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Criteria forEvaluating Gamma Radiation Expesures
from Fallout Following Nuclear Detonations’

GORDON M. DUNNING?

IE RADIATION factor of greatest im-
mediate concern to man in the fallout

incident to nuclear detonations is the ex-
ternal gammaradiation emitted from ma-
teria! 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
gainma 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
geometry, 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
effect. 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 measurementis 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 feld.

This geometry factor has been shown to
have genuine significance for large anti-
mals, such as swine, where the LD 50/30
values (the instantaneous dose of radia-
tion that will cause one-half of the ani-

 

mals to die within thirty days) decreased
from 500 to 350 or £00 r when the method
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 numberof the monkevsdied,
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
430r. 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. It is as serious for a man to die on the
one-hundredth day as on the thirtieth day.
That the factor of deaths after 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 twentieth and twenty-ninth
day was 137; for Nagasaki the figure was
87. After the twenty-ninth day 117
deaths were reported at Hiroshima and $7
at Nagasaki. (There were, of course,
many deaths in these sampled populations
before the twentieth day.) The difficult
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 fatalities occurring after the thirtieth
day.
Tie final difference. between laboratory

exposures and doses from fallout requiring

1 Presented at the Forty-first Annual Meeting of the Radiological Society of North America, Chicago, IL,
Dee. Li-16, 1935.

"Health Physicist, Division of Biology and Medicine, U. S. Atomic Energy Commission, Washington, D. C,
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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
energies (million electron volts). it is
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the Pacific Islands, the winds were light
and the first rainfall did not occur until
about two weeks later. Graph 2 shows
the 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 kuown radiological de-

 0.6 "0.8 i.0 t.2

GAMMA ENERGY (MEV}

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 (5).

WEATHERING AND SHIELDING

The variable nature of the two param-
eters of weathering and shielding makes
establishment of a precise rule, covering
allsituations, 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, 1934, in

cay rate for fallout material, #.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)~!’, re-
flecting principally the effects of weather-
ing and possibly, to a smaller degree, the
fact that the number of gamma quanta re-

“leased per disintegration decreases after
the first thirty to forty days. In employ-
ing these data, however, one is faced with
the problem of translating the effects from
a Pacific island to larger land areas with
different climatic conditions.
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Neither the exact time of winds and rains

nor the precise extent of dose-rate reduc-
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Graph 2. Gamma dose ratcs on the island of Rongelap following detonation of
March 1, 1954.

tivity is assumed to decay according to
(t)~'?, for the second week (t)~!:*, and for
the third week and thereafter. (t)7'“
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 respect, depending upon the type
andsize 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 variation in the amount of

eeeeelee
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accumulated radiation dose may be ob-
served, dependent upon the location of
personnel in relation to different types of
buildings or natural terrain features and
on the length of stay at a particular place.
~ During the 1955 nuclear test serics et
the Nevada Test Site, a number of film
badges were placed outside and inside

Gorpon M. DuNNING April 1956

badges as they went about their normal
activities in adjacent comnuunities. Out-
of-door radiation doses were calculated on
the basis of the survey cata of monitoring
teams shortly aiter fallout (as would be
cone in emergency situations); these were

later compared with the doses indicated
on the personnel film badges. The ratio
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Graph 3. Estimated average accumulated gamma radiation doses for personne!
continuing to live normally in a contaminated area, based on a dose rate of lr per
hour at time of fallout.

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 shielding rather than to weathering
effects. Limited data were also collected
for personnel—school teachers, physicians,
mechanics, and others—weanng film

See text for assumptions.

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
25 per cent less than that received by per-
sons fully exposed for twenty-four hours
each day.
One may combine the assumptions made

for weathering and shielding and arnve
at a family of curves which estimate the
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”

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

ship for timed doses versus biological
effects; yet there are sufficient convincing

data to pernit an attempt at estimating the
effect of this phenomenon.

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

é
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 50 values.
Our present knowledge does not permit
establishment of a precise overall relation-

Generally, the recovery rate for larger
mammals, such as dogs,is significantly less
than for mice. One estimate places the
half-time recovery for man at four weeks
(9). The most conservative estimate of
the effect of time-spacing of doses, for
application to the problems under discus-
sion, is that of 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 exposureis divided into equal
daily doses, the total amount accumulated
over eighty days would be twice the
amount required by a one-day exposure to
produce death or sickness.
The calculations necessary to incorpo-

rate the factor of timed doscs into those for
radiological decay, weathering, and shield-

ing are rather tedious. An approximation
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590 . Corvon M. Dunnixa

may be made merely by superimposing
Graph 4 on Graph 3; the point where the
curves become tangential is the point of
meximuin effect to be expected from doses
accumulated from fallout. It is not in-
tended to imply that no further radiation
damzre is received from exposure after

~ Apei 1085

of the total dose accrues froin fallout dur-
ing the first part of the exposure period.
This more rapid rate of delivery might in-
crease the percentage of irreparable dain-
age to some extent. On the other hand,
a greater proportion of the biologicai dain-
are would occur early in the exposure

 

C

=

 

 

r
a
l

(
M
I
L
L
I
R
O
E
N
T
G
E
N
S
P
E
R

H
O
U
R
)

GA
MM
A
DO
SE

RA
TE

S
(T

HR
EE

FL
ET

AS
OV

E
GR

OU
ND

)

 a] i { {tt

 

  j jt
 

10 wo

TIME AFTER DETONATION FALLOUT OCCURS (HOURS)

Graph 5. Approximate gamma dose rates at time of fallout te produce an esti-
mated effective biological dose of 1 r for personnel continuing to live normally in a

’ contaminated area. See text for assumptions.

that time. Rather, the analysis does in-
dicate that if the accumulated dose from
fallout up to the time of tangency is not
sufficient to produce death or radiation
sickness, than (a) the rate of repair (for the
reparable portion of the dose received) will
exceed the rate of exposure thereafter,
and, of course, (6) the irreparable fraction

of the total dose for the duration of the
fallout will be insufficient to produce these
whole-body effects. It is recognized that
the rates of dose accumulation as calcu-
lated by the two methods (Graphs 3 and 4)
are not identical, since a larger proportion

period, allowing a longer time for the rep-
arable factor to operate before the curves
become tangential. The radiation status
for the reparable fraction of the damagets
thus better at the time of tangency. Un-
til more definitive data are obtained, this
analysis may serve to approximate the
biological repair factor.
Graph5 incorporates into a single curve

the major effects due to weathering, shicld-
ing, and biological repair. The radiation
dose arrived at by these calculations is
called the ‘effective biological dose.”’ As
in the previous graph, the accumulated
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_ based ondeliberate analyses of the relevant
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Tapce II: AprproxrmatTB ARZAS ENCOMPASSED BY
gHE EFFECTIVE Briococical Isopose Lines SHOWN IN

Tie Map (Fic. 1).

Approxiniate

Msodose Liue Arees Excompessed
(r) (square miles)

& 25 ,CO0
109 : 12,509

< 409 5,099

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 (effective bio-
logical dose) will be accumulated provided
personnel continues to live normally in the
contaminated area.

10 _
0.15

Itis frankly recognized that in any single
curve, such as that shown in Graph 3, there
ere 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 thusassist 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 }, 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-
face, would result in different patterns, and
that (b) this ts the amount offallout from 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 (6) a few
per cent to becomeill (100 r), assuming

Ce)ee et

® @®@
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Fig. 1. Idealized fallout diagram, based on high-
yield nuclear detonation of March +, 1954. Isocdose
lines represent efiective biological doses (roentgens).

continued occupancy of these areas with
no special protective measures. These
percentages would, of course, rise within

the encompassed areas. The 50-r effec-
tive biological isodose line has no unique
significance but suggests the magnitude of
dose which might call for emeryency 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 oceurs a few hours or
more following detozation, many days or
weeks will be required to accuinulate 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. Useofshielding. 3.
Decontamination of the environs. 4. Al-
lowing for lapses of time before entry into
a contaminated area. These measures

will be discussed onlybriefly.
Whererelatively small numbers of people

are involved, evacuation could be an easy
solution. For large communities, maior
factors of danger and/or hardship must
be considered. Each situation may be
unique, and independent decisions must be
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Tance TI: Estrtareo Repuction in Gamma Doss
Rates AT Tiree Feet AROVE THE GRoUND TO B&

Expecrep Fro“ Various DECONTAMINATION
Procepurnes on Lanp SurPaces*

Afproximete
Procecure eduction

Factor

Ploviug (to depth of 8 inches)
+ Bulidozing or grading (to depth of 4

inches) 4
Fj (clean dirt to depth of 6 inches) 5
Seraping (to depth of 4 inches, with

concurrent removal of exhumed dirt) 10

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

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

‘shielding is suggested in Table I. The
exact dose rates that might be expected
from a fallout cannot be predicted, but it
appears reasonably certain that a shielding
factor of 1,000 would, even in the areas of
heavy fallout, reduce the radiation below
Jevels 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 frame house
will reduce the dose rate by a2 factor of
about 10, which might spell the difference
between relative safety and the danger in-
cident to full exposure. In the area of
maximum contamination, however, located
within the 400 r ellipse of the fall-
ot diagram, a factor of 10 might not be
enough to keep the accumulated dose be-
low a hazardous level, even for a period of
half a day following fallout; in that case
more protective shelters or evacuation
would be required.
The third measure that might be taken

to reduce the radiation dose is decontamina-
tion of the environment after fallout has
occurred. Table III, based on field data

(12), indicates the degree of reduction in
gamma dose rates at three feet above the

April 1958

ground which might be accomplished by
various operations on the soil. Table IV
gives reductions of contamination of sur-
faces as estunated by one method of cieter-
mination. (For more extensive anclyses sec

references 12, 13, and 14.)
The final factor of major benefit in re-

duction of radiation dose is the laase of

fame, On the basis of radiological decay

Tapié IV: Estraateo Repuction in CONTAMINATION
OF SuRFacts Usinc a Fire Hosine ALETicb*

Approximate
Surface Reduction

Factor

Concrete - 10
Wood . 0
Metal 30
Roofing 30

* Based on a dry contaminant. For a slurry con-
tatmiaant, the reduction factors might be only one-
third a3 great. Pre-protection of wood aud conc:ete
suriaces, ¢.g., wilh sealers or paints, mizht merease the
reduction facter by a factor of about 3. (Based ou
cata in Radislegical Recovery of Fixed Aciliiary
Installations (12)).

alone, the activity (disintegrations per
minute) decreases approxiinately according
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-tenthof its initial
value by the seventh hour; an additional

tenfold reduction would require about two
additional days of waiting. Si:milarly, the
total possible out-of-doors dose accumu-
lated from the first to sixth hour after det-
onation would be approximately the same
as that from the sixth hour until one week
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 fall-
out and, where possible, delay of entry
into a contaminated area.
The question is frequently asked as to

the time one must spend within a shelter
or remain outside of a contaminated area.
The answer depends upon a number of
parameters, such as the critera estabiished
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for maximum permissible cose, as well as
length of stay within the arca of contamina-
lion. With knowledze of the magnitude of
the radiation levels present aud the rate of

(t)—'?, it is possible to plan and
execute a short stay even in a highly con-
ftamineted area. Planning for continuous
occupancy recuires more extensive anal-
ysis. The following data mayaid in such

evaluation.
The fallout 1nap and Table II suggest the

degree of radiation exposure received in
continuous occupancy under normalliving
conditions beginning with the time of ini-
tial fallout. For those entering the con-

_taminated zone four montis after the first
fallout, however, and then living there
jndefinitely, the area encompassed by the
50-r effective biological isodose line will
have shrunk from about 25,000 to 2,500

square mites. 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 periphery. The 0.3 r
per week cut-of-doors isodose-rate line
mivht extend to about the same position
zs the bne marked 50 on the map.
As one attempts to extrapolate such

data te one year after fallout, the analysis
becomes still niore difficult and uncertain.
Yhe data suggest, however, that if return
is postponed to one year aiter fallout, the
59-r effective biological isodose line will
have disappeared. On the basis of these
coiservative estimates, the 1,000 square
miles of highest contanunation might have
en out-of-doors dose rate of about + r per
week after one year. Similarly, personnel
might accumulate a dose of about 100 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 50 r. The 0.3 r
per week out-of-doors isodose-rate line
might encompass an area somewhatlarger
than the line marked 400 on the map.
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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 dose rate on
these islands was less, by a factor oi al-
inmost 2, than would be predicted by tiie
method sugested here.)
The forcgoing anaivses are bascd on

passive factors only, not taking into ac-
count the actions of persens themselves in
reducing contamination. If, for example,
a permanent retuum into an area were post-
poned for one year after fallout, the radio-

logical situation would probably have bcen
adequately appraised, and decontatmina-
tion operations initiated. Moreover, with
the return of a populace into a knowncon-
taminated area, more than normal pre-
cautions might 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 out-of-doors dose rates
for the areas of highest residual contamu-
nation, calculated by means of the extrap-
olations given above, actually mugiit he
many times reduced. The data thus
suggest that, with this type of detonation,
continual occupaney 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 intangibies. Yet we would be doing
ourselves a disservice if we did not attempt
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-nagnitude estimates. It is be-
lievedthat they are, in general, conserva-

tive, t.e., they do not underestimate the
potential hazards involved.

Division of Biology and Medicine
U.S. Atomic Eucrgy Corumissioa
Washington, D, C.
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SUMARIO

Pautas para Justipreciar las Exposiciones a las Raciaciones Gamma Procedentes del
Desprendimiento Consecutivo a las Deionacicnes Nucleares

‘Rep4sase aqui el problema de la radia-
ci6n gamma externa emitida después de de-
positarse en la tierra el material lanzado.
* Las exposiciones a la radizcién proce-
dente de un cainpo de desprendiinientodis-
sepan de la mayor parte de los experimen-
tos de Jaboratorio con respecto a la geo-
iiciria y al espectro de energia, lo cual hay
auc tomar en cuenta al valuar los efectos
biolégicos. Adernas del factor de decaden-
cia radiolégica, los efectos se ven afectados

porfa exposicién al aire, el resruardo (como
por edificios y terreno) y el tiempo de la
dosis. Utilizando estos iactores, se ofrece

un diagrania idealizado de desprendimicnto
para una exptosién superficial de much
rendimiento, indicando zonas de diverses

grados de contaminacién. Las medidas
protectoras corresponden a cuatro tipos
distintos: (a) resguardo, (b) evacuacidn,
(c) transcurso de tiempo y (d) desconta-
minacion,
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INTPODU CTION

The criteria end proecdures eet forth in the rollowing paragraphs an
k “4

|
were established after full consideration for protecting the bcalth and ; 4

welfare of the public, both in terms of radiological exposure as well as} J

%
i

possible hazards, hardships or inconveniences resulting from disruption +”4
sot
: 4

-
o
n

m
t

reysah
of normal activities. Criteria ere established as guicas for the Test ned

yA GL
aie

s . * 4 f' 3

Organization in determining vhetner any speciel ections shovld be taken ‘
4

to pretect the mublic.

With improved methods of predicting fallout and with the us2 of

higher towers for detonating the nuclear devices, it is expected that

felicut in populated areas fromfuture tests at thy Nevada Tast Site

will be sss than the highest s-ounts which have occurred in the mst

Two basic sssumptions are rede in this report:
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n. itis the rosponsibi lity of the Mivision of
Biolesy and Medicine to establish such criteria and 4
procedures for the Atomic Lrergy Co:zmissaion es if
Geemed nscessery to protect the health and welfare
of the general populece from cons:quances o% weapons
tests conducted at the Nevacea Test Site.
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these criteria and procedures shall ba the respansi-~
bility of the Test Manager, as directed by the Divi-
sion of Military Application, with the technical
guidance of ths Division of Biology and Medicine,
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The following criteria do not apply to domestic or wild animals

since levels of radiation which would be significant to them would

have to be higher than those specified herein.
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CRITERIA J

Evacuation

Introduction

The decisicn to evacuate & community is critical for two princifal

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

nel were allowed to remain, Two, there is always an element of danger

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

It is recognized thet extenuating circumstances may accompany any

situation where conditions indicate evacuation es a noda of action,

The size of the community, arezs end ecconncaations available for the

evacuees, means of transportation and routes of evacuation, disposition

of ambulztory cases, protection of the property left behind, and many

other factors may enter into the decision rclative to evacuation,

Further, it is recognized thet under certcin cenditions, the evacuatica

of a community might not only prove rether ineffectuel bat could result

in more radiation exposure than if the popwlation remained in place

unless the situation be edequately evaluated. A blanket evaluation

cannot be made in advance; each situetion can be unique. The follow-

ing criteria therefore are suggested as guides in assessing the p-s-

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

basis of all relevant factors know at the time.

 



- ee aenent -

r
o

t

° Criteria

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

vating the feasibility of evacuition.

TARLETe

RADICLOGICAL CRITERIA FOR EVALUATING FEASIBILITY CPF EVACUATION

  

Effective Biological Dose* Minimum Effective Biological Dose
Calculated To Be Delivered That Must Be Saved By Act Of
In A One-Year Feriod Fol- Evacuation (Otherwise Evacuation
Lowine Pellet Will Not. Pe Indicated)

Up to 30 roentgens {No evacuation indicated)

30 to 50 roentgens 15 roentgens

50 roenitgens and higher (Evacuction indicated without
regard to quantity of dose that
might be saved)

a
eC

"damage" dose, taking into account the lin th ef time for deliverywees ee

*The "effective biological dose" is an estimate of a biolosicel

of a given dose, and ths recuction ef esse due to (a) shielding

afforded by buildines and (b) the process of weathering.

The rationale for teble Ja is as follows: The total effective tie

ological dose that would be received if evacusiion were not ordered is

obviously a determinins factor, Another consiceration is the fact t!.at

such en action as evacuation could be dangerous to the individuals end

could also possibly be cetrimental to a very necessary nations) effort

of weapons development. One mst then ask, "Just how much will be gained

(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 roentgen effective biological dose in one year without indicat~-

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

 

4
ot
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only if at least 15 roentgens could be saved by suck action; and at 50

roentgens or higher evacuetion would be indicated without regard to¥the

possible savings in radiation dose.

In making a rough estimate cf radiaticn doses, one may calculate

nr. theoretical maxime: infinity gamma dose and then crditrarily civide

ty some number such as "2" for en estinate of dese actually received,

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

accurate estimate should be attempted, especially when dealing with

doses that might constitute a health hezard,.

Owing to the necessity cf making early meesurerents and decisicns,

it js to be expected that dose-:ate readings, teken with survey ::sters,

will be the available evidence at the times of concern, Table I> suz-

marizes the parameters considered in estimating an effective biological

cose based on dose=-reate readings.
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PREDICTING EFFECTIVE BIOLOGICAL DOSES FRCM DOSE-RATE READTKCS
"ff

Ce

 

De Ee

cffeetinve Frfective
Piologicsl fuaclormtesl
ose Factor Hage

1 ~nf
( Coluz EyeC) (Cokunnsy

1/2

V/20ee

Ver e#

V3

eR,eeeeee

TOWT,
2
—_iene

8 tine

Mexivun i :@
(Pasod on A¢wenunction
Bist keti- fad

Bated Hate Biological Wertharing

of Decay} Factor. Feovor

From time of fallout
until time of evacu- V/1 1/2
ation

From tine cf evecue
ation +> tine of 3/4, hh
revurii*

From i7> 2 of reterca
to a tins 15 dsys 3/4, aft
efter initial fallout** ,

From 15 ceve until
ou2 xe Uf Fiar 2/3 1/2
iniiiu Zout

*This .- imate is based on the concent that if evacuavion

were 22 cecomplished, then a certain radisvion devs
wouls bo cgewarlevcd over the peried of toee eclec ied, The
Period z2leo represents toa radiation dese saved if cvecustion vers
accom;ished, ‘

FeThis assuces that the tine of re
of 15 deys was selected to

turn occurs bofors 15 Gays.
provide a dividing point tctween the tines

A poriod

of jnitiel exposure from fallout to a timo one yeer later. The 15
anys eg ro uniau. sicnificance other than providing a vasis on which
to esiiuate the bDicicical factor,

**kThe velue of 9/16 has been rounded off to 1/2.

 



At a lator time after fallout, better estimates of radiation doses

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

these film badges or disimeters are worn on personnel and the evidence

of their use supports the view that the readings are a reasonebly sccur-

ate account of the radiztion dose received then the values recerded 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 (ineluding backscatter) and that received at the

tissue dcpth of five centimeters. Teble Ie may be used in estinatiug

the effective Liologicsl dose fren film tadge or dosinnter readines.

JEBIETe

Ae Ba Ge Laeae

Effective Effectiva
Biolovics1l Pistac:

Film E:dee Lose Fector aeF

a fans ‘

 

Film Padcse Liclocteal or Dodrsater (Colvea B (Coker A

tie!ha 27h C. ~—— . 2Gi OR -. Sormecwien| meetne }1 were a , ee areas

Fron tine of7 *:-ll-
out untid tine of if2 3/4 aft
evecustion

From time of ro=-

turn to 15 dsys 3/k 3/4 1/2%
after initial

fallout

From 15 days until
one year after 2/3 24/4 1/2
dnitial fallout f

n
a "3 = tt

*The value of 9/16 has been rounded off to 1/2.
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Discussion of the Piolesicel Facinr, As longer periods of time are

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

ical effects may be expected. Frau the tine of fallout until the

time of evacuation prokebly wili be a matter of hours, which has teen

considered essentially an izstanieneovs dose, i.e., the blologica:

dose factor is 1/1. From tne time evacuation could be accomplished

e
i
t

>

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 one year Jeter is essentially ae duration of one year, BO

so the biological factor kes been estinated ct 2/3, It will be noted

there is no calculation after one rear, because it is expected under

actual conditicns of radiological cecsay and weathering that protabiy

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

areas around the Mevada Test Site.

rsIt is recognizcd thet the precise cuantities sugsested for the

biological factor cannot ts supported by conclusive evidence. Itis

reasonable to expect that ine delivery cf » given radiaticn dese over

& period of many days will heve less biologicel effectiveness than an '

instantaneous one (neglecting genetic effects) and thet the extension

of the period to essentially one yeer should yield a still lower tioles-

ical factor. One piece of supportive evidence is the work of Strandgvist*

where X-ray doses to the skin were fractionated into daily amounts, end ©

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

plot of total doses versus days afterinitial treatment yielded straight

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

3000/6700 roentgens for a one-treatment versu i ally frec-
*Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries
Caused by Ionizing Radiations". Eritish Journal of Radiology, Vol. M,
No, 236, Aug. 1947.
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tfonated doses. Cf coursse, Caily radiation coses received from fatSh ame ke

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

direction of unity.

15th dey to one year are more nearly equivalent

(ignoring the weathering factor).

beyond 40 days and it is quest

than at early tines

Strandgvist data do not extend

jonable to extrapolate his datain tn

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

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

affecting the rate of dose delivery, etc.

ably be

relatively rapidly repeal

the effects of fractionation when considering whole=bedy gsita

Cronkite reports**

"In the dog, with cobalt gamma rays, the ¢
50 percent of the dogs in a thirty-day r-
ina fingle doce at roughly 15 r per mir
275 r, After Dhis douse of reaiation th
Within « pericd or 7 to 10 days and deat

€ignth and twenty-fifth cay. Henorrhaz:.
profound anemis ere prevalent. If the °<
10U r per Gay given over a fourteen-her
dose is insreas2d to 600-900 r. Unier
animals die in approxirately tne sam
identical manifestations. If the exrosr
per cay given over a fourteen-hour peri-
then increased to well over 1200 r, ana

findings are chanzed,"
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Qne problem in such experiments is the eval:

that the animals may be virtually dead while the .

tinued. This might be illustrated in experiments

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

separate groups required 3600 to 4000, 2800 to 3:

farther from unity then for a 15-day period

The ratio would presum-

a

a

VGaes

Day-by-day doses delivered from fallout from the

red orsan end thus may tend to overeery:asize

that wili kill
; when delivered

a de peek
oid LOTUS 5

oF time vith

Cropped ta 25

> lethel cose i

waaptons end

1 Of possilility

oyures are con-

sing the burro

piven to three
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*See Addendum, page 28,
**Medical Aspects of Radiolocical Defense, Cronk?

to Federal Civil Defense Administration, Regicr.:
Northeastern States of Radiological and Chemica’
City, October 22, 1953.
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2600 total roentzens respectively for ICQ por ecnt tethality*.

Experimental data reported by Boche** are summarized below.

. Ko. of Dose per Dose per Survival Totel Dese
Deve_ YayGol Heekty) TineOta) (re)

20 10 60 - 24, 14/0

10 6 36 &3 2988

Unfortyuvately normal survival times were not given nor were the ages

of the animals (dogs).

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

these into his (Blair's) equation relating reparable and irreparable

4,damspe, The ratio of instanianeous dose to l5-dcy dose is 359/450 or
wo

~ ~~ aa ~ 7 . r ~ ta if fry0,78, and csr 4 months dose ebout 350/525 ev 0.67.

Bleizr wwgests that "The points ere too fuy to determine © O4 4>

constants (of the equation) with any accuracy bit should at least be

in the proper range." However, the constants of his equation hsve

checked well vith more extensive data on other animals, His cquations

Arifcerve that the rate of racovery of repo able antury is fastest in

ne mouse (ef the tipes of mumuals select.d), about one-half «> fast

gn the rut and atec.b cne-seventh as fast in the ginea pig soc dog,

but as Llcir pointed cut, the reaction cf the dog is more repvesenta-

tive of the larger, longer-lived aninals.

 

“e

~ FUCLA-295. Response of the Burro to 10) nr Fractional Whole-Fod7 Gemma
Rey Radiation. Haley, T. J. et al, June 10, 1954. Unclassified.

F#MDDC-204. Observations on Populations of Animals Exposed to Chronic
Roentcen Irradiation, Boche, R.D. 1947. Unclassified.

***UR-207. A Formulation of the Injury, LifeSpan, Dose Relations For
donizing Radistions. JI. Applications to the Guines Pig, Ret, and
Doz, Blair, H. Aw duly 3, 1952. Unclassified.
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Discussion of thsAptenmus’ omelwetsss.eS
, from th: ting of

fallout until the time of evacuation it is expected that personnel will

bs kept indoors. (See Criteria II.) Major lesses cue to weathuring

can not be relied upon during this period, so that the estinst<c factor

4s 1/2. From the time evacuation could have been accomplishid until the

time of estimated ruturn it ig assuned that personne] wild bs Gors

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

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

The save reasoning applies to the third period of time, i.5., from

essuned tine of return to 15 cays after fallout.

Fron 15 days after fati out vwntail one yerr Jater it is ssevinated

that the attenuation due to bolldines end th: effects of weath slug

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

se rate readings have been taken with survey meters ovicide end

inside of houses esround th: Neveda Test Site efter Sallout occurred,

The ratio of rendings varied with the tree of construction of ths

heuse end with the lecation within tho building, Generaliy., (os; rati

7.

of readings outside to inside a frame house was about 2/1 1
-

a

grcater differencs for masonry construction. A limited mmber of filn

T

badges Were placed outside and insid: of some houses during Terbler~

~

Snapper and elso UschoteKneithols, in the first case, the di:fer Woe

qu
a

in total doses was again 2 to 1 or greater but during Upshot-Kncthole

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 between these experimentsl data will have to be investicated

during future operations.
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The very nature of the weathering factor makes this a diffiewlt

parameter to evaluate, The probability of occurrence of precipitation

and/or winds and to what degree has to be estimated as well as their

ffects on radiation levsls. Leaching effects were studied on sails

about 120 miles frou ground caro where fallout had occurred during

Upstiot-fnothel>. Dese rata readings were insignificastly levar Shacn

those predicted by radiological decay according to q71s2 after a

period of more than one year. One example of the effects of winds was

obszrved during Upshot-Knethole. The fallout from the March 17, 1953

dstonstion vas in a lous narrow patiern to the east ef ground 26506wah. ee

o
Tre sacoud Gay after fellout a rather streng surtace wird bicw

e
yaleost at right angles across the crea, Ler about a perdod of 2 day.

Dose vate readisgs were teken on the first end fourth days at the

some locations cnd then were compared. The fourth day done retes

were Jess, by factors of thrse to six, then thase “o be expected fron

the Phust dys readings, based on rete ef dscuy oF chee (0° ar

Tallout menisrements indicited thet ihe reic of © of this Saplout

materiel ves not significantly diffvsrent fren tt) Bearurs of tle

yuxrsicel conditions descriked above, these redux. i in contunination

probably are near the upper limit to be expectec 41 wind.

Operational Feasibility of Crit.

It is not the intent here to discuss operat:-.:21 procedures, but

it should be indicated that the computing of red’ ton doses as reccn=

mended in Criteria I is a not too difficult tesk. if one assuies a

tl? rate of decay as a first approximation, then a single graph of

dose rates versus times after detonation can be c. .:ctructed that will

 



. eal ty
ee

represent a 30 roentgen effective biological dose for one year. An ad

ditional family of curves can be made that will provide the answers to

the parameters of how much time would be available before evacuation

and of how long a time personnel would brave to remain out of the radi-

ation area in order to provide for a savings of at least 15 roentzgens,

The highest vhole-beoay cima dese recorded for any locality wheca

personnel were present outside the Nevada Test Site was at Riverside

Voshok -
Cabins, Nevada (about 15 people) following shot number seven of Tusblore-
Knethe iu

snapper. The maximum theoretical infinity gemma dose was estimated to

be 12-15 roentgzns.
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- CRITERIAII_

FersonnelPrssinineIndoors

When the gevue cose rete reading as measured by a survey ister

held three fest steve the ground reechos the values given in Grevh il

at the times indicated, it is recourended that personnel shall b:

requested to remain indoors with windows and doors closed. Release

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

evaluation of the readiologicel conditions.

In the event that there bs convincing evidence that the recitation

s
levels given in the eraph will be resch:d, it is recomended th:i

v
s

+
personnel be reguests3 to rerain intosrs Purcla fallout eceurs oc

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

this restrictive action shoul¢ be made om the basis of further eval-

vation of the radiolesgical conditions.

& 2 Toh + meee ML tA 7 Ou . f_- Ba aesIt is reeomeondes what piw.ie wtio hed heen outeofedooers dwring

&Y ee ese coy ft See So we pee 4. } Aes ” 5 $Lellout of the atove mesnituds or gracter be edvised to change «lothins

ang to bathe. Tne clothing tay bo sleaned ty normal means. While

bathing, speciol eatiertion should te paid to the hair and any exposed

parts of the body.

In the event that the morlioring tekss place APTER the favlout

has occurred, and extrapolation of the dose 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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CRITERIAID

PersonnelRemainingIndoors

DISCUSSION

The action of requesting personnel to remain Indoors is tredicated

taht 7
rodiaticn levels sre below those estsblishs|aDon the principle that th

for evacu.tion and that this action could reduce the amount of coniun-

ination of personnel and reduce somewhat the whole-body gama cose.

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

The actual "savirgs” heslthwise heve to be balanced against possiblewe

adverss public reaction.

The principal gein in reaguesting personnel to remain Indoors is

to prevent or raduce the anoint of atocic dcbris thit may actusally

fall on the bady cr clothing. Since the peek of fallout usually occurs

shortly after the start of faliout, it is important that prompt decisions

er actions ts taken, This, by netecsitr, the most practical criteria

upon whach to base a decisicu are g.mma das: rate readings, which ove

in turn related t+ tne anoint of fallout.

The most immediate solution misht be to establish lower permitted

~er tincs after detonation. However, if a seriesc
edose rate isveis at le

of dose rates are established for inecre>sing times after detonation s5

that their relationship follows tr7de2, then the doses delivered in x

hours (before the material is washed off) will be greater for earlier

times after detonaticn. If one were sure of the fims that the fallout

material was to remain in place, then a scale of dose rates versus tice

after detonation could be made to yield the same total dose over the X

hours. Since there is obviously no set time 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 "t",

If the above discussion is accepted, then the remaining question

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

measurements taken by the monitors, 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; | .

_\ AfterDetonation Beta/Gamma

72 hours 157/1
168 hours 156/1

These data were obtained from a cloud sample, rather than actual fallout

Materia., and were a measure of surface dose on a plaque using a "dosi- —

meter type beta-ray surface ionization chamber."

The method of collection suggests the possibility that the thickness

of 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 angular distribution

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

value for the plaques.

 

*WI=26. Scientafic Director's Report, Annex 6.5. "Interpretation of
Survey-meter Data’, SECRET.
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Another report* indicates a beta to gamma ratio of 150 to 1 based

on theoretical computations. A third report** suggests a radically

lower ratio: however, there may be some doubt as to its conclusions

since the ionization chamber used to measure gammas only, had a wall

thickness 2£ 1 mm cf bakelite which "...excluded a small 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 mp/em” or approx-

imately 1 mm of bakelite.) For our discussion here, we will assume a

Surface beta to gamma ratio of 150 to 1.

In estimating the beta 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 dats are abstracted as follows:

Surface Dose Required To Produce Estimated Amount of

 

Recognizable Transepidermal Radiation That Pens—
- Injury (Roentgen-equivalent= trated Skin To A Depth

Asoione Energy eta) . of 0,09 mm, (red)

Yttrium?+ 1.53 2,500 1,200
20Strontium’ 0.61

Yttrium? 2.20) 1,500 1,400

The average maximum energy of the beta particles from fallout mater-

jal varies with time but will be assumed to be roughly comparable, in
5

respect to depth dose, to Yttrium’ or Sr?0-y%, Since the gamma dose

at a depth of 7 me/om” 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 Eazard of Beta and Gamma Radiation from
Fission Products". Sullivan, Williem H., NRDL. April 1949. CONFIDENTIAL.

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

ee¥UEffect of Beta Rays on the Skin As A Function of the Energy, Intensity,
and Durationof Radiation". Henriques, F.W. Laboratory Investigation.

war A
|



 

Lone experiment with sheep, using sr20~y99 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 ng/em” from a P= one inch diameter disk (type of

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

ation, **/

It is to be remembered that the above discussion was first based

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

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

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

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

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

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

7 ng/cm* to gamma dose rate at threefeet is about 200 to 1.

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

V7 mg/en® 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/hour at

7 ng/en”. This suggests a beta to gamma ratio of about 100 to 1 which

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

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

Such considerations may be fraught with pitfalls. For example,

the above discussion implies a uniform distribution of fallout

 

*"Comparative Study of Experimentally Produced Beta Lesions and Skin
Lesions in Utah Range Sheep", Lushbaugh, C. E., Spalding, J. F., and
Hale, D. B. LASL, November 30, 1953. (UNCLASSIFIED)

**HW-33068. A status report. September 15, 1954. (CONFIDENTIAL)
***Effects of Atomic Weapons. 195u :
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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. Calculations indicate that the production of recogniz-

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

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

particles of fallout are close enough to have overlapping of radiation

fields and thus require significantly lower specific activity of the

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

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

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

rather than small individual spots. On the other 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, radiocautographs 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 fallout was relatively heavy, there was a

definite overlapping of the fields.

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

PARTICULATE NATURE OF FALLOUT IT WOULD NOT BE POSSIBLE TO 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 gamma dose was 10 roentgens.
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of course, the fallout material may be removed before the infinity dose

is delivered; yet, on the other hand, it is net improbable that it could

remain in the hair for essentially this length sf time. In the case of

a 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 rate

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

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

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

material was sufficient to protect against beta skin damage in most

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

of the betas by the clothing but rather to the physical situation of

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

effect would be relatively large.

An added consideration is the possibility of high beta doses

delivered to personnel from the fallout material lying on the ground

end 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 equally contaminated ground will not be hazardous.

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

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

deliver dose rates given in graph I] 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

*ITR=923. Study of Response of Human Beings AccidentallyExposed
FalloutRadiation, Cronkite, E. P., et al. May 1954.

 



 

is 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

recommended that consideration be given to evacuation when the gamma dose

rate reading at three feet was, for example, about 6.2 r/hr at HY3 hours.

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

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

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

hand, it strongly suggests that biologically significant doses may be

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

the bare feet of the natives evacuated during CASTLE. This probably 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-

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

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

at 10 centimeters above the ground is 575 reps/hr at H43 hours, it would

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

One further possibility is the accumlation of radioactive material

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

area. This is discussed under Criteria III.

 

*AD-95(H). An E e_of the R ve Haz B Gar -
Fission Condit, R. I., Dyson, J. P., and Lumb,
We A. S, NRDL 1949 (UNCLASSIFIED)
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Date, On HumanExposures

The work of Henriques* suggests that at the depth of U.Uu9 mm in

iiving porcine skin (maximm thickness of epidermis) that “l4uu_/3uu

roentgen-equivalent—beta" (delivered over short periods of time so that

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

nizable transepidermal injury. The curve of biological damage rises

rather sharply so that at a dose of just under 2000 rep (at 0.09 m),

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 an estimated 10 roentgen

infinity gamma 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 been instances where the calculated infinity gamma dose

in areas where personnel were present around the Nevada Test Site have

reached 12-15 roentzgens but there have been no Imown 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

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

appeared.
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The estimated whole-body gamma dose to natives evacuated from the

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

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

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

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

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

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

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

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

the ground contamination), and after wading through the surf 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 mr/hr (at H x 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 tean.

- 23 -
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Most of the 28 U. S. Service personnel stationed on Eniwetak 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-pody cumma

dose. A film badge hanging on the center pole of a tent at one end of

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

at another part of the island indicated somewhat lower doses, if rerson=

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

H # 7.5 hours) to evacuation (at about H # 34 hours). Upon arrival at

Kwajalcin one personnel gemma dose rate reading was as high as 250

mr/hr at about H x 35 hours.

The above data do suggest that there muy be 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 addition, 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 andreceived the full fallout, (b) the oily hair, semi~naked

perspiring bodies including bare feet, and lack of bathing for most

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

Gelivery of essentially all of the doses was two to three days. Further,

it may be speculated that the fallout on the more distant island 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 summzrized in table II, Due to the ‘

uncertainty of tr: degree of exposure of personnel on Rongerik to the

direct fallout, this group is not included. It is to be immedictely

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 summary of the data discussed

above.
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TARLE IT

1 IL IIL Iv v VE
Rast Estimate of Average Dose Rates (mr/hr)
of the Islands (Taken at Three Feet above_

BostEsti- the Ground) and of Natives (Personnel Read-
mete of ine gs) after Removal from Radiation Field,

Estimated Whole-body Both et Averoximstely Same Time,

Timeof Camra Dose ak |
Locatio FaPalloat (Roantgens) Effects Personnel Reading Islerd Pearsorrel Ratio Approx,Time

Rongelap 5% hrs 170 Lesions: a. Majority: 1300 80 16/1 H # 50 brs
6 None $0-100mr hp ,

19 Slight et H¢54 hrs
22 Mederate b. Averare:
17 Severe 60 mr/hr
Epiiation: at 850 hrs
28 None Corrected
11 Slight verarces
1] Moderate 80 raxr/ \
14. Severe o

5 hrs 75 Lesions: Averare! 410 53 8/1 Hf 52 brs nN
2 None 40 mr/hr (

14 Slight at 11452 hre
(very sup- Corrected
erficial) Vornees_

Epiintions 53 mr/ure
15 None

. 3 Moderate
Utirik 16-18 hrs 15 Lesions: Ayere res 110 15 7/1 Hf 78 hrs

None 20 mr/hr
Epilations Assumed:
None 15 mr/hr

atjiéonh
1 16 natives evacuated by air to Kwajalein and monitored upon arrival. :
248 4 n " USS Philip and monitored aboard the ship. Data suggest meter readings low by about

50% since natives from same island read 80-100 mr/hr at Kwajalein some four hours later with calibrated meters.
3 40 mr/hr corrected to 60 mr/hr according to information in footnote 2, Report did not indicate range of values

among individuals nor at different parts of body.
4, Readings taken by monitors from the RENSHAW on the Utirik beach where there may have been some contribution to

ietbnisqe AO8e rates from Land. After wading to ship, average personnel readings were 7 mr/bre. Cg npc k
awrocnry °
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. Dataon sning) Fyroosures

The data on animal exposures are less firm than those for humans,

Unmistenble beta burns occurred on cattle at Alamogordo in July 1945,

on cattle at the Nevada Proving Grounds in spring 1952, and on horses

in stijigz 1953, (Tho skin damage observed en sheep in the spring 1953

was not established to be beta burns.) However, the cxact 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

Nevada Proving Grounds, about one half of a herd of 150 head of cattle

were found to Rave evidence of beta burns. They were thought to heve

beon 14-20 iniles from ground sero in Kavwich Vallcy to the northeast

end to have been exposed to fallout fron the last detonation. Fighest

dose rate readings taken slong a dirt road mmning lengthwise through

this valley integrated to 75-100 infinity ganma doses.

During Upshot-Knothole, 16 horses showed sxin lesions over the

beck ond eye dam:za was noted in a few. The best evidence indicated

that the horses werd some 10—-12 miles to the cast of ground zaro on

17 March 1954, where the fallout occurred from the first detonation

(about 15 KT on a 300 foot tower), Radiation levels in this area are

not knotn with certainty but the fallout occurred in a narrow band

and was carried by relatively high velocity winds so that it probably

fell on the horses 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 the original discussion above was written, further considera-

tion bas been given to the work of Strandgvist and others* on the effect

of fractioneticn of doses delivered to the skin end the onset of the

observed results. It will be recalled (page 10) thet X-ray doszs to the

skin were fractionated in equal daily amounts, and the biological effects

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

days after initial treatment yields straight lines.
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Basically, this means that as doses are being delivered to the skin

a certcin rete of repair is taking plece. The over-all effect might be

that higher initiel deses from fallout material night be allowsd than if

one were to integrate the dose over a period of tine without corsiders-

tion for the rersir, FEecause of the difference in shapes of tha total

beta dose curves for varying times of initial fallout versus Strandgvist

X-ray curves the difference between the two curves cannot be expressed

as a sinvle relationship.

Strandgvist quotes a 1000 roentgen dose in cne treatment to pro~

duce erythoma using X rays {a somewhat smaller mumber than other data

quoted ebove), 1250 roentgens if divided into two equal daily éoses,

1450 roontgens if divided into three equal daily doses, etc. O2 course,

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

fallout material such as differences in doses at increasing depth of

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

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

assumed to follow the hee, However, accepting the assumptions of

biological equivalence of these roentgen and beta doses and t7le2,

 

*Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries
Caused By Ionizing Radiations". British Journal of Radiology,
Y.XX, 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 tines the limiting fector will be to keep tke

first day's beta 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 exceed Strandgvist curs. for erythema

for tines out to 40 days then, based on the discussion contained uncer

Criteria I, a conversion factor of 125 was selected to convert beta

doses rates at a depth of 7 mz/com* of tissue to gamma dose rates at

three feet above an infinite plane. These gamma dose rates are

plotted in appendix C(a).

If one accepts all the assumptions that go into preparing this

curve, then cons does not have to estimate the variable of how long the

fallout material was in contect with the skin, for the curve suggests

that as long as the initial indicated gamma dose rates are not reached

then erythers might not be expected to appear, (However, this approach

still docs not give assurance that sincle hot particles will not |

produce erythema.)

Generally, the gamma dose rate readings in the curve appendix Cla)/

suggest theoretical maximm 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 gamma dose is two to three times

eea   
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greater than the 10 roentzens which was used as a basis of develeping

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

eccepts the interpretations rnd assumpvions it means ac safety frotor of

two to three = not an wireasonable quantity.
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OperationalSeasioiisty

Under the criteria recommended in Criteria II, there would have

. been two occasions in the past where personnel would have been requested

to remnin indoors. Cnce was at Lincoln Mine following the second deton-

ation of Upsrot-fhnothole where they were so requosted to remiin indoors

for two hours snd the other occasion would have been 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 the fallout had occurred. The maxirum infinity

game: dose in the latter case was 12-15 roentzens.

Porsounel were requested to remain indoors (for about two hours)

following the ninth detonation ef Upshot-Knctholc. The highest dose

rate reading was 320 mrfhr at H ¢ 4.5 hovrs. This is less than the

current recomnendations,
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Decontsmination

Where it is not possible to monitor personnel outside of a generel

radiation field, it is recommended that an estimate be made of the degree

of porsonnel contacination by determining the location of the individusl

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

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

vidual was out-of-doors, In those areas where the infinity 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 outside the general radiation field

where personnel contamination exists 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 chanber four inches
from the center of the contaminated area, equals cr exceeds the
values civen in Graph III 4% is recomended that nersonnel
SHALL be advised to bathe and to change clothing.

For personnel being monitcred outside the general radiation field,

where personnel contamination exists over relatively small areas of the

EXFOSED tody (less than one-half a square foot):

The recormended maximum values shall be one-half those given
in Graph III. Monitoring of the head, arms, hands, lower legs,
and feet will be considered as coming under this category.
Washing may 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 monitoring of exter-
jor surfaces of clothing.

For personnel being monitored outside the general radiation field,

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

size of a half-dollar or less):
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The recommended msximum values shall be one-fifth those given
in Graph III, Washing may 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 personne] being monitored outside the general radiation field

end the contmsnination exists over eny size area on the exterior 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 clothing end vo bathe.

When the genaral contariration of a community is of the degree to

produce an estizated mexizun thecretical infinity camma dose of 20

roentgens or creater, personnel who have been out-of-doors at any time

during the first two days and generally moving around in the arca (as

opponed to such an act es walking only between a building and a vehicle)

shall he advised to brush off the footwear (outdoors), to tathe and to

chanze clotring 2s soon as possible after the final return indoors exch

day. in acdition, personnel who go out-of-doors for any length of time

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

frequently, if possibile.
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CRITERIA III

con nation of Personnel

DISCUSSICN

Data on Humans

In table II it was suggested thet the relative average gsicza 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:

Orr/er [7/1 Wtardik Atoll)
15 mr/hr (1 (ots tol)

en

420rv/rr = g/t (Adlinginae Atol2)~ \

53 wr/hr

2200.rr/er 2 16/1 slap Atoll
80 mr/br ~ 6/1 (Rongelep 4to22)

It is recognised that there are many uncertainties in estimating

such a relationship by this moans, Even if one assunes the dose rate

readings were taxen eccurately the factors involved, especially in relation

to the ausunt of material collected and retsined on the body, certainly ars

not constant. The higher ratio at Rongelap Atoll might have been due to

a physical phenomensn where the quantity of material falling per unit

area was sO great that it was not retained so completely on the body.

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

Theoretical considerations indicate a gamma dose rate ratio at three

feet above an infinitely contaminated field to that at four inches fron

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 Il. They do suggest,

however, that if the contamination 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 probability

that beta burns will not result. (See also discussion under Criteria II.)

Doses From Snai) Sources

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

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

greater (other factors being equal), Therefore, it would seem desirable to

reduce the recommended dose rate levels when reletively small arcss are ine

volved. It is recognized that radiation from enother nearby spot may con-

tribute to the survey meter rescirg when monitoring a smell area on peorsorn-

nel, but this has not heen taken into account. first becsuse of the diffi-

culty of establishing a prior eppraisal of this variable factor and, second,

whatever this contribution may be it will now become an added safety factor.

Of course, the problem is still complex because when considcring

smaller cnd smaller aress the eventual end point is a single particls, dan

estimate of beta doses at the surface of an imaginary sphere surrounding a

fallout particle is given in appendix E and an estimate of betsx doses from

a single particle required to produce recognizable erythema is presented in

appendix Ff. 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

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

Additional information on doses from individual particles has recently

beenreported,”around
*HW~33068, A status report. Sept. 15, 1954.
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pally of three radioisotopes, Ry19 | nytS and its daughter Rh-~~, The data

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

particle could produce a recognizable erythema.

Lon!auinatioofClothrz

In the cese of contamination ef clething, higher dose rates might te

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

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

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

the waist line where materiel apparently collected end was held in place.)

On the other hand, very large increases in contaminetion should not be tcl-

erated since it is possible for the clothing to be rearroenged so as to bring

the contaminated surface in contact with the sxin. Further, it is not

unlikely that one may rub his hands over his clothing and then through the

hair where the material could be held in place for relatively long periods

of time.

PateExnosureto theVornds 

A further consideration is the beta dose to the hands resulting from

hendling objects contaminated with fallout material. Although some data are

available on bete burns from handling radioactive 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 edin iv abov 0 oni n onnel

*"Beta Ray Burns of Human Skin". Knowlton, et al. Journal
AmericanMedicalAssociation, V. 141, No. 4. Sept. 24, 1949.
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outside the general radiation field. However, the problem is more complex

since the hands may come into contact with contaminated surfaces many times i

larger in ares than the hands, with an undetermined percentage of activity

being tran:ferred to the hards. Of course, an added uncertainty is the

frequency of washing af the kencés and/or the rubbing off of the materiel

from the hands.

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

nificantly higher contamination than the general area and that the hand—

ling of such a surface could constitute a greater risk. This might te |

true beceuse of the greater amount of activity transferred to the hands

or because of the doses delivered during the time of actually hindling

the object. The uncerisinty of the percentage of trausfer of material

has been nsntioned. Ome uncertainty in the second case is the lensth cf

time the object would ts hendled.

Bascd on calculations in appendices B snd D, when an object is

held in a hand, a rough estixete of the ratio of dose rates of bets to

the basal Isyer of the epidermis to that of the gamma reading con a survey

meter held four inches away from an object two inches in radius (outside

@ genera! radiation field) might be 5,000 to 1 (appendix I,). Thus, if

this object were contaminated with the seme activity per unit area that

would produce an infinity 10-rcoentgen whole-body gamma dose from general

contamination of the area, it would produce ebout 50 mr/hr gamma at four

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

7 mg/cem”.* Since the palms of the hands have an approximate epidermal i:

layer of about 40 ng/em the beta dose to the basal layer would te about

170reps/hour,(Thetime of Ex lw elected to show about. 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 te2, then the total beta dose to the basal layer of the epidermis

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

Whereas the above estimates do not indicate an alarming situation, a

more serious problem may come when the contamination is just less than that

where evacuation is indicated. For example, the contaminaticn of the fsenerul

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 problem, A simple and expedient procedure to reduce this

factor is frequent washing of the hands efter handling objects that were in

the fallout.

Beta lxrosuvs to the Feet and Lover hezs

It was suggesicd in Criteria II that normal closed-type footwear (es

compared to such as open sandals) would probably afford adequate protection

against significant teta doses to the feet from fallout raterial on the

ground, There is still the added problem if the material be sovtfed up and

cling to the ankles and lower legs. If there were no intervening clothing,

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

cant biological teta doses being delivered to these parts. For exemple, if

the gamma dose rate reading at FE *¢ 3 hours 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/cm” 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 me/eme would be 260 rep/hr three hours

later or 210 rep/hr six hours later. In addition, there is the variable

pregam,



(F

factor of what concentration of fallout material may accwmlate in the ankle

region by walking around an area.

& concentration of fallout material on the ground that would result

in ebout 20 roentgens maximum theoretical infinity gamms dose, if in contact

with the skin would result in a bela cose rete to the basal layer of the skin

of about 1/4 those indicated in the previous paragraph.
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° oO Decontamjinati fotor V

It is recomended thet when the predicted fallout across a main

highwey will be equivalent to a 10-reentgen infinity g:rma dose

vehicles be held until after the zetucl fallout has essentially 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 are predicted across a main highway, ve-

hicles should be warned to proceed with windows and air

should be monitored after passing through the contamin

toring end warnings should be continued until there is

that no or very few additicnal vehicles will execed the values given in

graph IV.

When the cose rate reading taken inside a vehicle, or taken over

c
t pe
e

Fo io
}eny exterior ares ths

he vehicle shall be cleaned insidea
sgiven in graph iv,

terior arezs to be monitored shovld include the wheels

of the fenders but not the under cerriase. The survey

held approximately four inches from any surfrce,
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CRITERIAIV

“ Fonitoring anc Decontamination of Motor Vehicles

DISCUSSICN

s

In the fest, falicut has occurved across highways in significarn

quantities.

Upshot-Knothole,

  

Shot Approx=
Nusber imate Time of

(Chrono~ Yield Fallout

lorienl) ST) faver __fErs

1 300! 12

2 " 2 3/4

6 n 5

7 8 bs

7 " 7

9 " 2

9 " 3 3/4

TABLEIV.0,

Estimated
Doss Rate
Reading of
Highway at

 

Tine of

Fellout

{rrfor) Logrtion _

920 30 miles south of

Alamo on Hyw. #93

260 1 mile north of
St. George, Utah

325 Junction of 7.8,
Hyw. #91 ond
Nevade. tiyw. #40

760 20 miles northw.
Glendale, Nev.on
Hyw. #93

£00 8 miles west of
Mesquite, Rev.
Hyw. #91

1000 36 miles north
Glendale on

Eyw. #93

420 St. George, Utah
Hyw. #91

 

Teble IV.b. below indicates some pertinent data during

e
e
e

Approwinate
Distance

Fron
Ground Zero

65

105

60

130
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Road blocks were established en Highways 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 mr/hr outside at

H plus 33 hours, About 75 cars were washed (rougtly 1/8 of the total

monitored), All of the cars that were washed except the one meniticned

above, had outside dose rate reacings less than half of the kignhest,

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/or ventilators

opened or closed.

One bus read 250 ur/hr outside and average of 1CO mr/br inside with a

high inside reading over the rear seat of 140 mr/hr at EH plus § 3/4 hours.

Considering the azount of time one normally spends in an automolile,

these dose rates do not necessarily represent a health hazard in terms of

gatsa doses, What is probably a more limiting factor is the direct con=

tamination ome might acquire by rubbing against the outside cf the cer,

especizlly when changing a tire.0
4

it is assumed that monitoring will be accomplished outside a gcnerzl

radiation field. Theoretical calculations (appendix D) indicate that

gaicoa dose rate readirgs taken at fowr inckesfroma surface will be 512,

42%, and 27% of those by a meter at three feet above an equally contaminated

infinite field when the radii of contamination 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 a

cor vrene
t

te ; 
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gelma 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 teody from a generally contaminated area in

which one lives is creeier then from cne's automobile. €n the other hand,

it has bcen noted in the past that significently higher amounts of contsi-

ination have been found on the tires and under parts of fenders than on

the remainder of the car. (Undoubtedly, this is a simple phenomenon of

picking up the activity from the highway.) If one were to change a heavily

contaminated tire, sienificent emounts of radicactive material might

accumulate on the Eands, and later be transferred to the hair cr eyes by

a sinple rubbing of the hands over those parts. |

A comparison might be made here between recommenced maxcimu« dose

rates found on personnel and the establishing of levels of activity for

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

the nuierial is elreziy on the person whiie in the second case one has to

introduce the factor of rrobability of transfer ef contamination (end to

what derree) from the car to the body.

The dose rates {measured as stated) in graph IV would represent

ebout equal contamination per unit. area for a csr «s-for an infinite

plane if the car were rather uniformly contaminated, If the activity

were confined say principally to the tires and under parts of the fenders,

the dose rate readings might represent nearly twice the degree of contam-

dination. One 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

= 44 —_
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from the exterior of the wekicle. On the other hand, contamination 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 may accumulate in such parts as the air filters

of an mitomobile. Again, this hes to be weighted against the probability

that they will be handled before the 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 contamination would not justify fine distinctions in monitor-

y
e
r
a
p
e

ge
el
ge
rt
m
e

ing the varicus parts. A thcrough cleaning, inside and outside, would i,

appear to be the best soltcticn.

One of the obvious ways to avoid mech of the problem discussed in

Criteria IV ig to prevent vehicles entering en crea during the tine of

fallout. This will not prevent the first vehicles passing through from

picking up activity on the tires from the highvwey. It is believed, hou-

ever, this will not comsvitute such a troublesore problem and trast exper=

Zence has indicated thet the activity found on the tires noticessly

decreased after several cers hed passed over the highway. Further, if

vehicles are not present in the fallout it will help reduce contamination

of the passengers and of the insides of the velicles.

OperationalFeasibsity

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

c
+
e
e
c
e
e

in washing about 75 cars (roughly 1/8 of the total monitored) following

the seventh and ninth detonations of Upshot-Knothole. Under the recom~

mendations given in Criteria IV, the bus mentioned above, but probably

none of the cars, would have been washed,

- 45-
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The data given in graph IV.b. indicate that if these radiation levels

given had been predicted before the fallout, Highways #91 and 93 would have

been closed prior to the fallout from the seventh detonation and possibly

Highwey 733 for the ninth detensticn,
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. Lontamination of Water, Air cngFoadstutts

In any area where the theoretical gamma infinity dose exceeds 10

roentgens, sdequate sampling of the water, eir, and foodstuffs should

be rade to ascertain the conditions of possible contaninetion. Pased on

past data, however, it is not expected that under those conditions of

fallout where the radiation levels are below those stipulated for pos-

sible evacuation, that the degree of contamination will be a health

hazerd. (Nor is it implied here that eny level sbove this does consti-~-

tute a serious contamination of water, air, or foodstuffs.) Therefore,

it is recoune::ied that no ection te taken in racerd to limiting inteke

except to edvis= the washing off of such exposed foods as leafy vegetables

:
when that action seems desirable,
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- ContaminationofWater,AirFoodstuffs

DISCUSST ON

Water

46 the six locations having the highest conecntra-Treble Vi.a. lis

tions of fissicn products in water sources curing Upsheteinothel:, and for

comparative purposes the estimated external thecretical maximum gamma infin-

ity doses.

AELE Vion.

     

Concentration (microcuris External Theceret-
per milliliter extrnpolate isonl Mescimun whole}
ed to 3 days after detona= body Gem.i2 Tufinity

Toorlity tion) Toso fern?gens)
Wirgin Saver Irrigsvien Carel, Nev. 8.7 x 1079 6.

Sgation Ditch, 5% misno.of Fioche,Nev. 4e5 x 107? 0.15

ier Pal} rat T “ ~-6er Pahranageat Leake, Nev 3.2 x10 Ze

: ote : awVirgin River at Mesquite, Nev. 2.6 x 10 2.5

, 7 : 6
Bunkerville Nev. (tap water) 1.2 x 10 720

Grystal Springs, Nev. ( : 6Crystal Springs, Nev. (tap water) 1.1 x 10 0.15

'
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Due to weather and to attenuation ef the gamma rays by tuildings, the

whole-body gamma Cose estimated to have been actually delivered was probably

closer to one-half of the values shown,

The eS permissible concentration of fission products in drinking

water is 5x 10* yo/na extrapolated to three days after detonation. This

is considered a safe concentration for continuous consumption.

Whereas, the monitoring of water sources is of value for documentary

purposes it should be recognized that the concentrations found may vary
8 =   
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widely vithin sill geographical areas and even at the same location at dif

ferent times (taking into account radioactive cecay). 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 subsisted entirely on this for a Lifetime, the concentration vould be

about 58 tires less then the meximu. rermissible amount. Normal factors

of dilution by additional rainfall and/or by the influx of lesser contan-

inated ground water would be expected to reduce the level of activity.

fix

Considerable effort has and iis being node to evaluate hazeris fron

eirborne radionctive materials, including fissien products. There ere

certuimy many unanswered problems including the possible hazard from a

single particle in the lings. Despite the uncertainties and as yet in-

complete analysis of the inhalation hazard, the preponderance of evidence

today is that the external gamma hazard from fsilout is the more aimiting

factor of the two", (However, see ciscussion on food contamination. )

During Upshot-#nothole quite complete data were collected of con-

centrations of airborne activity on about 150 occasions in some 40 differ-

ent localities within 20U miles of the Nevada Proving Grounds. These

included monitoring of all detonations. Histosroms 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 commmnities showing

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

St. George (the highest 24 hour average concentration of fallout ever

in opulated area eproduced in appendix J
*Ad Hoc Committee Meeting. Washington, D. C, January 20, 1954.
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Leeality

St. Gsorge, Utsh

Lincoln Mine, Nev.

Mesquite, Nev,

Groom Mine, Nev.

Pioche, Nev.

focerstt

TABUSVivbs

Dose to lungs
2i-hour Average (13 veeks )Based Theoretical Mayj—=

 Concentration On 20% Deposition nunm_tholexbedy

Mmleroene63 and210%Matentson Gov:maine’
roa ae Tp, ms ae pose fieen i Mee pean:tones

cubemete Trev. bi TLE riceipty seans)

1.29 130 —C- 3.5

4.0 x 107 22 1.5

1.7 x 107+ 13 1.0

; 344 x 107“ 7 0,35

2.0 x 107 3 0.015

*The method used in estimnting doses to the lungs is siven in appendix f,

The criteria

Committee (Weshi

previously estsblished by on Ad Hoc Jangle FeasiDtlity

ngten, D.C., July 13, 1951), for air concentraticas vas

At a point of human hablistion, the activity of radioactive
particles in
shall te licd
(corversendss
of 30 mr/hr).

"The 24-hour Te
to suspenced partic)

to 5.0 microns, sSn
desirable that a:
an activity grease

fae go wan wey mtn ae
~

Ai «ae

the stnesphare, over a pariod of 2/4, heirs,-

= rig * :
Sr ouniea neter ef air

zi
a ™ mectae ~ * in et ey

id abvel gamma intensity
‘ “a Melt ee

-

~ <i
Noes of.

0 re me ee ws =7 i :
nopreniniteisy wO ah

ave r cubic meter of air, cue
. 4-4

f the “above: nor is nS

nm tnis sine range have

Z erlculated 4 hours

after the blast

In the January 20, 1954 meeting of the id Hoc Committee the basis for

recommending the above air concentrations was discussed. Essentially, these

criteria were selected by estimating the gamma dose that might be delivered

by the passing of a radioactive cloud. Since there are better methods of

estimating gamma doses and since there are uncertainties in evaluating the

hazards of such transitory air concentrations as experienced from fallout,

and since the preponderance of evidence frompast nuclear test series
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indicates that the external gamma hazerd is more limiting than the inhalation

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 sir monitor’ng program be continued for documentery

purposes end for whetever velue tho Gata inicht have in the future vien new

analyses might be made in the light of additional Imovwledge.

A further discussion of the single particle problem may be made, In

arriving at the recommendation “4. nor is it desirable that any individual

particle in this size range have activity greater than 10° microcuries cal-

culated four hours efter the blast" a computation was made that the averag

redietion dose from such a perticle to a sphere one-half a milliuster in

radius vould be 325 reps.* However, ths conclusions may be mislonding.

In the ccse of a single particle, relutively large doses are delivered necr

the porticle and smcll doses ata grerter di:tsnce. Appendix L susrests

a> possible estimete of this phenerenon. The parameters involved hers sie

many and citricult to evaluate. For oxannic, how long will a particle romain

in one place in the lung and what dera will be delivered during tht t272?

It has been sugzested** that in the uprir reepiratorypassage 20-mieron

diameter particles are the upper linit of size for deposition and thet "Cilia

sweep 4 to 6 cycles per second. The protability of a particle rezaining

within one millimeter sone fer as much as cno~half hour seppears to be

vanishing small, eee Protection will also te provided by the mucus lining

which is itself renewed several times ean 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 Consider the Feasibility and Conditions
For A Preliminary Radiologic Safety Shot for Jangle. LASL. May 21-22, 1951.

**HW-33068, A status report. Sept. 15, 1954. (CONFIDENTIAL),
51
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ricrosurie) in 20 mimutes {erzendix L), Larcer doses will ba delivered

closer 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

numbsr of calls. Multiple exposures might oceur from additional particles

but opetn this rick os difficnlt to ev tiunte.

Food

Considerable effort is being directed toward the study of contamin-

ation of food from fellout. One element of major concern is sr7O, it

has been eatinrted that Af one vere to subsist entirely on food grown

from soiis contsining cbout one-tenth to one riicrocurie por sqiore Soot

°0 a A 2 4 ~ aof Sr’ (1,000 pounds of caleiwa per cere to an avorsge depth of six to

poven dnchea), that over a poriod of yorrs thore vould acemaus.c: dn ths

+ 2 = - c C0.” * > tt ayhucen sicleton a bady burden cf one ricroscvris of Sr°°*, The hichest Sr

ectivity found in soils from esriculturcl aress, about 100 milis frem the

..?

Foveda Toot Site, mew shows a cencentration of about 3.4210 ~ :Asre-

curled yop savere foot, This is a factor of 20-300 times logs than tha ence

99tenth to ous micresurie of Sr*~ quoted ubova. The caleium contznt of soils

around the Nevada Test Site is several tines greater than the 1000 pounds

Fer acre uszd os a basis for calewlations, vhich would materizliy reduce

ths strontium: uptake,

(Although 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 summarizes these

data. )

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

 

*Private communication, L. A. Dean, U. Si Department of Agriculture,
Beltsville, Maryland, April 23, 1954.

**ReportonGabrie], USAEC. Division of Biology and Medicine, Washington,
D. GC. July 1954 (SECRET)
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faces folleucd by olthar dirsct censurotion or Anteko by wey of milkds

e for oro important pathway of intezke then the sotl-plant-cnicnd cycle,

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

to coll..% tho felleut, Further nnelycie is boing planned,

This cous roport* raices a new problem. Based on statsd ceouimtions,

the érite presented indicate relative doses of:

thyroid: tens of thousands of reps

gr°9-9, 300 reps

external pemrz: 40 roentecns

High recloioedin. Coc us to the fetus cud baby rey be prarticuleviy dxror-

tent, Additions. evaluation will be givon this prebhim

 

“Reporton-Gabricls USAEC, Division of Biology and Medicine, Washington,
D.C. July 1954 (SECRET)
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CRITERIAWO

. Routine Radistion Exposures

The vhole~body ganma effective biological dose for off-site populations

should not exceed 3.9 rcentgens over a period of one yeer. This total dose

may result From a single exposure or series of expo:ures,

If integritions of doserate reedinzs ere used in estimating the effec-

tive biological doses, then table V may be used.

TABLEV
Multiplication Effective

Eechor Biolonicc[ose

 

Mexiimm theoreticesl 124
dose fron tims of Sellout to 3/4
15 days later

Maximum theoretics] redistion 1/2
dose frei 15th day to one yvesr

ee

TOTAL
(best estinate
of cffective
bivlogical des)

If film biudges or dose meters are worn on personnel and the evidences

of their use supports the view that the readings are a reasonably accuraic

account of the radiation dose reccived, then the values recorded on the

film badges uay te accepted witha correction factor of 3/4 to account for

the difference between the dose received by the film badges or dosimeters

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

centimeters.
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. Reutine Radiation Exposures

DISCUSSION

In 1953 the following reccmmendation was made in the "Report of Com

mittee to Study Nevada Proving Ground":

"It is recomnended, and found to be in conformity with the present
principles of determining permissible exposure limits, that for test
operation personnel the total body gamma exposure be limited to 3.9 r
in thirteen weeks, and that the same figure be applied to the off-site
communities with the further qualification in the latter case that
this is the total figure for the year. In general, this implies a
single test scries in any given year."

On the basis of this recomnendation and the reasoning discussed under

Criteria I, the criteria for estimating the whole-body gamma effective

biological dose are summarized in table V, It will be noted thst the bio-

legical factor intluded under Criteria I is omitted in Criteria V. In the

first case we are dealing with relatively high doses that may require einer-

gency measures With their sttendant hazards. It is a situation where one

wishes to estimate all pertinent factors in evaluating radiation doses even

though they may not be mown with preciseness, before recommending an emer-

gency action that may produce greater problems. In the case of Criteria V

one is concerned with relatively lower doses during routine operations. It

would be difficult to justify on the one hend the proposition that weekly

doses for general populations may be integrated and taken in a single ex-

posure without penalty and on the cther hand, that a given dose received

over & 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

curveshas advancedto aa_quantitative state.* Thus.sthere seems to be
*Permissible Dose From Exte sources of Ionj National

Bureau of Standards Handbook59. September 24, cm
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little doubt thet ea film badge or dosimeter worn on the person will over-

estimate the gamma radiation dose delivered at a depth of five eontineters

(assumed depth of blood-forming organs). A major factor in determining this

difference is the quszlity of radiation undzr consideration. Cne report

dealing explicitly with redistion in a fallout field suggests a fectcr of

about 3/4.

 *WT-814. Effective Energy of Residual GammaRadiation, January 1954.
CONFIDENTIAL.
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EXAMPLE I

Time of fa ut = HY3 here
Done rate at HY3 = 667 nr/hs

ade

Theorsticsl muxdirvn doze from tire c

fallouy. to three hours lster

Savings by remaining indoors for
three hours

One year effective biological dose if
personnel did not remain indoors during
the three hours (based on sume assump-
tions contained in :eeticn on evacun-+
tion)

Per cent of one yerr effective  toleg-
ical dose saved by remaining indoors
for ths three hours

> «tr my
LXAMEa iI

Tins of fallout = H43 brs
Dons rete at EY3-667 wo/he

Theoretvicsl maxinun doss frenu tit2 of

feLiout to eight heures later

Savings by remaining indoors for eight
hours

LLdeOne ycsar effective biologics)
personnel did not remain indoc

during the eight hours (tascd en:
acsumptions contained in section on
evacuation)

1 dase
ae
OS

aTew,

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

=
cotWan by.

mewt

—_—

Ep: fries
ape

aEee et

1.30 r

0.65 r

2.30 r

1.15 x

~5.57r

~21E

Theanv:
‘taleOe
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fee eee fee Riet -_ Ta ane a= Sree ee PAY De cee Sk ae Taken

4 Gomes Conicomos JPaeLane

“sn y x . a 4

ieee: 1,5 Mev Beta (Mean ensvey = 0.5 Mov}
o-oo 2 * mes} = 10 cmt/ pu
rm = 2 =~" _ * Pa . *

(This assumes a single mass evsoryiion coefficient. )

'

N = No ex 3

where: No = number of betas at surface per cm* per sec.
N= °% 4 " depth x

: poe mass absorption coefficient

: ¥% 2 distances (darth) under eonsidersetion —
ss

a
a

 
“~ Say Ko eyax 7 f

-~ ae a

R pon: fo 1

2
Wheeas KOS Gers rate at divi

Bom rosa energy of betas

~(0} (0,097)? ym - te a r ~ ~~ 1 ee.rR (30MIoTkMee(925) = 2,33 No Mev/ga-see,
2

- a, ft as .
Wo 23.7 x GC 4C wheres O 2 setivit, in microsuries per 2?

kK = €,65 < ed ct /, meth,

RK = (1.29 an igre Y as rey mk Qs

ts DA C a fae
4 :oo, 25,90 CO plds/fie

}ivennismimic 5
Assume: C = £0 ucfem* (peta)

C= 6.2 C wheres R= dose rats by corth 7 meSonn tn reps

CH acitatty/on* din

= (5.4) (59)
st A432 x ps/her

or 2 {OU rads/nhyr

REA 2 HER H BER He HE HR HR RH GF ERR RRRARRH HX FH

ConpsrisonBeta DoveRate(Repe/te] at 7 Mofone to Garma Dose
te Mea in | e Fi at Three Fe Abov e Sur
 

Assume: 80po/ent (vets), equivalent to
gacurie/mi* (gemma)

432 = 105

+2. t nee 
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In ono i levant experiment, aibis P32 source vas prepersd by sosirs

mv. .
22a filter peper in a solution of Liposte ‘and allowing it to cry.

eovface dess rates were then uecmired with a cussece ionisation cis .:.*

Pertinent deta ere ebatracted3 fGlleus:

Thickness of source 9.6 mg/cm

Activity of source 77.0 pofert

Surface dose rats 0.127 reyfore
457 repofix

s os ~ f..

Dosage rate at carth cf x contimeters en Fees
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= 7.0 © reps/hr

let C = 77pees

oF ce i ao
} it 7.0 x 77

539 reps/ix et 7 xa/ex® (P)2

 

*Effects of External Beta Radiation, Zirkle, Raymond E. McGraw-Hill Book
Company. 1951.
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B. Evpcrimentaliy

Roz £57 e7(95) (C2607)

227 reps/hr at 7 mg/cm? (P32)

imnnanwithin 26% of exch other. If ons culrore-ooThe two akove eppreaches sr

» a *~ 2 °*lates the experimental dsta from a source of 9.6 me/em to a thin sourah

(for conparative purposes) the two retheds are within 20%..
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CALCULATIONS

GrownDosePatefromaPirldSixTnokesioPetinsendCohan
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Dose rate of gamma from a point source

 

r/br
activity in curies per square foot
average enersy of gammas (Mev)

r= 6CE where: r

C
E

»

D= €CE 27; eye ; where D = dogo rate in r/byi yige

o it a
) co ° o
O
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Forrplss

let: x2 1/2 foct 5 2
C= 40 pefon® or 3.62%10% c/ft- (gems)
R= 0.7 Mov
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Estimate of Pose Delivered by a Singiy Particle of Fallout Matoriay
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“L or t

follows

Th: dose delivered et the surface of an imaginary sphere «ct distancs
R from a point source.*

(1) K(R) = CH ePR wey
To pean

o
n

 

  

woeores ECR) * d-re Gclivered at the surfres of an
Siiutincay sphera at distance °.

B= gyversou eneruy of beta parcit’us
CC® tote] musior ct dicintesraticns
pe * Rass abewpei. 2 ceciPicient

Pabscitutinues pose 2h

Be O

' ~ pes pee.
nes ra el f 7Whar (2) E(k) 204 f.-—— eertereeet irate

rhe eae etek
~ a deegt (3.2) KR) #69 2 gove FE

arn
w an Ff , aa f° 7s

go (3.%, Ma) 2 £2 2 > te

. ans ¢ ac tae te Pe reNot.: Equation (3.a.) is pleted en ihe etlacicd prev.

FOR VISSIOGN FFCDUCTS:

“1,2
(4) An = Ajt

wheres A_ = dicintegration3 par unit time at Line 2"
& .

after detcnrtion
= disintegrsticns per unit time at one unit

of time after detonation
Ay

 

*Rossi, H. H. and Ellis, R. H. "Distributed BetaSources in Uniforaly Absorbing
Media". Nuclconics, duly 1950, V. 7, No. 1.
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pore
Ran, pO a

g vquation (2),

~0.2 + ~0.2

3Ay (t, ~ “b )

Integrr.tin:

(5.a.) C

(5.b.) C 1.2(4.-0.2 — 4,-0.2BAtit (ty 002 -t-0e*)
te ep Lewd D Pret. an ee Pas deWhere: C * tot -l pockar ef cisintegrations Prom t:

By. fe .. ae

Het to tpl
@7a. me : = eee of2; after cotovsticn

When th is infinite,

(6) Coo = 5A,t.

- By th: use of eguations (2.2.) er (3.b.) rnd (5.b.) one way cenrate an“

Of course, the problen is ths deterninetion of "t " ene wy Lite,
a )

uhow long cfisr detonstion vill « redicsative porticle be dspotit do and hea

t
r

w
e

fa
te

{2 t x 0 H
a

% ia t
o tt
e

(9 tylees wil the particle rersain in place. The first tics (
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Eatinatoof Dsta DosesfronSingleParticlstheSta
(Posgitie Production of RecesrizableUrrtbers)

Ist: t = 3 hours (tint pertiols f2 dcrositeud on skin)‘

8

t, = 27 hours (time pecricls is removed)

 

a:y to yoassumes L500 reps = tote)

eI3 weds

 

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

wn 2 2 s nd t‘According to eppendix F, 2.5 x 107! rens/dirint«cration 33 dsliverc4 to svre
fico of imaginary sphore O.1 esmtiscie: in vadive.

— 303 £ ~.G: ;
bowlaeed were SE
357 © =F *
me? a ued

10> « :
C 2G a tee 7 1.2 a0) ae

- oer Me ee & “dD wt

Yoo A ninro Dea aa.
& x 30? = bese 7eeeey op wt wae Vey

=,
An Bo ct a te ef,

° tap tS Boyne sr fa “are
ow! a red ate ds aefF Ws

  
Of course, the radius .f tte Sane: - peoted, Vl mates oo Sics
the celouletions Loa 8 ot CALLG THQUuivo .. wheyDB ; re 2C

sf : : . . -of about So wicrecurics ot 3 x 3 hours Le give ths same dose.

 



 

E te of G Do e at Fo che Single Pertic?

Aruna: oa, The sverece gram enercy of Lis
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FolloutMaterial

 

rechwe: thot the om.   x e -

5 eo ne ane oe a aos 2 oy 4)Bis4% the everegs en fron vedive¢cavescers is “0.8 :
@ Sma oe ee ~te * J. + bye te oe atZed photes. exntsrien. por disiniesration cs thet unos 22

eee ~ . ’ . 2 Tf a wea to - 3
CULPEY PEI Cininvegiytion is 2.0 tines gruater thm por Gisi.tie 7

grution of fission products.

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

~ Sh ey oonUm a,(AEEait Po vadlue through 0.5 ma of poatinun,
G-

wheres I= grew. dora rete (x/br)
GF oouvingiors

H

- @ aa e
e

n 0 i]

{s ’ eee ey)
I es ee hes cet be caerNeate= Te

Ay

s % wf a eta - ee me AL ey= 6.3 02 et camer. 2 rela at fewer 2nches Cire vette}

ow

3 = woe fee St MP, tA, op ee mb6 ~ 204 yrs Ter Pie fon pretuets

woe
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wiaticas on Doses fron Sinzle Pariicles of Petroning avd

FalloutMaterial
wes

 

106A. Comvartnen of Tata snercies from end hu nixture to that fron
fission proaucus.

ne . ms 79c,\
. , Gb _ ” ‘

BES = 1.0; .)
Furs ° 30z,)

 

Assume: Rul97/pul06 ratio of 0.75%

To estimate a mean average energy of betas from mixture:

Farts destangs MesceunPeomrMats rairhtedMoc tvemPoor

163 . ae
3.0 Baty 0.25 0.55
1,33 Pryoe 0.04 O05
1,33 a 3.625 Cove.) fc4

  

eC’ ow wh

2 fas :
« ail a — ie A

bee .
Co yre. O224

ww qea be 73. AG. apres ewe s.seubvclent to that asawiid You Piszi:

 

*All of the basic data contained herein on ruthenium is contained in:

HW-33068, A status report. Sept. 15, 1954.
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B. Data on doses and effesin fren

.

1. Size of particle:

Actisity of particias

2
Dose rate to Po gfea 3

Tins dose delivered:

2. ourvey Dose

(mrads/hr )*

4,00

750

2,500

11,000

21,079

B.3 we erties les ee
oy ,~
¢ / € Pel, WM aay was

Dd. ye _ $ECS ae zat

/ theo

ivy

(TURa

Ted.hic

6,600 rece

-~6 days

Total Skin Dose

(rads) *

~- 500,000

~ 905,

~~ 2,099,600

~~ 6,000,009

+r Bane ant Fon
f C8 te ees x
re a .
"fF eT '
we me ee

phan wt.roe ges
‘ .wae ee Net we we

Wut Fadstapersed
c+ oe mm emPO

Po a : ersne the 144 Louns.

ve Ay

27,900 vads/hr

~~ 6 dors

 

Effects

None visite

Reddenina

Desquaaticn

Tissus Lb: Lon

Tiesur } Lag tees

20% 2005 3

& mm disp

wade * reay >t 2 k. :

ote lier lil.

in the V7 sons thot

MBSUNLTZ CON. GL

 

* 90 mrads/hr >1 ye

*¥"total dose refers to the hot spot directly below the particle, and is

valid only as to order of magnitude."
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E.

[rrred
rs

ba ag

What stuccific sotivitey ef a icoriteie of S:Tdeut vowld ba aeoctred ¢« s = n
m

a

deliver the same dcse in the same length of tine?

The answer to this question depends upon the time efter detonation

.

tha. thu particle coms in cor vset with the shinw  frruming thAc ilu:

ta
e

fa
te

«to be FY3 hours, the sr ucific eat ty walld hive to bo abest 250 uc
° /

for the same size prrticte.

Since the particle may bs washed off before six days have expired,

one may consider the problem another way. What must be the specific

activity of a particle at H¥3 hours to deliver this dose in the next

24 hours?

hecording to Siraci¢svist (pace 4), only about 70% of a ples toy

dose reed be celivir.d in enc day

Aceeptirs this, then s particle with abeut tho eure ecbivity

et H/3 hours would bs sufficient to deliver an ervthena dose in or:.

dsye

 



F, The following dat: era meporiea for single particles ents ited tart

Upshot-Knothole* end Tumtler-Snepper**,

Activity Futrapoloted
Pirclof Portishes MiesPe BistonenfromFonfore

fp) ye) (RAGS|

weeRK E 1,009 £5

eneRHE z00 120

1,626 x 924 ~ 900 10

919 480 i

723 350 14.7

Td 400 10.

993 149 1L.7

387 259 14.7

234 £7 Ve?

115 5.2 G5

81 30 MALT

It is not intenfel s.re to durly theses ave the maxdimcm. snecitice

activities per particle trat existed or could exist. The data st 22."

mile: are reported to shew the wide renge of specific activi: that us;

oceur at one locality,

 

*WT~811, "Distribution and Characteristics of Fallout at Distances Greater
than 10 Miles from Ground Zero, March and April 1953", Rainey, C.T., et al.
(SECRET) and La~1685.
F*XUCLA-243, "Preliminary Study of Off-site Airborne Redioactive Materials,
Nevada Proving Greunds", February 1953 (SECRET) sand LA—1685.

#**Data from estimations based on radiosutograph methods.
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Asavergrpyy oe
£: Bete at he
i ae wer Ne

EstimationofPatio of Surface PetaDosePate to GamnaDose Rate at Four
inchesfron.anObjectIvoInchesin

Onc may aszume a retis of beta cote rave (07 wee/con® Gouth of ghint

to prema dese vate (4bhres foot cbove the g.ovid) of 1265/1, Tia emntene

dreted object cf say two inch retius viva iecoved (or shiclecd) fron a

ganeral radiation field the gamma dose rate at four inches from the “+

surface might be some 40 times less than from an infinite plans with the

geome decrees of contemination (appsndix D), vhile the bets dota rate night

+renstin almost the seme valuc if the oljcct is in contact wita the siin.

b
eThus, the beta to gamma doz: rates menace] unter these corditdeas ahi

be 5000/1, Tor other than 2 plane survees, the enzma dose 1.143 might

be higher, thus reducing this ratio.
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- Method Used in Estimating Poses to the Tunes

from Inhalation of Fallout “aterial

att eatseons

c
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a 7 he 9 O
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So
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c
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n
O

3
? f
s

G
& G
*The following assumption: srs race an estin.

lunge.

A. Twenty per cent of the inhaled activity is deposited.

B. There will be no elimination of particles during their radio-

active lifetimes. There is uncertainty as to the biological

half-life of particlss in the lungs. In those commnii‘:s

showing the highest concentrations cf fallout, ths peak

airborne materiel (wuich account.4d fer the greatest porocr~

tage of total fallout) occurred cmly « few hours aficr

adstenation, If one sssuies a reciolojicazl dees; aceerding

“1.2 : c “os "Pos oe 6 °? 4.5to t and a biologicsi isifeLite of say 30 days, the

in? 2 see fe ote . owt 7 wot ee ~ o 2 . .

omission of Jielo sical LikTelife wold wot sifaect section Jy

she computed tet. coo.

C, All of the activity is unssefeted with mrtic

‘copirable range of sises. Fast deta from cascade

japactors indicate that ebeut 90% of the activity is sacoci-

sted with particles 5 micrcns or lass in the comaunitics

surrounding the Nevade Test Site.

De. The lungs are uniformly irradiated.

E. The weight of the lungs is 900 grams.

. F, An individual inhales 20 cubic meters per 24 hours.

~72-
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G. The averese tete exency is 0.5 Mev.

HK. The ganna dose is negligible compared to the beta dose.

Petsrt Stef”oneTinhVe ae

da aks JT Ae Ve
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"0505 Duration afterDetonation _xe/t 834) 002) ™
0610 - 1130 4.3 hrs 3 hrs 4.17 15. 3.0

1130 - 1445 3.2 hrs & hrs 2.38 6.3 1,26

WL5 - 1825 4.0 brs 1. hes 6.3 x 1077 2.1 0,2

18/52300 4.2 bre 15.6 brs hel x 107° 0.15 0.03

2BI0 6835 7.5 brs 21.5 trs Lg x 9% 0.93 OM

FOGIS ~ 1335 12.9 brs Bia Ts 214 X Ww? 0.14 173

Bas

FrcnieGloulhis

Dz eatfe,Oe _ toe

Lsts t. = 3 hours
ty = 2184 hours (13 weeks)
&£ = 3 pe .

D = (5)(3 x 2022 x 108 x Saye? re? ~ 2.947027

= 44% 10? disintes-.tions from 3rd hour to 13th week,

Assume: E = 0.5 Mev

(4.4 x 109) (0.5) (1.6 x 1076) tba} ts} = 4.2 x 107° reps

— 42 mreps

TOTAL LUNG DOSE FOR 33 WEEKS: ~ 130 mreps
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fre Sowsi me deeEszimate of Dese atSurface of Tmazinary Srhere One Millimeter in Pacis

te Assumes Averz: 2 set tvity for 3D minutes is U5 pO 8tH fF Bte Kf theme
(See >eference appendix i.)

Thens u.5 x 2.2 x yu® x 20 = 3.3 x 10! Gisinbegrations/3U minvics.

At surface of imaciniry sphere 1.0 mm in radivs the dos«. rate fron
a point source is

2.52 x 1074 —mreps_____(See appendix E.
disintegration Ppe )

(3.3 x lv’) (2.52 x 174) = 2,3 x 10? mreps/30 min.
rt

= 8 reps/2u mir.

For particles of higher specific activity, the dose would te cocrzspondlavly
Higher, of courss:.
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Grrisd

Kaven

Wotho

Rongelap
(Korthern)

(Contr=2

Enivwetak

sifo

1954.

1.621072

7.8107"

93-9

323

8.0

6,1x1072

8.7 x10.

1.2 x 10%

3.8 x 10°

208 x 107"

1.x 107

4.8 x 107"

-3
1.3 x 10

1,05

4.9

98x10"

4.4 x 107

6.6 x 10>

9.6 x 1072

4

4

3,309

270

409

170

CSsetpeserd
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