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ABSTRACT
A weport Ls an aoirads e finadl Ydrort of Project W1,
wiebabion CALTLE, Tts o v rayusical fastors
. N . 0 - - + o~
and ~'J-Js‘:1~".:‘y af dae sstenda D1on the fiest
chen af O,vratron LANTLE,

Data =as sowirisad from fleld Kadioloyical S foty ourveys

ard P‘{.‘-‘!_:_ﬁ'..l b o5

Gras byl
vroand other factors onoun av
25%imat s Wad cons i
vy alstoiation ~f Ve desa

and the effect of ALftass rxuree=oo metry

relationahipn wie

considered, oo -.'x’i' eral

- e
redinilon were

alao connl

crvnued an iuL'..‘.ﬁl

erlary Lrmiertine
‘,’Jm\,t, thsoanont nave Loen ancwritain, Mook ol
ratiaer tlia wxact,  hedower, a fairly consisten

gcarana dosage wag poswilble, although the que .\‘CLO" o :
remalns mostly unanswered, It has béewn asswimod that no significant
neetron or aljpha particle exposurs occurred, Iatsrnal doces fran ine
holed or ingested material and the blo-madical aspests of the incident
bave been discissed in other CASTLE Project L.l reports,
3 P
It was concluded that: (1) the AN/FUR-39A %q_mm a correctlon
factor of about plus 20 percent in dose-rate readings wmade unier the
conditions dezerilbeds (2) docay of the rvadigactivity of the fallout is
) 2 S
believed expressilde Lr the factor of T-9+33; (3) the exteinal gasma
. H &
duse was dalivered primarily radiatisn eargies of 100, 700, and
I ¥ b ’
1500 kevy (L) the beta dose was dellvered by beta :"xd‘atxon of maxinum
energlas of 0,3 and 1.8 Mev, mestly tioa fallout depusited on the skin
1tselfy (5) the sxposures cccurred beteosn 4 and 73 hours after the
detonatioa = ths follouts were prebably of 12-haurs duratiun; (6) dif=
fuse sourca geerietry increazsad the midling dose

22520 PRV 1 04 £

Ly aboub SO percent
capared to the midlins dose which would have reszited from a hilateral

narrTow tean eaposura of the same alr-dose; ({') error in tha estinates
is t;elieved to bu less tran SO percents «x:«i (3) total alr garema doses
were cstirated as follows: Pongerik, 80 rj Roengelap, 182 r; Ailinginae,
81 r; and Utirik, 13 r,

e e
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CHAMTZR 1
INTRODUCTION

The fatlouwt on t;“.e Harshall laland atolls of Mongzlap, Kongerik,
Allinginas, and Utirix fron the first shot of the seriss bepinning

1 March 1954 cxeat ‘1 an Initial eascroency during which the gathering
of data was of wecondary Lijorvence, This fundamental fach has vesilie
od i_n uncertatoty ia all at*wﬁm o recenstruct the cireowmatances of
thg avent, Caleulation of the cxternal doses recelved by the exposaed
indivrjnau ras required thub avallable inforeation be supplewcnted by
wgmugpbiong, Much ol the Wnfovsalian itself was necessarily more in-
dizablive than ecact, In splte of Lrese difficulties, the couperation
af wany individuala and groups mads it possivle to develop u fairly
cousistont estimate of extermal gamma dusage, although the question of
bota exposure must roaain m.stly unansw v,

It has been assumed that no significant neutron or alpha particla
axpesure occurred, Thus, the main consideration in this report is the
total body gamna radiatlen expssure, Internal doses from inhaled or
Ingested material have teen discussad elsewhere (Reference 1),

‘DPata which form the tasis of the analysis were furnished by sever-
al sources which are listed in the References, These reprssent
measurenants made both in the field and in the laboratotry in the poried
Lmmediately following the exposure, Later information has also been
included wherever it was avuilsble, & summary of these results appears
in Reference 16, which covers theé biological and medical aspects of the
incident,
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CHAPTEIR 2
FIELD DOSAGE DATA

2oL EARLY LATA

when the exposticees Lecang no nonlloring ;\r' soonnal were in the
vicinity of any of e containated 13lands, One of the first indica-
“ions of a fallout was visuel, when a cnow-llee naterlal
L the adir on cach of
watinn, nl'noub'., contit

w48 obcerved
o ixlands. The reports on the times of cbser-
ctiag, nerve o estabiish Wie time of arrival

) ey d Ve

[N

o8 the cloud atl eac , excwpb at hoengeor i (s ’i}m' tar 6). her
fir den adiation ficld wus ob rﬂ.‘d when & low=level
wring lostruacnt zt the wedther :;mti::n began to
i [ f mulc al 100 me/br at approxizately 3 + 7.4
hours, 3! s#ta the readings of this invirmueent during ths
half hour praceding this tine (Rui‘er\t-nce ). "")‘ose data are the only
information ava Uahle on the inltial rate of increuse of pamma dose
rata on any of the islands,

&t the tima of evacuation of the millitary personnel from Rongerik
on 2 March aud the Marshaitese from Rounpelap, Allinginae, and Utirik
on 3 March, dose rate readings were made on each island, This was dons
with AN/PUK-39 radiation survey meters which were availatle at the time
and which had not been calibrated teforehand., Their operating condi-
tion was not known at the tine of use, The readings of these instru-
ments are given in Table 2.2, and constitute the earliest data on gamia
doge rates in any of the areas (Reference 3),

™
~
s

XPOSURE CONDITIONS

So far as is know.a, the individuals exposed on hongelap and
Aflinginae remained outdoors and had no access to shelter of any kind
on the islands, o maasures were intentlonally taken o protect the
sikin, but clothing was worn to a degree sufficient to shield from most
of the deposited beta activity, In addition, much of the fallout skin
contanination was removed {rvm scme individuals, as a result of their
swinning and fishing in the lagoon at the time, On the other hand, the
beavy coconut oil halr dresuing used by the Marshallesc tended to con=-
centrate radioactivity in the hair, The surface contanination on the
round was apparently fairly ualfors over the Lslands, so that the cal-
ulation of average gamma doses fron thie scurce appears justifled,

()r,

% 10

U
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TABLE 2,1 - Radiatlon Intensity at Rongerik
During zarly Fallout (Shot 1)

Tine &ft;—r'—}:h;: Ga:—::‘Dcse fate )

(hr) {(mr/hr, background)
T s s | o

6.67 0.13 i

He9L 0.7 i

6.95 2.7

7.04 3.6

7.12 10,5 |

7,20 | 30 )

7,29 ‘ 60 |
S S I

TABL® 2,2 « Early Dose Hate Data (2 o 3 Harch)

Island |Time after H hour (hr) | Average Dose Rate (mr/hr)
Rongelap H o+ 36 15w o
Rongerik H + 28,5 20CC
Adlinginae H+ 58 LiS {
U tirik H + 55 180

On Rongerik, the exposed individuals recognized ‘he nature of the
fallout, put on protective clothing, and took advantaze aof the partial
gamma shielding afforded by Dutler-type Wuildings in the arsza, staying
indoors as far as rossible, The radiation dose rats enzsuntered Yty an
individual on this island thus depended oa his whoreatcuts and probab-
ly varied by a factor of two tetween maximum and nini=un values in
ditferent areas at a given tire, The estimatlion of dcse recelved by
any one individual of the Rongerik group was thus sudlect %% consldare
able uncertainty, since no canplete record of movements was kept,
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However, a pioup of filn 'aw»ae Acai:,r ctiined covering a
range of values wnich va.ied with evroen n3 {Hetarence 3),
Trese readings are sutidrizel in EaLLe 2,3, Sewsral b
both outdoors and indoors. Uae badis ol i

tad_ es wsre worn
zained oatdoors over the

2y, 5-heur exposurs reschud the wpper Lin $3 r givea in the ‘able,
Saveral otlur Ledo=s kept insice a xofirig r indcors pave the lowest
value of 2o r, Skin conteiisabion in the Roagseidix Sreap aipeared to

have bean much ruducud Ly Lhe Lroto.

cen and the result-
arly lower than in

ing beta doses apuzared elivicelly

+hoy Athioim CovAn o
vivd GLOGT [ T0OUpS,

2.3 LATER Sikuis

During the perrod 3 to 11 HMareh, mor2 extended sarveys of each of
the islands were wmade Ly a woni u.,z".r~ teon esquipped with five AN/PDR-39

instruments ({'v(‘ ferunas )l\. Tweant v-, UL )1~.‘.rq i_-p_‘.\!"_ol“._s ty the ’i:‘,',)-'—l!'t‘.ll‘e
of the mrvey party, three of the instrusents were calitrated on an
80~curis Co™™ source and cross choaked at O 230 v-/b‘- whara they were

found to bte in close agreement, Using thess ir..stnmeuts, 'neusurwmnt.s
were made in the inhibited arcas of all four islanda at. walst heipht
(approxinately 3 feot above ground;, Tatle 2,1 5 a swunary of these
data, Since these later readings wers made under orttnr controlled
conditions than the ermergency surveys at the tlaes of Gvacnation plven
in Talle 2.2, the data of Table 2, were taken to Le tle wst measure-
ment at a given tinae of the vaama duse rates in &lr and were used in
the calculation of the totul axterral vaswa dosa.

No infomation existed on the quentity \.1 teta contamination on
the skin of any of the expused individuals, Purther, no experimental
data allowed any reliatlo caleulation of the btota dose rate to an
individual fram fission products on tha provnd, Thus the only basis
for any estirate of sxternal t.ta dosza,e wa3 data from other field
tosts and fallont moasuvements, “his \,_..,t.iun g discussed further in
Chapter b, and a rough estinaty for possible beta dose froa the ground
is mada tk
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TABLE 2.4 - Later Dose FRate Data (8 to 11.March)

———

Location

Rongelap:
average
maximum

ond polny in village

Rongerik:
Faverage ontdoors
*-axLium outdoors
PR IR A

Ailinginaes
average

Utiriks

averaga

]:’ Tine after H hour| Avg, Dose Rate
- (cays) (ar/br)
H+7 3175
150
H+7 280
A + 10 170
H+ 9 280
300
H+9 100
H+ 8 Lo

¥Dose rate inside stiuctures found to be about % that

outside,

13



FALLOUT CHARACTERISTICS

(%
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-
t'r)

KPS RNTAL TATA

In order to calonlate a total g -a dose rucelved by an indivi-
dunl in an arva whees doss rate w35 reasured at a ghven time, a value
for the rate of chaned of radiation intenaity during the exjosure
perlod must e assuaecl, fhe latter quantity has often been ajproxd-
matad using the woll Wnown wig-wlmar { t=1.d) G‘dej law, In this cage
however, 15 was Liown that lare ancunts of Np@99 and "'*“O wore to e
evpeatzd in the 1allont of the 1 March shot, ruking its e.uuly dacay
charactoristivs as well s 145 eraoryy specirmm somerhat diffuerent from
thosa of previcus detorations, It was therefus decided, that the
value of decay rate assuwed to exist during tha exposures should be
based, ag far as puscible, upon experimental data fran this tost,

Unfortinataly, no decay rates wer2 followed closely in any of the
imzediate areas whelw the exposures cccurred, atd it 13 knewn that the
radicchanical caaposltion and decay rate of the fissien jroduct mixture
usually vary bath with jlace znd time, Howewver, carly Ju cay ratss in
the Bikini lagoon itself had been measured in a seriss of fallout
sanples taken at oler points nearer the site of the detonztlon
(heference 9), Since these valuos were the best data availatle, they
were used in the caleulations wnd were assmumed to hold fer the fallout
on aach of the islands,

The early samples chowed a consistent pattern among various loca-
tions and a decay exporent {(n) of tetwcen 0,8 and 0,9 in Equation 3.1,

A\-—-t\l( u/ l) n (301)
where: A= activity (d/m) at time t,

o*

w T

This decay exponent {n) was found evperirmentally to fit the data
for the yeriod H+ 5 t H + S0 hcurs, The cbserved values ars gilven
in Refercrce S,

3.2 CAICUIATED LECAY RATES
popared with, caleulated values based on
{07 {1, e fallout mixture, The calcul

These dccay m,es woere 5
» (23
1ticn that the relative abtundance of N

tha presence of ! =27 and
ticns were made on the accu

W

s i el i o
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at Y hours after ‘eu,r.axlcn
U was 2,7 &/n per 1CH fis .
ﬂa) i‘quued the inte‘-, all > ts and its activity at L heurs

-~ . ]
13 &/m per 1C% rissions . this value of hp2J9 astive
ity followg frer a C3~\,L1 ted cre-tec-fissicn ratio of 0,73

in tle §eo tamper, . Al
Using the ralf-life of 2,33 i.ivs for lp~/9 and 1L for U<H0 g

cunbinine trece cata with thaose J:r he total rate of decay of t) 0 fis-
sicn products ag asoired atons, & tetal activivy curve was caleviated,
Tris is illusirated in Fiaure 2,1, It is seen that 1 decay rate cxpo-
rent of 0,83 belmeen H ¢ b oana - 23 h«turs; of 1.1 tetween H + 23 and
Hov Gowonours; sad Lod from B o~ 5 o atout H o+ 1L days fits these jor-
iong of the curve, he presence o7 ke ressurcu decay rates thus
with ctler rorometers ol X o tion \hxz‘m.-; Ue &xpuoulie wild
strwey periods,  Flrurs 3,1 was sl dosape calculations, The
erfoct on dezape of thn energy  =ttrmun reculting frem this r,u..;x.xuition

s dizceussed in Chapler

15
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CHAPILE L

GAMMA EMNERGY-DOSE SPECTRUM

L.l BOTON FLEK SR CTREM

The fallent matoricl deposited on the pround jproduced a larce avea
rlanc cource of radiatirn, Fefore a totil pwra dose could be caloue
lated, it was - correct the dose rate rwadings in air taven

3
with *he meter resperse faclors found to be_
retong,  Purthedr, to estirate the ¢is=-
tritetion of dove with depth in tisews rewuicrd o knowlede of cnernyy

gistribution of the incomine Dux in a glven evosure reometry,

For a source ac large «5 these fallout fields, this ener,y distrie-
tutien will te a functicn oth of the original scurce eneryy and the
er:ei‘gy (IQCT?(*R?A;&_OI’\_ effect of nasguoe throu~h intorvenin \

-nacasuary for dif feient s

oh wntervening air, A mathod
cf evaluating the latier, which was due mainly to Conpton scatteving in
air for the fission procuct creryy recien, has lLeen precented in
Eeference 7, This technique was empleyed here, Emsrgy spectra of the
CASTIL falleut itself his besn measured with a scintillation spectrome-
ter on a series of cloud samples as early as H+ L days, The data have
beon published in Refervnce 8, The prelinirary data on the earliest of
these, a 9h~hour-cld cloud sample, were used in tie calculations sne
marized in Feference 16, Thece are given in Table L.1 {Eeference 9),
This 9li-hour sample from Shot 1 repreccunts the clocest apjroach to the
asctual time during which the exposures occurred,

After the conclusion of the test series, analysis of early data
from other shots contliued and later sjpectra for all shots were ana-
lyzed, None of the other spectra are for times as early as H + 94 hours,
For the later detonaticns the propertion of }«'p2-59 (average garma -ener-
givs B} = Zu3 kev, L0 percent; Ep = 105 kev, LL percent; o3 = 53 kev,
L? pexrcent) in the fallcut samples was found to be nuch higher than
that piven in Table L,1, An extrame cese, for cxarple, 1s the date for
Shot L on 26 April at H + 5.3 days which is given in Tatle 4,2, Here
tre low erery portion of less than 100 kev was measured as &0 jercent
of the total yhoton flux, Two later determmirations on ancther Shot 1
sar.ple (1-L, Tatle 3 of Hoference 3) sfoew these low energy proportlicns
ag 55 percent at H + L.l days and Sh percent at ¥ + §,2 cavs a3 well
{Tatles Lb,3 and L,b), Later data thus tended to show that the initial
ectinate of low ener,y rudidation was low, Hence, revised estirates of
the total doses will te presented hero on <he basis of the additional
data for which the counting statistics were Yetter than on the Shot 1,
i + 94 heur sarple, These cpectra, it must bte emphasized, are for

17
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sanples taken socn after the detonation in the cloud
distance Trom the ztolls (Leference S), Again they r
cata available ard, in the atsence of contrary evidence
taren as typlcal of the fallout! on the islands,

TABLE b,1 - Shot 1, M + 9L Hr

Energy (Nev) T hoecent of Flux _ (A.,L.l?u.l —h,z'cet :
{ ?93'«‘ \v-*c: 'fcxt) !
7 7.0k 160
b 0,99 83 |
1.27 .20 ,
0.96 210 . |
0.8 | 3.7 ”
0.76 : 16,11
0.66 19,2), 1%
0.50 12.18 .
0.27 .32
0.22 6.00 .
0.10 20.2L
0,083 5.0l 8
0,018 ] 2.17

L2 TICSE-ZNERGY DISTRIEBUTIONS POR PLANE S(UKCE (LOMETH

To cmgxt,e the jropor tion of total air-dose due %o 2 glven erorgy
interval in the degraded spectrum which resulted frem~ the crectium of
the original sample, the dose fron the cpectium due to the enitter dis-
trituted as an infinite plane source was calculated by su-rming the
centributions over all path lenytbs in air, Yty dividing the original

U
H + 94 hour spectmam into 13 eneriy regions and carrying out this proc-
ess (keference 7) for each, a curulutive duse versus energy curve

resulted, The cumulative doses are piven in Tables iz i,
From these curves, a differential histovran of perce
enex‘g interval was cdetermined which represents i

h.Z, and h.30
dece versus
cent of dose

1
ct o

18
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delivered to the surface o the expcsed individual at a height of 3
fect above the jlarne by h.tuns with ener;ies in each of these inter-
vals (Fiures L.1, L.2, and 4.3)

Tre ;rocess consicts es.entially of the following steps

1, TFor each s.urie exergy, c.lculating the dese per pnubon cone-
writuted Ly the unscatter:d ¢ on of the racilation frem cach drcre-
ment of scurce arza, “his rejuires an expressicn involving "true" and
total absorpon ¢o:ificients in air, cxpenential ‘vm-;-ral, source
ereryy, and fracsion of 2 e to wnscattered photons of that energy.

2. For each seurve =nory C-ilc Lating a weihting factor (cr
relative dese) se perophoten in Step 1, above, by

the numter cof scurce :totons with Uzat ENneryy,

3, rfor each aon e cstinating the (recilen of dose due
o courcs Li0otons H Av enery Lut degraced by scattering
ts enargics less Wwn fath o % of urbitrarily chosen erergy val-
ues,

L, fompating the total duce due to all jhotons with ener £ies up
to each chcgen ereryy valuw Ly wing the roduct of Steps 2 and 3,

above, for vach ol the criginadl cource erergies,
The rasult iy an inteoral or cumulative eir-dose spectrum; i,e,,
plot ¢f photen erner,y versus the air-dose resulting from all jhotons
frem zero to that erergy, fiom this, a rough difrerential dose histo-
sram is cbtained by sultiracting ordinates on Lhe integral curve at the
..;dpo-nb of each choussan encer.y interval, The use of graphical and

nunerieal setheds max t'".e t,cn}mique 1uttt. applicatde to the determira-
tien of a numter of s:ich dose-cnerey distritutions.
Figire 4.2 of rerference 16 depicts Lhe ¢ifferential air-dose dis-

forx e
tritution for the ‘ét:t 1 E + 94 hour data, in percent, of dose per 0,05
Moy interval verse oner in Mes Dae ST ra baced on th ‘..‘.t‘* r
data differea ct ‘slly in the low cr\erb,' regmn. The relative dose due
to energy up to 100 kev averaped a beut L0 percent as comjared to 12
rercent in the atove ("Lotribution. Three other dose distritutiuns
were calculated from Shet L and later Shot 1 data and are shewn in
Figures L.1, 4.2, and b,3, Flgure 4.1, usmg the data of Tatle L.2,
is an extreme case with recpect o the low ener;y component, All
other samples for all the shots lie tetween this and Figure L,2 of
Reference 16, Fi_cures L.2 and L,3 give the dose distritutions for the
H+ 4,1 and ¥ + 5,2 day times on the other Shot 1 sample, Fipure 1,2
also indicates estinuted ¢rror in rorticns btelow 0.3 Hev.

Tre dose spectrx are all seen to grcoup roughly into three reglons
with pesks at 100, 70C, and 1500 kev, Since the cpectrd are these of
L to S day old fissica 'x*cd\;cts, at which time the -‘.'p2)9 activity ia
at its greatest relative value, the low enerpy proportisn die to thig
nuclide is hiyher than it was at H + 2 days when the Np239 componcnt
was still increaczing (Figure 3.1). Eaced on this distritutiocn, dosigs
and meter corrections for the 105. t-:'l""{,j region during the exjosure

< Pt oA wa D

poricd ars iherclsre genorcus, Luring ihe coveral days tofore and
after this time tra ;enaral :s;n.::nm shape apparently did nol vary
groasly in the higher esnor v regions, & tal correction f{actor for
the survey instro.ents was trez‘ef.'rf: calzulated for cach of these spec-
tra and was asswiwd o hold for the jeriod tewsecn fallsut and surveys,
as is cdescrited in Chapter S,
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TAELZ L.2 - Shot L,

4+ 5,3 Days

Znergy (Mev) Percent Qf Flux l Cumulative
e e TRReent Dose
¢ - 0.1 5946 56
0.1 - 0,2 16,0
0,2 - 0.3 8.1 70
0L - 0.5 4,6 76
0.4 = 0.7 I
0.7 - 0.8 k.0 90
¢.8 - 0.9 1.0 92
1.5 = 1.6 2.1 100
TAPIE 4,3 = Shot 1, H + kL,) Days
Energy (Mev) Percent of Flux Cumulative
L R L Percent Dosg~
0,100 0.5L8 3
0,200 0,136
0.250 0.108 50
0.300 0.042
0.L86 0.037 65
0.659 0.055
0,750 0.0L8 85
0,815 0,012 92
1,590 0.013 100
20
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TAPLE L.k -~ Shot 1, H + 5,2 Days

EZnergy (Mev) Percent of Flux Curulative
N B fercent Dose
T g L T T T LT LA . ST L T YT L T T ’-—q" ==
0.035 ' 5.97 10
0.65 11,53
0.135 3.61
0.210 | 10,L9 |
i
0.250 | 5.23 <2 |
0.285 L.05 .
0,320 2.21
0,186 | 5,13 65 |
¢ . i
0,659 5435 ;
1
0.750 5.06 83 l
0.815 1.82 89 I
1,590 1,88 100 !

L4.3 EBETA ENERGY

The bata radiation energy was not measured directly in any of the
fallout or soil samples, Howsver, from avallable data on the radio-
chemical compositlon of the fallout (feference 6), it has been esti-
mated that from 3O to 65 percent of thw beta radiation during the ex-
posure poriod was due w Np--/, and had an average L., of about 0.3
Mev, Tho balance of the radiation was of higher energy, with an
average E.ux of abtout 1,8 Mev, The half-value thickness in tiszie for
the low energy caiponent is about 80 microns, with a range of about
800 microns total, For the high eneryy conpoment, the half-value thick-
negs is about 800 microns and the range about 8000 microns, Since no
estimate could be made of the anount of material on the skin surface
or length of tine it remained there, only rough estimatas based cn
clinical evidence could be rmade of the skin bata doses, (See Kefervuca

16).
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Sk FACTORS

S,1 ELZRI IESHONSE

ithe survey rmeter to the spectra calculated in
od tn terns of a set of noroallodng fuctorss, one

(/ h')LOY‘ ¥
v dl in the ¢ \nc*mn. ’3,' s 15 over the inter-

_l
for each W ;,' int

air--og

'W

2 ln t‘at mt r*a1 a wtxl w‘;l».»us factor is obta'mm. -

!
ws, i vy is a l‘('oc T ""o for radiatlon of a glven energys and
ki is the romalizing facter foc that energy, then:

t
KDy = £{D {5.1)

Wheres fy == the fractiou with the given eneryy of the total trua dose D,

i g &

Hlences

Trh -0 I

e

Solving for Di

(5.2)

xl’_plc

[

2

The fy may ba taken from the dose~eneryy distritutions in Chapter
L and the ki from Figure 5.1, which is a plot of the response factors
found for the earlier model of the AN/FUR=-394, then called the AN/riH-
T1B (Referenca 10), This i3 telloaved to be essentially identical in
its response to the later models, For the spectrum used in the heler-

‘ence 16 calculations, the tctal response factor was found to be 1,0h,

This valus was used in the dose calculatlons of that report,

For the specira shown in the Figur=s 4,1 to L,3, the total energy
response factors for all energles above 20 kev were found to be as
given in Table S.1, The wvalue of 1,12 for the H + 5.2 day specirum of
Shot 1 (Fizure L.2) is used in the revised dose calculations of this
report, since this spectrum represents the best data,

25
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TAZLE 5,1 = Totsl Ener;y Eecponse Facters for “'/Hm.—}?A

Total hespons

Factor T

1.17

1.0%6

1,12

The 1ospanse of the instriment is koown Lo vary also with the
dirsotinsn of incidence of the flux, tub no allowance was nade for this
£ in heference 16, An a‘**w“* has been made to corvect for this

ty using the plots shown in Figure 5,2, This fig‘.xre, tiken
[} be

\"'9 u

from nefersnce 10, is a graphical represcnuxtlon of the directional
response to a L0-mg hadium sourcs of a I1B instrument in the horizontal
and in two vertical planes. It was felt to be sufficiently accurute

to make th2 approximation sheown in the graph by scbiing a straiht line
1init to the response vectnv‘ in »ne region and, further, £o ascume that

the response is c¢ylindrically sy-metric about the XX' axis, "n.-nm
senzitivity, indicated by a vector length of unity, is then in the
direction m the (X' axis, If a flux {(F) per unit solid ansle i_"‘.pL'l)_;eg
on the instrument at an anple O with respect to CX', the reading on the
meter will be (assuming that the response 1s linearly proporticnal to
flux intensity):

DV = rD = rk?¥ (5.3)
where: k= proportionality constant
L == "tre" air-dose

r == vector response factor

By the above approximaticn, the vector response factor (r) is
civen by

0 <9< cost) = /3 ¢ 4 =0.5sec ©
T/3<6< T ¢ or=1 {(5.4)

The avearagcs value of r is glvea Yy:

s
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Usin_ the above values of r, T =0,92; i.e., the instrument is
abcut 92 percent efflcient, Thus the averw;e directional response cor-
2ction factor is 1,09, imjlying that the rosdiag inside 2 homoyeneous
cleud or ever a honoensous plane geurce is wtwut J-.-recnt low for

this averaps erer,y, whizh is rouzhly ia the 1-Mev repion,

For the wery low ancr sy coaponcnt below 100 xev, it is not known
whether the relative directional response varies prosaiy frea the
abowve, Lt ig as~uned heps that it de2s not, The dones culculatel in
this report are therefore Lased on this decticnal correction,  Cum-
Binlng this pooasbley fecbor with the energy correciien oi lable 5,1
for tie H + 5,2 duy cpectium and Zhot 1, o total cumrection factor of
1.¢2 resulbs which wus used in *hwe alr-dose calenlations in Dection
G.1 of this report,
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DURATION AM!D TIME DIS{RIBUTION OF DOSES

5,1 AVATIATIZ DATA

does rates and to-

nel rrovide snswers to

for eucn 1ol and st
waea did the radiatioa level on
above the normal buckground and (2) how steop-
the rtieitabion=-level ris- te:o 2 1t reacted its
the rate detemined by ite cwn con-
i.e., 'ow heavy was the fallout at
3 wvoLong did Lt lagt? Since caly the

waatlon wore direcily Laown, assumptions on both these
ions wavs Laslic to an csthw of total dose,
ITL would have b desirabtle to have had an instrmiment on at
least ons of the islands capable of recerding encugh date to answer

s fortunate that there was even a low-~

2

.y

CHI O

Jd

thess qiesiiors, As it is,

lavel rond ,1r\—1~ ingtri~ont T ion on Ron: ny-{\l (1«\‘:\7 a 2, 1\ AY e
thouch i%s full scale capacity was scon exceaded by tho rapidly
in«.x*e..e,mé dose rate of the alloxt The tine at which the fallout
began was at least quite (i_efiniu"y established on Rongerik and it co-
inc‘d:.d with the time at which the snow-like material was first seen,

Fer the other islands, tHe;-m‘onz, the times at which similar mate-
rial had “een seen to caxmence falling could te taken as the beginning
of the madiation exposure times, It only remained to det:raine what
these ti-es hrad deen,

Questioning the inhabitants of the other islands resulted in a
group of estimates of arrival time which were in fairly rood apreanent,
though the manner of questioning scmetimes appeared to influence the
answers, SHowsver the tj:**s estimated in this fashlon were quite close
to these resulting frem other infomation; i.e,, the wind velocities
at the ti-e, the tlme of leginning fallout on hvagerik, and the rela-
tive disgwances of the other islands frem EBikinl, Only on Utirik was
no actual orcervation ¢f th2 fallcut made; the estinate of arrival

tine ther2 was made using only the tine of azmvcl on hon ._forik and the
wind-and—iistance~-facters, The values of fallout and evacuation Li-es
used are summarized in Talle 6,1

.t
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TAPLE 6,1 - Fzallout and Zvacuaticn Times

Island Ectimated Inttial ! Zvacuation Tire
Fallout Tiees (hours)
’ e )
L (heours)
Renpmrik H+ 6,8
Loneilap A+ h
:
Alilnrinas H4+ L H 4+ 53
Utlrik H -+ 22 H+ 55 %o i+ 73
6,20 BESTIMATLS fF ¥ALL0UT LUMATIO -

The rate of increase of radtation intsns sity, ‘“e time at which it

reached L0 raxdnmuwa level dus to decreaze of fallout, and the total
duraticn of the fallout can ¢nly be estira .x.d en circomstontial grounds,
The data of larle 2,1 for lonrerik are not sufficient o warrant an ex-
trapolation over two orders of ma:nttude, It is unlikely that the
increase of intensity was sinply Linear either c¢n kengerik or any of
the other islands, But, if the rate of increass is assumed constant
and extrapolated to a point for which subsequent decay alone would re-
ducs the dose rate o the values found at later ti.nas, a Tallout lime
of 16 hwurs on Rongerik, for example, is Tound to be a necessary conse-
quence (Curvse a Fl'ure 6 1). That is to say, 16 hcurs would hawe
elipsed at sucﬁ)a constant falloat dose rate increase refore the time
of maximum dose rate on the island would have occarred = the time at
which the fallcut was incmasing the radiocactivity level at the sane
rate that radicactive decay was reducing; it. For such a constant
build up, this.equality would have cccurrad only for an instant, (Foint
4)), after which the fallout would have suddenly ceased,

Tho actual fallout must, of course, have had a variatle rate of
increase and decrease, V.ching raximum and cradually decreasing ta
the rate governed by decay alcne, lowever, using the initial rats of
increase and drawing a more gradual maximum would place the cescation
of the fallout at an cven later tinme (('urve b, Rint &), Since the
visible falloit is believed to have ceased sometime after midnight on

- 1 March or at about H + 18 hours (Point A ), an increase in the rate
of increase afler a short time was almst certainly the case (Curves
<, c_lJ and e) But the steepnzss of this rats of increase, the sharp-
n2ss of the maxinum point and the gradualnass of tha fallaut dimimition
are unknown, so that there is no direct evidence to show whethor Curve
¢ or Curvo a, for {nstance, is closrr to reprosenting the event,

There are, howewver, indirect incicetions, lMoniter data “rom pre-
wisus ruclear events nave indicated that a radloacidve cloud is not

X
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i Toronher than "diver ont,"
lerge §lonar rva is bhe seurce, Wll sarleces
of :‘."r. irve Cotac inaividual ore frvoxima] (BoIn the sense that the air-

dose meas. O oanywhele in the siac2 sublsequently cceuvpied by the indi-
vidual is the cwme, Lt is dlsz dir=dese which is rewcured Ly a field
nstrrrent; it does net Lear the came ela Lxu ‘hip to the sxin dose

and depth dose as dees the air-cdose measured ina point source geom=
etry, Il a tilateral crposure is wmane in the latoratery, one-half the
dose is uoially Jiven with cre side of the inaivicual faa ing the scurce
2ud cng-hulf with the other, ihis is a cluser arprcach to the fiela
goemetry, b, 1f the air-dose Fas teen measured at the center of the

ety
rrexinal surface as above, it iz stil) nol redated Lo the depth dose
in < air-doece,
individuels on the izlands were from
Tlout 0(1041&(‘ en the cround, Lt is

W
cses received ty

dc

toth the cleud itself and the ¢a
1
a

telieved 1inely, as diccussed in Chajter 6, that the cloud doce was

enly a small jart of the total dose and that the Jose frum the plane

et A mavivan Aarndadbacbad Lo Lmt L aed D L ™. - O U Sy Sy Ry
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IR
us:':;;t.i;r: of early raxinam activity and short effvctive fulleout time
which was rade in Chapter & Zor the marisun dose care, Alternatively,
if a long fallout actually cecurred, the source woulid have reswined a
cleud lon,er and the cloud volw e, rather than the curface distribe-
tien, would have accwunted for more of the twtal dese, In either cuse,
it would atjear that “ose, rather tran the dose reasured
~on jarameter in terws of which W jre-
o ost existing data tacitly assurcc nar-
i teciomes L-portant in relating

Tield Zeses and el Cclniregusnces to knewnl clinical or exjerimen-
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,..rgubhout the field exposures,
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r-doce chauld te the ditfuse Tield alr-dore eas-
roand culti;lied by (1,09 % 1,5) enly.

discusued f\lrth:r in Chagter 3,
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FTOTAL DOSE ESTIMATES

B4l CAILULATED VALiL3

The twlal duses caleulated for each of the ivlunds for hypothet-
ical fallout tises of 8, 12 cad 16 heurs are glvea in Tadls 3,1,
togethar with the deses calauloted Ln bofereuce 14, in crder to 11lug-
trata the differcrce in thc sotimatos due Lo the latizr informraticn on
pimma srectya, o I oresponse, aad ce:-“';; mtes.

The 12-houy ‘Ll-.mt \&MQ is cc 1 moat probatle, being wost
consicient with E [:lh 1" in t lata {zoe Section 0,2), Llores

1
based on this V’w-‘ Gine Wy fuete ‘l‘""\ ssed {n

Chapter 7, in osder to e)“z:s thum of the air- 8 se f{rom a
sovrce of similaer enervy under bilateral e ure luucxaux'y cenditioas
which would hava produced the sam rxi\.lmc r’ore. A plot of dose rate
versus time based on “‘"ure 3.3 was used and the total dose wus graph-
ically detemined by ralizing ordinates and dose rates for a glven
time and measuring the arca under curves sinilar to Fi,ure 8,1, This

was done ascuming a1l three fallout tines for cach island,

The air-dose rates seasured at later times (Table 2.,4) were multi-
plied by the total correction factor ror peometry and eaery dependence
of the survey meter (see Section §.2), Falliut v tnning tises and
evacualion times used were those of Table 6,1, [t was found that doses
calculated using the decay cxponents of Scction 3,2 were in gocod agree-
ment with thege deteminad graphically,

A

8.2 DISCUSSION

R g SN

Flars 8,1 Llusiliales Ue cumulatlve air-ccse as a function of
tire on hengelap atoll, tascd on the 12 hour fallout acwur; tion, [t
can te seen that the xa*e of delivery eof the dose varied centinucusly,
the major portion teing received at the higher dure rate ;revailing
in the mid-portion of the exposure jericd, Dy the time that 90 percent
of the dose had Yecn ruceived at H + L3 heurs, for erajle, thr dere
rate had fallen to 2.7 r/hr, less than WO ,wwnt of its naxisum wlue
of 7.L r/kr at H + 16 hours, At H + 16 hours, 25 jercent of the doce
had teen recelved, Thus ihe dose rate durlng exyomuire (h.urtd marked-
ly from that usually encountered usin: XLeray units,

The dose values for fon,~rik in Tatle 3,1 are 75 percent of
the computed values, avera;za for 23,8=and-3li-hour erposures, This
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was felt to best express the average air-dose receivwed bty -erscrnel
who spent rougnly half their time irside stnictur-s wher: the dose
ratz was later found to e muchly half t. t sutdoors, On the other
islands no such chi in, wWa reuction faclor was ap-
plied, The sane : w owed for all the cale:lations,
Tarls 3,1 - Total Gaama Doses
I R R N 1 T T T
- 1 B .o ’ v
island Pose @ Llz-Hour | Lé~Hour (Bef, 16 | 12-%car Bilateral
I 3-Huur i Fallowt | Fallout (r) : Air-dnse (Polnt
‘Fallout | (r) | (r) i Scurce of Saie
! sy er Y JOFER
\r_) ! ‘_ ; RERNAS] for ‘.l‘-A_l
1 | . ¥idlina Dosae
| f | ()
. ! -
R . - e s e e
. I ; -
L Monperike | 106 86 ' 70 78 i 130
( i
t ] !
- N : X ! ; ! i
Longvlap L 209 boo182 i 157 175 ; 270
i E . ¢ i
AU Lnginae i 2 31 l 72 & i 120
; ‘
+ ' i i
. . | — i - i !
Atirik )15 13 ’L 12 SR 2
U U e e e . - 3

ALY

Sec Scection ¥.2

8.3 3IOFT CAMA AL DETA COMMONENTS

In addition to the total tody gamma dose, the wvery soft paima and
higher encry beta radiation from the plane scurce contribited to the
skin dose, Further skin irradiation resulted from local depesits of
fallout material on the tody surface itself, The latter is impossidle
to estinate, tut the former may be roughly attompred as follows,

The beta dosg rate in air at a heipht of 3 feet above the surface
of an infinite plane contaninated with mixed 24=hoar-old fission prod-
ucts is evstimatud to be about three times the air gam:a dose (Raference
1L), The midline gama dose is approximately 60 perceat of the portion
of the ali pwaaa duoe Guu Lo 10C=HV radiation or above (helercvncs L3),
This portion, in tumm, is estimated to be €0 percent of the corivcted
raina dose measurad in ailr bty a calibrated instrument, Tiis, the dose.
at the surfuice of a phanton exposed to mixed fission prodict rad‘.ntion
from an ex'ernal rlane source might be expecled to be about eipht tin
(3/(0, 3)2) the nidline dsse, if toth ocour at 3 foat off the ,,’I‘ud'ld.

Such a depth-dnse meazurement has in fact been nade experimeatally
at a previo Tield test {he “uulce 15), using a phantoa man exposed to
toth the initial and resianal radiation, The degzth-docues for cach sit-
vabtion are chuown in Filaire 3,2 with all data as ;creent of the 2-an
dose,  With the divercsine initial radiation {ruvi the point of oxplosion
the exit dose was ceen to e 63 perceat of the 3.zt dose, ut, with
the difluse resideal field of fissisn prodact radiation, a surface dose

39
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CONCLUSIONS

tire a courrection faclor of
wade under the conditions

The AL/ i=s0n
atvat plis 20 peresnt

diccussaed,

TuT e Lo falloud curigy the expos.re
. : . . ety
oriod 1o Yes lowad o the factor T-Ye
The extomal oo osa red prisarily by raliation enver-

cta doze was teliaved to te
=nerpleg of 0.3 wand 1,5 Nev,
=1 Lteelf,
e . : At T8 heurs alier tho detona-
Linn, Ahe s LS Wl Liobatls :zout 12-heurs daration,
: i the midline dose by atent 56
porcent comjare: n i : which wonld hava resulted fron a
bilatoral narrow air-dose,
Ermr in the e be less than 50 percent,
Total air gan-a fellows: Hongerik, 36 r;
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