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rc&fcncc islands of Enewctak Atoll received varying amounts of radioactive fallout 
_ following Shots DOG, EASY, and ITEM; fallout.from Shot GEORGE did not affect the 

The post-CREENHOIBE radiological cnvlronments are reconstruc- 
ted for each of the three residcncc islands: Encwetak, Parry, and Japtan. Mean doses, 
with unccrtalntbs, for personnel assigned to these islands between June 1951 and 

: Jme 1952 arc calculated. Dose accrual during thb time period Is calcuiated to be 
approximately 2.0 rem, 1.8 rem, and 1.5 rem, If assSgncd to Enewetak, Parry, or 

:, Japtan wands, rctpcctivcly. The dose calculatl~ assume that an individual spends 
146 hours of each day outside the permanent structures used for 

and sleeping. While inside, it Is’ assumed that the individual is 
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f.? : : :; i‘:, -: .- Operation tREENHOtJSE shot data 
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. . . ‘. 
Monthly p&&nel totals for Task Group 132.2. 

factors for documented exposure conditions. 

Calculated film badge doses (rem) for the reshnce Man& 
: of Enewetak Atoll &me 1951 -June 1952). 

- Calculated film bade-doses (rem) for the residence islands 
o! Enewetak AtoIl, April 1951 to June 1952. 
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Following the roll-up phase of Operation GREENHOUSE during late May and 
early June of 1,951, the only personnel remaining on Enewetak Atoll were a small 
military garrison and H&N @EC contractor) personnel. Radiation doses were 

previo&y calculated for Do0 personnel assigned to the residence islands of Enewetak 
during the operational phase of Operation GREENHOUSE In April and May of 1951 
(Reference 1). 7he purpose df this report is to provide an addendum to Reference I in 
which dose estimates are extended to include the military personnel who remained on 
Enewetak Atoll subsequent to the roll-up phase of Operation GREENHOUSE. 
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Operation GREENHOUSE was a series of four atmospheric r&ear tests per- i 

TIME (Local)* 0634 0627 

HEIGHT OF 300 ft. 300 ft. 
BURST 

TYPE TOWER TOU’ER 

YIELD l & 47 K-f 
~~fifineii-Z~~~~~~~------- 
**Yield is chsified. 

0930 0617 

200 ft. 2’30 ft. 

TOWER TOWER 

tit l * 
______.._-___ 

Sourcer Reference I 
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Figure 1. Eneuetak Atoll, Operation GREENHOUSE shot locations. 
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JTF 3 personnei bd departed the PPG. At the time Reference I was published, the 
roll-up phase appeared to be the logical point at which to terminate the Operation 

:- cahlati~“& of 31 May 1951. A sub 
ohrvatlons obtained an Enenntak Island during the perI& of interest (Reference 4a) 

and a number of inteniews with radiation safety personntl at Creerhue 
revealed that the statements in Refer- 2 and 3 were unsubstantiated, and that 

patrols (Referen& 5). The Air Force &it (the 493iit Test Support Squadron) provided 
air transportation within Enewetak Atoll with six L-13 aircraft. Most of the air 
trafiic was generated by H&N personnel to support their construction activities (for 
tit upcoming Operation IVY) on the northern islands of the atoll. 



’ 
[ ‘: 

During the early summer of 1951, when it became clear that Operation IVY 

I would be conducted in the fall of 1952, JTP i32 was activated to replace the JTF 3 
i + i- organization that had supported Operation GREENHOUSE. On 1 August 1951; TG 3.2 
i 
I was&activated and reactivated as TG 132.2 with the Air Force and Navy contingents 

i on Enewetak remaining under the operational control of CTC 132.2 Preference 5). The 
;: strength of TG 132.2 remained rebtively constant until the spring of 1952, when 
il. . . 

r preparations for Operation NY began ln earnest. Table 2 gives the personnel strength 
i ‘-, 
i q_. * of TC 132.2 on Enewetak during the post-GREENHOUSE, pre-IVY period. 
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-. mi reconstructed free-fleld radiation environments presented in Reference 1 

f :.: 
for each of the residence l&nds of Enewetak Atoll are time Integrated, by month and 

i 
1 -‘:I;- 

-; by shot, from I June 1951 through 30 June 1952, by which time natural radioactive 

t 

decay had reduced the free-field exposures to approximately 1 mR per day &entlaily 
.-x ‘ 

background levels). Because no radiological survey data are available for the 
-_: 
I’. 

doses represent exposures for activities performed only on the residence islands; if an 
.’ 
; SndiviCwlL activities required him to enter areas of higher contamination, such as the 
: northern islands of the atoll, a film badge would have been issued to document this 

additional exposure. An uncertainty analysis is also provided in Section 3, with doses 

sum;narized, by month, in Table 6. 



Table 2. Monthly puslmel totaM br Task Group 1322 fll 
:. i ._ 

Army Air Force .Navy Total 

1 .‘. ~ I Sep 51 263 79 I9 361 
c 

lQct51 267 -75 19 361 

lNov5L 234 ; ‘79 26 339 .. ” . - ” 

_.(, 1 Dee 51 219 

.’ 

k, 80 41 340 
t .:: i . : 1 Jan 52 264. ‘.- :,. ” 9j 40 399 . 

.‘.;. g I 1 Ftb 52 I’ 295 : . ‘, 1x 23 448 I 

812 
.’ “. 1,076 

1,119 

168 27 l&IO7 

’ 223 24 1,323 

216 27 1,362 
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SECTXON 2 

RESlDENCE l!XAND RADIATION ENVIRONMENTS 

. . . (. .._ 

Thb section describes the post-GREENHOUSE radiation environment on the 
res!dence islands of Enewetak Atoll. In Reference 1, island radiation environments 
were reconstructed based on numerous survey readings obtained dl.?-ing the operational 
phase of GREENHOUSE. Radiological decay rates used in dose .ycJ?ttructions for the 
operational phase were generally dictated by actual surveys +.a’~ cvere approximately 
proportional to tB1*‘. It was assumed that these measure;: rates wrsisted from after 
the last survey through 31 May 1951, when the calculatio;:i ~-.:e :?rminatr,d. For the 
post-operational analysis, however, radiological surv\;y d..; ate nJt available and 
possible variations in the late-time (after 31 May) decay rates most be considered. 

: i <. 

Table 3 gives the reconstructed Intensity (from XeZerence 1) on each of the 

residence islands ?n 31 May 1951, ksulting from fa!kou; from Shots DOG, EASY and 
hours after each shot that corresponds ;~I:, 

May. T&e’ times and intensities are used as the 
-’ -5 -,. 

i ,:; :r .‘_ .. “_. 

the posts&rational radiological environments on the 
i ..j : 
.‘: . _ 

iTEM ‘:‘:‘78-. .:: 66 
& & 5.3 162 

TOTAL 7.9 6.7 5.4 

The post-GREENHOUSE radiological environment on each of the islands is 

approximated using late-time decay rates suggested in Reference 6. For the first six 

months after each shot, radiological decay is proportional to t - 1.‘; thereafter, an 

6 



t y:“!’ accelerated rate proportional to tBLoL is considered appropriate. The intensities, 
Figure 2, are extended out to i Nov 1952, when Shot MIKE of Operation 

IVY was detonated on Enewetak Atoll. It is evident that even when “weathering” is 
neglected, natural ‘radioactive decay alone reduces the intensities to background levels 
(0.04 &P./hr or less) by May or June of 1952. .._ ; ’ 

*. -<. 
-1. .: ,:* a_<. . .., ,: _ ._ : ” _ : . . i 

Each of the intensity curves In Figure 2 represents the total island intensity as a . 

time, and is actually the sum of the intensity contributions from Shots 
and ITEM. Integrated intensities, by month, are calculated by time- 

incremental contribution from each shot on each island and then 
.. summing. Monthly contributions to the total integrated intensity on each of the three 

nds, through June 1952. are presented in Table 4. : 



‘X ., i- < 
./‘..._ 

. ;. 

.‘. 1 

Figure 2. Post-GREENHOUSE radiation environments on the 
residence islands of Enewetak Atoll. 
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* ._ ; .’ Do6E CALCULA~ 
. _” : .’ 

: ,..-_ ,..” 
,*.,q_:. I..-’ ._I -it::: 

. . .-.I., & 

., .-., 

;“; +, 2’ 
i : ..‘. ‘./ ,,, 

‘.” t.‘_- r To determine the dose to personnel, c&slderation n8ust be given to the time ,, .,+‘I 
Yi L’ I ‘, -.,‘(, 
>r_ 3. +.‘:. i 
-.. 

_ _ : : _~ j‘.’ ‘.‘. i; spent ‘outside and inside and the rkiation protection afforded by a building while 
,*-:. : ‘_ 
; _ , i 1; :> inside; The ‘monthiy integrated free-field intensities from Section 2 are adjusted to .‘$ ‘_ i,. ‘..,., :, ‘X. ‘. +,“’ 7. -<-‘account for pernnnei a&vittes. $;.; &.~;:; ~ The adjusted exposures 04; an then multiplied by a _ 

,*ilr .T., , 
; t .’ -2, ,. film badge co;lversion factor (rem/R) to determine a film badge dose (rem). Uncer- ,-,. :. .; _’ 

_ ‘.‘J, 
: ” tainties in the calculated doses due to varying fate-time decay rates (after the last 

,. ‘. radiological survey on the islands) are &so considered. Results are presented as a .‘; 
.’ 

’ A’ ‘--i: cumulative film badge dose on each of the residence islands through 30 June 1952, ,= 1 
.“. when island intensities were essentially down to background levels. .,.’ 

A 

.-, 6. . . : account for time spent inside/outside buildings and shielding provided by the structure 

while inside. The time-averaged shielding factor used In this analysis is 0.8, derived 

-’ by assuming that personnel spent 60 percent of the day outside and 40 percent inside. 

While Inside, personnel are afforded a protection factor of 2, i.e., a shielding factor of 
0.5. Thus, the time-averaged shielding factor is computed as: 

(0.6111) + (0.4X0.5) = 0.8 

9 
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? .;y.;,, _’ :.;,., .. 7::;. The monthly integrated intensities in Section 2 are multiplied by 0.8 to account for 
-+,_.,,: /‘_ *jy ‘-’ i ,! -- : ,_ ; i\ _, “2 times spent inside and outside of the permanent structures on Enewetak. The adjusted 

. ‘I .-._i ‘.’ . 
*I;, 1 i”.E r.: ._ d ., . &pwres are then converted to an equivalent film badge dose using the converdon 
‘.. . 1.1 ,‘.) ij_ ‘. - “..> 
SC; .:,:-g: 1’ factor 0.7 rem/R as derived in Reference 7. 
s. .A. ;..I:: &% ..* 

,^ ,: t I’ ; 
- 

. ,‘,=;,.: 1 . . : ‘_ 
. .-+ *‘& .< 

; ) 
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&+g--_ & ‘,f_,- .I:-,‘ 

_;.~:“Yi..: 
), -’ ; 

__- _ _.;.;, 11.. ., & .;a ; ( y;; __ 

I ,il. : y:, k ‘order to provide some flexibrlity in dose %ignments for personnel whose T.’ “, :g;. “.- 
.\ : 
: ,“:A_< -‘-::~.,documented activities required them to be inside or outside for greater periods of time ,: _-,, 
;z;;*, .f _ ..” ~-“‘“‘“:~‘~-~3han assumed In this analysis, Table 5 provides factors that can be used to adjust the ;.,#A < ‘;, , ,:* .-_. c 
?: . . . - , _ : -* ). 
.;i.&r- i . ! calculated mean doses to a&ount for actual exposure conditions, if known. The table f&.i”_-., . . ” 
;;; :. +:i-_. ,’ 
.cs2‘:’ :.- ~assumcs a protection factor of 2 while inside. For example, if it is known that an 
,<YS._ : .$., ;; 
‘&. -r\.:. ~ . #“L-: L. ‘,.:.I.. : I.. .i , ;‘::: individual spent an average of 12 hours per day outside (rather than the assumed 
;p :. ~ Y’*f~$Y ::j ,::**>:.. ._. I. ‘. . iv., -.I -.- 6b‘ percent or 14.4 hours), his calculated dose should be adjusted by a factor of 0.94. 
g_ 1 ct.. _ 

..$ 
. .-,L.L _ 7.-..: .’ ‘.b>’ ../, 

-_ $ : y.-_. -: $ pi “~~:~~.~ - :_ 3, ,’ 
.. _ ._ ,. :. ,. .‘y” : . -- i ,~ i 

_&yc:.~ 2, i .:I 
,, 

*.i.; I ,-, ,a.- 
zx f . . 1 7 y:“; Tale 5. Adjustment factors for docunabti exposwe /..’ @33nditlnnr’ 

: 

*_. -., f .S ,. .‘- ‘able. .Early decay data after Shot ITEM suggest exponents of about -1.0 and -1.1. 
While -1.0 is taken as leading to an upper limit in dose, it is likely that an early 
deviation from tWLo2 . m this direction was compensated by a faster decay after May 

1.. 
1951. Given the additional tendency for fallout to partially leach into the ground 

-1.4 surface, resulting in lesser measured gamma intensities, decay corresponding to t 
is considered as leading to a lower limit on dose. A similar uncertainty of + 0.2 in the 

decay exponent after six months is also used. These uncertainties are taken to apply 
systematically throughout the post-operational phase. 



typical Jtuation), the uncertainty in decay rate dominates the uncertainty in post- 
Differences in duty would have affected the dose through the time 

,:apent indoors and the degree of radiation protection afforded by the buildings. The 

’ ‘&door protection factor of 2 used in the dose determination is fairly representative of 
residence quarters as well as work buiIdin~s (Reference 2); indoor protection was 
afforded more by the geometrica) displacement from the ground source of fallout than 

,’ 
.; -, 
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*.., :’ TV . ..-?; i7r.+ : . . -. -. 
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Two treatments arc available for the fraction of time spent outdoors. This ‘. 

‘. 

but rather as a free variable. 

Accordingly, cumulative mean film badge doses are presented, by month, from June 
-.:‘. .&$tg 

:::& 

1951 to June 1952, in Table 6. Upper and towor bounds are reported at the go-percent .d’“.cI 
L tainties in late-time decay rates Ti 

abwe. fhc nominal value of outdoor fraction (more than I4 hours) iikely ,_ 

ctors for other partMom of the‘* I ..i’ 

tations in dose resulting from 1 ,.,I:: 

the oitdooi time fiactiori ls .,;‘zz 

&-$5$3: :$ collective 5: : >G~., +$&4~~g. 
basis. However, the specific. drcumstances of an indivlduaPs exposure can ‘ 

e * . -.-. _I 1 i- !_ a: ,_- : : -_ _ ., permit uncertainties’ to be combined as in Table 7. It should be noted that the simple p 
i . % ..‘..“. 
r. ,_,. ‘... addition of the upper bounds would result in a total dose far above the 9Sth percentile. 
. ‘ . .’ c, _ 
I .- : I 
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For Continuous 
Exposure from 
.April 1951 throwhr 

EllewetZlk 

1sliwKl 
..’ 

1 “1. June 1951 *t 3.98 t 0.61 

Parry Japtan 
Island bland 

3.99 : 00:;: 
cc ,_ 

t 

,- 
,._,’ 

,‘: .; .‘. ,,c '- July 4.29:;~; 4.26 
'. ._Y_::'Y 

i- 

e 11, .! ' ': 
'.'i 4.42 _I. August ',,_ 4.46: ;I;; 

I:. :' ,. 
4 0.77 

September 4.58 - 0.69 452 

1 
- :. : / -' 

4&O 

June 

40.63 
- 0.61 

4067 
-063 

4 0.71 
- 0.65 

4 0.76 
- 0.67 
40879 
- 0.6a 

*OS3 
- 0.70 

40.86 
- 0.70 

40.88 
- 0.71 

4oa89 
- 0.73 
40.91 
'- 0.73 

+ 0.93 
- 0.74 

4.86 ,';:;t 

3.30 z 0.49 

4 0.63 
331-056 

40.73 :. .- :: 
3,960 0.60 

Example: Derivation for Enewetak Island through June 1952, upper bound, is as 
follows. Upper uncertainty = 0.59 during operation (Refer 
operation (Table 6). Upper uncertainty in total dose = J(0.591r 

I3 
.i km 



For Continuous 
Exposure from 
April 1951 throuRhr 

Enewetak Pi=Y 
Island Island 

Japtan 
Island 

June 1951 3.98 : ;:g 3.99 : ;;; 3.30 : ;::; 

July 4.29 ,’ ;:;o’ 4.26 : 8:;: 353 : ;:;; 
‘. 

+ 0.76 
August 4.46 : $83 4.42 - 0.93 3.65 : 8:;; 

l 0.79 
September 4.58 : 8:; 432 - 0.95 3.74 : if; 

October 167:;;; 4.60 : g: 3.81: if; 

-. 4.74 ,’ ;:;g 
+ 

0.87 Noyember 4.66 - 0.98 3.86 ,’ ;;; 

1J 

O.! 
1J 
0.98 
1.02 
1.00 
1.1 D3 

.‘, 

Exampler Derivation for Enewetak Island through June 1952, upper bound, is as 
follows. Determine upper bound error factors for each source of error. For outdoor 
fraction, it is 1.09 (Table 5); otherwise during operation, it Is (2.93 + 0.59V2.93 = 1.20 
(Reference I); for post-operational decay, it is 2.89l2.03 = 1.42 able 6). Combined 
error factor during operation is antilogd 108 1.09)L l (log 1.20 = 1.225, leading to 
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