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Criteria for Evaluating Gamma Radiation Exposures 
from Fallout Follov.,ring Nuclear Detonations1 

GOnDON M. DUNNillG 1 

'T4'JIE RADIATION factor of greatest im­
..1. mediate concem to man in the fallout 

jncident to m.tclear detonations is the ex­
ternal gamma radiation emitted from ma­
terial after deposition on the ground. 
This is the only factor that will be dis­
cuszed here. 

COMPARATIVE RADIATION DOSES A.ND 

DIOLOGIC.AL EFFECTS 

In evaluating the biological e1Tects of 
gamma radiation exposures from fallout, it 
is natural to turn to the many experi­
ments that have been performed in the 
laboratory. In making a comparison, 
however, certain dillcrences between the 

·-two sets of conditions necessitate consider­
ation. 

First, in the laboratory, narrow-beam 
exposures, unilateral or bilateral, have 
been the rule, while radiation from a fall­
out feld may represent a source in radial 
geometry, i.e., the radiations reach a given 
point from material which is spread over a 
plane. A usual laboratory method is to 
measure the air dose rate from a unilateral 
or bilateral source at the proximal sur­
face of the subject, and to report the dose 
required to produce a given biological 
effect. For larger anima]s this dose may 
be significantly higher than one calculated 
by integration of the air dose all around the 
subject, which, in essence, is the situation 
when an air dose rate measurement is taken 
in a fallout field. Thus, biological effects 
comparable to unilateral and bilateral ex­
posures may be produced by lower air 
doses as measured in a fallout field. 

This geometry factor has been shown to 
have genuine significance for lar!;e ani­
mals, such as swine, where the LD .30/30 
values (the instantaneous dose of radia­
tion that will cause one-half of the ani-

mals to die within thirty days) decreased 
from 500 to 350 or 400 r when the meth·:id 
of exposure was changed from unilateral to 
bilateral (I). Still further reductions 
might be expected in changing to exposure 
from a source in radial geometry. 

Second, an experiment with FJiesus 
monkeys (2) in which 250-kvp x-ra::.'s 
were used gave an LD 50/30 value of 530 r. 
A significant number of the monkeys dieci, 
however, after the thirtieth day. If the 
sun;val data at one hundred days (the 
extent of the data reported) were utilized, 
the figure (LD 50/100) might be dose to 
430 r. \Vhile it is proper to report and use 
LD 50/30 values for experimental pur­
poses, such values arc less relevant in the 
present study, since we are concerned v:ith 
the general health and welfare of the pub­
lic.. It is as serious for a man to die on the 
one-hundredth day as on the thirtieth day. 

That the factor of deaths after tl~irty 
days may be extrapolated from one pri~=i.te 
to another is suggested by the Japanese 
data (3). In the group sampled for Hiro­
shima, the number oi reported deaths be­
tween the twentieth and twenty-ninth 
day was 137; for Nagasaki the ngure was 
87. After the twenty-ninth day 11 i 
deaths were reported at Hiroshima and S7 
at Nagasaki. (There were, of course, 
many deaths in t11cse sampled populations 
before the twentieth day.) The difficult 
task of accurately recording, isolating, and 
idcntif);ng the causes of these deaths is 
recognized, but an analysis of the extent 
of radiation injury and ·the time oi de3.th 
would strongly indicate that radiation was 
a major factor in a significant number of 
the fatalities occurring after the thirtieth 
day. 

The final difference. between laboratory 
exposures and doses from fallout requiring 

I Prcscntro :it the Forty.first Annual Mcctinr or the R:idiologic:il Socictr of :\orth Anicric:i, Chic:ii;o, rn .• 
Dee. 11-1 G. 19.;5. 

t Health Physicist, Dh·:sion of Diolou and llcdic-ine, U. S. Atomic Encru· Commission, \\'ashin~ton, D. C. 
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586 GORDON .M. DUN:"llNG 

consideration is the energy spectrum of the 
radiation. The gamma spectrum emanat­
ing from fallout material is complex. In 
Gni.ph 1 is show:i the gamma spectrum for 
fallout after the detonation of ~!arch 1, 
1051, at the Pacific Proving Ground (4), 
with the estimated pcrcentag-c contribu-

.. tions of the gamma quanta of diif ering 
enerr;ies (million electron volts). It is 
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the Pacific Islands, the winds were light 
and the first rainfall did not occur until 
about two weeks later. Graph 2 shows 
the gamma dose rates taken at 3 feet 
above the ground on the island of Ror:gclz.p 
over a pc.riod of nearly a year. In the 
first ten days the decrease in acti\'ity, or 
disintegrations per unit time, is roughly 
consistent with the known radiolozic:al de-

.· .. 
:·· 

Graph 1. Perc:cnbge or total dose contributed by tamma quanta energies shown (million electron volts) . 

recognized that such spectra may vary and 
that any single value may conceal impor­
tant features, but an estimate of 0.7 Mev 
mean energy has been quoted as a first 
approximation (5) . 

WEATRERI!'-:G AND SHIELDING 

The variable nature of the two param­
eters of weathering and shielding makes 
establishment of a precise rule, covering 
all situations, impossible; yet these factors 
Rre operative in determining the total ex­
posure received from fallout. 

One example will be used here to give 
some perspective as to weathering effects. 
After the detonation on :-.!arch l, 1954, in 

cay rate for fallout material, i.e., a slope 
of minus 1.2. The break between the 
tenth and twcnty-fif th day, therefore, un­
doubtedly represents the effects of rain 
(and possibly winds), which was known to 
have occurred. The rest of the points 
fall roughly on a line of (time)-1.7, re­
flecting principally the effects of weather­
ing and possibly, to a smaller degree, the 
fact that the number of gamma quanta re-

~ leased per disintegration decreases after 
the first thirty to forty days. In employ­
ing these data, however, one is faced with 
the problem of translating the effects from 
a Pacific island to larger land areas with 
different climatic conditions. 

0 

·f 
·t .. 
·~ ·-

() 



.. 
I 

,, 

) 

.;~'.·'-'.'i 

• 

• 

• 
_··.:~· ... 
... : 

~· 
_,· 

... 

............ --·-· -...... , .... ,._ .... __ .... ----·· ---··. 

I 

Vol.~ G.urMA RADIATION EXPosur.Es FROM -FALLOU'l' lJS7 

Neither the exact time of winds and rains 
nor the precise extent of <lose-rate reduc­
tion can be predicted. These two param­
eters ~re obviously quanta events to 
which a straight line ft:nction may be as­
cribed only by the process of generaliza­
tion, as in Graph 2. The following esti­
mates may be proposed: For the. first week 
following fallout, the measured r;amma ac-

+ 

. 
TABLE I: ESTIMATED ATTESUATIOS' FACTORS OF 

GAMMA Doss RAT&s FltOH FALLoui 

Slru<lure 
Frame House 

First floor .•.•....•••••.•••••••• 
Bascmcut (center) .••..••.••.•••• 
Basement (side) ....•......•.•.•. 

!lluitistory Rciuiorccd Concrete 
Low~r !loors (:iway from '"•ir:dows). 
Easement ...................... . 

Shelter (cquh·alent of 3 f1..-et of earth) 

.A pproximale 
Fae/or 

2 
10 

>IO 

10 
_.1,0JIJ 
_.1,000 

~ g 
x 

Gemma dose rate reodin9s at 

three feel obove lhe ground 

on island of Rongclap 
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DAYS AFTER DETONATION 

Graph 2 • Gamma dose rates on the island of Rongclap following ·detonation of 
March 1, 19M. 

tivity is assumed to decay according to 
(t)-1- 2, for the second week (t)-1.i, and for 
the third week and thereafter (t)-1• 4• 

Justification for such values lies not in the 
high probability that they will occur at 
these times but rather in the necessity of 
generalizing (probably conservatively) in 
advance, so that some estimate of the 
1>arameter of weathering may be incorpo­
rated into evaluations of possible future 
contamination. 

Field measurements, as well as calcuta-

tions, have indicated the attenuation of 
gamma dose rates to be expecte<l from the 
shielding aff ordcd by various structures. 
Obviously, there will be wide differences 
in this respect, depending upon the type 
and. size of the structures; Table I gives 
some rough estimates of this factor of 
shielding. For the moment, let us con­
sider a situation in which no special evasive 
measures arc takt'n and people continue to 
live normally in the contaminated environ­
ment. Great variation in the amount of 

._ 
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-
accumulated radiation dose may be ob-
scn•ed, dependent upon the location of 
pen:o1111cl in relation to different types of 
buildings or natural terrain features and 
on the length of stay at a particular place. 
r: DurinP' the 1955 nuclear test series 2t 
t11e Ne::v~dn. Test Site, a number of film 
badges were placed outside and inside 

100 

badges as they went about their nonnal 
activities in adjacent communities. Out­
of-door radiation do~es were calculated on 
the basis of the survey data of monitori:"!g 
teams shortly aiter fallout (as would be 
done in cmergeucy situations); tlic:5~ v;.:r~ 

later compared with the doses indic:ite:d 
on the personnel film badges. Tht ratio 

24th hour 

7th hour 

1st hour .. 
Times ofter detonation 

of initial fallout 

·---~~--''--~"'---"~'--"-' ................ ~~~--~~.___.___,.__. .................... 

·-·· 

1 10 100 

DURATION OF EXPOSURE FOR TIMES IMMEDIATELY FOU.OWING DETONATION 

(DAYS) 

Graph 3. Estimated average accumulated gamma radiation doses for personnel 
continuing to li\"e'normally in a contaminated area, based on a dose rate of l r per 
hour at time of fallout. See text for assumptions. 

.. 

school buildings. The ratios of out-of­
door to indoor doses ranged from 1.3 to i. 
As ·anticipated, one-room frame buildings 
generally provided the least protection, 
with multiroom single-story concrete block 
buildings falling within the upper range of 
values. Since the duration of the ex­
posures was generally less than one week, 
the effect was undoubtedly due principally 
to shielding rather than to weathering 
effects. Limi tcd data were also collected 
for personnel-school teachers, physicians, 
mechanics, and others-wearing film 

of doses measured 011 film badges to those', 
calculated for out-of-doors generally fell · 
between OA and 0.5. Duration of ex- ' 
posurc ranged from two to three weeks. 

On the basis of these data the dose >\;th 
.shielding during nonnal occupancy of an 
area may be conservati,·ely estimated at 
25 per cent less than that received by per­
sons fully exposed for twenty-four hours 
each day. 

One may combine the assumptions made 
for weathering and shielding and arrive 
at a family of curves which estimate the 
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OAJirMA RADIATION Ex1•osuRES 1''RO!ll F ... LLOUT 589 

accumulated radiation dose for persons 
living n".lrmaHy in a contaminated area 
(Graph 3}. Since Graph 3 is based on an 
f:SSUmcd a05e rate of 1 r per hour at the 
time of fal~out. the accumulated doses may 
be linearly c.xtrapolate<l to any other dose 
rate at fallout. For example, if fallout be­
tins at three hours after detonation and the 

ship for timed doses versus biological 
effects; yet there arc sufficient convincing 
data to p-:!rmit an attempt nt estimating the 
cff ect of this phenomenon. 

I>lair (G, 7,) Smith (8), Davidson (9), 
and others have made exte:1sivc nnaly~~~s 
of existing data on the effects of time­
spaced doses for several species oi animals. 

10J-----------------------+----------------------+---------------------I 

10 100 1000 
DURATION OF EXPOSURE 

•• Graph~ Ratio of total accumulated equally fractionated daily gamma whole-body doses to a one-day exposure 
· to produce the same whole-body efiects. 

" dose rate at that time is 10 r per hour, then 
about 90 r might be accumulated by per­
sonnel continuing to live normally in the 
contaminated area. 

TIMED DOSES AND BIOLOGICAL EFFECTS 

It has been recognized that, in general, 
the longer the period over which a given 
radiation dose is delivered, the less is the 
resultant biological effect, except for such 
aspects as the genetic. Since past experi­
ments usually have been designed for 
other purposes, the data from these do not 
readily elucidate the rate of repair or the 
proportions of reparable and irreparable 
damage resulting from diiierently timed 
doses. Varying relationships have been 
demonstrated, depending upon the species 
or even the strain of animal, as well as the 
criteria selected for study, such as skin 
damage, life shortening, and LD 50 values. 
Our present knowledge does not permit 
establishment of a precise overall relation-

Generally, the recovery rate for larger 
mammals, such as dogs, is significantly less 
than for mice. One estimate places the 
half-time recovery for man at four weeks 
(9). The most conservative estimate of 
the effect of time-spacing of doses, for 
application to the problems under discus­
sion, is that of Da";dson. On the basis of 
his analysis, a plot has been constrncted 
(Graph 4) of accumulated, equally frac­
tionated daily doses verstts an acute ex­
posure which would result in the same 
whole-body effect (death or sickness). 
This analysis indicates, for example, that 
if a radiation exposure is divided into equal 
daily doses, the total amount accumulated 
over eighty days would be twice the 
amount required by a one-day exposure to 
produce death or sickness. 

The calculations necessary to incorpo­
rate the factor of timed doses into those ior 
radiological decay, weathering, and shield­
ing are rather tedious. An approximation 
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590 CORDON M. Du:mma 

1112.y be made merely by superimposing 
Graph 4 on Graph 3; the point where the 
curves become tangential is the point of 
mal..-imum effect to be expected from doses 
accumulated from fallout. It is not in­
tended to imply that no further radie>tion 
dazm:ge is received from exposure dter 

of the totai dose accrues from fallout dur­
ing the first part of the exposure period. 
This more rapid rate of delivery might in­
crease the percentage of irrep:ual;le dam­
age to some extent. On the other hand, 
a greater proportion of the biologic::!.l dam­
age would occur early in the exposure 

10 
TIME AFTER DETONATION FALLOUT OCCURS (HOURS) 

Craph 5. Approximate g1ntma dose rates at time of fallout to produce an esti­
mated effective biological dose of 1 r for personnel continuing to live normally in a 
contaminated area. See text for assumptions . 

that time. Rather, the analysis does in­
dicate that if the accumulated dose from 
fallout up to the time of tangency is not 
sufficient to produce death or radiation 
sickness, than (a) the rate of repair (for the 
reparable portion of the dose received) will 
exceed the rate of exposure thereafter, 
and, of course, (b) the irreparable fraction 
or the total dose for the duration of the 
fallout will be insufficient to produce these 
whole-body effects. It is recognized that 
the rates of dose accumulation as calcu­
lated by the two methods (Graphs 3 and 4) 
are not identical, since a larbcr proportion 

period, allowing a longer time for the rep­
arable factor to operate before the curves 
become tangential. The radiation st:itus 
for the reparable fraction of the damage is 
thus better at the time of tangency. Un­
til more definitive data arc obtair..ed, this 
analysis may serve to approximate the 
biological repair factor . 

Graph 5 incorporates into a single curve 
the major effects due to weathering, shield­
ing, and biological repair. The radiation 
dose arrived at by these calculations is 
called the "eff cctive biological dose." As 
in the previous graph, the accumulated 
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TABLE II: APPROX!HATB AkEAS ESCOHPASSED BY 
THB EFFECTIVE B1oi..oc1cAL IsooosE Lr:-ies SHOWN 1:-r 

.TUB MAI' (FIG. 1). 

Tso.lost Lii:e 
(r) 
lf.) 

J(>J 
.:; .(C:> 

Apprc>ximale 
Areas E1~compcsred 

(sguarr. 11:ilu) 
25,ro:> 
J2,WO 
5,0:r.> 

closes may be extrapoh:.tcd linearly to 2.ny 
other dose rate at time of fallout. For ex­
ample, if fallout begins three hours aitc:r 
detonation and the dose rate at that time is 
10 r per hour, about 67 r (effective bio­
logical dose) will be accumulated provided 
personnel continues to live normally in the 
contaminated area. 

10 
0.15 = 67 

It is frankly recognized that in any single 
curve, such as that shown in Graph 5, there 
".re iuhercnt a number of uncertainties 

._that arc open to discussion. Criteria 
. based on deliberate ana!yses of the rcle,·ant 

data, however, may be more valid than 
those determined under the duress of an 
emergency situation. Such a simplified 
graph might provide radiological monitors 
with a quick, even if rough, estimate of the 
potential hazards and thus assist in m2king 
decisions as to possible evacuation, etc. 

FALLOUT PATTERN FRO~I 

HIGH-YIELD WEAPONS 

From Graph 5 and data from other 
sources (10, 11), an idealized diagram of 
cff ective biological doses for fallout from the 
March l, 1954, surface detonation at the 
Pacific Proving Ground has been prepared 
·(Fig. 1). It is to be emphasized that (a) 
different yields of weapons, different ·witzd 
structures, and different kinds of land rnr­
Jace, would result in different pal/ems, and 
that (b) this is Jlze amount of fallout from a 
single high-yield weapon. 

The two innennost isodose lines shown 
were selected to suggest regions where (a) 
a significant percentage of personnel might 
be expected to die (-100 r) and (b) a few 
per cent to become ill (100 r), assuming 

111.fl.'U JC.&U 

Fig. 1. Idealized fallout diagram, b::tsed on bigh­
yield nuclear detonation of ).Iarc!J 4, Hl.:H. Iso<lose 
lines represent effective oiologicaJ doses (roeutgens). 

continued occupancy of these areas with 
no special protective measures. These 
percentages would, of course, rise within 
the encompassed areas.. The 50-r eff ec­
tive biological isodose line has no unique 
significance but suggests the magnitude of 
dose which might call for emergency meas­
ures against radiation exposures even in the 
face of other possible hazards. Table II 
shows the approximate areas encompassed 
by the three isodose lines. For areas 
where the fallout occurs a few hours or 
more following detonation, many days or 
weeks will be required to accumulate the 
major portion of effective biological doses, 
so that spot decisions involving additional 
hazards might not be necessary. 

PROTECTIVE .MEASURES 

The idealized fallout diagram is based 
on the assumption that people continue to 
live normally in an area and that they do 
nothing special to protect themselves. 
Actually many measures can be taken to 
reduce the gamma radiation dose. These 
may be classified under four headings: 
1. E\·acuation. 2. Use of shielding. 3. 
Decontamination of the environs. 4. Al­
lo\\;ng for lapses of time before entry into 
a contaminated area. These measures 
v.;n be discussed only briefly. 

\Vhere r~latively small numbers of people 
are !nvolved, e-.:acualion could be an easy 
solution. For large communities, major 
factors of danger and/or hardship must 
be considered. Each situation may be 
unique, and independent decisions must be 
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T1.r.u: III; Es&r~·fATrm REDUCTION 1:-l GAMMA Dosn 
RATES AT Tmu:E Ft:ET AROVE THE GRot.:so TO BE 

EXPECTlm FRO~! v AIUOt.:S Dt:cosv.~nSA1'IO:'J 
J>P-oc1muni;s ON L1.:so Su1lFAC:Es• 

l'rC1ctt!11re 
AP{lrt':rimcle 

· . RuJuuion 
Pacior 

PIO'lvin;: (to depth of 8 incl1cs) 
.-:. };ulldozini: or grading (to depth of 4 

inches) 
l'i~ (ckan dirt to depth of 6 inches) 
Scr«pinr: (to c!cpth of 4 inches, 1·.-ith 

(:[):JCHrrent I elllU\ al of exhumed Cirt) 

3 

4 
5 

10 

•Based on data in Radioloi;ical Recovery of FU:ed 
Military lostallatio11s (12). 

made accordingly;. it is not possible to 
establish beforehand any general rule of 
fl.Ction based on radiological considerations 
r.lone. The complex factors entering into 
this problem cannot be discussed here. 

·,There is available, however, a considerable 
r1mount of data on the radiological aspects 
of fallout to aid civil defense authorities in 
making the decisions which w~ll ultimately 
rest with them. 

The amoi.mt of protection aff or<lcd by 
shielding is suggested in Table I. The 
exact dose rates that might be expected 
from a fallout cannot be predicted, but it 
nppears reasonably certain that a shielding 
factor of 1,000 would, even in the areas of 
11eavy fallout, reduce the radiation below 
levels which might produce sickness. Such 
a reduction might be attained by :::.bout 3 
!cet of earth or sand or HJ inches of con­
crete. Even the cellar of a frame house 
will reduce the dose rate by a factor of 
about 10, which might spell the difference 
between relative safety and the danger in­
cident to full exposure. In the area of 
maximum contamination, however, located 
\Yithin the 400 r ellipse of the fall­
o~~t diagram, a factor of 10 might not be 
enough to keep the accumulnted dose be­
lo1.v a hazardous level, even for a period of 
half a day following fallout; in that case 
more protective shelters or evacuation 
would be required. 

The third measure that might be taken 
to reduce the radiation dose is decontamina­
tion of the environment after fallout has 
occurred. Table III, based on field data 
(12), indicates the degree of reduction in 
gamma dose rates at three feet above the 

ground which might be accomplished by 
various operations on the soil. Table IV 
gives reductions of contamination of su:-­
faccs as estimated by one mdhod oi dct2:-­
mination. (For more cxtensiYc n.n::.!yscs ~ec 
references 12, 13, and 14.) 

The final factor of major benefit in re­
duction of radiation dose is th(; la p::c c_;" 
lime. On the basis of radiolo_;ic2.l d.ec::.y 

TADLE IV: EsrntATt:D Rz::oucTIO:-." x:.r CosTA~US".'.TIO:-< 
. OF SVRFAC!:S lJSIXG A FIRE !IOSINC ~lEiliC•u" 

Sur/a'e 

Concrete 
Wood 
Metal 
Roofiur; 

Approximate 
Ru111clion 

Factor 
10 
30 
30 
30 

• Bast-d on a dry contaminant. For a slurry c:ou­
tami::i:u:t, the icduCLion factors rr:isht be on!:.· O!tC:· 

t!1ird •U great. Pn~-protcction of -r:ood a::ci co:ic c:~ 
surf:.ccs, e.g., \\ilb sealers or paints, mi;;ht iac;~c.se the 
reduction factor bv a factor of about 3. I i3<l.,d ou 
<hta in Radialu;lcal Recovery of Fixed· ).~i!i•ary 
In~tallalions ( 12.)). 

alone, the activity (disintegrations per 
minute) decreases approximately accordii:g 
to the principle of (time)-1•2• Thus, for 
every sevenfold lapse of time aiter a 
nuclear explosion, there will be a tenfold 
reduction in dose rate. For example, if 
fallout occurs one hour after a detonation, 
the dose rate will be one-tenth of its iuit:::.i 
value by the seventh hour; an additio1ial 
tenfold reduction would require about two 
ndditional days of waiting. Similarly, t!:e 
total possible out-of-doors dose accumu­
lated from the first to sixth hour aitcr det­
onation would be approxim::tely the same 
as that from the sixth hour until one wee:~ 
later. Further, this first-week dose would 
be about twice as great as the entire re­
maining dose possible for the liietime oi th 
activity, even in the absence of ,.,·eathcring. 
This rapid decay suggests the benefits of 
protection in the early pcliods after fa H­
out and, where possible, delay of entry 
into a contaminated area. 

The question is frequently asked as to 
the time one must spend within a shelter 
or remain outside of a contaminated area . 
The answer depends upon a number of 
parameters, such as the criteria estabiislie<l 

.) 
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for maximum permissible c!ose, as welt as 
Jength of stay within the arc:i of contamina­
t.1011. 'Vi th knowled~e of the magnitude of 
the radiation levels present and t:1e ratr of 
decay, (t)- 1 -~, it is possible to plan and 
execute a short stay e...-en in a highly coa­
tamii::-.tcd an:a. Plan:i~;'g ior continuous 
uccupn.I!cy r~Ciuircs more extensive anal­
ysis. The following ciata may aid in such 
evaluation. 

The fallout map and Table II suggest the 
degree of radiation exposure received in 
continuous occupancy under normal living 
conditions beginning with the time of ini­
tial fallout. For those entering the con­
taminated zone four monti1s after the first 
fa11out, hov•eYer, and then living there 
indefinitely, the area encompassed by the 
50-r cficctive biological isodose line will 
l1ave duunk from about 25,000 to 2,500 
square mi!es. At such time (four months 
nft<:r fallout), an area of about 1,000 

·. square miles within the 50-r isodose line 
might have the highest residual contamina­
tion, amounting to about three times the 
close rates at the peripl:.cry. The 0.3 r 
fCl' Week cut-of-doo.rs isodose-rate line 
in?g-ht extend to about the same position 
r::. the line marked 50 on the map. 

As one attempts to e~trapolate such 
<fata to one year after fallout, the analysis 
becomes still more <liff1cult and uncertain. 
The data suggest, hO\vevcr, that if return 
is postponed to one ye::ir aiter fallout, the 
50-r cfiective biolo~c:il isodose line will 
have disappeared. Ou the basis of these 
conservative estimates, the 1.000 square 
Jnilcs of highest contam..i!lation might have 
nn out-of-doors dose rate of about 4 r per 
week after one year. Similarly, personnel 
might accumulate a dose of about 100 r for 
the first year following exposure and an 
additional !'JO r over the next three years, 

·independent of the biological recovery fac­
tor. It is to be expected that this factor 
would be relatinly gr-eat for such long 
periods of time, thus reducing the effective 
biological dose below 50 r. The 0.3 r 
per week out-of-doors isodose-ratc line 
might encompass an area somewhat larger 
tJ:ian the line marked -100 on the map. 

. 
(The weathering factor for the islands in 
the Pacific has been greater than the as­
smned value for large l.:>..nd masses, so that 
at one year the out-oi-doors dose rate on 
these islands was lc..;s, by a factor oi al­
most 2, than would ~ predicted by the 
method suzgcsted here.) 

The foregoing analyses are based on 
passive factors ocly, not taking imo tiC­

count the nctions of persons themselves in 
reducing contamination. If, for example, 
a permanent return iuto an area were post­
poned for one year after fallout, the radio­
logical situation would probably have been 
adequately appraised, and decontamina­
tion operations initiated. Moreover, with 
the return of a populace into a known con­
taminated area, mo;-e than normal p::-e­
cautions might be e..xpected in regard to 
occupancy of the more protective typ~s of 
builcings and reduction of time spe11t out­
cf-doors. 

It appears not unreasonable to assume 
that the theoretical out-of-doors dose rates 
for the areas of highest residual conwmi­
nation, calculated by means oi the extrap­
olations given abo'\-e, actually migbt be 
many times reduced. The data thus 
suggest that, with this type of detonatbn, 
continual occup3ncy even of the most 
heavily contaminated 2.rea need be pro-
hibited for only aboL"tt oae year. 

The . task of evaluating radiation expo­
sures from fallout is fraught with uncer­
tainties, and one iustincti\·ely shrinks from 
proposing criteria based on such vari:ibles 
and intangibks. Yet we would be <loin; 
oursch·es a dissen;ce if we did not attempt 
an analysis of the relevant factors r.nd in­
c-orporate them into some conceptual 
scheme as indicated here. The analytical 
approaches, and cert:iinly the quantitatiYe 
values suggested, are not to be considered 
precise but are intended, rather, to gi\·e 
ordc.r-of-magnitudc estimates. It is be­
lievLd. that they are, in general, conser•a­
tive, i.e., they do not underestimate the 
potential hazards invoked. 

Dh·ision of Binion.- :ind ,.tedidne 
U. S. Atomic Eucrgy Commission 
Washington, D. C • 
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Padel...; para JusLlpredar !.:is Expo~icione!: a l<!s R.::diacionco. Gamma Proce..:Lntes dc:l 
Desprendimiento Consecutivo a las Deton.:;cic·r:.es Nuclearcs 

· Rep1sase aqu{ cl problema de la radia­
ci6n gamma cxtcrna cmitida despues de de­
positru-se en la tierra el material lanzado. 
· Las cxposidones a la radir.cion proce­

clcnte de un cam po de dcsprendimiento dis­
c.rcpan de la mayor parte de los cxperimen­
tos cle Jaboratorio con rcspecto a la gco­
mctrfo. y al espectro de energia, lo cual h=i.y 
C!UC.: tomar en cuenta al valuar los cf ectos 
bio16gicos. .Ademas del factor de decaden­
cia radio16gica, los cfectos se vcn af ectados 

.. 

por la exposici6n al airc, cl rcsguardo (como 
por edificios y terreno) y el tiempo de la 
dosis. Utiliz~ndo estos factorcs, se ofrcce 
un diagrmua idcalizado de d~sprcndimieuto 
para uua exp!osi6n supcrficbl de nn:c!1o 
rendimiento, indicando zon::i.s de diYe::-scs 
grados de contaminaci6n. Las mcd!d:ls 
protectoras corresponden a cuatro ti:;x•3 
distintos: (a) resguardo, (u) evacuaci.S:::, 
(c) tramcurso de tiempo y (d) desconta­
minacion. 
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The cr.i.terin e11d proc,~.::b.rc::i eet forth i..'1 th~ .folle«ing par.1eraphs 
~ " "! 
.. J 

lo'ere ~:::tabllshed after 1'ull consideration for protecting the health ru;d ~~ ':l 
I', '1 ~j 
:\ >-) tt 

vel!'are of the public, both in terms of radiologictl exposure as lilell as \ \~ \ 

possible hazards, hardships or inconveniences resulting from dif'!ruption ; '\ '.:1 r ~i .. 
of norr~al activities. Criteria e.re establi~hed as gu!.c:is fer the Test 

. , ~··' ·'\ 
~ ·.~ ·~j 

Oi"ga,"'lizo.tion in deter...in.1ng \!h~thcr ariy r-:p~ci.tl e.ctlc:.:z cliot~1d b~ t.al:~:n 

t·~ W-\ -.~~ 

I~ r'l J 
.~ :.I 

i) 

to J."rotect the p.tbllc. 

\!ith improved methods of predicting fe.!lout ~d vith tbe us~ (;f 

higher to~ers for detonating the nuclear devices, i~ is expected that 

fe.llc-ut in populE..t~d areas from futur~ tests at th~ ?le'9sds. T'H~t Site 

"1ill be less th£:,.n the higl:<:::>t a:.· Oi.lD.ts \.thich have oc~.ll"Nd in tto :p:ist. 

T'wo baslc t •. ss'Gl!lptions arc n:c.de :in this report: t'1l 0 (; 
(·~~ ' ~ ~ \"!. 

nf; It is tho r-:::Bpons:ti::51i.t;r of the Di".'irl-o:i. •of · ' ... \ \\ "{ 
Blolo[,7 and Nedicine to t:1s"::.:.b:ij.!.i:1 such crlter.;;_.,,_ ~d \ ·

1 
\i \:~t 

procedures for 1}:::i A tcmic ;~,:-,er'D" Co.::w.:i saicn as \ 1 ·: :~ ~·~ 
de&~ed necesse.ry to protect the health and ~el.fare \\ f 1 ;~ ~ 
of the general populace from conEJ·o.quences of 'We.a.pens · t A ti ·:.: 
tests conducted at the Ne.vM!a .Test Site. irJ f! [i 

. ~\ ·\ ~ ~ 
b. Tho opernt.lonal proccdu.-:es s.dopted for ~et:i.ng '~ '. ~ ·~ 

these criteria and procedures sha.11 ba the rcsp~nsi- 7)J ; ~ ,~. 
bility of the Test }!an.ager, as directed by tbe Divi- !/·..:: ~1 • 

sion of Military Application, 'With the technical fi,- / i 
guidance or the Division of Biology and Medicine. D 

The following criteria do not apply to domestic or wild anilnals 

since levels of radiation which vould be signific!lllt to them Yould 

have to be higher than those specified herein. 
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CRITERIA I 

Introduction 

The decisicn to ew~custe e. CO..""T'.mi ty is er!. ti cal for tvo princ!.ral 

reasons. One, presumably there might be a health hazard if the person-

nel \/ere allo\oled to remain. Two, there is al\olays an element of danger 

and/or hardship to personnel involved in such an emergency measure. 

It is recoc;nize:d that extenuating cin:1:nsta:ices I:lay acco::ip!111y any 

situation ~here conditions indicate evacuation as a ~ode of action. 

'lhe si7.e or the co:::u:a~.:Jity., arer:s t..."1d e.ccm.rf.c:lntions available for the 

evacuees, means of transportation and routes of evacus.tion, disposition 

of ambul~tory cases, protection of the proparty loft behind, and many 

other factors 'Ir.a"] enter into the decis~:.on rclat:: ve to cvacu:iticn. 

F\u-ther, it is recogr.:i::ed th~t urickr ccrt!::.in ccnditions, the ev.!lcu.s.tion 

of a cot:.m.UI'.ity t:light not o:ll~; pro~re rf...t~cT inef'fe(;tue.l b-.J.t cou.1~. rcE>ult 

in core raciation exposure th.nn if' the f'Ot->'J..lr,t.5.on reffisi.l1ed in pls.ce 

unless the situation be e.deqw~tely evaluated. A blanket evaluation 

cannot be made in adva..'1ce; each sitU£.tion can be m1ique. The follow-

ing criteria therefore are suggested as p15-des in nssessi!lg the p::·s-

sible radiological hazards; the final decision must be made on the 

,\ basis of all relevant fact.ors know at the time. 
. . . . 
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Criteria 

Table Ia ~ummarizes the radiological criteria to be u~ed in eval-

v.ating the fes.~ibili ty of evaca<.. :.ion. 

'f A E:J"!!_l~ 

RADIOLOGICAL CRITEJUA FOR EVALUATING FEASIBILITY CF E'VAGr:AT'!G; 

Effective Biological Dose* 
Calculated To Be Delivered 
Jn A One-Year Period Fol-
:lo!.JnE:.. Fc.JJ-..9--'.1 ... + ___ _ 

Up to JO roentgens 

50 roentgens and higher 

Minimum Effective Biological Dose 
Tha.t }!ust Ee Saved By Act Cf 
Evacuation (Othervi8e Evacuation 
!Ll,ll_lk>t P-9 I!:dict:!-1.QS::J_ ___ _ 

{No evncmitic:i indicatad) 

15 roentg~ns 

(Evacur. tion ~w'iicefocl wi u~out 
regard to qua."1tity o.f dose that 
might be saved) 

*1'he "cf.fe::t:.va biological dose" is an e~"!:i.mate of a biologicr:.l 
nclif.l'Daga" jest:: .. te.ki:lg i!lto a.ccou::r: the J :.r...., t.h c!' ti.m~ fo:- deli ~'ery . . 
of a given dose, ar:d th3 recucti~::. cf c:~'''"" ::11.:.e to (a.) r.tic:ding 
afford::d by buildi!!f'.3 a!1d (:.,) the p::-oc<::.s:: of weathar:U1;;. 

The :rat5.o:::::.tle fer table la is e.:'! follm;•.s: The total effective 1: 5.-

ological d-Jse tbP..t.. \lo'.1..ld be raccived if £vacu!d,ion 'I.le.re not crd,:>red 5 ! 

~uch en action as evac"J.ation coulq ba dangerou:s to the indi vidus.ls !'..red 

co'..lld also po:Jsibly be de:tri.::u-sntal to a. ver;; necessary nn.t.ion;:;J. effo:·t 

of weapons c~velopment. One must then ask, nJust ho~ much will be geined 

{radiation dose saved) by evacuation?" Estimates of these tvo variables 

are indicated in table Ia. Thus, a populace may receive up to a calcu-

lated 30 roentgen effe~tive bioloeical dose in one year ~ithout indicat-

ing evacuation; from 30 to 50 roentgens, evacuation would be considered 

-4-
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only if at least 15 roentgens could be sa·'l"..:d 'by such action; arid at 50 

roentgens or higher evacuation Yould be indicated vi.thout regard td"'the 

pvsdble savings in radiation do~e. 

In maki11g a r01..i.bh estlimte cf rE>.dia.tic:-: do£es, one IllB.Y calc'..tlate 

r.. U:eoretic.:..l ma.x.L-:n.;.:-.: infinity e~--:a dor-e ~a then c .. ::bitrariJ.y c.U-.id2 

by some nUI:lber such as 11.2 11 for a.'"! estjJi:ate of dcse actu.a.lly received. 

Whereas this may be satisfactory as a first approximation, a more 

accurate estimate should be atte~pted, espe~ially when dealing ~ith 

doses that might constitute a heal th l:azara. 

~rinG to the n3cessi ty cf mz-.\r-..ing ear17 :r:ensuret'.ents and deci!iicns, 

it j s to be e:q::ected that dose-= ;;;.te readin( s 1 ts.ken '-iith survey :.::Jters, 

~·ill be the available evidence nt the till.cs of concern. 'l'u.ble Iu su::-

n:arizes the parmneters cons:'-dered in estill'..ating an effective blological 

dose based on dose-rnt9 readings • 

- 5 -

.· 

: 
t ... 



-. PREDICTING F.F:'ECTIVE BIOLOGICAL DOSES FROH DCSE-R~TE READJNGS 

From time of fallout 
until ti.lue of evacu­
ation 

Fron t:l;;:e cf ev&cu­
ntion +r:; ti::.e cf 
re t.Uii~ ~ 

From t:' :. of re 'vi.::.:·:i 
to a th.'-" 15 C.s.ys 
after in!. tia.l fallout** 

('11.l;:) :. €·. 

in.it.~.--. 
... . .. . 

.... .!.Oil;, 

lLs C. L:::-.ti •• 
mated !L:~te 
of Dect>.:r) 

Biolosical 
Fac.t£J:._ 

1/1 

J/4 

3/4 

2./3 

A tt.:: ~ .:J.'.:t.5.0::1 

niu 
Wc:"th~rlng 

}'f c·~01· 

1/2 

3/1 ... 

J /, I·; 

J/2 

*This . - ·--~ :.r-::.te is h::.~c-d on tl:c c-::>;-:c~:;:it th.<>.t lf eYur:-u~tion 
~ero ; · :.:. r.c.-:c::ipJ..i;;:.'.-.<,c!, -:>-.:i. u c-::ri~in : ,:,ti::. ·:-.tio;i de··~~ 

rrr-:-cti"t"'J 
?.iologic::l 
Dose }'r..c i. Jr 
{Co;l.u:giE;~U 

1/2 

1/,. ... ,,-< tt.· ..•. 

1/3 

JO'.!'.~L. -··----... 

\!OuJ_:~ L:· ~~:;;1,::'!.:: .. ul~~:_..:d vv:·r ~h:.-i. ;:-·:·t·jcd ,1: t.>i~r: !~::1.~.'~ · .. c:G. T:-.. :.s ti~:~e 

I,4!rjc,j ~.1~~~ ~~--=:pr....:J~J1ts tt.~ =-~1.d~_r1.:-io.n cl.c~~~~ _:..~.,-·:.:d if ci ... ~1.cmtion :.~~~.r.!l 

f\.CCOl:!7 i.!:.r.~d. 

**This e:ss-.;::.Js that t!-~~ t!"':'.e of return oce\'.rs ;.,.)for3 15 {ic.y:J. A p:-riod 
of 15 o::.ys \.IS.S scJ.ccted to provide a diYid:!J1g poir;t c~twe~n tbe tin..o 
of :5r~i tie.l exfcsure from fo.llcut to a tii::c c~t; ycr::: later. The 15 
c.s.ys ~-".S r:o uniu_u·~ ~::tc:n!.fica..'1C:'! oth~r th.c:.n !'-:'o\·j_dinz a cads on which 
to £..:-.t~atc the biol0(;ictl fc.:.ctor. 

***The vr..J.ue .of 9/16 has been rounded off to 1/2. 
_, 

F.~'!.."e:':~i v·~ 
! _:_ .':'· ~· <.> ::.~. c. :.l 

l~~o se 
1.Qik:..:..--:nA ~:.Pl 
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At a lator time after fallout, better est!1riates of radiation ~oBes 

received may be obtained from film badge readings or dosimeters. If 

these .film. bn.C:g0s or d,:;si-::i.eters a.Te -worn on pc:!'sonnel &.."ld the cr1.d::nce 

of their use supports the YieY th.at the readjnzs m-e a rco.sonc.bly <«:cur-

e.tc acco'..ll1t of the rac'l:1.:::.t.ion dose T.'cceivi.!d th::.:1 t~e .,,..a.1\!3S rcc.:rclt:.c1 on 

the film badge or dosimeter may bo accepted vi th a corr~ctj.on factor of 

3/4 to account for the difference betveen the dose received by the film 

badge or dosimeter (including backscatter) and that received at the 

f.r·n:!l ti:~e o" f:-JJ .. -
c•i:t \:!itil ti.:;~ C1f 

C\"6.CUUtion 

Fro:n tme of r·s­
t'l.U'n to 15 d!:ys 
f'.f'ter ini ti a.l 
fnllcut 

From 15 days vntil 
one yea:r c..ftcr 
initial fallout 

Vi.J.m 11-~.d f;e 

Jii:I .'c~ ;_ '.'': ~ _ 

P.a.. 

Film r:, d'::e 
I~icJ.os;:!.c:tl Ol' D·-'".15.~:-:j·~· .. ~r 
--~~~:.ru . ..['_;~ . .r;;rJ.:~;.;:.;i9 .. ~-

l/l J/1~ 

J/4 3/4 

2/3 3/4 

*The value of 9/16. has been rounded off to l/2. 

11.. L.. 
Effect~_Y8 Ef!ectJ ~'~ 
BioJo~ic~l r1~:,: :11 

(Col\~:." n b ( Co:-t:~:- .. : :~ 
--. L_-~)_ ____ --~'~-·-··.···-·· 

1/.2~ 

J/2 

TOTAL 



.. 

Pi scussio!"l of the Eiolo::ii:?l ::'ac°L.21:.. As lor.r;er periods of ti.;ne are 

involved in the delivery of a given radiation dose, lesser biolog-

ical effects may be cxr-:;ct.ed. Fr::::.1 the ti.:.:c of fallout until the 

time of evs.cuation probe.bly 'l.lill be a natt0r of hours, '-Jhich r.a.s rGen 

co::1sidered e::;sential.ly an i::ste.r.i..e..:2eous do~;e, i.e., '!",he biologic2l 

dose factor is 1/1. From the ti.me evacuation could be accomplisr.ed 

to time of return probably "Would be a matter of several days, so the 

biological factor has been est:U:;ated at 3/4. From 15 days after 

fallout until one year J.E..ter is essent::21J.y a du.rs.t:ion of one y';;a:r, 

so the bioloE;ictl :fe.ctc!" 1:.£.s 'been est:l_::::n.tcc ~~t 2/3... It \.lill be noted 

tl:or·e is no calcul2.tio:: ai'~er 'Orie yr;ar, becal1.se :.t is expected m:':ler 

actual conditions of r-adiologictl cecay and "..:eatherir1g that pro"c<.i.bly 

no significant dose will be delivered after a year's tilne :in populated 

areas arour1d the ?:evada Test Sit~. 

It it:> recogniz':cl thLt t!le j"':'.'::cise S'.l':'..:1+.itics su~~ested for tl:e 

biological factor ca.--inot. t::. Z-.lp~::rtcd 1y conclusive evidence. It is 

reasonable to exp:: ct tt.at -~ :::.e deli •;e:-y cf !'. t:i v~n raC.ie ticn do :e ov~r 

n period of many cays ~ill ~ve less biological effectiveness tha:., ~~ 

instantaneous on" -(neglecting .genetic effects) ·and tb 0 t the exten:5.-J!l 

of the period to essentiaDy one yee.r shotild yield a still lc...,er 'tiol'":::-

ical factor. One piece of s~pportive evidence is the ~erk of Strandgvi~~* 

where X-ray doses to t~e ski..~ were fractionated into daily amounts, and ~ 

the biological effects compared to a one-treatment dose. A log-log 

plot of total doses versus days after.initial treatment yielded straight 

lines. For example, the curve for skin necrosis indicated a ratio of 

3000/6700 roentgens for a one-treatment versus 15 daily equally frac­
*Sievert, Rolf P.. "The Tolerance Dose and the Prevention of lnju::-ies 
Caused by Ionizing F.adiations". Eritisb ~!;nal Qi Radiology, Vol. XJ.., 
No. 236, Aug. 1947. 
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tlona+ed doses. Cf cc1:r-se, c'liJ.y rc:di~.ticn dos9s received frc::-: rr .. :l-

out are not equally fractionated so that the ratio would be in the 

direction of unity. Day-by-day doses delivered from fallout from the 

15th ds.y to one year are mor8 neE.rlj· equivalent than at eo.rly tkes 

(ignoring the weathering factor). Strandgvist dat<J. do not extc;~d 

beyond 40 da:ts and it is que;;tic!;aLlv to extrapolate .bis data ;l:l ~n 

attempt to derive a similar ratio as above based on one year, since 

other uncertainties are so great, i.e., effects of weathering as 

affecting the rate of dose delivery, etc. Tr.:.e ratio would pre5um-

ably 'Ce fr..rthn· from unity then for e 15-day period. The s}::il1 :i.s a 

re1a.ti Vf;:ly re.pidly re;!li:-ed orf;.'.1.n H.d th;;.s may tend to oYe-r--::;:.;,: ::.si=:e 

the effects of fractionnt.!.on. uhen cc~.sicer!.r..g w"t:ole-bcdy p.r::~.1 .. :. ;k;:so:::slt. 

Cronkite reports** 

"In the dog, with cobalt grunr.itl rays, the c· 
5U perctnt of the dogs in a t.~ll.rty-day r · 
in u dn2lo d~::·~ at :co:ig-:1ly 15 r µer ci:~· 
275 2·. Aft.;;r t!1i s d ~) se cf :;·c:.::liatio:-i t!:.': 
\.'i thin t! p:;ricd of' '! t 0 10 dz.;;s a:1d dea ~, 
eiehtb c.nd "t-.,,:e!1t.:r--fifth c::.y o ES!:::.o:-rha~-: . 
prof'."YJ.rd ::-tu··n..1.::~ e.:-e pre-' ir:i.la.:;.t.. I.!' the -.· 
100 1· P9r d:.y ;_:i ','e!! over r... fc 1.1!" t~e'!l-hci.:· 
do;.e .,_::; in-~:;:·€.a.~.:d to 6CJ-SOO r. l:r.:er ', 
a.Tl.i.LlcLlS clir~ in u:;;pr·ox; "'.a t.ely t:ie same J< 
ide:1ti.cal zua.nif:atati0r.s. If t:he e:'l..."?·:::l!"' 
per 0ay giver; 0ve.r e. fe:u.rt.een-L::r.J.r pe.;-i ~ 
then increassd t,c ;,;ell over 1200 l', anO. 
findings ara chenzed. 11 

One p!"oblem in such e::q::'€::-i!r.ents is the evr.l! 

that th~ animals ma.y be virtually dead while the 

·. that will Y..i.11 
' wh~n delivered 

-:; nppr~:::'._'.:'~.tt:ly 
,,_l5 bt;co::~;: ill 

.:ction~;, •m:i 

.. j, t!:·J } .· ~· : ... :::.l 
. ~ :::!i·t:J··:1:~ j ..t_:. :-.~ 

J.f tir.•o \1.i.th 
' C.roppod t~ 25 r 
; letb~l cose is 
:: :n,)tons e.:;d 

.. ,1 of pos:,.'..":.ili ty 

_-,;;urea are con-

tinued. This might be illusti:-ated in experimentt: :.ing the burro 

where the daily doses of 4UO, 200 end 100 roent~: 

separate groups required )600 to 4000, 2800 to 3: 

*See Addendum, page 280 

**~ Asp.::>....d~ Qi. E..~ Defense. Cronk: 
to Federal Civil Defense Aciru.nist.ration, Regier,· 
Northeastern States of Radiological and Chemica· 
City, October 22, 1953. 

r;i ven to three 

and 2000 to 

, E. P. Lecture 
::;r,ference of 
:J..'ense, Hew York 

.. i 
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2600 tot~l roentz~ns 

( . 
• 

Experimental data reported by Boehe** are summarized beloY • 

No .. oi' Dose p:r Dose p2;-- SurYiY.tl Toti:.l Dose. 

~'t.Y."_ r"Y {.:r) u,..,n> (·,- ') T{·:~ (?'-'ll _{;:·)-~-
..;-~·- -- !!..'!.,.:.:..": ... ~ .~--~ ·-·· . 

20 10 60 21;. 141~0 

10 6 JG 8.3 2988 

Unfoi:'t.'..i.t.nt.<)ly nc.i.rr:.al .surviw11 ti::.es \.:Cr~ n::>t GiYDn nor Yere th~ ag:is 
of the animals (dogs). 

Blair*** has taken the two points from Beebe's data, inserted 

these into his {Blai~ 1 s) equation relati:ig reparuble and irreparable 

d~.c~. 1'hc ratio c..1f in::;ta:1t::.:.neoi:..s do;.;:: to 15-dr.y dose is 350/ljO or 

e<>n&i.?.nts (of tL~ equation) ;.;i th any accm.-ac::y b11t should at k.n.at be 

in the proper rar1ge. 11 How~.ver, the constru-its of his equatio'.'1. hs.ve 

but as Ll.::.ir poir·~ed out, the reaction of the dog is more r~p.-._,csenta-

tive of the luecr, longer-liYed an5r...alG • 

*UCLA-295. fuu2:'~"n~ d. :th~ ~.IQ 22. lQ.2 r. ~_i_one.l Whole~-I;~z Garr:Jl 
&z P..ndia.tiG_l. Haley, T. J. et al. June 10, 1954. i.inclEl.ssified. 

**J.'JJDC-204. Observatio~ on Populaticns Qi Anin19ls Exposed 1.Q Cri:-cnii;; 
Roentgen Irradiation 9 Boche, R.D. 1947. Unclassified. 

***UR-207. A. Fonmlation 2.1: lli Injury, ;Life Sp;u1, ~ Rele.j;ions E.cu: 
l.Qnizing &.d.i.~~ions. II. fil2illgtiQ,~ 1.Q. ~ G1;ines. f!g, ~!':._t., .a.n..i 
~ Blair, H. A. July 3, 1952. Unclassified. 
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Fro::i n. :. t:.-·,-::: 0:~ 

fallout until the time of evacuation it is e~-pected that person.iel Yill 

be kept indoors. {S~e Crit(.:d.~ IIo) }'ajor lc::~es C::ua to \.:c:,o,th·;:ri:ig 

is 1/2. From tr..e t!..-ne eve.ctintion co:lld r·,~ve be,·.n scr:cmplinh·.!<l l!Iltil :.:~a 

tJine of cstiEat~d rotur?l it. is c.ssy·.i..;i:;d tb.n.t p.;;:-sc•nn.;.;l "1ill b:; i1:.;.~.oc:;:s 

about half of each 24 hours and that major losses due to Yeathcring 

can not be relied u.pon. The over-all factor is thus 3/ 4. 

The 68.t!e roasoning applies t.o tC.c thirO. pe:-iod of time, ::> .• ·:'!., fro!!l. 

~ill yield an over-all factor of 1/2. 

Dose rate readings have been taken Yi th Sttrve-7 meters O~Jt.0ic1e WJ.d 

- ; r.~::'::!.o 

of rc,acings out.::;iC:~ t-J ir.:.:>icb a frar:e hcu'."e ·Has about 2/1 Y::.·:·.h ~ sc:r:~•1L .. t 

in total doses was again 2 to 1 or greater 1r..it during Upshot-Knothole 

only about a 20% difference was noted. In fact, in one cas~ during 

Upshot-Knothole the film badge inside read higher than outside. The 

differences bet-ween these e:xpcriment.'l.l dat$l "1ill have to be invcsticated 

during future operations. 

- 11 -
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The very nature or th~ ·.;"athe~:i.ng fn.ctor r.iakes this a diffiC'.1:..t 

parameter to evaluate. The probability of occurrence of precipitation 

a.'1d/or \.'inds a.rd to '.that degree has to be estir..ated as well a.s their 

e;ff cct!l on rcidiu t.:!on le~1ds. kachlng effect~ 1.:ere studied on soils 

those predicted by radiological decay according to t-1 •2 after a 

period of more than one year. One example of the effects of \olinds "1as 

obs~rved during Upshot-Y.ncthole. The f'allo1.zt from the March 17, 1953 

Demo rHte readings i.iere tcl:en en the firat ruid fourth days at ti:e 

r;r:.:-ae locations r-'id then w~re cc:;;cp.arcd. The fourth day done re:t~s 

-L2 
( ri-·' ~-r ~. . 

J.'i,;,·sicd co::Jitions ces-::rH:?-d above, these re:du'., _ in ccnt~i.in.s.tio:i 

1'!)"obabl:,• are r:ear the upp~r l.:'.J:iit to be expcct.e:' · .1 v:ind. 

Operationul Feasibility of Crit~ 

It is not the intent here to discuss opera-::.:·· .!tl procedures, but 

it chould be indicated that the computing of r!'.c.· ~~on doses as reccm-

mended in Criteria I is a not too difficult t~) ::;'.;;:" .: r one Ll.SS'l..DLes a 

-1.2 
t rate of decay as a first approximation, then a single graph of 

dose rates versus ti.mes after detonation can be ~·, ~:.tructed that 'Will 

-~ c-· . . _,. -·T, ... -.-
· .. J •' ••• ;-;~;.;:~:.-"">· ·-·.· ;,( '¥rs0 ~ 
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represent a JO roentge:i e.ff~~ti ve biological dose for one year. A!1 ad-

ditional family of curves can be made that will provide the anS'Jers to 

th~ p!l.rameters of boY much time ~ould be available before cv~cu~tion 

and of hov long n tir.e p:;r;v:~:mel 'l.'ould t..ave to rc:!'-s.in cut of th:! ra=.i-

ation area in oder to provide for a S.:l.Yings of at l~a.st 15 r-oe.nt.-;e:1s. 

personnel \Jere present outside the Nevada Test Site \las at Riverside 
Ll~~~­

Cabins~ Nevada (about 15 people) following shot number seven of l!Wablo.:z::. 
kn~+h•'1 .. 
Sll~p~. The maximum theoretical infinity gs.!I'J!'~ do::e ..ias est.5.:mnted to 

- 13 -c::.:t:rJ 
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CRITERIA II 

at the times indicated, it is r·\.:co::..~c:i.de,a tt.:::.t p~rr:om::el shall ii~: 

requested to remain indoors with windows and doors closed. Release 

from this restrictive action should be made on the basis of further 

In the event that thert; l:e convi.-ici:it; ev1d::::n.ca that the rt.-::ia.tio:i:.. 

before the radiation levels equal those in Graph II. Release from 

this rcstrict.i7e ~ct.ion shoul<l t-e :.:.a<l~ on tbc b.sis of furth~r eve.1-

f ullout of 

bathing, special E'.tter:tion shou.l J ~e p:.i.d to tb btlr and any \;~~pos~d 

parts of the body. 

bas occurred, and e.xtrapolt~tion of the do.s~ rate readings equals or 

exceeds those in Graph II at the estimated time of fallout, then it is 

recommended that the 'same advice be given as in the preceding paragraph. 

. I 

. i 

I 
~ 

I 
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DISCUSSION 

on tbe principle that the ro.diati:;::. lev·els !'.:.:c; celo..l tho::ic cst:::.::li.;;::.$1 

inat.lon of personnel and redu~e soma"What the whole-body geJJI1Ua dose. 

(See AppendiX A for estimates of reduction in whole-body gamma dose.) 

Tl-.-; act."Jll..l "sa·.rirgs!! he~lthwise- b..e.Ye to be 'b?.la.nced against possible 

The principal gdn in !":'=!"..l·~~t-ing p.;.r~-:·:::::~1~1 to :-em.a.in j..n:Jc.ors :J.s 

fall on the b·:>dy or clothing. Since the peek of fallout usually occurs 

e:hortly a.ft~r the start of f all-~ut., it is :i.mportan t that prompt. decisio.::s 

dose rate lcv~:s at lv.ter ti.c.;.cs nfte1· dct~r..3.t.icn. Eo"Wever, :_;: n sc1·5.es 

of d·.)S~ rates E.re cstablishe1 f.:ir incrt:."'.S:l.l.'.g ti.Iles after dP-t::m::-.tion so 

t.hat their relntionship follo•:s t-1. 2 , then the doses delivered in X 

hours (bef ':>re the material is washed off) Yill be greater for earlier 

tJ.;n~s after d~t':lnatlcn. If one \/ere sure of the iJ.I:l~ that the fallout 

niaterial \.las to renain in place, th~n a scale of aose rates versus ti=~ 

after detonation could be ma.de to yield the same total dose over the X 

hours. Since there is obviously no set ti.m~ period for duration of con-

' .... . ; 

., 
-.. ~ ,, 



tact that. would b~ valld for all cases, one might assume the 'Worst case 

where the ma~erial remains in place until its activity has decayed to 

an 1.ns!gnificant level. Dose rates could then be approximated, to yield 

a given infinity dose~ by: 

D = 5At where: D = infinity dose 
A • dose rate at time "t". 

lf th~ ab'.)ve dis~'.lssion is accepted, then the remaining question 

is to set the infinity dose. Here, we must be clear that whereas the 

m~asurements taken by the ~niters, and the data upon which action will 

be decided will be galllI:la. dose rate readings, the point of principal 

concern is the beta d?se delivered to the basal layer of the epidermis 

(assumed as ? milligrans per square centimeter) •. The ratio of emission 

of beta to gamma is a function of ti.me after detonation and follows no 

simple relati'.)nsh1p. Further, this ratio at any given time after deton-

ation has not been firmly es~ablished. One rep'.)rt* suggests the folloY-

ing data~ 

Time Af t~r D,tQ_nation 

72 hours 
168 hours 

Beta/Gamma 

157/1 
156/1 

These data were obta.!ned from a cloud sample, rather than actual fallout 

materia,;.,} and wer6 a Qeasure of surface dose on a plaque using a "dosi-

me1;.er type beta-ray surface ioni:zation chamber." 

The met.hod of colle~tion suggests the possibility that the thickness 

of material 6n t~ plaques may be less than that to be expected from the 

amount of fallout that Yould be of concern when estimating probabilities 

of beta burns. This Yould result in a different angular distribution 

of the betas influencing the beta dose rate in the direction of a higher 

value for the plaques. 

*WT-26. Scientific D.lrec-:.·)r~ s Report, Annex 6.5. "Interpretation of 
Survey-:eter llata~. SECRET. 
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Anett.er report~ indicates a beta to ga.mz:".B. ratio of 130 to 1 based 

on th~:'r~ti.:a.l cODputations. A third report** suggests a radically 

lo'Wer ra'ti·:i; hu'WeVer~ there may be some doubt as to its conclusions 

sine~ th~ ionization chamber used to measure gammas only~ had a wall 

thi~knes~ -;,f l Illill cf bakelite which " ••• excluded a small part of the 

t.vtal gaI!lI!la dose present~ as well as a large, but unknow, fraction of 

the beta." (The range of 0 • .35 Mev betas is about 100 mg/cm.
2 

or approx-

ilna.tely 1 :c:m. of bakeli~~.) For o'.lr discussion here, we will assm:le a 

Aµrfa;e, ~ta to gamma ratio of 150 to 1. 

In esti.mating the beta dose t~ the basal layer of the epidermis, 

one may refer to the work of Henriques***• He exposed the skin of 

Chester wt.Lite pigs to plaques containing different radioisotopes. 

Pertinent data are abstract..ed as follows: 

~ 
Yttrium.91 

Stron~iu.TU 90 
Yttriuzn90 

Ene;-gy 

1.53 

0.61) 
2.20 

Surf ace Dose Required To Produce 
R:cogr.izable Transepiderma.l 
Injury (Roentgen-equivalent-
" -·~J HX·, 

l,500 

1,500 

Estimated Amount of 
Radiation That Pene­
trated Skin To A Depth 
of 0.02 I!Wle (reb) 

1,200 

l,400 

Th~ a~~rage maximum energy of the beta particles from fallout mater-

ial varies •it.h time but will be assumed to be roughly comparable, in 

respe:t to d~pth dose, t~ Ytt~1um91 or Sr90_y90. Since the gamma dose 

at a depth of 7 mg/cm2 ~ould not be significantly different from the 

surface ga;nma dose, the ratio of 130 to 1 for beta-gamma will be assumed 

at the basal layer of the epidermis. 

*'"An E3timDte of t.he Relative Eaz.ard of Beta and Gamma Radiation from 
Flssil'.ln Product.s". Sullivan, WilliaTll H., NRDL. April 1949. CONFIDENTIAL. 

*~UKP-J7. Project 4.7. "Gamma-bet.a Ratio in the Post-shot Contaminated 
Area". June 1953. CO!lFIDENTIAL--RF.STRICTED DATA. 

***"Effect o.f Beta Rays on the Skin As A function of the Energy, Intensity, 
and Duration of ~diation". Henriques, F.W. ldlboratory Investigation • 
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/:One experiment with sheep, using Sr90_y9o plaques, showed that 

2500 reps at the plaques• surface produced ulceration in one but not 

another of two sheep.* On the other band, 1000 rads delivered to 

tissue depth of 7 mg/cm
2 

from a ?32 one inch diameter disk (type of 

animal not stated) produced tanning, prolonged erythema and desquam-

ation. *V 
It is to be remembered that the above discussion was first based 

on surface gamma dose rates whereas the monitors will be making thair 

gamma measurements at a height of three feet. Past field experience 

has indicated that the gamma reading from ionization-type survey meters 

at ground level is about 50% higher than at three feet. Therefore if 

it be assumed that a ground level gamma reading of a survey meter is 

equivalent to a surface dose rate, the ratio of beta dose rate at 

7 m&/cm2 to gamma dose rate at tbree feet is about 200 to 1. 

- Another approach to estimating the ratio of beta dose rate at 

)7 mg/cm.2 to gamma dose rate at three feet is as follows. Assuming a 

unii'orm distribution of 1.0 megacurie per square mile of gamma activ­

ity, the dose rate reading from an infinite field is about 4.1 roent­

gens/hr.*** Calculations given in appendix B indicate that a like 

concentration of fallout material will produce about 430 reps/hour at 
2 

7 mg/cm. • This suggests a beta to gamma ratio of about 100 to 1 which 

is about a factor of two lower than the first approach. Added support 

to this latter method of estimating beta doses is found in appendix c. 

Such considerations may be fraught with pitfalls. For example, 

the above discussion implies a uniform distribution of fallout 

*"Comparative Study of Experimentally Produced Beta Lesions and Skin 
Lesions in Utah Range Sheep". Lushbaugh, C. E., Spalding, J. F., and 
Hale, D. B. LA.SL, November JO, J.953. (UNCLASSIFIED) 

**HW-JJO&:s. A status report. September .L5, J.954. (CONFIDENTIAL) 
***Effects 2.t Atomic Weapons. J.950 
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material. Obviously, this is not correct but ho'W far this deviates 

from the facts and to 'What extent this influences the results is diffi-

cult to assess. Calculations indicate that the production of recogniz-

able beta burns from a single particle requires a high specific activity. 

(See Criteria III for discussion.) It may well be, however, that the 

particles of fallout are close enough to have overlapping of radiation 

fields and thus require significantly lower specific activity of the 

particles to produce beta burns. This hypothesis has support in that 

even the most superficial beta burns of the natives exposed to fallout 

following the March 1, 1954 detonation showed a general area affected 

rather than small individual spots. On the other band, the cattle and 

horses exposed near the Nevada Test Site showed burns over areas only 

about the size of a quarter. Even though these ms:y not have been pro-

duced by single particles, they do represent less of an area effect 

than suggested for the natives. Also, radioautographs of the fallout 

1n areas outside the Nevada Test Site suggest the occurrence of indivi-

dual particles with non-overlapping of radiation fields. Ho'Wever, in 

nearby areas where the fallout was relatively heavy, there was a 

definite overlapping of the fields. 

WITH OUR PRESENT KNOWLEDGE IT SHOULD BE STATED THAT DUE TO THE 

PARTICULATE NATURE OF FALLOUT IT WOULD NOT BE POSSIBLE TO F.sTABLISH 

REASONABLE AND OPERATIONALLY WORKABLE CRITERIA THAT AT THE SAME TIME 

WOULD GUARANTEE THAT THERE NEVER WOULD BE AN OCCURRENCE OF A BETA BURN. 

1£ one 'Were to accept the assumed beta to gamma dose rates of about 

r 100-200 to 1 (measured under the conditions given above), this might 

mean an infinity beta dose of 1000-2000 reps to the basal layer of the 

epidermis when the whole body infinity gamma dose was 10 roentgens. 

1; 
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Of cours~, the fallout material may be removed before the infinity dose 

is delivered; yet, on the other hand, it is no: improbable that it could 

remain in the hair for essentially this lengtI'. ~r time. In the case of 

& one-hour fallout, almost one half of the dose would be delivered in 

the next 24 hours. 

The efficiency of a surf ace for collecting and holding the fallout 

material is important. It is not surprising that the highest dose rate 

readings as well as biological effects were noted on the hair of the 

natives and also on parts of the exposed body where perspiration was 

present. Further, it was observed that even one layer of light cotton 

material was sufficient to protect against beta skin damage in most 

cases*. This was due probably not to the relatively small attenuation 

or the betas by the clothing but rath~r to the physical situation of 

holding the radioactive material at some distance from the skin, which 

effect would be relatively large. 

An added consideration is the possibility of high beta doses 

delivered to personnel from the fallout material lying on the ground 

and other surfaces. If the highest degree of contamination considered 

under this policy is safe when in direct contact vith the skin, then 

the beta dose from an equally contaminated ground vill not be hazardous. 

(See Criteria III for discussion on unequal contam1nstion on personnel.) 

Hovever, it is true that the contamination may exceed the amount to 

deliver dose rates given in graph II and yet not be great enough to 

consider evacuation. Some personnel may not go indoors and those who 

did will eventually be released from this restrictive action and then 

~ walk around in a relatively highly contaminated area. Because or 

the more limited range of the beta, the location or greatest concern 

*ITR-923. S,tudy of Response of Human Beinrs Accidentally Expos~d to 
Significant Fallout RadiatiQD, Cronkite, E. P., et al. May 1954. 
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' is the lower legs • 

. One'report estimates a beta to gamma dose rate ratio of about 75 

to l at 10 centimeters above the ground.* Under Criteria I it was 

recommended that consideration be given to evacuation when the gamma dose 

rate reading at three feet was, for example, about 6.2 r/br at Rt3 hours. 

Roughly, this would correspond to about 575 reps/hr of beta at 10 cen­

timeters. Of course, this activity decays and also it is presumed that 

personnel would be sent indoors, at least for a few hours. On the other 

band, it strongly suggests that biologically significant doses may be 

delivered to the feet if not protected. Skin lesions were frequent on 

the bare feet of the natives evacuated during CASTLE. This probably \las 

a combination of beta dose from material on the ground and from that 

scuffed up over the bare feet and then clinging to the skin. (No lesions 

were observed on the bottom of the feet, undoubtedly due to the thick 

epidermis.) It would be expected that normal closed-type footwear (as 

compared to open sandals) would afford adequate protection to the feet 

from such high beta doses as discussed here. There is still no guarantee 

that beta radiation from material on the ground will not deliver signif­

icant biological doses to the ankles and perhaps lower legs, after per­

sonnel are released from staying indoors. For example, if the beta dose 

at 10 centimeters above the ground is 575 reps/hr at H,lJ hours, it would 

be about 250 reps/hr three hours later and 160 reps/hr six hours later. 

One further possibility is the accumulation of radioactive material 

around the ankles and lower legs resulting from normal walking about the 

area. This is discussed under Criteria III. 

*AD-95(H). An Estip..a,te of the Relative Hazard of Beta and Grun;:i.a Radi­
ation from fission Products. Condit, R. I., Dyson, J. P., and Lumb, 
W. A. S. NRDL 1949 (UNCLASSIFIED) 

I ,. 

' I 
l' 
1' . 

i 

t 
i 

• J. 

I 
rj 



·. 

... 

kk QD. Human Exoosure s 

The'vork or Henriques* suggests that at the depth or u.u9 mm in 

~iving porcine skin (maximum thiclmess of epidermis) that •14uu.i.3w 

roentgen-equiva.lent-beta• (delivered over short periods of time so that 

they may be assumed to be instantaneous) is required to produce recog­

nizable transepidermal injury. The curve of biological damage rises 

rather sharply so that at a dose of just under 2UUO rep (at U.09 mm), 

the epidermis may be expected to exfoliate and in the majority of cases 

go on to develop chronic radiation dermatitis persisting for months. 

The preceding discussion suggests that, using the gamrea dose rates 

listed in these criteria, vhich are based on an eatimated 10 roentgen 

1nf1nity gamma dose, as high as 2,000 reps might be delivered to the 

basal layer of the epidermis over a period of title covered by the 

lifetime of the radioactive material. 

There have been instances where the calculated in.fi.ri..ity g8l!:Ill8. dose 

in areas vhere personnel were present around the Nevada Test Site b.9.ve 

reached 12-15 roentgens but there ·have been no known cases of beta 

burns in these areas. The mmi.ber of persons involved in these areas cf 

highest contamination ~as relatively small, perhaps a rev dozen, and with 

an observed duration or fallout or about one hour it is possible that 

they ~ere not in a position to receive the full fallout. Likewise, 

minute areas of the skin may have been so affected yet not detected or 

reported. In other areas encompassing some 2,000 people the infinity 

gamma dose vas about eight roentgens and no instances of beta injury 

appeared. 

~I 
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The estimated whole-body gamma dose to natives evacuated from the 

island of Utirik following the March 1, 1954 detonation at the Pacific 

Proving Ground was about 15 roentgens for a period of about three days, 

but no beta burns appeared. It is fair to assume here that direct contam­

ination took place due to their mode of living including housing that 

was quite open to air currents. Gamma dose rate readings 'Were taken over 

the bodies of the natives at about H ~ 78 hours both on the beach and 

after boarding the ship. On the beach the personnel readings averaged 

about 20 mr/hr gamma (but this probably included some contribution from 

the ground contamination), and after 'Wading through the surf s..11d board­

ing the ship the levels averaged 7 mr/br gamma. 

The 18 natives on Sifo Island, Ailinginae Atoll, received an esti-

mated whole-body gamma dose of 75 roentgens in about two and a quarter 

days. Of these, 14 later experienced slight beta burns, 2, moderate 

burns, and none shoved epilation. 

In the case of the Rongelap natives, the estimated whole-body dose 

was about 170 roentgens in about t~o days. All 64 natives later exper-

ienced beta burns to some degree from slight to severe and over half of 

the natives sho'Wed epilation from slight to severe. 

The 16 natives from Rongelap evacuated directly by air to Kwajalein 

had personnel gamma dose-rate 1evels generally 80 to 100 mr/hr although 

one was as high as 240 mr/hr and one as loY as 10 mr/hr (at H ~ about 

55 hours). The.remaining 48 natives evacuated by ship were reported to 

have personnel readings that "averaged" 60 mr/br before decontamination. 

The picture is further confused because some of the natives had bathed 

and some bad not before the arrival of the evacuation team. 
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Mosf of the 28 u. s. Service personnel stationed on Eni\lotak Island, 

Rongerik Atoll, received about 40-50 roentgens, based on film badge read-

ings. Three members of the group vho vcre located for part of the time 

in another section of the island Yere estilri.ated to have received somewhat 

higher doses. Seventeen of the 28 personnel sho~ed only slight superfi-

cial lesions vith one questionable case of epilation. It should be 

pointed out that the personnel Yere in metal buildings during some of 

the fallout time and for most of the time thereafter until evacuation. 

This reduced the direct contrunination as vell as the whole-body cs..~.ma 

dose. A film badge banging on the center poJ.e of a tent at one end of 

the island read 98 roentgens. Calculations based on dose rate readings 

at another part of the island indicated so~ewhe.t lower doses, if parson­

nel had remained in the open for the period of time from fallout (about 

H f 7.5 hours) to evacuation (at about H ./- J4 hours). Upon arrival at 

Kvajalcin one personnel ga!Ilma dose rate reading vas as high as 250 

'l!IX/br at about H ,t. 35 hours. 

The above data do suggest that there nay- be possible a rough brack-

eting of gai:m:ia-beta doses versus beta burns. On the one hand, the 

natives from Utirik re~eived s...~ estimated whole-body gamma dose of 15 

roentgens and showed no evidence of beta burns. On the other hand, the 

natives on ~ifo Island, Ailing:i.nae Atoll, received about an estimated 

vbole-body gamma dose of ?5 roentgens \lith 14 personnel showing slight 

burns, 2, moderate burns, 2, no burns, J Yith moderate epilation, and 15 

vith no epilation. In addition, Roneglap natives received 17U roentgens 

vhole-body gamma dose, and about 90% showed some degree of lesions and 

56%, some degree of epilation. 
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It is to be recalled t!..~t: (a) the natives probably were out-of­

doors and.received the full fallout, (b) the oily hair, semi-naked 

perspiring bodies including bare feet, s.nd lack of bathing for most 

would tend to collect and hold the fallout material, (c) the time of 

delivery of essentially all of the doses was two to three days. Furth~r, 

it may be ~peculated that the fallout on the more distant islund of 

Utirik (about 300 statute miles) would consist of smaller particles and 

also perhaps lesser possibility of overlapping of radiation fields from 

these particles. 

Some of the 2·elevant da.ta are sl..l!Elal'i2ed in table II. Due to the 

uncertainty of tr:- degree of exposure of personn~l on P.or.gc:rik t.o the 

direct fallout, this group is not included. It is to bs izr.medictely 

emphasized that s.ny comparisons made or il'lpJJ.ed in the table are at 

the most only semi-quantitative. Table II Yill be refe:tTed to in Cri­

teria III and IV but is included here as a StlI!'lC.8.rY of the data discussed 

above. 
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Location 

Rongelap 

-. .....: __ ._. -~--;...:..-=-.-
_______ .. f ---·-~·· ·----- ..... -- ,._, .......... 

II II.I 

fu::it Esti­
~.te of 

Estim."l.te_d }!hn~-~-body 
Tjme of 
Fellc·1t. 
I 

5t hrs · 170 

li 

S~l.Il 
Ef.focl~ 

·--·-- .. ·-1 ~ ·,. ... , r-r.,.,.~ • \ , ' \,.._. ·--· _ ____... 

,T.A:RL.~ I! 

! 

~sopncl Re~<linl! 

k.wnf:.: a. t!njqr_j.t.y: 
6 None 80-lOOmr/hr 

19 Slicht et Hf°54 hrsl 
22 ?.federate b. Av•".rarro: 
17 Severe -60 m:r 7hi 
E!?_;iJ__:_~_t_;i._<?!)J.. s.t Hf 50 hrs 
23 Now~ .C.-0rrect~!i, 

11 Moderate 80 mr/fu.2 

VI 
TI:::qt Eati":"at.e of ltveya.ge Dose Rates (mr/hrl 
cf t'Pe Isln.nr1n (Taken at Three Feet above 
t)'~ Gr01ind) And of Natives (Personnel Read-
1n~s) ~fter Removal from R.adi~~Field. 
Bot.h e_t_A noroxiJ!lE.tel y_Sa.me__'l'..i.me_.. 

Ivlt>r.£l Perl3oP.nel "ratio Approx, Time 

1300 80 16/l H /. 50 hrs 

I 
11 Slight ! vcnu:.e ;. 

Ailinginae 5f hrs 75 wic:n.s.;_ f:..vc a c: 410 ~~---------...----------~---------l!i....B~Y.r. e 53 ---- 8/f--H/l 52 hrs 
2 None J10 mr hr 

14 Slicht at 11t52 hrs 
(very sup- Q9.rr.r.c.!c~ 
erficial) bS.£.tLJ,£.:.'.: L 

~l.flt.1.Qru. 53 mr7i1i3 
15 None 

_____ 3~l·!P..r1:l~'\.te . 

15 L~JJ.ir..:D.s.L AY!).ITC-Q..L 110 15 7/1 H f 78 hrs Utirik 16-18 hrs 
Non~ 20 mr/hr 
E"'" lr>. tJon: "~ :mm~d: 
~~ - ·-·-- 15-~~ 

. 4 ______________________ .._.:flio!-X.. iltzg __ --------1 16 nntives evacuated by air to Kwajalein and r.ionitorcd upon arrival. 
2 48 n n n USS Philip and monitored aboard tho ship. Data suggest meter readings low by about 

50% since natives fron srune island read 80-100 mr/hr at K\.rajalein some four hours later with calibrated meters. 
3 40 mr/hr corrected to 60 mr/hr according to informn.tion in footnote 2. Report did not indicate range of values 

among individuals nor at dii'ferent parts of body. 
4 Rea.dings taken by monitors from the RENSHAW on the Utirik beach where there mar have been some contribution to 

~""'v f dose rat.ea tram land. liter wading t.o ship, average perscmnel readings were 7 mr/hr~ .,-. ,~, 
'- - • :iW:rr''T':T , • • 
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The data on animal exposures a.re less firm than those for humans. 

Unm..t.st..'.11~-·~ble betn burns occurrsd on cattle nt Alamogordo in July 1945, 

on cattle at the Nevada Proving G!"Qunds in spring 1952, and on horses 

in r.pr.J ii~ 195.3. ('l'h<J s}::i!l e!i.!'.lage observod c!l sheep in the spring 195.3 

~as not established to be beta burns.) Ho~ever, the exact positions 

or the animals in relation to knovn amounts of fallout are not clear. 

Folloving the last detonation of the spring 1952 series at the 

F.cvadn Proving Grounds, about one half of a herd of 150 head of cattle 

\:ero fu,:on1 to b.wc e\·iaence of beta bm."nr.. T'ncy vero thought to MVe 

beon 15· 20 wiles frc1a ground zero in Kci:dch V.tllcy to the nort.hcnst 

r..nd to ll.3.vo bc!:n ~xposed to fallout frotl tho ln:;t detor.:ition. F..igh..:ist 

dose rz~ \.e readJ.ngs taken s.long a dirt road running longtlr.iise t!r:·ough 

this v.:W.ley integrated to 75-100 infinity garuria dose~. 

DUl.·5.ng Upshot-r.nothole, 16 horses sho\led :.kin lesions over. tbe 

~ck ~:1d eye d.:-.r=.c:.:;:Q :is.s noted ir1 u fev. The best evidence indic.a.tod 

toot t11e horses ·~crJ some 10-12 miles to t~e oast of ground zero on 

17 K<i1·ch 1954, ... 1here the fallout occurred irom tho first deton!l.tion 

(abo14t, 15 KT on a .300 foot tower). Radiation levels in this e.I·ea o.re 

not kno~:n ~it.~ certainty but tr.e fallout occur~ed in a narro~ band 

and \J&s carried by relatively high velocity -winds so that it probably 

!ell on the horses at a time less than one hour. If so, probably 

more than one-half' of the infinity dose vas delivered during the next 

day. 
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ADDENDUM 
, 

Since the orig1na1 discussion above was written, further considera-

tion hns been given to the work or Strandgvist and others* on the effect 

of fraction.&ticn of doses delivered to the skin end the onset of the 

obs~rved results. It Yill be recalled (page JD) that X-ray dof':;s to the 

skin ~ere fractionated in equal daily amounts, and the biological effects 

compared to a one-treatment dose. A log-log plot of total doses versus 

days after initial treatment yields straight lines. 

Basically, this i:ieans that as doses are being delivered to the skin 

a cert:.in re.te of reprlr is taking pl&cc. The over-nil effect rc.ight be 

that t.Schcr ini tiE.1 doses from fallout ua torj_al t:.:i ght be allo\.•od tb.n if 

one \./ere to integrate the dose over a period of tme \.lithout co:~zidera-

tion for the rer~iro Because or the difference in shapes of t~€l total 

beta dose curves for varying times of initial fallout versus Strandgvist 

X-ray cUI·ves tl:.e dii'.ference bet'Ween the tvo curves cannot be expressed 

as a si~ple rcl~tionship. 

Str~ndgvist quotes a 1000 roe~tsen dose in one treatment to pro-

duco erytbc:i:a us~ng X rays {a so~e"Wbat sr:ialler number than other data 

quoted E•.bove) 1 1250 roentgens if divided into t'.fo equal daily doses, 

1450 roentgens if divided into three equc.1 daily doses, etc. o: course, 

there are differences betlleen these X-ray doses and beta doses from 

fallout material such as differences in doses at increasing depth of 

tissue and the fact that the X rays were delivered essentially as an 

instantaneous dose at illtervals of a day while the beta dose rates are 

-1 2 assumed to follov the t • • However, accepting the assumptions of 

biological equivalence of these roentgen and beta doses and t-1· 2, 

*Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries 
Caused By Ionizing Radiations". British Journal QI. fiadiology. 
Y.XX, Na. 236, August 1947. 
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one 'lJJIJ.Y then ask the questlon, "What vill be the beta dose rates at 

varying times after detonation that the contamination occurs such that 

the integrated doses to the skin will at no time equal Strandgvist 

cu.rve for er-Jthema ?" 

For early fa.llout tin;es the limiting f~ctor will be to keep the 

first day~s bet~ dose lelo~ 1250 reps; for later times of initial 

fallout the first day dose may be less than 1250 reps but subsequent 

accumulative doses may be greater than Strandgvist curve. A family of 

curves was prepared of beta dose rates versus time after contamination 

such t:hat each would meet but. not exceed Strandgvist cur·, .: · for eryt.be~ 

for t:llues out to 40 deys thenj based on the discussion c~nt~cd unscr 

Criteria I, n conversion factor of 125 ~as selected to convert beta 

doss rates at a depth of 7 mz/cxl of tissue to gc.::m.s. dose rat~s a.t 

three feet above a..~ infinite plane. These gamma dose rates axe 

plotted in appendix C(a). 

If one n.cccpts all the 0:ssuruptio.i1s that go into preparing thl.s 

CUT\'0 1 thGn ens does not bnve to estim~te the variable of hoY long the 

fa11c,.lt I!'.at.erial \las b contact \iii th the skin, for the curve t;uggests 

th::i.t as long as the initial indicated gEl!Ima dose rates are not reached 

tkm e:cythers might not be expected·to appear. (Ho'Wever, this approach 

still doco not give assurance that ~~rJ-e hot particles ~ill not 

produca erythema.) 

Generally 1 the gamma dose rate ·readings in the curve fappendix C (af] 

suggest theoretical maximum infinite gamma doses of about 20 roentgens 

for a one-hour fallout, to about 55 roentgens for a tvo-day fallout. 

For those early times after detonation vhen relatively heavier fallout 

might be anticipated, this infinity gamma dose is two to three times 

'· 
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greater than the lO roentgens Yhicb ~as used es a basis of devclopi;:g 

criteria II.· Hovever, there are tvo further considerations. One, the 

interpretation of the data and certainly the assumptions ma.de in devel­

oping the cur?e in appendix C(a) EXe open to discussion. l\io, if one 

ncccpts th'3 ir.t~rp:::-eta.tions r..nd asst:.mpt.ions it zr.eans & safety fr.ctor of 

t-wo to th:.:·ce - not an U."lrea::;onnblc quantity. 
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Under the criteria re~onnnended in Criteria II, there would have 

been two occasions in the past where person.~el vould have been requested 

to rcn.nin ind:i,:;r.:;. Cnce was at Lincoln Mine following the second dct.on-

ation of Up::;r.~)'t.-Yi:iothole vhcre they "Were so rcq_u~sted to rcm.'lin indoors 

for two hours r..nd the other occasion 'Would have reen at Riverside Cs.bi.'1s 

(poF.ilation about 15) follo"Wing the ninth detonation of the same series. 

The doss rate reading at Lin~oln Mine was 580 mr/hr at H /. 2. In the 

case of Riverside Cabins, however, the radiological conditions 'Were not 

ascertained ur1til aft.er the fallout bad occirrc.do The ma:x.ir.um infinity 

f;nlfil:n dose in the latter cas'3 'o.'e.s 12-15 roe:1tee~rn. 

Personnel vere requested to renain indoors (for a.bout t;.:o hom·s) 

follo'lolin3 tl:~ nir.th detonation of Up;,;hot-Y.ncth0Jc. T'ne highe~t dose 

rate reading \.'c'.l.S .'.320 r:r/hr at H /. 4. 5 ho\:.I's. This is less than the 

current recoimn~ndationso 

- .31 -
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PeconteJ'!lination of Personnel 

Where it is riot possible to n:onitor personnel outside of a generc.l 

radlr;tion field, 5-t is recoJ'IXlended that an estinate be made of the deg-rce 

of p:-r~onnel contc.::ination 'by deterrdning the location of the indi.vidutl 

at the time of fallout. In the event there is uncertainty as to the 

validity of such an estimate, the assumption will be made that the indi-

vidual was out-of-doors. In those areas where the infinity grumna dose 

equi~ls or exceeds 10 roentgens, it is recomnended tr...at the individual 

be advised to b1tt:? and to cilfil1ge clot!-.ing. 

For perso:mel being monitored outside the t;ensrel radif:.tio;:i field 

\7hcre pcrsor.nel cont&"Jinati:;n exists over relatively large areas of tJ;e 

eXJ>0sod body (one-half square foot or more): 

When the reading of e. survey instrument held vith the center 
of the probe or center of the icniz~ticn cho.:r.bcr four inches 
from the center of the c·x1tacir.:?:1 .. e~J area, eqt<als er e:{ceed::; the 
vc.J.ucs ,eiv(n in G:~p:: III it is re:o:::.:.er.ded th:tt per;1ozmel 
SHAIJ., bz udvised to bathe and to chs.nge clotrJ...i..ng. 

For personnel being monitored outsjde the gencrr.l radiation field, 

~ vhei·e personnel contamination exists over relatively small areas of the 

EXI'CSl~D 'tody (less than one-half a square foot): 

The rec.c!::.1ended m.axi!:lum values shall be one-half those given 
in Graph III. :t-~onitoring of the head, a...-ms, hands, lower lees, 
and feet will be considered as coming under this category. 
Washing may be limited only to the contaminated :i;:arts, and also 
a change of clothing may not be indicated unless the radiation 

·levels exceed those stated below concerning monitoring of exter­
ior surfaces of clothing. 

For personnel being monitored outside the general radiation field, 

and the contamination exists over only spots of EXPOSED body (about the 

size of a half-dollar or less): 

l' 

.. 
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Tho reco=.~ended r.!!.Xir::tim values shall be one-fi.fth those given 
in Graph III. Wash1~.g r::s.y be limited only to the contaminated 
parts, and also a change of clothing :may not be indicated unless 
the radiation levels exceed those stated below concerning moni­
toring of exterior surfaces of clothing. 

For perzonnel being ~onitored outside the general radiation field 

e.nd t.he cont~-:-..ination exists over e.ny size area on the exterior suri'c..cc 

only cf the clothir.g~ 

The recommended values under these conditions will be twice 
those given in Graph IIIo The first recommended action shall 
be to resort to such simple acts as brushing off the clothing. 
If this action does not reduce the radiation levels to twice 
those giYen in Graph III or less, then personnel shall be 
advised to cha-~ge clotb~~g end ~o bathe. 

~T..t-.en the gE:n.3ral cont,,_,..-; r:ation of a coIUIU.uni t;r is of the dcg:-cc to 

pro~h:.co nn cst3..::'1ted ns.x.i~ theoretical iri.fini ty b.9.r.'.ze. dose of 20 

ro::mtcens or c:·catc::r, :psrso=:~el -.;no ha Ya bee;n out-of-C.oors at a.."'.y time 

dur.:ir.g the fi:rst tvo de:rs and generally !:loving arou."ld in the area (a.s 

opp,fed to ~1ch e.n act a.s ~alking only between a building and a vehicle) 

ohall b'3 ndvi~.3d to brush off t:t.e footwear (outdoors)., to 'bathe and to 

ch.J.n~e clotr:r •. ; ~s soon as ;~s:::ible after t.he fintl return indoors t-<:~ch 

ds.y. In c.c!di ti~n,, perso:r.:.nel \.lh!:\ go 0•1t=0f-doors for aIJY length cf til·:e 

durin~ the fi~st two days after such a fallout shall be advised to wash 

their hmds e.t least after the final return indoors ea.ch day, and more 

frcquc-:ntl:r j if possible. 
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CRITERIA III 

.Qe,contru:n,1nation of Personnel 

DISCUSSION 

Data on l:trr:'~·ms 

In tr..ble II 1 t we.s sug_ges't.cd tk.t the relative average gar.:.;;.'l dose 

rates from an infinity contaminated field at three feet above the ground 

compared to that on the natives measured by a survey meter held close to 

the body was~ 

PO~T'/i:g-_ ;- 7/1 (Utirik AtolJ.) 
15 mr/ru· 

t.1Q_n:l.tr?.: 8/1 (.Hlinglnae Atoll) 
53 mr/hr 

ll9.9_1".sftr. ~ 16/1 (R:>nc2lap J. toll) 
80 nr/hr - · 

It is recogni:::ed that there are many lu1certainties in estimating 

such a re1s.tio:inship by this :msin.nso Even if one assurJcs the dos'3 re.te 

readlngs •1e::-e ta.ken Lccu=ately the factors LTJ.volved.11 e:::peciaJ.ly in relation 

t~ the mn~unt of In3.~erial coll~cted en= ret!;.inej on the body, certai.~:7 ars 

n::>t. constant.o The higher ratio at 2oni;elap Atoll migh't have boeri due to 

a physical pher.o!!le:i:m ll.here the quantity of n:aterial falling per unit 

area was so great th:tt it was not retained so co~pletely on tr.e body. 

Even if this explanation is accepted, there still remain many questions. 

Theoretical considerations indicate a gamma dose rate ratio at three 

feet above an infinitely contaminated .field to that at four inches from 

an equally contaminated fiield of six inch radius to be about 7/1. (See 

appendix D.) 

The sizes of areas and distances from the surfaces were selected 

independently of e:ny of the information on the fallout on the natives 
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uncertainty of these data was discussed under Criteria II. They do suggest, 

howevery that if the ~ontax:unation of a relatively large area of the exposed 

body produces less than on~ roentgen infinite gamma dose as measured by a 

survey meter held four inches fron the surface there is a large probability 

that beta b"..l.rns "Will not ::-esu.lt. (See also discussion under Criteria II.) 

When the same dose rate reading is produced at a given height above a 

surface from. a smaller area~ the amount of contamination per unit area is 

gre~ter (other fac~ors being equa1). Therefore, it would seem desirable to 

redu=e tbc reco;:;:.'1'.lendcd do.se rate le,~els •1han relr:.tlv~ly small nrt:~:> are ir:-

volved. It is rc:-ognJ.zed that radiation from e.r~othar nearby spot m.t:1.y i::on-

tribute to tl:e s~irv8y n:eter reacir.g "1h~n Iiloiritoring e. snw.11 area on f-3rson-

ri~l.r but this has n·.:it been te.ken into e.ccount. firzt b~c!.llSe of the diffi-

culty of establishing a prior e.ppraisal of this variable factor ruid, aecond 1 

'Whs.tever this contributi:in may be it 'Will now become an added safety factor. 

Of courses the pr.:iblem is still cor.iplex bece.use when considc:r:1.ng 

smaller i:::.nd f.::..all-.: r a.rc!!s t.hc eventual end p·:>int is a single pl'..rticls. 6~n 

esti.mate of beta doses a<; the 51.;.rface of an ir.:uginary sphere surrounding a 

fallout particle is given in appen:Ux E f'.nd an esti.lilata of bet.r. doses from 

a single parti~le rcq".lired to produ::.e recognizable erytl:ema is pres~r.ted in 

appendix F. Calc-:ila:tions indicate that the specific activity of some indi-

vidi.18.l particles found in fallout "Would be great enough to produce recogniz-

able eryt.hema if held in contact with the skin for less than one day, yet the 

grumna dose rate reading at 4 inches may be relatively small (See appendix G.). 

Additional information on doses from individual ~rticles has recently 

~en re12Q.?:i~Q.* The __p_uticl.es fQWld in_ and around Hwford cougisted princi­
*HW-JJ068. A status report. Sept. 15, 1954. 

I! 



·-

l~ W6 . . W6 pally of three radioisotopes, Ru , Ru and its aaughter Rh • The data 

and calculations in appendix H also strongly indicate that a single fallout 

particle could produce n recognizable erythema. 

In the ca.~e of conta.r-..tl..nution cf clcthir.c, higher dosa rates n--1.ght 1e 

tolerated than those for exposed parts of the body. This was exemplified in 

the natives where no beta burns were observed under clothing of the most 

highly contaminated personnel. (This does not include such areas as under 

the W.'.list line wLere raaterie.l npJ:a.rsntly colle~ted P~'1d was held in place.) 

On tha other h.sr.d, very large increnr.es in conta.:n.in!.:tion should no~ be tel-

eratcd since it is pos.sible for the clot::-...:.n.; to ce rearrc . .nged so as to brin.; 

the conta.mi:iatcd surf.3.ce jn cont.:.ct with the s:dn. F\irthi:;r, it is not 

unlikely the.t one may rub his hands over his clothing ~.nd then tb:rm.igh the 

hair where the mat€rial could be held in place for relutively long periods 

of time. 

A furttcr consideration is the beta dose to the hu.'lds resulting from 

hc.ndling objects conta.IPir.atcd with fallout ~~terinl. Although sone data ere 

avllila.ble on beta burns fro1a handling radioactive objects, the conciticr.s 

are so different from those associnted ~ith fallout that comparisons prob-

ably would not be valid.* 

If the above assumptions and calculations are correct concerning con-

tamination of a general area from fallout, then the transfer of all the 

radioactive material to the hands from an object of equal area would not 

constitute a hazard. Thus, one might consider using as criteria for moni-

toring objects~ the dose readings given above for monitoring perso~nel 
*"Beta Ray Burns of Human Skin". Knowlton, et al. The Journal of the 
American }'.edical Association. V. 141, No. 4. Sept. 24, 1949. 
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outside the general ra.diatior. field. However, the problem is more complex 

since the bands may came into contact with contaminated surfaces many times 

larger ir. ares than tr.~ r.s..n=s, vith en undetermined p9rcentage of actiYity 

being tr£...!1~ferred to the haJ:.ds. Of course, an added uncertninty is the 

frequenc;: c.>f ;:nsting of' the !:.Eo~cs and/or the rubbing £ff.. of th'"l bJ.tsric.l 

from the :-.ands. 

Further, one might speculate that a given surface could have sig­

nificantly higher cont.mn:ination than the general area and that the hand-

ling of ~u~h a su=face cou.ld constitute a greuter risk. TI:...is might be 

true bscui_~'.e of the great.er a=..o-..:.."1t of activity trru1sfen·ed to t'.-.e b1T1os 

or becau::;e of the doses delivere.d during th~ time of actually t ~:-idJ.::ne 

the object. Tne u."lce:-t:::inty of the p~rcer.tage of t.r.:r1.~.:::.fer of r;:.::.t(_,:·5al 

has been t:::mtioned. One un~e.rtainty in the f>econd ca.se is the lencth cf 

time the objGct Yould be h!:..."1dled. 

Bs.~~d on calculations i.n appendices B ~nd D, ~hen an object is 

held in e. !1:.....'rld, a ro:.15h esti:::s.te cf the ratio of dose rates of bot:.\ to 

the basal 1£:.yer of the. epider::.is to that of tho gsr..fil.!1 reading en a survey 

meter held four inches a\Je.y :fro:i a..'"l object two inches in radius (outside 

a general r~diation field) t:ight be 51 000 to 1 (appendix I.). Thus, if 

this object -were contartlna-:.ed "1ith the s=.me activity per ur.it e..r·aa that 

would produce s.n infinity 10-roentgen whole-body ga!Ill!lA dose from eeneral 

contamination of the area, it ~ould produce about 50 m:r/hr gamna at four 

inches away at H ~ 1 hours, and about 250 reps/hour at a depth of 

7 mg/cm2.* Since the palms of the hands have an approximate epidermal 

layer of about 40 mg/cai!- the beta dose to the basal layer would be about 

l2~~houx. (The time of F. e 1 was selected to show about, the 
ti-These numbers agree i'airly 'Well with the computations in "Beta-contact 
Hazards Associated with GB.mr'.a.-radiation Measurements of Mixed Fission 
Products". Teresi, J. D., u.S:~L-383 (CONFIDENTIAL). 
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highest :magnitude of dose rates.) If one assu:ies that the decay is accord­

ing to t-1· 2 ~ then the total beta dose to the basal layer of the epidermis 

of the hand in the next 10 hours would be about 320 reps. 

Whereas the above estimates do not indicate a."1 al~r::tlr.g situ~tion, a 

more serious protlem may come when the cont~.i~~tion is just less than that 

\lhere evacu:ttic!1 is ir.cicated. For exe.mple, th-~ conta....i.inaticn of the ger.er:l.l 

area may be five or six times that used as an illustration i~ the preceding 

paragraph, without evacuation being recommended. Thus, beta dose rates 

from handling objects, especially in times soon after fallout, may be high 

enough to be a problc~. A simple and expedient procedure to reduce this 

factor is freque;r_t wr:.shir:g of the ha,,."lds e.fter handling objects tha.t ·1·:ere in 

the f alleiut. 

It \las sugges'!..c.:d in CriteI'ia II that norzJal closed-typa foot'-leal' (~s 

co:rr.;xired to such as open sa..."ldals) W·::mld probably afford aC:cquate protectio?~ 

acainst ~ignifica..;.t cst3. dos~s to the feet f:::·cr1 fallout r:_1.tcr·L.l on the 

cround. There is still t:r.e added problem :if the !:!lterial be sct:.ffed up .:.:id 

cling to the ankles and lower legs. If there we.re no ir.tervenint; clothi:ic, 

or perhaps even with thin stockings or socks, this might result in signifi-

cant biological ceta doses being delivered to these parts. ?or exe.mplc, if 

the gamma dose rate reading at H t 3 hours were something less than five 

roentgens per hour, evacuation would not be indicated. However, for fallout 

mati:lrial of the same concentration in contact with the skin the beta dose rate 

at 7 mg/cm
2 

would be about 600 reps/hour (See appendix B.). Presumably, 

personnel would be kept indoors for a few hours but upon release the 

approximate beta dose rates at 7 mg/cm2 would be 260 rep/hr three hours 

later or 210 rep/hr six hours later. In addition, there is the variable 
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factor of what concentr~tion of fallout material may accumulate in the ~kle 

region by walking around an area. 

A concentration of feJ.lout mn.terial on the ground that would result 

in r.bout 20 roentgens tl!lY.ir:U!D. theoretictl infinity gal"'..m!' .. dose, if in contact 

.. 1:ith the .skin would result i.n a b~ta C:c.se r~te to the b.::!:~l l=..ycr of tte ski:i 

of about 1/4 those indice.ted in the Jn·evious p.,_ra.c;raph. 
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CRITEf?LA. rl 

Monitoring e,,nd DecontaiJlination of Motor Vehicles 

It is reco:~cndcd t:-.r:,t •.:hen t!'le p:-edicted fallout ~c::-os~ a ~~in 

high\./::;;· wi 11 l:e equi v:-J.cnt to a 10-rcente~n infinity g::..-·.ma dose or rJ.gr;er, 

vehicles be he:d t:.'"'l.til ufter -+,:,;,e i.Ctti.::.l fallout tc.:i es~cntially con:;ed. 

They should be then warned to proceed with windows and air vents closed 

and the ca.rs should be monitored after passing through the contaminated 

area. When 5 to 10 roentgens are predicted across a main highway, ve-

hicles sl:.Juld be ".!arnsd to p:-ocecd W'i th windo-.1~ a."'ld air vents closed tend 

should be moru.tored filter pa~sing through the co:1taci.n,:..ted arcn. :!'-~oni-

toring i:..nd \.:n.rnings should be co:r.-:.inued until there is rec..son:ible bclfof 

that no or very few addi ti::;nal ve~.icles ".lill exceed the values given in 

graph IV. 

~'hen the dose r~te reading taken inside a vehicle, or taken over 

giv<;n in grz.ph :v ~ th9 vehicle ~.to.11 be ck~m9J indde rmd outsi::!c. 

teri :>r r..rez:.s "t? te :o::mi to::;.·ed should in~lude the 'Wheels r....nd under parts 

of the fenders b~t not the und~r c~rriage. TLe survey meter should be 

held ttpproxirnat~ly four i..-:ches from any surfr..ce. 
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CRJTERIA_IV 

l!onitQI:ing a.-;::: Dec:mtrunination of Motor Vehicles 

DISCUSSION 

In t.he ~st, fallcut hs.s o:::cur;:ed across hir;h'Ways in si.g-"1ificm-.t 

quar.tj ties. Table IV. b. (:.~1c·.1 i.>:.dicatcs zome perti."'lent data during 

Upshot-Knothole. 

Shot .AP}'rox-
1;n1:;b-:r i..-:a t e 
(Cl1r0no- Y.:eld 
} " ' ..., 1 ) ( ~·T) ~2.f~!&"!."'-. - _._;; _ _. __ 

l 

1 

6 

7 

7 

9 

9 

.300' 

• 

n 

H 

• 

n 

Ti.me of 
Fallout 

(-:.:.,.. ~ \ 
---.:.-~ 

2 3/4 

5 

7 

Estiina tc.d 
Dosa Rate 
Reading of 
F.ighw:i.y at 
Ti=.'::'! of 
Ftllout 
£-:::.-:· !;-lT-t __ 

920 

260 

325 

760 

400 

2 1000 

J J/4 i;;.o 

- '2 -

30 miles south of 
Ala..ilo on Hyw. #93 

1 mile north of 
St. Gc~'rge 1 Utah 

Junctio.!l of r..s. 
H 1'9~ d 'Y'-1 • 1.: .l ~ !1 

lJevad:-. iiyi,.r. #40 

20 miles northY. 
Glendale, Nev.on 
Hyw. f..19J 

8 miles west of 
Mesquites l~ev. 
Hyv1. #91 

36 miles north 
Glende.le on 
Eyw1. #93 

St. George, Utah 
Hyw. /191 

Mt'M& 

.A ppr o:~di1a te 
Distance 
Fro1n 
Ground Ze::-o 

(p.;1,.._,.., 
-·~:...!....~-·-

60 

1.30 

so 

65 

105 

60 

130 

l 

I ii 
! ! 
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Road blocks 'Were establisr.ed on High.i,.;:i.:rs 93 anc 91 follo'Wing shots · 

numbers seven and nine of Upshot-Knothole. The highest reading on a 

private automobile was 100 mr/hr (gBlllillB.) inside and 110 tir/hr outside at 

H plus 31 hours. About 75 cars were ~ashed (ro~g~.ly 1/S of the total 

mo:i.itorcd). All of the cars t:h.a.t were \.:ashed except the one ::r.enticr..ed 

above, had outside do~e Tate rea~ings less tb.!l!l half of the 1:.igI'.Gst. 

The ratio of dose rate readings on the outside of the car to inside 

varied from tmity to about 4/1. Probably one of the important factors 

berEi is the difference between driving with windo'l.'s and/or vent.~.J.!l.tors 

opened or closed. 

One bus read 250 1:.r/hr outside and average of lCO r:JX/hr inside ~ith a 

high inr,ide reading ovor the rear seat of 140 r:/'hr at H plus 8 3/4 hours. 

Con~idering the a'llount of t5ne one normally sper.ds in an e.uto:-..:ol:ile 1 

tli.cse do::;e ru. tes do not necessa::-ily repre~ent a health hazard in ter-::s of 

ga~ dos~s. Whut is prob~bly a more J.iL:rl.tir,~ factor is the di~ect con-

csp~citlly when c.hE.r.g.ing CL tire. 

It j.s assumed tLat eonitoring 'Will be acco:!Lplist.ed outside s. gcnertl 

radiation field. Th9oretical calculation~ (a.ppenC:b: D) L"'ldicate that 

ear-JS. dose rate readi:r:gs taJ:cn nt four incte~. fro:;i a !:1~faco ::ill be 5".:.%, 

~ 42%1 lllld 27% of those by a meter at three feet above an equally co~tsrci~at3d 
t 
~ infinite field when the radii of contamination are respectively J feet, 

' 

I 
f 
t 

l 
l 
l 

2 feet, and 1 foot. 

These data suggest that when the gamma dose rate reading at four inches 

from a generally contaminated car is about one half that for nn infinite 

plane taken at three feet, the degree of contamination per unit area will 

be about equal; and when the wheels are being monitored 1/2 to 1/4 of a 
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gura:n~ close rate reading wil1 rep~e~ent equivalent contsmination (dep~nding 

on the ga.mm!t contribution from the body of the contaminated vehicle) • 

Another factor to be considered is that the probability of collect-

:ing fallout n:ateria.1 on the body from a generally contaminated area in 

"1hich one lives is ('I'ee.t.er t.l::!.n fror:l or:c~ s a.uto:c.obile. On the other b.rid, 

it hc .. s l::cen noted in the past that si&nifice.ntly higher a.mounts of cont~1-

ination have been found on the tires and under parts of fenders than on 

the remainder of the car. (Undoubtedly, this is a simple phenomenon of 

picking up the activity from the higb\.Ja.y.) If one were to change a heavily 

contCJninated tire, sigr..ificant a:mounts of radioactive naterial might 

accumul~te on the l:.ands1 and later be tra."lsferred to the hair er eyes l;y 

a ~iruple rubbing of the hand~ over those parts. 

A comparison tig:!::t ce :'.c9.de here c3t..~een reco:.::::ended :rr..ro:L--:1.-::s dose 

rate~ found on yarsonnsl and tbe establi;,hing of levels of activity for 

. automobiles. There is one ,ob·dous difference, howaver; in the first ct.se 

t.l1e !:l·.----~~:rial is tlre~:y on the pe:-son ~r!"J.le ir1 tto second cazc or.e 1-'~r ... s to 

introduce the factor c:f' .:;:robability of transfer cf conta.,,,...inatio.i (ar.d to 

'What deeree) fro:n. t...'1e car to the body. 

The dose rates {:ea.sured e~ stated) in graph IV would represent 

about €qi.ml contam.nation _t:.:?r unit area for a car r.a- for an i.r...fillite 

plane if the car \.'are rather uniformly contru:tlnated. If the activ:i.ty 

were confined say principally to the tires and under parts of the fenders, 

the dose rate readings might represent nearly t~ice the de£Tee of contam-

ina.tion. One must veigh this condition "1ith the probability that a tire 

vill be changed before the activity has decreased significantly. 

A given dose rate reading inside a vehicle may represent less 

contamination per unit area due to the contribution of gaimna radiation 
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from the exterior of the v·el!icle. On the other hand,, conte..mination 'With .. i..n 

a vehicle vould more probably be picked up by personnel than if it were on 

the outside. Further, it is recognized that significantly high concentra-

tions of rudioe.ci.i.ve fa1lo-.it l':l!!..Y accUlllulate in such parts as the air filters 

of nn automobile. Again_, this he.s to be i,.;eighted a.galn:3t the probability 

that tr.sy \oiill te t.andled before ti:e actj.vi ty has decreased to lm~ levels 

plus the fact that. it is relatively difficult to monitor such parts on a 

mass basis. The uncertainties present in estimating possible hazards 

from vehicle contanination would not justify fine distinctions in monitor-

3ng the various p:irts. A thcrough cleaning, inside a.~d outside, vould 

Ono of the obviOlA.S lJs.ys to avoid n·.ch of the problem dise:u~sed i11 

Critcr:i.n IV is to preYe=it vehicles ente:;.·~.ng e.n c.rca during the t~e ·of 

fallout. This vill ~ot. i:=event the first vd.icles p.ssi:ng th:!·c:.:~h from 

picking up activity o:::i the tires frol!l tho 'high...:e.y. It is believed, ho\1-

ever, this vill not ccn.s":i't:'..:~e su.cr. !'. troublesor:c problc:!t and r·::.f.t OXP9r-

iencc has indicated that. the .activity found on the tires notice.:..l:ily 

decrcc.:::ed a.fter several c~.s had passed over the highway. Further, if 

vehicles are not presen~ in the fallout it vill help reduce contari.i.nation 

of tlm p':lsse:1t;crs ~d of -the ir .. sides of the vehicles. 

Qperationa1 F~c;j_~_l..;.:tz 

In the past) the criteria used for Yashing ce;:-s has been 7 mr/hr, 

and at a later time 20 mr/hr (gamma), inside a vehicle. This resulted 

in washing about 75 cars (roughly 1/8 of the total monitored) folloving 

the seventh and ninth detonations of Upshot-Knothole. Under the recom­

mendations given in Criteria IV, the bus mentioned above, but probably 

none of the cars, would have been washed. 

- 45 -
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The d~t~ given in graph IV.b. i11dicatc th~t if those radietion levels 

given hsd been predicted before the fallout, Highways #91 and 93 ~ould have 

been closed prior to the fallout from the !eventh detor.ation and possibly 

! 
' I 
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In any nrea where the theoretic~l ga.m:ma infinity dose exceeds 10 

roentgens~ adequate sampling of the ~ater; eir, and foodstuffs should 

c '.);-.1.txJ.ina ti on. Ea:;sd on 

pa&t data$ however, it is not exp.Jcte::i that -:;.rdC)' t!:osa conditions of 

fallout where the radiation levels are below those stipu]ated for pos-

sible evacuationt that the degree of contamination will be a health 

haz~.i·d. (Nor is it inplicd I'.ere that. any level r~bove this doQ.."1 const-i-

tutc a seri~us contamination of v~ter, Air, or food~tuffs.) Therefore, 

it is reco~:=;1t~.:::'5.cd th.at no c.ctio!l 't:e tr.kc::i i!1 r~g?1·d to li=it5.ng i:it!!.ke 

exr.ept to e.dvis-; the \.lashing off of S'J.ch c:·.pos3d foods as leafy veg;;tnblo:; 

when thut e.cti:m seems desb~able. 

i, 
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pon~IQ,i,;H1tio.n_of Water. Air and Foodstuffi. 

DISCUSSJON 

'InbJ.c \'1.n. lists the :o5.x locat1011~ b.·:~.r.g th~~ h:!ghest ccmcc1t-..:a-

comparative purposes the estimated external theoretical maximum gamma. infin-

ity doseso 

ConC(';:trr, ti~n (!:';icrocurie s 
per Millili tc;: cx:.rr .. pol"-. t~ 
ed to 3 days c.f'..:cr dct:ina-

___ T ____ _lQ~'"'1~i,:tr _________ _ 
!Jsm l------·-·---

::.G·--~/· 

I~I '_~: 
G~ ~~ ._ ~ I:l.:i:~:.-t~r 

(~~:~:;.JJ.~:. ~~; ~ ~ --
6. Jirgln .ft.i. v~r Jrr:i £;'"'-'-~-en Cn.:::.!.'.l, :-:evo 8. 7 x io-.) 

i 

t. ~c~::on Di::~·' ~~0mi:.r.~.of Piocho,Nev. 
""r -~.hrnnau'""" •. , ... ~~ •• e\. 

4o5 x io-5 

J.2 Y. io·-6 2. 
t 
Virgin Eivcr ~~t Y·;squite, i;c·1. 2.6 x 10 -6 2.5 

7.0 ~en·iller !:ev. {t.a.p water) 

Crysto.l Sprin5s; Nev. (tap '1.s.ter) 

1.2 

1.1 

x 

x 

10-6 

10-6 0.15 
, .. 

Due to weather and to n.ttern.:.ation of the gB.ltm!l. rays by tuildin~s, the 

vhole--body gamma dose estimated to have been actually delivered 'Was probably 

closer to one-half of the values shovn. 

'Water 

The maximum permissible concentration of fission products in drinking 
-3 

is 5 x 10 ·ye/ml extrapolated to three days a.ft~r detonation. This 

is considered a safe concentration for continuous consumption. 

Whereas, the monitoring of vater sources is of value for documentary 

purposes it should be recognized that the concentrations found may vary 
_::_1.s -
1£:!Yt:::pa. 
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\lidely wi thi.'1 srn.c.11 geographical ercrts and even s.t the san:e location at dif 

fercnt times (ta.king into account radioactive decay). Thus, confidence 

cnnnot be placed in precise values. Table VI.a. suggests tha.t even if one 

\Jere to have stored up t!le water listed at Virein Rive:- Irrige.tio:: Ca.TJ.al 

r.nd :-:ubs:i sted enth·cly on this fc:- a lifctirn~, the concentration 'w:oul::l be 

about 58 tit'.% less th.:.n tl:e !:2.Y.i:::::.11. ;-ar.d.ssible cr..cu.'1t. Non-.a1 f::i.ct.ors 

of dilution by additional rainfall and/or by the influx of lesser contam­

inated ground water would be expected to reduce the level of activity. 

ltr.. 

Considere.ble ef!'ort has ru;.d 5.z bei::::.g n:.:ir2e to eYl!.luate ha.nr.:is fr:,::: 

airborne r<i.diot:.cti ve !2.'.:l.te:-ials _. including fis~;;_c·n products. Th0re !'.l'e 

cert::i.inly ua.:~y un:t.-:s..._,ore.:1 probler:!s including th0 possible ha~ard !'ror:i a 

single r,articlc in the lunzs. Des;1ite the unc.::rta:.nties and as yet in-

COmpll!tC D..:Jc.lysis of the ~.rJla.lat!.011 t.~.zard, the prepondc1~r~.nce Of ~~.:-idi:.·:ir:.e 

tod;:i:r is t:lnt the external r;;.uzw. hn.z::'..:·.J. frcr. f:iJ..lout is tl:e more lir.'.l.iti".~J 

factor er th~ ~wo~. (Ho~~ver, see ci5cu~sion on food contar:.Unatic~.) 

During .Upshot-r.notl:ole quite cc:r..plete d"l.ta -were collecteu of con-

ccntrations of &irborne activity en about 150 occasions in sone 40 differ-

ent locr.li ties \li thin 20U miles of the Nevada ?roving Grounds. '.l.'hese 

inclltded r.c.o~itor.ir.e of all detonations. HistoI:,T~:::i.s "'.lere :c....1.de of air con-

centrations versus time after detonation for 30 occasions and estimates were 

made of doses to the lungs. These data for the five communities showL~g 

the highe~t air concentration are given in Table VI.b. The histogram for 

St. ~orge (the highest 24 hour average concentration of fallout ever 

measured in a populated area) is reproduced in appendix J, 
*Ad Hoc Committee Meeting. Washington, D. c. January 20, 1954. 
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St. Gaoree, Ut~b 

Lincoln Kine, Ne-,. 

Mesquite, Nev. 

Groom Mine, Nev. 

r·-·--~,~~ 

L p~~ .l~ 

Zk,-hour Ayera.!:'e. 
.Qmi~n.t.rui.m 
('M·~,...,..nt"1P·~ '"'<" -,,,,~ 
.!.a-··~--'~11::. , .. , .......... :;. .. "''--........... <"-

~J.."r:t .. c_;,;~1 J _.'~:l. 

1.29 
-) 

4.0 x 10 . 

130 

12 

13 

7 

Tbeoretical Y.a.YJ­
!Il..J.i..':l Whole-bodL 
~'"': ._.:-. r'\~ ~; :.i·.f:.§:. :~ 
;~~:..__l··~~;.;..~.tl 

3.5 

1.5 

l.O 

0 • .35 

i:. Pioche, Nev. 

1.7 x 10-1 

.3.4 x 10-2 

2.0 x 10-2 3 0.015 

.i. ;r 
·; 

~· 

*'.I'he method used in est:!r:,-;.ting do:;eo to t!le lungs i=; _;iYcn in s.ppendix Y.. 

The criterfo .. f-!·eviO'.isly ests.bl:t ~:.ea by c..n Ad Hoc Je..nblc Fen..s~~..::.l::..ty 

"J.t a poi-"1t of h'...::"'.an habitr:.tion, t~1e activity of rc.dioactive 
parU.clcs :Ln "~.to c..t:::ci:rl:J"'.'~, E:v~re:~::;d ~1v·:r a p-:riod of 21,. :::.:;':.r:::;, 
shall 1:c li:~J.. t·~;.j -:.s lCoJ ~.-:.c:'..J~::=j.~~ :-~-::~ c~.:C.i.~ ::.:~t:J:' cf air 
(co1··.t·a~~):.:;c.i.~-=---; .:·-_::~"~c:·=:_::~ tel.:t t,~ ~ £;l"01.::id :t..~'"~"cl ~.~:!::~ intcn~i t:r 
of 30 ru/lx) • 

"The 21~-t.our avera:;e radio.::i.cti vi-4::.y p::r cu::j.c ;:~etc:- of eir, C.u.'3 
to sur-pe:::lC:,ed v:irticlzs b.av-i::g die:;:et::-r.s in ~I'..o rL'.1'.l.ge 0 r.!li.c:·m~ 
to 5.C' micr·ons~ ~:.all not e::::eed l/lCO of :.:::.e above; nor iz ·.:.t 
desirable tho.t a..~.j· ir1di vidi.:al particle in :.;::Ls si.~e range b.:no 
an act:i.vi ty ~e~:.er thz ... '1 io·-2 wic:;:·.:-cur5.~~;:; cc.lcc:.lated 4 hours 
after the blast.'' 

In the Ja."'lua.ry 20, 1954 meeting of the Ad Eoc Corumittoe the 1-:.asis fer 

recommending the above a..ir concentrations Yas discussed. Essentially, these 

criteria were selected by estimating the gBllllll8. dose that might be delivered 

by the pa~sing of a radioactive cloud. Since there are better methods of 

estimating ge..mrna doses and since there are uncertainties in evalu~ting the 

ha2ards of such transitory air concentrations as experienced from fallout, 

and since the preponderance of evidence from ptst nuclear test series 
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indicate~ that the exter:ia.1 gamma hnz~rd is ~ore limiting than the inhal~tion 

one, it ~as reco.!lJ:lended in the January 20, 1954 ~eting to strike from the 

record the pa.st recommendations for Ina.Xi.mum permissible air concentrations. 

p..i.rp'.:l~c~ tJ1d for \:hatevcr ve.lue tLl c~,_tc. rdcht have in tr.e f'ut-..i.re \.:'r~cm new 

a.nal;;rscs :r;c:Lsht be ~J.c in the J_ight uf a.d8i tional knovledgc. 

A f'urther discussion of the sinGlG p3.rticle problem may be ma.de. In 

arriving at the recommendation "••• nor is it desirable that any individual 
-2 

particle in this size range have activity greater than 10 microcuries cal-

cu.lated .fcu!' hours e..fter the b1r.st" <:>. co!:'.',pubtion \.las D..?.de th9.t tho a.Yer:-.,sc 

rt,die.tion ck-sc from sa(;h a pe.rtic.lo "to a ~p!-.crc one-half a. mill~1..:~::tcr in 

~ r.:dius \:o-i.;1 d be 385 :-epso * Ho\Jev.:ir, tte co:ic1-.isions may be mislo.".!.din~. 

!. 
·!. 
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In tho c::.~,8 of a si."1gle particle i re::!..~tj_yBJ.y large doees are C.eliY0rcd ::e::.r 

the p.:lrticle D...."ld S!"''· 1 ~ doses at a cr·cr.ter di:.. t:-..... '1.ce,, Jppendix L sJ;;ce.sts 

et:.J possible estirr.....a·~L" of this ph<.:nu=:~non. The para.mcter8 involvc.;d he1·E; !.'.re 

It he.~ been sab:.;osted0 that in t'c:e t:.p~::r respiratory passcgo 2'.J··m.icron 

din."lleter p~ticle s are the upper lLtl t of size for deposition ar.d tr..c.:. t n Cilia 

sweep 4 to 6 cycles per second. Tte i:::-otability of a p:article re:r.:dning 

vanishing s.rrlall. • •• Protection -will also be provided by the mucus lining 

Yhich is itself reneYed several tiJ:J.es en hour." Accepting the esti::.a.tes 

above and the methods illustrated in appendices E and F, it may be com­

puted that about 8 reps would be delivered to the mu-face of an illlaginary 

stationary sphere one millimeter in radius by a 20-micron particle (0.5 

*Minutes, Meeting of Committee to Con~1der the Feasibility and Conditions 
For A Preliminary Radiologic Safety Shot for Jangle. LA.SL. May 21-22, 1951. 

**HW-JJu68. A status report. Sept. 15, 1954. {CONFIDENTIAL). 
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closer to the particle but vith the relatively rapid movement of the par­

ticle, it does not e.ppea.r that large doses 'Jill be delivered to a great 

nm..kr of c~J.la. lfu.ltiple e:r.:po::m.res might occur f1·c:.11 additicm:J. r;~_rticJ.~3 

Considerable effort is being directed to~ard the atudy of contamin­

ation of food from re.llout. One element of major concern is sr9°. It 

bm: bo<:n eotirt::.tcd trs.t ti" O:lG \-!ere to ~;ubsir.t enti;oly on fcioc1 e·ro:.:n 

:fro.a aoi:~.:; co1J.tE....i.::.ing £.:.bout ona~tenth to cine ril.C:i:'OCt:..d.o p::r &qt': ·re foot. 

of Sr90 (lrOOO ~unds of cnlc!.t1.-:U por ccro to c..n avcr-::~a dcpt.h ci.f r.5..::~ to 

tJ':lYen :h1ches), tbt o"'cr a r-::riod of ::c:.r:; tb::ra "<:ouJJ e.c~m.uJ.:.:./~ ;Lu th3 

r.ctivlty found ili ~oils £ro~ c,;:;ricultur~l ru·c.c.s, al•out 100 mil<"-~ frcn the 
? 

Nov ...... d.:i. ~\.:. t Si t2 1 nc·..! :::~o .. ~s .-. conccntr~·.t::.c.n of ~J;out 3.1+ ,;: 10.,,.. :: J.c:;:-o-

't:mt.h to or.:.3 microcl.!l'ie 0£ S1·9o quoted t.bo·m.. .T'ue ctlcium co'1t:ut of soil~ 

nround tlle Nevada Test Site is severe.l tiT'Jes greater than the, 1000 pounds 

f·::l' r.cro U~:-:d t'.S a basis £or cn.J.cul(<tionH 1 drlch would l!'AterL:.JJ.y reduce 

(Lltbough not of direct concern to the Nevada Teat Site, it is of 

interest to note that soils Yere collected from the Marshall Islands 

following the f'allout in early March 1954. Appendix M summarizes these 

data.) 

A recent report** strongly suggests that contamination of leaf sur-

*Private communication, L. A. Dean, u. &.- Department of Agriculture, 
Beltsville, Maryland, April 2.3, 1954. 

**Reoort on Gabriel. USAEC. Division of Biology and Medicine, Washington, 
D. C. July 1954 {SECRET) 
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at least for those times of year when plants ma:y be in a state of growth 

thyroid: tens of thousands of reps 

·Sr89-90: .300 reps 

*Reoort qn Ga.bt1,eJ( USAECo Division of Biology and Medicine, Washington, 
D. C. July 1954 SECRET) 
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Boutin~ F4dj5tion EX!'o;vres 

The \thole-body gan:i-o.a effective biological doee for off-51. te population:=; 

r.hould Jiot exceed 3.9 roc11tgcn::i over a period of one ycu~. Thi~ tot.:...l do~e 

If integ .. cL..tions of do.se-·r!l.tc res.di1:s~ E.re ur.ed in estir.Jz.ttin[; the effec-

tive biological doses, then table V may be used. 

:Hc.Y.um1m tL:rnreticrl :;·t.ciction 
ao~e frei:n time of i'~llcut to 
15 day~ h.tor 

Ha.xi.mum theoretic::1 l'.9.cli::.t:ton 
dose fl·o;a 15th do.~r t.o on'1 yci;.r 

Multlplic!.\tion 
"'r cto,.. 
"~---·~ ... --

Effect:i.-:e 
f;i.Q.l.r;~J_~::J:.-£:-.?~~ 

3/1; 

1/2 

----·--·······-
~'OTl.L 

(best c~t:l.M-"!te 
of cff cctive 
bicilogh·c.l dc .. e) 

If fi)Jn b! .. dge;; or do~e ri:etcrs c.re \\Orn Ol1 per::.:o~:cl and the cviaonc<:J 

of their u~c uupports th~ view th!l.t t:h.c rcadir.gs c...rc a ren.~o~!.l.bJy :1ccuratc 

account Qf the radiation dose received, then the values recorded on the 

fiJJn bti.di;;;:; uriy l:e t.ccepted ".!lth a c~orrect.ion fz-,ctor of 3/4 to cccount for 

the diffcl'Bnce between the dorie received by t!-~s fiim budges or dosimeters 

(including backscatter) and that received at the tissue depth of five 

centimeters. 

/I 
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DISCUSSION 

In 195.3 the following r~ccmmE:!ndation "1a3 n:.ade in the "Report of Com-

mittee to Study N':'v·da ProvinG G-r:iund": 

"It is reco:m::ncndeda a~d fo-i.lnd to be in confor!:lity with the present 
principles of detenruning permissible exposure limits, that for test 
operation personnel the total body gamma exposure be limited to 3.9 r 
in thirte'9n weeks~ and that the sama figure be applied to the off-site 
communities with the further qualification in the latter case that 
this is the total figure for the year. In general, this implies a 
sint:;le test ~cries in any giYen yea.1·. 11 

On tlle basis of thin reco=.7..endation n..'1d the rce.soning di.:cussed :l.nC:er 

Criteria I, the crl teria for c sti.'Ue. tine the who:!.e-body gu;n.~ eff E:ict.i ve 

biological dose are surmnarized in table V. It will be noted thr::t the bio-· 

logical factor in::luded under Criteria I is o:a.i tted in Criteria V. In the 

fir~;t case we are <leali:1g with relatively high doses trw.t may req'ld1·e e1r:£r·· 

gency measures with their ~tt.:nda..--it he.zc.rds. It is a situation 'Where o:::r> 

wir,hes to estirr...a.to aJ J. pertinent fa·~tors in evalu.a.ti:1g r.::;Jiation do:.:-$~ e':~:n 

though th~y ~y n:it be kno-.m with pris.~is~nsss, before recor:nend:bg an er;.er-

gency action that r.a:r prod'J.c.a greater problems. In the case of Criteria V 

on9 is concerned with relatively lower doses during routine operations. It 

would be difficl.:lt to j~stify on the one hr:.nd the proposition thL..t ~eekl7 

doses for general populations may be integrated and taken in a single ex-

posure without penalty and on the ether hand, that a given dose received 

over a period of a yeax may be administratively reduced because of biolog-

ical repair. There'fore, the biological factor is omitted. 

The general effects of backscattering on measured radiation doses 

a.re fairly well established. Further, knowledge of depth (tissue)-dose 

~urves hqs advanMUo a ouantit~tive r;t.lli,.~ Thus. there seer.is to be 
*Pe mi ssi ble Do~e ...f1:.qm Ext ~rm.1 Sourc:Ps of Ionizing Radiation. National 

Bureau of Standards f.andbook 59. September 24, 1954. 
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11 ttle doubt tr...t.t e. film b.5.dbe or dosimei.or Yorn on th.3 person will over-

entimate the gar:ma re.dJ.a.ticn dose delivered at a depth of five r":nti.:aetcrs 

(assumed depth of blood-for::i.ng oreans). A major factor in deternining this 

diffcren~e is the qutlity of re.diation unc::r consideration. Cne report* 

dcnling c:>..-plicltly with redi!!.tion in a fr.llout field ~uggests a fe.ctcr of 

nbout J/4. 

.. WT-814. Effe~tive Energy of R~~idual Gg,."1.'ta.lladiatio.n~ January 1954. 
CONFIDENTIAL. 
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; ,'..,.. 
-'4~- ·~·. 

A~sm::e:: T:i.mc of f~Uout = H/3 r.i~::: 

TI.'.:n: 

Do=:o rr;,te at Hf'.3 = 667 tu/lu· 

'l'h(.orstic"-1 n~..ir:T'.JJ'Ll do::e frc:2 t.::.::: cf 
ftllm.ri:. to tb.rcc l:our::; 1::-..t.~r 

Savings by rema.ining indoors for 
three hours 

One year effective biological dose if 
personnel did D-!2.'t. remain indoor~ during 
th( "·b,.,..' ho,,..... (b · "~ ~1 on ··· ~e " .... ,,,...,n-J l' . i.•t:· ... u...... i ..... ~::""' t-·-..:' .• ..:......>'->...i..~.L' .. 

t:i.on:-; contu.incd in :..~ctic:n cin <. v.:..c.;t1:-4·· 
ti on) 

Per c:~:nt of enc yer.r c.ff cct.:! v~ \.;i.olor;­
icnl dor;c ~~avcd by rc:c.::irdn~ :L-.. fo.::r::; 
for tho tliree hou:o'.l 

A:-.~•lL'l;,'1: Tirti.3 (')f fallout. : H/3 h:rr; 

Thc.n: 

Do• · ... , t,, "t P.'~".l. :.:; 6A7 ,.·.···/'·~· ..... : .&. .. • .., '"'· ·J • .1 - .t-1- ........ 

TI:corct5.cr·-1 z::~x.5;:-.·.:.:::~ co;;~ f1·c::a \,:-:.J of 
fc.llont to eight l-.c~·~ luter 

Saving;,; by re~sining indoor·.: fo:..· e:ibht 
hours 

One yci:!r effective biolog:!c~l C.::i;;-:- :if 
pcr~onn~-1 did n:<:t re!:::lin iJ1{}-:.1c~·~ 
dur~.nf, tbe eight hour.:: (b1:':~:c c:~ ~ ~-.::J 
c.r.BUL1pt:tons contd.nod in :;ce;·~ion on 
evacuation) 

Per cent of one year effective biolog­
ical do!e saved by remaining indoors 
for the eight hours 

1.JO r 

o.65 r 

2.JO r 

l.15 r 

_,5.5 r 

,J21% 
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.9.r_ Jl~: .. e-~· ~.:.::.;__-~.-~'. ~-•• ,.'. -~~--:: t:. ~ ... ~ f.~:.!.'L.~.:· · ·:~ _: -~-\, .-,~~:=2.1~ .... ·.~_:;_.:_;___,r~::.:-: 
{:~~:.-::- .: '--~:~.I.1 t. : .. :·~ : .. -.-~~--f~. ·:.-:i_~ . .' ..... 1.~~:. ~ ··1 __ ~-~.~_.. .7_:;::~:: :L .. ~:lk\.T'~ 

1 5 "·-v i.•.,.t·r· (•J.!--'•n ""'"····c-v - (' ~. '·· v'' o J.·~-;.; .1.;_. .l. ._. ......... .,,. ... V-GJ -.. ~_, .i ..... J 

l = 10 ;:.:z:f:./r--.: 
(Thi~ 45:.,ur;;:;::.:; o. single m~s~ t.i..·~o:rr-i...;;.::in cooffic.ient.) 

N = No eJX 
where: No 

N 
= number of beta~ at surface per cm2 per ~ec. 

n n n n depth x 

u l".'li.~~ ab~orption coefficient 
LY.··· dj·-'-·J1'"' r(i-~'-.._) 't:r'd><> .. co-1,-ia,.,.,...•·ti"c,.. s..a .~,: •• _ \.. ...... \ t' .. ~J. ... •.,..:l ... J. ...... i .. ·-.. v._,.;.. .· ..... 

\..1 l:::J.~(~: h. -· de:·~:! r:. t.t::: r~ t C::.::..~-. ~' 1 :,: 

E t'.')~:..~1 t:r~c2·t:~Y ·:·if L·..:. ~ ,~.; 

'Jo' 'r rJ,....' l.J.QJ;l_Q ___ ,_-_,_. _J \~--~.:_:~(2....:"J. :: 2.33 !lo ~'.~w/r.,n.-~;::J. E -· 2 
l\c.• -- Ju ro:lcro~-.trrics p!:lr c:.:?. 

R 
R ::; 

2'.J: .. ~~J-2 
l'..SSUla~: c ·­

R 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * • * * * 
1&rlrn~ri:ion Beta Do4e Rate (Rep~/r;) at. 7 Y.g/cn2 to Ga"=Ja Dose 

&.te Eeasured in Infinite Field at Three Feet Above the Surf,.ce 

A :! Sl.lJne : 80 yc/crrf. (beta), equivalent to 
l n:'egacurie/mi2 (ge.rnma.) 

ill= 105 
4.1 
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E;m~~d-.~~r~J.:~.~-~- ·. ~.:.. ... :; . .r~:;:.~ ~-~~·· .... ·-:;:.~ _t;~~ :~J~_: __ 1 ';:.:~~t1r: ~) ( 1'.r:r··~z. .. _ ... .!. 

~·.;;1~.:.:l-~.::.;)::~ ~: c ~ :1 D :; ~ ·1~: 

In 0,,..,., "·lr·v ..... t e·n-v-_ r~, ..... n~ .,. ~~-~,., 1i32 .,,.,,.,_,....,, '"''8 l'J'-<'.'l"'l'>r~·d ,_Jw 
:1-.'1.J J,.' .~ ~lio Jo.'J.•'-' _.,_, .-.IJ, &.: ... VJ> . ..:;.,.J "''-'-~..LyQ 1'·.._\. '·"""r- •.• t .... l 

Let c 

Then H 

Thickness of source 

Activity of source 

Surrnce do~e r~t~ 

(~ :.t.?i: 
.. r -. :· \ ,· - , .. - , .. ) .' ...... 

. ', ,.,' • .) I ·, • . · r • _..,1 

M -·'' ... -- - ----· -· r ·-· ... • -·· 

7. 0 c l"C}J::/hr 

77 ;ic/c:J.2 

?.O x 77 
= 539 reps/hr e.t 7 '.:?,/c~-~2 {P32) 

9.6 mg/cm2 

77. 0 7cl cef. 
0.127 'ff.,.;.. - .... 

J/Yl re:~·/).;; 

*Effect3 of External Beta Radiation, Zirkle, Haymond E. McGra:w-Hill Book 
Company. 1951. 



R = 457 e-19 .. 5){C.007) 

= 42.7 reps/hr at 7 mg/cm2 (p32) 
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CALCULATIONS 

Dose rate of galD.Iila from a point ~ource 
..., 

r/hr r : 6CE 'Where: r 
c 
E 

activity in curies per squa.re foot 
nvcr~g~ enerCY of g~l"'Jllas (Y~v) 

D 

Il 

r=~.~.:)~,~.:..:.. 
l(•'~: x c .. 

E ... 

h 
n 

6C2 

i~.-2';fr~ ry\ 
-...J \'-'• • / 

0 !,'6 -r· .:, .,. 
"" . .... ' . -

LJJ.i..h~_ = 7. 3 
0.56 r/hr 

dos0 r:.-t.e in 
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("•• 
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Tb; dose delivered e. t tr..e Durface of an irmg:'..~~7 sph~ro 
R from a point source.* 

cllsta:~ce 

(1) K(R) = 

(2) F.(1:) 

(J.::.) K(R) r• 

{ ":> \., ) 
.I:- ·- ' ::(1,) 

""'·· . ~ t.: '" '3 ' l.'11.4:; . .;.•.11 \ .. u. / 

e-JlR ~v 
gl"UI.l 

\.':·: ,..~: !:(R) •· o·-.;.·0 dc='.iier\-'1 at t:'.-.''? fn.1.r.it~c;;: of l!.."'l 

~:_:_·~_g; r. ..... 1·.y· :::p:--.src &t d:i.str~ce ;· .. 

Cr·~-

6 ··; . •' 
(. .. . : i . 

") :-i··· 
f~.:= 
}.'-

.., ..... -6 
J_V 

, 
~ ...... ·--::..: 
-· -

r: - r.-.·e:r·<:'.s~·, c: .. :.r'..:.--:: o:L "b·:tc: par-cit- . ..;s 
C ... to°t'.£.1 m":-,•~::: c:: tH'.0 ~::t~:::;1·a"ti,~··'·' 

f ·· IL."..:.;-;:.; nLs':'rp"~-~~: cc":fi'icfont 

t>::.: _____ • ·-·-r• •-

1''01\ :JSSICii Ff.CDUC'!'S: 

:-.: di:::integrat.io11:3 ~-G'r uYrl.t tim•3 at Lica nan 
after uetc;...:.t!on 
disintq.,-rs ticns p.;;r uii t time c,, t one <.:nit 
of time after detonation 

__________ _. .......................... _. ....................... -= ................... _. __ ....................... ,,,....MIC"."!\111 

*Rossi, H. H. ancL. Ellis,. -R. H. "Distributed Data. Sources in Unilar.;tly Absorbi..:.g 
Media". Nuclcon:cs 9 .Tul.y 1950, V. 7,. No. 1. 
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(5.a.) 

(5.b.) 

C = 5A1 {ta-0.2 - "ti,-0.2) 

C 5A t l.2(t -0.2 - t_ -0.2) 
n a a -b 

\JI:.::.: re: C !:.: t.c1~. ·.l D ' .. :::-::JI· cf ~= :°..!i:1tc~:· ti t.)_oc.~ :_ =~ (:~ t::..:r .. e 
1 'i~~! to !.bll 

t.!L "' ~ .: . ; :.J..·• .. ~ ... T C:~t.:r' .. _.·· ... ,;_8:1 

When tb is infinite, 

(6) c_ = 5Att• 

i.(~.' 

-r-1,r '"t t-~ '~.,.. (t. ) ~ " ··'l"h .... ~, "" ~-" 
...... j .,l..J4 • ...- ... -~ ... _. -... ... -------a 

15 f'.1 . ) ... - ... · 
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Eatimato PL.l\i.t!l I&s:s frpn a Single Peyticb on th0\iu. 
J..f9:;:11.ih;:9 b:•>:h:.ct..,i,.Q.n of RS!CCZ:~-.zaJ;ilLJ:rYt.hc:-:iW. 

.,. 
~.o-:.lr= .:> 

27 hours 

O.l cm 

( ........ ., ..,....£_ ___ .~a'!·ti~ . .::!, _,. 

- ~-·, c_~·7:-='sit·:.Jd on sk.'~'1) 

c~· ~- ... \,· __ .J-._ ... p:-::: ··:- :. :-; l~ ~ r: . ....... - .,.. -~··"'V"'~) .,;. t:: •... ..,, ,, '·" 

tc;t .. :. .. : i.:-::-:~ ~- ~-:i:~tircd. i!l c':L·J d:.7 to r·!'CdUC:? ::.:·~ ,~!:1:.cL.~ .:l·::·.o 
<>::·;r-~:i.:i~~ 

radius of imaginary sphere within which cells must 
receive 2000 reps or larger. 

Ar.cording to ~;:r:x;n·:lix EJ 2c5 x Jn-7 >:::i~/dir:!.n-~-~~c.tic;n ls d:3liv~:,.::·1 J.:) st•:·­
fti..CO cf i.::·.~5~:L...1:y spt.":":te -:1 

.. : c~::cti::_~;t.~;.: in l\C~di,,,·;-;. 

c 
£, ~- Jo9 ,.,.. 

An. :: j .. } 
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::n:1:;·~: a.. Tb2 .~.Ye:-eze gr~ e:::er;vy of fir;;sion products t::..1.y b(! cc~:·:--.:~d ;.;.:t:i. 
rc.f~i~; -~.~::..'~ ~~:-.-~ i~.~. :-: ... ·--: .. :u r..~ .. ·-'!r:::;- t'.f f~~?.1cn pl·-:·~,~i.~tl j_:: ('. 7 :·.~v; 
t,!.~:.~t tjj~ li.\~.x~r,;e e:-~c;··.::·y fro~l l'~.dii.1::1 c~·P .. !f.:Jte·rB ii: O.:J ~--· .. ~ .... ,,:t:~ 

2.3 p!:::1t-.:.·::. f:.i.~!::c::..~,. ~:.:.\r di~Jni..·-:?~:ttio::i c~· t!:...;::t ·;:.l~:) ~ .1 .. ·~ ~:~~ 

c·::;hrg::r ;1';:·: C.i:::..:.:.-~.:;:2,:~r . .:w:.0:1 is 2.6 t~1es {,Toator ·i:,::.::.n f'~~=· d~.:.:_:!.t:;­
gr~tion 0£ fission products. 

b. A particle of 150 microcuries of beta activity or 75 microcuries 
of gaz::ma activity. (Seo appendix H.) 

J,et: 

I 

e. ;- ~: ::· -t.::i 

IC' t · 'r:: r:- ~· • ";"'2\ 
_,,.J..t!.t. J,.~ •• ••• ......... ,., .~ .. ..r .-..""'~·,_ ..... .,. ... .... 1. 

J.v· 

l ... /; __ .. . ~ ~--· .. 

"!--­... -.. .... 

{ •·,··r1 
·-' - .. 

.;"".: ' ! ,,.... ..... - }, 
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:::--:~ ..... -:-~.-.·'.~ .. 
J 

\ . ;. ·~· ...•. " ·.···'·~! 

~.!:JJJld .. Q;;J.~11;;.t;l,.r~ C;) I:_N·.~:·1 ~ir.,~llrti:i1.os of P1:~t~~n:.'.·Jl_Ji~l 
of falJ.ou.t lhtW~ 

Co~p~i.7.~n. of i ~tn. 
ris;;r~C.:l ~r:cc:u:·~:~. 

n.,)-03 c '>. ~"'-~ 
ll.·-. 6 ··-· ··-. 
}',,-'.~ "":! 0~ : :.;: .... 
:~ ., (' f ~ .. • ·: 

fl.,r.-..:> j._:,,:; !•"" ::-·~-

b?'4;tt 

·:·..::t.? ... 
'kt.c:. 

frc:.:: RuJ.OJ 1: .. :id Hu106 td.rlur~ tu teat f::-<~::1 

(1~ .. I"),~ ' ~ ,.,..- ...... ~ 
/n 
\ J. - J_. CJ:·/.·, ) 
(T .. 30~ .. ) 

Assume: nuJ.OJ /Rul06 ratio of o. 75:x 

l.O 
l.3J 
1.33 

To estimate a ll:.San average energy of betas from mixture: 

lt:-3 n.., . 
i..:.. l c: 
P. , .. 0 

J.,]. '·' 16 Uo 

·" .... ·· ... 

''~~-...-.:-.,~!'""1 "t·"'-··~,., .... '71')..L.~., 
&:..<...~:-·.._:. ....... _.,_:., .. -:-'" ' . ..-_,. --·· ..... -' ... -'8 

Oc3~ 
0 .. 0 1,. 

3.3.i 

0. :;5 
{'\ ~'.> 
I '!! 
4,,~) 

--~~ :.~~ r,._~t the S~:i ": 

· :·c:.:. ~n:..:..· •. ..) p.robi:-.Li. : 

*All of the basic data contained herein on ruthenium is contained in: 
HW-J3068. A status report. Sept. 15, 1954. 
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~-:.~...;,.;..~1' ' ., 
l_ •. : ••. L. .:{ 

B. 

A 
1. Size of particle: 40' 

Acti:.:1ty of _F:n·tic:1:!: l.l)'c 

6,600 re..=':"./'r::: 

c. 

n. 

2. Survey Dose Ra,t~ 
(mrads/hr)* 

'150 

2,500 

11,000 

( 8 • .3 ) ( 1_.:', 1
,) 

* 90 mrads/hr: 1 ye 

--6 d~y~ 

Total S:ld.n Dose 
(rads)* 

-.... 500,000 

..._ 9CO,OCO 

,..._. 6, 000, 00) 

,......__ 7,ocio,c•:,::-i 

Effects 

.2 Cl.!i. ~ . (' .· ; . :; 

8 ni.r: d; ::;) 

' ... ·~- " ... 

~:")t· ___ .. :.. ::.~;~! .. ~ .. ~~t~f :_:::e.;c:::~·~-.:1 .":<:Jr i:) t!;e 11/. ~-:::_· ... ,~--~ ~-.:· .. ,:) 
th~~ do~.:~\.~···:..~: :.:.::~j .. ·\~---:.-:-~:'i.. (A~s: ... r:·.i~~g cc~:\~ .. ~ ... ·i\, ~ ........ ·:..•t-
1·.·~r .•,, .... :~,- '"~e i11 io··-·~) V.J U<..-' -.' .. (J t,,,~ P- .-+ "-• wt... ;::,,9' 

**"total dose refers to the hot ~pot directly belov the particle, and is 
valid only a~ to order of magnitude." 
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deliver the s!Une dc::;e in the slll!lc lcncth of time? 

The answer to this qu~~tion depends upon the time t..fter detonation 

f . r th·~ "~"'" j·~ .. .,.. ... ·l~" 1 " c . -· --·---~·- !i.;,.,- l•-J. ..:_.,-'-,,• 

Since the particle may b9 ~ashed off b.Jfore 8ix days have expired, 

one may consider the problem another ~ay. What must be the specific 

activity of a p~ticle: ~t S,!:3 hours to cl~livcr thi!'! do'e in t.!'c next 

24 hom·t:? 

Ac.cording to 

(~.~-0 ~·.2) 
' I 



F. 

-*~i:-

1,626 x 924 

919 

723 

r/14 

555 

387 

234 

115 

81 

20 

occ-ur nt ~nc lo·:!a.lit:;. 

,r· .... _,..,.... . ....,. ~ 
t • 
t. ~""6.t.J ·. ~-~ ._,,__ 

!:-;~~ ~ ."'-.~~ ~~J: _I·~.:~r.C\~~1-~:tf.~ ·­
lr,.C'. ;.:.f~.) _;: :~~ _..Q 

~G) 

ls.000 

200 

900 

480 

350 

1.;00 

H .. o 

(! aJ:. --. : :. -:· tl 

~1.::t~:..G.:' .... ~::i-:. .-Cl·_~_{"[.:.:;~ ~-1. .. :r;:: 
~;::,_i<; ;J j 

1..5 

130 

10 

11 

Jl; .• 7 

10. 

1.(.7 

14.7 

JJ •• 7 

*WT-811. "Distribut.ion r..nd Ch~acteristics of :·allout at Di.:stances Greater 
than 10 Miles .from Ground Zero, ¥.arch and April 195.3", Rainey, C.T., et al. 
(SECRET) ~ La-1685. 
**UCLA-2430 "Prelil:.L'-a.ry St.~dy of Off-site Airborne &dioactive 1-iatcri.!ile, 
Nevada Proving Grc~d=·"· Febru.a...-y 1953 (SEC;\ET) ~ LA-1685. 
***Pata from estimations based on radioautograph ~ethode. 



Estfoi.,,t1on of to ~?A Dose P.;t& at Fo~.;..r 
n~h~s :in Badiu~ 

1.r..e.kd o'!:lje~t cf rmy t\.lo inch rr, ',_':J.t~ ·...-::.::: : ~.; c.•;·~d (or GW.cld.A} f:c·-:i. .1. 

general radiation field the gamma dose rate at !our inchea from the 

surface might be some 40 times less than from an infinite plane with the 

~ dcrrea of cont.~tion (o.pf"3DdL-..: D), vhile the bet-;;. de·'.';~ rn:ta Dig'.ct 

-··----· ... ---··--.,..,, ______ ...., ,._ .. _ ... -~-....__._. _....,,..,...._...... .... --- .. 



. -- -----·-- -
~- :.:::::-_~-4:~==·:·.-· 
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HOURS AFI'ER 

---· ---. - -· -· ==--- -- _-=...:.:..:..;.:....,:.:.:.: .:· 

. . 
~-:-:--- -~-~ 



lunge. 

A. Twenty per cent of the inhtled activity is deposited. 

B. There will be no elimination of particles during their radio-

active lii'etines. Thero is uncertainty as to the biological 

shol.lin;; the highc:::t co:1:er.tr;.:t}_c·E~ cf fallot~t, t'h~ p~:.L ._,f 

a irborne r.··"J· 0 r1·.,1 ( 1 ' ic-, .,,,.._CC" .... ,· ..:i i'c-•·· ~. t l· - ~ •·, '-~ l • u. ~ J ...._,_. v V-1 • the 

trcee of tottl felloL.t.) occ'..llT2d cnly e-. f'2:w h0ur1 ti...ft ~:r 

c. 111 of tile activ.L t.:: i$ 

iil;pactors indicate trs.t ~.bc1't 90% of tho activity is tt3:~'.'.'lr.:i-

c.ted 'With p::.rticles 5 r...icr~ns or 1 :!:'::3 in the cor:=luni t:~ :· :' 

ourrounding the Neva<le. Te:;t Site. 

D •. The lungs are uniforI:J.ly irradiated. 

E. The 'Weight of the lungs is 900 grams. 

F. An individual inhales 20 cubic meters per 24 hours. 
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H. The g~ dose is negligible compared to the beta dose. 

1~ 1L.. 

J2.h0t _'.r~-~tl 

0610 -
1130 -
11.45 -
18!,;; -·· 

23:~ 

~().(13) 

iL~ .... 
••L.; 

0505 Duration 

1130 4.3 hrs 

1445 3.2 hrs 

18!.5 4.0 hr:s 

23~0 4.2 hr= 

r • - -
v0.)) 7.5 h~~ 

1335 12.,0 hrs 

.. 

a..fter Detcn3.tion 

3 hrs 

8 hrs 

11 • . ·:· i.rs 

21.5 t.rs 

-- - ... "'I •' •. .,..,., 
,.; ... ~ .··· ......... 

!"'>. -··r, - t ... """"' .. .::. / 
b -~ 

Let: tr. = 3 hours 
t-b = 218/~ hour~ (1.3 \.!eeks) 
A = 3 jlc 

D -- (r;) 1.'J ., ? , 2 106 _ t..I",' .r-_ )1.2 ,/ ..... ., .... "- x .L x ~ .... _i \-

7 
4.17 

2.38 _, 
6 • .3 x 10 -

4.1+ x 10-2 

1.1, :-: J.0-2 

.. ? 
LL.. x 10 ·-

15. 

6.J 

2.1 

0.1) 

0 .. 0) 

0.1:~ 

= 4.1+ x 109 disintez-:-· .. tio:i!i frc~ Jrd hour to 13th week. 

Assume: E = 0.5 P..ev 
avg. 

(4.4 x io9)(0.5)(1.6 x 10-6)~~~~9~~ = 4.2 x io-2 reps 

= 42 mreps 

WAL LUNG DOSE FOR 13 WEEKS: ""' 130 mreps 
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L. _.,...;, 

)/: .. ~·::.!-~~-=;,_· 
... · .... ~~:':.-;..>. ~-· 

\), 2 i 

3.0 

1.26 

o .. 1,i 

C\OJ 

Ci.02 

! l , .,. ... . .•.,.) 



Ass::.~c: 

;~---.., .... ~·t· 'r.·· !t 
I ,.l 
L-· .. -: .......... ~·· 

is r l -:- •• ..., 

v., ,) ;--- at Ii I 3 tc E I 

Then: u.5 x 2.2 x iu6 >:Ju::: J.J x lu7 disinL'.3zrations/Ju nin::·t::;. 

J.t surface c!' :i..t!.azin:.:r.:,· s_p::~re l.O :m.:n in :::~·.di1:s the do~:, z-zt.e ~:::r::i 

a point source is 

2 52 x io-4 ___ mr_,__,e._..p ..... s ___ _ 
• · disintegration 

(See appendix E.) 

(J.J x 107) (2 • .52 x lu-L1) = 8.3 x lu3 r..rep::/30 min. 

-:: 8 reps/Ju nir.. 

For r<>.:-t!.~Jc·s of r":.G°:~c.:- sp:;·~~if5.c ::ictivity, t'.;~ oc~~e w::iu.ld l:e t.1>.':::.sF•r.c::.:::,:::1 
L:...t;r:er 1 of r::o~r ;::.~. 



' 

Likiep* 

Jemo 

Ailuk 

Mejuit 

Orr:.~d 

Kavc.n 

Wotr.o 

Rong~l~r> 
(I·:orth£rn) 

(C:nt•::.I) 

( ~O C' •1tr·-) .# • _._., ... ,,. .... 

f.ni;.:etok 

tabeJl" 

Utirik 

Bik.ar 

Eni\Jetak 

Sif o 

*All data. as 
1954. 

l 

1.2.xlo-1 

3.0x10-1 

1.0 

1.1 

3.2..xio-1 

l.fo·J..0-1 

1.e:;-io-2 

62.0 

40.0 

5.0 

230.0 

50.0 

200.0 

5J.O 

ll 

8.7 x 10-.3 

l.2 x 10-2 

-2 
3.8 x 10 

-2 2.8 x J.G 

1.1 x Jo-2 

4.8 
_? 

x 10 -' 
~. 

1.3 ,0-_:) x ... 

l.OC 

5 • .5 x 
., 

10-..i. 

5+3 x J0-1 

9.2 z 10-l 

12.5 

1.2 

4~9 
.... 

9.8 x 10-'~ 

4.4 10 
·~l 

x 

6.6 x io-1 

9.6 x io-2 

lit 

Y'.r;_; iJ:J~[ ~~: .. ~~ ·· ~~ ;_~ ~ ;_ 
;';~~:'~:r-r~.:} ... J.· ~-~~:. ~~·~: 

Q ~~~ ... ~~·~-: ~~~~~.~~ ;- ~:~.:~ ·~ -~~ 

; 

-' 

4 

4 

12 

8 

0.5 

!·C: J 

~<<> 

J 

-i 

. .)\) 

3 J :;;0J 

(.() 

250 

400 

170 


