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Criteria for Evaluating Gamma Radiation Expcsures
from Fallout Following Nuclear Detonations'
GORDON M. DURNING?

IE RADIATION factor of greatest im-

mediate concern to man in the fallout
incident to nuclear 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-
cussed here. -

COMPARATIVE RADIATION DOSES AND
BIOLOGICAL EFFECTS

In evaluating the biological effects 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 differences 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 field may represent a source in radial
geowetry, t.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
effcct. For larger animals 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 large ani-
mals, such as swine, where the LD 30/30
values (the instantancous 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 methad
of exposure was changed from unilateral to
bilateral (1). Still further reductions
might be expected in changing to exposure
from a source in radial geometry.

Second, an experiment with Rhesus
monkeys (2) in which 250-kvp x-rays
were used gave an LD 50/30 value of 530 r.
A significant number of the monkeys died,
however, after the thirtieth day. If the
survival data at one hundred days (the
extent of the data reported) were utilized,
the figure (LD 50/100) might be ciose to
430 r. While it is proper to report and use
LD 50/30 values for experimental pur-
poses, such values are less relevant in the
present study, since we are concerned with
the general health and welfare of the pub-
lic. Itis asserious for a tnan to die on the
one-hundredth day as on the thirtieth day.

That the factor of deaths after thirty
days may be extrapolated from one primate
to another is suggested by the Japanese
data (3). In the group sampled for Hiro-
shima, the number of reported deaths be-
tween the twenticth and twenty-ninth
day was 137; for Nagasaki the figure was
87. After the twenty-ninth day 117
deaths were reported at Hiroshima and S7
at Nagasaki. (There were, of course,
many deaths in these sampled populations
before the twentieth day.) The difficuit
task of accurately recording, isolating, and
identifying the causes of these deaths is
recognized, but an analysis of the extent
of radiation injury and the time of death
would strongly indicate that radiation was
a major factor in a significant number of
the fatalitics occurring after the thirtieth
day.

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

1 Presented at the Forty-first Annual Mceting of the Radiological Socicty of North America, Chicago, I,

Dec. H-105, 1935.

? Health Physicist, Division of Biology and Medicine, U. S. Atomic Energy Commission, Washington, D. C.
580
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consideration is the energy spectrum of the
radiation. The gamma spectrum emanat-
ing from fallout material is complex. In
Graph 1 is shown the gamma spectrum for
fallout after the detonation of March 1,
1954, at the Pacific Proving Ground (4),

with the estimated percentage contribu-
" tions of the gamma quanta of differing

cnergies (million electron volts). It is

DUNNING Ajcil 1956

the Pacific Islands, the winds were light
and the first rainfall did not occur until
about two weeks later. Graph 2 shows
the gamina dose rates taken at 3 feet

above the ground on the island of Rongelap

over a period of nearly a year. In the
first ten days the decrease in activity, or
disintegrations per unit time, is roughly
consistent with the known radiological de-
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Graph 1. Percentage of total dose contributed by gamma 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 (3).

WEATHERING 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
are 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 March 1, 1954, in

cay rate for fallout material, z.e., a slope
of minus 1.2. The break between the
tenth and twenty-fifth 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)~!7, re-
flecting principally the effects of weather-
ing and possibly, to a smaller degree, the
fact that the number of gamma guanta 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 arcas with
different climatic conditions.
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Ncither the exact time of winds and rains
nor the precise extent of dosc-rate reduc-
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TasLe I: EstiMATED ATTENUATION FACTORS oOF
Gauma Doss RATES FrROM FALLOUT

tion can be predicted. These two param- Approvimale
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Graph 2. Gamma dose rates on the island of Rongelap following »detonatic'on of
March 1, 1954.

tivity is assumed to decay according to
(t) 2, for the second week (t)~!-3, and for
the third week and thereafter. (t)~!-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
parameter of weathering may be incorpo-
rated into evaluations of possible future
contamination.

Field measurcments, as well as calcula-

tions, have indicated the attenuation of
gamma dose rates to be expected from the
shielding afforded by various structures.
Obviously, there will be wide differences
in this respeet, 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 taken and people continue to
live normally in the contaminated environ-
ment. Great varation in the amount of
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accumulated radiation dose may be ob-
served, dependent upon the location of
persomnel in relation to different types of

GorpoN M. DUKKNING

April 1958

badges as they went about their normal
activities in adjacent communities. QOut-

of-door radiauion doses werc calculated on
buildings or natural terrain features and the basis of the survey data of monitoring
on the length of stay at a particular place. teams shortly aiter fallout (as would be
< During the 1955 nuclear test serics 2t domne in emergeucy situations); these were
the Nevada Test Site, a number of film later compared with the doses indicated {
badges were placed outside and inside on the persomnel film badges. The ratio
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Graph 3. Estimated average accumulated gamma radiation doses for personnel

continuing to live normally in a contaminated area, based on a dose rate of 1 r per
hour at time of fallout. Sce text for assumptions.

school buildings. The ratios of out-of-
door to indoor doses ranged from 1.3 to 7.
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 shiclding rather than to weathering
effects. Limited data were also collected
for personnel—school tecachers, physicians,
mechanics, and others—weanng film

of doses measured on film badges to those™
calculated for out-of-doors generally fell
between 0.4 and 0.5. Duration of ex-
posure ranged from two to three weeks.

On the basis of these data the dose with
.shielding during normal occupancy of an
area may be conservatively estimated at {
23 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 arrmive
at a family of curves which estimate the

-
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-

accumnulated radiation dose for persons
living pormally in a contaminated area
(Graph 3). Since Graph 3 is based on an
essumed dose rate of 1 r per hour at the
timme of fallout, the accumulated doses may
be linearly extrapolated to any other dose
rate at fallout. For example, if fallout be-
gins at three hours after detonation and the

ship for timed doses versus biological
effects; yct there are sufficient convincing
data to permit an attempt at estimating the
cflect of this phenomenon.

Blair (6, 7,) Smith (8), Davidson (9),
and others have made extensive analyses
of cxisting data on the effects of time-
spaced doses for several species of animals.
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Graph 4. Ratio of tota! accumulated equally fractionated daily gamma whole-body doses to a one-day exposure

* to produce the same whole-body eilects.

(3
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 differently 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 30 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 Davidson. On the basis of
his analysis, a plot has been constructed
(Graph 4) of accumulated, equally frac-
tionated daily doses versus 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 ecighty 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 for
radiological decay, weatliering, and shiecld-
ing are rather tedious. An approximation
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may be made merely by superimposing of the total dose accrues from falleut dur-
Graph 4 on Graph 3; the point where the ing the first part of the exposure period.
curves become tangential is the point of This more rapid rate of delivery might in-
maxisrum effect to be expected from doses crease the percentage of irreparable dain-
accumulated from fallout. It is not in- age to some extent. On the other hand,
tended to imply that no further radiation a greater proportion of the biologicai damn-
damzre is received from exposure after age would occur early in the exposurc

TTTT7

GAMMA DOSE RATES (THREE FCET ASOVE GROUND)
(MILLIROENTGENS PSR MOUR) ‘

© i i I 1 1t 11 1
1. 10 100
TIME AFTER DETONATION FALLOUT QOCCURS (HOURS)

Graph 5. Approximate gamma dose rates at time of fallout to produce an esti-
mated eflective 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- period, allowing a longer time for the rep-
dicate that if the accumulated dose from arable factor to operate before the curves
fallout up to the time of tangency is not become tangential. The radiation status
sufficient to produce death or radiation for the reparable fraction of the damage is
sickness, than () the rate of repair (for the thus better at the time of tangency. Un-
reparable portion of the dose received) will til more definitive data are obtaired, this
exceed the rate of exposure thereafter, analysis may serve to approximate the
and, of course, (b) the irreparable fraction biological repair factor.

of the total dose for the duration of the Graph 5 incorporates into a single curve
fallout will be insufficient to produce these the major effects due to weathering, shicld-
whole-body effects. It is recognized that ing, and biological repair. The radiation
the rates of dose accumulation as calcu- dose arrived at by these calculations is
lated by the two methods (Graphs3and4) called the *‘effective biological dose.”” As
are not identical, since a larger proportion in the previous graph, the accumulated
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* .that arc open to discussion.
_based on deliberate analyses of the relevant
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TasLe II: APPROXIMATE AREZAS ENCOMPASSED BY
THE EPFECTIVE B1oLoGICAL ISODOSE LINES SHOWN IN
.t Mar (Fic. 1) .

Apprexinate
Isodose Liite Arces Encompessed
(r) (square niiles)
& 25,000
103 ’ 12,500
< 402 5,020

doses may be extrapolated linearly to any
other dose rate at time of failout. For ex-
ainple, if fallout begins three hours aiter
detonation and the dose rate at that time is
10 r per hour, about 67 r (eifective bio-
logical dose) will be accumulated provided
personnel continues to live normally in the
contaminated area.

10

0.15

It is frankly recognized that in any single
curve, such as that shown in Graph 3, there
sre inherent a number of uncertainties
Criteria

= 67

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 making
decisions as to possible evacuation, etc.

FALLOUT PATTERN FROM
HIGH-YIELD WEAPONS

From Graph 5 and data from other
sources (10, 11), an idealized diagram of
effective biological doses for fallout from the
March 1, 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 wind
structures, and different kinds of land sur-
Jace, would resull in different patterns, and
that (b) this is the amount of fallout fronm a
single high-yield weapon.

The two innermost isodose lines shown
were selected to suggest regions where (a)
a significant percentage of personnel might
be expected to die (400 r) and () a few
per cent to become ill (100 r), assuming
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Fig. 1. Idealized fallout diagram, based on high-
vield nuclear detonation of March 4, 1954, Isodose
lines represent effective biological doses (roentgens).

continued occupancy of these areas with
no special protective measures. These
percentages would, of course, rise within
the cncompassed areas. The 50-r effec-
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. Tabie II
shows the approximate areas encompassed
by the three isodose lines. For areas
where the fallout occurs a few hours or
more following detorzation, 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. Evacuation. 2. Useof shielding. 3.
Decontamination of the environs. 4. Al-
lowing for lapses of time before entry into
a contaminated area. These measures
will be discussed only briefly.

Where relatively small numbers of people
are involved, evacration 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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-shielding is suggested in Table I.
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TaioLe YII: EstraTio Repuction IN Gamms Dosz
RATes AT Turee Fcet ARove THE GROUND TO BE
EXPECTED FROM VARIOUS DECONTAMINATION
PROCEDURES ON LAND SURFACES®

Approsimete

Procelure Redudion
Faclor
Plowiug (to depth of 8 inches)
+ Bulldozing or grading (to depth of 4

inches) 4
¥il (clean dirt to depth of 6 inches) S
Seraping (to depth of 4 inches, with

coacurrent removal of exhumed dict) 10

* Based on data in Radiological Recovery of Fixed
)litary lpstallations (12).

made accordingly;. it is not possible to
establish beforehand any general rule of
action based on radiological considerations
slone. The complex factors entering into
this problein cannot be discussed here.
There is available, however, a considerable
amount of data on the radiclogical aspects
of fallout to aid civil defense authorities in
making the decisions which will ultimately
rest with them.

The amount of protection afforded by
The
exact dose rates that might be expected
from a [allout cannot be predicted, but it
appears reasonably certain that a shielding
factor of 1,000 would, even in the areas of
hieavy fallout, reduce the radiation below
levels which might produce sickness.  Such
a reduction might be attained by about 3
feet of earth or sand or 19 inches of con-
crete. Even the cellar of a framie 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

iaximum contamination, however, located
within the 400 r ellipse of the f{all-
out diagram, a factor of 10 might not be
enotgh to keep the accumulated dose be-
fow 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 fcet above the

Aprit 1958

ground which might be accomplistied by
various operations on the soil. Table IV
gives reductions of contamination of sur-
faces as estunated by one method of deter-
mination. (Forinore extensiveanalysessee
refercnces 12, 13, and 14.)

The final factor of major benefit in re-
duction of radiation dose is the lapse ¢
iime. On the basis of radiological decay

Tapre 1V: Estrvated REDUCTION 19 CONTAMINATION
OF SURFACLS UsinG A FIRe Hosing MEerhon®

Approximate
Surface Reduction
Factor
Concrete - 10
Weood 30
Metal 30
Roofing 30

* Based on a dry contaminant. For a slurry con-
tawminant, the reduction factors might be only one-
tiiurd as great. Pre-protection of wood aud couciete
surfzces, ¢.g., with sealers or paints, mizht increase the
reduction facter by a facter of about 3. (Based on
data in Radiclogical Recovery of Fixed Military
Installations (12)).

alone, the activity (disintegrations per
minute) decreases approximately accordirg
to the principle of (time)~'-%. 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 initiai
value by the seventh hour; an additional
tenfold reduction would require about two
additional days of waiting. Similarly, the
total possible out-of-doors dose accumu-
lated from the first to sixth hour aiter det-

onation would be approximately the same

as that from the sixth hour until one weelis
later. Further, this first-week dose would
be about twice as great as the entire re-
maining dose possible for the lifetime of the
activity, even in the absence of weathering.
This rapid decay suggests the benefits of
protection in the early periods after fali-
9ut 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 estabiished
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for maximum permissible cose, as well as
length of stay within the arca of contamina-
tion. With knowledge of the magnitude of
the radiztion levels present and the rate of

* deeay, (t)713, it is possible to plan and

cxccute a short stay even in a highly con-
tamincted area. Planniag for continuous
occupancy requires more extensive anal-
ysis. The following data may aid in such
evaluatiomn. :
‘T'he fallout inap and Table II suggest th
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 months after the first

fallout, however, and then living there
indefinitely, the area encompassed by the
50-r cflective biological isodose line will
have chrunk from about 23,000 to 2,500
square miles. At such time (four months
after 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
dose rates at the peripkery. The 03 r
per week out-of-doors isodose-rate line
mizht extend to about the same position
«.s the Lne marked 50 on the map.

As one attempts to extrapolate such
data tc one year after fallout, the analysis
becomes still nmore difficult and uncertain.
The data suggest, however, that if retuin
is postponed to one year aiter fallout, the
50-r ecfiective biological isodose line will
have disappearcd. Qu the basis of these
couservative estimates, the 1,000 square
miles of highest contamination might have
an out-of-doors dose rate of about 4 r per
wecek after one year. Similarly, personnel
might accumulate a dose of about 100 r for
the first year following exposure and an
additional 90 r over the next three years,

‘independent of the biological recovery fac-

tor. It is to be expected that this factor
would be relatively great for such long
periods of time, thus reducing the effective
biological dose below 30 r. The 03 r
per week out-of-doors isodose-rate line
might encompass an area somewhat larger
than the line marked 400 on the map.

* s tmemrmmeme e s -ane- -
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(The weathering factor for the islands in
the Pacific has been greater than the as-
sumed value for large land masses, so that
at one year the out-of-doors dosc rate on
these islands was lcss, by a factor of al-
mnost 2, than would be predicted by tiic
method suggested liere.)

The forcgoing analvses are bascd on
passive factors only, not taking into ac-
count the actions of perscns themselves n
reducing contamination. If, for example,

- a permanent return into an area were post-

poned for one year after fallout, the radio-
logical situation would probably have bcen
adequately appraised, and decontamina-
tion operations initiated. Moreover, with
the return of a populace into a known con-
taminated area, more than normal pre-
cautions night be expected in regard to
occupancy of the more protective types of
buildings and reduction of time spent out-
cf-doors.

It appears not unreasonable to assume
that the theoretical cut-of-doors dose rates
for the arcas of higkest residual contami-
nation, calculated by means of the extrap-
olations given above, actually migiit be
many times reduced. The data thus
suggoest that, with this tvpe of detenation,
continual occupancy even of the most
heavily contaminated area need be pro-
hibited for only about one year.

The task of evaluating radiation expo-
sures from fallout is fraught with uncer-
tainties, and one instinctively shrinks from
proposing criteria based on such variables
and intangibles. Yet we would be doing
ourselves a disservice if we did not attermnpt
an analysis of the relevant factors and in-
corporate them into some conceptual
scheme as indicated here. The analytical
approaches, and certainly the quantitative
values suggested, are not to be considered
precise but are intended, rather, to give
order-of-magnitude estimates. It is be-
lieved that they are, in general, conserva-
tive, z.e., thcy do not underestimate the
potential hazards involved.

Divisinn of Biology and NMedicine
U. S. Atomic Eucrgy Cormamission
Washington, D, C.
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SUMARIO

Pavtas para Juslipreciar las Exposiciones

‘Repisase aqui el problema de la radia-
cifn gamma externa emitida después de de-
positarse en la tierra el imnaterial lanzado.
* Las exposiciones a la radizcién proce-
dente de un campo de desprendiiniento dis-
sepan de la mayor parte de los experimen-
tos de laboratorio con respecto a la geo-
niciria y al espectro de energia, lo cual hay
cuc tomar en cuenta al valuar los efectos
biolégicos. Adeinas del factor de decaden-
cia radiolégica, los efectos se ven afectados

salas]
Desprendimienio Cousecuuvo a las Detonaci

G amma Procedzntes del
rnes Nucleares

Radiacione

por la exposicién al aire, el resguardo (como
por edificios ¥ terreno) y el tiempo de la
dosis. Utilizando estos factores, se oircce
un diagrama idealizado de desprendimizuto
para una explosién superﬁuul de mucho
rendimiento, indicando zonas de diverscs
grados de contaminacién. Las medidas
protectoras corresponden a cuatro tipos
distintos: (a) resguardo, (L) evacuacisz,
(c) transcurso de tiempo y (d) descouta-
minacidu.
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INTLODUCTION

possible hazards, bardships or inconveniences resulting from disruption

of norral activities. Critsrias sre established as gufzZos for the Test

b
Crganization in determining vhesther any speeisl ecticnc chovld ba taksn %
to protect the rubliec, »
¥Vith improved methods of predicting fellout and with the uvsz of
higher towers for detonating the nuclear devices, it is expected that
fellcut in populatzd areas from futurs tests et the Nevads Tost Site
will be lecss than the highsst avounts vhich have occurred in tho past,
Two basic sssumptions are mrde in this report:
ne It 18 the raspongihility of the Divigion wof
Bioleoy and iMedicine to estzbliish such eriteria and
procedures Lfor th2 Atowde irnergy Coimisaion as
Geewwed nscessery to protecl the hLealth and welfare

of the general populece frca cons:guances of weapons
tests conductsd at the Nevucdea Test Site.

these criteria and procedurzss shall bs the responsi~
bility of the Test Manager, as directed by the Divi-
sion of Military Application, with the technical ,
o\ guidance of ths Division of Biology and Medicine,

The following criteria do not apply to domestic or wild animals
since levels of radiation which would be significant to them would
bave to be higher than those specified herein.,




' B ettt SECENETY

'L S o Won WA S

CRITERIA 1

Evecusticon

Introduction

The decisica to evacuszte & corrunity is critical for two principal
reasons. One, presumably there might be a health hazard if the person-
nel were allowed to remain, Two, there is alﬁays an element of danger
and/or hardship to personnel involved in such an emsrgency measure,

It is recognized that extenusting cirvimstances may accompany any
situation where conditions indicate evacuation es a moda of acticn,
The size of tre community, arecs end eccomncdations available for the
evacuees, means of transportation and routes of evacuation, disposition
of ambulautory cases, protection of the property left behind, and’many
other factors may ercter into the decision relative 1o evecuation,
Further, it is recogrized thet urder certcin cenditions, the evacuation
of a community might not only prove rather ineffectiusl but could resulﬁ
in more radiaticn exposure {han if the pepulation remained in place
unless the situation be edequately evaluated. A blanket evaluation
cannot be made in advance; each situstion cen te unigque, The follow-
ing criteria therefore are suggested as gaides in assessing the pos-
sible radiological hazards; the final decision must be made on the

basis of all relevant factors known at the time,




’ Criteria
Table Ia summarizes the radiological criteria to be used in eval-

vating the feasibility of evacuwtiion.

RADIOLOGICAL CRITERIA FCR EVALUATING FE4SIBILITY CF EVACUATICH

Effective Biological Dose*® Minimum Effective Biological Dose
Calculated To Be Delivered That Must Be Saved By Act Cf

In A One-Year Period Fol- Evacuation (Otherwise Evacuaticn
douing Felleut, Will No% P2 Indicated)

Up to 30 roentgens {(No evocuaticn indicated)

30 to 50 rcertgens 15 roentgens

50 roentgens and higher (Evacurtion 3indicetad wilhout

regard to quantity of dose that
might be saved)

*The "effective biological dose"™ is an ectimate of a biologicel
slive

er
flamage" Jose, tesking into sccount the J:irn th of time for delivery

of a given dose, and ths rgiucticn cf ¢uue due to {(a) shielding

affordzd by btuildings and (v} ihe process of weathering.

Tre rationale for teble la is a=z follows: Tke total effective ti-
ological doze that would be rzceived if evacustion wsre not crdered is
obviously & deiermining factor. Another consideration is the fact trat
such ern action as evacuation could be dangerous to the individusls erd
could 2lso possibly be detrimznial to & very necessary nationsl effort
of weapons development. One must then ask, "Just how much will be geined
(radiation dose saved) by evacuation?" Estimates of these two variables
are indicated in table Ia. Thus, a populace may receive up to a calcu-
lated 30 rcentgen effective biological dose in one year without indicat-

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

A



only if atAleast 15 roentgens could be saved ty such action; and at 50
roentgens or higher evacuetion would be indicated without regard to*the
possible savings in radistion dose.

In maeking a rough estimate of rediatic: doces, one may calculate
r. theoreticsl maximu: infiniiy gamre dose end then crbitrarily divide
by some number such aé 2" for en estirate of dese actuaslly recsived,
Whereas this may be satisfactory as a first approximafion, a more
accurate estimate:should be atterpted, especially when dealing with
doses that might constitute & health hazard,

Oving to the rocessity cf meking early meesurerents and decisicns,
it Is to be expected that dose~rate readings, teken with curvey ::aters,
vill be the available evidence at the times of concern. 7Tsble Ib suz-
marizes the pesrameters considered in estimating an effective biological

dose based on dose-rate rsadings,
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PREDICTING FEFFECTIVE BIOLOGTICAL DOSES FRCM DOSE=-RATE READTRGS

Y2

b Be. Ce 2. Eo

Theosy . tiz 1
Mexiwaa oce
{(Puzed on A{tcruntion Dffcctivs
Bist keti-- end Piclogicsl
pated late Biological  Wernihisring  Dose Fucior a5e
of Decav) Factor Yecior {Colwupzat) 1_g¢h ~ntyD).

From time of fallout . N
until time of evacu- 1/1 1/2 1/2 ;
ation

Frem tine ¢f evecu-
etion o tizme of 3/4 3/4, 1/ar ks
reLurict

r:

Telum
to a tirs 15 deys 3/4 3/ 1 /2548
after initial fallout#* ' :

ve.  rFier 2/3 1/2 1/3

From 15 fzvs until
on £
ddtzl ol iout

TR . A b YN el

¥This .- .ixmzle is baced on the concent ihat If evarustiion
were ol somplizhed, thicn & ¢zriain iiotion deve

vould o coewadeled over the povied © swo scleciod, This
I”rici =10 repressits L a2 radiation dese saved L8 cvecunld
accor;iizhed,

¥%This essvzzs that tha time of return occurs »ofore 15 Geys. A poriod
of 15 daoys was sclected to provide a dividing point tetwezn the tine
of 3ritiel exposure from fallcut to a time cone yeer later. The 15
days tvs no unicue s fﬂ‘F1CArcn other thaon providipg a tasis on which
to esiinzate tke b*oiuflc fector,

*%%The velue .of 9/16 has been rounded off to 1/2.
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At a lator time after fallout, tetter estimates of radiaticn Joses
received may be obtained from film badge readings or dosimeters, If
these £film badges or dosimeters eare worn on personnel and theAcvjﬁ:nce
of their ﬁse supports the view that the readings are a remsonehly zcocur-
aete account of the radiztion dose veceived then the valuss recorded on
the film badge or dosimster may be accepted with a correction factor of
3/4 to account for the difference between the dose received by the film
badge or dosimeter (including backscatter) and that received at the
tissue dcpth of five centimoters. Teble Ie may be uszd in estirsdbing

the effoctize tiological dose frem f£ilm tadge or dosircler resdincs.

TABILE J¢
Ao B. Ca D E.
Effeciive Effectiza
Blolo Soel P&“’ﬁf A
Fi'\"n F dee Loge ¥rctor SoE
Film Poége 34 (Colvza B {Colur= A
Beriing ST B S
Teom tine of 2211~
cut until tize of i/1 3/4, /2
evecuntion
From tize of rez-
turn to 15 deys 3/L 3/4 1/2%
efter initiel
fallevt

From 15 days until

one year aficr 2/3 3/4 1/2
initial fallout

-3
=
Bl
()

|

®The value of 9/16 has been rounded off to 1/2,

——



Womi
Discussion of the Biolezizal Facior, As longer periods of time are
involved in the delivery of a given radiation dose, lesser biolog-
ical effects may be expected. From the tiue of fallout until the
time of evacuation protably will be a matter of heurs, which has teen

the bioclogicai

(‘J

considered essentially an instanisnecvs dose, 1.
dose factor is 1/1. From the time evacuation could be accomplished

to time of return‘probably would be a matter of several days, so the
biological factor has been estimated at 3/4. From 15 days after
fallout until ome year Jeter is essentizlly 2 duration of one ye=ar,

50 the biclogicel facter kes been estimated szt 2/3. It will be poted
there is no calculztion afier one rear, because it is expected under
actual conditiicns of radioclogicezl fecay and weathering that protably
no significant dose will be delivered after a year's time in populated
sreas around the Kevada Test slu-o

antities suggested for the
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biological factor cannct t:z suppcrted by conclusive evidence, I is
reasonzble to expzcli tlat {te delivery of ¢ given radiaticn doze over

e period of many days will heve less biologicel effectiveness than an

1nstantaneous one {reglecting genetic effecis) ‘and thet the extenzion
of the period to essentielly one yeer should yield a still lcower tiols:

ical factor. One piece of supportive evidence is tre work of Strandgvisi®

where X-ray doses to tke s=kin were fractionated into deily emounts, 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 roentrgens for a one-treatment versu i ally frac-
#Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries
Caused by Ionizing Radiations®™. Eritish Journzl of Radiology, Vol. XX,
No. 236, Aug. 1947.
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tionated doses., Cf conrse, cdally radiation doses received from fall.

e, s
R e e Cad

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 day to one year are more nesrly eguivalent than at early tizes
(ignoring the weathering factor). Strandgvist data do not extcid
beyond 40 days and it 1s quesiicnabtic to extrapolete his data in =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

Nl ey«

affecting the rate of dose delivery, etc. The ratio would presum=
ably ts farther from upity then for s 15-day pericd. The skin is a
relatively rapidly repaired organ ard thus may tend o over-ewj:izsize

the effects of fractionation uhen considering whole-bedy gauta Jocses?,

Cronkite reports™**®

"In the dog, with cobalt gamma rays, the < . that will kill
50 percent of the dogs in a thiriy-day r- : wh»n delivered
in a zingle dooe zt roughly 15 r per min 3 approviaontsl
275 v, After this duse of radiation th: - ~15 beco X
within & psricd of 7 to 10 days and deat MR A ANT
eignth and twenty-fifth dzy, Homorrha:so :cvions
prolfound arenisz prevalant., If tne < ~ decre:

100 1 per day given over & fouwrieen-heou d, o2

dose is increasad to £00-800 r. Unier ® nditions, tas
aninals dis in approxirately the sszme I 2f time vith
identical manifestations., If the expors: s dropped t2 25
per Gay given ovar a Ifcurieen~hour peri- » lethel cose is
then increased te well over 1200 r, ang . ,.ptors end

findings are changed.®

One problem in such experiments is the eval: .a of possiiility
that tnhe animals may be virtually dead while the . :sures are con-
- tinued. This might be illustrated in experiments .ing the burro

where the daily doses of 400, 200 and 100 roent: riven to three

separate groups required 3600 to 4000, 2800 to 3. and 2000 to

¥See Addendum, page 28,

*¥Medical Aspects of Radiolosizal Defense, Cronki ', E. P, Lecture
to Federal Civil Defense Administration, Regicr.. ‘“onference of
Northeastern States of Radiological and Chemicz .l'ense, liew York
City, October 22, 1953.
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2600 total roentzens respectively for JQ2 por cornl lethallty®,
Experimental data reported by Boche** are summarized below.

Fo. of Pose psr Do e per Survival Totel Dose
Daye . Do (a). Moo (ad Timn (Ta) )

20 . 10 60 - 2L 1440
10 6 36 83 2988

Unfortvnately normal suwrvival tizes were not given rnor were thz agss
of the animals (dogs).

Blair###* hag takeﬁ the two points from Boche's data, inserted ER
these into his (Blair's) equation relating reparable and irreparable
damege. The ratic of instaniaznecus dote teo 15-dcy dose is 350/450 or
C.78, and Tar 4 months dose eboul 350/5725 or 0.67.

Bleir suggests thet YThe points ere teoo few o determine the
constants (of ihs equation) with any accuracy bui should at loast te
in the proper range." However, the constants of his equation have
chizckod well wilh nore extenslivzs dala on other anlfals. Ris cquations

Irddcete Lhab the ratle of racovery of rops clle infuwry is frziest in

(&)

ne moust (of the tpes of mammals select d), 5001t onz-half sc fast
3n the rut and atcowb ene-seventh as fast In the pelnea pig snd dog,
but &s Blzir pointsd cut, the reaction of the dog is more repiesente-

tive of the largesr, longer-lived aninals.

te

. ¥UCLA-295, Regponge of the Purro %o 100 r Fractional Whole-Fodz Germa
. Ray Badisticn. Haley, T, J. et al, June 10, 1954, Unclassified.
®#MDDC-204. Obgservations on Populstions of Animals Exposed ito Chrenic
Roentgen Irradiation. Boche, R.D. 1947. Unclassified.
¥#%UR-207. A Formulation of the Iniury, Life Span, Dose Relations For
lonizing Radistions. II. Applications to the Guines Fig, Ret, and
Doz, Blair, H, A, July 3, 1952. Unclasgified.

- 10 -



3 x4 b ey vl MMen bk alae Tapdeo. by B PR,
Discussion ef Ak Astepust ov_srd Mealhoodng Jeeten. From bhn ting of

fallout un£11 the time of evacuation it is expected that personnel will
bs kept indoors. (Sse Criteria II.) Major lesres cue to weathuring
can not bz relied upon during this pericd, so that the estimatcc factor
is 1/2. From the time evecvation could buve bzon aceomplishud wntil iie
time of estimated roturm it is essumed that personncl will b: indoces
about half of each 2/ hours and that major losses due to weéthering
can not be relied upon, The over-all factor is thus 3/4.

The sare reoasoning applies to the third perlod of time, f.=., from
assuzad tize of return to 15 éays alter fallout,

1

From 15 days afisr f277 b vntil one yoro later it is ox
*.

that the atienuation due to bolldings and th- effecis of weath 1iug

will yield an over—-all factor of 1/2.

"The Tatlo of readings varied with the type of coustruction of s
house end with the localion witidn tho boilding, Generally, [ rall

.
y

of readings cutsids to imsids a frare hource was about 2/1 vit

h a scmzvnsd
greater differencs for masonry constructionm, & limited nuuboer of £iln

badpes were placed outside and inside of soma houses durinz Trmuler~

Snapper and elso Uzchot-Kneiholz, n the first ease, the dirfcroncs

i

in total doses was again 2 to 1 or greater bat during Upshot-tncthole
only about a 20% difference was noted. In fact, in one case during
Upshot~Knothole the film badge inside read higher than outside. The
differences betwesn these experimentsl data will have to be investigated

during future operations.

R d
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The very nature of the sieathering fzctor makes tlds a diffieely
parameter to evaluate., The probability of occurrence of precipitation
and/or winds ard to»what degree has to be sstinated as well as their
effects on radistion levsls. Leaching effecis were studied on soils
about 130 miles from ground zaro where fellout had occurrzsd during
Upstot~fnotholz. Dose rata readings were insignd ificantly lowor Thon
those predicted by radiological decay according to t"_1°2 after a
period of more than one year. One example of the effects of winds was
obsarved during Upshot-¥ncihole, The fallout from the March 17, 1953
d=tonaticn vas iz a loug navrow patistn o ke east ef grounl zsro.
Tpe szcond Gay eficr fallout a rather sireng surface wird bicw
alrrost at riskt anzies ecross the ocreza, for azbout a period of 2 day.
Duse rute readings were teken on the first and fourth days at ike

ae locaticns rnd then weore compared. The fowsrth day done retss

vere Jess; by factors of thrse to six, than ilhnse "o be expected from

the first d.rs readings, bzsed on retle of deotuy o c. (0 ar

fallout mon:vrerents indic-ted thast 1he raic of 7 - of this I-3iloul

rateriel wes not signilicently dify:srent frem ¥ ) Brenurs of tla

Srd ndi >y srited Y e ~du, . ; ntaminstio:
sicel co tions descrited above, these redu in contumination

wobably are rear the upper 1:mit to be expected * 4 wind.

- & & o

Operational Feasibiliiy of Crit:

It is not the intent here to discuss operail:: ..al procedures, but
it should be indicated that the computing of rad’ ‘fon doses as reccm~
mended in Criteria I is a not too difficult tesik., . one ussu:es a
't.-.l'2 rate of decay a&s a first approximation, then a single graph of

dose rates versus times after detonation can be c¢:.:ztructed that will
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represent a 30 roentgen elfcctive biologicai dose for one year. Ain ed-
ditional family of curves can be made that will provide the answers to
the parameters of how wmuch time would be available before evacuation
and of how long a tire personnel would kave to rermain cut of {hs radi-
ation area in order to provide for a savings of at least 15 roentgens.
The highzot vhola=body Jamma dese recorded for eany localiiy whisa

personnel were present outside the Nevada Test Site was at Riverside

Vpshol.
Cabins, Nevada (about 15 people) following shot number seven of ?égilop-

knofhc i

Snapp>v¥. The maxdmum theoretical infinity gemm=a dose was estinated to

be 12-15 rosntgins,
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' CRITERIA II

Personnel Pomoipine Todoors

Whan the gerzua dose ruie roading es nmeasured by a swrvey rater

-

Iy

beld thres fe2d sbove the ground riechss ihe values given in Grovh 11
at the timss indicated; it is revcouzended ithat personnel shall b
requested to remain indoors with windows and doors closed. Release
from this restrictive action should be mzde on the basis of further
evaluation of the rediclogicsl conditlons.

In the event that 1kzre te convincing evidsenee that the rediation

-

levels given in the graph will be raoched,

IJI

t 1o recorzended thaat
personnal be requestsd to rerain dsdody s BUICID fallout cccurs o

- before the radiation levels egual those in Graph II. Release from
this restrictive action should be xizde on the basis of further evel-
vation of the rzdiolegical conditicns.

It is recomeond~d hat ooyl vlio kad teen oulwnf-doors dining
fellout of ihe above rzsziiuds or praslir bs edvissd to change (iothin
and to bathe., 7The clothing :ay L2 tleaned Ty normal means, Vhils
bathing, special etisrction should te paid to tL2 kalr and any cxposed
parts of the body.

In tlke event thkat ihe moriioring tekszs placs AFTER the fatilout
bhas occurred, and extrapolstion of the dosz 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.

. .
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Personnel RBemaining Indoors

DISCUSSICH
The action of reguzsiing personnel to rumain Indoors is iredlicatsg
on the principle that the radiaticn levels cie telow those establishzg

reduce tke amount ol comiize

E:
[#5

for evacustion and trat Lhis gciion ¢o
ination of personnel and reduce somswhat the whole-body gamna dose.
(See Appendix A for estimates of reduction in whole~body gamma dose.)
The actual "savirzs® heslthivise heve to be balanced against possible
adverss public reactisn,

The principel zzin in reguesting parssmnel to remz2in Indcors is

ce tha oot of atozie debris that may scinclly

8-

to prevent or r»
fell on the body or clothing. Since the pesk of fallout usually occurs

shortly after the start of falisut, it is important that prompi decisicn

eri actions te ta¥en, Thus, by neceesit;; the most practical criterie
upon which to tuse a declisicl ave gemma &acr rate readings, which eva

Pata Dose To Svin
The most irmediate solution might be to establish lower permitted

o~

dose rate leovels at lster tines after detonation. However, 17 a series
of cdose rates are‘established for inerensing tines sfter detonaticn so
that their relationship follows t”1°23 then the doses delivered in X
hours (before the material is washed off) will be greater for earlier
timcs after detonaticn., If one were sure of the {ims that the fallout
material was to remain in place, then a scale of dose rates versus tize
after detonation could be made to yield the same total dose over the X
hours, Since there is obviously no set tims period for duration of con-

-15 -



tact that would be valid for all cases, one might assume the worst case
where the material remains in place until its activity has decayed to
an insignificant 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 "t7,

If the above discussion is accepted, then the remalning question
is to set the infinity dose., Here, we must be clear that whereas the
measurements taken by the manitoré, and the data upon which action will
be decided will be gamma dose rate readings, the point of principal
concern is the beta dose delivered to the basal layer of the epidermis
(assumed as 7 milligrams per square centimeter).- The ratio of emission
of beta to gamma is A function of time after detonation and follows no
simple relationship, Further, this ratio at any given time after deton- -

ation has not been firmiy established. One report* suggests the follow-

ing data:
I Iime After Detonation Beta/Gamma
72 hours 157/1
168 hours 156/1

These data were obtained from a cloud sample, rather than actual fallout
naterial, and were a measure of surface dose on a plaque using a "dosi- ,
meter type beta-ray surface ionization chamber."

The method of colleztion suggests the possibility that the thickness
6f material on the plaques may be less than that to be expected from the
amount of fallout that would be of concern when estimating probabilities
of beta burns. This would result in a different angulaf distribution
of the betas influencing the beta dose rate in the direction of a higher

value for the plaques,

*WI-26. Scientafic Direcior®s Report, Amnex 6,5. M"Interpretation of
Survey-zeter Data", SECRET,
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Anotrer report® indicates a beta to gamma ratio of 130 to 1 based
on the>retizal computations. A third report** suggests a radically
lower ratio; however, there may be some doubt as to its cbnclusions
since the ionization chamber used to measure gammas only, had a wall
thicknese 2 1 mm of bakelite which "...excluded a sméll part of the
total gamma dose present, as well as a lerge, but unknown; fraction of
the beta." (The range of 0.35 Mev betas is about 100 mg/cm2 Oor approx-
imately 1 mm of bakelite.) For our discussion here, we will assume a
surfacze beta to gamma ratio of 150 to l.

In estimating the teta dose to the basal layer of the epidermis,
one may refer to the work of Henriques#*#*, He exposed the skin of
Chester White pigs to plaques containing different radioisotopes.
Pertinent data are abstracted as follows:

Surface Dose Required To Produce Estimated Amount of

Recognizeble Transepidsrmal Radiation That Pene-

+  Injury (Roentgen-equivalent- trated Skin To A Depth
l&%ze: Encrgy  Leia) - of 0,09 mm, (reb)
Yttriumt 1.53 1,500 1,200

20
Strontiym 0.£1
Yttrium?0 2.20) 1,500 1,400

The average maximum energy of the beta particles from fallout mater—
ial varies with time but will be assumed to be roughly compsrable, in

\
respect to depth dose, to Yttriumg‘ or Sr20-y70,

Since the garma dose
at a depth of 7 mg/bm? would not be significantly different from the
surface gamma dose, the ratio of 130 to 1 for beta-gamma will be assumed

at the basel layer of the epidermis,

*"An Estimste of the Relative Hazard of Beta and Gamma Radiation from
Fissinn Products”. Sullivan, Willism H., NRDL. April 1949. CONFIDENTIAL.

¥*UKP-37. Project 4.7. "Gamma-beta Ratio in the Post-shot Contaminated
Area". June 1953, CONFIDENTIAL-RESTRICTED DATA.

#x¥"Effect of Beta Rays on the Skin As A Function of the Energy, Intensity,

and Duration of Radiaticn", Henriques, F.W. Laboratory Investigation.

et el t
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Zﬁhe experiment with sheep, using Sr9o-290 plaques, showed that
2500 reps at the plaques' surface produced ulceration in one but not
another of two sheep.* On the other hand, 1000 rads delivered to
tissue depth of 7 mg/cm from a P2 one inch diameter disk (type of
animal not stated) produced tanning, prolonged erythema and desguam-
ation.*£7

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. FPast field experience

bas 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 béta dose rate at

7 mg/en® to gamma dose rate at three feet is about 200 to 1.

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

\F mg/bm? to gamma dose rate at three feet is as follows., Assuming a
uniform 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/bour 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

%¥NMComparative Study of Experimentally Produced Beta Lesions and Skin

Lesions in Utah Range Sheep", Lushbaugh, C. E., Spalding, J. F., and

Hale, D. B, LASL, November 30, 1953. (UNCLASSIFIED)
*XHW-33068. A status report. September 15, 1954. (CONFIDENTIAL)

**¥Effects of Atomic Weapons. 1950
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material. Obviously, this is not correct but how far this deviates
from the facts and to what extent this Influences the results is diffi-
cult to assess. Caléulations 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 requiré 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 hand, the cattle and
horses exposed near the Nevada Test Site showed burns over areas only
about the size of a quarter. Even though these may 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
in areas outside the Nevada Test Site suggest the occurrence of indivi-
dual particles with non~overlapping of radiation fields. However, in
nearby areas where the faliout 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 ESTABLISH
REASONABLE AND OPERATIONALLY WORKABLE CRITERIA THAT AT THE SAME TIME
WOULD GUARANTEE THAT THERE NEVER WOULD BE AN OCCURRENCE OF A BETA BURN.

If one were to accept the assumed beta to gamma dose rates of about
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 gemma dose was 10 roentgens.

e e p—— L
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of coﬁrsg, the fallout material may be removed before the infinity dose
is délivered; yet, on the other hand, it is no’ improbable that it could
remain in the hair for essentially this length ;f 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 surface for collecting and holding the fallout
material is important. It is not surprising that the highest dose raté
readings as well as biological effects were noted on the hair of the
natives and also on parts of the exposed body where perspi?ation 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
of the betas by the clothing but rathsr to the physical situation of
holding the radiocactive 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 with the skin, then‘
the beta dose from an equélly contaminated ground will not be hazardous.
(See Criteria III for discussion on unequal contamination on personnel.)
However, it 1s 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
may walk around in a relatively highly contaminated area. Because of

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

Slenificant Fallout Radistion, Cronkite, E. P., et al. May 1954.
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ié the lower legs.

One report estimates a beta to gamma dose rate ratio of about 75
to 1 at 10 centimeters above the ground.* Under Criteria I it was
recomnended that consideration be given to evacuation when the gamma dose
rate reading at thrse feet was, for example, about 6.2 r/hr at B#3 hours.
Rdughly, this would correspond to asbout 575 reps/hr of beta at 10 cen-
timeters. Of course, this activity decays and elso it is presumed that
personnel wopld be sent indoors, at least for a few hourse On the other
hand, it strongly suggests that biologically significént doses may be
delivered to the feet if not protected. Skin lesions were frequent on
the bare feet of the natives evacuated dufing CASTLE. This probably was
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-
jcant biological doses to the ankles and perhaps lower legs, aftef 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{3 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 radiocactive material
around the ankles and lower legs resulting from normal walking about the

erea, This is discussed under Criteria III.

*AD-95(H), Ap E e of the R ve Haz B Gar -
ation from Fission Products, Condit, R. I., Dyson, J. P., and Lumb,
W. A. S. NRDL 1949 (UNCLASSIFIED)
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Data On Euman Expogures
The work of Henriques* suggests that at the depth of U.u9 mm in

1iving porcine skin (maximum thickness of epldermis) that "l4uu_£3wu
roentgen-equivalent-beta" (delivered over short periocds of time so that
they may be assumed to be instentaneous) ié required to produce recog-
nizable transepidermal injury. The curve of biological damage rises

rather sharply so that at a dose of just under 2000 rep (at 0,09 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 gamma dose rates
listed in these criteria, which are based on am estimated 10 roentgesn

infinity garma dose, as high as 2,000 reps might be delivered to the

..basal layer of the epidermis over a period of time covered by the

lifetime of the radioactive material,

There have beep instances where the calculated infinity garma dose
in areas where personnel were present around the Nevada Test Site have
reached 12-15 roentgens but there -have been no kmown cases of beta

burns in these areas. The number of persons involved in these areas cf

highest contamination was relatively small, perhaps a few dozen, and with

an observed duration of fallout of about one hour it is possible that
they were not in a positicn 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
gaxma dose was about eight roentgens and no instances of beta injury

appeared.

*Op, cdts




The éstimated whole-body gamma dose to natives evacuated from the
island o} 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 contan-
ination took place due to their mcde of living including housing that
vas 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 and board-
ing the ship the levels averaged 7 mr/hr gamma,

The 18 natives on Sifo Island, Ailinginae Atoll, received an esti-
mated whole~body gemma dose of 75 roentgens in about two and a quarter
days. Of these, 14 later experienced slight beta burns, 2, moderate
burns, and none showed epilation. _

In the case of the Rongelap natives, the estimated whole-body dose
was about 170 roentgens in about two days. All 64 natives later exper-
ienced beta burns to some degree from slight to severe and over half of
the natives showed epilation from slight to severe.

The 16 natives from Rongelap evacuated directly by air to Kwajalein
had personnel gamma dose-rate levels generally 80 to 100 mr/hr although'
one was as high as 240 mr/hr and one as low as 10 nr/hr (at H £ about

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

have personnel readings that "averaged" 60 mr/hr before decontamination.
The picture is further confused because some of the natives had bathed

and some had not before the arrival of the evacuation team.

-23 -
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Most of the 28 U, S. Service personnel stationed on Eniwstak Island,
Rongerik Atoll, received about 40-50 roentgens, based on film badge read-

ings. Three members of the group who were located for part of the time

in another section of the island were estimated to have received somewhat

higher doses. Seventeen of the 28 personnel showed only slight superfi-
cial lesions with one»questionable case of epilation. It should be
pointed out that the personnel were in metal buildings during some of
the fallout time and for most of the time thereafter until evacuation,
This reduced the direct contemination as well as the whole-body gumma
dose, A film badge hanging on the center pole of a tent at ons end of
the islend read 98 roentgens. Calculations based on dose rate rzadings
at another part of the island indicated somewhat lower doses, if person=-
nel had remained in the open for the period of time from fallout (about
B £ 7.5 hours) to evacuation (et about B £ 3/ bours)., Upon arrival at
Kwajelcin one personnel gamma dose rete reading was as high as 250
rr/hr &t about H f£ 35 hours.

The above data do suggest that there muy bte possible a rough brack-
eting of gamma-beta doses versus beta burns. On the one hand, the
natives from Utirik received an estimated whole-body gamma dose of 15
roentgens and showed no evidence of beta burns. On the other hand, the
natives on Sifo Island, Ailinginae Atoll, received about an estimated
whole-body gamma dose of 75 roentgens with 14 personnel showing slight
burns, 2, moderate burns, 2, no burns, 3 with moderate epilation, and 15
with no epilation. In additicn, Roneglap natives received 170 roentgens
whole~body gamma dose, and about 90% showed some degree of lesions and

56%, some degree of epilation.




It is to be recalled that: (a) the natives probably were out-of-
doors and received the full fallout, (b) the oily hAir, semi-naked
perspiring bodies including bare feet, snd 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:zr,

it may be speculated that the fallout on the more distant islend 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 relevant data are summzarized in table II, Due to the
uncertainty of tr> degree of exposure of personnzl on Rengerik to the
direct fallout, this group is.not included. It 1s to be immedintely
emphasized that any comparisons made or implied in the table sre at
the most only semi-quantitative, Table II will be referred to in Cri-
teria III and IV but is included here as a surmary of the data discussed

above,
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TARLE_II
1 IL 111 Iv ¥ Vi
Baat, Estirate of Average Dose Rates (mr/hr)
of_the Islapds (Taken at_Three Feet above
Bost Esti- the_Cround) snd_of N&tivcs (Personnel Read-
reie of after Remov diation Field,
Estimated Whole-body m_m A .n,-_‘zm:ﬂ’_mm.ﬁnm_lmL
Time of Gamma Dose Skin
\ Locatio Fallcat (Roantgens) Fffects Parsonncl) Reading Islerd Personrel 3Ratio Approx, Time
Rongelap 5% hrs 170 Lesionst a. Majority: 1300 80 16/1 H £ 50 hrs
6 None 80—100'11'/hi :
19 Slight et 1454 hrs
22 Mcderate b. Averaoe:
17 Scvere 60 m;7g;
Epilation: st HA50 hrs
28 Mone Corrected
11 Slight Averares
11 Moderate 80 mx/ .
14 _Severe. . ©
5% hrs 75 Lesicos:. Averape: 410 53 8/1 H£S52 hrs N
2 None 40 mr?hr !
1/ S1ight at 1452 hrs
(very sup- Corrected
erficial) Avernge:
Epllations 23 wr/h
15 None
3 Madapate
Utirik 16-18 hrs 15 Lesionsi. Avorere: 110 15 7/1 HA78 hrs
None 20 mr/hr
Epilation: Assumeds
None 15 mr/S;
at _jifzed

1 16 natives evacuated by air to Kwajalein and monitored upon arrival,
USS Philip and monitored aboard the ship.

1] n "

2 48

Data suggest meter readings low by about

50% since natives fron same island read 80-100 mr/hr at Kvajalein some four hours later with calibrated meters.

3 40 mr/hr corrected to 60 mr/hr according to information in footnote 2.
among individuals nor at different parts of body.

Report did not indicate range of values

l, Readings taken by monitors from the RENSHAW on the Utirik beach where there may have been some contribution to

imﬁmﬁww dose rates rrcn 1and. After wading to ship, average personnel readings were 7 mn/hr RS
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The data on animsl exposures are less firm than those for humans,
Unmistelnble beta burns occurrsd on cattle at Alamogordo in July 1945,
on cattle at the Nevada Proving Grounds in spring 1952, and on horses
in spalig 1953, (The skin damage observed cn sheep in the spring 1953
was not ostablished to be beta burns.) However, the exact positions
of the animals in relation to known amounts of fallout are not clear.

Following the last detonation of the spring 1952 series at the
Fevada Proving Grounds, about one half of a kerd of 150 head of cattle
vere found to have evidence of teta buwms., Thcy were thought to heve
beon 1520 milcs fron ground zero in Kavich Vallcy to the northeast
end to have been exposed to fallout froﬁ the last detonation., Yighest
dose raie readings taken slong a dirt road running longthwise through
this valley integrated to 75-100 infinity gamma dosec,

During Upshot-~Fnothole, 16 horses showed skin lesions over the
back ond eye damszo was noted in a feuw, The best evidence indicatsd
that the horscs wéra some 10-12 miles to the ¢ast of ground zero on
17 Yarch 1954, where the fallout occurred from the first detonation
(about 15 KT on a 300 foot tower)., Radiaticn levels in this erea are
not knovn with csrtainty but’the fallout occurred in a narrow band
and was carried by relatively high velocity winds so that it probebly
fell on the horsés at a time less than one hour. If so, probably
more than one-half of the infinity.dose was delivered during the next

day.
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ADDENDUM
Since‘fhe original discussion above was written, further considera-

tion has been given to the work of Strandgvist and others* on the effect
of fractionsticn of doses delivered to the skin end the onset of tke
observed resulis. It will be recslled (page]D) ﬁhat X=-ray doszs to the
skin were fractioneted in equal daily amounts, and the blological effects
compared to a one-treatment dose. A log-log plot of total doses versus r
days after initial treatment yields straight lines. E}
Basically, this means that as doses are being delivered to the skin l
a ;ert;in rete of repzir is taking plece. The over;all effect wight be
that higher initiel deoses from fallout matefial right be allowzd than if
ons were Lo intezrate the dose over a period of time without considers-
tion for the repcir. Fecause of the difference in shapes of the total
beta dose curves for varying times of initial fallout versus Strandgvist
X-ray curves tke difference between the two curves cannot be expressed
as a sinnle relztionship.
Strendgvist guotes a 1C00 roexntgen dose in cne treatment {o pro~

duce erythcra using X rays (a somewhat smaller number than other data

quoted sbove), 1250 roentgens if divided into two equal daily Soses,

1450 roentgens if divided into three equal daily doses, etc. OF course,

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

fallout materiel such as differences in doses at increasing depth of

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

instentaneous dose at intervals of a day while the beta dose rates are
=1.,2

assumed to follow the + ™", However, accepting the assumptions of

biological equivalence of these roentgen and beta doses and t'l'z,

¥Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries

Caused By Jonizing Radiations". PBritish Journal of Radliologv,
VXX, Na. 236, August 1947.
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one may then ask the question, "What will 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
curve for erythema?"

For early fallout times the limiting fector will be to keep tke
first day's teita dose telow 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 that each would meet but not exceced Strendgvist cur. For efythema
for tlmes oul to 40 deys then, based on the discussion coentzined under
Criteriae I, & conversion factor of 125 was selected to convert beta
doss rates &t a depth of 7 mg/cm2 of tissue to go—ma dose rates at
three feet ebove an infinite plane, These gamma dose rates are
plotted in appendix C(a).

1L one accepts 2ll the assumptions that go intoc preparing ihis
curve, then cns does aot have to estimate the variable of how long the
fellout raterial was in contect with the skin, for the curve suggests
that as long &s the initial indicated gamma dose rates are not reached
tlicn erytherz night not be expected to appear, (Houever, tbhis approach
still docs not give assurance that gingle hot particles will not |
producs erythema,)

Generally, the gamma dose rate readings in the curve /appendix C(a)/
suggest theoretical maximum infinite gamma doses of about 20 roentgens
for a one-hour fallout, to about 55 roentgens for a two-day fallout.
For those early times after detonation when relatively heavier fallout

might be anticipated, this infinity garma dose is two to three times
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greater than the 10 roentgens.which was used as a basis of developing
criteria II. However, there are two further considerations. One, the
interpretation of the data and certainly the assumptions made in devel=-
oping the curve in appendix C(a) ere open to discussion. Two, if one
accepts the inteorpretaticns snd assumptions it rmeans o safety frctior of

tvwo 1o three - not an unreasonable quantity,
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Operational Teasihility
Under the criteria recommended in Criteria II, there would have
. been two occasions in the past where personnel would have been requested

to remnin indsors. Cnce was at Lincoln Mine following the second deton-
ation of Upshot-lnothole vhere they were so requcosied to remain indcors
for two hours snd the other occasion would have teen at Riverside Cabins
(population about 15) following the ninth detonation of the same series.
The doss rate reading at Lincoln Mine was 580 mr/hr at H £ 2. In the
case of Riverside Cabins, however, the radiological conditions were not
ascertained until after ihe fallout had occurrcd. The maxirum infiniiy
gamna docse in the latier case was 12-15 roentgens.

Personnel were requested to remain indcors (for about two heours)
following the ninth detoration cf Upshot-Kncthole, The highest dese
rate reading was 320 nr/hr at H £ 4.5 hours. This is less than the

current recominendations,
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CRITERTA JII
Decontzmination of Pergonnel

Vhere it is not possible to monitor personuel outside of a generel
radiction field, it is recommended that an estimale be made of the degrce
of porsonnel contzuination by deternining the location of the imdividusl
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 infinily gamma dose
equels or exceeds 10 roentgens, it is recommended that the individual
be advised to tathe and to change clothing.

For personnel being monitored ocutside the gencrel radietion field
vhere persennel contaminaticn exdsts over relatively large areas of the
exposed body (one-~half square foot or more):

When the reading of = survey instrument held with the center
of the probe or center of the icnization chawber four inches
from the center of the conteminated aresa, ejuals or exceeds the

velues given in Greph IIT it is recomrended that personnel
SHALL bz advised to bathe and to change clothing.

TPt

For personncl being monitcred outside the genecral radiation field,
where personnel contamination exists over relatively small aresas of the
EXTOSED tody (less than one-half a square foot):

The recormaended maximum values shall be one~half those given
in Graph III. DMonitoring of the head, arms, hands, lovwer legs,
and feet will be considered as coming under this category.
Washing may be limited only to the contaminated rarts, and also
e change of clothing may not be indicated unless the radiation
‘levels exceed those stated below concerning monitoring of exter-
ior surfaces of clothing.

i
3

%,

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):

Y o gt -
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The recommended mexirum values shall be one-fifth those given
in Graph III, Wesking ray 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 personnsl being monitored outside the general rediation field
end lhe contunination exists over eny size area on the exterlor surface
only cf the clothing:

The recommended values under these conditions will be twice
those given in Graph III. 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 given in Graph III or less, then personnel shall be

advised to change clothizg end to batha,

Vren the genesral contariration of a community is of the degree to
prodice an estizated mexdmus thecretical infinity garma dose of 20
roenigens or greater, personnel who have been out-of-doors at any time
during the first two deys end gererally moving arcund in tke arca (as
opposed to such an act as walking only between a building and a vehicle)

ohell be ndviszad to brush off the footwear (outdoors), to tathe and to

n

chauze eclotring zs soon a&s rosszible after the final returm indoors c:uch

-

dey. Jn addition, persornel who go out-of-doors for any length of tine
during the first two days after such a fallout shall be advised to wash
their hands at least after the final return indoors each day, and more

fregquently, if possibie.

- .
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CRITERIA III

con nation of Personnel
DISCUSSICH

Dats on Lumens
In teble II it was suggested thet the reletive average gmiina 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:

N
o
-

7/1 {Utirik Atoll)
LO.rr/rr T g1 (ailinginae Atoll)
2300.rr/k2 T 14/1 (Rongelap Atoll)

It is recogniczed that there are many uncertainties in estimating

such a relstionship by this means, Even if one assunes the dosz rete

readings were taken accurately the factors involved, espscielly in relation

to the suount of material coliscted end retsined on the body, certainly ars

not constant. The higher retio at Rongelap Atcll might have buen due to
a physical phenomsnsn where the quantity of material falling per unit
area was so great tha; it was not retained so cozpletely on tke bedy.
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 field 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 any 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,

however, that if the contarunation of a relatively large area of the exposed
body produces less than one roentgen infinite gamma dose as measured by a
survey meter held four inches from the surface there is a large probebility

that beta bturns will not result. (See also discussion under Criteria I1.)

When the sanme doss rate reading is produced at a glven height above a
surface from a smallef area, the amount of contamination per unit area is
greater (other factors being equal). Therefore, it would seem desirable to
reduce the recoxzmended dose rate levels vhen reletively small aress are in-
volved, It is recognized that radiaiion from erother nearby spot may con-
tribute to the survsy meter reazding when nonitoring e swmell area on person—
nel, but this has not been teken into account. first becsuse of the diffi-

culty of establishing a prior eppraisal of this varisble factor end, second,

wvhatever this contributiosn may be it will now become an added safety factor.

Of course. the problem is still complex tecauss when considcring
smaller cnd s=all:r aress the eventual end point is a single particls, 4n
estimate of beta doses a%t the surface of an imaginary sphere surrounding a
fallout particle is given in sppendix E and an estimate of bets doses from
e single particle required to produce recognizable eryithema is presented in

appendix F. Calculations indicate that the specific activity of some indi-

‘vidual particles found in fallout would be great enough to produce recogniz-

able erythema if held in contact with the skin for less than one day, yet the

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

Additional information on doses from individual pgrticles has recently
been reportedX The particles found in and around Hanford consisted princi-

*HW-33068, A status report. Sept. 15, 1954.
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pally of three radioisotopes, RuloB, Ru106 and its daughter Rh™ ", The data

and calculations in appendix H also strongly indicate that a single fallout
particle could produce a recognizable erythema.

Copntamipation of Clothinz

In the cese of conteminaiion of clething, higher dose rates might te
tolerated than those for exposed parts of the body. This was exemplified in
the n;tives where no beta burns were observed under clothing of the most
highly contaminated personnel. (This does not include such areas as under
the waist linz vhere materisl aprarentily collected end was held in place.)
On the other hsnd, very large increases in contexminstion should not be tcl-
erated since it is possible for ihe clothing {o te rearrcnged so as to bring
the contaminaied surface in contzct with the siin. Further, it is not
unlikely that one mey rub his hands over his clothing and then through the
hair where the materiel could be held in place for relatively long periods

of time.

Eate E ivg ko the Fords
A further consideration is the beta dose to the hands resulting from

hendling objects contaminated with fallout material. Although some data are
available on betz burns from handling radiozctiive objects, the conditicns
are so different from those associated with 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—

object ose reedin iven above for poni n onnel
*"Beta Ray Burns of Human Skin". Knowlton, et al. The Journal of the
American Medical Association, V. 141, No. 4. Sept. 24, 1949.
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outside the general radiamtion field. However, the problem is more complex
since the hands may come into contact with contaminated surfaces many times
larger ir area than the henids, with sn undetermined percentage of activity
being tranzferred to the hards., Of course, an added uncertainty is the
frequensy of wasking of the tencs and/or the rubting off of thz natericl
from the hsnds.

Further, one might spsculate that a given surface could have sig-
nificantly higher contsmination than the general area and that the hand—
ling of such a surface could constitute a greater risk, Tiis might te
true beceuse of the greater azount of activity transferred to the hands
or because of the doses deliversd during the time of actually k:adling
the objest. The uncerisinty of the percentage of irausfler of materisl
has been rnsntioned, Ore uncertainty in the sscond case is the length of
time the object would te hendled,

Baszd on calculations in appendices B and D, when an objeetl is
held in a lLiand, a rough estimeie of the ratio of dose rates of beotx to
the basal l:syer of the epidermis to that of the garma reading on a survey
meter held four inches awey from an object two inches in radius (outside
a generzl rrdiation field) mizht be 5,000 to 1 (esppendix I,). Thus, if
this object were contaminated with the ssme sctivity per unit arsa that
would proauce an infinity 10-roerntgen whole-body gamma dose from general
contamination of the area, it would produce sbout 50 mr/hr gamra at four
inches away at H £ 1 hours, and about 250 reps/hour at a depth of
7 mg/cu®.% Since the palms of the bands have an approximate epiderral

layer of about 40 mg/ém? the beta dose to the basal layer would te about
17Q reps/hour, (The time of ¥ £ 1 w elected to show sbout the

*These numbers agree fairly well with the computations in "Beta-contact
Hazards Associated with Gamma-radiation Measurements of Mixed Fission
Products", Teresi, J. D., USNRDL-383 (CONFIDENTIAL).
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highest magnitude of dose rates.,) If one assumes 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.

Whercas the above estimaies do not indicate en alarming situation, a
wore serious protlem may come when the contamination is just less than that
where evacuaticn is indicated. For exzuple, th2 contaminaticn ol the gener:l
area may be five or six times that used as an illustration in 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 problex., A simple and expedient procedure to reduce this

factor is frequert wzshing of the hands efter handling objects that were in

ithe fellcut,

hel

.
e

Beta Ixposure o the Feet and Lover Iasz

It wvas suggesicd ih Criteria II tha* ncrmal closed-type footwear (es
corpared to such as open sandals) would probably afford adequate protectior
against significent teta doses to the feet from fallout raterial on the
ground, There is still the added problem if the material be scuffed up znd
cling to ithe ankles and lower legs., If there were no irtervening clothing,
or perhaps even with thin stockings or socks, this might result in signifi-
cant biological teta doses being delivered to these parts. Tor exsmple, if
the gamma dose rate reading at E # 3 bours were something less than five
roentgens per hour, evacuation would not be indicated. However, for fallout
material of the same concentration in contact with the skin the beta dose rate
at 7 mg/cm2 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

lFé;zgg%Ek’Hk
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factor of what concentration of fallout meterisl may accumulate in the ankls
region by walking around an area.
& concentration of fellout material on the ground that would result
in ebout 20 roentgens maximum theorzticel infinity gemma dose, if in contact
-

vith the skin would result in a btela dose rate to the baoczl layer of ithe skin

of ebout 1// those indiceated in the previous paragraph.
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onito Decontaminati fotor V

It is recomuonded that when the predicted fallout across & main
highwey will te eguivaient to & 20-reentgin 1 infinity gooma dose or higher,
vehicles be held until'after +he zeotusl fallout has es:zeontlally ceased.
They should be then warned to proceed with windows and air vents closed
and the cars should be monitored after passing through the contaminated
area, When 5 to 10 roentgens sre predicted across a main highway, ve-
hicles stould be warned to rroceed with windous snd air vents closed and
should be monitored after passing through the contaminatgd area, Moni-
toring end warnings should e continuzsd until there is resasonable belief
that no or very few additiznal vehicles will excced the values given in
graph IV,

When the dose rzte reading taken inside a vehicle, or taken over

rf
[
[
=
[}
“'-
1'1.

sny exterior arec that
given in graph IV, thz vehicle srhall be cleaned incide und outsi Zx=
terior arezs to te monitored shovld include lhe wheels and under partis
of the fenders but not the under czrriage. The survey meter should te

held approximately four inches from any surfrce,

ily zecessible,; egquals or exceeds the values
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CRITERIA IV

" FMonitoring ang Decontemination of Motor Vghiclég

DISCUSSICH

In the peost, fallcut has ocscuried across highways in sigaificant

quantities.

Upshot-Knothole,

Shot Approx-
Kiber imate Time of
(Chrono~ Y:ield Falloui
lopiead) XD Tover __ f(Frs)
1 300° br e
1 " 2 3/4
6 " 5
7 n i
7 " 7
9 " 2
9 n 3 3/4

IARLE IV.b,

Estimated
Dose Rate
Reading of
Eighuay at

Time of
rallout
Lor/nzd Ingoticn —
920 30 riles south of
Alarmo on Hyw. #93
260 1 mile north of
St. Geurge, Utah
325 Junction of T,S.
Hyw. #91 znd
Nevada iiyw. #40
760 20 miles northw,
Glendale, Hev,on
Hyw. {93
400 8 miles vest of
Mssquite; Kev,
Hyw. #91
1000 36 miles north
Glendale on
Eyw. #93
420 St. George, Utah

Hyw. #91

Teble IV.b. Tt2lzw indicates some pertinent data during

Aprroxdmate
Distance
Fron
Ground Zero
Nrivee)

— Ll L o ettt .

€0

130

(42}
(@]

€5

105

60

130

et e
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Road blocks were established en Highwars 93 and 91 following shots
numbers seven and nine of Upshot-Knothole., The highest reading on a
private automobile was 100 mr/hr (gamma) inside and 110 nmr/hr outside at
H plus 3} hours, About 75 cars were washed (rougtly 1/8 of the tozal
monitores). All of %he cars that were washed except the one menticned
above, had outside doce rale readings less than helfl of the kighesti,

The ratio of dose rate readings on the outside of the car to inside
varied from unity to about 4/1. Probably one of the important factors
here is the difference between driving with windows and/br ventilators
opened or closed. .

One bus read 250 mr/hr outside and average of 1C0 mr/kr inside with a
high irside reading over the resar seat of 140 nr/hr at K plus 8 3/ hours,

Considering the amount of {ime one normally spends in an sutonolile,
these dose rates do not necessarily reprecert a hicalth hazard in terzs of
gamna doszs, What is probably a more limiting factor is the direct con-
tamination onz might ncéuire by rutbing egainst the outside cf ithz ca=x,
especizlly when changing & tire.

It is assumed that monitoring will'be accomplished outside a gcner=l
radiation field, Theoretical calculations (appencdix D) indicete that
gsraa dose rate readings talen at four inches freom a surface will be 514,
42%, and 27% of those by a meter at three feet atove an equally contaminated
infinite field when the radii of contaminaticn are respectively 3 feet,

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 an 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 =

g . o
¢
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guama dose rate reading will represent equivalent contamination (depending
on the gamma contribution from the body of the contaminated vehicle).

Another factor to be considered is that the probability of collect-
ing fallout material on the tody from a genereally contaminated ares in
vhich onc lives is grezier tkreon from one's automobile. On the other hand,
it has been noted in the past that significently higher anounts of conteis-
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 sctivity from the highway.) If one were to change a heavily
contaminated tire, significent amounts of radicactive material night
accurul-te on the kands, and later be transferred to the hair cr eyes by
a sinple rubkting of the kenis over those parts.

A comperison migki be —ade here between reconmiznded rasdmus deose

rates found on personnel end the esteblishing of levels of activity for

. automobiles, There is one obvious difference, however; in the first case

the mnlorial s elrezly on the person while in the second case one hes te
introduce the factor of rrobability of transfer of contamination {and to
what desree) from the car to the body.

The dose rates {measured ss steted) in graph IV would represent
eboul egual contamination por unit area for a cer zs-for an infinite
plane if the car were rather uniformly contaminated. If the activity
were coﬁfined say principally to the tires and under parts of the fenders,
the dose rate readings might represent nearly tuice the degree of contam-
ination. Cne must weigh this condition with the probability that a tire
will 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 gamma radiation

-4 -
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from the exterior of the wehicle., On the other hand, contemination within

a vehicle would more probably be picked up by personnel than if it were on

the outside. Further, it is recognized that significantly high concentra-

tions of radioective fallout mey asccumulate in such parts as the air filters

of an sutomobile. Again, this hies to be weighted against the probability
that they will te handled before tke activity has decreased to low 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-

ing the varicus parts. & thcrough clesning, inside and outside, would
eppear to be the best solzticn.

One of the obvious weys to avoid ruch of the problem discussed in
Criteria IV ig to prevenmi vehicles enlering en zrea during the tizme of
fellout. This will rot prevent the first vehicles passing through from
picking up activity oa tke tires from the highwey. It is believed, hou-
ever, ihis will not comstitute suck s troublesome problenm and past exper-—
ience lhas indicated thei the =ctivity found on the tires noticsablj
decrecased after several curs b2d passed over the highway. Further, if
vehicles are not present in the fellout it will help recduce contamination

of lhe passengers and of the insides of the veliicles.

Operational Feasitility

In the past, the criteria used for washing cars 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) following
the seventh and ninth detonstions 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 data given in graph IV.b, indicaic that if these radistion levels
given had been predicted before the fallout, Highways #91 and 93 would have
been closed prior to the fallout from the seventh detoration and possibly

Highwey #23 for the rinih detenaticn,

- 16 -
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GRITERTA ¥

. Coptamination of Water, Alr -nd Foodstuffs

In any area where the theoreticsal gamma infinity dose exceeds 10
roentgens, adequate sampling of the wster, eir, and foodstuffs should
be rzd= to ascertain the condiiions of roz5ibls contandinetion. ZEased on
past data, however, it is not expected that under those condiiions of
fallout where the radiation levels are below those stipula ted for pos-
sible evacuation, that the degree of contamination will be a health
hazerd, (¥or is it implied here that any level sbove this does consti-
tutec a serisus contamination of water, air, or foodstuffs.) Therefore,
it is recoumoci:ded that no zction te taken in rogerd 1o limiting inteke

except to edvisz the washing off of such exposzd foods as lealy vegstables

~

when that action seems desirabdle.
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Contemination of Water, Air and Foodstuffs

DISCUSSION
Yater
Table VI.a. 1lists the six locaticns having the highest conccntra-
tions of fissicn products jin water sources during Upshet-inobhol:, and for
comparative purposes the estimated external thecretical maximum gamma infin-

ity doses.

ARTE VI.r.

o o .

Concentrotion(microcuries
per milliliter exire *‘o" gt

ed to 3 days aftier dstona~

Toeolits e tion)
Wirgin Kiver {rrigsvicn Carel, Xev, 8.7 x 107?
tigatioh Ditch, 55 mi.no.of Fioche,Nev. 45 x 1070 | 0,15
er Pazhranagat La'zz, Nev, ‘ 3.2 x lO"6 2,
? ¢
Virgin River at Mesquite, Tev, 2.6 x 107° 2.5
QBunkex-vJ‘.lle‘o Yev, (tap water) ’ l.2 = 10-'6 7.0
ﬁrystal Springs; Nev, (tap water) 1.1 x 10-6 C.15
1
&
| Due to weather and to sitenuation of the gamma rays by tuildings, ithe
H .
1 whole-body gamma dose estimated to have been actually delivered was probably
té closer to one-half of the values shown.
i The maximum permissible concentration of fission products in drinking
i water is 5 x 10 ‘?c/bl extrapolated to three days after detonation. This
i

is considered a safe concentration for continuocus consumption.
Whereas, the monitoring of water sources is of value for documentary

purposes it should be recognized that the concentrations found may vary

e o
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widely within smell geographical areas and even at the same location at dif
ferent times (laking into account radiocactive decay). Thus, confidence
cannot be placed in precise values, Table VI.a. suggests that even if one
were to have stored up the water listed at Virgin River Irrigation Canal
end subsicted entirely on this fer o lifetime, the concentration would be
about 58 tirss less than the maximu. permissidle amount. Normal factors

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.

Lix i

&

Considereble effort has and is being rode to eveluate bazerds {roun
sirborne radiocciive materials; including fisslicon products. There zre
certainly many unanswered protlems including ths possible hazard freom a
single particle in the lunzs. Despite the uncerteinties and as yet in-
conplete analysis of the irhalation hazard, the prepondernnce of svidence
today is that the external garma hazard from follout is {he more iiniiing
factor ol the two¥, (Hou:ver, sce discussion on food contamination.)

During .Upshot=Knothole quite complete data were collected of con=
centrations of sirborne activity on about 150 ozcasions in some 40 differ—
ent localities within 200 miles of the Nevada Proving Grounds. 1These
Inclvded xonitoring of all detonations. Histogroems were made 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 showing

the highest air concentration are given in Table VI.b. The histogram for

L e

St. George (the highest 2/ hour average concentration of fallout ever

in opulated area eproduced in sppendix J !
*Ad Hoc Committee Meeting. Washington, D, C, January 20, 1954. ;
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TABLE VI.b.
. Dose to Lungs

24-hour Averaze (13 weeks)Based Theoretical Mavi-

Concentration On 20% Dap051t10n mn auo7e—bcd1

ieroouniss 2oz and 1005 Ratentd Gromn Lz

Tocaldity cubig et Trem o fi-Tmmenad® Do (vaon
St. Gzorge, Utul 1.29 130 - 3.5
-1

Lincoln Mine, Nev. 4.0 x 10 12 1.5
Mesquite, Nev. 1.7 x 10_1 13 1.0
Groom Mine, Nev. . 34 x 1072 7 0.35
Pioche, Nev, 2.0 x 1072 3 0.015

#The method used in estimnting dosec to the lungs 1s ziven in eppendix X,

The criteria previously estsblished by an Ad tloc Jangle Feusitility
Committee (Weshinston, DoC., July 13, 1551), for air concentraticna was

¥t a point of human badl*”u101, the activity of radioactivc
particles in the aimospihar czr a pariod of 24 hovrs,

\‘ w2d ] e fa 2 m o m : e 3
shall beo lindted ws 129 :_* Seuriss ver cubnie netsr of air
PO, - 3 3 -
(corye-v;ﬁc 3 arrrexinately arma intensity

of 30 nr/hr).

"The 2/~rour averege radiosctivity per cubtic meter of eir, due
to suspended particles havinz ciermetors in the renge O mic«on
to 5.C microns, shall not emseed 1/100 of the above; nor is it
desirable thkat any individual particle in this size ran e bave
en activity graaaaﬁ then 1072 microcurizs eslculated 4 hours

after the blast

In the January 20, 1954 meeting of the Aid loc Committee the tasis fer
recormmending the above air concentratlions was discussed., Essentially, these
criteria were selected by estimating the gamms dose that might be delivered
by the passing of a radiocactive cloud. Since there are better methbds of
estimating gamma doses and since there are uncertainties in evaluating the
hazards of such transitory air concentrations as experiénced from fallout,

and since the preponderance of evidence from past nuclear test series
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indicates that the external gamma hazerd is rmore limiting than the inhalstion

one, it was recommended in the January 20, 1954 meeting to strike from the

record the past recommendations for maximum permissible air concentrations.

It was recermended thet an eir monitoring program be continued for documentary
purpozes end for whetever velue the data might have in the future vhen new
enalyses might be made in the light of additiional knovledge.

A further discussion of the single purticle problem may be made. In
arriving at the recommend#tion ... nor is it desirable that any individual
particle in this size range have activity greater than 10-2 microcuries cal-
culated four hours efter the blast™ a computation was made that the average
rediction dose from such a perticle o a gphers one-~half a milliuuter in
radius would be 385 reps.® FHowevar, lhs conclusions may be mislezding.

In the casz of a single particle; relutively large doses are delivered nizc

the particle ané smell doses at a grerter dictinnce. Sppendix L suggesis

> possible estimeta of this phencrenon. The parameters involved hers swve
nany and diflicult to evaluate, For cxanmmd
in one place in tre lung and what ¢ora will te delivered during lhoi tite

It has been suggested¥® that in the uvpzor respiratory passsge 20-micron
diameter particles are the upper lixit of size for deposition end that "Cilia
sweep 4 1o 6 cycles per second. The probability of a particle rezaining
within cne millimeier zons for as mucl o cic~kalf hour sppears 4o be
vanishing small, ees Protection will also bte provided by the mucus lining
which is itself renewed several times zn hour."™ Accepting the estizates
above and the methods illustrated in appendices E and F, it may be com-
puted that about 8 reps would be delivered to the surface of an imaginary

stationary sphere one millimeter in radius by a 20-micron particle (0.5

¥*Minutes, Meeting of Committee to Concider the Feasibility and Conditions
For A Preliminary Radiologic Safety Shot for Jangle. LASL. May 21-22, 1951.
*¥HJ-33068. A status report. Sept. 15, 1954. (CONFIDENTIAL),
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rdcrosurie) in 30 minutes {erpendix L), Tarzer dosss vill ba delivered
cloper to the particle but with the relatively rapid movemsnt of the par-
ticle, it does not eppear that large doses will be delivered to a great
nuuber of calls. Multiple exposures might occur from additicnsl porticles

but cpein this rick Is difficull to evslunte.

Food
Considerable effort is being directed toward the study of contamin-

ation of food from fellout. One element of major concern is sr?0, 1t
bas boen estinzicd thzt if ons wvere to subsict entiroly on food growm
frou soils containing zbout ons~tenth o one rderocurie por squiure foob
of Src"O (1,000 pounds of calcivm per cere to an aver:ge deplh of six to
psven dnchen), that over a riricd of yosxs there wouldd accwnul:be la tha

co

; ; 0
huron sioleton & tady burdern of ong ricracvric of S»° '

. ) L W O

%o The hirhzot Sro
<

ectivity found Iu soils frow agriculturcl aress, about 100 rilas from the

o2
shous a cencentration of whoub 344 x 107 :dcro-

[

Eove

-
‘A

=
T
<
w
[—h
-
[}

)
o]
)
r
!

cvrles 1or sguere foote This is5 o factor of 3C-300 times loes than ths onc-

tanth to ors microsurie of S:7° quoted tbovs. .Toe calcium cont:nt of soils

around the Nevade Test Site is scveral tinmes groater than the 1000 pounds
For acre ustd os a basis for caleulations, vhich would matest:1ly veduce
tha strontiun vptzke,

(L1though not of direct concern to the Nevada Test Site, it is of
interest to note that soils were collected from the Marshall Islands
following the fallout in early March 1954, Appendix M sumrarizes these
data., )

A recent report** gtrongly suggests that contamination of leaf sur-

*Private communication, L. A, Dean, U. Si Department of Agriculture,
Beltsville, Maryland, April 23, 1954.
#%Peport on Gabriel, USAEC. Division of Biology and Medicine, Washington,
D, Co July 1954 (SECRET)
- 52 -

e am



oy

T

'y

7 s Ty e ———s g . |
O e

S

h X AR Wi

o it

Apas.:

A g g 41

T e e S P Ay
EeE R S AR g £

frcen follovwed by slithar dlruct consunption or inteke by wey'of nidk. 4is
e far vore importent pathwey of dnteko {hnn the soil-plant-eninxl cycle,

at least for those times of year when plants may be in a stats of growth

{0 coll . % the fellout, Turilbsy anelyois is badng pluancd,
This cos roport? raicze o pow problome Based on statsd cscusriionn,

the ér-iu preseatod indicate relauive dosce of:

thyroid: tens of thousands of reps
5199799, 300 reps

external pgermas 4O roentgons

tent, ZAdditior:l evaluation will bo given this problom,

*Bgmmma.( USAEC. Division of Blology and Medicine, Washington,
D. C. July 195 (SECRET)
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. Routine Redistion Exvogures

The whole~body ganma effective biological dose for off-site populations
rhould not exceed 3.9 rcentgens over a period of one yerr. Thils total dose
moy result fromla single exposure or serics of exposures,

If integrutions of doss rate readings ere used in estiwating the effec-

tive bioclogical doses, then table V may be used.

IABLE V
Maltiplication ffective
feetor Bilolosics) Dose
Mexdtoum thzoretierl sadintion
dose from time of Falleut to 3/4
15 days later
Maximum theoretiezl redistion 1/2

dose froa 15th dey ito one yosr

TOTAL
(best estinate
of ¢ffective
biclogicel de.s)

If £31m budges or dose rmeters are worn on pervonncl and the evidence
of their use gupports the view that the readings arc a reasorably accuratc
account of the radiation dose reccived; then the velues recorded on the
f£ilm buadge uay bte accepted with a correction factor of 3/4 to zccount for
the difference between the dose received by the film badges or dosimeters

(including backscatter) and that received at the tissue depth of fivse

centineters,
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. Reutire Radiation Exposurx
DISCUSSICN

In 1953 the following razccmmendation wa3 mede in the "Report of Com-

mittee to Siudy Nevada Proving Ground":
"It is recomrmendad, and found to be in conformity with the present
principles of determining permissible exposure limits, that for test i
operation personnel the total body gamma exposure be limited to 3.9 r |
in thirteer weeks, and that the same figure be applied to the off-site
commnities with the further qualification in the latter case that

this is the total figure for the year. In general, this implies a
single test scries in any given yeax, ™

Cn the basis of this recommendation end the reassoning discussed under
Criteria I, the criteria for estimating the whole-body gamma eflfective
biolongical dose are surmmarized in teble V, It will be noted thst the bio-

n the

-4

leogical factor inzluded under Criteria I is onitted in Criteris V.
first case we are dealing with relatively high doses that may require ewer-
gency measures Wilh thelr =stteandant hazards. It is a situation uhkere one
wishes 1o estimate all pertinent facters in evaluating rzdiatien dores oven
though thay may not be known with precissness, before recormending an cner—
gency aclicn that may producs greater problems. In the case of Criteria V
one is concerned with relatively lower doses during routine operatiohs. It
would be difficult to justify on the one hand the propositioﬁ thit weelly
doses for general populations may be integrzted and taken in a single ex~
posure without penalty and on the cther hand, that a given dose received
over a period of a year may be administratively reduced because of biolog-

ical repair. Therefore, the biological facter is omitted.

The general effects of backscattering on measured radiation doses

are fairly well established., Further, knowledge of depth (tissue)-dose

curves has advanced to a guantitative state.® Thus, there seems to be
*Peyrmissible Dose From External Sources of Ionjizing Radia National {
Bureau of Standards LKandbook 59. Septecmber 24, 1954. i




little doubt thet = fiim tadge or dosimeter worn on the person will over-
estimate thq gemma redisticn dose delivered at a depih of five r':nti.:nelters
(assumed depth of blood-forming organs). A major factor in determining this
difference is the quelity of radiation under consideration. One report*
dealing explicitly with redistion in a fcllout field suggests a facter of

sbout 3/4.

*WI-814. Effective Energy of Residual Garma Radiation, January 1954.
CONFIDENTIAL.
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S:minle B

i o €2 wem

Assuna:

Thene

[ TITEDTY_A

sWin=tlon ¢f Goron Madintfon I e &

EXAMPLE 1

Time of fallout = Hf3 hre
Duzo rute Hf3 = 667 mwr/he

Theorstical meodirm doze freon tirs of
fallouv to three hours loter

Savings by remaining indoors for
three hours

One year effective biological dose if
personnel did not remain indoors during
the {bhree hours (baszd on i#rre assump-
tions contained in -ecticn on ovacua~
tion)

Per cent of one yerr effcclive “oleog-
dcald dose saved by rexzinding indocrs
for thc three hours

NAMYLE 1T

Tinz of fallout = BL3 bes
Do wote st EA3 = 667 /i

Theoreticsl masdmun doss frem Lina of
fzllout to eight hours later

Savings by remaining indoor: for eight
hours

One ycar effective biologicrl
personnel did not -e:;in indoc
during the eight nours (tac s2g
cosunpiions conu~1nrd in scc
evacuation)

Saan il
O

foTma

Per cent of one year effective biolog-
ical dose saved by remaining indoors
for the eight hours

- 57 -
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1.30 »r

0.65 r

2.30 r

1l.15 »

~5.57r

~21%
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CALCUTIATICHS

sV Bt
= 10 o/t
i

number of betas at surface per e

n LI " gdepth x
msss absorption coefficient
dictnce (dopih) under conziderstion

per sec.

=4
vy n

L]
vi

v

1 ® dore rate st donih T
E T roaa encrgy of Lotes

(
R = .Q.,A.).'-i'l’..f...ic_)_’-kiff;);'.‘l_i) = 2,33 lNo Mav/gm-sce,
hoe &3 C Z sctivity in microcuries per i
R=¢ .
R = ( RPN
=5
o, w5
I"}le_!—“.'a

Assmae: € = £0 ve/em? (bota)

= 5.4, C where: R 2 domz ratz e*g depth 7 m,f'/ca? In repa
C = eciinvity /oo ;".r)
= (5.4){c0)
s A32 ps/):z'
or = 400 rods/ny

#* O3 3 % % X O O£ X K & K K K ¥ K X OO E O X OO RO OH X R X

Compsrison Beta Doac Béi (Reps/p Mz/crn? to Garma Dos

te lea in e Fj at Three Fe Abov e Sur

Assume: 8Om}1c/cm2 (beta), equivalent to
gacurie/mi¢ (gamma)

432 = 105

»
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In onc 3+ levant experizent, rce vas preperzd hy soslirg

a filtor par golution of ! »-3iisted and allewdng 4t to Ciy. Tho
corfrce dese rates were then noemir:d wiih a cuxiece donlzation el o ®
Yertinont dnla &re ebatractad iz £0llceus:
Thickness of source 9.6 mg/cm2
Activity of source 77.0/pc/bm2

Surface dose rats 0.127 rﬁ‘-/;‘::
1.57 G .J.,,/I.ﬁ”

Jarth of ¢ coatimetlers e~9.2x

e

Docnge rate =

A, Jhoorelic:ily

Subgtitulinz Shove

9 e

[

7.0 C yrops/hr

Let C = 77}}0/(‘:&2

Then R = 7.0 x 77 ’
539 repz/hr et 7 r;g/c:::2 (P32)

b

®*Effects of Exterpal Bets Redjation, Zirkle, Raymond E. McGraw-Hill Eook
Company. 1951.
P 9,_:-_:3
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B. Eyperirentally
R = 457 e~ (3.5)(C.CO7)

427 reps/br at 7 m.g,/cm2 (p32)

vithin 26% of esch otkhar, If one culrape-

ks

The two akove =rpreaches urs

W4
@
«
fi

. . 2 .
lotes the experirantal duis froxm a source of 9.6 mz/en” to & thi

(for comparative purposes) the two reihods are within 20%..




APPEXDIX C (a)
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CALCULATIONS

Dosge rate of gamms from a point source

r/hr
activity in curies per square foot
averege enercy of garmas (Mev)

r T 6CE where: r
C
E

X

D= 6CE 27, "‘- - o where D T desg2 rate in r/h
beys

. o 2721

I) -~ lu.s (J:: 111 "‘-'--2~'——l

/’) fork ~ 2
éo e/ |«2 or 3.6 x 107~ o/ft (gunme)
¢ Yov
/3 fock

Feyon oy 7
{(rt.8)

Ny

Mmoo

jew ey
not

0,56 'r-l"'_? L -

BN

-
T Fdmdd oy ”" arn ed -4 4Lt
1, 2 = 9

ST INARNE
of v
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Estimats of Doce Delivered by a Single Peyticle of Fallout Mgtorisl

Assuria: e,

>

[

w1,
foilisus ¢

Th: dose dellversd et the surface of an iwnginary sphere oo distancs
R from a point source.*

(1) k(R)= & 7R pev
vz =

FOR UIESICN FriDUCTS:

- 3 . "‘1'2
W A=

i

8

dicintegrations par undt tire at lics "a
after detcnztlion
Al = disintegrsticns per unit time &t oze undt

of time after detonation

vhores A
here Aa

*Rossi, H. H, and Ellis, R. H. "Distriihted Beta. Sources in Uniformly Absoroizg

Media®,

Nucleondes, dJuly 1950, V. 7, No. 1.
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Integreting couaticn (2),

(5.8.) C
1-2 - ~{e
end (5.b.) €z 58t 1+2(t,-0.2 ~ t 0.2)

-002 + "'002
5Al (ta "% )

[P RS e ¥ SRR TR SR 1 ) Fae
where: C = tot .l pontor of dlsintegrations frowm
HP1 o LIRS
11(..‘“ ‘LC . D”

5 - g Lo *nd - BRI
t, 7AW e Catooiicn
Y

(6) Coo = 54, t.

- By thr usa of esuations (3.z.) or (3.b.) rnd (5.b.) one may ccnnute an

Of cource, the problea is ths dzterminestion of "4 W exd ’tl“, L2y
)

L

hovw long s(isr detonetion vill & radiczetive poridicle bz depotii & and hou

.

e
~r
14
1 &
:

=
0
=
o
it

b
b
4]
L

loog will the particle ramsin in vluca. The first thes (

10 estirule than tha 1o

[-“'c,;-c'euww

4
5 L ;’A
by i
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Eztimato of P:ta Doses frop a Sinsle Pertiels on the Svin
(Posgitle Froduciion of Recesrizable Trerthem:)

Ist: ¢t = 3 hour:z (fi:: pavticls s @-rositud on skin)

.

a
'bb ® 27 kours ($3ms proTizla fz removed)

Apgume: 1500 reps = tot dzy to yr

0.1l cm = radius of imaginary sphere within which cells rmust
receive 2000 reps or larger.

-'7 2 . > ’ 3
lecording to srpendix B, 2.5 x 107 r-::p:_/dn.rm't-? rreticn 33 d2livorsd Lo gsUre.
freco of dxaginnty sphore Dol ceotizsier i radivi.

1.5 193 .G . . s
e € el g viat Y~ N “ 4 4
wrevomy ¥ 6w 107 Sesfntemvobions rogulred

2. 5 X l\'

(]
H

1T .- =
c - P a2 R ?.'.‘ “.7¢2 .L_"’O ’.7
- g PIRES ‘D f
ke e T 0.0
S . - o, L e a3 Py :
¢ = 309 = BN ST e 2% ‘J‘,J'
~
A, =0, "t =257 g5,
a T RS
. tent S.hvn on UL 3 beaps

Of courses, +ho radius
tha celouleticna, 7
of ahout S6 wicrecurice




E te of G Do e at Fo che Sincle Partin?

Lronat a., The sverege goxms exeryy of fir

b. A

o

NI
b

codbar: hot e g
thet fhe2 eversgz en i :1-. :
2,5 photan exisrlicnn por dl ‘-Li.-'zgra‘t on cr
eneroy peT dimnziesriiion is 2.9

grution of fission productse.

particle of 150 microcuries of beta activity or 75 microcuries
of gazmwa activity. (See appendix H.)

- & e~ 12y ~
1 &2 SMptesasaiinie Tor radiwe throvgh 05 ma of ypintinun,

vhere:s I = zrzaa desn wote (v/br)
€ ¥ couvinsiers

b
®
ct
[ 1]
rg
[¢)
n

£ongea X L 1 IRV
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)
w
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vhosdsas on Posea fren Sipale Partdelog of Puthenirs and
of Fallout Miterial

uJ.OB 106

A, Compoxinna of tats smargize from £nd

fissica jroqucla,

wixture to tkhat frea

., 03 C.2 s 100
l&'....; ’\6 - M I
}“J Ltl]‘?‘ , NOQ O_:‘ ~ 3.: C“.,‘ " )
B 355 = 300, )

Assume: RutO”/Rul0® ratio of 0.75%

To estimate a msan average energy of betas from mixture:

-

Toxis tsetonss Vorgimyn Frrmer: Tate valzhted Yooodenm Peaw s O
1.0 I ce
.33 Ruic?

- : o)

0.5
o
(evye) £

]
Lo 5

wooe
+

Y C A

ACTIFES Wl

.y, e . o~ L] P -
cenarmy ~o0lL3 o sously oo

v

R o4 the gois e i L.
LW A .. he 2
The irun ren oAk probetlv ias quiia o e
R - .. " Y oa -
feraud y onus alfecting tho dnpnol Jaga owun oo,

*A11 of the basic data contained herein on ruthenium is contained in:
HW-33068, A status report. Sept. 15, 1954.
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B. Datas on doses and cffcctis fron single puriiclies ¢f Ma wid T
’ ' a b
1. Size of particle: 40)1 120).1
Activity of pariiclos 1.1ch lljyc
Dose rate %o 7. rg/ens 6,600 reds/r= 27,560 yads/or
Tins dose delivereds ~ 6 dzys ~ 6 &y

2. Survey Dose Total Skin Dose Effecis

(mrads/hr)* (rads)*
400 ' ~ 500,000 None visitlc
150 -~ 900,000 Reddening
2,500 ~ 2,000,000 Desquanhitios
11,000 ~ 6,000,000 Lon
21,079 : ~ 7,000,020

* 90 mrads/hr = 1 }xc

*¥%¥Mtotal dose refers to the hot spot directly below the particle, and is
valid only as to order of magnitude.”
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deliver ihe same dcse in the same length of time?

The answer to this questicn depends upon the time after detonaticon

.

tha $he particle coms in corntoct with the sifne  Erruming thic

red dne e YN D Y W o T
Ivity volld Lxmve to bo osbovt 150t

/

1o be 43 howrs, thr o1.cd
for th: same size prrtinle,

Since the particle may bs washed off bafore six days bhave expired,
one may consider the problem another way. What must be the specific
activity of a particle a2t H¢3 hours to dzliver this dose in tle next
2/, hours?

Lecording to Siransovied (paze O), enly sboubt TCF of & im0
dose r=ed be delivoirad in enz day o preduce the same effcst (ooyiroos),
Aceeptirg this, thon 2 pariicie with abeut the surz2 webividy (000 vo)

et T/3 bours would ba sufflcicnt to delivir an ervilzma dose in or:

3

dsy.
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F. The following Ja*z ere mvnovied for single particlesr eall-zied domo:
Upshot-Knothole®* end Tumbtler-Snapper®#,
Artivity Frtropalafed
3 3 [ Ar TSP - 3 ” o Ly .o N e
plon of Portisle e U0 Yiina Bistoner zam Gl oo

ﬁp) SyC) PRELY

X 1,000 25
0

&

R EE : 200
1,626 x 924 | 900 10
919 | 480 1
723 350 4.7
am 400 10,
555 1.0 1.7
387 ' <50 147
234 ’ L7 1.7
115 5.2 G5
81 - 3.0 | 30
20 : 0.5 _ —
It is not izionied Zirs to imply thoes s dke mayiminn smacific
activities per paxrticle trat exisied or could exist. The A=l & 20.%

mile: &re reported to show itre wide

I

enge of specific eactiviior that nay

ocour at one localiiyr.

¥11-811, "Distribution =nd Characteristics of rallout at Distancas Greater
than 10 Miles from Ground Zero, March and April 1953", Rainey, C.T., et al.
(SECRET) and La-1685.

##JCLA-243, M"Prelimirary Study of COff-site Airborne Radiozctive Materials,
Nevada Proving Greunds". February 1953 (SECRET) gand La—1685.

¥%%Data from estimations based on radioautograph zoethods,
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Estimation of Patio of Surface Data Dose Raie to Gemma Doge Bate st Four
dnghes from an Ohbject Two Inches in Radiug

Oio may as:ume & retis of beta <ozs tave (b 7 me/em® & oth of ghin)

3

to proma dece ats {(ihrea foot cbove Lo 5_ﬂt;i) ol 122/1. I g etnbtane
ireted objest ©f say two inch reilus voso croved (or shdeldid) froam a
general radiation field'the gaxma dose rate at four inches from the
surface might be some 40 times less than from an infinite plane with the

ecna dogres of contsmination (appsndix D), vhile ke betz dcss rote night

reaedn slmost the seme valus A8 the oljecet iz in contact wila ths sin,
Thus,; the beta to guxma dozs rotes mocawred wnisr these conditleas atgnt
be 5000/1. TIor otiker thon o plena svrlecu, the croma dose 1.tss nizght

be highey, thus reducing thds ratioc.

—— o T ey e i wy - . - R



Do ®gn

.
]

AFYLl

—13
Wﬂ oV]
B,
=104
TN
L
— O
(9]
1
[®)
-1
J‘ 0
HH A
-+
bt
s
o
-+
\llo
4
o
-
e ol 2
o

Ion. -7 -

HOURS AFTER DETONAT



[P
R Ay g
et LRI Y

- Method_Used in Dictirating Ioe=o to the Lunce

from Ilnhalation of Fallout ‘interial
e S
FEAMENILY OIS 4
The following assumpticn: ers rale b estiz-ling rediatlen dofes o

lungez,
A.

B.

D..
E.

F.

Twenty per cent of the inhaled activily is deposited.

There will be no elimination of particles during their radio-~

active lifetimes., There is uncertainty as to the biological

-

half-1ifc of parti

iclzs dn the lungs.
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showing the
airborne materizl {viich accow

tuge of total fellout) occurre

aetenaticn. If one mssunes a reciologiczl decar accordiny
1.2 N .
tot snd a biologicil Lulf-lils of say 30 days, tis
onigsion of Liclozical Wail-life wonll sl slfact sevion oy
e compnted tetnl o,
£1) of the activity is sneocicicd with wmorticles dn trs
wopirable range of sizss, Tast dets from cuscade

lmpactors indicate trat zbout 0% of the activity is sana

the

&ted with pzrticles 5 micr:hs or l2s3 in cormunitiza
surrounding the Nevade Test Site.

The lungs are uniforrly irradiated.

The weight of the lungs is 900 grams,

An individual inhales 20 cubic meters per 2/ hours.
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G. The eavereze tete exengy 33 0.5 Mov,
He The gamma Jose is negligible compared to the beta dose.
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0505 Duration after Detonation e 0, 83/) 0,29

0610 - 1130 4.3 hrs 3 hrs 4.17 15, 3.0
1130 - 1445 3.2 hrs 8 hrs 2.38 6.3 1.26
145 - 1825 4.0 krs 1. irs 6.3 x 107F 2.1 0,42

1845 - 2370 4.2 hrc 1Z.6 hrs 4ol x 2072 0,13 0.03

2310 - 0335 7.5 brs 21.5 trs 1.4 = 207 0.07 G.02
¥0G4s - 1335 12.0 brs 23.0 s 2.4 x 10 0.4 073
*"‘

Comede OoTpn™ ot oy
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3 hours

2184 hours (13 weeks)
3 /1c .

mon o

- A 1.2 fons 2
- ())\3 pid 2“-'. x _\,06 VC‘,C_' /J ')"h

- e
- 238470:27

belp x 109 disinteg?utions from 3rd hour to 13th week,

o
!

Assume: E = 0.5 Mev
avg,

(4e4 x 207)(0.5)(1.6 x 10‘6)&;%@% 1) = 4.2 x 102 reps
= 42 mreps
TOTAL LUNG DOSE FOR 13 WEEKS: ~- 130 mreps
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Esiimate of Dose gt Surfoce of Imapginary Sprere One Millimeter jo Radies

2 nar
nTie

Then: 0,5 x 2,2 x 106 x 20 = 3,3 x 107 gisi ntagrations/30 minvizs.,

At surlece of iraginiry sphere 1,0 mm in rodive the doen rzte freonm
a point source is

[¢

2,52 x 1074 mreps (See appendix E.)
2 © disintegration ppe

(3.3 x 107)(2.52 x 1~4) = 2.3 x 102 mrepz/30 min.

Te

.

L d
= 8 reps/20 &

4 -

s of righer spzeific activity, the doze would te coczzspond’ily

-7, -
Pas st ‘

'\-M...;\-..._.J

O, M P LY e e e . . . -



LO\.a

. 0
ot
1]

Likiep*
Jemo
Ailuk
Mz juit
Crr.2d
Kaven
Hotro

Rongelep
(Korthern)
(Central
(1 2i,M,Villsge)

(8o, C::

ntern
Eriirippu¥
Fnivetok
Kabelle
Utirik

Bikar
Enjvetak

Sifo

< -
s . = -
T e LA

A NS LR - N

-1

1.6:20
7.851072

62.0
£0.0
5.0
Lob
2:0.0
50.0
200.0
53.0
3.3
8.0

6.3::.10’l

8.7 x 10
1.2 x 1072
3.8 x 10-'2
2.8 x 1672
1.1 x 16%
4.8 x 2077

1.3 x 10 °

1.G3

b ]
o5 x 107

5 3= },O"l

L

9.2 L 10"1

4.9
5.8 x 1077
bl x 10"1
6.6 x 107+

9.6 x 10~2

3,500

€0

2.0
400
170

:\': (r\%’_' !'?_.;:\R >k
*A1l data as of May 5, 1954, except island of Eriirippuni Wlere date is fay 20,
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