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The foliowing policies were estatllshed afier full ouvmsiderstlion for

the health and welfare of the public, both in terms of rudiclogical exposurs

a2 well as possiiie hasards, hardships or inconveniences resulting froz dis~

ru;tion of normal activities. They are considered tc be sound guides to the
Test Manager not only for protecting the health and welfare of the public but -
alsc in arriving at declaions that would be morally and legslly defensilie : -

tne iAtenic Enerygzy Commission.

Ivo basic assuptions are mede in this report:

1.

It is the responsiuility of ths Division of 2lology and Hedloins

‘o estullish such policies for the Atomic Znergy Commissica as

Jesswd necessary tc protect the healis and welfare of the
goneral populsoe from comnsequences of weapons tests ccnducted st
the Eovada Proving Orounds.

Although the Divislon of Elology and Hedicine will gladly give
assistance and advice, the operaiional procedures idclntezxvror
meeting these policies shall be the responsibility of the Ssnis
Fe (perations Cffice and the Test Msnager, as directed Ly ths

Division of Military Applications.

The following policies do not epply to domestic or wild anfmels since

levels of rediation which would be significant would have to be much higher

than those specified hersin.
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The ratio ale for talle Ia i as follows: Tic tytal effective | lolo;l
dose Lot wouldl te received 1f evacuation were ol ordered is obviouslr s
 deterni-lns factor, Another consideratio: L= the faet t st suc- acn action
23 evacuatic eould be danvercus to the fandividualz & coulc slso possitly
-e detrime .tal to & ver, rescessary national effort of weapons develorment,
ne mint L @0 ag-, "Ju-1 ow mnc: will te ga’ ed {radiation dose saved) by
evac:ation?* [silwates of these two varia:les are indicated is tatle Ia,
Trus, a populace ma: receive Wp to @ caleulated 3C roeatge:. effective 'iological
doae L . bnr veye wittoant inotestl @ evacuatingg  from 30 to Y0 roeatgens,
evacuatlc wa 10 e e cidersd onl A7 at lesst 19 roe:tge..s coulc e savéd
8¢. B8ciiony A &t U resnipecs or irher evacuation worls be inclecated
woblnout pepard to tor no-ulc e saviags in retfisiio: dose,
T matly & rov estizoie of radiat’s: doses, one A calculate &
tieoret.ical maxirm 4.0 nli- gamme cone &8 7 toen ar itrarily Clvide ¢ s¥me
: DOT/NY,
o er suc ag *2" for an esii'zie of dose Acturll: recelved, T ocrcas Uls

g8y be gelisfecio: as a first aproxizat! oo, » more realistic esiimote shouid

L4

‘e mede, eprreilall W el deall: with Joses trat mis U ceastiluis a tesl
agsrd,

ine to the ecessit. of makl -y earl: meamurer-ents and deelgionr, 11 is
ti be expected trat dose.riic readl gs, taken wit. survey meters, will be t e
availatle evidence &t ihe tires of cocer ., "2 lea It szirrmius e parazrtiers
cons'dered 1 estimati-; s effective *iolorical “ose i'~aaqd o1 dose-rate

readisge,




Naxisam Dose

(Based oa n.uamua- Rffective Efective
Best ksti- Bialogieal nologiul
mated Rate Riclogieal Uuthnhg Dose Factor

&L Deeny)

Iagter _m_ww
Prom time of fallout

until time of evacu- 11 1/2 1/2
ation

From time of ovaou-

ation to time of J(l. 34 1/2ewe
return® .

Trom time of retuarn
to & time 15 days 34 34 1/2wee
after initial fallout®e

From 15 days until
one year after Y3 1/2 1/3
 Inttial fallout | '

#This estimats 13 based om the comcept that if eveemation wvere
accomplished, them a oertain radistion dose would be accumilated over
the period of time selsoted. This time .
radiation dose saved if evacuation ygrs accomplished.

has no unique sigaificance other tham providing s basis on whioch to
estimate the biclogioal fastor.

#59The valus of 9/16 has besn rounded off to 1/2.
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At latar times after fallowt, better estimstes of radistion doses received
may be obtained from £41lm badge readings or docimsters. If these fila bedges
ar dosimeters are worn on personnel and the svidence of their wse swpports the
viev that the readincz ayw a reasepably acourste acceumt of the radistion dose
received then the values recordsd em the fila badge er desimster may be sceepted
with a correction factor of 3/h to scecomst fer the 2ifference Letwesn the dose
reseived ty the filn btedre or desimster (inelwding becincatter) amd thet received
at the tissue depth of five centimeters, Teble Ic may be wsed in estimating
the effective blologicel dece.

DE:lg

‘. ‘ 3 [ |
- L L _ m&m Iﬂ&iﬂ
Boiogieal Ptologloal
Fila BPuige Dose Factar Dose
Filn Badge Blological or Dosimster (Celam B (Colam A

Readtny _ Fester = Correcties __xC) ~x3)

Froa time af fallcout

wtil time of | 1/1 3/ 3/
evacuation _ : DCE/NY
From time of retuwrn ‘

to 15 days after . 3/u 3/4 1/2

initial fallout
From 15 days until

one year after - 2/3 N /2
initial fallout

¢The valus of 9/16 has been rounded off to 1/2.
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Tiscussio: of t.e Nlolorleal Factor: As lower perlods of time are involved

1: the deliver ol & ylve: raliatiy dose, lesser Liolopical effects mm: te
expectad, From e time of fallout tidil the time of evacuation protably

will e & matier of hours w.ic ~as tec. eonaliderod essentisll. & insta nan-
eous dose, i.e., t' ¢ viological dose factor is 1/1. Prom tae time evacuation
could te acconplis-ed to time of retur:. prouabl: would te a mtter of da s,

8o the !iological facior 'a: been estizated at 3/4 From 15 da,s after fallout
until ore rear later is easant,iall,, a durativ.. of one year, so t.e biological
fTictor nas ree: estimated at i/f. It till Le 'Aot.d L ere 13 0 caleulation

after oic vear, reca:sc 1t is expoceled u.xder sctual cundlitions of ndiolo"ic&l '

axt weat erin: t-at pro ably oo slipnlifica-i dose will te delivered after a

sars time.

It is recorized t at t e precise quantitles su; -ested for t e iolor—
icaX faclor cs& .0t e srr-orted b es.civsive avidenos. It is reasonalle to
e:poct t at t e deliver cof & plve: radiatio: doac_ over & porlad of man: daya
w1l nave lerr 1 ialo? c>al effectiveness ¢ &, an instantaneous one {nc lecilar

DOE/NV,
genetlic effects) a d 18t Y.e exte:sio. of ¢ e period to es:e tially ve vear
5 01d ield a 5till lower fAi.:)iogi-cal fretor, One plece of suprori:ve evidence
iz t.e work of “trandrvist® where Y-ruy doses to the skin vere fractionated
G equel daih momts, and the tlolo;ical effects compared to & one ireat-
ment dose, Am plot of total dozes versus days afier injitial treaine:nt
rielded stral. t lines, For example, the curve for skin necrosis il:.dicated a
ratio of 3000/670% roentrens for a one treatmest versus 15 dail, equally
"ievert, “sl.f K, "re Tolerance ose a:id the ?rmntion of Injurles Caused

- Ioniging Fadiatiens™. [, v . Foo g oo T
Vol. yt0e236e 00y, 12LT ' ’ 4
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freciio xed doscs. {f courne, :{all-  ra‘iasi.c dases rece‘ved from falloul are

ot equally fraciisnated so tha: Lo razio would 0 in t ¢ direellc of unity,

Tar by day doses delivered from fellou’ from te 15t da 1o oue year Are nore
nearly equivalent t-an st early times {ig woring the wea! erinpg facter). 3traadgvist
dawa do not extend 'evond LD days & d 1t 1a quesiis #.ls to exirapolate his cate

ia as attempt to derive a similar ratio as a.ove based o one year, sioce ot:er
unoeriAisities are & preai, 1.0., #f7ccts of weatrori ¢ as affectiug t.e rale of doss
deliver;, ete, "me retio would presums 1. he fart «r from wmity t'a: for a 15-day
period.

a _
e sl iz relativelr ranidl; repaired orgar aad th:us may te:d to mr-

L

e~ aplic 1.0 @l neig of fragtiomiiun wen ganalderiog ’l‘ olesedy garma c’.smes.

Crasikite peparts "J-~ t.e dog, ¥:ih co alt gawsa ra:s, t ¢ dope t 2t will ki1l
SO perce.i of t ¢ dopa L & Lirty-fa; rerioc w ¢ dslivered in a 8: yl¢ coar a?
e 1o 18 o per o vie is aprrocimatel; 275 r, After ¢ .is dose @ rudiaiin t:e
& mals ‘ecome L1l Wit i & ;:erto:‘ of 7 to 10 da:s a-d deat. = occur eiwcen i@
ey v 8t twan! <7171 da . Yumorr ape, 1 . feellons, awd prefound anunla are
provalsat, 1Yt o dece L8 deer<asof 1w Y00 r oper da glve . over a fourierne our
per ooty tr dzt al cote 1a § creancd o 6.0-00 r, 'der ot conditions, t e
& Gecly Qle i aux zn.a::-sr-lh t.@ s priod of lime wil identical roililestatic s,
If v @ exnogure 15 drow oad W 25 ¢ per Aay give . over & fourteew sur period, ¢
lct al doze {8 t en ineressed to well over 1200 r, ad ¢ ¢ s mwptoas 82 findings
are ¢ & . ed, “me pro. lex in sve experizovits is t.e evaluatio. of possi 113+
' DOE/NV.
1ot ¢t oauinmmlea me te vwirtuail, dead ¥ 11~ 1 ¢ ex osures are cuntinued. "-is

=71 e tilus:raled in exrerime ts us. - 1t e urrc were the dally doses of LOG,
20X a4 100 susaize 3 glven tu L ree separaie groups required JOOC tu LOUO, 2900
to 3200, a < 2000 to 2000 Wil roeitge s respectivel; for 100 per eent let alit/ ?,
* Medical Aspects of Radiological 'efmu. Cronkite, 2.}, Lecture to Fedsral "ivil
Tefense Rduinlsirailo:, Fegiomal .nlerence of Wort .easter: Siates of Nadiclosical
asd C:emicel Defense, New lork City, Gotoler 22, 1953,

CULA=P95, m o" e Turrg W 10 P Yrecil el “role-"o0Q; Ossma Say Fedisiion, .
“aler, "ed. ¢t al, rm I Ta)h‘ nnel.'“""iﬂd
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Ixperioe-tal dRA reporied ' Tpche  are gurmarised “elow.

Mo. of Tose per loae ;T Survival 0lal Jose
lays ra {r) mam {1} Cize (Tis) T
20 10 e 2L 11.330
10 3 83 2003

Orfortunatgly —m'al survival times were 0! gives nor were t ¢ ages of t e
mmla.( 07./ ‘

flair® “as ta:e: L' ¢ two points from “oehe's data, i:seried L.ese into
*is (Plair's) ecuation relatisg yveparsble and irrecarstle dasmage, T:¢ ratio
of i:mta taneou: dose 1o 15 da; dose 14 350/L50 or 0,32, ad for L mo :tns dose
& o=t 525/35C ar 2.67,

Bilalir suziestls ¢ at "iLe puinis &re too few to deermi:e t.e coustants
(of *gegua:iv.) w. i a. acewrac. (i 3w 1. at leap!l ‘e 4 the proper
™ g6, Curever, e esratauts of is equitis - . pve ¢ esked well Wit mere
exte.sive da‘a o ©' er animsls, “is equailionz 1 dicate {23t the rate of ‘

I f,L-f.‘.yJ It Ml d. J“,‘,'" )
recovir. o repars le infur., ls fastest 1 the mouse, & oul one-all as fast
ADOE/NV;

1 terat ada ot oeescvastt & fast £ v e pul a8 piy & € do,, ‘Ut &8
Tlalr pol ted o0 2w reasiin 07 U e dog 13 more reprusentative of L. larger,

1o serelived & immls,

VG204 O semw.am on i’*o;sullti ns of Anlexls exrosed % Joronic Loentigen
I. radiais iy T " Figile 1?&7. Ml‘aﬁ.fi"do
WN=2T, 2 Fnrm.latio* of the Intur: o Somn, ‘03¢ Felatioas
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igeusaler of L e HMtupalign ad ¥ex: npl £ Fucor, From L.e time of failoul

wnill t e time o ewaguation i1 Lo eyracted thatl peraonnel will e kepi indoors,
(Gee Policy I} Mejor losases due do - ogt ari 7 ca. o' e relied mos dl g

1 i3 period, so t 3! 1e eatinnted factor 45 /2., ren Y e Lime cwvatuation
c-uld ave ’ee- aceomplis ed until v @ u.m of estimeigd retur & is assumed

t 8¢ perss.ael will e 1doors a cut &)l of ese 2L ours aid t.at mejor
los2es due 1o weat eyl g oo not e relled wmod, T4 ovarwall fictler is L us
L.

Te samc reass.ip sprlles to L@ t ird period of tine, i.e., fros assumed
e of Felurn o 15 das afier fallout,

Froe 15 da-s after failc:t until one year la‘ar 1t is estizated Uvat .t;no i
attemetio. dur ty wildiua 8 ¢ te effcats of weat ¢ g will yoild an over-
all faclor of 1/2.

T'osc rats ™adings ijzme er . tate wit surve e tors outsice and inside
Cof rovica around ¢ e hevada Proviy Grousdc after fallout oocurred, Thu ratio
of readiarn waricd wit £ e i ne of couisiruction of t @ ‘ouse a.xd wit t e
_ ‘ DOE/NY.

Inscat’ . wit 1 L e ulldins, Qr.crally; t e ratio oF readiies outside to
‘v2ice a frars covse war atsut /1 Wit 8 soew ot greaier diifcre oe for
mieo ro enatreciic, # linided uw ey of film adres were placed cutslde

£ 2 % side of 8 me “oums dur. r “uvm ler-S Epper a»i! also "pa o'="no' ole.
In @ first era=, t @ Aif"cre oo in ‘total Jdoses wex agal . 2 0 1 or greater
vut furlog Ups ol=fnow ole ol atout a 208 4 fleresce was wted, lIn faet,
i+ one case duri-g ps obinol ole t.e fils adge 1. .»ide Tead 'ig er t an
putalde, ' ¢ dilferences etwee. t =3¢ experime 14l date wiil ave W o

Lavertirated durie future operationg,.
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Te ver. 14 ire 0 € weal eriay scor mz es L {3 & di licr)l® pares. ler
o evsluate, "o pro a'llit ef eccurre ce of preciniiatic: sad/or winds aud
1o wh! derree 83 10 € €3t imiied as well as their e 7egi3 o0 redistion
levels, leactirg affncls v re stodied oo 5.41ln & 00! 130 mlles from frouad
sero wiere fallon! &a¢ occurred duri g "psot-"nwo’ ole, Tose ra.e readi gs
were § wiznifica 41y lower the: t cwe predict ¢ - radiological deoky asverding
to t~1e2 garier a puriod of more L 235 one ear, e example of U.e effecis
of w als vkl was o xerved during Ursnot~Kaot ole, 71-¢ falleut from t e
Yare 17, 1773 cer. &t mas in a long parruw pattern to t.¢ sagt of gro.d
gero, e sroand day &fter falloutl @ rai er sira g surface wi-<d lew alsost
at rig t aniles across t.e ares, for a cut & periad of & day, o3¢ mtle
re&ci s were taxen on v e first axd fourt da 3 2t 1 & same locativ s and

NOY/NY

ten wore ¢onpereds T ¢ faul cac dose rRTeS were less, 3 factors of t ree
Lo osiz, t & Uosr i e axeicted Ipom L oe flrs® das read! r8, esed oo

reie of dega of 1‘4-2. (0 er Fellout measurere iy J.uleaiad U at the

rate o deca o 4 13 fallovt re o srial vasz s siraffleentls ifferent

DEST Cory AVALABLE




from t=1e2,) ircause of L. p slcal conditions described 8 ove, tiese
reductio s 1 contami-at .~y prowatls are ear t e urer limlt to ve expected

from wind,

D erational Feasi'ilit, of Criteria
It is no! tie inuant here to discuss operatiosal proesdures, but it

should ve ixdicated that t & computing of radiation doses as recommended
in Folicr Y im a w0t too dirficult task, If one aszumes & t,"l’z rate of
deca; 83 & firatl a-urmximation, t-en a-single graph of dose rates versus
tines afiter d-io@tion can le consiructed that =il represent a 30 roestgen
effective ticlo-‘eal dose for one vesr, An adéditional family of curwves can
e made ¢ ot w!{1l rrovide Lre answers to e parac-ters of nowmmc!. time would
g ave_la le lefore evacuation and of how lonw a *-a;::m»permmul would “ave to
rezalin ol ol thn radiation area i1 order to pmvirli: !’ch/x:\ru savincs of at
leas: 1 roeati-ens,

he hirhest wiole-‘ody garma dose recorded for Aty locality where
perao-nal were present outside the Hevaeda Froving Crounds was at Rivers:de
Ca l:s, Nevada (arout 15 people) following 3.0t mum-er scve. of Tum ler-

Snarper, e maximes theoreilcal infinity garma dode was estimuted to Le

12-15 roe:trens,
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44

rersormel Yemal ine Indoors

then the gama doae rale readiy as meas Ted ' a surve weier held thiree

fezt & ove the ground reaghes te values give  in ta le 11 a? t-e tines

indicaied, it is recoumended L-ai{ persoc el gall 'e requeszied 1o remain

indoors wit windows a2 doors slosed,

In e avent t 8* | ere ‘e oo wine!ng evide ce tmat t & radistic levels

give: in t' e ta 1 wil]l ¢ reac ed, it is recomc.ded that persc nel ‘e

req€vied - remal indcors TN t-e failor! accurs or lefore v e

radiatio levels oq:al troae 1 Y e iale, '

CABLE T1

i~ o Fallout Jom Vo Tates At Time
o! Tallonu?
1 hour S ROL AV
2 hours 1000
7 n o7
L o» 500
5 = koo
< " 333
g 250
10 = 200
2 * 157
gLk v 83

Teleaze froz this restriciive actio: #:all ‘e made o~ t-e .83ls of

Cier evaluatic s of t e radiclogical eco dictlo o,

URCLASSIFIED 1o
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Ce It is reco-nended that people W o had  se  ovi-oT—dosrs duri: g failout

of the & ove mar ftude or greater e advised Lo coatre clotid 4 and to

‘athe, "™Me ¢lat i pa & gleazed noyme’ tesxs. Thile at-ing,

e b

grhecial stiention 3 nould .6 peid to L & nalr a2 < &1 exposrd paris of the

Do In tie ave:t t-s! e monitoring tazes placs A " t.e fallout has oceurred,

a4 extrapolstio: of Lo dose rate readings eguals or exceeds thess 1-

ta le 1] 27 t e estinated time of falloui, te: it 13 recorme ded t’ a2t it e

same advice ‘e rive as3 1 i-e preced. . parsgranh,

FOLICY IT
R

Perac-mel Temal-ing Indocrs

FISCTLSICK
e actio- of reguestiiap personnel to remmin indoors is predicated on
DOLE/NV.

tne prineiple t 8¢ t € raciatio; levels are elow L.ose eats 1is «d for evmou-
Siiv: &g that tiia actio could reduce t.e gmount of contasination of perso nel
3 d reduce somew 8t t e w.oolew od. parma dose, (Soe Aprendiz A for estimates
of reduetiuv.. in w.ole- od: garwu dose.) e sotuaAl "savings" heali wise have
to ‘e "alasced salnst porsl le adverse puv .lic reactio:,

e principal gain in requesti g perseriel to resaln indoors is o
nreveal or reduee t e anottit af atomleo de rias ¢ at ma actuall;y fell o ts
od. or elot Li7e 35ince t-e peak of fallouti usguall occers s orlly after

thve start of Tallovi, it is Lmorts ¢ t.at pronpt declatuns ad sctions he

UNCLASEIFIED

B |'C



tsken, Thus, by nscessity, the most prsctisal eriteris upon vhich to base &

decision are gaxma dose rate readings, which are in twmn relsted to the
amount of fallout.

Reda Doss To Skin

The most Lmmediste solution might be to establish lower permitt ed
dose rate levels ot later times after detonation, FRovever, if a series of
dose rates are established for increasing times after detonation se that
their relationship follows t~2°2, then the doses delivered in X hours
(vefore the material is washed off) will de grester for sarlier times
after detonation. If one were sure of the time that the fallout material
vaz to remain in place, then a scale of dose rates versus time after deton-
ation ocould be made to yield the same total dose over the X hours. Since
thers is obviously no set time period for duration of eontset that would
be valid for all ceses, one might sssume the worst case vhere the materiul
renains in place until its activity has decayed to an innl;nifiem level.
Doss rates oould then be approxizated, to yisld a given iatin;l\t};d;‘s‘e, by

D® 54t whers: D ¥ infinity dose
A B jdoge rate at time ™",

If the above discusslon is accepted, then the remalning question i»s to
s6t the infinity dose, Here, we must be clesr that vhersas the measurements
taken by the monitors, and the data upon which actlion will be decided will
be gaxza dose rate readings, the poiant of principsl concern is the beta Zose
delivered to the basal layer of the epidermis (essuzed acr 7 milligrans per
square centimeter). The retic of emission of bdeta tc gamma is a function of
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to rlagues containing different radiolscio;es. Fertinent dsits are abstracted

as follows
Surface Dose Rscuired to Iroduce Lotinated Amount o
Recognisable Transepidermal Radiation That Fene=
Injury (Foemtgen—equivelent- trated Zxin to A Depth
lsotope . Kpexzy . Detal $£.0.20 mia (reR) o
Yttrim®r 1,53 1,500 1,200
Strontiwa® 0.61
Tetriw® 2,20 1,300 1,400

The average wmaximue energy of the beta partielss from fallout material
varies vith tine but will de azsumed to be roughly comparsbls, in respect to

depth dose, to Yttriux 't

or Sr9°-19°. Since the gamas dose st & dejth of
7 mg/ca? would not be significantly differext from the surfase gamma dose,
the ratio of 130 teo 1 for beta~-gamma vill be assumed at the basal layer of
the epidernis.

(Onc experinent wit: sheep, using sr79-y30 plagques, showed that 2500
reps at the plagques' surface produced nleeration im one but met another of
two sheer.,® On the other hand, 1000 reds delivered to m?&ra.m of
7 mg/cs” fron a P32 ons inch dlameter dhk-(ﬁyp. of snimal net -um) produced

tanning, prolonged erythems and dcsqumtion.“j
It {5 to be remsmbered that the shove discussion wvas first based on

2uxfags gaxma dose rates vhereas the monitors will be making their gamma

*uCorparative Study of Experizentally Froduced Beta Lesions and Skin lesions
{n Utah Range S . th, C-lo, Sm’ J.F. snd !‘l" DB, LA3L
Novezher 30, 1953 (UNCLASSIFIZD).

#85..33062 4 status report. Sept. 15, 1954 (CONFIDENTIAL).
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neacurenents at a height of three feest. Fast fleld experience has indicated

that the gamsa reading from ionisstion-typs survey mstsrs st ground level
is sbout 50% higher than at three fest. Thersfore if it bs assuxed that
& ground level gamma reading of a survey zoter is equivalent o a surface
dose rate, the ratis of beta dose rate st 7 mg/em® to gamsa dose rate &t
ihres Leot is adout 200 ¢o0 1.

Another spproach to estimating the ratio of bets dose rate st 7 og/ew?
%0 gevma dose rate st three feot is as follows, Assuming o miform 2istri-
bution of 1.0 megacurie per square xile of gamma astivity, the doss rste
reading from an infinite field is abeut 4.l roeatgens/hour.® Caleulstions
given in appendix B indicate that & like comcentrstion of fallowt meterisl
wvill produes about 430 reps/hour st 7 mg/osd. This suggests a beta te
ganza ratio of sbout 100 to 1 which is about & factor af two lover than
the first approach. 4dded support to this latter method of estimating
beta doses is found in &ppendix C.

Such oconsziderations may dbe fraught with pitfalls. PFor exsmple, the
above discussion inmplies a uniforx distribution of faﬂggEQtXrid. Gviously,
thic 1= not ecorrect but how far this deviatez from the facts and to vhat
extent this influences the resulte is difficult to assess. Calculstions
indicate that the production of recognizable beta burns from a single
particle requires & high specifie activity. (See FPolicy III for discuasion.)
It m/::flboum, that the partieles of fallout are eloze snough %0 have
overlapping of radiation flelds and thus require significantly lower
specific sctivity of the particles to produce beta burna. This hypethesis
#rpffacts of Atomic \Weapons®, 1950
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has support {n that evea the most superf{cial bets burns of the natives
exposed to fallout fellowing the Maprch 1, 195{ detonation shoued a gensral
ares affectad rsther than smll individual spots, Om the other hand, the
ocattle and horses expssed near the Nevada Proving COrounds shoved barns
over arcas only sdout the sise of & quarter. Jvem though thess may not
have besn produced by single particles, thay do represest less of an ares
affect tham suggested for the nstives. Alse, redicautographs of the fallout
ia areas outsids the WG suggest the cosurrence of individual particles
with noneoverlapping of radiation fislds, Hovever, in nearty areas vhere
the fallout was relatively heavy, there vas a definite overlapping of the
fields, }

WITE OUR PRISRNT XNOWLEDGE IT F8OULD BX STATED THAT IVE YO THE
PARTICULAYTE XATURE OF FALLOUT IY WOULD NOT BE POSSIBLE TO BSTABLISK
REASORABLE ARD OPERATIONALLY WOREABLE CRITERIA THAT AT THE SA TG
WOULD OUARANTEE THAT THZRE JEVER VOULD BE AN o%‘ggm;m.

If one vare to accept the assumed beta to gamma dose retes of adout
100=200 to 1 (measured mnder the conditions given above), ihis wight mean
an infinity beta dose of 1000=200C reps to the basal layer ef the spidermis
vhen the whole body iafinity gamma dose was 1D roentgems. Of course, the
fallout meterial may be removed defors the infinity doss is delivered;
yot, on the other hamd, 1t 1is not Lxprobadls that it could remia iz the
halr for essentially this length of time. Iz the aase of a ons=howr fallout,
alwost one half of the dose would be delivered {a the next 2{ hours.




The efficiency of a surfaos for eocllecting and holding the fallout
reterial s important, It 13 not awrprising thatths highest dose rate
realings as well as biological effests were noted on the hair of the netives

and also on parts of the exposed body where perspiration was presemti.
Purther, it vas obeerved that even one layer of light ocotton raterial was
suffieient to proteet against deta skin dsmage in most e¢asea®, This was
due probably not to the relstively ssmall sttenustion of the detas by the
elothing but rather to the physieal aftuation of holding the radicactive
material ot some distance from the skin, vhieh effect would de relstively large.

in added consideration is the possidility of high bdeta doses
delivered to perscnnel from the falbut materisl lying on the ground and
other surfaces. If the highest degres of contanination :unsidered under
this policy i sa®e vhen in direct eontaet vith the skin, then the beta
dose from an equally contaminsted ground will not be hazardous., {Jee
Policy 111 for' discusaion on unequal coatamination on persomnel.) Eowvever,
it is true that the contamination may exceed the amount to deliver dose
rates given in table II and yet not be great emough to oe:midfwwmmuon.
Some personnel may mot go indoors and those who dtd vinﬂt&h be
relesced froz this restrictive action and then may walk around in a
relatively highly contsuinated ares. BRecause of the more limited rangs
of the beta, the location of zrestest concern is the lower legs.

One report estimstes a beta to gamma dose rate ratio of about 75
to 1 at 10 centireters adove the ground.®™ Under Poliey I it was recom-

& ITR=923.
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; of a surfass for esllosting and helding the fullewt

asberial {s iapertant. IV 45 208 swrprising Watide highest doee rete
readings & well s Molagisnl offests vare noted ea e haly of the nstives
ad alse on parts of the enposed Yody vhare jerspiretisa ws presemt.
Farther, iV wvas oboarved that sven e layer of light eotten nsterisl ws
sufficient %0 pretest aguiast doba kin demsge in et cuses?®. Tais wms
éue predably aot o the relstivaly mall sitemuetism of the betas Wy the
alsthing bt rether Yo the Jigeienl sitestise of dellding the Fudicestiive
nstorial b sems distance frem A2 skian, Whieh offeet would be relatively lerge.

a alded csmsiderstion 1is Ahe pecaidility of high beta doses
dalivered to persemnel frem the falbut msterial lying eu the grewnd aad
other swrfasss. If the highest degres of asmtaninsiion csmsidered wmder
this peliey is safe vhen in direest esatast vith the skia, them the beta
dose frem ma oqually eontaminated ground will not be hasardeus. (Ses
Pelisy 111 fer diseussisa ¢a wmaequal scntamiration ea persesmal.) Nevever,
1 is true that the msateninatisn nay exesed the amsumt %o daliver dese
mamumndnmumwuwwmm.
Sems persennel nay mot go indeors aad theee Wbe did vill evextually be
relsased fros this restrietive estion end then may walk arewnd ia o
relatively highly eomtaminsted area. Bessmse of the mere limited rangs
of the bala, the lsestion of greciest csacar: is the lower lags.

Ome repert ostinates a bota to gamma dese rate ratio of sbewd 79
te l & 10 emtinsters abeve ths pround. ™ Jades Poliey I it vas resse-
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mevded that consideration be given to evescustion vhen the gamxa dose rate
reading st thres feet was, for example, about 6.2 r/br at R£3 hours.
Roughly, this would oorrespond to adout 460 reps/hr of beta at 10 centi-
peters. Of oeourse, this setivity decays and also it iz presunad that
personnel would be sent indoors, at least for a few hours., Om the other
hand, it strongly suggests that biolegically significant doses may be
dealivered to the feet if mot protected. Skinm lssions were frequent oa the
bare feet of the natives evacuatel during CASTLE, This probahly was a
oonbination of beta dose from zaterisl on the grownd and from that souffed
U} over the Lare feet and then elinging to the skin. (Bo lesions were

_
observed on the hottom of the feet, undoubtedly due to the thick epidermisd) av.la o

+o P Pr':,f,c‘ijv."l "y trpt Ftag weTér i o) gt (P F o tet S Eoan it /f;‘J ])
It wuld be axpected that normal elosed-type footwear (ss compared to /7

open sandals) would efford adequate protecticn to the feet from sush high
tete dozes as disoussed here. Thers is still no gusrantee that beta
radiation frox materiel on the ground will not deliver significant
blological doses to the askles and parhaps lover legs, after personnel
are relsased from staying indoors. For exampls, if the beta doss at 10
centimeters above the ground is 460 reps/hr at E£3 hours, it would be
about 190 repghr three hours later and 120 reps/hr six hours lster.

Cne further possibility is the sccumulstion of redicactive material
around the ankles and lower legs resulting froa normel walking about the

sarea. This 1s diseussed under Felicy 1II.




Rala 0 ap Dxzosures

The work of Henriguesl muggests that at the d ejth of 0.09 mm in
1iving porcine skin (mexisum thickness of e pidermis) thes *1400 4 300
roentgen-equivalent=beta® (delivered over short periods of time »o that
they may be eaumed to be instantansous) is required to produce recognis-
able transepidermal injury. The erve of biological damage rises rather
sharply so that at e dose of just wnder 2000 rep (at 0.09 am), the epidermis
z&y be expected to exfoliate and in the majority of cases go on to develop
ehronie rediation dermatitis persisting for memths.

Tre yreceding discussion suggestg that, using the gamme dose rates
listed in the criteria under this iolicy, shich are bazed on an estimated
10 roeatgen imfinity ganna dose, as high as 2,000 reps might be delivered
to the basal laysr of the epideruis over & period of time eovered by the
lifetize of the radioactive material.

There Lave been instances vhare the ealeulated infinity gamze dose
in areaz where personnel were present around the Revada Froving Grounds
Lave rsached 12«15 rosntgenz but there have teen no known cases of beta
burns in these arsas. The nusber of persons involved &Ot[‘x/sl:cvmu of
highest contanination was relatively zmall, perhaps a fev dosen, and with
an obzssrved duration of fallout ef about ome hour it 1s possible that
they were not in a position to receive the full fallout., Likevise, minute
arcay of the skin nay have been so affected yst not detected or reported.
In other areas encoxpassing some 2,000 peopls the infinity gesxma dese was
about eight roentgens and no instances of deta injury appeared,

1 gu.git.
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The ectineted whols-~blody gamea dose to natives evacuated from the

island of Utirik following the Mareh 1, 1954 detonstion at the Fucifis
Froving Or ound was about 15 roemtgens for a period of about three days,
but no beta burns appeared. It is falr to sasume here that direoct contan~
instion took place dus to their mode of living insluding housing that was
quite open to air cwrests. Oemne doze rate readings were taken over the
bodies of the nativez &t about H plus 78 bours doth on the beash and after
boarding the shir. On the beach the perzormel readings averaged about
20 mr/hr gamsa (but this probably included soxze contribution from the
ground contarinstion), and efter veding Surough the surf and doarding the
ehir trhe levels uversged 7 mr/nr gamma,

 The 12 netives on Sifo Island, Ailingless itoll, received an estie
- rated whole~body garus doze of 75 roentgens in ebout two and a guarbter
days. Cf tneze, 1, leter experienced slight dbesta burns, 2, myderate burns,
snd none showed erilation,

In the case of the Inngelar natives, the estinzated wvhole~boldy dose
was sbout 157 roentgens in ebout two deys. A21 &L nstiver later exper-
{ence” beta burn: to sore descree frop =light to severe;'a;{éu'gz;‘ half of
the natives showel e;lletion from light 4o cevere.

The 16 patives from Pongsls; evacuated lirectly by air to Kwajalein
bud personnel gamra doze~ te level:s generally £0 to 100 mr/Mr although
one var as high sz 240 wr/hr and one &3 lov as 10 mr/hr (st ¥ plus ahout
55 hours). The remaining 48 native: evacuntec by ship were reported to
have rersommel readings that ";veragodv" 60 nr/tr before dsaomtamination.

urcea T
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The picture 1s further coafused becmuss soze of the natives had dhathed and

sor# had not before the arriwval of the evacuation tesx.

Most of the 22 U.S. Service persennel stationad on Eaiwvetsk Jeland,
Rongerik Atell, received about LO=-50 roeatgens, based on filx badge read-
ings, Three pezbers of the group who vere located for part of the tixe in
snother sectlon of the ialand were estimsted to have recelived somevhat
higher cdoses. Ssvemtesn of the 28 perscnnsl shoved only slight super-
flcial lesions with one questiosadls csse of epllatiss. It sheull be
pointed out that the personnsl were in mstal builldings during some of the
fallout time and for most of the time thersafter until evacustion. YThis
reduced the direct comtamination as well as the whole=tody gamma dose.

4 £1lr badge hanging on the canter pols of a texnt «t one end of the Lsland
read 9¢ roentgens., Caloulations based on dose rete readings sf amother
gart of the 1zlend indicated somevhat lover doses, if persemnel had
recsined in the open for the pericd of time froam fallout (abowt ¥ plus
7.5 hours) to evacuation (&t about H plus 34 hours). Upen arrival at
iwajalein one jersonnsl garma dose rate reading was as high as 250 mr/hr
at about ¥ plus 35 hours. PUE/NY.

The above date do sugge:t that there ray be possitle a rowgh
bracketing of gazca-bets doves versus beta burnsz, On the ane hand, the
netives from Utirik recelved an estimxted vhole-body gauma dose of 15
roeutgens and showed no evidence of beta burns. On the otlar hand, the
natives on Sifo Island, Allinginas Atoll, received sbout an estimated

whinle=body gamca dose of 75 rosstgens with 14 personnel shoving slignt

RT
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burns, 2, moderate burms, 2, 2o burns, 3 with moderste epilation, snd 15
with no epilation., In additlion, Rongelap nativee receivad 150 roemtigens
vhole=tody gorma dose, and about 90% showed some degres of lesions and 502
soze degree of erilstlion,

It is to be recallsd that: (a) the natives probadly wers outwof-
doors and received the full fallout, (b) the olly hair, semi-naked pere
spiring bodies ineluding dare foet, and lack of bathing for most would tend
to collect and hold the fallout material, (e) the time of delivery of essen~
$ially all of the dozes was two to three dayz. FMurther, it may be specu-
lated that the fallout on the more distent {sland of Ptirik (adout 300
statute ciles) would consist of smaller particles and alsc psrhaps lesser
possibility of overlapping of radistion fields fron thess particles.

Soze of the relevant deta are summarized in table I1., Dus to the
uncertainty of the degres of sxposure of persomel on Rongerik to the direet
fallout, this group is not included. It {5 to be immediately emphasized that
any corparisons made or implied in the table are st the wst enlr sexi=
quantitative. Table II will be referrsd to in Policles 11T and IV but 4
included here as a rummary of the data discuszed above.

The data on animal exposures are less firz then those for humans,
Uaristakable beta burns occurred on cattle st Alamogordo ia July 1945, on
cattle at the Nevada Proving Grounds in spring 1952, and on horses in
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spring 1953, (The skin darage cbserved on chee; in the spring 1953 vas mot

ectablished o be beta dmurns.) Fowever, the awaet rositions of the animals
in relstion to Xnowun amcunts of fallout are mot clear.

Following the last detonation of the sixring 1952 series at the Nevada
Proving Grounds, about one half of a herd of 150 head of cxttls were found
to bave ¢ viZense of beta burns., They were thought to have besn 15-20 miles
froa ground gero in Kawich Yalley to the northeast and to have Deen exposed
to fallout from the last detonstlon. (14 KT om a 300 foot tower) BRighest
dose rate readings taken along s dirt road ruming lengthvise through
this valley, integrated to 75=10C infinity gazma doses.

During Upshot-fnotiols, 16 horses showsd skin lesions over the back
and eye daxmage wus noted in e fev, The dest evidence indicated that the
horses vere some 8-10 nilea to the ewst of ground zerc om 17 Mareh 1954,
vhere the fallout occwrred from the first detonation (16 KT en a 30C foot
tower;. Radiation levels in this area ars not known with cartainty but
the fallout occcurred in a narrow band and was carried by rclﬂ.inly high
velocity winds so that it probadly fell on Lthe horses st & time less than
one hour. If so0, probably more than one-half of the iufinity dose vas
delivered during the next day.

Sverational Feasihillity
Under the eriteria recorirended in loliey II, thers would have beem
two occasions in the past whers persomnsl weuld have been requasted to
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revsin indoors. Once was at Lincoln Hine following the second detonation
of Upshot-fnothole where taey were so recussted to remain indoors for two
hours ani the other oceasion would have been at Riverside Cabins (popmlation
about 15) following the ninth detonation of *he =ame series. The dose rats
reading at Linceln Mine vas 550 mr/hr at Bf2. In the case ef Riverside
Cabins, however, the radiological conditions were not ascertained until
after the fallout had eccwrred. The maximunm infinity gansa doze in the
latter case was l12-15 roemtgens.

Fersonnel were requested to remain fndoors (for sbout two hours)
following the ninth detonation of Upshot-Emothole. The highest dose rxts
resding wae 320 mr/hr at F plus 4.5 hours. This is less than the current
recomendations,

DOE/NY
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TARLh 11l
QAMMA DOSE RATES AT TIMRS gfs DETONATION WHEE DECOMTAMINATION P [ZRSON-
od

KEL SHOULD BE RECOKMENDED on Situation of Contmnination Existing
oygﬂalnivoly Large Areas (one-balf square foot or more) of the Bxveged
|

Lentaninstion Cocurred W
200
100

1 hour

2 hours

3 67

4 " %0

5 * . A0

6 32 '
g » 25
10 » 20
1z @ 17
A " 8
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POLICY III

Dacontaminaticn of Faraounel

DISCUSIION
Geweal

The sstablishing of degrees of undesirable contamination on perzomnel
iz based principslly on ocnsiderstions c;f the bete dose to the skin, Yronr an
operstional polnt of view, probably the most practicsl method of estimating
the beta skin doses is from garma readings taken with survey instruments
even though the evaluation of such measurermsnts is difficult.

Tersonnel monitoring may be considered under two classes, i.s., those
teken ocutsile a radiation field and those within. In the lattear case it
would not be rossible to establish prior criteria as to the relative ocon~

ributions to the zeter reading from the contanination on the person and

froz that on the grownd . If it is imprastical to parfors E:;m monitore
ing outzide the eontarinsted ares, probably the best solution is to sstinmate
the degree of personnel contaxinetion by determining the locetiom of the
individual during fellout. The discussion under Folicy 1l suggested that
even if one were out-of=doors during fallout {n an area wvhere the whole=body
infinity gazma dosze was 10 roentgens, there would bs relatively littls chance

of beta burns occurring. Hovever, based on general princirles ef redusing
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radiation exposure wvhemsver possibls, bathing snd a change of elothing gight
be sugzested for situations vhere the vholo-body infinity gaume dose ves

leas than 10 roemtgens and ghonld be recommended for aress whers the sxposure
is highar,

Saka Qo _RMzans..
In table II it was suggested that the relaiive sverage gamma dese

rates from sn infinity eontaninated fisld at three feet sbove the ground
compared to that on the natives measured by a survey meter held alose to the

body wvast
m.n%’i 7/1 (Utirik itoll)
15 m=r

< 8/1 {Atlinginae iatoll)
53 ar,

ALK 2 16/1 (Rongalap Atoll)

It 1s recognised there are many uncerteintlies in sstimsting sush a
relstionship by this means. Even if one assumes the doagwrc‘u readings were
taken accurately the fastors involved, espeslially in ﬂl:i;u/ the smount
of material eollected and retained on the tody, ¢ertainly are not eonstant.
The higher ratio at Rongelap Atoll might have Deen dus to a phiysieal
rhoenoxenon whers the quantity of material falling per unit ares vas so
great that it was not retained so completaly on the body. Even 4f thias
explangtion is accepted, there still remain many gquestiona.

Theoretical considerstions indicate a gamma dose rate ratio at three
fest above an infinitely contaminsted field to that at four inches from an
squally contaminsted field of six inch radius to be about 7/1. (3See Appendix D.)
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Toe z2izes of areas &and distencer fros the surfaces were selected inde-
pendently of any of the informstien on the falloul on tie nutives discussed
above anc were estinate: of area: of contanminaiion and distsness of monitore
ing thst srpeared to be ressonsble egsticates of tlisee Larsmeters. The elose
agreement between the gamms dose rate ratios bassd on theoretical comsidere~
tions and those observed with the natives is clrcumstantial, VFer sxmmpls,
an equally contcnin;tod area of three~inch radius would yleld a theoretical
gaxna dose r';:r‘, iy "l'..th:os less thean the selected area of sim~ineh radius,

Ir the case of the natives, however, it ie bellcved that they were semi-naked,
pers;iring, and out—of-doors during the fallout sc that it i» not unreasonable
to expect relatively large area: of tlhe body to be contamineted. 1In fact,
this wez noted when they were ronlitored, By their acts of walking around
during the peried of fallout and sleerping on mats that were heavily contaxine
ated it would zeex possidble that significant areas of the bodies of the
Ailinginee and Utirik native: oould De as bsavily contaninated as was the
ground, (It is unknown if there were sufficiemt winds thd.might have

reiced the raterlal from the ground to the body after taiﬁ)oléémo‘gcmod.)

There 13 furtler uncertainty of vhat is meant by the monitor's report
of "uverage"” personnel readings., The dose rate readings in the halr are known
to Lave been clgnificantly higher than the rest of the body in most cases,
It ic unknown hov these reedings were "svereged".

Whereas theze data certainly are not firm enough for ons to place great
confidence in the precise quantities of the retios of 7/1 or &/1, they do

3
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indicate the obvious fallacy of acce;ting = lo-roentgen infinity dose based

on gazms dose rates messured on personnel outzicde the radiation field., Yor
exsx;.le, the natives from Allinginas showed personnel dose rate readings
that would apjroxicste nine roentgens (gumwa) in 2. days and yet skin damage
to some degree was evident in 14 out of 16 of the personnel. On the other
hand, the natives fror Utirik showed mo skin damuge with an estimated 2,2
rosutgens in 2} dayr based on gampa dose rates measured on personnel, The
uncertainty of these data was discuazsed under Policy I1. They do suggest,
however, that if the ocontamination of & relatively large area of the exposed
body produces less than one roentgen infinite gamva dose as measured by a
survey neter held four inchez fror the surfrece there is s large jrobability
tlat betz burns will pot result. (See also discussion under Folley II.)

o Y2 -

Wnen the same doze rate reading is yroduced &t 2 given height above a
surfuce fror & smaller area, the amount of contenination per unit area i=
grester (other factor: being equal). Therefore, it would sess deziradble
to reduce the recozuended dose rate levelsz whemn rcl&tinlyr small areas &re
invelved. It {5 recognized that radiation from another ga(g-il:{;l/pot x4y Con=
tribute to the survey meter reading when monitoring s =msall ares on parsonnel,
but this has not been teken into sccount, firast because of the diffisulty of
establirhing a prior appraisal of this variable factor end, second, whateer
this contribution may be it will now become an adied safety factor,

Cf ocourse, the problem is still conplex because vhen oconsidering

snaller and sceller areas the eventual end point is a zingle particle,



in estisate of beta doses at the swfsace of an iraginsry ephere surrounding
a fallout particle is givem iu Appendix E and an estizate of beta doses frox
s single particle required to produce recognisable srythera is presented in
Appendix ¥, Caleulations indicate that the speeific activity of some indivi~
dual particles found in fallout would be great emough to produce recognizable
erytheaa if held in contact with the skin for leas than one day, yeb the gamas
dose rate resding at 4 inehes may de quite small, (Ses Appendix G.)

Additional {nformstion on deszes from individual perticles has recently
been reported®. 7The particles found in and around Hanford eonsisted pringi-
pally of thres radioisotopes, Ru‘w3, Eud06 ang 1ts daughter Fr106, The data
and ealculations in Appendiz H also strongly indicate that a single fallout
Farticle could produce & recognisable erythsus,

Lontamipation of Clething

In the cuse of contarination of elothing, higher dose rates might be
tolerazted than those for exposed parts of the bocdy, This wvas exenplified
in the natives whers no beta burns were cbserved under elothing of ths most
Lhighly contaxinsted porsonnsl. (This does mot include such arsas ss under
the walst line wvhere material aprarently collected and was %acld;;: placs.)
On the other hand, very large increase:s in contarination should not be tale-
erated since it s posaible for the elothing $0 be resrranged so as to bring
the contaminated surface in contact with the akin, Purther, it (s not
unlikely t.bd. one zay rub his hands over his clothing and then through the

:“

halr where i.t mld be bheld in plase for reletively long periods of tius.

#-33068. 4 status report. Sept. 15, 1954.
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A further consideration ic the bets dose to the hande resulting fronm

handling objects contaminated wit): fallout material. Although some datu are
avallable on bete burms frorm hendlin: radloaetive objeots, the conditions
are s0 different from those associated with falliout that comparisons proba-
Bly would not be velid.¥

If the above sssunptions and calculations are correct soncerning con-
tazination of a general area from fallout, then the transfer of sll the
radicactive material to the hands from an object of equal area would aot
constitute a husard. Thus, one might consider using as criteria for mon=
itoring objects, the doce realings givcr; above for ponitoring personnel .
cuvside the general radistion fleld.
| ™ Ecwever, the probles is more complex since the hands may come into
conbact with contamincted surfaces many times larger in ares than the
hende, with an undetermined percentage of activity beiny transferred to
the hend:. Of coursze, an added uncertainty is the frequency of vashing of
the hand: and/or thie rubbing gff of the material frox the hands,

Purtier, one might apeculste that a given surface wulﬂ have signifie
cently higher contarination than the general ares and g.galt/ﬁh‘g handling of
such & surface oould constituts & grester risk, Thic might be trus because
of the greater armount of activity transferred to the hands or because of
the doses delivered during the time of actuslly handling the object. The
uncertainty of the percentage of tranzfer of materiul has been mentioned.
Cne uncertainty in the second case i: the lengt: of tinma the object would

be handled.

¢ Reta Ray Burns of Fuman Skin®, Kn=-pwlton, st al.
Apsricen iedlical Ascoclgtion, V. 141, Fo. 4. Sept. 24, 1349.
¢ AL
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RBased on ealeulstions in aippendices B and D, wher &n object {s held
in & hand, a rough estizsts of the retio of doze rstes of beta to the basal
layer of the epidernis to that of the garra reading on & survey meter held
four inches sway froz an objeot two inches in rsdius (outside a general

rediation field} is 2600«5200 to 1. {ippendix I) Thus, if this object were

econtazinsted with the same activity per unit arex that would produce a
10=roentger whole=body gauma dose from general contamination of the area,
1t would produce about 77 mr/hr gamus st four inches avay &t Efl hours,
and about 200-430 repc/uour st & degth of 7 mg/ex’.% Sinoe the pelme of
the hands have an approximate epider=al layer of sbout 40 ng/oa:z the beta
dose to the basal layer would be about 135«27C reps/hour. (The time of
Fl was selected to shov about the hichest magnituie of dose rates,) If
ona assure: that the decay ls accoriizg to t‘l'z, then the total beta
dose to the basel layer of the erifermi= in the next 10 bours would be
stout 250=50C rers,

Whereas the above estimates do not indicate an alarming situstion, a
more serious problen nay coms when the contamination is 3!55{‘]?35’ than that
wvhere evacustion is indicated, Yor exzuple, the oont&mini:i; ‘;} the general
ares vsy be five or six time: that uced as ar {llustration in the preceling
parugrazh, without evacustion being recommended, Thus, beta doze rates
from handling objects, especially in timc: scon after fallout, may be high
enouct: to be & protlen. A siumpie and expedient procedure to reduce this
factor 1= frequeat washing ef the hands after handling objlects that wers ir
the fallout,

*These nunber: agree falrly well with the computations in "Beta=cantact
Hezsrde iscociated with Saxmwerudistion Measurerents of Mixed Fission
Froduects", Teresi, J.D., USHRDL~383 (COMPIDENTIAL)

ULISLASZITIED
—-—

A



It wes suggested in Folicy I thut normal clozed-type foc'wur (a0
corpared to such as open sandels) would crobably afford adequate ymt.tetion
sgainst significant bets Zdoses to the feet fron fallsul msterial on the ground,
There 1z still the added problex if the uvaterial be seuffed up and eling to
the ankles and lower lagz., If thers were no intervemning clothing, or
perhaps even with thin stockings or soeks, thi: right result in significant
biological beta doses deing delivered to these part:z. For sxample, if the
gumza dose rate reading at BE3 hours vere sozething leis than ﬂtmntzm
per hour, svacustion would mot be indicated, Nowever, for fallout material
of the same concentration in eontact with the skin the beta dose rate at
7 mg/c:? would be sbout 670 reps/rour. (Ges Appendix B.) Tresurably, pere
sonnel would be keyt indoors for a fevw hours but upon release¢ the approxinmete
bets dose rates at 7 mg/cz? would be 260 :{/hr thres hours later or 210 r:c/hr
81X hour:; later. In addition, there is the variabls factor of what concen-
tration off lomgterig.l nsy asourulate in the ankle region L)’()\Ln/l\iing around
BT &res,

4 concentration of fullout naterisl on the ground that would result
ir zbout 20 roentgens ruxinusz theoretical infinity ganwma dose, if in ¢ ontact
witl: the zkin would result 4in e bets cdose rate to the basal laysr of the skin

of about 1/4 #ESglF thoce indicated in the previous paragraph.
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¥ondtor: w s Decontacl catic of rotor Yellcles
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in tve past, falloul ' as ocourid acrvss i wa 3 L sip ifica.t guantii-lea,
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Poad Vlocks were estalished o, i wa. 8 1 ad 91 followli-g shots
mrE er szve and nine of Upaxrol-"nothiole, The ig osl readig on a priwtie
extomotile was 100 mr/ r (parsa) inside & ¢ 110 mr/'.r outside at & plus 3
noura. Abort TS car: were wamied (rouztlr 1/° of t s iuial modtlored).
Ail of t e cars U a' were was.ed exsept v e ona pentio-ed & ove, had otalde
dose rate read!i gsg leza tha- nalf of trhe Lig-est, "¢ ratio of dose rate
readi rson t e ont ode of t e oar to {nside waried frox . it to avout K/l.
Protabl: o4 of € e imnorta.i factors mere is the 8if crece "etwee drivi g
w . windows a-d/or we:tilators opencd or closed. “ae us read 250 mr/tr
o.tside ad sverace of 10C mr/-r freide wit a ip inslde readicg over tre
rear seat of 1L0 my/ r &t plus ° 3/L -ours,

Considering t e amount of time o normall’ spends 1. an avtomo ile,
tiese dose raies do w1t COSIArily represe-t a tcalt. wamard §o terns of
ga a1a cdo3es, #hat ig pro ably & wore limitl y facior is tre direct contar=

Allo . ove miz L oacquire b orub La¢ aralqet U e cutside of t:.e car, especiall:

e o &l a tire,

DOL/NY.
1t 13 aazunet vat moallori g will te accomplis.ed outside a ge orsl

[y

rac.gtis fiel2, “ueoretleel caleuiationa (Appe:dix ) fndiecate tnat garma
dose rate readiors tace 8t fuur J ¢ oo froc a surfage will e 517, L2¥, and
27% of trose v @ peier at trhrees feel 8. ove 4 egally eortamimted {2finite

ficld wee: t.» radi! of co-tax?! mti.. are res~ectivel 3 feei, 2 feei, 828

(]

1

S0te

+ Y

"hese data oot that weey t.e gevma dose rate readiog at fouwr
ic.es fro~ & ge erall  contasninatec car is a out ore hall tiat for an

1:finlte pla ¢ tasen at thireo foet, i @ degree of co.lami-atio: per umit
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W
arce will be abol equaly ax! ween U.¢ wecls aro - elng mnitored% to 1/k

i §
of a gazma dose rats resdi g will represent equlivalent cor:ta:airatiou.{'w;tm!w/
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Auct er facior to ‘e cosidered 13 toat t.e pro abilit, of eollecting
fallout material o: L.e tod, from & penerall. oo tani-aled srea in wieh
0w lives is grester tha- from o.¢'s automsr ile, {n t & ovicr zand, it -as
oo, mosd 4 L e na8t t.at sipg:ificantl)y ! ig er arvunis of so-itanination
have ecea found o the tires a'd uwder paris of fepders t:a: on t-e resai-der
of {'e car, (7-don tedly, t-is is a simple p-anomenon of picking up the
aciivit, from t - 4rwa.,) 7T pae wore to o 2 e & heavils contan! tated
tire, sig Zf.ca © ansinis of recioacilve muisrial slptt getumulate o the
YA uls, and later ¢« trasferred 1o L e haly or ees . & simle rv o lug of
{ € na ds gvir tone pariy,

A comparias mir t e nade “are ¢ ovee  rreomue ded maximun dose ralcs

forx o parse nel &8 ¢ U e esia lishi g of levels of activit: for avlowmo’ iles.

Tere 18 o e o0 viavs diffrre-ce, howewary 1. L e firat case
t e material i3 alread, on t.o perso . while in i:e second ease one has to
i irod:ce t e facior of pro abilit; of wreaefcr ¢f sontamiaation (& W
w at deyree) Trosm t.e car to 1 € odee DOL, My
“nie doase rates {meas i &3 srated) in ta le IV would represant a out
eq sl €0..taml &iion per u gt area for 4 oAr as for ao infinite plane if e

car were ra‘~er uniforzmly eontard wiled, I the asiivity were conflined say

priceipally to tre tires a&'d uader paris of toe fe ders; U e doss rate readl s

mleht represe 1 nearl s ‘wice L.e degree of cutarni atlol. Dne must weigh

tmls coadition wit vte proa 1111, Yot a Yre will ¢ ¢ a ged  efors the

B
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activity bas dscreased significantly.

A given dose rate reading inside & vehicle may rerresent less contamin-
ation per umit area dus to the ocontribution of gamma rudistion from the
exterior of the vehicle., On the other hand, contuxination within a vahiels
wuld xore probably be picked up by perscznel than if {t were on the outaide.
Further, it is recognised that significantly high concentrations of redio-
active fallout may accumulate in such parts as the air filters of an
automobile. Again, this has to be weighted against the probability that
they vill be handled before the activity has decreased to lov levels plus
the fact that it is relatively difficult to monitor such parts on & mass
basis, The uncertainties preseat in estimating possiblehaszards from vshicle
ocontamination would mot justify fine distinctione in monitoring the various
parts. A thorough cleaaing, inside and outside, would appear to be the
best aolution,

One of the obvious ways to avoid much of the jroble= diseussed in
Iolicy IV is to prevent vehicles entering an area during “’ﬁm of fallout,
Triz will not prevent the first vehicles passing through fi:;lj/;cxm up
activity on the tires frox the highway. It is believed, however, this will
not econstitute such a troublesoms problem and past experience has indicated
that the activity found on the tires noticeably decrsased after several cars
had passed over the highway. Purther, if vehicles are not presemt in the
fallout it will help reduce contamination of the passengers sad of the
insides of the vehicles,

UriLaesimep



Qrerationgl Fesgibility
In the past, the criteria used for washing cars has been 7 mr/hr, sad

st & later tinme 20 mr/hr (femma), inside a vehicle. Thls resulted in washing
sbout 75 ecar: (roughly 1/8 of the total monitored) following the seventh and
ninth detonations of Upshot-Knothole. Under the recczmendations givem in
Poligy IV, the Dus mentioned sbove, bBut probebly none of the ears, would have
been washed,
The data given {n table IV.b, indicate that if these radlation levels
given had been predicted before the fallout, Righways #951 and 93 would have
been closed prior to the fallout from tho. seventh detonation and possibly | '

highway §93 for the ninthk detonation.
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data, however, it is mot expected that under those eonditions of fallout
vhere the radiation levels are belowv thoss stipulsted for possibles evao-
ustion, that the degree ef contamination will be & health hasard. (%or
is it ixplied here that any level ahove this gdogz oconstitute & sericus
contazination of vater, air, or foodstuffs.) Therefore, il is recommended

DISCUSSION
st
Table Vi.e, liet: the six loeations having the highest concentra~
tions of fission products in water sou:rm during Tusbler-Snaprer, and

DGE/NY
for comperative purpozez the aat.’uaated thoorotlea.l paximua gemma infinity

doses.
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¥Virgin River Irrigation Canal, Rev

Irrigation Ditek, 56 mi.no. of Ploche,¥ev
Lower Ishransgat lLake, Hev

Virgin Riv& at Mesquite, KRev
Bunkerville, Kev (ta; water)

Crystal Springs, Mev (tap water)

g 3

-

Concentration{ricrocuries carotiul Kaxizuw
per milliliter extrapolate UWhols=body Garma

ol o 3 duys after detona Infinity Dose
Ldon) )

B.7 x 10~ 6.
4.5 x 105 0.15
3.2 x 1076 2,
2.6 x 1076 2.5
1.2 x 1076 7.0
"1.1 x 1076 0.1%

tue to westher and to sttenustion of the gamma rays by buildings, tke

whole=boly gamma doze egtimated to

huve bean actually delivered wvas probably

eloser to cae=half of the valusz shown,

The parxiwur permissible eoncentration of fisslon products in drinking

vater 45 § x 10™3 )xc/ml extrapolated to three days after detonstion. This is

conzldered & safle concentration for continuous eonsurption.

hhereas, the moaitoring of water sources {s of value for docusentary

L/ NY

puryoses it should be recognized that the concentrations found ray vary

widely within srall geographical areus and sven at the same loeation at

different tires (taking into account radicactive decay). Thus, confidence

cannot be placed in precise values,

Tatle ¥l.a. sugrests that even if one

ware 1o have stored wp the water listed at Virgin River Irrigstion Canal
and pubsisted entirely on this for a lifetinme, the oconcentrstion would be

9l
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shout 52 tiner lesz than the rmaximum permiszible amount. Normal factors of
dilution by additional ra.infan and/or by the influx of lesser contaminated

R N )

k
ground water wvould rodu';o the 1m1 of activity.

Alx |

Considerable sffort has and is being made to evaluste hazards from
airborne radiocactive msterials, including fission products. There are eer-
tainly msny unanswvered problexs including the possible haszard from a single
jarticle in the lunga. Despite the uncertainties and as yet incomplete
anslysis of the inhalation hazard, the reronderance of svidence today is
that the external gamma hagzarc frow fallout is the more limiting factor of
the two®, (Kowever, ses discussion on food eontaxzination,)

During Upskot-knothole quite ooxmplete data were ocllected of econcen~
trations of airborne activity on about 150 occasions in some 40 different
lecalities within 200 miles of the Eevads Froving Grounds, These included
monitoring of all detonations. Histograms were nade of alr eonsentratins
vercus time after detonation for 30 cccasions and estizstes m‘ggdo of
doses to the lungs. These data for the five communities shl;?il;é F‘kam highest
alr coucentrution are given in Table YI.b. Tre histogram for St. Georgs (the
hiﬂf/{%iz, hour average consentration of fallout ever messured in a populated

srex) iz reyroduced in Appendix J.

*: Poc Cormittes Meeting., Wwashington, D.C. January 2C, 1954.
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8y, George, Utab Be

Lineoln ¥ine, Kev 4.0 x 1071 w 1.5
Yesquite, Nev 1.7 x 1071 13 1.0
Groom Mine, Nev 3.4 x 1072 7 0.35
Fioche, Hev 2.0 x 10™< 3 0.015

he mathod used in estirating dosez to the lungs is given in Appendix X, One
essurption nade was uniforx distribution of rediation vhieh, of courss, is mot
entirely acourate,

The criteria previously established by an Ad Hoo Jungle Feaxibility
Corzittes (washington, D.C., July 13, 1951;, for sir ocnesutrations was

*At a point of huran habitaetion, the activity of radicactive
particles in the stmeosphere, averaged over a peried of 24 bours,
shall be limited to 100 microcuries per cudbic meter ef alr
(correspording arproxizately to a ground level gamma Intensity
of 3 za/kr).

DOL/NY
*The <i-bour aversge radioactivity per cudbic meter of air, due
to suspended particles haviny iilamseters in the range O micros
to 5.0 microns, shall not exceed 1/100 of the above; mor is it
dealiratle that any individual particle in this sise range have
an sctivity greater than 17=< sicrocuries caleculated 4 hours
after the blast,.”

In the January 20, 195, westing of the id Eoc Conmittee the dasis
for reconrending the «bove air coscentratiom was discussed. Zseentially,
these eriteria vere selocied by estimating the gamma dose that xight be
delivered by the pessing of a radicactive eloud. Since there are better

55



methods of estimating gamma dozes and since there are uncertainties in
evsluating the hagards of such transitory air oonceatrations as experisnced
fron fallout, and sinee the preponderance of evidence from past nuelear test
series indicates that the external gamra hasard is more limiting than the
inhelation one, it ves recommended in the January 20, 1954 mseting to
strike from the record the past recoxmendations for maximum permissible
alr concentrations., It was recomsended that an air monitorimg program be
continued for documentary purposes and for whatever valus the data might
kave in the future uhen nev analyses aight be made in the light of addi-
tional knowledge.

A further discussion of the single particls problem may bs made.
In arriving st the reeommendetlion ... wor is it desirable that eany indivie
cdual particle in this sise ranges have activity grester than 1072 microsuries
coloulatad four hours after the blast® a computation was mede that the aver—
age radiation dose from such a particle to e sphere one=hulf & aillineter
in radiusz would be 325 reps.* However, the comclusions nay be misleading.
in tre case of & single partiele, relatively large 6;);(25 @X‘ delivered
near the purticle and azsll doses at a greater distance. Aprpendix L suggests
one 1ousible estimate of this phenomenon. The parensters involved here are
many and diffiecult to evaluste, PYor example, hov long will a particle reczain
in one rlace in the lung and what dose will be delivered during that tine?

It has been suggested¥*® that {n the upper respliratory passage 20-micron
c¢ianeter particles are the uprer limit of asise for deposition and that "Cilis

#..{nutes, leeting of Comrittee to Conzider the Feasibility and Conditioms For
& Freliminary Radislogie 3afety shot for Jangle. L.4.S5.L. May 21 and 22, 1951,
9} =33060, A status report. Gept. 15, 1954?n?co§rmmm).
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swvee; 4 to 6 cycles per second. The probability of & particle remsining

witkin one millimeter sone for as much as one=helf hour appears to be

vanishing swall. ... Protection will also be yrrovided by the muous

lining which 4s itself renewed several tixesz sm hour." Accerting the

estinstes above and tho methods $1llustrated in appendices E and P, it say be
mmndwﬁoﬁﬂmwmldhdohvmwmﬂﬂmofn fnagin-

ary stationary sphere one xillimeter ia radius by a 20 micron particle (2¢..7

micnocurios);r‘ii;g:; ;6;;; u{ii‘;;'étliv-de closer to the particle Dt

with the relsatively rapid movement of the particle, it does met appear

that large doses will be delivered tc a great nuwber of eslls. Miltijle

ex;osures might oecur from ediftional particles but again this risk is

difficult to evaluate.

Ieed
Considerable offort is being directed towsrd the study of eontame
inatiorn of food froz fallout. One element of major concern is Sr%°, It
haz been estimsted tbe:trii anf ‘:,” to subsiast entirely on fozg;l \gfo‘m from
scllz eontaining sbout one microcurie per square foot of Sr (1,000 pounds
of eulclun per acre}, that over a period of years there would accwmlate in

the huran skeleton & body burden of one xicrocurie of Sr %, Soils taken

fron »
sbout riles froe the Nevada Iroving Grounds, nov show a concentration
of mlcrocuries per aguare foot.

sirivate commmnication, L. A. Desn, U. 5. Departnent of Agriculture,
Beltsville, Maryland, April 23, 195..
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(Although not of direct concern to the Xevada iroving Grounds, it is
of interest to note that soile were eollected from the Narshall Islands
followlng the fallout ir early rirch 1954. Appendix - suzmarises these
dats.)

A recent report® strongly suggests that contamination of leaf
surfaces followed by either direct consumption or intake by way of milk
is far more en Lmportant pathwey of intake thaa by the soll=plant—animal
cycls, at least for those times of yesr when plants may be in a state of
grovih to eollect the fallout. Further zmlysis is being plammed.

This same report® ralses & new probtlem. Eased on stated assumptions,
tne data presentec indicates that doses to the thyroid from fodine radio=-
1sotope: may be a greater hasard than 31_39-90. Furtber, thc; rejort suggests
that for tnose tines of year vhen intske of fallout m«t&xﬁn‘mww
of-leafs-surfates, the dose to the thyroid (delivered in a fev weeks) may
be zany times grester than the theoretical mavimur externel doss. Additionel

evelustion will be given this problem.

LT USAEC, Division of Biology and Medicine, washington,
L.C. July 1154 JEURET)
bpur! pa@l&' gn

v el u,..‘dil

R
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Toe repacmud choma 8lfective bloloziosl dope fer off-sits Dovulations
Sharah@ b Saleie J.o FusRlonR PVRS 9 Tevicd of an vear. This tatal doms

sy se ! fouh A SIEEle NS SR RADASE AL eXTOELISE,
If integrations of dose rete readings are used iz estimating the eoffec-
tive blologloal doses, ‘hea table V may be used.

Talie ¢
Wiltiplication Kffactive
35 S Elgiogical Dose

Haximum theoretlosl redistion
dose fron Lime of fTelloul ic 374
15 day e lator.

Haximer theorst. eal alintlon
doge from 15ih dn; tc one 1z
year,

TGl
{begt satimsts of
effactive biclogioal
dose)

DOE/NY

ks piis ’y

tadrs may be agesptad with a sorregiion faotor of 3/4 to mocoumt for the

difference bLetwoen the dose received by the film bedges or dosimeters

{including backsoatter) and that received at a tissus depth of five
gentizeters.

UNCLASSITIED
gt

52



1393 ve follow. § rec. wendgtlic: wos zale,

"+ s recomrended, and fornd fto le [uoconlomil witl tne rresent
wrielilea of deternt ng permiogl le exiosore i, t &t for teat
ar-rat’ s ergs nel ve 1otal of gaims exwsure e lizited to 3.%r ia
toirlec. weswu, B0 L 30 te sase [ioupe & @ lled o Lie ol f-site com-
menlsisg wit c e fart er qualificailon 45 1 e loiter caze s © in s
t e totel fivre for v e .ear, In feneral, ¢ 39 impiles a siogle test
gerieg L& L glven &ar.”

OD.te asis of 1 48 recuosus dolio. a d t ¢ reasoning disoussed under
Pylic, I, t e orieria for eotima-in: { e w ule . od: yeuma efleciive Ioloirlcal
dose are smmerised . "2 le V, It wlll e wted t &1 Lt & iolorical factor
inslveed u ey Foller 7 13 omitted 10 (olic ¥V, In 4 ¢ Tirst case we are
desll ¢ wity relativel  ig Cos g L AL mE rowilre cvergenc; meamles WL
1 iy &' e dAant azards, 11 is 8 3i-usillo woore o wighes L eptirate al!l
poriinest facors 1 evniuallg resliill s rumes sve thowyr t e e ot te

woons o wil o preeiscnoax,  efore reconedin. a errrpe ¢ sotio 8! mey

prosUes rreater pro lecs, In e case of iolicr V ane is eoncorned wit

relitivel  lower doceog durl & roitine operat' - s, T would e diffilcul’ to
DOLE/\

oty oo &t e crooon tin hal wedkl: coses Jor ge orzl popula~

s
i~

tisnn ga € 1 tesraled u d o tae Int oaor.o evyozare w.othout pe ali. ad en
Ve cose reeclved over & perdiod of 4 ear ma L adain-
1a'rativel. red ced eoa se of  ioloyical repa'r, oerefire, tie iplo leal

fac'or in gmi ted,

Urectpree

2

f:r"‘
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The genersl effects of backecattaring on measured rediation doses are
fairly vell established. Purther, ‘movlsdge of depth (tissue)-doss surves has
sdvanced to & quntitative state.’ Thus, there seems to be 1ittls dowbt that
a filn badge or dosimeter vorn am the parson vill owr-estimate the geamm
radiation doss delivered at a depth of five centimeters (asmmed depth of
blood forming organs). A major faster in determining this difference is the
qQuality of radistion under consideration. (me repert® deslisg explisitly
vith redistion in & fallout field suggests a facter of sbout 3/4.

DOE/ Ny

Hational
Janiary 19354.

Lwaarstmm W 9. Wu, 195&. '
.wﬂr‘t‘u Loy ¥ O 18 & ] s OO
CCLF IDENTIAL.




Assume: Tize of fallout = 443 brs
Dose rate at BE3 = 667 wr/ur

Thent

Azsowrml

Thent

Theoretical maxirum doze from ti-e of
fullout to three hours later

Javings by retxaining indoors for
thres hours

One vear effective blologicsl dose if
persoanel dic rezsin indsors during
the three hours (based on seme gssunmpe
tions eontuined in section on evacue=
tion;

ier cent of ore year effective blolog-
ical dose¢ zaved bty recaining indoors
for the thres hours

EYAXPLE II

Tire of fallout & BE3 hrs
Uoce rate at B3 3 667 mr/hr

Thecretical mexirus 0osé from tine of
fallout to eight hours later

Sevings by reraining indoorc for eight
hours

(ne year affective bislogiecal dose {f
personnel did recai. indoors
during the eight hour: (baued on same
assuptions contained in sestion on
evacuetion)

Per cent of one year effective biologe
icxl dose zaved by remaining indoors
for the eight howrs '

1.” T

°v65 r

,«-/5.0!'

~-13%

2030 r

1015 r
DOL/ NV

~5.0 r
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JF =10 cxt/em
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e sr ol etes kX mirlace per cx? per sec.
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The following data are abstracted fron ex erivental results, wherein

a thin % souree prepared by soskinz a filter peper in a solution of

phosphatea, allowing it to dry, and then weasuring surfsce dose rates

vith & surfacs ionizstion chiarber.®

Thickness of source 9.6 ng/ex?
Activity of source 77.0 /uc/emz
Surfsce dose rate . 0,127 rep/zee
457 reps/hr ‘
Docage rute at de;th of x centiraters o7 5%
i. Zreoretlcaile
E= &‘a;eﬁ (for ¥32)
Subit ituting above datas
Y Noe~(9+5)(0.007) ¢ DOE /v
2
= 7.0 C repa/hr
Let C = 77 /uc/cnz
Then E = 70 x 77
® 539 repa/hr at 7 mg/er?  (13<)
“ilfecis of External Bsta Zadlulion, Zirkle, Raymond K, MeGraweHill Book

Company. 1951.

(A



Rm 457 ) 9.5)(0.03,’,>

= 427 reps/ur at 7 agfext (F32)

Ths tuo sbove approaches are within 268 of eseh cther, If one axtrapo-
late: the experizental data froxz a sourss of 9.6 =z ex? o o tiin source
(for cooperstive purposes) the two xethol: ere uithin 208,

s
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— x “Txdx»‘}
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? = average energy of rarsas (Mev)
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Assumet 4&. 19iat source

be 0.5 Mev beta anergy
€. sum 1o cg/gn .
. ' fate of decay follous t=1e2

The dose dellvered st the swrface of an iraginary sphere at distanse
® froa & point source.

(1) K(r) 2CB =k gy
gram
vhere: K(R) ® dose delivered at the surfase of an
imeginary sphere at distanee F ,
E = averasge energy of beta particles
€ & total nuxber of disintegrations '
Subf,tithtingi}x : 10 Qﬁz/gik. ﬁ ® pass .bmion coelficiemt

E - 305 »!'AQV’

Then: (2) (%) 30397 L0 Hev
L go~3isintegration

exr
6.25
ot -5 _=10R
(3.a.) K(R) = 48 x 177 g 2illirene
%

Dlsintegration
or
- 6.35 AT s
{(3.bs) B(L) S SE x 17~6 2 108 ; DOE /&Y

BUlirads
k= disintegration

Bquation (3.e.) is plottec on the attachsd graph.

FOLOPRLSSICH FRCDUCTS,

\ - -102
(5; g»":Klta

where: 4, = Jisintegraiions per unit tise at time "a® after detonation
A; ® digintegrations per unit tiwe at one unit of tize after

% onsi, H.il, and Ellie, H.l, *Distributed Beta jources ib Uniformly Aabsorbing
Hedia" JXuglegnlges July 1950, V. 7, Ko, 1

714



Integrating equation (2),
(6eaa) €2 54y (8,002 = 004
and
1e2,, «0.2_, =3,
(6.b.) €8 Bagt, " (1,04t =02)
wheret C @ » total nuzber of disintegretions from tine "a® to "»*

t, ® tive after detonation

%), ® later tive after detomztion.
when ¢, iz infinite,

(7 Coc = 54, L

Py the use of equstion- J.z. or 3,b, ani 6.t. one may corpute an
e~tirrte” doce at the surfuce of an iméginary srhera,

Cf eowrse, tle proller 1¢ the determination of 't" and 'th'. i.0.,
how long efter detonstion will e radiosctive jparticle appesr in the lungs
and how long will the particle rerain in place, The first time (t.) 1s muck

eccier to astirate than the later (tb).

(300 text page 33 )
DO Y




oly

<<v;v»>‘J\,,

e

¥
Centimeters

in

nhere

&

S

inary

Imar

Ooil
b

1us O

Rad

f

-

W

i

|
o
I

i

1

1

[TOR ] d
10T3ReIdajuTS 1P

daam asog

—

b
- O3 WNISZLG dr3arg




o & s

T
PO

Ul

Vo vpe -
JELe SO

- LI - - Sy - -
dcear it to o oendly I, I,
. I N -
7 owurfuce of Il Ceve 00
-
‘!4..‘ - '
it s T L A lnusor
3 Y ew
LS ] 3’ - ! .
- P o
{ - = 4 ) R
- - - g i
- -~
Lo - L ] -
N - -~ . .
- N ;
- v .
] . . 7
doe o =t e )

-
-

B oru’lo.

bt

LA "L W

~

o€ reciire. 1o one Loy

Te, .

2t
Tor

»

I

=

2 .... - =
Of L7y _'L!;Lu

>

T
[ B QR RN o) el

Ry

'

dere Wit

ey £

Cloointegsral in

PR & T

Sy
~ ) N -

PR ~
ERR =% . L VR

LUur. vo

[P IND SN ST o

5

ir

A
. Wil

BN

FOAY TR ST N

¥, 4
PO SRS
k- .
T U

DOE/NY.

celil.

cornlzatle erthe o

L

1o dellversd

-

wias oeberle

reculre w

st receliv

&

1y
X



.. o
PR & . I . T . s ] s
sobiophe of Gu ol e eb oo L e @ Fro inole tarticle of Poodo ©
4 R
Lo e -~y LD e oL wmers ¢ . o ‘g | iy
% PO R o -~ o P
e eyt E A4 L SR T o A O 2
curie: of ~uwe oo onette - l’_":‘e £
. . .
AT . - e . T aes '\r/ [
. = orenl Lt
. T L I X
=27 o
7 ot s -
j T A .
[N
N L]
- o U LI F
. o e IV ST SR A 3 y
- Y

(4



] ot of tete ooy fo Py MY an v xtore Lo tuzt £
. e,

N i
. ce.
i
P /J
(vl .
R e e
- -

S : sty e owverooy ener oooof Yo o Ixtore:

- . I
. R
- ~ D v
- .o . . N
X 1
- PR

e - 4’4

.‘—‘s.-.-l L -

RIPRE. ¥

o

XL e L o2 v Ty e A e b oL o e P DL tov prolucet .

cole oo lerstion,
v : : Loode weoured
Lot LT, rUoen et i .06 ten Yot Fea TN Wi pive

Ly : PO R SRR SN
DOLE/NY.
de CDn oot ol Cooponteinel in: Vo3l
Tk T

o - . .
R -
.
R




: - - I Y s ‘ﬂ
. bet. orn dose. and effect: frov single tarticle of hul*é and Ruld6

5 L

2. -.ze of particle: Lﬁ/¢ lZZ/u
Letivity of particie: l.l/yr ll/uc

- < - a - i/
Doze rate to 7 mpSen: £,6.° redo/in 27,535 rads/nr

Tine doce Jdelivered: ~ & duy. ~§ dayr

~ Toknd JELT Tagre Lifect:
(racs:. %
4L470 ~5T Fone winllle
7L ~ ;UL Redienin,
Ly 50 ~ gy 300 Desguanallion
1o, ~, T, 000 Tiscue Destr ~tion
<1, Ul gl Tizsue Dertructione-
< ¢r Bfro-
£om Lee,
- = N - . »
: s B N N R activii: of rerticle ;roldicing rediening
7 effzot In about 240 bours, The eztirated cime 1o 130 xnlersm

DOFL /Ny

. 02,000 3 3270 e toetal wetivite accounted for in the 147 bhour
toul tre Jose s celivered. (Lsrunlng conctant
aotivite durin- the 1L hour:

) 5
¥ 40 prade/hr ® 1 pe
% Wil doze refdr: to the hot spot diresily below the jarticle, and ls
vulld only &: to order of magnituzz.®

N

—

. 73



~M

L. what speeific activity of & particie of fells: woull Yo reculred to
deliver the tume dose in the same lenmyt: of tise

Tre enzver to thi: questlior cerend. u;or Ve time after cetonstion
that tie particle eome: 1r contact with tre <via. Acowine thie tire
tc be HE3 hours, the zpecific activilr woul ' bLave te be about lS’));c
for the same :ize particle,

Since the particle mer be wesizd off before olix day:s have expired,
one ray cc .oider the protlix anctrer war., whal rust be the speeific
sactivity of & partiele &' 143 hour. to deliver t: . Jose in ths next
<4 hourst .

.According to Strendcut:et (p. Z_), only about 720 of & six day dose
reed be delivere’ ir one du. to produce the seme effect (ervthess;.
accepting thin, then & particle with about ti¢ sure sctivity (160 /nc}
et b# 3 nours would be sufficlent to deliver un erytrena dor in one

uo’;}”.
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Foooine follogin dste ure reporiel for sinmple irilele  collected uuring
Lrilot=rnobrole® and Twller—'me, cr¥s,
aetivit fir o oliia
% WS .
i e i DN
[
L et
s
L X 2" . .
— 1,000 45
'3 . .
—— Py A
Ipwel o x T4 G 1o
TG 37 AN
Cew s r - “
i dds iv e
5f1 2—59 1‘&-’»‘
37 <% 4.
<34 4 L.
:-15 50- 77‘/
i3 3. 4.7
i R .5 ———
UL ot Lnlenced rerc to drrly there are tre nexics o o ecifi -
sotlivel. Lrlbele Lol erlowet or czal exiot. Gre due owl 1007
| - DOE/NY
6 LTl Te aTes W now the wioe rene of speeiflc acbivity tian ruy
. + -~ RIS B
O R & R N
* e I, Jdrtritiiion an! Churectee! Lie ol F.llcul ot Listanee: Srowter
town 10 lle fror Sroun’ lero, reret wn kpril 19827, Tetner, C.71., et ul,
( =T an . Lo=1605,
ER A= e relininary Ttury of Gff=site ilrvorne Fadlioactive Duterlills,
Xevidl rovin, Ground: . Pebruery 1953 (CICIRT ppo Leelé25,
Bee ste froc e tiuvatlon Y uied on rudiocutograe,  vethod.,
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Gunza 4ose rate readings at four inches distance from s plane surfase
two lnohes in radius, &s 1/40 that from an egually contaminated infinite
fleld. (See ippendix D,)

Assume sn object having a two-inch radius is contaminsted om all aides

{(but not rneeezsarily uniformly) so that the gamma dose rate is 1j times

that from an equally contsainated surface whose arsa is equivalent to the

major crosgsezectional plans of the objeet, The fraction given in paragraph

ene now becomes sbout 1/27. Further assume & 130/1 ratio for beta surface '
dose rate to genma dose rate at three feet above an infinite field. Them,

the beta surface dose rate to gaxma dose rate at four inches will be

27%0/1.
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The following sssumptions are made in estimating radiation doses

to the lungs.

i. Twenty per eent of the inhaled astivity is deposited.

B. There will be no elimination of particles during their radio-
active lifetines, There is uncertainty as to the biologlcal
half-life of particles in the lungs. In those communitles
showing the highe:zt cvoncentrations of fallout, the pesk of
sirtorne msterial {which accounted for the greatest percen-
tage of total fallout; occurred only a fevw hours after
detonation., If one essune:r & radiological decay according
to t~1*< and a tiologicsl half-1ife of say 30 days, the
cmission of blologiecsl half-life would not affect seriously
the compuled total dose. DOL/NY,

€. All of the activity is ascociated with particles in the
respirable range of sixes., last dats from cascade
ir setors indi{cate thal sbout 90% of the activity 1s associ
ated with particles 5 microns or less in the communities
surrounding the Revade Froving Grounds.

D. The lungs are uniformly irradisted.

E. The weight of the lungs {s 900 grams.

P. An individuel inhales 20 cubic meter: per 24 hours,

C—M p -
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F. The garma dose 1s neglizitle ocorpeared to the beta dose.

i

i

G. The averuge bets erergy is 0.5 wevx.

Lo dda Al A Yo Y.

0505 Dusiden afier Seenanion Y g7V
0612 - 1133 Le3 hrs 3 brs 4ed7 15. 3.0
1137 = 1445 3. hrs £ brs .36 6.3 1.26
45 = 1645 44D brs 11.5 hr 6.3 x 071 2. 0.63
1ELS = 2300 42 bir: 15.¢ brs hody x 10™< 1.50 0.5
23% = 0635 7.5 bra 21.5 Lrs 1.4 x 107% 0.087 0.0z
#3635 - 1835 12.0 hre 31.5 trs 1.4 x 307 0.1y C.03
®inoured

Lw sagled £ 7 L g 02T
DOE/:“V
Let: t, T 3 hour:
t, ® 2174 hours (13 weeks;
P }/zc

L= (5)(3x 2.22 » 135 x &)(3)12 502 = 218,

S L4 0x 107 disintegrations from 3rd hour to 13th veek.

Aoouret ¥ 0,5 Mav
Ve

[
(4.4 x 109 (0.5)(1.6 x 10"6)@55"')(‘75 ) = 4.2 x 19™¢ reps

Totsl Lung Dose for 13 weekr: — 125 wre;s
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Aosure: Averege activity for 3C minutes 1z 0.5 uc at FE3 to B3’ hours
(Zee reforence appendix b.) ‘

Toent 2.5 a2 2.2 % 106 x 3% 3.3x 107 disintegretionz/30 minutes.

at surfeoe of imaginery aptere 1.0 mm In radiuz the dose rate iz

2.2 x 1&"‘" AL (Cee ~ppenlix E;
disintegration

(3.2 x 107)(2.52 x 107%) = €.3 x 10° mrep=/33 min: .

P L]
= o eps/30 mimk:

DOE/NV
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decation

Jeouo

Ailuk

Mejulit

Crued
Kaven
wotr

Hongelap
(¥ortl.ern)

(Centrsl)
(1 mi.M.Village)
(i0. Clstern)
Eriirippud
Eniwetok
Eabelle
Utirik
Bikar
Eniwetuk

Sifo

— - daenke

1.1
3.2xa0m1
1.6x1071
7.8x107%2

4.5
230,0
5.0
200.0
$3.0
3.3
8.0

6.1x1071

6.6x10-1
9. 6x1C™<

500
DOE/NV
530
450
1,5.)‘3

3,330

55600

r N . * !

) |
! ;
% .
) = 2

¢ §

@ |
| VI
1 . 5

! o i

.11 datu as of May 5, 1954, exocept iszland of Eriiriypu vhers date is lay 20, 1954.
--BREetimated fron comparison with dose~rate survey roedinrs with Briirippu #Hicbest

~fallout op wny islend meesured. .
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