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> The signing of the Limited Test Ban ‘I'reaty in September
£iv 1963 marked ‘thei'close of 14 years of atmosphericinuclear
<. weapons testing spread over an 13-year period.  However, it
#+ - did not mark the end of a need for further informatjon and
+Tiinterpretation of data concerning the health aspects of nuclear
71, Wenpong testing, ¥ PO ¢
This pamphlet ‘{8 concerned principally with: thechealth

" Nothing new is"contained herein and much has beengmitted
.5, for brevity. The pamphiet does attempt to bring together the
S highlights of a'l}_x'ge body of information and thus in some small

2+ way may assisgin further enlightenment of a compleggubject-

d}" b . . . s

GORDON M. DUNNING
U.S. Atomic Energy Comnijssion
Washington,D.C. - *i{\ ,
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Ly aspects of n\quear weapons tlesting in the: 'atmesphere.
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INTROD@;CT ION

Fallout from nuclear wcapohis tests has been by far the
principal man-mude source of radicactive environmental con-
tamination. About 340 nucleardetonationsin the atmosphere,
by all nations testing, have been announced. 'The total eneryy
release has been about'511 millign tons (MT) equivalent of TNT
with the U.S.8.R. tests uccountmg for about 70 percent of the
total.! Included in this total is about 193 million tons of energy:
released by fission—the process that creates the radioactive
fission products present in fallout.! Two n..rdred million tons
of TNT c¢nergy equivalent would produce . about 12 tons, by
weight, of fission product debris.”

The discunsion that followsjin section | attempts to sum-
marize an enormous amount:of data and to present some
evaluation of the estimated padiation exposures to persons
from radivactive fallout.” Section 1I deall ith other health
aspects of nuclear weapons testing.

The information presented herein is intended to provide some
answers (o three basi¢’ questions concerninx the testing of
nuclear weapons;

1. What are the problems and poesible risks associated with

nuclenr weapons testing?”

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

8. What do these data mean—how serjous are the possible

risks”

With these three questions in mind, the information for each
healih aspect ~such as whole body exposuvres—is presented
under three subheadings, i.e,, Background Information, The
Data, and FEvaluations.
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SECTION J.
RADIATIONS !
A GENERAL BACKGROUND INFORMATION . &
1. Notural Background and Medicol Expesures . c £y

As far as is known, man always has and always will livein aq
environment filled with nuciear radiation, There are:radio:
active materials present naturally in the ground, the sea, and in»
the air. Cosmic rays bombard us frvm outer space, Nawnlly
occurring radioactive materials in our food supply lrndme us’
from within. -4

To these levels of radiation exposures are now added thou
from fallout-but these radiations (gamma rays and'beta par-
ticles) are no“different in kind from those emanating’ from;
natural sources. Nor is there any evidence that they produco
any fundamentally different biological effects. The radiations
from natural sources and from medical, industrial, und scien-
tific uses of radioisotopes and X-ray machines, and’their bi-
olugical effects, have been studied intensively for many yoarl.

To repeat, radiation exposures from fallout are in addition to’
those from natural sources but they are just that —additions of .
more of the same type of radiation. Fallout has not introduced
a new and strange agent into our environment with completely-
unpredictable results. Indeed, a Committee of the Nationa),
Academy of Sciences-National Research Council has stated:
“ ., . Despite the existing gaps in our knowledge, it is abun--
dantly clear that radiation is by far the bast understood en-
vironmental hazard . . "’

TABLE 1.~Radiation Fxpoaures from Natura) Background
nnd Medieal Sources

Natural Background (annuul exposures) Rotntgens
TRl vverivrvrenn.. 0.085-0.20
Gammae ruyu(!rom {e rrn!rill umrcrl)lnd(oumlc rays 0.1 (varies),
Potassium 40 (internal) . L 0.M8B (variea)
Carbon 4. . e 0.001
Modieo! Ezposures
Chest X-ray (per exposure) N i 0.2
Back X ray (per exposije) . g (X}
Photoflucrogram (pe) expusure) ap8bwint w2

finatrn inle ntinal neries .abent 80,
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Various units have been used to eypress exposure to
radintion such as the roentgen, rep, rem, and rad. Al are in-
tended to express some relationshiv between ttlw radiation
energy absorbed and biologival elfeets.  Since it is not eritical
for the following discussions to understand the technical difler-
ences among the nnits, only the “reentgen” will be used. To
provide some perspective as to the magnitude of the “roent-
gen” table 1 is inclhuded,

2. Sources and Nature of Fallout

The major source of radionctive muterials in fallout is the
fissioninz or s, litting of atoms of uranium and plutonium that
gives rise to a inrge number of unstuble radioisorspes inthe
fusion process hydrogen nuclel nre joined together. Induced
radioactive produets result when inert materials capture
neatrons that are released during either the fission or fusion
provess,  Generally, these induced radioactive materials are
relutively shortdived and contribute only in & minor way to
radintion exposures to man.  The principai exception is carbon
14 deseribed in seetion | F (page 14),

Some of these rodicaetive materials encape vs gases and are
dispersed and diluted in the atmosphere.  Most of the fission
products, however, become incorpurated into or attached onto
minnte inert particles of dust and debris from the immadinte
environment of the bomb. The dust particles, together with
the associated radionctive nuclides, are swont high into the air
by the heat arid force of the nuclear explosion. The larger
particles and those in the lower levels of the cloud fall nearby.
Smaller particles in the upper levels are carried away to be
spread worldwide. The worldwide distribution of these radio-
active particles follows the same pattern as would occur with
any other small particles injected into the same regions of the
atmosphere - radioactivity has essentially no effeet on the
pattern of distribution. ‘

Roughly, a nuclear detonation of one-half million tons or

less, fired at s low altitude —but high enough so the fireball
does not intersect the ground - esults in most of the fission
products remaining in the lower atmosphere, the troposphere.
They are depusited on the earth’s surface ut a rate such that
one-half of the amount remaining in the atmosphere at any one
time falls in 2 1 weeks (ealied tropospheric resnience half
time). As the energy yieids of the nuclear detonations in-
crease, more and more of the isswun produets are swept higher
and higher into the stratosphere  the layer above “he tropo
sphere (fig. 2. The residence hait-time heve i more like one
half & yvear for injectionimio the Fover stratosphers in the pinlag
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regions and one year or somewhat lesy ul the equgptor;
active debris from nuclear detonations cocurring'at y
altitudes (about 30 miles and higher) may have & g
half-time of five years or more, ¢
Roughly two-thirds of the radioactive particulay
injected into the lower stratosphere ut the north pols
has been observed to full in the 80°-60° North latity
where about K0 percent of the world's pupulation liv
tion at the equaturial regions has been observed o
a more even distribution between the two hemisph
For surface bursts of high (million 1on range) ylel
H0-80 percent of the radioactive debriv is deposited 8
fallout,” i.e., within 24 hours. Air b «is -wheree thé
does not approacl the surfuce - vesult in iittle, if uny, b
out.
Table 2 tabulates somye of the key dat, on estimated
energy yields from all pust purlear weips s tensts. Of
vnergy relensed of H11 million tons eqpiivaient of TNT:

TaBLE 2 Eotimates of Yields from Al tene Wengions Ty

ST '8 and |
Tetul million tone® K] I3}
Finsivn milhion tuns in ne
Fesion milliun tone ceattorod pinbinth Hin ol
TINT eyguivatent
Tee Feemor tente b o T R T
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pereent resulted from U.S.8.R. tests.  This intal energy release
is of use in estimating the amount of carbon 14 produced,
Incidentally, it is assumed that the carbon 14 is distributed
more or less uniformly around the worldl, oo

Tubic 2 alvo ahows that of the 193 million tons energy equiva-
lent releasing fission products, about 161 miuhion wis were
scattered globally.® Approximately two-thirds of this-amount
originated from U.S.8.R. testa but will account for about three-
quarters of the long-term fallout in the United States because
of meteorologicul factors. This is because there will be more
deposition in the North Temperate Zone from a nuclear detona-
tion in the lower atmosphere at a northerly latitude than from
the saine shot at an equatorial site. Atmospheric teats at the
Nevada Test Site have contributed very little to the depesition
of long-lived radioisotopes but at times have been the source of
relatively high amounts of short-lived radioactive materials in-
cluding lodine 181 in the local environment. oo

At the time of a nuclear detonation something like 200 difler-
ent radioactive substances are formed by fission, *Additional
ones are created by induced activity, Although these 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 to consider them individually
and in the aggregate for an appraisal of their health hazard.
Fortunately, for an analysis of the problem, most of the radio-
nuclides are of little health consequences because -of their
short radioactive half-lives or other characteristics such ns
being highly insoluble. In fact, it is possible to estimate the
radiation doses to various organs of the body by considering
only five principal radionuclides in fallout that are deposited
internally, i.e., iodine 131, strontium 90, strontium 89, cesium
137 and carbon 14. To these internal doses there must be
added those to the whole body due to the radiations from fall-
out material outside the budy. Thv problem of estimating
these latter radiation doses is again simplified by considering
first cesium 137 and then lumping all of the remaining radio
nuclides together in the caleulations. :

B. WHOLE BODY EXPOSURES

Background Information

Failout particles consisting of inert materinls together with
the associated radionctive materials settle to the earth’s sur.
face where niost of them remain and thas never ket inside o
bodies. These xternal, man made radionuclide s, howoyver,
will irliate the whole bady by t(hery penetrating gomm
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radiations while their shortor range betu paviicles will cop
tribute a much less biologicully significant exposure to the akl;'
Qf the radionuelides that contribute to external radintiol
the most important single one i cesium 1:47. Ity radioactiy
half-life is approximately 0 years. Thus, it is pussible fy
cesium 137 to remauin in our environment (v v periods 4
time without losing much of its activity, althouph there can }
loss or reduction in uvailability of the materiul through norm
weathering processes. Still cesium 137 does have u sh
enough life so that most of the radiations ave released with
the lifetime of n» man. :
Al] radionctive materials in fallout, except cesium 137, wh
remain outside the body may be conveniently lumped togeth
to estimate their conttibution to external exposures, The
usually are called “short-lived” even though some do have hq“
livgs of upwards of one year. In spite of the fuct that nea
all‘of the radiation exposure received from these short-liy
radionuclides is completed within a year after the radion
clidep ure created the totul amount of exposure during ¢
year'may be greater than that received from cesium 137 with
30 years. 1
Cesium 137 also is one of the iwo (carbon 14 is the othy
prineipul radionuclides deposited internaliy that irrudi
the"whole body, [t is pot w major seurce of the total wh
radiation dose except in such casus as that of flskimos why
diet is largely canribou or reindeer meat. The food cyl's
(lichen-curibou-Eskimo) rellects the reiatively high surfy
contamination of cesium 147 on the lichens.

The Dato :
The highest whule body exposures from nuclear weapy
tests ever reported by the tnited States were nbhout 175 ro
gene Lo 64 Marshallese following the March |, 1954 surf
nuclear test detonation at the Pacifie Proving Ground.t 7
situation resulted from u shifting of the winds so that the i¢
heavy fallout from this large yield surface Linst occurred
part, seross the islands instead of the open sea. :
The Marshallese were cvacunted, given wmuedleal treatn
and returued to their home isiand of Rougelup un June 20, 1
after radiution levels had jubsided to neceptal iv levels s (fig
From 1066 to 1062 ahout 24 children bav: been horna
normal - und four persons have sied from natural raus
{One of these had been on another isiand and recoived 60 ro:
wens uxposure.) Four deaths have occurved it the compar:
populition of like size. There were, of course, notice.
effects immediately after the irradiation suel sy nansen

" kW
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FIGURE 3.~ Rongelapese returned to their home islund June 1¥67. Structures
were newly built by the U.8. Government,

itching of the skin (see section on Skin Exposure below, sec-
tion | C puage ),

Also, there were definite changes in levels of bleod consti-
tuents for months afterwarde. The Marshallese have been ex-
amined by a team of physicians yearly and to the present time
no statistical differences have appenred between them and the
“eontrol” group for such factors as hirth and doath rates, life-
shortening, leukemia, cataraets or cardiovascular, arthritie,
oplahalmic, or dental defects. There may be a suguestion of
greater incidonee of mirearriages and stillbirthe and more
recent data indicate that there may be a lag in growth and
development of the children, but the paueity of vital stutistics
and the small number of persons invelved preciude a determin:
nation,

It was reported by the Japanere that some Ashermen abonrd
a vessel near the Pacific roving Ground on the same date may
have received o higher exposurc than the Marshallese.” (ine
of these fishermen died on September 23, 1954 of a liver digorder
complicated by the development of jnundice and pneumonin®

The highes' estirzrated exposure to uny individual near the
Nevada Test Site war LS roentyens and the aext hipieest
106 roentgrens. The highest st ted oxposinie te any o

6
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munity was about 6 roentygens. ’I’here were ahout 80 pors
who ‘received exposures botween 6 and 1o 1 oentgens, i
of the above radiation doses are acepmulated losey nmcet

Nevade Tost Site opened in 1O61Y &
llavm;: dclmeated these hi_heat exposures it is proper‘

diseuss Cuvernge” expusaron cinee these deon refevanee
evaluating possible genetic effects. The averuge whole bg
exposure to persons in the United Stater (1n be accumula
over 30 years) from all past nuclear devination Lests of Unj
Stetes, United Kingdom and U.8.8.R. {the I'vench tents o
tributed very little) has been estimated to he 110 nulllroa
wens® (.11 roentgens).!  Somewhay over vue half of thie}
pusure will result from rudivactive‘fallout materinls uutl
the’body. The vemainder is due to carbon | | and cesiums
deposited internally folivwing m;’*nlwu fdnhalation col
butes neglixible amounts),

In the case of the Esrkimos, the Iughant measured amou
externally deposited cesium 187 in any individieni was in §
1963."  Thir highest quantity of cesium 13 would prodm!
dose rate of about 190 milliroentgens (0.19 rovntigen) per y
at the tin.e of mensurement. The highert nverage for’
group (Anaktwyuk P’ass, Alaska) was aboul une-half of
value. Since cesium 137 contamination ¢f the lichena®
surface phenomencn very little is taken v from the ]
and the normal biological time to remove huli of any re
Ing cenium activity in the bady is only about 100 days or pom
less, the annual dose should drop off in 191 o> g

Evalvation . : 3
A whole body exposure of 176 roentpen:. (Murshnllaﬁe%
perience in 19584) is (ar in excess of an acrvptuble expog)
As contrasted with the sorface bursts in 1954, the 19627
tests in the Pacific were bursts in the air ngh enouyh &h
the surtace to eliminate measurably loend Frilhal, {
Only a few individunls huve oxceeded by wiadi amounty
eriterion of 10 roentyens in 10 yenrgeatublisiv ol for the No‘
Test Site,
“The whule body average population 30 y i vxpusure 0%
milliroentgens (0.11 roentgen) is about thiee percent of )
from nntural sources. The difference in viataral bnckgr@
radiation levels at vanious localitios fn the United Statos cat
much greater thun all of the whols body coxnaruare h'nm.

out, :

A nathiroentpen ge BTG of o roentgen,
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3. ' €, SKIN EXPOSURES
S : sy

§ Bockground Information v L

i Budionvtiw fallout debris emits betn particles somg'of which
- epterge from fallout material with sufMeient range in uir o
' épch from the ground to the hgad of an ereet mun. *However,
inghuman tissue the range of tiese buta parbicles is limited
principally to n very small fraction of an inch so that only the
£ skin is irradiated when fallout debris is outside’the body.
}‘Fﬁ her, there has been no observed skin damage except from
. relatively heuvy fallout where the radioactive fallout mate-
- rial has remained in direct contact with the bare skin’ Kven
T azgingle layer of cotton clothing appurently wreatly reduces
‘ radiation dose from beta particles. :
TTApproximately a 500 roentgen dose delivered by betn pur-
“ticles from fallout debris to the buse of the outer layer of the

ST

HUI:..IRE 48, - Hiwhly ru‘dlun('live fﬂ”jllll material remulned i contoet with (he
. feel cauning mevere skin damape 2 dnye wfter cnitial contam
. nation.
%

‘tissue is required to produce erythema (reddening of the

N wullﬂ 4. -Bame case six months later. Damage healed with norm

mentation except for smull spots marking the aroms- of;
severe damage. ’ :

skin). A similar result from X-rays would requive leas radi

-tlon dose. At somewhat higher doses from heta purtiel

emitted by fallout debris epilation tloss of hnir) may oggt
At still I}iuhur doses more serious ekin dimure sy be'e
pested with such symptnins e ulceration, B ‘ig

The Date r‘m
“8kin dainage from betn hurns was frst ubserved on ﬂon
cattle grazing near the Alamogordo, New Mexico Test B
following the first nuclear detonation on July 15, 1945, Epil
tion was observed in patches where the fallout (debris had sy
posedly remained in place. The hair grew Lavi;, white in agle
and no other adverse eflects have been observid in thu cgﬂ
or their offsprins«s. e

Other "heta b 'na’ have been observed v 1y few cattlg
1052, on horses in 1863, and une hioree in 1935 (0 Nevada. A
of these, wo well as the Alamogordu eattle worr eruzing with

{
]
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20 miles of ground zere where there was voly avy lecal
fallout from the bursis occurring on tow .. Jae estimates
suggest that the external whole body expusures in these same
areas would have heen in exceas of 76 rventgens from gamma

rays.! TR
The principal example of skin dnmage was in the case of the
Marshallese people following tie heuvy fullout vi March 1,
1954.' The most damaged areas were (a) in the regions of hair
on the head (oiled), (b) folds of the moist bare skin such as
the neck region and inner elbow, and (c) tops of the feet where
the fallout material remained in place (fige. 4a and 4b)." The
extent of skin damage to the most heavily exposed group may

be siumimarized as follows. CooE
45 individuals......... superficial lesions
13 individuals......... deep lesions :

6 individuals.........no lesions

To!al.........a .
86 individuals (of T
the 64 above)......... some degree of epilation :

Hair of normal color and texture has regrown and ail lesions

R ¥
.

have healed without visible effects except for permanent loss -

.of pigment in the healed areas in individuals apd some scar
tissue behind the car of one man, marking the location of &
previous deep lesion. SR S

Additional cases of skin damage from fallout were ob-
served on some Japanese fishermen aboard the Fukuryu Maru
and some American service pergonnel on the island of
Rongerik. as & result of the March 1, 1954 fallout,” *Also, four
men in charge of handling “hot” flters from monitoring air-
craft at the Pacific Testing Bite in 1948 received severe beta
burns on the hands. One additional case was-an Air‘Force
officer in charge of tranaportation of radioactive samples from
the Pacific Proving Ground to the United Siates int1951, A
lesion developed on his forehead und right eyebrow region.
The damaged area showed normal repair processes but the pre-
viously black hair of the eyebrow was replaced by white huir
upon regrowth."

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

Evaluation

Serious skin damage can result if highly radioactive fallout
remains in direct contact with the skin.  Simple measures such
as washing can be very effective in reducing this hazsrd - Lne
sooner the butter. Skin damage has not been observed except

10

!

in those arear where the amount of fallout was high, Le., pussis
bly ever 70 roentens whole bidy dose from tee panme rdia
tion with most of this exposure ocenrring in the first few days.

“Thus, the potentinl hazard of skin burny may be essentially
-eliminated by meeting the eriteria of an wecepl able whole body.
< @Xposure,

OF course, by evacuntion from a highly contami-
nated area it is possible W reduce drasticay wioie body ex.

posure, yet a relatively high skin dese could accumulate if

the fallout materinis were nat removed early. 7

. i
D. IQDINE 131 3

1

" Background Information

Approximately (L15 million eurie (n “eurie” correaponds to
2.2 millior million disintegrations of nuclei per minute) of ;
iodine 131 are produced for each kiloton TNT vquivalent of en- .
ergy released by fsaion, Fui liige yield alrbuisis miost of the

. jodine 131 along with other radiouctive materinls will he awept;

- into the upper atmosphere (stratosphere) and, sinvce iogine 1817

has u halflife of only eight duys, n large part ol its activity:

. :will decay before being deposited on the garth.  Ou the other:

hand, iadine 131 that remains in the lower utinosphere, the:
troposphere, will be deposited relatively quickly und egn onter:
ks i

* the foed chain. ‘

Milk is the principal route of entry of iodine 131 into the!
human body where it is selectively depogited in the thyroid:
glund. The assumptivn is usually made that v pereent of'
iodine 181 ingested by humans is deposited i the thyroid ne
matter what the size of this organ may be,® Thus, aninfant's:
thyroid gland of about two grams weight would receive 10 times:
more radiation dose than the 20 gram adult's thyevid for the
same amuunt of lodine 131 ingested, For this reason cul

= ouintions of radintion doses from iodine L1 v the general

population are Liosed on those for the infant ruther than the.
adulit,

Direct meusurcments of jodine 31 in milk were not made.
around the Nevada Test 8ite during earlier Limes of tasting
since it was the consensus of scientiets withiu wnl sutslde the
AEC and Government at that time that the liniting: factor was’
the potentiul external whole body exposure. [t is yow recug:
nized thut there can be situntions where the indine 181 ex.
posure can be more limiting. An example of this was the
Smallboy surfuce shot on July 14, 1962 st the Heveda Test
Site. The detonntion was large enough to praduce significant
guantities of indine 131 but due Lo its low enery: vield the ae
tivity was not swept to high altitudes to Lo atried nway,

oty B
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diffused and diluted as had occurred for larger buraty in the
atmosphere. s Ty S

The Dato :

The highest annual average value of iodine 131 measured in
milk by the Public Health Service national net.mrk (Ag. B) at iy
time was at St. Louis, Mo., for the period of August 1967
through July 195814 -The ealeuluted ayerage dose was 1.5
roentgens to infants’ thyroids based on'the usual sssumption
of each drinking onc lter of milk per day —the dose t ati adult
thyroid would be only about Y us much.: The next highest
caleulated totnl wverage dowe wun 0.09 rgentien al Pulmer,
Alaski (October 1001 through Septemberi1962), and the third
highest was 063 roentgen for Salt Lake City, Utah (September
1961 through August 1962), Because of the unevenness of the
jodine deposition near the Nevada Test Site it is poasible thut
small loeal areus might show vuluvs 10 timey oF so yreater thun
the avernge for the genéral veyion. it<is-aiso prohable that
higher levels of lodine 1831 than these existed in local areas
around the Nevada Test Site during pgpm‘gf heavy testing
in the 10608, K AR

The above estimated doses to the thyroid involve some uncer-
tainties in their determination hut are based on some observed
jodine 131 levels in milk samples.  Theoretical ealeulations vl
thyrvid doses have been attempted, based on other types of
vaddintion monitoring such as collection of radiesctive purticu-
latex in the air or mensurements of radiation at three feet
above the ground from deposited fallout, To dute, uil of thewe
miethods suffer severe uncertainties. These monitoring pro
cedurer, equipment and datn are useful-for the purposes for
which they were intended.  Vhe difficulty is in attempting to
use one type to predict anotherin i quantitative way.

e

Evalvation

Al of the nbove caleulated thyruid radiation doses muy by
placed in perspective by reference 1o quoting from u Nationnl
Academy of Sciences report.”

I deseribing the therapentic use of iodine 191 in the trent
ment of hyperthyroidism, the repoit stated:

“« Inere is ne evidenee at hand, except for one
doubtful case in o ehild, that any of the Lreatments
fur hyperthyroidism has produced s thyrod caneer,
athoge b doses have ranped from g few thousand rad
Qoentpen s upward 07

There can be civenmsbanees where Jevels of iosline U3V in nnlk
enn beon e controfling fartor Py externi! pamni expo
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FIGURE 6. Counting a ssmple of milk fur ioding 1387 The procedure i» anivk !
and simple =the milk is merely poured into & plastic containe:

n.nd st into the counter, I contras ‘analysis of milk for stran-
tium #0 sy require weeks mcludln‘Jndlochcmlcgl preparation :
of the sample. R oo

.

sures that have hitherto been considered of prime interest for
loca) fallout. However, the total potential doses that may be
acerued will require the drinking of the milk over pericds of
weeks. Up-to-date toechnlques nnd equipment new permit a
relatively easy nnd oarly surveillance of fodine 181 in the mik
supply providing an opportunity for whatever action may be
approprinte (Figure 6). ‘

€. STRONTIUM 90 AND STRONTIUM 89

Background information
Strontium 90 has a half-life of nbout 28 years. It is selec-
tively deposited in the bones. Chemieally it is related o cul
cium. This similarity has led to the use of the “strontium
unit” defined as une picocurie (2.2 disintegrations per minute)
of atrontium 90 por gram of caleium,
Strontium 90 mauy become assucinted with foodstulTs by
surface contamination of piants or by uptake of the strontium

14
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- goFfrom the soil. During yenrs of relatively hoawy fulloul",‘
syrface contamination hus necounted for the Luger part ul:
& i“i&* ¢ the strontium activity in pilants but in the wecoee of atmos:
! pherie nuclear testing the avenue of suil uptale rdominates
The: periods showing the highest umount of Ayontivm #0 in
the food supply have been invariably the spriny and summer
months following years of heaviest testing  Vhis s hecauss |
of meteorulogical fuctors and also the facl tha surface cor:
- taminatiun contributes morce to the total strontium 40 activ-
ity “found in plant life than does soil uptabe during these
*. ~periods. (Incidentally, the cestum 187 contert of plant Jife
is even more dependent on surface conlaminition sinee unbid
very small amounts are taken up from the svil) Areus of
. heavier rainfall consistently shew higher levels ul strontium 9.
- Milk is one of the best indicators of strontinm 20 in the fog.
supply, yet ul thie same time it iy one of the helier sources of)
calcjum. Remember it is not just the amount ot strontium 94‘
‘that is important but also how much there it present in reln
- tion to ca'vium. In fact the total diet has hud ronyrhly LB umm‘
aa Kreat o strontium gojcaleium ratio as did milk alonet®
“gtrontium 80 hus the sume chemical propertic: is strontiup
uY and will foilow the sume metnbolic paths t1is ereated:in
-much larger quantities than strontium 90 but produces less 1
a problem since it has a shorter half-life (5 diys) and emitq
“beta particles with about one-half the cnerpy of these [roul
strontium Yo and its daughter produet, tur these roasony
the atrontium BY content in mitk may peak at values many tinge
that of strontium 90 during the periods tnedintely (oliowing
nuclenr tosts, you the total radiation dose to the bone over |
Jifetime from strontium #4 may be only une-quioter of loas thil
that of strontium !

v The Dato
‘ Abaut 20 million varivs of strontivm 90 hoe heen ereaty
M;f” by atmospherie nuclony teats with sbout | iailhon curies
P this being spread globally. The other & niitlion vuries I'J
. quickly in ureas joenl o the testing sitex 1o rinte, rough
, #-0 million curies of strontivin o have bevn aoposited wlobaliy
) Jeaving » raleulated 6 miltion curies in the recivn of the st

(bnsed on mensarenenls using
amouinle above
due in part
wise of Wnery

phere below 100,000 feet
' eraft nnd balloons) ¥ with some wdditicnal
< Jevel, The discrepuney in total numbers o
radiological deeny of strontinm Y0 but mar b

taintivs in the estimates themselves.
As expected. the peak vaine of “stropbes
was prssed in June of 1069 (82 "strontium e

anits™ in m
“aR o nntion,

!
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average)l™ In the nbsence of atmospheric tests these lnvglu
are expected to continue to decline wenerully except f"{’ small
transitory rises during the next few spriny seasvins. '“m.a*_n-
nual (i%3) national average:for those ureas of the Um},,gsi
States showirg the highest vajues was 26 “gtrontium uplu '
in milk. This is less thun the 82 “strontium units” prelllctgd
and should foretell less in the bones than predicted. Inei-
dentaily, the amount of strontium 90 in the wilk produced
around the Nevada Test Site:is among the lowest in the
country. e A ‘ .

In general, past predictions of levels of struntium 90 in bones.
have been too high. Thir is duein purt to the selection of data
in the upper ranges Lv avold undercstimations of radiation ex-
posure. Even so, it is remarkable that the observed amounts
of strontium 90 in benes have been within about a factor of
two of the predicted amounts considering the fact thut such
predictions require the: application of many scientific - dis-
ciplines - nuclear physics, metsorology, chemistry, -piant and
animal physiology, etc.—often:to new situations.

That segment of the U.8, population whose bones will receive
the highest radistion doge are children born in 1963 in regions
of heavier rainfall. The total radiation exposure to thsse chil-
dren—from internally deposited as well as external radionu-
clides—has been predicted to be abeut 460 milliroentgens (0.465
roentgen) accumulated over -a 70-year period, b :

<

Evolvation s -

The predicted average 70-year radiation dose to the bones
of the age group receiving the highest exposure from all past
tests —about 466 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 7U-year
period from natural background sources.

F. CARBON 14

Sackground Information

Carbon 14 is produced naturally by inrteraction of cosmic
rays with the nitrogen in the atmosphere. Although its radio-
active half-life is long—-6760 years—the process of natural
production had been going on for such 2 great time thet the
rate of production and rate of decay were in equilibrium, i.e.,
Jjust as much is formed each year as decays away, until nuclear
test detonations were initiated. There is a constant exchange
of carbui. 14 atoms between the almosphere and the surface
of the earth on the one hand, and the deep ocenn on the ather,

16

e op with $he Tutter constituting a reservoir holding olont i per S
ca 3 cent of the atoms. :

- tons of total yield fived in the air (surfuce burat-

. ent in that part of the earth’s blosphere thai determine: §
¢ radiation exposure tu man. However, half of this newly-ndde:
* carbon 14 “disappears” ipto the deep ocenn witliin about &

2 yeurs,®
* wdisappears” in the fullowing 34 years, until only @« 1rw percen
» v UT !
remaing.,

. counterpurts so that not only is stable earbon bui wisv carkeg

" distance it n vertheless irradiates essontially the whiole boedy,

Nucjear delunations can also produce earbon 11 by inter-
aetion of the neutronk, produced at the tme of v explosion,
with nitrogen of the atmosphere.  Approxiniatei: 100 ey
< abon
one-haif vf the netutrons inta the ground) wikl prevee a suth
cient amount of earbon 14 to equad the amount e aliy pre:

One-half of that remaining in the atmosphere HKewise

Radioactive isotopes alt chmnicully'-gimilar wo their stablc

14 found in all living cells.” Thus, althgugh cartion 14 emits
botu® particle of very low energy that travels o very short

at a'rate of approximately one milliroentgen (0.001 roeniger
per year. This is the nutural backgroynd ratve fuv carbon Vg

The Date i ,

‘Bince nuclear weapons testing started 511 million tuna totu
energy yield huve been released. Considering tic conditions
of firing (surfuce versus air bursts) aboyt the sare nmount oI
carbon 14 was produced from all past vests as is normally pres
ent'in that part of the earth’s biosphere that determines radis
tion exposure to man. Assuming thatmost of the carbon 1
produced by the detonation will “disappear” into tiic dvep vcen:
with & half-time of 33 years, the estimated whole Ludy exposur
for 70 years is 37 milliroentgens (0.087 roentgen) '

After this T0-year period the dose rate from benih produce S8
carbon 11 will be sboul one-quarter of thut ut thic tart, .o, S
about one-quarter of one milliroentgen (0.00025 yovutien) pod
year. Thereafter, the activity will persist for 'hoeusands v
years but nt ever decreasing levels, -

Gvalvetion

The radiation exposure from carbon 14 may aceount
roughly one-third of the total radiation dowe from {nllout ovag
the next 70 yeurs. Hecause of its long radiolupivel haif-1ii S
it will persist at low levels of nctivity for thousiiids of yea: GEl
However, even before the 70-year period is complvied the dos i
rate from carbon 14 will be 8o low as to be nennensurah o
This does not mean that the radintion s not “t1 07 g it vilg
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.~ be minuscule compared to naturui backyround levels or even to
 nurmal variations of background rudigtiun.

G. WATER AND {m

QAT e P

Background Informotion
Weter

Contamination of water supplies does not constitute a major
source of intake of radioactive fallout deoris. In the cuse ol
surface water supplies there is a very large dilution factor,
N In the case of underground nuclear detonations the fission
‘s:. products are restricted largely to the immediate vicinity of
the detonation due principally to two ‘factors. S3tirstly, 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. Sccondly, jon exchange between

: such key fission products as strontium 80 and cesium 137,

and the soll resulted in almost all of the remaining uctivity
. being adsorbed within a matter of perhups tens to hundreds

of feet away from the source.” In addition to fission prod-
ucts, tritium may be formed in verying amounts. This radio-
- isotope probably 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
%% wround detonations. For above ground or cratering shots,
i~ the tritium largely escapes into the atmosphere where very
", large dilutions vecur. Theoretical caleulations sugwest il
may be possible for relatively high concentrations of tritium
to be present in the amount of water immediately surrounding
. ground zero of some underground nuclear detonations,?
e Essential to predicting potential contamination of ground
" water is the determination of the water movement. The most
satisfactory method of obtaining the necessary datu for this
prediction is by drilling operations. Although these nre ex.
pensive operations they are carried on extensively at the
testing sites.
Alr

As long as the faliout material from atmosphevic lests re-
mains in the air some may be inhaled and irradiate the lunzs,
This radiation dose to the lungs normally is less than external
whole body exposure occurring nfter the fallout has been de-
posited on the ground. Also in <eneral, inhalation is only &

_ minor contributor to the intake o fallout debris into the hody
ingesation is the much more important reute.

The whole body will also recoive some exposure from the
penetrating gamma vays while the fatlout material s 10 the

18
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. The Dote

air, but this dose will ususlly be small compirred to Lhe exposure
that follows after the debris is depoaited un the pround. How!
ever, this rutie of doses may not hold for vvents where most
of the radionctivity that escupey beyonid the test yite is in the:
form of gases or lingly suspended partivies <b»u ure confined
o a relntively shallow Inyer of sir near the suviuer. .
- Measurements of total fullout metivity in aii (ealled gvoss
beta counts) provide only a erude alerting sysiem, 1t is noi
n reliable procedure for predicting the amouut of fullout tn
be deposited nor the amount of iodine 131 in nilk.”® Becausd
of the transitory nature of the fallout debris renmnining in the
air (and sometimes becuuse of the purticular choice of unite
used in expressing ita concentration) what iy sound Itke an

‘slermingly large amount may. in fuct, result in only minot

radiation doses.

Water C }
The hirhest measured fallout activity in water wus at Uppes
Pahranagnat Lake, Nev., in 1085 amounting to u.)4 millionth of
# curit per liter? Sinco this was 8 total gros: heta count it it
difeult to give o precive estimate of the potential radintion
dose. A crude analysis suggests thet if this water had bvey
stored and used as a sole supply for 70 veurs the total dosm
might be about one roentgen to the bunues nud one-quarte
roentgen each to the thyroid and lower larye intestine. 1

No radioactive figsion products nor huduced activities includ

“Ing tritium from underground tests have been found in unden

ground water supplies at pluces of human consumption. :
Al i

The highest concentration of radioactive deliis in the air i
a populated area off-site (except for the Marshallese experienc
where measurements were made only after the passage of !hg
cloud) was sbout L3 millivuth of @ cune jpiev cubic meter avey
aged over the 24 hours the setivity was present.? Thi hap
pened ut St. George, Utnh, on May 1Y, (00 The esiimate
radintion dose to the lungs from inhaled talloat debris was lex
than 0.2 roentgen.® The external whole hiely cxposyre fron
the fullout while it was still in the air was (ovprhly estimate
to be 0.025 roentgen —only nbout %eeul the while body exposun
thut vecurred nfter deporition of the fatlnn

Evealvatior,

The concentrutions of fiszion products or oo in the waty
supplies have ot eonstituted major oo b vintiation e
postre to man. There i o lnege dilution 1oeter when wurfae

THE SR (O ot ¢ '
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water uum lies are comuuunlwd,

and the fasion products from

underground nuclear detonations lurkely become fixed at und- - “gdin

neur the site of the explosion.c Whereas, theoretical caleula- ™ " ¢%

tions sugyest that concentrations of tritium in the'water may

be ubove ancceptable limits’for- some underground nuciear .

detonutions,™ this refers cniy.40 the water immedjutely sround

ground zero. Some dilution Is'to be expected if it moves off- 1.

site and; more importantly, the'eriterion of “acceptable liiait="

is bused on the assumption that all of the water drunk through-
out a lifetime will contain the'same concentration of tritium as
set by the limits. The quantity of water initially contaminated
to these limits by wn underground nuclear explosior is rela.

tively smail and would not constitute the sole supply for a life-.
-Further, ‘tritium decpyn,wn.h [ hulf hfc of about 12

time.
ycars

iy,

‘side the body the radiation exposure is much less'than after

the material has been deposited on the ground with the possible - 7
-7gXception of certain situations nuted sbove.. 7 % 25

£ Much! less radioactive fallout debris enterl the body by in-. .
‘halation than by ingestion.” While the debris is in the air out- <!

lodt'lwnd information
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GTHER ASPECTS
A ILAST-—DIIECY AND RﬁﬂECl’ED

Direct blust wuves thpt are potentially damuginiye are con-
finedto the immediate: spesting site-aress. Under ceriain
meteorologicnl vonditiop “‘howwor, blut waves may by’
fracted (bent) from an upper abmsapheric leve! bLack to thc;
earthand thus create’ higher air _prepsures thun would the
expected at those distances.

One.layer in which this*may happon ‘is betweon 26,000 wndd.
50,000 feet altitude where winds may:cause a focusing effect:
at some ¥0-50 miles from the point of detonation. In gurn,
the ‘blast wave may be repeatedly veflected from the ground,
and bent back from the stmosphere cnptlm; 8 reviey of regulad
spaced puints of focus. at the carth’s surface wilh mtervenlng
“silent” spaces. Such'an effect has resulted in minor strue
turs! ‘damage, such a4-breaking of windows, 75 tu 100 miles.
from the point of detonation at the Nevads Teat Site™ (Ag.'7;.

A'similar effect {s obtained when biast waves i bent.from
& layer of relatively warm wir, called"the ozonosphers,: §: 4
helght of 80 to 30 miles “The point of first return (u the ‘sartli
in this case is 70 tu 160 miles from the burst. '

Thore may be a return of sound waves fruin an altituile
above 60 miles (lonosphere). Most of this blast vnergy 18 als
sorbed, however, resulting in no recorded struclural damage

In some cases audible’sharp eracks snd popa huve beon hears

Procedures and equipment have now been duveloped. i
predict with greater accuracy the mapmude winl 'hrvetwn @

thess refracted blast vuvou § oo

The Dete »

Although the tlast wave decreases Jn energy with each sus
ceeding refraction back to the earth’s surface, there haw beu;
breakage of windows on s second “strike” at 285 miles frvs
only & 17 thousnnd ton (TNT equivalent) nucleur yxpliosion.
(All together about $50,000 has heen paid for struciural Jamay
claims from all tests at the Nevada Test 8itc) There e

]
&
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FiGUnE 7.« A downtown Las Vegas windmn -, showing how the glass wis winvked
out by the rarefaction wase, 1ather than pushed in by the com
presaion wive resulting from the Novembgre 1, 1951, nuclenr teat
at the Nevada Test Site.

been no significant structural damoges from refracted blust

waver since good predietive methuds have been developed.

There has been no known case of direct injury to man or
animals from the refracted blast waves.

Evoluation

The predictive procedures developed resulted in greatiy
maaimizing offsite damage from hlast effecta. In faet, ey
have been anly incidents of single windows being domnped
sinee F0A Two oceurred in 150 and o thivd in 10T
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per-unit area on the rear portion of the eyehall (reiinn) dot
-

s ?-r”chu approximately 0,000I8 ineh (T aicrons) in diamats:

.- {focusing effeet of the human eve. Of course & diiution of th
-, pupil of the eye, such as t nighttime, will permit tore lightt:

*. enter and, slthough the retinal image size does not change,

""j any light guthering devices such as binvculnr< uive woul.

: ?l. THERMAL RADIATION ~ FLASH AND HEATING EFFECTS'

* Baehground Information
¥ ’ig_Levelu of thermul radiation that can produce skin burns ar-
“limiter to the immedinte tosting site arear F00 e an t) -
oyes, however, may extend for mucii greater dixtaricen.

*These effects may be either permanent damage tu purt o
eye or a temporury flash “blindness.” The fatter iv onl
iscomforting effect but can be potentially hazurdous in th
case of nutomohile drivers and aireraft pilots. T'his is one'n
“tHe reanuns why certain areae of highways huve bevn ciused fo
specified periods of Lime around the Nevada Test Hite and al: 8
vhy the snme precautions have been taken for the air lape 38
apound the Nevuda and Pacific testing sites.
rhaps surprisingly. the amount of heat (enlorivs) recaive il

e dN

nat decrense with increasing distance from the poiot of burst--
g’;;cept for the absorption (attenuation) effect in the atmos§
phere. While the expected-decrease in energy per vinit aveaf
“does orcur autside the eye (the inverse square fowi, the impy - JN
> formed on the reting correspondingly decrenses in wive in thoSK
; pAme proportion. The result is that the thermal dose, in cx
. qries per unil areu, romains constant but it covers 4 smallig
;- Afes on the retina.  This reduction in image size on the retin:
iwjth increasing distance from the burst continues unti} 8

which is generally taken as about the limit for the maximyr

can be reiatively more hugardous. Also, It in avaimed thy

“increase the hazard.
“Any damage Lo the retina probably would not be ditectad L
ap eye examinntion if it were leas than B0 microns o dinmete: S
Actual functionul impairment of visian probubly vwoubil not | ool
noted if the lesiona were mild and less than 50 mictons in diknog
efor on the fuven —the most sensitive portion of the vetina,
There may Lie less injury to the retina of the oy o glver @
total amount of thermal enerxy is received ut n luwer rat-
.., there is mure opportumity for the udjucent volis in the
retina to conduct nway some of the heat.  Hivh oid deton. 4
tions in the lower ntmosphere exhibit o slower rat: of deliver Ji8
than low yiclds (say, u milllon tons versrux 2o thiavand tono I
At very hirh altutades, say above 100 pule iy 2o
Yoe.owe of the tatal yield from o megaton dete e appep g
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-~ promptly us energy in the visible light region*because of the

i action of the bomb debris with the air, resulting in a greuter

" nent eye injury would be expected only if ong were lookinuy
* direetly at the firebull. Thix applies only to‘the instant of '

. blinking or turning away should further insure safely.
The Date ) T

_Test Bite have complained of temporary eye impairment.

-conditions by thousands in the Hawalian lslands without"

thin atmosphere.?  Principally for L. is reason, such high alti.
tude detonations du not present a serious hazard for eye dam-
age. Detonations occurring ut lesser altitudes epgountar_moru
atmosphere, where there arv greater opportunitics for iater-

fraction of the total energy appearing as prompt visiblc light,

Detonations below about 60 miles can produce sufficient
energy in the visible lizht region to be a potential eye hazard
if they occur shove the horizon and sre viewed directly. Ex-
perience at Hiroshima and Nagasaki suggest that. perma-

burst. If the detonation occurs below the horizon, the instant
of high thermal energy release ia past before the firebalil
rises into view. Under these conditions human reflexes of

GUIE K. - Special high’denmity
Nevada Tont Bitg. <N
but who has turned wway from the direction of burst, This p
cedure ia oqunlly_'utgf:wyldlm therey i: nu reflecting wurfy
directly in view,” o ; :
. 5 ot

There have been no recorded permanent:
persons off-site, although a few individuals near the Nevada

The burst fromn a 1.4 million tons detonation that took place
over Johnston Island in the Pacific on July 9,/1962 at an alti-w
tude of about 250 miles was viewed directly under nighttime

B !

‘ LRI N :
F other man's visual acuity followed a similur pattern starti)
" at 20/400 in both eyes'in the'area of retinal dumage and 20/
“*in the adjacent arens; ;These recovered to 20/50 ard 20/fiu:
“a month, and at one year later to 20/40 vn une eye and 2¢;
in the other in the areas of primary retinal dumage®

i Experimental rabbits were9xposvd undvr nighttime com
5 thons to the high altitude shot on August 1, 1108 - a detunati
+ in the megaton ranyw st an ‘sititude of aboul 15 miles, lesig
£ with diameters of about 800 microns were nbaerved out’

any reported eye injury. -

8ix military personnel participating in nuclear weapons N
tests have received eye injury —only one of which resulted in =
a severe visual handicap.® * The latter individusl “sneaked"” --*
a view over his left shoulder at the time of the detonation re-
sulting in & reduction of 20/20 vision to 20/100 in his left eye.
It did not improve with time. His right eye appurently was
shielded by his nose and retained its 20/20 visual acuity® *#

(Values such as 20/100 represent the ability of the eye to read % % 345 miles —the farthest dm;qca at which rulil:ts were exposy
standard letters and characters at 20 feet that a normal eye =~ . © gyalvation a
could read at 100 feot. 20/400 is generally interpreted as . ; % Nuelear detonations in the yield range texted offer no serlo
legal blindress.) ‘ - ™ hazarde to the eye when they are at very hiph altitudes, &
Two military personnel at Johnston Island participating in - “ above 150 miles, or below the horizon at the instant of bur
the high altitude tests in 1962 also received eye injury. Im- ¥ -~ ¥ Detonations in the lower atmosphere should not be view
mediately after the exnosure, the visual acuity o{ both eyes of ¢ directly without the aid of special high dvasity goggles (K
one man dropped to 20/400 for the area of primary retinal f ¥ ure B). Pnst precautionary procedures ot loring highwe
ir}jury and 20/100 for adjacent areas of the retina. This man's X © and air lanes near the teating sites ut the tines of bursts he
visual acuity recovered to 20/30 in one eye and 20/40 in the .- added tu the safety in respect to potentint vve damuge. T
other about une month Iater, snd to 20,25 in both cyes about a procedures niso were useful in preventing o Jdriver or pj
year afterwards in the ares of primary retinal damuage. The heing startled while in motion. '

24
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' Buckgreund Infermation”’ : v

"%%% Interest in the possible effects of nuclear detonations on the
-weather fall into two classes; one, direct effects because of the
: energy released, and two, triggering effects. The latter eflects
might be (s) a catalytic effect from the particies thrown into
the atmosphere (somathing akin to cloud seeding with silver
.iodide crystals), (b) a change in the electrical conductivity of
““the air since radiosctive debris contains charged particles, and
" (e) » reduction of solar ¢nergy received on earth owink to the
quantity of dust thrown into the atmosphere.

£ C. WEATHER

The Dete :
- The conclvesions of many studies and experiments of thesc
possible effects are best presented in reference:?

1. " . ..The energy of even & thermonuclear ex-
plosion is small .when compared to most large-scale
weather processes. Moreover, it is known that much
of this energy is expended in ways that cannot directly
affect the atmolrhen. Even the fraction of the enery
which is directly added to the stmosphers .is ndde
in a_rather inefficient manner from }ho‘lundrolm
of affecting the ‘weather. Meteorologists and others
acquainted with the problem are readily willing to
dismiss the possibility that the energy released by
the cxplosions .can have any importani direct effect
on the weather processes. ..’ .

2. ... The debris which has been thrown up into
the atmosphere by ‘rnt detonations was found to he
ineffective as a cloud-seeding agent . . .

8. “. ., The amount of lonization produced by the
radioactive material is insignificant in affecting general
stmospheric conditions ., . "

4. ", ., Dust thrown into the sir by past volcano
eruptions decreased the direct solar radiation received
at the ground by as wmuch as 10-20 percent. The
contamination of the atmosphere b{ past nuclear tests
has not produced any mcssursble decrease in the
amount of direct sunlight received at the earth's
surface. There is a possibility that a series of ex-
plosions designed for the maximum effiriency in
throwing debris into the upper utmoll:here might
significantly affect the radiation recelved at the
ground .,

The volume of material ejected by Krakatoa voleanic eruption
in 1883 was approximately 13 cubic miles with an ectimuted
one-third of the volume being spread worldwide.” ‘'llus re
sulted in a diminution of the amount of sunlight reeerved on the
ground,”

6
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1A8 & crude comparison, the 10.4 million tons I'NT equivulentg
-nuclear detonation on October 31, 1962 on the island of Elugelab,
5 . v cin"the Pacific left a crater of about one mile in diameter and;
7170 feet deep at its apex. Assuming eonscrvatively lhutf

" the crater was a right angle cone and that ali of the debris’
Masithrown into the atmosphery, i.e., none of the depression!
“wag caused by compression, it is estimated that abous“18,000;
:million ‘:O;RI j'l‘N'l’ cqulvulent{zf purface detonutions would bﬁ!
i Xrequirod o eject ap amount of dust into the atnusp .
“ “lent of Krakatoa."ﬂ’, ¥ I hergj&ggﬁu%
‘> - ¥ Following large nuclear detonations in the I'ncific miner snd;
. temporary westher changes hayve been obser\od, such as loeal,
.cloud formation sometimes with local precipitation, where’
“‘the moisture conditions in the atmosphere arc most favorabiei

: éifqg‘t.hil effect, . A e :
'k o O . ,\?\- ‘,E
“The most inclusive evaluative statements made are'thnnd in
eferences 31 and % - L TR

oy SN
=7 v, .. No statistically significant chunges insthe
,westher during the first ten.years of the nlomic ) !
‘have been found, yet careful physical analveis ot‘m s
.effects of nuclear explosions on the atmoshere vust '
 be made if we are to obtain a definite evaluation of this
problem. Although it is not possible to prove that
. nuclesr explosions have or have not intluenced-the
.. westher, it is believed that such au cilvet s un- a
“lkely . . " (1956). . !
® e, although there has bsen much speculation =
< about the influence of atomie testing on weulher, there
* #till appears to be no additienal evidence suggest-
.+ Ing @ cause and effect rolatipnship . . .7 11nsm.

D. GROUND MOTIONS ~ BARTHQUAKES 1)
Seckgrovnd Informetion o

> “A wide variety of factors determine both tiw pround'ﬁouons"

e AT A we S B L

LA and structural responses from nuclesr detonntiong, L6, energy
LE yields of the detonationy, distance from ground zery, depth of
S the shot and depth of meussurement, and ¢ic nature of th

ground (hard rock, etc.). “Compelent” rocl such as granite
couples and Lransmits more energy into seiron wround wavey

' than dues alluvium-—a noncchesive sediccnlary ‘deposit;
Although ground waves will be more rapidi- :hsurbed in al:
luvium, it is possible for waves to travel prea: hatances alony
the surfuce with relatively large amplitutles Gonount of motion)
if the alluvium i very thick. However, the-o wurface wave|

die out rapilly with the depth into the prouni Gecayne of thi

27
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_above factors, it iy nucessary lo analyze l~ucll‘&ﬂl:_|g§iun in.
“predicting possible greundmotions and structural resgnaes.
One way to express thv’qﬂvoh of yrround motion is‘in ul!n.s W
of “g." This refers:to the:acceleration that u freely’falling
‘iiwlocity'{or each second that the acceleration pccgqf iAv s *
Zwrple of thumb”—the threshold of ground motion ‘that may: .

P

P

ibe’ perceptible to humans is une-thousundth (Vieo) of a 'w"

F2from an_earthquake. :

¥ fact that ground motions from earthqu nkes persist for:a longer :
4 period of time for each shock. Also, there are repeated shocks :
" in most canes, 'Thus, strijctures are subjected to more damag-

4,

PSS ERS

o L0

[ R Y .

body experiences on earth,’l.e., 32 feet per second change in

“3Ground motions can be accentuated ut higher pluces fuch us
“:3all buildings. : el

~As another “rule’of thumb,” one-lenth of o "'g" 8 frequntly -
s.accopted -as the criterion:for threshold of property. damage.
+ However, this is bagsed on'damage from earthquakes and pres .
ent data show that seismig'waves generated by nucleardetona-
tions and chemical hikh explosives result in less damaging

offects than would be predicted for the same peak accglgration :

‘Part’ of this difference may lig:in the

.ing effects because of Lthe pumber of shocks angd greatec dura-
" tion of each shock than would be the

acceleration experienced as a result of ground motioMrom an
underground nuclear explosion. : ¥

““Since nuclear detorations produce ground motions, it has -

been speculated that they may “trigke " a natural earthquake.
It is not possible to have a natural earthquake, Showever,

.- without prior storage of strain enerigy —a process that occurs
"aver a period of 'years. It 'would be necessary to conduct an.

explosion several miles deep in an earthquake susceptible

© area to be.near a zone where the stress might be great snough .

“"for un incipient quake to be triggered.®

A

The responsc of structures to cnrthquakes bu"bnn the

subject of study for many years and satisfactory procedures

have been developed for design of structures to withstand the

. effects of earthquakes. However, in these cases the interest
. is in significient structural damage, rather than plaster crack-

ing or other minor effects. In the case of underground nuclear
explosions the site is selected with anfety in mind so that struc-

. tures outside the test area will not ordinarily be subjected to

ground motions of ore than small amplitude. The pos-
sibility that light damage may result, therefore, must be
considered.
The Deta

The meximum range at which seismic waves from the lery
est nuclear detonations te date at the Nevadn Test Rite are
28
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case for the same peak -

.

known 1}0 have been perc‘?ived by persons without be;e.
B4 of ingtruments has beon about 100 miles. These few person

&;»:;‘:' were'situated under conditions favorable to the nuiplificatio

- sites of“the nuclear detonations.
L : ;g‘g‘ i

. } Records of ground motion‘re now available for muny unde
7+ ground ‘nuclear explosions:.fc Analyses of data and upplicatio
@z of geophysical principles arg reaulting in a steady iniprovamen
enisd in methods of prediction of ground motions for planned event
B Since ground motions from pnderground nuclear explosion
- are different in nome respects from those from an uurlhquuiﬁ
= and there is a need to predict marginel dainuye o slructurel
(3% for such explosions a new’approach is required. The anslyti
e o: ¢ ol proegdures for structural response’ generally ure valig
snd’can be applied. Additional direct’test informntion’ 148
‘,required and is being acquired by the AEC. Until more dat
are developed, conservative’ estimates of the effecls may.!

- made by comparison with damage which might he expegtog
!romtho same amplitudo.;gf ground motion in an rurthg

3 - R
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SECTION Il

’ L\GENERAL EVALUATIONS

The decislon to conduct puclesr weapons Lesis for the defen
of our country was made at the highest lovel of our Gover
ment. The Atomic Energy Commission was charged with t
responsibility for carrying out the program. The AEC soug
and followed the best advice both from within und eutside t
Guve- mmeng in the conduct of new und potentially hazardo
operations. - The record, wd summarized above, must speak |
itself ag'to potem,ml risks incurred to the public in the fulﬁ
ment of a mission esaential to national security,

Of #1} the health aspects of nuclear weupuirs testing, tha;
radiation’ exyposure has received the gicatusl attention.
as the datatand their evaluation given uhove indicate, thy
has been a reiatively low degree of risk ussucinted with py
atmospheria tests (except for the failout nu the Marshall¢
and the Japanese fishermen), then why has there been so my
concern expressed? There are probably scverul reasous,

Firstly, whereas the potential radiation cxposires are oy
a very small fraction of those received (rom natural bm
ground:svurces, they are, of course, additiviul smounts.

Becondly,'in the absence of positive ool otherwise t
prudent assumption is lceopt.od that for every small inevemng
of radiation exposure there is a currespondiug increment
biological effect (“linear" concept) - rather thin the “threshgl
concept whare & certain total radiation dose must by recely
before irreparable damage occurs., Bascd on this and ok
assumptions, admissible theoretical calculutivns can be ma
a# to the potentiul number of genetic mutniious, of ea
of leukemia, ete. that could vewult from [ullout,  This ling
concept leads axiomatically to the sithation of there being’
sharp dividing line below which there is cuniplete sufoly &
above which there is & serious hazard. lludiation proteet!
wulden, therefore, must be Jderived on soine additionsl bay
us nuted next.

Thirdly, there has been su) 1@ misinterpretation of the vad
tion protection guides. The use of the Lne o concept leay
little choice for deriving radiation protection g ides, b.o, ~the
must be a balancing of the “benefits” niticiputed from g
stomic energy program, whether it be for 1u1me pogeeld;

o lin [t

'



‘vperations or national dercnse.‘{'{agaimt' the'risks” (radiation 3

exposure). Obviously, thix is an exceedingly complex and, i
" part, subjective process. v LA Y

- In spite of these difficullies this balancing of henefits rrom%(” :
.normal peacetime operations against risks has been l’t""fU"N’d., R
+ by the Federal*Radiation Council (FRC) resulting in their.% -~
. _recommending radiation protection guides for this purpose. ' 3,
" I o letter of August 17, 1902 to the Joi~* Committer on Atomie 4

* Energy, Congress of the United Staces,“the FRC cluriﬁedﬁ :
further their published Guides; .: C ok R

thet'Guides were originally #developed for
application’ as guidelines for the protection of radia-
7 tion workers and the general public against exposures
1. which might result tﬁ)l’in ‘normal peacctime opera-
) tions’ in eonnection with the industrial use of jonizing
radiation ... . the term ‘normal peacetime operations
referred ‘specifically to the* peaceful -applications of
nuclear ' technolo where the 1}mmgry contro} is
placed on. the deslgn and use of the source. Since .
numerical.yalues in the Guides were designed for the
regulation”of o continuin Snduut\'ﬁ.‘:the were of i
' necessity set'so luw that ¢ owg&r it of Range 11
. can be considered to fall well within levyls of exposure
.1 acceptable:for a lifetime. - Furthermore, to provide
the maximum maryin of safety, the:upper limits of
Raunge 11 were related to the lowest possible level at
which it was believed that'nuclear industrial technol-

3

ogy could be developed , .. i &

AN

i L

1 Bt

“‘uides developed primarily for use by industry in reatricting
‘its releases of radioactive effluents to the general environment™’
outside their controlied areas are, of course, very materially:
lower than those that might constitute s serious heaith hazard..

A fourth reason why concern has begn expressed about.:
‘health risks from fallout may lie in the ares of causal relation-
ships, i.e.. the identifying or associating of nuclear tests withs "=
nuclear war. There may have been established in the minds of,
some that nuclear weapons testing and nuclear wur yo hand-in"
hand, i.e., the first axiomatically leads to the second. A dis- ~
cussion of causal relationships is beyond the scope of ghj;v:
booklet, yet one point must be made. ) ®

A8 8 matter of technical fact, nuclear weapons of proven
‘performunce would not hive been possible without the testing
of nuclear devices and the verfying of nuelear concepta that
were incorporated into their design. Whatever protection we
enjoy from our nuclear arsenal results fro:n a stock pile of test-
proven nuclear weapons, not a stockpile of drawing hoard
sketches. '
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* APPENDIX

SAFETY PROCEDURES AT THE NUCLEAN
TESTING SITES -

‘ !
"NEVADA TEST SITE

Generol ‘
The safety programs spd procedures doseribed heloy
in use during stinogpheric tests at the Nevada Test Site,

K3 - the signing of*the Limited Test Ban Treaty essentinll)

these phogranis remain in effect, bul penerally at u g
level, thus providing for g continuous monitoring of v
and the environment for documentary purposes, and!
'The health snd safety of persons wus the major con
tion in the original selection of the Nevadn Test Site
continues to be of paramount importaiice during the g
of nuclenr tests. An exhaustive senrch was made befs

"Nevada site was selactod an the most suitable one.

inally contained 600 square miles (luler expanded 1o

© 1,200 square miles) adjacent to the U.S. Air Force Gy

Range of 4,000 square milea. For purposes of general ]

" as well as security, the Tost Bite was and continues to be

to the public. Safety of personnel was und iz further 3
by aerial and surface surveys made privr to ench de
to determine that no one had wandered into Vhe area.

Beyond these controlled arens are wide cxpanses of ]
populated land, providing optimim conditions for mainty
of safety. Although the arua is quite spursely popule
individual resident has been given full consideration,
tion maniters have been present during times of testi
there huve been oecasions when residenis linve been rej
for » day or so to insure fully their satuly. Persons rel
have received financial remuneration fur such move
There have also been occasions when ier:iuns have beey
to remain indeors for n few hours Lo rehice the vadintin
althouxh the out-of-door exporire woual hiave heen fq
hazardous.

Before each and every nmelear detonation ac the N
Teat Site, un Advigory Panel of vsperos weighad onref)
of the factors that insured safety. On the pangl wore,



As a result of these deliberations more than 200 delays in fining
have been made at a coxt of millions of dollars, toins Jte rufety
The Advisory 'nnel continues to funetion for undery: 1.
tesls,

The principnl enuse for the deluys was the re ore oo
for proper weather condition: o jpruyre mommun * . Co

MR

populut'-;l arers. Meteorologists predicted Jdownwing tra- ,

¥ iectones, precipitution and other factors which could affect !

* tevels: of inliout. The duta from the weather stulions were :

cyrrently available almust up to the exact tine of the shot. |

 A’detonation could be cance’led at any time up tu o few seconds :

" bgfore shot time. A more coinplete deseription of the meteor-

P Qlomcul program is given below, ‘_:

. #To in~ure safety to aircraft, both from the initinl flagh of

light_wnd any radicactivity in the alr mass moving off-site™y

g . from atmospheric teats, & representative of the Federal Avia- !
! uon _Agency was made an intregal part of the Tertl Organiza- :
.tion He nrepared flight advisory plans based un the type of -

i event and on the predicted nfeterological cunditions. Tha':

plpn “delineated flight patterns and areas and recommended

alterunte routes, if required, by commercial wnl private aiye |

eraft. Frequently the FAA closed specific sir lnnus and re-

_routed aircraft fur specified periods. K

5iBlast effects were minimized by predicting blust wave in- 3

. tepaities based on the wind and temperature proiiie expected |
Y& -at~shot time. Since lonyg distance blast pressure propage: :
% - tion is strongly dependent on wind profile struclure, caleu-" §
% v istlons were made for many directions and dixlances from |

%7 " the test site where pomhle window damage mipht have oc- '

“g-# ~ eurred. In order to improve bliast ealeulation tochuiques, »

o “network of especially zonsitive microbarographis wus operated

e “at as many as 17 off-site locations to record actual shol-pro- ;

't‘g ‘duced pressures in Nevada, California snd Utah. It waa')

> rarely necessary to recommend a delmy in firing time solely-!

caLtrewn1s b because of predicted blast effects since metervlogica) condl-

- tions unfavorable for fallout usually were alin unfuverable

} !o:‘ blast. ;

e e wr o acer e —otin tewrs n R A R IIEE R ull off-site radiological menitoring covora, o was and i

N & rmmntisnes o e ) 3 provided by the US. Public Health Service vnier o Memo ©

° ’ randum of Agreement with the U.8. Atomiv Unergy Com- !

ecale o7 miles ’ mission. There were and are extensive monitering progeains, :

FIGURE 9. - Public Health Service environmental sampling #tut rt »r ind . including mobile menitoring teams, fim bmlurj, uiv samiplers,

the Nevada Teat Site. sutomatic gamma recorders, collections of milk, vegetation, |

" . . soil, etc. A more complete description of thew programs is -

;f:m“; '|7nr':)n:h"h° ﬁeldsl of’ptln’llyuc h"(l‘hr" "“’d'“";' wleor given below. Al of the key duta obtained fron thicse monitor- |

«y. fallout phenomenology, Llast and thermal effects. vuc. ing programs were and sre reported in the pen Htersturs |

such as the Atomic Energy Commission's Scininnual (now !
annual) reports to Congress snd the U.S. Fublic Heajth Nerv:
ice's monthly publieation, Kadiological Tenlth {rita. An ea
tensive public informution program by the U viblic Health
Service continues around the Nevada Test st g H)

Ar
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rvics’ vepresentalive’ condueting >8> mesting .
in one of the incal homes in Las Vegas, 38 a part of an extansive -

| program ar

.
T

Wegother Predictions
The Weather Bureau Rese

nd the Nevads Test Site

arch Station was started in 1u56

to study intensively the metero

logy of the Nevada Test Bite.

In late 1957 the station became responsible for
terological support for nuclear weapons tests.

providing me-
Prior to these

REF 1S

dates this function was performed by the Air Weather Service }
of the U.S. Air Force. The Weather Bureau station at the Ne- :
vadu Test Site received all of the atmospheric sounding infor- by
mation taken every six hours by the stations shown on the ¥
map (fig. 11), and most of the hourly and six-hourly weather by
information produced in the entire United States, Canada, f

Mexico and eastern Pacific Ocean. In addition, there weie
and are some 26 wind, 20 temperuture, and 18 precipitation
measuring stations located on the Test Site. Ten of the wind
and three of the temperature statiuns that reflect mujor ter-
ruin effects at and near the Nevada Test Site provided telem-
etered information for use just prior to and immediately fol
lowing each nuclear detonntion

ik
¥
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e
Fioyss )l;—U.B. Westher Buresu stations furnish informatic) cvery sis
TXTF hours for furecasting purposn.

Mercury Weather Station made & daily atwily of the
westhar conditions over the Nevada Test Rite and civirons,
uaing all availal e local information and reevalusting analyses
furnished by means of facsimile from the National Jetervlog-
iral Conter (NMC) at Suitland, Md. The latter Conter proe-

kKY)




7;3&{ Onithe day prioy 1o ench nuelenr detonation, o formal de-
. 25 Cailey] Jriefing was wiven to the Scientific Director, the Test -
ﬁg«’ugngge_r, and his Advisery Panel covering ail foresceable ways
in 'which weather might influence the suceess and sulety of the
<“§ﬁ1@’f,igbll such briclings included wind speeds i direction
ig}éprpdiﬂ}ons to at least the moaximum cloud height obtainabie,
T oxpected chunyges in wind during the day, thermal stability, -
g c)oqu}‘proci|)itmiml, trigectories of werosols, the effeet of wind
‘gnd-ahermal atructure op the diffusion and deposition of
sSoffiyeng materials. and the maximum radintion desagees that
eouldigonerivably result on and off the Test Site. Changes,
L4 anyye from these prodictions were presented at sutbsequent
et -,briqﬂ 8 just prior to arming encly device,  In et one of the
‘ininjgiri’(;\ctora in arriving at good predictions was the series
of#wind runs” usually-st ane-half hour intervals up to jere
me.(fig. 12). '
‘Most of the proprams remain in effect as o further assurance
:of's'qdfgty in the event of the relense uf any rudionctivity from
yndergrouns. tests, '
5 MW‘BI Surveillance
s 'Rautine programs were and are condueted contintiously
l"fgwuhj'n»t radius of upproximately 300 wbles from (he Nevada
" Toat Site by the LS. Publie Pealth Service.
»Awfpumﬂu
Sjpee 1062 the U8, Public fiealth Service has vwned and
onerated two aircrafl for cloud sampling.  Prior (o thin dats,
this function was nccomplished by the 1.5, Air Forve. Euch
< afrepaft carried cquipment to colleet airborne nelivity both
" particulate nnd giseous. Both planes enrvied cquipment for
i coniinuously monitoring the gammin radintion.  Additional
.. - U.8, Air Force plunes equippesd for eloud samplimg il tracking
b}l - werg available snd were on enli.  Arrangements wore made for
- the‘use of another special aireraft fur radiological monitoring

¥

FIGURE 12.- {h; w'-mhcrs’tniun atthe Nevada Test Bite sends rador-ahserver - > surveying at H+24 hours

alloons to the upper atmusphere to cheek on temperatures. : B e N o i

dew points, humidity and wind velocities, The rudar n:u-m:w . The capabilites of aiveruft monitoring continue &5 by main

I’l?nlru‘nwnl on top of the statlon charts wind velooties and oot tained. :

directions.

i T Mable Q@rovnd Menilering
essed most northern hemisphere data, much of it vlectror Mobile wround monitoring teams were deployed in the downe
icully, and used the fastest und most 'nmdern W(’hnillln-‘i)i:; wind sector prior to each test tu supplenont b routine sur
2! o : N v which war " the conti
vllance b war bt o e G
Joeul ip ‘fm.“ circulation. ‘The Mereury station, having wnore tion obl;nil\e:l from the 1.8, Wenther 'Huron\: crsunnel aw
luenl nl’:-t‘:-'r':;l?“;,-"lavml l'”'w benenit of numerous stodie: of shimed to the NTS. Th!-'ﬂv'nll()lli!v\"illll tenny m.‘«'snml of two
weiend conditions, wljusted the NMC infarmntion men. Fach team was squipped with bev puinan sarvny
+ d N paiithe

to make forecnsts having the hiphost poxoble geeuraey tor W8
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Pmuu u-blanuorlnz for external gamma radigtion nes

;mxu&mulwumwmmmwo “’
"‘N!Vldo- :

Tess Site by U8, Public Hullh Servicg_ pvmnno s

B

vance by the predicted radiological situation. however“ﬂvo’to
ten teams was the usual number deployed. Up to 20 teams
could be organized within a short time, but were not nomully' o
maintained on a standby basis. g )

Mobile ground monitoring teams are still mmntainad on a
standby basis and used when needed. N
Alr Sompiing

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

The air samplers used are high volume units, druwlnu wir
through an 8" x 10" glass fiber filter (fiyr. 14). When deemed de-
sirable, o secondary activate! charcoal cartridge is added for
the collection of gaseous fission praducts.  Flow rates are ap-
proximutely b0 cubie feet per minute (.f.m.) for the glass fiber
filter alone and 25 c.f.m. with the charconl cartridge added.

40

gross btu activity significantly above background levels ur&

‘using a gtool shield for a 47 x 4" Nal (T1) erystal with o Cw!

. glmmmgpminz isotepes.

ilh volumt aiv vumpler. The large glass fiber filter iy v
lection uf particulates. Behind the filtur is placed wn ucnvuud
‘,,!gpnmsl cartridue to collect gases wuch as radivindines.

assayed with-a 400 channel gamma scintiliation spectrometo

peak resglution of eight percent for identification of apec

fim Sodging
Film badgel were distributed 1o hundreds of locutions aroun
the Test: 8ite and to as many as 1,600 persons durving cevtalp
operations. Presently there ure about 80 locations with som
200 persgns wearing film badges. Film badges were and a
coliected: and processed monthly, In the event that rad
activity was found in the area by the mohile monitering lvnml,
film badges were collected from Lhese looationy and frony:
peaple living in the area; new film badges were distriluted.
Additional stations and people were ineladed if the ummuqn
required more extensive monitoring. ‘s



e i i ety

i US. PSR AT frere——"
.-Collnuon of watler sample near the
Publje Health Bervioe persounel.

At Sompiing N ’ P

" Milk samples were and are collected routlnely one time per
month within the 300 wnile radius of the N'QS. from spproxi-
mately 25 sources, including all dairies and some additional
ranches having one milk cow. In the event that radioactivity
was found in any area additional sampies we!; collected often
on a daily basis. E B
Wetwr Samples

Water samples were and are in gencral collected monthly
from approximately 30 sources (fiz. 1%). There were no known
surface supplies for human use in the o/f-site area except for
Lake Mead.

Research

In support of the operational procedures deseribed above to
assure safety to the public, there were und are extensive basic
and applied research studies conducted in such fields ss me-
terology. hydrology, and ground motion. These were and are
accompluhed by (n) cooperation with other Government agen-
cies Including the (1.8, Weather Burcw, U.8. I'ublic Henhth
Bervice. U1 8. Gealogien) Rurvey, U8 Bureau of Minex and LS,

g

42

Coast nmiﬁeodotlt Survey, (b) contracta with ('unsuhm,. D
ganisations:such as Roland F, Beers, Ine., Alexandrin. Va.,
Hazeltop-Nuclear Science Corporation, Palo Alto, Culif.. and
arvor. Ine., Los Angeles, Calif,, and (v) indiijunl

The total annual expenditure for the operational aini re-

n}arch studhs directed towura safety at the Nevuda Test Hite

¢ rrently'ls over $8 million,

27" In- addition, there were and are numerous proarams curried
on as part-of the laboratories’ scientific effort that huve a
“Ehearing on’safety and contribute greatly to the basic under-

- 'S gtandings¥One of the earliest and most valuable were tiiose

'envirorungntal studies conducted by the Department of liio-

) *‘»‘*phyliel ang Nuclear Medicine, Umvcmty of California Medical
"‘jr fchool, Loa Angeles, (alif. Also, in May 1968 a new Biclugy -
.g‘mlvwon qg the Lawrence Radiation Laboratory at l.ivermore, O
..Calif., was formed with onec of its prime missions to investi:
. ~m problpms dealing directly and indirectly with radioactive

ully redioiodine,




OPSRATION DOMINIC
BADIOLOGICAL MOMITORING STATIONS
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. S APPENDIX *
SAFETY PROCEDURES AT THE NUCLEAR 155@9 SITES
PACIFIC TEST SITES %

Genarol ; i

United States atmospheric nuclear tests were 'held in the
Pacific at Bikini (1046, 1064, 1056 and 1838), Eniwgtok (1548,
1961, 1952, 1954, 1966-and 1968), Johnston Island {1968 and
1962) and Christmas Island (1962). These remoteisites were
selvcled ufler exiensive search for possible areas:where the
tests could be conducted anfely. B

To conduct atmospheric nuclear weapons tests in‘the Pacific,
Joint Task Forces have been organized consisting of desix-
nated personnel from U.8. Military Services and AEC,” A Com-
mander for sach Joint Tusk Force was chosen from one of the
three Military Services with a Deputy from each of the other
two. The technical programs have beon under/'s civilian
8cientific Deputy. : w3

In ench series an exclusion aren was declared around the
test islands for the purpose of warning air trafiig and ships
(fig. 16). Notification of locations of these areas and times
that the restrictions were in effect were made by issuance of
Notices to Airmen through the Federal Aviation Agency and
Notices to Mariners through the Commander-in Chief of the
Central Pacific Fleet. The Department of Defense, State De-
partment and other agencies of the FExecutive Branch of the
GGovernment were notified so that shipping authorities und nir
traffic control authorities could be alerted.

Since there hive been some chunges in details over the years
of the organizativns concerned with safety within the Joint
Tawk Forces, the following deseription applies to Joint Tusk
Force ® that conducted the 1362 Pacilic tests.

Wenther predictions were conducted by the Task Furee
Weather Conbial camposed of Navy and Air Foree meterolo:
Hists. o assist n anatyzing the weather doata wnd to prediet
other results such ns fallout, binst and thermal effects, o
Hazards Evaluation Unit was forneed 1o advise the Juint Tnxk
Foree Communder and s Seientitic by,

Radicdapienl safety achivities on ate were vondueted hy n
SPErE i o1 doing Task Foree & and off =i sa veillanoe pro
winms by the 178 Public ealth Serviee
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Altogether about 80 personnel were utilized in-
devoted to safety,
Rodielogical Suryeilience & s
Rudlolozicalftfufety‘(Rad-Safe) was # sepacate Task Unit -
within the Joint Task Foree organicativn.  Rad-Safe responsi. .
bilities included procuring, storing, and issuing Rud-Safe sup. .’
. plies and equipment, instrument maintenance, issuance-and’,
* processing of film'badges, maintenance of personnel radiatio
exposure records, supervision of monituring, decontamination
waste disposal activities, procurement and distribution of high™
density goggles, and other activitier as indicated by the poten. -
tial hazards of the situstion. :The Rud-Safe 8ranch contained . .
- an Off-Site Surveillance Section. - Personnel from this scetion’
"2 participated inimonitoring at off-site populated islands in the
vicinity ‘of the test area and periodically coliected waler and
food samples.-! B : SR a8 .
< Alreratt Monitoring , .
" Aircraft werq' used to monitor the cloud of airborne radio-,

tivities

activity duringiearly times after detonation and to track the -

cloud periodically over a periog“kof two or three days. - 7 il

- Bwirenmental = , Ty
DNuring Cperation Dominic (1962) there were 34 nuclear deto- . ©

nations above the Pacific Ocean near Christmas and Johnston .=

Islands.: The explosive yields of these devices ranged from low
kiloton into the megaton range in TNT equivalent. The height
of burst for each “atonation was sufficient to negate local radio-
active fallout,” The devices were delivered to the point of
detonation by either manned aircraft of by surface-to-air mis-
siles. In addition to the atmospheric tests, there was one .
underwster tost of & low yield nuclesr device detonated In the
Eastern Pacific Ocean severa] hundred miles from the closest
land area. Esseniixlly all the radionctive fssiun products
produced by this test were deposited in the ocean and were soon
dispersed and diluted to concentrations which were of no sig-
nificant biological hazard to man or marine Jife. ‘

All nuclear events at Christmas Isiund were detonations
of devices released from manned aircrafl. These bursts ve-
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 monitors surveyed the island to de-
termine whether any radioactive rain-out oecurred.

A Hazards Evaluation Unit composed of scientific personne!
of contractor juboratories (Lawrence Rudiation faboratory,
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“* Belentific:Deputy. Pre-shot computations were made for cach

TR

5':1&3 ')\luintps‘Scielltiﬁc Luboratory, Sandia Corporationy und
representutives of the U.S. Weather Bureau was vrgnuized
- 4tQ udvise*the Commander of the Joint Task Force and the

“detonation,” These computations include 12 and 24 hLour
“trajectory*forecasts basced on winds from the surface to {0,000
_#feet. ‘A specified radiation exclusion area wus then declured . ;.
“440" includedany. ponsible local fallout, Daily: soundings were
#made t0'100,000 feet giving added information that was helpful
“Yin correlating observed cloud stabilization and movement with
_<predicted *shot-time trajectories. - Where - applicable, uther,
»‘weapons phenomenn wore considered such as blast pressures,
~#apd posgible eye injuries from the prompt thermul radintion, 3177
“¥Cloud’ teacking aircraft made and maintained contact for'. 7
..;Maveral hours with the radivactive cloud following each cvint
xeonducted; in.the lower atmosphere, Timely information on
-3 cloud moyement, top and base sititudes were obtained for use of
. »advisoryiveports rexarding opening of commercial air lunes:
* through gr-near the announced danger area. - There was no’
sevidence”that -any commercial ‘sircrafi encountered uny of .
“:these rediosctive clouds. ceT T
,:*‘r ) .m » ’
o ¢ off-gite monitoring program during Operation Duminic "
-‘was under-the cognizance of the U.8. Public Health Scrvice, ¢
TUSPHS personnel being assigned to JTF-8 during the opers:’
tional phase. A radiological surveillance of a network of I8 -
: monitoring “stations wat maintained on populated islunds
. within a 8,000 mile radius of Christmas Island. Air sumples 7
“were!collected on populsted islands cut to about 1,000 miiva. -
" from the test zone. Samplen of soil, vegetation, fruits, wuer
 and marine life were collected on the populated islands of thy -
Taves’before tusting began and repesated sampiing wax made
: after the testing period to determine whether chanyes in the
Flevel of radioactivity had occurred in the sres.
"7 The 19 sampling stations were divided Into (}) primury sta-
"tions, (2) sscundary stations, and (8) background stationn. The i
‘primary stations (Christmas, Fanning and Washington were
manned by USPHS officers with equipment und sampling tivh-
‘niques to document all forms of environmental radionrtivity, .
The secondary stations (Canton, Malden, Penthyn/Tong reva,
Palmyra, Midway, Johnston Island and French Frigate Shouls)
were outside the danger area and were designed to documunt
air concentration and external radiation background. 'I'hicse
stations were operated with the assistance of Task Foree ['ruj-
ect Groups and Weather Groups. Background stations i H'u-
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tuila,  Rarotonga, Wake Islund, Kwajalein Atoll, Tongataby
. and Viti Levu were operated by Task Force Project Groups or -
" Weather Groups and:on Nuku Hiva an'! Tubiti by French per-
.* sonnel. The purpose of the background stutions was to docy-
< ment -external radiation background and changes in back.

-ground levels if they occurred. .

A-USFHS rad-chem laboratory was established in Honoluly,
Hawaii to support the off-site rad-safe program. Fucilities,
squipment and personnel were uvailable for:vadiochemical
analysis of air, precipitation, wuter, milk, food and soll. - The
facility remains in operation as & part of a continuing pro-
gram of monitoring'several of the Hawaiian Islards.

Siesnvirenmental Menitering ‘ Sty -
- 7"'The! bioenvironmental program for Opsration: Dominic was
-under AEC cuntraet with the University 'of Waslington,
i¥Seattle, Wash. A final report of their data is found in “Radio-
= nuclide Content of Foodstuffs Collected at Christmas lsland
- and at Other lslands of the Central Pacific During Operation
*/ Dominic, 1962, UWFL-87, by Ralph Palumbo.
N During the period April 7 to July 29, 1962, collectinns of food-
~istuffs, marine life included, were ‘made from eight off-site
~:islands sand Christmas Island to ascertain-the radionuclide
_-content of the samples collected. In eddition to samples col-
- “Jected by this group, USPHS off-site monitors furnished sam-
ples from areas not covered by the University of Washington
:_uiemm_s. Approximately 8,000 samples were coliected dur-
mg.the time which covered pre-testing, testing and post-testing
»_penods. Part of these samples were scanned promn:ly for
radioactive content, however, & majority of the samples were
reh;rl:sd te the University of Washington for complete
-analysis. )
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GLOSSARY® ;
‘BACKGROUND RADIATION: Nuclear (or ionizing} radiation: smsing from 4
e within the body and from the surroundings to which individuals are wlwsys |
auposed. The main sources of the natural background radiution are poiss- o
slum 40 in the budy, potassium 40 snd thorfum, urunium, and their deeay -3
’ produets (including radium) present in rocks, and cosmic rays. y
¥ BETA PARTICLE: A charged particle of very small mass emitiod spontune- ./
©, -¥r.ously trom the nuclei of cortain radionctive slementa. Most (if not sl of &
‘2 the direct fission products emit (negative) bata perticles. Physically, the .
: - heta particle is identical with an electrdn moving st bigh velocity. i
‘BIOLOGICAL HALF-TIME: The tme required for the smount of & specified
T gloment which has entered the body (or » perticular argn tu be decreased -
<o half of ita initin} valy: <+ » result of naturel. biolugical elimination
e . o
- DOBE: A (total or accumulated) quantity of fonising for nurlear) radistion,
The verm dree is often used in the sense of the cxposure duse, expressed in J
. "} roentigens, which is s measure of the total amount of lunizstion thay the |
~i7 quentity of radistion could produce in sir. This should be distinguished ©
Efrem the absorbed duse, given in reps or rads, which repressnts the erergy
“gheorbed from the radiation per gram of specified body tizsue. Further, .
Diehe biological dose, in reme, is & messure of the bioleical oMectivensss of
.. ths radistion exposure. . 3
~ DOSK RATE: As s genersl rule, the amount of jonising (or nuclvar) radiation
[P :vmch an individus) weuld be sxposed or which he would receive par unit
- time. .
~ URE, EXTERNAL: Exposure to radlation that in d-livered from &
. wource outside of the body. K
" EXPOSURE, INTERNAL: Exposure 1o vadiation delivered frum » sourcs in- -
"o side the body. Strontium ¥0 lodred in the bones is an 1variple of intarnal
- enposure. ;
"RXPOSURE, WHOLE BODY: Exposure that involves the wiole body rather §
than s specific organ. ]
i

FPALLOUT: The process of phenomencn of the fallbeck Lo tar vurth's surfaes
“of particies contami d with redivsctive material fiom the redio- |
. ective cloud. The term is aiso applisd in & collective senne Lo the coutami- 4
- niated particulste matter itssll. Tne early (or lucal) salluut 1o dofined, some- i}
what erbitrarily, as those particles which raach the esilli #ithin ¥4 houre §

after s nuclesr explosion. The deloyed (or wurld-videy falivir conmiste of
the smaller particles which ascend into tha upper troperplnt and ints the ;
-gtratosphers and are earried by winds to all parts of the cuyid:. ‘The dalaymt
fallout i brought to earth, mainly Ly rein and snow. vver ¢xtended periods |
i

ranging from months (n yesrs.

PISRION PRODUCTS: A general term for the complex mixtuse of asbstances
produced us & "0t of nuclesr fiesion. A distiitionalir, L made between
these and the dre ! figsion products of fssinn hagicnt v.tich ere formed H
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~by listing of the heavy-element nuclei.  Something like 8 (.
?:r::: ;::ru.r: ;:'nume:u result from roughly 40 different n!qdn of l‘hniun of -
given nuclear species, i.e., uranium 236 or plutorisim 339, The t\nw{n frag. :
- mellu,*iblng radiouctive, immediately Legin to decay, forming g.lhlnio".l -
7 (dsughter) producta, with the result that the complex mixture of fission prod.
uets »o formed containa sbout 200 different {sotopes of 36 elements. :

3

tayes is veferred to genersily #s the biosphere.
I;EgeAll} OVERPRESSURE (OR FREE FIELDOVERPRESSURE): The vn-

in the air by the biast wave from an exlosion. £

p PUSION; 'The process whereby the nuclei of light elements, especially those
$%iof the Uuopoi of hydrogen, namely, deuterium and tritium, somhine to form

" the nuclous of a heavier slement with the release of -ubunn!,lll amounts of

o anergyst -

~ ergy oeiginating fn atomle nuclel and urcompanyine musny nuclenr reae.

‘Tays fdentical with X-rays of high energy, the only essential difference
: being that the X-rays do not originate from stemic nuclei, but wre produced
in other:ways, e.g., by slowing down (fast) slectrons of high eneryy.

-or lbo’vft)u conter of & burst of a puclear (or atomic) weapon; frequently
abbrevisted to GZ. : M

"HALY-LIFEs The time cequired for the sctivity of & kiven radiesctive species

"+ to desrepse 10 half of it initisl valus due to radioastive deeay, The hall:life .
is & cheyacteristle property of ench radioactive speries and | independent
‘of its amount or condition. The «ffective half-life of & given inotope is the

“time in whieh the quantity in the body will deerosas to half as 8 result of both -

.radiosstive desay and biologieal elimination, - -

- INDUCED :RADIOACTIVITY: Radioastivity preduced in sortain materiale

" us a reswli of nuclear reactions, particulurly the eapture of neutrons, which

are accompanied by the formation of unatable (radiosctive) nuelei. The

activity induced by neutrons from s nuclesr (or atomic) explosion in mate-

- rials containing the elements sodium, manganese, silicon, or aluminum may

be significant.

« INVERSE S8QUARE LAW: The luw which states that when radiation (ther-

-+ mal or nuclear) from a point source is emitied uniformiy In all directions,

the amount received per unit area at any given distance from the source,

assuming no sbsorption, is inversely proportionsl to the square of that

disiance.

.IBOTOPES: Forms of the same element having identical chemical proverties

" but differing in their atomic masses {duc to different numbers of neutrons

in their respective nuclei) and in their nuciear properties, e.g., rudioactivity,
finsion, etc.

KILOTON ENERGY: The energy of s riuclesr (or stomic) explosion which is

;qNu':.ulqm to that produced by the explusion of | kiloton (ie. 1,00V lons) of

MEGATON ENERGY: The energy of s nuclear (or atumic) explosion which is

aquivalent to § million tons (ur 1,000 kilotons) of TNT.

METABOLISM: The process in which the body breaks down fords into y-uble

materials that are taken into the cells snd manufactured intn the living tis

sues of the body.
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- FOUL CIIAIN: The sequence of events in which nutrients are transferred | .
"¢ from the soil to plants to animais tu mun. The callection of these varions

' “ reflectad pressure, in excess of the ambient stmospheric pressure, created -

‘OAMMA"RAYB‘(OR RADIATIONB): Elwlrnnﬁunﬂir rudintions of high en-

,tiom.‘.:r.‘ fssion, radioactivity, and neutron eapture. Physieally. gamms

“GROUND ZERU: The point on the surfses of land or water vertically below

" 'Q R MXCRUCURIS; A unie-millionth puit of u eurie.

4 MILLIREM: A one-thousandth pert of & rem.

"I MILLJROENTGEN: A one-thousandth part of & roentgen.

OVERPRESSURE: The transient presaure, ususlly expressco in pounds per
square i'ich, ‘exceeding the ambient pressure. ifested 1. the whoek (or
biast) wave from sn cxplusion.

PICOCURIE: One millionth of a millionth ¢* ., curie

RAD: A unit of ubsorbed duse of rudiation; it represents e aiserpoon of Jow
ergs of Buclear (or iouizing) radiativn por gram of the absurbing insterial o1
tissue. - - i

RBE(OR RELATIVE BIOLOGICAL EFPECTIVENESS: The vatio of the
number of rads of gumm= (or X-) radiatiun of u certain enveyy which will
produce a specified bivio"eo] effect to Lhe number of rods of wuother radia-
tion required to produce the same ¢fect in the RBE of this lntier radistion.

REM:" A unit of biological done of radintion; the name ir derived from the initial
letters of the term “rvenigen equivalent man {(or mammall.” The number
of rams of radlation Is equal 8 the number of rads absorbed muitiplied by the
RBY. of the given radiution (for s specified efigct). .

REP: A unit of absorbed dose of radiation new beink replaced Ly the rad; the

“name rep is derived from the initisl letters of the term “roei(yen vquivalent
physical.™ “Baaically, the rep wes intended to express the z.nunt of energy
absorbed per: -ram of soft tissue s » resylt of exposure L ! ruentgen of
gamma (or X-) radiation.

REBIDENCE HALF-TIME: As applied 1o delayed falluut, it is the time re-
quired for the amount uf wespon debris deposited in a partivulur part of the
-nmoopborg: §-§« Mratosphere or troposphere, 1o decresse to haif of itu initial
volue, T

ROENTGEN: A unit of exposure dosy of gamme (or X-) radiution. 1t s de-

: Aned precisely a8 the quuntity of gamma (or X-) radiation such Lthat the asso-
ciated corpugcylar emission per 0.001203 gram of air produces, in alr, lons
SMIT) :NE one'elcstrostatic unit quantity of eleetricity of elther wign,

STRATORFHERE: A reistively stable layer of the atmosphere Letwean the
tropopaunse st a helght of about $0 miles In whiel the tempurature schaages
very liltle {in“polar and temperste s0nes) or increanes Gin the Lropies) with
ineveasing ‘altitudes. In the stratosphere glouds of water neter furm and
there is practically no cunvection.

TNT EQUIVALENT: A measure of the energy released in the dutvnativnof s
nuclesr (or stomie) wespon, or In the explosion of & given quyntity of flasion-
sble material, sxpressed in torms of the weight of TNT whichi avuld rolease
the same smount of enerygy when exploded. The TNT equivatent is usually
stated in kilotons or megstons.

TRITIUM: A radloactive isolope of hydrogem, having & mazs ut i wiite; iv is
producud in nuclenr resctors by the wction of neutrina un lithian nuclei.

TROPOPAUSE: The imaginary boundary layer dividing the stiutusphere from
the lower part of the atmusphers, the troposphere.  The tropcpuuse normally
orcure at an altitude of shout 25,000 to 45,000 fert in polur vid tomperate
sones, end at 55,000 feet in the tropies.

TROPOSPHERE; The raxion of the atmosphare immediately uluvv the enrih’s
surface and up to the tropopsuse in which the tempurature till- fairly regu-
Iarly with increasing altitude, clouds form, convertion is activv. and nizing
\s continuous and more or less complets.

WEAPON DEBRIS: The highly radiosctive material, consisthyi: of farien prod-
ucts, various products of nentron capture, and uranium snd ;latonio thst
have escaped Bssion, remnining wfter the vxplosics

11
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X HRAYS: Electromayietic radiations «f hlgh energy h.
shorter than those in the ultraviolet region.”

; & [
- YIELD(OR ENERGY YIILD). The total effective enngy leased in - nuclur e
(or atomic) explosion. 11t in usuaily expressed in terms ‘of the equivaient - -
tonnage of TNT required to produre the same enerxy release in an explosion. ACKNOWLEDGEMEN 5

The total energy yield is manifested sy nuclear radiation, thermal radiation,
and shock (and blast) energy, the aciual distribution being dependent upon
the medium in which the explosion accurs (Prlm-rily) unﬂ upon the type
of wnwu snd the time m«r detonation, .
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