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. SUHM&RY

Duung the operauonal phase of Operation GREENHOUSE (April-May 1951), the
residence islands of Enewetak Atoll received varying amounts of radioactive fallout
B " following Shots DOG, EASY, and ITEM; fallout from Shot GEORGE did not aifect the
. l_f"resldeﬂce islands. The post-GREENHOUSE radiological environments are reconstruc-
. ted for each of the three residence islands: Enewetak, Parry, and Japtan. Mean doses,
~ with uncertainties, for personnel assigned to these islands between June 1951 and
*. June 1952 are calculated. Dose accrual during this time period Is calcuiated to be
o approxlmately' 2.0 rem, 1.8 rem, and 1.5 rem, If assigned to Enewetak, Parry, or
Japtan Islands, respectively. The dose calculations assume that an individual spends
approximately 18% hours of each day outside the permanent structures used for

working, messing, and sleeping. While inslde, it Is assumed that the individual is
exposed to one-half of the free-field intenslty outside the structure. Adjustment
IactonA are provlded that allow the mean dose to be adjusted to aooount for more (or
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p (Reference 1). The purpose of this report is to provide an addendum to Reference 1 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.

LA isncxcuoimb

1;formed by the United States in April and May of 1951 at Enewetak Atoll in the Pacific T
Proving Grounds (PPG) By the direction of the Jolnt Chiefs of Staff, Joint Task Force :

-~ DATE " 8Apeil 1951 21 April 1951 9 May 1951 25 May 1951

SECTION 1
INTRODUCTION
Following the roll-up phase of Operation GREENHOUSE during late May and
early June of 1951, the only personnel remaining on Enewetak Atoll were a small
military garrison and H&N (AEC contractor) personnel, Radiation doses were

prevlouily calculated for DoD personnel assigned to the resldence islands of Enewetak
during the operational phase of Operation GREENHOUSE in April and May of 1951

Operatlon GREENHOUSE was a serles of four atmmlc nuclear tests per- '

Three (TP 3) wu formed to conduct these nuclear tests. The tests were code named

Shots DOG, EASY, GEORGE, and ITEM; specific shot data are tabulated in Table 1and %
a thelr locatlons on Enewetak Moll are deplcted in Flgure L ot the four nuclear tests, L

:r’gsu_n. :Opunthnckﬂmdntdﬂa. IR =
-DOG " EASY GEORGE - ITEM

TIME (Local)* 0634 0627 0930 0617
HEIGHT OF 300 ft. 300 ft. 200 f1. 200 ft,

© BURST
TYPE TOWER TOWER TOWER TOWER
YIELD *e © W7 KT " *s @
#Local time was 12 hours behind GMT. - Source: Reference | h

##Yjeld is classified.
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¢ Doses for persénnel assigned to Ecewetak} Atoll were previously calculated
- through the end of May 1951, when the roll-up phase was virtually complete and most

- “ITF 3 personnel had 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
; ,GRBENHOUSB dose calculations. In addition to the fact that most personnel had
departed the atoll by the end of May, statements from several sources indicated that
" heavy rains set in (on Enewetak Atoll) at the end of May and early June 1951, which
reduced the fallout dose cate from Shot ITEM (the lust shot) to background values
__ (References 2, 3} This Information was used to justify terminating all dose
 calculations as of 31 May 1951. A subsequent detailed analysls of the hourly weather
observatlons obtained an Enewetak Island during the period of interest (Reference 4a)
' “anda number of interviews with radiation safety personnel at Greenhouse (Reference

g ;ope,ation GRBENHOUSE, most wu:k afcgompuﬂ\ed by the
done on Bnewenk Island; hov)e"&et, every

: _islands on the atnu. The boat pool m used extensively to support these security
patrols (Reference 5). The Alr Force unit (the 4931t Test Support Squadron) provided
alr transportation within Enewetak Atoll with six L-13 aircraft. Most of the air
traffic was generated by H&N personnel to support their construction activities (for
the upcoming Operation IVY) on the northern islands of the atolil.

O O A A I AN e e o L acece o

4b) revealed that the mtements in References 2 and 3 were unsubsuntlated, and that

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

k

£ would be conducted in the fall of 1952, JTF 132 was activated to replace the JTF 3
' organization that had supported Operation GREENHOUSE. On 1 August 1951, TG 3.2
: was.deactivated and reactivated as TG 132.2 with the Air Force and Navy contingents
, : on Enewetak remaining under the aperational control of CTG 132.2 (Reference 5). The
; - strength of TG 132.2 remalned relatively constant until the spring of 1952, when
?-" " preparations for Operation IVY began in earnest. Table 2 gives the personnel strength
; _' of TG 132.2 on Enewetak durlng the post-GREENHOUSE, pre-IvY penod.

% : 1.3 uemono:.ocv

The reconstructed free-field radiation environments presented in Reference 1
é o for each of the residence Islands of Enewetak Atoll are time integrated, by month and
L by shot, from 13June 1951 through 30 June 1952, by which time natural radioactive
{Q decay had reduced the free-field exposures to approximately 1 mR per day (essentially
E ‘_ ‘background levels). Because no radiological survey data are avallable for the

‘resldenoe lslands iollowing the last survey on 28 May 1951, radicactive decay after

shot, and proportlonal to t-2.2 thes‘eaher, as suggested in Reference 6. These decay
rates do not consider weathermg, wtich has a tendency to accelerate the natural
ilecay process. Monthly contributions to the mtegrated free-field intensity from each

: ;resldenoelslandsanderepresemedlnSectlonzofﬂusaddendum report. ) R S
; . e & ﬁ-,‘ -

shleldln; provlded by structures on the islands utilized for working, messlng, and
sleeplng. .The adjusted free-field exposures are then converted to an equivalent film
e badge dose uslng the “conversion factor 0.7 rem/R as derived in Reference 7. Calcu-
lated doses are tabulated, by month, for each of the residence Islands. The calculated
doses represent exposures for activities performed only on the residence islands; if an
Individual's 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

summarized, by month, in Table 6.

v\'w v"u‘r "‘e-v ‘ES" »“&'\-'«H te¥ "ﬂ‘& oo SUININ X DT 0N _I\l!\- l"‘ p A AR

R 2 S Y AT ol %« Feined ,,\a, Riy y B R e N :n ~,§. 1 Ll A -a"? ?p, A ,‘a Ty m‘-

31 May s essumed to be proporﬂoml to t"l'2 for approxlmately 6 months after each '

shot resulting In fallout’ (shots DOG, EASY, and ITEM) ars summed for =ach of :hef,_"'

In Sectloq_ ,V__tbe onthly lntegrated lntensltles are ad]usted to. account for;’

o
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. - R  Table 2. Mmﬂﬂypersémltptan!or‘raskcm:pﬂz.z.
Date o ~ Army - ' Air Force Navy Total
Lo o dsepst 263 /) 19 361

~ 10ct 1 - 27 78 1 361
© 1Novsl S T £ 2% 339
t . 1Decst - a9 80 81 340
i" 0 t3ans2 . C 264 Toniies 40 399
CU1Febs2 . o295 ) R 448
“TiMars2 273 26 7 386
TTrApes2 - a8 @ e
S iMays2 0 536 SR ¢ T 28 652
. 13un 52 716 19 28 893
2 812 " 168 27 1,007 s
1,076 223 24 1,323 | o
1,119 - 216 27 1,362 ;
- 1,118 | '
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SECTDN 2
RESIDENCE ISLAND RADIATION ENVIRONMENTS

VA yimweac A -

o - " This section describes the post-GREENHOUSE radiation environment on the
7 - “residence islands of Enewetak Atoll. In Reference 1, Island radiation cnvironments
~ were reconstructed based on numerous survey readings obtained dv-ing the operational
| phase of GREENHOUSE. Radiological decay rates used in dose -ec.;astructions for the
‘ ‘operational phase were generally dictated by actual surveys +.c ‘were approximately

o1 o Y Y e 23, v

proportional to t~1+l, 1t was assumed that these measures rates wesisted from after

the last survey through 31 May 1951, when the calculatio::s % e i2rminated. For the
i post-operational analysis, however, radiological survcy d.ta are not available and

possible variations in the late-time (after 31 May) decay rat2s must be considered.

Ao 2t e, o, i T e

- ———

. Table 3 giv‘es the recbnstructed intensity (from Re'ie'ence 1) on each of the
: _residence islands on 31 May 1951, resulting from ia.'lout from Shots DOG, EASY and
lTEM. Also glven in the table Is the number o! hours after each shot that corresponds

Hours aiter Shot o

- (2«00, 31 May 1951)

- Shot

' DOG
EASY
ITEM

TOTAL 7.9 67 54

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'l'zg thereafter, an g



accelerated rate proportlonal to t'2 2 is considered appropriate. The intensities,

depncted in Figure 2, are extended out to I Nov 1952, when Shot MIKE of Operation
- IVY was detonated on Enewetuk Atoll, It is evident that even when "weathering" is
£ neglected natural radioactive decay alone reduces the mtensities to background levels
- (0.04 mP/hr or less) by May or June of 1952. : ‘ e :

DR

(O E

F.ach of the intensxty curves in Figure 2 represents the total lsland lntensnty asa
functlon of time, and Is actually the sum of the intensity contributions from Shots
+ DOG, EASY, and ITEM. Integrated mtensmes, by month, are calculated by time-
integrating the incremental contribution from each shot on each Island and then
-- summing. Monthly contributions to the total integrated intensity on each of the three

‘ lslands, through June 1952, are presented in Table &. A

‘tegrated free-ﬁeld lntensity (mR) on the

Table &,
ik residuweishndsof&uevetakﬁtoﬂ.

JanuaryA 1952

% _February f 58 51
£y " March S 51 o 45
L, April = 40 o 35
E o May BT T 30
DT June 1952 o= 2%
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Figure 2. Post-GREENHOUSE radiation envirouments on the
residence islands of Enewetak Atoll.

sSLP  OCT wWOY  DEC

151

Jﬂ‘m&ﬂlmmmmmm‘?

8

1932

MIKE KING
Operation
IvY

by

>

Pt

-
<

-

i eiTEEs
_’ e

e



v‘»:-'To determme the dose to personnel, conslderatim awust be given to the time
‘spent outsldc and Inside and the radiation protection afforded by a building while
"vmsxde. The monthly Integrated free-tield intensities from Section 2 are adjusted to
account for personnel activities. The adjusted exposures (R are then multiplied by a
, ,‘ fxlm badge coaversion factor (rem/R) to determine a film badge dose (rem). Uncer-
“taintles in the calculated doses due to varying late-time decay rates (after the last
’ rodiological survey on the islands) are also considered. Results are presented as a
,-L» cumulative film badgc dose on each of the residence islands through 30 June 1952,

4 structure agalnst the free-tleld radlatlon envnronment. ‘l'yplcally, a protection tactor -

“@%of two (Pr-‘=2) has been measured for the permanent structures sud\ as those erected

2 ln the dose calculations that lollow, a time-averaged shxeldmg iactor ls used to
. 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, personne! are afforded a protection factor of 2, i.e., a shielding factor of

0.5. Thus, the time-averaged shielding factor is computed as:

At T S e

(0.6)X1) + (0.4){0.5) = 0.3



The monthly integrated Intensities in.Sectlon 2 are multiplled by 0.8 to account for
times spent inside and outside of the permanent structures on Enewetak. The adjusted
exposures are then converted to an equivalent film badge dose using the conversion

B

-+ factor 07 rem/R as derived in Reference 7.

5 In order to provide' some flexibility in dose .aesiknments for personnel whose
dooumented activities required them to be inside or outside for greater periods of time
_than assumed ln this analysis, Table 5 provides factors that can be used to adjust the
4 calculated mean doses to account for actual exposure conditions, if known. The table
assumes a protection factor of 2 while inside. For example, if it is known that an
..Jndlvldual spent an average of 12 hours per day outside (rather than the assumed
60 percent or 14 4 hours), his calculated dose should be adjusted by a factor of 0.9%.

s
ey

T

decay (up to 6 months, when 22 better applies) For extended durations ol exposure,
the potentlal uncertalnty in dose from uncertainty in the decay exponent Is apprecl-
"'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

-1.2 in this direction was compensated by a faster decay after May

- deviation from t
1951, Given the additional tendency for fallout to partially leach into the ground

surface, resulting in lesser measured gamma intensities, decay corresponding to t'l'“
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.

10



i For personnel who remained on the residence islands at least several months (the
~ typical situation), the uncertainty in decay rate dominates the uncertainty in post-
operatioha! dose. Differences in duty would have affected the dose through the time
: spent indoors and the degree of radiation protection afforded by the buildings. The
" indoor protection factor of 2 used in the dose determination is fairly representative of
. residence quarters as well as work buildings (Reference 2); indoor protection was
" afforded more by the geometrical dtsplacement from the ground source of fallout than ) ‘ .
’bybuilding mass. ‘ p : SRR - ey

T TNT Y PEIn [ e M  Bmm e o e e g o
Do L e ey T

S Two 'trea‘tme;\ts are available for the fraction of time spent outdoors. “This_ N
: f(actlm may: be consldered not as an uncertainty, but rather as a free varlable. o
-Accordingly, cumulative mean film badge doses are presented, by month, from June
1951 to June 1952, in Table 6. Upper and lower bounds are reported at the 90-percent
level, l.e., Jth to 95th percentile, by considering uncertainties in late-time decay rates
as described above. The nominal value of outdoor fraction (more than 14 hours) likely

The mean dosgs [may L be added to tbe opcrational doses of 2.93 rer_rg on Enewetak
ls_und, 3.10 rem on Party Island, and 2.57

rem on Japtan ‘tsland ‘(nef'erence . The
v bination oi w.- pcediemd dose dlstrlbmlons of Reference 1 wlth the umermnnes

..

11
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" Exposure from Parry Japtan
April 1951 throughs Island Island Island
‘ : ' 0.59
June 1951 398041 3991058 3.30 2 0.49
X 0.67 0.63 0.53
July 229 04 826 061 3.53° 0351
August b.“ : 0.67 482 : 0.63 3.65 : 0.53
' 4077 +0.71 +0.60
September 458 _ 0.69 852 _ 0.65 374 _ 0.55
o +0.82 +0.76 +0.63
October 867 0.71 4.60 . 0.67 3.81 _ 0.56
N 4086 +0.79 + 066
b.n 073 | ‘-6'6 - 0.68 336.0.57
T 4 0483 "+ 0.69
_ ‘-71 0.70
T 0.86 o o.n B
~wys! Mx 3t 07
T 4 0.88 4073
| 'JS 0.71 3-96 0.60
L8, 0,89 + 075
: '0.31 -0.73 3.98 0.61
e 0.9! 0.76
: SR Y My %.00° 0.61
S +1.03 4093 +0.78
© May 595 . 0.30 823 _0.74 .01 . 0.1
+ 1.04 +0.9% +0.79
June 4.96 _ 0.80 4.86 _ 0.74 4.02 _ 962

p:mr&w TELNES

Table 7. Calculated film badge doszs {(rem) for the residence islands

of Enewetak Atoll, Apui 1551 to June 1952,

a. For fraction of cutdoor time = 3.63

"For Continuous

Enewetak

3.90 0.58 '

Example: Derivation for Enewetak Island through June 1952, upper bound, is as
follows. Upper uncertainty = 0.59 during operation (Refs ;: = 0.86 post-
operation (Table 6). Upper uncertainty in total dose = v/(0. 59)5 + (0. 86)'2 = 1.04.

13
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! For Continuous

Exposure from  Enewetak Parry Japtan
- April 195} through: Island Island Island
L June 1951 398 ¢ 0’52 399 % 038 3301 073
f 2y 629 000 v26 % 051 3537 076
E August 8,46 8:;;85 40270 8;‘5 3.65 : g;;
; September 038 05 252° 009 378t 055
f‘ - October %671 s 560t 57 2817 050
z L "ﬁoyember el ¥ 0662 08 3261 05t
T SRR S )
398t 00
: aselth
Wi wl
T 0 Y 04+ S
st i 7 aaled
T st o so2* 3%

Example: Derivation for Enewetak Island through June 1952, upper bound, is as

Table 7. Calculated film badge
of Enewetak Atoll, April 1951 to June 1952 (concluded).

g g gp ey

deses (rem) for the residence islands

b. With fraction of outdoor time as an uncertainty:

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 + 0.59)/2.93 = 1.20
(Reference 1); for post-operational decay, it is 2.89/2.03 = 1.42 {Table 6). Combined
error factor during operation is antilogv/llog 1.09)¢ + (log 1.20)¢ = 1.225, leading to
uncertainty in dose of (2.93)(1.225)-2.93 = 0.66; for st-operation, it s

antilog vliog 1.09)% + (log 1.42)2 =_1.435, leading to (2.03X1.435)-2.03 = 0.88. Upper
o‘.le'sil’ 7

uncertainty in total dose is + (0.88)< = 1.10.
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