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PREFACE

The zigning of the Limited Teat Ban Treaty in September
1963 marked the close of 14 years of atmospheric nuclear
weapong testing spread over an 1B-year period. However, it
did not mark the end of a need for further information and
interpretation of data concerning the healih aspects of nuclear
weapans testing.

Thizs pamphlet is concerned principally with the heslth
aspects of nuclear weapons testing in the atmosphere.
Nothing new ia contained herein and much has been omitted
for brevity. The pamphlet does aitempt to bring together the
highlights of a {arge body of information and thus in some small
way may assiat in further enlightenment of a complex subject.

GORDON M. DUNNING
I8, Atemic Enevgy Commission
Washington, D.C. '
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INTRODUCTION

Fallout from nuclesr weapone tests has been by far the
prineipal man-made source of radtoactive anvironmental con-
tamination. About 340 nuelear detonations in the stmosphere,
by all natione testing, have bean announced. The total aneprgey
release ham besn abont 511 million tons (MT) equivatent of TNT
with the U.B.BE.R. tests accounting for about 70 percent of tha
total.! Included in this totel is about 193 million tons of energy,
released by fission —the process that createa the radicactive
fizsion products present in fallout.! Twe hundred million tons
of TNT energy equivalent would produce about 12 tons, by
weight, of fission product debris.

The discussion that follows in section I attempts to sum-
marize an enormous amoeunt of data and to present some
evaluation of the estimated radiation exposures to persons
from radicactive fallout. Section 1I deals with other health
aspecte of nuclear weapona testing.

The information presented herein is intended to provide aome
anawers to three basic gquestions concerning the testing of
nuclear weapons: L

1. What are the problems and possible rizks associated with

nuclear weapona teating?

2. What are the data concerning effects from past tesis?

3. What do these date mesan—how seriou= are the poasible

riaks?

With these three questions in mind, the information for each
heslth aspect—zieh as whole body exposures —is presented
under three subheadings, i.e., Background Information, The
Data, and Evaluations.
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SECTION L

RADIATIONS

A. GENERAL BACKGROUND INFORMATION

i. Nolwal Bockground ond Medical Expooyres

As for as is known, man always has and always will livein an
environment filled with nuclear radiation. There are radio-
active materiala present naturally in the ground, the sen, andin
the air. Cosmic rays bombard ua from outer space. Naturally
oceurring radicactive materials in our food supply irradiate ua
from within.

To these levels of radiation exposures are now added thoae
- from fallout —but these radiations (pamma raye and beta par-
ticles) are no different in kind from those emanating from
natural sources. Mor is there any evidence that they produce
any fondamentally different biological effects, The radiations
from natural sourcee and from medical, industrial, and acien-
tific uses of radioisotopes and X-ray machines, and their bi-
oclogical effecta, have been studied intensively for many years.

To repeat, radiation exposures from fallout are in addition to
those from natoral asurees but they are just that —additiona of
more of the same type of radiation. Fallout has not intreduced
a new and strange agent into our environment with completely
napredictable results. Indeed, a Commitiee of the National
Arademy of Seiences-National Respareh Council has stated:
® . .. Despite the existing gapse in our knowledge, it is abun-
dantly clear that radiation is by far the best vnderstood en-
vironmental hazard . . "2

TABLE 1.— Radistion Exposures from Natwresl Background
and Medical Sourees

Natural Background (Bnnusl exposarea) Enenigena
B 4= 7 U 085020
Gamma eays (from terresirial sourees) and commicraye .. 0.1 (varieal.
Potansinm ) (GETHRI- ..ot cva v v serens THOLE (TRETEE),
Carbon Ld. oo e 1001
Madizal Exportiras
Chest X-ray iper exposarad.. .. .. e DE
Back X-ray [y aXPosilPl ..o e 0.4
FhotofoTOFTam {Par BXPOEUTE]. .. .oocvruircerninim e about... G.6=2.0
Gastro-intestingl serbes ... ... eeetians sbaut. . 30
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Varioue unitz have been gzed to express eXxposure to
radiation such aus the roentgen, rep, rem, and rad, All are in-
tended to expreas some relationship hetween the radiation
ehergy absorbed and biolopical effecta. Since it is not critical
for the following discusaions to understand the technical differ-
ences among the units, only the “roentgen™ will be used. To
provide some perspective as to the magnitude of the “roent.
gen” table 1 is included.

2. Sources ardd Natves of Falloyt

The major source of radipactive materiala in fallout is the
fissioning or splitting of atoms of vranium and plutonium that
gives rize to a large number of unstable radivisotopea. In the
fusion process hydrogen noclei are joined together, Induced
radicactive producis result when inert materials capture
neutrons that are releassd during either the fission or fusion
process. Generally, these induced radioactive materisla are
relatively short-lived and econtribute only in a minor way to
radiation exposures to man. The principal exception is ¢arbon
14 described in pection [ F (page 16).

Some of these radicactive materials escape aa gases and are
dispersed and diluted in the atmoaphere. Most of the fiasion
products, however, become incorporated inte or attached onto
minute inert particles of dust and debria from the immediate
environment of the bomb. The dust particles, together with
the associated radicactive nuclides, are swept high into the air
by the heat and force of the nuclear explosion. The larger
particlez and those in the lower levela of the cloud fall nearby.
Smaller particlea in the upper levels are carried away to be
spread worldwide. The worldwide distribution of theese radic-
active particles follows the aame pattern as would occur with
any other smali particles injected into the same regions of the
atmoaphere —radioactivity has esszentially no effect on the
pattern of distribution.

Roughly, a nuclear detonetion of one-half million tons or
less, Ared at a low altitnde —but high enough sc the fireball
does not intersect the ground —resulte in most of the figgion
produete remaining in the lowear atmoezphere, the troposphere,
They are deposited on the sarth's surface at a rate such that
one-half of the amount remaining in the atmogphere at any one
time falla in 24 weelka {¢alled tropospheric residence half-
timel. Asg the energy yields of the nuelear detonations in-
cresasge, more and more of the fission products are swept higher
and higher into the stratosphere —the layer above the tropo-
sphere (fig. 2). The yesidence half-time here iz more tike one-
half a year for injection into the lower stratosphere in the polar

2
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U & WEATHER DURLAL PHOTO
FIGURE 2, - Generalized drawing of the earth’s stmosphere.

regions and one vear or somewhat less at the equator. Radio-
active debris from nueclear detonations oceurring at very high
altitudes (about 30 milez and higher) may have a residence
half-time of five vears or more. )

Roughly two-thirds of the radioactive particulate debris
injected into the lower stratosphere at the north polar regions
has been observed to fall in the 30°-60° North latitude zone,
where about 80 percent of the world's population live. Injec-
tion at the equatorial regions has been observed to result in
a more even distribution between the two hemispheres.

For surface bursts of high (million ton range) yield about
5080 percent of the radicactive debris is deposited as “early
fallout,” i.e,, within 24 hours. Air bursts—where the fireball
does not appreoach the surface —result in little, if any, local fall-
out.

Table 2 tabulates some of the key data on estimated nuclear
energy yields from all past nuclear weapons tests, Of the total
energy released of 511 million tons equivalent of TNT about 70

TABLE & — Estimates of Yields from All Nuclear Weapons Teats

'SR U5 and LK Totatt
Total millien tons®........ccooeo v S S 450 181 5l1
Fisaion million tons... 5 e 111 B2 193
Fisaion million tonsg scattered globally ... 110 il 161

“THT esjuivalent
“The French tects have nontrbuted only small omoo ki
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percent resulted from UU.3.8.R. tests.  This total energy relense
tz of use in estimating the amount of carbon 14 produced.
Incidentally, it ig agsumed that the carbon 74 is distribuied
more or less uniformly around the world.

Table 2 also shows that of the 193 million tona energy equiva-
lent rveleasing flasion products, abont 161 million tons were
scattered globally.? Approximately two-thirds of thiz amount
originated from U.S.8 R. tests but will account for abont three-
quarters of the long-term fallont in the United States becanse
of meteorological factors. This iz hecause there will be more
deposition in the North Temperate Zone from s nuclear detona-
tion in the lower atmosphers at a northerly latitude than from
the same shot at an equatorial site. Atmospheric tests at the
Nevada Test Site have contributed very little to the deposaition
of long-lived radicisotapes but at times have baen the source of
relatively high amounts of short-lived radioactive materials in-
cluding iodine 131 in the local environment.

At the titne of a nuelear detonation aomething like 200 differ-
ent radioactive suhatances are formed by fission. Additional
ones are created by induced activity. Although thesze ma-
terials emit only radiations with which we are already famil-
iar—gamma rays and beta particles—it appears at first glance
to be almost an impossible task 1o consider them individually
and in the apggregate for an appraisal of their health hazard.
Fortunately, for an analyais of the problem, mogt of the radio-
nuclides are of little health c¢consequences because of their
short radicactive half-lives or other chararcteristics such as
being highly inscluble. In fact, it is possible to estimate the
radiation doser to various organs of the body by considering
only five principal radionuclides in Iallout that are deposited
internally, i.e., iodine 131, strontium H), strontium 824, cesinm
137 and earbon 14. To these internal doses there must be
added those to the whole body due to the radiationa from fall-
out material outside the body. The problem of ertimating
these latter radiation doses iz again simplified by considering
firat cesium 137 and -then lumping all of the remaining radio-
nuclides together in the ealeulations,

8. WHOLE BODY EXPOSURES

Backgmumd Information

Fallout particles consisting of inert materials together with
the associated radioactive materiala settle to the sarth’a sur-
fare where most of them remain and thue never pet ingide our
bodies. These external, man-made eadionuclides, however,
will irradiste the whele body by thelr penetrating gamma
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radintions while their shorter rangre beta particles will con-
tribute & much lesa biclogically significant exposure to the gkin.

¢ the radionuelides thet contribute to oxternal eadiation,
the most important single one iz cemium 137, Itg radicactive
half-life iz approximately 30 years. Thaus, it iz possible for
segium 137 to remain in our environment for long periods of
time without losing much of its activity, zlthough thare can be
lees o reduetion in availability of the material through normal
weathering processes. Still cesium 137 does have a short
encugh life so that most of the radiations are released within

* the lifetime of % man.

All radioactive materiala in fallout, except cesium 137, which
remain outside the body may be conveniently lumped together
to estimate their contribution to external exposures. These
usually are called #short-lived” even though some do have half-
lives of upwards of one year. In spite of the fact that nearly
all of the radiation exposure received from these short-lived
radienuclides iz completed within a year after the radionu-
clides are created the total! amount of exposure during the
vear may be greater than that received from ceaium 137 within
30 years,

Cesium 137 also i2 one of the two (carbon 14 is the other)
principal radionuclides deposzited intermally that irradiate
the whole body. It is not a mijor source of the total whole
radiztion dose except in such cases as thai of Eskimos whose
diet is largely caribom or reindeer meat. The food chain
(lichen-caribou-Eskimo) reflects the relatively high surface
contamination of eesivum 137 on the kHehens,

The Data

The highest whole body exposures from noclesr weapons
tests ever reported by the United States were about 175 roent-
gens to 64 Marahallese fellowing the March 1, 1954 surface
nuclear test datonation at the Pagifie Froving Ground.* This
situation resulted from & shifting of the winds so that the loeal
heavy fallozt from this large vield surface burat ocearred, in
part, acrosa the islande instead of the open aea.

The Marshallese were evacnated, gpiven medical ireatment
and returned to their home ialand of Rongelap on June 20, 1957
after radiation levels had subsided to acceptable levels * (fig. B}
From 1968 to 1062 about 24 children have been born—all
normal—and four persons have died from natural cauzest
{One of these had been on another island and received 69 roent-
gens exposure.) Four deaths have occurred in the comparison
population of like size. There were, of course, noticeable
effects immediately after the irradiation such as nausea and
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HOLMES AN Py B padTe
FIGURE 3.- Rongelapese returned to thewr home 1sland June 1957, Strostures
were newly bult by che (1.2, Government.

itching of the skin {see section on Skin Exposure below, sec-
tion I C page B). '

Alsg, there were definite changes in levels of blood coneti-
tuents for months afteywarde. The Marshallaze have been ax.
amined by & team of physicians yearly and to the present time
no statistieal differences have appeared between them and the
“sontrol” group for such factors as hirth and death rates, lifa-
shortening, leukernia, cataracts or cardiovasenlar, arthritie, -
opinhalmic, or dental defeets. There may be a supggeation of
greater incidence of miscarriages and stillbirths and more
recent data indjcate that there may be n lag in growth and
development of the children, but the paueity of vital atsatistica
and the small number of persons invelved preclude a determin-
nation.

It was reported by the Japanese that some fishermen aboard
n veszel near the Pacific Proving Ground on the same date may
have received a higher exposure than the Marshallese.! Ome
of these iahermen died on September 23, 1854 of aliver disorder
complicated by the development of jaundice and pneumonis.®

The highest eatimated exposure to any individual near the
Nevada Test Site was 13.6 roentgena and the next highest
10.5 roentgens. The highest estimated expoaure to any com-

&




munity was about 6 reentgens. There were about 30 persons
who received exposures between § and OS5 roentgens. All
of the above radiation dozes are accumulated doses since the

Nevadsa Teat Site opened in 1951.°
Having delineated theee highest exposures it is proper to

discuss “average” exposures sinee these have relevance for
evaiusting possible genetic effects. The average whole body
exposure to personz in the United States (to be accumulated
over 30 yeara) from all past nuclear detonation tests of United

States, United Kingdom and U.8.8.R. (the French tests con-
" tributed very little} has been estimated to be 110 milliroent-
gena* {(L11 reentgens).' Soemewhat over ene-half of this ex-
posure will result irom radioactive fallout materials outside
the body. The remainder is due to carbon 14 and cesium 137
deposited internally following ingestion (inhalation contri-
butea negligible amounts).

In the ¢ase of the Eskimoa, the highest measured amount of
externally deposited cesium 137 in any individonal was in June
19683, This highest guantity of cegium 137 would produce a
dose rate of about 190 millircentgens (0.19 roentgen) per year
at the time of measurement. The highest avarage for any
group (Anaktwvuk Pass, Alasks) was aboot one-hslf of this
valug. Since cesium 137 contamination of tha lichens is &
gurface phenomenon—very little is taken up from the soil—
and the normal biologieal time to remove half of any remain-
ing ecesium activity in the body ia only about 180 days or possibly
less, the annual dose should drop off in 1964-65.

Evaibuartion

A whole body exposure of 175 roentgens {(Marshallese ex-
perience in 1854 is far in excess of an acceptable exposure.
As contrasted with the surface bursts in 1954, the 1982 1.8,
teatas in the Pacific were burate in the air high enough above
the surface to eliminate measurable local fallout.

Only a few individuals have exceeded by amall amoonts the
criterion of 10 roentgens in 10 yeara established for the Nevada
Teat Site.

The whole body average population 30 year exposure of 110
milliroentgens (0.11 roentgen} is about three percent of that
from natural soavces. The difference in natoral background
radiation levals at varioualocalities in the United States can be
much greater than all of the whole body exposure from fall-
cut.

*A milliroentgen iz 1/1000 of a roentgen.




C. SKIN EXPOSURES

Bnackgrownd informotion

Radiocactive fallout debris amits beta particles some of which
emerge from fallout material with sufficient range in air to
reach from the ground to the head of an erect man. However,
in human tizssue the range of theze beta particles iz limited
principally to a very small fraction of an inch s0 that only the
skin is irradiated when fallout debris is outside the body.
Further, there has been no observed skin damage except from
relatively heavy fallout where the radicactive falloul mate-
rial has remained in direct contact with the bare skin. Even
a single layer of cotton clothing apparently greatly reduces
the radiation dose from beta particles.

Approximately a 500 roentigen dose delivered by beta par-
ticles from fallout debris to the base of the outer layer of the
skin tissue ia required to produce erythema {reddening of the

~

FIGUKE 4a. - Highly radwactive tallout meterial remeamed in contact with the
Feet caumng savere alon damage—28 days aiter srutiad contams
TRALIom.




FICURE 4ib.—-Same sapa mis monthe later. Damage henled woth normead pig-
mentatwn axcapt for small spots markong the archs of more
severe damage,

skin). A similar result from X-rays would require lesa radia-
tion dose. At somewhat higher doses from beta particles
emitted by fallont debris epilation {loza of hair) may oecur.
At atill higher doses more serious skin damage may be ex-
pected with such aymptoma as uleeration.

The Dotu

3kin damage from beta burns waas first observed on some
ecattle grazing near the Alamogordo, New Mexico Test Site
faltowing the firat huelear detonation on July 18, 1845, Epila-
tionm was observed in patches where the fatiout debris had sup-
posadiy remained in place. The hair grew back, white in color,
and no other adverse effects have been observed in the sattle
or their cffspringa.

Other “beta burne'' have been cbaerved on a few cattle in
1952, on horses in 19563, and one hérse in 1965 in Nevada. All
of these, aa well s the Alamogordo cattle were grazing within
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20t miles of ground zero where there waa relatively heavy local
fallout from the bursts cccurring on towers. Crude estimates
sugpesat that the external whole body exposures in these same
areas would have been in excess of 756 roentgens from gamma
rays.t!

The principal example of skin damage was in the case of the
Marshallese pecple following the heavy fallout on March 1,
1954, The most damaged areas were {8} in the regions of hair
on the head {oiled), (b} folds of the moist hare skin such aa
the neck region and inner albow, and {¢) tops of the feet where
the fallout material remained in place {figs. 4n and 4b). The
extent af skin damage to the moat heavily exposed group may
be summarized as follows.

45 individusls.........superficial lesions
13 individuals.........deep lesions
6 individuals.... ..... no leajons

Toial.........04
36 individuals (of

the €4 above).........aome degres of apilation
Hair of normal color and texture has regrown and all leajons
have hagled without vigible effects except for permanent loss
of pigment in the healed areag in individuals and some gcar
tissue behind the ear of one man, marking the location of a
pravious deep lesion.

Additional ecases of skin damage from fallout were ob-
served on some Japanese fishermen aboard the Fukuryu Maru
and some American service personnel on the isiand of
Rongerik, a3 a result of the March 1, 1954 fallout. Also, four
men in charge of handling “hot™ filters from monitoring air-
craft at the Pacific Testing Site in 1%43 received mevere beta
burnz on the hands. One additional case was an Air Force
offcar in charge of tranaportation of radioactive samples from
the Pacific Proving Ground to the United States in 1961. A
lesion developed on his forehead and right eyebrow region.
The damaged area ahowed naormal repair processes but the pre-
viously black hair of the eyebrow waa replaced by white hair
upon regrowth. "

There have been no known cases of human beta burns at or
arcound the Nevada Test Site.

Svaluatioen

Serious skin damage can result if highly radiocactive fallout
rematns in direct contact with the skin., Simple measures such
as washing can be very effective in reducing this hazard —the
sooner the better. Skin damage has not been observed except

10
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in those nreas where the amount of fellout was high, i.e., possi-
bly over 76 reentgens whole body dose from the gamma radin-
tioen with most of this exposure occurring in the first few days.
Thus, the potential hazard of skin wurns may be essentially
eliminated by meeting the criteria of an acceptable wheole body
exposure. Of course, by evacuation from a highly contami-
nated zrea it iz possible to reduce drastically whole body ex-
posure, yet a relatively high skin dose couid accumulate if
the faillout materials were not removed early.

D. IODINE 131
Buckgroond Infermation

Approximately 0.15 million curie (a3 “earie” correzponds to
2.2 million million disintegrations of nuclei per minute} of
iodine 121 are produced for each kiloton TNT equivalent of en-
ergy relensed by fission. For large yield airbursts most of the
lodine 131 along with other radicactive materials will be swept
into the upper atmosphere {stratosphere} and, sinee todine 131
has a half'life of only eight days, a large part of its sctivity
will decay before haing deposited on the earth. On the other
hand, iodine 131 that remains in the lower atmoaphere, the
troposphere, will be deposited relatively quickiy and ¢an enter
the food chain.

Milk iz the principal route of entry of iodine 1381 into the
human body where it is selectively deposited in the thyroid
gland. The assumption is usually made that 30 percent of
isdine 131 ingested by humens is deposited in the thyroid no
matter what the size of this organ may be.’* Thuas, an infant's
thyroid gland of about two zrams weight would receive 10 times
more radiation dose than the 20 gram adult's thyroid for the
same amount of iodine 131 ingested. PFor thia reason cal-
culationa of radietion doses from iodine 131 for the general
population are based on those for the infant rather than the

adult.
Direct meazurements of iodine 131 in milk were not made

arcund the Mevada Test Site during earlier timeas of teating
since it was the conaensus of scientists within end cutside the
AEC and Government at that time that the limiting factor was
the potential external whole body exposure. It is now recog-
nized that there can be situations where the jodine 131 ex-
pozure can be more limiting. An example of thiz was the
Smallboy surface shot on Fuly 14, 1962 at the Nevada Test
Bite. The detonation was large enough to produce sipgnificant
quantities of iodine 131 but due to itz low energy vield the ae-
tivity was not swept to high altitudes to he carried away,

TZ 548 Duit—1] 11
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PASTEURIZED MILK ARFA SAMPLING STATIONS

'I'IG.“._

A Palmer, Alaska
A Honolulu, Hawali

A San Juan, Puerto Rich |
FIGURE b.—[1.5. Public Health Service National Milk Network.




diffuged and Jdiluted as bad oacourred for lavper barsts in the
atmosphere,

Tha Dota

The highest annual average value of iodine 131 measured in
milk by the Public Health Service national network {fig. 5) at any
time was at St. Louis, Me., for the period of August 1067
through July 1958 The calculated average dose was L5
roentgens te infants’ thyroids based on the usual assumption
of each drinking one liter of milk per day —the dose to an adult
thyroid would be only about Y10 as much. The next higheat
calculated total average dose was 0.69 roentgen at Paimer,
Alaska {(October 1981 through September 1962), and the third
highest was 0.63 roentgen for Salt Lake City, Utah (September
1961 throngh August 1962). Because of the unevenneas af the
iodine deposgition near the Nevada Test Site it is possible that
small local areas might show values 10 times or so greater than
the average for the general region. It ie also probable that
higher levels of isdine 131 than these exiated in local areas
around the Nevada Test Site during periods of heavy testing
in the 1950s,

The above estimated doses to the thyroid mvolve zotme uncer-
tainties in their determination but are baszed on some obzeyved
iodine 131 [evels in milk samples. Theoretical caleulations of
thyroid deses have been attempted, based on other jypes of
radiaticn monitoring auch as collection of radicactive particu-
lates in the air or measnrements of radiation at three feet
above the ground from deposited fallout. To date, all of these
methaods suffer severe uncertainties. Theae monitoring pro-
cedures, equipment and data are useful for the purposes for
which they were intended. The difficulty is in attempting to
use one type to predict another in & guaniitative way.

Evaluation
All of tha above caleulated thyroid radiation dogses may be
placed in perapective by reference to quoting from a National
Academy of Sciences report.'®
In dazeribing the tharapeutic use of iodine 131 in the traat-
ment of hyperthyroidiam, the report stated:
“, .. There id no evidence at hand, except for one
deubtful case in a child, that any of the treatments
for hyperthyroidism has produced & thyreoid cancer,
although doses have ranged from a few thouzand ead
{roentgens) upward . . .”

There can be circamstances where levels of iodine 131 in milk
can be & more controlling factor than external gamma expo-
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FIGURE 6. —Counting a sample of milk for 1adine 131  The procedurs 1= quek
and mmple—-the milk 12 merely poured mio a plastic copteimer
and set mto the counter, In contraat, anelyss of mik for stron-
tium 9} may require weeks inclading radypehemiecal preparation
of the sample

aures that have hitherto been conzidered of prime interest for
local fallout. However, the totsl potential doses that may bhe
acerned will require the drinking of the milk over pericds of
weeks. Up-to-date technigues and eguipment now permit a
relativaly easy and earty surveillanee of iodine 131 in the milk
supply providing an opportunity for whatever action may he
appropriate (Figure &)

E. STRONTIUM 90 AND STRONTIUM 89

Background Informotien
Strontium %) has a half.life of about 28 years. It is selec-
tively deposited in the hones. Chemically it is related to cal-
¢ium. This similarity has led to the use of the “strontium
unit” defined as one picocurie (2.2 digsintegrations per minuta}
of strontivm 90 per gram of caleium.
Strontium 90 may become sasociated with foodstuffa by
surface contamination of plants or by uptake of the strontium
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B0 Mom the zoil. During yvears of relatively heavy Fallout,
aurfacve contamination has aceounted for the larger pact of
the strontium activity in plants but in the absence of stmos-
pheric nuclear testing the avenue of soil uptake predominates.
The periods showing the highest amount of strontium 90 in
the food supply have been invariably the spring and summer
months following years of heaviest testing. This is because
of meteorological factors and also the fact that surface con-
tamination contributes more to the total strontium 90 activ-
ity found in plant life than does soil uptake during these
periods. (Incidentally, the cesium 137 content of plant life
is even more dependent on surface contamination since only
very small amounts are taken up from the soil) Areas of
heavier rainfall consistently show higher levels of strontium 20,

Milk is one of the best indicators of strontium 90 in the food
supply, yet at the same time it is one of the better sources of
ecaleium. Remember it iz not just the amount of strontium 90
that is important but also how much there is present in rela-
tion to calecium. In fact the total diet has had roughly 1.5 times
as great a strontium Hjcaleium ratio as did milk alone '

Strontium B9 has the same chemical properties as strontinm
00 and will follow the same metabolie paths. Tt is ereated in
much larger guantities than strontium %0 but produces less of
a problem since it has a shorter half-life (53 days) and emits
beta particles with about one-half the energy of those from
atrontium 90 and its daughter produet. For these reasens
the atrontium B9 content in milk may peak at values many times
that of strontium 90 during the periods immediately following
nuclear tests, yvet the total radiation dose to the bone over a
lifetime from strontium B9 may be only one-quarter or less than
that of strontium 90.!

The Data

About 20 million curies of strontium %0 have been created
by atmospheric nuclear tests with about 17 million curies of
this being spread globally. The other 3 million curies fell
quickly in areas local to the testing sites. To date, roughly
8-9 million euries of strontium 90 have been deposited globally,
leaving a calculated & million curies in the region of the atmos-
phere below 100,000 feet (based on measurements using air-
craft and balloons) ' with some additional amounts above this
level. The diserepaney in total numbers is due in part to
radiological decay of strontium 90 but more because of uncer-
tainties in the estimates themselves,

As expected, the peak walue of “strontium units” in milk
was passed in June of 1963 (32 “strontium units™ as a national
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averare),™ In the absence of atmospheric tests these levels
are expected to continue to decline generally except for small
transitory rises during the next few spring seasons. The an-
nual (1963) national average for those areas of the United
States showing the highest values was 26 “strontium units"
in milk. This is less than the 32 “strontium units" predicted
and should foretell less in the bones than predicted.! Inei-
dentally, the amount of strontium %0 in the milk produced
around the Nevada Test Site is among the lowest in the
country.

In general, past predictions of levels of strontium 90 in bones
have been too high. This is due in part to the selection of data
in the upper ranges to avoid underestimations of radiation ex-
posure, Ewven so, it is remarkable that the observed amounts
of strontium %0 in bones have been within about a factor of
two of the predicted amounts considering the fact that such
predictions require the application of many scientific dis-
ciplines —nuclear physics, meteorology, chemistry, plant and
animal physiology, ete.—often to new situations.

That segment of the U.S. population whose bones will receive
the highest radiation dose are children born in 1963 in regions
of heavier rainfall, The total radiation exposure to these chil-
dren—from internally deposited as well as external radionu-
clides —has been predicted to be about 465 mllhmentgena (0465
roentgen) accumulated over a T0-year period. !

Evaluation

The predicted average T0-yvear radiation dose to the bones
of the age group receiving the highest exposure from all past
testa— about 465 milliroentgens (0.465 roentgen) from all radio-
active materials within and outside the body—is about five
percent of the bone dose received during the same 70-year
period from natural background sources.

F. CARBON 14

Background Information

Carbon 14 is produced naturally by interaction of cosmic
rays with the nitrogen in the atmosphere. Although its radio-
active half-life is long—-4T760 yvears—the process of natural
production had been going on for such a great time that the
rate of production and rate of decay were in equilibrium, i.e.,
just as much is formed each vear as deeays away, until nuclear
test detonations were initiated. There is a constant exchange
of carbon 14 atoms between the atmosphere and the surface
of the earth on the one hand, and the deep ocean on the ather,
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with the latter constituting @ regervoir holding ahout 06 pue
cent of the atoms.
Nuclear detunations can also produce carbon 14 by inter-

aetion of the neutrons, produced at the time of the explosion,
with nitrogen of the atmosphere, Approximately 400 mega-
tons of total yvield fired in the air (surface bursts “lose’ about
one-half of the neutrons into the ground) will produce a suffi-
cient amount of carbon 14 to equal the amount normally pres-
ent in that part of the earth's biosphere that determines
radiation exposure to man. However, half of this newly-added
carbon 14 “disappears” into the deep ocean within about 33
years."  One-half of that remaining in the atmeaphere likewise
“disappears” in the following 33 yvears, until only a few percent
remains.

Radioactive isotopes act chemically similar to their stable
counterparts so that not only i= stable carbon but also ¢arbon
14 found in all living cells, Thus, although carbon 14 emits a
beta particle of very low energy that travels a very shert
distance it nevertheleas irradiates ezsentially the whole body
at a rate of approximately one milliroentgen (0.001 roentgen)
per yvear. This is the natural backpground rate for carbon 14.

The Data

Since nuclear weapons testing started 511 million tons total
energy yield have been released. Considering the copditions
of firing (surface versus air bursts) abeut the same amount of
carbon 14 was produced from all past tests as is normally pres-
ent in that part of the earth's biosphere that determines radia-
tion exposure to man, Assuming that mest of the carbon 14
produced by the detonation will “disappear” into the deep ocean
with a half-time of 38 years, the estimated whole body exposure
for 70 years is 37 milliroentgens (0.087 roentgen).!

After this T0-year period the dose rate from bomb produced
carbon 14 will be about one-quarter of that at the start, i.e.,
about one-quarter of one milliroentgen (0.00025 roentgen) per
yvear. Thereafter, the activity will persist for thousands of
vears but at ever decreasing levels.

Evaluation

The radiation exposure from carbon 14 may account for
roughly one-third of the total radiation doge from fallout over
the next 70 years. Because of its long radiological half-life,
it will persist at low levels of activity for thousands of vears.
However, even before the T0-year period is completed the dose
rate from carbon 14 will be so low as to be non-measurable,
This does not mean that the radiation is not “there"” but it will
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be minuscule compared to natural background levels or even to
normal variations of backpround radiation.

G. WATER AND AlR

Bodtiground lnformation
Wetsr

Contaminstion of water aupplies does not consiitute a major
souree of intake of radioactive fallout debris. In the casze of
sutface water supplies there ig a very large dilution faector.

In the case of underground nuclear detonations the fission
products are restricted largely to the immediate vicinity of
the detonation due principally to two factors. Firstly, for
underground shots to date approximately 90 percent of the
fission products have been fixed in a glassy type of material
formed by the detonation. Secondly, ion exchange betwaen
axch key fission products as strontium M and cesium 137,
and the soil resulted in slmost all of the remaining activity
being adaorbed within a matter of perhaps tens to hundreds
of feet away from the source.® In addition to fission prod-
ucts, tritium may be formed in varying amounta, This radic-
izotope prebably is not greatly influenced by the two factors
mentioned and must depend upon the dilution factor for re-
duction of the concentration in the water —at least for under-
ground detenations. For above ground or cratering shots,
the tritium largely escapes inte the atmesphere’ where very
large dilutions occur. Theoretical caleulations sugpest it
may be possible for relatively high concentratione of tritium
t0 be present in the amount of water immediately surrounding
ground zero of aome underground nuclear detonations.”

Essential to predicting poiential contamination of ground
water ia the determination of the water movement. The most
aatisfactory method of obtaining the necessary data for this
prediction ie by drilling operations. Although these are ex-
pensive operations they are carried on extensively at the
testing sites.
Al

Az long as the fallout meterial from atmospheric tests re-
mains in the air some may be inhaled and irradiate the lunga.
This radiation dose to the lungs normally is leas than external
whaole hody exposure oceurring after the fallout has been de.
pogited on the ground. Alse in general, inhalation iz only a
minor contributor to the intake of fallout debria into the body -
ingeation ia the much more important route.

The whole body will also receive some exposure from the
penetrating pamma raye while the fallowt materiat is in the
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nir, but this dose will usuully be small compared to the exposure
that follows after the debrir iz depogited on the ground, How-
aver, thig ratio of dozes may not hold for events where most
of the radiogetivity that escapes beyond the test site is in the
form of gasea or finely suspended particles that are confined
to a relatively ghallow layer of air near the surface.

Measurements of total fallout activity in air (called grose
beta counts) provide only a crude alerting system, It is tiot
B reliable procedure for predicting the amount of fallout to
be deposited nor the amount of iodine 131 in milk.® Because
of the transitory nature of the fallout debris remaining in the
air {and sometimes because of the particular choice of units
used in expressing its concentration) what may sound like an
alarmingly large amount may, in fact, result in only minor
radiation doses.

The Duta
Wolker

The highest measured fallout activity in water was at Upper
Pahranagat Lake, Nev., in 19556 amounting to ¢.14 millionth of
a curie per liter.® Hince this was a total grosa beta count it is
difficult to give a precize eatimate of the potential radiation
dose. A crude analyais suggeatz that if this water had been
stored snd used a8z a avle supply for T0 years the total dose
might be about one roentgen to the bones and one-quarter
roentgen each to the thyroid and lower large inteatine.

No radioaetive fiagion products nor induced activities inelud-
ing tritium from underground teats havae been fonnd in under-
ground water supplies at places of human consumption.

Air

The highest concentration of radicactive debris in the air in
a populated aren off-gite (except for the Marshallese experience
whete measurements were made only after the passape of the
cloud) wsas about 1.3 millionth of a curie per cubic meter aver-
aged over the 24 hours the activity was present.™ This hap-
pened at 5t. George, Utah, on May 19, 1953, The estimated
rediation dose to the lungs from inhaled fallout debris wan less
than 0.2 roentgen?®® The external whole body exposure from
the fallout while it wans still in the air was roughly estimated
to he 0,025 roentgen--only about Y of the whole body exposure
that occurred after deposition of the Fallowt.

Evaluation

The concentrations of fission products or tritium in the water
supplies have not constituted major sourcea of radiation ex-
posure to man., There is & large dilution facter when surface
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waber supplies ure contiaminhated, and the isgion products frem
undetground nuclear detonations largeiy become fixed at and
near the site of the explosion. Whereas, theoretical culcula-
tions sugpest that concentrations of tmtium in the water may
be above accepiable limita for some underground nuclear
detonations, thia refers only to the water immediately sround
ground zero. Some dilution iz to be expected if it moves off-
gite and, more importantly, the eriterion of “acceptable limits™
iz heged on the assumption that all of the water drunk through.-
out a lifetime will contain the aame concentration of tritinm as
get by the limits. The quantity of water initially contaminated
to these limits by an underground nueclear explosion is rela-
tively small and wounld not constitute the sole supply for a life-
time. Further, {ritium decays with a half-life of ahout 12
VEeAars.

Much less radicactive fallont debria enters the body by in-
halation than by ingeation. While the debris ia in the air out-
gide the body the radiation exposure is much less than after
the material has been deposited on the ground with the peszible
exception of certain situations noted above,




SECTION I,

OTHER ASPECTS

A. BLAST - DIRECT AND REFLECTED

Background Information

Direct blast waves that are potentially damaging are con-
fined to the immediate testing site areas. Under certain
meteorological econditiona, however, blast waves may be re-
fracted {bent) from an upper atmozpheric level hack to the
carth and thus create higher air pressurez than would be
expected at those distances,

One layer in which this may happen is between 25,000 and
50,000 feet altitude where winds may cause a focusing effect
at some 2050 miles from the point of detonation. In turn,
the blast wave may be repeatedly reilected from the ground
and bent back from the atmosphere creating a series of regular
spaced pointa of focus at the earth’s surface with intervening
“silent” gpaces. Such an effect has vesiillted in minox struc-
tural damage, such as breaking «f windows, 78 to 100 miles
from the paint of detonation at the Nevada Test Site ™ (fig. 7).

A similar effect iz obtained when blast waves are bent from
a laver of relatively warm zir, called the ozonosphere, at a
height of 20 to 30 milea. The point of first return to the earth
in thie caae i& 70 to 150 miles from the burst.

There may be a return of sound waves from an altitude
above 60 miles (ionogphere). Most of this blast energy is ab-
sorbed, however, resulting in no recorded structural damage.
In some cases audible sharp eracks and pops have bean heard.

Procedures and eguipment have now been developed to
preédict with greater aecuracy the magnitude and direction of
theee refracted blast waves.

Tha Dot

Although the blast wave decreases in anergy with each sue-
ceeding refraction back to the earth's surface, there has been
breakage of windows on a second “strike” at 285 miles from
only a 17 thouasnd ton (TNT equivalent) nueclaar explosion.
(All together about $50,000 haa been paid for structural damage
claima from all tests at the Nevada Test Site.} There have
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FIGURE 7.- & downtown Laa Yegas wmindow, showng hew the glass was sucked
out by the parefaction wave, pather than pushed m by the com-
presxicn wave reaulting from the November 1, 1961, nuckear tast
At the Mevada Tent Site,

been no significant structural damages from refracted blast

waves since pood predictive methods have been developed.

There has been no khown casze of direct injury to man or

animals from the refracted blast waves.

Evaluotion

The predictive procedures developed resulted in grestly
minimizing off-aite damage from bhlast effecte, In fact, theve
have been only incidents of aingle windowa beirg damaged
mince 1968. Two occurred in 1955 and a third in 1867.
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B. THERMAL RADIATION—FLASH AND HEATING EFFECTS

Backgraund Infenmotion

Levels of thermal radiation that can produce skin burna are
limited to the immediate testing =ite areas. Effect2 on the
eves, however, may extend for mueh greater distances.

These effecte may ba either permanent damage te part of
the eye or 8 temporary flash “blindness.” The latter iz onty
a discomforting effect but ¢an be potentially hazardous in the
cage of automobile drivers and aireraft pilota, This is one of
the reasons why certain areas of highways have been cloaed for
specified periods of time around the Nevada Test Site and also
why the same precautions have been taken for the air lanes
around the Nevada and Pacific testing sites.

Perhapa surprisingly, the amount of heat (calories) received
per unit area on the rear portion of the eyeball (retina) does
not decrease with inereasing distanee from the point of burst—
except for the absorption {attenuation) effect in the atmos-
phere. While the expeeted decrease in energy per anit area
does cecur outside the eye (the inverse square law), the image
formed on the retina correspondingly decreases in size in the
same proportion. The result ia that the thermal dese, in cal-
ories per unit areas, remains constant but it covers a smaller
area on the retina. ‘This reduction in image size on the retina
with increasing distance from the burst continues yntil it
reaches approximately 9.00018 inch (7 microns) in diameter
which is generally taken as about the limit for the maximum
focusing effect of the human eye. (H course a dilation of the
pupil of the eve, auch as at nighttime, will permit more light to
enter and, although the retinal image size does not change, it
can be relatively more hazardous. Alsc, it iz assumed that
gny light pathering devices such as binoculars almo weuld
inerease the hazard.

Any damage to the retina probably would not be detected by
an eye examination if it were less than 50 micronz in diameter.
Actual funetional impairment of vizgion probably would not be
noted if the lesione were mild and lese than 50 misrona in diam-
eter on the fovea —the most sensitive portion of the retina.

There may be lesa injury to the retina of the eye if a given
total amount of thermal ¢nergy is received ai a slower rate,
i.¢., there is more opportunity for the adjmcent cells in the
retina to conduct away aome of the heat. High yield detona-
tiona in the lowear atmeaphere exhibit a slower rate of delivery
than low yvields {say, a million tons versus 20 thousand tons).

At very high altitudes, zay above 150 miles, only about
Yior,o0e of the total yield from a megaton detonation appears
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prompily as energy o the visible light region because of the
thin atmosphere.® Principally for this reason, such high alti-
tude detonations do net present a serions hazard for eyve dam-
age. Detonations cecurring at lesser altitudes encounter more
atmosphere, where there are greater aopportunities for inter-
action of the bomb debris with the air, resuiting in a greater
fraction of the total enerpy appearing as prompt vigible light.
Detonationa below about 60 miles can produce sufficient
energy in the vigible light vegion to be a potential eye hazard
if they oecur mbove the horizon and are viewed directly. Ex-
perience at Hiroshima and Nagasaki suggest that perma.
nent eye injury would be expected only if ene were looking
directly at the fireball. Thia applies only to the inatant of
burat. If the detonation cceurs below the horizon, the instant
of high thermal energy release is past bhefore the fireball
rieee into view. Under these conditions human reflexes of
blinking or furning away should further insure safety.

The Dgta

There have been no recorded permanent eye injuries to
pergona off-zite, although a few individuals near the Nevada
Test Site have complaimed of temporary eye impairment.
The burst from a 1.4 million tons detonation that took place
over Johnston Ielend in the Pacifie on July 9, 1962 at an aitj-
tude of about 260 miles was viewed directly under nighttime
conditions by thousands in the Hawaiian Islands without
any reported eye injury.

Six military personnel participating in nuclear weapons
tests have received eye injury—only one of which resulted in
8 severe visual handicap.® * The latter individua! “sncaled”
a view over his left shoulder at the time of the detonation re-
sulting in a reduction of 20/20 viaion to 20/100 in his left eve.
It did not improve with time. His right eye apparently was
shielded by his wmose and retained its 20/20 visual acuity.®
(Values such as 20/100 represent the ability of the eye to read
standard letters and cheracters at 2{ feet that 2 normal aye
could read at 100 feet. 20/400 is generally interpreted as
legal blindness.)

Two military personnel at Johnston Island participating in
the high altitude tests ir 1982 also received eye injury. Im-
mediately after the exposure, the visual acuity of both eyes of
one man dropped to 20/400 for the area of primary retinal
injury and 20/100 for adjacent areas of the retina. Thia man’a
visual acuity recovered to 20430 in one eye and 20/40 in the
other abeut one month later, and to 20/25 in both eyea about a
yvear afterwards in the area of primary retinal damage. The
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FIGURE 8. —Spevial high density gopples are worn by cbheervers on-gite at the
Nevada Test Site. MNote man at eight of center without poggles,
but who has tarned awey from the directon of burst. Ths pro-
cadure is equally safe providing there i2 noe reflesting surface
directly in view,

other man’s visual acuity followed a similar pattern starting
at 20/400 in both eyes in the area of retinal damage and 20/60
in the adjacent areas. These recoverad to 20/50 and 20480 in
a month, and at one year later to 20/40 on one eye and 20/60
in the other in the areas of primary retinal damage ¥

Experimental rabbits were exposed under nighttime condi-
tions to the high altitude shot on August 1, 1968 - a detonation
in the mepaton range at an altitude of about 48 milea., Lezions
with diametars of ehout 50 microns were observed cui to
3245 miiles —tha farthest distance at which rabbits were axpozsed.
Evoluation

Nuslear detonations in the yield range tested offer no perious
hazarde te the eye when they are at very high altitudes, aay
shove 150 miles, or below the horizon at the instant of burst.
Detonations in the lower atmosphere should not be viewed
directly without the aid of special high densiity goggles {Fig-
ure 8). FPaat precautionary procedures of closing highways
and air lanes near the testing sites at the times of burste have
added to the safety in respect to polentisl eye damage. The
procedures alse were useful in preventing a driver or pilot
being startled while in motion,
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C. WEATHER

Bodkground information

Interest in the possible effects of nuclear detonations on the
weather fall into two elassea; one, direct effects hecause of the
energy released, and two, triggering effects.  The latter effects
might ba (a) a catalytic effect from the particles thrown into
the atmosphere (pomathing akin to clond seeding with silver
jedide crystals), (b} a change in the electrical conduetivity of
the sair aince radioactive debris containa charged particles, and
(e} a reduction of solar energy received on earth owing to the
guantity of duat thrown into the atmosphere.

The Duta
The conctusions of many studies and experiments of these
possible effects are best presented in reference:™

L. " .. The energy of gven a thermonuclear ax-
plogion i3 small when compared to most large-zscale
weather procesaes. Moteover, it is known that much
of this energy is expended in ways that cannot directly
affect the atmosphere. Even the fraction of the energy
which is directfy added to the aimosphere is added
in a rather inefficient manner from the standpoint
of affacting the westher. Meteorologists and othery
acquainted with the problem are readily willing to
dismiaz the pozsibility that the energy mleasaf by
the explosions can have any important direct effect
on the weather processesg . . .”

2. “ .. The debris which haa been thrown up into
the atmosphere by pant detonations was found to he
ineffective a3 u eloud-seeding agent . . .7

8. “ _ _ The amount of ionization produced by the
radioactive material is insignificant in affecting general
atmoapheric conditions . . "

4. . . . Dust thrown into tha air by past veleano
eruptiona decreased the direct solar radiation received
at the ground by as much as 10-20 percent. The
contamination of the atmosphere by past nuclear tests
has not produced any measurabie decrease in the
amount of direct sunlight received at the earth’s
surfaca. There i3 a poasibility that a series of ex-
plosions designed for the maximum efficiency in
throwing debris inte the upper atmosphere might
aigniﬁcnntly affect tha radiation received at the
ground . ..

The volume of material ejected by Krakatosa volcanic eruption
in 1283 was approximately 13 cubic miles with an estimated
one-third of the volume being spread woridwide.* This re-
sulted in & diminutien of the amount of sunkight received on the
ground
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Asa a crude comparisen, the 10.4 million tons TNT equivalent
nuclear detonation on October 21, 1952 on the island of Elugelab
in the Pacific left a crater of about one mile in diameter and
170 feet deep at its apex. Assuming conservatively that
the crater waa a right angle cone and that all of the dehria
was thrown inte the atmosphere, i.e., none of the depression
was caused by compreasion, it is eatimated that about 15,000
million tons TNT equivalent of surface detonations would ba
required to eject an amount of dust into the atmosphere equiva-
lent of Krakatoa.

Following large nuctear detonations in the Pacific minor and
temporary weather changes have been observed, auch as loeal
cloud formation sometimes with loesl precipitation, whare
the moisture conditions in the atmosphere are most favorahle
for this eflect.

Evalyation
The most inclusive avaluative statements made are found in
references 31 and 2.

“, .. No statistically significant changes in the
weather during the first ten years of the atomic age
have baen found, yet careful physical analysiz of the
effecta of nuclear exploaions on the atmosphers must
be made if we are to obtain a definite evaluation of this
problem. Although it iz not possible to prove that
nuclear explosions have or have not influenced the
weather, it is believed that such an effect iz un-
likely . . .” (1956).

“ .. although there has been mueh speculation
about the influence of atomic teating on weather, there
atill appeara to be no additional evidence auggest
ing a caunse and effect relationship . . . (1560).

D. GROUND MOTIONS — EARTHQUAKES

Background Information

A wida variety of factors determine both the ground motiona
and structural responses from nuclear detonations, i.e., energy
vielda of the detonations, distance from ground zero, depth of
the shot and depth of measurement, and the nature of the
ground (hard rock, ete.). “Competent” rock such as granite
eotplea and transmits more energy into seismic ground waves
then doed elluvium-—a noncohesive sedimentary deposit.
Although ground waves witl be more rapidly absorbed in al-
luvigm, it iz poasible for waves to travel great distances along
the gurface with relatively large amplitudes (amount of motion)
if the alluviom is very thick. Howewver, these surface waves
die oyt rapidly with the depth int¢ the ground. Becsunse of the
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above foclors, it 13 neceszary to analyze each situation in
predicting possible ground motions and structural responses.

One way to express the eifects of ground motion iz in anits
of “g"” This refers to the acceleration that a freely falling
body experiences on earth, i.e, 32 feet per second change in
velocity for each second that the acceleration occurs. As a
‘rule of thumb” —~the threshold of ground motion that may
be perceptible to humans is one-thousandth (Yww) of a “g.”"
Ground motions can be gccentuated at higher places such as
tall buildings.

A= another “rule of thumb,” one-tenth of a “g" iz frequently
arceepted as the criterion for thresheld of property damage.
However, this is baged on damage from earthquakes and pres-
ent deta show that seismic waves generated by nuclear detona-
tiong and chemieal high explosives result in less damaging
effects than would be predicted for the same peak acceleration
from en earthquake. Fart of this difference may lie in the
fact that ground motions from earthquakes persist for a longer
perind of time for each shock.,  Also, there are repeated shocks
in mosat casea. Thus, strectures are subjected to moere damag-
ing effects because of the number of shocks sand greater dura-
tion of each shock than would be the case for the same peak
acceleration experienced as a result of ground motion from an
underground nurlear explosion.

Since nuelear detonations produce ground motions, it has
been apecuinted that thay may “trigger” a natural earthquake.
It iz not poeesible to have & natural earthquake, however,
without prior storage of atrain energy —a process that ocenrs
over a period of yeara. It would be necessary to condust an
explosion several miles deep in an earthguake susceptible
aresa to be near a zone where the stress might be great encugh
for an incipient quake tg be triggered.®

The response of structures to earthquakes has been the
subject of study for many years and satisfactory procedures
have been developed for design of struetures to withstand the
effects of earthquakes. However, in these casea the interest
is in significient structural damage, rather than plaster crack-
ing or other minor effectz. In the case of underground nuclear
explosions the site is selected with safety in mind so that struc-
tures outside the test area will not ordinarily be subjected to
groond motions of more than zmall amplitude. The pos-
sibility that light damage may result, therefore, muat be
considered.

Tha Data

The maximum range at which seismic wavee from the larg-
ast nuelear detonationa to date at the Mevada Teat Sikte gre
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known to have been perveived by persons without benefit
of instruments has been about 100 miles. These fow persons
were situated under conditions favorable to the amplification
of the ground motions. Neo steoctural damage from ground
motion has been experienced beyond about six miles from the
gite of the nuclear detonations.

Evaluation

Recorda of grocid motion are iow available for many under-
ground nuclear explosions. Analyses of data and application
of geophysical principles are resulting in a steady improvement
in methods of prediction of ground motions for piannaed eventa.

Sinee ground motions from underground nuclear explogions
are ditffarent in some reapacts from those from an earthguake
and thera iz a need to prediet marginal damage to structures
for such explosions a new approach ig required. The analyti-
cal procedures for atructural response penerally are valid
and can be applied. Additionsal direct test information is
required and is being acquired by the AEC. Until more data
are developed, conservative estimates of the effectz may be
made by comparizon with damage which might be sxpected
from the same amplitude of ground motion In an earthguake.
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SECTION 1.

GENERAL EVALUATIONS

The decision to conduct nuclear waapons tests for the defense
of our country was made at the highest level of our Govern-
ment. The Atomic Energy Commission was charged with the
responsibility for carrying out the program. The AEC sought
snd followed the best advice both from within and outside the
Government in the conduet of new and potentially hazardous
operations. The record, as summarized above, must speak for
itgelf ar to potentizl risks incurred to the publie in the fulfill-
ment of a miszion eagential to national security.

(M all the health sspecta of nurlear weapons testing, that of
radiation exposure hasg received the greatest attention. If,
as the data and their evaluation given sbove indicate, there
has been a relatively low degree of risk associated with past
atmospheric tests {except for the fallout on the Marshallese
and the Japanese fishermeny}, then why has there been z0 much
coneern expressed? There are probably several reasonsa,

Firatly, whereag the potential radiation exposures are only
a very small fraction of those received from natural back-
ground gources, they are, of courge, additionel amounts.

Secondly, in the abesence ef positive preof otherwise the
prudent assumption iz aceeptad that for every small increment
of radiation exposure there is o correspondmg increment of
biological effect ('linear” soncept) —rathet than the “threshold”
concept where a certain total radiation dose must be received
before irreparable damage occurs. Based on this and other
assumptions, admissible theoretical calculations can be made
as to the potential number of genetic mutations, of cases
of leukemia, etc. that could result from falieut. Thia linear
concept leads axiomatically to the situation of there being no
gharp dividing line below which there is complete safety and
above which there is & serious hazard. Radiation protection
guides, therefore, must be derived on some additional basis,
an noted next.

Thirdly, there has been some misinterpretation of the radia-
tion protection guides. The use of the linear concept ieaves
littie choice for deriving radiation protection guides, i.e. —there
muost be a balancing of the "benefits” anticipated from any
atomic energy program, whether it be for normal peacetime
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vperations or national defenze, ngainst the “risks” (radiation
exposurey. Obviously, this in an exceedingly complex and, in
part, subjective process.

In gpite of these difficulties this balancing of henefits from
normal peacetime operations againet rigke has been performed
by the Federal Radiation Council (FRC) reaulting in their
recommending radiation protection guides for this purpose, *® ¥
In n letter of Aupguat 17, 1962 to the Joint Committee on Atomic
Energy, Congress of tha United States, the FRC clarified
further their published Guides:

“ .. the Guidezs were originally developed for
application as guidelines for the proteetion of radia-
tion workers and the dgeneral public againat expoaurea
which might result during ‘normal peacetime opera-
tions' in sonnection with the industrial nse of icmizinq
radiation . . . the term ‘normal peacetime operations
referred specifically to the psaceful applicationa of
nuclear techmology where the fpr'in'.w.r_‘.r control is
placed on the design and use of the source. Since
numerical values in the Guides were deaigned for the
regulation of a continuing industry, they were of
necessity set 0 low that the ypper limit of Range 11
can be conaidered to fall well within levels of exposure
acceptable for a lifetime. Furthermore, to provide
the maximum margin of safety, the upper limits of
Range II were related to the lowest possible level at
which it was belisved that nuclear industiial techmol-
ogy ceould be developed . . "

Guides developed primarily for use by industry in restricting
its releases of radioactive effluents to the genersl environment
outside their controlled areas are, of covrse, very materially
lower than those that might conatitute a seriona health hazard.

A fourth reason why concern has beaen expressed about
health risks from fallout may lie in the area of cansal relation-
shipa, i.e., the identifying or agseoviating of nuclear tests with
nuclear war. There may have been established in the minds of
some that nuelear weapons testing and nuclear war go hand-in-
hand, i.e., the first axiomatically leads to the second. A dis-
cusgion of eansal relationships is bevond the acope of this
booklat, yet one point must be made.

Ag a matter of technical fact, nuclear weapons of proven
performance would not have been possible without the testing
of nueclear devices and the verfying of nuclear concepts that
were incorporasted into their design. Whatever protection we
enjoy from our nuclear arsenal results from a stockpile of test-
proven nuclear weapons, not a stockpile of drawing board
sketches.
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APPENDIX

SAFETY PROCEDURES AT THE NUCLEAR
TESTING SITES

NEVADA TEST SITE

Ganarp!

The safety programs and procedures described below were
in use during atmospheric tests at the Nevada Test Site.  Since
the signing of the Limited Test Ban Treaty essentially all of
these programs remain in effect, but generally at a reduced
favel, thus providing for a continuous monitoring of persone
and the environment for documeniary purposes, and aasur-
ance of & nucleus of well trained personnel (fig. 3.

The health and safety of persons was the major considera-
tion in the original selection of the Nevada Test Site and this
conkinnes ko be of paramount importance during the econduet
of nuclenar teste, An exhaunetive zeaveh was made before the
Nevada site was zelected as the most suitable one. It orig-
inally eontained 600 aguare miles {later expanded to about
1,290 square milas) adjacent to the U.S. Air Foree Gunnery
Range of 4,000 zquare miles. For purpozsa of general yafaty,
as well sz security, the Test Site was and continues to de closed
to the public. Safety of personnel waa and ia further asaured
by acrial and surface surveys made prior o each detonation
to determine that no one had wanderad into the area.

Bayond these conirolled areas are wide expanses of aparsely
populated land, providing optimim gonditiong for maintenance
of safety. Although the area is guite aparzely populsted the
individual resident has been given full consideration. Hadia-
tion monitors have been presenti during times of teating and
there have been cccasions when residenta have heen relpcated
for a day or 30 to insure fully their safety. Personsz relocated
have received financial remuneration for such movementa.
There have alao been occasiona when persons have been asked
to remain indoors for a few hours to reduce the radiation dose,
although the out-of-doer exposure would have been far from
hezardous.

Befare each and every nuclear detonation at the MNevada
Test Site, an Advisory Panel of experts weighed carefully all
of the facters that ingured safety. On the panel were repre-
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sentoatives from the fielde of public health, medirine, meteor-

slogy, fallout phenomenalogy, blast and thermal effects, ate,

As a result of these deliberations more than 200 delays in firing

have bagn made at a cost of millions of dollars, to insure safety.

The Advisory Panel continunes to funetion for nnderground

teats.
The principal cause for the delays was the requirements
for proper weather conditions to ingure minimuom faliout in

34




-—

populated areas. Meteorologists predicted downwind tra-
jectorieg, precipitation and other factorz which counld aifect
levals of fallont, The data from the weather stations were
currently available almoat up to the exact time of the shot.
A detonation could be cancelled at any time up to a few seconds
before shot time. A more complete deseription of the metecr-

ological program is given below.

To insure safety to mireraft, both from the initial flash of
light and any radioactivity in the air mass moving off-zite
from atmospheric tesis, a representative of the Federal Avia-
tion Agency was made an intregal part of the Test Organiza-
tion. He prepared flight advisory plans based on the type of
event and on the predicted meterclogical conditions. The
plan delineated flight patterns and areas and recommended
alternate routes, if required, by commercial and private air-
eraft. Frequently the FAA closed epecific air lanea and re-
routed aireraft for apecified perieds.

Blast effects were minimized by predicting blast wave in- !
tensities based on the wind and temaperature profile axpected
at shot time. Since long distance blast pressure propags-
tion i3 strongly dependent on wind profile structura, calen-
lationa were made for many directions and distances from
the test site where posgible window damage might have oc- j
curred. In arder to improve blast ealculation technigques, a o
network of eapecially sanaitive mierobarographs was aperated \
at as many as 17 off-site locations to record actual shot-pro- )
duced pressures in Nevada, California and Ttah. It was :
rarely necezsary to racommand a delay in firing time solely [
because of predicted blast effecta since meterclogical condi- ?
tions uniavorable for fallout vsually were alas unfavorshle i
for hiaat.

Full off-site radiolopical monitoring coverage was and ia | '
provided by the U.S. Public Health Service ander a Memo- "
randum of Agreement with the U.B. Atomic Energy Com-
miggion. There were and are extensive wmonitoring programs,
nelnding mebile monitoring teams, Alm badges, air samplers,
antomatic gamma recorders, collections of milk, vegetation,
goil, ete. A more complete deseription of these programs is
given below, All of the key data obtained from these monitor- : ]
ing programs were and are reported in the open literature | ﬂ

such as the Atomic Enerpy Commission's Semiannwal (now f ;
annual} reports to Congress and the 1.8, Public Health Serv- g
ice’s monthly publication, Rediclogical Health Dala, An ex- |
tensive public informatien program by the 1.8, Public Health ;
Bervice continues around the Nevada Test Site (fig. 10). D
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FIGURE M), =Fublic Heaith Service reprasenistive conducting  meeting
ler cne of the loval homes in Las YVegas, as & part of an extenaive

educationsl program around the Nevada Test Site.

Waother Pradichion

The Weather Bureaun Hesearch Station was started in 1956
to ztudy intensively the meterelogy of the Nevada Test Site.
In late 1957 the station became respongible for providing me-
terological support for nuclear weapone tests. Prior to theee
dates thiz function was performed by the Air Weather Service
of the U.85., Air Force, The Weather Bureau station at the Ne-
vada Test Site received all of the atmospheric sounding infor-
mation taken every aix hours by the stationa shown on the
map (fig. 11), and most of the hourly and six-hourly weather
information produced in the entire UUnited States, Ceanada,
Mexico and eastern Pacific Ocean. In sddition, there were
and are some 26 wind, 20 temperature, and 18 precipitation
measuring stations located on the Test Site. Ten of the wind
and three of the temperature stations that reflect major ter-
rain effects at and near the Nevada Test Site provided telem-
etered information for use just prior to and immediately fol-
lowing each nuclear detonation.
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FicURR 11, -11.5. Wenther Burean staiions furnish information svery mix
houra for forecasting purpossa.

The Mereury Weather Btatlon made a daily study of the
woather conditions over the Nevada Teat Site and environs,
using all available local information and reevaluating analyzes
furnished by means of facsimile from the National Meterolog-
jfcal Center (NMC) at Suitland, Md. The latter Center proc-
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F1GURE 12, = The Weathor Station at the Nevads Tuat Site senda radar obhsevver
batloons to the upper atmosphere to check on tempersicrss,
dew points, humidity apd wind relpcities. The radar tracking

istrument om top of the station cherte wind veloelties and
dirartiona.

eszed most northern hemiaphere data, much of it electron-
ieally, and used the fagteat and moat modern techrnigues in
producing forecast charta of the large scale features of the
atmospheric circulation, The Mercury station, having more
local information and the benefit of numerous studies of
loeal meterslogical conditiona, adjusted the NMC infarmation
to make forecasts having the higheat posgible acenracy for NTS.
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On the day prior to caeh nuclesr detonation, a formal de-
tailed brefing wag given to the Seientifie Director, the Test
Manager. and his Advisory Panel covering all foresecable ways
in which weather might influence the suceess and safety of the
test. All such briefings included wind gpeeds and direction
predictions to st least the maximum clond height obtainable,
expected changes in wind during the day, therma! stability,
clouds, precipitation, trajectories of aerosoly, the effact of wind
ahd thermasal structure on the diffusion end deposition of
effuent materials, and the maximum radiation dosages that
could eonceivably result on and off the Test Bite. Changes,
if any, from these predictions were presented at subszequent
bhriefings just prior to arming each device, In fact one of the
major factors in arriving at goed predictionz wasz the series
of “wind runs” usuaally at one-half hour intervals up to zero
time (fig. 12).

Moat of the programs remasin in effect as a further assurance
of safety in the event of the release of any radicactivity from
underground tests.

Rediclagical Surveillonce

Routine programs were and are conducted continuously
within a radius ef approximately 300 mileg from the Nevada
Test Site by the U.5. Public Health Service.
Aircrel Menlioting

Since 1962 the U.8. Public Health Service has owned and
gperated two aircraft for cloud sampling, Prior to this date,
this function was accomplished by the T.8. Air Ferce. Each
aircraft carried egquipment to collect airborne activity both
particulate and gaseous. Both planes carried equipment for
continuously monitoring the gamma radiation. Additional
11.5. Air Force planes equippead for cloud sampling and tracking
were available and were on call. Arrsngements were made for
the use of another apecial aircraft for radiolegical monitoring
surveying at H-+24 hours.

The eapabilites of aireraft monitoring eontitiue to be main-
tained,

Moblle Gromnd Masdaring

Mobile ground moenitoring teams were deployed in the down-
wind sector prior to each teat to supplement the routine sur-
veillance which was a part of the continuous surveillance
program. The downwind sector was determined by informa-
tion obiained from the U.S. Weather Burean personnal as-
gigned to the NTS. These monitoring teams conagisted of two
men. Each team was equipped with beta-gaumma soarvey
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FiGURE 13.- Momtoring for extermal gamma radiation near the Mevads
Teat. Site by U S, Pable Health Sarvice peraonnel.

i

instruments {fig. 13}, chamber survey instruments, fallout trays
and additional air samplers and recorders. Each vehicle was
equipped with two-way vgice radic eommunication. The
number of teams nsed for each event was determined in ad-
vance by the predicted radiclogical situntion, however five to
ten teams was the ugusl number deployed. Up {o 20 teama
could be erganized within a short time, but were not normally
maintained on a standby hasis,

Mobile ground monitoring teams= are still maintained on a
standby basis and wsed when needed.

Al tompling

There were and are 30 permanent air sampling stations in
operation 24 hours per day in the area surrounding the NTS
at distances up to 180 miles distance.

The air zamplers used are high volume wunits, drawing air
through an 8" x 107 glass fber filter {fig. 14). When deemed de-
girable, a secondary activated charcoal cartridge is added for
the colleetion of gaszeous fission produeis. Flow rates are ap-
proximately 50 cubic feet per minuate (c.f.m.) for the glass fiher
filter alone and 26 c.fan. with the charcoal cartridge added.

40




FIGURE 14 —High volpme mr sampler. The largw glass Bber flter t= for col-
lection of particulates. Hehund the filker w placed an activated
cherceal cartridge to collect pFasesa auch as radioodines

!

Glass fibar filters are counted for gross beta activity in the pro-
portional region.

All charcoal cartridges, and any glass fiber filters with
girosa beta activity significantly above background levels are
assayed with a 400 channel gamma gcintillation apactrometer,
using o steel shield for a 4" x 4° Nal (T'l) etystal with a Cal¥
peak resolution of eight percent for identification of specific
gamma-emitting isotopes.

Fibn Fadiping

Film badges were distributed to hundreds of locations around
the Test Site and to as many as 1600 persone during certain
operations. Presently there are abont 50 locations with some
200 persons wesring fiim badges. Film badges were and are
collected mnd processed monthly. In the event that radio-
activity wasz found in the area by the mobile monitoring teams,
film badges were collected from these locations and from
people living in the area; new film badges were distributed.
Additional stations and people were included if the situation
required more extensive momtoring.
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FIGURE 15.—Collection of water sample near the Nevads Test Site by U5
Public Henlth Service povsonnel

Mitk Swvwplieg ‘

Milk samples were and are collected routinely one time per
month within the 300 mile radius of the NTS, from approxi-
mately 25 sources, ineluding all dairies and some additional
rancheg having one milk cow. In the event that radioactivity
was found in any area additional msamples were collected often
ot a daily basis,

Wakr Jomphe

Water samples were and are in general colleetad monthiy
from approximataly 30 sources (fig. 15). There were no known
surface suppliez for human use in the off-site area except for
Lake Mead.

Resaonch

In support of the eperational procedures deseribed above to
aseure gafety to the publie, there were and are exiensive basic
and applied reasarch studies condueted in such flelds an me-
terology, hydrelogy, and ground motion. These were and are
accomplished by (a) cooperation with ether Government agen-
cies including the U.B. Weather Bureauw, U.8. Public Health
Service, U.38. Geovlogical Burvey, 1.8, Bureau of Mines and U.8.
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Coagt and Geodetic Survey, () contracts with consulting or-
ganizations zuch 55 Roland F. Beers, Inc., Alexandria, Va,
Hazelton-Nuclear Seience Corporation, Palo Alto, Calif, and
Holmes & Narver, Inc., Los Angeles, Calif., and (¢) individual
consultants.

The total annusel expenditure for the operational and ve-
search studies directed toward safety at the Nevada Test Site
currently ia over $8 million.

In addition, there were and are numerous programa carried
oh as part of the laboratories’ scientific effort that have a
bearing on safety and contribute greatly to the basie under-
standings. One of the earlieat and most valuable were those
environmental studies conducted by the Department of Bio-
physica and Nuclear Medicine, University of California Medical
School, Los Angelea, Calif. Also, in May 1963 a new Biclogy
Division at the Lawrence Radiation Laboratory at Livermore,
Calif., was formed with one of ita prime missions to inveati-
gate problems dealing directly and indirectly with radicactive
fallout, especially radiviodine.
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APPENDIX

SAFETY PROCEDURES AT THE NUCLEAR TESTING SITES
PACIFIC TEST SITES

Genwral

United States atmospheric huclear tests were held in the
Pacific at Bikini (1946, 1554, 19566 and 1958), Eniwetok (1943,
1961, 1952, 1954, 19566 and 1358), Johnston Island (1968 and
1962} and Chrietmae Island {1962}, These remoie sites ware
delacted after extensive search for posgible areas where the
tests could be conducted safely,

To condust atmospheric nuclear weapons tests in the Pacific,
Joint Task Forces have been organized consisting of desig-
nated parsonnel from U.S. Military Services and AEC. A Com-
mander for each Joint Task Foree was chosen from one of the
three Military Services with & Deputy from each of the other
two. The technical programs have been under a civilian
Seientifie Deputy,

In each seties an é¢xelusion avea wap declared around the
test islands for the purpoee of warning sir traffic and ships
(Ag. 16). Notification of locations of these areas and times
that the reatrictiona were in effect were made by issusnce of
Notices to Airmen through the Federal Aviation Agency and
Noticez to Mariners through the Commander-in-Chief of the
Central Pacific Fleet. The Department of Defense, State De-
partment and other agencies of the Executive Branch of the
Government were notified so that shipping authorities and air
traffic control authoritiea could be alerted.

Sinece there hiave been some changes in details over the years
of the arganizations concerned with zafety within the Joint
Task Forces, the following deacription applies to Joint Taak
Force 8 that conducted the 1462 Pacifie teste.

Wenather predictions were conducted by the Task Force
Weather Central composed of Navy and Air Foree meterclo-
gists. To azsist in analyzing the weather data and to predict
other results auch as fallout, blast and thermal effects, &
Hazards Evaluation Unit was formed to advise the Joint Task
Force Cammander and his Scientific Deputy.

Radiological safety activities on-site were conducted by a
gpecial unit of Joint Task Force & and off-gite surveaillance pro-
grams by the U.5. Public Health Service.
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Altogether about B0 personmel were utilized in aetivities
devoted to safety.

Radiskagital Surveillanee

Radiological aafety (Rad-Safe) was & zeparate Task Unit
within the Joint Task Force organjzation. Rad-Safe responai-
bilities inciuded procuring, storing, and issuing Rad-Safe sup-
plies and equipment, instrument maintenance, issuance and
processing of film badges, maintenance of personnel radiation
exposure records, supervision of monitoring, decontamination,
waaste disposal activities, procurement and diatribution of high
density goggles, and other activities as indicated by the poten-
tial hazards of the situation, The Rad-Safe Branch contained
an Df-Site Surveillance Section. Personnel from thia section
participated In monitoring at off-site populated izlandn in the
vieinity of the test area and periodically collected water and
food samples.

Airgraft Monltering

Aireraft were used to monitor the cloud of airborne radio-
activity during early times aftar detonation and te track the
cloud periodically over a period of two or three daya.

Evwlranmental Safuty

During Operation Dominic (1962) there were 34 nucloar deto-
nations above the Pacific Ocean near Christmas and Johnston
Islanda. The exploaive yields of these devices ranged from low
kiloton into the megaton range in TNT equivalent. The haight
of burst for each detonation was sufficient to negate local radio-
active fallout. The devices were delivered to the point of
detonation by either manned aireraft of by surface-to-air mis-
silea, In addition to the atmospherie tests, there was one
underwater test of & low yield mielenr device detonated in the
Eastern Pacifie Ocean several hundred miles from the closest
land ares. Essentially all the radioactive fission produets
produced by thia teat were deposited in the ocean and were soon
diepersed and diluted to concentrations which were of no sig-
nificant hiological hazard to man or marine life.

All nuclear svents at Christmas Island were detonations
ol devices relensed from manned ajreraft. These bursts oe-
curred over water and were planned for execution under favor-
able atmospheric conditions to minimize the likelihood of
contamination of land surfaces. In addition, following each
event, ground and aerial moniters aurveyed the island to de-
termine whether any radicactive rain-out cccurred.

A Hazards Evaluation Unit composed of scientific personnet
of contractor laboratories {Lawrence Radiation Laboratory,
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Loz Alameos Scientific Laboratory, Sandia Corporation) and
representatives of the U8, Weather Bureau was organized
to advize the Cammander of the Joint Tazk Ferce and the
Scientific Deputy. Pre-shot computations were made for each
detonation. These computations include 12 and 24 hour
trajectory forecasts based on winds from the surface to 40,000
feet. A specified radiation exelusion aren was then declared
to include any possible local fallout. Daily sonndinga were
made to 100,000 feet giving added information that was helpful
in porrelating ohzerved cloud stabilization and movement with
predicted shot-time trajectories. Where applicable, other
weapons phenomens wera gonsidered such us blast presaures,
and possible eye injuries from the prompt thermal radiation.

Cloud tracking aireraft made and maintained contact for
several hours with the radioactive cloud following esch event
condoected in the lower atmosphere. Timely information on
cloud movement, top and base altitudes were obtained for use of
advisory reports regarding opening of commercial air lanes
through or near the anncunced danger area. There was no
evidence that ahy commercial aireraft encountered any of
these radioactive clouds.

OfF-Site Monitoring

The off-site monitoring program during Operation Dominie
was under the cognizance of the U.8. Public Health Service,
USPHS personnel being asaigned to JTF-8 during the opera-
tional phase. A radiological surveillance of a network of 19
monitoring stations was maintained on populated islands
within a 2,000 mile radius of Christmas [aland. Air samples
were collected on populated islands out toe sbout 1,000 miles
from the test zone. Samplep of soil, vegetation, fruits, water
and marine life ware collected on the populated islanda of the
sres before testing began and repeated sampling was made
after the testing period to determine whether changes in the
level of radicactivity had accurred in the area.

The 19 sampling stations were divided inte (1) primary sta-
tions, (2) secondary stations, and (3) background atations. The
primary stations (Christmas, Fanning and Washington) were
manned by USPHS officers with equipment and sampling tech-
niques to decument ali forme of environmental radicactivity.
The secondary stations (Canton, Malden, Penrhyn/Tongareva,
Falmyra, Midway, Johnston Island and French Frigate Shoala)
were outside the danger area and were designed to document
air concentration and external radiation background. Theae
atations were operated with the assistance of T'ask Force Froj-
ect Groups and Weather Groups. Background statiens on To-
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tuila, Rarotongs, Wake Island, Kwajalain Atoll, Tongatabuy
and Viti Levu were operated by Tazsk Foree Project Groups or
Weather Groupe and on Nuku Hiva and Tahiti by French per-
sonnel. The purpose of the background stations wag to docu-
ment external radiation baekground snd changes in back-
ground levels if they occurred.

A USPHS radchem laboratory wes established in Honolulu,
Hawaii to support the of-site rad-safe program. Facilities,
equipment and personnel were available for radiochemical
analysis of air, precipitation, water, milk, foed and eoil. The
facility remains in operation as a part of a continuing pro-
gram of monitoring several of the Hawaiian Ialandy.

Bissnviranmental Monitering

The bivenvironmental program for Operation Dominic was
under AKC contract with the University of Wasghington,
Sesattle, Wash. A final report of thelr data fa found in “"Radio-
nuclide Content of Foodstuffs Collected at Christmas Island
and at Other Ialands of the Central Pacific During Operation
Dominie, 1962,” UWFL-27, by Ralph Palumbo.

Daring the period April T to July 29, 1962, collections of food-
stuffa, marine life included, were made from eight ofl-rite
istande and Christmag Island to ascertain the radionuclide
content of the samplea collected. In addition to aamplea col-
kected by this group, USFHS off-site monitors furniched sam-
ples from areas not covered by the University of Washington
seientisty, Approximately 8,000 samples were collected dur-
ing the time which covered pre-teating, testing and post-testing
periods, Psrt of these samples were scanned promptly for
radioactive content, however, a majority of the samples were
returned to the University of Washingien for complete
phalysia,




GLOSSARY"

BACKGROUND RADIATION: Nuclear {for ionizing) radiations arising from
within the body and from the sorroundings to which individwals are always
expoded. The main sourees of the natural background radiation are potas
gium 40 in the body, poiassinm 40 and thoriun, araniom, snd their decay
products (including radium) present in rocks, and cosmic rays.

BETA PARTICLE: A charged particle of very small mass emitted spontane
ously from the nucled of certain eadicactive slements, Moat (IF not all)} of
the ditect fiosioh products emit (negotive) beta particles. Fhyaically, the
beta particle in identleal with an slectron moving at high veloclty.

BIQLOGICAL HALF.TIME: The timé requirsd for the amount of & specifisd
slement which haa entered the body (or a partienlar organ) to be decressed
ta half of ita initial value as = result of natural, bislogical elimination
profeRsed.

DDEE: A {intal or secumulsted) quantty of lonishg (o Boclea) radlatdon.
The term dese iz often vsed in the senan of the cxpoanyd dors, expressed In
roontgens, which is & measure of the total smount of fsnization that the
quantity of radistion could produce in air. This should ba distinguisbad
from the absorbed dose, given in repa or rads, which representa the anergy
abnorbed frow the radiation par gram of spscifiod body tivswe. Further,
the Mological doas, in rems, i3 8 messurs of the biological sffectivaness of
the radistion sxpoanrs.

DSE RATE: A# » genernd mile, the amount of wnizing (or nuclesr? radiation
ta which an individual would ba axposed or whish ha would recelps par znit
of thiow

EXr0ogURE, EXTERNAL: Exposure to radistion chat is dellvered from o
vouren outgide of the bedy.

EXPOSURE, INTERNAK.: Exposurs to radiation dallversd fram a sapres in
side the body. Strentium 50 ledged in the bopes i an examyple of intermal
eXpoaure.

EXPOSURE, WHOLE BUODY: Exposure that involves the whole body rather
than a spacific organ.

FALLOUT: The procesa or phanpmenon of the fallback to the asrth’s surface
of particles conteminated with redioactive material from the radio
active cloud. The term i8 also applied in a collactive sanee to tha contami-
nated particulate metier itszIf, The carfy (or Local) faflout 19 defined, some-
what arhitrarily, an thoss perticles which reach the sarth within 24 hourns
after a huclenr explosion. The defowed lor world-anide) follout congints of
the smallar particles which ascand into the upper troposphere and inte the
stratoaphere and are carvied by winda to sil parts of the aarth. The delayed
faliont i brought to aarth, mainly by rain and snow, over extended parioda
renging from menthe to years,

FISSION PRODUCTS: A general term for the complex mixturs of substances
produced ag B resuilt of nuclear tusion. A distinetion should be made betwesn
these and the direct fission products or fesion fragments whith are foroed

* Paagd priooipally o0 The Effecta of Nuckear Weapans, Olasrions, 3, (sdrteorh,  Suponngeodresn of
Lgupnds, T8, dorsrnmeet Fioong (fies, Wahingion, IO, Aprl) 1548
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by the actua! splltting of the heavy-clement noclei. SBomething like 80 dif
forent lizgion fragments result from roughly 10 different modes of hesion of
o given puclear species, ie., uraniam 235 o1 platoniom 232, The fission frog.
ments, being radicactive, immediately bewin to decay, forming additional
{daughter) produets, with the result that the complex mixtire of fssion peod-
ucts so formed sontains about 200 diferent isotopes of 36 elements.

FOOO CHAIN: The sequence of eventa in which nutrients are transferred
from the seil to planta to animals to man. The cellection of these various
stagma i referred to senerally a2 the binsphers,

FREE AIR OWVERFRESSUERE (OF FREE FIELD OVERPRESSUTREY: The un-
reflected prassure, In sxcess of the ambient atmoepheric pressure, created
in the aiv by the blest wave from an sxplosinn.

FUSIHIN: The process whereby the nuclei of Night elaments, especially those
of tha [setopes of hydrogen, namely, druterium and teitiam, sombine to form
the nucleus of 8 hemvier elament with the release of substantial Emounts of
Energy.

GAMMA RAYS (OR RADIATIONS): Eleciromagnetic radiations of high &n-
ergy originating in mtomic nuclei and accompanyibg many nuclear pea-
tiona, e.g., fission, radicsctivity, and nevtron capture. FPhysicelly, gamme
rays Ere identical with X-rays of high energy, the only essential differance
baing that the X-rays do not origlnate from atomic nuclei, but are prodused
in other ways, e.g.. by slowing down (fant) slecteans of high energy.

GROUND ZERDO: The point on the surfees of land o water vercically balow
or above the genter of & burst of a nuclear {or atemic) weapon; frequently
abbreviated to GZ

HALF-LIFE: The tim# reguired for the activity of a given radioactive pecian
to decrease to half of its indtisl value due to radivactive decay. The half-life
in a characteriatic property of «sch radicactive specien end iz indspendent
of its amount o conditbon. The gfective halffife of a given botope im the
tinoe in which the quandty in the hedy will decreass 1o half sa a'reanlt of both
redionctive deray and blologieal elimination.

INDUCED BRADIGACTIVITY: Radioactivity produced in sertain materiale
a8 a reaukt of nuclaar resctions, particularly tha capture of nautrons, which
are accempanied by the formetion of upstable (radicactivel nuckei. The
astivity induced by neutrons from @ ooclear (or atamle) expbosion in mate
ridle contsining the elemante sodium, manganeee, silieon, or aluminam may
be signifeant. )

INVERSE SQUARE LAW: The law whith states that when radiction (ther-
mal or nuelear) from & point source in emitted uniformly in all directione,
the amount received per unit area at any glven distance from thessoarce,
assuming no absorption, i9 inversely proportionel to the square of that
diatanes,

[SOTOPES: Forme of the same alement having identical chemical properties
but diffaring i thedr atomic masses (due to different numbara of nentrons
it thair reapective nuelei) Rod in their nuclear proparties, o.g., radinactivity,
Baskon, ate.

KILOTON ENERGY: The enerpy of & nuclear {or atomle) sxploaion which is
aguivalent to that produred by the explosion of 1 kiloton (ie. 1000 tone) of
TNT.

MEGATON ENERGCY: The snargy of & nuclkear (or stomic) sxplonton which is
equivalent to I mlliton tonw {or 1000 kilotons) of TNT.

METABOLISM: The process in which the body breaka down fonda inko usable
materials that are taken invo the cells and manufactured inte the Living tia-
aves of the bedy.
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MICROCURIE: A onemillionth part of a corie.

MILLIEEM: A ane-thauasndth part of a rem.

MILLIROENTGEN: A one-thousandth part of a roentgen.

OYERPRESSURE: The transient preasura, nsually ¢xprossed in pounds per
squire inch, exceeding the smbient preseure, manifested in the shoek (or
blast) wave from &n axplosion.

PICOCURIE: One millienth of » millionth of & curle.

RAD: A unit of abeorbed dose of radiation; it represents the absorption of 100
ergz of nuclear (or ionizing) radistion per gram af the sbsorhing material or
tlaaue,

REE (O RELATIVE BIOLOGICAL EFFECTIVENESS: The cativ of the
pumber of rrdy of gamma (o2 X-) radiation of a certain znergy which will
produce a specifisd biclogical effect to the nomber of rads of another radia-
tign reguired (o produce the pame effect is the RBE of this latter radiation.

REM: A unit of blologicnl dese of radiation; the name ia darivad From tha inktial
letters of the term "roentpen equivalent man (or mammel).” The number
of rems of radiation Lt equal 1o the ngmber of rads ebgorbed multiplied by the
RBE of the given radiation {for n specified effect)

REP: A unit of abssrhed doss of radieton now being replaced by the rad: tha
name rep is derived from che initial latters of the term “roantpen equivalent
phyical.™ Basically, the rep was intended to express the smount of energy
abaorbed per gram of soft tisgue s B reselt of axposure to 1 coantgen of
gamma (or X-p eadiation.

REBIDENCE HALF-TIME: A= spplied to delayed fellout, it s the time re-
quired for the emount of wespon debris deponited in & particulsr part of the
atmospheire, .., Stratoaphere oF tropesphere, o decrense to balf of itainitial
value.

ROENTGEN: A unit of azposupe doge of gamma (or X-) rediation. [¢ i de-
fimad preciraly a8 the quantity of gammea {or X-) radiation aueh that the asso.
ciated corpuscular eminsion per 0001288 gpram of air produces, in air, ions
carrying one sfectroatatic unit quantity of slactricity of sither sjgn.

STRATOEPHERE: A relatively stable larer of the atmosphere hetwesn the
tropopause and a height of about 30 milen in which the temperaturs changes
very littte {in polar pod temperate zones) ot increases (in the (ropice? with
inereasing altitudes. In the wiratoaphers ciouds of water never form and
there is practically pw cotvection,

THNT EQUIYALENT: A measure of the energy releayed in the detonntion of a
wucleat (oF atoinid) weapei, or in the explomon of a given quantity of fazion-
able material, axpressed in tarme of the waight of TNT which woeold veloage
the same amount of enargy when exploded. The TNT equivalent iz ususlly
stated in kilotons or megatons.

TRITIUM: A radicective inotope of hydrogen, heving & mass of 3 units; it ie
pridduced in nuclear reactora by the action of neatyons on lithium nuclel.

TROFOFPAUBE: The imaginary bovndazy layer dividing the siratosphere from
the Irmwer part of the atmosphers, the troposphers.  The tropopatiee normally
cecura at an altitude of about 25,000 to 45,000 feet in polar and temperate
rones, and at 55,000 feet in the tropics.

TROFOSPHERE: The region of the stmosphere immadiately above tha narth's
surface and up to the tropopause in which the tamparature fails fairly regu-
larly with incressing altitude, clouds form, convection ie active, and mixiog
in eomtitaetie aved wore or lecs complete.

WEAPON DEERIS: The highly radioactive material, conriating of fisston prod-
ucte, vationa producks of neotron capture, and uranivm and plutenium that
have esraped fimnion, remaining after the explowion.

§1




X-RAYSE: Electrompgnetic radiations of high encrgy having wave lengths
shorter than thoae in the ultraviolet reprion.

YFIELD(OR ENERGY YIELI: The total effective energy released in 2 nuclear
for atomic) explesion. [t im vsuelly expressed in terms of the equivalent
tonnage of THNT required to praduce the same anergy release in an explasion.
The total epergy yield is manifested ag nuclear radiation, tharmal radiation,
and shock {and blest) energy, the artual distribution being depandent upon
the medium in whizh the explosion oecurs (primarily) and alne upon the type
of weapon and the time after detonation.
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SHRT-LIVED RADICHUCLIDES

An analyais off radiation levels from the ghort=lived radio-
maclides will require additicoal study. The topic is introduced
here, however, to point out that based on the strontium-90 rates
of depoaition, the amcount of associated shart-lived activities may
be sufficient o produce external dose rates comparsble to backa
ground levels {n some sreas of the country. This could create
scme public reaction,




TODINE-131

General

", - .+ Doses to the thyreid from the major past teats were
eqatiasted to have ranged feqn 100 to 200 millirems per year during
and immedistely following pexricds of testing. Thede values apply
only to individuals vho were inlfants at the time of highest con-
centration of radicactive lodine. The average value for all age
groupa waa sbout e tenth a8 mmch. Although data from which thy-
roid dosen during 1957-58 can be eatimated are limited, it ix
likely that thers wea much geogramphic variation, and in some lim-
ited arens of the United Sintes the average thyrold doges were
probably many times the nationsl average. . . "o

", « . At the present time, the monitoring mrogress indicate
that I-131 levels accummisted during the past year to a yalue such
thet the estimated radiation dose to the thyroid"™ {of young child-
ren). "is about 1-1/2 timee the anvual background frow naturally
occurring materials, as s natlonal ayerage, and asbout 5 times the
ansual background in o few areos . . .7, 1.e. 0,15 and 0.5

roda. . . 1'2‘

Yearly Averages
Table I lists the yearly averasgesa eince the siart of nuclear
weapone tests in Beptenber 1961. (Public Health Service metwork)
There were only two stations sbove a yearly average of 106 micro-
microcuries of I-131 per liter of milk (ppe/1); Palmer, Alasks (109)

and 8elt Lake City, mg}- -
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Bpegific Bvents

Foll 1961 - There wes o relatively large rise of I-131 in
milk in the mid-west in the fall of 1961. (See Tsbie II.} This
srobebly resulted from the U.S.8.R, shots on Sepbenber 10, 1961,
The ensuing trajectary wae unlque == opliing around the Horth Fole,
paseing down the U. 8, eastern coast, turning westward along the
Gulf coast states and hence up the mid-west, The failout was
Erincipaily in the form of dry depoeition firom the gold poler eir
meos (88 contrasted with the nore uaual method of "rainout™).

Spring 1062 - There was also a relatively large rise of I-13L
levele in kilk in thé mid-west in the syring of 1962, (Bee
Table III,) This could have resulted from the U, 8. tests at
Chrigtmas I8lend. There were severs thunderstormes aver the mid-
west, reachihg into the lower stratuayhm.k‘

Salt leke City and Eoviroms July 1962 - There were relatively
L&ge rises ih the I-13]1 in milk st Salt Ieke City and ite
euﬁrmuhdﬁemimmtusmﬂlm{amlh 1962) and to &
lﬂLa extend by Johnle Boy {July 11, 1962} and sedan (Fuly 6, 1962).
(Bee Tskle IV.) The peak value for any smaple was 9,000 micro-
micromgles per liter (s grab aemple from o betd near Salt Leke
City; wot & composite eanple),

Tos Noines Bvent - On June 13, 1962, Des Moines underground
shot released & substantial amount of radicactive debris; i.e.,
m:l.ie\‘ably greoter emcumt than 1f it had Just vemted. The tra-

Jectary wee noptherly for a few bundred miles, then toward the
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weat and finally curled down the west comat. The higheat recorded
mugunt of I-131 in wilk was 1,240 micremicracuries per liter at
Spokane, Washingtan, on Jane 21, 1962,

Svaluation
The top of Raoge IT of the Federal Rallatlon Couneil (uides

for narmal pescetime gperations is s delly intake of 100 micramicro-
curles of I=131l. These lotake valunes may be averaged over periods
up %o oot yeur. The Federal Radiation Council is currently wark-
iog on Guldes approminte to nuclear weapons testing.

Based on the usual sssumpbions, the highest recorded stabiona
(Paimer, Alaska and Salt Leke City, hah)} would carrespond mp=-
rraximately to a 0.5 rad dose to the thyroid of children. The

Hutional Acadesy of Sclences = Hallonal Research Council repart,

Fathological Effects af Thyrold DIrradisbtlon, stateé in pert
"e +» « There is no evidence at hand, except for one doubtful case

in a child, that amy of the treatments for hyperthyroidism has
rodnced a thyroid cancer, although dosee have ranged from a fow
thousand rad upward. . . ."
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TABLE I

Yenrly Averages of Yodine-131 ia Milk

dlabams, Montgomery
Alagka, Palmer

Arizona, Fhoenix
Arkanaas, Little Hock
California, Sacremento
California, San Fraoclaco
Colorado, Denver
Gonnecticot, Hartford
Dalaware, Wilsington

Dimtrict of Coluwmbla, Washington

Florida, Tampa
Georgia, Atlanta
Hawaii, Honolula
Idaho, Idaheo Falls
Illincis, Chicago
Indfana, Indianapolis
Iowa, Dea Moinea
Kangas, Wichita
Kentucky, Louisville
Loujgiana, Hew Orleans
Maine, FPortland
Maryland, Baltimora
Mapaschusetts, Boston
Michigan, Detroit
Michigan, Grand Rapids
Minnesota, Minneapolin
Mississippli, Jackson
Miasgouri, Eangas City
Migaourl, 5t. Louis
Montana, Helena
Rebraska, Omaha
Mevada, Las Vepgas

Few Hampshire, Manchestet
Hew Jersey, Trenton
New Mexico, Albuquergue
Raew Yark, Buffalo

How York, Hew York
Rew York, Syracuas
Forth Garolina, Charlotte
Rorth Dakota, Minot
Ohig, Cincinnati

thio, Cleyaland

{(Micromicrocuries per liter)

A
=3
1

wbn bha
- L]

* a

*

HNHHHF‘MI—'HEM@\H

e el e B

L L] L] L]

+

*

Ll

L] L] . L] . - L] L] 1] L] L] 1] 1] L] L] L] " L] [ L] L] L ] [ [ ]
M PWUMEO~N e ONNM BRERPOOSWO 0w b RN WD WO b e

Mot L B P B = WA D

*

2

Oet, 1961-Sept. 1962

12.2
109.0
1.2
32.8
13.2
12.8
23.5
18.9
22.7
17.9
12.6
19.6
12.4
31.5

= b b3 b -1 P
\n&-nmg:umg
o O e ol

]
b
w o

= ]
N LN
L= S

-

Ll

L]

[T e e ]

L]

[ ]

& o e
1Y L] L]

O b0 el B B O ] OB B LA

W

L]




Yearly aAverages of Iodine-131 in Milk

TABIE I (cont.)

(Micromicrocuries per liter)

Oklahoma, Oklahoma City
Oregon, Portland
Penncylvania, Philadalphia
Penngylvania, Pittsburgh
Puerto Rico, Ban Juan
Rhode Lglamd, Providence
South Carelina, Charleaton
South Dakota, Rapid City
Tennesges, Chattancoga
Tannesses, Mamphic

Texas, Augtin

Taxas, Dallas

Utah, Salt Lake City
Vermont, Burlington
VYirginia, Rorfolk
Washington, Seatrle
Washington, Spokane

Weast Virginia, Charleston
Wigconsin, Milwaukee
Wyoming, Laramie

Sept, 196l-Aug. 1962

32.4
2.8
22.4

13.
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Gee, 1961-Sapt, 1862

46.9
30.8
2.5
23.5
12,2
21.0
13.2
21.7
18.9
29.6
12.9
20.9
93.9
22.5
16.2
33.6
66 .0
16.3
38.6
57.5
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TABLE II

Soma High Leyels of Iodine-131 in Milk

Fall 1961

{Micromicrocuries per liter)

Locality
Rebraska, Omxha
Louisiana, Mew Orleans
Miasourli, 3t, Louls

New York, New York

Date
October 2

Saptumber 25
Beptember 27
Septembar 30

Concentration
730

530
300
4il)




TABLE 111

Pu High Levels of [pdine=131 in Milk
Spring 1962
{(Micromicrocuries per liter)

Locality Date Concentration
Eansas, Wichits May 13 &70
Iowa, Des Moinep May 16 300
Kanaas, EKansas City May:18 B05
Kangas, Kansas City* June 1 | 780
Hebraska, Omahaw Juns 1 340

*Probably the resmlt of sarlier fallout in mid-May, plus & mixture
of debrig, prinecipally from the U. 5. teste at Christmea Ialand.

e,
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TABLE IV

Samplas From Salt Lake City Milk Pool

Date Collected g T-131/Liver

June 20, 1962 Hot detectable
July 3, L] L]
s n H
10 20
11 60
12 0
13 00
14 230
13 %y
16 410
17 160
18 450
20 1664
21 11%0
22 450
22 1390
23 2050
26 1960
- 27 1290
28 9360
29 730
il 570
August 2 . 40
3 390
4 K1
5 410
5 320
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V.

FALLOUT FROM RUCLEAR WEAPOHE TESTS
REVADA TEST SITE

Supmary Statements

1. With the resummption of nmuclear testa ln Nevede on
September 15, 1962, the U, 5. Atomic Energy Comlssion has deto-
nated 52 muclear devices in underground chaxbers which were de-
gigned to contaln the radicactivity. In addition, aix devices
wars Getonated either in the atmgsphere or ai s shellow depth
wderground. These six devices were detonated only under condi-
tions that would minimize exposuras to popilated off-slte aress.
A sumssry of the data on fallout fram the muclesr detonaticns at
the Reyada Test Site since September 15, 1961, is attached.

2. The highest exposure to any off-site person (as recorded
oo perscmmel £11m badges) was %38 milliroentgens. The Federal
Radiation Council's Guide for normal peacebime operations ls

1500 millircentgens per year to individuals, and 500 millirgent-
gens per yeer ¥hen the technlque fs uped of memeuring s sulisble
gomple of the populsation. An operational guide of 3.9 roentgenc
was used by the Test Organlzabion in the following context: ABC
Staff Faper 604/65, dated June 12, 1962, entitled OFF-SETB
RADFATION EXPCSTRE CRITERIA FCR NEVADA TEST BITE, recarded "the
clarification of a basic guide of 3.2 roentgens estimated dose per
year to off=-slte populations for huclear weapoha teets at the

Revad= Test Blte; every responshle effort should be msde o keep

o




the radistlon exposures as low as posaible, tut for planning pur-
poeen, iIf unenticipsted yet cridivle clrcomstances could result In
egtimated dosee 1n excess of 3.9 roen{‘gens per year, then the deto-
natione should be posiponed wodbll more fevorsble conditions
yrevail. Any past redlsastion exposures, from either miclear weap=-
one teate or cther sctivities at the Neveds Teat Site, would be
included in estimeting the total potential exposure frao any glven
detornation.™

3. The highest gross beis activity in the gir we= messured
at Alamo, Nevedsa, on July 1k, 1962, smounting to 140,000 micros
microcuries per cuble meter. Such activity in the alr heam oo df-
rect interpretation in termes of redistion doses to persons btut
served to act g8 an slert for sdditione]l meonitcring.

L. Drinking water supplies showed no signfieant incresses
above thoge generally throoghout the courntry.

5. Detniled information on milk monitoring i= comtsined in a

peparste gection.




VI.

FALLOUT FPROM ATMOSPEFRTC NUCLEAR VEAPONS TEST TN PACIFIC AREA
OFERATICR DXMINIC
April=July 1962

Btatemants

l. DTocumentation of rediosctiive contaminetion resulting from
the V. B. tests at Christmas Island wee conducted Jointly by Joint
Tosk Fereo Eight (JTP-8) Rediation Safety personnel and Unilversity
of Washington personnel under AEC contract. The off-site area
covered vas approximptely 2000 miles in radius, mesasured from
Christmas Inland, AllL populated ialanmds in thin area were
monitored.

2. Bic-envircomental saples were taken on Christmps Island
in Axril 1962, hefore tegting began and in the seme locations in
August 1962, after testing had ceaged. Preliminary evaluation of
available data on foodstuffs revealed little change in the levela
of radioactive sontamination between these two sets of
moasuraments. During the operational periocd, transient ineveases
of beta metivity were detected in air and precipitation pamplen at
same off-site stations, Film bhedge resdings indicated no radiation
exposures from falicut to any JTPF-B personnel or native populations
above normal dbackground rediation levels. The film badges uged are
ineffective at radiation exposures of less than 30 millircentgens.

3. With completion of the testing progrem at Johnston Iesland
in carly November, blo-snvironmental sempling 4in the vleinity ia
planned Tfar the near Agture, Thiz preogren will be accomplished by
peraomnel of the University of Washington, under AEC contract.
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ViI.

FALLCOT MiOM NUCLEAR TESTS
REVADA TEST SITE

Since the remwption of muclear teats on September 15, 1961,
the United Stetes Atomic Energy Commisseion had detonated 58 mu-
clear devices st the Reveds Tent Site as of Gotober 27,.1062.
Fifty-geven of these were weapona testsa, and one was a cratering
exparimenit in the Flowshere program. Of the weapooe testa, 52
det:onatione were in underground chambers which were deafgned to
patiain radioactivity, and fiyve were detosated either in the at-
moaphere or st a shallow depth below the surface. The five latter
detopations and the cratering experimsnt,.in which the detonetion
ocomrred at a depth of 635 feet, ware conlurted under conditions

in which expomres to populaked off=pite sress were minimized.




As 8 part of the ABC's over=gll monitoring program cooducted
in the area swrrounding the Neveds Test Bite, more than 260 par=-
sons havs been lesusd f1im badges since the resumption of unders
ground testing in Beptember 1561. The recordsd radistion axposure
received by thege persammsl is mainteined ss & permanent recard by
the AEC, and sach individual is informed of his expoewre record,
Teble I summarizes the highest &xposures received by off=pite ins
dividuals since Boptenber 15, 1961, at NTS until aboet
September 4, 1962. Theze records have been carrected for natwral
background Tadistion ame, vhich is approximately 0.5 mr/asy
far the gensral area. Table IT lista the locations and wamber of
people wearing fils bedgeg that recarded no identifiable rsdistion

axponys shove natural baskgpround,




ENVIROMMENTAYL CONTAMINATICN

General

S8ince Beptesber 15, 1961, most of the nuclear test detoun-
tiome at the Beveds Test 8ite have Heen conducted in underground
chasbers, Thip technique was used in an attempt to mrohibit the
release of rodioactive material off the test site. As indicated
in Table III, of the 52 underground muclesr detonations held in
Bevadsa, eight have released scme gaseous rad.ioan'l;i'rit:r mﬂlura:bla
off-site. - o |

The phyelcel cheracteristice and relstive ancunta of various
isotopes relessed bty these ieste very scmevhet from those released
by past teste at NTS. Although there hewve been four surface or
near surface detonatione, plus one cratering shot giving off-site
fallout regesbling that from past itest series, the major portiom
of the sctivity in the remainder of the geries bhes been eonimined
on-aite ar undergroand, Minies] mmounts of geseous activity, along
with small quentities of particulate material conteining activity,
have been relessed t0 the simosphere through venting of underground
detonations.

In test meries prior to 1961, nucleer devices were airdropped
" ar were detonmted -on steel towerm, ballocne or in uncovered shellow
holea; thus, fmllout partlcles oqntained mphy-Kinds of debris in
aldition 0 the radiosctivity. Induced sctivity in the debris

U, |
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contrituted littls to the totel radiceciiviiy in the falloul, Aa
much a8 25 to 50 per cent of the total redicactivity retwrned teo
the sarth within a few hours.

Iuring the present eseries, the neture of the relesses of
gasecun material is such that the clowds formed d¢ not rise to al-
titudes such ag thoee from surface or near surfece detonations,
but linger near the purface and are acted uvpon by the lower tropo-
epheric and purface winde. HNormally, these clouds are so dis-
persed by the time they reach off=site popuiated ereas that they
ere difficult to detect with porteble montforing equipment, How-
ever, in n few events, clouds have paseed over erreas vhere people
were located; hence, there have been gome off'=piie radiatiom
exposires, These axpopures are documented on Tilm badges furs-
nished to these people by AEC. The highept exposmmre fyam fallout
reccrded for an off-gite individual wae 438 mr at Nyala, Nevads.

Due to the gasecus nature and rapid movement of these cloude,
stringent regquirements are placed on the off-site monltors, who
met imtercept the olowds and record redlation intensities éduring
pasesge of the cloude. Airborne monitore locate and track the re-
dlopctivity semd direct the meokile ground monitare into the path of
the clowds, Unless there is s contimous recording air g back-
ground redistion instrument or s mohile ground monitor in an sren

when e radionctive clowd passes, paessge of the eloud can be

or N,



L

egtimated only by predicting the clowd trs)ectory to determine
vhether the clond hes passed a specific area. There ie generally
little reaidual redfoactivity depcsited on the groand from these
clouda. Records of clowd pasaage are cbtzined by mobile ground
monltors in I,additian to routine monltoring of large off'-sfite areas

near the test site,

Milk

Milk collections have been made in the vieinliy of BTE, and
the smmples analyzed by the U. 8. Public Health Bervice, under
contract with AEC, Tablee IV, V, VI and VII present the higheat
conpentrations of I-131 detected in milk during the indicatzd time
perloda.

In July 1962, the wind trajectories of radiocactive clouwds
from five muclear teste passed over the BSalt Lake City area,
Three of these clouda are known to have deposited residual fallout
activity in this area. Iodine-131 was detected in milk suppliss
for a short pericd of time. The tebles show that while the peak
value of I-131 in milk in the Salt Lake ity arsa was relatively
high, the average levels over & period of time were conaiderably
below those considered to constiimte s health hazard, based upon
previocus studles of effects of I-131 upon nman thyroids. For ex-
ample, the station showing the highest yesrly average (Salt Lake
City with 102 micromicrocuries of I-131 per liter of milk) might
result in a one-half roentgen exposwre to the tlyrold of young

children and leasor smounts to adult thyrodds,

o




' Grose Bete Alr Activity

At the present time, there are 28 permanent air sempling sta-
tions in operation smnrrouniing KTS. The date recorded by these
gir senplers is used by the off-gite monitaring group as an indi-
cator of the mregence of airborrne radioactivity in that area.
These deta indiscate the presence of radioactivity snd the need for
further menjtaring tut ore of no édirect yalue In Asgesalipg radis-
tion dosee. For purposes of illuptretion, the ten highest levels
famd in the eree sre linted in Teble VIII,

Tectopic Air Besuylta
The relative quantities of yarious isotopes in pir are ob-

talped fran lsotopiec analywis of essmples taken by prefiliers ond
chareoal carixidges, Some of the highest walues determined for
I=-131, I-133 and I-135 are shown in Teble IX,

¥Water ien

Groes beta weter monitaring is comducted for water eupplies
used by pecple in the off-gite ares arcund FTE. All sources moni-
tored sre subsurfece supplies, eacept for Lake Mead, There are oo
known purface water supplies far hnuman use in the nearby off-site
area. The highest levels of gross beta activity in water supplien
during the period of October 1961 to October 1962 are listed in
Table X. Par comparlscn, there has been selected mame other high
level deie fram the U, 8. Tublic Health Service on radicactivity

in raw surface weter in the United Btates.




Ipotopic anmlysie wes coaducted on many of these NTE sanples,
and the regulits ghow that levels of ceslum-137, barium=-140,
girconium-95, ruthentum-103, cerium~lhl, cerfum-lil and todine-131
vere below the levels of deteetion. Levels of stroatium-89 and

gtrontium=90 ware leas than 5 pue/l amd 1 ppe/l respeetively,




TAELE I

Highaat Fxpoaures Received by Off=-Site Individuals atc NES
SePtemher 15, 1961 - SEpta-ber ﬁ 1962

Ktjbaure

Pariud of Time Total Elpusure From Fallout
Locatfon® In Which ure urredik (xz) {mr)
Calienta 1731762 - 8/28/62 245 141
Casey Ranch 5/16/62 - 8/8/62 230 188
" " 1] 11 zﬁu 213
[T] [1] 1] [1] 235 2&-3
Diablo 5f15/62 = 8f16/62 265 220
" 217762 - 8/16/62 330 285
Nyala 5/16/82 - 8/B/62 290 248
1} " mn ﬁﬁ 393
L &/20/62 = B/8/62 310 285
L 5/16/62 - 8/8/62 480 438
Penoyer Ranch 3/5/62 - 8f16/62 260 178
Pine Creek Ranch 5/24/62 - BfB/62 45 107
n n 1t 1] n 255 21?
Twin Springs 5F15/562 - Bf15[62 290 245
" " 27/13/62 - 8/16/62 265 173
Blue Bagle Eanch 6/12/62 - 975762 205 161
" " 579762 - 95762 200 140
" " n 6f11/62 - 8/10/62 255 25
" " " 5/16/62 - 9f6/62 285 249
Duckwater 5/19/62 - 9/4/62 215 161
Gardner Ranch 2f/14/62 - 9f5f62 395 294
Hike 2720762 -~ 973762 340 243
Lockas 2/6/62 - 9f4/62 215 110
Manzonie Ranch 2f13/62 - 9/5f62 280 179
11} m m L] zlu 1“”

¥Each entry tepresents 4 different individual.

%*These dates vary because all individualzs Were mot realdiog in the area
during the entire testing period,

L Y
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TABLE I1

Locations and Mumber of People Wearing Film Badges
That
Recorded No Identifiable Radiation Exposure*Above Hatural Background:
Septempar 15, 1961 - Angust 23, 1962

§t. George, Utah srewrccc—evrerscrew=s 15 people
Littlefield, Arisong wew=sreverevreres 2 people
Beatty, Nevada ==smamcmcesssssmmcnmoss 26 pmople
Furnace Craek, Fevada cr=emmwa=c e 8 paspla
Lathrop Welle, Navadd ==esscccsasa s=s= 16 people
Pahrump, Bevada s=-=csssmsscccssccnasan 10 people
Bhyolite, Mevada s--mcecaccccvanvan—- «» 2 paople

Springdale, Nevada s=e-wremerremces==s | parzan

Tonapah, Hevada, Area =cecesscccmosces 32 p;ople

*Exposures leas than 30 or cannot be determined accurately from
thege film badgen,
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TABLE 111

Kuclear Evente at Nevada Tept Site
September 15, 196) - December __ , 1962

Date !IEE_éhEEE Footnotep
15 Bept. '61 Low Yield - Doderground 2,3
16 Sept. '61 “ | 1, &
10 Ock. '61 " 2, 3
29 Cer. '61 " 2,4
3 Dec. '61 " 1, &
13 Dec. *61 " o 1, &
17 Dec. '61 " 1, &
22 Dec, 61 " 2, &
9 Jan, 62 " 1, 4
18 Jan. '62 » 2, 4
30 Jen. '62 " 2, 4
8 Feh. "62 " 1, 4
9 Pab. '62 " : 2, &
15 Feb, 62 ' g 2, &
19 Feb, ‘62 n | 2, &
19 Fab. '62 " 2, 4
23 Fab, 62 & 1, &
24 Feb. '62 " 2, 4°
1 Mar. '62 " 2, 3
5 Mar, '62 Shallew depth, Eow yiald, Underground 5, 3
6 Mar. '62 Low yleld, Underground 1, 4
8 Mar, '62 " 2, 4




Date
15 Mar. ‘862

28 Mar. '62

31 Mar. '62
5 Apr. '62
& Apr. '62

12 Apr, '62

14 Apr, '62

21 Apr. 'G2

27 Apr. '62
7 May '62

12 May ‘62

19 May ‘62

25 May ‘62
1 June '62
6 June '62

13 June '62

21 June '62

27 June fﬁi

28 June '62
30 June '62
6 July "62
7 July ‘62
1l July '62

13 July '62

TABLE II1 (cont.)
Type Shot?
Low yleld, Underground
[ 1}

Intermediate yield, Underground
Low yield, Underground

4
1]
1]
1]

Iﬁéarmﬂdiate éield, Unﬁéééﬁ;uﬂdl

Low yiald, Underground

h
Plowshare cratering experiment
Low yield slightly above ground
Shallow depth low yield
Low wield, Underground

S
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o (Thie table will be up-

dated with additional

TABIE III (cont,) shotg to be added.)

Data Iype shot? Footnotes
14 July '62 Low yield few feat above ground 5, 3
17 July '62 low yield slightly above ground 5, 3
27 July '62 Low yield, Underground 2, 4
24 Aup, ‘62 " 1, &
24 Aupg. '62 rr 1, &
14 Sept. "62 tr 1, &
20 Sept. '62 n 1, &
29 Sept., '62 m 1, 4
5 Oct. 62 Intermediate yiald, Underground 1, 4
12 Oct., '62 Low yield, Undarground 1, 4
19 Q0ct. '62 " 5.3

27 Oct. '62 " i, 4




TABLE 11X {cont.)

Footnoteg:
1. He release of radicactivity occurred.

2. Release of small quantities of steam and/or & pageous e¢loud contain-
ing small quantities of radioactivity.

3, Some activity detected off-site,

., No activity deteected off-gita,

5. A radioasctive ¢lowd produced,

6. 635 feet undergrouml-cratering shot - less than 30 ET figeion.
7. Low yleld = 20 KT or less.

Intermediate yoidl - betweenm 20 KT and 1 MT,
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TABLE 1V

Highest Concentratioms of I-131 in Individual
Saaples of Milk ia Revada
Septeaber 1, 1961 - July 1, 1962

togstion Dete Casld
#ifko, Revada 11/ 2/61 720
Biko, Bevada 6/21/62 610
Robbins Banch, Heveda 6f22/62 520
Austin, Nevada _ 6/30/62 180
Carlin, Hevada 6/22/62 160
Eureka, Revada 6723462 110
Fallini's Ranch, Nevada 11/29/61 %0
Wendover, Hevada 67297162 50

10 other measurements between 10 and 80 puc/1

26 other medsurements leas than 10 yuc/1
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TABLE V
Highast Concentrationa of I=13]1 in Ind{vidual
Sumples of Milk in {a) Revada and {b) Utah
July 1962

{a) Nawada - (RBaged on 66 samples from 23 sourcas)

Lavels
Locatjon Date Suusfl),
Caliente, Kevada 7/19/62 6,900
Caliente, Nevada 7/23/62 3,500
Fallini'es Eanch, Nevada 1f23/62 3,200
Ely, Nevada 7724162 2,800
Alemo, Wevada . M17/62 2,300
Ely, Favada 7726462 2,000
Calienta, Wevada 7/28462 1,800
{b) Dtah -~ (Baged on 53 samples from 9 aourcea)

Snyderville, Utah 7/20/62 9,600
Snyderville, Utah 7/20/62 5,400
Snyderville, Utah 7/25/62 4,500
Oakley, Utah 7/25/62 4,400
Oakley, Utah 7125162 &, 200
Snyderville, Utah 7127162 3,000
Eoman , Utgh 7/27/62 2,500
Cakley, Utah 7121162 2,600
. Galliny; Utah 2 Tiaeled 4 20p




TABLE V1

Highest Concentzations of I-131 in Milk in (a) Mevada and (h} Dtah

{a) Hevada

Igcation

Calience, Hevada
Ploche, Nevada
Alawo, Hevada
Ely, Nevada

Lumd, Nevada
Panaca, Hevada
Lag Vegas, Bevada

{b) Dtah

Kamas, Utah
Kamas, Utah
Oakley, Utah
Snyderville, Utah
Snyderville, Utah
Vernal, Utah
Ogden, Utah
Logan, Utah

dazgust 1962

Date

8/ 1/62
al Af62
af 2/62
8/ 2/62
a/10/62
8/ 6/62
a/ 1/62

8/ 3fe6z2
B/ 6/62
8/ 3/62
8/ 9/62
&/ 3/62
8/21/62
8/ z2/62
8f 1/62

Levels
1,000
1,000

410
o

1,500
1,500
1,200

740
570

130
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TABLE VII

Highegt Concentrations of I~131 in Milk in Nevada and Utah
September 1962

Leyeln

Josation Bata . Swc/1)
Blue Eagle Ranch, Nevada 9/12/62 130
Blue Eagle Hanch, Nevada 9/ b/62 90
Lagan, Otah 9/ 4f62 70
Logan, Utah 9/ 6/62 &0
Caliante, Nevada 9/ 6/62 60
White. Riger Valley, Nevada Lo T8 64
White River Villay, Wevada 9/13/52 60
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TABLE VII1

Highest Croge Beta Adr Activity for
Off-8ite Communitices in Nevada

Concentration
Locsticn /D
Diablo 13,000
Diable 33,000
Ely 7,300
Peyonor Ranch 8,800
Warm Springs .1.,500
Alamo i -140 D00
Al smo 24,000
Caliente 9,300
Diablo 10,000
Lund 10,000

Time
0905-1637
1645-2000
2000-0800
1105-0245
0800~ 1545
1445-1900
0630-1100
1400~ 1500
1000- 1600
1745-1853

Date
7/ &/62
7/ 6762
7/ 6/62-71/ 1/862
7/ 6/62-71 1/62
7/10/62-7/11/62
7/14/62
7/14/62-7/15/62
1/14/62-1/15/62
1114/ 62
7114762




TABLE IX

Higheat Isotopic Air Results for
Off+3ite Communities in Revada

Chargcoal Caxtyidees
(ppe/M3)
Collection Period Midcollection or Clouwd Peak Time
Logation Iime Date 1-13] I-133 1.1

Diablo 0905-1637 7/ 6/62-7/ 6/62 267 13,500 61,400
Bly 2000-0800 7¢ 6/62-7f 7/62 72 2,550 HD*
Pengyar 1105-0245 7/ 6/62-1} 7/62 70 3,950 9,200
Diablo, . 1000-1650 . 4/14/62-4/15/62 55,3 762 2,800
Lockes 1315-1315 | Htﬁfﬁz-w 7/62 1:&9 ﬁnz m*
Ercflltsrs

Diablo 0905-1637 7/ 6/62-7/ 6/62 3,560 o M
Diablo 0840-1925  6/13/62-6/13/62 90 2,700 20,000
Currant 0800-0800  4/14/62-4/15/62 400 2,100 ND*
Diablo 1000-1650  4/14/62-4/14/62 528 2,700 2,000
Caliente 14500-1500  7/14/62-3/15/62 1,100 How ND#*

*HD mean= "not detoctable™,




N

TABLE X

Groas Bata Water Reaults

T e Ar

kogation Dags evels Guo/l)
Diablo February 1962 sl
Furnace Cresk Avgust 1962 3
Ash Maadows July 1962 70
Lathrop Wella Rowegber 1961 68
Tonopah Test Range May © 1962 93
¥U, 5. Public Health Service Data (March 1962) i
Coolidge, Kansaa 74
Page, Arisona &3
Pgoria, Illinoia 58
Cape Girardeau, Misgouri 45
Kansas City, Kansaa 47

*These levels are some of those recorded for March 1762, The data
presanted is activity sssociated seith dissolved wolidy in raw surface
water samples, The levels of radicactivity associated with digesolved
aolids provide a rough measure of the levels which way be found in
treated water, where such water treatment removes substantially all
of the suspended matter, The comparison is made, therefore, batwaen
the gross bata activity found in subavrface water supplies which gen-
erally are untreated and the groass beta activity in sucface water
supplies akboblated with dissolved solida which are oot removed by
water treatment, They should not be interpretated as average values
because levels at many cther locations were much lower, (For more
compleie data, see "Radiological Health Data", Wol. IIL, No. 9,
September 1962.) =




VIII,
ERAPT

FALLOUT FR(M ATMOEPHERIC BUCLEAR WEAP(HS TEST IN PACIFIC AREA
OPERATION DXMINWIC

el

Dirding 1962, thare ware 35 miclear devices detonated in the
atmosphire sbove the Facifie Ocean nemy Christmas Jalpond and
Johnaten Iplend, The yield of these devices renged from low kilo-
ton to the megoton renge, The height of burst for all detonations
was sulTicient to negate locnd redicective fallout, The devices
were dslivared to the poimt of detonation by either manned air-
craft or surface-to-air missiles.

In additicn to the stmospheric tests; thére was obe unders
vater test, a low yleld wuclear device, detonsied in the Eastern
Facific Ocenn several hundred miles from the closast land wrea and
rmhtunmmcinlﬂ;himum. This underwvater teat
depoeited all of the f1ssion projuct radicsctivity in the oceen
where 1t decayed and was mixed and diluted by ses water.

The radiclogical safsiy program for the test series wus o
joint effort smong tbe Joint Teak Force Bight (JTF-8) perecnnel,
U. 8. Pullic Health Service pers;amel assigned to JF-D for the
test and personnel from the University of Washington,.Sesttle,
Vashington, under comtract to the U. 3. Atomic Boergy Commission.

The on-site progrem consisted primerily of air end beckground
Island and Johnston Ysland. The off-site program conaisted of a
series of cruises by the Gk Gilbert for collacting envirommental
comples in the Cexiral Facific ares snd a network of 19-monitorisg

i
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statlions eatablished on lslands within s radius of 2,000 miles of
Chriatmas Island. In the 1sland network, fowr were primary sta-
tions located an yopulated islands, marmed by officars of the
U. 5., FPublic Bealth Service} six wers secondexry stations located
on mowe distant Jelands and populsted mainly by JTr-8 paxaconel
who operated the monitoring equipment; nine were background sta-
tions located on islands at a comsidersble distence from the test
ares, The squipment at the background stations conesisted prima-
rily of contimious backgroumd recording equipment oparated Wy
weathar groups o scientific personne] alvewdy on the island,
Figure 1 ahows the location and lewel of effort of the stations
of the network.

Enviraomentsl samples were collectsd routinely hy JIF-S per-
sonnel during the pericd of April 12-August 15, 1962, Sctlemtific
personnel aboerd the C.F. Giibert participated in this emvirommen-
tal saqltig Irogram on three crulses, April 2u-May 12, 19&,

Jure Y-Juie 25, 1962, and July 23~tuguet 15, 1962. nmmw
8,000 pampled were collected, moet of which were returmd to the
University of Washington, Beattls, Weshington, for conplete
snslysis, Dats from these exmsinations will not bs svailedle une
t1l after Jammry 1, 1963,

Preliminsary data from beta snd gamms radistion scanping of
the envirormental ssaples were chbtained from the loboratory en
Chrtstuns Islend. The Hswniisn Surveillance Retwork (s U. 8.

Fublie Bealth Sefylce antiﬁta') enllecied envirotmentel sanples on

.,
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the Hawailen Iglsnds during the entire period. Anglysis of these
samplee wes accomplished at the Public Heelth Laboratary, Bomalulu,
Hawait ,

Fragpezatioon) Sampics
Redicactivity was Getected in msmples callected dwring the

praoperational period. Hepressmtative findings sre presented in
Table I for water, milk and food samples.

Sperational Semgles

Samplee collected during the opersticpal period were for the
most part from the sempling stations.sstsblished on the various
ixlans of the area, Tebles IT and ITT summarize findirgs for
grulsh!tag:rlrm*tivitr, precipitation end drinking water. It cean
be sesn thoet grosg bete activiiy in alr wag low during the entire
perici of the gperation. However, somples of pracipitation geve
relatively high gross bets realinge which are refiected {n the
arisking water sawples,

The lavels of radioactivity in native foodstuffs during the
test operatisnal payiod were fonnd to be sbout the same As that in
mupmi;ic;mleanplea. mﬂmmnmmm
to contatn high leyels of fission product sctivity. The highast
level of gross beta sctivity detected in grase was 135,000 puo/kg
for g sauple obteined on July 11, 1962, st Rarctonga. BSines the
gross pats pebivities in both the grasy gnd dreinking water sesmlies
ware the result of fresh ficaion profust faliowt, the sctivitiss
decrenved repidly with time.

.
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JAyerege graoss retistion leyels ware taken routinely at all
JIr-8 rediologicel safety statioms. Rormal backgraund for the is-
lands in the Central Pacsifie ia 0.(1 to 0,03 millircentgans par
E?m-[n'fhr]. The greateet increases in gamma bockground were ra-
ocorded on Fanning Tsland on May &, 1962, an Palmyra Island en
Fune 12, 1962, and on Washington Ieland on July 1h, 1962, with all
stations showing o rise to 0.0 mr/br., Tabulated date indicate
that there wvas oo significant change in beckground in the Central
Pacific area as & rssult of Operation Dominic.

The total radiation sxposure dus to fallaut as recorded by
film badges Iran Operation Dominic, was esaentially zero oh
Christmas Yaland, The maximm infinity dose on both Fenrhym
Inlard and Washington Island, as caleulated by external gamma ra-
diation measurements, wns less than 10 mrem. Thia ia below the

lovel of detecticn of film badgea.

¥o aignificant fallout cocwrred. An inorease in alr concen-
tratica to 20 upe/WS occurred on May 2%, 1962. Fissien product
actlvity was detected also In seavola and grass ,m,y The
highest precipitation depositicn occurred during the peried of
Juns 26-Tuly 8, 1962. However, levels of ralicactivity datected
1/ Gince there are fev grazing animala present on these islands,

thmmmwnmmmmmwhuw
ﬂ“ﬁfmmtr‘




S

in drinking water and food samples collected during and aftar this
pariod were aot sigaiffcantly different from the layels datected
in precperatioual samples.

Mashington Island
On May 7 and 21, 1962, fissicn roducts wege detentad in pre-

cipitation samples. The presence of this radlcsactivity was re-
ﬂacbﬂﬂlninncawlamdsrmamleﬂ.y Levels of I'ission
producte in precipitation ssaples indicated an increase to wbout
8,700 uuo/1 grees bete on May 1k, 1962, However, cn the 15th,

this sctivity wos decreesing ropidly. [rinking water collected
at this time showed 650 juc/l aross beta activity, of vhich

25 puc/l wag I-131. Thia is fer below the level at which the wa=
tar wauld be uneafe to drink.

Enlgyrs Tsland
The highest air concentration wes 58 yuo/M¥, cbserved on

‘June 25, 1968. Other pesks of air sctivity were &3 e/ oo
May 17, 1962, and 39 puc/M> on June 21, 1962.

Peorhyn Tsland
On May 13, 1562, the level of I-131 deteoted in grecipitation

was 3,600 upe/l. This was sttributed to rein-cut involving fresh
fisaion products. If an adult had drpnk one liter of this waber

1/ Gince thare sre few gracing aoimala present on these lalands
lewsis of comtemibation of grase mﬁncavulamdaly'uﬂih:
tive of some Pelloat,

ey
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per day unti{l all of the I-131 ascbivity had deomyed awsy, the to-
tal dose t0 bis thyrold would Liave besm lete than one red. How-
m«ﬁmmmm&anmmuéfq;m
the precipitetion after the first day containing assentislly oo
alditiopal T-131. This, of courss, diluted the iodine sctividy
found on May 13, to the point where the integrated dose to the

adult’s thyroid would heave been less than 50 areds. Sinmile cel-

- s culakdons-of-dose bo.a childte thyrold would have remlted in

Bdgher, \valnus. tham. fur, duagny tak; uiddeen; do ey e m

lass water.
I ':'im

Samca Island

Bxcept for the possibility of sams Dresh [ission debxria in
a‘:reaa.y no flasion profucts ldentifieble as regulting Ifrom’
Operation Dominic were detected,

Rarotonge Islant

Except for the posalbility of scme fresh fission debels In
graseY end precipitation, no fission products identifishle as ro-
sulting from Operation Dominic were detected,

Nuka Hiva
o duly 14, 1962, air concentrétion increased to 26 o/

grogse beta activity. No other identifisble fission products were

detected duriog the testing period.

v
Bim:ethurcmrn;rumgmmlaprmntmthguim,
lavsle of contamination of grass and acavols ere ofly indirae
tive of eams rallout.

1o e s R el L L Y - o1 .-r +-|.-- _.-J.-mu — - [ -
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Jehrnston Taland
Postoperations]l monitoring ie in process at the time of writ-
ing thiz report. No fissiom prodﬁcts were identifisble as resuli=
ing from the Chrisimee Island partion of Operation Dominie. It is

not eyperted that there will be more fission products st Johneton

Inlanéd than st Christmes Izlend y

Other I B

Traces of redicsetivity were detected in air samples and in
precipitation in Hewall, on Christmas Island snd Malden Island.
Ho radioartive fallout identifishle from Operation Dominie events
wvas detected on Carton Yeland, Tongatabu Island, Tahiti, Wake

Island, Midway Iclend, French Frigete Shosls ang Evajalein Islsnd,

Pogt tional B

Iata on the levele of redicactivity found in selected samplen
collected duwring the postoperational period are presented in

Tekles IV and V. The groes beta activity level in food is rela-

tively unchenged frarw the level in the presperations]l ssmples.

2/ The launching ped on Johnston Islend (approximately 1000 foot
radiue) wae contsminated by meattered fissfonsble material,
following the destruction of s deyice after a missile malfunc-
tion on July 25, 1962, The levels of alphs contamination in
thie sree excesded the permizgible limits: thus, cleanup of
the area was required. COleanup consisted of decontaminating
egquipment, secraping the top leyer of soil of the areas which
were highly contsminated and sesaling the contamination on
ildings with leyere of concrete or paint. The deconmtamina=-

' tlon wes completed by mid-August.

e




Levels of activity in samples of well water in the postoparational
pericd were relatively wnchanged from the precperationsl semples.
The groas bete levels of sctivity of grass senples in Table IV mre
lower then those found during the operational phose, as will be
noted on the sample Irom Rarotonge. During the ifeet period, the
sctivity level found wes 135,000 wuc/kg; Whereas, the level in the

L

postoperstional period was reduced to 15,000 uuﬂfllt-
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EAMIE I

JIF-8 Of£-Gite Surveillsnce Network, Praoperational Samples
Christmss Islsad - Water Bamples

Ime Date
Well wpter 4/24/562
Vell water &/20/62
Well water 4&/20/62
Well wacer &/20/62

Basmboa Waterhale
Londog
London
London

Gropn Beta

Ghristmms Island - Enviroumental sod Food Samplea

ine

Bonafish liver
Hermit gnb
Cocomut st 1k

Bonefish sugcle
Langusta mugcle

Bonsfish wmuscle
Jackfish liver
Jackfish mhucle

I-131  5r-90
Locatfon sl Gagfl) Gwe/l)
& K AT
4 ) -
22 HD* 0.3
L7 =W 0.5
Other Specific

Groas Beta
(e /hg)

Date  locapign  -wei weight

4f20/62

n*

"
L3
L1}
"
L}
1t
n
[}

Lnnﬂunhéf
Iondon

*iD peans "not detectable'™,

2800
00

00T
153007

G

Taotopes; i.sa.
Cea=141, Ca-145,
I~131, Mi-140,
Ce=~137, Zr-Mb=95,

s, Rus1e2-196

D&
ocaly trece of
Ca~1%7

F99%%%--




Well water 4/10/62
Well wvater 4/10/62
Milk 4/ s/62

" 4724762

Scring beans 4/11/62
3iring beana "
Flosapple n
Gretn onlon "
Green onion "

Swest potato n

Swest potato "
Papays "
Papaya "
Sanana "
Hater cress -
Watsr crees "

F'Llnr:i

*5p means "not detectable”,

RN,

TABIR I {cont.)
Oahu, Hawsilan Islands - Water, Milk ind Food Samples

Ba~140 Ce~137

Br-§9 I-131

- o 0
- 2% HD*
- e X

40 o o

v D O™
- R v
4 o o
- 140 o
- e w
8 o o
- H* o+
iR | Kk
- N .
" B o
- i3 e

.3 o .

R
T
10
25

& E K EEEEG

-5 & § 8

_ 2r-95 Fu-103-106
Lms Date locstion Gmue/ld Guue/l) G/l Gwc/l Lo/l _Gue/ld .

45
10

-

uac/kg -~ Wat Walght-=wmmmmremaeenann

20 465
20 113
140 285
2N 240
as 163
10 113
¥ N
P, SRS
30 118
oW mw
135 250
« AR5 - 283



Well wvatax
Coconut
Papaya
Pandanss
Hermit Cyab

lobster Tail
Bonefish

Roof water
Well wvater
Bread Exuit
Fapaya
Pandanng
Coconut (ripe)
Coconut {grn)

Lobater
Octopus

Tuna suscle
Tuna muscle
Tuna wascle

TARIX I (cont.)

Farming Islund - Water and Food Ssmplss

&/21762
4723}162
4721762
4122162
4/21762

4122762
4f22/62

4123762
4723762
422462
122762
4722762
4122762
41227162

4124162
4/28/62

Grows Baba

Gross lltl (ppcikg)

clefl) | Wet Wefght

Washington Island -

i!lllﬂlg

3000
2300 -
1203

6100

1290
15%

2710
180

2200
2500

dgericen 3smca - Food Saxples

Wi 24162
&4/ 24162
4726162

D mesis "oot detectable”,

4

2900

Concentrations

wic/kg wat wt,
" Ochex _Isotopes

N
%
100 - Zy-94
450 - Ca=137
tTace of Ca-137
and Zo-63
|
W

Water anif Tood Samples

not msasured
Dot msasursd
&3 - L3~1%7
130 -~ Cs-137
220 - Ca-137
410 - Ce-137
39 - Ca-1%7
67 - Tr+95
190 - Ix-95
320 - Zow65
250 - Lr=-95

44
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TAELR 1I

JIF-B Oif=Eite Burveillance Hetwork - Operationa] Samplen
Grose Bata Air Activiiy (uyc/M

location
Christmas Island (JOC)

Christmas Xglamd
(Lomdon)

Christmss Ieland
(A-S1ta)

Fanning Island
Washington leland
Honolulu, Hewaiil

Paluyra Island

Malden Islandd
Penrhyn

Canton lslapd
Jobmston Ipland
Waks Island
Midway Islandi

French Prigate Shoals

May 1-30, 1963 Jupe 1-30, 1962 duly 1-13, 1962

Avg. = 3.7 Avg. -~ & Avg. - 2.1
Max. - 11  (5/20) Max. - 18 (EQ) Max. - 12.5 (7/13:
Avg, - 5.3 Avg. = 3.5 Avg, = 0.9
Max, - 17 (5/1%) Max, - 12.5 ($/9) Mam. -~ 1.4 (7/%
hvg. - 4 Avg. = 3.5 2 Avg. - 0.9 :
Max. = 15  (5/18) |Max, = 12 (6/9) Mex. - 1.0 (7/3)
Avg. = 5.4 Avg, - 4.4 Avg. = 1.0
Max. ~ 20.5 (5/24) Max. - 14.5 (6/3) Max, ~ 2.7 (7/1D1)
Avg, ~ 3.3 hvg., - 2.7 Avg, =.1.1
Max. - 13.5 (5/18) Max, - 13 (6/10)  Mex, - 4.5 (7/1%)
Avg, « 2 Avg, ~ 1.9 dvg. = 1.6
Max. - 4.4 (5/17) Max, - 3.5 (6/2) Max. - 3.5 (7/26)
Avyg, - 4.7 Avg, ~ 8 : hvg. - 2
Max, - 43 (5/17) Max. - 39  (&/21) Max, - 7 (7/14)

Max, = 57.7 (6/2%)
Avg, - 5.4 dvg. - 3.9 Avg, » )
Max, - 19 (5/1%) |DMax. - 1T.2 (6/10) Max, = 2 (7/11)
Mo Data Avg, » 2.4 dvg, - 3.4

Max, - 7 (6/28) Max, - 13.5 (7/10)
Avg, = 5.5 Avg. - 5.5 Avg. - 3.3
Max. - 1% (5/17)  Max. - 24.5 (6/2) Max, - 6.8 (7/1)
Fo Data Avg., - 1.4 Avg. - 3

Max. - 2.5 (8/11) Mix, - 10.5 (7/19)
Ho Data Avg. - L5 Avg. - 1.1

Max, - 3 (&6/14) Maxy. - 3.4 {(7/3)
Bo Data Avg. - 1.5 Avg. - 1

Max, - 3.7 (6/13) Max. - 2.3 (2/19)
¥o Data hAvg, -~ 2 Avg. - 2.1

Max, - 4.6 (6/22) Mex, - 4.8 {7/22)

e v




TABLE II (cont.)

* JTF-8 Off-Site Surveiliance Netwotk - Operationai Samples
Gross Bats Afr Activity (uuc

Jecation Ysr 1-30, 1962 Juse 1-30, 1962 July 1-15, 1962
Ewajelin Islund %o Bata Avg. - 1.9 Avg, - 0.9
Max. - &  (6/27) Max. - 3.2 (WD)
Tahiti No Data Avg, - 0.565 vg. - 4.9
Mr - its (?fu) r
Nuku Hiwva Ho Data Avg, - 1 vg., - 2
Max, - 3 {6/13) Max, - 26 (7/14)
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TABLE 1II

~ J¥T-8 Off-Site Surveillsnce Natwork
Qperational Precipitation Samples

Groae Bata lodine-131
location Dats (LTS VI
Homolulu, Hawaii 4726762 410 - -
" " 3jar/62 1,400 -
Faneohs, Bawaii 7/ 8762 700 -
Chrietmas Ialand 8/ 9/62 5,100 -
" " 6/ 1/62 a7l MW
" " 1719762 800 40
{JoC)

Chriatmas Jeland 6/11/62 220 25

(London}

Christman Island 6/ 1/62 S80 RDw

(A-Bite)

Pezuning Teland s} 7762 1,200 e

" hd 5721762 2,000 " 19

" " 1/ 8/62 14,000 v
Washington Island 5/ 1762 3,700 Mh¥

" " s/21/62 1.200 9%

" * 7/1%/62 B, 700 »

" " 1/15/62 4,900 113
Malden Island 6/ 9/62 550 51
Penrhyn Lsland 5/13/62 257,000 3,600
Cantcm Island 5/31/62 310 D*
Fuka Hiva 6/16/62 25 >
Tahiti &/30/62 69 n
Vit Levu 7/20/62 420 W
Samoa 6/ 30/62 2,900 Rk
Tongatabu 7/13/62 103 W
Roratonga . 6/30/82 6,700 m

Oparational Dricking Water Samples

‘hh{ Gross Beta I-131 Br=9%0

Locatioy Tyve | Date _Gwe/1)  uwc/D  fuuc/l)
Ghristmas Ioland  well 4724762 130 v -
» " b 6/24/62 16 23 -
Peurhyn Ialand életern W/ 3/62, 330 18 .. o=
" n " "6/ 9762 ' 470 al R W
Tongatabu Island b 7/13/62 103 H* -
Rarctonga " 7/11/62 128 % -e

") maans oot detectable”.
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JI¥-8 Off-Bite Survaillmnca Hetwork
Fostoparational, Environmemial and Food Baowplas by Islsnd

T I

Eadiomiclide Concentration
Lecation . Iype ‘Date  Gross Beta

Chiistsas Taland Scavola 1/16/62 4,300 . 3,600 od 5,200 od - - v
Christmas Island Ripe Coconut  7/16/62 &, 300 ad nd nd nd nd nd-
Christmes Ialsnd Green Coconut 7/16/62 1,800 md nd nd nd nd nd
Christmss Island Boil 7/16/62 nd 2,100 rud nd nd 2,800 00O ..
Hawaii {Oabm) Pinaappla T/31/62 nd - ud nd 110 30 nd -
Emmil (Kxuei)  Lettuce 7731762 820 - vd nd nd Trace nd-
Hawxii (Osha) Lattuce 7731162 Incomp - - - - - -
Hawsii (Oabn) Hilk 1131762 - - nd 3% - -
Faming Island  Ecavela 1713162 237,800 8,600 500 3,400 nd 8,000 1,100%
Famying T[aland Coconur - #1362 1,800 nd nd nd 230 nd ~id £
Faying Izland  Cooomor-Milk  7/13/62 789 ed nd nd nd nd nd
rmin; Ialund SD:I.I. : 7/13/62 - 1,400 ~ md od nd 2,250 2,500
Washingron Taland Ripe Cocomut 7713762 1,800 Yrace ol nd 280 nd nd
Washington Ieland Green Qoconusr 7/13/62 L, 160 Trace ud od 110 nd nd
Wrshington Islsnd Bcevola TI15/62 11,000 8, 500% 900 4,000 od &,000 1,200%
Weshington Island Ssil T/15/62 6, 500 1,400 ed 870 nd 1,350 580
Washingten Yoland Egga 7715762 980 nd nd od nd nd nd
Panvhyn Island Safl - 7719462 1,800 11,850 ud nd od 3,810 480
vied Lavu, FijL  Soil 7/25f62 nd nd nd nd Trace 340 od -
Vird Leava, Fijf Grass 7125762 30,000 5,300 ed 2,400 nd 16,000 &,900
WEf Bu and Ce sctivitias are marksd with sn sacerisck (%), the activity reported is assumsd to bz from the shorter
klved isotopes Fu~103 snd Co-141. Otherwiese the activity is assumed to be dua te the lengar lived-isotopas Bu-106

and Ca-~léb,
Traca - Insufficient to quamritate,
Incomp - Anslyais in procass, results to fallow.
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TABLE IV {comi.)

JIT-8 Off-Site Surveillance Network
Postoperational, Envirommental and Food Samples by Island

lide Comesntration upefkg of wet wel

Lecation Type Date  Cross Beta Ce-141,144% 1-131 Ba-140 Ca-13] ZrEb-95 Ru-103,106%
Tutuila, Bsmos Boil i je2 nd nd nd nd nd 650 2,100
Tutuila, Sssca Grace 7731762 35,000 1%, 000 nd 9,000 nd &7 ,.000 7, 300%
Tongatubu Soil 7/24/62 nd nd nd nd Trace Trace nd
Tongatubu Grass 7/24}62 7, 500 2,600 nd 1,000 nd 24,000 1,000+
Tongatubu Mi1k 7/24/62 - nd 10 42 20 19¢ ™
Rarotonga Soil T/21/62 nd 55 nd nd nd 72 23~
Barotonga Grass . Ti21/62 15,000 nd nd Trace od 25,000 2,000
Canton Xsland Boil 7/20/62 - 600 nd nd nd 1, 104 580

*1f Ry and Ce activities are marked with an sstexisk (%), the sctivity reported 1a assvoed to be from tha shorter
lived isctopes Bu-~103 and Ce-141, Otherwise the activity is assuwmed to be due to the longer lived isctopes Ba-106
and Ce-144,

Trace - Jusufficient to gquantitate,

nd - NHo detectable activity.

AR ¢




TARIR ¥

JIF=8 Off-8ite Burveillanca Network
Pogtoperationsl Water Eamples by Island

Caae /1)
Logation Zype Dexs

Christuas (Basboo) Well 7715f62 10
Cheivtmas (Docca) Wall T/15/82 16
Christwmas (Bansna} Well /15762 20
Ouhu (Wahiswx) Cicy 1131762 13
Ouhn (Kaimuki) City 7731762, 1)
Oahu (Hanoluly West) City 74317162 - 10
i m L - !“’q.‘, v ,’mﬂ "l “ '
Farming Islend Well ifll/ez 10
Washington Island Well 7/13/62 s
Washington Island CLstern 7/15/62 650
Paurhyn Island Cistern 1/19/62 320
Canton Lsland Cistarn 7f20/62 23
Tutuila Samoa City /21162 10
Tongatabu Cistarn 7724762 20
Rargtonga Cita 722/ 62 10
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IX.

gz

RADICACTIVITY RELEASED EY UNDERCROIND EXFERIMENT
NEAR
CARLSEAD, NEW MEXICO

The firat nuclese detonation in the Commission's Flowshars
mwogren to develop peaceful usea forr nuclear explosives was
Projact Gnome, s miltiporpose experimect in a palt bed 2% miles
southeast of Carlsbad, New Mexico. The muclear device, with s
¥leld of sboul three kEilotons, was detonated at 12:00 noon, MET,
on December 10, 1961, 1,200 feet wnderground,

The detooation ralsed a asall cloud of duat from the surface.
Shortly, therenfter, s white vapor wes seen lssuing from the mouth
of the 1,200 foot vertical shaft, Tis vapar, holding close o
the ground, was blown north-northwest, to the east of the city of
Carlebad. There was no evidence of venting in the vicinity of
surface ground zero.

Monitoring results demonstrated that the cloudl wes largely
gaseous In pature, Although every effort had been made o aini-
mize the deposition of radicactivity in eny inhebited off-site
area, maall amounts of short=1lived redicectivity were depoaited in
the path of the clond for the Iirest teno miles or ao.

The following is A summary of the data obtalned by the U. S.
Fublic Health Service Off-Site Radiclogical Safety Organization of
the Office of Field Operatlons, now the Hevads Opersficne Cffice,
AEC, . ia the vicinity of the test alte.

Ragis e
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External Gamea Bxposyre

Honitars canducted a film bedye program to give an acecocunt of
acoyplated radiation doges off-site. Three hundred amd thirty
film badges were placed on individuals epd structures vithin a ome
hunidred mile radius of the test site. These badges were left out
far sbout 30 days. Six badges recorded radiation expoawre, The
higheat £1lm hadge exposvres were from Hudson Farm. A badge lo—
cated outsile recorded 165 mr, while & badge warn by a person at
the farm recorded 1M0 mr. Film bedges placed on twe houses on the
ecst anéd north sides of 11linois Cemp recorded 80 mr and 50 mr
reapectively. The occupant of the second wore & film badge that
recorded L0 mr. These doses messured by film baiges have not been
carrected for natural background radistion exposure, which is ap-
proxisstely 0.5 mr/dsy,

Milk

Hilk szmples were collected from eight producer dalries in
the viclnity of the Goome site. Results indicate that no incresse
of radicectivity was detected in the milk supplies fram the Unome

event .,

Mire Surveye

Eight mines locsted within & 30 aile radine from the Goome
gite were monitared for externsal beta-gemma levels before and after
the ehot event. The two sete of readinge remained the meme within

the tolerance of the instrumente used.




Aty Sempling

0f the 20 air sampiers in operation, only a few filters
ahowed smy spirecishle increase of gross beta activity, with the
highest Teading 160 weM® far o 16 3/h howr sempling pericd. The
highest fodime concewtratlons found in air were 1.T wue/IC of I-131
and 18 puo/M3 of I-133 on December 11, 1961, and 3.5 uuc/M3 of
I~135 on December 10, 1961. All of the above were well below per-
nissible levels for the general population,

Yater Sempling

Fourteen water sampling points ware selected in the vicinity
of the Gnome event,. Ho significant difference was found betwesn
the poat-teat and the pre-test water panplen collected and analyzed

for redioactive content,

Aninsl Sampling

Five cattle were almughtered pricr to the Gnome event and
five more shout a month after the detonation, for radiochemical
aialysizs of thelr body tissues and crgans. All the radioactive
concentrations were found to be comparable for pre and post-ghot

gsmples .

face Conbamination
Although the redinoactivity released following this teat was
lergely gaascusa in form, there wes sone particulate fallout in the
local area. Some vehicles paesing along Highweys 31 and 128

{sbout nine miles from ground zerc)} were conteminated, with the

i




higheet resdings being sbout 200 millivoentgens per hoar sround
the refdietor and 150 willircentgens per hour sround the tires at
about cne hour after ghot time, The higheat reading inside of the
carg was 15 pilliroentgens per hour, Seven cars were washed with
the reeuita that the highest reading was 15 millircentgens per
hour around the radistor aré eventually background inside the car,
Two individusls weres found to have slight emounts of comtemination
(one cm the hend snd ene in the hsir), i.e., lese then 1 milli-
roentgen per haur (bets plus gemma}. This contsminstion wes re-

moved by washing.
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COURTERMEASURES ACATHET RADIATICN OR ERVIRCHMENTAL CONTAMINATION

The Atomlec Energy Commlasion activities related to countermecasurce
against radisation or envircnmental cootamination continue to be baped oo
the Ceamissian'e statutory cbligsticn to manage the program of nuclesr
technology in much a way that the public health snd pafety iz adequotely
protected. Under thie cbligsticn, programs have been ccnducted in four
major arens:

1. An intensive program to determine the blological affects of
radiation in all possible combinations that ecould resacnsbly be anticipeied
to result from the progrem of nuclear technology.

2. An intensive prozrem to describe the physiczal and chemical
characteriatice of radiaticn sources including the mwechanisms of radic-
isotope movement in the environment, on the one hand, end the mechanisme
of the abacrption and attenuation of radiation by matter on the cther.

3. Organizaticns, equipment and techniques for rapidly evaluating
the degree of environment contaplhaticon resulting from an unplanned nuclear
incident and technigues for undertsking decontamination actions under a
wide varisty of conditicna.

4. A program of providing the information necespary to those con-
cerned with the developwent of standards for radiation protection. These
activities have been reflected for years in the msay publications of the

Incloding
National Committee on Radiclogical Protectiony NCRP Report No. 29,
entitled, "BExposure $0 Radiation in an Emergency,” and mcre recently
in the reports of the FPederal Radiatilon Councill.

3ince the Copmiasicn's safety criteria for the management of the

atomlic eneTgy program are baped on the asswaptlon of negliglble risk




under comtiouous lifetime exposure conditions, the need for countermessuren
ie mpzt logically focueed on upusual circumstances vwhich are capable of
caueing short-term injuries., Thua, technlques for mltigating the bicloglesal
influence of cxposure are most applicable when a smell number of people

have heen exposed to condliions c¢apable of causing scute radiation injury

or desth. Some of these are not generally applicables to mass application
or to combatting chremic exposure effects. Similarly, technigues of
sgricuiture menagensnt would be most eppropriate for coping with the after-
math of a muclear war or ccping, within a limited ares, with the consequences
of & major miclear incident such ap at Fongelep and at Windscale. Actiions
have been taken by the AEC as & normal part of its source management
procedures. Theee have included suck simple actions as having pecple remain
indocrs with the windows closed &g &t 3t. George, Utah in 1993 during
paseage of & redicactive cloud.

Monitoring and survelllance at and neer AEC aites:

A5 2 pecessary part of soy procedure depigoed to 1nitlate the sppll-
cation of countermessures to any type of relatively extensive radiolactoplic
contaminsticn some monitoring end survey work ia necessary. Each major
AEC 1ngtallaticn has a comprehensive system of monitoring and survelllance
in and around its site. These progrems gre directed primarily toward
problems that might arise from the specific sctivities at each site but
gre of sauch a nature that they can mspd do ssslet in mondtoring fallout from
miclesr weapons tests. They also have the capabilities of asslsting in
manitoring in the event of & muclear war o & mejor nuclear accldent.
Appaindix I summstizes and 1ljustrates the type of monitoriog sctlvitlies

conducted at ARD sltes.




Some ABC gites maintain a capshillity consieting of emergency standby
aquipment which can be placed in sn alrpiane for use in aarinl survey, In
addition, there ie one complete operational purvey system ineluding an
airplsne and operating perscomel and equipment which can meke repid and
accurete aerial aurveys of plmpes or regiona of suspected contsmination.
Sueh & sarvey in many circumsbances would be a useful prelude to the
epplication of svallable countermpeasursas deaipgned to decontaminate arens
on o reletively large scale (ouclear aceldent). It would be similarly
udeful to locate arens of minlivom contamiusiion under conditione of nucslsesar
war (Appendix II). You may be interested in knowing that in ccoperation
with the . §. Havy, the aerinl monitoring syetem wae ubilized to make a
survey at sea {ollowing the losa of the Thresher. Besause the usual
alreraft was not equipped for extended overwater flighte, the instrumen-
tation wes removed and installed temporarily in tha USH P patrol aircoraft.
nly background radistion was detected,

Radiologlenl a#sletance program;

The Atomic Energy Commisaion participates in and ia a key member in
an Interagency plan which trains and equips tcame that are awailable for
acedldents invoelving radicactive materdinl. Thede fteams ore able to maks
a rapld assesement of the extent of a contaminated area and to apply
certialn decontaminetion proceduresa. Whlle speeifleally set up for local
emargensios theae teams would be useful undar most tconcelivable circum-
Etanses invelving relatively large releases of redicactive substances.
{Appendix III).

In conjunction with the DAHA there is maintained an emsrgency radis-
tion team and a depot of medieg] supplies for use in radistion smergenciesn.
(Appendix 1¥).
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Agriculiural countermessure procedures which have been fully devdoped,
end which can be put to Inmediste use (work performed in part et the U. 3.
Depextment of Agriculture and funded by AEC):

l. Deconteminetion of sgricwltural lsnd surfaces by the harveating
and disposal of cootemineted plante, and by the reking off of contaminated
surface milches end crop repidues;

2, Imconteminestion of agricultural lsnd surfaces by the mechanical
scraping off of s surface laoyer of the soil from the land}

3. Decootaminaticn of bare soil surfaces by the spray spplicstion
of sn asphait emlsion followed by the removel of the hardened asphalt-
s0il layer.

All of the epcvircomertzsl countermeapurss Iindicsted in the preceding
sectiocos would be more or le=ss sppropriste for muclesar war gurvivel and
recovery depending on local circumstances and especially for nuclear
aeoldents lnvolving large local relesaes of radiomucildes to the environs-
went. Others which represent normally recommended practices, such ee the
fertilization =nd liming of foof crop golls to optimal productivity levelas,
would geperslly have some silight benefleiel effect oo exposures from
fallout: from miclesr weapons Lesting, especlally to reduce etrontium
uptake. In additicn, efforts 3o eelect or develop (employing eeed irra-
diaticn) specific genetlc lines of agricuiturally lnportent plante thet
will preferentially teke up celcium so0 fhat the ptrootium cslcium ratio
In the plants is lower than thet in the soll, are in progress.

The resesrch program related to agricultoral countermessures entallms

a yeariy cost of about §51;TS%.




Comntaynegsures spplicable Lo humang:

The procedures which sre imsedietely applicable to 8id recovery of
humens esxposed Lo exespslive radistion or to axcessive smounte of certain
redioipotopes taken internslly are detailed mowe Pully in Appendix V.

The majority of procedures applicable to humens are eithar undep
development or are the subjlects of intensive research efforts. Thia
research ir cearried at a level of expenditure which reached $2,559,100

during FY 1963,

All of the countermessuzes applicsble to humans gtill require
conglderable research end developmernt before they can be utilized on
a mops beglia, In gpecific ingtences, where a Tinite number of individuele
are involved, cerisin of the measuved cen be applied with aome degree
of Teasdbllity snd success such as potassium iodide to block the thyrsid
glend or platelete infusions to control bleeding, g

In regard to ruclear Warfere cor s muclear sccident involving &
high level relesse of rediosctivity, broed gnidelince can be given
to esslst in what probsbly would amount to "command decimions” in the
event of an emergency, i.e., possible countermespures to reduce redistion
expopure must be waighed sgainet thelr poteniisl heaith risks to the
population and sgainst other hagards concomltant with the emerzency.
Buch an approach hee been tsken by the Wetional Comnittiee on Rafiological
Protection in théT report "Expoeure to Raddaticn in an Emergency.” The
report does not purport to indicete vhen or what countermessures should
be teken for the reason stated mbove, i.e., these actionz must be eveluated
on the baales of the emergency situaticn.
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In regard to the applicability of countermeasures to Fallout from
wegpane testing, the Cramizaion's view 1s that countermeasures are appii-
cable priwarily when umisual clrcumstances are created which could lead
to short term radiastion inluries. The Comnission's pollcy of program
menagement, including weapon tests, 1z degigned A that ¢omditione
requiring after-the-fact coumtermessures are not likely to be created,
particulsxrly with respect to posalble long-term injury. In fack, as
printed cut by the FRC, expogure levels many timea zbove fallout levels
to date 1n the United States would be needed to Justify auch counter-
measures, (n the other hand, if fallout levels of I-131, for exemple,
wvere found ¢ be comparable o those gbserved followlng the Windacale
reactor accldent, countermeasures might be appropriste. The best coep

for the aituaticn would have to be aelected at the time.,

AFPPENDICES T thru ¥V




APFERDIX 1

MOMITCH TN ACTIVITTES

The Atomic Energy Camigaion fallout Information network wes
reactivatad in Sapbember 1961, 4o provide a means of proupht deters
nipation and reporting of Iincreased levels of u.tmuﬁ.pheric radio-
activity in the srea of AFU facilities dus to falloubt from muclesr
wveapons testing. There haa not been & felt need to attempi to es-
tablieh gpecific types of monlioring progrems withln the AEC.
However, srrangements heve been made to utilize Radlological
Apgiptance tesms to lhvestlgate slleged or suspected fallout "hot
spote” arywhere in the country, Cenerally, all AFC facilitiles
perform measurementa of concentrations of radlcactivity in air {es
an "glert” mechaniem) amd externgl gamms measurementa. Mamy Ta-
ellitles perform radicactivity measurements of ralnwater snd a va-
riety of other envirommental spoples, Although thesze are flxed
glations the emrirommental monltoring dste 1s collected from sur-
rounding areas ineluding the fme diste slte. Within the geogrsphi-
eal limite In which the sampling cowld be carried out, infermetion
ecoudd be cbbained that would be useful 1n connection with radic-
logical hazard countermeasures following a miclear ineident or mso-
cidentnl exposures to fellout from muclear weapons testing. Such
information could also contribute to the success of countermessures
applicable to poatnuclear wer survival or recovery although most of

the envirommentsl sontaminstion informatlion 1ln a post war situation

_T-.




will probably come from other sgenclee such as the Iepartment of
Health, Education and Welfaore apd state public health departmenta.
The data collected at al)l AEC facilities are amubmitted to the
Fuclewr Explosives Envirommental Sefety Sranch (MEES), Divieion of
Operstional Salety, Headquartere, on « meothly routine besie. In
the event that any informeticn indicatesd a possible publie mc&n,

this information ie transmitted by telephones or by WX to NEES,




RADIOLOGICAL MONTTORING ASSCCIATED WITH AEC PROGRAMS

The following teble presents the locetlons and types of radiation
messurensnts now being mede by AEC and ARC eonkractor activities., The
freguency of collacting and reporting thila Infoymation haa been deter=
mined from files of Aata actuslly recelved Yrom each activity within
the paet several montha.

External Al¥ Milk Gum Rainfail and
Reporting Activity Gamna  Semplivdg Sampling Papers JSettled Dust
ATKEIY, BOUIH CAROLIEA 17
Gavarneh River Oper OfF. X ... X

ALBUQUERQIE, WEW MEX,
Sandis_Corporations X

ATGONNE, ILLINCIE

Argomne Ret Lab.3/ "
BRAKEITY, GALTF -

Lawrence Badietion La X

TDREC FALLE, TDAN(

Tdaho Oper. OFF. X ¥
108 AI'IG%EE, Calif : X

. 6/ x X
NIV YOI, FEW YORK ”
Heslth & Safety lab of AECL
CAX RINIE, TEMMESOL g/ X
Oak Ridge Operations OFF. -1
RICHIARD, WASHINGTOW o % %/
Hanford Operationa OFF, X

ROCHESTER, NEW YORK Y,

Univereity of Rocheate * X
8T, PETERSAURG, FLORIDA .,
Finellass Peninsula Plan X 4

UPTON, NEW YORK 13/ o 14/ o/ X167

Erockhaven Habt. Lab.

y M1k asrples are collected from sach of six locatlons oo a weelly
bagls, Some samples coms from dalries, some from indiwidusl Larme.
M so, grosse beta activity of particles in alr is pessured (m a
dally basis,

._"E;’ Alr pamplers run continuously. Fllters are changed every 24 hours
from Mondey through Thursdsy, with sn 8-hour run og Priday and
about Gl hours over weekends.

y Filters are changed every 2t hours. Q(rosa beta activity of thees
aamples 1 reported monthly.
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L/ Air sampler runs continucusly. Filters sre changed every 24 hours.
Airhorne bets-gamme sctivity is reported monthiy.

5/ Adr samplers run contioucusly. Filters are changed every 2i houra.
Extornal gamna rafimtionis recorded daiiy. Beta activity of air-
borne particles snd external gemma radiation 1g reported monthly.

g Filters are changed every 2k bours. Gum papers are replaced at two
stationa every 24 hours. Externmal gamms radiation is recorded at
two stationa dally. These data are reported monthly.

7/ Afr sampler runs continucuely. Filters are changed every 24 hours.
Bata activity of airbomme particies is reperted monthly.

8/ Concentrations of activity in mir are determined om a dally basis.
Theas data are reported weekly,

gf Measurempenta of axternal gamea radlation are obiained weckly Top
the Hanford eite snd for Richlend, Weshingfon. These dats ars
reported monthly.

;_lgf Weekly damnies of grosa beta radicactivity on air filters are
obtained from staticnes st the following iccstiona:

Aa. PBoise, Idsho

b. Lewlston, Idsho

£y Walla Walla, Washlnghon
d. Spokane, Washington

e. YeKima, Washingbon

fa Seattle, Wazhington

g« Meachum, Oregon

b, Klemath Falls, Oregon
i. QGreat Falle, Montana

Dally samplea of gross beta radlcactivity on alyr filtersa are obtained
from the Hanford site and from Rishland, These data, plus the weekly
data from the above stetlons are reported monthly.

11/ ©Dally measurements of external gamms radiation snd groas beta
activity of particles Iin sir are nade.

12/ Alr sampler runs contipuously, Fillters are changed every 24 hours
during the week but are not changed during weekends. Dally measure-
menta of external gemma alsc are made. These data are reported
on g monthly basia.

13/ BExternsl gamms radistion ie reported monthly in terms of mr/week,

14/ Deily values of air particulate aetivity sre reported monthly.
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15/ Routine scamning of milk samples from six Suffolk County farms
For icdlnoe-131 hes been started.

16/ Activity in weekly collections of rainfall and setiled dust is
being determined, and the data reported onh a monthly basls.

The Pollowlog Teprescnts only g brief sumary of infermation that
could be collected in the short time avallable. Vhereasz, the infar-
mation below lpdiestes quarterly reporting, we will probebly go to
pemlannual revorting eimce it fulfills cur n=eds and lessgens the &x-
negsive regurirement placed omn AEC installationg for preparing quar=

terly reports.
1. Bettis Atomic Fower Laborstory, Plttaburg, FPennsylvania: .

A quarterly report on levels of redioactivity In the vielnity of
this installetion ls suimitted to AEC. It contains levels of ag-
tivity reiseped in the form of wastes, beta-gama background levels
pear the laboratory, results of monthly fallowt collections from
elght statlions ﬂ.?i resultes of contimuous soll ssepling.

2 Bh_ippingrnr‘ﬁ Atcmic Power Station, Shippingport, Pennsylvanial

& quarterly repcat on levels of radleoastlvity in the vlelnl¥%y of
this Inatallation containe levels of mctivity released in the form
of wastes, weekly samples of alrborne particulaefes, external beta-
gamus, meagurements for fowr locations, fallout collected at four
gtations, airhorne particulats radicactivity and concentratioms of
alpha and beta amitiersa in the Chio River.

3. Argonne Mutioms) Leboratory, frgomne, T1linods:

A guarterly report from this leboratory contailns data on redilco-
activity found in Sewmill Creek and in the Des Flaines River and
resgulte of a grase sapling prostom,

b, Rocky Flats Flant, Denver, Colorado:

A querterly report Irom this plant containe data on redicactivity
found through elr sampling at Coal Creek Canyon, Marshall, Boulder,
Lefayette, Bromfield, Wogner School, (Golden, Denver and Hea'hninat-er,
and In watar sgamples taken from four reservolrs pesr the plant.

™e report also tontedne deta on vegetatlon samples.

%. Hanferd Operations OfFloae, Rlchland, Washinghon:

A quarterly report from Hanford includeas the following:
a. Oeecurrences of lodine-131 in cattle thyrolds,
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T, ERelease & lodine-=131 to the atnosphers veresua time,

¢s Fhoaphorue-32 in Colwmbia River Whitefizh.

d. Concentration of phosphorue-32, zinc-65, ardenic-Té
naptunium-239 end chromium-51 in Columbia River water
vergus tloe.

e. FProdleted 12 months dees for GBI tract from drinking water
at Pasco and Kennewick.

f. Resulias of regular analysie of oyaters from Willapa EBay
for zine=65 end other radlonuclides.

@. Regular analyepis of milk in the Hanford area.

6. Portsmouth Gaseous Diffusion Fiant, Porismouth, ¢hig:

A querterly report from this plent containe data from air gempling
at fifteen locatlons pear the plapt and from water asmples collected
noothly at fourtsen locationa.

7. BSevannah River Plant, Adken, South Carclina:

A quarterly report fran this plant contains the reselts of & contlma-
oua monitoring program to determine the concentrationa of radio-
activity In a 1500 squere mile sres outslide the plent berimeter.
Rainwater sauples are collected weekly at fifteen stationa. Monthly
ganplee of vegetation and water (epllected from fourteen surrounding
towns, both deep well and surface streams) are collected and
analyzed, Fresh eggs and peaches also are analyzed.

8., Prookhaven Nebtionsl Iabors Upton, New York:
SQuarterly reporte contaln measurements of relessed radioactive
liguid wastes and data on gamme levels at aite boundaries due to
coolant alr effluent.

S, Mound Ieborstory, Mismisburg, Chio:

Quarterly reporte conialn results of contlinucus air moniltoring for
tritium and radicactive particulater in alr. Water samplea are

eollected weakly froam a drainsge dlteh and firom five locatfons along
the Great Mismi Rivar.

1. HNationsl Reantor Teating Station, Idsho Falls, Jdeheo!

Quartearly reporta contain deta on rediosetivity in off-site under-
ground water, off-site slr pamples, rabbit bonea and millk,
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1, Oax Rj:dge Operstions Office, Quk Ridge, Tennescee:

Quarterly reports contain dats on radlonuclides found 1n water ob-
talned from a oumber of locations along the Clinch River and on
external gemms messurements at & mmber of lecations in the Ook Hidge
area,.

12, Paducsh Flanot, FPaducsh, Keobucky:

Quarterly reparts contaln dsfa on radlcactivity in air at four on-
gite and four off-site atations ard in water at two locstions in
Blg Bayon Cresk and four locatlons on the Jhio River.

13. Atomles Internationsl, Canoge Park, Callfornis:

Quarterly reporte contaln data on daily alr smpling, monthly water
pampling and monthly soifl and vegetation sampling.

14, TFeed Meterisls Production Center, Fernald, Chio:

Guarterly reportes contain results of alr sampling, both on amd off-
site, and of water sappling In the Grzat Miamd River.

15, Knells Atomle Power Iaboratory, Schenectady, FNew York:

Quarterly reports contaln measurements of llguid radlosctive wasies,
airborne radivactivity at several locations, gross bete activity in
the Mohewl Eiver and in Gloweges Creak, redlosctivity dn rainfsll
and in acll samples.

16. 81¢ Prototype Renotor Facility, Windsor, Conpectleut:

Gnarterly reports contain messursnents of grocs beloa-gemns concen-
trations in exhauet stack effluenta, gross beta-gawms concentra-
tilons in air on-site downwind of release pointa, gross heta concens=
trations In fallout, groes betes-gamma radlcactlvity released to the
Farmington River, gross radloactivity of water saomples from the
Farmington River and grosa radicactivity of mud samples from the
Farmington River,
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APFERDIX II
AERIAL RADTOLOGICAL MEASUREMENT SYSTEM

An Aexial Badiclogleal Measurement Syatem iz operational and avallable
for immedlate uee. The self~comtained and assoclated navigaticnal and apace
positioning instrumentation iz mounted on & Beach Twin Bonanza Modal 50
airplane. Fhe system i3 extremely verkarile and can determine ground radio-~
activity over & large area rapidly amd economically, The range covered by
the system is from natural hackground to hundreds of r/hr., The radiation
background around major AEC sites hes been mapped by the aerial suryey program,
thua providing a baseline for determining the axtent of contamipation of the
enyiropment sither by continuoug relegse or by an accldental relsase of radio-
activity, Research studies at an anmual level of about $100,000 zxe in progress
to Improve our knowledge of zerial sutvey techniques. Methoda of measuring
agrial and ground epectra are being studied in an affort to perfeet a maans of
uaing neriel surveys to provide aperific 1sotopic content of gromd contamination,

The mobility of the gystem permits the equipment to be flown directly ko
an area for use in gathering specific data regarding radiation levele on the
ground, together with pimpoint 1nfurmatinn about the locacion of hot spots.
The capabilicy 1a uwsed for txacking and measuring the radicactive debris from
nuclear detonations and for rapldly determining the area affected by an

accldental release of radicactivity,
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APPERDTL - III

RADTOLOGICAL ASSISTANCE CAPABILITY

Undax the provizions of the Commigaicon's Radioleopical Assistance Program a
natrion-wide radiological emergency assistanca capability is operational. Teams
of trained specialists can be dispatcied from 38 AEC or AEC contractor installa-
tions to respond to requests made to the AEC for radiologlcal emergency asalstance.
1f needed, the initial emergency team reepense could be augmented by utilizing all
of the msn power and material resouttes that could be spared from the AEC's opera-
tions to cope with the emergency. |

The emargency capabilitices include radiation monitoring of perecnmel, the
enviroument avd materdals; emergancy decontamination necessary to protect health
and pafaty: medlcal advize onn the hapdling and trestment of pecple injured ox
expoesad to radiation or both; emergency laboratory analytical services neaded to
provide Informacion on personnel radiacion exposure or radiation hazards; and
rezources spuch as craneportation, special equipment and emepgency commmications.
Thie radiologicel emergency capability is most applicable to accidents resulting
from peacetlm: atomic encargy activities but would be uged In commection with the
bnnm@saiﬂn'a poat-attack Tole ia the Hational Plan for Civil Defense sod Tefanasz
Mobilizgtion to the extent that che capabilicfes atill existed sod wers not neadad
at AEC facilities. Through an agreement with the Departmsnt of Defense the AEC
can racefva asglstance from the DOS rediclogical smergancy capabilicies inm nuclaar
weapona acclidents and aecidents fnvolving radfcactive matarial in other uaes. Thia
18 & mutual agreement that applies only during peacetime pperafioms. Through en
Interagency Radiological Assistance Plan praszently being implemented, the resourcea
of 12 Federal agencles, including the AEC and DOD, will be made available when and
a5 they may ba needed in the event of peacatime zceldents xesulting in radloactive

hazgrde to the public healih and safety.
- 15 -




AFPEEDIX IV

FMERGENCY RADTATTON TEAM

An Pmergency Redloblolopy Team esieblished Jlointly by the AEC,
DOD end DHEW in 1956 iz owrently belng updated. This team is in-
tended to be prepered to handle emergencies resulting in the radia-
tion exposure of & mumber of individuala such a8 scourred in March
of 1954 when 250 persons in the Marshsoll Islands were exposed to
Ffallout from weepons tezting. Six tone of speelsl eguipment 1a
maintained, packsuaged and resdy for rapid ghipment from Field
Command DASA, Sendis Bese, Albuguergue, New Mexico. Although thls
team and equipment was originally 'or use cutside the Unlted Statea,
thiep capability has now been sstabllished for use within the con-
tinental limite of thé Unlted States a2 well as slsewvhere, This
Emergency Radiobilclogy Team would not bhe expected +o be of signifi-
eant value in the post-nuclzar war aitustion but could be of con-
alderable use following a zerlious radisolegics] mecident during

Peacetime,

wlh =




- AFTENDIX ¥V

RADIOGELEMENT BEMUVAL FROM THE BODY

On-5ite FY 1963 FY 1564
Argonne Naticonal Lahorabory $192 $zh2
Hanford Operations Office _ 8 90

Sub~Total $278 $332
off-Site

Loyola Univeraity, gtritch School of Mediclne, Chicago. Herte Spencer,
Meteboliam and Removal of Sr-9C in Man. FY 1903 - $37s100

Vanderbilt Unlversity, 3School of Medicine, Tennessee. BPB.V. Rama Ssstry, Studles
on the Chemotherapeutic Methods for Lhe Removel of Redicactive Materlals from
the Body. FY 1963 ~ $27,336.

Presbyterian - St. Luke's Hompital, Tilinois. Robert D. Ray, Mobilization of
Radlosctive Emitters from Bone. 1963 - $32,469

Minnesots, University of. W.D. Armastrong, Removal of Syrontium Radiclsctopes
from Milk and FPhyeloiogical Sites of Diecriminatlon between Strontium and
Calclum. FY 1963 - $17,685

Columbia Unlversit cf icians and 3 cne, Few York. Irwin
Clark, Studies on Bune Damineralizatlon with Faphasis cn the Removal of
Strontium. FY 1963 - $32,129
Elt'ex Research Corporation, RKhode Island. Harry Kroll, The Development of
Chelating Agentas for Enhancing the Urinary Excretion of Strontjgm.
FY 1963 = $18,900
Off-5lte Totel 1963 $165,619 1964 - $100,000
TOTAL $a,610 $432,000

RADTOELEMENT ELIMINATION FROM FOODS

off-8ite

fewnell Univeraity, New York. Harold B. Tukey, The Lose of Organic and Inorgenic
Materials from Above=Ground Pleant Parts, with especlal Reference to Decontaminsticon
of Parts Utilized for Food. FY 1963 - 316,500

Virginla, University of'. Bartholomsas van't Riet, Radicisotops Removel from Mllk.
FY %3 - 315.-5?5

Agriculture, U, 3. of, Dairy Froducta Taborato Beltavlille .
Locke ¥. Edmondscon, The Removal of Redioaoctive Contaminetion from Mili.
FY 1963 - $83,173
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APFRNDIX ¥
PONE MARROW { TRCIA/IES FLATELET AND ERTI'B_RDBZIETIE FALTOE}

On~gite FY 1963 FY 1964
BErookheven Netionsl lsboratory $100 $105
Lewrence Radistion Laborstory {2} 60 73
lewrence Radistion Laboratory {3} 8L 93
Oulz Fidge M=t onal Leboratcry
06 01 78 109
06 03 (1 310 ko
{2 160 263
{3 380 348
Oek Ridge Institute of Nuclear Studies (9) TO 90
Oak Ridge Institute of Nuclegr Sudies (13) 71.5 75
Osk Ridge Tnatitute of Fuclear Studiea {(18) h8.1 52
fub-Total $1,361.6 $1557
Off-Site

Peter Bent Brighem Hospitsl, Massachusetts, FPraneis D. Moore; A. Program for the
Study of Traneplantaticn of Marrow, Tissuea, and Whole Organm, -and of Ralated
Topies in Surgissl Resesrch. FY 1963 - $65,000

H_fqﬁ%laﬂd Center Fosplisl, Moseachusetta. William Demeshek. Thysispathology
8 elets and Development of Platelet Substitutes. FY 1963 - $49,106

Kew Erglend Center Hoepitel, Massachugetts. Williaw Demmpshek, Bone Marrow
Freservation and Traneplentetion. FY 1963 - $48,000

Imogene Bassett Hoppital, New York. J. W. Ferrebee and E. D. Thomas, The
D on, Btorage and Fete Following Trsnsfusion of Hemopoletie Cells.
FY 1963 ~ $33,103

Jefferson Medicsl College of Philadelnhia. Leandro M. Toosntine, Transplantation
of Preserved Marrov between Animals snd from one Fuman to snother. FT 1963 -§22,205,

Yale Tniversity, School of Medicine, Comnecticut. James W. Hollingsworth, Bislogic
Zzplicetions of isologous end Heterologoup Bome Karrow repopulstion in Irradiated
Anjmnle.

Virginig, Medical College of, David M. Hume and R. H. Egdshl, The Homotrems-
Plantation of Petsal Biood Cells end Tissues in Animals Receiving'Patal Whole
Body Radistion, PY 1963 - $38,L07
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AFPPENDIX o

BONE MARROW (Cont'd)

lema Linda Tmiversity, Laboretory for Cencer and &%& Regearch, Oalifornle.
Howard R. Blerman, A Study of Leukomoletic Factors Blood. MY 1 - $23,000

off-aite Potal 1963 5840
15964 %?:000
TOTAL 1963  $1,640,440

1964  $1,814,000
GHEMICAL PROTECTARTS

Co-Slte FY 1963 FY 196k
Oak Ridge Naticnal laboratory

ok 03 (&) $0 $15C
E5; 40 65
6 30 65
Ouk Ridge Tnstitute for Wuclear Studdesfll) 10 12
Univ, of Califorala at Los Angeles 56 59
Bub-Total. $226 $351

Off~dite

Termmesase, Univaraity of, Coll of Medicine. R.R. Qverman. Protective Actiom
of Bane MAITOW Peﬂﬁgates and ﬁ Tn Irradiated Monkeys. FY 1963 - $13,333
Iouisyille, lhivarsit; afy m%t of Matr_l%. Kewin T. Fotta, Derivatives
of Bome Flve- ere Laromys. ag Possible ective Agente Against

Tonizing Radiation. PY 1963 - $10,606

ofe-gite Total 1963 $23,939
1 11,000
TOTAL 1963  $249,939
1964 2:500

RESPIRATORY EQUIPMENT

Gff-BiGe

Harverd University. Lealie Silwerman, Research and Developwent of Protective
Respiratory Equipment. FY 1563 - $20,000 (taru 9/63).

TOTAL 1963 - $20,000
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APPENDIX ¥

TISSUE ANOXIA
n-ite FY 1963 FY 1964
oak Ridge Institute of Ruclesr Studles (17} £$19,300 321,000

MIBCRLIANEQUS

off-gite

Jefferson Medicel Collepe of Phihﬂﬂ%’@ia. Relf Freter, Reductlon of Post-
Irredinticn Infections Rep of the Formal Bnterlc Flors snd by Speclfic

Immmization. FY 1963 ~ 319,584

TOTAL 1963 - $2k,58h 1964 - $2'5,500
GOUNTERMEASURES AFFLIED TO §OTIS ARD FLARTS

Off-gite

Rutgers - The State Undversity, Rew Jersey. J.C.F. Tedrow, A Study of Strontium,
Barium, snd Calcium Relaf ips in Soile and Vegetstion. FY 1963 - $5,940

North Caroiina State College of Agriculture and E_n%%rgg. Williaw A. Jeckson,
Thes ects of Form Nitrogen om Me RS O crpticn and Tranepord
of Mono and Divalent Caticmsa by FPlante, with Partlculsr Emphaesie on Ceslum mad
Strontima. FY 1963 ~ $23,034

Crlifo Unfversity of, Berkeley. Roy Overstreei, Study of the Deconteminetion
of Bo Cembaining Radloective e and Salbs. FY 1963 = $2L,730

Uﬂi‘!"ﬂrﬁ’iﬁ of Arizone. Wellece H. Fulier, The Uptsake of Strontium by Varicus
» and Fachors Affecting Uptgke anfl Transloestion of Stremtium and
ﬁa.lciu.l Coopounds Nabive to Boil. FY 1963 = $1%4,678

culbure t of. L. A:. Desn, Accupulstion snd Movement of Fisslon
Prodocts 1 Soils and Flanbtes. FY 1963 - $124,bidi-op. $7,000=--2q.

California, Univeraity of (Riverside). Nathanie: T. Coleman, Accumulation of
Ceriom, Yttrium, and Cesiux in Flants ss Affected by Thedr Scll Chemietry and
the heration of the Soit. FY 1963 - $24,707

California, University of, Berkeley. Louls Jecobson and Roy Overstreet, Study

of tne Internsl or Metabolir Factors end the External or Envircomental Factors
Affecting Ton Absorption by Plants. FT 1963 = $15,746

California, Universlty of. Bane Jeony, Modes of Entry of Strontium end Other
Tolyvalent Loms into E'Et- Roots. FY 1963 - $23,092
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AFFENDIZ ¥

COUNTERMEASURES AFFLIED TO SO0IIS8 AND PLANTE (Comtd.)

California, University of {Ies tes}. Arthur Wsllace, Study of the Esbavlor
of Certain EimEic %E: Agents in Biological and Soii Systems.
FT 1953 - $14,0868

Cormecticut cultural Experiment Statlon. Psul E. Waggoner, Fizatloe of
Cenlum-13 Hﬂby Boll Clays. ¥Y 1903 - $22,000

te Upiversity. S. H. Wittwer, Mechaniames of ifptake of Ioms by
Above Grovmd Flant Partm and Thelr Subsequent Transport and Redistribution
within the Flsnt., FY 1963 - $36,142

Ken% Regearch Foundsiion. John L. Ragliand, Effect of Caleium Level and | °
01l o 1tUg Uplake by Flants and on the Scurce of the Calelum
Taken up by Plante. FY 1963 = $15,760

Jobng Hopking University. Cherles E. Renn, Siit Adsorption of Hadicactlve Zine
and ITmon.

Mﬁm: T.8. E%t of. Welter (. Hulburt, Equipzent and Methods for
Decontamination of Agri ural Lande Contaminated by Ra@ioactive Fallout.

FY 1963 - $69,935

Tuskepes Inshitute. B. D, Mayberry, The Influence of Caleium and Potagsium

cn the Absorption end Translocation of Strontium by Arachis hypogaea and &
Selection of other Field and Vegetsble Crops. FY 1963 - $16,900

an Btate Tniversity. J. A. Kitiriek, The Mechonism of Iron Fivetion
by Layer giticates. FY Iﬁﬁ% - $15,296

Universlty of Missouri, Bllis K. Graham, Effects of Z0i) Colloid Type and Growth
Fate on the Upteke of Radionuplides by Plants. FY 1963 - 312,850

Obilo Agricultvural F‘mimnt Eta.tim. N. Holowayrhuk, Detailed Charasterigation
of 8cil and W lom em § Bites to Serve aB Bagis for Future Evaluations
of Bffects of Radlomctive Comtamination. FY 1963 = $73,798

A963 2964
Sub-Total (Direct (ountermesasures)
(Ineduding removal of strowbium
from milk) $308, 267 $310,000
Bub-total (Supporting reseerch) _$206,527 193,000
TOTALS #5114, Tok $503,000
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The prediction of lewvels of fallout radicaetivity in food and man is
an attempt to extend our eXperience to produce estimates of the future,
Measurements made over the past several years have revealed definite patterns
that should repeat themeelves when the originating ceuses eare repeated, How-
ever, oyr techniques are very generalized &nd empiricel, so sll predictions
wast be approaiched cagtiogsly,

(ur main interest, of course, is in the levels of the important radic-
mielides inh men., Unfortunately, the time lage in uptake and in eempling,
analysie and reporting make it difficult to have even current humen date
always at hand. We can make reasonable estimates of the levels in man besed
on the levels in his diet. The next step of estimating levels in diet from
levels of fallout is somewhat lese accurate. The estimates mede based purely
on fission yields of weapons testz ars likely to be relatively crude.

The present paper iz limited to a descripticon of prediction techniques
and to predictions of the levels of strontium-90 and cesium-137 in foods and
in man. These walues are based on the predictsd levels of these nuelides in
fallomt and the predieted time pattern of this fellout. The predictions will
cover the years 19463, 1944 and 1965 and will attempt to dif'ferentiate between
the wet and dry areas of the United States.

At Dest, our predicticons are limited %o broad averages. The attempt to
pradict the location and megnitude of sc-rallsd "hot spots" is probably value-
less, On the other hand, the general geopraphical digtributicon of results of

past measuremwents probably is appliceble to the predictions.




ihe Hypan Food Chain
The tranafer of radiomiclides from falliut deposition to man inyvolvea

e geries of human food chains, In the caze of certeain fruita and vegetsbles,
the chain 1s very simple since man eate food contaminated on the surface.
In other ceses the radionuclldea from plants mmst pass through andmals {o
reach man or contamination in geawater may go through the chain of plankton,
amll figh, larpe figh to man.

In many of the ateps of the focd chain there tan be elther & concen-

tration of the radiomuslide or & dilutlon, The former seems to be more common

with marine chains involving trace elemente, the latter with terrestrial chajins

invelving the more common elements. As examples, we might quote znb5 which
appears in more concentrated form in shellfish than in seawater and gr20
which is digeriminmted against by plants from the s¢il and by animels from
piant foods.

This discuseicon will be limited {0 strontium-9C and cesium-137 whlch
are only of Importence from terrestriel souwrces. Here we must consider the
direct contamination of plant focds by fallout deposition, the uptake of
radiomucllides from soll through the plant reots, and of course the contamine-
tion of animel foods by the andmals eating contaminated fodder. It ghould
be particularly noted that the dlrect contaminatlon of plants depends on the
fallout rate during part or all of the growing period. This may be gquite
variable, d.ependir]g on the collectlon efflciency of the plant surfaces and
wagh-of f by rain, The amount available to the plant roots, on the other
hand, depends on the accumlated deposit bulb varies with type of plant and

type of soil.




Sirontjun-90
MLlk

Az an example of our past erperience, the datam for the rate of
sirontium=90 failout, the accumlated strontium-90 fallout and the levels
of gtrontium-90 in milk in the Wew York arss are shown in Figure 1. It is
obvicus that the peittern of stirontium-90 in milk does not follow either the
rate of fallout or the accumlated fallout.

Turing the preparation of the 1958 Teport of the U. M. Seclentifie
Committee on the Effeets of Atomie Rediation (UNSCEAR), Eigzo Tajims of the
U. N, Sgoretariat worked up a simple fermula in an attempt to deseribe the
miik lsveles in terms of both the fallout rate and the aceumulated fallout.
Thiz formilation was mederately succeseful and was the basle of predictions
made by UNSCEAR and by other groups working in the £ield of fallout. This

formle say be wrltten aa:

C = PP, + Prfy

Where,
¢ = pe Sr9% per gram of caleium in milk (Strontium Units),
Fq = cwmlative depositiom of 1?0 (me/mi),
Fr. = rate of deposition of 3170 (me/mi2/year), and

P; and P, are proportianality factors.
The constants in the formla are derived fram cur past experience.
They are varisble frem locsticn to lecation since factore such ez scil type
and dairy menegement vary. It is pogeible, however, to make estimates for
broed geographical areas with a single set of comstants., For cur estimetes in

the Hew York City and San Franelsco areas, the formilaz are,




C = 0.07F;+ 4.6 F,

C = 0,04 Fg+ 4.6 F.
respectively.

The New York City values should be representative of the wet erees of
the country, while the San Franclsco values should be multiplied by 1.5 to gb-
tain the eztimate for the dry aress.

The cheerved and predicted values for milk are given in Teble 1. This
table as well as severel others in this paper are the same as the tables pre-
pared for the Federsl Redisiion Cournpil report. They are repsated here only
for convenience.

It 13 of interest to note thet the formila would heve predicted
averags milk values of 173 and 6 for New York end Sen Francisco in 1962,

These ars closer than expected for future predictions, since measured fallout
rather than estimated fallout was used in this particular caleulation.
Wheat,

The same type of caleulaticn has been applied to diet components other
than milk, The formila reguires modification sinee the relstive contributicons
of fallout rate and acoumdation wmry from one foodstuff to another. For
example, In the case of wheat, the depositlon rate is only of ilmportancs during
the few weeks In which the plant is in flocwer and the accwmlated fallout is
ruch less important than with milk. The constants uwsed in the fommulafl} are
0.1 forr Py and 100 for Pro The fallout rate during the fIower period is taken
as 158 of the mmmuel deposition predicted.

The measured and estimated valuyes for United States wheat are given in

Table 2. No differentiation is made between wet and dry arsas. From past




axperience{g} the concentration of gtromiium=90 in flour is teken am one-zirth
of thet +in the whole grain. '

Bacause of the brief sensitive period of the wheat plant, the geographic
rariability may be quite larpge. Also there is a distinet possibility that the
predictions may be off by geversl fold if the fallout patterns are not as
expected.

Iotal Dlot

In estimating the strontium-90 concentraticn in the total diet, the
nilk and whole grain components are caloulsted a3 described above., Bakery
products are taken as 40% of the values for whest, sxpressed as pleoccuries Srgﬂ
per pram of caleium. For vegetables, the constants in the formule are 0.4
for both Py and F,,. Fruits are cotimated &2 one-~third of the value for
vegetables and meats ma one-tenth.,

The wvalues for measured and prediected levels of stromtium-90 in the
totel diet are given iIn Table 3. For comparison, the measurements of four
different groups using different techmiques are shown in the "obserwed®
sectlon of the table. The predicted values are based only on the measurements
of the Health and Safety Laborateory since s detailed analysis of the diet
components ia required. {See Teble & for an example}

Az s matter of interest the dietary levels in New York, Chicago and
San Franclgeo measured in the Health and Safety Laboratory program are ploited
in Figure 2. The three cities indieste & marked upturn In the levels and we
believe that the predictlons of strontium-90 content of the total diet will
be found to be realistie.

In moet diets in the Tnited Stetes, milk is the major local product.

Thus if we measure milk &2 an indication of etrontium—90 intake, the range




of values found from place to place and from time to time should be much
greater than the range found for the total dlet. Many of the other diet
copponents come from different geographical areas and the overall effect is
t0 broaden the average strontium-90 inteke, This reduces the probabillity of
the appearance of significant strontium-%0 "hot spots".

The possible variaticn about the average for milk 1z dizcussed In the
Federal Radistlion Council report. There it is indiecated that the factor
geparating the highest value from the lowest value In the Public Health Service
measurenents for any month is abouat 10, When we congider that variabilltiy of
the overall diet should be less than the variablliity in milk we would predict
that total diets for individual pitiesa should not differ by more than a factor
of two fram the average for the wet or dry areas, as the case may be,

Humen Rome

In the predletion of strontlum-90 in human bone, we make use of the
previcusly establizhed relationship between diet strontium and bone strontium
and the agsocinted caleium, The faetor applied in gpolng from diet to strontium-
caleium ratio in bone is about one=quarter for adults., It may be larger for
infants but would never exceed one.

If the population had always been on & uniformly contaminated diet, the
atrontium-<{] concentratlon should now be uniform in all bone. Since heavy
fallout began only in abcut 1955, and has not been uniform, there are dif-
ferences In sitrontium-90 eomeentrations with ape and with geographis location
or diat. These ars illustrated in Figure 3.

The present lavels of strontium-%0 in the diet will affect the bone
now being formed. This new bone makes up the highest proportion of the

skeleton in infante, but Is & relmtively small fraetion of the adult skeletom.




Thus, infents should have the highest concentrations of strontium-30, Actually,
the new-born child hes a somewbat lower concentration than thoae one or two
years old, This is ecaused by the diserimination by the mother againgt
strontium-20 in forming the fetal skeleton., This factor is apparently 0.5
to 0.6,

The messured and predicted levels for strontium-20 in bone are given in
Table 4. Since our prediectioms give us the values for the new bone, which
cannot be astually measursd, the caleulations must be extendsd to cover the
zeTo 1o four yesr age group.* The 3r7%g. Ca valuee for 1963, 1964 and 1965
are 5, ¥, snd ¥ for the wet areas and 3, 5, and 5 for the dry arcas, These
values are the oneg most cowparable with the measured levels given in the table.

The deviations from average bone levels due to changes in dietary habits
cen be caleulated if detmiled diet component messurements are avallable. In
general, the differences are slight sinee it i1z the intake per gram of calcium
thet is importsnt. Thus, sc-called teenage dlets which differ only in quantity
from & more standard diet will show the same strontium=-%0 to calcium ratic,
substituting whole wheat for white bread will possibly inerease the ratio by
508, and eliminetion of beverage milk from the diet would do about the sams.

A serles of measurements Tun elong with the tri-city diet studies
have shown thet the strontlum-90 to caloiun ratios of infant diets differ
very slightly from adult diets in the same citiesU }. For the infant diet
the major comtributer iz milk which is normally slightly lower In strontium=90

1o calciun ratio than the total diet. Cammed or formule nilks have atout the

¥ This Ie done Ly cbtmining = welghted average of the predicted new bone
concenirations (plcocurles per gram of caleium)} for each year multiplied
by the celeium accreticn in grams f'or each year. This iz done for one
year olds through four yesr olds and the results averaged.




same concentration as fresh milk, The only merked difference would osour
with btreast fed infante since the mothers' milk hes an added digerimination
apainst strontiun-90. This factor i1s about one=-tenth and would give s Te-
duction in strontium=90 intake during the first few months of life.

There has been some attention devoted to the measurement of strontlum-
90 in teeth a5 o means of estimeting the body burden. The limitation of this
technique is that any tooth is only representative of the dietary intake
during the perlod of the tooth formetion. The bhaby teeth of ¢hildren, thus,
wouild correspond to new bone of three to six years before and not to the

present level in the skeleton.




Ces{ym-137
The prediction of levels of cesium-137 In diet and in men hsg not been

g2 puocessful as the correspordding predietiors for strontium-9C. The amount
appearing in foods is much more dependent on the rate component of the falle-
out than on the cumilative compement, sinee cesium iz aspperently tightly
bound in the soil. Thus, cesium-137 levels in milk, for example, fluctusts
mach more widely than levels of strontium00, whare the scil factor tends o
stabilize the values.

The expected contritutors of cesium-137 to the diet are miik, meat,
and fresh fruits and vegetables, but only milk has been widely measured. The
ms jor reason for this lack of measurement 1o thet the eesium.137 body burden
in man can be measured directly in the Whols Body Counter. Thus, ths only
reaszon for messuring the dist is for an advence indication of Ineressing levele
and for studying the mschanisms of trensfer from fallout to man.

Cesium-137 has a2 bilolopical half-1ife in man of a few months, and the
body burden can only be maintained by contimuing intake. It appesrs that the
body levels lag behind fallout levels by sbout seven monthe, and do not
fluctuate a3 widely. Also, it should be noted in comparing the dats for milk
and humars for 1959, 1960 and 1961 that the human levels did not fall off as
rapidly as the levels in milk.

The predictions given in Table 5 are based entirely on comparing ths
patterns of fallout, milk, and man for 1958 through 19561 with the expscted
fallont pattern for 1963 and later. The final numbers are somewhat subjective
but inelude consideration of the rates and mapgnitudes of inereazes and de-

sreages found in the past as well az the absolute levels,
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Table 1

Strontium=50 Content of Milk in the U. S.

(pc Sr90/1. of milk)

Hew "Wet" San "y
dork Areag Erapsigco Aregs
Observed (PHS wvaiues)
1959(1) 9 14 - 9
1960 9 9 4 5
1961 8 9 4 &
1962 14 15 5 10
1963 (lat Quarter) 16 18 8 11
Fredicted
1963 31 - 11 -
1964 20 - 6 -
1965 17 - Z -

{1) Baged on raw milk data. .




W

Table 2
Strontium-90 Content of Wneat and Flour In fthe U, S,
{pe/ke)
Average from 9=15 Average of
Sta;ea Ezighted f?{) Paired(g%mplea Fﬂt Sampling
Year of
Harvest  Wheat fleup Wheat  [loup ¥hoat
Observed
1959 48 9 - — -
1940 26 4 13 4 17
1961 23 7 19 4 14
1962 - -e - - 56(3)
Eredicted

1962 150 22
1963 250 40
1964, 100 16
1965 50 8
{1} HASL Health and Safety Laboratory, USAEC, New York
{2) {FDA) Food and Dmug Administration, Depariment of Health, Education

and Welfare
(3} Incomplete = Includes less than 50% of production. The 1962 predicted

value I1s presented pending the avallability of more complete data.




Tabls 3

Strontium-90 Content of U. 5. Total Diet

{pe Srgofg Ca)

B e G R
Obasrved
1359 18 - 132 - -
1960 12 - - - 4
1961 8 8 g8 4 3
1962 13 11 13 8 5
1963 (lat Quarter) = - - 10 -
Predicted
1963 50 : 36
1564 32 19
1965 £l _ 10
HASL - Health and 3afety Laboratory, AEC
PHS ~ Public Health Service
CU0 = Congumers Union
FIA = Food and Druog Administration

9

—— Dy Arvesg
HASL. FHS CU JFDA
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Tatle 4
Strontium=90 Content of Bumen Bone in the U, 3.

(pe Sr¥/g Ca)

(Obgerved (Or4 yeare 01d)
195¢(%) 2.0 2,0
1959 2.7 2.2
1960 2.4 1.8
1961 2.6 0.9
1962 {6 monthe) 2.9 - 1.0

(@)

Predicted (New bone

1963 12 9
1964 g 5
1965 5 3

{1} Data for 19528-60 are from Lamont Geoclogical Obzervetory,
1961-£2 are from HASL

{2} One-fourth the predicted total diet values in Table 5.




Table 5
¢e137 Data and Predictions

Estinated Anmyal ¢s1%7 Faliout cel3? ce137
Xesx Found-NIC Predicied-Fet Milk-Viei Aress _Man
1948 27 - -
1959 38 65 70
1960 7 10 &)
1961 11 i 30
1962 37 42 49 -
1963 85 {140) {150)
1964, 34 {70) {120)
1965 19 (30) (80)

Totimtes of Ce'?’ fallout obtained by miltiplying Sr?° values by 1.7,
the yleld ratio.

Values in parentheses are predicted levels in milk snd man, po/liter and

pc;"g!{ regpectively, for the U. 5. sversgs.




__———#

—

Table €

Tri-City Biet Studics
{Teath Sampling)

MY, ¢ B/62 _Chicago 10/62 S5, F, 9/62

Cateso kalvy & Cafvr  wuelkg uge/yr  ume/ks uwefyr  wwe/ke  uuefyr
Bakery Produccs 37 37.0 9.4 ¥ 0.7 Me 22,0 1.1 B13 6.7 £ 0.9 48
Whole Grain Producta 11 10.0 4.1 T L.0 155 17.0 2 1.3 187 L0 1.2 i21
Eggs 1 9.1 1.3 ¢ 0,1 20 5.3 0.2 85 2.6 + 9,1 202
Freah Vegetabies 43 15.0 2.3 £ 0.4 398 12.0t 0.4 514 2.2 0.5 95
Root Vegetables 17 6.1 7.1t 0.5 121 4,9 % 0.2 83 2.1t 0.3 36
Milk 221 234.3 1.2 £ 0.5 asgon 7.6 0.4 1670 3.4 2 D& 75l
Foultry 17 9.2 0.8 £ 0.1 13 2.1t 0.1 k1) E.7 2 0.2 29
Freah Fish 8 3.8 0.3+ 0,1 2 1.8 0.2 L4 0.9 0.4 7
Flour 43 8.6 4.5t 0.2 195 14.8 &t 0.3 635 4.8 £ 0,3 206
Macarmi 3 Q.7 4.6 £ 0.2 14 B.5 £ 0.3 25 3. 803 11
Rice 3 1.1 1.5 £ 0.3 5 3.0 0.4 9 0.8 % D.4 2
Mezt 73 10.9 0.7% 0.1 32 6.7t 0.1 488 1,0 ¢ 0.1 73
Shellfish 1 0.8 2.8t 1.7 3 6.6+ 0,1 7 0.9 0,2 1
Dried Beans 3 2.9 2.4 % 1.2 7 16,8 1.7 50 1.0 1.4 21
Fragh Pruit 68 13.6 1.9+ 0.3 L29 4.6 0.4 316 0.5 £ 0.3 34
Potatoaes 43 5.8 5.5 0.6 249 L.9 %t 0.5 a7 4.4 x 0.5 198
Camned Fruit 26 1.3 1.3+ 0.1 32 051 0,1 12 0.7 £ 0.1 18
Fruit Juices 19 1.7 1,8 0.1 kA 3.9 % 0.3 ‘73 2.9 0.4 53
Canngd Vegetables 20 4,2 3.7% 0.2 1% 1.1t 0,5 154 1.0t 0.5 20
Anoual Intake 383 5430 5258 2128

r54:'.1:+|:n:u‘.il.!.uurﬂ’ﬁl to Calcium ratio in total dier 14,1 5U 13.7 50 5.6 83U
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FIGURE 2 = Levels of Sr%0 in Total Diet, New York,
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