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Commission

1 Safety of the Public During

Regerding Radiological
Weapons Testing st the Nevads Proving Grounds that ve discussed

several weeks ago.
and that there have
- Policy VI).

) : Since the policies are still in draft form I trust you will not

You will note there ars only a few minor changes
been added two new sections (Policy III and

- mind reviewing them in carbon obpy form. The Division of
o Biology and Medicine has revieved the policies, and after incor-

— porating recommenda

tions from you and others, they will be rewritten

in final form for Commission action.
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The following policies were establighed after full ecmsidsrstica for
the hsalth and welfare of the public, both in terms of rediclogisal exposure
as vell as possible hasards, bhardships or inconvenisnoss resulting from dis-
ruption of mormal activitiss, They are conzidared to be sound guides to the
Test Manager not only for protecting the bealth and welfare of the publis but
aleo in arriving at decisions that would be morally and legally defensihles by
the Atonie Energy Comission,

Tvo basie sasmumptions are made in this repert:

1. It is the respomalbility of the Divisicn ef Biclogy and Madicine
to estehligh such palisies for the Atonls Enargy Commission as
dosned pscsssary to protest the health and welfare of the
general populscs from consequsnces of weapons tests condusted at
the Fevada Proving Grounds.

2. Although the Pivisicn of Blology and Medicine will gladly give
assistance and advice, the operstiocnsl procedures adopted for
mosting these policiss shall be the respoasibility of the Santa
rommwiummrmhm,uunmmm
Division of Military Applications.

The folloving palicles 4o mot apply to domestis or vild snimals sinoe

levels of radiation vhich would be significant wvould have to be much higher
than those specified herein,
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Introduction

The declision to evacuate l compnunity is a oritical one for tiree
principal reasoas, Ons, prssumably there might be a health hasard if the
persoanel were allowed to remain, Two, there is always an element of darger
and/or hardship 1o personnel involved in such an emergency measure, Thres,
the evaguation of a siza’le commumity would seriously jeopardize the future
use of the Revada Proving Grounds and thus affect the country's wespons -
developaent procrasm,

It 18 recognized that extermating ¢ircumstances may sccorpany any
situatica where conditions i:xicate evacuation &s & mode of sction, The size
of the comsurmity, areas and acoommodations svailable for the evaguees, peaas
of tranaportation and routes of evacustion, disposition of ambulstory cases,
protection of the property left behind, and many other factors may enter into
the decision relative to svacuation, A blanket evaiuation cannot be made in
advance} each situation can be unique, The following criteria ticrefore are
sugrested as guiéeq/i:uuing the possitle radiolocical hazardsy the final
Cecision must be m;do on the tasis of all relevant factors known at the time,
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Criteria
Table Ia summsrises the radiological eriteria to be used in evalusting

the feazilility of evacuation,

TABLE Ia i ‘

RADIOLOGICAL CRITERIA FOR EVALATIN FZASIDILITY OF EVACTATIOR

¥inimm Effective Biological Dose
That Yust Be Beved By Act Of
Evacuation (Otherwise evacuation

Effective Blological Dosa™
Calculated To Be NDelivered
In A One Year Period

Yollowin~ Fallout wil) ot be indicated,)
Up to 30 roentgeas 4 (o evacuaiion indicated)
30 to 50 roeatgens 1S roentpens B

(Evacuation indicaled without
regard to quantity of dose tret
misht be saved)

50 roentgens and higher

eThe "effective tiolorical dose™ 4n an estimate of a tiologicel "dimare"
doss, taking into account the lengt: of time for delivery of a given
dose, and the reduction of dose due to (a) shielding afforded by
vuildings and (b) the proocess of wsathering,
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The rationale for table Ia is as fallows: She total effective tiolopical
dose that would be receivad if evacuation were not ordersd is odviously a
determining factor, Another eonsideration is the fact that such an action
&s evacuation could be danrercus to the individuals and could also possibly
be detrimental to & very neceszary national effort of weapons development,

One must then ask, "Just how much will be gained (radiation dose saved) by
wvacustion?” Estimates of these two varisiles are indicated in table Ia,
Thus, & populace may recsive up to a calculated 30 roentgen effective blological
dose 1o cne yoar without indicating evacuation; from 30 to 50 roentgens,
evacuatioa wuld be eonsid&.d only 4if at least 15 roentgeas could be saved

by such action; and at 50 roentgens or hicher evacustion would be indlcated
without regard to the possible savings in radiation dose,.

I: making a rough estimate of radiation doses, one may calculate a
theorotical marirum infinity gamma dose a~d then n‘:itrariﬁ divide by some
mmber such as "2% for an estitats of dose actually received, Fiereas this
ey be satisfactory as & first approximation, s more realistic estimate should
e nade, especially w en dealing with doses that misht constitute a health
hasard,

Due to the necessity of making early measurerents and deecigions, it is
to be expected that dose-rate readiigs, taken with survey meters, will be the
available evidence st -t.he tizes of concerz. Table Ib surmarises the paramctars
considered in estimating an effective biological dose based on dose-rate

readings,



At later timss after fallout, better estimatos of redistion doses received
mxy bs obtained from film bedge readings or dosimsters. If these film btedpes
or docimstors aye worn om perscansl and the evidence of their wee supparts the
Wwwmmumhmmmtott&mmmm
received then the valuss reocrded ea the £z dedic or dorimster may be aocepted
with a ocrrection factor of 3/4 to account for the difference betwoen the dose
received by the filn badzs or dssimster (including bactscatter) and that received
st the tissus depth of five omntimsters, Takls Ic may De wsed in eriimating
the effective biclogical dowe,

LR
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Tilz Badge Yose Factor Dose
Filz Badge Piological o Dosimeter TColum B (Tolumn A
Reading Factor Correction x C) x5)
From time of fallsut | |
wtdl time of W /s 3
) svacuation * ’
Froa time of return |
to 15 days after L M e
initisl fallout
Froa 15 days umtil
e year after /3 p VN 1/2
initial fallouat
T0TAL1
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- - A% later times after fallout, better estimates of radistion dozes received
my be sdbtained from fila dadge readings or dosimsters, If these film badges
- - or dosimstars xre Woom ¢ personnel and the evidence of their uwse supports the
l visw that the resdings are & reasomably scourete scoount of the radiation dove
> recsived then the valuss reccrded om the f£ilm bedge or dosimeter may be accepted
with & correction fastor of 3/4 to socount for the difference betwesn the dose
received Yy the f1lm dedge or docimeter (including backscattar) snd that received
st ths tissus depth of five centimsters, Talls Ic mxy be wsed 4in estimating
the sffective Yioclogical duse,
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A > D. . N
=+ B & Effective  Effeciive o
— - Biological Biclogical
: Film Badge Dose Factor Dose
Film Badge Biological or Dosimmter (Colum B (Colum A

» Readin~ F=ctor Correction = C) x D)
Trom tive af fallout
until time of 11 M /s
(
Froa time af return
to 15 dxys after a 3/ 1/2-
initizl fallout
From 15 dxys wntil
one year after 2/3 b Y0 1/2
initisl fallout
}i} | ] YOTiLs
- - «Ths valus of 9/15 hes been roundsd eff to 1/2,
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Discussion of the Biological Factort As longer periods of time are involved

in the dalivery of & plven radiation doss, lssser biclogical effects may be
©pected, Fron the time of fallout ontil the time of evacuation probably
will be & matier of hours w:ich has been considered essentially an instantan-
ecus dose, 1,e,, the biological dose fastor is 1/, From the time evacuation
oould te accorplished to time of return probably voum be a matter of days,

so the bioclogical factor has bLeen estimated at 3/4: Froa 15 days after fallout
until one year later is esmf.!mlly 8 duration of one year, so the bioclogical
factor has been estimated at ‘a/?. It will be noted there is no calevlation
after one year, because it is expected under actual conditions of yadioXogical
and weathering that protably no significant doss will be delivered after a
years time,

It 1s recognized that t.e precise quantities sugrested for the biolop-
ical factor cannot be supported by concluzive evidence, It §s reasonadle to
expect that the delivery of a given radiation dose over a j:erlod of many days
will have less biolorical effectivensss t-an an instantaneous one {nerlecting
genetic effects) and that the extension eof the period to essentially one year
siould yleld a still lower blological factor, One piece of supportive evidence
1s the work of Strandcvist® where X-ray doses to the skin vere fractionated
inte oqm.l» daily amounts, and the biolerical effects compared to a one treat-
ment dose. &%pht of total doses versus days after initial treatment
yielded straight lines, For example, the curve for skin necrvsis indicated a
ratio of 300C/6700 roentgens for & one treatment versus 15 daily equally

«Sievert, Falf M, ®"The Tolerance Josec and the Prevention of Injuries Caused

by Ionising Radiations®. 7y, Y ivh Tovrvs/ g+ Redio !3‘,“,./
Vol. XX,ho0.236.Avg. 1547 - -y ’ v
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fractionated doses, Of course, dally radiatios doses received froo fallout are
not equally frectionated so that tie ratio would te in the directio. of unity,
Dey by day doses delivered frox fallout from the 15t day to One year Are more
asarly equivalent than &t early times {ignoring the weatiering fsctor). Strandgvist
daa do not extend beyond L0 days and it {e guestioc a’le to extrapclate hie deta
in an attenpt to derive a sizilar ratio as alove based on one ysar, since ot:ar
uncertainiies are eo great, 1,0., effects of woatrering as affecting tie rate of dose
delivery, ete, The ratio would presums:ly bLe farther from unity tian for a 15-¢ay
peried,
a . :
™e skin is/relatively rapidly :tpaired orgaa and,thu: Ry terd to over-
et anise the effects of fractiomstiion when considerirg whole-tody gazma dones,
Cronkite reports® "In the dog, with col.alt gamma rays, t:.e dose t:at will xill
SO perce:t of t-.e dogs in a t . irty-day perlod w e delivered in & 8% .fl¢ dosc At
rovg 1y 15 r per mi ute is appro-imately 275 r. After ¢ .is dose of radiatio: t:e
animals tecore 111 wit 1 & period of 7 to 10 da;s a:d dest .2 occur ~eimeen the
eif b a« twenty;-Tife da,, Keoorriage, {.fectins, a4 profound ancmia are
prevalent, If t.e dose {s decredsod to 100 r per day glve: over a fourteea~.our
period, t e let al dose i3 ficreasnd to &0-30C r, Under ‘ot comditions, t.e
arlmals die 12 approximately t:@ saxe period of time wit,: ide.:tical paifestetio.s.
If t'e exposure is dropped to 25 r per day given ovor a fourtoen-.our period, the
let 2l dose is t en increased to well over 1200 r, and t e smplons axd find.ngs
ars ¢c-anged," One probtlem in sue: experimants is t.e evaluatio. of possi:-ility
t-at t-e animals may be virtually desd w:ile the ex-osures are eontinned, this
mirnt e 11lustrated in experiments uging t'e rwrre wiere the dally doses of L2O
200 and 100 roenipe s given tuv t:ree separate groups required 3600 tc hOooo, 2500
to 3200, and 2000 o 2400 tatal mntgpas rupectivaly for 100 par oeant let-ality*™®,
2 Nedical Asppcts of Radiolo«’lcal Lefense, Cronklte, E,Ps lLeciure to Federal Civil
Tefense ddministration, Reglonal Conference of Nort.easters States of Radiolo{cal
and (herical Defenss, Kew York City, Octoter 22, 1953,

#: UCLA-?295, respmonse of t:e furro 1o 100 r Fractianel ¥hole-Tod> Czrma Ta:r tadistion,
Haley, 7., €: al, Junc 10, 195k, 'nclass:fied.
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Experimeantal data reporteé ty Boche” are suwmariszed below.

Bo, of Doss per _ Iose per Srvival Fotal Dose
Days Pay (r) veer (r) Time (¥cs) r
20 10 60 . 24 U0
10 b 36 3 2923

Dnfortunately normal survival times were not given aor were the ages of t:e
anirals, ( ds )

Flefr®* has tave: t e two points from Goche's dats, inserted ti.ese inlo
rds (Blair's) equation relsting reparable a-d irreparatle darsge, T.e ratio
of insta-tansous dose to 1S day dose i3 350/L50 or 0.82, and for L mo 'ths dose
s out 525/350C o 0.67.

Blair suzcests t.at "The poinis ars tos few to deterxine t.e constanis
{(of tic egquation) wit Ar},v apcuracy btut should at least Le in tne proper -
renge,” FHowever, t e eonstants of his aquation -ave checked well wit: more
exteizive data 0: oi.er animals, 'is equations 1 dicate t:at te rate of

&6'7 the Fypes 0f mrmwemeli 24 'u‘rrJ)
recovery of repara le injury, is fastest 13 the motae, a'outl one-"sll as fast
13 t.e rat and 8'out one-seventh as fast is te gul-ea pig a4 dog, Iut as
Blair pol ted out thr reaction of t e dog 1s more representative of t-e larger,

longer-lived anirals,

23TDC-20Y O servations on Fopulations of Anlszls exyosed to T ronic Hoecatsren
I:radiatinie [ocie, RuUs 1947. 'nclassified,

: #0R-207, A Forrlsatic- of the Injur:, 1ife S:as, Tose Felatisns For Ioniel:r

Frdiations, 1. Aprlications to t.e Guinea si-, 6%, &.d 10-. -lair, . &

e
I3 X 5e  TICIBIIITicd,

cTaTTT
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IMscusaion of t.e Attemation aad ¥eat:ering Pactor, From t:e tinme of fallout

until t.e time of evucuation it {s expooted that personnel will be kepti indoors.
{See Policy ) Eajor losses due to weat ¢ring ean mot ve relied upon during
this period, 3o that the sstimated factor is 1/2. From t:e tiu‘ evacustion
oould have beea accomplisted until t.e tims of eslimated retur: &t is n-tsmod
tr.at personnel will te hdoors gout half of eac. 2% ‘ours and t-at major
losses due to weatheri g ean not te relied upon, Toe ever-all factor is t-us
3/L.

The sanc reasoning applies to the t ird period of tims, i,e., from assumed
time of return to 15 da;s after fallout, |

Fron 1S days after fallout until ons Year later it is estizated that the
attemation due to :uildings and tie effeots of weat erirg will yeild an over-
21l factlor of 1/2,

Tose rate readings have Leen take: wit: surve; mcters ocutside and inside
of houses around t-.e Hevada Proviny Grounds after fallout occurred, The ratio
of readings varied ut the typs of eon:tmcuou of t.e house asd wit: tme
location wit:4a t-e tuilding, Gmerﬂ_.;, t:e ratio of readings cutside to
inside a frame house wes about 2/1 wit: a svrew at greater difference for
s ry onstruction, A lirmited mm'er of film 'adges wers placed outaide

ax i-side of s 38 houses durisg Tom ler-Snapper and also Upstot-—rnot-ole,

In the first oase, toe &iffereice in total doses was agal: 2 4o 1 or greatar

but during Ups~oi-Know-ole erdy sbout a 20% difference was noied. In fact,
ia one case during Tpr.otfinothele tie film hadze inside read hig:er tian
cutside, “%ne diffcrences ‘etween L.z3e expirime—al data will Save to e

fuvestifated during frture operations,

ROZJPA0
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T8 very nature o7 t.e weat ering factor ms:es L is & d4i/fic)t paramcter
to evaloate, Te pro-ability of occurre.ce of preaipitation and/or winds ad
o to what degrec nas to e estimated 88 well a3 their effects on rediation
levels, Leaching effecis were studied on solls & out 130 =lles fm ground
{ sero where fallout nad occurred during Dpsiot-Xmotl.ole, nﬁu rate readirgs
were Lngignificantly lower than ¢:ose predicted Uy Mio.iogiul decay aocording
to t-1+2, after a period of more t 22 one ycar, One exscple of the effects
of w.nds whikei. was 0. served during Dpshot-Knoticle, Tne fallout from the
¥arc. 17, 1953 detonation was in & long narrow pattera to t:e east of ground
> sero, The sccond day after fallout & rather sirog surface wind blew almost
, ',' at right angles across the arex, for g out a psriod of a &. Tose rttg
——— realdi~gs were taken on t-e first and fourt~ days at t.e same locations and
t.en were compared. T 6 fourt: day dose rates were less, 'y factors of t'ree
Fun— W six, tian tnoze 1o ‘e expeoted from t.e firsi days resdliigs, lased oa
v rate of decay of t-1.2, (Other fallout measurements indicated t-at the
> . rate of deoary of ?'»ia fallout raterial was not significsntly differest




from t~1+2,) Because of the physieal conditions deacribed above, these
reductions in contamination prolably are neur tre upper limit to be expected

froa wind,

Operastional Peasivility of Criteria
It i3 not the inuent hers to discuass overational procedures, but it

ghonld be isdicated that the computing of radiation doses as recommsndod

1.2

47 Policy Y 1s & not tao difffcult taskz, If one assumes & t - rate of

decay as a firet epproxirzation, then a single graph of dose ratea versus
times after detonation can te consiructed that will represeant a 30 roerigen
effective tiolorical dose for one year, An additional faxily of curves can
bte made tmat will provide ths ansvers to the parancters of howrmch time would
be aveilai.le before evacuation an? of how loas a tine peresmel would -ave to
remein ovt of the radiation arsa in order to provide for a savinzs of at
least 15 roeanifeas, '

The highest whole-tody garma dose recorded for any locality where
persomnel were present cutside the Nevada Proving Grounds was at Riverside
Cabins, Nevada (sbout 15 peopls) following shot numver sevea of Tumbler-
Snapper, e raximum theoretical infinity garma dose was estimated to be
12-15 rosatgeas, - SN
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POLICY IT
Persomnel Remaining Indoors

A, Yhen the gamma dose yrate reading & weasured bty & surve: ‘netar held three
feel alove the ground reaches ti.e values given in tatle IT at the times

indicated, it is recoxzended that persoinel shall te reguesied to remain

$ndoors wit: windows &xd doors elosed.

B. In te event trat t-ere bte convincine evide ce that tre radiation levels

given in the tatle will be yeac ed, it is recommended that perso mel ‘e

regquented ¢5 remain indoors H:FORT t-e fallout occurs or ltefore t'e

radiatiocn levels equal those $n the table, > e
- TABLE IT
Tine of Fallout Carme Tose “Uates At Time
‘ of Fallout

1 hour | gggglﬁ

, 2 horrs . 31000
3 . 667
L = 500
5 Loo
6 = 333
8 = 250

10 e
12 ¢ _ 167
o 5 s ELED

Felease from this restrictive action shall bte made on the lasis of

further evilua‘ios of tie radiological eoxditions,

-
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C. Jt is recormended that poople w o had teen ovt—of-doors during fallout

of the aove mar—itude or greater te advised to change clothing md'to

tathe, ‘The elotil.ing may be eleaned b+ normal means, Fhile tatning,

special stiention s-ould (e paid to t-e hair and any exposed parts of the

ﬁ." »

P. In the eveat that the moniioring takes place AF T the fallout has occurred,

and extranolation of t.e dose rate readings equals or exceeds those in

talle YT at the estimated time of fallout, thea §t is recorme ded that tie

sime acdvice te plven ag in the preceding paragraph,

CrERE AR ARNSERTESERS

PCLICY XY

Personncl Remal-ins Indoors

DISCUSSIOK

The actior of requesting personnel to remain indoors is predicated on
the principle that the radiation levels are telow thoss isublia‘wqd for evacu-
ation and that this action oould reduce t:e amount of ecntazination ef personnel
ard reduce somew-ati the wiole-tody gamca dose, (See Appendix A for estimates
of reduction in wiole-lody gamma dose.) The actual "savings" healthwise have
to te talanced sgainst posali:le adverse puslic reactlion,

the prineipal gain in requesting personiel to remain indoors is to
prevent or reduvce the amount of atomic de: ris v:at may actually fall on the
tod. or clot 1nz, Since tie pea: of fallout usually occurs s ortly after

the stlart of fallout, it is important that prozpt declsions a:d actions bte

XIny P ?QT
A = /Y



taxen. Thus, by necessity, the most practical eriteria upon vhich to base a
decizion are gumma dose rate readings, which are in turn related to the
saount of fallout,

Reia Dose To Sxin
The aost imnediats solution might be to establish lower permitt_ed

dose rate lsvels at 1ster times after detonation, Eowvever, if a series of
dose rates are estadblished for increasing times after detonstion so that
their relationship follows ™12, then the doses delivered in X bours
(before the material is washed off) will be grester for sarlisr times
after detonation, If one vers sure of the time that the fellout :atoriq.
vas to remain in place, then a scale of dose rates versus time sfter detan-
stion could be xade to yleld the sane total dose over the X hours. 8incs
there is obvicusly no set tine period for durstion of contast that would
be valid for all sases, one might assums the worst ¢ase vhers the material
rezeins in place until its activity has decayed to an insignificant level,
Dose rates oould then de i,pproxiuhd, to yield a given infinity dose, by

De 5kt vhere: D 3 infinity dose
A ® dose rate et time “t°,

If the above discussion is accepted, then the rezaining question 1s to
set the infinity dose. Eers, we mist de clear that vhareas the msasurezents
taken by the mounitors, and the data wpon vhich action will be decided vill
be gaxxa dose rate readings, the point of principal concern is the beta doze
deliversd to ths basal layer of the epidermis (assured es 7 milligrazs per
square centimeter), The ratioc of emission of beta to garma {s a function of



time after detonation asd follows no simpl- relstiongtip, Furt.er, t-is ratic
at ary give: tinme aftar detonation has net teen fircly esis lised, One

o report® sugpests the following datas

( ' . Time after detonation Beta/cacra
72 hours 157/1
168 hours 1561

These dais were o' taiued from a cloud sample, raiter tnan actual fallout
material, a-.d were a measure of surface dose o: a plagque using & "dosimeter-
type tete-ray surfece io:isation chamber,”
) - The method of collection surrests the possitility that the thiciness
of material on the plagues may ba less than t-at to :e expecied from the
——-} amount ¢f fallout that would bs of eoncern wien estinatling prona ilities of
teta tur:s, 7 1s would result i: a differest angdar disiri-utio: of the
— vetas influencing t:.e Leis dose rate in the direction of a higier value for

e the plaques,

J Anoter reportl indicates & beta to gama yatioc of 130 to 1 tased on
T t-eoretical compuriations. & t:ird nport? surgests 8 radically lower ratiog
however, there ma: be some doul't as to $ts coclusions since tre fo-isation
chan er used to measure garmas enly, had a wall thickness of 1 mm of uakelite
which ¥,,, excluded a scall part of the total garma dose presest, as well as
a large, tut usimown, fraction of tue bets,* (The ymage of 0,35 Mev tetas is
sbout )00 ng/caz or approximatel; 1 .n of baielite,) For our discussicn h;zrc,

A1

we will assume & wurface beta to gam:a ratio of 150 to 1, i

#1fady
IV

VNN

In estimating t:e .eta dose to the tasal la er of t:e epldermnis, one ma:r

refer to tre work of “enrigucs:‘!. ¥e exmosed t e skin of Choester ¥rite pirg
«..=-20, Selentific Iirectorts Repori, Annex 6,5, ®"Interpretation of Jurvei-melcr i&taMe: <
1 ¥“An Fstimate of the Rela'ive Haszard of ‘eta ax Gamrma l@diation from Flssion Products™,
Sullivan, ¥illis= P!, N'Dl. April 1949, CONFIL:-NZIAL
2 U:xP-37, Project L.7 "Carma-~ ela Fatio in t e Foit-s ot Conlaminated Arca", June 1953.
COHFIT iNTIALRE TFICTID TATA. .

3 *Fffcct of Beta Re.s on the “kin As A hm%m‘ze ‘nerg., Intensity, and Duratlo: of
"0E/yq Fadialio ", Henriques, I.ie Iatoralorv invesfitatio-. Vol., 1, Mo, 2, Suzzer 1952.
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to plaques containing differemt radioisotopss., Pertinent dsta axre abstracted

as follows!
Surface Dose Required to Froduce  Estinmated Azount o
: § Rscognisable Transepidermal Radistion That Pene-
Injury (Roentgen-equivalent- trated Skin to A Depth
Zsotove  Juersy |
Tttrim’t 1,53 " 1,500 ; 1,200
Stront1za?0 0,61 1,500 1,400

Tttrim?® 2,20/

The sverage maximm energy of the beta particles from fallout material

miavithtimhatuiuh;smodtob‘ronghlympnubh,nm-pqctto

depth dose, to !ttrinngl or 81'90—!90. . Since tho‘ genma doss at a depth of
7n¢/n2wmmu-1¢nuumhwmmmmfmma&,
the ratio of 130 to 1 for beta~gexma will bs asruxed at the basal layer of
the epidermis,

{Oce experiment with sheep, using 5r7°-Y plaques, showed that 2500
reps at the plagques' surface produced ulesration in one tut not another of
two sheop.® On the other hand, 1000 rsds c‘!alinrd. to tissue depth of
7q/n2au¢r32muohamuum{upoznmmmm)mm
tanning, prolonged erytheza and desquasation,®®)

It {s to be remembersd that the adove discussion was first bDased on
aurface gaxma dose rates vhereas the monitors vill be making their gerzma

#vCorparative Study of Experimentally Produced Beta Lesions and Skin Xesions
in Ttah Range Sheep®, Lushbaugh, C.E., Spalding, J.¥., and Eals, D.B, LASL
*8R-33068 A status report. Sert. 15, 1954 (CORFIDENTIAL).
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zeasurexents at & height of three fest., Past field experisnce has indicated
that the gemma reading from lonisstion-type survey meters at ground level
{s sbout 50% higher than at three fest., Therefore if it be assumed that
a ground level gauna reading of a survey meter is equivalent to & surface
ose rate, the ratic of beta doze rate at 7 xz/ea’ to ganma dose rete at

$hres foot 1s about 200 o0 1.
Another spproach to estimating the ratio of beta dose rate st 7 xg/ex?

'to gazmxa dose rate at three feot is es follows, Assuzing a wnifors distri-

bution of 1.0 megacurie per squars mils of gamma activity, the &ose rate
rezding from an infinite field {s about 4.1 roeatgens/bour.® Calculations
given in appendix B indicate that s liks oovcentration of fallout utcrial
vill produce about 430 reps/hour st 7 mg/cs?. This suggests a beta to
gazza ratio of about 100 to 1 which is adout a factor of $wo lover than
the first approach. Added support to this latter msthod of estimating
beta Soses is found 4in sppendix €, “

Such eonsiderations may be fraught with pitfalls. For exsxple, the
above discussion aplies & uniforr distribution of falbut material, Obviously,
this {s not correct but how far this deviates from the facts and to wvhat
extent this influences the results s difficult to assess. Calculations
{ndicate that the production of recognisable beta bLurns SLrom a single
partisle requires a high specifie astivity. (See Policy III for dlscussion.)
It-q/bo“flham,thdmpctm“ettdlwtmmumwhuhm
overlapping of redistion fields and thus require significantly Ilover
specifie activity of the particles to produce beta bturns. This hypotbesis

mom e
SN

#xpffects of Atomic Veapons®, 1950
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has support in that even the most supsrficial beta burns of the matives
exposed to fallout following the March 1, 1954 detonation showsd & general
ares affected rather than small individval spots, On the other hani, the
oxttls and horses exposed near the Bevada Proving @rounds showed Warns
over areas only atout the sise of a quarter. BPven though these mey mot
have been produced ty single particles, they do represent less of an sres
effect then suggested for the natives, Also, redicautographs of the fallout
1n greas outside the NFG suggest the oocwrrence of individual particles
with noneoverlapping of radiation fislds, Eovever, in nesrby arsas vhere
the fallout wes relativaly heavy, there vas & definite overlapping of the _
fields,

'WITH OUR PRESENT KWOWLEDGE IT SHOULD BE STATED THAT DUE TO THE
PARTICULATE MATURE OF FALLOUT IT WOULD ROT BE POSSIELE TO ESTABLISE
REASOKABLE AND OPERATIONALLY WORKABLE CRITIRIA THAT AT THE SBAME TIME
WOULD GUARARTER THAT YHZRE JEVER WOULD BE AN OCCURRERCE OF A BETA BURN.

If one vere to accept the assmmed deta to gumma dose rates of about
100=200 to 1 (msasured under the oonditions given sbove), this might mean
an infinity beta dose of 1000=2000 reps to the basal laysr of the spidermis
vhen the whols body infinity gamss dose vas 10 roentgens, Ofemn-n,t.ho
fallout material mey de removed before the infinity doss is delivered;
yot, o the other hand, £t is not iamprobable that &t could remmin in the
hair for essentially this langth of time. Iz the case of a one=hour fallout,
almost ons half of the dose would be delivared in ths next 24 bhowurs.

l g ?
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The afficiency of a surface for sollecting and holding the fallout
material is important. It is pot surprising thatthe highest dose rate
readings as vell as bdlologieal effects were noted on the hair of the nstives
and also on parts ef the exposed body whers perspirstion vas present.
Further, it was observed that evez enms laysr of light cotton material was
sufficient to protect agalnst bets skin damage in xost eases®. This vas
dus probably not to the relatively small sttenustion of the betas by the
elothing but rather to the physical sftustion of holding the raldioactive
material at some distancs from the skin, vhich effect would be relatively large.

An sdded eonsiderstion is the posaibility of high beta doses
delivered to perscanel from the falbut-material lying on tbe ground end -
other surfaces. If the highest degres of contaxination considered under
this policy is aafe vhen in direct eontact with the skin, then the beta
dose fron an egually contaminated ground will mot be hasardous, (See
Policy III for diseussion on wnequal contarination on persomnel.) Hovever,
it 1s trus that tho oontaiution nay excesd the smount to deliver dose
rates given in hblo II und yst not bde great cnonzh to eon.sidor evacuation,
Some persomnel may not go indoors snd those vho did will eventually be
released fron this restrictive action and then zay walk around {n &
relatively highly contazinated area. Becsuse of the more limited range

. ¢f the beta, the location of grestest cencern is the lover legs,

One report estimstes a beta to gamma dose rate ratio of about 75
t0 1 «t 10 continmstars adove the ground ., #* Under Folicy I it was recon~

% ITE~9z3. Study of Response of Human Beinss iccidentslly Exyozed to
ific Rad} Cron}_ite, E. P., lt a l, Mey 1954.
*#.0-95(k) ; e o e d Garra Radie

Lror ¥Fission Froducte, Condit, R.I., Dyson, J,r, and Lurxb, W.A.S. NRDL
1949 (UNCLASSIFILD)
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mended that sonsidsration be given $o evacustion vhen the guma doss rate
Mmgstmrmm.mmh,ms.zr/hrnwm.
Roughly, this would eorrespond to about 460 reps/hr of beta at 10 osnti-
‘seters., 0Of course, this activity desays and aleo it is presumed that
personnel would be semt indoors, st least for a few hours, On the sther
hand, it strongly suggests that biologically significent doses may be
delivered to the feet if mot yrotected, 5kin lesions wers frequsaot om ths
bere fest of the natives evacusted during CASTLE, This prodably vas a
oombinstion of Deta dose from material on the ground end from that seuffed
W over the bare fest and then elinging to the skin. (Fo lesioms wers
ghemered o Dt of e foy TPy i S0t i sputerad e 4
It would be expscted that normal elosed-type footwear {(as eompared to
open sandals) would afford adequate protection to the fest from such high
beta doses as disoussed bers. There is still no guarantes that beta
, radistion from material on the ground will not deliver significant
> ; biological doses to the ankles and perhaps lower legs, after personnsl
are relsazed from staying indoors. For exanple, if the deta dose st 10
osntineters above the gromnd is 460 reps/hr at Ef3 bours, it would be
about 190 repshr three hours later and 120 reps/hr six howrs later.
One further possibility 4s the accurmlstion of rediocactive material
© around the ankles snd Jover legs resulting from normal valking sbout the
*urn. This is discussed under Folicy III.
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Rats O Hman Zxoomures
, The work ef Nemriquesl suggests that at the 4 epth of 0,09 mm in
’“‘: 1iving porcine skin (maximum thickness of o pidermis) that *1400 £ 300
— rosntgen—equivalent-beta® (deliversd over short periods of time o that
they may be emmed to be instantaneous) is required to produce recognis-
able transeriderzal injury. 7The curve of biological damage rises rather
sherply so that at a dose of Just wnder 2000 yep (at 0.09 mm), ths epiderxis
sy be expected to exfoliste and in the majority of cases go on to develop
chroniec radistion dsrmatitis persisting for menths, ,
T The preceding discussion suggests that, using the gauma dose rates
Yisted in the eriteria under this Folicy, which are besed ca sn estimsted
;_H, | 10 rosntgen infinity ganma dose, as high as 2,000 reps might be delivered
to the basal layer of the spidarmis over a period of time ecversd ky the
. 1ifetine of the radicactive material.
¥ There have been instances vhare the ealculsted infinity gamma dose
( in sreas where personnal wers present sround the Fevada Proving Grounds
N hmnwhodlzobmentgmwtthcnh:nbmmm“suothh
burns in thess arsas. The pumber of persons involved in thess sreas of
highest contamination vas relatively sxall, perhaps a fev dozen, and with
ax observed durztion of fallout of about one bour it is possible that
} they were not in a position to receive the full fallout, Likevise, ximute
areas of the skin may have besn 80 affected yst not detected or reported.
In other areas encorpessing soms 2,000 people the infinity gexma ?osoﬂ vas
about eight roemtgens and no instances of beta injury appeared. Fl
1l gu.cit.
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The sstizated vhole-body gamna dose to natives evasusted from the
1sland of Utirikx folloving the Mareh 1, 1954 dstonstion st the Pacific
Proving Or eund was about 15 roeatgens for a period of sbout three dxys,
But 5o beta burns appeared. It is falr to sssuwe here that direet contan-
Miontookpluoﬂu-tothoirwdoofnving including housing that was
quite opea to air currents. Oawma doze rats readings were teken over the
bodies of the natives at sbout E plus 78 hours both on the beach and after
boarding the ahip. On the Deach the personnel readings sveraged adbout
20 xr/hr gamma (but this probsbly included some contribution from the
ground cortamination), and after wading through the surf aad boarding tﬁo
ship the levels averags' 7 sr/nr gm. t

The 18 natives on Sifo Island, Aflinginee Atoll, recelived an estie
mated whole-body ganme dose of 75 roentgens 1n about two and a quarter
dsys., Of these, 1/ later axpearienced slight beta burms, 2, moderate bwrus,
and none showed epilation,

In the case of the Rongelap natives, the estimated whole-body dose
was sbout 150 roentgens in adout two dxys. A1l & natives later exper-
fenced bets burns to soze degree fror =zlight to severe and over half of
the natives showved epilation fronx nlight to severe,

The 18 natives froa Rongelap evacuated directly by air to Kwajzlein
had personnsl gamsa dose-rate levels geosrally 80 to 100 xr/hr although
one vas as high as 240 =r/hr and one as lov as 10 mr/hr (et ¥ plus sbout
55 tours), The rexaining 48 natives evacuated by ship were reported to
have persomnel readings that "averaged” & xr/kr before decontarinationm,
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The picture is further confused decause soms of the natives bad bathed and
scne had mot Lefors the arrival of the svasustion temn,

¥ost of the 22 U.S. Service psrsonnel staticned oa Enivetak Island,
Bongerik Atoll, received about {0-50 rosntgens, based en fila badge reade
ings, Three mezbers of the group vho were located for part of the tixe in
another section of the island wvere estimated to have received somevhat
higher doses, Ssveatean of the 28 persannsl shoved only slight super-
ficial lesions vith ons questionsdle case of epilation. It should be
pointed out that the persounel were &n metal buildings during some of the
fallout tize and for most of the time thereafter until evacustion., %This
reducodt.hodiru;toontmucnunnutho\dmh-bodygammo.
A £1l» badge henging an the center pole of a tent at one end of the Ssland
read 98 roentgens, Calculstions based on 30se rate readings st another
part of the island indicated somewhat lowsr doses, if persomnel had
mainodhthocpntorthopciodcftmfmtmm(mnplu
7.5hom)tonwmm(utabont!plm3l.houn). Upon arrival st
xwddnentpermndgmaonmmmuhm»mn/hr
at about E plns 35 howrs,
| The above édata do suggest that there rmay be possible & rough
bracketing of gamma-beta doses versus beta burns, On the one hand, the
natives from Uilirik received an estinated whole-body gazma dose of 15
roeatgens and shoved mo evidence of beta burns. On the otber hand, the
natives on 8ifo Island, Allinginas Atoll, received adbout an estixated
whole=body gazza dose of 75 roentgens with 14 personnel showing elight
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burns, 2, ®odsrxte burns, 2, no turns, 3 vith moderste epilation, and 15
with mo epllation, Ia addition, Pongelsp natives received 150 roemtgens
whole-body gemma dose, and about 90% showed soms degres of lesions end 56
, soxze degree of epilation, . :

It 1s to be recallsd that: (;)mnmmmmumea-or-
doors snd received the full fallout, (b) ths oily hair, sexi-nsked per-
apiring bodies ineluding bare fest, and lack of bathing for most would tend
%o eollect and hold the fallout material, (¢) the tizes of delivery of essen~
‘tidhmoftbcdoaumtmtom&va. Further, it xay be specu-

-m.dthatthtfalhutanthomndhtsntblmdofﬁtw (adout 300

statute xilss) would eonsist of emaller particles and also perhxps lssser
possibility of overlapping of radistion fields fron thess particles. |

Some of the relevant data are sumaarised in table II. Dus to the
uncertalnty of the degree of exposure of persomnel on Rongerik te the direct
fallout, this group &s not included, It is to de immedistely exphasised that
sny comparisons made or {mplied in the table are at the most only sexi-
quantitative, Table II will be refwrred to in Policlies III and IV Wt is
ineluded bere as & suxmary of the dsta discuszed adove,

Data On Anirs) Expogyres
The data on animal exposures are lsss firm than those for humans,

Unzistakshbls beta turns ecourred on catile at Alamogordo /n July 1945, on
cattle at the Eevada Proving Grounds in spring 1952, and on horses in

IS 59
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spring 1953, (The skin damege observed on sheep in the spring 1953 was not
established to De beta burms,) Bowever, the exact positions of the animals
in relation to known smounts ef fallout are act slsar,

B Pollowing the last detonation of the spring 1952 series at the Nevada
Proving Orounds, sbout ons half of & herd of 150 head of cattls were found
to beve e vidence of beta burns. They vere thought to have besn 15-20 miles
from ground sero in Kavich Yalley to the portheast and to have been exposed
to fallout from the last detonstion, (14 KT on a 300 foot tower) Highest
dose rate readings taken along & dirt road rwming lengthwise through
this valley, integrated to 75-100 {mfinity gazma doses,

During Upshot-Xnothole, 16 horses showed skin lesions over the back -

and eye daxage vas moted in a fev, The bdest evidance indicsted that the
horses vere some £8-10 miles to the east of ground serc om 17 March 1934,
shere the fallout occurred from the first detonstion (16 KT on a 300 foot
tover), Radiation levels in this ares are pot known with eertainty but
the fallout occurred in a narrov band and vas carried by relstively high
velocity winds po that it probadly fell om the horses at a time less than
ene hour. If so, probably more than ozne~helf of the infinity doese was
delivered during the next day.

Sperstiona] Feasibility
Under the eriteria recarmended is Peliey II, there would have been

two occasions in the past whers personnel wnldhmbumArequcstodto
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resain fndoors. 0nce was &b Lincoln Mine folloving the second detonstien
of Upshot-Knothole whers they vers so requested to rexain indcors for two
bours and the other oocasion would have besn at Riverside Cabins (pojulstion
about 15) following the minth detanation of the sane series, The doas rate
‘reading ot Lincoln Mine was 580 mr/hr et EA2. Is thus case of Riverside
Cabins, bovever, the radiological eanditions wers mot ascertained matil
after thes fallout had eccurred. The maximm infinity gamsa dose in the
istter case was 12-15 roemtgens.

Persomel wvere requested to remain indoors (for about two hours)
following the ninth detonation of Upahot-Xnothole. The highest doss rate
reading vas 320 xr/hr &t E plus 4.5 hours. This is less than the eurremt
recomeendstions,
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0AMMA DOSE BRATES AY TIMES
EEL SEOULD BE RECOMMEKDED

over_Relutively Large Areas (one=half

IABLE 111 i
DITONATION WHEK DECONTAMIRATION OF PERSON=
on Bitustion of Contaminstion Existing

aquare fool or more) of the Expoped .
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The sises of areas and distances fram the surfaces were selected inde-
pendently of any of the information en the fallout ocm the natives discussed
adove snd vere estimates of areas of contemination and distances of monitor-
Luﬁuu&lmynrulGOborﬂwmuﬁhtﬂﬁhmaaleftMuo]nrcuMnm. The &losse
agresnent between the gauma dose rate ratios based on theorstical eonsibera~
tions and those observed vith the natives 4s circumstantial., PYor exampls,
an equally eontaminated area of three-inch radius would yield a theorstical
gexma dose ;x:'mvt!ms less than the selected arez of sim-inch radius,

In the case of the natives, howevar, it is believed that they wvere sexi-naked,
porspi.rlng, snd out-of-doors during the fallout so that it {s mot unreasonable
to expect relatively large aress of the body t0 be contaninsted. In fact,
this was noted vhen they were monitored. By their acts of walking eround
during the period of fallout and sleeping on mats that were hexvily contazin-
ated it would seew possible that significant areas of the bodies of the
Allinginse and Utirik natives sould be as heavily contaminated as was the
ground, (It!a;umuwunlttbQNbvuﬁ sufficient winds that might have

raised the nmeterial from the ground to the body after fallout ceccurred,)

There 1s furtber unosrtainty of it 1s meant by the monitor's report
of "sverage" personnel readings, The dose rate readings in ths hair sre kmown
to bave been significantly higher than the rest of the bedy in most eases.
It is wnknown how these readings wvere ':nngud'Q

Vhersas thess data certainly are mot firm enough for ons to place great
eonfidence in the precise quantities of the retios of 7/1 or B{IA ;hcy do
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r-ﬁmion sxposurs vhensver possible, bathing and a shange of elothing pight
be suggested m-’ situations vhaere ths whole~body infinity gamme dose was
m.mmmgmuﬂm&wtormmthomam
hm.

Rska Op Nuzans.
In table II it vas suggested that the relative average gazma dose

rates from sn infinity contaminated fisld at three feet adove the ground
eoxpu‘dtothxtonthomimmbynsmuhrbolddoubtho

body wass ' ‘
% % 9/1 (Utirix Atodl)
gl ¥ 8/1 (Miingion ito11)
53 mo,
% z 16/1 (Rongelap Atoll)

It 4s recogniszed there are many wncertainties in estimating such a
relstionship by this means, Even if one ascumes the dose rm néding: vere
taken acourately the factors involvsd, especially in relaticn to the smount
of material collected and retained an the body, ¢artainly are not constant.
The higher ratio at Rongelsp Atoll might have been dus to a physical
phenorencn vhere the quantity of material falling per unit area vas s0
grest that it vas not retained so completaly on the body, Even if this
explanation 1s accepted, thers still re=ain many questions,

YTheoretical considerations ind{cste a gamza doss rate ratio st three
fest above an i{nfinitely contaninated field to that at four irches from an
equally eontaninated field of six inch radius to be sbout 7/1. (See Appendix D.)
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indicete the obvious fallagy of apcepting s 10-roemtgen infinity doss based
on garma dose rstes measured on personnel sutside the radiation field., FYor
exzxple, the natives from Aflinginas showed personnal doss rale readings
that would approximate nine roentgens (gama) in 2{ days and yet skin damage
7] wmdegnmwidnthMmtofiSnfthmmd. On the ether
hand, the natives from Btirik showed mo akin dmmsge with an estimated 2.2
rosutgens ir 2} days based on gaxma dose rates measured on personnsl, The
wncertainty of thess data was discussed under Policy II, They do suggest,
however, that 4f the eontaxination of & relatively large area of the sxposed
body produces less than cne fountgen infinite gexms dose as measured by &
survey nster held four inehes froz the .-urrm‘thm 13 a large probability
that dets burns vill not result. (Ses also discussion under Poliey II.)

Rogeg Lrom Spall Sources

Mtha@ksorﬂeuﬁingbmdueedﬁu;imhaightabonu
surfece froz & emaller area, the smount of ocontanination per unit area is
grester (othar t&ctéra being equal). nmb, it would seen desirahle
to reduce the recomasndsd dose rate levels vhen relatively small areas are
1nm1;td. It is recognised that radiation from another nearby spot uyy con-
tritute to ths survey meter reading vhen monitoring a ssall area on personnel,
but this bhas Bot been taken into ascount, first becsuse of the &iffisulty of
establishing a prior appraisal of this variabls factor and, second, ubaterer
this eoatributiocn may de it will nov become an added safsty factor.

Of oourss, the problax is still eoxplex becsuse when oconsidering
a@w and sraller areas the eventual end point i & single particle.

L By
Eamiu:}



hutim.dm;dotudmoutmof;niwinm:phm surrounding
s fallout partiecls is given in Appendix I and an estimate of beta doses fron
a single particle required to produce recognisabls erytherma is presesunted in
Appendix P, Calculations indicate that the specific activity of scze indivi-
dual perticles found fn fallout would be great enough to produce recognizable
srytheza if held in eontact with the skin for less than ons day, yst the gamms
Gose rate realing st 4 inches may be quite small., (See Appendix 0.)
A4ditional information on dozes from individual perticles has recently
been reported*, The perticles found in and around Eanford eonsisted prinei-
pally of thres radioisctopss, Rul®3, mul06 and 1ts daughter KulOS. fhe data
end caleulstions in Appendix K also strongly indicate that a single fallout
particls could produce a recognisable arythema.

Contepination of Clothing

In ths case of contanination of elothing, higher @osortbﬂnightb.
tolerated than those for exposed parts of the body. This was exemplified
in the nstives vhers no beta burns were observed under elsthing of ths most
highly eontaxinated personnel. (This does mot include such arsas as under
the valst line vhere material apparently eollected and vas held ia placs.)
On the other hand, very large increases in oontaninstion should mot be tol-
eratesd since {t is possible for the clothing to be rearrenged soc as to bring
the eontanminsted surfase in sontat vith the skin, FPurther, it is mot
uwnlikely that one may rvb his hands over his elothing and then through the

At mrFiria !
hair vhere &% oould de held in place for relatively long periods of tirs,
#-33068. A status report. Sept. 15, 1954. ST
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A further consideration is the beta dose to the hands resulting froz
handling objects contaminsted with fallout material. Although some data are
availeble en beta burns fror handling radicactive objects, tha conditions
are so different from those assoclated with fallout that Wl proba-
bly would not be valid,®

If the zbove assuzptions and ealculstions are eorrect eoncerning con—
taninstion of a general area from fallout, then the transfer of all the
radicactive material to the hands from an object of equal area would not
constitute & hazard, Thus, one might consider uecing as eriteria for on=
itoring objects, the dose realings givin above for monitoring persomnel
outside the general radiation field.

No ¥ However, the problem is more complex since the hands may eoze intc
contact with contaminsted surfaces many timss larger in ares than the
hsnds, wvith sn undstermined parcentage of activity being transferrsd to
the handa, VOf course, an added unoertainty is ths frequency of washing of
the hands and/or the rubbing off of the material frow the hands.

Further, ons might speculste that a given surface eould have signifi-
cantly higher contarination than the goneral ares and that the handling of
such a surface oould eonstitute & grester risk, This might be true because
of the grester amount of activity transferred to the hands or because of
the doses delivered during the time of actually handling the object, The
uncertainty of the percentage of transfer of material bas bsen mentioned,
One uncertainmty in the second case 1s the length of time the object would

AN
be handled, Fa_wu
$*Eeta Ray Burns of Huzan Skin". EKn<owlton, et al. The Jowrnal of the

rerican Medi 30¢C on, V. 142, Fo. 4. Sept. 24, 194%.
oo — D
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Based on ealoulations in Appendices 3 and D, vhen m object is held
in a hand, & rough estizate of the ratio of doss rates ef bdeta to the basal
layer of the spidermis to that of the gavma realing on & survey meter held
four inches sway from an objeot two inches in radius (ocutside a general
rediation field) is 2600-5200 t0 1. (Appendix I) Thus, i€ this object wers
eontaxinated with the seme activity per unit ares that would produce a
10-rosutgen whole=body gamma dose from general contaminstion of the area,
it would produsce about 77 xr/hr gaxma at four inches avay at Bfl hours,
and abott 200400 reps/bour at & depth of 7 ag/en’.® Since the palms of
the hands have sn approximate splderzal layer of sbout 40 ng/ez® the beta
dose to the basal laysr would be about 135-270 reps/bour. (Ths time of h
EAL vas selected to shov about the highest magnitude of dose rates,) If
one assumes that the decsy ls acoording to t 1°2
doss to the bascal laysr of the epidermis in the next 10 hours would be
about 250500 reps. N

Vhereas the above estimates do not indicate an alarming situation, a
more sericus problex may ecme when the contamination is ju-t less than that
vhere svacustion is indiested. For example, the contarinstion of the general
ares nxy bde five or six times that used ss an {llustration in the preceding
psragrarh, without svacuation being recomnmended. Thus, beta dose rates
from handling objects, sspecially ia times soon after fallout, may be high
snough to be & problea, lsinplolﬁdaxpodimtmeedmtcuanuthh
factor 1s frequent washing of the hands after handling objects that were in

, then the total beta

®*Tnese pumbers egree fairly well with the computations in "Beta-contact
Hazards Assoclated with Gamms~radistion leasurerents of ¥ixed Fission
Froducts®, Teresi, J.D., USKRDL-383 {CONPIDENTIAL)

unch
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It wvas suggested in Policy II thet normal closed-4ype footwear (as
sompared to such as open sandals) would yrobably afford adequste protection
against significent bete doses to the feet from fallout materiel on the ground,
Thers 1s still the sided problem if the material be acuffed wp and eling to
the ankles and lower legs. If there vere no intervening elothing, or
perhaps sven vith thin stockings or socks, this might result in significant
blological beta doses being deliversd to these parts. For exszpls, if the
;maaommmﬁwhmmmthmhasmﬁ‘mm
per hour, evacustion would not bde indicated. Howsver, for fallout materimd
of the same concentration im eontact with the skin the beta dose rate at
7 ng/ex® would be about €00 reps/hour. (Ses Appendix B,) Presumably, per-
sonnel would be kert indoors for a few hours bt upon release the approxinmste
beta dose rates at 7 mg/ex? would be 260 mé/br three kours lster or 210 wé/hr
six hours later. In addition, there is the variable factor of vhat conosm~
wmu’%&muwmnmom-uamwmmm
an area, |

A concentration of fallout materisl on the ground that would result
in about 20 roentgens meximum theoretical infinity gamma dose, if in ¢ antact
vith the skin would result in a beta dose rete to the basal layer of the skin

of about 1/, WS those indicated in the previcus paregraph,

73 7/
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hen warned with oW vents ed and the cars
d be mon through the oon ed When
ess than 10 t ean unt
icted scross & highwa hicles shoul wvarned coed with
4 air yents ¢clo 8 ponito er
he sxinated ni 8 d be un

fhere {s reaconsble belief that no or very fev additional vehicles vill

exceoed the vyalues given in table IV,e.
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T LF IV.a,

Camma Dose Rates at Jimes After Detonation Yhen Decontarimtion
of Motor Vehicles Should be Fecomended

Tine After Detonation Carma Dosc Pates At Time of
of Konitoring Eoni toring
(=&r,

1 bhour 1000
2 hours 500
3 333
Lo | =
5 o - 200
& 167
§ » | 125
0 * 100
12 = ' 83
2 " 12,
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POLICY IV
pISCISSION

¥onitoring and pecontamiation of Eotor Yehicles

- In the past, fallout has ocourred acroas tigways in significant quantities,
C Table IV.b, below indicates soae psriinent data curi:x.; Dpshot-Xnothols.
fuoLr IV.b.
Estimated
Dose Hats
feading of Approxinats
ghot Approx- ‘ Highway at Tistance
Number {mate ™pe of Time of from
_ (C rono- TYield Fallout Fallout Cround Zero
) Jogical __LKT) . Tower (1irs) (or/hr) 1ocation (xiles)
1 17 300! 1} 920 ° 30 miles south of & -
Alamo o2 Hyw, #93
1l 17 . 2 /L 260 1 mile norta of 130
' 3t, Ceorge,!tah
— é — 28 » s 325 Junctioa of U.S,
: Hw, £91 and 80
Kevada Hyw.FLO
) T s1 » L} 760 2¢ atiles northw,
. ) C‘lfiﬂale,m-on
. How, £93
7 S1 . 7 k00 8 miles west of 105
ge’q'diu'mo
H)"of;gl
9 32 o 2 1000 36 eiles rnorth 60
Clendale on
9 - 2 " y3/u k2o St Ceorge,Utah 130
. Hyw. #91
T o~ "“
PR
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Road blocks were establighed on Pighways 93 and 91 following shots
mzber seven &nd pine of vpt:o‘b-:mthbh. The highest reading on a private
sutomobile was 100 mr/hr (gamma) inside and 110 mr/hr outside at H plus 33
hours, About 75 cars were washad (rovghly 1/ of the total monditored).

All of the ears that were wasied except the ons mentioned stove, had ovtsaide
dose rate readings lezs than half of the higtest, 7The ratio of dose rate
readings ou the outside of the car to inside varied froz unity to about W/1,
Probably ons of the important factors here is the difference betwes: driving
with windows axi/or ventilators opened or elosed, One bus read 250 mr/hr
outside and gverage of 100 mr/hr $nside with & high inside reading over the
rear seat of 1L0 »r/hr at ® plns 8 ¥/ hours,

Considering the amount of time one normally spends i: ar autopot:ile,
these dose rates 4o uot necessarily represest a health hazard in terns of

ga~=a doses, What is prodably & more limiting factor is the direct contam-

{nation one might asquire by rutbing agaiast the gutside eof the car, especially

when changing a tire,

It is umed that monitoring will be acoomplished outside a genersl
radiation field, Theoretical ealoulations (Appendix D) indicate that garma
dose rate readings taken at four inches fron & surface will te 51%, L27, and
275 of those by & meter at three foeot abova An equally contamimated infinite
field when the redil of contamination are respectively 3 feet, 2 feet, &t
1 foot.

"hese data su-rest that when t.e gatma dose rate readisg at four
incres froz & ge.erally contaninated car is atout one half t.at for an

infinite pla-e taken at three feet, t.e degree of coutanminstio: per unit

|0 el
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area will be about equal; and when the wheels are being momitored 33 to 1/L

of a gama dose rate readiag will represent equivalent contami nation, Atf‘*a»-‘v TRe
- g9 mm contributiomn from tae bady of Fne tonfominatad vehii/y) '

2.1 Another factor to e sonsidered is that the prouability of collseting
‘ fallout material oa the body from & generally contaxzirated area in which
) ; one lives is greater than from one's sutomobile, On tie ether hand, it ras
teen noted 1in the past that significantly higher amounts of costamination
have heen found on the tires and under parts of fenders than on the remainder
of the car, (Undoubtedly, thie is & simple phenomenon of pickiag up the

sctivity from the higiway,) If one were to eharge & heavily contaminated

C tire, sigrificact amounts of radioactive materiel might accumlate on the
hands, and later be transferred to the hair or eyes by a sirple ruiting of '
Ny the hands over those parts,

A compariso:. might t:e made here tetwssn recommended maximm dose rates
- found on perso.nel axd the estalishing of levels of activity for automotiles,
- There is ons oi'viocus difference, however; i4n the firsti case
C t.e material is already on te person while in the second caszs one has to
| introduce the factor of probability of transfer & contamination (and to
w.at degree) from the car to t.e Lody,
The dose retes (measurod as stated) in ta_le IV would represeni alout
equal contanination per unit area for & cxr &s for an {nfinite plane if the

car were rather uniformly eontamisated, If the activity were confined say

R o

| t‘(" !

principally to the tires and under partis of the fe~ders, the dose rate readings
et might repressnt nearly twice the depree of contamination, Ome must weigh

th1s condition with the pro‘a ility {at a tire will te c .a:ced tefore the
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activity has decreased significantly,

A given dose rate reading inside a vehicle may represent less eontamin-
ation per wmit ares dus to the comtritution of gums rediction from the
extarior of the vehicls, On tbs other hand, eontsminstion within a vehiclse
would more probably be picked up by perzonnsl than if it were on the outside,
Further, it is recognised that significantly high concentrations of radio-
active fallout may accurulate im such parts as the air filters of an
autozobile., Again, this bas to be weighted against the probability that
they will be handled bafore the activity has decreased to lov levels plus
the fact that it is relatively difficult to monitor such parts on a mﬁ
basis. The uncertainties present in estimating possiblehazards from vahicle
eontamination would not justify fine distinctions in monitoring the various
parts. A thorough eleaning, inside asnd outeide, would appear to be the
best solutioam, -

Ons of the obvious ways to avoid much of the problea discussed in
Folicy IV s to prevent vehicles entering an area &uring the time of fallout,
This will not prevent the first vehicles pessing through from pieking up
activity on the tires from the highway. It is balieved, however, this will
not eonstitute sueh a troublesoms prodlem and pest experience bhas indicated
that the activity found on the tires noticeably decreased after several cars

~ had pessed over the highuay, Further, if vehicles are not present in the

£allout {t w1l help reduce contermination of the passengers and of the
insides of the vehicles.

i
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In the past, the criteria used for vashing cars bas Deen 7 mr/hr, snd
ot & leter time 20 mr/hr (gazna), inside a vehicls, rhunmimumhm
about 75 cars {roughly 1/8 of the total monitored) following the seventh and
ainth detonations of Upshot-Knothole. Under the recoxmndations given in
Policy IV, the bus mentioned above, But probably nons of the ears, would have
been wvashed.

The dxta given in table IV.b, indicate that if these radistion levels
given bhad besn predicted bafore the fallout, Highuays #91 and 93 would have
been closed prior to the fallout from tie seventh detonation and possibly
highway F93 for the ninmth detonation.
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data, hovever, it is not sxpectsd that wnder those conditions of fallout
vhere ths radiatfon levels are belov those stipulsted for possible evao-

uation, that the degres of comtaminstion will be & health hasard., (Bor

is it irplied here that any levsl above this doeg constitute a serious

contazination of water, air, or foodst_uff:.) Therefore, it 1s rescopmended

I A N EEENENNENENHNEMNENHSE N/

PISCUSSION

Eeiex
Table VI.a. lists the six loeations baving the highest eoncentra-

tions of fission products in water soureces during Turmbler-Snapper, and

for comparstive purposes the estimated /\thoordtica.l paxizum gamra infinity

doses.

Cxternal



EXf vl |
Congcentration(aierocuries 'l‘hoo;vti,ul Max{mix
per milliliter extrapolat= Whole-boldy Gazma
od to 3 days after detone~ Infinity Dose

SR 71TV S 13 ; 3iop) (roontzens)
Virgin River Irrigation Canal, Bev 8.7 x 1073 6.

Irrigation Diteh, 56 mi.no. of Piochs,Kev 4.5 x 105 0.15

Lover Pahranagst lLaks, Bev 3.2 x 06 -

Virgin River at Mesquite, Nev 2.6 x 1076 2.5

Bunkerville, ¥ev (tap water) | 1.2 x 30-6 7.0

Crystal Springs, Bev (tap wvater) | . 1.1 x 1076 0.15 -

Dus to wvegther and to asttenustion of the gamma rays by bulldings, the
vhole-body gaama dose estizated to have been actually delivered was probadly
eloser to one-half of the valuss shown,

The maxiza permissible concentration of fission products in drinking
vater 1s § x 2073 po/ul extrapolated to three days after detonation, This is
considered a safe oonoentrstion for continucus consumption.

Whereas, the monitoring of vater sources is of value for docusentary
purposes it should be recognised that the concentrations found may vary
videly within sasll geographiesl aress and even at the same losation &t
different tines (taking into ascount radicactive decsy). Thus, eonfidence
eannot be placed in precise values, Table VI.s. suggests that even if one
were to have stored up the vater listed at Virgin River Irrigation Canal
and gubaisted entirely on this for a lifetinme, the concentration would be

[\ [
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sbout 58 times lsss than the mexizua permissible msount. JNormal factars of
dilution by additional reinfall and/or by the influx ef lssser eoxtaminated
ground water mﬁéﬁéﬁ‘{;ﬁ& of activity, |
Y

Considerable effort has and 1s boing made to evaluate hazards from
airborne radicactive materials, including fission products, Thers are esr—
tainly many unsnswered problsms inoluding the posaible hasard from a single
particls in ths lungs. Despite the uncertainties axd as yet incomplete
enalysis of the inkaletion hasard, the prepondsrance of evidence today is
that the externsl gamma hasard from fallout is the more 1imiting fastor of
the two®, (Nowever, ses discussion on food contamination.)

During Upshot-Enothols quite complete dsta were eollected of concen—
trations of airborne astivity on about 150 occasiocns in some {O éifferent
Jocalities within 200 niles of the ¥evada Proving Grounds, These inaluded

monitoring of all detonations. KEistograms were made of alr ecncentrations |

mzmmmtmmmemmmum.Mur
doses to the lungs. These data for the five sommmities shoving the highest
alr concentration are given in Table ¥I.b., The histogram for St. George (the
mfuwwmmmurmm ever neasured in a populsted

area) is reproduced in Appendix J.

®#4i2 Hoe Committee Meeting. VWashington, D.C. January 20, 1954.
b B
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8. George, Ttah 129 30 /24 3.5
Lincoln Kine, Nev 4.0 x W~ 12 1.5
Mesquite, Nev 1.7 x w72 13 1.0
Groon Mine, Bev 3.4 x 102 7 0.35
Piochs, Nev 2,0 x072 3 0.015

'Ihnnhhodu-dinutimmgdosutotholnngz 1s given in Appendix Xk, Tne
sssurption made was uniform distribution of radistion which, of course, is mot
entirely acourats,

The eriteria previcusly established by an Ad Foc Jangle Feas=ibility
Cozmitiee (Washington, D.C., July 13, 1951), for air oconcentrations wvas
"At a point of humsn habitstion, the activity of radiosctive
 particles in the stmosphere, averaged over a period of 24 hours,
- shall be limited to 100 microcuries per cubic meter of alr
{corresponding approxinately to a ground level gemma inteusity
of 30 mx/hr),
*The 2.~hour saverage radiocactivity per cublc meter of air, due
to suspended particles having disceters in the rangs 0 micron
to 5.0 microns, shall not excesd 1/100 of the above; mor is it
desirable that any individual particle in this size range have
an sctivity greater than 10-2 microcuries calculated 4 bours
| o.rtu- ths bDlest,” ,
. Inthe Jaruary 20, 1954 mesting of the Ad Noc Coxrittes the basis
for recommending the above alr concentratiom wvas discussed. Essentially,
these ecriteria were selected by estimsting the garms dose that xight be

delivered by the passing of a radicactive cloud, Since thers &re better

IEPPY]
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methods of estimating gaxna doses sinoce there are wnoesrtainties in
evalnating the hasards of sach transitory air concentrstions as experisnesd
from fallout, and sines the preponderence of evidence from past mmolear test
seriss indicates that the external gamsa hasard is more limiting than the
tnbalstion ous, 1t vas recomended i the Jamuary 20, 195 meeting to
strike from the record the past resornendations for maxinmum permissible
alr eoncentraticns, It vas recozaended that an air monitoring prograx de
eontinued for documentary purposes and for wvhatever valus the data might
have in the future when new analyses might be mads in the light of addi-
tional knowledge, ’ ' _
qurtbcruawsinﬁ of ﬁn sin,h particle ﬁoblnmb;m.
ncﬁmammm-...muummuamwm
dusl particle in this size range have sctivity greater than 1072 ucrocuriu
oslculated four hours after the blast® a oomputation vas made that the aver-
mrMiunéoutmnmchnputinhtonsph&oono—hﬂ!nnnMu
in radius would be 385 reps.* Nowever, the eonclusions may be misleadizg.

—kmwtetldnghpu-tuh, relatively large doses are daliversd

near the particle and small doses at a grester distanes., Appendix L suggests
cne possidle estinate of this phenomenoa., The paranmsiers involved hsre are
many and difficult to svaluate., PFor exampls, hov long vill a particle rexain
in ons place in the lung and what dose will be delivered during that time?

It has besn suggutﬁ"tm ta the vpper respirstory passags 20-sdcron

disceter particlez are the upper limit of siss for dsposition and that *Cilla

®imites, Mesting of Comrittee to Conzider the Feasibility and Conditions For
& Preliminary Radiologlc Safety Shot for J e. L.A.S L. )-u\y 21 and 22, 1951,

el
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sweep 4 to 6 cycles per second, The probability of & particls remaining
vithin ons millimeter sone for as much as one-half bour appesrs $¢ be
vanishing swall. ... Protection will also bs provided by the suocus
lining which s itself renewved several times an hour.® Ascepting the

 estimstes above and the metbods 1llustrated in appendices E sand 7, it may be

IR R%E!

g

corputed that about 38 reps would de delivered to the surface of sn imagin-
ary stationary sphere one millimeter in radius by a 20 micron particls (2 C. 5

in 3% minutts (Appandic L),
xicrocuries) A Larger doses will be delivered closer to the particle Lut
with the relatively rapid movezent ef the particls, it does mot appear
that large doses will be deliversd to a grest muxdber of cslls. Multiple
axposures might ocour from additional particles btut again this risk is

diffieult to evaluate,

Ieod
Considerable effort 1s being directed tovard the study of eontam—
instion of food from fallont. One slsment of major consern is 870, It
has been estimsted that if one were to subsist entirely on food growvn from
soils containing .bm;:;.’ii&&. per square foot of Sr7°, (1,000 pounds
of calciun per acre), that over a period of years there would accuwmlste in

the human akeleton a body bdurden of ore microcwric of &'90'. Soils taken

fro= »
about . miles from the Neveds Proving Grounds, nov shov a soncentration
of miocrocuries per square foot,

#lrivate comruniecation, L. A, Dean, U, 5. Department of Agriculture,
Beltsville, Maryland, April 23, 1954,




) (A1though not of direct soncsrn to the Nevada Proving Grounds, it is
of intarest to pote that seils vers sollected from the Marshall Islends

#- folloving the fallout in early Earck 195{, Appendix ~] summarises these
— - data.) | |
N~ A recezt report® strongly suggests that eontanination of leaf

surfaoces followed by either direct corsumption or intake Yy vay of milk
{3 far more sn important patbhway of intake than by the soll-plant—snimal
sycls, st least for those times of year wben plants may be in a state of
grovth to eollect the fallout, Purther andysis is being plamned,

This sans report® rn.ﬁu & nev problez, Based on stated assunptions,
the data presented indicates that dna;l to the thyroid from 1odine radi-oF

: {sotopes may be & grester hasard than Sr . Further, the report suggests

that | Sor-Bhess Sinaa or year e 1nteve of Fallaut-SatertEl-way oo by
— Wﬂn fose o the thyroid (delivered in a fev weeks) may
~ be many times grecter than the theoretical maximun external doss, Additional
A ovalustion will be glven this preblem,

#Rerort on Gsbriel, USAEC, Division of Biology and Medicine, Washington,
D.C, July 1954 (SECRET)
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tive dclogical doses, then tabls V may be wsed.

TARLE ¥
Mmltiplicstion Lerective.
Tastar . Biological Doss
Maxim:n theoretisal radistion ) N
dose fron time of fallout to  7/3

1S days latar.

Maximin theoretieal radiation
doss from 15th day to omne

FJo&Y,

by than the es Yecordsi on ths ¢
&ghu&ﬁﬂﬁgm&ahﬂ&d&;hmtrw&o

differsnoe Detvesn the dose recsived by the film bedges or dosimaters
{including backscutter) and that received at a tissue depth of five

osantineters.
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1953 the followirg recommerdation was mede,

*It {» recomwnded, and found to be in conformity witn the present
principles of determiring perwisgi:le exposure lircits, tiat for test
operstion persormel the total 'ody gA-ms exposure ‘e limited to 3,9r in

T trirteen weeks, and thal tre sane figure ve &prlied to the off-site com-
menities wit: tre furt er Qualification in te latter case that tv.is is
the total figure for t.e year, In general, t is implies & single test
series ia any given year,"

On the resis of t is recoxme dation a:d t.e reasoning discussed wder
Policy I, the eriteris for estimating t.e W.oles .ody gazma effective tiological
dose are summarised in Ta'le ¥V, It will te noted tiat t-e !iologlcal factor
included under Policy 1 48 omitted in Policy V. In the first case we are

dealing with relatively “ig- doses that may require erergency measures w:itn

tieir attendant hazards, It is & situation where ono wishes to estimate all
pertinent factors in evalueting radistio: doses even thour: t ey may not be
known vit. preclscncss, ‘efore recommending &y emergeic; action that may
produce greater pro'less, In the cese of Poliey ¥ one 1s conscrned wit:
relatively lower doses &uring routins operatio=s, i It wonld e &iffiorl: to
Justify on e one haod t-e propos: tion that weekly doses for ge:eral popula-
tions may e integreted a:d takes in & single exposure without pe:alty 8id on
se ot:er hand that_n given dose recelved over a period of & year may be adxnin-
istpatively roduced bevause of tiological repair, %.erefore, the :dological
factor is Q_dtud. .
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The general offects of deckscattering on msasured redistion doses are
fairly vell established. Furtber, knovlsdge of depth (tissue)-dose surves has
sdvanced to & quantitative state.® Thus, thers seems to be little doubt that
n.rmw&mmmammnnmthbpn
radistion dose delivered at a dapth of five csatimsters (assmumed depth of
blood forming organs). A major fastor in determining this differsnce is the
quality of radiation wder considerstion. Cne reporti®® dealing explicitly
nmmmu.mmmu-tmdmy&

National
Japuary 1954.
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Assunsl

Then1

Aszune?

EAMFIE 1

Tie of fallowt = E3 hrs
Doss rate st BE3 s 667 xx/hr

Theoretical maxirur dose fron time of
£allout to thres hours later

Savings by rexaining indoors for
thres bours

One year effective biological doss if
personnel 4id rexain indoors during
the three hours (based on saxs sssumnp—-
tions contained in section on evacuee
tion)

Fer cent of one year effective biolopg=-

icel dose saved by resaining indoors
for the thrres hours

EXAPLE IT

Tipe of fallout ® HE3 hrs
Doze rate at B£3 3 667 mr/hr

Theorstical mexivua dose froz tize of
fallout to eight hours later

Sevings by reraining indoors for eight
houra

One year effective biological dose if
persomusl ¢id pot remain indoors

 during the eight hours (based ou saxs

aspunptions contained in section on
evacuation)

Per cent of one year effective biolog-
{ecal dose zaved by remaining indoors
for the eight howrs

o N T -
» 23
Ealandl S

7= £/

1. r

0.65r

/‘-’500 r

~13%

2. »

1.15r

M-o 3

~23%



APPERDIX &

CALCTLATIONS

- Of Beta Tose Rate at Dopth of Sewen ¥1ligrams per
D LT | | ‘ are Contimeter f£,.. o Thi» Jourte.

§

Assuxe: 1.5 m »eta (Mean energ;, = 0.5 Mev)
,.(: 10 ex?/gm

T4s assupes & single mass a-sorpilion coefficient,)

X= B o fF
ohere: Bo = nun'er of letas at surface per cu? por sec,
| I « = » depth x
J = mass a' porption coefficient
( 'z = distasce (depth) under consideration
ds - | : | -
o &° » B ' W
R = ploe FX¥
2

w cres R = dose rate at dept. X~
1 = mean eacrgy of 'etas |

, 5 = (100 o(10(0:00)(5.6) & 2,33 Bo Mev/ga-sec

2
Bo=3%%7Tx1 w.sres C = activity in microcuries per 2
k= 8,65 x 1040 Yev/pz-sec. . '-
2= (1,39 x 20-1)(C)ergs/gm-sec
or €5.0Crads/ .
£ le
iz=axey C = 80 pt:/czz2 (veta)
£ =5k 0 whcre:r R = dosc rate at depth 7 mg/cal in reps
~ . ¢z sctivity/cal in pe
& B _ = (5.1)(80) : .
S = L32 reps/hr » .
: or = 40O rads/ur

Corparison eta Tose Rate (Peps/-r) at 7 Er/e=? to

(<& Tose Rate keasured in Iﬂiﬁ»@-igélg &l 7 ree

Foot k ove Uie Surface

e v = =

m1 T ™
i g4 .
Assunes 80 pe/en? (ceta), equivalent to R
1 zegacurie/nl? (garms)
L32 =~
DDL/}JJ) ‘I‘" - lm ———ta

- ¢ -



o ~ The folloving data are abstracted frox experixertal results, wherels
b uthuPn»mﬁmpaMbyn&kiﬁzathupcpermumluﬁonof

phosphetes, alloving it to dry, snd then measuring surface doss rates
vith & surfece fonisation charber.®

Thickness of source 9.6 xg/ex?
RN Activity of source | | 77.0 /,,_-,/m-‘!

) - Surface dose rate 3 : 0.127 rep/sec )
T : 457 reps/hr
o Dosage rate st depth of x centizsters p~75%

_ i. Jheoretigelly
Using the equstion Lrox AcpendixR.

: R t,&%ﬂ (for P32)

Substituting above dzxu (
-{9, 0.
pe 2 RT 51(0.007) ¢

2 7.0 C repa/hr
wcsw,m/enz

nnn:;g?x:pa/hrd'lng/mz (132)

SIffecis of Externsl Rets Fedlgtlon, Zirkle, Raywond E. NeGraw=iill Book
Coxpany. 1951.
=~ \@'VO

&>



LE mmn.u
X w 457 o(9+5)(0.007)
:mrcpsﬁtrd'llg/az (’}2)
The two above approaches are vwithin 26% of each ether. If one extrapo-

lates the experimental data from a source of 9.6 zg/ox? to a thin source
(for eoxparstive purposss) the two zethods are within 20%,



)
APPETIT &

CALCULATIONS (entte 8%

Oaccs Dose Rate from a Field Six Inches in Radius and Chamber

A

T ¥our Inc.es A ove sSurface

- | Do'u rate of garms froz & point sowroe
" r 2 &F wherer r=r/r
C = activity in curles per square foot
¥ = aversge energy of garmas (Yev)
D - 6CF 2 i W
. (] b'#x! '
Fxaxple:
Tets xa« 1/2 foet

— - C= 40 pe/or2 or 3.6 x 102 /12 (gozma)

E = 0,7 Hev

h = 1/3 foot (3 5222 é §!£2)2

I= (1605)(3-6 X 10'2)(0-7) In 3

= 0,56 r/hr
. ) Comparison Gazea Dose Pates From Infinite Plane &t . Yeignt of Three Fect
N A ove tie Oround to Arsa of Six Inc: Racdius and Heig-t of Four Inches,
Asmume; 1 megacurie/miled
(306 x 10"2 Q/M)
g_;:l r%r z T
0,56 r/ur
ﬁ:i :.‘i \‘s ) _' " ™ .
R Co l
T A {

/\af\
v 7= 5



Aspuzet a. Point source
b, 0.5 ¥ev aversge beta enargy
l./ulllOenz/gn
a. { Rate of decay follovs t-12

The dose delivered at the surface of an insginary sphers at distance
R from a point source.”

(1) x(m) 3% .‘7-3 ﬁ

vhere: K(R) ® dose deliversd st the surface of an
: fraginary sphere at distance R

~ E = aversge energy of bete particles -

' C = totel pumber of disintegrations

mi‘“‘-m}: - %056;':48' Ji = mass absorption ecsfficlent
I = 0. ,
Then: (2) K(R) = 0.397 19K
ge=disintegretion

S & 6.85

. (3.0.) K(2) = 8% x 2070 5_1_"3

Dlsintegration

5_ 6°r

' W35 -

; (3.b.) K(R) = %8 x 2078 {2.1_"_’1. Elllirade

i disintegration

i Equation (3.a.) is plotted on the attached greph.

i

: FOR FISSICH PRODUCTS,
T - . =l.2 =

g i (s) Ay = ‘1:‘ _

— wheres A, = disintegrations per unit time at time "a* after detonati
- 4 4y = disintegrations per unit time at ons unit of tirme after

——

8
®ro=si, l.H, end ¥11is, R.H. *Distributec Beta Sources in Uniformly Absorbing
Vedia® Jucleonic:c July 1950, V. 7, Fo. 1



Integrating equation (2),
(6.a.) €254 (t."°~2 - 4,0:2)
and
(63) €= 50, '2(t 02, 02)
' ‘wheret D ® total nusber of disintegrations rm tixe "a® to ®*
ty ® tice after detonation
‘b ® Jater time after detonation,

{7) Coc = 5L

_ By the use of equaticns 3.a. or 3.b, and é.b. ons may carpute sn
estimated .doso at the mrtm of an imaginary sphere,

Of oourss, the pwoblsm is the determination of ™t " and ™, 9, 1.0,
bov long after detonstion will a radioactive particle appeer in the lungs
and how long will the particle remain in place, The first time (t.) is much
estier to estimate than the later “b)'

(See text pages I3 )

_ L)
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Estinate of Peta Doses From A Single Farticle imdthe
(Zessible Production of Aecopnlzable Ervthens )

Lets t‘ 2 3 hours (time particle is deposited omn skin)
tp ® 27 hours (tire particle is resoved)

Assumes 200{reps = total dose required in one day to produce recognisadble erytheoa

0.1 ecr = radius of ineginary sphere within which cells wust receive
2000 reps or larger.

According to Appendix K, 2.5 x 1077 repc/dlsintegration is deliversd
to surface of imsginary sphers 0.1 centimeter in radius

%:8 x 109 disintegrations required
. ¢ = saghif R - 00T
8 x 207 =5 31.250.2270.7 . |
A, = 1,55 x 209 d/hr op ebout
12.0/:0 at B£ 3 hours

Of course, the radius of the Iimaginary sphere selected vill materially

affect the ealculations, For example, a radius of 0.2’ oem vould require &
particle of about 120 mierocuries at Hf3 hours to give the same dose,

¢’

. 3



issuret &, Assume gamma energy is approximated by comparison with radium,
b, A particle of 150 microcuries of deta activity or 75 micro-
curies of gamra sstivity, (See Appendix H.) ,

Is ﬁi.‘.& ' )
d vheret I @ ganma dose rate (r/hr)
d = centimeters

Lets o ® 7,5 x 102
ds1l0 em

,-_-Lw.(ﬁ.z_m

= 0.063 mr/hr gamma dose rate at four inches



APFERDIX B

n Caleulatl S T eniun
nte ‘

of Fallout aterial .

A. Corparison of beta energies fron #ul3 ang RE1O® mixture to that from
fissfon produets, ,

migz 0.3 Yov beta (T = 428)

~0.03 Hev beta (T 3 1.
RRI06 3 55 tey beta (T = 30 a??
Assuces Ru.lm/'ﬁu106 ratio of 0.75% |

To estimate mesn aversge energy of betas from mixtures

1.0 Rnﬁ’ 0.3
1.33 0.03 .
1.33 ED" 3.58

g_._%:l.l.

Average energy ~ 0.5 or roughly ecuivalent to that assured for fisalom products,

(Of courre, the average emergy of the betas is not the sole conesideraticn,

Whereas the zverage raximm ensrgy of beta from fission products is assumed
to be stout 1.5 Mev, the more energetic 3.55 Mev betas from 106 111 glve
higher doges at greater depths,) '

#1411 of the data contained herein on rhethsnium is contained ini HU-33068.:‘
A rtatus mﬂo S.'}*n 1’, 19“‘

Tt i " a—yp



A

B. Data on doses and effects from single particles of Rul03 and Ru106

-]

1. Sise of particles LD/D 120/".
Activity of particlet 1.1 )a 1 /u
Dose rate to 7 zg/e:zl ' 6,600 rada/hr 27,500 rads/he
Time dose delivereds 6 days ~% dsye

2. :am:_.‘.’%é.s_am. | Sk —— Effocke

(zrada/hr)® . - (rads)® ‘
400 ~500,000  Fone visible |
750 ~$90;000 Reddening
2,500 ~2,000,000 Desquanation
11,000 ~6,000,000 Tissue Destructica
21,000 ~7,000,000 Tissus Destruction=e
2 ca across
8 =m desp

LY

c. .Z,%Q. 8.3 pe estinsted sstivity of particle produsing reddening

effect im about 144 hours. Ths estixzated zlse is 100 microns.

D. (8.3)(144) = 1200 P total astivity accounted for in the 144 hours
, that the dose was deliversd, (issuming constanb
activity during the 144 bours)

to the hot spot directly below the particle, and is
rder of magnitude.®



E. What specific activity of a particle of fallout would be required to
deliver the same dozse in the same length of time?

The ansver to this queation depends upon the time after detonastiom
that the particle comss im contact with the skis, Assusing this time
to be Ii{3 hours, the specifis sctivity would heve to be about 150 pe
for the same sise particle,

Sinoe the partials may be vashed off before six days have expired,
one zay consider the problem another vay, What must be the specifis
activity of a partisle et Ef3 hours to deliver this dose in the next
24 hours? ‘ N .

Ascording to Strandquist (p. ), oaly sbout 705 of & six day dose
need be delivered in ons day to producse the seme effect (erythema).
Accepting this, them a particle with about the ssme activity (160 /nc)
at B 3 hours would be sufficient to deliver an erythema dose in one

day.



7. The follovwing data are reported for singio particles collected during
Upshot-Knothole® and Tumbler—Sneppert®,

— 1, 4S
—te 200 130
1,626 x 924 900 10
919 480 n
723 350 K.7
T4 400 10,
555 uo ' 14.7
387 250 1.7
234 47 | 14.7
1s 5.2 98
a 3.0 U7
20 - 0.5 —

It 1s not intended hers to irply these are the raxiwum specifis
activities per particle that existed or could exist, The data st 4.7
ziles are reported to shovw the vide range of specifies astivity that may

ocour at one locality,

o
ms_z(;yzin&ﬂ!_ mlwi m;&mg(m“m)mmm
2009 000 |

¥wT-811. "Distribution and Characteristics of Fallout at Distances Creater
then 10 Xiles froa Ground Zero, March and April 1953%, Rainey, C.T., ot al,

*9UCLA-243. ‘"Preliminary Study of Off-site Airborne Radicactive Materials,
Nevada Proving Orounds®. February 1953 (SECRET) apd Li-1685.
s»8Data from estimations b used on radicautograph methods.
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Gamma dose rate readings st four inches distance from a plane surface
two inches in radius, is 1/40 that from an equally contaminated infinite
field, (See Appendix D.)

Assume sn object having a two-inch radius is contaminated oa all sides
(bub not necessarily uniformly) so that the gamma dose rate is i tires
that from en equally contsainsted surface wvhose arsa is equivalent to the

pajor cross-sectional plane of the object, The fraction givean in paragraph
one nov becomes sbout 1/27., Purther assume & 100/1 ratio for beta =urface
dose rate to ganmma dose rate at three feet adove an infinite field, Thenm,
the beta surface dose rate to garma dose rate at four inches vill be
2700/1.

™ ."'\"\
Peoa
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Lron Inhslatlon of Fallout Material

Aszwzrhiona
The folloving assumptions are ssde in estimating rediation doses

to the lungs,

A, Tventy per osnt of the inhaled activity is deposited,

B. There vill be no elimination of particles during their radio-
active lifetines. There is uncertainty as to the bilological
balf-life of particles in the lunq. In those coxmunities
showing the highest concenmtrations of fallout, the peak of
airborne msterial (vhish accounted for the greatest percen~
tage of total fallout) occurred only a few hours after
detonstion. If one assunes & radiological decay according
to 471°2 4nd & blologieal half-1ife of say 30 deys, the
omisslon of blological half-1ife would not affect sericusly
the computed total dose.

€. All of the activity is aessoclated vith particles in the
respirable range of sizes, Past data from cascade
impactors indicate that about 508 of the astivity 1s assoel
sted vith particles 5 xicrons or less in the commmitiss

D. The lungs are uniformly {rradisted.

Z. The weight of the lungs is 900 grsas.

¥. Aa individual inhales 20 cubic meters per 24 hours.

°CE/ALD
—73- a
72
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3. The average beta energy is 0.5 Hev.
H., The gamoa dose is negligible compared to the beta dose,

p I Il Ill. P L Y.
| Arproximetg m m
il Nidpoint Col IV tiveg
—0508 __ Duretion after Detonaticn —u834) 0.2)
0610 - 1130 ‘03 hl‘. 3 hr. ‘011 ) 1’0 3.0
1130 = 1445 3.2 hrs 8 bre 2.38 6.3 1.26
ULS - 1848 4.0 brs 11.5 hrs 63x107r 2.1 0.63
1845 = 2300 4.2 hrs 15.8 hrs A x10? 1.5 0.5
2300 - 0635 7.5 brs 21.5 hrs 1.4 x 102 0.087 0.02
20638 - 1835 12.0 hre 31.5 hre 1.4 x107% 0.139 0.03
®Asgured
Sazmple Calculations
‘D= ,“‘1.2 5.-0.2 - tb-Oozj
Lets t‘ 2 3 hours
%, ® 2124 bours (13 weeks)
Ry

D= (5)(3 x 2.22 x 108 x 60)(3)1-2 502 . 2184077
2 4.4 x 107 disintegrations from 3rd bour te 13tk vesk.

Assunes l"?. s 0,5 ¥ov
(4.4 x 109)(0.5)(1.6 x m“)@m-)(é ) 2 4.2 x 10™2 reps
42 zreps

Total Lung Dose for 13 weeks: 125 mreps

s o

S 55

R



Assuzel Average activity for 30 minutes is 0.5/13 at 143 to B#3} hours
(See refersnce Appendix H,)

Thent 0.5 x 2.2 x 105 x 30 = 3.3 x 107 disintegrationa/30 minutes,
At surface of imsginary sphere 1,0 ma in radius the dose rate is

2,52 x 10-‘ ﬁfm (50. Appendix E)

(3.3 x 107){2.52 x 10"‘) 2gJ3x 103 zreps/30 mins,
S 8 reps/30 mindss

Emn S e .wi



AFFENDIX M
0 90 B
i i1 p96 4
=290 Rouh Estinate
e pmE DR i
Likiep® 1.2x1072 8.70°3 4
Jewo 3.0a071 1,202 4
Auk 1.0 3.8x102 12
Majuid 1.1 2,6x1072 )
Ormed 3.2220°% 1,100 4
Xaven 1,607 4.8x207> 2
Votho 7.8x1072 1.3x1072 0.5
&Z;g;tlht:m) 62.0 1.08 500
(Central) 4.0 552107} 500
(1 al.X.Village) 5.0 5.0t 500
(So. Cistern) 4.5 9.2x10-1 500
Erilrippu® 230.0 12.5 4,500
Enlvetok 50.0 1.2 1,500
Kabelle 200.0 49 3,300
Teirik 53.0 9.6x1072 60
Biker 3.3 4.4x1072 250
Enivetak 8.0 6.6x10°1 0o
s1fe 6.1x07% 9.6x102 170
Eeen®® 7,800

no——

M

#4111 data as of May 5, 1954, except island of Eriirippa where date is Yay 20, 1354,
Wm"



