i c a l  i n fo rma t ion .  
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ICRP - 
The International Commission on Radiological Protection (ICRP) came into 
existence in 1946 as the successor to the International X-Ray and Radium 
Protection Commission, (formed in 1928 by the 2nd International Congress o f  
Radiology). The policy of the ICRP in preparing its recomnendations on 
radiation safety standards, is to deal with the basic principles of 
radiation protection and to leave to the various national protection 
committees the responsibility o f  introducing the detailed technical 
regulations, guides, specifications, etc., best suited for each individual 
nation. 

NCRP 

The primary United States organization concerned with radiation protection 
is the National Council on Radiation Protection and Measurements (NCRP). 
In 1929 it began as the Advisory Committee on X-Ray and Radium Protection. 
In 1946 it was renamed the National Committee on Radiation Protection. 
This can arbitrarily be set as the period of the development of current 
radiation protection standards and the time when consideration of genetic 
as well as somatic effects became important. From 1956 to 1964, it was 
known as the National Committee on Radiation Protection and Measurements; 
and in 1964 took the name it has today. The NCRP grew out of discussions 
that took place at the Second International Congress of Radiology in 1928. 
The purpose of this Congress was to discuss protection problems and prepare 
initial X-ray protection recomnendations. The U.S. was represented by 
three organizations: the National Bureau of Standards, the American 
Roentgen Ray Society, and the Radiological Society of North America. Each 
had differing views and each purported to be the authoritative body for the 
U.S. (other countries had similar situations). Nevertheless, out of this 
meeting came the organization which led to the ICRP, and a recomnendation 
that a single central committee be established within those nations having 
more than one radiological organization, and that this central comnittee 
consol idate recommendations. The U.S. representative to the 2nd Congress 
was Lauriston S. Taylor who discussed the recomnendations with members of 
the other U.S. organizations. By the spring o f  1929, the initial 
organization -- the Advisory Comnittee on X-Ray and Radium Protection -- 
was established with Taylor as the Chairman. He remained Chairman through 
the various changes and restructures of the committee until his retirement 
in 1977. The NCRP was chartered by Congress (Public Law 88-376) in 1963 
and has as its objectives to: 

- Collect, analyze, develop, and disseminate in the public interest 
information and recornendations about (a) protection against radiation 
and (b) radiation measurements, quantities, and units, particularly 
those concerned with radiation protection. 

- Provide a means by which organizations concerned with the 
scientific and related aspects of radiation protection and of 
radiation quantities, units and measurements could cooperate to 
effectively utilize their combined resources, and stimulate the work 
of such organizations. 

- Develop basic concepts concerning radiation quantities, units, and 
measurements, about the application of these concepts, and radiation 
protection. 

- 
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- Cooperate w i t h  the I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  Pro-  
t e c t i o n ,  t h e  Federal  Counc i l ,  the I n t e r n a t i o n a l  Commission on R a d i a t i o n  U n i t s  
and Measurements, and o t h e r  n a t i o n a l  and i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  
governmental and p r i v a t e ,  concerned w i t h  r a d i a t i o n  q u a n t i t i e s ,  u n i t s ,  and 
measurements and w i t h  r a d i a t i o n  p r o t e c t i o n .  

The NCRP i s  composed o f  over 60 members a'nd p a r t i c i p a n t s  who serve on t h e  
many (ove r  30) s c i e n t i f i c  committees o f  t h e  Counci l .  The s c i e n t i f i c  
committees propose recomnendat i o n s  which a re  reviewed and approved by the 
f u l l  membership o f  t h e  Counci l  b e f o r e  p u b l i c a t i o n .  It a l s o  has c rea ted  a 
ca tegory  o f  NCRP c o l l a b o r a t i n g  o r g a n i z a t i o n s  i n  r e c o g n i t i o n  o f  i t s  
r e s p o n s i b i l i t y  t o  f a c i l i t a t e  and s t i m u l a t e  coopera t i on  among o r g a n i z a t i o n s  
concerned w i t h  r a d i a t i o n  p r o t e c t i o n  and measurements. A t  present t h e r e  are 
ove r  25 o r g a n i z a t i o n s ,  i n c l u d i n g  t h e  Serv i ces ,  w i t h  which t h e  NCRP ma in ta ins  
1 i a i son. 

The N a t i o n a l  Bureau o f  Standards (NBS) was t h e  s e m i - o f f i c i a l  sponsor o f  the 
NCRP u n t i l  t h e  l a t t e r  was c h a r t e r e d  by Congress i n  1964. The NBS r o u t i n e l y  
p u b l i s h e d  r e p o r t s  o f  t he  NCRP as a p a r t  o f  i t s  Handbook Ser ies.  Al though 
d i s c l a i m e r s  were p r i n t e d ,  (because o f  t h e  government i m p r i n t  on the  r e p o r t )  
many assumed t h i s  t o  mean t h e  r e p o r t  represented  government recommendations 
r a t h e r  than  t h a t  o f  an independent, p r i v a t e  body process ing  no l e g a l  
a u t h o r i t y .  Because o f  var ious  problems o f  a l e g a l ,  p u b l i c  o r  ope ra t i ona l  
na ture ,  the NCRP and NBS severed t h e i r  r e l a t i o n s h i p  i n  1964. 

UNSCEAR 

The most i n t e r n a t i o n a l  c o r n i t t e e  i n  scope i s  t he  UNSCEAR -- t h e  Un i ted  
Na t ions  S c i e n t i f i c  Committee on t h e  E f f e c t s  o f  Atomic Rad ia t ion .  Th is  
committee was e s t a b l i s h e d  i n  1955. It reviews r e p o r t s  t h a t  appear i n  
s c i e n t i f i c  l i t e r a t u r e ,  reviews and assesses t h e  l e v e l s  of  r a d i a t i o n  t o  which 
t h e  w o r l d  p o p u l a t i o n  i s  o r  may become exposed, and improves the  assessments 
o f  r i s k  e n t a i l e d  by exposure t o  r a d i a t i o n .  I t does not  suggest standards,  
b u t  i t s  assessments o f  r i s k s  i n f l u e n c e  t h e  c o n s i d e r a t i o n s  o f  
s t a n d a r d s - s e t t i n g  o rgan iza t i ons .  

The Na t iona l  Academy o f  Sciences (NAS)  has a number o f  committees t h a t  
cons ide r  gene t i c  and somatic e f f e c t s  o f  r a d i a t i o n  and address p r o t e c t i o n  
standards.  The 1956 B i o l o g i c a l  E f f e c t s  o f  Atomic R a d i a t i o n  (BEAR) Comnit tee 
Report  l e d  t o  a l ower ing  o f  t he  bas i c  p e r m i s s i b l e  dose f o r  r a d i a t i o n  workers. 
NAS comni t tees  have a l s o  considered t h e  p a t h o l o g i c  e f f e c t s  -- i n c l u d i n g  acute 
and long - te rm hemato log ica l  e f f e c t s ,  i n t e r n a l  e m i t t e r s ,  i n h a l a t i o n  hazards, 
and delayed e f f e c t s ,  me teo ro log i ca l  aspects, a g r i c u l t u r e  and food supp l i es  
aspects,  d i sposa l  aspects and o thers .  The most  r e c e n t  e f f o r t  wzs t h a t  o f  t he  
B i o l o g i c a l  E f f e c t s  o f  I o n i z i n g  R a d i a t i o n  (BEIR) Committee ( r e p o r t  i n  
November, 1972). Th is  committee has been reconvened th rough an EPA reques t ;  
a r e p o r t  i s  now i n  d r a f t  and w i l l  be u t i l i z e d  i n  standard s e t t i n g  
de l  i b e r a t i o n s .  
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PHS 

The Publ ic  Health Service in 1956 convened a group of  exper t s  on rad ia t ion  
hazards t o  provide guidance t o  the Surgeon General on matters per ta in ing  t o  
t h e  control of rad ia t ion  hazards and t o  eva lua te  the programs then underway in 
t h e  U.S. t o  pro tec t  the health and well-being of the public. T h i s  comnittee 
was t h e  National Advisory Comnittee on Radiation ( N A C O R ) .  While t h i s  did not 
c o n s i t i t u e  t h e  i n i t i a l  a c t i v i t y  of the PHS i n  r ad ia t ion  mat te rs ,  i t  was 
probably one o f  the  most i n f l u e n t i a l ,  n o t  from the s tandpoint  of developing 
new rad ia t ion  standards,  b u t  because the PHS was heavily involved overall  in 
r ad ia t ion  matters .  The NACOR recommended in tens ive  research programs, 
t r a i n i n g  of professional  and technical  personnel,  a c t i v e  s t a t e  and local 
control  and pa r t i c ipa t ion  i n  regulatory matters ,  and an ac t ive  role of the PHS 
i s  control of ionizing rad ia t ion .  As a r e s u l t  of these  recommendations, many 
o f  t h e  a c t i v i t i e s  o f  the PHS o f  today  were begun, such as the  Bureau of 
Radiological Health,  the National Radiation Surve i l lance  Network, development 
o f  acceptable  l e v e l s  of  exposure from air ,  water,  milk, and the general 
environment, and various t r a i n i n g  programs. The NACOR was disbanded in 1966 
due t o  dec is ions  within HEW. 

- 

The rapid development of the atomic and nuclear  i ndus t r i e s  and concern over 
r ad ia t ion  hazards and ways of pro tec t ion  aga ins t  them led t o  t he  c rea t ion  of 
the Federal Radiation Council (FRC) in 1959. Public ( b o t h  national and 
i n t e r n a t i o n a l )  reac t ion  t o  atmospheric t e s t i n g  and t h e  r e su l t an t  f a l l o u t  
mainly resu l ted  in the J o i n t  Committee on Atomic Energy (JCAE) i n i t i a t i n g  a 
s e r i e s  of hearings in 1957 t o  develop information on rad ia t ion  hazards and 
assoc ia ted  problems. Through t h e  extensive in t e r roga t ion  of various 
government agencies concerning the r ad ia t ion  s tandards they employed, i t  was 
revealed t h a t ,  without exception, re ference  was always made t o  N C R P  o r  I C R P  
recommendations. The Congress rea l ized  t h a t  the r ad ia t ion  protect ion 
a c t i v i t i e s  f o r  which they were appropriat ing mney, and f o r  which they  had 
made the Federal Government responsible  under the Atomic Energy Act of 1945, 
were ac tua l ly  i n  the hands o f  a non-governmental organizat ion over w h i c h  the 
government h a d  no formal cont ro l .  Accordingly, t he  Congress d i rec ted  t h a t  
changes be i n s t i t u t e d .  

The Bureau o f  the Budget began a study t o  find a remedy. I t  was quickly 
r ea l i zed  t h a t  t h e r e  were considerable  amounts of interagency r i v a l r y ,  
j ea lousy ,  c o n f l i c t  and purpose regarding rad ia t ion  needs and t h a t  these could 
inf luence a t t i t u d e s  toward general r ad ia t ion  s tandards.  For ins tance ,  the 
purpose o f  the Atomic Energy Commission was to  promote r ad ia t ion ;  thus a 
l i b e r a l  s t a n d a r d  m i g h t  be in t h e i r  best i n t e r e s t s .  This could a l so  be t r u e  
for the DoD whose i n t e r e s t s  were in mi l i t a ry  appl ica t ions .  On the other  hand,  
agencies such as rhe Department of L a b o r  and Public Health Service might be 
baised toward overly s t r i c t  standards.  Other agencies t h a t  m i g h t  n o t  have an 
axe t o  gr ind,  such 2s the  National Bureau of Standards,  did not have s t a t u t o r y  
au tho r i ty  o f  r e s p o n s i b f l i t i e s  in the  regula tor  f i e l d .  The p o s s i b i l i t y  of 
making the NCRP a federal  committee was explored--the N C R P ,  however, objected 
t o  t h i s  concept. 
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No r a t i o n a l e  could be found fo r  pu t t ing  r ad ia t ion  pro tec t ion  a c t i v i t i e s  and 
r e s p o n s i b i l i t i e s  under one agency. . Experience had  shown t h a t  interagency 
committees had problems in achieving ob jec t ives  in a t imely fashion. T h u s ,  
the f i n a l  so lu t ion  was t o  give the rad ia t ion  pro tec t ion  a u t h o r i t y  d i r e c t l y  
t o  t h e  President.  Thus  t h e  Federal Radiation Council was es tab l i shed  by 
Executive Order 10831, August 14, 1958, and by Public L a w  86-373 of 
September 23, 1959, which amended t h e  Atomic Energy Act of 1954. 

The FRC membership consis ted of t h e  Secre ta ry  of Health,  Education and 
Welfare and t h e  Chairman o f  t h e  Atomic Energy Comnission, S e c r e t a r i e s  of 
Defense, S t a t e ,  Commerce, Labor, and Agr icu l ture ,  and the P res iden t ' s  
Special  Advisor. I t  was d i r ec t ed  t o  consul t  with the National Academy of 
Sciences and  t he  NCRP. The FRC's primary funct ion was the development of 
nationrvl policy in the  f i e l d  of r ad ia t ion  p ro tec t ion ,  i . e  . , ' I . . .  advise the 
President  with respect  t o  r ad ia t ion  mat te rs ,  d i r e c t l y  o r  i n d i r e c t l y  
a f f e c t i n g  hea l th ,  including guidance f o r  a l l  Federal agencies in the 
formulation of r ad ia t ion  s tandards  and i n  the establishment of execution of 
programs of cooperation w i t h  the s ta tes .  .." As such, t h e  FRC did not i s sue  
or approve regula tory  rules .  These were issued by t h e  agencies under t h e i r  
s t a t u t o r y  au tho r i ty  and within the pol icy framework recornended by the 
Council and approved by the  President .  During i t s  ex is tence  from 1959 t o  
1970, t h e  FRC issued recommendations f o r  occupational and publ ic  whole body 
exposures as well as fo r  exposures from various radionucl ides .  

In 1970, t he  P r e s i d e n t ' s  Reorganization Plan No. 3 abolished the FRC and 
t r ans fe r r ed  i t s  funct ions t o  the Environmental Pro tec t ion  Agency ( E P A ) .  
The EPA has  had the governmental r o l e  of advis ing t h e  President  on 
r ad ia t ion  matters .  I t  has a l s o  continued the  guidance recommended by the 
FRC and  has addressed several  a reas  on i t s  own: a t ransur2nic  contamination 
s tandard ,  t he  allowable exposure for a l l  a c t i v i t i e s  in t h e  nuclear  fuel 
cyc le ,  and uranium miner radon exposure l imi t a t ions .  

The U.S. Radiation Pol icy Council was e s t ab l i shed  in 1980 by Executive 
Order t o  coordinate  the  formulation and implementation of Federal rad ia t ion  
pro tec t ion  po l i c i e s .  I t  i s  e s s e n t i a l l y  an  adminis t ra t ive  decendent of the 
Federal Radiation Council. Membership embraces a l l  governmental bureaus 
ar?d agencies chaired by the  Administrator of t h e  Environmental Protect ion 
Agency. The pr incipal  funct ions o f  the  RPC are t o :  

- Formulate broad r ad ia t ion  protect ion p o l i c i e s ;  
- Iden t i fy  gaps and overlaps i n  Federal r ad ia t ion  pro tec t ion  

a c t i v i t i e s ;  
- Monitor implementation o f  Federal r ad ia t ion  protect ion po l i c i e s  

by Federal agencies;  
- Assist in the reso lu t ion  of c o n f l i c t s  in j u r i s d i c t i o n  among 

Federal agencies and recommend c o r r e c t i v e  l e g i s l a t i o n  i f  needed; 
- Provide l i a i s o n  with the S t a t e s  and the Congress; 
- Serve as a forum fo r  public p a r t i c i p a t i o n  and comment; and 
- Act as a clearinghouse fo r  information on Federal r ad ia t ion  ac t i  

vi t i e s .  
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The  President  has a l s o  d i rec ted  the  Council t o  conduct t h ree  a c t i v i t i e s :  t o  
undertake a comprehensive review o f  t h e  scope of guidance and s t a t u t o r y  
a u t h o r i t i e s  bearing on r ad ia t ion  pro tec t ion ;  t o  coordinate  the 
implementation of recommendations for reducing r ad ia t ion  exposure; and  t o  
provide central coordinat ion f o r  Federal information programs concerned 
w i t h  rad ia t ion .  
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TRINITY 0.1 R/day (air)-U.S.; generally (220a, 
7/16/45 220c) standard from 1936-1948 TRINITY 

0.2 R/day or I R/wk (skin)- 
British (220a, 220c) 

0.2 R/day (or 1 wk)--international-- 
occupational exposure (225c), 229) 
ICRP 

0.1 Rlday (or 0.5 R/wk)--U.S.-- 
(225d, 229) NCRP 

CROSSROADS 0.2 Rlday (or 1 R/wk)--international ASA prepares 
711 j46- occupational exposure [225c, 229) first specific 
7/25/46 ICRP st at emen t to 

0.1 Rlday (0.5 R/wk)--U.S.-- tolerance dose 
occupational exposure (225d, 229) NCRP 

1947 0.2 Rlday (or 1 R/wk)--international-- 
occupational exposure (225c, 229)  ICRP 

0.1 Rlday (0.5 R/wk)-4.S.-- 
occupational exposure (225d, 229) NCRP 

SUMMARY 

In 1934, the ICRP adopted a maximum permissible dose rate o f  0.2 Rlday and in 
the same year the NCRP published Handbook 18 in which the maximum permissible 
dose rate was given as 0.1 R/day. The ICRP recommendation continued in 
international use until 1950, and the NCRP reconendation continued in- use in 
the U.S. until 1949 (225a). [These two dose rates are approximately the 
same, since O.lR/day in air (NCRP) is approximately equal t o  0.15Rlday at the 
skin (ICRP)] 

Listed below are various reported radiation standards (national and 
international) during the period 1945-1962. No effort has yet been made to 
reconcile reported standards where conflicts were found. Each standard has 
been assigned a reference number in the event further detail is needed. 
Complete reference citations are located in Appendix C (Bib1 iography). 

HISTORICAL DEVELOPMENT OF RADIATION STANDARDS 



APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Continued) 

0.3 rem/week (2244) 

once i n  a l i f e t i m e ,  accidental  h i g h  
exposure - 25 rem (2243') 

once i n  a l i f e t i m e ,  emergency 

0.3 rem/wk - occupational exposure 
NES-HB-42, (225e, 226a, 228a) 

0.3 R/wk  (229)  NCRP 
0.2 R/day ( o r  1 R / w k )  - 

occupational exposure 
(225c, 229) ICRP 

exposure - 1 2  rem (224j) 

X, 0.3 R/wk max. permissible  
. 3  rep/wk weekly dose i n  
.015 rep/wk blood formins 

organs (221a) 
0.3 rad/wk (228b) 

./15/4E- 
8/15/48 

The '1949 r epor t '  
recognized t h e  f a c t  
t h a t  rad ia t ion  pro- 
t e c t i o n  cri teria 
depend n o t  only upon 
biomedical and 
physical cons idera- 
t i o n s ,  but a l so  gpon 
value judgments, and 
a r e  based on the  
concept t ha t  t he re  
may be some degree of 
risk a t  any level of 
exposure. 

Prior to  1950, RCRP 
& ICRP had d i f f e r e n t  
s tandards;  from 1950 
on, they were s i m i l a r  
(Lauriston Taylor) 

1949 

9 50 

STANDARD 

0.3 rem/week--blood formins 

0.2 R/dav ( o r  1 R/wk) i n t e rna t iona l - -  

organs (220d, 224k) 

. .  
occupai i Anal exposure 
(225c, 229) ICRP 

0.1 R/day (0.5 R/wk)--U.S. 
(225d, 229) NCKP 

REMARKS 

0.3 rem/wk for occupational exposure 
(NBS-HB-47) (224e, 225f,  226a) 

0.3 R / n k  (229) I C R P ,  NCRP 

0.3 rem/wk - occupational exposure 

0.3 R/wk ( 2 2 9 )  ICRP,  NCRP 

(225e, 2 2 5 f )  
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OPERATION 

GREENHOUSE 

5/25/51 

TUMBLER-SNAPPE 
411152- 
6/5/52 

I V Y  
11 11152- 
11/16/52 

BUSTER-JANGLE 
10/22/5 1- 
11/29/5 1 

UPSHOT- 

3/17/53- 
KNOTHOLE 

5/4/53 

:ASTLE 
311154- 
5/14/54 

APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Cont inued)  

STANDARD 

0.3 rem/wk - occupa t iona l  exposure 

0.3 R/wk (229) I C R P ,  NCRP 

(225e, 225 f )  

0.3 rem/wk - occupa t iona l  exposure 
(225e, 225f) 

0.3 R/wk (229) I C R P ,  NCRP 

0.3 rem/wk - occupa t iona l  exposure 

0.3 R/wk (229) ICRP, NCRP 

0.3 rem/wk - occupa t iona l  exposure 

0.03 rem/wk (NCRP, 9/62)  t o t a l  body 
p o p u l a t i o n  - any organ (221b) 

0.3 R/wk (229)  ICRP,  NCRP 

(225e, 225 f )  

(225e, 225 f )  

0.3 rem/wk - occupa t iona l  exposure 
(225e, 225 f )  

0.3 R/wk (229) I C R P ,  NCRP 

300 mrem/wk, b lood  fo rming  organs 
(220b)600 rnrem/wk ( s k i n )  (220b) 

0.3 rem/wk - occupa t iona l  exposure 
(2253, 225f )  

0.3 R/wk (229) I C R P  

3.0 2/13 wks 
0.3 R/wk Irnax) (229) NCXP 
15 rern/yr 

REMARKS 

C R U  i n t r o d u c e s  
oncept o f  absorbed 
ose (224 f )  

A- 9 



'PERAT ION 

'EAPOT 
118155- 
'11 5/55 

~~ 

IGWAM 
114155 

~ ~~ 

EDWING 

/22/56 
/5/56- 

APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Continued) 

STANDARD 

0.3 rem/wk - occupational exposure 
(225e, 225f) 

3.0 R/13 wks 
0.3 R/wk (max) (229) NCRP 
15 remlyr 

0.3 R/wk (229) ICRP 

0.3 rem/wk - occupational exposure 
(225e, 225f) 

0.3 R/wk (229) I C R P  

3.0 R/13 wks 
0.3 R/wk (max) (229 
15 remlyr 

KCR P 

54 rem/yr (224b) 

5 remlyr [corresponding t o  
0.1 rem/wk) (224h, 228c) 

5 remlyr ( 0.1 rem/wk)--occupational 

0.3 rem/wk - occupational exposure 

0.3 R/wk (229) I C R P  

0.1 rad/wk ( 5  rad lyr )  (228d) 

3.0 R/13 wks 
0.3 R/wk (max) ( 2 2 9 )  NCRP 
15 remlyr 

exposure ICRP (2259, 226b) 

NCRP (225f) 

REMARKS 

UNSCEAR organized 
(2249) 

ICRP def ines  permis- 
s i b l e  dose and per- 
m i s s i b l e  weekly dose 
(2241) 
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OPERAT I ON 

IAROTACK I1 

.0/30/58 
1/19/58- 

APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Continued) 

STANDARD 

0.5 remlyr - population (223, 224a) 
5 remlyr ( 0.1 rem1wk)--0tcupationa' 

exposure (220e, 226b) 

5 rem/yr ( a v g )  
12 remlyr (max) (229) NCRP 

0.3 R/wk (229) ICRP 

0.5 remlyr ( o r  0.01 rem/wk) NCRP 
t o t a l  body - population (220f )  

0.3 rern/wk (max) 
3 rem/l3 wks (229) NCRP 
12/rem y r  ( m a x )  
5(  N-18)rem 

0.1 rem/wk 
0.3 rem/l3 wks (229) ICRP 
5(N-18) rem 

0.3 rem/wk (max) 
3 rem/13 wks (229) NCRP 
12 renlyr  (max) 
5(  N-18)rem 

0.1 rem/wk 
3.0 rem/l3 wks  (229) ICRP 
5 ( N- 1 8) rem 

5 rem130 y r s  ( o r  0.003 rem/wk) 

0.3 rem/wk (max) 
3 rem/l3 wks (229) NCRP 
I 2  rem/yr (max) 
5(N-18) rem 

0.1 rem/uk 
3.0 rem113 w k s  (229)  NCRP 
5 ( ~ - I a ) r e m  

ICRP--total body-- population (2251' 

REMARKS 
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OPERATION r 
1960 

APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Continued) 

STANDARD 

MPD=(N-l8)x5 rem, dose in  any 13 
consecutive wks. n o t  t o  exceed 3 
rem (whole body) (222)  

MPD=lO(N-l8)rems, dose in any con- 
secut ive  13 wks not  t o  exceed 6 
rem ( s k i n  dose) (222) 

5 rem i n  30 y r s  (224c). Recommended 
l imi t  f o r  f e r t i l e  persons; 0.5 
remlyr (or 0.01 rem/wk) - ICRP -- 
t o t a l  body, population (225h) 

0.1 remlyr ( o r  0.002 rem/wk)--average 
exposure t o  any organ - NCRP (2253’) 

0.1 rem/wk 
3.0 rem/l3 wks (229)  I C R P  
5(N-l8)rem 

0.3 rem/wk (max) 
3 rem/l3 wks 
12 remlyr (max) (229) NCRP 
5(N-l8)rem 

0.5 remlyr - general population (227a 
5(N-l8)rem (227b) 
3 rem/l3 wks (227b)  
5 rem (N-18)/13 consecutive wks 

exposure (228e) 

0.3 rem/wk (max) 
3 rem/l3 wks 
12 rem/yr (max) (229) NCRP 
5(N-18) rem 

0.1 rern/wk 
3.0 rem/l3 wks (229) I C R P  
5 (N-18) rem 

3 r e d 1 3  wks 
5 rem/yr ( a v g )  
1 2  remlyr (max) (229)  FRC 
5(N-18) rem 

REMARKS 

FRC es tabl ished by 
Eisenhower (226c) 

FRC formed t o  orovid 
federal  policy fo r  
U.S. (225b) 
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PERATION 

961 

-~ ~ 

IOMINIC I 
/25/62- 
114162- 

IOMINIC I1 

'/17/62 
/7/62- 

(Cont i nued) 

STANDARD 

APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

REMARKS 

0.3 rem/wk (max) 
3 rem/l3 wks 
12 remlyr (max) (229) NCRP 
5 (N-18)rem 

0.1 rem/wk 
3.0 rem/l3 wks (229) I C R P  
5(N-18) rem 

3 r e d 1 3  wks 
5 r m / y r  (avg) 
12 rem/yr (max) (229) FRC 
5 (N-18)- rem 

3 rem/l3 wks 
12 remlyr 
5 (N-la) rem accum. 

(230) AEC 

0.3 rm/wk (max) 
3 rem113 wks 
12 rem/yr (max) (229) NCRP 

0.1 ren/wk 
3.0 rem/l3 wks (229) I C R P  
5(N-18) rem 

3 r e d 1 3  wks 
5 remjyr (avg) 
12 ren lyr  (max) (229) FRC 
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APPENDIX A 
RECOMMENDED RADIATION SAFETY STANDARDS 

(Cont inued) 

PLOWSHARE 
-Gnome 12/10/61 
-Sedan 7/6/62 

OPERATION STANDARD 
I 

0.3 rem/wk (max) 
3 red13 wks 
12 r e m l y r  (max) (229) NCRP 
5 (  N-18) rem 

0.1 remlwk 
3.0 rem/l3 wks (229) I C R P  
5(N-l8)rem 

3 rem113 wks 
5 rem/yr (avg) 
12 rem/yr (max) (229) FRC 
5 (  N-18)rem 
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ACRONYMS 

AEC 
AFSWC 
AFSNP 
ANSI 
ASA 
BEAR 
BEIR 
COR 
CJTF 
CP-2 
DB M 
DR 
EDR 
E PA 
FB 
FRC 
H & N  
ICRP 
I CRU 

JAYCOR 
JCAE 
J TF 
LASL 
MPC 
MPD 
MPE 

mrem 
mR 
mR/h 
NAS 
NACOR 
NBS 
NCRP 

Atomic Energy Commission 
Air Force Special Weapons Center 
Armed Forces Special Weapons Project 
American National Standards Institute 
American Standards Associations 
Biological Effects of Atonic Radiation 
Biological Effects of Ionizing Radiation 
Camp Desert Rock 
Commander Joint Task Force 
Control Point g2, a location at Nevada Test Site 
Division of Biology and Medicine, AEC 
Desert Rock 
Exercise Desert Rock 
Environmental Protection Agency 
Film Badge 
Federal Radiation Counci 1 
Holmes and Narver 
International Council on Radiation Protection 
International Comnission on Radiological Units and 
Measurements 
DNA research contractor organization 
Joint Committee on Atomic Energy 
Joint Task Force 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 
Maximum Permissible Concentration 
Maximum Permissible Dose 
Maximum Permissible Exposure 
millirem 
milliroentgen 
milliroentgen per hour 
National Academy of Sciences 
Kational Advisory Committee on Radiation 
National Bureau of Standards 
National Council on Radiation Protection 
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ACRONYMS 
(Continued) 

NPG 
N TS 
PHS 
R 
REECo 
RPC 

R/h 
rad 

rem 
rep 

TD 
TG 
TM 
TU 
UNSCEAR 

Nevada P r o v i n g  Ground ( e a r l i e r  name o f  NTS) 
Nevada Test S i t e  
Pub1 i c  Health Service 
roentgen ( e a r l i e r  symbol was ' r ' )  
Reynolds E lec t r i ca l  and Engineering Company 
Radiation Policy Council 
roentgen per hour 
A u n i t  o f  absorbed dose equal t o  the absorption of 100 ergs o f  
r ad ia t ion  energy per gram of absorber medium. 
roentgen equivalent man ( o r  mammal) 
roentgen-equivalent-physical ( a  dose uni t  formerly used f o r  
purposes similar t o  the rad)  
Test Director 
Task Group 
Test Manager 
T a s k  Unit 
United Nations S c i e n t i f i c  Committee on the Effec ts  of 
Atomic Radiation 
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APPENDIX C 
BIBLIOGRAPHY 

Pages consulted i n  each source document a r e  referenced by l e t t e r s  of the 
alphabet i n  the approximate order i n  which they appear i n  t h e  
Radiological Safety Standard Tables and Operation Summaries. For 
example: 

"Ref. 113a" stands f o r  
Operation TEAPOT, NTS, 

"Ref. 113b" stands for 
Operation TEAPOT, NTS, 

pp. 45-46, Report of t he  Test Manager, 
Spring 1955. 

and 

p. 36, Report of the Test Manager, 
Spring 1955. 
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APPENDIX C 
BIBLIOGRAPHY 
(Continued) 

Recomnended Dose Limits by Agency 

1. 

2. 

3. 

4. 

5. 

6 .  

Morgan, K.Z.  and Turner,  J.E., P r i n c i p l e s  of Radiation Pro tec t ion  - A Textbook of Health Physics,  R.E.  Krieger Publ. Co, N . Y . ,  
1973. 

l a .  pp. 498-499 . . . recomnended by NCRP on March 17 ,  1934 

l b .  p. 499 . . . note 0.3 rem/wk recomended by NCRP on 
matrix gives 0.3R 

and continued i n  use i n  U.S. u n t i l  1949. 

March 9,  1949 - c o n f l i c t :  
w h i c h  was taken from Reference 2. 

IC. p. 499 

I d .  p. 499 

le .  p. 499 

. . . refers t o  NBS-HB-59 supplement by 
saying the NCRP on January 8 ,  1957 suggested 
a 0.5 rem/year (or  0.1 rem/week) 
s tandard.  

. . . recommended by ICRP i n  1934 and 
continued i n  use un t i l  1950. 

. . . recommended b v  ICRP in 1934 and ~. 

continued i n  use un t i l  1956 - c o n f l i c t :  
Ref. 1, p ,  499 has standard i n  use un t i l  
1956; Refi .2 has i t  i n  use unt i l  1958 - note  
c o n f l i c t  i n  0.3 rem and 0.3R - resolved. 

"Effects  of Radiation on Human Health - Health Ef fec t s  on 
Ionizing Radiation," Vol. 1, Hearings before Subcommittee on 
Health and the  Environment, of t he  Conunittee on I n t e r s t a t e  and 
Foreign Commerce, House o f  Representat ives ,  95th Congress, Second 
Session,  January 24, 2 5 ,  26; February 8, 9 ,  1 4 ,  and 28,  1978; 
Se r i a l  No. 95-179, p. 442. 

"Radiation Pro tec t ion  f o r  Amounts up  t o  300 Milligrams," National 
Bureau of Standards,  (U.S.) Handbook 18, (published by Advisory 
Committee on X-Ray and Radium (now NCRP) (1934). 

"Safe Handling o f  Radioactive Isotopes,"  National Bureau o f  
Standards (U.S) Handbook 42 (1949). 

"Permissible Dose from External Sources of Ionizing Radiat ion,"  
53 74 (note: Refs. NCRP Report No. 17  (NSS-HB-59) (1954) 

6 and 8 a r e  both supplements t o  NBS-HB- 9 

"Maximum Permissible  Radiztion Exposures t o  Man," Suppl. National 
Bureau of Standards (U.S.) Handbook 59, January 8, 1957. 
Reference 8 supersedes t h i s  reference which was an NCRP 
pre l iminary  recommendat i o n  f o r  occupational exposure o f  the t o t a l  
body t o  ionizing rad ia t ion .  

p ?  
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APPENDIX C 
61 6L IOGRAPHY 
(Cont inued) 

OPERATION TRINITY 

13. 

14. 

1 5 .  

16. 

17. 

18. 

Ba inbr idge,  K.T., (Ed.), T r i n i t  , Volume 24, Los Alamos Technical  

P repara t i ons "  (as o f  June 20, 1945), Lou is  H. Hempleman, M.C. 

13a. p. 59 
13b. p, 62 
13c. p. 61  

M i c r o f i l m  from h i s t o r i c a l  f i l e s  found by Dr.  Payne H a r r i s  i n  GSA 
a r c h i v e s  a t  San Bruno, C a l i f o r n i a .  I n  1946 Kodak Type K doub le  
c o a t  X-Ray f i l m  was used. The f i l m s  were read on a F a r s h a l l  
Densi tometer.  I n  1947 Kodak Type X-Ray f i l m  and 6462 Dupont Type 
D-2 X-Ray f i l m .  

I n f o r m a t i o n  p rov ided  by Payne H a r r i s ,  M.O. Dr.  H a r r i s  i s  a 
n u c l e a r  p h y s i c i s t  who p a r t i c i p a t e d  i n  more than 100 o f  t he  
atmospher ic nuc lea r  t e s t s  (bo th  CONUS and Oceanic) i n  a v a r i e t y  
o f  key c a p a c i t i e s  i n v o l v i n g  r a d i o l o g i c a l  s a f e t y  and exper imental  
p h y s i c a l  and b i o l o g i c a l  e f f e c t s  o f  nuc lea r  weapons. He has 
served as  prime c o n s u l t a n t  i n  these areas t o  t h e  D i r e c t o r ,  DNA, 
and i s  prominent i n  t h e  f i e l d s  o f  dosimetry,  decontaminat ion,  and 
r a d i o l o g i c a l  recovery  and clean-up opera t ions .  D r .  H a r r i s  i s  
c i t e d  u n t i l  s p e c i f i c  documentation can be l oca ted .  

Ser ies ,  Sec t i on  4.7 "Hea --+ t h  and M o n i t o r i n g  Organ iza t i on  and 

F i lms  were read on a P h o t o v o l t  Densitometer. 

Conversat ion:  A. Nelson (JAYCOR) w i t h  J .  Brady (REECo Dosimetry)  
3/19/80. 

Conversat ion:  A. Ne1 son (JAYCOR) w i t h  Bob F r e d e r i c k  (REECo 
Dos imet ry )  3/21/80. 

L e t t e r  dated 3/25/80 f r o m  John E. P i c k e r i n q .  Chief .  R a d i o l o g i c a l  
Sciences Divis ion. ,  USAF, Aerospace School--of  Medicine, B;ooks 
4FB, TX. 

OPERATION CROSSROADS 

20. S h u r c l i f f ,  D r .  W.A., ( H i s t o r i a n ) ,  Techn ica l  Report  o f  CROSSROADS 
J o i n t  Task Force One, 18 November 1946 ( C ) .  

20a. p. 3.57 

21, H i s t o r i c a l  Report ,  Atomic Bomb Tests Ab le  and Eaker, Opera t i on  
CROSSROADS, ( U )  D i r e c t o r  o f  Ship K a t e r i a l ,  J o i n t  Task Force One 

21a. p. 108 

22. Fores t ,  F.X., Capt, USPI, Bureau o f  Ships Group F i n a l  Report ,  Test 
Ab le  and Tes t  Baker, V o l .  1, J o i n t  Task Force One, 16 Cecember 
1946 (U) 
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APPENDIX C 
BIBLIOGRAPHY 
(Continued) 

23. 

24. 

25. 

26. 

27. 

Operational Report t o  the J o i n t  Chiefs  of S t a f f  on Atomic Bomb 
Tests Able and Baker conducted a t  B i k i n i  A t o l l ,  Marshall I s lands ,  
1 Ju ly  1946 and 25 J u l y  1946, Operation CROSSROADS (U)  

23a. P. 11-A-4 

Final Report, Tests Able - and Baker, Maritime Commission 
Representat ives ,  Director  o f  Ship m a l ,  Jo in t  Task Force One, 
Operation CROSSROADS (u) 

24a. p. E-11-7 
cloud t r acke r s  were used. 

No cloud sampling was done a t  CROSSROADS, only 

24b. p. E-11-1 
2 4 ~ .  p. E-11-8 
24d. p. E-VII-1 
24e. p. E-1-3 

Fee, J.J., Cdr. ,  USN, Radiological Decontamination of Target and 
Non-Target Vessels, Director  o f  Ship Material Technical Report, 
Vol. I ,  1 and 3 ,  (U) 

25a. p. 20 
25b. p. 13 
25c. p. 14 

Letter t o  Col. S ta f ford  Warren, USA, dated J u l y  12, 1946. 
Subject :  Cal ibra t ion  Results on Films 5301 and 5302, CROSSROADS, 
Tape 1, Box 2 of REECo Reports,  JAYCOR (U) 

Test  Baker, Report o f  Personnel Monitoring by Measures o f  Film 
Badges. CROSSROADS, Tape 1, Box 2 of REECo Reports,  JAYCOR ( U )  

27a. page 1, Appendix 1 

OPERATION SANDSTONE 

30. Winant. Frank I .  J r . .  C O R .  USN. TG 7.6. Headouarters. Task GrouD 
7.6 JTF 7,  USS BAIROKO (CVE-115) Fleet Pos t  Off ice ,  San Francisco 
16 March 1948 

30a. pp. 1 and 2 

31. Report t o  Atomic Energy Commission on Operation SANDSTONE, Part  
1, Volume 1, Annex G ,  Radiological Safe ty ,  Test Di rec tor ,  JTF 7 ,  
1949 

31a. p.  3-027. "Under unusual circumstances,  t he  S c i e n t i f i c  
Di rec tor  w i t h  concurrence o f  Rad-Safe Off icer  
may au thor ize  exposure i n  excess o f  d a i l y  
permissible  dose. The accumulated exposure 
sha l l  i n  no case exceed 3 R." 
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APPENDIX C 
IBLIOGRAP Y 

$Conti nuedr 

32. Report t o  the J o i n t  Chiefs of S t a f f ,  Annex 1,  Par t  2, Vol 1, 
Sect ion IX, Operation SANDSTONE (1948) 

32a. p. 9 
32b. p. 37. I n  t he  casua l ty  badges of h i g h  range, i t  was 

requested t h a t  Cine pos i t i ve  5202 be used i n  place of 
Kodal i t e  6567. 

32c. p. 31. " I t  was decided t h a t  the f i lm badges f o r  a l l  gamma 
measurements be procured by the AFSWP. Or. Lauriston 
Taylor of  the U.S. Bureau of Standards was placed under 
c o n t r a c t  by the  AFSWP t o  c a l i b r a t e  and read film badges f o r  
a l l  gamma readings." 

32d. p.  53. The f i r s t  c a l i b r a t i o n  of personnel f i lm badges was 
run u s i n g  the 48.7 mg radium source. Films were developed 
and read on a k'eston Densitometer, Model 877. 

32e. p. 92 
32f.  p. 113 
329. p. 63 
32h. p. 65 
32i .  p. 59 

33. Test Di rec to r ' s  Report, Test Di rec tor  JTF7,  Report on Operation 
SANDSTONE, Vo1. 1, 1948 

33a. p. 3 
33b. p. 2 
33c. p. 1 

34. SOP f o r  Task Group 7.6, 1 9  December 1947, JTF 7 

34a. p. 1 
34b. p. 2, Annex B t o  TG 7.6 Operation P l a n  1-48. The Disaster 

Group was issued one casua l ty  badge and one personnel 
badge. 

35. SANDSTONE Report (V01.1); Report t o  t h e  JCS. Pages 113-114. 
Also Test Direc tors  Report t o  the A E C ,  pp. 3-21. 

36. A N N E X  H t o  TG 7.6 Op. Plan 1-48, Page 1. (Also) A N N E X  J ,  Para. 
4 ( a )  of Field Order #1 (RADSAFE P L A N ) .  

OPERATION RANGER 

40. Shipman, T .L . ,  Report of t h e  Rad-Safe Group, Operation Ranger  
Pro ram Re o r t s ,  Operational Volume 5,  LASL, University of 
M y  1952 ( C )  

40a. p ,  69 
40b. p. 79 (Appendix D )  
40c. p .  58 
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40d. p. 71 (Appendix C )  Dosage records were kept on a t o t a l  of 
182 persons who entered t h e  " h o t "  area. Contractor 
personnel received t h e  highest  exposures. 

40e. p. 72 

41. Report of t h e  Deputy Test Di rec tor ,  LASL, Universi ty  o f  
Cal i forn ia  

41a. p.  31 

OPERATION GREENHOUSE 

50. Cooney, James P. 
Nuclear ExDl Os7 on! 

Brig. Gen., MC, USA, Radiological Safe ty ,  
1951, Operation GREENHOUSE S c i e n t i f i c  
Annex 9.3, WDC Ju ly  1951 ( C )  D i rec to r ' s 'Repor t ,  

50a. p. 1. Following the decontamination o f  the  SANOSTONE 
res idua l  a c t i v i t y ,  Thomas N. White, Los Alamos, made a 
f i n a l  survey of t he  e n t i r e  a t o l l  and concluded tha t  there 
was no p o s s i b i l i t y  of over exposure on any of the i s lands  
and this would be t r u e  unt i l  t he  next s e r i e s  of t e s t s .  I t  
was decided, t h e r e f o r e ,  t o  stop using film badges on a l l  
i sl ands. 

50b. p. 25 
50c. p. 33. Special care  was taken with eyes, ea r s ,  ha i r  and 

f i n g e r n a i l s  of personnel d u r i n g  decontamination 
procedures. 

50d. pp. 70-71 

5 1 .  Steadman, Frank M., Col QMC and S ta f f  o f  Office o f  the 
Quartermaster General QM Det. 7 ,  9135th T.S.U., S c i e n t i f i c  
D i rec to r ' s  Report Annex 6.9, " Pro tec t ive  Clothing and Personnel 
Decontamination," F t .  Lee VA Quartermaster Research and 
Development Laborator ies ,  Phi ladelphia  Office of t he  
Quar te rmas ter  General, Washington, D.C. ,  December 1951 (U) 

51a. p. 70 
51b. pp.  76 and 77 .  Change houses were located on Parry Island 

51c. pp. 79 and 80 

and on Enewetak Island. 

52. Task Group 3.3 Final Report on Operation Greenhouse, Cdr., Task 
Group 3.3, F lee t  Post Off ice ,  San Francisco, C A ,  6 Ju ly  1951 ( 5 )  
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52a. p. 8-6 
52b. pp. 8-4 and 8-5 
5 2 ~ .  p. 8-3 

53. 0010/51, Opera t i on  P l a n  CTG 3.3, No. 1051, Annex H, "Rad io log i ca l  
Safe ty , "  JTF 3, TG 3.3, Pear l  Harbor, T.H., 31 January, 1951 

53a. p. H-IV-1. "Under unusual c i rcumstances,  CJTF 3 may 
a u t h o r i z e  a t o t a l  exposure o f  up t o  3 roengtens i n  s p e c i f i c  
cases i n v o l v i n g  l i m i t e d  numbers o f  personnel  w i t h  t h e  
p r o v i s i o n  t h a t  such persons \ r i l l  be p r o h i b i t e d  f rom f u r t h e r  
exposure o f  more than  0.1 R pe r  day d u r i n g  t h e  balance of 
t h e  opera t i on "  

53b. p. H-11-1 
5 3 ~ .  pp. H-11-1 and H-11-5 

54. DoD press r e l e a s e  140-1515 (Statement o f  LTG Quesada, June 
13, 1951, a t  Pentagon news conference) .  

55. CTG 3.3 Op P l a n  1-51, Annex H ( R a d i o l o g i c a l  S a f e t y )  p. H- IV-1 .  

56. CTG 3.3 Repor t  o f  P a r t i c i p a t i o n  i n  Opera t i on  GREENHOUSE ( s e r  
00174 d t d  16 June 5 1  page 8-5). 

57. Opera t i on  GREENHOUSE S c i e n t i f i c  D i r e c t o r ' s  Repor t ,  Annex 6.9; 
Para. 2.3.2. 

58. Annex H t o  TG 7.6 Opera t i on  P l a n  1-48, page 1; a l s o  Annex J ,  Para. 
4 (a )  o f  F i e l d  Order  #1 (Rad-Safe Plan) .  

OPERATION BUSTER-JANGLE 

60. 

61. 

62. 

63. 

Shipman, Thomas L., E.D., R a d i o l o g i c a l  , Saf,ety, O~e;-tion 
BUSTER-JANGLE, LASL, U n i v e r s i t y  o f  Ca i f o r n i a  Ju y 19 3 I! 
60a. p. 15  

Opera t i on  P l a n  S e r i a l  No. 6-51, Annex E, "Rad io log i ca l  Safe ty ,  
Opera t i on  BUSTER-JANGLE", Headquarters, AFSWC, K i r t l a n d  A i r  Force 
Base, NM ( S ) .  

61a. p. E-1 
61b.  p. E-4 

Tes t  D i r e c t o r ' s  Opera t i on  Order  1051, Opera t ion  BUSTER-JANGLE ( S )  

62a. p. R-4, Annex R (Rad-Safety and H e a l t h )  
62b. p. A-1-5 

Repor t  of Exerc i se  Deser t  Rock I Headquar ters  S i x t h  Army, 
P r e s i d i o  o f  San Franc isco,  CA, 18 September 1951.(U) 
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63a. p. 108 
63b. p .  110 
63c. p.  109 

64. Repor t  o f  Exe rc i ses  Deser t  Rock I1  and 111, Headquar ters  S i x t h  
Army, P r e s i d i o  o f  San Franc isco,  CA 15 December 1951.(U) 

64a. p. 
64b. p. 
64c. p. 
64d. p.  
64e. p. 

64 f .  p. 
on 

35 
127 
132 
237 
234. DR I1 and 111 - Showers were s e t  u p  a t  Yucca Pass 
day observers  en te red  area. 
157 

OPERATION TUMBLER-SNAPPER 

70. Annex R t o  t h e  Tes t  D i r e c t o r ' s  Opera t i on  Order  1-52 
"Rad io log i ca l  S a f e t y  Plan",  Opera t ion  TUMBLER-SNAPPER-' 

70a. p.  1 

71. Gwynn, P.S., L t .  Col, USAF, R a d i o l o g i c a l  Sa fe ty ,  Opera t ion  
TUMBLER-SNAPPER, AFSWP (CNWDI) 

71a. p. 38 
71b. p.  47 
71c. p. 44 
71d. p .  33 

72. Repor t  o f  Exe rc i se  Deser t  Rock I V  Headquar ters  S i x t h  Army, 
P r e s i d i o  o f  San Franc isco,  CA, June 1952.(U) 

72a. p. 217 
72b. DO. 77 and 78 . .  
72c. pp. 21 and 22 

OPERATION I V Y  

80. Maynard, R.H., Capt. USN, & Se rv i s ,  J.D., Maj., USA, Repor t  t o  
t h e  S c i e n t i f i c  O i r e c t o r :  "Rad io log i ca l  Sa fe ty ,  J o i n t  Task Force 
132," Washington, D.C., LASL, U n i v e r s i t y  o f  C a l i f o r n i a ,  January 
1953 (U) 

80a. p.  71. No l i m i t  was p laced on t h e  r a t e  o f  accumulat ion o f  
MPE as l o n g  as r a t e  was low  enough t o  pe rm i t  adequate 
c o n t r o l .  

80b. p.  37 
80c. p. 80 
80d. p .  79 
80e. p. 68 
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80f. D. 30 
809. p. 95 
80h. p p .  94 and 95 
80i .  b; 85 
8Oj. p. 34 
80k. pp. 33 and 34 
801. p. 33 

81. Moore, Frank E. Jr.,. Maj. USA, and Bechanan, Gordon H . ,  L t .  USNR, 
History of Operation Ivy, 1951-52, JTF 132, Chapter X V I ,  
Radio1 og ica l  Safe ty  

a la .  p.  226 

82. Operation Plan 1-52, CornTask Group 132.3, Appendix 11 t o  
Appendix J -"Decontamination Procedures" (Washington, O.C., 6 
June 1952) (U) 

82a. p. J-111-1 
82b. p. J-11-1 
8 2 ~ .  P. J-11-2 

OPERATION UPSHOT-KNOTHOLE 

90. Radiological Safe ty ;  Operation UPSHOT-KNOTHOLE FC, AFSWP, 
Albuquerque, NM, March - June, 1953 (U )  

90a. p. 19 
90b. p. 36 

P res id io  of San Francisco, CA,  16 J u l y  1953.(U) 
91a. p. 12 (Annex 6 )  
91b. p. 60 
91c. p. 153 

91. Final Report of Exercise Desert Rock V Headquarters Sixth Army, 

92. Upshot-Knothole Radiological Safe ty  Report (Abridged version) (U) 

92a. p. 17 
92b. p. 18 
92c. p. 23 
92d. p. 13 
92e. p. 159. "With  t he  addi t ion  of the eleventh sho t ,  i t  was 

found necessary t o  request  the Test Di rec tor  t o  authorize 
an increase  i n  t h e  3.9 R to le rance  dosage f o r  22 monitors 
i n  t h e  sec t ion  t o  4 .5  R as a t o t a l  dosage f o r  t he  operation 
and roll-up period." 

93. Clark,  John C . ,  &Dort o f  the  D m t v  Test Direc to r  , Operation 
UPSHOT-KNOTHOLE, LASL, June 1954 ( S ) .  

93. p .  23. 
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OPERATION CASTLE 

100. 

101. 

102. 

103. 

104. 

105. 

106. 

Serv is ,  John O.,, Maj. Chemical Corps, Report  t o  the  S c i e n t i f i c  
D i r e c t o r :  " R a d ~ o l o g i c a l  Safe ty , "  LASL, August, 1954 ( 5 )  

100a. p. 40. CTG 7.1: Any i n d i v i d u a l  exceeding exposure o f  6 R 
would be r e t u r n e d  t o  t h e  U.S. Several  members o f  P r o j e c t  
6.4 rece ived  exposures between 6 and 12  R as a r e s u l t  o f  
con t inued  a c t i v i t y  aboard contaminated drone sh ips.  

1OOb. p. 61 
1OOc. p .  42 
100d. p. 44 
100e. p. 14 
100f. p.  64 
1009. p. 57 - 
100h. p .  56 
1 O O i .  p. 59 

H i s t o r y  o f  Opera t i on  CASTLE, F i n a l  Report,  CJTG 7.3, F i n a l  Report 
S e r i a l  No. 001404 (Navy Arch ives)  

101a. p. 191 
101b. p. l l a  
101c. p. l l a - 3  

Annex N t o  CJTF 7, Opera t i on  P lan  No. 3-53, R a d i o l o g i c a l  S a f e t y  
( U )  

102a. p .  N-1-2 
102b. p .  N-1-3 
1 0 2 ~ .  p .  N-1-5 

J o i n t  Task Force 7 ,  Comnander Task Group 7.3 Opera t i on  P lan  No. 
1-53, Annex G - R a d i o l o g i c a l  S a f e t y  (U)  

103a. p. G-1-5 

F i n a l  Repor t ,  R a d i o l o g i c a l  Sa fe ty ,  Opera t i on  CASTLE, Spr ing  1954: 
Vols. I and I1 

104a. p. 7 

TG 7.3 Op. Order 1-53 (7 Dec 53) ANNEX G. 

JTF 7 Op. Order 1-53 ( rev .  9-25-55), page F-2. 

103b. p. G-1-1 
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OPERATION TEAPOT 

110. Opera t i on  TEAPOT, 5 -3  F i l e s  #3, 5, P a r t  111 (U)  

110a. p. 5 

111. Co l l i nson ,  Tom D., L t .  Col., USA, "Rad io log i ca l  S a f e t y  Report," 
Repor t  t o  t he  Test  D i r e c t o r ,  AFSbIP, FC, Albuquerque, NM, May 1955 
( U )  

l l l a .  p. 13 
l l l b .  p. 12 
l l l c .  p. 1 5  
l l l d .  p.  17 
l l l e .  p. 4 
l l l f .  p. 170 

Annex 0, "Rad io log i ca l  S a f e t y  P lan  t o  Deser t  Rock Operat ion Order 

112a. p. 24. DASA Opera t iona l  Summary p. 58. Sa fe ty  c r i t e r i a  
equa ls  6R a t  any o r i g .  t e s t  w i t h  no more than  3R prompt 
r a d i a t i o n .  

112b. p. 27. 

Repor t  o f  t h e  Tes t  Manager, Opera t i on  Teapot, NTS, Spr ing  1955 

113a. pp. 45-46, and p. 106 
113b. p. 36 
113c. p. 35 

112. 
#1" (U) .  

113. 

114. Exe rc i se  Deser t  Rock V I ,  F i n a l  Repor t  o f  Opera t ions  Eeadquarters 
S i x t h  Army, P r e s i d i o  o f  San Franc isco,  CA 7 J u l y  1955 (U)  

OPERATION WIGWAM 

120. B a i e t t i ,  A.L. and Smith, A.L., Repor t  t o  t h e  S c i e n t i f i c  
R a d i o l o g i c a l  S a f e t y  f o r  Opera t i on  WIGWAM, U.S. Naval R a d i o l o g i c a f  
Defense Labora tory ,  San Franc isco ,  CA, January 1957 

120a. p. 17 
120b. p. 36 
12Oc. p. 1 5  
120d. p. 37 
120e. p. 28 
120f. p. 20 
1209. p. 30 
12Oh. p. 5 
12Oi. pp. 44 and 45 
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121. 

122. 

123. 

Hawkins, M.B. e t  a l ,  Repor t  t o  t h e  S c i e n t i f i c  D i r e c t o r :  
De te rm ina t ion  o f  R a d i o l o g i c a l  Hazard t o  Personnel, U.S. Naval 
R a d i o l o g i c a l  Defense Labora tory ,  San Franc isco ,  CA, J u l y  1956 (U)  

121a. p. 55 
121b. pp. 62-67 
1 2 1 ~ .  pp. 82-88 

Opera t i on  P lan  1-55, Appendix I 11  t o  Annex G, Opera t ion  WIGWAM, 
Comander Task Group 7.3 

122a. p. G-11-3 

Appendix I t o  Annex G, Task Group 7.3 Opera t i on  P lan  1-55 

OPERATION REDWING 

130. 

131. 

132. 

133. 

Jacks,  G.L., R a d i o l o g i c a l  Sa fe ty ,  Opera t i on  REDWING, LASL, Los 
Alamos, NM, July 1956 ( S )  

13Da. p. 56 
130b. p. 40 
130c. p. 38 
130d. p. 29 
130e. p. 26 
130f .  p. 11 
1309. p. 12 
130h. p. 40 
13Di. p. 28 

Annex G t o  CTG 7.3 No. 1-56, R a d i o l o g i c a l  S a f e t y  P l a n  (Opera t ion  
REDWING Commander Task Group 7.3, Opera t ion  P lan  No. 1-56) (U) 

131a. pa G-1-2 
131b. p. G-1-5 
1 3 1 ~ .  p. G-1-4 

Blumenson, M a r t i n ,  Capt. USN, Hexamer, Hugh D., L T ( j g ) ,  USNR, A 
H i s t o r y  of Opera t ion  REDWING: The Atomic Weapons Tes ts  i n  th7 
P a c i f i c ,  1956, 1 December 1950 ( Navy Arch ives  B u i l d i n g ,  Room 2 1 0 j  

132a. pp. 35 and 36 
132b. p. 35 

Appendix I t o  Annex K t o  CJTF Seven, No. 1-56, "Rad io log i ca l  
S a f e t y  Regulat ions,"  Headquarters JTF-7, Washington, D.C., 20 
January  1956 

133a. p. K-1-2 
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133b. p. K-1-1. A p l u t o n i u m  s p i l l  of 100 mg contaminated 10 
persons,  bu t  we1 1 bel ow to1 erance 1 imits, Some 
contamination was c a r r i e d  t o  the .barracks requi r ing  four  
tents t o  be decontaminated and personnel c lo th ing  t o  be 
discarded. 

1 3 3 ~ .  p. K-1-6 
133d. p.  K-1-7 
133e. p. K-1-3 and K-1-5 

134. Final Report, Operation REDWING, CTG 7.3, Augus t  1956 

134a. p. 115 
134b. p.  112 

OPERATION PLUMBBOB 

140. 

141. 

142. 

143. 

Report of the Test Manager, AEC/NTO, Operation PLUMBBOB, Nevada 
Test  S i t e ,  December 1957 

140a. p. 71. "Units" are computed by mult iplying the average 
a i r  concentrat ion,  excluding natural  background, in the 
area of exposure, i n  units o f  alpha decays per minute per 
cubic meter, by the hours o f  exposure when no p ro tec t ive  
equipment is worn. 

140b. p. 74 
14Oc. p. 72 

PLUMBBOB On-Site Rad-Safety Report (NTS, Mercury, NV) REECo, 
Inc. ,  ( U )  

141a. p. 235 
141b. p.  1 3  
141c. p. 16 
141d. pp. 14 and 17  
141e. p, 22 
141f. p.  239. REECo evaluated Dupont Types 502, 510, 555, 824, 

825, 834, and 606 and Eastman Type 2. 502 and 834 
provided the  best overlap. However, it was judged t h a t  
Dupont f i lm pack 559 provided s u f f i c i e n t  accuracy when 
processed w i t h  t he  Dupont developer. 

Exercises Desert Rock VI1 and V I I I ,  F i n a l  Report o f  Operat ions,  
headquarters  U.S. Sixth  Army, P res id io  o f  San Francisco, CA . 9  
January 1958 (U) 

142a. p. 6 

4950th Test Group Operation Plan,  AFSWC, April 1957, Appendix 2 
t o  Annex F of Operation Plan 1-57 
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Letter t o  SDSRR-LQCP t o  S.E. Weary (JAYCOR) from Headquarters 
Lexington Blue Grass, K Y ,  dated 16 June 1978. Subject:  Film 
Badge Information. "An es t imate  of t h e  accuracy of the f i lm  
badge during t h e  1957 time frame is - + 50% for  doses in  the 
v i c i n i t y  of the dens i ty  crossover  of the sensitive and 
insensitive film components. Accuracy i s  probably as  good as  2 
10% i n  t h e  low density range of each f i lm component." 

144. 

145. 

146. 

4950th TG, Final Report, AFSWC, Operation PLUMB808, Kirtland Air 
Force Base, NM 

145a. p. 120 

"Photographic Oosimetry, 3rd Suppl. Evaluation," Prepared by 
Rad-Safe Div . ,  Health and  Sa fe ty  Dept., REECo,  submitted 17 
October 1957 

146a. p. 1 
146b. p. 2. The 3rd Supplemental Evaluation, Oct. 1 7 ,  1957 used 

the  FD-2 densitometer. 

OPERATION HARDTACK I 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

157. 

158. 

0 e r a t i o n  P l a n  -a 1-58 Task Group 7.1,  15 January 1958. 

granted only by CJTF 7 when just i f ied by operational 
considerations.  

Operation HARDTACK, Radiological Sa fe ty  Final Report 

Report of TG 7.1, Operation HARDTACK, 29 May 1959 

JTF 7 Final Report, Operation HARDTACK, 8 October 1958 

TG 7.5 Final Report, Operation HARDTACK, April 1959. Only fou r  
Holmes and Narver personnel exceeded 3.75 R and none exceeded 
5R. 

Radiological Safety,  Operation HARDTACK, 6 October 1959 

155a. p. 47. 

Dosimeter Films, E . I .  Dupont  De Nemours and Co. ( Inc . )  Photo 
Products Department, Wilmington 98, M 

Task Group 7.5 Rad-Safe Support, Operation HARDTACK, Phase I ,  

157a. p .  15 

Radiological Safety Support f o r  A 1  1 Target Fleet Projects ,  
Operation HARDTACK 

8-r- u t  o r i z a t i m r  exposure exceeding t h e  e s t ab l i shed  MPE was 

- -  8 3, Published by Holmes and Narver, April 1959 
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158a. p. 63 

OPERATION ARGUS 

160. CTF 88, F i n a l  Report ,  ARGUS 

OPERATION HARDTACK I I 

170. 

171. 

On-Site Rad-Safety Support  Repor t ,  Opera t i on  HARDTACK -? I 1  
OTO-58-5, REECo, Inc. ( U )  

170a. p. 9 
170b. p. 22 
170c. D. 8 
170d. p. 7 
170e. p. 23 
170f .  p. 12 
1709. p. 13  
170h. p, 11 

Report  o f  t h e  Tes t  Manager, Opera t i on  HARDTACK 11, 0T0-58-4, 
August - October 1958 

171a. p. 28 Only two c l o u d  samplers exceeded 5R; t h e  maximum 
was 7.7 R and t h e  minimum was 6,2 R. Only 5 personnel  rece ived 
exposure g r e a t e r  t han  5 R;  t h e  maximum was 10.9 R,  and t h e  
minimum was 5.6 R f o r  t h i s  group. 

OPERATION D O M I N I C  I 

190. 

191. 

192. 

193. 

JTG 8.3 F i n a l  Report ,  Opera t i on  Dominic, JTF 8-62-12648, 30 A p r i l  
1963 

190a. p. 5-7 

S c i e n t i f i c  D i r e c t o r ’ s  Sumnary Report ;  Swordf ish,  Opera t ion  
D O M I N I C ,  2 1  January 1963 

CJTF 8 Report :  R a d i o l o g i c a l  Sa fe ty ,  Opera t i on  D O M I N I C ,  ( da ted  1 
A p r i l  1963). 

CJTF 8 Report:  Navy Test Group Opera t ions ,  Operation DOMINIC, 
Enc losure  J. 
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OPERATION DOMINIC I1 

200. "Operations NOUGAT and SUNBEAM, Organizat ional ,  Operational,  
Funding and Lagis t ica l  Summary," Deputy Chief of S t a f f ,  Veapons 
Ef fec t s  and Test Field Command, DASA, Sandia Base, NM (U) 

200a. p. 64. Radiological s a f e t y  was the r e spons ib i l i t y  of CTO. 
The es tab l i shed  AEC EPE limits were used w i t h  the 
f ol 1 owing except ions:  

P ro jec t s  2.3, 2.4 - a t o t a l  of 5 rem f a r  a l l  events 
Pro jec t  2.9 - 6 rem 
Projec t  2.11 - 6 rem 
Pro jec t  7.15 - 20 rem 

The rad ia t ion  exposure of each individual was 
recorded and forwarded t o  the command holding the  
individual  ' s heal th  record. No concl us i ve 
over-exposures were received. (Shot Small Bay) 

200b. p. 65 I t  was necessary t h a t  a i rcrews receive waivers t o  
exceed es tab l i shed  exposure l i m i t s .  The Operational 
Division Rad-Safe Officer processed waiver requests  and 
coordinated them with AEC Rad-Safety. (Shot Small Boy) 

2OOc. D. 62 No par ty  would be cleared f o r  e n t r y  t o  c lose- in  
s t a t i o n s  if a i o se  r a t e  reading of 10 R/h ex is ted .  
L i t t l e  F e l l e r  11). 

(Shot 

201. On-Site Radiological Safe ty  Report ,  DOMINIC S e r i e s ,  Nevada Phase 

201a. p.  5 Personnel f i lm  badges were exchanged for 
ind iv idua ls  who entered the r ad ia t ion  exclusion a reas ,  and 
p a r t i c i p a t i n g  personnel s ta t ioned  a t  Indian Springs,  AFE. 
There were no r ad ia t ion  exposure l i m i t s  above the 
opera t iona l  l i m i t s  es tab l i shed  by the Test blanager. 

201b. p. 9 

!, R E E C o ,  NTS, 5 March 
1962. Twenty experimental f i lm badges were placed a t  various 
pos i t i ons  in the four  cloud sampling a i r c r a f t  and processed a f t e r  
t h e  t e s t  event. Gama f i lm badges were issued t o  sample recovery 
personnel and m i  ntenance crews. The maximum recorded exposures 
were : 

180. 

E x  per i men t a 1 500mR 
Ground Crew 30mR 
Sampling P i l o t s  295 mR 
Hel icopter  P i l o t s  1700mR 
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180a. p. 3 REECo Rad-Safe Personnel were dispatched t o  Indian 
Springs AFB f a c i l i t y  t o  operate  a decontamination s t a t i o n  
and perform personnel,  equipment and vehicle  decontami- 
nation. 

180b. p. 2 

180c. p. 5 Personnel gama badges were exchanged f o r  individuals  
who entered the r ad ia t ion  exclusion area.  The highest 
individual  exposure indicated by gama f i lm  badge was 1780 
m R .  There were no r ad ia t ion  exposures above the Maximum 
Permissible Dosage (MPO) l imi t s .  

OPERATION PLOWSHARE 

210. 

211. 

On-Site Rad-Safety Report, Project Sedan, REECo, (U)  

210a. p.  7 
21Ob. p. 6 
21Oc. p. 8 
210d. p. 5 

On-Site Radiological Sa fe ty  Report ,  Final  Report ,  Pro jec t  - Gnome, Carlsbad, NM, REECo,  ( U )  

211a. p. 1 
211b. p. 7 
211c. pp. 3 and 4. Arrangements were made with the Eberline 

Instrument Corp. i n  Santa Fe, N M ,  t o  provide emergency 
dosimetry f i l m  processing, should t h e  need a r i s e  for 
dosimetry data .  

211d. p. 2 
211e. p. 9 
211f. p. 8 Anti-contamination c lo th ing  was provided t o  

personnel having access t o  t he  d r i l l  platforms and t h e  
d r i l l i n g  areas .  Dose r a t e s  t o  personnel on the  d r i l l i n g  
platforms averaged from 2 t o  5 mR/h. Contaminated water 
was occasional ly  s p i l l e d  onto the  d r i l l  platforms d u r i n g  
removal of the d r i l l  pipe from the  hole. Decontamination 
by water washing was employed t o  reduce the  dose r a t e  t o  
min imum p rac t i ca l  levels .  

C-18 



APPENDIX C 
BIBLIOGRAPHY 
(Continued) 

212. 

220. 

2119. p. 10 
Z l l h .  p.  11. Urine specimens were taken rout ine ly  from 

personnel p a r t i c i p a t i n g  i n  survey or recovery operat ions.  
No s ign i f i can t  internal exposures were observed. 

Pro jec t  Manager's Report, P ro jec t  Gnome, PLOWSHARE Program, 
Prepared by U.S. A E C  

RECOMMENDED RADIATION SAFETY STANDARDS 
(from Appendix A )  

"Permissible Dose from External Sources of Ionizing Radiat ion,"  
NCRP Report No. 17,  (NBS-HB-59), 1954. ( T h i s  reference has a t  
l e a s t  two supplements which include References 220e and 220f. 
See Reference 229 a l s o ) .  

220a. 

220b. 

220c. 

220d. 

2 ZOe . 

p. 1, e labora t ion  on pages 53-55 ,  and 74 of  the document. 
B r i t i s h  o r  European standard adopted 0.2 R/day or l R/wk 
a s  the " to le rance  dose" - no indica t ion  was made a s  t o  
whether the dose should be measured " i n  a i r "  or on the  
su r face  of t he  body t o  include backsca t te r  radiat ion.  

' I . .  . the  f i r s t  s p e c i f i c  statement t o  t h i s  e f f e c t  ( to le rance  
dose) appears i n  the 1946 Safe ty  Code f o r  the Indus t r ia l  
Use of X-Rays prepared by the American Standards 
Association." 

pp. 61-62, exceptions on pages 53-54, and 75. The basic 
permissible  dose d i s t r i b u t i o n  requi res  t h a t  t h e  weekly 
dose a t  depths g rea t e r  than 5 cm sha l l  not exceed 300 mrem 
(bloodforming organs);  600 mrem i n  t h e  skin. 

pp. 1, 27. General1 accepted dose i n  U.S. was 0.1 R/day 
(1936-1948) e i n  a i r  - e x t e r n a l ) .  Defines permissible dose 
and permissible  weekly dose. 

pp.  i v - v .  NCRP dec is ions  of June 1948 - permissible dose 
from dose from externa l  sources ( see  Ref. 224k f o r  
desc r ip t ion ) .  

"Maximum Permissible  Radiation Exposures t o  Man," Suppl. 
Natl .  Bur. Std. (U.S.) Handbook 59 (January 8 ,  1957). 
Reference 220e superseded t h i s  reference.  Reference 220f 
was a n  NCRP pre l iminary  recomnendation of Jan. 8 ,  1957 f o r  
occupational exposure of t h e  t o t a l  body t o  i o n i z i n g  
r ad ia t ion  - per Ref. 225, p. 499. See Reference 229, 
a l so .  
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220f.  p.2, "Maximum P e r m i s s i b l e  R a d i a t i o n  Exposures t o  Man," 
Suppl. Na t l .  Bur. Std. (U.S.) Handbook 59 ( A p r i l  15, 
1958). T h i s  rep resen ts  a minor  change f rom t h e  NCRP 
recomnendations (Ref. 220e) o f  Jan. 8, 1957, but  no 
change i n  t h e  bas i c  MPD. Per  p. 2: "...the q u a r t e r l y  
l i m i t a t i o n  o f  3 rems i n  13 weeks i s  b a s i c a l l y  t h e  same as 
i n  NBS-HB-59 except i t  i s  no l onger  r e l a t e d  t o  t h e  o l d  
weekly dose l i m i t .  The y e a r l y  l i m i t a t i o n  i s  12 rem 
i n s t e a d  o f  t he  15 rems g i v e n  i n  t h e  NCRP p r e l i m i n a r y  
recommendations o f  Jan. 8, 1957. 

... Ref. 25 (p. 449) r e f e r s  t o  t h i s  NBS-HB supplement by 
say ing  t h e  NCRP on A p r i l  15, 1958 suggested an 0.5 r e m l y r  
(or 0.01 rem/wk) as maximum exposure t o  gonads ( o r  t o t a l  
body) - p o p u l a t i o n  a t  l a r g e .  

221. "Maximum P e r m i s s i b l e  Amounts o f  Radioisotopes i n  t h e  Human Body 
and Maximum P e r m i s s i b l e  Concent ra t ions  i n  A i r  and Water," 
NBS-HP-52, 1953. (See Reference 229, a1 so). 

221a. pp. 3-4. F i r s t  o f f i c i a l  p u b l i c a t i o n  by t h e  Subcomnittee 
on P e r m i s s i b l e  i n t e r n a l  dose o f  t h e  NCRP - c o n t a i n s  
values o f  Chalk R i v e r  and London Conferences - Sept. 
29-30, 1949 and ICRP,  July 1950. NCRP submi t ted  these 
doses t o  I C R P .  I n  J u l y  1950, a t  t h e  I C R P  meet ing i n  
London, these values were accepted. 

221b. P. 4. Per  Reference 225 (p. 399) t h i s  NBS-HB-52 says 
NCRP suggested i n  September 1952 t h e  0.03 rem/wk as 
maximum exposure o f  any organ - dose e q u i v a l e n t  t o  the  
t o t a l  body exposure o f  popu la t i on -a t - l a rge .  

222. "Maximum P e r m i s s i b l e  Body Burdens and Maximum P e r m i s s i b l e  
Concent ra t ions  o f  Rad ionuc l i des  i n  A i r  and i n  Water f o r  
Occupat ional  Exposure, "AFP160-6-67, NBS-HB-69 ( i ssued June 5 ,  
1959), supersedes Handbook 52. 

, . .pp. 4-5. ( i n c l u d e s  i n t e r n a l  and e x t e r n a l  exposure) - 
e x t e r n a l  standard changed i n  Handbook 69; i n t e r n a l  remained the  
same. 

E x t e r n a l  (whole-body) - MOP t o  t h e  most c r i t i c a l  organs, 
W t e d  a t  any age, s h a l l  no t  exceed 5 rem m u l t i p l i e d  by the 
number o f  yea rs  beyond age 18, and t h e  dose i s  any 13 
consecu t i ve  weeks s h a l l  no t  exceed 3 rem. Thus t h e  accumulated 
MPD=(N-lE)x 5 rem where N i s  t h e  age i n  yea rs  and i s  g r e a t e r  
t han  18. 

E x t e r n a l  ( s k i n  o f  whole-body) - MPD 10 (N-18) rem, and the  dose 
i n  any 13 consecut ive  weeks s h a l l  no t  exceed 6 rem. 
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Internal exposure listed also. 

223. "Basic Radiation Protection," Report 3 9 ,  Issued January 15, 
1971, NCRP, 4201 Connecticut Ave., N.W., Washington, D.C. 
20008. 

...p. v - NCRP recommended a dose limit of O.S/rem/year. 
(Whole Body) general pub1 ic. 

224. Taylor, Lauriston S:, Radiation Protection Standards, CRC 
Press, Cleveland, Ohio, 1971. 

224a. p. 101, NCRP introduces age proration concept for 
occupational exposure and 0.5 remlyr for individuals 
in population. 

224b. p. 101, NAS and ICRP recommend lower basic 
permissible dose for radiation workers - 54 rem/yr 
sic 

224c. p. 102. ICRP recommends limitation o f  genetically 
significant dose to population of 5 rem in 30 
years. 

224d. p. 101. NCRP lowers basic MPO for radiation workers 
to 0.3 rem/wk. Risk benefit philosophy introduced. 

224e. p. 101 ICRP adopts basic MPD of 03. rem/week for 
radiation workers. 

224 f .  p. 101 ICRU introduces concept o f  absorbed dose. 

2249. p. 98. UNSCEAR organized - came into being mainly 
because of international problem o f  worldwide fallout 
f r o m  nuclear testing. 

224h. p. 81. "...average external occupational exposure at 
5 rems/year (corresponding to 0.1) .... 1956 decision 
of ICRP, is not applied to internal dose calculations 
except in the cases o f  radionuclides that are 
distributed rather uniformly throughout the body or 
are concentrated in the gonads." 

2243. p. 48. ICRP defines permissible dose and permissible 
weekly dose. 

224j .  p. 48. NCRP adopts once-in-a-lifetime exposure of 25 
rems f o r  accidental h i g h  exposure and the emergency 
exposure of 12 rems. 

224k. p. 24: 
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225. Morgan, K.Z., and Turner ,  J.E., P r i n c i p l e s  o f  R a d i a t i o n  
P r o t e c t i o n  - A Textbook o f  Hea l th  Phys ics,  R.E. K r i e g e r  
Publ. Co., N.Y., 1973. ( A l l  re fe rences  i n  t h e  ' 2 2 5 '  s e r i e s  
a r e  c i t e d  f r o m  t h i s  t e x t . )  

225a. pp. 498-499. Tables on p. 499:  
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p. 504. Federal  R a d i a t i o n  Counc i l  (FRC) formed i n  
U.S. t o  p r o v i d e  a f e d e r a l  p o l i c y  on human exposure t o  
i o n i z i n g  r a d i a t i o n .  I t s  ma jor  f u n c t i o n  was t o  
"adv ise  t h e  P res iden t  w i t h  respec t  t o  r a d i a t i o n  
m a t t e r s  d i r e c t l y  o r  i n d i r e c t l y  a f f e c t i n g  h e a l t h  ..." 
FRC recogn ized t h e  a u t h o r i t y  and preeminence o f  the 
NCRP and ICRP. A u t h o r i z e d  by Congress t o  c o n s u l t  
q u a l i f i e d  s c i e n t i s t s  and exper t s  on r a d i a t i o n  
ma t te rs .  The f i r s t  two FRC repor t s  were ( 1 )  

225b. 

225c. 

225d. 

225e. 

225f.  

2259. 

R a d i a t i o n  P r o t e c t i o n  Guidance f o r  Federa l  Agencies; 
Federa l  R a a i a t i o n  Counci l  Report  No. 1, Washington, 

:ed - R a d i a t i o n  P r o t e c t i o n  Guides, 
i u n c f l  Reoort  No. 2 .  Washinston. 

1961 - these two r e p o r t s  v i r t u a l l y  accepted NCRP' and 
I C R P  recommendat ions.  

Tay lo r ,  L.S., H e a l t h  Phys ics  , L ,  97, (1958) .  

... recommended by I C R P  i n  1934 and con t inued  i n  use 
u n t i l  1950 (occupa t iona l  exposure) (see Reference 

"Radium P r o t e c t i o n  f o r  Amounts up t o  300 M i l l i g r a m s ,  
" N a t l .  Bur. Std. (U.S.) Handbook 18, ( p u b l i s h e d  f o r  
Adv iso ry  C o r n i t t e e  on X-Ray and Radium (now NCRP)) 
(1934). 

... recomnended by NCRP on March 17, 1934 and 
con t inued  i n  use i n  U.S. u n t i l  1949. (occupa t iona l  
exposure). ..0.l Rlday (0.5 R/wk). See Reference 229 
a l so .  

" S a f e  Hand l ing  o f  Rad ioac t i ve  Iso topes , "  N a t l ,  Bur. 
Std. (U.S.) Handbook 42, (1949). 

... recomnended by NCRP on March 7, 1949 and cont inued 
i n  use u n t i l  1956 (occupa t iona l  exposure) - see 
Reference 229 a l so .  

"Recomnendations o f  t he  I n t e r n a t i o n a l  Commission on 
R a d i o l o g i c a l  P r o t e c t i o n  and o f  t h e  I n t e r n a t i o n a l  
Conmission on R a d i o l o g i c a l  U n i t s  - 1950, " N a t l .  Bur. 
Std. (U.S.) Handbook 47 (1951). 

... recornended by I C R P  i n  J u l y  1950 - con t inued  i n  
use u n t i l  1956 (occupat iona l  exposure). 

"Report on 1056 Amendments t o  the  Recomnendations o f  
t h e  I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  
P r o t e c t i o n  (ICRP)," Rad io logy  -> 70 261 (1958). 

... recommended by I C R P  i n  A p r i l  1956 (occupat iona l  
exposure). 

229, a l s o ) .  
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225h. "Report on Dec is ions  a t  t h e  1959 Meet ing  o f  the 
I n t e r n a t i o n a l  C o m i s s i o n  on R a d i o l o g i c a l  P r o t e c t i o n  

116 (1960). 

... I C R P  recommendation i n  J u l y  1959...as maximum 
exposure t o  gonads ( o r  t o t a l  body) - p o p u l a t i o n  a t  
l a r g e .  

2251'. "Recommendations of t he  I n t e r n a t i o n a l  Commission on 
R a d i o l o g i c a l  P ro tec t i on , "  I C R P  Publ. 1, Pergamon 
Press, London, 1959. 

... recomnended by ICRP on Sept. 9, 1958 as average 
exposure t o  gonads ( o r  t o t a l  body), p o p u l a t i o n  a t  
l a r g e  (see Reference 229, a l s o ) .  

225j .  "Somatic R a d i a t i o n  Dose f o r  t h e  General Popu la t i on :  
Ad Hoc Committee Report  o f  t h e  N a t i o n a l  Comnittee on 
R a d i a t i o n  P r o t e c t i o n  and Measurements," May 6, 1959, 
Science, - 131, 482 (1960). 

... suggested by Ad Hoc Committee on May 6, 1959 f o r  
c o n s i d e r a t i o n  by t h e  NCRP f o r  average exposure t o  any 
body organ - p o p u l a t i o n  a t  large.  

( ICRP) , "  Addendum t o  I C R P  Publ. 15, Radiology, -, 74 

226. U.S. Nuc lear  Regu la to ry  Commission Fac t  Sheet, O f f i c e  of 
P u b l i c  A f f a i r s ,  Washington, D.C., A p r i l  1976. 

226a. p.3. I n  1949-1950 t h e  two groups ( I C R P ,  NCRP) 

226b. p.3. I n  1956-1957 t h e  NCRP and I C R P  recommended 5 

226c. p.4. FRC e s t a b l i s h e d  by Eisenhower i n  1959 - 

recomnended 0.3 rem/week. 

r e m  per year.  

r e s p o n s i b i l i t y  t r a n s f e r r e d  t o  EPA i n  1970. 

227. Background M a t e r i a l  f o r  t h e  Development of R a d i a t i o n  
P r o t e c t i o n  Standards, May 13, 1960, S t a f f  r e p o r t  of t he  mC, 
Repr t  No. 1 (see Reference 229 f o r  comparison). 

227a. p. 26. Year ly  whole body r a d i a t i o n  exposure t o  the 
o f  i n d i v i d u a l s  i n  general  p o p u l a t i o n  (exc lud ing  
n a t u r a l  background and del  i b e r a t e  exposure of 
p a t i e n t s )  should n o t  exceed 0.5 remlyear  - general 
popul a t  i on. 
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(4 (kher organs. ................... 
mUhlial2 

(a) Individual3 ...................... 
@) Average3 .......................... 

CrncUtioa 

Accumula~ed d o s e  

13 w e k a  

Y e a r  
13 mete 

Year 
I3 w e b  

Body bur& 

Y e a r  
13 weeka 

Year 

30 years 

5 Umee numbx of years 
k y m d a p e  18 

3 
30 
10 

7s 
25 
0.1 micrcgram 

af radiun-226 or i t s  
biological equivalenr 

15 
5 

228. Mastbrook, D., Beheler,  W . ,  and Kivel ,  M . ,  Chronology: 
Occupational Radiation Exposure Limits, DRAFT, J u l y  7 ,  1978, 
FDA-Public Health Serv ice ,  HEW - t h i s  DRAFT was prepared f o r  
Libassi 's interagency task  fo rce  on t h e  hea l th  e f f e c t s  o f  
ion iz ing  r ad ia t ion  (which were issued i n  f i n a l  form i n  June 
1979). 

228a. 

228b. 

228c. 

228d. 

228e. 

p.2. ICRP adopts bas i c  N P D  of 0.3 - remlwk f o r  
r a d i a t i o n  workers. 

p.1. ICRP i n  1950 adopts  0.3 - radslweek. 

p . 2 .  NAS a n d  ICRP recommend bas i c  permissible  dose 
f o r  r ad ia t ion  workers t o  be 5 remlyr. 

p.2. ICRP recommends 0.1 rad per week (5 r a d s l y r ) .  

p.3. FRC recomends i n  Federal Reg i s t e r  pub1 i c a t i o n ,  
an accumulated dose l i m i t  f o r  r ad ia t ion  workers of 5 
rems (N-18). 13 consecut ive  weeks exposure. 
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229. Effec t s  of 2adia t ion  on Fuman % e a l t h  - L'ealth E f fec t s  cf 
Ioniz ing  Radia t ion ,  1/01.  1, k a r i n g s  befcre  Subcora i t t ee  cn 
Heal th  and the Envircnment of :he C o m i t r e e  cn I n t w s t a t ?  
and Foreign Comerce ,  Fouse o f  Xepresenta t ives ,  95th 
Congress, S e r i a l  No. 95-179, January 24, 25, 25,  and 
February a, 9,  14, and 28, 1978. 

230. p.10, In-house ?aper o f  Edwin T. S t i l l ,  DVM, d s s i s t m t  :3  
Direc to r ,  Bicmedical E f f e c t s ,  DFIA, ( u n d a t s c ) ,  "?2d:ati2n 
Standards and 2rotec:icn Development." 

... on J a n  1 ,  1961, the AEC dropped the 0.02 r=m/\vk l i g i t  ( 1 5  .- 
re?l/yr) and went ;o 5!C l i m i t s  o f  2 r e d 1 3  weeks, mi 
rem/year, and 3 (N-18) mn accumulated. 
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