: A age. A o mollyl fow winor
m-mmtmum“mwmmmum (Poliey IIX
and Poliosy VI). Coe ,‘

Since the poliecies are still in draft form, 1 M*‘m vill not
mind reviewing them in carbon copy form. The Division of -
Biology and Medicine has reviewed the policies, and after incer- -
porating recommendations from you and others, they will be
rewritten im final! form for Commission wtion.
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The fo.lowing paliciss were establlshed after full oomsiderstior for

the health and welfare of the public, both in terms of rediclogical exposure

a2 well as possi:ile hasards, hardshipe or inconveniences resulting froz dis-

ruption of normal activities. They are sonaidered tc be sound guides to the

Test Menager not only for proteciing the health and welfare of the publioc Mt

alsc in arriving at dec:aions that would be morally and legslly defensillie @ -

wne Atcnlic Bnergy Commissiorn

Two baslic assugy’ions are made in uwis report;

1.

It is the rescas ciliy, of the Division of Zlolog and Medicing
to estelllst such pallicies for the Atomic inergy Commissicn as
Jeazs nacessar; to prctect the heslt: and welfare of the
genera. porulsoe from oconseuences of weapons tests ccnducts. at
the Nevada Proving Grounds.

Although the Divisicn of Elclog and Medicine will gladly give
sasistance and advice, ths opersiional procedures nﬁiéw\a\ror
moetin, these policies shall ve the regponsibllity of the Ssrtia
Fe _perations (ffice and the Test Manager, as directed Ly ths

ivision of 4ilitary Applications.

The following policies do not apply to domestic or wild animals since

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

than thosa specified hereln.



~

¢ cec

e]

princlLpal read

PETrsnNel WEre

g /or ad?

4

Loeoevacs
EERIAEe e ¢ ¢
[V GA"ANNE S Itie

(8]
.
—t
-
9]
93

G
>
2]
3]
L
i,
o]
e

[

W

caTe 9

ec. 3l omoo

b ]

F3)
.
-
T
-

evis

¢ © A T

Lresima .

R

g

AR
'\’v :! o]

~re
.

1

»

™

.cal nnhe for L ree

A

pa.. -.azard 17 t e

sowa ' a, element of da {°T

proTee £ SPRI MR, T,

A

€

.CaL &:aICs; Ot

teopardivg Yoo Diuire

cou W 's weLr ons

ma MCCOE S 1 &

v g T ome e ’ LA
PR S T
DOL
8] AT . P

‘ecmIrg LoD BL O . Lo

L

P Sy A



o 3
AR
feas

.

.. o

T—

N
~r
.
el

‘e

‘eCLivVE
oot e save

‘ogrwlose

lolorical
ye

-

~1

Aot

s~ o

VA e T

»»

A\ 0wt oo Lo lopter,
v F— : Yo N
EEE R O ) e (S8 oS .
b .- . - -
- o L TE S
"wasustion Iadicaied v !
o g - . - .
T OTRTC LS G Tl .}

. SRATMC
- = LT

3 Vot N . .
ool oer . O




The ratio-ale for talle Ta 1~ as follows: T« ttal effective . (ological

dose L ' woul' -e recelvec .f evacus' . weres 0. oriered is obhviously a

deter:zi ... facisr, Ano her cu..illderatl. Ie th» faet v at mic' an agtion
23 evagciuati- ewi” e darercus to toe Cariviualz ad eould also possitly

~

e detrime t&% W a ver recessar i &l < fort of weapons development,
Nne w23~ L e an , ") * ormc w . e ga ed (radia‘*ion dose saved) by
evacialio™" g'twentes ol {hesc tw. varia lrcs are .ncicated i~ tatle Ia,

Frus, & po:lace mA receilve U w8 cait sted W reoeatges  effectilive ' iologieal

doae L one o ow o o Ch* & eral . ¢ fr 2 30 to 50 roestgens,
evac:atl. w~ 1 e o< lered o LA Ll Y roe ge .8 corld e uv?d

8¢ BC .0t & ¢ & roanue., o L er evagua' . wo 17 be _aclcatecd
> L snl peand E I S Ve R rs lattc dose,

Toma & T R TOEE Y- S S doiesy, 0% na. calculale &
Lteorel.ca. max~ 7 "Ll jpaEmé oot 1 < oar Jtrarli: dlvide + samo
DOL/NY,

Wooer 3. A% t2% far o an oes: o 0 Cow sttt meeelved, T oercas bl
By L 32t ~Tnc T N LA S R F . pore reaiistic esilizn’ hould
e mice, B20 7T 6, e . LI et omd. tooastliTuie a0 o8l
L% Sa S

ine o te weets - 0" maxl . ear. meaxcre o ta anc deelsis o, 10 i3
t. e expected 1 3° ~Lirara - real s, lace w.t surve  meters, will be t e
ava‘lale eviderce & "7 tl:ies o © cer s la T mirmArizes toe paramcters
cons ' dered 1 o ert me . ;o ow effect ve L olov‘calL Coire o assd o1 dose-rate

read  ifB.



J- . - Sa . B i
Theoretieal
Maximm Dose
(Based oa Attenuation Effestive Bffeatire

mated Rate 3Biological Westhering Doss Fastor Dess '
sl Deeay! _Fagtor _Fastar  (Oolumm RaC) (TelimmixD

Prom time of fallout

wntil tire of evaou- N 1/2 /2
ation

From time of evaou -

ation to time of 3/4 34 1/20ne
returnt

Prom time of returr
to a time 15 daye 3/4 34 1/2ven
after ini+ial fall-utse

From 15 days until ,
one year after Y 1/2 1/3
inttial fallout

DEENY

s
*This estimmte 1is besed on the oconcept that if evscuation wverse 3ot
accomplighed, then & certain rediation dose would be acoumilated over
the period of time selsoted. This time period also represents the
radiation dose saved Lf evacuation ygrs soocomplished.

®2This assumes that the time of return ococurs defore 15 days. A period
of 15 days vas seleoted %o provids a dividing point betwesn the time of
initial exposure from fallout to a time ons yeer later. The 15 days
has no unigue significance other than providing s basis on which to
estimate the bioclogiocal fastor.

*58The valus of 9/16 has been rounded off tc 172.
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At later times after fallout, betier estimates of radistion doses receiwed
mxy be ebtaimed from film hedge readings or dozimeters. If thess fila hedges
o dogimetars are worn on personns. and the svidence of their wse supports the
view thst the reedincs are a ressenally scowrste sooount of the redistion dose
recsived ther the waluet recorded e the filx bedge ar dosluster may be asccepted
with s correciion factor of 3/L %o socount fer the diffurense between the dose
recsived by the f{ix bedre or desimster (ineluding bLacikmostter) sad that receiwed
at the tissue Jeptl of five centimeters, Teble Tc may be wed in estimating
the effective bioclogicel decr

Rt Ig
' } W S L. -
= = =+ Ettestive ‘ﬂ"alw
Moiogiesl PBiologicsl

Pila Baige Dese Factor Doss
fila Badgw BRlological or Dosiwster (Colum B (Column A
Readine Faster Carrection x C) x D)

From time of fallow* ,
wntil time of 14 34 3/u
avacuation HGENY

From tisme of return

to 15 days after 3/ 3/u 12
fnitial fallout

From 15 days untdl

ane year after /3 3/ 1/?
initial fallout

*The value of 9/)¢ has been roundsd off to 1/2,

p;ea J . .
LrinelineD

Ku%__‘.-‘u‘.‘

—— e
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Tiscussion of the olorical Factor: As loayer periods of time are involved

{1 the deliver of & ive: radla*is dose, lesser Liolorical effects ma: te
expectad, From the tiwe o fallovt vriil the time of evacuation probably
will e a matier of hoirs w. ic .as te: eons' cdered essentisll  ax instatan-
ecus dose, i.e., t ¢ ' ological dose factor is 1/1. PFromz the time svacmtion
gould te accormlis ed w0 time of retur pro.abl would e a mmiter of dae,

so the ' ioclocical facor as bee: est.za‘ed at }/; From 15 da s after fallout
until oe rear later is essential’ a duratl, of one year, so t e blological
fuctor as ec estimn-ec at iff. Itwil, e wled L ore i3 w0 caloulation
afler o. vear, 'eca > ‘ is exiccled u wer actual e.nditions of rediolorical
ayx weat erin- i a’ rry 8l w0 Bl ica L dose will te delivered afver R
Bars time.

It i8 recor ‘zed L @t t 6 prec se quan” tles s ested for t e iolov-

lcal feclor ca o +« s oried c. €cLir 7 oviience., It 18 reasona le o

espect t at L e del'ver ol & plve ra'la duse over 2 oriod of man- cdays

w 1l ave le-- 19 ‘ral effecliveness t a - ‘nsta-~taiwous one {no lecll o
DOE/NY,

Tects ad 1t 8 e exte 3l. o ¢ e perisd to este tiallr o e cear
Yower  hloctcal frcwoc, e rlege of supportive evidence
13 Lt e work of “travi-vist® where “-ray coses to e skin rere fractlonated
© equal d:ub amovnts, &1y bt e  0lo ical e"fects compared to & one reat-
ment dose., AW plot of total do-es varsus days afler initial treatne:t
sirlded stral - : lives, For example, the curve for skin necrosls l.dicated a
ratic of 3C0C/C7Y" roentrens fuor & ooe trea‘me ' versus 10 dail equall;
Sievert, 7alf K, "te "olerance oe: &« 'L ¢ rrevention of Injurles Caused

L. Zoniginy Fadlations
Yol, ‘:}:,3.0.936."‘1.'.?. 1347 -l -

e U TIASSIIED 0



freciio ated doses, < course, da'l  rs‘isi .. doses received fram fallout are

ot equally fracticiated so tha L e ra-iy woula @ in t e direetic. of umity.
Tay 5y day dosen delivered from fallou: from t ¢ 15t da 1o oz¢ ye&Ar Are more
nearly equivalent ‘‘an 8’ earl, times (ig oring the wea' ering facter). 3trandgvist
daa do not e-werd ‘eod LC days ac ! s quesiis & le to extrapolate his data
in as attempt to derive & similar ratio as a ove hased o one year, giooe gt er
upoeriainties are s great, {,e,, ef’eccis of westreri ¢ as affocting t.@¢ raie of dose
deliver;, ¢tc., e reiio would presuma . ¢ Tart cr from wmaity t &, for a 15-day
period,
a

Te %. ia/relativelr ranidl repairsd orga’ ad thus sy te:d to over-
@r- BBlie t e 87 ncig 0f Tregcilicatis w er cansiter. § w.ole- gdy gacma df)af*s.
Croiki‘e reports "7 - e dog, W 'h co alt gawsa ra s, L e dose tv-@: will xill
SC perce 1 of L e dopa . & Virty-fs ver.oc w e delivered ir &8 8: fle doar al

ror. 118 - oaer g uie is aprro.olsste. 276 r, After ¢ i3 dose o) radiatio e
Gi..m&ls ecaow Lilw. ot L 8 cer‘nt o T o l.d8 5 ad leat . e eccur e'wcen €

€7 .8 Ctwen! =70 0 2, 30rr Age, | Secl! ns, a i prefound ancmia are
ProvEL L, 10t ¢ aee s o eercdserd o 100U r oper da glve over & fouriecns golr
piroat, T lefoal oo 0 creawd W v - X r. TBer ot conditions, t e

H ’ 4

& (smels de i &ooaxrac: t e sare poriocc o Yime wili idestical poiiestatic s,
If © @ exnogure L3 dro e L 25 r 7er "a; g.vm over a fo.rteew our period, t-e
let al dore {8 v e ineresced to well aver 1207 1, ad L e swptoxs 3¢ findinga

are ¢ a . ed, "’ me nro oen 0 dve exteriic s 13 U e fvaluatio. of possi i1l
DOE/NYV.

1t 4 oA nAle mE&E & ¥irus |- deas w © ¢ ex osures are cunt.nued. is

mioor e filusraied ¢ exrerime 1y us e rr were the dally doses of L0,

2% a4 10C poe-tye 5 riven L. L ree sevars r o groups required 3000 o LOOO, 2700

to 320C, ad 2000 to 2400 to:al roe :‘ge a regpec¢t.vel for 100 psr eent let ali: %,

Mecdical Aspects o Radiological “efense. Cronkdte, X,f. Lecture to Federal ivil

Tefese Adinisira‘lo , Fry. mal  nleewe of Bort eas'er. Slates of Fadlolorical
ad C.erdosl [efenme, kew ort Tit:, Lo er 22, 1973,

SLA-295, fesponse ©F Lt & urro o 100 T 'Tec .l wl ole-"od. CazmA “ay tadisllo,
Taie,, “ed. el al, EM—T"', Pok. melaizl "ied.
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Experimetal daa repursed - - Ygche ares surmari zed elow.

Ko, of Dose per lose T Survivel atal Jose
Lays e (r) Yeex r) cize (¥es, r
20 10 60 2l 140
10 ‘ 3 83 294°

Gafortunately wraal survival times were 0! ¢#'ve. 0r were t ¢ ages o ¢ e
IILMIB. { J. T A ,,i

Flair®® “as wa.¢ t e two points from %oecte's dats, i sertied L ese into
P ~is (Rlair's) ecaation relatl g reparable ad irreparatle damage. T e ratio
S of 13t taneo:s dose o 15 da. dose L4 350/L50 or 0.32, ad fer L mo ths dose
- a ya~ S?S/}S\J o 3-6"¢

<7

Biair swres.a L ar " e jwune &Fe tos few 1o deermi-a v .e coastants

(07 t ¢ equa + w. a  aecurac "L %0 . AL leag! e i the proper
e, Lrever, & @0 ula . l8 @7 L% &gyt eve ¢ essed well Wit more
#xle 3lve da‘a o o' Fr arimaly., s eqna*.f»):ﬂ 1 dictu 1 at the rate of

I sy br e A gl J“‘v*"-'/
recover o repara le 1 4 7., 1e fastest | - 32, & out one— all as fest

" DOE/NY;

i terat ad a o o oe-seve -~ &+ fast ! e pl ea ply &4 £ do,, Ul As
“lalr pol o ted o Coreartl o 97 L e dop t3 more renresaeniative of t e larser,

lo rer-iived a Z-mls.

¥OC-20L O servetiss o fopulations of Anietls ex ased W T oronic hoentgen

I radia.is ., oc e, F,7, 17L7. ‘nelaselTid,
#N=207, 2 Formulatis. of the mgury L wiie can, 'o3e Telatiosus Fer Tondsiog
F:¢iatlons . T A cha iou8 t0 L e rigea 1, & , ad .o-, . lair, L&,
Lasde 3’ :?Hs - i;?llf Aﬂr’hllmr?
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idscusalon of t e Attemuaiion axi ¥eet or! ¢ Pacor, Froa t:e time of fallout

until t e time of evacua'ic Lt is exqecicd that personnel will Le kepi indoors,
(3ee Polioy L) Mejor losses dv w &' ari ., ea. no° @ relied wpon duri g
t L3 period, so t 8* ' @ e3°ima'ed factor is 1/2. ‘rum * @ time evacustion
e uld wsve ee acemrlis ed until t @ tiace of estimsted retur {: is assumed
v at personcl w1l e i docrs e u' al’ of eae 2L ours aid t at major
loszes due to wan o1l F ea nNot e relled woa, T 4 over-all facler is 1 us
.

" e same reas) ‘°f Arrliles L e t ird periad of time, Li.e., from assumed
e gt pet.urn o 1Y A s alier Tallout.

From 15 da » afer falic ' un'il 27 yvear la‘ar ! is estizated trat e
ate wet.c oot e & e effcots of weat e g will yeild an over-
all factor of 172.

To3c PR ™ad’ “~* “aye @+ ‘@.v W' surve actcrs guilsicde ad inside

of Yov 9 aruune ¢ - Geviada Crov. . rouw o aftar fallout ococurred. The ratio
of readu yr VAT 5w - e 0 e of ersiractl s of t e oume axd wit t e
DOE/NY
loaca’ L S e N . - 2 ra.lo of readl v9 outaide to
‘g, e a frare A e ws o oa o 2. s 8 ew ul ;res ar diTore oe for

misy r @ ‘stre 4, 1 cef wvwoer o f lm oz ceg were placed ouizlde
£ ¢ gide 0" 8 m > e g r ~ um ler- a;ner ad 2lso 't3a o'~ no' ole.
in t e first erse, * € M vre ne i ‘02l doses waz agR’ 2 to 1 or greatler
but ferl g 'ps o' =¥now 0le o 1. & ou: 8 20% d 0 e ce was otsd, Ia fac*,
{0 one caze durl f Dz ok no. ole L e fllm adye | slde read ig er t an
suia’le, ¢ ¢ Trrences ewmee | 38 eXperime al data wi.l ave to e

i veztirated &:r o N ire oprrai. 3,
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Te very asure ¢° 1 e weat eriag ac'or ma es L is & di fictlt parescter
1o evaluate, T.e pro ab lit of ocourre ce of presipitation snd/or winds axd
to what degree a3 to ¢ ex ‘neied a5 well as their s=ffesis on vedlation
levels, Leactiy affrets wrre studied o »ils 2 ou' 130 miles from grouad
sero where fallon! ad oceurred durti g "peot-no’ ole. lose ras readi-ys
were fa8iznifica ‘1. lower tha: t ooe predist.d . radislogical deeay accurding
to t=1e2 arfter a poriod of marce t 23 one rear, ‘e example of t:e effects
of w nds winlgr was ¢ served during Upsno'~Knot ole., Tme fallevt from the
kare 17, 197) de'. o . was in a lonp marruw pattern to t:e sagt of groud
sere., e swtond da, &fter falloutl & rai er sira @ suface wi d lew almos?
at rig !t anyler across ¢ ¢ ared;, Tor & oot & periad of & day, lose rels

readi g5 were taker 0. 1 e first axd fourt da-s 2! ( & same locativ:s and

DOE/NY
1 oen were ¢ox;ared, » Ft A dose rates were leas, 3 factors of G ree
Wwosiz, ta ' 39 ¢ exmeeied raz 0 ov first dave reed! ¢e, ased o-

3

re'e o7 dega o7 cm 2, (4 er fallou’ wmasureme Ls ‘olgaied o a' the

ra‘e o deca o 3 fallo me arial was w eiral Tlesntly &L 7aren’

Disb oY WALLABILE




from t"’ld.) teoause ol t.e phrsical condtitlons deseribed alove, these
reductions 1~ contami wt o pretati. ars 'mar t e urper limit to be expected

from wind,

O-erational Feasi L2111, of Criteria
It 18 not the incent here to discuss operational procedures, but it
should Le isMca‘ed tha' t & computing o radiation doses as recommsnded

1.2

$n Polic: T 48 a o 1o di"ficult tam. I o1 asTumes & U rate of

deca; 83 a firs . a~ rrima'.on, t.en & s13¢gle graph of dose retes versua

times aftear d-~* w»° . can e conairctec tha! = il represeant a 30 resitgen

effective lolo-‘ca dowe for oe vear, An additional family eof curwves oan

be made ¢ at wi ]l ~roviia re sanaswers 1. U e paArAm- tars of newmmch. time would

te ava_la le [e’ore evacuation an’ o’ "ow lonw & tize persormel would ave to
DOE/NY.

reaain o:° o * r rad‘ation aree i orver to wrov.ie for & ssviags of at

least 1Y roenir-ens,

The ‘iighes' w.ole- ody garma dose recorded for any locality where

personsl were prese it outside the Neveda Proving Crounds was at Rivers.de

Cailqs, Nevada (arou: 15 peaple) follow: Y %ot numer seve. of Tum ler-

Smeprer, The raximum theoretical | nfinit  garza dose was estimated to te

12-15 roeatgens,

Hedd: !*ﬁc"f?f§

ek d Ui e
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POLICY 1.

Persorme) Rema! ing Indoors

Then the gamma dos» ratc readiy &s measTed ' a2 surve weler held three
fert & ove t e ground reaghcs t' e valies give: in tale II a:t t-e times
indicated, i' is recommended *“ a! perso el stall 'e requeated io remain
indoors wit wi-dows ad doors eslosed,
In e aven' ¢ 2° * ere ‘e ou winoing evide ce t.4t t e radistic: levels
give: in t'e ta i wi.]l "¢ resc ed, 1° is recoc.ded that perso nel ‘e
regeviec t- rema. indoors "W t s fallo'l occurs or lefore t e
radiati, lievelis eg:al trose i L e talle,
CARLE
{~s A lou: arma Toar ates AL Time
L ol Fallou?!
. B SOE NV
Tarre 1000
” &ut
. 500
- koo
- 333
g 250
- 20C
iz - 127
2L 33
Felesze “roz 1h.8 restrictive ar o s a.l ‘e made o~ L-e .asls of
LR €VLiuAte o e ra ’iasloptea, o .

UpicL e strED
..i.sm- iﬂ- wﬁ"lﬁ



Ce It {8 regormended that poople W o had -ee- ovt—of—doors during fallout

ef the & ove mar jtude or grea'sr ¢ advised to chayge elothi-g and to

"athe, ™e ¢la' ¢ 7 A @ gleazed normal means., Thile at-ing,

gpecial a*fention s ould € peic¢ W & hair ad an’ expose~d paris of the

e
D. In tie eve:t t-a: e monitoring taxes place AF” " t:s fallout nas oceurred,

ad extreapolstio . of Lo dose rete readings squals or exceeds those 5

ta leo JI &t t'e watimaied time of fallou:, % e: it i3 recomme ded that te

same acdv.ce e pive a3 | e sreced i DArsgTRDh,

Persc-nel "emal g Indocrs

TICTL TN
e actio of requiesting personnel (o remm!n indoors is predicated on
DOE/NY.

te principle t a' * ¢ rudiatic levels are elow t ose eats li» ed for evaou-
ativ and w.al "o is actlic ocould reduce ' ¢ amou-t! of ocatazminatio:n ef persomnel
2 reduce somew 8 t e w ole— od arma Joze, (Sor Aprendix A for estimmtes
of redustiu.. in w ole- o¢" gamms dose.! .« act al "ssvisgs® realti wiase have
10 "¢ alanced agu! st poxgi le afversze pu ilc rmactio.,

e pringipal gais in regrest: g persc el 1o rexal: indoors is to
oreveil or redice t e amont of atomle de ria t at ma actuAall; fall o te
od or clot { .o, 3 noe t-¢ pmax of fallou" usuall ocers s ortl: after

tve atar- of Za.l0 , 1 is {yeoren 1 8 pronp decisic.s ad agiions e
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teken, Thus, by necsssity, the moet practisal eritaria upem viieh 10 bess a
decision are gsama dese rate readings, vhick are im turn relsted te the
souwmt of fallout,

Beta Doss To SKin

The most Lmmediate solution might be to establish lover permitt ed
dose rate levels at lster times after detonation. Rovever, if a series of
dose rutes are established for increasing times after detomation se that
their relationship follows t™2*“, then the doses delivered i X howrs
(befors the material is washed off) will be grester for sarlier times
after detonation. If one vere sure of the time that the fallout material
vas to remain iz place, then s scale of dose rates versus time after deton-
stion ocould be made to yleld the same total dose over the X hours. Since
thers is obviously no set time period for duration of eontast that would
be valid for all cases, one might sssume the worst case vhere the material
remains in place until its activity has decaywd to an munncm level.
Dose rates eould then be approximated, to yield a given intiali(t)yhgsv:, by

LI » 54t whers: D ¥ ipfinity dose
A B jdose rate at time "t ¥,

If the above discussion is aceepted, then the remaining question is to
set the infinity dose. BRere, we must be alesr that vhereas the measurements
takean by the monitors, and the data upon which action vill be decided will
be gsmma dose rate readings, the point of principsel concern is ths bdeta dose
delivered to the bdasal layer of the epidermis (assumed ar 7 milligrams per
square centineter}. The ratio of emission ef bets to gumma is a funetion eof

U?xy"'ﬂ ,“.Fd"lpqu;-
w e T Le ‘D
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time after detoaio ax follows o sizpl relatlo s ip., Mertter, t:is retio
at a 7ive time af'er detonatin 88 o' e f.rul esid Yigted, e
revor:i® sug-ests e followlig deia:

“{ime after dety s‘ion Be'a/carma

72 hours 15771
148 hours 1561

“hese data wore o 'a wd frosm a eloud sample, rat ey trar actual fallout
ma-erial, a ¢ were a oeasure of s.rface dew o 8 plagre usl g 8 "Sosiprtar-
type ‘ela~-ra sur'roe ‘o lpatio . @A er,’

e met of of collectl~ su, ests e oz 11{ty tat t-e t-ickness
of ma‘erial o v iy 3 mB e leas e o 'o e expecied froa U.e
azc: U of fallon 0w wolid ® o Gucer w o e3il 2t g pro & llities &f
"ea uwr s, " isw 1l resuli i adi’ owere 0 & o dar disirl utlo. ef UVe
e'as 1 Tluenci - ¢+ #.4 dose PR 1 - & dlrictl of a -lg er value for
t e rlag.ea.

Anot rr remartt Cdicates B ea o paa ra.. 07 130 w0 1 ased o
t eore’ical ¢ ‘At . 3, At r peore?d guevc s o8 radicall; eow:ir ralloy

DOE,/NY,

gwever, U re "8 . se do ¢ az ¢ '3 er clrnsi s gince tre {o i3l
chem er woed 1o mean vo ogRoAas 0 L, at 3 wall v icioess of 1 'm 9l aweli'e
w.ie ®,,, exclrded a small prr’ 6 T e *3'al s dose prese i, as well as
a larre, ‘vt u¥now , ‘racti o’ te e13.* ' ¢ rajge of 0,35 Nev 'elas is
abgt 10C m/ca’ or approximatal 1 s of baelite,’ TFor our disgu-sio: here,
we will as:ume & oyrfaoe beta to gam-a restic of 150 0 1,

In estimating trhe ‘eta dose %o e Lasal 1x vr 0" t @ epldermis, o ma.
refor Lo (e work of ‘anriguei’. He exosed 1 e s<’ - of Cheutay ¥oite pirs

Vi I-db. selentific Tirector'fﬁe;mrz, AMNEX CGoh. ". l@rore i&'.:. 0. Jurvey-gelor ata¥,

1 "tn "stinnte o° tre Rela ve asarc 9f e'ta &£ Carma adia*’l  “rom Plasio: Products”,
Cullivan, Filldas . N0 .. april 19 vabs T b LA }

2 UP-37, Projec’ L.7 "amma- eta “ati ' b 2 { ~ taninated Area”, June 1991, \
”~ e o i oo e > i
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to plaques eontaining different radiolsotopes. Fertinent data are sbetracted
as followe:
Surfase Dose Required to Frodues Bstinsted Amoumt of

Recognisable Transepidermal Redistion That Fene~
Injury (Roentgen—equivalent- trated Skia ¢o A Dephh
lagtone  Kaexzy..  hetal
Tttrien’t 1,53 1,500 1,200
Strontiwn?0 0.61
Tetrim®  2.20 1,300 1,400

The aversge naximum energy of the deta particles from fallout asterial
varise vith time but will be assumed to be roughly eomparable, in respect to
depth dose, to Yttriua > or 3r7°-190, Since the gamms dose &b a dspth ef
7 mg/m? wuld oot be significantly different from the surfase gamma dose,
the ratio of 130 hlforb“gmdnhumddihmm#
the spldermis.

(One experiment wit: sheer, using Sr7°-YJ0 plaques, showed that 2500
reps at the plagques' surface prmduced unlserstios in one bt met snother of

DOE, MY
tvo sheer.® On the other hand, 1000 reds delivered to tiseue /hpth of

7 !8/@2 from a F3< one inch diameter disk(ﬁnn of animal net nncd) prodused
tanning, prolonged erythems and duqumtion."j
It {5 to be remssbered that the above discussion was first dased on

Aurfage gesma dose rates vharess the sonitors vill be making thelr gamma

®vCoxparative 3tudy of Experinentally Froduced Beta Lesions and Skia lesions
in Utah Range . Lushbewgh, C.5., Spalding, J.P. end Nals, B.2. LA
Bovesbar 30, 1953 (UNCLASSIFIED).

#4U=330628 4 status report. Sept. 15, 1944 [CONPIDINTIAL).
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neasurements st s height of three fest. Fast "iald experiemee has indicated
that the gmma readiag from ionisation-typs survey meters st ground level
is edout 50% higher than &t three feet. Therefore if it be assumsd that
8 ground level gamma reading of a survey zster is equivalent %o & swrfeace
dose rate, the ratio of beta dose rate wt 7 mg/em’ to gamma dose rate st
e Lept is adout 200 %o 1.

Another spproash to estimating the retioc of beta dose rete at 7 ng/en?
S0 ganma dose rate st three feat is as follows. Assuming a mifors distri-
bution of 1.0 megacurie per square mils of gamma astivity, the dose rete
reading from an infinite field is abeut 4.l roestgens/wour.® GCalsulstions
given in sppendix B indicate that & like ooncentrstion ef fallout msterial
will produes sbout 430 reps/hour st 7 mg/cw?. This suggests a beta te
gaxma retis of about 100 to0 1 whieh is sbout s factor af two lover ‘hem
the first approech. Added support to this latter method of estimating
beta doses 1s found in appendix C.

Such considerstions mgy be fraught with pitfalls. hr exsxple, the
above discusaion implies a unifors distridutiom of r&ghﬂvmn. Rviously,
thic is not ecorrest but how far this deviates from the facts and to vhat
extent this influences the results ie: difficult to asseas. Calculations
indicate that the production of recognizahle heta burns from a single
particle requires a high specifie aetivity. (3ee Poliey III for discussiom.)
It w/\:l,.lhomcr, that the partisles of fallout are elose enough e have
overlapping of radiation flelds and thus require significantly lowver
apecific astivity of the particles to produce deta burns. This hypethesis
#rpffects of Atomia Weapens". 1950




has mppert in that eoven the most superficial deta burus of the astives
axpesed to fullout fellowing the Merch 1, 194, dstenstica shewed a gensral
sres affectgd rether than smll {adividual spots. On the other hand, the
osttle and herses expesed nesr the Nevada Proving Greunds shouved Yuwras
over areas suly sdout the xise of a gearter. DBven though these may net
have beem preduced Wy siagls particles, thay éo represest lsss of am ares
offest then suggested for the natives. 4lse, rediosutegrezhs of the fallowt
ia aress outzide ths EFG suggest the cosurrence of individual particles
with mwo-overlapping of rediation flelds. Nowever, in mearly arees Vhere
the fallout was relatively hesavy, theare vas a dafinite everlapping of the
fields.

WITE OUR FRESENT KNOWLEDGE IT SHOUID BX STATED TIAT DUE TO MiB
PARTICULATE NATURE OF PALLOUT IY WOULD NOT BX POSSINLE TO BSTABLISK
REASORABLE ABD OPERATIONALLY WORKABLE CRITIRIA THAT AT THE 4G YIS
WOULD QUARANTEE THAY THSRE JEYER wOULD BE A %\gsmnm.

If ons vare to acoept the ssmumed beta to gnmmm doee retes of asdowt
100=200 to 1 (measured under the oconditions given above), this might mean
an infinity beta dose of 1000=200C reps to the basal layer of the epidermis
vhen the Wols dody iafinity gamme dose wvas 10 roectgens., Of cowrse, the
fallowt material may be removed befere the infixity doss 15 dalivered)
yet, on the other hand, {t is not Laprobabls thet {t could remain ia the
hair for sseemtially this length of time. In the ense of a one-howr fallout,
almost ooe half of the dose would de delivered imn the next 2{ howrs.

S T o1
BT Y7




The efficienay of a surface for eolleesting and holding the fallout

material is important. It is not swrprising thatthe highest dose rele
readings as well as diolegical sffests vers moted oa the bair of the natives
and also on parts of the exposad bdody vhere perspiration vas presemt.
Purther, it was observed that eveam ome layer of light eotton material vas
sufficient %0 pretect against beta ekin dexage in wost ecases®, This wes
dus prodably not to the relstively small sttenustion of the bdetas Wy the
elothing but rether tLo the physieal situation of helding the radicestive
nsterial at some distamoe from the skin, whieh effeet would be relatively large.

in added econsiderstior 1s the pessidility of high deta doses
delivered to persoanel froz the falbut material lying on the ground and
other surfaces. If the highest degrese of oontamination -snsidered under
this policy is sa’e whem 1n direct eontaet with the skia, them the beta
dose from an equally contaminated ground will not be hazardous, {3ee
Poliey 11l for diseussion on unequal contasziration on persommel.) Eovever,
it i{s true that the eontaxination may exceed the amount te dsliver dose
rates given in tadls II and yst not de great enough to oogu_idot ’vmm.
Some personnel may mot go indoors and those who did viu:vEt::(uy be
releszed fror this restrictive action sand tren may walk around in a
relatively highly contsminate! area. Because of the more limited range '
of the beta, the location of grestest concarnm is the lover laga.

One report estimstec a2 bets to gumrma dose ratc ratio of abouk 75

to 1 at 1C centimeters ebove the ground.®™ Under Poliey I it was recom

* ITR-923. Study of Bssponse ¢ can B

IET Y 14\ A d : * . i

W ite, E, P., ot a l. Nay 19X.

*e.D-05(K) an Latimake of tbe elative Daxard of Bets sud Gumma Radlstion

W Condit, R.I., Dyson, J.i, and lumb, ¥W.A.3. NRDL
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sstarial {s iapertest. I\ 15 308 carprisiag thedthe highest dnes rete
readings @ wll & Molagisal effests wire nsted e Lhe dalr of the nstives
md alse ou parts of She axpesed oy ere jerspiretion ws present.
Parther, {4 vas sboarved that sven ame Liyer of light eottea msterial was
suffisient %o pretest against dets «&kia dsmage i meet cases®, This wms
e predably wt to the ralamtivaly mml) sttenustisn of the botas Wy the
alsthing Wat retder ‘o the shysieal situstisn of Melding the redisestive
asterial o seme distanee frem Wde skia, Which offeet would be relstively lerge.
m edded ssmslderstisn Ls the peesidility of high beta dsses
dalivered to persemnel frem the falbud metarial lying ea the grewnd eaad
othar surfases. If the highest degree of ssmtamiaciism esmsidered wader
this peliqy is safe vhen 1o direst ssmtast vitk the skia, them the bdeta
dose frea m oqually eonmtmminated ground will not be hasardeus., (3ee
Peliegy 111 fer diseussiea ¢a wmequal sonteminrstion em pervecmsl.) Newever,
1t 15 Wrue that the esteminstion mey exseed the ampumt 1o daliver dese
retes given ia tabls II and yet ast do grect mmough to cemsider evasustisa.
h.mlwﬂ-piﬂnndmnmw%h
released from this restristive astice end then sy wvalk arewnd ia o

relstively highly esmtaminsted aresa. Beesmse of the mere limited raage
of the Yoka, the loestisn of greciest ssnser: is the lever lags.

One repsrt estinates s bota to gumma doee rete ratio of adoed 73
to 1 & 10 eentimsters above o ground.™ Jades Poliey I it vas reess-
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meuded that esasidserstion be given to evasustion vhen the gama doee rate
reading st thres feet was, for example, about 6.2 r/kr st B} hours
Roughly, this would sorrespond to sbout 460 reps/hr of beta at 10 oemti~
petars., Of course, this astivity decsys and also it is presumed thad
personnel would be semt indoors, st least for a few hours. Om the other
hand, it strongly suggests that biolegically significwnt doses may be
delivered to the feet if mot protected. Skinm lesions were frequent om the
bare feet of the natives evecuatel during CASTLE., This probably wvas a
ocombination of beta dose from material oo the ground and frem that seuffed
wp over the bLare feet and then alinging to the skin. (No lesioms were
obau-vod on f.ho bottom of the feet, tmdoubcndly dus to the fhick epldermisd +
It \mzld b- c:poctod t.hat aofsulf ;ios-d-typo tootuur (l; c;;yu:‘ :J: reed | /)'
open sandals) would afford adequate protection to the feet from sush high
bete doses as disoussed here. There is still mo guarsntes that beta
radiation froz material on the ground will not deliver significamt
biological doses to the ankles and perhaps lover legs, &&/NV‘
are relsased froz staying indoors. PFor example, if the beta dose at 10
oent izeters above the ground is 4{6C reps/tr at H£3 hours, it would be
about 190 repghr three hours later snd 12C reps/hr six hours lster.

Ons further pessibility 1s the accumu’stion of redicactive zaterial
around the ankles and lower legs resulting from normal walking about the

area. This is discussed under Folicy II.




Rsla On DD Daosices

The work of Henriques® suggests that et the ¢ epth of C.09 m ia
living poreins skin {mexizus thickness of « pidermis) that Y1400 £ 300
roentgen-equivalent-beta® (delivered over short perieds of time we thmt
they may be sammed te be instamtanscus) is required to produce recognis-
able transepidersmal injury. The eurve of hinlogieal damage rises rather
sharply se that st a dcse of Jjust wader 2000 rep (at 0.09 mm), the spilderais
nay b expected to eaxfoliaste and in the majorily of eases go em to develop
cironiec rediation dermatitis persisting for meuths.

The preceding discussion suggests that, using the gamme dose rstes
listed in the eriteria under this ielicy, which are baszed on sn estimated -
1C roeatgen infinity garna dose, as higt as 2,000 reps might be delivered
to the basal laysr of the spidermis over s period of time eovered by the
lifetine of the radicactive material.

There have bean instances vhere the ealeulated infinitly ganme deose
in areas where perzonnel vere present around the Nevada Proving Greunds
heve reached 12-15 rosntgens but there have been no known ecases of beta

gOE/L\V
burns {n these areas. The number of persons involvec these

areas of
highest contamination was relatively small, perbaps a few dozsmn, &nd with
an observed duration of fallout of about ame hour it is poesible that
they vere not in a position to receive the full fallout. Likevise, mimite
areas of the skin may have been so affocted yet not detected or reported.
In other arees encompassing soms 2,000 peonle Lthe infinity gamma dece was
about eight roemtgens and no imstances of beta injury appeared.

1 gr.git.
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The estimated Wwle-body gamma doss (o matives evacuated from the
fsland of Mirik following the Mareh 1, 195/, detonation st the Fasifis
Froving Or eund was about 15 roeatgens for a period of about thres days,
Yut 3o beta burns eppeared. It is falr to assume here that direet comtan~
instion took place dus to their mode eof living insluding housing that was
quite open te ailr curremts. (asme doce rste reedings wvere taken over the
bodies of the netives at shbout ¥ plus 78 hours bdoth on the deash md after
boarding the shij. Om the deast the persormel readings averaged adout
20 mr/hr gamsa (but this probadly included some comtribution frea the
ground contarmination., and after weding throug: the surf{ sad boarding the
ship the levels aversged 7 mr/nr gasse.

The 12 natives on 5ifo Isiend, Allingines itoll, received an esti~
rated vhole~body gatca dose of 75 roentgens im about twe and a quarder
days. COf these, 1. latar sxierienced =lig:t beta burms, 2, moderate burns,
and none showed erilatior.

In the gase of the Rongela; natives, the eriinated vhole=body dose
was about 150 roentgens in abort two days. 411 &L nstives later exper-
{enced bets burn- to serze Aegree Prop light to wvareha.:n:d‘!:“d:;vr half of
tre natives zhowed e-1lstior fro- lig-t t- r~avers.

The 16 natives fror Pongela; evacusted lireetly by air to Kwajalein
rad personnel gamrz dose- *« level: generally E0 to 100 mr/hr although
one vas as high ar 240 mr/ir and one =25 low ms 10 mr/ar (st B pluz about
55 “ours). The remaining 4% native: svacusted by ship vere reported to

have personnel readings that "averagsd' & nr/Lr before iscontaainatiom.

7 i
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The plotwre is further confused becsuse some of the natives had dathed and
soms had mot bdefore the arrival of the evacuation tean.

Most of the 28 U.5, Service persennel stationsd en Eniwvetak Islamd,
Rengerik Atoll, received shomt L(O=350 reoeatgens, bdased em film badge read-
ings. Three nembers of the group wvho wvare locsted for part of the time in
snother sestien of the islmmd vere estimated to have recseived somsvhat
higher dsses. Sevemtesn of the 28 persemmal ashowed enly slight super-
ficlal lesions vith ons questiosadle csse of epilation, It sheuld be
pointed out that the personnsl were in mstal btuildings duwring some of the
fallout time and for most of the time thereafter wuntil evesustion. This
reduced the direet sontamination as well a: the whole=body gmmma dose.

i £13- badge banging on the esnter pole of s temt et one end of the island
read 5¢ roentgen:. Caloulations based on doss rate readings sf smother
pert of the islend indicated semewhat lowver doses, 1if persemmel had
recained in the open for the period of time froam fallout (adout ¥ plms
7.5 hours) to evacuation (at about K plus 3 hours). Upen srrival at
Kwajalein one jersomnsl gsxma 40se rate reading was as high as 250 mr/hr
at about ¥ pims 35 hours. UEINY.

The above cdate do sugge:t trat therw &y be possidtle a rough
bracketing of garru=bets doces versus beta burns. On the ane hand, the
nstives from Utirik received an estimsted vhols-body gemsa dese of 15
roentgens snd showed no evidence of deta burns, On the otler hand, the
natives ou Sifo Island, Allinginas Atell, received about an estimated

whole=body gamma dose of 75 rosntgens with li personnel shoving slight




burns, 2, moderste burss, 2, me burns, 3 vith moderste epllation, aad 15
vith mo epilation. In addition, Nongelap natives received 150 roestgsns
vhole-body gemma dose, end about 90f showved same degres of lassions end 565
some degree of epilation,

It {s to be recalled that: {(a) the natives prodally vere cut—of-
doors and received the full fallout, (b) the olly nair, semi-naked per-
spiring bodles ineluding dare feet, and lack of bathing for most would tend
to sollect and held the fallout material, ‘¢) the time of delivery ef essen~
$ially all of the doces was two to three daya, PFurther, it msy be specu-
lated that the fallout om the more distamt island of Vtirik (about 300
statute milss, would eonsist of smaller particles and also perhaps lesser
possibility of overlapping of redistion fialds froza thess particles.

Sone of the relevant dats are summsrised in table II, Duws to the
uncertaiaty of the degree of exposure of persommel on Rongerik ts the direet
fallout, tils grow; i» not included. Tt i to be Lmmediately emphasised that
any cocparison: mede or implied in the table are at the nolta.l:r semi-
quantitative, Table I will be referred to in Pollcies Iﬁinsd\\lv bat s

included here as a suxwary of the lats dlscus=zed above,

2ate Op jnlzal Rxiosures
The data on animal exposures are lsrs firz than those for hwmans,
Unristakable beta burns eccurred on cattle st Alamogordo @ July 1945, on
cattls at the Bevada Proving Grounds in sjpring 1952, and on horses in

?\\y
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apring 1953, (The skin damage observed on shes; in the sprimg 1953 wvas not
established to be beta burns,) However, the axast positions of the animals
in relstion %0 known smounts of fallowt are net clear.

Folloving the last detonation of the spring 1952 series at the Nevada
Proving Grounds, about one half of a herd of 150 heed of cattls ware found
to have ¢ vidense of beta burns. They vere thought to have beem 1520 milss
froa ground sero in Kkawieh Vallay to the nertheast and ts have deen sxposed
to fallout from the last detenstion. (14 €T om a O foot tower) Righest
dose rate readings taken along & 4irt road rumning lsugthvise threugh
this valley, integrated to 75-10C imfinity gamma doses.

During Upshot-fnothole, 16 horses showed skin lssions ever the back
and eye dsnage was noted in s few. The bdest evidencs indicated that the
horses were some 8-l xiles to the east of ground zerc em 17 Mareh 1954,
where the fallout oceurred from the first detonation (16 ET em a 3OC foot
tower;. Radlation levels in this area are not inown vith OM’M
the fallout eecurred ir a narrov band and was carried Yy ril)!it.i\v&l; high
velocity wind:z so that it probably fell on the horses at & time less than
one hour. If go, probably more than one=talf of the infinity dese vus

delivered iduring the next day

Sesratiopal Feapilility
Under the eriteria reconsended i{n Toliey II, thers would have been
two occasions {n the past whers personnel woeuld have beem requested to
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remain indoors. Ouoce ves st Linesln Mine fulloving the second detenstion
af Upshot-knothele whare they vare se requested to remain indeors far Swo
hours amd the other oocazios would have been at Riverside Cebins (pepulstion
about 15) followving the ninth dstecstisa of the same series. The Guse rats
reading at Linceln Mime was 580 mr/hr st Bf2. In the ease of Riversids
Cabins, bovever, the redislegical cenditions vere not aseertained umtil
after ths fallout had soewrred. The maximum infinity gauma dose in the
latter case vas 12«15 roemtgens.

Personnel vers requested to remair indeors (for sbeut two hours)
folloving the ninth detonmation of Upshot-Knothole. The highest dose rzte
reading war 32C mr/hr at K plus 4.5 hours. Thisz is less than the ewrremt -
recomnendat {ons. 7
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GAG DOSRE RATES AY TIMES DETONAYION WHEN DECONTAMINITION OF PERSOM.
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Oecontanination of Psrisonoel

DISCUSIION
Gsnexal
The establiahing of degrees of wndesirahle comtaminstion en persomnel
i{s based principslly on ocnsiderastions of the bets dose to the skinm. h'“n
operstional polnt of view, probably the most practical method of estimating
the beta skin doses iz from gamms reading: taken with survey instiruments
even though the evaluation of such meesurerents i{s ¢iffieult.
i'ersonnel moritoring may be considered under two classes, 1.s,, those
teken outsiie a rediation field and those within. In the latter sase it
would not Be posazihle to establish prior eriteria ss to the relative ocon-
tributione to the seter reading frox the contanination on the person and
froz t-at on the grounad . If it iz imprastieal to perfors mm monitor-
ing outaide the contaminated ares, probablr the best solutioca is to sstimate
the degree of personpel contaxination by determining the locstiom of the
individual during fuliout. The discussior under Folicy I1I suggested that
ever if one were out-of-doors during faliout in an area where the whale=body
infinity gamma dose was 10 roeatgens, thers would be relatively littls chanee

of beta burns oecurring. Hovever, based on genersl principles ef reduocing
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v e ‘;cs...i)
— “



-

radiation exposure vhenever pessible, bathing andi a change of slothing pight
be suggested for situstions vheare the whole-body infinity gamme doee was
less than 10 roentgens and ghonld be recommended for areas vhars the sxposure
is higher.
Aake On Nuzens
In tahle I it wvas suggested that the relsiive sversge gamma dose

retes from an infinity comtaminated fisld st three feet shove the preound
compared 10 that on the nstives msasured by a survey meter held alsse to the

body wast
mn% ® 7/7 (Ueirik ttell’
15 ar
m.ll'% = 271 {AMlinginas xtoll)
£3 =xr/hr
‘ : / ( 1 by
L0 B = 16/1 (Rongala; Atel

It 1s Tecognised thare are many mesrtainties in estimsting sush o
relationship by this meen:. PFven {f one assumes the doss rate readings wvere
taken accurately the fastors imvolved, espesially in mﬁiﬁnﬂ the emount
of material ecllected and retained or the dody, sertainly are not eoastant.
The nigher ratic at Rongelap Atoll amight have been dus to a physieal
phenamenon whers the quantity of aaterial falling per wnit area was so
great that it wvas not retained so completaly en the body., Even {f this
explanation {s accepted, there ztil)! remsin many questions,

Theoretical conaiderutions indicate a gamms doae rate ratioc at three
fest above an infinitely contaminated field to that at four inches freom an

esqually contaminsted field of six inch radius to be about 7/1. (See Appendix D.)

4
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The sizes of arear anc distances frox the surfaces wvere seleeted inde-
pendently of any of the information on the fallout on the natives diseussed
above anc wers estinate: of earea: of contarination and distances of momitor-
ing that grreared tc be reascnable sstisates of these parsmeters. The «lose
agreenent between the gammu dose rate ratic. based on theoretical somsidere~
tions anc those observec with the natives is circuastantial., PYor exampls,

an equally econtaninated area of three—inct radiu: would yleld a theoretical

T 4

[ARE T

gamna dose rate " tines less tLhan the selected area of sim-ineh radius.

Ic the eaue of tihn patives, however (it is beiieve. that they were semi-naked,
pers;iring, and out=—uf-door:s during the failout so that it is not woa‘bh
to expect relatively .arge area: of tis body to be contaninated. In faet,
this wan noted wher they vere monlitores Py their acts of walking areund
during tie period of fallout and sleering oo mats that were hesvily contaxin=-
ated it woull sees possible that significant sreas of the bodies of the
Allinginse and Uti.ris natives sould be as heavily contaminated as wes the
grounc. (It iz unknown 1f there were suffisiemt winds t.ha‘mivqht have

rei.ed the rabterlel frox the grrum to the ody afler fa:l’;,oft‘x{)‘o?currod.)

There Lz furt.er uncertainty of <hat is meant by the moniter's report
of "uverage" perscnnel reading . Trhe cose -ate readings in the halr are kmown
to Lave been slgnificantly algher thar the -eat of the body in most cases.
it {¢ unknown howv these reeding: wvere "sveregec"

Whereas these dats certainly ere not ?:ru enougr for ons to place great

confidence in the ;rec.sze gquaniitie: of tie -~stlos of 7/1 or 8/1, they do



indicate the obviows fa laey of accejting : lu-roantgen infinity dose based

on gamma dose rates measured on personnel outside the radiation field., Por
exax;:le, the nativer fros Allinginae shovec :ersonnel dose rate readings
that would approxizate nine roentgens (gamse ir 2] days and yet skin damage
to some degree wa: svident in 14 out of 16 of the sersonnel. On the other
hand, the nstives fror Mirik showed nmc skin damage with an estimated 2,2
rosutgens in 2} days based on gamme dose rstes mesasured on personnel, The
uncertainty ef these data was discussed under Polley II1. They do suggest,
however, that if the eortasinatior of 2 relatively large area of the exposed
body produces les:z than one roentgen infinite gamma dose &35 msasured by a
survey eter helr four incher fron tre surface there 135 a large probability

t:at bete burzs wil® not rerulr | lee alsc dizeussior under Folley II.)

Wren the same loze rate real.n; i jroduced st z given height above a
surfuce fros: « smailer area, the amount of contarination per unit area {=
grester (otler factor. heing equal Trerefore, it would seex deziredle
to reduce the recomnaended lose rate levela whan relstively small areas are
involved. It 1. recogn.se’ that radiation fron another ILS’O(;I}:‘;?\ :pet &4y OOD=-
tributa to the survey meter reading when monitoring s 2mall ares on personnel,
but this has not been taken imtc accournt, first because of the diffisulty of
establizhing & prior ap,ra.csl of t-:. ver‘able factor snd, second, whate - or
tlis contribtutior may be it will now become an adled safety factor.

Cf oourse, the oroblem 1s still eox;.ex because vhen oconsidering

snaller and sceller areas the sventiua' en .o‘nt {: & zingls partiele.
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in sstimate of beta doses st the surface cf an imaginary sphere surrounding
a fallout particle is givem in Appeudix £ and an estimate of beta doses from
a single particle required to produce recogrisable erytheme is presemted in
Appendix F. Caleulations indicate that the specific activity of scme imdivi-
dual particles found ir fallout would be grest emough to produce recognisabhls
erythema if held in esontaet with the skin for less than one dxy, yet the gamce
dose rate reading at 4 inches may de quite small. [See Appeadix 0.)
Additional information on dezes from individual particles has recently
been reported®. The particies found ir sac around Hanford eonsisted princi-
pally of three redioisctopes, Rut?, Ruldt and its daughter M16, The data
and calculations in Appendirx ¥ also strongly indicate that a single fallout

particle could produce & regognissble erythems,

Seatsmination of Clothing

In the suse of contamination of elothing, higher dose rates might be
tolerated than those for exposed parts of tne bocdy. This wvas exenplified
in the natives whare no peta durns wvere observed under slothing of the most
Lighly econtaxinated porzonrel. (Th's does aot inelude such areas as wnder
the walst line vhare msterial apparently collected and was L:i‘di::\plu-.)
Cn the other hand very large increase: in contazination shoull mot be tol-
erated since it 15 posaible for the clothing to be rearrunged so as %o bring
the econtaminated surfuce in contaet witn the akin, Purther, it {s net
unlikely that one m&y rub his hands over ris clothing and then through the

halr where it eould be belc in plase for re.ativelv long periods of tims.

"e33068, A status report. Sept. L%, 195
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A further consideration iz the bete dose to the bands resulting from
handling objests eontam'nated wit) fallout material. Although esome dats are
avalilable on beta burms fyox handlin ~ar‘cactive obleots, the conditions
are so different from it ose associated wit' fallsut that ecomparisons prodba-
bly would not be wvelicd.®

If the above assumptions snd ecalculation: are eorrect soncerning eon-
taxination of & general area from fallout, then the tranzfer of all the
redicactive material to the hande fror sr blect of squal ares would not
constitute a hasard Thus, one might cons 1er using as eriteria for son-
itoring objeots, tie do:e realings gilven ahove for monitoring personnel

outside the generawl rad:stion flelr

T Ecwvever, the problem {» more conmplex since the hands may oome into
eontact wit: contaminuted surface: many tizer larger in ares than the
hands, with an undeterzined percentage of activ.ty beiny transferred to
the hands., Of cour.e, an added uncertaint+ is the frequengy of washing of
the hand: and/or t'e ~ubbing gff of the wateria. frox the hands.

Firt.er, cne zignt speciliate that a given rurface mld have signifi-
cartly higher corntarination tran the genar.. ares and ‘t)';x)alt;go handling of
such a surfuce oculd sonstitute & greater -‘ak, Thiz might be trus because
of the grester eount of ectivity transferred to the hande or because of
the doses delivered during the time ~f actun’'ly handling the objest. The
uncertalinty of tre .ercentage of tranz=fe- >/ zaterial has been wmentioned.
tne uncertainty 'r the seeond case 1. %he lengt -7 tine the odjeet would

be handled.

¢7Hleta Ray Burts of Puwan Skin®. EKp=owltinn

Aesrican hecican sscoclgbiop, Voo B o Sert. 24, 1345

A

[



Based on ealculations in Apyendices % anc ', wher an object 1s held
in s hand, a rougn estimate of the ratio of dose ratas of beta %0 the basal
layer of the spidernis tc that of the garee realing on a survey weter held
four inches sway froz ar otjeot two inches in rsdiis {cutside a general
rediatlon field) is 2600=5200 %0 1. {appendix I, Thus, if this objeet were
eontaminated with the same activity per unit sres that would produse a
1O=roentgen whole-body gamne dose from genera. contaminatisn of the area,
it wuld produce about 77 mr,hr gamms st four inches avay at B£l nours,
and about 200=4{37 re;: vour at a de:tr af mg,"‘caaz *  Sinee the palms of
the hand=s have an approxizate epidersal layer of sbout 40 ng/otz the beta
dose to the basa’l layer would be about 135-." rers/hour. {(The time of
Efl was selected to shov about the “ighest zagnitu.e of dose rstes.) If
ona ascumer that the decay le eccor 1z, % :,-:"";, ther the total beta
dose to the baral la~er of ke ¢ {?erz! - the next 10 bhours would be
about 250=50( re; .

Whereas the above estinmates do not indicate an alareing situation, a
more serious probtlet nay ecome when the contamination s jt‘lrt‘plua‘ than that
wLere evacustion s indlcated, Por exauzyla, tle contamin@gi’l; \oz the general
ares way be five or 3ix time:r that uced as ar {llustration in the preoceding
paragraph, without evacuation being recommended. Thus, beta doze rates
from handling oblects, ezpecially Ir tix soon after fallout, may be high
enoug’ to be & protlesr. A simpie and expedient rocedure to reduce this
factor is frequent wasning of the nun-s after hand’ ing oblects that were ir

the fallout.

#The:s nunber: agree fairly well with the comjutations in "Bete=contact
Hazarde iscociated with Gasma-radistion Measurerents of Mixed Fission
Froduots®. Teresi, J.T., US¥RDL-3+3 !CONFIDINT &
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Beta Jamesure ko the Feet and iover lega
It was suggested (n Pelicr . t.at normal elosed-type footvesr (ss
compared to such as smer ssndals woul. urooably afford adequate proteetionm
against eignificanmt bets doses to the fset frov fal’-utl zsterial om the ground,
There ia still the adoed problem 1f the uaterial be scuffed up and eling te
the anklea and lover legs. If thers wvere n interveming clothing, or
perhaps even vith thir stockings or socks, ihis right result in significant
biological beta doses being delivered to these nartc. PFor example, {f the
gauna dose rate reading st BfLY hour: wvere sometiing le:z than ;tmntm
per hour, evacuat . on would mot be indiecated Rowvever, for fallout material
of the same ooncentration in eontact w'th t.e skin the beta dose rete st
7 mg/:::.;2 would be about &Y reps/ns.r ‘>ee Appencix B,} [Presumably, per-
sonnel would be keyt indoor: for a few hours but upon relesase the approximate
bets dowe rates at T g < would be & - L three hours later or 210 ':/hr
6ix hours later. Irn aldition, there is trne variable factor of vhat concen~
fallout DOLE/NY
tratior of gouterta\; nay gooumulate n tie anxle region by walking around
&L area.
s+ concentrati~r of fallout zaterta. s the ground that would result
ir about 20 roent;en: zaxismr theoretica. (af nity gamwa dose, if in ¢_omtact

witll the skin wouwic result in ¢ dDats 4ose rste to the basal layer of the skin

of about 1/, WEEREF thoce ‘ndicate’ i~ =»e¢ -revious paragraph.
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BESU CUY AV AL ADLE
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activity bas dsareased significantly.

A given dose rate reeding inside s vehicle =&y represent less sontamin-
ation per umnit ares dus to the contributien of gemna redistion from the
sxtarior ef the vehicls. Om the other hand, contaxination withinm a vehlels
wuld more probably be pisked up by perscanel than if {t wvere on the outaide,
Purther, it is recognised that significantly high concentrations of redio~
active fallout may accumulate in such parts as the air filters of am
automobile. Again, this has to be weighted against the probability that
they vill be handled before the sctivity has decreased to lov levels plus
the fact that it {s relstively difficuit t: monitor suekh parts en a nass
bazis. The uncertainties present in estimating possiblehasards from vehisle
oontaminstion would mot Justify fine distinetions {n monitoring ths various
parts. 4 thorough cleaning, inside anc outside, would appear to be the
best solution.

One of the obviscus wvays» %o svoid such of the jproblem diseussed in
folicy IV is to prevent vehicle: sntering an area during the time of fallout.
Tri= will not prevent the first weshicles passing through f;::h;i:{ing up
activity on the tires fros the highway. [t is believed, however, this will
not econstitute suak a troublesome prodles and past experience has indicated
that the activity found on the tire: notlceably decreased after several ears
had passed over the highway. Murther. if vehicles are not presemt in the
fallout it will hel; reduce contaminet!~r o the passengers and of the

insides of the vehiclesx

uriziasermiep :
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Suerational Fessibility

In the past, the criteria used for vashimg cars has besn 7 mr/hr, sad
at a later time 20 mr/hr (gasma), imside &« vehicle. This resulted in vashing
sbout 75 cars {roughly 1/f of the total monitored) following the seventhk and
ninth detonstions of Upshot-Enothole. Under the recommsadations glvem in
Peligy IV, the bus mentioned shove, but probebly nons of the ears, would have
been vashed,

The dats given in table IV.b. indieste that if these rediation levels
given had been predicted befors the fallout REighways #91 and 93 would have
been closed prior to the fallout from the savent! detonation and possidly

highway FS53 for t:e rint' detonation




data, however, !t is net expected that under those senditiens of fallout
vhere the rediation levels are belov those stipulated for possidle evao-
ustion, that the degree of contamination vill be a health hasard., (Ner

is it implied hare that any level above this gegs eonstitute & sericus
contazination of water, alr, or foodstuffs. Therefore, i} ia retcensnded

[ S B B R B BE NN NE B NE R NS N N B NS
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Table V1 o, itat: the six loeation: having the highest soncentra-
tions of fissior products in water souress during Tesbler-Snaprer, and

: DO NY
for corparative purjoser the satimated theoretical maximua gamma infinity

doses,
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Concentration{ricrocuries i'hcercticd Maxisux
per milliliter sxtrapolate~ Whole=dody Gamma
o o 3 days after detona- Infinity Dose

Virgin River Irrigation Cana., Rev B g 18 8.
Irrigation Diteh, 56 mi.no. of Piooche, Nev 0.5 x 108 0.15
Lowver Pahranagat lLake, Bev 3.2 x 100 2.
Virgin River st Mesquite, Nev .6 x 170 2.5
Bunkerville, Nev (ta; weter 1.2 x 170 7.0
Crystul Springs, Bev {ta. vater: 1 x 10=h 0.2«

Due to weatrer and to sttenusation of the gamma rays by bulldings, the

whole=boly gamma ioce estimgteod 4o huve beer actua.ly dslivered was probably

cloger to one=hgl” o the values ahowr.

The zaxizur nermissible eoncentration of fission produets in drinking

water is § x 10-/ me/nl extrapoleted to three day- after detonstion. This is
conzicdere’ a safe concentratiorn for contimuoun eonsurption,

nnereas, the moaitoring of water sources s of value for‘doc“a:untlry
jur;oses it should be recognised that the concentrations !‘o&m;v‘n.ry
widely within small geowraphical arecs and sver at the same loeation at
d1fferent tines (taking into account redicsctive decay). Thus, confidence
eannot be rlaced in precise values. Tabkle ¥1 . a, sugrests thst sven if owve
ware to have stored uj the water listed at Virgin River Irrigation Canal

and subalsted entirely on this for = lifetize, the concemtrstion would he



about 58 times leaz than the maximus permissible smount. MNermel fasters of
dilution dy additional rainfell and/sr by the influx of lesser eontaninated

¥ P T
ground water would reduce the level of activity

AdX

Consideralle effort has and 1s belny made to evaluate hasards from
sirborne redicactive asterials, ineluding fission products. There are eer-
tainly many unsnsvered jroblems inclnding the possible hasard from a singlse
particle in the lungs Despiie the uncerteinties and as yet incomplete
analysis of the iaralation hazard, the rrejonderance of evidence today is
that the external gamms hazarc fros fallomt is the more 1limiting factor of
the two®, (However, see discussior op foor eontamination.)

Duaring Upshot-knothole quite ocomplete data were eollected of eoncen~
trations of airborne activity on about 187 »>eccasions in some 40 differemt
localities within 2 miles of the Nevads *roviag Jrounds, These inecluded
monitoring of al. detonations. Histograms were uace of alr eoncentratins
versus tine after detonation for 30 occasions and estimates were made of
doses to the lung:. These dats for the T.ve communities s!geiiéxt\;e highest
alr concentration are giver {n Table Y b Tre histogram for St. George (the
highﬁia hour xversge cor :entration of faliout ever wessured inm a populated

area; iz reproduced in ipjpend’x J,

#:2 Hoc Cormittes “eet!ing. was-ingtor, © January 2, 195.
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3t. Ceorge, Utab A e 3.5
Lincoln Kine, Kev 6. X M0™ @ 1.5
Mesquite, Nev 1.7 2 0™ 1 1.0
Groam Mine, Rev 3.4 x 107 » 0.35
fioche, Nev <03 % 10™ 3 0.015

*The method used in sstimating doses to the lungs is given in Appendix K. One
sssunpt ion made was aniforw distribtution »f radistion whieh, of ocourse, is mot
entirely acocurates.

The ariteria previouzly established by an ad Boo Jangle Peasibility
Corxittes (wazhington, D.C., July 13, 1951 , for air oconesemtrations wes

*At s point of human habitation, the sctivity of radiocsstive
particles in tne staciphere, averaged over a peried of 24 hours,
shall be linmited to 100 microcuries per cubic meter ef air
(cormesperding ar;roxizately to a ground leve]l gam=ma {ntensity
of 3. m=x/ir

DOE, NY
*The i-nour average radioactivity per cubie meter of air, due
to sus;ended particles haviny :.smeters in the range O micron
to 5.0 microns, shall not exceed 1/100 ef the sbove; nor is it
deairable that amy individual particle in this size range have
an activity grester than 10=« migrreouries asleulated { hours
after the biast.”

In the Januar 20, 195, xeeting of the id Yoc Comnittee the dasis
for recomrending the shove air coscentration was discussed. IEssentially,
these oriteria were selected Ly estimating the gamsma dose that might de

delivered by the nessing of a radiosctive clnuc  Since there are detter

o~

..'_._ﬂ




xethods of estimating geamma doses and sinoe there are uncertainties in
evaluating the hasards of such transitory air concentrstions es experisneed
from fallout, and sines the ;reponderance of svidemce from pest smslear test
series indicates that the external gemca hasard is zore limitiag than the
inhalatlion one, it was recommendec in the Jenuary 2C, 195{ meeting to
strike from the record the past reecmmendstions for marxizun permissihle
air concentrations. It vas recommendec that an air monitorisg progrez be
continwd for documentary purposes and for whatever value the data might
have in the future when nev analyses aight be made in the light of addli-
tional knowledge.

A further discussion of toe single Harticle problem may be made. 7
i arriving st the rescommencatlion '.. wnor is it desirable Lhat any indivie
cusl particle in this s.ze range have activity greater tharn 107¢ microeuries
celculated four hours after the blast™ a computation was made LLat the aver—
age radistion dose from such & particle to e sjphere one=half a millimeter
in radiuz wouid be 3¢+ reps.* However, the oconclusions may bc misleading.
In the scase of & sing.e ,artiele, relstively large egrth;:x‘ delivered
near tre jarticle and saal doses at a greater distance. Appendix L suggests
one jossible estinmate of tris nhenonenon. The parameters involved hers are
many and 4iffieul' to evaluste Por examjle, how long will a particle remain
in one place in the lung and what doce w1l. be delivered during that time?

It has been suggested®® that L the ipper resriratory passage 20-miercn

dlaneter particles are the upjer limit of size for deposition and that *Cilia

*.inutes, Meeting of Comsittee to Conzider the Feasibility and Cenditions For
& Preliminary Radislogis safety shot for Jangle. L.4d.3.L. N&y 21 and 22, 1951,
91233060, 4 statur report Sept 15, 195.  CONPIDENTIAL)

s o
D



swee; 4 to 6 eycles par second. The probabllity of & partiels remaining
witbin one millimeter sone for as mich as one-half hour appears t¢ de
vanishing small. .. Proteetion wil. alsoc be ;rovided by the muous

lining vhich is itself renewed several times an hour." Aesecepting the
estimstes above and the methods f{llustrated in appendiees E and 7, it may be

3
cox;uted that about $2 reps would be delivered to the surfaee of an imagin-

ary stationary sphm one -d.llin.tcr ts radius by & 20 micron pertiele (£ -

i

zierocuries), : !.;rgcr doa.a QL.I be duivmd c¢loser to the particls Dut
with the relatively rapid movement of the article, it does met appear
that large doses will be delivered tc s great rumber of eells. Malti;le
exposures might ocecur fror al:itiora pert-ecles but again this risk is

difficult to evaluate

Iesu
Consideralle eoffort is being directed toward the stuly of eontse~

inatlor of food fror fallout. One slement of major concern is &%, It

has been estimatec thet U’ one were to subaist entirely o:i)f}orod v fro»

soll: eontalning about one :eicmcmrio .ar square foot of Srg’ (1,00C pounds

of ealciuz per acre . that over & jer'od of vears there would ascwwlate in

the ruran skeleton & body burden o»f ore =zisrocurie of Brgo'. Soils taken

from R
about Files fror the Revadas [roving Grounds, nov shov a concentration
of zlorocuriee jer sguare fosot

¢ rivate commnicatior, L. A. Dear, U - DJepartaent of sgriculturs,

Beltsville, Marvlensd, ipri) o3, 174




(Although not of direct ¢oncern & the Nevada Froving Orounds, it is
of interest to note that scils wers eolilected from the Marshall Islands
following the fallout in early Marckt 195 dppendix | smmmarises these
data.)

A recent report® strongly suggest: that contamination of leaf
surfaces followed by either direet oconsum;tion or intake by wwy of milk
is far more an mportant pathusy of intake than by the esoll=plant-animal
eycls, at least for those times of yesr when plants zey be in a state of
grovth to eollest the fuwllout. Purtner salysis s being planned.

This sams rejport® ralse: a new protlem. Eased on stated assumptions,
tne data presentec indicates tuat doses to the thyroid from fodine radio-
faotope: may be a grester nasard tosr: ,er. Purther, the zjo;pzft suggests
that for those tines sf year vhen intsks of fxllout mmg)zln-?:om by way
of Joafr surfasee, the dose Lo the thyro’ ! delivered in a feou weeks) may
be many times gyeater than the thecretica wmexm: external dose. Additional

evaluatior will be given th{s proble:

$Terort on Jebried. UCARC, Diviz‘on of Blology and Medieine, Wwashington,

L.C. July i75a Zo°ET
Lrgoreeine
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Resting Radiatlion Kiposires

Bl et dasud .. Fuallow0R _OYRS 3 28Tied of g vear.  Thia total doms
BAY PO Dun A SIRELe _ADUEO% GF MRiee ol SITORLS,
1f integrations of dose rete readings arev used {a estimsting the effec-

tive kiologisal d0ses. ‘dwa table V mxy be used.

w;“‘_g_ £y

Mitiplioation Rffeative
Maximum thecreticai rediat!ion ,
doge fror time o .l o e

15 dajt later

Maximen thesre: . ~a. . =1 it o.o.m
dose from 15tn an, W one

OTali
{begt estimmta of
affective biclegisal
does

DOE/NY

tadgs may be agospted with a eocrregiion factor of 3/4 to sccoumt for the

difference Letwesn the dese received by the fiim bedges or dosimeters

{including backsostter) and ihat received at e tissue depth of five

PAY A ompey
U YNB2v Ty EEB
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The general offscts of dackscattering on measured rediation doses are
fairly well established. Purther, knowlisdge of depth (tissue)-dose surves has
sdvanced 1o & quastitative state.® Thus, there seems to be 1ittle doubdt that
a fils bedge or doeimeter vorn om the parsoa vill ower-estimats the gassm
radistion dose delivered 2t a depid of five centimsters (asmmed depth of
blood forming organs) A major faster in determiming this diffurenee is the
qality of radlation wder eonsiderstion. (me repert®® dsaling explisitly
vith rediation iz & fallout flald suggests a faster of sbout 3/4.

DOE/ NV

e afsmndtm W» s.pm Te T e

STl Aadigtica, Jamuary 1954.
CONF IDENTIAL.
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EX AT LE

Assume: Tine of fallout 2 443 nrs

Then1

Dose rate at B3 = 667 rr/av

Theoretical maxirur cose fror time of
fallout o0 three hours later

Savings by remalining indoor: for
LLree hours

One vear effective ticlogiosl “cse if
personne. dic recsin indoors during
the toiree hours {based on same sssunp-
tions eontuine’ 1o section on evacis=-
tisn

rer cent of one year effective blolog-

lical doss saved by revalning incoor-
for the thres hour:

TYNPIY O

Asoure: Time of fallout 8 B3 nrs

Then:

cie rute ot Bl T 667 ax/ h

Trecretical mEximuiz d0se fron tinme of
fallout %o eight hour: later

Seving: by remainin, ‘o opor for elght
houra

One year sffective bi-lorical dose if
personnsel did ot recs.  indoors
during the eight hour I(basved on same
answpt lone contelnes - seat-on or
evacustion’

Per cent of one year effective biologe
ical dose saved by remain'ng indoors
for the sight bours

3. r

0.65 »

-~ s ‘O r

~13%

2.30r

1.15 r
o3k Ny,

«“‘/5 po r
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The followiny data are abstraected fros experimental results, vherein

a thin ™2 souroe prepared by soaking » f'l.er paper in a solution of

phosphates, allowing it to 4ry, and then weasuring surface dose rates

vith & surface {onisstion chebder.*
T™hiskness of sorce
Activity of so.rcs

Surfuice dose rate

Docage rute at detl »f w cert sstors

fubgt itut ing above data:
o 55 RO.-(‘)J)(O.OO?).&

!

= 7. C reps’hr
Let C = 77 ue, ex*

Then R » %0 x 77 |
® 539 repa/h- & 7 mg or

9.6 ng/ex?
‘?'7.0/0‘/:-2

0.127
457 m

g=9.5x

(A



—

3. Zxesciasutally

B 427 reps/hr st 7 mg/ewt | "3‘”"

The fwo above sliroaches are withir 26£ of esaech other. If one axtrapo-
late: the experizental dats froz = soisce 2 0.6 ::g/c:z2 to o thlr source

(for cozparative purioses’ the two met-ol: are within 20%.

s
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B SN
re2{x" were:r r®= x‘f!’lr T T T e
Act Vit in ouries per square foet

(=
= Avers;e energy o rarraas (¥ev)
) S

DO1e
1‘ t z s} .
c 3:c,/cm? or 3.0 v U T/ 2 {garwon )

Rl
FIREIR E N |

- “ . ey

I s g B r ‘.
Y Sofr NPTV ’122‘ 23,
A ST I T T T AkE Sol 2 iff V;, <L ;
- ‘C. b v ’ r i ~

a*~3 Frag "1 nite Plaze a' & ig 1 of T.ree "o
%

te Jr > 17 res o iy o L artus &L el L0 Cour ncoes,
D Ny

Jompariacn TaTer et
A OTE

. bl
C3suse: . mesacurie mllef
I TEEENS G SRR

bel ¥/ T & 7.n
LI =1

e




AIRRIZ 2
Assume: &. ioint source
b. C.5 Mev m bets anergy

€. ju® 10 er</gm
d. ' Rate of decay follows t=% -

The dose delivered &t the surface of sn ‘raginary sphere at distance
K from & point sowrce.”

(1) KR # B gy

gran
where: K(K) » dose delivered at the surface of an
{maginary sphere at distanee T
E S average energy of bete particles
) € s total auxber of disintegrations
Substititingu ® 10 ez</ga A ® mass absorrtion coefficiemt

E = 2.5 nev,
Thern: {z) X(®) = 2,3 ‘-——- oy
gemlisizinegration
2 -
S, 1 o=h ge13

(3.8.) K(R, = @uib x 277 g >  alllireos

oar
6.3¢ ‘ <1t ,
(5ob., u(: =emx1 o alilirace DOE W
Fe= 1iasintegrat ion
Equation {2.x. ! plotte. aon %te attactec greaph.

FUROPISSICH pRCDUCT

where: ., = Jlsintegrations per unit tise &t time "a®" after detonatio:
M= disint,egrat on: er unit tice at one unit of time afver

®ioasl, H.H., and E11':, R.N, -:nstrimse"am. oirces in Uniformly 4ibsorbing
redia” Nugleonics July 1950, V. 7, %o

* : "F oy

o i’ ie&}
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Integrating equation {2),
(6oa.) €2 5aq (83005 = 1y 0-2

and

Ay R g

vhere: B ® total nuzber of disintegretions from time "a® to T
t, B tize wftar detonstion
Y, = later time after detanstion.

‘ when %, e infinite,
() Coc Z 8ay1
By the use of ejustion. .. o> '.b. an’ 6.%, one may eompute an

e~tirete dole vt tre irfuacs of »» [apet arvy ~-here.

{f courre, tre rrotler ! tre dater—inatiorn of "t" and 't..', i.;.,
hovw long after cetonatior will a radicactlive jarticle appear im the lungs
and how long wi'l tre perticle rerair (- -lace. The firezt time (t.) is wmuch

eciler to estivate trar the later /4
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v ownat sjecific ac ivity af ¢ jart e f Fa L0t woull be required to

deliver Lie :ame Jose n Lhe  &me lant 9" time
Tre pnrwer Lo LY muert woant oo the tlne after cetomation

tratl tie particls cone L coriac w0 b al asowring this time

o
"

atcit 150 ye

to be 143 reur , s crecldl owmnt vl oL ave 1l .
r/
for the same - te carticic.

ince tre aetiole me e . « o F” mefrre  lx cave have ex;ired,
one L&y O er boe owirior S lom s mrpt et be tre speeific
BCLIVity OF & & - w e ‘ ‘. wver 1 dove in tre next
ai, heur

Atcorsiry Lo et oy riy oabout T of & six day dose
reac be A&l ver: CoonE e 7 =5 e tue sane effect {erythexa.

ecertin, bl SovmoeTtie s ot ape e e activity {160 ue
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Ganna dose rste readings at four inches distanes from a plane surfase

tw inekes in radius, 1» 1/40 that froa ar equally contaminated infimite
field., {(3See Appendix D.)

Assume an objeet having a two=ineb radius is contaminsted om all sides
(but not necessarily uniformly’ sc that the gsmmma dose rete is 1} times
that from an equally contaminated surface wbose area is egquivalent to the
major crosg-sectioma. plane of the ebjeet The frastion given in paregreph
one now becomes about 1,27, Purther assume & 100’1 ratio for beta surfase
doss rate to gamma dose rate at three foet above an infinite fleld. Them,
the beta surfaoe dose rate to gasma dose rate st four inches wvill be

2720/1.
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The following assumptions are made in estimating radiation deses

to the lungs.

A. Tweniy per eent of the inhaled astivity is deposited.

B. There wil. be no slimination of particles during their rsdlo-
active lifetimes. There !z .ncertainty as to the bilological
half-11fe of particles ir the jungs. In those communities
showing the nighezt ooncentrations of fallout, the peak of
airborne msterial {(whic! seeountad for the greatest percen~
tage of rotai fallout. occurred only &« few hours after
detonation. f one assume: s raliological decay aseording
to t7*'C and = biologice. naif-life of say 30 dsys, tbe
omission of bislogical helf-. fe wulld not affeet seriously

tre ecomputed total doss DOE/NV.
C. a1l of tne activity is wszociated wit: particles in the
resrirabie range of siszes ‘wat dats from cascade
im setors indlcate that adout 90% of the activitly 1s assoe!
stec with particles % microns or less ir the commmities
surrounding the Bevads Froving Grounds.
D. The lungs are uniformly irradisted
E. The weight of the lungs is 90 grmes,
Y. An ‘ndividual inhaiss 20 cubi: meter: jer 24 hours,
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Assuxe: Average sctivity for X mirute:r 1« © ue at ALl to BE?: hours
(Jse reference appobd.x ..
£, . LT ,
Then! 2.5 % Z.. x 1.7 x 3 ® 3.3 x i dis!ntegrations/30 minutes.

at surface of imaginary aprere | O m !n radius the dose rate {s
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#,11 dats as of May %, 1954, except island sof Eriiriypu whers date is May 20, 1954.
-- A8 atinated fron somperison witr dosewrate rarvey roadin-s wit: Britrippu Michest
failowt on wny islend ssasured.
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