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The

foliowing policies vere established efter full comsidaration fer

the hoalth and velfare of the public, both in terms of rediclogical szposure
a2 well as posaitie hasards, herdshipe or inconveniencss resulting from dis-
ruption of porzal activities. They are considered t© be sound guides to the
Tept Mensger mot only for protecting the health end welfare of the public but
alsc in arriving at decigions that would be morslly end legslly defemsilble by
the Atomic Energy Commiesion.

Tvo baslic aspuptione are rede in this report:

1.

2.

It is the responsivility of the Division of Plology and Medicins
to estetlish such pollicles for the Atomic Enerpgy Comaissiocn as
desznd necessary to protect the healt: and welfare of the
general populsoe from comsequences of wespons tests conducted at
the Nevads Proving Grounds.

Although the Divigion of Elology and Medicine will gladly give
essistance snd sdvice, ths operstionsl procedures lﬁg%ga‘yfer
meeting these policiss shall be the responsibility of the Santis
Fe Operations Cffice and the Tept Manager, as directed Ly the

Division of Hilitary Applications.

The following palicies de not apply to domestie or wild animals sinoe
levels of rediation which would be signifiocant would have to be much higher
than those specified hersin,
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Fvacuztion
L

Iniroduction

Tie decision to evacuzle & commnity iz a criticsl one for ti.ree
principal resscns, One, presumally there misht be 8 healis hazard if the
persiunel were allowed to remain, Teg, there is slwars an element of dasger
e&a¢/or ~ardshiy to persodel involved I suc B emergeCy BJessu Threc,
the evactation of 3 siza le community would seriously jJeopardise tie future
uae of the “evads Proviy Trounds aad thus affretl e countiry's weapsns
GEeVElonmeTT DI TEN,

Tt Zg reenrzel 1 oal exiemiallsy cirevmita s mRY SCCONDANY &Ty

i o o8 . - s omend 8 T g g omdI . NN | - M £ = - =y
situatis  Wure oo wiilong inticete evacuatlosn 23 £ moie of rellon, The slze

e evasiiecs, mMERTT
DQE/&’V

of transLoristior asd routes of evacurilon, disuaaitlios of am ulrior; osses

of tre ocomeuiliv, aress and scconmpdal

181 veind, and ma other factors ma&r enilcr inic

t.¢ ceolsglio: relative 4 evacuation, A bleoel eva ugtlion c&anot boe made 4

aevenee) esc siingtio:, can —e€ wnigue, Toe fullowing eriileria to.orefore are
ia
g cated as ~i-esfazsessing L e possile racislopical -azardsy tic finel

decision st e nade o . e lasis of &1l relevant frcilors znown &t lic tice,




Criieria
Teble Ia gummarisss € e radiological erliteria to Te used 1 evaluating

the feasl > i1i%y of everurtion,
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Effective “ivlogical Dose
T el k:‘- st Be Baved By Act OF
Tvacustion {0V .erwise evacuatiion
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The rationale for table Ya 1z as follows: The twotal effective bLiologieal
dose thsi would e received if ¢ tlon were ool ordered is obvioualy &
deterzining factor, Another tonsideration s the faet that much an action
&3 svacuation eould be dangercus to the individuals a~d esule also possitly
te detrimental to & very necessary nktionsl effort of weapons development,

One mmst tien as:, "Just how mue: will be ga'-ed (radistion dose saved) by
evacuation?® fPgiiwates of these two varia:les are indicated in table Is,

Thus, & populace BAy receive wp itov 8 ecalculated 30 roeatps: effeciive biologies]
dose i: one vesr without indicatisg evacuationy from 30 to 50 roentgens,
evacuziios would be ecasidered onl; if at least 15 roentgess could He saved

Lo oewgs metlony & &t 50 roenigens or nigher evacustlion would be iaéiea'teé
without regard 0 te possizle savings in radistios doss,

I maxi-y & vrous estizmaie of radiatlon doses, one may ealoulate &
theoretical maximim iaf nity panme dose & £ then artitrarily divide by same

DOE/NYV.
muser 3uc . 88 Y2" for an esli:czie of dose actually rectlved, Yiereas v.is
gay be setisfectory a2z a first arproxismation, & more realistic estimate should
¢ made, eapeciall - w en deallsr with doses that mig { eenstitutie & heslt:
“BBETH,

Ine to the necessit:> of makl:y early measurerents and decigions, 1t is
t: be expected that dose~ratie read! gs, taken with survey meters, will be t=e
availatle evidence &t the tinmes of concer.. 7a-ls I! summariges t-e paramcters
considered i estimatisy an effective tiolorical dose tased on dose-rate

readings,

paL




Ao Re S B 8

Theoretical
Haximo: Dose
{Based o itimﬁs Etfective Rffective
Best Esti- Biclogieal Blological

sated Rate Bislogloal enth-mg Doss Pactor Dose
Sl Decay) _Fastor _ _ Fastor _ {Oqlumm Rxf) (GelmspixD!

Prom tine of fallout

wtil tirs of evacu~ /1 /2 /2
ation

Froxm tims of evacu- )
stion to time of b 773 ¥4 1favee
return®

Prom time of retarm

to & time 15 days 3/ 34 Vo
after initisl fallout®®

From 15 deys untll
one year after 2/3 1/2 1/3
initial fallout

DOE/NV

"I

®This estimate 15 besed om the oconcept that if evesuntion were
acoomplished, then a certain rsdistion doss would be accumulated
the period of time selooted. This time paricd alsc represents the
rediation dose saved if svacuation yars scoomplished.

*This assunes that the time of return occurs before 15 days. A period
xliwamnlntdhmaammtmmw
initial exposare from fallout to & time ons year later. The 15 days
has no unigue sigaificence other than providing & besis on which to
estimate the biclogicel factor.

ss#The valus of 9/16 has been reunded off to 1/2,
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it later times after fallout, better estimetes of radistion dones received
may be cbtaised from £1lm badgs readings or dorimeters, If these £ilm badges

or dosimelerz are worn on personmel and the evidence of their use supports the
viow that the resdings ave a ressenshly acourste soccunt of the radistion dose
received than the veluos rwoorded em the £1lz bedge ar dosimster mey be accopted
with  correction fastor of 3/k $0 scsount for the difference bLetwsen the dove
received by the f{in bedye or desbmter (including backseattor) and that received
&t the tissus depth of five centimeters, Tehle Ic may bo weed in setimating

the effective biological dece.

From time af falloxt

wntil tise of A w "
DOE/NV
to 15 dsys after W w
fndtisl fallout
From 15 days wntil
one year after = s “
initisl fallout
FORALs
*The value uf 9/16 has been roundsd off to 1/2,
::b;ﬂ’ ‘T8 Fixing i‘: L 5




Discussio: of the Bioloriesl Factor: As longer periods of m are involved

in the deliver: of a given radiatios dese, lesser biolepical effects my be
expected, From the time of fallout until the time of evacuation probably
will be & matier of hours wile "as teen gonsidered essentizlly &u instantan-
ecus dose, 1.e,, t o biological dose factor is 1/1, Froz the time evacustion
eould be acoomplished to time of retur: probabl: w&lﬁ be a matter of daye,

8o the tislogical factor -az been sstimated at Zﬂ- Prom 15 days after fallout
until one rear later is ess#st..ali & duratics of one year, mo t-e biological
factor nas bees estimated at if: It will be noted t.ore is no calovlation
after one year, recsuse it is expocted uader sctusl e.nditions of radiolorical
axi weat:ering that pro ably =20 slgnificasi dose will be delivered alier a
»ears tize,

It is recornized t-at Ve precise quantities sup-wsted for toe tiolos—
ienl factor ca:wot bHe supported by coclus’ve avidence. It is m-a’::lz to
expect Vat Lo deliver. of a plves radiation dose over & period of many 278
®11l have lezz tiolorical effectiveness t.s: an instartansous one {nerlecting

DOE/NV;
genelle effects) ad that tie extensios of ¢:.¢ period to esse: tially ow year
s:otld 7ield a still lower :iological factor, One plege of supportive evidence
is the work of Strandrvist® where XI-ray dosea to the skin rere fractionated

into equel dally smounis, aad the blolosical effects compared to a one treat-
1= ~7a

? plot of total doses versus days afier initial treaiment

yielded straiy:t lines, For ezample, the curve for skin necrosis indicsted a
ratio of 3000/6700 roentzens for & one treatment versus 15 daily equally

-Sievert, 7elf K. "ihe Yolersnoe ;abat and the Prevention of Injuries Caused
Ly loniginy Radlatiens™. [ v .. Teou,, pl b= Fod.oo

+

Yol. XX,K0.236.Auge 1947 ' g o et
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fracilio:mied doses, Of conrse, dally rudiniio: doses recelived from falloul are

nol egually fraciienated so that the ratio would 5o in e directic: of unity,
Tar by day doses dslivered from fellout from the 15t dar to oue year are more
nearly equivalent t-an &t early times (ignoring the weki ering facter), Straadgvist
daia do not exterd teyond LD days asd it is guestioaile to extrapolate his data
in an attempt to deriwe 3 similar ratio mz aiove based o= ohe year, since ptaer
unoertainiies are s great, 1,0,, sffeets of wontherisg as affecting tae roate of dose
delivery, ctc. The retie would presume 1y be farther from wnlty t=an for a 15-day
perisd,

The skin igf:-elttivelf raidly repaired orgac and thuz may terd to over-
em:apise the effecis of fracticnation wen sonaideriry wiole~iody garma doses,

Crankite reporis’ "Io tie dog, with cotalt gawsa raye, L .e dose thet will kil
&0 ;:vem; of tme ée?s is a Rirty-da; pericd w&: delivered in & siagle dose at
roug 1 1% r par mi-uwie 18 a;;jm:;iaatél; 275 r. Aftsr t.is dose ol yadiatio: the
snimals become il?. wit 'l 8 period of 7 to iv Gays sad deathe gecur hetween e
Eig voa tw=Fi%1 da,. Hesorr-age, i:fegcilong, asd prefounsd ansmin are
;?1““‘?31*! - :; t ¢ dose i decreased w}.éafgerétvg‘vs over a fouriean~:gur
period, T e let al dose i3 L ereassd to €50-300 r. Under botn sonditions, tee
e:imels die i :g?“sx,zatess the same pariod of iime wit: identieal gési;as;sti;. ;:,
If the expopure 48 dropred o 25 1 per day give: over & fouriesaw:ouwr purioed, in
let:sl doze is ten inecressed 1o well over 1200 r, aof tie symptome &4 Iizﬁiga
are ¢ ared,” One pro: lex In sve experiments is the fu}?;‘t/ig_v&f possirility
1 ot e aAnimals me: Le virtually dend ¥ 11 to¢ ax-osures are contimed, Shis

mistt ‘e Lilusiraied in experime ts usiiy t-e urre wiere the dally doses of L0D,
230 1333‘5&521%53{‘1?!5‘&3tmw{ﬁ?mﬁiﬁimng@%ﬁm,
%o 3200, a+d 2000 o 2600 wotal roeatgeas reapeciively for 100 pur esnt let:ality®®,

* Hecical Aspects of Rediological Defense. Cronkits, I.Y. Levturs te Federal Civil
Tefease Kdminisiraiios, Regional Lonference of Wori:eastern States of Radiclocical
and &zgfs&; Defense, Hew York City, Getober 22, 1953,

CLa-295. Seaponse a‘" t:e Jurro 1o 100 r Fraciisnel ¥nole-Sady Us=ma Ray Radiatien,
Yaley, Tel. et 21, June 10, 1954, DnCiesdLiied, 7
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Experimssial data reporsed by Poche™ are mems

Bo. of Dose per Tose por Burvival
bays = Day (r) Yewr (r) Iize (%:s) oy

20 10 £ £ ko
0 & 36 63 29t

E::faft@%tjly aorzkl eorivel times were 70t given nor ware the ages of e
animals, (dog7).

Hlair® has taxe: t-e two polnts from Suche's dats, inserted these inte
o't nis (Blair's) equation relating reparable and irreparstle damage. e ratio

S of iostaitansous dose 1o 15 day dose 1z 350/L50 or 0,32, and for L mo:ths dose
Ve & oat 525/3553 ar 5,67,

Blair sugeeels t.al "Ine peinis are oo few 1o deierzinss tie soastanis

4

by

{of t.e sguaiioa) wit. an- aceura¢; bet should at leasi e in the proper
rege.” Horever, t-e ecnsiaunis of ~is egestion have cnesied well Wit sove

exteizive da's o ol or animels, Uig equation: i-dicaies that the rats of
Rl '}},:;3%4‘ £t mMrmm ol Jﬁ;?i’f"?g)
recovery of repare les iojury, is fastest i te movse, a out one--alfl ae fast
A DOE/NY;
iz v e rat and & out one-sevesih as fast in vie pul-es plg &€ dog, tut as

flair pol ted cou! the yemctlon o U e dof is more representative of the larger,

lo per-iived asi=mls,

ATC-20L  O-sarvations on Fopulations of Anlssls expesed to Chronic Heentgen
Irradisaiios, Foche, K.D. I8L7. nelassified,
>#CR-207, 2 Formmistiosn of the Indury, Jife doan

Toze Felations Fer Yonmislr
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Hlssussicn of 1 e ittemation axd Weat-eriz Pacior, From the time of fallput
until t-e time of evscuntion it i expatied that perscmnsel will be Bepi indoors,
{3ee Policy L) Major losses duc to vott-erisg ear mot e relied mpos durisg

v 4is period, so tuat tre estinated factor is 1/2, From ice iime evatustion
eculd nave ee: accomplis-ed until t:e tine of estimsted returs L1 is assumed
v.at persomel will e indoors s out Half of ene £k ours aad taat major
losszes due to weainedi p oo not e relied wpon, T overeall facter is tous
3/k.

The same reass:ing applies te toe t.ird period of time, i,e., from assvamed
tine of returm %o 15 days alfier fallout,

Fror 15 davs after fallout until ome year latar it is estinmated that tne
sitemetion dve to “uildings 8¢ e effeois of wekt erig will yeild an over-
21l faclor of 1/2.

Tose ratc readinge have ge, fake . wit. surver e iers cutside and ingide
of houses around % .¢ fevada Proviy Grounds after fellevt cogurred, Ths ratio
of readinge varied wit T e irvpe of ponstruction of @ nouse &nd wll. the

DOE/RY.
locatf=- wii f- t.e wilding, ODeneraily, t-e railo ¢f readirgs cutlalde to
ingide a frame bovse waz atout /1 witt a sorew st prester differesce for
maso rr esngtmcidos, § lindted suwm ey @f film ‘adges were placed ocutsids
&€ 1 gide of 2:me ~oures duriir Tem ler-Srapper and also Upsoi-"not als,
In the first ease, t' @ &ifTeresce in iotal doses was agel. 2 i 1 or greatar
but durisg Ups oi-Enow ele o:dy abost a 20f difference was noted, In fact,
iz one case during Ypziobinotiole t.e film ladge inzside read “iger tan
puiside, ‘e differsnceg cetween t-=ss experimeial data wiil zeve to e

imvestiraied durisg futore gperations,

12



T8 very naiure o i-e weai-ering Zacior mstes i im 8 difficzli paremsisry

to ewaluate. Tie pre-abilits of sceurresce of precipitatios sad/or winds and
to what degree a3 to ¢ estimstied As well 83 their effegts on yedistion
levels, leaching sffectis were stodied oa scile & eul 130 miles from ground
sero where fullicei =ad ocenrred duri g Upsiot-inoirols, Dose raie readings
were insignificastily lower than tsose predisted by radiclogical deoay astording
to t-2+2 after a poriod of more 1 &5 one year, One example 8f the effects
of w.nds waigr was ¢ served during Ppshoi-Xnotnole, The falleut from the
¥arg: 17, 1953 detuuaticn was iz & long narrow pattern to tne east of ground
gere, 'ne gecond day &fter falloutl & rat.er sirosg suwfses wirzd lew alsosi
at right anrler meross the ares, for & vut 8 peried of 8 day, Iose rete
roadisgs were taken on t.e first and fourt. days st {-e same lovations and
DOE/NV.
ton were corpared. T & fouri. dar dose rates were less, -y factors of thres
to six, t.an twese to ¢ expegied froz te [irst &re readi=gs, :ased on
rete of dega: of t=3+2, (Ot-er fellout measuremsuts indieated 18t the

raie of deca- of t 18 fallovt meterisl was not signifiesntly éilferent

BEST COPY AVAILABLE
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frop t~1+2,) hessuse of the physical conditions deseribed above, these
seductions in contamination protably &re mesr t:e upper limit to be expected
from wind, '

Orerational Peasitility of Griteria

It 15 not the insent here to discuss eperstional procsdures, but it
should be indisated that tie somputing of radiation doses as vesomxended
tn Policy I 1s a mot too ifficult task, If one assumes & £2°2 rate of
deoay 88 a first approximetion, then a mingle graph of dose ruies versus
times after drtonelion can be constructed that =11l represent a 30 reentges
effective ticloricel dose for one year, An additional family of curves san
be made ¥.8t will srovide the snswers to the pavemcters of hewmuch time would
te aveila:le before evacuation and ef how long R time pm:nﬂ would zave to
rezalin out of the radiption area i1 ordsr to pmﬁf?tﬁrﬁg'ﬁims of &t
least 15 m’égsns,

The higheat whcle-hody gazmma dose recorded for any locality where
personmsl were present oulside the Mevads Proving Grounds was st Riverside
Cavins, Hevada (about 15 pesple) following shot mumber soven of Tunbler-
Smagper, ‘The meximmm theoretical infinitiy garma dose was estimsted to be
12-15 roentgens,

6]



POLICY 11

&rzamg; BEenalning Indoors

A, Then the gawma dose rate reeding as measursd v a surve: meier held three

DU R e RS R S s e Y

feet nove tie ground reaches the values piven in fa-le II1 at the tives

indicated, it is recompmended -8t persoivel shall b reguesisd io remsin

indoors wit: windows and doors closed,

B, In tre event -2t itere e gouvineing evidewe that twe radistic: levels
given in t-e ta~le will e pesc-ed, it is recommended that perso-mel te

requesied to remai: indoors “/TOR® the fallov! ocours er Lefore te

radiatios levels egusl those 17 e iasle,

Time of Fallout Orrwe Ioze Sates 41 Time

1 hour g%n}m/m

2 hours 10606
3. €67

o
2
b d
\a
s

B § o
8

. 157
gh » 83
Eeleaze froz this restrietive astion s:all & made o= the Lasis of

further evaluatios of t-e radlelogical codiiions,

URCLASSIFIED



of the &iove mac:itude or greater e sdvised to chatype elothire and to

tathe, The glet-iar ma- e glesved r+ normel means, Thile hatoins,

special atiention #:ould i@ paid to t-e hair and a5y exposed paris of the
D. In the event that the monitoring takes plsce AFSER the fallout has oceurred,
and extranclstion of tne dose rete readings equals oy exceeds those in
£ fallput, t:es it i3 recomme:ded that the

taile 1T at the estinated time

T E E g # 2 S EREERLELFEEEF

FOLICY IT

Perso:nel Femalsing Indoors

DISCTSSION

e action of reguesting personnel to remsin indoors is predicated on
tie prianciple tiat i:e radiation levels are elow tiose astaggg!géﬁfar SVRGT-
ation and that this actlon eould reduce t:e amount of conitazination of personnel
&7 reduce somew:al the W.oole-uody gamma dosze, (See Appendiz A for estimates
of redugtioz in wiole-.ody gamua dose.) The sctual “sevings® Realiwise have
to te lalanced against posal le sdverse puilie resstion,

e prineipal gain in requesiing persowel ic remaia indoors is to
prevent or reduce t-e amount of stomic deris t:at may actually fall on the
zods or ¢lot:ing, Sinoe the pesax of fallout usuall- cecurs s:ortly after
the start of fallevrt, it is im~orie-t tiat proopt deciaions and agtions be

UNCLASSIFIED
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teken, Tihus, by necessity, the most prastical eriteris upon whieh $o0 base &
decision are gansa dess rate readings, wvhich are in twn relsted to the

The most Umediats solutice might be to establish lower permitt _ed
dooe Tate levels &b lster times after detonstion. However, if & series of
dose rutes are established for increasing times after detonation se that
Sheir reletionship follows t~°%, then the doses delivered in X howrs
(vefore the material 1s washed off) will be grester for sarlisr times
after detonntion, If ons vers sure of the tinme that the fullout material
was to remain in place, then a soale of dose rates versws tims after dstone
stion oould be made to yield the same total dose over the X bours. Since
thers is obwiously no eet time period for duration of contast that would
be valid for all esses, ons might assume the worst case where the materisl
remains in place until its activity hes deciysd to m imsignificant level.
&urﬂuuﬂéthuhgmﬂntﬁ.hﬁdﬂnﬁmmggfﬁ,bﬂ

De Sit herst D ¥ infinity dose
A B dose rate at time ™%,

it thoahvtdiswsbnhawﬁﬁ,tmmmwm#h
set the infinity dose., BHere, we must be clear that vhereas the measuremsats
taken by the monitors, and the data upon vhich action will be decided will
be gamma dose rate resdings, the point of principal concsrn is the beta dose
daliversd to the basal laywr of the spidermis (assumed as 7 milligrams per
aquare eentimeter). The ratio of emission of beta tc guma is a function of




time after deiozation mnd follows = gizpl: relationgqip, Porther, tiis metlo
&t a5r give: time after detonation Las 0t ees firsl: esia lighed, (me
renort® sugrests the following datas

"ime afier detormtion  Beis/lszas

Y2 hours 15772
158 hours 1561

These datk were ¢ tained from a slouwd sample, rat-er than astual falleut
meterial, a d were & measure of surface dose o & plague usisg & “dosimetsre
type tela-ray surface loimation shanter,”

he met:od of ecollectlon sug;ests the poszi-ility that the thiskness
of muterial o t:e plag:es may be less tha 1:at to s expoecied from the
azount of fallout t.at would ~e of eoqcer: w.e- esiinalisg pro:a ilities of
teid tur:s, 7 is would result i a different aogular districetion of the
eiag influescinr L e el dose rate i te dipcctior of & kiger value for
t:e plagues,

Anot er repes'*l {xticates a “eta to gaas ratic of 130 w 1 “asad on
t.eorelics) gorpuiamtiosna, & t:ird re;arii suzpesis & redieally Jowor ratie)

DOE/NV,

owever, t:<re ma te some dov 't s io itz goelusions since t:e foisailon
cher er used to measnre garmss only, 7&d 8 wall t:icinsss of 1 =R of zokelite
wiieh ¥,,, excluded 2 s=8ll prrt of the toial gemua dose presest; as well a2
a larre, tut wiknows, fractioc: ef tie Heta.” {5he range of 0,35 Nev tetas is
about 10C g/cs! or approximstely 1 me of barelitis,) For our disgussion here,
we will mssume & gurfsoe beta to gamma rstio of 150 to 1,

In eztimating the heta dose to the bLasal layer of the epldermis, o0 Ray
refor to the work of enriguesd, He sxposed tre siin of Chester Wnite pips

¥V =2G. Stienlific TiTseloris Report, ANDEX G.5. iazerpresst:aes 0f SUTVey-meier [ML8"a5 Cr!
i "in ¥stimate of the Belaiive Hasard of * eza Laé tion from Fissio:z Producia”,
“111"& gilﬁﬁ% S,Q gl’:ii iPdl 1? : J‘ - . )
Eazﬁﬁtse Area", June 1953, |0

2 Uxp-37, Prsjge* 4.7 "Cerma-eta 2
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to plagues containing different radicisotopes. Fertinent dats «re sbstracted
as fellows:
Surface Dose Begquired to Froduse Wmt

The sversge maximuz energy of the beta particles from fallout materisl
varies vith tise but will be assumed to be roughly eomperekbls, in respest to
depth dose, to Tttrima'~ or Sr70-Y?0, Sinoe the gamma dose ab & degth of
7 mg/au? would met be significantly different from the surfase gamsa dose,
the ratio of 130 %o 1 for bete~gmma vill bs ssmumsd st the basal layer of

the spidermis.

(One experiment with sheep, using 8r7°-Y90 plagues, showsd that 2500
reps st the plagues’ surface produced ulseration in one but not another of
two sheep.® &mmm,wmmwuuggf%

7 ng/en’ marﬁmmmwgmawm
tamning, jrolenged erythems and dssquonation,®]

It 45 to be rezssbered that the above discussion vas first based ea

Bixlage gmmra dose rates vhereas ths soniters vill be making thelr gamua

t*mﬁiwmatwwmmmm%m
“Mw ,cctc’ W’ J.r. ﬁm'glg'
Eovezber 30, 1953 m.ﬁsm:s)

SWEV-33068 4 stetus report. Sept, 15, 195, (CORFIDENYTIAL).
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neasurements at & height of three fest, Fast fisld experismos has indliested
1s shout 308 higher than at three feet. Therefore if it be assmesd that

& ground lovel gamma reading of & survey meter is aquivalent 3o & surfuce

dose rate, the ratio of beta dose rate at 7 ng/en® to gum dose rebe st
Shres fest 4s about 200 %0 1.

Another spproach $o estimating the ratio of bets dose rate st 7 ng/e?
to guma dose rate st three feat is as follows., Assuning s wniforn disiri-
bution of 1.0 megecurie per squars 3ils of gaxma activity, the dose rate
reading from an iafinite £ield is about 4.1 roeatgens/howr.® Calsulstions
given 1n sppendix B indicate that e like soncentratica of fallout material
will produce shout 430 reps/hour st 7 sg/em?, This suggests a dete to
guoms vatio of sbout 100 to0 1 which {s sdout s factor of two lover them
the first approach. Added support to this latter method of sstisating
bete doses 1s found in appendix €.

Sush considerstions may be fraught with pitfalls. For exmmple, the
sbove discussion implies ummmdrﬁiz&hb Otvisusly,
thig is not correct bmi how far this deviates from the facts sod to what
extent this influences the results is difficult to assess. Caleulations
indicete that the produetion of recognisable bsta burms from & single
wﬁiehﬂsiqairﬂ & high specific astivity. (Ses Policy III for discussion.)
It may/be, however, that the particles of fallout are elose emowgh %o have
overlapping of radiation flelds snd thus require significantly lover
spseific astivity of the particles to produce bets burns. This hypothezis
Feiffects of Atomic weapons®s 1950 _— o
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has support in that oven the mosh superficial bete turus of the astives
axposed to fullout following the Merch 1, 195, detonstice showsd & general
ares affectsd rather than smll individual spots. On the other hand, She
over areas only shout %2 sise of & quarter. Bren though these may not
have bean produced by singls particies, they do represeat less of sn ayes
sffect thon suggested for the natives. ilse, redicsutograghs of the fMallont
in arets outsids the HVG suggest the cccurrence of individunl particlise
with mon-overlapping of rediation fislds., Nevever, in nearty aress where
the fullowt wes relatively heavy, there wvas & definite cverlapping of the
fields,

WITH OUR FREESENT KEOWLIDGE IT SHOULD BEX STATED THAY IUE 10 TR
PARTICULATE MATURE QF FALLOUT IT WOULD BOT RRE FOSSIDLE TO BSTIBLISH
REASORIBLE AND OPERATIONALLY WOREADLE CRITIRIA THAT AT 72K 802 TIE
WOULD GUARANTER THAT THIRE NETEZR WOWD BB AN emﬁﬁéé%% BETA BURN,

If ons wvare to sooept the szmumed beta to guwe dose rates of shoub
- 100200 to 1 (measured uander the conditions given above), this might mesn
an infinity beta dose eof 1000=2000 reps 1o the basal layer of the spidermis
wvhen the whole body infinity gamme doss wvas 10 rcectgens, Of cowse, the
fallowt material msy be reveved before the infinity doss 1is delivered;
T4, on the other haad, It 4s not Lmprobabls that it oould remis in the
halr for essentislly this langth of time. Iz the ease of & cne-bour fallout,
almost 0ne half of the dose would be dalivered in the next 24 bours.




( Sit (

The efficiency of a surfave for eollecting anéd holding the fallout
noterial is inportast. It is mot swrprising thetthe highest dose rate
readings as well as bdiologiesl effects ware noted om the halr of the natives
and slso om parts of the exposed body here perspirstion wvas presest.
Further, it was obesrved that even one layer of light eotton msterial was
sufficlent %0 jretect against bets akin demage in most cnses®., This wez
éue probadly mot to the relatively small sttesustion of the betas by the
elothing but rether to the physieal situstion of holding the redicastive
nateriel ot some distance from the skin, whiech effect wuld be relatively largs.

&n added eomsidersticn is the possibility of high beta doses
delivered to perscanel from the falbut materlal lying on the ground and
other surfaces. If the highest degres of sontamination conzidered under
this poliecy ie safe whan in direst eontact with the skin, then the beta
dose from en equally conteminsted ground will not be hazardous, (See
Policy 111 for discussiom on wnegual contamination on persommel.) Eowever,
1t 4» true that the contaminstion may exoeed the amount to dsliver dose
muam&mxxﬁmmhmwgﬁwmm.
Some personnel may mot go indoors and those whe did will eventually be
relessed fron this restrictive action end then may valk arcund in &
relstively highly contsminated srea. Becanse of the more limited range
of the beta, the location of grestest concerm {s ths lover leogs.

One report sstimates a deta Lo gamma dose raic ratio of about 75
to 1 & 10 centimsters sbove the ground.** Under Poliey I it was recom-
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! of a surfase for sslleosting and Melding the fullemt

ssterial 4s {apertamt. IV s 208 surprising Whatthe highest dnee rete
readlings & wll os Molagisal offests vare asted em the hair of the astives
and alse on parts of She exposed Yody vhare perspirstion was presemt.
Further, it wvas obsarved that over e layer of light eotton asterial ws
sufficient %o protost aguinst bets ekin demage i meet cases®, This ws
éus predally ast to the relstivaly small sttemustise of the belas Wy the
elothing but rether Vo the Jhgeisal situsties of Melding the sudisestive
asterial b sems distanes frem Ade skis, whish effest weuld be relatively large.

M added esmsiderstism 1s the peeaidility of high deta deses
dalivered to parvemnsl frem the falbut msterial lying eu the grewnd end
other surfases. If the highest dogres af asataminsiien esmsideved wader
this peliey is safe vhen in &direst ssatast vith the skia, them the beta
dose frem m equally sontaminsted ground will not be haserdeus. (See
Peliey 111 fer diseussiss e wequal ecntasination em persemmal.) Novever,
it 1is true that the esntamination nay exesed the amsunt 1o dnliver deve
mamnmndnmhmwummm.
Soms parvemnel nay mot go indeors aad thees wbe di4 vill evemtually de
relsesed froa this restrietive astion and then mey walk arewnd ia a
relatively highly esataminsted area, Becunse of the nere limited rasge -
of She bola, the location of grectest ssaearz is the lowver lags.

Ons repert estisetes a bota %o gumma dsse rate ratio of abowd 73
to 1 &t 10 eentineters above the ground.® Jndes Poliey I it vas ressa-
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mended thet ecnsidorstion be given $6 evasustion vhen the guwza doss rate
reading st thres fest was, for exampls, about 6.2 r/br st B3 hours,
Roughly, this would sorrespond to sbout 460 reps/hr of bets at 10 osnti-
metars. Of course, this astivity decays and also it i3 presusad thad
personnel would be sent indoors, at least for & fev hours., On the wiher
hand, it strongly suggests that biolegically significent doses may be
dalivered to the feet if mot protected. Skin lasions were frequent om the
bare feet of the natives evecusted during CASTLE, This probedly vas &
conbination of beta dose from material on the ground and frex thet seuffed
up over the bare foet and then elinging to ths skin. (No lesions were
It would be expected that mormal zhsm!%etm(um to Iz
open sandsls) would afford adequste protection to the fest from sush high
beta doses as disoussed hers. Thers is still no guarantee that beta
mmimrmmcﬁdmmwmmwmuw ~
uamm@suwmmmmmm,ﬁ/&m
are released froz staying indoors, JFor example, 1f the beta dose ot 10
centizeters above the ground is 460 reps/hr at Ef3 bours, it would de
Mtl%ﬁp#rm&mm)ﬁmnpﬂkrlkmh'te.

Ons further possibility is the sccumulstion of reldicactivs material
around the snkles and lower logs resulting from normel walking sbout ths
area, This is discussed under Poliey III.




The work of Benriqueel smggests thst &b the & epth of G.09 am in
living poreine skin (muxisum thiskness of ¢ pidermis) thet "1400 £ 300
roentgen~squivaient-beta® (delivered ovear short pericds of time so that
they may be ammed to be instastensous) is required to produce resognis-
abls transepidarmal injury. The swrve ¢f Biolozical Gmunge risas rethar

sharply so that st & dose of Just wnder 2000 yep (at 0,09 =m), she epidersis

may be expscted to exfoliate and in the majority of oases go en to develop
cironie redistion dermatitis persisting for mmuths,

The precsding discussion suggests thet, using the guaw dose retes
listed in the criteria under this Felicy, ahish are baszed on sn estimated
10 roentgen infinity gamma dose, as high as 2,000 reps might be delivered
to the basel leyer of the epldermis over & period of tinms soversd Yy the
1ifetling of the radiocnctive malerial,

There have beean instances vhere the ealeulated infinity gaxam dose
in areas whers personnsl were present around the Nevada Proving Crounds
have reached 12-15 roentgens but there have been mo known ssses of beta
burns 4o these srsas. fhmﬁmm&gﬁmmd
mheszmmmmwnm,m;rwm,aw
an  observed durstion of fallout of aboul ene hour it is possidls that
they were not in & position to receive the full fallout, Likevies, winute
areas of the skin may have desn a0 affocted yat 2ot detected or reported.
In other arvas emcaxpessing some 2,000 pecple the iafinity gexma dose was
mmmﬁumsmmw
1 spgdte
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The estimated vhole-body gamca dose Lo matives evacusted from the
island of Utirix following the Mareh 1, 1954 detonztion at the Pasific
Proving Or eund was about 15 roesatgens for a pariod of about three days,
bat mo beta Larnz appearsd. It is falr to sasuse here thet direst contane
quite open to alr currevis. Oamms dose rate readings wers taken over the
bodies of the natives at shout B plus 78 hours both on the beash end afier
boarding the ship. Om the deseh the persommel readings sveraged shout
20 pr/nr games (but this probably ineluded poze contribution from the
ehip the levels averaged 7 mr/hr goume,

The 12 natives on Sifo Islund, Ailingismse itoll, received s estle
egted whole-body gaxza dose of 75 roentgenms= in sbout two and a guarier
days. Of these, 1 later experienced slight beta burms, 2, moderate burns,
snd none showed eprilstion.

In the gase of the Rongelap nmatives, the estimated whole~body dose
usa sbout 150 roentgens in edowt two days. A1l &) nstives later experw
ienced bets burns to soze degree mm&gm}g@;wd
the ngtives shoved epilstion firom slight to severs.

The 16 patives from Rongslap evacuated direstly by adr to Evajalein
had personnel gmmes dosze-:zte levels gemerally 80 to 100 mr/hr although
ons vas a2 high s 240 =r/hr snd one as low.se 10 mr/hr (st ¥ plus about
55 houra). The remsining 48 natives evacusted by ship were reported to
have persounel resdings that faveraged" &0 ar/br before dssontanminatiom.

lo
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The picture is further confused becsuss soue of the natives had bathed and
some had mot defore the arrival of the evacustion tesx,

¥oat of the 2E U,8, Servies persomnel ststionsd en Eniwetsk Xsland,
ings, Three penbars of the group who wire loosted for part of the tixe in
ensther sectisn of the islamd wvers sstimated to have yeosived somevhat
higher doses., Seventesn of the 22 persoanal showsd enly slight sper-
ficial lesions with ons questioushle csse of epilation. It should be
p&dﬂt&éi&w@lmk&immﬁgﬁl
fallout time and for most ef the time thereafter until evacustion, This
reduced the direct comtemination s well as the wholewbody gmma dose.

i £1ir bedge hanging on the esuter pole of a taxt &t one emd of the isliand
resd 92 roentgens, Caloulstions based on doss rete readings sb smother
part of the 1slmnd indlecated somenvhat lowver doses, i1f parsammel had
recained in the open for the period of $ise from fallowt (abowt ¥ plus
7.5 hours) o evecustion {at about E plus 34 kours). Upen arrival ot
Kwejalein ons persornal gamma dose rete resding was as high as 250 wr/hr
&t sbout ¥ plus 35 hours. DOE/NY.

The above dabe Go suggest that thers may be possible a reugh
bracketing of gazmasbets dopsz varsus beta burns, On the ons hand, the
nztives from Utirik received sn estimsted vhole-body gamms dose of 15
roentgens and showed mo evidence of beta burns, On the other hand, the
natives on 5ifo Island, Aflinginas Atoll, received sbout an estimated
wiole~body gezma dose of 75 rosstgens with 14 persommel showing slight

iggaﬁ? LECeup
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burns, 2, soderste burms, 2, »o burns, 3 with moderste spllation, sad 15
with no epilation, In addition, Bongelep natives receivad 150 roentgens
wWiole=body gomus doss, snd sbout 908 shoved soms degres of lesions mnd 565
some degres of epilstiesn,

It is to be reexdlad that: (a) the natives probadly vere oubecl=
doors and received the full fallout, (b) the olly hair, seni-naked pare
spiring bodliss inclnding dare fest, and lack of bathing for most would $end
to eollect and hold the fallout materisl, {¢) the time of delivery of essen~
$isd)y 21l of the dozes vas two S0 three dyyz. FMurther, it say bs specu~
lated that the fallout en the xore distent island of Weirtk (sbeut 300
statute =ilss) would esnsist of amaller particlss and also psrhaps lesser
possibility of overlapping of radisticn fields froz thess parkicles.

Sone of the relevant data are sumasrised in table II, Due to the
uncertainty of the degree of sxposures af persosnel on Eongerik to the direst
fellout, this group 45 net included. It 4s to be immedistely empbasised that
sny conparisons made or implied in the tabls are st the zost exnly semi~
guantitstive, s%nwhmhammm%mxvmn
included here as a sumssry of the &ata &isecussed adove,

The data on snimal exposures ars less firm than thoss for Mssans,
Unmistaksble beta turns eecurred on cattle st Alsmogordo /a July 143, on
cattle st the Hevads Proving Groumds in spring 1952, and on herses in




I 4 11X Iv ¥
Best Estinate of Mmm Dose Rutes (mr/he)
of the Islais (taken at thres foet shove
Best Esti- the ground) snd of Hatives (Fersormel
mate of Readings) after Removal frem Radiation ¥Field.
Estimated Whole-body Both at Approximstely Same Time,
Tive of ﬂnm Dow Fein
Bongelap 5k bre 150 igalesas o Majority: 1300 20 14/ hew
Nomne 8010 r &1 wpso
19 Slight At Efs4 m
22 Moderste bH. Averaget
17 Severe Y,
Epilabione. At BA50 hre
ﬂ ¥one Corrected
1 Slight Average:r
11 Moderste £0 nx/he?
- Jevere
75 ‘ Average: 2 hrs
Z None A0 er/hr
Eight AL BAS2 hre
vory sups  Corrected
erficial)  Averager
Lils 53 ar/he3 .
15 Bone ]
AL
Ftirik 16=15 hrs D lesieps) AVerage? 110 15 L TATE hrs
S oue 28 mr/hr :
> : Aspumods
< Hone 15 ar/hr
- b FReAy
l if natives evasusted by sir to Kwajalel wpon srrival
248 ¢ . *mmmpmmmmmmmmn.

ialand read

mwmmwmmmm

sizee patives from same read 80-100 wr/hr ot Kvajulein some four bours later vith calibwated meters.

ﬂmW/hwmmww”mmmmmmmmmmmwmmmﬁmmmmwwvmm
msong Individusic vor st diffecent purts of body.

& Reading taken by monitors from the RENSHAN on the Ubirik besch where thare

have besn sewe sopdritetion to dose
w retes from lend, After vading to ship, aversge persomel readings wers 7 ar,




spring 1953, (The skin damage cbserved on ehesp in the spring 1953 vas mot
established to be bets burns,) However, the smast positions of the anizals
in relstion o knsun smounts ef fallowt sre mot clear,

Folloving the last detonatien of the mring 1952 series of the Nevads
Proving Grounds, sdowt ons half of a bherd of 150 head of oatile were found
to have ¢_vidence of beta burns. They ware thought o have bemm 15«20 miles
fros ground sero in Kewich Valley to the northsast and to have been axposed
to fallout from the last detenstion, (14 KT on a 300 foot tower) EHighest
thie velley, integrated to 75-100 imfinity gaxms doses.

During Upshot-Xnothols, 16 horses showsd skin lesions over the back
and eye dazage was nmoted In a fwv, The best evidencs indicated thal the
horzes vere soms B=-10 xilss to the enst of ground sere om 17 Nereh 1954,
vhere the fallout ocewrred from the first detenation (16 XT en a 300 foot
tower). Radiation lsvels in this ares wre net knoun with certaisty but
mrmmaawmeﬂwmﬁawm%m
velocity winds po that it probably fell em the horses st & tims less than
ene houwr. am,mmnmw'ﬁmww&nm
delivered during the mext day.

Spsrational Feazibility
Under ths eriteris recoxzended in Poliey II, theve would have been
two occasione in the past vhers persommal would have been recussted to

prricp p g
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of UpshoteEnothols whare they vere so requested to yeuain indoors for twe
hours and the other ooeasion would havs been at Riverside Cebins (popilstion
sbout 15) follouing the ninth delenatisa of the sane seriss, The dose rals
reading at Linceln Mine was 580 mx/br st Hf2, In the case of Riverside
sfter the fallout had soowrred. The maxiuum infinity ganna dope in the
datter case was 12«15 roeutgena.

Personnel vers requested to rexain indoers {for sbeut two hours)
following the minth detonation of UpshoteKnothole. The highest dose rats
resding was 320 wr/hr at K plus 4.5 hours. This is less than the ewrrext
recommendations,

DOE/NY,
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The establishing of degrees of undesirsble contaxination on personmel
is based principally on considerstions of the bets dose to the skin, Fron e
operational point of view, probably the most prscticsl method af estinating
the beta skir doses is from gumma readings taken with survey instruments
sven though the evaluation of such measurements is diffieult.

Fersonnel monitoring may bs eonsidered unier two classes, 1.e., those
taken outside a radiation fisld snd those within. In the latter case it
would not be possible to establish prier eriteria as to the relative con-
tributions to the meter reading from the eontandnation on the parson and
frow that on the ground . nztnwmwmwmw
ing outside the eontaminated wres, probably the best solutica is to estimate
the degree of personnsl contaxination by determining the locetion of the
individusl during fallout. The discussion under Folisy II suggeated that
even if one vere out=of=doors during fallout in an areaz vhers the whele-body
infinity geoma dose was 10 yoentgens, there would be relstively little chance
of beta burns oecurring. JNovever, Based on general principles of redusing

3T



radistisn exposure vhenever possible, bathing snd a change of elothing pight
be suggested for situations vhere the whole-body infinity gamms dose wes
less than 10 roenmtgens and ghould be recomzended for areas vhare the exposure
is higher.
ks O Kusans..

In tabls IX 1t was suggested that the relsiive sverage gams dose
setos from sn infinity comtaminated fisld at thres feet sbove the pround
compared t0 that om ths natives measured by a survey meter held cloas to the

body wast
%g-ggtm (Btirix 2tell)

= g8/1 (Mlinginas itoll)
53 =,

R0 BIALE 2 3471 (Rongelep Atedl)

It 1s recognised thare are nany mnssrteintiss in estisating sush &
relstionship by this means. Mﬁmmthdesﬁggfwmm
taken scourstely the factors involved, especially in relation to the smount
of materisl ecllected mnd reteined om the bdody, ecertainly are mot eomstant.
The higher ratio at Rongelsp Atoll might have been dus to & physissl
phenomenon vhere the quantity of msterial fulling per wnit ares wvas a0
great thet it was not retained so sompletely em the body. Bven il thias
explanstion is scespted, there still remsin many quesiions.

Theoretieal considerutions indicate a gemma doas rates ratiso at thres
fest shove an infinitsly eontaminsted field to that at four inches frem an
equally contaminsted field of six iach redius to be about 7/1. (Ses Appendix DB.)
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pendently of any of the informstion on the fallout on the matives discuswed
sbove and were estizates of areas of contaminstion end distances of moxmitore-
ing that spreared {0 be reassonable esticates of these parameters. Ths lose
sgreenant botusen the gemma dose rates ratios based on theoreticnl somsidere~
tions snd those observed with the matives Iz clreunstantial, Yor sxampls,
& eguully ecnteninsted ares of three-inch radius would yield a theoretical
gexsa dose rg:;m ;;:os less than the selected ares of zimeingh radius,
Irn the ease of the patives, however, it is balicved that they wvere semi-agked,
perspiring, and out~of-doorz during the fallout so that it is not wmressonshle
to expect relaiively large areas of ths body to be contamineted. In fact,
this was moted when they were monitored. By their acts of walking srewnd
during the pericd of fallout snd sleeping on mats thet were besvily contaxine
ated it wuld seex possible that significant areas of the bodies of the
Allinginse and Utirik natives eould be as besvily econtaminated as was the
ground, (It is usknown if there were sufficlent winds that might have
rﬂaﬁmﬁzwmmmmmwmmmrg%%.)

There is further uncerteinty of uhat 1s mesant by the soniior's report
of "aversge” personnel readinzs, The dose rete readings in the balr are known
to hsve been eignificantly higher than the rest of the body in most cases,
It ie unknown howv thess reading: were “zvereged®,

Vheress these dats ocertainly are mot firm ensugh for ons to place great
| confidence in the rrecise quantities of the retios eof 7/1 or &£/1, Shey do
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indicats the obvious fallagy of accerting & l0-roentgen infinity doss bazed
on gamsa dose rates meszured on parsonne)l outside the radistion field., Yor
exaxple, the natives from Allingines shoved persommel dose rete readings
that would approxizste mine roentgens (gmmme) in 21 days and yet skin damage
to some degree was evident in 1{ out of 16 of the personnal. On the other
hand, the natives frox Wiirik showsd mo skin damage with an estimated 2,2
roeuntgens ir 2} days based on guxma Gos¢ rates measured on persomnsl, The
uneertainty of these data was disoussed wnder Policy II. They do suggest,
however, that if the contamination of & relatively large area of the exposed
body produces less than one roentgen infinite gamsa dose &z measured by &
survey neter held four inchez from the surfaes there iz & large probability
that bete burns will mot result. {(See also diseussion wnder Folley I1.)

¥hen the same dose rate reading is moduced at 2 given height above a
surfage fron & smaller ares, the amount of eontamination per wnit ares 4=
grester (other factors being oqaal)f Therefore, it wuld sees dezirsdle
to reduce the recommended dose rate levels wvhen relstively small sross sre
invelved., It is recognized that radiation from ancther EQ%NX}:& K4y 00D
tribute to the survey meter reading vhen momitoring & small ares on personnel,
but this baz not been taken inte sscount, first becauss of the diffisulty of
establizhing & prior appraisal of this varishls factor end, seoond, whatever
this contribution may be it will nov become an addled safety factor.

Of course, the problem is stil] eozmplex besause vhen considering
snaller snd sneller areas the eventual end point iz a singls particle.

e sl a . wian kEnis”
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in estizate of bets doses st the surface of an imaginary sphere surrounding
e fallout particls is given in Appendix I and an estimate of bete doses from
s single particle required to produce recognizsble erythems is presented in
Appendix ¥, Caloulstions indieste that the speeific setivity of some indivi-
dua) particles found in fallout would be grest emough to produce recognizable
erythesa A held in scutest with the skin for less than one dsy, yei the gamea
doss rete resding st 4 inehes may bs quite small., (Ses Appsadix G.)

Additional informetion on deses from individual particles has recently
besn reported®, The particles found in and around Eanford ecmsisted prinsi-
pslly of three radiolsotopes, Rui03, Rul06 and its dmughter Bh1O5, The data
and calculations in Appendix B also strongly indicate thet a single fallout
particle could produce & resognisabls erythema.

In the ease of contamintion of clothing, higher dose rates might be
tolersted than thosze for exposed parts of the body, This wvas smesplified
in the natives vhars no bota burns were schassrved under elothing of the most
highly eontaxinated personnsl. (This does mot inelude zuch srems s wnder
thewistﬂneﬁmﬁtniﬁmmwwﬁm%/gvm
On the other hand, very large incresses in contamination should mot be tole
ersted since it 15 posaible for ihe elothing to be remrranged 30 as to bring
the contaminated surfeoe in contast with the skin, Parther, it is mot

o el

hﬁrﬁmﬁwﬂdhmaﬁmmrﬂdiﬁbmmﬁtm.
#3306, & status report. Sept. 15, 1954,
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A further sonsiderstion is the bete dose to the hande resuliing fre=
handling objeets contaminsted with fallout materisl. Although some data are
available on bete burns from handling radiocactive objeols, the conditions
are so different from those associated with fallout that eomparisons probe-
bly would not be walid,®

If the above asswxptions and caleulstions are correct consarnling cone
tazination of a general ares from fallout, then the transfer of all the
radicactive material to the hands from an object of egual area would not
constitute a hesard. Thus, ome might conslder uaing as eriteria for mon-
itoring objscts, the doze readinge given sbtove for ronitoring persannsl
outside the genersl radiation field.
pie ™ Bovever, the probles is more complex since the bands may ocome inle
eontact vith contamineted surfaces mauy times larger in area than the
hande, with sn undetermined percentsge of activity being trunsferred to
the hands, Of eourse, an added uncertainty is the frequency of vashing of
the hands and/or the rubbing off of the material froz the hands.

Further, one might speculste that a given surface eould have sipgnifi.
cantly higher contarinstion than the genersl ares mﬂ%g;%/NV‘ the handling of
such & surface could econstitute a grester rizk, This might be true because
of the greatar swount of activity trensferred to the hands or becanse of
the doses delivered during the time of actuslly handling the object. The
uncertainty of the percentage of transfer of material has been mentioned.
One uncertainty in the second case is the lengtk of tims the object would
be handled.

*Beta Rsy sm-.s of Eunan SKin', Kn-pwiton, et al. i
5. b F —' % & ' m' k- ‘i &Pto 2‘) 3-%?!

%ﬁ’é,, S
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Based on ealeulstions in ippendices B end D, vhen en object is held
in g hand, a rough estimste of the ratio of dose rates of bets to the bassl
layer of the epidarmis ¢o that of ths gamea resling on & swrvey neter hald
four inches sway frox az objeot two inches in redius (outside a geuersl
redistion field) is 2600-5200 to 1. (ippendix I) Thus, if this object were
&ﬁmodﬁththlms%iﬁt;wuﬂtm%mm:
I0wrosntgen vhole=body games doss from gonsral contamination of the area,
itmﬂm:ma%mm;mﬁﬁwmwésﬁw,
and about 200430 reps/bour st & depth of 7 mg/es".% Sizee the pelms of
the hands have an approximate epldersal layer of sbout 40 ng/ox the beta
dose to the basal layer would be sbout 135+270 reps/hour, (The time of
BAl was selected to shov sbout the highest magnitude of dose rates.) If
one essume: that the decay ls accorfing %o £ -°2, hen the total bets
dose to the bazal layer of the eridermis in the next 10 houwrs would be
about 250-500 rers.

Wheress the above estinates do not indicate an alarming situation, &
more serious problen may come when the contamination is 3?)%5’}?1% than that
where evacustion i= Indicated., For example, the contaminstion of the gemeral
ares mEy be five or six timer that used a5 an illustration in the preceding
paragraph, without evacustion being recom=mended. Thus, beta doce rates
from handling ohiects, especially in times econ after fallout, msy be high
ensugh to be & problex. A simple and expedient procedure to reduce this
factor iz frequent washing of the hands after handling objests that ware in
the fallout,

Where mumbers sgree fairly well with the computations in "Bete-gontact
Baxerde Associsted vith Gume-yudistion Measurements of Mixed Fission
Froduets®. Teresi, J.D., USNRDL~383 (COKPIDENTIAL)
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It was suggested in Pelicy II thet normal closed-type footvear (as
sompered to such & open sandels) would probebly afford adeguate protection
sgainst eignificent beta doses to the feet fror fallout zateriel om the ground,
Thers i= still the added problex if the meterisl be seuffed up and eling to

the snkles and lower lags. If thers vere no interveming clothing, or
perhaps even vith thin stockings or seeks, this might result in significant
bioclogieal bete doses being delivered %o these parts, For m;o,ﬂm
gam&serﬂon&dingé%hem’mmmgﬁamﬂtmw
per hour, evacustion would not be indicated, Novever, for fallout material
of the same concentration in eontact with the skin the bBets dose rete ot
7 mg/cx? would be about 600 reps/vour. (See ippendix B.) FPresumably, pere
sonnel would be kept indoors for & fevw hours but upon relsase the spproxinate
betasasar:usgt?q/éwﬂéb;&w/krtmwz.stucrm%
six hours lster. In addition, thers is ths varisbls fector of what concene
wﬁmaf%%ﬁmmnmmmgew&m
&5 &TOR.

4 concentration of fullout msterisl em the groumd that would result
ir sbout 20 roentyens meximmm theoretical infinity gemma dose, if in ¢ pntast
with the skin would result in e bets dose rete to the basal layer of the skin

of sbout 1/, SENSN those indicated in the previows peragraph.
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% 1 IV.a,
A

anme Tose Lates at Times Afier Detonatlion T-en Decontamiwtion
of sotor Venicies 5no-ic Le Fecommenced

Tre After Detonatlieon Garze Dose Rates AL Time of
of ¥onitoring Yol torins
ig:—-?‘a?;

1 houwr 1000

2 hours 50C
3 v 333
L » 225
E o 200
& » 1¢7
| 125
100
83
2 o k2
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2 = 08
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Bord toriar & Depontandiatio: of B tor Fehicles

In the past, fallout hits osecurred across ig ways 1i- sigdficant quantities,

“able IV.:, Lelow indicates some periinent dais duri:y Upshot=Ensthols.

SATLE IV.hy

Dose LEim
Eeading of Apprexinate
Shot Approx- Hlgway at Iistance
Kuorber izate Time of Time of Froz
(C rono- Tield Fallort Fellout Ground Zero
logical) {r-) ToweT {tirs) {mr/nr) logation {Eiles)
1 17 3001 1 920 30 miler south of €0
Alaro oz g}?ﬁ: §93
1 17 » ? 3/L 260 1 mile =worth of 130
51, George,ltah
£ 25 " g azs Junctios of 0,3,
sevada Hyw,2lL0
7 51 » 3 {29 2C miles northw, &%
Cle:dale,Rev,on
DOE/NV,
7 s1 " 7 Loo g miles west of 105
Y¥eaguite,Fev,
ﬁ;’#,;‘g?l
g 3z 2 4 1638 36 riles morth =
Glendale on
g;gg' ﬁ}
g 3? " 2 3/L 20 5t, Georpe,ltah 130

i, #91
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Pozd blocks were establiched on Uishways 73 and 91 fullowing shots
nuzber seves and nine of Updiot-Imolhole, 7%he highest reading on a priwaie
sutomobile was 100 mr/hr (gacen) inslde 8ol 110 mr/ur outside st ¥ plus 3%
hours. About 75 cars were washed (rovzhiy 1/7 of the total monitored),

411 of e gars thal were wasied exs9pt U6 one mentionad &b-owe, had outside
dose rate resdings lees than half ef the highest, Thc retio of dose rate
readi-gs on the ovtside of the oar %o inside waried froz unitr to stout K/l
Protably ore of t:e lmportant factors here is the d1f7cresse betwen: driviyg
with windows ad/or ventilators opened or closed, One bus resd 250 er/hr
sutside and gverage of 100 mr/hr inside wit: 2 “ig: inside readiog over the
rear seat of 140 mr/-r at © plus & 3/k hours,

Considering t:e &mount of time one normally speads in &n sutomobile,
these dose rates do 101 necessarily represent & heal?: hasard in terms of
ga=xe doses, ¥hat ig pro-ably & more liwlting facter is the direct contame
ination one migst seguire by rubting spaingt the eutaide of the sar, espeeially
wen eanging & tire, , DOE/NY.

It is sasumed that monitoring will be scoomplighed oulside a genersl
radistioc.. field, Theoretlcsel ealculations (Appeadix D) indiaste that gamma
dose rate readings taxes at four inges from & surface will be 51, L2%, and
27 of trome Ly & meter 8t three feet avove 21 egually eontasimted infinite
field whe: the radil of contaminatios are resqectively 3 feei, 2 feei, a4
1 foot,

*hese data suarrest that wien tie gamza dose rate reading at four
inches frox & geoerallr contanminaied car is a»out ome hall tiat for an

iafinite plae taken at thres feei, {n@ degree of contamination per umit

A3



ares will be about equal; and when the wheels ere being mm@% to 1/k
of & gamsa dose rate rending will repremeat eguivalent gaatﬁc&tiss.(cwné.m R LT
Gamma tonir duiion fam Fie bedy ot the wramow e Ted uthe/i).

snother factor to be gongiderod 1s that the prosability of ecllseting
fallout material on the body from & generally eoslaminsted srea in wiieh
one lives is grester than from onefs sutomobile., On t:e other hand, it has
vee: moted Ln the past tiat signilioantly higher amsunis of gontaminstion
have een found on the tires Bad under parts of feders timn ent the remaiader
of the oar, {Undourtedly, this is & mimple phenomenon of pisking wp the
activity from t-e ipway,) 7f one were to change & heavily contaminrated
tire, sigificat smoumnts of radioscilve mAiterial wight scoumulate on the
kanis, and leter he trassferred te the halr or eyes Uv & simple rutriag of
t e hads over those paris,.

A compariso wmip-t te made here teoiween recommended maximm dose rates
fornd o5 persc nel axd tse esta lishing of levels of sctivity for auvlomoiiles,
Tiere 48 one 0 vious difference, however; in the firat case
¢ e paterial is alread; on t:¢ perso: »hile in the second sase one has to
iwiroduce te factor of provebility of trensfer ¢f sontamination (and to
v ai degree) fron the Car o t.e ‘ody. DOE/NV

e dose rates (measursd &8s steted) in ta le IV would represent alout
equsl contanination per nnit area for & o&r as for an infinite plane 4if the
car were rather uniforzly contamiagted. If the activitly were goafined sy
priseipally to the tires 8a3d under paris of tze fe-ders, the dose rate readings
mirht represe:t nearly iwice tia degree of tontarmination, One sust welgh

t-is eondition with the protadility thal & tire will *e e:a.ged Lefore the

49



astivity bas decreased significautly. | )

i given done rate reading insise a vehicle zgy represmnt less contamine
ation per unit ares dus to ths contributien of gemse redistion from the
exterior of the vehicle, On the other band, contumination within a vehiels
wuld xore probably be ploked wp by persommel than if it were on the owtside,
Purther, it is recognised that significantly high concentrations of redio-
astive fallowt may ascumulate in such parts ss the air filters of mn
sutomobile, Again, this has to bs weighted sgainst the probability that
they vill be handled before the astivity has decreased o lov levels plus
ths fect that it is relatively 2ifficult to momitor sush paxts on & mass
besis, The wncertainties present in estimating possiblehesards from wehicle
contemination would mot Justify fine distinctions in sonitoring the various
parts. A thorough cleaning, inside and outsids, would eppear to be the
best solution.

Gus of the obvious vays to aveid much of the jrobles diseussed in
ﬁnqnis&mmmnmm%%%gmw.
This will not prevent the first vehilecles passing through froa ydeking up
ectivity on the tires from the highway. It is belleved, however, this will
pot eonstitute such a troublesoms problem snd past experdience has indicated
that the activity found on the tires nmoticeably decreased sftar several ears
had pessed over the highuay, Further, if vehicles are not present in the
fallout it will help reduce contamination of the passengers sad of the
insides of the vehicles, '

UNCLASSIFIED
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In the past, the criteria used for washing car: bes been 7 mr/hr, and
at & lster time 20 wmr/hr {gammsa), inside & vehicle, This resulted in washing
ebout 75 carz {roughly 1/8 ef the total monitored) following the seventh and
ninth detonations of Upshot-Enothole. Under the reccamsndations givem in
Policy IV, ths us manticned sdovs, It probasbly mone of the ears, would have
boen vashed,

The data given in table IV.b, indicste that if thess rediation levals
given had been predicted before the fallout, Eighvays #51 and 93 would have
been clozed prior to the fallont from the seventh detonation and possibly
highway F93 for the ninth detonatiom.

DOE/NV.
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data, hovever, it is not expsoted that under those cenditions of fallowt
sbere the radistion levels are balov thoss stipulsted for pozsible svao-
ustion, thet the degres of contsminstion will be s health hasard, (Nor
i1s it implied hers that any level sbove this fogy constitute & seriows

contaxinatisn of vater, air, or foodstuffs.) Therefore, i}

B XA EEEREENENEEERSSE R/

PISCUSSION
dstex
Table Vi.a., liests the six loestion=z having the Righest goncentre~

tions of fission products in water souress during Tuzbler-Snapper, snd
Externp | DGE/NV

. for cozperetive purposes the uts.sstaé thmieﬂ maxizun gezma infinity

foses,

= 5 *‘E??‘?
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E?’;}L‘?;’r‘ et
Concentration{microcuries Theoretical ¥
por milliliter extrepolat~ Wb Kaximun
ol %0 3 dsys after detona~ aﬁaig’r ,

, | s
Virgin River Irrigetion Canal, Bev 8.7 x 107 6.
Irrigation Pitch, 56 mi.no, of Plooke,Nev 4.5 x 105 8,15
lover Pahranagat lake, Nev 3.2 x 1076 2.
Virgin River at Mesquite, Kev 2,6 x W06 2.5
Punkerville, Nev (tap wster) 1.2 x 106 7.0
Crystal Springs, Nev (tap water) 1.1 x 106 0.2%

Due to westher and to sttenustion of the gemma rays by bulldings, the
whole=body gemma dose sstixated to bave been sectually delivered was probadly
closer to one=hslf of the values shown.

The xaxizun perxissible conecentration of fission produsts in drinking
mwanwagﬁmummdutmqummm. This s
eonsidered a safe concentrstion for contisuwous consumption.

Whereas, the monitoring of wster sources s of value for documentary
purposes it should be recognised that the comssntretions ﬁgggsgvvm
videly within esall geographicsl aress and even at the same loeation at
&ifferent times (taking into sccount redicestive decay), Thus, eonfidence
eannot be placed in preeise values, Table ¥l.a. sugrestz that even if one
were to have stored wp the water listed st Virgin River Irrigstion Cenal
sad subsisted entirsly on this for s lifetims, the concemtrstion would be




gbout 58 time: lesz than the maximun permiszible amount. Bormal fastors of
éilution by additional rainfall mnd/or by the influx of lesser contsninated

+ {x‘,ﬁ;}‘é;{ gLe

ground vater wﬂéﬁrﬁw the level of activity.

Alx

Considerable effort has and 1s belng made to eveluate hasards from
airborne radioactive msterials, ineluding fission products, YThare are oer-
tainly many ucanswered jroblems including the posaible hasard from a single
particls in ths lungs. Despite the uncertainties snd as yet incespiete
enslysis of the inhalation hasard, the preponderance of evidence today i»
that the external gmmme hasard from fallowt is the more limiting faetor of
the two®, (However, ses discussion on food contaxinstion,)

During Upshot-Enothols quite eomplete data were sollected of eonsen~
trations of airborne setivity en ebout 150 occasionz in seme 40 41ffereat
localities within 200 miles of the Fevada Froving Grounds, Thess included
monitoring of all detonstions, XNistograms were zade of air esncentrations
versus time after dstonation for 30 occasions snd estizates were made of
dozes to the lungs., These data for the five commmities shgggg% highest
alir eoncentration sre given in Table Vi.b. The higiogras for 8t. Georgs (the
high?&huwmrmmimcrm“mhsgpﬂm
arss) is reproduced in Appendix J.

¥id Hoc Committes Keeting. ¥ashington, D.C. é‘mﬁxrj&, 1954.
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13
Groos Mine, Eev 3.4 x 107 7 0.35
3

Fioche, Bev 2.0 x 30~ 0.015

#The method used in estimating doses to the lungs is given in Appendix K, One
essuxption mede wvas wniforr distribution of radistion vhich, of course, is not
sntirely accurats.

The criteria previously estsblisbed by an Ad Hoe Jangle Peazibility
Comxittes {Washington, D.C., July 13, 1951), for air ecnecentrations wvas

®it & point of husan habitation, the setivity of radicactive
particles in the stacsphers, averaged over & psriod of 24 hours,
shall be limited to 100 microcuries per cubic mster of air
(correspending spproxizatsly to & ground level gama Intensity
of 30 mr/br).

DOE/NYV.
*The Zi-hour sverage radioactivity per cublie meter of air, dus
to suspended perticles having dimmsters in the rasge O miczron
to 5.0 microns, shall mot excesd 1/100 of the sdove; mor is it
desirable that may individusl particle in this siss renge have
an activity grester than 10=2 microcuries caleulsted 4 bours
after the blest,®

In the January 20, 195, mesting of the id Hoc Conmittee the basis
for recommending the shove sir concentratiom was discussed. Zseentially,
theze eriteriz were sslected by estimating the gamus &ose thad might be
delivared by the pessing of a radicsstive cloud, Since there are better
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rethods of estimating gemma doses and since there are wncertainties in
evalusting the hagerds of such transitory air concenmtretions as sxperianced
fron fallout, and sinee the prepondersnce of evidence frox past nuslear test
seriez indlcates that the extermel gamns hasard is more limiting than the
inhslation one, it was recommended in the Jamuary 20, 1954 mesting to
strike fron the record the past resormendstions for maxisum pernizsihle
air concentrations, It was recommended that an alr menitorisg progran be
sontimed for doocunentary purposes and for wvhstever value the data might
bave in the future when nev analyses might be xade in the light of addl-
tional knowledge.

A further dlscussion of the single particles problan mey be zada.
In arriving st the recommendestion *.., sor is it desirsble that amy indivie
dusl particle in this sise rangs have sctivity greater than 1072 microeuries
ecalculated four hours after the blast® a tomputation was made that the aver-
age radiation dose from such & particle to & sphere one-half a millisster
in radiue would be 385 reps.¥ EHowever, the conclusions may be misleading.
In the sasze of & singls partiele, relatively lurge e;‘ff IEX deliverad
mthapmialomés&dléasu&a#deéiﬁmﬂ. Appendix L suggeste
one possible estimate of this phenomenon., The parameters involved here are
many and aifficult Yo avaluste, Por example, hov long will a particle remain
in one place in the lung and what dose will be delivered during that time?

It has been suggested®* thet in the upper respirstory passage 20-zieron
disneter particles sre the upper linit of size for deposition and that *Cilis
i.aﬂtas, Hasting of Comsittes to Consider the Feasibility and Conditions For

& Preliminsry Radiologie Safety Shot for Jangle. L.4.5.1. Nay 21 end 22, 1951.
L3 3068, A status report, Bept. 15, 1954. (COMFIDENTIAL).

I
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sveer: 4 to 6 cycles par second. The probability of & partiele remsining
within cne 2iliimeter sone for as much as one-half hour appsars to be
vanishing small. ,.. Proteetion will &lso be provided by the mueus

lining which iz itself renewed seversl times am hour.® Aceepting the
estinstes sbove and the methods illustrated in appendices § and 7, 1t may be
wauménpmuaumamme- taagine
wMi&rwaMhnﬁiﬂwnzﬁmmﬁh{ld.a
werosuries),” Larger Lirger Aasse w11 e, delivaisd eloser o the partiele bt
with the relatively rapid movemeut of the particle, it does met appear
that large doses will be delivered to a great musber of eslls. Multiple
exposurss Right ocour from edditional psrticles but egain this risk e
iflicult to evaluate.

Tepd

Considerable effort is being directed towsrd the study of contsm~
instion of food from fallout., One element of major concera is &°, It
mmmm&mummummmmmtm fron

one Tenth +0 Q‘E/‘
solls conteining about cne microcuris per square foot of 8r°°, (1,000 pounds
of ealciuz per acre), that over & period of years thers would scowmlate in
the human skeleton a body burden of one xicrocurie eof &-95*. Sails taken
from »
sbout xiles from the Nevada Proving Grounds, now shov & sonceatration

of microcuries per sguare foot.

$irivate comamicatien, L. A. Dean, U. 5, Department of Agriculture,
Beltsﬁila, Eﬁ:'yiﬂﬁ, 1?!'11 23; 1954,
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{4lthough not of direct consern %0 the ¥evads Froving Grounds, it is
of interest to note that solils vere golleoted frozm the Narshall Islands
following the fallout in esrly Merch 1954. Appendix V| summarises these
dats.)

4 recent report* strongly suggests that contamination ef leaf
surfaces followsd by aither direst oomsumption or intake hy way of aflk
is far aore en important pathuay of intake than by the solleplant-snimal
¢ycle, at least for those times of yesr when plants may be in a state of
grovih to eollest the fallout. Further anilysis is being plamaed.

This saze report* raises s new problem., Based on stated assunzptions,

the data presented indicates that doses to the thyreid from lodine radio-

isotope: may be a grester hasard than 3r +» FPurther, ths report suggests

DOE/NY.

af-Jeafs-surfases, the dose to the thyrold {(delivered in a fev veeks) may
be many timec grester than the theoretical meximux external dose. Additions)
evaluztion vwill be given this problem.

L sme?sc Division of Biolegy sﬁ Medicine, wsahingtoa,
BNCLASSIFED
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If integrations of Goos Tate readings sre vweed in estimating the effec-
tive Elolegical domes, then tebls V my be used.

TRELE ¥

Maltiplication
Pastar W

Maxims theoretical redistion
doge from time of fellout %o 3/4
15 daye 1ater.

Meximue thecretlesl radistion
dope from 15th day tc one i/2
yesr,

{(including backsostter) and that yeceived st a tissus depth of five
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1953 the followisg recomsendstion was made,

It iz recozmended, and found to be in conflermity wit: the present
;ﬁ:&i;l&g of Eﬁwﬂi‘ﬁi ity peredesl le exposure lizits, twt for test
spuratic: persommel the toial 'ofy gamss exposure s limited o 3.97 ia
t-irieen weskg, ‘8 a1 the sane figure »e arplied fo the olfesite com-
manities wit: t e fart er qualificaiion in L& lailer case st wis i
tme total fig%;‘& for e year, lIa general; t is imlies & wingle test
geries i any glven year.® -

0~ the rsals of T is recommedaiion a:d tne ressoning discusced wmder
Policy I, te eriteria for estimeting t.e w.ole .ody pesmse effective ifological
dose are mmmarized 4o Ta'le ¥V, It will e noted t-&t te ticlogical facter
inticded wider Policy 1 12 emitted in Foliey Ve In ise first case we are
dealing with relativel; ig doses thal E&: reguire emergency mebsures wits
1 #ir atiedant wazanrds, It 45 8 siwuation vhere pre wishes 4o estimate all

pertinent fuaclors i+ evsliuvetling radlastio: dopes even thouwy: they may @t e

"

Xowr vit precisenese, efore regozse:xiing a emsrpese: astion that may
produce greater pro less, In the gase of Folicr V ene is conserned wit:
relativel: lower doses duri:y routine operations. It would e giffiexlt
BOE/NV
Justifr o te one @ t-e propos iion thal weekly doses fer geseral popula-
tions ma- e {-tegrated a+¢ taxes in & sias.e exposure withonl pe:aliy asd on
te ot er nand tnst 8 siven dose reccived over 8 period of 2 year may be admin-
isipmtivels uoed vesause of iolozical Fepair, Y:erefuore, the rislezieal

facior ir oxi tied.

. O



The genersl effects of batksoattering on mssszured readiation doses are
faizly vell sstablighed. Purther, knowlsdgs of depth (tissue)-dose curves bhas
sdvanced to & quantitative stets.® Thus, there ssems %o be 1ittle doubt that
a filn badgs or dosimeter vorn cu the parson vill cver-estimmtis ths gamm
redistion dose delivered at & depth of five sentimeters (assmd depth of
bleod forming orguns). A majer Pastor in detormizing this diffurence is tw
@ality of radistion wim eonside (me Fupert™ dealing swliedQly

with redistion in & fallout field suggests a fastor of sbout 3/4.

G\
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Assume: Time of fallout = HE3 hre
Dose rate st BS3 = 667 mr/ir

Then:

Asoey

Then:

Theorsticxl mexi=ur dose from tise of
fallout So three bours later

Savings by remaining indoors for
thres hours

One yesr effective blologiosl dosze if
the three hours (based on seme essump=
tiangeamiaaékmmgm
tion

Fer ecent of one year effective blolog-
icsl dose saved by revaining indoors
for the thres hours

FIAPIE 11

Time of fallout ® B3 hrs
Doge rate st Bé3 B 667 my/hr

Theorsticsl meximua doss froa tine of
fallout to eight hours later

Sevings by resaining indoors for eight

kours

One year sffective biologiesl dese {f
personnal 414 pot rerais indoors
during the eight hourz (based on same
assunptions conteined in seetion on
evacuetion)

Por cent of one year effective biolope

iesl dose saved by remaining indoors
for the sight howrs

Gissemn

A.30r

3:55 r

~50r

2.3 r

.15 »
DOE/NV.

~50r




CALDTLATI VNS

¢f Bota Doss Bate at Dopth of Jeven Hillizrass pe
- Egoare Centimeter ;:;g.., o +,,,,,, Trverk |

Agsuse; 1.5 Eev “sta (Mesn energr = 0.5 Hev)

P =10 caf/gn

(ii.s assumes & single mass acsorpilion eveffiecteat,)

¥ = Fo & FF

w:eres Bo = mup-er of telas &t surfece per exf psr sec,
E=r ] » » é@i_g =
f = mege & -Aorpiion coefficlent
= dlztawoe {dept:) under considerstion

¥ cre: R = dose ratle 81 ég;‘
¥ = pean snorgy of gt&s

. -{ G -
Ez (1C)se e % o) ‘%?i(&a » 2,33 Fo ¥ev/rm-see,
F4
Bo = 37 x 10ke w.eret C S sotivity in microcuries per oo
| :sé‘i“ x & &ffwi

= {1,3% % 10-1)(C)erga/gm-soe
& 5.4 ¢ repe/) -

e DOE/NYV,
T kesume:s © T 80 po/esf (veta)
F=5L€ wicrer I = dose retc at depth 7 mg/ent in reps
¢ = setiviyy/ce® in pe

= (S.k)(82)

= h3? repa/ir
er w 500 rada/ir

Ggg_r_%_ﬁ ets Dosc Bate (Reps/or) at ?;&;fw?_,,g”

%‘at Ism t& &r’m

Assunet pe/en? {*fe equivalent to
Wﬁg gamms )

N Me EeeIEIEr

b wbdSe




& thin P2 soures prepaved by sosking s filter paper in & solubion of
phosphates, alloving it $o dry, end then measuring surface doss rates
vith & surface ionisatien chmdder,*

Thickness of soures 9.6 ng/n®
Activity of source . 7.0 /aelaa
Surface dose rste 0.127 rey/see
457 reps/hr
Dosage rate st derth of x centimsters o9e3x

Subet ituting above datss
g w328 Noe~(7+5)(0.007) ¢

DOE/NV

2
£ 7.0 € reps/nr
mss‘??/m/szz

T Ew t 77
hen t?ﬁxmavww? (¥32)




487 ¢~(9+5)(0.007)
2 427 repe/ir ot 7 ng/en? (P9)

Tbe two above spproaches wre within 268 of each ether. If one sxtrepo-
Inte: the exparinental data fyom = sourcs of 9.6 np/ex® to & ihin source
(for cozperstive purposss) the two methods ere within 208,

DOE/NV




o werer x = v/ar
€=z gﬁﬁt?izs&iupgwfat
F = averspe emergy of pamas (Hev)

’ ,g%l:?
L
“Tett x = 1/2 fest
¢z lo yo/oa? o 3.6 x w2 ofr1? (gawmms)
¥Fz 0,7 Bev
k= 1/ foot
L= { £ gn(;-v X 19’2)(51.?;‘ in )‘
0o56 r/ur

Comparison Gamza Dose "gtes Froz Inlinite Plane at & “eig- i of Thiree Fest
A ove tne Orowd to 2res of 3ix Ine Radiug a:d Helg-i of fosr Inches,
g
sasume: 1 megacurie/mile? DOE/NV.
(3.6 x 102 ¢/1t2)




Azzume: &, gﬁ?ﬁm
. 0. gﬁ’!ﬂhﬁiw
PR 1.2
afwtazlaai

mm&umetﬁemamwmﬁﬁm
E from & point sowrve.”

(1) x(r) = % 2R agy

gras
vhere: :(s)-mmm&mmga

Substitutingin 10 ent/gn ,u ® mese abserption coefficient
E 3.5 %ﬁ?, l‘ﬁﬁ
Then: (2) K(R) = 0.397 £ Naw :
B- go~iisintegration

6.25
(3.8.) K(R) = 6% x 1975 g@

(3.5.) E(R) = @& x 107 g‘m sillieads DOE/NV

Equation (2.&.) is plotted en the attached greph,

",

FOR FISSICH PRCDUCTS,

4, = disintegrations per unit tise st iime “a" after detonatic
kltéwmwmttisﬁmmﬂﬂtmm

Viozel, Wb, snd Eilis, H.H. "Distrituted Beta Sources in Unifordy Ioeorbing
Fedig® Nuelsonics 3%:1;1956,!. 7 Fo. 1

(4



Integrating equation (2),
(6m) €2 84y (857002 w 47042
and
1.2, «D,2, 3,2
(6b.) €= Sagh, (¢, 002, ~0:2)
vheret C B » tobal nmuber of disintesrations fron time "a" to "*

t; ® tices alfter detonation

g = later tize after detomation,
When ¢, 1¢ infinite,
(7 Coc = 84,8

By the use of equstions 3.z, or 3.5, and 6.,b, one may ecompute sn
estirated doce at the surface of an imaginary sphere,

Of course, the problex iz the determination of "‘E“ and 't:, i,
how long efter detonstion will s radioactive particle appesr im the lungs
and how long wlll the particle versin in plsce. The first time (%i} is mmeh
ecpier to astirate than the later (t).

(Soe text page 32
DOE/NV
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let: t ® 2 kours (tire particle 1= depousited
o= i’f hours (tire particle ir resovec,

2k re
2.1 er

Ar 3WIE

. -
2w
e

in one
ETLETE

totel doze required
ra'j*“a of inarinary
lﬁl‘-’er'

day to p
within which ecell: mist receive

iuee recognizable erythesa
&

&:czﬁ ing prencixy By 2.5 x 1 x*ei o/6izintegration is delivered
to surfuce of 1 -ih *;z gchere U.l esnt i:*#tm* in radiue
R = ¥ 10% Zisintecratisn: veguired
£ A ey
~ s e - 5 -
- R -
C o= 5.t /L, -t
- - - & -
Sy 107 = 53.34.:5-:.“.. Sy
iy =155 ¥ 107 ¢/mr or &bout
1Z.7 ue gt g 3 koo
of coarze, Lhe redius of tie fnaginery spiere seleclted will paterlelly
flect tie eslevlstion:, For exa,.l¢, w« radis. of L.0 oo would reguire &
artlicies of whout 1:. uicroeurie: et M3 bours to rlve the caue Jone,

70
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B. Datz or dose:z and effests frov singie particle: of 103 ang mpl06

& k

4

l. Zige of particle: éG/ﬁ 12§/u
ietivity of particle: l.l)ﬂ? lljpe
Dose rate to 7 zg/bz?: 6,650 rads/hr 27,500 rads/nr
Time dose delivered: ~ & day= ~6& days

<. Effects
Fone visible
24502 ~ 24033,003 Descuanation
13,00 ~%, 535,007 Tissue Destruction
<1,00% 790035000 Tissue Destruction——
2 o BErocs
€ me deej
( 7ET = = . » .
C. WA o Te3 pc estiveted activily of perticle producing reddening
4 - .
- ‘ effect in sbout 144 hours, The estirated zize s 100 mieron:,
DOE/NV
S (£.2;(244) = 1207 pe total activits accounted for in the 144 hour:s

that the dose war delivered. (asswming eonstant
activity during the 14/ hours;

* O3 mrads/hr & 1 pe
*## dgotul dose refdre to the hot spot directly below the particle, ané is
valid only &z to order of magnitude,®

y

Goar?

oo
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il

khat speeific activity of & particle of fellout would be required to

deliver the same dose in the same length of time!

The ensver to this question depends upor the time after detonstion
that the particle comez in contact with the skin. Assuring thie time
tc be IE3 hours, the speeific setivity would have to be about 15D‘?c
for the same =ize particle.

Since the particle mzy be washed off before zix fays have expired,
one rpay conzider the problen anciher way. What rust be the specific

activity of & partiele &t Hg3 hours to deliver this dose in the next

According to Strandguist (p. ), orly about 70% of & six day dose
nead be delivered in one day tc produce the same effect (ervthema).
Accepting this, then & particle with sbout the same activity (1éﬁjne}
at Hf 3 hours would be sufficisnt to deliver an erythema doze in one

GEY .

DOE/NV.
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F. Toe following date mre reported for single periicle: eollected during

Uushote-inothole® and Tuzbler—ine;ier¥#,

(x 35 14,7
Til, £y 1c.

S5 145 14.7
307 <5 14.7
234 47 14,59

115 5.2 35
£l 3.0 14,7
25 0.5 —
it iz nol inlended here to imply these are the muxiwu. s
setivitie., <r pzriiele thet exisled or coul? exizt. Toe dute &t 14.7

DOE/NV

rise ore reporied Lo show the wide range of aspecific activity that may

®Twr]]

Flesli. "wistrituilon anl! Charucleriities of Falloul at Idstance: Grester

than 1% ai e- frox Ground Zero, rHereh and April 1953%, Reilney, C.T., et el.

z - g Lo-1683,

BRUCL b ;3. Hireliminery Study of Cff-site Alrborne Rudioaetive Muteriuls,
& el iy

Keveda Irovins Orounds®. Februery 1953 (3ECRET) ani  La=1685.
e ata frai estinatlons Y ased on radlosutogrs,l methods,

g

[&,



Gazms dose rats readings ot four inches distance from & plens surface
two inghes in radius, is 1/40 that from ar equally contaminated infinite

fiald, (See ippendix D,)

Assume sn object having & two-ineh radius is contsminsted en 8l sides
(but not neeezsarily uniformly) so that the gemsa dose rate is 1} times
that from an equally contaminsted surfacs whoss area is equivalsat to the
major erosp-sectional plane of the objest. The frastion given In peregraph
one mow becomes sbout 1/27. Further assums & 100/1 ratio for beta surface
done rate to gumma dose rate at three feot above sn infinite Tield, ﬁé,
the beta surface dose rate to gmma dose rate at four inches will be
2700/1.

DOE/NV
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The folloving sasumptions are made in estimeting radistion deses
to the lungs.

[ '
B.

c.

b.
E,
r.

Twenty per cent of the inhaled astivity ia deposited,

There will bs no elimination of particles during their redlo-
active lifetimes. There is uncertainty as to the blological
balf-life of particles in the lungs. In those communities
showing the highest eoncentrations of fallout, the peak of
airborne msterisl (vhich aeccounted for the grestest percen-
tage of total fellout) occurred only a few hours after
detonation, If one assumes & radiclogicsl decay sccording
to t™1°% and o biological half-life of say 30 dsys, the
onission of bilologicel half-life would mot affest seriously
the eomputed total dose. DOE/NV.

All of the sctivity is assocliated with particles in the
respirable range of sises, Fast dats from cascade
ixcactors indlcate that about 908 of the activity is assoei
ated with particles 5 microns or less in the cozmunities
surrounding the Revada Froving Grounds.

The lungs are uniformly irradiated,

The weight of the lungs is 900 grams.

An individual inhales 20 eubic meterz per 24 hours.

[‘5555? hesrpprm
3 _;-':5:»:‘3 ‘Ei%,ﬁ%if

W g

—— 3



G. The average beta energy is 0.5 Hev,
E. The gamma dose 1s negligible compared to the beta dose,

p .
o
0610 - 1135 4.3 hrs 3 bre 4017 1s. , 3.0
1130 = LU45 3.2 hrs £ brs 2.36 6.3 1.26
1445 = 1645 4.0 brs 11.5 hrs 63x107 21 0.63
1845 = 2300 4.2 hrs 15.8 hrs bed x 1072 1.50 0.5
2300 = 0635 7.5 brs 21.5 hrs 1.4 x 107° 0,087 0.02
#3635 - 1835  12.0 hrs 31,5 brs 1.4 x07° 0.1 0.03
*izpured

sercle Caloulati
POE/NV
et ta = 3 hour:s
t, ® 2184 hours (13 vesks)
& = 3/25

D= (5)(3 x 2.22 x 12° x 6)(3)1°2 53-0-2 = g0
2 4.4 % 10° disintegrations from 3rd hour to 13th veek.

Assumes E&VE ® 0.5 Mevy
(4.4 x 10%) (0.5)(1.6 x 19‘6)(%_3(% ) 2 4.2 x 1072 reps

42 Breps

©



hssuze: Average sotlvity for 30 minutes is 0.5 Je st A3 o BA3' houre
(Se¢ reforence appendix E.)

Thent C.5 x 2.2 = 136 x30=3.3x 107 disintegrations/30 ninutes.
At surfuce of imaginery sphere 1.0 mx In radius the dose rats i

2.52 x 0™ m See Appendix E)

(3.3 x 1¢7)(2.52 x 10™%) = 8.3 x 10° mreps/30 min:.

zs r_eps/30 mindes

DOE/NV.




e AN 01 0 A PO |

Eongelap :
(¥orthern) 62.0 1.08 550 '§ §
(Centrsl) 40.0 5, 521071 500 E g‘
(1 ni K, Village) 5.0 5,301 500 § - =
(S0. Clstern) 45 sazart DOV HLOR g%
Eriirippus 230.0 1.5 i ;2 %2'; 3
iwetok 55,0 1.2 1,500 ,,
R 20,0 4.9 3,300
Utirik $3.0 9.8x10™% &
Bikar 3.3 4o4xa0™2 250
Enivetak 8.0 6.6xaoml 400
sifo 6.1x1071 9, 6102 170

—Hnentt _ 800 -

‘ﬂld&%&ae&‘ﬁw%l@%,Wtblmﬂﬁk&imwmdﬁnis%zﬂ, 1954.
&mem%mwm&g: ~with-Eritrippa Richest -
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B3I



