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a0 F PREFACE
' The signing of:the L.imited T'est Ban I'reuty in September
e 1963 marked ‘the'close of 14 years of atmosphericinuclear
: - weapons testing ‘spread over an 18-year period. However, it
( did not mark the end of a need for further informatjon and
: Yinterpretation of data concerning the health aspects of nuclear

. wWeupons testing, %, R ¥
This pamphlgt,ﬁis concerned principally with ' theZhealth
.-aspects of nuclear weapons testing in the: ‘atmpsphere.

S .
%f:\’ oo
N

¥ " Nothing new is"contained herein und much has been"pmitted
5 ... for brevity. T))e',pamphlet doee attempt to bring togethier the

7 highlights of o large body of information and thus in some small

1
il . way may sasiatin further enlightenment of a complex subject.
x I &

GORDON M. DUNNING 3’
U.S. Atomic Evergy qumiuion
Washington,D.C. - : A
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INTRODlgCT ION

Fallout from nuclear -capohs tests has been by far the
prineipal man-mude source of radicactive environmental con-
tamination. About 840 nuclear detonations {n the atmosphere,
by all nations testing, have been announced, The total encriy
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 gbout 193 million tops of energy:
released by fission—~the process that creates the radioactive
fingion products present in fallout.! Two n..rdred million tons
of TNT energy equivalent would produce. about 12 tons, by
weight, of fisslon product debris.”

“The . discussion that follows}in section | attempts to sum-
marize an enormous amount:of data and to present some
evaluation of the estimated yndiation exposures to persons
from radivactive fallout.” Section 1I deall with other health

- aspects of nuclear weapons testing.

The information presented herein is intanded to provide some
answers to three basic’ questions concorning the testing of
nuclear weapons:

1. What are the problems and possible risks associated with

nuclear wenponas testing?”

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

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

risks?

With thuse three questions in mind, the information for each
henlih aspect~such as whole body exposures—is presented
under three subheadings, le., Background Information, The
Data, and Fyvaluations,
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SECTION I.
RADIATIONS - |
A.  GENERAL BACKGROUND INFORMATION . i':
1. Noturol Background ond Medicol Exposures f . 3

As far as is known, man always has and always will livein ar;
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 frum outer space, Natunlly
occurring radioactive materials in our food supply lrndme us
from within,

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 produce:
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’thefr 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 radintion. Fallout has not introduced
a new and strange agent into our environment with completely-
unpredictable results. Indeed, a Committee of the Nationa),
Academy of Bciences-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 Expoaures from Natura) Background
nnd Mediral Sources

Natural Background (annual exposures) Rotntgene
Total.. .....cocovnvennnn. 0.085-0.20
Gammae ruyu(!rom {e rrn!rinl wurcrl)lnd(oumlc rays 0.1 (varies),
P'otassium 40 {internal) e 0.MA (variea).
Carbon M4..... . - 0.001
Modieu! Ezposures
Chent X-ray (per exposure) o i 4.2
Hack X ray (per expomiie) . g 04
Photoflucrogram (pe) exposuret apbunt w0

{inatrn inle stinal neries .abo 130,
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Varivus units have been used to eYpress exposure o
radiation such as the roentgen, vep, rem, and raid. All are in-
tended to express some relationshl between the radiation
energy absorbed and biological elfects.  Since it is not eritical
for the following discussions to understand the technical difTer-
ences among the nnits, only the “reentgen” will be used. To
provide sone perspective as to the mugnitude of the “roent.
gen” table 1 is inclhuded,

2. Sources and Nature of Fallout

The major source of radionctive materials in fallout is the
fissioninz or 5, litting of atoms of uranium and plutonium that
gives rise to n inrge number of unstubie radioisowepes  In the
fusion process hydrogen nuclei are joined together,  Induced
radionetive produets result when inert materials capture
neatrons that sre released during either the fission or fusion
provess,  Generally, these induced radioactive materials ave
relutively short-dived and contribute only in 8 minor way lo
radintion exposures to man.  The principai exception is carbon
14 described in seetion | F (page 14),

Some of these rodionetive materinlg escape as gases and are
dispersed and diluted in the atmosphere. Most of the fission
products, however, become incorporated into or attached onto
minute inert particles of dust and debris from the immadinte
environment of the bomb. The dust particles, together with
the associated radioactive nuclides, are swont high into the air
by the heat anrid 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. i

Roughly, a nuclear detonation of one-half million tons or
less, fired at a low altitude - but high cnough 8o the irebull
does not intersect the ground - results in most of the fission
products remaining in the lower atmosphere, the troposphere.
They are depusited on the earth's surface at a rate such that
one-half of the amount remaining in the atmosphere at any nne
time falls in 2 9 weeks (calied tropospheric residence half
time). As the energy yieids of the nuclesr detonations in-
ereage, more anrd more of the igsion praduets are swept higher
and higher into the stratosphere  the luyer above “he trope
sphere (fiy. 2. “Ie vesidence halt-tame herve i mope like s
half & yvear for rostratosphens
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:.Eo::f:a one year or somewhat lesy ul the sc:wnoﬁw
active debrig from nuclear detonations cocurring’at y
altitudes (about 30 miles and higher) may have a n
half-time of five years or more.

Roughly two-thirda of the radioactive _52_2:3
injected into the lower stratosphere ut the north polw
has been observed to full in the 30" 650" North latity
where about K0 percent of the world’s pupulation :.2
tion at the equatorial regions has been observed to
a more even distribution between the fwo hemisph

For surface bursts of high (million 1on range) yiel
H-80 percent of the radioactive debriv iy deposited 8
fallout,” i.e., within 24 hours.  Air b -where thé
does not approscli the surfoce - vesult iniittle, if upy, b
out.

Table 2 tabulates some of the key dat on estimated
energy yields from all pust nuclear weions tests. Of
enorgy velensed of H1E million tong eqoivatent of TNT:

TABLE 2 Entimates of Yields from AW 00 one Wengions 'Fy

Nk 'S and |
Trtul million tons® il 1
Finsivn milhion tens e
Fismian million . ol

TN T equiv e
Thr Feenor tent= | o o

R T

RO Y1 K3 N



pereent resulted from U.S.8.R. tests.  This intal encrgy rcleusu
is of use in estimating the amount of carbon 14" produced,
Incidentally, it is assumed that the carbon 14 is dnstrxbutml
more or less uniformly areund the world. 4

Tablc 2 nlwo shows that of the 193 million tons energy equiva-
lent releasing fission products, about 161 mihon wis were
scattered globally.? Approximately two-thirds of this amount
originated from U.S.8.R. tests but will nccount for about three-
quarters of the long-term fallout in the United States because
of meteorologicul factors. This is becnuse there will be more
depositlon in the North Temperate Zone from u nuclear detonn-
tion in the lower atmosphere at a northerly latitude than from
the same shot at an equatorial site. Atmospberic testa at the
Nevada Test Site have contributed very little to the deposition
of long-lived radioisotopes but at times have been the source of
relatively high amounts of short-lived radioactive materlals in-
cluding iodine 131 in the local environment. LR

At the time of a nuclear detonation something like 200 dlll'on
ent radioactive substances are formed by fission, Additional
ones are created by induced aclivity. 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
angd in the aggregate for an appraisal of their health hazard.
Fortunately, for an analysis of the prohlem, most of the radio-
nuclides are of little health consequences because-of their
short radioactive half-lives or other characteristics such as
being highly insoluble. In faet, it is possible te estimate the
radiation doses to various organs of the body by considering
only five principal radionuclides in fullout that are deposited
internally, i.e., iodine 1311, strontium 80, strontium 89, cesium
187 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 body. Thuv problem of estimating
these latter radiation doses is again simplified by considering
first cesium 137 and then lumping all of the remuinimz radio
nuclides together in the caleulations.

8. WHOLE BODY EXPOSURES

Background Information

Fallout particles consisting of inert materinls together with
the associated radionctive materials settle to the earth’s sur.
face where most of them remain and thus never get ingide ou
bodies. These xternal, man made radionuelide s, howaver,
will irradiate the whole hody by thewr penetvating ganmms

4
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radintions while their shorter range bets pariicles will cop
tribute a much less biologicully significant exposure to the skl;

Qf the radionuclides that contribute to exteinal radiatiol
the most importunt single one i cesium 137, Its radionctiy
half-life is npproxlmutelv #0 years. Thus, it is puaviulc i
cesium 137 to remsin in our environment tui ivitg perivis 4
time without Jonng much of its activity, althouph there can]
loss or veduction in uvailability of the materiul thirough nor
weathering processes. Still vesium 137 does have a ah
enough life so that most of the radiations are reloased wuth
the lifetime of 1 man.

Al] radionctive materials in fallout, except cesium 137, th
remain outside the body may be conveniently lumped togeth
to estimute their contbibution to external exposures. The
usually are called “short-lived” even though some do have hq
lives of upwards of one year. In spite of thu fuct that neat
all’of the radiation exposure received frum these short-liy
radionuclides is completed within a year after the rmhon
clidep are created the total amount of exposure during §
yearrmay be greater than that received from cesium 137 witb
30 years.

Cesium 137 also is one of the iwo (carbon 14 is the otm

prineipul radionuclides deposited internally that u’rudi
thewhole body. [t is pot w major seurce of the total w
radlation dose except in such cases /s that of fiskimos w
diet is largely earibou or reindeer meat. ‘T'he food 9:11
(lichen-curibou-Eskimo) relflects the relatively high surfy
contamination of cesjum 137 on the lichens. ;

The ‘Dote

The highest whule body exposures from nuclear weum
tests ever reported by the {nited States were nbout 195 ro
gens Lo 64 Marshallese following the March 1, 1954 surf
nuclear test detonation at the Pacific Proyving Ground.t 1T
situation resulted from u shifting of the winds so that the ¢
heavy fallout from this large yield surface birst mourred
part, ncross the isiands instead of the open sea.

The Marshallese were evarunted, given wedlval m'auq
and returned to thelr hame island of Rougeiny: on Jure 49, 1

after radiation levels had jubsided to neceptul e levels "(ﬂg
From 1066 to 1062 ahout 24 children bayv- been horns
norma) - und four personsa have died from natural rous
(One of these had been on another isiand nnd recoived 60 ro:
wens exposure.) Four deaths have oceurred tti the compar
populntion of lke size. Thore were, of conrse, notice.
offecty inmmediately after thie irradiation such ay nausen

NP
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FIGURE 3.— Rongelapese returned to their home island Juneg 1¥57. Structures
were newly built by the U.8. Government,

itching of the skin (see section on Skin Exposure below, sve-
tion | C puge 8).

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
weontrol” group for such factors as birth and death rates, life-
shortening, leukemia, cataracts or cardiovascular, arthritie,
oplnhalmie, or dental defects. There may be a sugiestion of
greater ineldence of mischrriages and stillbirthe and more
recent data indicate that there may be @ lag in growth and
development of the children, but the paucity of vital stutistics
and the small number of persons invelved preclude a determin:
nation,.

1t was reported by the Japanese that some fishermen abonrd
a vessel nenr the Pacific roving Gronund un the same date may
have received n higher exposurc than the Marshallese.’  Gine
of these fishermen died on September 23, 1954 of & Hyer digorder
complicated by the development of jnundice and pneumonin®

The highest estirrated exposure to any individunl near the
Nevadn Test Site was 155 roentyens and the aext Pt
10,6 roentgens.  The highest cetim degd eepore fooany corn

6
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munity was about 6 reentgens. There were about 40 i:urs'
who -received exposures Letween ¢ and 100 roentgens,
of the above radiation doses are acepmulated doses since-t
Nevads Test Site opened in 1961~ i
Having delineated these hi,:hest expusures it is propen
discuss Cuverage” exposures cinee thean b voleyance !
evaluating possible genetiv effects, The average whole bg
exposure to persons in the United Btates (v Le accumuls,
over 30 yeurs) from all past nuclear devonation lests of Unil
States, United Kingdom and U.8.8.R. ithe French tests @
tributed very little) has been estimated to be 110 millireg
wens® (011 roentgens).! Somewhay over une half of this}
pusure will result from radionctivetfallont materinls outa
the'body. The remainder is due to carbun 11 and cesium
deposited internally folivwing ingzation finhalation co
butes negligible amounts). . ’
In the case of the Eskimus, the highest measured amou
externally depusited cesium 137 in any individini was indy
1963." Thir highest quantity of cesium 137 would produg
dose rate of about 190 milliroentgens (0.19 rovnitgen) per ¥
at the tinie of measurement. The highest nverage for:
group (Anaktwyuk Pass, Alaska) was aboul one-half of
value. Since cesium 187 contamination of the lichena
surfnce phenomenon very tittle is taken up from the sq
and the normal biological time to remove hali of any re
ing cenium activity in the body is only about 100 days ar pom
less, the annual dose should drop off in 1911 G E
fvalvation : 3
A whole body expusure of 175 roentgen: (Murshnllaﬁe%
perience in 1964) is (ur in excoss of an acieptuble expod)
As contrasted with the surface bursts in 1004, the 19627
tests in the Pacific were bursts in the air oh enough af
the surface to eliminate measurably locnl Triloat, ;
Only a few individuals have exceeded by ol amount
eriterion of 10 roentyens in 10 yenrgeatublisind fur the No*‘
Test Site.
" The whule body average population U yo i expusure o%
milliroentgens (0.11 roentgen) i about thiee percent of |
from natural sources. The difference in natarel backgrg
radiation levels at various localitios foy the United Stotes e
wmuch greater than all of the wholr hady exuarure trom;

out. 3

e A putheoenlpen v 00 of o roentgen.
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;-“"1; ' 5 €., SKIN EXPOSURES
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= Bockground Information _
Radiouctive fallout debris emits betn purticles aomq‘gf w'hwh
- eperxe from fallout material with suffeient range in v to
%tregch from the ground to the hgad of an ereet m.uu.'“,Howv'wr,
i in%humau tigsue the runge of these buti purticies is limited
Pifiilcipally to n very small fraction of an inch o th{:t only the
# skin is irradiated when fallout” debris is vutside’the Lody.
}‘Fﬁ her, there has been no observed skin dnqmuv except from
. relatively heuvy fallout where the radioactive fall(.)_u_y lll'uh'v
> rial has remained in direct contact with the bare Iklt!. Even
:‘ a éim:lc layer of cotton clothing gnppurently greatly reduces
- the. radiation dose from beta particles. :
FApproximately'a 500 roentgen dose delivered by'betn par-
“ticles from fullout debris to the' buse of the outer layer of the

Flugm: 4w, - Hlighly radioactive fallout material remainad in contoet with the
i feel rauning mevere skin damape 7% dnys after cpitial contam
wotinn.
kS

tissue is required to produce erythema (reddening of the

N wwn 4. -Bame case six months later. Damage healed with nermalip

severe damage.

mentation except for smull spots marking the nng.-o{%
' i

skin), A similar result from X-rays wauld requive leas radi

_tion dose. At somewhat higher doses frum beta’purtiel

emitted by fallout debris epilation (loss of hnir) may oqgt

At still higher doses more serious ekin dimmiyre may “13
pected with such sympimins s6 ulceration. U

) o
The Date . téfi‘@

‘8kin dammage from beta Lurns weas firsl ubierved on ﬂon
eattle grazing near the Alamogordo, New Mexico Test '§i
following the first nuclear detonation on July 16, 1946, Epil
tion was observed in patches where the fallont :lobris had sy
posedly remained in place. The hair grew bavi, white in agl¢
and no uther adverse effects have been observid in the eagt
or their offsprings. e

Other "beta b 'ns’" have been observed v n few cattly :
1952, on horses in 1863, and une horee in 1435 in Nevada. A

of these. uo well as the Alamogordo eattle werr eruzing wishy
bl



20 miles of ground zero where there was 1 v ~l) . xa\y local
fallout from the bursats occurring on tow .. 40w estimales
suggest that the external whole body exposures in the_lu sume
areas would have heen in excess of 76 roentgens !gpm amma
rays.!

The principal example of skin damage was in the cau of the
Mmurshatlese people following tiwe heuvy fullout on March 1,
1954.¢ The most damaged areas were (&) 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 (figs. 4a and 4b)." The
extent of skin damage to the most heavily exxmed KWS:'P may
be stmimarized as follows.

456 individuals......... superficial lesiom
13 individuals.........deep lesions
6 individuals......... no lesions
To'al rrearel T ‘4;1'7 .

7

85 individuals (of e
the 64 above)......... some degree of epilation *

Hair of normal color and texture has regrown and all lesions

have healed without visible effects except for permanent loss -

-of pigment in the healed areas in individuals apd seme scar
tissue behind the ear of one man, marking tha locmon or 8
previous deep lesion,

Additional cases of skin damage from fallout wou ob-
served on some Japanese fishermen aboard the Fukuryu Maru
and some American service personnel on the isiand of
Rongerik. as 8 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 1048 received severe beta
burns on the hands. One additional case wan-an Air‘Force
officer in charge of tranaportation of radioactive samples from
the Pacific Proving Ground to the United Scates in'1851, A
lesion developed on his forehesd 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 akin damage can result if highly radioactive fuilout
remains in direct contact with the skin, Simple measures such
as washing can be very effective in reducing thir hazard- Lae
souner the better. Skin damage has not been ohserved except

W

3

in theose areax where the amount of fallout was high, bLe., pussi-
bly néer 70 roentyrens whole body dose from the pianmae ridia ®
tion with most of this exposure oceurring in the first few days.
Thus, the potentinl hoazard of skin burng may be essentially

“eliminated by meeting the eriteria of an weceplable whole body .
= @XPORUTE.

OF course, by evacuation from a highly contami-
nated ares it is possible W reduce drasticatiy wisie body ex-

© posure, yet a relutively high skin dese eould accumulate if

“ the fallout materinis were not removed early.

1

e PO A,
ot RS

D. IODINE 130

" Background Informotion

Approximately (L15 million eurie (n “eurie” corresponds to

<o 2.2 million mitlion disintegrations of nucki per winute) of

jodine 131 are produced for each kiloton TNT cquivalent of en- .
ergy released by fsaion. Fur hiige yield alebuisis ot of the

. iodine 131 along with other radiouctive materinis will be swept

+ i will deeay before being deposited on the earth.

- inte the upper ntmosphere (stratosphere) and, since jogine 1817

has a half-life of unly eight duys, a large porl ol its activity*
(n the other:
hand, iadine 131 that remains in the lower utinosphere, the:
tropusphere, will be depogited relatively quickly und can vntar’

" the food chain. ‘

Milk in the principal route of entry of iodine 111 lmn the
human body where iy is selectively depogited in the thyroid:
winnd, The assumption i usually made that 1o percent of'
iodine 181 inu(-stml by humans is deposited iu the thyroid no
matter what the size of this organ may be.’®* Thus, an infant’s;
thyroid gland of nbout two grains weight would receive 10 times’
more radiation dose than the 20 gram adult's thyroid for the
same amuunt of jodine 131 ingested, For this reasan cul

= euintions of radintion doses from iodine 131 o the general

population are bLrsed on those for the infant ruther than the.
adult,

Direct measurcments of iodine {31 in milk were nat made:
around the Nevada Tesl Site during earlier Limix of tasting
since iU was Lthe consensus of seientists within il vitslde the
AEC and Government at that time that the linitinge factor was-
the potentiul external whole body exposure. [t is now recog-
nized that there ean be situations where tic 1odine 181 ex.
posure can be more limiting, An example of this was the
Smaltboy surface shot on July 14, 1462 st the HHevada Test

Site.  The detonation was large encuyh to produee significant
gunntities of indine 131 but due Lo its low enerys vield the ae-
tivity was not swept to high altitudes to Lo atried nway,

ATYIREE (B]
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diffused und diluted ag had occurred for, larger buratg in the

atmosphere. 5 P

The Dato ;

The highest annual average value of iodine 131 measured in
wilk by the Public Health Service national petwork (fig. B) at uny
time was at St. Louis, Mo, for the period of August 1957
through July 1958 1 - The eaieulnted average duse was 1.5
raentgens to infants' thyroida based vn'the usual assumption
of cach drinking onc liter of milk per day —the dose t an adult
thyroid would be only about Yie us much.” The next:highest
caleulated totul average duie wus 0.00 reeniven al Falmer,
Alaskn (October 1061 through September©1962), and the third
highest was .63 roentgen for Salt Lake City, Utah (September
1961 through August 1962). Because of the unevenness of the
iodine deposition near the Nevada Test 8ite it is possible thit
small loenl arens might show valuos 10 timeg or so greuter thun
the nvernpe fir the general vogion.  ft<is also proahahle thai
higher levels of lodine 131 than these existed in local arcus
around the Nevada Test Site during perieds of heavy teating
in the 1060s, g A

The above estimated doses to the thyrpid involve some uncer-
tainties in their determination but are based on some observedd
iodine 1381 levels in milk samples.  Theoretical calculations of
thyroid doses hive been attempted, based on other types of
viddintion monitoring such as collection of radioactive particu-
Intex in the air or measurements of radiation at three feet
above the ground from deposited fallout.  To dute, wl] of thewe
methods suffer severe uncertainties. These monitoring pro
cedures, equipment and data ure useful:for the purposes for
whicli they were intended.  The difficulty is in attemptinge to
use one type to prediet another in u quantitative way,

Evalvation

Al of the nbuve caleulated thyruid radiation doses may by
placed in perspective by reference to quoting from a Nationn!
Acnilemy of Sciences report.'”

I deseribipg the therapentic use of iodine 131 in the treat
ment of hyperthyroidism, the report stated:

“ L Fnere i ne evidenee at hand, except for one
doubtfid eage in # child, that any of the treatments
fur hyperthyroidism has produced o thyrod cancer,
adthoty i dases have ranped Trom a few thousand rad
SQoentpen. s opward L

Thoere can be citeumstanee: where levels of fodine 13V in ik
enn beon e controfling Faotor P externs! gammi expp
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©90Ffrom the suil. Thuring yenes of relatively hoawy fulloul.i

; aurfucc contamination hus accounted for the Lirger part al;
¢ the stroptium activity in pfunts but in the ahecnee of atmos-
pherie nucleai testing the avenue of soil uptale predominales
The: periods showing the highest umount of trontivm 90 ln‘
!

the food supply have been invariably the s and summer
months following years of heaviest testing  This is hecause
of meteorvlogical Tucturs und also the fact that <urface con:.
- taminstivn contributes more to the total strontium 80 activ-
ity found in plant life than does soil uptaie during these
pe(iod». {Incidentally, the cesium 187 content of plunc life
is even more dependent on surface conlamination sinee un!,u
very small amounts are taken up from the suil) Areus of
heavier rainfall consistently shdw higher levels ol strontium g
‘" Milk is one of the best indicators of strontinm 90 in the fop.
supply, yel ul the same time it is one of the helier sources of
caleium. Remember jt is not just the amount o\ strontium (h}
that is important but alse how much there it present in rel’
~-tion to ca'vium, In fact the total diet has hud ronyrhiy L5 timoy
a8 Kreat o strontium 90/caleium ratio as did ik alone® )

“Btrontinm 89 haa the sume chemical propertics s stronlluu
1y and will follow the same metnbolic paths 11 is ereuted: bfl
“much Inrger quantities than strontium 90 but produces less 1
a problem since it han a shorter half-life (5 days) und emity
“beta particles with about one-half the cnerpy of these frou
strontium v und its daughier produet, Vur these reasopy
the strontium BY content in milk may peak at v alues many tinge
that of strontium #0 during the periods immncedintely (ollowing
nuclenr tests, yet the total radiation duse v the bone over
lifetime from strontium 84 may be only une-quoter or less ths
that of strontiym !

* U8 UK HEAS TN SEVICE, BVIROW OF m memoto &
FIGURE 6. Counung a sumpie of milk for ludine 1857 The nruvedur:?r nnirk !
and simple =the milk is merely pound inte a plastic containes
and set into the counter. In cortrastianalysis of milk for strun. -
tium Y0 sy require weeks mciudln;Jndlwhcmlnl pr-puntmu .
of the sampie, -

sures that have hitherto been ('unuideud of prime inwrust for
local fallout. However, the total potential doses that may be
acerued will require the drinking of the milk over periods of

weeks.  Up-to-date toehniques and equipment new permit a ¥ The Date
relutively easy snd oprly surveillunee of fodine 181 in the mitk PR Abaut 90 milli - onti o s |
supply providing an opportunity for V{hatever action may be . wrt 0 million euries of "ll.nnl um W ml\ 'u«m\ croaty
approprinte (Figure 6). P ~§ by utmgsp)wrlr puclear teats with about 1. ‘mlHN)ll cqr(al
: this being spread glohally. The other 3 nillion curies 8
E. STRONTIUM 90 AND STRDNTIUM 89 . quickly in areas Joeal 1o the testing sites. T rnte, rough
Background Information , 8- l}lilliuﬂ ctiries of strontinm UU'hnvu bevn acposited globaly
Strontium 90 has 1 half-life of about 28 ve I s selec ) leaving o raleulated 6 million curies in the recium of thu_ abiygu
tively deposited in the bones. (¢ years, 8 selec- phere below 100,000 feer (based on mensarcnenls ysingu
ively deposited in the bones, ‘hemically it is related vo cal. [ eralt and ballacns) ¥ with some sdditicnal tumounls above th
c:u.n:; his snmhu'ny' ks l.(!ll to the use of the “strontium “level. The discrepuney in tota) numbers o due in part
unit df'ﬂ'ned as one picocurie (2.2 disintegrations per minute) radiclogical deeny of strontiom Y0 buy mr beonse of unen
of strontium 90 per gram of cileium. taintios in the estimates themaelves,

Strontium 5.)1) may become associated with foodstulTs by As expected, the peak vabie uf “strontiae anits™ in mi
surface contamination of plant< or by uptake of the strontivm wan pssed] in June of 1063 (82 "strontium 55 as a tion
14 i
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avermuel™ In the nbsence of atmospheric tewts these lovels
are expected to continue to decline genernily except f"{’ smnll
transitory rises during the next few spriny seapuins. The 3n.
nual 1i%3) national average: for thuse ureas of t.he Um.t,;g
States showirg the highest values was 26 “strontium uplu
in milk. This is lers than the 82 “strontium units” prerlu‘tefl
and should foretell less in the bones than predicted.’ luci-
dentally, the amount of strontium 90 in the milk prt'rducet!
around the Nevada Test Site:is umong the Jowest in the
country. Seal e ‘ .

In general, past predictions of levels of strontium Y0 in bones.
have been too high. Thiz is duein purt to the selection af data
in the upper ranges Lo aveld undercstimations of radiation ex-
posure. Even so, it is remsrkable that the observed amounts
of strontium M0 in bones have been within aboul a factor of
two of the predicted amounts considering the fact thut such
predictions reguire 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 radiation dose are children born in 1963 in regions
of heavier rainfall. The total radiation exposure to th:sse chil-
dren—from internally depositad as weil as external radlonu-
clides —has been predicted to be about 466 millivoentgens (0.465
roentgen) sccumulated over s 70-year period, b
Evolvation P ’ :

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 intersction of cosmic
rays with the nitrogen in the atmosphere. Although its radio-
active half-life is long~6760 years—the process of natura)
' production had been going on for such a great time thet the

W rate of produetion 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 thie earth on the one hand, and the deep acenn on the sther,

168
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Doy i B
B o with the lutter constituting a reservoir holding wicot i per
FA T SN -
Pa. oo cent'of the ntoms.
.7 Nuejear detonations ean also produce earbon 1oy iner-
T metion of the neutronk, produced at the time of tiv explosion,

Y with pitrogen of the atmosphere.  Approxiniateis 200 ey

-~ tons of tota) yield Hved in the wir (surface burat- b
one-huif uf the neutrons mte the ground) will proavee w osudl
B * cient amount of carbon 14 to equal the amount nesinally pre: g
' =% ent in that part of the earth's blosphere thiai dcivrmine
“+ radiation exposure tv mun.  However, half of this newly-ndde:
© carbon 34 “disappears” into the deep oceun within about &
One-half of that remaining in the atmospiivre likewise
o *disappears” in the fullowing 33 years, until only « trw percen
% remain, o
" Radioactive isotopes alt chemically :gimilar 1o their stab)c
5 counterpurts ko that net oniy is stable earbon bui aisv carky.
FUi77e3 14 found in all living cells. Thus, aithgugh carton 1 emits -
S . . batu’particle of very low energy that travels a voery shory
&7 distance it n -vertheless irradiates essontially the whole body

.

g : at a'rate of approximately one milliroentgen (0.001 roentger i
: i per year. This is the nutural buckgroynd rate fur carbon 11 38
{70 Thedee R ]
S ‘Bince nuclear weapons testing started 511 million tuns totu
i .- 4 energy yleld huve been released. Considering thc conditions

. of Bring (surfuce versus air bursts) aboyt the sarie nmount «fg
H * - carbon’ld was produced from all past tests as is normally prev
ent’in that part of the earth's biosphere that determines radia
tion exposure to man. Assuming that-most of Lhe carbon' I
¢ 7 7o produced by the detonation will “disappear” Into tiic dvep veen:
"7+ with a half-time of 33 years, the estimated whole hudy exposur
for 70 years is 37 milliroontgens (0.087 roentgen).' :

After this 70-year period the dose rate from bonth produce S5
carbon §4 will be nboul oue-quarter of that ut i <tart, .o, g
about one-quarter of one millireentgon (0.00025 rovntgen) pog
year, Thereafter, the actjvity wiil persist for 'housande «
years but nt ever decreasing levels. -

Evoluetion

The radistion exposure from carbon 14 may uceount
' roughly one-third of the total radiation dowe fron (nllout ovag
the next 70 years. Because of Its long radiolupivel haif-1ii S8
{t will persist at low levels of activity for thuusuils of yea: G5
However, even before the 70-year period is complvied the dos RS
rate from carbon 14 will be so low as te b neninensurah o
This does pol menn that the radintion (s not “th gt it vi S
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. be minuscule compared to natura! buckyround levels or even Lo
 nurmal variations of background rudiguun.

G. WATER AND .f‘_m

JELE RN P

Background Informetion
Weter

Contamination of water supplics does not constitute s major
source of intake of radiounctive fallout daoris. In the cuse of

" surface water supplies there is a very large dilution factor,

In the case of underground nuclear detonations the fission

. products are restricted largely to the immediate vicinity of

the detonation due principally to two ‘factors. : {Virstly, for
underground shots to date approximately 90 percent of the
fission products have been fixed in a glassy type of material
formed by the detonation. Secondly, ion exchange between

: such key fission products as strontium 90 and cesium 137,

and the soll resulted in almost all of the remaining nctivity

being ndsorbed within & matter of perhaps tens to hundreds
of feet awpy from the source.® In addition to fission prod-

7 ucts, tritium may be formed in varying smounts. This radio-

isotope probably is not grestly influenced by the two faetory
mentioned and must depend upon the dilution factor for re.
duction of the concentration in the water—at least for under-

" ground detonations. For above ground or cratering shots,

the tritium largely escapes into the atmosphere where very

., large dilutions uecur. Theoretical calculations sugiest it

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.®
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 thewe nre ox.
pensive operations they are carried on extensively at the
testing sites.
Alr

As long as the fallout material from atmospheric lests re-
mains in the air some may be inhaled and irradiate the lungs.
This radiation dose to the Tungs normally in less than external
whole body exposure occurring ufter 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

“ingestion is the mueh more important route.

The w!mle body will also receive some exposure from (he
penetrating gamma rays while the fatlout material is 10 the

18
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air, but this dosc will usually be small comparii to Lhe exposure.
that follows after the debris is depoaited on the pround. Howd
ever, this ratic of doses may not hold for vvents where mosz
of the radionetivity that escupes beyordl the test site isin the
form of gases or finely suspended particles <> nre confined
to a reintively shallow lnyer of air near the suriues. .
- Messurements of totul fullout wetivity in aiv (ealled gross
beta counts) provide only a erude alerting sysiem, It is noi
an reliable procedure for predicting the amuunt of fullout ta
be deposited nor the amount of iodine 111 in milk.” Becausc
of the transitory nature of the fallout debris remnining in the
air (and sometimes becuuse of ihe purticular choice of unity
used in expressing ita cuncentration) what may sound like an

.slarmingly large amount may, in fuct, result in only minot

radiution doses.

Water o ;
The hirhest measured fallout activity in waler was al Uppes
Pahranagat Lake, Nev., in 1085 amounting to u.j4 millionth of
# curit per liter.®  Since this was & total grusy beta count it #
diffieult to give o precise estimate of the potential radintion
dose. A crude analysis sugyests thay if this water had beey
stored and used as a sole supply for 70 veurs the total dom
might be about one roentgen to the bunus nud one-quarte
rosntyen each to the thyroid and lower larye intestine, i

No radivactive figsion products nor luduced activities includ

“ing tritium from underground tests have been found in undw

ground water supplies at pluces of human cansumption. i
Al i

The higheat concentration of radioactive delnis 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 about 1.3 millisuth of @ cume pvi cubic meter aver
aged over the 24 hours the sctivity was present? Thin hap
pened at St. George, Utuh, on May 1Y, bihi The esiimates
radintion dose to the lungs from inhaled tallint debris was lex
than 0.2 roentgen.® The external whole hioly cxposure fron
the fullout while it was still in the air was (ovprhly estimate
to he 0.025 roentgen - only nbout Yegul the whiste hody exposun
thui vecurred ofter deposition of the fallomn

Evalvation,

The concentrutions of fission products or toroam in the Wl
supplies have not eonstituted major seore b vinfiation e
postee to man. There is o lorge dilution 1ot when sarfae

THE SR O ot 4 i
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- Much! Jess radioactive fajigut debris enters the hody by in-. . £,

“gxception of certain situ

-Z\. B
ko

water :ujv;;lie& are comuminitqd, and the fission products from -
underground nuclear detonatipps lurgely become fixed at und- -

newr the site of the explosion;c Whereas, theoretical calvula- B A;

tions suggest that concentrations of tritium'in the'water may
be ubove avceptahle limits”for: some underground nuciear :
detonations,” this refers cniy.to the water immedjutely sround
wround zero. Some dilution ia'to be expected if it moves off-
site and, more importantly, the'criterion of “acceptable limit=" "
is bused on the assumption that all uf 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 an underground nuclear explosier is rela-
tively small and would not constitute the sole supply for « life- "¢
time. Further, tritium decays, with a hul{-lifc o(._; about 12 -
years, Fimer, te ' e

halation than by ingestion.”> While the debris is in the air out- =

‘side the body the radiation exposure is much less'than after
the material has been deposited on the ground with the possible T

OTHER ASPECTS
:; 3“’f v BRES %,

Beckground information N

Direct blust wuves thpt are potentially dsmupiic are con:
fined*to the immediatertesting site-arers. (nder certain
meteorologicnl cmuliv.iopi;#‘howcvor{blut waves may be
fracted (bent) from an upper almospheric leve! Lack tg th
earth®and thus create’ higher air prepsures thun woul
expected at those distances. o K

One:layer in which thisimay happeti‘is between 26,000 snd.
50,000 feet altitude where winds may:cause a focusing efféci:
at some ¥0-50 miles fypm the point of detonativi. In furn.
the ‘blast wave may be repeatedly reflected from the grgund,
and bent back from the stmosphere creating & revivs of regulas
spaced puints of focus at the carth’s surface with intervening
“silens” spaces, Such'fpp effect hus resulted in minor sirue.
tura! damage, such ay-breaking of windows, 7% v 100 miles;
from the point of detonation at the Nevads Test Site ™ (fig..7;.

A simllar effect {s obtained when blast waves «rc bent.from
a layer of relutively warm wir, called"the ozonosphere,at: y
helght of 80 to 80 milesxc. “The point of first return Lu the earid
in this case is 70 to 150 miles from the hurst. i

Thore may be a return of sound waves frun sn altitide
wbove 60 miles (lonosphere). Mout of this blast vnergy ia al

sorbed, however, rosulting in no recorded struclural damage

In some casen audible’sharp eracks and pops huve beon hears

Procedures and equipment have now been duveloped- i
predict with greater sccuracy the magmitude wid direction o
these refracted blast waves. . L

Although the blast wave decreasen jn energy wiih each suve
ceeding refraction back to the earth’s surface, there han be;
breakage of windows on & second “strike” at 245 miles frv:
only & 17 thousond ton (PNT equivalent) nucleur vxplosion.

(All together about $50,000 has been paid for struriural Jamay

claims from all tests at the Novada Test 8itc) There b

&
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V‘l THERMAL RADlAIION FLASH AND HEATING EFFEC‘IS

o ‘zdlgn\md Information
Jopd Hlevels of thermul radiation that can produce skin burns ar.
“=limiterd to the immaedinte testing site areae 0000 an th KNSR
oyes, however, may extend for much greater dixtanien.
; ﬂheu- effects may be cither permanent damage ‘v part o
‘; eye or o temporary flash “blindness.” The Lutter ie onl
w'discomfurting effect but ean be potentially hazirdous in th 8
age of nutomuhile drivevs and aireraft pilots. This is one's
t reasons why vertain areae of highways huve been Cused fo
lpccwml periods of time around the Nevada Test Site und al: 8
’w)\y the same precautions have been taken for the air lanv' :
und the Nevuda and Pacific testing sites.
“Perhups surprisingly. the amount of heat (ealories) recaive
; pr-unit area on the rear portion of the eyehull (retina) dot
“. ngt decrease with increasing distance from the poiut of burst--
xcept for the absorption (attenuation) effect in 1he atmos§
-pt\cre While the expected decrease in energy per unit areaf
“does oreur outside the eye (the inverse squure Jaw), the imay
formed on the retina currellmndmuly decrenses in aize in bhe
- sAme proportion. ‘The result is that the therimai dose, in cx 8
ories per unit area, romains constant but it covers « small- e
.apew on the retina. This reduction in image sive on the n-tm :
with increasing distance from the burst continues until .
“-reachus approximately 000018 ineh (7 inicrons in «Iunnqtm
which is generally taken as about the lmit for the inaximyr
... focusing effeet of the human eye. Of course a diiation of th 4

. pupil of the eye, such as at nighttime, will pernut wore lighg
. enter and, nlthough Lhe retinal image size dues not vhinnge, '@
_can be relatively more hugardous. Also, it in nesiimed th i
~ qny likht guthering devices such as binvculnr nive wou! S8
“increase the hazard.

FIGURE 7.« A downtown Los Vegas windm ', showing how the glass wis wivked
aut by the rarefuction wase, 1ather than pushed in by the com
presaion wnve resuiting fron the Novambgr 1, VAL, nuclenr tey
at the Nevadu Test Site.

been no signifieant structursl damages from refracted blust

waver since good predictive methuds have been developed.

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

“Any damage Lo the retina probably would nut be ditectod ©
ap eye examination if it were leas than 60 inicrons o dinmete: S8
Actual funictionuf impairment of visien probubly wuuld not | o
noted if the lesiona were mild and less than 50 micesis in dia) o
etor on the foven - the most sensitive portion of (i retina,
There may be less injury to the reting of the cyv i o give
total amount of thermal eneryy Is received ut n :luwer rat-

i.0., there is mure opportunity for the adjucent colls in ti g
retina to cundurt nway some of the heet. Hivh ©wetd detos,. JR
thonm in the luwer atmosphare exhibit o slower rate U deliver
than low yiclds (8ay, o milllon tons verrur 20 theawand topo
At very hish altuttdes, say above (50 gqule iy abo
oowooe af the Lutal yiekd from o megnbon dete v appon

Evoluation

The predictive procedures developed resuited in greatiy
maaimizing off site damage from blast effecta. In fact, they o
have been anly incidents of single windows being demueed
sinee 103 Two veenrved in 1950 and o thivd in 1IA7.
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- promptly us energy in the visible light region*because of the

* metion of the bomb debris with the air, resulting in a grester ;ém %

. blinking or turning away should funhg; k)
The Date L

. Test Bite have complained of temporary ‘eye impairment. *

-conditions by thousands in the Hawaiian Tslands without"

0

thin atmosphere.?  Principally for t:is reason; such high alti- -
tude detonations do not present a serions hazard for eye dam- ;
age. Detonations occurring ut leyser altitudes epcouuter_mor
atmosphere, where there arc greater eopportunitics for iater- ’

fraction of the total energy appearing as prompt visible light.
Detonations below about 60 miles can produce sufficient’
energy in the visible light region to be u potentinl eye hazard
if they occur shove the horizon and ure viewed directly. Ex-
perience at Hiroshima and Nagasnki suggest that perma-

" nent eye Injury would be expected only if one were Iookim;y; 1,8
* directly at the fireball. This applies only lo'the instant of

burst. If the detonation occurs below the horizon, the inatan
of high thermal energy release is past before the iireball

vises into view. Under these conditions human reflexes o
re safety.

2 b 4

JGUFE #.— Kpecial high'dennity. wre worn hy observges an-site as {
Nevada Tont Site.s~ an st right of center withoyl goggh
but who has turned wway from the direction of burst, This p
cedure ia oqunlly;ulgj:wymlm there iz no reflecting wurfy

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

The burst from a 1.4 million tons detonation that took plac
over Johnston Island in the Pacific on July 9,/1862 at an alti

tude of about 250 miles was viewed directly under nighttime ) 73” ‘ LRI : '
% other man's visual acuity followed a similur pattern starth

any reported eye injury, : é%:n 20/400 in both eyes'in the'area of retinal (umage and 20/
8ix militury personnel participating in nuclear weapons it jﬁ;ﬂn the adjacent areus. s These recovered to 20/60 ard 20/fiu:
tests have received eye injury —only one of which resulted in - : i 8 month, and at vne year later to 2U/40 u1 une eye and 24

a severe visual handicap.® * The latter individusl “sneaked” - w YR in the other in the areas of primary retinal dumage¥
a view over his left shoulder at the time of the detonation re- - Experimental rabbits were'9xposvd undvr nighttime con
,,gﬁ tions to the high altitude shot on August 1, [10d - a detunati

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 * In the megaton ranyu ¢ an aititude of nboul 44 miles, L.esig

shielded by his nose and retained its 20/20 visusl acuity.® ‘i with diumeters of about BOD microns were observod out’

(Values such as 20/100 represent the ability of the eye to read % :,;; 346 miles —the fartheut dittuma at which rub-l:iis were exposy

standard letters and characters at 20 feet that a normal eye =~ T Byalvation :

could read at 100 feet. 20/400 is generally interpreted as . { & Nuelear detonations in the yield range Lested offer no serjo
” “* hazards to the eye when they are at very higb aititudvs, @

legal blindness.) - }
Twe military personne} at Johnston Island participating in - ‘ “ above 150 miles, ur below the horizon at the instant of bur

the 'thh altitude tests in 1902 also received eye injury. Im. %= i< Detonations in the lower atmesphere should not bo view
mediately after the exnosure, the visual acuity o{ hoth eyes of directly without the aid of special high dewsity goggies (F
one man dropped to 20/400 for the ares of primary retinal ure ), Pnst precautionary procedures ui cioking highwe

o

ir)Jury and 20/100 for adjacent areas of the retina, This man's , © and air lanes near the testing sites ut the times of biirsis ha
visual acuity recovered (o 20/30 in one eye and 20/40 in the .- added to the safety in respect to potentinl o\ v damuge. T
other about une month later, and to 20/26 in both cyes about a procedures aiso were useful in preventing o Jdriver or pi
year afterwards in the ares of primary retinal damuage. The being startled while in motion. ;
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o ;€. WEATHER
Sackgreund Infermation” o ) o
“ Interest in the possible effects of nuclear detonations on the
-woather fall into two classes; one, direct effects because of the
energy released, and two, triggering effects. fl'he latter en'?cta
might be (a) & catalytic effect from the nparticles thrown into
the atmosphere (somathing akin to cloud seeding with gllver
iodide crystals), (b) a change in the electrical conductivity of
"“the air since radioactive debris contains charged parv:iclvn, and
" (e) » reduction of solar energy received on earth vwing to the
quantity of dust thrown into the atmoaphere.

The Deto s ’ . .
- The conclesions of many studies and experiments of these
posaible effects are best presented in reference:? -

1. *. . ..The energy of even a 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 energy
which is directly added to the atmosphers i1s added
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 explosions can have any important 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 fonization produced by the
radioactive material is insignificant in affecting genernl
atmospheric conditions . . .”

4. ', ., Dust thrown into the air by past volcane
eruptions decreased the direct soiar radiation received
at the ground by as wuch as 10-20 percent. The LA
contamination of the atmosphere b{ past nuclear tests LE .
has not produced any muasuruble decrease in the e
amount of direct sunlight received at the earth's e
surface, There is a poasibilily that a series of ex. i
plosions designed for the maximum efficiency in ‘
throwing debris into the upper aitmosphere might
uiuniﬂcamly affect the radiation recelved at the
ground , ..

The volume of material ejected by Krakatoa voleanic eruption
in 1843 was approximately 13 cubic miles with an estimated
one-third of the volume being spread worldwide.” 'Tlis re
sulted in a diminution of the amount of sunlight reeeywved on the
ground.”

i

W, 7 “required ro eject ap
| ’3 “lent of Krakatoa, **

‘ s—ﬂfog‘this effect, 0.
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"iAu & crude comparisan, the 10.4 million tons TNT equivalent!
-nuclear detonation on October 81, 1052 on the island of Elugelab:

L ~in"the Pacific left & crater of gbout one mile in diameter and:

T170 feet deep at its apex. Assuming eonrorvatively that)

" ~the crater was a right angle cone and that uli of the dcbrin?

Mwasithrown into the atmosphery, i.e.. none cf tite depreasion;

" “was esused by compression, it is estimated that abous15,000;

:million ons TNT equivalent of purface detonations weuld ba!
smount of du’!tyinto the -znmsphergf!gmu-,

¥ Following large nuclear detonations in the I'acific mi:;’;r Ind::
temporary westher changes have been obser v, such as local,

" .cloud formation sometimes with local precipitation,>where:

“‘the moisture conditions in the atmosphere ar« uout fgvorable

Jng G
g ‘75
7'The most inclusive evaluative statements w e are'{unnd in
eferences 31 and %, . I Tl ’j

. S !
£ v, .. No stetistically significant chunges insthe <
,woather during the first ten:years of the nlomic) i
i :have been found, yet careful physical analveis ofighe
.offects of nuclear explosions on the atmosphere must
+ be made if we are to obtain a definite evaluation of this -
problem. Although it is not possible to prove thot -
nuclenr exrloliom have or have not intluenced-the 3
westher, it is believod that such au rffeet & une |
Cry likely . " (1968). ) : E
«a% . ¢, although there has bsen much speculation :
- about the influence of atomie testing on wealher, there
<~ atill appears Vo be no additional evideiice suggest-
o ing a cause and effect rolationahip . . " tinim), T

D. GROUND MOTIONS ~ BARTHQUAKES %)
\ e

* "A wide variety of factors determine both thi zround motiong
and structural responses from nuclosr detonntions, e, energy
ylelds of the detonationy, distance from groud zerv, depth of
the shot and depth of messurement, and ¢l naturg of v.hu!
ground (hard rock, ete)). “Compelent” roch such as granite
couples and transmits more energy into seisaic yround wavey

v AT e 1 i e

:

than dees alluvium-—a noncohesive sedizuilary depnsit;
Although ground waves will be more rapid!- -hsorbed in ali
luvium, it is possible for waves to travel pren Jatances alony
the surface with relatively large amplituden Gonoung of motion)
if the alluviam i very thick. However, tiv-v zurface wave!

die out rapidly with the depth into the yrouni  Gecayse of thi

L
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__above factors, it is' necespury to uanalyze euch ‘s@tu_ug!wn in.
“predicting possible groundmotions und structural resg.-nses.
One way to express zhp’ggﬁ-ot- of pround motion u‘i‘n unite .-
of g." 'This refers-to the:acceleration that s freely’falling
;body experiences on earth,“le., 32 feet per second change in
wivelocity for each ‘wecond/that the acceleration occurs, ‘A_A' s
Z*rule of thumb”—the threshold of ground motion that may? ..
“i{be” perceptible to humans is vne-thousundth (Yiew) of a "y
~%Ground motions can be accentuated ut higher ,lf'!f?‘,?,;é?‘h'“’
- pall buildings. - Bia EERTE
'{!‘JA- nnoth:::f wrule’nf thumb,” one-lenth of a “g” is frequantly
Yaccepted-as the criterionzfor threshold of property. damage.
<y However, this is based on‘dsmage from earthquakes and pres- .
“Ient data ahow that seismic'waves generated by nucleardetona-":
ions and chemical high explosives result in leas damagink
;. 0ffects than would be predicted for the same peak accglgration :
:f‘gfrom an earthquake. Part of this difference may Jjg:in the
* fact that ground motions from earthquakes persist for'a longer ‘
.4 period of time (or each shock. Also, there are repeated shocks :
", in most cases. 'Thus, strijctures are subjecled to more damag-
-‘}idng effects because of the number of shocks and greatec durs-
" tion of each shock than would be the case for the same peak -
. acceleration experienced as a result of ground motion from an
underground nuglear explosion. TR
“Since nueclear detorations produce ground motions,’it has -
been speculsted that they may “trigger” a natural earthquake.
It is not possible to have & natural earchquuko,’%hqunr.
;- without prior storage of strain energy—a process that occurs
" over a period of years. -Jt 'would be necessary to copduct an -
explosion several miles deep in an earthquake susceptible
. area to be.near a gone where the stress might be great enough |
“"for an incipient quake to be triggercd ¥ P
. The response of structures to enrthquakes has been the
- subjeet 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

;.of the*ground motions. ‘No'structural dumage 1012 grou:di
 motion has been experiences beyond ;

< cal ?m!dureu for structural response’ generally ure valid
il and can be applied. Additional direct’ test informntion: 1§
] ﬁjuquln‘d and is being acquired by the AEC. Until wore dat

; are’ develoyed, comervstl\‘r:o“utimnus of the effecls moy.
made by comparison with“damage which might he oxpegtog
;!romt:)o same amplltudo&‘%f ground motion in an rurthquake

ot
5%
¥

O Ay

e 7
By e

explosions the site is selected with snfety in mind so that struc- ’
.. tures outside the lest area will not ordinarily be subjected to
i ground motions of more than smalli amplitude. The pus-
. sibility that light damage may result, therefore, must be

considered.

The Dota

The maximum range at which seismic waves from the lury
g@st nuclear detonations to date at the Nevadn Test Site are
28
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SECTION I,

?L\GENERAL EVALUATIONS

The decialon to conduct puclesr weapons Lesis for the defen
of our country was made at the highest lovel of our Govey
ment. The Atomic Energy Commission was charged with t
responaibility for carrying out the program. The AEC soug
and followed the best advice both from within und outside ¢
Guve mment5 in the conduct of new und potentially hazarda
operations. - The record, wd summarized above, must spuai
itself ag'to potentml riska incurred to the public in the fulﬁ
. ment of a mission essential to national security,

! Of #\{ the health aspects of nuclear weupuns testing, zhac

: radiation’ «xyposure has received the gieatest attention.

) as the data‘and their evaluation given ahove indicate, thy
has been a reiatively low degree of risk ussocinted with py
stmospheria tests (except for the fallout nu the Marshallk
and the Japanese fishormen), then why ha« there been so my
concern expressed? There are probably severul reasous,

Firltly. whereas the.potential radistion cxpositrea are o1
: . a very small fraction of those received (rom nalural bm
Lo ; ground:sources, they are, of course, additiciul amounts.

! Becondly,’in the absence of positive [roul otherwise t
i prudent assumption is accepted that for every sinall ineremny
) ’ of radiation exposure there is a currespondicg inerement
o . biological effect (“linear" conecept)~rather thin the “thresh|
i : ; concopt where & certuin total radiation dose must by recely

) ) - . before irreparable damage occurs. Bascd on this and ol
assumptions, admissible theopretical calculutions enn be ron
as to the potentinl number of yenetic niutatious, of eat
of leukemia, ete. that could rewult from [(nllout. This ling
concept leads sxiomaticslly to the situation of there being’
sharp dividing line below which there is votiplete sufety &
above ylhich there is a serious hazard. Iudiation proteet
wuldes, therefore, must be Jerived on sone additienal bay
us nuted next.

Thirdly, there has been sur ¢ misinterpreiniion of the rad
tion protection guides, The uwe of the ine v cuncept leay
little choice for deriving radiation protection g nides, Lo, ~the
must be a balancing of the “benefits” nitiviputed from g
atomic energy program, whether it be for Limel poreely)

'
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‘uperations or national defcnse, againat the¥'rizks (ra(hutlom‘:-'i? 2

exposure). Obviously, this is an exceedingly complex and, in
“ part, subjective process. v TER i
? in spite of th:w dificullios this balancing of henefits froml’f‘ t
, normal peacetime operations against riaks has bcc'n pu_rl'urqu J
by the Feders) Radiation Council (FRC) resultink in thei
recommending radiation protection guides for this purpose. '
“In a letter of August 17, 1962 to the Joi~* Committee on Alomi e
“Energy, Congress of the United States;’the FRC clurifieds”
spurther thuir published Guides; _: o

thet'Guides were ori‘r‘inally@'developwi for
application” as guidelines for the protection of radin-
tion workers and the reneral public againat exposures
which might result during ‘normal peacctime opera-
tions’ in connection with the industrial use of ionizing
radiation ... . the term ‘normal peacetime operations
referred specifically to the' peaceful -applications of
nuclear - tochnology where- the primary control is
placed on.the demign and use of the source. Since
numerical.yalues in the Guides were designed for the
regulation”of © continuing industry.ithey were of .
' necessity set'so lew that the :‘prr mit of Range 1!
© can be considered to fall we]l within levcls of exposure

.+ neeeptable:for a lifetime. * Furthermore, Lo provide

the maximum maryin of safely, the:upper limits of
Runge I were related to the lowest possible level at
which it was believed that'nuclear tn@;trml technol-
ogy could be developed . ,.” g <
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“tuides developed primarily for use by industry in reatrictingy:
‘its releases of radioactive efluents to the general environment”::
outside their controlied nreas are, of course, very materially: .
lower than those that might constitute a serious heaith hazarg..
A fourth reason why concern has begn expressed abouy
"health risks from fallout may lie in the ares of causai reiations
ships, i.e., the identifying or sssociating of nuclear tests with:
nuclear war. There may have been established in the mindsof:,
some that nuclear weapons testing and nuclear war o hand-inf o
hand, i.e., the first axiomatieally leads to the second. A dis- *
cussion of vausal relativnships is beyond the scope of thist
booklet, yet one point must be made. : B
As a matter of technical faet, nuclear weapons of proven
‘performunce would not hive been possible without the testing
of nuclear devices and the verfying of nuclear cuncepts that
were incorporated into their design. Whatever protection we
enjoy from our nuciear anrsenal results fro:a a stoc¥ pile of test-
proven niiclear weapons, not & stockpile of drawing hoard
sketches. '
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. an~e of a nucleus of well trgined personuel (fig, ¥)

* APPENDIX

SAFETY PROCEDURES AT THE NUCLEAN
TESTING SITES -

‘ !
"NEVADA TEST SITE

Generol ‘
The safety programs and procedures doscribed heloy
in use during stmospheric tests at the Nevada Test Site.:

¢ . the signing of*the Limited Test Ban Treaty essentinil)

these prgranis remain in effect, bul penerully at u g
level, thus providing for g continuous monitoring of v
and the environment for documentary purposes, andi
The health und safety of persons wus the major con
tion in the original selection of the Nevudn Test Site
continues to be of paramount importance during the ¢
of nuclear tests. An exhaustive senrch was made befg

"Nevada site was selacrtad an the mast{ suitahle one.

inally contained 600 square miles {luler expanded o

" 1,200 square miles) adjacent to the U.S. Alr Foree Gy

Range of 4,000 square miles. For purposes of general )

" as well as security, the Tost 8ite was and continues to by

to the public. Safety of personnel was und is further g
by aerial and surface surveys made privr to ench de
to determine that no one Liad wandered into the area.

Beyond these controlled areas are widc cxpanses of &
populated land, providing optimim conditions for mnint
of safety. Although the arua is quite sparsely pupulq‘
individiial resident has been given full considoration,
tion moniters have been present during times of tost)
there huve been occasions when residenis have been rej
for a day or so to Insure fully their satviy. Persons rel
have recoived financial remuneration fur such mave
There huve also been occesions wher jicrsuny have beey
to remain indoors for n few hours (v reduce the eadintio
althouxh the out.uf-door experire wouul have heen L
hazardous.

Hefure each and every nuelear delonation av the N
Test Site, un Advisnry i'mnel of vsperis weiglhud enrefy
of the factors that insared safety. O the panet woere
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FIGURF 9. - I'ublic Health Service environmental sampling stut =1 & ind

the Nevada Tent Site.

sentatives from the fields of public health, medicine, mctror-
ology, fallout phenomenology, blast and thermal effects. cte.
As a result of these deliberations more than 200 delays in firing
have been made at a cost of millions of dollars, toins ire sufety
The Advisory Pnnel continues to funetion for underi: i1l
tests,

The principnl enuse for the delays was the re o ire »roe
for proper wenther condition 1o jneure mmimun <. .

N3]

- '(populut'nl areas.
4 iectones, precipitation and other factors which could affect

Meteorolugists predicted Jduvwnwing tra-
“ ievels: of inliout. The duta from the wcather stulions were

cyrrently svaulable wlimuat up to the exact tie of the shot,
A detonation could be cance’led st any time up tu o few seconds
" before shot time. A more complete description of the meteor-
Qjogwul program is given below.

&To insure safety to aireraft, both from the initial flash of -
light_und any radicactivity in the alr mass moving off-site "

. from- atmospheric tests, n representative of the Federal Avia-
uon Agency was made an intregai part of the tcst Qrganiza-

tion He nrepared flight advisory plans based un the type of -

event and on the predicted nfeterological cunditions. The- !

" plan”delineated flight patterns and areas and recommended -
slterante routes, if required, by commercial il private aive
craft. Frequently the FAA closed specific gir lnnuvs and ye-

_routed aireraft fur specified periods.

5Blast effects were minimized by predicting blust wave in- ¢

tensities based on the wind and temperature prulile expected.
--at=shot time. Since long distance blrat pressure propage::
- tion is strongly dependent on wind profile struciure, ealeus™’

“iations were made for many directions and dislances from |

"the test site where pomble window dsmage mipht have oc- '

+ oyrred.
“network of especially

In order to improve biast ealeulation techuiquus, a

‘duced pressures in Nevada, California and Utah.

tions unfavorable for fallout usually were nlsa unfavorable
for blast.

ful) off-site radiological wonitoring coveri,e
provided by the U.8. Public Health Service
randum of Agreement with the U.8. Atomic Unergy Com-
mission. There were and nre extensive monitcving progeams,

censitive microbarographs was operated :
“at a8 many as 17 off-site lvcationy to record uvtual shol-pro-
It waa’
rarely necessary to recomniend & delay in fring time solaly-
because of predicted blast effscts since metvrologics) condi-

Lt TP TG A SR

way and is -
didder o Memo: -

including mobile menitoring teams, &lm badye s, vir samplers,

automatic gamma recorders, collections of milk, vegetation, !
A more complete description of thewe rograms is -

soil, etc.

given below. Al) of the key duta obtained fror these monitor- |
ing programs were and are reported in the «pen literaturs
such as the Atomic Energy Commission’s Scininnual (now .

annual) reports to Congress wnd the U.S. Puliic Heajth Serv-
ice's monthly publication, Kadiological Healt) [1ta.
tensive publie information program by the
8ervice continues around the Nevadn Tesi it vl $0)

A ea
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Public Mealth Bervies
ieducational pregram around the Nt_wu Test Site H

: T -
Waegther Predictions N ; o
The Weather Bureau Research Station was started in 1U56
to study intensively the meterology of the Nevads Test 8ite.
In late 1957 the station became responsible for providing me-
terological support for nuclear weapons tests. I'rior to these
: dates this function was performed hy the Air Weather Bervice
- of the U.S. Air Force. The Weather Bureau station at the Ne-
vada Test Site received all of the atmospheric sounding infor-
mation taken every six hours by the atations shown on the
: map (fig. 11), and most of the hourly and six-hourly weather
P information produced in the entire United States, Canada,
’ Mexico and eastern Pacific Ocearn. In addition, there weie
and are some 26 wind, 20 temperature, and 18 precipitation
measuring stations located on the Test Site. Ten of the wind
and three of the temperature stations that reflect mujor ter-
ruin effects ut and near the Nevada Test Site provided telem-
etered information for use just prior to smnd immediately fol
lowingz each nuclenr detonntion

36
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n one of the Incal homes in Las Vegas, as » part of an extansive
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FIGURS )1~ U.8. Westher Buresu stations furnish informaticn cvery six
‘,:,, “ thours for furecasting purposes.

The Mercury Weather Station made a daily atwdiy of the
westher conditions over the Nevada Test Rite and crivirens,
uaing all availal e loval information and reevalunting anslyses
furnished by means of facsinile from the National Hrierviog-
ical, Conter (NMC) at Suitland, Md. The latter Conter proe-
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FIGURE 12.- The Weather 8tation at t1.c Nevada Test Site sends rador-abserver

ba“uunv to the upper wtimosphere to cheek on temperatures. : v
dew points, humidity and wind velocities, The radar tncking 4
instramment on top of the atation charts wind velooties and

directions.

gased most northern hemisphere dats, much pf it electron:
ically, and used the fastest nnd most modern techniques in
producing forecast charts of the large seale fealurces of the
utmos.phr-ric circulation. ‘The Mereury station, having ore
loeul information and the benetit of numerous stortic: of
lueal meterologicnt conditions, wliusted the NMC informntion
to make foreensts having the hiphost poscle geeuraey far W8
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A-Ql[-:hv day prior 15 each nuelear detonation, o formal de-
ihili.-g‘,‘])rioﬁng cax wiven to the Scientific Director, the Test -
£ Manager, s his Advisery Pancel eovering all foresceable ways
“n which weather might influenee the suceess and sulfety of the
F 1ot 2 AL such brielimgs included wind speeds ol direetion |
)pfpdgzt:ions te at least the maximum cloud heighl nhu\inuble,;
expeeted changes in wind during the day, thermal stability,:-
c)oqu}‘procipitmiml. trajectovies of werosols, the etffecet of wind
bermal structure op the difTusion and deposition of
&'nmqp_qt* materials. and the maximum radintion desages that
couldigoncrivably resuit on and off the Test Site. Changes,
3if gnye from these predictions were presented at subsequent
}; brigfings
"i,mgj;i:'{;\ctora in arriving at good predictions was the series
of “wind runs” usunlly-at one-half hour intervals up to sere
ime (fig. 12).
¥ Most of the programs remain in effect us n further assurance
-of safety in the cvent of the relense of any rudivuctivity from

Just prior to arming escl device. 1o I'net one of the

- un%mounc. tests,

 Badiplegicol Surveiliance

'Riu ne programs were and nre conducted continupusly
»within'a radius of upproximately 300 wiies from (he Nevada
N Tost Site by the 115 Publie Heaith Serviee.

- Al Monlroring

“ince 1482 the U.S. Public Health Service has owned and
werated two aircraft for eloud sampling.  Prior (o this date,
this function was necomplished by the T8, Air Foree, Kuch
aircraft carried vquipment to colleet airborne uctivity both
“particuiate nnd gaseous. Both planes cnrvied cquipment for
4 cantinuously monitoring the gannun radiation. Additional

- U8 Alr Forcu plunes equipped for cloud samphinge unid tracking
- were avaiiable snd were on eall.  Arvangemunts wore made for

. © the'use of another spocia) aireraft fur radivlogical monitoring

surveying at H+21 hours.
The capabilites of aireruft monitoring continue ©y be wain:

tained.

Mobile Qrovnd Menitering

Mobile ground monitoring teams were deployed in the down.
wind sector prior to each test to suppleniont the routine sur-
veillance which war n part of the continuous surveiliance
program. The downwind sector was determined by informa-
tion obtained from the UK. Wenther Hureay persunngl as:
shened to the NTS. These monitoring tramy eonsisted of two

men,

tach teann was eguipped with been paian survey
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FIGURE 18.~Monitoring - for external gsmma radigtion nesr:the7Ne
T Tess Site py.U.B, Public Health Service personnes| 5
. § - ; JE L

R

instruments (fig. 18), chamber survey instr\iments. fﬁllo’ut trgg;l ,;*_

and additional air samplers and recorders, Each'vehjclp.was:
equipped witn two-way voice radio communieation;
number of teams used for each event was defermined in ad. '
vance by the predicted radiological situation, however'five'to
ten teams was the usual number deployed. Up to 20 teams

could be organized within a short time, but were not normally. -

maintained on a standby basis.
Mobile ground monitoring teams nre still maintained on a
standby basis and used when needed. S
Alr Sempling T
There were and are 300 permanent :ir sampling stations in
operation 24 hours per day in the arca surrounding the NTS
at distances up to 180 miles distance. s
The air samplers used are high volume units, drawing air
through an 8" x 10" glass fiber filter (fig. 14). When deemed de-
sirable, o secondnry activate) eharcoal cartridge is added for
the collection of gaseous fission products. Flow rates are ap-
proximuately h0 cubie feet per minute ¢o.f.m.) fur the glass fiber
filter alone and 26 c.f.m. with the chareonl cartridge added.

40
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“*Wiection uf particulates. Behind the filtur is piaced wu neiivated

»ﬁ?’}}auul o High volume air sumpler. The largs glass fiber filter iu for »
. reoal cartridue to collect gasea such as radivindines. "]

%o
AU

Glass fibgr filters ure counted for gross beta activity in the p
5, portionalregion. oo
All charcoal cartridges, and any glass fiber filters wit)
i gross beta activity significantly above background levels o
2% assmyed with-s 400 channel gamma seintilintion apectromete
‘i using o gtoel shield for a 4" x &° Nal (T1) erystal with & O
‘ peak resglution of eight percent for jdentifieation of spech
L gamma-gitting isotopes.
* Pim Sedging !
y Film badges were distributed to hundreds of locutions arvung
the Test: Bite and to ns many as 1,600 persone during cevtal "".x ,
operations. Presently there ure about 50 locations with somg™ -
200 persons wearing fim badges. Film badges were and amg:
collected: and procvesed monthly. In the evont that radi
activity was found in the ares by the mobile monitering team
film badges were collected from hese loeations sndl fro
peaple Hying in the wre 1 pew Rlm badies were distributed.
Addiviona) stationy wnd peopie were ineluded §f the y&tu;cthr{ :
required more extensive muonitering. i B
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'gamuuonl ‘such as Roland F, Beurn. Ine,, Alexundrm Va.,
Hazelton-Nuclear Science Corporation, Palo Alto, Calif.. und
arver, Inc., Los Angeles, Calif,, and () indisidunl
consultants.”
The total annual expendituie for the operational il re-
search stuygdies directed towurd safety at the Nevuda Test Hite
g X eyrrently’ ‘{a over $8 million,
- +" In addition, there were and are numerous proaums enrrind
- S on a8’ pu'yof the laboratories’ scientific. e¢ffort that huve a
*£besring’on’safety and contribute greatly to the basic under-
% atandings ¥ One of the earliest and most valuable were those
o s’envirorungntal’ studies conducted by the Department of llio-
o8 ) *'»“phyliel ang Nuclear Medicine, University of California Medical
: 2chool, L,os Angeles, Calif. Aleo, in May 1068 & new Biclcey -
QDMdon ‘the Lawrence Radiation Laboratory at l.ivermore, LB
: .-Calif., was formed with one of its prime missions to investi-

0 sgate problpms desling directly and indirectly with radioactive
ully redioiodine.

30 -Collnuon of water umplc near the Ni
Publk Health Borvkn persounsl,

; P

M Sompiing ;
" Milk samples were and are collected routlnely one tlmc per

month within the 300 nile radius of the N'E,S. {from spproxi-

mately 25 sources, including all dairies and some additional

ranches having one milk cow. In the event that radioactivity T

was found in any area additional sampies we,; collected onen

on a daily basis. e

Weter Sampies B [
Water samples were and are in gencral collected monthiy

from approximately 30 sources (fig. 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 described above to

assure safety to the public, there were und are extensive basic

and applied research studies conducted in such fields as me.

&erolozy. hydrology, and ground motion. These were and are

accomplished by (n) cooperation with other Government agen-

cles Including the (LS. Weather Burceu, U.8. I'ublic Health

Bervice. U1 8. Gealogira) Rurvey, U.8. Bureaw of Minen and U 8.
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OPSRATION DOMINIC I
BADIOLOGICAL MOMITORING STATIONS




SAFETY PROCEDURES AT THE NUCLEAR ]‘ESE&G SITES

&

_PACIFIC TEST SITES

Genarol :

United States atmospheric nuclear tests were’ held in the
Pacific at Bikini (1046, 1064, 1066 and 1858), Eniwgtok (1948,
1961, 19562, 19564, 1966 and 1968), Johnston Island {1868 and
1862) and Christmas Island (1962). These remoteisites were
selucied aller uxiensive search for possible mum‘hera the
tests could be conducted anfely.

To conduet atmospheric nuciear weapons tests in’ ﬂgo Pacifie,
Joint Task Forces have been organized consisting of desix-
nated personnel from U.8. Military Services and AEC,” A Com-
mander for each 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 undor;p civilian
Beientific Deputy. '

In ench series an exclusion ares was deelured lround the
test islands for the purpose of warning air trafic 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
Centra) Pacific Fleet. The Department of Defense, State De-
partment and other agencies of the Executive Branch of the
Government were notified so that shipping authorities und air
traffic control authorities could be alerted.

Sinee there have been some chunges in details over the years
of the organizations concernmd with snfety within the Joint
Takk Forces, the following description applies te Joint Tusk
Force X that condueted the 1362 Pacihie tests.

Wenther predictions were unulm\ml by the Task Force
Weather Conleal vumponed of Navy and Air Force meterolo-
IS8 o ussiston analy e Hn weather data snd to prvdiet
other tosults sneh as fallout, Wast and thermal effecty, o
Hazards Evaluation Unit was forneed 1o ndvise the Juint Tosk
Foree Communnder and s Seientilic fhegnny.

Radi-dapient safety aetivitios on ate were vondueted by »
speral i o1 doing Task Force aand ofl =i s veillance pra
rrams be the 178 Publie Health Serviee
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Altogether about 80 personnel were utilized in activities

devoted to safety.
Rodislogical Surysilionce K S
Rudiological 'safety (Rad-8afe) was u sepacate Task Unit -
within the Joint Task Foree oru‘uniutivl!. Bad-Sufu Fespunsic
bilities included procuring, storing, and issuing Rud-Safe sup. -

.. plies ‘and equipment, instrument maintenance, issuance and ;;;-;;’ ;
- processing of film:badges, maintenance of personnel radiation i~

exposure records, supervision of monituring, decontamination,
waste disposa) aetivities, procurement and distribution of high™.
density goggles,; snd other activitier as indicated by the poten. -
tia) hazards of the situstion. :The Rud-8ufe 8ranch contained . .
- an Off-Site Surveillance Section. Personnel from this scction’
‘2 participated inimonitoring at off-site populated islands in the
vicinity‘of the test area and periodically collected wa
food samples.: | S S 54
* Airerokt Menitoring i -7
" Aireraft werq' used to monitor the cloud of airborne radio-,
activity duringlearly times after detonation and to track the -
cloud periodically over a periog‘of two or three days. - = = .
* Snvirenmental Sefety I - Ty
During Cperation Dominic (1962) there were 34 nuclear deto- - ;

nations above the Pacific Ocean near Christmas and Johnston ..°

Islands.. The ‘Xxplc)live yields of these devices ranged from low
kiloton into the megaton range in TNT equivalent. The height
of burst for each Aatonation 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 atmoapheric tests, there was one .
underwater tost of & low yield nuclear device detonated in the
Eastern Pacific Ocoan several hundred miles from the closest
land area. Essentisily all the radionctive fssiun products
produced by this test were deposited ir the ocean and were soon
dispersed and diluted to concentrations which were of no sig-
nificant biological hazard to man or marine life. ‘

All nuclear events at Christmas Island were detonations
of devices released from manned aircraft. These bursts oc-
curred over water and were planned for execution under favor-
able atmospheric conditions to minimize the likelihood »f
contamination of land surfaces. In addition, following each
event, grouid and aerial monitors surveyed the island to de-
termine whether any radioactive rain-out occurred.

A Hazards Evaluation Unit composed of scientific personne!
of contractor laboratories (Lawrence Rudiation i.aboratory,
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o *&ientlﬁc§Qgputy. Pre-shot computations were made for vich

7 SR _
U7 Lon Aludips Scientific Luboratory, Sandia Corporation) und
irepresentatives of the U.S. Weather Bureau was vrinnized

--4tq" advise*the Commander of the Joint Task Force and the

it
“detonation,” These computntions include 12 and 24 hour
“trajectory'forecasts based on winds from the warface to 10,000
" Zeet. " A'specified radiation exclusion area was then declured . i
%10t includelany possibie local fallout. Daily: soundings were ., :
Jmadet0'100,000 feet giving added information that was helpful *:
Sin correlating observed cloud stabilization and movement with
.gpredlctedﬁshot-time trajectories. - Where - applicable, uther,
%< ‘weapons phenomonn were considered such aa blast pressures,
~#and possible eye injuries from the prompt thermul rudition,’
. Cloud” tracking aircraft made and masintalned contuct for'
;aeveral howrs with the radivactive cloud following each cvint
:conducted; in. the lower atmosphere. Timely Information on
-7 cloud moyement, top and base altitudes were obtained for use of
»advisory veports rezarding opening of commercial air lanes:
" through gr.near the announced danger area. - There wus no
sevidence that -any commercial ‘aircraft encountvred any of :
“tthese radjosctive clouds. TR e ¥
o bp: Monitering » ’
- ¢ off-gite monitoring program during Operation Duminic
Zwas under:the cognizance of the U.8. Public Health Service, i .

i

YUSPHS personnel being assignied to JTF-8 during the opers:
tional phase. A radiological surveillance of a network of j9
: monitoring stations war maintained on populated isinnds
. within'a 8,000 mile radius of Christmas Island. Air sumples
“were collested on populated islands out to about 1,060 miies
" from the test zone. Samples of soil, vegetation, fruits, wuier
* and marine life were collected on the populated islands of thy - *-
“area’bofore tusting began and repested sampling was made
: after the testing period to determine whether changes in the
*level of radioactivity had occurred in the sres. .
" The 19 sampling stations were divided into (3) primury sta-
“tions, (2) secundary stations, and (8) background stations. The -1
"primary stations (Christmas, Fanning and Washington) were
manned by USPHS officers with squipment und sampling tech-
‘niques to document all forms of environmental radionstivity. .
The secondary stations (Canton, Malden, Penthyn/Tong reva,
Palmyra, Midway, Johnston Island and French Frigate Shouals)
were outside the danger area and were designed to docunient
air concentration and external radiation background. ‘Thuse
stations were operated with the assistance of Task Foree ['roj-
ect Groups and Weather Groups. Background stations ~u f'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 andion Nuku Hiva an-! Tuhiti by French per-
.' sonnel. The purpose of the background stutions was to doey-
“" muent -external radiation background and changes in back.
= ~ground levels if they occurred.

: A USFHS rad-chem laboratory was established in Honoluly,
. Jiawaill to support the off-site rad-safe program. Fucilities,
‘equipment and personnel were available for: radiochemical
‘analysis of air, precipitation, wuter, milk, food and soil, - The
“facility remains in operation as & part of a continuing pro-
gram‘of monitoring'several of the Hawaiian Islarda.

Bleenyirenmental Menitering ’ Sty '
The:bicenvironmental program for Operation: Dominie was
under AEC contraet with the University of Waslington,
~iiSesattle, Wash. A final report of their data is found in “Radjo-
:nuelide Content of Foodstuffs Collected at Christimas lsland
' and at Other lslands of the Central Pacific During Operation
“Dominic, 1862, UWFL~87, by Ralph Pslumbo.
-~ During the period April 7 to July 29, 1962, collectinns of food-
~ istuffs, marine life included, were made from eight off-site
=:islands and Christmas Island to ascertain-the radionuclide
_‘content of the samples collected. In addition to samples col-
o lected by this group, USPHS off-site monitors furnished sam-
ples from areas not covered by the University of Washington
igcienzilt_s. Approximately 8,000 samples were collected dur-
ing the time which covered pre-testing, testing and post-testing
_periods. Part of these samples were scanned promr:ly for
" radioactive content, however, 8 majority of the samples were
returned tv the University of Washingten for complete
-analysis. )
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GLOSSARY®

B ' "BACKGROUND RADIATION: Nuclear (o ionizing} radiaiion: snaing trom -

Arawithin the body and from the surroundings to which individuals are wlways |
‘quposed. The main sources of the nutural background radiution are poise :
:olum 40 in the budy, potassium 40 snd therjum. urunium, und their deeay -
“produets (including radium) present in rocks, and cosmic rays.

7= ously Trom the nuclei of esrtain radloactive slementa. Most (if not all) of *

“beta particle is identical with sn electrén

"+ %ise half of ita initin! valy: ~+ » result of natursl, biolugical elimination
e . o
- POBE: A (total or sccumulated) quantity of fenising for nurlear) radistion.

¥

rosnigens, which is & measure of the total amount of lonizstion thas the |
7 quentity of radistion could produce in sir. This ahould be distinguished .
;. &frem the sbsoréed duse, given in repe or rads, which repreasnts the energy
. "gbeorbed from the radiation per gram of specified body tissue. Further,-,
"?%h Wological doar, in, reme, s & measure of the bioicgicil oectivensas of
.. ths radistion exposure. - P
" DOSK RATE: As s general rule, the amount of lonising (or nuclvar) radiation ™
% ve which an individus) would be sxpossd or which he vould receive por unit
. of tme.
~ URE, EXTERNAL: Exposure to redistion that ir d-livered from & -
- wource qutside of the body. K
. EXPOBURE, INTERNAL: Exposure to radistion delivered (rum a source in-
- side the body, Strontium 90 lodged in the bones is an (varple of tntarnal
- eRposure.
"RXPOSURE, WHOLE BODY: Exposure that involves the wiiole body rather
than s specific organ. :
FALLOUT: The process of phenomenon of the falibeck Lo tar vurth's surfars
“of particies contami d with rediesctive material fiom the redio
. attive cloud. The term io aiso applisd in & rollective senue 1u the coutamis
- nated particulate matter iteall. Tne early (or local) ralluut 15 defined, some- |
what arbitrarily, as those particles which raach the vsitiy #ithin ¥4 houre
after s nuclear explosion. The delayed (nr wurld-widey talivi’ consisty of
the smaller particies which ascend into tha upper Uroperpiicin and ints the
! -gtratosphere and are carvied by winds to all parts of the varit. The delayed
' fallout i brought to earth, mainly by rein and snow, uver ¢xtended pariods
ranging from months (n yesrs.
PISSION PRODUCTS: A general term for the camplex mixture of anbatances
produced as & v>3u1t of puclear feslon, A distiortionalvre L made between
these and the dire ! fission pruducts or fission fiaginent o vtk sre formed

g

u
1

e
* Rased grincipalty o The Ffeets of Surlesr Weapens  Gloteter > » . 10 Sops ntrndeas of
G umente 1§ Gererr uent Urintivg (f-r, Weghingten. BT Apn ver
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BETA PARTICLE: A charged particle of very small mass emitied spontune- ‘

the direct fission products emit (negative) beta perticies. P'hysically, the
meving st bigh velocity. "
§OLOGICAL HALP-TIME: The time roquired for the smuunt of a spevified
"eloment which has entered the body (or » particular argsn tu be decrensed il

~'The term drve is often used in the sense of the cxposure Juse, exprossed in 1

et DN R ¢ e

PP TR

PPN

ity e



. i . .
“. by the setuat splitting of the

.. s given puclear spe u g I
" meuts, being radiouctive, immediately Legin to decay, forming udditional

uets 8o formed containa sbout 200 different isotopes of 36 elements.
stayes is referred to generslly as the bivsphere.

in the ajr by the biast wave from an explosion. !

o the lsotopes of hydrogen, namely, deuterium and tritium, sombine to form

o energy,

riginating n atomir nuclel and uccompanyine meny nuclenr rems.

i in other:ways, e.g., by slowing down (fast) slectrons of high energy.

or aboyd the center of a burst of a puclear (or stomic) wespon; frequently
“abbrevieted to GZ. : v

s & chayacteristie property of each radioactive apecies snd |s independent
".of its smouns or condition. The affsctive half-life of » given inotope is the

¥ = radiosstive deeay and biologieal slimination. - .
’ - INDUCED :RADIOACTIVITY: Radioastivity preduced in esrtain materiale
" as a resuli of nuclear reactions, particulurly the eapture of neutrons, which
are accompanied by the formation of unatable (radiosctive) nuciei. The
activity induced by neutrons from a nuclear (or atomic) explosion in mate.
- rials containing the elements sodium, I 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 emitted uniformly in ail directions,
the amount received per unit area at any given distance from the source,
assuming no sebsorption, is inversely proportionsl 1o the square of that
disiance.
.ISOTOFES: Forms of the same element having identirsl chemical proverties
~ but differing in their atomic masses {duc to different numbers of ncutrons
in their respective nuclei) and in their nuclear properties, e.g.,rudioactivity,

finsion, etc.
KlLOfI‘ON ENERGY: The energy of » nuclesr (or stomic) explosion which is
;t:a%ulqm to that produced by the explusion of 1 kiloton (Le. 1,060 Lons) of

MEGATON ENERGY: The energy of s nuclesr (or atomic) explosion which is
squivalent to § million tons (or 1,000 kiloions) of TNT.

METABOLISBM: The process in which the body breaks down for 48 into u-able
materials that are taken into the cells and manufactured inta the living tis
sues of the body.
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heavy-element nuciei.  Something like st Y
ferent fiasion fragments result from roughly 40 different modes of fission of

cies, i.¢., uranium 2356 or plutorium 219, 2 The fssion fray..
- (daughter) products, with the result that the compies mixture of fission prod. <

L FOUL CIIAIN: The sequence of events in which nutrients are transferred
e from the soil to plants to animais tu muk. The callection of these varions

REE AIR OVERPRESSURE (OR FREE FIELD OVERPRESSURE): Thevn- ¢
reflected pressure, in excess of the ambient atmonpheric Pressure, ereated - S

USIONS{'The process whereby the nuelei of light elements, especially those
“"the nuclpus of & heavier element with the release of substantial amounts of
. P, . ' -
: _OAIII!A"RAYB (OR RADIATIONB): Electromagnetic radiations ef high en-

: A ' finsion, radioactivity, and neuiron eapture. Physically, gumms -
Srays fdenticsl with X-rays of high energy, the unly essential difference
: being that the X-rays do not originate from atemic nuclei, but wre produced
ROUND ZERWG: The point on the surface of land or water verticaily below -~

HALV-LIFE: The time required for the sctivity of a given radionstive species
+ to dearepse to half of ite initisl valus due to radionstive deeay, The half:life .

. ¢ime in ' whieh the quantity in the body will deerease to half as sresult of both g

L MICR()CURU';‘; A vae-willionth pail of u curie.

MILLIREM: A one-thoussndth purt of » rem.

¢ MILLJROENTGEN: A une.thounandth part of 8 ruentgen.

OVERPRESSURE! The transient presaure, ususlly expresseo i pounds per
squpre ingh, ding the ambient pressure. ifested 1. tie whoek (or
biast) wave from un cxplusion.

PICOCURIE: One milliomh of a millionth »* . curie

RAD: A unit of ubsorbed dose of rdiation; it represcnts the wissei i of 1o
ergs of Buclaar (or ivnizing) radistion per gram of Lhe absorbing msterial or

tisgue. -

RBE-(OR RELATIVE BIOLOGICAL EFPECTIVENESS): The vatin of the
number of rads of gumm= (or X-) radistion of u certain envryy which wiil
produce a specified bivlere.] efTect to the number of rods of shother radia-
tion required to produce the same effect i the RBE of this Inticer radistion.

REM:" A unit of biological dose of radintion; the name ir derived from the initial
letters of the term “ruenigen squivslent man {or mammall.” The number
of rams of radlation s equal 8 the number of rads absorbed muitiplied by the
RBY of the given radiution (for & specitied sftect). \

REP: A unit of absorbed dose of radistion now being repiaced by the rad; the
“name rep is derived from the initisl letters of the term “roentyvn vquivalent
physical.™ "Baslcally, the rep was intended to express the zoinuul of energy
abserbed per: ‘ram of soft tissue s 5 resyit of exposure 1+ 1 ruentyen of
gamma (or X-) radiation.

REBIDENCE HALF-TIME: As applied to delayw fullout, it is the time re-
quired for the amount uf wespon debris deposited in a partiviulur part of the
-nmoopborg,‘ -J Mratosphere or troposphere; (o decrease Lo half of ity jnitiel
value, ol

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

: Aned precisely 88 the quuntity of gamma (or X-) Fadistion such Lthat the asso.
ciated corpugcylar emission per 0.001203 gram of alr produces, in alr, lons
SMIT) :NE one'elcstrostatic unit quantity of eleetricity of elther sign,

STRATORPHERE: A rolstively stable layer of the atmosphere betwaan the
tropopause sid & helght of about 0 miles In whichi the temiperature shanges
very little (l}l"polnr snd temperste sones) oF increanes (in the tropies) with
inereasing aititudes. In the stratosphare glouds of water neter furm snd
there is practically no cunvection.

TNT EQUIVALENT: A measure of the energy relensed in the detuvnativnof o
nuclear (or gtomie) wenpon, or in the explosion of a given qu.ntity of Hasion:
able material, sxpressed in terms of the welght of TNT whic): Avuld relesve
the same amount of energy when exploded. The TNT equivatent is usually
stated in kilotons or megstons.

TRITIUM: A radloactive isotope of hiydrogen, having s mazs o1 I winite; it is
produced in nuclenr reactors by the uction of neutrvna un lithioom puclvi.

TROPOPAUSE: The imaginary boundary layer dividing the st utcsphers fron
the lower part of the atmusphers, the troposphere.  The tropcpuuse normally
oecure nt an altitude of sbout 25,000 to 45,000 fert in polur vidl temperete
sones, end at 55,000 feet in the tropies.

TROPOSPHERE; The reyion of the atmosphare immedialely atuv the enrth's
surface and up to the tropopsuse in which the tempurature till- falrly regu-
larly with increasing altitude, ciouds form, convection ia active, and adzing
i continuous and more or less complots,

WEAPON DEBRIS: The highly radiosctive material. consistin of fiskboa peod-
ucts, various products of nentren capture, and uranium snd sl donisem Hhing
have escaped Besion, remnining wfter the vxplosics
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X-RAYS: Electromagietic radiations «f hlgh energy ha,,jn wave lenxtho
; shorter than those in the ultraviolet region.’ £ R

- YIELD(OR ENERGY YIILD). The lotal effective energy rzkmd in . nuclur
(or atomic) explosion. 1 It i usuaily expressed in terms of the equivalent
tonnage of TNT required to produce the same energy release in an explosion.
The total energy yield is manifested as nuclesr radiation, thermal radiation,
and shock (and blast) energy, the actual distribution being depondent upon
the medium in which the explosion arcurs (Prlm-rily) and upon the type
-of wnwu snd the time m«r detonation, X s

ephlet, however, ure ..ul-ly tlw*;mpomibllity of the ;uthor 1
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