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have been discissed in other CASTLE Project ll reports,
It was coneluded that: (1) the aN/PER-J9Aa Poquires a correction

factor of about plus 20 percent in dose-rate readings made unier the

candi tions deserdbes; (2)decay of the tad activity ef the fallout is

believed expressible by the factor of que 3; (3) the evternal ganna
duse was delivered primarily by radiation eanryies of Loo, 700, amd
1500 kev; (4) the beta dose was delivered by beta radiation of mascLuum
energias of 0,3 and 1,3 Mev, mostly tron fallout ceposited on the skin

itself; (5) the exposures cecurred betwesn 4 and 73 hours after the
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fuse source pecnetry increased the midline dos:2a SRO ke he by abuut SO percent
canpared to the midline dose which would have resulted from a hilateral

narrow beat exposure of the same alr-dose; (7) error in thea estinates

is belleved to bu less than SO percent; an (3) total atr pasa doses
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CHAPTER 1

INTRODUCTION

The fallout on the Marshall Usland atolls of Kongclap, konyerix,
Ailing inas, and Utirik fren the first shot of the series besinning

L March 1954 created an initial eacr-eency during which the gathering

of daha wag of secondary Liyertence., This Sandamental fact has resnite
ed dn uncertainty ta all attetpts to reconstruct the clromm tances of

Vig avant, Calculation of the eicternal dosey received by the expeced
individuals has required that avallable Snfurnation be mitplenanted by

asmuaptiong, Much of the tnforsalion itself was necessarily inure ine
Gisative than exact, Im spite of brece difficuities, the couperation
of wany individuals and grou;s mide it possible to develop a fairly
cousisteat estimate of exteimal ganna dusage, although the quastton of
bota exposure mist renain -. stly,UNANIW Ted,

It has been assumed that no sienificant neutron or alpha jarticla
oxposure occurred, This, the main consideration in this report is the
total body ganna radiaticn exposure, Internal doses fron inhaled or
ingested material have teen discussed elsewhere (Reference 1),

‘Pata which form the basis of the analyais were furnished by sever-
al sources which are listed in the References, These represent
measurements made both in the field and in the laboratory in the portod
innediately following the exposure, Later information haa also been
included wherever it was available, a& summary of these results appears
in Reference 16, which covers thé biological and medical aspects of the
incident,

   

 

eta enable mcg saeiae. Po : i cowie cman tbabix svete wrtitses shee” ‘ Fae ce a tanaataactotlatingatlbron,



inet - es4htlitaangEeNN 2 — so wantWet a i

CHAPTER 2

FIELD DOSAGE DATA

2.l EARLY LATA

when the exposces Devan, no monitoring isoonnel were in the
vicinity of any of tie vuntarinated doalands, One of the first tadica-

tions of a tullout sas visuel, when a cnow-Llke satertal

in the air on each of &

vation, AL showgh confit

was obcerved
wo islands. The reports on the times of cbsere
chlag, cerve to estaLliish the tine of arrival

of the elund at moupb ab koneaK (s 2 Cha ter 6), ber
inst evidence of a radiation fisLd was ob served when a low=Level

eaia Teckergund nontioring Unstrwicnt at the weather station beyan to

register and thea wout off “seale at 100 miJos ab eprontiately 4+ 7.4
houra, Table 2.1 lists : the

?hpal hour pracedia: this tine (is ference 2)The ve fata are the only
formation available oa the inittal rate of imerease of yamna dose

pate on acy of the islands,

At the tine of evacuation of the military personnel from Rongerik

on 2 March aud the Marshaitese from honpelap, Allinginae, and Utirik
on 3 March, dose rate readings were nade on each island, This was done
with AN/PLR-39 radiation survey meters which were available at the time
and which had not been calibrated beforehand. Their operating condi-

tton was not known at the tine of use, The readings of these instrue

ments are given in Table 2.2, and constitute the earliest data on gama
doge rates in any of the areas (Reference 3),

r
o

the

é
\ +the readings af this ens :  

t
o

f
o eo AMIN Tre

EXPOSURE CONDITIONS

So far as is Known, the individuals exposed on Kongelap and
Ailinginae remained outdoors and had no access to shelter of any kind
on the islands, Ho measures were intentionally taken to protect the

skin, but clothing was worn to a depree sufficient to shield from most

of the deposited beta activity, In addition, much of the fallout skin
contanination was remaved from sera individuals, as a result of their
swinning and fishing in the lagoon at the time, On the other hand, the

beavy coconut oil hale dreszing used by the Marshallese tended to con-

centrate radioactivity in the hair, The surface contanination on the

‘round was apparently fairly unlforn over the Lslands, so that the cal-

ulation of averaye ganna doses fron this scurce appears justifled,a
e
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TABLE 2,1 - Radiation Intensity at Rongerik
During sarly Fallout (Shot 1)

 

 
 
 

  

 
 

 

 

“TineafterHhour / GamaDose Fate -
(hr) (mrfhr, background)

FCSSMS.Maren)|tsti(“‘itSSSC(‘“CS;C*d
6.87 0418 |

6.91 0.79 |

6695 2.7 |

7.0 3.6 |
7,12 10.5 |

7.20 ! 30 |
7.29 | 60 :

a

TABLE 2,2 - Early Dose Hate Data (2 to 3 March)

a a |
Island jTime after H hour (hr) Average Dose Rate (mr/hr)

Rongelap y+ 36 a 1500 : ——

Rongerik H + 28.5 20ce

Ailinginae H+ 58 LS . |

Utirik H+ 55 160    
  

On Rongerik, the exposed individuals recommized the nature of the
fallout, put on protective clothing, and took advantage of the partial
ganna shielding afforded by Sutler-type tuildings in the areca, staying

indoors as far as rossible, The radiation dose rate encountered by an
individual on this island ths cepended on his whereatouts and probtab~
ly varied by a factor of two between maxinun and ninisacn values in
different areas ata given time, The estimation of dzse received by

any one individual of the Rongerik group was thug subdlect to congldar-
able uncertainty, since no caiplete record of movements was kept,

€
r
o

hh.
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However, a proep of filu Lagge .cadu
range of values which vacied with exroen
These readings are sucviarized in Tati
beth outdoors and indocrs. Uae bade

cbiincd covering a

na (Bheterence 3),
tad.es were worn

remained vatduors over the

 

29,5-hcour exposure reached the upper linit cf $d givea in the lable,
Saveral, othur tacecs hopt insiae a refrigerator inters pave the lowest
value of 35 r. Skin contartuabion fa the huavea lk Pop appeared to

 

nave bean much rueciced Ly Lhe protoitive cea.are.s wiken and the reselt-
4ing beta doves aperaysd clicivetlly to have teen clearly lower than in

the other proups,

 

| .
yada

: \ 1 2
indoors and Mut jl iy to 52

Lb ae wae x i y| Cutdsors only | 98 | -

| esta : | ! || ingidg fe. fb ecator beg of 33 |
i

2,35 LATER SUmVEIS

During the pestwod d te li Mareh, uore extended surveys of each of
the islands wore made Ly a monitoring teun equipped with fiva AN/POR-39

instruments (heferonan |), Menty-four hours previous to the departure

of the Survey party, three of the instrunents were calibrated on an
BOWcurie Co source and cross checked at 0.329 rfhr, whero they were
found to be in close agreement, Using these instructs, measurenents
were made in the inhabited arcas of all four islands at waist heirht

(approxtnately 3 feet above ground), Table 2,4 ts a swanary of these
data, Since these later readings were made under better controlled
conditions than thu emer pency surveys at the tines of evacuation eiven
iu Table 2.2, the data ef Table 2.) were taken tu be the Lost measure-

ment at a piven tine of the vanma duse rates in alr ani were used in
the calculetilon of the total axterral vcaina dose.

No infomation existed on tha Geant ty of beta contamination on
the skin of any of the exposed individuals, Further, no experimental
data allowed any reldatle calculation of thne be ta dose rate to an
individual fram fission products on tha prevund, Thuis the only basis
for any estimate of axternal beta dosace waa data from other field

tests and fallout measurenents, This question is discussed further in

Chapter 6, and a rough estinats for possible beta dose frua tho ground
ia mada there
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TABLE 2.4 + Later Dosa Rate Data (8 to 11. March)
 

on

 

—

Location
 

Rongelap:

average

maxiaun

ons point in village

Rongeriks

*.yeraps outdoors

*naxtLium outdoorseM ee AS

Ailinginae:

averays

Utiriks

average

 

 

| Tine after H hour! Avg, Dose Rate

_(days) (ar/hr)

H+7 315

450

H+7 280

a +10 Ly

H+ 9 280

300

H+9 100

H+ 8 ho   
 

“Dose rate inside sttuctires found to be about + that
outside,

13
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FALLOUT CHARACTERISTICS

K
a
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e

t
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In order to ealontate a total gaosa dose micelved by an indivi-
dual in an araa where dyso rate was peasured at a given tine, a value

fur the rate of chaara of radiathen intensity during the exposure

perled mist te assuurl. fhe Latter quantity has often buen aj-proxt-
he wall known agedmar (tthe) cucay daw, in this case

; nS htowhn that larse ancunts of ‘pe 39 and we wore to be

expectid in the talloit of tha 1b March shot, making its “early dacay

characteristivs as well us its energy spectrin somenhat diffurent fron
those of prevtous dutuitions, it was therefove declded, that the
value of decay rate assuced to exist during the exposures should be
based, as far as puscible, upon experimental data fran this test,

Unforumataly, no decay rates were followed closely in any of the
imsediate areas whers the exposures occuurred, and it is knewn that the
radicchanical cunposition and dacay rate of the fission 3 roduct mixture
usually vary both with place end time, Howsever, §cark

the Bikini layoon itself had been measured in a series of fallout
samples taken at olber joints nearer the site of the detonation
(heferernce 5). Since these valuos were the best data available, they

were used in the calculations and were assumed to hold fcr the fallout
on each of the islands,

The early samples showed a consistent pattern among various loca-

tions and a decay exponent (n) of tetween 0,3 and 0.9 in Equation 3.1,

A= Ay( t/t$1)"n (3.1)

where: A-= activity (d/m) at time t,

mated usingwok

to © > 4 “$ - a « ¥
c
t
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This decay exponent (n) was found evperinentally to fit the data

for the seriod H+ 5 to H+ 50 heurs, The ebserved values are given

in Reference 5,

3.2 CALCULATED DECAY RATES

poypered with, calculated values kased on

‘Ot tha fallout mixture, The calcul
These decay rates were 5

’ te

“tion that the relative abundance of N

t

the presence of Npt7? and ?
ticns were made on the arsu

Wy-

Ceoe



meenalanbeatae
dice taalaeAace Latte

hours after cetoration
uekO was 2.7 afm yer io tise
cay peers the paver?all

13 d/m per 1c% fissions faux:
ity follows frer a calculated Meets uc
in the ue- tanper,

Using the half-life of 2.33 c.rs for see) and 1h for uchO ang

 

This value of xpe2? activ~
pture-te-fissicn ratio of 0,738

combining these cata with those fir che total rate of decay cf tha fis-
sien products as assired alee, a Wtal activity curve was calevlatcd,

illustrated in Fiwure 2,1. it is seen that 2 cecay rate cxpo-

of 0,03 teiasen Hor Band No 23 3 of 1,1 tetween H+ 23 and

    hours; sad + ll cays tits these jor-

the curve, sured decay rates thus

with other 7 wn Gur ing the exXpuoeie aad
survey periods, Fi dosape calculations, The
effec . on dugaye of reculting from this curposition

is dbiseussed in Chap for h.
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CHAPILE 4

GARKIMA ENERGY-DOSE SPECTRUM

kolo PEOTON FLUX SPECTREM

The fallont material eccpoaited on the iruund precuced a large area

plane cource ot radiation, Re Pore a total gerra dose could be calcu.
lated, it was ‘ne caer ary Ly correct the dos: rate readings in air taken
with the survey the meter resperse factora found to te

necessary for cif Ceieab ancrey re,ues, further ; to cattnate the cise .

tribution of doce with depth in tissue required a knowledco of cnerpy

distribution of the incarine flux in a eiven exposure ceometry,
For a source ag large as these fallout fieles, this ener,y distri+

tution will te a funeticn toth of the oripinal source ener. and the
enerry deprzdation effect of passage through intervening air, A mathod
of evaluating the later, which was due mainly to Compton scattering in
air for the fission ;rocuct cneryy recien, has been presented in

Reference 7, This technique was emplcyed here, Enerry spectra of the

CASTIL fallout itself his been measured with a scintillation spectrome-
ter on a series of cluud samples as early as H+ h days, The data have
been published in Refem-nce 8, The preliminary data on the earliest of
these, a 9h-hourecld cloud sample, were used in tim calculations sn~
marized in Reference 16, These are given in Table ).1 (tan forenee 9).

This 9h-hour sanple froma Shot 1 reprerscnts the closest apprcach to the

actwal tine during which the exposures occurred,
After the conclusion of the test series, analysis of early data

from other shots contimed and later spectra for all shots were ana-
lyzed, None of the other spectra are for times as early as H + 94 hours,

For the later detonations the proportion of tipe3? (average parma -ener-

gies By = 243 kev, WO percent; E2 = lud kev, Lt percent; £3 = 9 kev,
9 percent) in the fallcut samples was foun“2 to be much hisher than
that viven in Table k.1, An extreme care, for exarple, is the data for

ae Sa
il ~ ts 5

«
o
o

TN
o
e
r
.

P ~ re iF

a

Shot 4 on 26 April at H+ 5.3 days which is given in Tatle 4,2, Here
the low eneryy portion of less than 100 kev was measured as £0 jercent

of the total photon flux, Two later determinations on ancther Shot 1
sarple (1-L, Tatle 3 of Heference 3) show these low energy proportions
as 55 percent at H+ 4.1 days and Sh percent at H + 5,2 days a3 well
(Tatles h,3 and k,l), Later data tus tended to show that the initial

estinate of low ener,;y redidtion was low, Hence, revised estirates of

the total doses will te presented here cn the basis of the additional
data for which the counting statistics were tetter than on the Shot 1,
H+ 9h hour sarple, These spectra, it must be emphasized, are for

17
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sazples taken socn after tthe cetonation in the cloud
cistance from the 4 s (Reference S$), Ayain they
cata avaliable and, te the atsence of contrary evidence
faren as typical of the fallout on the islands,

TABLE L,1 - Shot 1, H+ 9h Be
  

 

Energy (Mev) - escent of Flux Gurutatire “Lercent ,

epee ee de ee Boce (See Text)|
1.59 ! 7.04 160
1.37 0.99 93 |

1.27 0,80 |

0.96 é.70 ov !

0,8 | 3.71 6

0.76 15,11

9,66 19 2h 3

0.50 12,15 21

0.27 4.82

0.22 “6400 1e

0.10 | 20.24

0,068 5.0h 8

0,018 I 2.17     
L.2 [CSE-ENERGY LISTHRIEUTIONS BOR PLANE SCURCE CLOMETE

To compute the proportion of total air-dose due to a given erergy
interval in the deyraded spectrum which resulted fren the cpectrum of

the original. sutple, the dose fron the cpectrum cue to the enitter dis-
trituted as an infinite plane source was calculated ty suming the
contributions over all path lengths in air, by dividing the original

o

H+ 9h hour spectmm into 13 enerzy regions and carrying out this proc-
ess (heference 7) for each, a cumulative dose verses energy curve

resulted, The cumulative deses are civen in Table
From these curves, a differential historren of perce
enerey interval was determined which represents th

s i 3, 4.2, and 4.3,
cose versus

cent of dose

c
t

e
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delivered to the surface of th expcsed individual at a height of 3

fect above the ;lane cy photons with energies in each of these inter-
vals (Figures hal, b.2, and 4.3),

The process ecnsiets es entially of the following steps
: 1, For each We €netsgy, clolating the dose per vhoton con=

tributed ty the un ticn of the radiation frei each incre-

ment of source area, “his requires an expression involving “true and
total absorpidun ea :ificients in air, expcnential inteural, source

energy, and Fraction of @ cle to unscattered ie tons of that energy.
2,0 foreach sevree enerwy, caleilating a veishting factor (er

relative dosé) by mubltivsy ng the dose per photonin Step 1, above, by
ine mumber of source i hots with that enerpy,

3, for each auurce eniryry, Ggtinating the fraction of dose due

w
m

Co
¢

t h
y

c
r
e
e

o
e me at fa

e
te

w
m a 4

  

to tource photons vrigihaciy ar that eneroy but ceyraced by scattcring

to energics less tion each Uf 6 gut of arbitrarily chosen erercyy vale

  

ty eieh chisen

above, for vach

dug to all j;hetons with energies up
atue by souming the product of Steps 2 aad 3,

wriginal courece enerwies

The result is an inte ral or cunsulative airedoge Spectrum; i.e,,

plot cf proton eLer.y versus the airedose resulting from all jhotons

froa zero to that erarcuy, from this, a rou,h difverential dose histe-

gratis obtained by suttraeting ordinates on the inteyral curve at the

ndpoints of each chosen ener-y interval, The use of graphical and

eriecal .ebthods maxes the “toon ique quite applicatle to the deternina-
S

 

é
tion of a number se-cnerey distributions.

Figure 4.2 of heference 16 depicts the cifferential air-cose dis~

tritucvion for the whet LE + ou hour data, in percent of dose per 0,05
Mey interval versu ner 5

data differea cr ‘erly in the low enerzy region. The relative dose due
to energy up to 100 kev averared about lO percent as compared to 12
percent in the above cistribution, Three other cose distritutions
were calculated frem Shet and later Shot 1 data and are shewn in
Figures lel, U2, and 3, Figure 4.1, using the data of Tatle h.2,
is an ex trene case with respect to the low eneryy component, ALL

other samples for all the shots lie between this and Figure 4.2 of
Reference 16, Fiures 4.2 and 4,3 give the dose distritutions for the
H + k,l and H+ 5.2 day times on the other Shot 1 sample, Figure 4.2
also indicates estinated error in rorticns below 0.3 Mev.

The dose spectr: are all seen to zgreup roughly into three regions

with peaks at LOO, 72C, and 15G0 kev, Since the cpectra are these of
h to § day old fissica jreducts, at which time the Npe9 activity is
at its preatest relative value, the low enersy proportion die to this
nuclide 4s hiyher than it was at H+ 2 days when the Npe3? component

4 5 3oy in Mes Dose ope ra baced on the later

was still increacing (Figure 3.1). Laced on this distritution, dos4ye

and meter corrections for the low energy region during the exjsure

period aro therelZsre gencrous, Luring the several days tofore and
after this tine the ceneral spectrin shipe apparently did not vary
erossly in the higher enervy regions, & total correction factor for
the survey instr.vents 24S ‘there fore calculated for each of these spec-

tra and was asswiud to hold for the period tetween fallout and surveys,
as ig descrited in Chapter 5,

i9
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TABLE 4.2 - Shot hi, H+ 5,3 Days
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Energy (Mev) Percent of Flux | Conulative

aes ceases [eeeeeen, afnnaeRCOEDOS|
6-01 59.46 56

0.1 = 9,2 16,0

0.2 = 0,3 8.1 70

O.4 - 0.5 4.6 76

0.6 = 9.7 4.3

0.7 - 0.8 4,0 90

C8 + 0,9 1.0 92

1.5 = 1.6 2.4 100

TAPIE l,3 - Shot 1, H + k,l Bays

Energy (Mev) Percent of Flux Cumulative
= _ ie . _ Percent ot

0.100 0,548 31

0,200 0.136

0.250 0.108 50

0.300 0,042

0.486 0.037 65

0.659 0,055

0.750 0.0L 85

0,815 0,012 92

1,590 0.013 100
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TABLE Lok + Shot 1, H+ 5.2 Days

 

 
 

   
 

  

Enercy (Mev) Percent of Flux Cumulative

aee reeeeah ee HORGENEPose
0,035 5.97 10 _

0.65 11.53

0.100 36,47 36

0.135 3.81

0.210 10, L9 !

0.250 ! 5423 52 |
0,285 4.05 Jo

04320 2.21 !

0,486 i 5.13 65
0,659 5435 |

0.750 5.08 83 |

0.815 1.82 89 |

1.590 1.88 100 | 
 

h.3 BETA ENERGY

The beta radiation energy was not measured directly in any of the

fallout or soil samples, However, from available data on the radio-

chemical composition of the fallout (Reference 6), it has teen esti-

mated that from 30 to 65 pergent of the beta radiation during the ex-

posure period was due W Np*’’, and had an average Ejay of about 0.3

Mev, The balance of the radiation was of higher energy, with an

average E.ngy of atcut 1,8 Mev, The half-value thickness in tiss:e for

the low energy canponent is about 80 microns, with a range of about

800 microns total, For the high energy component, the half-value thick-

ness ig about 800 microns and the range about 8000 microns, Since no

estimate could be made of the anount of material on the sxin surface

or length of tine it remained there, only rough estinatas based on

clinical evidence could be made of the skin bata doses, (See Reference

16).

21
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METER RESPONSE FACTORS

L ENERG. beet

survey meter to the spectra calenlated fn
Chwuplor hy aat tn temis of a eet of Romanhdsing factocs, one
for gach enevyy intarval in the epactrin, By sunning over the intere

vals and weighting each response factor by the fraction of total
airedese in that inturval, a total response factor is obtained, -

vhus, if ve isa dose beading for radiation of a civen cnerzy and
K, is the normalizing facter for that energy, then;

 

KDE = £4D (5.1)

wheres fy =: the fraction with the given energy of the total true dose D

Hence: Pot =D > f

i

Solving for Ds 1
D= Dd (5.2)

yak
Ky

The fy may be taken from the dose~eneryy distritutions in Chapter
4 and the ie from Figure 5,1, which is a plot of the response factors
found for the earlter model of the aAN/PDR-39a, then called the AN/PUK-
T1B (Referenca 10), This is tellaved to be essentially identical in
its response to the later models, For the spectrum used in the hefer-
‘ence 16 calculations, the total response factor was found to be 1,9h,
This value was used in the dose calculations of that report.

For the spectra shown in the Figures l,l to 4.3, the total energy
response factors for all energies above 20 kev were found to be as

given in Table 5.1, The value of 1,12 for the H+ 5.2 day spectrum of
Shot 1 (Figure l.2) is used in the revised dose calculations of this
report, since this spectrin represents the best data.

25
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TAELS 5.1 - Total Ener.y Response Factors for AN/MOK-J7A
; oeedelllileeieenneneietetiaeal eeeH a sere woeeeeeeee

i Skape

1° Shot k (hab) H+ 5.3 Lays 1.17
(  (Fisure ub)

t

Shot Lb (2-2) H+ h,1 Days 1.96
(Figure 4.2)

1

Shou 1 (i#L) H+ 5.2 Pays 1,12
(Fisure 4.3)

f Shot 1 (1-L3 Hot 94 Usars Loy
'  (Firure 4,2 of Rhefersnce 14) 1

8,2 GoOMSTALD 22oRNSE -

pense of the instritient is known lo vary also with the
incidence of the flux, bub no allowance was made for this

facter in heference 16.) An attonpt has been made to corvect for this

he plots shown in Fisure 5,2, This figure, taken
rom Reference 10, is a graphical representation of the directional

response to a lOsag Radium source of a 118 instrument in the horizontal
and in two vertical planes, It was felt to be sufficiently accurate
to make the approximation shown in the raph by setting a straisnat line

Lindi’ to the response vector in one re,ion and, further, to ascume that
the response is cylindrically syvmetric about the XX't axis, Maxinun
sensitivity, indicated by a vectur length of unity, is thea in the JA

direction on the XX! axis. Ifa flux (*) per unit solid anyle impinges
on the instranent at an angle O with respect to O&', the readin: on the

meter will be (assuming that the response is linearly proporticnal to
flux intensity):

 

Diss rb ce rkF (5.3)

where: k= proportionality constant
D-= "trie" alredose
r == vector response factor

By the above approximation, the vector response factor (r) is
given by:

0¢@scostti = Y%3 +: 4 =0.45 see 0

T3808 TW 3 rel (5.4)

rsThe averase value of ris (piven by:

27
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Usin: the atove values of r, YF = 0,92; i.e., the instrument is
about 92 percent efftetent, Thos the averave directiunal response cor-

rection factor {6 1,09, implying that the resdiug inside a honopeneous

clcud or over a hemoevensuus plane source is about Jeporecnt law for
emery, which is reughly in the l-Mev region,

For the very low enercy cosponent below LOO w:v, it is not known
whether the relative dirgetional rea: nse varies prosciy fron the

ahove, Lt is ascuned here that it does nob, The doses calculated in

this report are therefore based on this dimecstivnal ecorreetion, Come
Bint 3 pteuiebey Tactuc with una cnermgy correction of farle 5.

+ 5.2 day spectrum and Zhot Ll, a total correction factor of
ts wiich was used in the airedvee calculations in Section

Blo of this report,
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im trapter 2, ub rates and to-
. :

tal dose ara cuviars answeta to
Wo Gr pertanh quis tions . hat was the tine for eacn islind at

 

which (1 Teilezt cloud arrived; dae., wea did the bacta thea level on

aach of t.e islands rise above the noma .ground and (2) how steop-
Lyoand Sor how lon: dad the raitaticn-level rise Lefore it reaached its

at the rate deteominod by ite own cone

3)3 4.0.5 bow heavy was the fallout at

wohleong did it Last? Since caly the
boa WOEYY direetly wnown, assumptions cn both these

: imate of total dose,

rable to hava had an instrument on at

f£ recercing enough data to answer
fortunate that there was even a low-

t r fon on Ronsortk (Table 2, 2), ale

thouch its Mull scale capacity was secon exceeded by the rapidly
increasing dose rate of the rallout, The tlae at which thea fallout
began was at least quite “efinitely established on Rongerik and it co-
incided with the time at whicn the snow-like material was first seen,

For the other islands, therefore, the tines at which sinilar mate-
rial had teen seen to caumence ralling could te taken as the beginning
of tha radiation exposure times, It only remained to determine what

these tires had been,

Questioning the inhabitants of the other islands resulted in a

group of estimates of arrival tine which were in fairly good azreanent,
though the manner of questioning sometimes appeared to influence the

answers, However the ‘tines estimated in this fashion were quite close
to these resulting frem other informations i, ees the wind velocities
at the cise, the ths of teginning fallout on h averik, and the rela}
tive distances of the other islands fron bikini, Only on Utirik was
no actual otcervation ef the fallout made; the estinate of arrival
time there was made using only the tine of arrival on honverik and the

FaT Tartwind-and—iistunce-factors, The values of fallout and evacuation tises
used are su-cariced in Tatle 6.1
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TAELE 6,1 - Fallout and Evacuation Tines

Trprennin seaeny - _-— .

Island Estirated InitiLal i hvacuation Tire

Fallout Ties | hourg)
, pel \
(hours }

PTs 7. =~ Lt Wwee — 7 — eT. TT b.- =. TIT LT= Se ST ET ooet ~ eR TST to ~ ra |

Ronarik H + 6,8 4+ 29.5 (6 men)
d+ 38 (20 men

: . {
Nongelap deh H+ £0 (15 people)

| H+ 51 (43 ;eople)

ALi Livinae H+ hy | d+ 53
1

Utirik H+ 22 | H+ 55 to Ho + 73   
22) ES@LMATSS Of FALLOUT LURATICt -

The rato of increase of radtation intensity, the time at which it

reached to craximun level dus to decrease of failout, and the total
Guraticn of the fallout can cnly be estimated on cireoas tantlel grounds.
The data of Tatle 2.1 for honverik are not sufficient to warrant an ex-
trapolation over two orders of mamttuce. Lt is unlikely that the
increase of intensity was sinuply Linear either cn koneerik or any of
the other islands, Put, if the rate of increase is assumed constant
and extrapolated to a point for which subsequent decay alone would re-
“ucs the dosa rate t the values found at later tines, a Pullout line
of 16 hours on Rongerik, for exanple, is found to be a necessary conse-
quence (Curve a, Figure "6, 1). That is to say, 16 hours would have
elapsed at vac’aconstant fallout douse rate increase before the tine
of maxtmin dose rate on the island would have occurred = the tine at

which the fallcut was increasing the radioactivity level at the sane

rate that radioactive decay was reducin; it. For such a constant
build up, this equality would have occurred only for an instant, (Foint
A), after which the fallout would have suddenly ceased,

The acthal fallout must, of course, have had a variable rate of
increase and decrease, reaching a maximum and cradually decreasine to
the rate governed by decay alone, However, using the initial rate of
increase and drawing a more gradal maximun would place the cessation

of the fallout at an even Later tine (Curve b, Boint Aj), Since the
vistble fallout is believed to have ceased sometime after midnisht on

~ 1 March or at about H +18 hours (Point A3)5 an increase in the rate
of increase after a short time was almostosartainly the case (Curves
c, d, and 6), But the steepness of this rata of increase, the sharp
noss of the maximum peint and the gradualnoss of the fallout dimimition
are unknown, so that there 13 no direct evidence to show whether Curve
cor Curva 8, for instance, is closer to representing the event,

There are, however, {adirect incicetiens, Moniter data from pre-

vwisus muclear events have indicated that a radioactive cloud is not

a

e
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EXPOSURE GEOMETRY EFFECTS

      eoure s seach ig

woe orther than "diverpeat,
Donar area is Ube searee, all curfeces
re Nrvoxtivelin the sense that the air-

@ose meagon GC anywhere in the freee sutsequentiy cceupied by the indi-

vicual is the cane, Et is uUlis ciredese which is measured Ly a field
n : coves uch Lear the same rela tienchip to the sxin dose
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instmurent; it
and depth dose as dees the atrecose measured in a point source peom=

etry. Ifa tllateral enposure is incue in the latoratury, one-half the

ecse is wcually civen with one side of the inaivicual fac ing the source
and cnewhiul? with the other, (Whis is a closer arpreach to the fiels

i iebry mat, if the air-cose bas teen measured at the center of the
prexinal surface as atove, it is stil) nou related tu the depth dose
in S way as is the fi

cses received ty ¢ec

both the cleud itself and the vatvost coposited on the pround, It is
-

&

 

Lelleved Likely, as discussed in Cpajter 6, that the cloud dose was
enby a suail jart of u.e total dose and that the cose from the plane
send new rnn sontyita: tea tee want sv mesb taw ™ I wise ee ee

Srexes wee wr WN eve a eres 1 pee webs ate RAL TP REO RY UD2 Lo cs
asserpticn ef early raxinun activity and short effective fallout time

which was rade in Chapter 6 tor the maatcun dose care, Alternatively,

if a long fallout actually ccocurred, the suurce wid have remeined a
cleud lon;er and the cluid volwe, rather than the curface distribe-
tion, would have accounted fer sore of the total desc, in either case,
Lt would a: pear that the ao s@, rather than the cose measured

mon parazeter in terms of which te pre-e
cict ticlovicabl etiect, ines cest existing Gata tacitly aseurce nar-

tL fisti Lecomas iryertant in relating
TP oc unuregeences to known clinical or exj erimens

Lts (he Teroneces ll, 12},
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airedose (meacured proximally) would yy
osure, It is therefure assumed that’ t}

vyhrcu chou t the field exposures,
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vvident that for both these energies (the + -
,

the Xepay beam boing atuut 90 av), the Sitfucs-acerew.
for either 2 a radians (plane) or yw steracdians

etry is almost the same, That is, the sicliue
cnt higher and the S-en dase is 35 petEte

 

airedcose values caleulated from the survey meter

hould be wultirtied by 1,5 in order to cunpare

hat of a Lilateral cxrosure to a scurce witn the same

t using a point scuree ,ecmetry and a proximally
turmatively, if a point suurce of higher eneryy,

bilaterally in the came nay to simulate a field
ipher paoma cempenents, Bee the peter energy

be unity, In this case, syecify a Lilateral
sline dose equal to thet wi diffuse euretry,

te the ditfuse rield ablredsuce «cas-

cubtiplied by (1,09 « 1,5) onmly.
disuusced Curther in Chapter 3,
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fOTAL DOSE ESTIMATES

8.1 CAILULATAD VALE nS

  
the total foses calculated for eech cf the Lstends for hypethet-

ical fallout tines of 3, 12, aad 16 hours are civca in Table 3.1,1We
together with the doses calculated an beferruse 14, in crder to illuge

.
Latrata the difference in the estimates due to the later infomation on

Hamma spectra, celer response, and cecay rates,

Z ae sidered most probable, tetug most

consistent wiih

eS
ts

ra
n Ye sf

Pa dye data (sce See been 0.2), Lones
based on this value are aultip] : eboney factor discussed tn
Chapter 7, in ovder to express f the air-ee se from a

sovree of siniler ecnervy under bila teral exposure Lavora tery eonditiouas
which would hava precuced the sane nicline dose, A plot of dose rate

versus tine based on Fhyure 3,3 was used and the total dose was praph-

feally determined by normalizing ordinates and dose rates for a given

time and measuring the areca under curves sinilar to Tijzrre 6,1. ‘This
was done assuming all three fallout tines for cach island,

The air-dose rates seasured at later times (Table 2.4) were milti-
plied by the total correction factor for pwometry and cneryy dependence

of the survey meter (see Section 6.2). Falleat recinning tines and
evacuation times used were those of Tatle 6.1, It was found that doses
calculated using the decay cxponents of Section 3,2 sere in good ayree-

ment with these determmincd praphically.

8.2 DISCUSSION

Tt aeFisure 0,4 illustiates the cumulative air-ccse as a Ninction of
time on honyelap atoll, tascd on the 12 hour fa lout acnusp tion, It
can te seen that the rate of delivery of the dose varied continuously,
the major portion being received at the hipher duce rate prevailing
in the mideportion of the exposure period, Py the time that 90 percent

of the dese had been miceived at H+ 43 hours, for evajple, thr dos
rate had fallen to 2.7 r/hr, less than ho percent of its naxisum value
of 7.4 r/fhr at H+ 1G hours, At H+ 16 hours, 25 percent of the duce
had teen received, Thus the dose rate durtar exposure diftered inarked-

ly feor that usually enccuntered usin. Reruy units,
The dose values fer hon,erik gives Tatle 5.1 are1 7

the computed values, averayea for the 23,S*and-3hehour ery
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was felt to best express the average air-dose received by -vrecnnel
who spent roughl; hat their time irside stri ctares wher3 the dose
rate wa3 later found to be muchly half that outdoors, On the other
islands no such histidine was presunt, and no reccetion factor was ape
plied. The sane procedure was followed for all the calculations,

 

  
 

fopreceptsIele
| Island | Dose | L@-Nour Lé-Hour | Ref, 16 | lé-Hour Bilateral
| | Sathar | Fallout | Fallout (r) Airedose (roint

‘Fallout | (r) | (r) i Source of Sane
| ro Cr) 4 | Vener} for Zqual/

| | | | “idline Dosa
\ ‘ r| : : (x)

fee et - Ree i = ore - wet oe ede Se tee eee Ay

| ey \ : “ a t
1 longer tke | 106! 86 70 78 | 130

| ! ! : |Pos ; a5 1 | i 7
honylap |} 209 132 159 175 270

| i : ! :
| A ingtnae| G2 $ 3h 72 6p | 120

‘ ' 1 i

eo: 1 eo ~ | iUtirik po 1B \ 12 ly | 2
awe er Le. Some ee eee -— t _ oe ne eeen te eeee

stn
Sec Section 3.2

8.3 Dr?t CAMA AWD DETA COMHONENTS

In addition to the total body gamna dose, the very soft fara and

higher ener.-y beta radiation from the plane scurce contribited tu the

skin dose, Further sxin irradiation resulted from local deposits of
fallout material on the tody surface itself, The latter is inpossible

to estinate, tut the former may be roughly attempted as follows,
The beta dose rate in air ata height of 3 fext above the surface

of an infinite plane contaminated with mixed 2h-hour-old fission prod-
ucts is ustinatud to be about three times the air cax:a dose (Reference

14), The midline ganna dose is approxi mately 60 percent of the portion
of the wii Perenrenees duse Guu bo iocei¥ radiation or above ( helerence L3de

This portion, in tum, is estimated to te 60 percent of the corimcted
yanna dose measured in air ty a calibrated instrament, This, the dose.
at the surface of a phanton exposed to mixed fisstoun product pace ten|
from an external plane source might be expected to te about eight tin

(3/(0,3)*) the midline dose, if toth occur at 3 feat off tha vpound, |
Such a depthedose measurenent has in fact been made expertuentally

ata previce tleld test (he ference 15), using a phantoa man exposed to
toth the initial and resiaial radiation, ‘he derth-Joses for each site
vation are shown in Fieire $,2 with all data as percent of the Jean
dose, with the diversine initial radiation frei the point of explosion
the exit doce was ceea to be 63 perceit af the 3-1 dose, tut, with
the alffuse residual field of fission product radiation, a surtaca dose

39 ;
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