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\ A B S T R A C T  

This  report is ail ad-dendum to '2s fFr,al ill U p r t  of FYoJect b.1, 
J p a a t i o n  CASTLF,. Its p r p c ~ 3  is to consider  $he phys ica l  f a c t o r s  
2r.d d a s k e t r y  a f  t,% f a l l o u t  on the L:arsha?i rslaxds fra? t h e  first 
a h o t  c f  O ~ + r a t r c n  LkSTiE  8 1 .  -1 

Dah has  mmnarizeflfrcm f i e l d  1 h d i o h g i c d  &ifs ty  wrveya, 
f a l l b u  t r d d i o c h m i c a l  s t x d l e s ,  2nd falJol1 t. 3 3 ~ 2  :Fec?r?l. ~ e = z ~ r c -  
aarrta. Tho i r f luence  of  these and oth,er factclrs o n  an  ovaluation of 
y u r w -  metar nr;lmnsa and tatd dosa e3:i7,z%s wss cotisi~dcrad. Est i -  
~ E R ~ A S  of f a l l o u t  c2lrr;tim t5.r.z and e f i e r ~ g  d i s t r i h u o r i  o f  t!:e dose . 
frm a plane saircd wr? :*.ace aid the e f f e c t  of dif fuse  scurrse-@met 
on tha  dcpth-&xe to air-dosa r e l a t i3nsh ip  was cansidorod. Lperf ic i  
~ G S O S  fm soft ~ A T P , ~  aiid b e t a  r ad ia t ion  ward a l s o  considored. 

:ince tha f&lLI:,it i r ic idont  cEatw-d an i n i t i a l  merh;enc7 du 
uhrcfi < a t 3  collec:ion wzs of 3ecoadar-y b . p r t z n c e ,  a t t m p t s  b 
s t r u c t  t h  svont hsm Y e n  uxer+k tFn .  N c h  of L?a3 A t a  ua9 i i d  

rather t h : ~  exact,  Iixever, a fairly c~ns ls t cn t .  estimat*3 of ex 
gama d o s q e  was possible, aitkwugh the question of bets e x p m  
remains most?y unmsuared, It has been assumed t h a t  no s i p i  
n e u k o n  or a l p h a  p r t i c l e  eqmsurq ocairred.  
haled o r  ingested m a b r i a l  and the bio-necEcJ1 aspects  of the inc ident  
ha*.-e been discussed in other CASTLE FroJect b.1 reprt8. 

f a c t o r  of abta1.t plus 20 p r c o n t  in d o s e e a h  readings inode br.c',er the 
cond i t ion3  described; ( 2 )  decay Gf the rad o a c t i v l t y  of the f a l l o u t  i s  
belie-d erpx.6ssime bJ the factor of  T-0*a3; ( 3 )  the e x k d  gmmla 
ddse was d e l i w r o d  prinart&by radiation energies of 100, 700, and 
1330 key; (4) the b e t a  dose *.as d e l i v e r e d  by beta radiation o f  maxtllum 
eilcrgias of 0.3 and 1.3 Mcv, mostly frm f a l l o u t  e e p s l t c d  on the s k i n  
itselfi ( 5 )  t ! e  ewosures occurred bethean and 3 hour3 after the 
detonation - the f d l o u t s  bere probably of 1 2 - h a r s  durat ion;  (6)  dY-  
h s e  source L p m e t q  Fncieased tho z!Ulilt?e dose bj a h i t  $3 F r c u n t  
c m p r e d  to the midline dose bhich would Pave  resu l tad  h m  a h4' latqral  
M ~ O U  bean exp~osure of t5e same air-dose; (7) error in the e s t i n a t e s  
Is believed t o  be l ess  than SO percent ;  axxi (8)  total a i r  g&x.m doses 
mer0 ostiinatsd as fol lows;  
81 r; and U t i r i k ,  13 r. 

i 

I n t s r n a l  doves from in- 

It W C S  co t1d~d6d  t h a t :  (1) the AS/pCR-39A mq1tilt?a a correc t ion  

Rongerik, 86 r; Rmgelap, 182 r; AUinginae, 

5 



FOREWORD 

T h i s  r e i x r t  Fs on8 of  the reports p r e s e n t b g  the r a m l t s  of the 

F’SP rc-ders i ck res t ed  i n  ot!!er p r t i n e n t  test info,7nation, 
3h pro jec t s  > r t i e i p t ’ s . j  i n  *.e X i l i t a r y  Ef fec ts  h o t y m  of O p r a t i o n  
C Z U .  
reference is rzih to ‘nT-Qjh, F q o r t  o f  tl-e Comnander, Task Unit 13, 
I1Fl iLry  Z f f s c t s  h L i - a - i .  
i z f o r r a  t i o n  of p s s : b l e  ,-enera1 in’krest. 

b 

his  m1~~,7lary report  includes the folbowing 

( a )  An c-;er-ali desc r ip t ion  of each debna t ion ,  including y ie ld ,  

( b )  L l s s c s a i o n  o f  a l l  &)ro jsc t  rcsults. 
( c )  A s i rnary  of each p r J Jec t ,  includh,7;: ob jec t ives  and rescits. 
( d ) .  A c;-.plete i t s t i n g  of a l l  r a p r t s  covering the M i l i t r y  Ef- 

h e i z h t  Qf b-- - c + )  - _. L.-n.*-A .e-...- -,...,. l ;caticn,  ~f de‘hiuitiun, ~ m t i o t ~ t  c 
atTosph,hcric cu . id i t i ons  a t  d e b n a t i o n  tkre, b t c . ,  f o r  the operation, 1 

fec ts Test  ?r3:m. 

A C  K NO W LEDG MENTS 

The enc,wragcment and a s s i s t ance  of Dr. E. P. C r o n k i t e ,  F’mject 
O f f i c e r  of Pro:ect &.l, O p r a t i o n  CASTLE, is crateful ly  achouledged, 
J,TJC R. Sharp ( V S C )  L‘SU aided in the  collection of much of the informa- 
t i o n  in t he  field and assis’kd w i t h  the ca lcu la t ions .  

soIipces. I n f o r a t i o n  on energi d i s t r i b u t i o n  of the prima r a d i a u o s  
was furnished by Dr. C. S, Cook and the W c l e a r  Radiation Eranch a t  
the U. S, K a v a  liadiological Defense Laboratory (El’dX), 
data  s u p w r t i n g  c a l c u l a t e d  radioactive decay r a t e s  were supplied by 
Cr. C, F, Hiller, Dr. N. E. Eallou, and the Cheinlcal Technology Divi- 
s i o n  of ?I,V‘L, and Dr.  H, ‘n. Spence of the  Las Alanos S c i e n t i f i c  Labra- 

tub (?&XI) Mndly f irnisf icd f i e l d  depth dose r‘ata obtained a t  Opera- 
t ion ~FSiDT/’i:!CT:I)LE. Far t ic i i lz r  thenks is due: Colonel C, E, F a U F h  
(FC) liSX of F k l d  Cav.and, A n e d  Forces s p e c i d  neapons Project ,  a d  
Dr. H, Scoville, of &eAT-ar*ters, hrned Forces Spcial iteayons h o j e c t .  

Cata r e l e - m n t  t-1 d c s a s  ca lcu la t ion  wem made avai lablo by m a n y  

Radiochemical 

bjo- (UL). 
C.RR F. *-- ~ b ~ . k r z  { Y ~ C )  v-c?! ~f th: ::~-<2 ::sdLii.l :e:saucir i‘1si.i- 

. 
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INTRODUCTION 
s 

The f.%llout on the Marshall Island a t o l l s  of Rongolap, bngerik ,  
Allinglnne, and U t i r i k  from the f i r s t  s b t  of  We series beginning 4 

, 1 March 195b created an initial exergency durine which the gaLhertq 
of d a h  was of secondary hport snce .  
cd in uncertainty in all a t t e n p t s  to reconstruct the circums+;ln 
tho e m a t .  Calculation of  the @ste rna l  doses received by the e 
individuals bas required that available i n f o m a t i o n  bo suppleme 
assumptions. Much of  the in forna t ion  i t se l f  ras necessar i ly  mo 
dicatLve than exact. 
of many indiv iduals  and gmups made it possible to develop a f a i r l y  
consistent e s t h a t e  of exbrnal  gama dosage, although the question 
beta exposure must remain m.stly unanwbr&. 

expoare occurred. 
to ta l .  b d y  gama radiation exposure. 
ingested material have been discussed elsewhere (Refel.ence 1). 

This fundamental f a c t  has rasult- 

Zn 3pita of the!ese d i f f i c u l t i e s ,  the coopera 

It has been assumed that no s ign i f i cant  neutron or alpha p r t i c l e  
Thus, t he  main conaident ion Fn t h i s  reprt is the 

Internal doses from inhaled or 

Data which form the bas i s  of the a n a l y s h  we= firnished by sewr- 

measuraaents mde both in thz f i e l d  and Fn the labratory in the period 
immediately following the exposum. Later Fnformation has also been 
Fncludad uherever i t  was avaflnlde, A sumnary o f  these results appears 
Fn Refemnce 16, which covers the b io log ica l  and lpedical aspecte o f  the 
incident.  

sources uhich are l i s t e d  in the bfemnces. These represent 



CHA?ER 2 

FIELD DOSAGE DATA 

2.1 WRLY UATA 

. 

i 

h h n  the exposures began, no monitoring personnel were In the 
v i c i n i t y  o f  any o f  the contambated is lands.  One of the f irs t  l n  
f i o n s  of a f a l l o u t  was v i s t . 4 ,  uhen a snow-like mterial  wa8 obse 
i n  t h e  a b  on each of the islands. The repor t s  on the times olp o 
7 d t b n ,  although conf l ic t ing ,  3er-m to e s t a b l i s h  the t b e  of a r r i  
o f  the cloud at each island, except a t  b n @ r i k  (see Chapter 6). 
t h e  first evidence of  a r a d i a t i o n  f i e l d  uils observed when a low-lewl 
gama  background z o n i t o r i n g  instrument a t  t h e  Leather s t a t i o n  began 
register and then vent  off scale a t  100 m r / h r  a t  appmximately H + 7. 
burs. 
half hour pmceding t h i s  titfie (Reference 2). Them data are the o d y  
infonnation ava i lab le  on the i n i t i a l  rate of increase of  ganrma dose 
r a t a  on any of t h e  is lands.  

on 2 Xarch and the Xars’naiiase from b n g e l a p ,  Ailinginae,  and U t W  
oti 3 Xarch, dose rata readings uere made on bach island. This  was done 
with A!!/M)R-39 rad ia t ion  survey metars  which were available a t  the tislr. 
and which had n o t  been c a l i b r a t e d  &forehand. 
ticn was n o t  kno-m a t  the t h e  of usa. 
ments am g i v m  i n  Table 2.2, and c o n s t i t u t e  the e a r l i e s t  data 011 gamma 
dose rates i n  any of t h e  area3 (Reference 3). 

He 

Table 2.1 liskq the  readinca of this L.nst,xczent during +Ae 

A t  the  t h e  of  e n c u a t i o n  of the m i l i t a r y  personnel fmn RongerLk 

Their  opera t ing  condi- 
The readings of these FnstrU- 

2.2 EXxR)St’RE CJMXT:3t:S 

So f a r  as is known, the individuals  exposed on Ron,%lap and 
Bilhginae wna*ed outdoors and had no access to s h e l t e r  uf any kind 
on the lalands,  No adasures wre i n t e n t i o n a l l y  taken to p m b c t  tb 
s k u ,  but cfothhg bas kcrn t o  a degree s u f f i c i e n t  to s h i e l d  fron most 
of the deposited beta a c t i v t t y .  I n  a d d i t i m ,  much o f  the f a l l o u t  s M 0  
contrairation was removed f r o m  sme individuals ,  a s  a result of t h e i r  
swtming and f i s h b d  in the lagoon a t  the  time. 
heavy coconut o i l  haFr drsss ing  used by the  Marshallase tended to con- 
c e n t r a t e  r a d i o a c t i v i t y  i n  the hair. The surface contmirration on the 
p x n d  bas ap;ursn*Ly ,%irly unifdrm uvar the Is lands,  50 that the d- 
a l a t i o n  of a w r a p  gaii-ina doses frua this source appears j u s t i f i e d , ,  

On the other had, the 



TAELS 2.1 - Radiatfon Intensi ty  at Rongerik 
L b r b g  Early Fallout (Shot 1) 

Island Time a f t e r  H hour (h) 

Rongelap 36 

6-91 

6.Y5 

Average Dose Rata (mr/hr) 
I 

lsoo 

7.04 

7.12 

7.20 

7629 

7.37 

0,IS 

O*?O 

2.7 

3.6 

10.5 

30 

60 

100 
I 

T U L E  2.2 - Early Pcze P a t a  Cata (2  t& 3 Hprch) 
I I I 1 

H + 28.5 

H + %  

H + 5 5  i ut-  

2000 

Its 
160 

1 I I 

On Rongerik, the e x p s e d  individuals recognnimd 'he natura of t)w 
fa l lout ,  put on p r o t e c t i w  clo*Aing, and took admntage d the partial 
gPmraa shielding afforded by But ler - typ  h i l d i n g s  ln the area, staying 
Fndoors 18 f a r  ad posstble, The mdiatlon c b s 9  rat% e=:o.a*&.~d !y aa 
ifidividual on this island t h s  depended on hi8 w b r % a h b  and pmtmb- 
4 varied by a factor of two bebeen maxinun and airhum values Fa 
d l f f e r e n t  areas a t  a given t h e ,  
any one individual of the RongerLk group was t h s  subject ta considarc 
able uncertainty, since no eanpleta mcord of momenta was kept, 

The estimation of doje m c e i v s d  ty 

i 



Ibuever, a g ~ o u p  o i  f i l m  L.id,a Z-eairngs has ubtaiiied cavering a 
range of values which v c ' i k d  . l th eA;.?siire c._.ndition-s (?&aference 3 ) .  
The= readings are s u , a a r i n a d  in TaUe  2.3.  
h t h  outdoors 2nd indoors .  Olie badga h!-,<cki i ~ ~ a h : a d  oJtduors ovur the 
2Y.S-hour expxure reached the upper i k i t  b f  93 r g i w n  in t h  'able.  
.%arid, ot2.t; ' L A 5 ~ s  kept insice a r z i r i g e i d t o r  ldcors gam the lowest 
value of  35 r. 
have been much mducad k y  t h o  j x o t d c t i v e  I , .?ds irEs  t aken  and the r e d t -  
t r g  beta doses appeared c l i n i i ; a l l y  to have t e e n  c lear ly  l o u e r  than Fn 
the other  groups. 

Several badges were ucirn 

Skin ccjntarnkiaticn in tk ! 'hngerik p u p  oppared  to 

f 

h n u e  the perlod 8 to li biaprch, DUM exknded rsrveys o f  each of 
t h  i s l a d s  were made by a monitox-ini; t z a  equipped with fim, iLy/PDR-39 
histruments (Rafemnan 4): Rtent.y-foilr burs F I W V ~ C U S  t o  t!!e departure 
of the s r v e  
8O-curie Cod source and cross  chocked a t  0.32Q r,k, %hex t!!y Were 
found t o  be in close agrement. 
mro made i n  the 1ul.abitad areas  of a l l  four islands a t  Waht height 
(appxwxknately 3 feet  above ground;, Tible 2.h is P summary of  these 
data. 
condit ions  than tho emercency sxmeys a t  the tines of avacuation given 
L: Y U U U  2.2, the d a t a  of iable 2.b yere taken to be the best measurn- 
rnent a t  a given t h e  of tho gamma dose rates fn a i r  and bere used in 
the c o l ~ ~ h t i a a  o f  tha total e x t e r n a l  canna dose- 

No infomat ion e x i s t e d  on the +.;7tFt3 of beta cor.tamaLtntlon on 
the ukin of any of the exposed ind idc iua l s .  
data al loved any r e l i a k l e  calculat ion of the tab dose rata to an 
individual frm f f s s lon  products on the grcund. 
for any estbmts of exterral b t a  dosage ua3 d a t e  f ro3  other f i e l d  
b a t e  and f n l l o u t  moosJrensnts. This question is dlscussad furthar in 
Chapter 6, and a muzh ast inate  f o r  psztibla buta  dose hpa th p u D d  
is !!!side t.k,re. 

party, three of the instmcerits  uere calLbratad on an 

U s i q  these Lrstxurnerrts, neasurecaenta 

Since these later roadings were xade under better  control led 

hrther, DO e x p e r h e n h l  

Thus the only basis 
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TABLE 2.4 - Later Dose Fate Data (8 to ll March) 

Location - I 
Pongdapr 

average 

maximum 

one pcint in vlllage 

Rongorik 1 

*apr!rage outdoors 

%mnxi;;lum outdoors 

AFlFnginae t 

average 

U t i r i k :  
* 

average 

* Does rite inside s m c t u r e s  found to be abaut 4 that  
ou taide.  

H + 7  

H + 7  

ii + I 3  

H +  9 

H + 9  

H + 8  

375 

4% 
280 

1 rw 

280 

300 

100 

LO 

4 
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C U m R  3 

FALLOUT CHARACTERISTICS 

3.1 EXPEIGYENTU CITA 

In order to calculate  a total pwaa dose received by an indivl- J 
dual in M area  where dose r a t a  uas aeasured a t  a given time, a value 
f o r  the ra+% of c h n g a  of radiation i n t e n s i t y  during the e X i X % ~  
period must be aswned. The l a t t e r  quantit  
mato6 using tha well known hy-k igner  ( t - 1 - 3 )  decay law, In t h i s  case 
however, it uas knom tket l a r e  amounts of N$j9 and N$u uer 
expected in the f d l o u t  of the 1 March shot,  making i t s  ear ly  d 
charac’teristics a3 well a s  its  energy spectrum somewhat differ6 
those of provious detonatdons. It  was therefo;-e decided, that 
value of decay rata es.su-ned t o  e x i s t  &&ng the exposures shoul 
based, as far a s  p3ssibl6,  upon expwimntdl  data fran t h i s  test. 

Unfortunately, no decay rates ware followed c l o s e l y  in any of the 
Fwediate  areas where the exkmscres occurred, and i t  is known that  the 
radiochenical cmposi t ion  and decay r a t e  of tAe f i s s i o n  FrOduCt m i x t u r e  
u m a l l y  varf h t h  with place and +L!e. F?wt:.er, carlj’ dcxy ra?m b 
the B i k i n i  lagoon i t s e l f  had been measured L? a series of f a l l o u t  
sanples taken a t  othor p i n t s  nearer the site of the detonation 
(kference 5 ) .  Since these valuas sere the best data ava i lab le ,  they 
here used i n  the calculations nnd were assumed to hold for the fallout 
on oach o f  the islands. 

Tho early samples showed a cons i s t ent  pattern among 49110~1) loca- 
t ions  and a decay exponent ( n )  of tetueen 0.8 and 0.9 in Equation 3 J .  

has o f t e n  been approld- 

A = t/\ 

uherer A =  o c t l v l t y  (urn) a t  time t, 

This decay e q o n e n t  ( n )  was found expmimentally to fit the d a b  
for tha priod H + 5 to H + 50 hcurs. 
in Refaranee 5, 

The observed values ore gliren 



a t  
:‘2bfj was 2.7 d/m F r  I C ~  fisaisrs v t 5 . e  the gross f i s s i o n  product de- 
cay f d l o u e d  t he  

i ty  fo l lm;a  frm A ca lcu la t ed  mut r in  cspture - tc - f i s s ion  r a t i o  of 0.78 

hmrs  after & b r a t i o n  k‘zs 1.3 d,& per loh fiSSIOnS and that of 

+ r-%llL% exscze.cts and its a c t i v i t y  a t  b hours 
Iias 13 d/m per 1G en, f i s s i o n s  (FAfemcca 6 ) .  This value of K$39 activ- 

cmhining-tk.ese dau-uit.!! those f c r -  3 .e  tow r a t e  of decay of tho fis- 
s i c n  products as  rissx-Ad ah-.-e, a &&*%.I activity curve was calculated, 
This i s  i l l u s t m t r d  in Figure 3.1, It is seen that 9 decay ra te  expo- 
n e n t  of 0.83 t e b s e n  H t b acd Y + 23 hours; of 1.1 tetheen H + 23 and 
ti + i c I J  nwrs; and 1.6 pan A + 5 to a b u t  H i days fits these per- 
tims of the curve. The presence cf +the zeaswed decay rates thus 
3Ll‘.l”r’ yi<+ =+,her ;“rz.-r+s:= zf *-Lx <et;r,at:v;, & r a g  :k& eq*sui* && 

s t r w y  periods. Figure 3.1 was used in the dosage calculations,  The k 
e f f e c t  on d o s a ~ e  of the enera speckam resu l t ing  from this cmpoeit loa 
is d:sci,ssed in Chapter 4. 
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CHAYPEH 1( 

GAMMA EFIERGY-DOSE SPECTRUM 

b.1 M T O N  FLUX SPF.C.CTliIM 

The f a l l o u t  m t o r i a l  deposited on the p u n d  pwduced a l a r g e  
plane source of radiation. b f o r e  a h t a l  gama dose cauld be cal  
l a t e d ,  it was'nece~eary tc, correc t  the dose rate reedbags in a i r  t 
w i t h  the sumey instrvlnents with the meter respopse f a c t o r s  found 

.necessary  for Wfrerent e n e r a  w&ioiis. Rrthei-, to estimate the 
t r i b u t i o n  of dose vith depth in t i s s u e  required a k n o u l e d p  of e m  
d i s t r i b u t i o n  of the  incaning flux in a given expsure geemetry. 

b t i o n  w i l l  be a funct ion both of the o r i g h a l .  source e n e r a  and tfis 
e n e r c  d e p d a t i n n  e f f e c t  of ~ Z - ~ S Z Z P  Lhzzugh ic+,o~cz!,-.g a k ,  P i c e W  
of eva lua t inc  t h e  l a t t e r ,  which wis due mainly  to CanFton scattwing in  
air f o r  the f i s s i o n  product enera reLdon, ha5 been Fmsented Lo- 
Reference 7. 
CASTLE f a l l o u t  i t s e l f  has been zeasured with a s c i n t i l l a t i o n  spectrome- 
ter on a s e r i e s  of cloud s a p l r s  as e a r l y  as H +  & days. The d a t a  hve 
been plblizhed. i n  Pife,ncnce 8. The p r e l h i n a r y  data on the e a r l i e s t  of 
these, a 9b-hour-old cloud sample, were used i n  tile calculations SET- 
nar i zed  in Feference 16, These a r e  given 'in Table 4.1 (Peference 9 ) .  
This  glr-hour sample f r a n  Shot 1 represents the c l o s e s t  approach to the 
a c t u a l  time durinc which the  exposures occurred. 

After the conclusion of the t e s t  series, a n a l y s i s  of early data 
frcnu other sho t s  cont imed and later spectra for a l l  shots were ana- 
lyzed. 
For the l a t e r  detonations the proportion of N&9 ( a v e r a p  garma 8wr- 
2-s E& pi 2 w  kev, bir prcent j  E2 = ius kev, 11 percent; L3 = ga kev, d percent) in the f a l l c u t  samples was found to be much h igher  than 

that given i n  Table h.1. 
Shot b on 26 April a t  H + 5.3 days which is given i n  Ta t le  k.?. Here 
ths low energy portion of less than 100 krv was measured as 60 F r c e n t  
of tha btal phobn  f lux. Tu0 l a t e r  de t emina t ions  on anotker Shot 1 
smple ( b L J  TaUe 3 of tbference 8 )  sfiow these low ecergy proportions 
as 55 percent a t  H + &.I days and 511 percent a t  H + 5.2 days as i m l l  
(Tatles 11.3 and bo&).  Later data thus tended t o  show *it the i n i t i a l  
esthate of low e n e r a  rad ia t ion  was low. %rice, revised e s t h a t e s  of 
the t o t a l  doses uU1 be pf i sented  here on %he bas i s  of the additional 
datu f o r  whieh the counting s Q t i $ t i c s  sere b e t t e r  than on the Shot 1, 
H + 3b hour sacple. These spactra,  i t  must be mphasiztd, am for 

For a source as l a rge  as those fallout fields, t h i s  enera d i s t r  

Thls technique was enployed hem. E n e r a  sgec t r a  of th 

NOM of the othcr spectra a r e  f o r  times as early as H + 91 hours. 

An extmne case, lor e m p l e ,  is the data for . 
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0.8b 

0.76 

0,65 

0.93 

0.27 

0.22 

0*10 . 

0.068 

0,018 

b.2 LQSE-ELE'ERQ EXSTFJBTIONS FOR PLAh'L SWECE W F E E U  

To c a ~ p t e  the propor t ion  of total a i d o s e  due '3 a given energy 
interval in the degraded spctmq which resulted fm thu z p e c t m  o f  
tho o r i g i ~ l  sm,ple, the dose fra the s p c t n r ~  &e to the enitter dis-  
tr ibuted as an i n f i n i t e  place source was calculated by sumlng the 
contr ibut ions over all path lenbths in a i r ,  
H + 91, hour s p c t m  i n t o  13 e c e r g  regions and c a r q i n g  at this F ~ O -  
ees ( b f o n n c e  7) for each, a cumletive dose versus ecerg  cum 
r e s b l t r d .  
Frm these curves, a d i f f e r e n t i a l  histot,Tvn of p r c e c t  dose versua 
energy interval was detannined which represents the prcent of dose 

by dividing t he  o r i g i n a l  

n e  cumuirtive doses a r e  fiven in Tahles  h.1, b.2, pnd b.3. 

u d. . . 

3.71 66 t I 
15.11 

1?.2& 36 
12.15 21 

ii 

I 
L.82 

6.W IL 
r C .  

20.24 

S.oL 0 

2.17 I 



delivered. to t h e  surface or' t!!e expcsed i i idiviaual a t  a height of 3 
f e e t  above the plar,e by @-.~tSr.s kith eriergies i n  each of these i n t e r -  
vals (Fi--res h.1, L.2, znd L.3). 

The p o c e s s  c i r .s is ts  e s s e n t i a l l y  o f  the f o l l c u h g  steps:  
1. For each s-urce e r . e r g ,  cdlculat.in& thf3 dose pe r  photon con- 

t r i b k d  by the u x c c t t e r e d  p r t i o n  of the r a d b t i o n  from each Ixcre- 
mcnt of source area. This requires  zn expression i nvo lv ing  IttxueS and 
t o t a l  absorp'don c o e f f i c i e n t s  in a i r ,  cxpcnential  i n t e g r a l  , source 
e n e r a ,  and f r a c t i z n  o f  dose due t o  Lnscattered Fh0tsr.s of that energy. 

relative d c s e )  by m d t i t i y i n g  the  dose per photon In Step 1, above, by 
CLe number of source ;t.,c'bns u i t h  that e n e r a .  

M source LnoEons c.rigLZr;?iij' oL tr.at energy but  degraded by s c a t t s r i n g  
+* - ..---<*e lea; Z z n  azich cf a s t i t  of &bitrarFLy chosen ersrgy vial- 
ues. 

to each  chcsen ecergy Mlue  t y  surrsling the  p o d u c t  of Steps 2 and 3 
thove,  f o r  each of the  crft;liial s d r c e  anergies. 

The result is a3 inkk-ral or cumulative air-dose srectrwn; i. 
a p l o t  af F h o b a  enerpr versus the air-dose r c su f t lng  f r o m  all $0 
f r r m  z e ro  t o  t h a t  eneriy. Frm. t h i s ,  a rough differential dose h i  
gram is obtained by a t - t r i c t i n g  ordinates on the  i n t s g a l  curve a t  
e n d p i n t s  of each chosen energy i n k r v a l .  
numerical xetkads makes t ! !e technique qui te  applicahle to the detennina- 
t i o n  of  a numhr of mch dose-enercJy d i s t r i t u t i o n s .  

F i p r e  h.2 o f  Fefsrence 16 d e p i c t s  the diffeerontial  a i r -dose dis- 
t r i t u t i o n  f o r  the Shc t  1 I! + 3h hour data,  i n  percent of  dose p r  0.6 
vcv ~ n t e r v d l  v e r s ~ z  ezergy b Vev, Oose spectra Dazed on t\o htar 
d a t a  d i f f e r e d  chiefly i n  the low e n e r g  region. The ,-elatIve dose due 
to e c e r a *  up to 103 kev averaed about 40 pe.-cent a s  c a p r e d  to 12 
percent  i n  t!lo above d i s t r i b u t i o n .  Three otfler Jose distr ihrt ions  
were c d c u l a k d  f r a c  Shct L ar.d later Shct 1 data hnd are shown i n  
F i p r e s  l.I.1, l.I.2, and h.3. f i p r e  b.1.. using the da ta  of Tatle f1.2, 
is  an extrenc c a s e  w i t h  r e s p e c t  to the low energ. canportent. 
o t h e r  sanples for all the sho t s  l i e  tetueun t h i s  and Figure h.2 o f  
Reference 16. 
H + b.1 and H + 5.2 day times on the other Shot 1 sample. 
a lso  i n d i c a b s  esf;tnated error i n  cor t ions  below 0.3 MeV. 

w i t h  p a k s  a t  100, 700, and 1900 kev. Since the sLectra are those of 
4 to 5 day old f i s s i c n  kmdl;cts, a t  which time the $39 a c t i v i t y  is 
a t  its greatest  r e l a t i v e  value, tho l o u  enar.g p ropor t ion  &e to this 
nuclide is higher  than it  was a t  H + 2 d s y s  when the t ip239 canpnent 
was st i l l  Fncrcrrlstqg ( F i g i r e  3.1). 
and meter cor rec t ions  for the low energy mgion during tho exjmmm 
p c ~ i o d  %:.y:ax ,~XLEG:. k : k g  %C sc;.cral &y3 Ccforo and 
a f ter  this t h e  t h e  general  s F e c t n m  s h a p  apparently d i d  not vary 
t ~ a s l y  i n  the hi&or e n i i r z  ej$ons.  
tfie a m y  insLx.Tenb3 uds therefo.-c c a l t a l a t e d  f o r  each of these 3pC- 
tra and xas assizmd to krold f o r  fhe period h"ur0en f d l o u t  and gurVeps, 
a s  is descrited i n  Chapter 5. 

,. 2 .  c o r  each scurce m e r a y ,  ca lca le t in t ;  a he i&t ing  f a c t a r  (or 

3. For each scurce energyy, c s t L m t i n &  t h e  f r a c % c z  of dose due 

&. Cmpi t ing  U.e totcil dose due to all rhotons K i t h  energies  up 

The use of graphical and 

A l l  

Figures  &.2 and 4.3 g ive  the dose d i s t r i b u t i o n s  f o r  Lb 
Flym h.2 

The dose skpcwa are a l 1  seen to ercup mu~hly  into three reglens 

&sed on this d i s t r i t u t i o n ,  dosage 

A btjl correction factor for 
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T G L S  &.2 - Shot 4, 3 + 5.3 Days 

Percent o f  nux 

59.6 

16.0 

8.1 

4.6 

4.3 

4.0 

- -- 
Energr (He7) i 

0.1 - 0.2 

1 0.2 - 0.3 

I 

0.L - 0.5 
0,6 - 0.7 
0.7 - 0.8 

2.h 

0.8 - 0.9 

- I 1.5 - 1.6 100 

1.0 

Cumula tiv6 
Eercent Dose 

56 

70 

76 

90 

92 

TULE b.3 - Shot 1, H + 4.1 Days 
--- 

Energy (Hev) 
- 

0.100 

0.200 

0.250 

0.390 

O.rCe6 

0.649 

0.750 

0.815 

1.590 

hrcent of Flux 

o b 5 & 8  

0.136 

0,lOB 

0.ou 

0,037 

0.055 

0 .OM 
0.012 

0.ou 

Cumulative 
Percent Dose 

jl 
- - 

50 

65 

e5 
92 

lo0 

20 



,? 

T A 9 E  b.b - Shot 1, H + 5.2 Days 

0.035 

0.65 

0 .loo 

0.135 

0.210 

0.250 

0.285 

0,320 

0,486 

0.69 

0.750 

0.815 

1.590 

4.3 BETA ENEFGX 

Percent of Flux 

5.97 

11.53 

36.L7 

3.01 

10.49 

5.23 

4.05 

2.21 

5.13 

5.35 

5.06 

1.82 

1.88 

Cumulative 
F’etcent Dose 

10 

- 

36 

83 

89 

100 

The beta radiation smrgg was not measured d i r e c t l y  in any of the 
f a l l o u t  or  soil samplps. However, fian available  data on tbe radio- 
chemical c a n p s i t i o n  of the f a l l o u t  (Refemnce 6), it h a  besn esti- 
matad t h t  f raa  j0 to 65 p x $ $ n t  of the beta  rpdintion &rbg the ex- 
yubrrro p r i o d  was &e to n p - ~  , and had on a w w a s  of about 0.3 
?lev. The balance of the n d b t i o n  was of highsr energy, v i #  an 
average E,,,= of a b u t  l e 8  %vb The half-value thickness in ti3s.m for 
the low energy canyonent i s  about 80 microns, w i t h  a range of about 
800 microns total. 
ness is 8-t 800 microns and the 
e s t h a t e  could be mode of the mount of m a t e r i a l  on t h e  s k i n  surface 
or length of tine it  remined there, only raugh e a t h a t e s  bazed on 
c l i n i c a l  evidence could be Eade of the skSn bet. doses, (See Rsferruca 

For the high enerlpr caponeat ,  the h l f - = l u e  thick- 
a b c t  8OOO microns. Since 00 

16). 
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tvrtfTfR RESPONSE FACTORS 

3.e rc?syor.se of the sir;ey meter to the spectra calculated in 
Chaptor 4 wa3 emluatod in  terns of a s e t  of norna l i z ine  factors ,  aw 
for  each c n e r a  i n t e r v a l  in the spctsurn.  4. sunaing over  t h  
-?a13 and uei t ;ht lnz each M S I ~ J M O  fattar by the f r ac t ion  o f  tu 
air-dose in thnt i n t e r v a l ,  a total response fac tor  is  ob+aine 

ki is tho n o m d i z h g  fac tar  for that energy, then8 
'Thus, Ff Dj is a dose re!ading f o r  radiaLlon of a given e m r  

'there: fi  L= the fract ion w i t h  the given energy of the total true dose D. 

Hence I 

Solving for D t  

A 

n = D* 

The fi may be taken frpm the dose-energy di~td-ibutiops in Chapter 
4 and the ki f r o m  Flgum 5.1, which is a p l o t  of the msponss factfrs 
rmnd for the earlier model o f  the AN/R)R-j9A8 then called the u ( / L ? ~  
TlB (Refereace 10). 
ita response to the laternodels. For the spctnro used in ths bhr- 
erne 16 calculations; tbe btd msponse factor was found to tm 1.9h. 
%8 value was used in the dose calculat ions  of thpt nport. 

For the spectra shown in tho FFyr?s b.1 to b.3, tb tow enera  
response factors for all energies above 20 ker rem found to b a s  
given i n  Table 5.1. The value of 1.12 for #e W + 5.2 day spectnu of 
Shot 1 (Figure 4.3) i s  used in tbs n v i s e d  dose c d l c d a t f o n s  of tM8 
report, since this spectNa r e p m w n k  the best data. 

This l a  be l i eved  to be essentially ident ica l  3n 
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' 
S h o t  1 (l-L) H + &.l 1:ays 
( .?ibum h.2)  

' ( F i p r e  b . 3 )  
i Shot. 1 (1-L) H + 5.2 Days 

I 

I 1.04 

1.12 

T h e  respozse o f  t h e  h s t m e n t  is  Liom to vary also with the 

An at tempt  has been made to  c o r r e c t  f o r  
d i r ec t ion  of i-.cidence of the f lux,  tut no allowance bas nark f o r  
f x t o r  i n  keferenco 16. 
e f f e c t  by u s i n g  the  plots  shoun in Figure 5.2.  
*an 3eference 10, is a graphical  representat ion of the directional 
--es;unse to a 1O-xg Radium sairce of a 31B irstswnent i n  the horisontal 
and in two v e r t i c a l  planes. 
ts xake the  a > p o x h a t L o n  shorn i n  tho graah by s e t t i n g  a s t r a i d t  l i n e  
li??it t o  the r e s p n s a  vectcir i n  m e  re::ion and, fur ther .  t3 assme tbt 
t h e  rtspnse is cy l ind r i ca l ly  s p y e t r l c  about t h e  XXt a x i s .  Kaximum 
scnsi t iCb; ,  ind ica ted  by a v e c b r  l encth  of un i ty ,  i s  then i n  t h e  i)X 
d i r e c t i s n  cn the Ut axis. If a f lux  ( F )  per u n i t  s o l i d  an& F-pinges 
on the i n s t m w n t  a t  an angle  0 Kith respect  to OX', the reading on the 
n e t e r  u i l l  be (assuming that the rcsponse i s  l i n c a r l y  propwtional  b 
f l u x  i n t e n s i t y )  : 

(5.3) 

T h i s  figure,  taken 

It  was f e l t  to be s u f f i c i e n t l y  accurata 

CI = r D  = rkF 

'&!?em I k = propor t iona l i ty  constant 
U t ne"  air-dose 
r = vector  re  spome fac tar 

By the above appmxhat ion,  the vector mspnse f a c t o r  ( r )  is 
given by; 

C) I 0 d cos'l: = 7 3  : 4 = 0.6 sec 0 . - r  

- -  
e .- 

~ - .  

i 

1 
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Using the above values  of r, F = 0.32; i . e . ,  the instrunent is 
a b u t  92 percent e f f i c i en t .  
rec t ion  f a c t o r  is 1.33, Lnplying t h a t  the rhadtng inside a homogeneous 
cloud or ovcr a hmol;enews plane source is atuut. ? - ~ r c e n t  low for 
t h i s  averace enera, which is roughly i n  tho l-..ev region, 

For the WIY low e n e r a  coqponent below 100 kev, it is not known 
*.he ther tho r e l a t i v e  d i r ec t iona l  rcsp,nso mries p ~ ~ ? , ? l ; r  frm t.he 
a h r a .  It i s  as3uned h e r o  that it does not.. The doses calculated in 
this repor t  a r e  thereforo tased‘on this d l r c c  tional correc Lion. C m -  

f o r  Ute 11 + 5.2 day s ~ c t r u n  ofid S h o t  1, a total correct ion factor of 
2.22 results uhich was used i n  +he air-dose calculat ions i n  Section 
ci.1 of  this reprt ,  

Thus the average d h c t t m a l  responsa cor- 

La.. : - -  VLl l^ l .5  t h i s  gair~rchy I”ttCtAJL- *itn the enerq correct ion of iabie  j,i 





DURATION AND TIME DISTRIBUTION OF DOSES 

d In C'FaTter 2, the orJy e x i a t i n g  f i e l d  d a t a  on doss rates and +A- 
The infcnxation doe3 not  provide ~ 3 ~ e r a  to 
(1) what was the t h e  for eacn island a t  

tal dase a r e  swnar ized ,  
t w  L:p>rkst questtons: 
* h i &  t ke  f a l l o u t  cloud ar r ived;  i .e . ,  when d i d  the r a a h t i o n  l e v e l  on 
each of the i s h y d s  rise above the n o n a l  background and ( 2 )  h o w  s t e e  
17 and f?r ~ C H  I a n 3  did the rad ia t ion- leve l  rise before i t  reached it 
maxi??.a ral-a and decqred away a t  :he rate detcwhed by its o m  con- 
p s i t i c n  ( d i s c ~ s s e d  i n  Chapter j); L.e., how heavy vas the f a l l o u t  at 
any t k e  i t  was occurring and hcw long a d  i t  l a s t ?  
t h e s  of evacuation were d i r e c t l y  known, assumptions on both these 
questions vera bas i c  ts an estlmate of t o t a l  dose. 

l e a s t  or2 cf the i s laqds  capible  of recording enoul;h data to answer 
these q ~ e s t i c n s .  
l a v e 1  n.or.itorL?g b-stplment. i-n c?p?rsti:.I? c!? .%n$rik ( r2bl3 
though its ,Cull scale c a p c i t y  was soon exceeded by t he  r ap id ly  
inc reas ing  dose rats of the f a l lou t .  
b e e n  xas a t  l e a s t  quits  d e f i n i t e l y  e s t ab l i shed  on b n g e r i k  and it CO- 
i nc ided  w i t h  the t h e  a t  which the snow-like matsr idl  has first seen. 

rial had -en seen to camence f a l l i n g  could be taken as the keginning 
of the xadiation e x p s u m  t h e s ,  
these b e s  had been. 

Cuestioning the i n b b i t a n t s  of the other is lands resulted in a 
grcup of es t imates  of a r r i v a l  time which uere  in f a i r l y  uood agrement, 
though tbs manner of questioning smethes appeared t o  influence the 
ansuers. 
to those rasultbng frca other  infomation; i . e . ,  t he  wind v e l o c i t i e s  
a t  tho the, the tF .e  of beginning fa l lout  on hongerik, and the rela- 
ti= dlaunces  of the other i s lands  frcr EikFni. Only on U t i r i k  was 
no a C t u i 1  observat ion of t he  f a l l o u t  made; the estlnate Qf arr iva l  
t h e  there vas made using only the  time of a r r i v a l  on k m , r r i k  and th. 
ulnd-mrl-.iittance-fa=~rs. The values i ; f  f;;ll;.j,t znd e n c u r t i o n  tiires 
used a m  s\L,?morii.ed i n  Table 6.1. 

Since oii ly the 

It  w;:ld have been des i r ab le  t o  have had an i n s t w x e n t  an a t  

As i t  is ,  i t  xas fo r tuna te  t h a t  there  was ewn a low- 
31- 

The t i n e  a t  wLich the fallout 

Fcr the o the r  is?Rnds, therefore ,  the  t h c s  a t  which s i m i l a r  mate+ 

It only m a i n e d  to detcnnine uhat 

lbwver the t i s e s  estimated i n  t h i s  fashion uere q u i t e  close 



T,+,EE 6.1 - Fa l lou t  and Svacuation T i m s  
-. 

I 
Evac-ation Tjze 

(hours) 
---c__l___ 

H + 23.5  (6  men) 
Ii + 34 ( 2 0  mer,) 

H t 50 (15 wople)  
H + 9. ( W  peo?le) 

;I+% 

H t 5 5 + b t i + ? 3  

-r 

w 

The ra t a  of increase  o f  mdia t ic ln  in+vens i ty ,  tha t i n e  a t  w 
reached I t 3  mximun l e d .  due t o  decrease of f a l lou t ,  and the t o  
du r s t i cn  of the f a l l o u t  can c n l y  be estinatcd on circumstant ia l  grounda 
nho da ta  of Tatle 2.1 f o r  I b n z e r i k  are n o t  s u f f i c i e n t  to u a r r a q t  an ex- 
trapolaclon over two orders of maflltude. 
increase  of i n t e n s i w  was sit?ply l i n e a r  e i t h e r  on b n g e r i k  or any of 
the other islands. Eut ,  i f  the rate of increase  is assurr,ed cons t an t  
arid extrapolated to a point for  which subsequent decay alone would re- 
&Jca a f d l v u t  t h e  
of 16 h m r s  on Hongerik, f o r  exaqple, i s  found to  be a necessary conse- 
quence (Curve a F i a r e  6.1). That is to say, 16 bars vould haw 
elapsed a t  m c f a  constant  f a l l w i t  dose rate increase &fore t h e  time 
of maxtmm dose r a t e  on the i s l a n d  would have scarred - the t h e  a t  
which the f a l l o u t  was i n c r e a s h g  the r a d i o a c t i v i t y  level a t  the sa96 
rate that radioact ive decay was reducing i t .  
build up, t h i s  equalikf wwld have occurred only f o r  an i n s t a n t ,  (hbt 
AI), af ter  which the f a l l o u t  would have suddenly ceased. 

increase and decrease, reGching a aaxinurn and ~radually decwnsinz  to 
the rate governed by decay alcne. buever,  uaLTg the Lqitial rg t4  of 
increase and Craving a nore gradual m a x i w m  would place the cessation 
of the f a l l o u t  a t  a n  even l a t e r  t h e  (Curm 3 .hint A2). Since the 
vtstble fallout is  t e l i emd t o  have ceased 3metine a f t e r  midnight on 
1 Harch or a t  about H + 18 hours ( h i n t  A3), an increase  Ln the rote 
of increase  a f t e r  a shor t  time was a h o s t  certainly t h e  case (Curws 
5 5 and e). 
~ ~ 3 9  cf t G m x i w z  p i n t  aqd L!D i;xd;;P:iiass of t:.a f;llwt di;ni.iit;Lon 
am unknown, so that there is no d i r e c t  e-ddcnco to show whether Curve - c o r  Curvo 5 for  inst--rnce, i s  c1m-r b mpreysrntinc the eyFnt. 

X o n i t o r  data 5- pm- 
*.-isus nuclear  cwnts  have indicated that a radioactive c l a d  h ncrt 

It is u n l i k e l y  t h a t  the 

t\o ds;J rzs& && the .--’-.- V a L u c ~  fcui i i i  zt l z * k i  “thnes, 

For such a constant  

The ac tua l  f a l l o u t  must, of course, have had a vaflable rata of 

ht the steepness of this rata of increase,  the slurp 

There are, hove-er,  ind t -ec t  indicat ions .  

t 
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In such a d i f f u s e  f i e l d ,  the decrease  o f  dose w i t h  depth i n  t i s -  
sue is less procounceu than that r e s u l t i n g  f rm a b i l a t e r a l  exposure 
t o  a n  X-ray beam and the r e l a t i o n s h i p  t o  a i r d o s e  d i f f e r s  as noted in 
t h e  tu0 cases. The r e s d t  is tha t ,  f o r  a g iMn energy, the dose  a t  
t h e  c e n t e r  of the abdomen is  cons iderably  h i g h e r  than  a giver, p x h a l  
a i r d o s e  would imply f o r  t h e  narrow-kern. o r  p o i n t s o u r c e  case. 

cylindrical masonite phantam frcm an experimental  s imula t ion  of the 
f i e l d  eometry ( h f e r e n c e  1 3 )  us ing  a s ~ h e r i c a l l y  o r i en ted  group of 
36 c o d  sources. me phantom was p laced  a t  t h e  c e n t e r  of t h e  a s s a n u y .  
This is compared to a conventional b i l a t e r a l  dep t  
i n  t h e  same phn tcm and obta ined  with a single Cogd:ource. Both are 
normalized to air-dose,  b u t  t h e  a v e n g e  a i r -dose  a t  a l l  points l a t e r  
occupied by t he  phantcm su r face  is  i m p l i c i t  f o r  t h e  d i f f b s e  case,  while 
the p r o x h a l  a i r -dose  is used i n  the t i l a t e r a l  czse. 

f i l ten?a X-rays, w i th  the d i f f u s e  geometry *,at of a plane r a t h e r  than  
q h e r i c a l  source assembly. This was produced i n  t h i s  case by r o t a t i o n  
of the phantom and ion chm.txr i n  the beam of a s t a t i o n a r y  X-ray u n i t .  
The use fu l  bean, ang le  o f  t he  u n i t  was v ide  encugh t o  include t h e  whole 
phantm.  
for the d i f f u s e  geoqetry and t h e  Froxir?al a i r - d o s e  aga in  in the b l l a t  
era1 exposcE.  I t  is ev iden t  Lhat f o r  bo th  these  e n e r g i e s  ( t h e  e f f e c -  
t i v e  energy of the  X-ray beam being a t o u t  90 LV), the  diffuse-narrow 
beam depth  dose r a t i o  for e i t h e r  2 7~ radians ( p l a n e )  or 47r steradians 
(volume) d i f k s e  g e m e t r y  i s  almost t he  same. 
dose is a b u t  SO p e r c e n t  h igher  and the S - c m  dcse is 35 percen t  higher 
than the  same air-close (measured proximally) uoulc  imply i n  the narrow 
beam b i l a t e r a l  exposure. 

Figure 7.1 i l l u s t r a t e s  the dep th  dose curve in a 36-an diameter 

se curve measured 

F i e r e  7.2 i s  a s i m i l a r  comparison for 200-KVP, 0.5-mmJ copper- 

'!he avera,e air-dose around the  c i r cunfe rence  uas here  used 

That is, the midine 

It  is t h e m f o r e  assumed t h a t  this a p p r o x i n a b  

On t h i s  basis the air-dose values c a l c d a t e d  f rm the survey meter 
readings (Table 8.1) should be mul t ip l i ed  by 1.5 in o r d e r  t o  compare 
the s i t u a t i o n  t o  t h a t  of a b i l a t e r a l  exposure t o  a source  w i t h  the same 
energy d i s t r i b u t i o n  b u t  using a p o i n t  source  geanetry and a proximally 
measured air-dose. 
say C060, were used bi la tera l ly  in the same t o  s h u l a t e  a f ie ld  
exposure to on ly  t h e  h igher  ganma cconponents, then the meter  energy 
c o r r e c t i o n  f a c t o r  would be uni ty .  
exposure y i e l d i n g  a midl ine  dose equal b that w i t h  d i f f u s e  geometry, 
the p o i n t  source a i r -dose  should be the  d i f f u s e  f i e l d  air-dose meas- 
u red  w i t h  t he  meter and x u l t i p l i e d  by (1.09 x 1.5) only. 

The doses a r e  d iscussed  f u r t h e r  i n  Chapter  8. 

I factor u i l 1  apply thrcu&out the f i e l d  exposures. 1 

Al te rna t ive ly ,  if. a p o i n t  source of h igher  energy, L 

i 
In t h i s  case,  to s pec i fy  a b i l a t e r a l  
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TOTAL DOSE ESTIMATES 

The total dosas calculated f o r  each o f  the islkndu for h y - p t b b  
icdl f a l l o u t  tines of 8, 12, 2nd 16 hours are  dven in Table 3.1 
t ~ g e t h a r  with t ? ~  doses Calculated in kferenca 16, Fn order to 
t xa ta  t!!e difference i n  the estimates due to +&e la'kr infonnati  
gama spectra, neter respnsa ,  and decay rates. 

cons is tent  w i t h  the RongerFk f i l m  badge data (sea Section 6.2).  Dose& 
based an this value are ratiltiflied by the i;eonretry factor  djscussed in 
Chapter 7 ,  in order t o  express them L? terns of the air-dose f'raa a 
source of sLnLlar energy under b i l a t e r a l  exposure l aborahry  conditions 
which would have  Frodtlced the sme midline dose. A p lo t  of dose rate 
versus time based on Fibure 3.3 was used and tho total dose w3s graph- 
ically detezxined by normalizing ordinates and dose rates for a given 
t i n e  and neuur ing  the area under curves similar to Pibure 5.1. This 
was done assuming all three fa l lout  tines far each is land,  

The air-dose rates ;;reasred a t  later times (Table 2,&) were m u l t i -  
plied by the total correction factor f o r  geometry and energy dependence 
of the  survey meter (see Section 6.2). 
evacuation times used were those o f  Table 6.1, I t  %as found that doses 
calculated using the decay e x p n e n t s  of Section 3.2 here i n  good agree- 
ment with t h c Z 8  d e t e ~ ~ ~ k a d  p i p t d c o l l y .  

The 12-hucr f a l l o u t  value i s  considered most probable, being IPOS 

1 

Fal lout  beginning tines and 

8.2 DISCUSSION 

P i p r c  E.: ; I l u ~ ' w r k ~  ihe cumuiat ive  air-cos6 a s  a function of 
I t  time on Ronplap a t o l l ,  baaed o : ~  the 12 hour f a l l o u t  assum;,tion. 

CM ba seen that the rate of  d e l i m r y  of the dose varied contb~~ously,  
the major portion twin6 receicad a t  the  ki&er dose r a t e  prevailing 
in tha mid-portion of  the exposum period. 
of the dose had been E c e i w d  a t  H + &3 hcurs, for era-ple, the a06 
rate had fallen to 2.7 r/hr, less t k n  !& percent of its naxiaur value 
of 7.& r/hr a t  H + 16 hours. 
had teen received. 
ly h.m that  usually enccuntered usin,- X-ray units. 

the c m p t e d  values, averaged f o r  the Ed.S-and-?bhrur B ~ ~ ~ I N L F S .  

Dy the  tine that 90 percent ' 

ht H + 16 hcurz, 25 p r c e n t  9f the dcse 
Thus 'Ac dose ra te  during exposure di f f ered  marked- 

The dose values f o r  hatxrfk  siwn i n  T a k l e  8.1 are 75 porcent of mi8 
38 



uas f e l t  to best express the average air-dose received by : x m n n e l  
iiho spent roughly h a l f  t h e i r  tine icsitie s t n t c h r t s  h-'mn. the dose 
raC% was l a t e r  found ta be mtis!y h d f  tkt sutdoors, 
i s l a n d s  no such s h i e l d i n g  was pres -?n t ,  a d  no rc&.c t ion  factor was ap- 
p l i ed .  The same jxoccuure was followed for  all the ca lcc la t ions .  

On the other 

Island i I 
I 

106 I 86 1 18 130 

209  I 182 175 2 70 

si2 I 51 72 69 120 

1 2  1L 20 15 1 13 

See Section 8.2 it 

In  addi t ion  to the t o t d l  body gama dose, the wry soft gain- and 
hieher  ener,y beta rad ia t ion  from the plane x u x e  c o n t r l h t e d  to tb 
skin  dose. Furtl-er skin irratliation resulted from local deposits  of 
f a l l o u t  mater ia l  on the body surface itself. T h e  l a t t e r  is impossible 
to e s t h a t e ,  ht the f o n e r  may bs roughly attompad as follows, 

The beta dose rate Fn a i r  a t  a height of 3 feet  above the surface 
or an i n f i n l t e  plane contaninated w i t h  mixed 2h-hrxlr4ld fission prod- 
uc t s  FS c s t i m t c d  to be a h t  three t i n e s  the a i r  gama dose (Reference 
lb). Ihc midline gama dose i s  approldTatefy 60 percent of the p r t i o n  

w~ A i i  Kagu4Aa 6ivaI: ciua LO i t X - X Y  radiation or above jiieIerenca ij j. 
This portion, i n  brn, i s  estimated to bo 60 p r c e n t  of t!! corrected 
gannu dola rneasurod Fn air by a callbratad Fnstrunent. T h s ,  the dose. 
a t  the s u r f ~ c e  of a phantom exposed to nixed fisssion prodict radiation 
fnm an extcrnal plane source m i g h t  be expzc'ved to b a h t  e i g h t  times 
( 3 / ( 0 . 5 ) 2 )  Lye n i d l t n c  dose, if both occur a t  3 f e e t  o f f  the gound. 

Silch a depth-dgse m a ; u m e n t  has i.n f a c t  been ina8~ e x p x - h e n t d l y  
a t  a prev io~ ls  f i e l d  test (heference IS), usLnx a phantaz aan expojed to 
t o t h  the  i n i t i a l  and resiaual r;ldlaFa!on. 'Re de;th-hsss for  each s i t  
u a t i o n  a r e  shvm i n  i'it,ur$ 5.2 w i t h  all data as percent o,C t h e  3-(la 
dose. 
th e x i t  dose x a s  s w a  to te 63 ;nrca.it of the 3 - 0 9  dose. 
ttie difl'uss, residual field of fissim proddct radiat ion,  s i r face  dow 

-s L I  

'"nitti the d iwr5Lng  i n i t l d l  ra2Laiion fmi t he  point of explosion, 
ht, 

39 
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