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The signing ‘of.the Limited ‘Vest Ban ‘reuty in September

- 1963 marked :‘the‘close of 14 years of atmospheric*nuciear
- Weapons testing spread over an 18-year period. However, it
«did not mark theend of a need for further informatjon and

f
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oSee,_ interpretation ofdata concerning the health aspects ofnuclear
-. Weapons testing,3. .

This pamphlet ‘is concerned principally with:‘thehealth

*:-Nothing new is“contained herein and much hasbeen‘pmitted
. for brevity. The!‘pamphlet does attempt to bring together the
highlights of alarge bedy of information and thus in some small
way may aasiat‘infurther enlightenment of a complexsubject.

we / te : : . %if

GORDON M. DUNNING
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INTRODUCTION

Fallout from nuclear >capohs tests has been by far the
principal man-made source of radioactive environmental con-
tamination. About 340 nucleardetonations in the atmosphere,
by all nations testing, have been announced, ‘Thetotal energy
release has been about51)million tons (MT) equivalent ofTNT
with the U.S.S.R. tests accounting for about 70 percent of the
total.' Included in this total is about 193million tons of energy:

released by fission—the proceas that creates the radioactive
fission products present in fallout.' Two awrdred million tons
of TNT energy equivalent would produce. about 12 tons, by
weight, of fission productdebris,
The discussion that followsjin section I 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 II deals with’other health
aspects of nuclear weapons testing.
The information presented herein is intended toprovide some

answers tu three basic questions concerning the testing of
nuclear weapons:

1. What are the problems and possible risks associated with
nuclear weapons testing?”*

2, What are the data concerning effects from past teats?
8. What do these data mean—how serious are the possible

risks?

With these three questions in mind, the information for each
healih aspect—-such as whole body exposures—is presented
under three subheadings, ie, Background Information, The

Data, and FRvaluations,
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SECTION |. *

RADIATIONS Po

A. GENERAL BACKGROUND INFORMATION JF
}. Natural Background and Medica! Exposures z

i)

As far as is known, man always has and always will liveina
environment filled with nuclear radiation. There’are:radio-
active materials present naturally in the ground,the sea, and in-
the air, Cosmic rays bombard us frum outer apace. ‘Naturally.
occurring radioactive materials in our food supply irradiate us
from within.
To these leyels of radiation exposures are now added‘those

from fallout—but these radiations(gamma rays and‘beta par-~
ticles) are no‘different in kind from those emanatingfrom;
natural sources. Noris there any evidence that they produce:
any fundamentally different biological effects. The radiations
from naturalsources and from medical, induatrial, and ecien-.
tific uses of. radioisotopes and X-ray machines, and ‘their bi-;
olugicai effects, have been studied intensively for many years.
To repeat, radiation exposures from fallout are in addition to.

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

TABLE 1.—Radiation Exposures from Natural Background
ond Medirat Sources

Natural Vackground (annual exposures) Hoentgens

Total vececeseecres 0.085- 0.20

Gamma rays (from iv-rreatrial sources)and voumic rays 0.1 (varies),

Potassium 40 (internal . Lc teers O O18 (varies).
Cauiben J4..... . veers 0.00]

Midieuw! Rrpueures
Chest X-ray (per exposure) a cieegee 42

Back Xray (perexposrep 0veugeees ad

Photofuerogram (per eocposure: sgbut | wr 20

finotre ditention) serie ebboent 30,
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Various units have been used to eypress  txpasure to

radiation such as Che roentgen, rep, rem, and rad. All are in

tended to express some relationsh. + between the radiation

energy absorbed and biological effects. Since it is mot critieal

for the following discussions to understand the technical ditfer-

ences among the units, only the “reentgen” will be used. To

provide some perspective ag to the magnitude of the “roent-

gen” table Lis inehided,

2. Sources and Nature of Fallout

The major source of radioactive miterials in fallout is the

fissioniig or 5, litting of atoms of uranium and plutonium that

ives rise ton large number of unstabie radioigerepes in the

fusion process hydrogen nuclei are jeined together. Induced

radioactive products result when inert materials capture

neutrons that are released during either the fission or fusion
process, Generally, these induced radioactive materials are
relatively short-lived and contribute only in a minor wayto
radintion exposures to man, The principal exception ia carbon
14 described in section | F (page 16).
Sune of these rodivactive materials escape ae gases and are

dispersed and diluted in the atmosphere. Most of the fission
products, however, become incorpurated into or attached onto
minute inert particles of duat and debris from the immediate

environment of the bomb. The dust particles, together with
the associated radioactive nuclides, are ewont high into the air
by the heat and 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 effect on the
pattern of distribution.
Roughly, a nuclear detonation of one-half million tons or

less, fired at a low altitude-—but high enough eo the frebrll
does not intersect the groundresults ino most of the fission
products remaining in the lower atmosphere, the troposphere.
They are deposited on the earth's surface at a rate such that
one-half of the amount remaining in the atmosphere at any one
time falis in 24 weeks (calied tropospheric residence tral
time), As the energy yields of the auclear detonation in-
crease, more apd more of the fission products are swept higher
and higher inte the stratosphere othe layer above he trope
sphere (fig. ve The residence badtdime bere ap inore Tie one
half a vear for ingection mite the becer stratonghere onthe peotae

2

+“3
wdas

mea
a
z
at

a32

 

a
L
e
i

T
e
e
E
R
e
e

+
m
h
ey

a
m

n
N

®
t    ue

Ub weatryy

SPIQUBE @. fieneraticed drawing of the cin (hie atinonpheyy

 

. 1

regionsand one year or somewhat less al the equator,
active debris from nuclear detonations covurringae y
altitudes (about $0 miles and higher siay have ag
half-time of five years or more. ‘
Roughly two-thirds of the radioaclive partieulat

injected into the lower stratesphere ul the north pola
has been observed to full in the 80° 6u° North latity
where about S0 percent of the world’s pupulation Nv
tion at the equaturial repions has been observed te |
8 more even distribution belween the two hemisph

For surface bursts of high Gnillion ton range) ylel
50-80 percent of the radioactive debriy is deposited eg
fallout,” Le. within 24 hours. Air buiscs -where the
does not approach the surface — result in istle, any, b
out.

Table 2 tabulates some of the key data on estimated
energy yields from all past nuclear weapoistests. OF
energy relensed of FEE million tons equisatent of TNT:

TABLE 2.0 Fatimates of Vietde from Atloc ae Wengions Ty

aT C'S aud |

Tetal million toon! {htt Wit

Feseion millon Cet 1] He

Fissrerpy pid iiuay Geet cet beck pedeebeasi he yqn A

“TNT enquie stent

tha Feemere tents te ryote wy at ae a

“SABO at



 

percent resulted from U.S.S.R. tests. This total energy release
is of use in estimating the amount of carbon 14 produced,
Incidentally, it is assumed that the carbon 14 is distributed
more or less uniformly around the worl. te
Tabic 2 alee shows that of the 1938 million tons enery equiva-

lent releasing fission products, about 161 milhon wns were
scattered globally.» Approximately two-thirds of this amount
originated from U.S.S.R. tests but will account tor about three.
quarters of the long-term fallout in the United States because
of meteorological factors, This is because there will be morc
deposition in the North Temperate Zone from a nuclear detona-
tion in the lower atmosphere at a northerly latitude than from
the same shot at an equatorial site. Atmospheric tests at the
Nevada Test Site have contributed very little to the deposition
of long-lived radioisotopes but at times have been thesource of
relatively high amountsof short-lived radioactive materials in-
cluding iodine 181 in the local environment. foe
At the time of a nuclear detonation something like 200 differ-

ent radioactive substances are formed by fission. Additional
Ones are created by induced activity. Although these mna-
terials emit only radiations with which we are already famil-
lar—gamma rays and beta particles - it appears at first glance
to be almost an impossible task to consider them individually
and in the aggregate for an appraisal of their health hazard.
Fortunately, for an analysis of the problem, most of the radio-
nuclides are of little health consequences because of their
short radivactive nalf-lives or other characteristics such as
being highly insoluble. In fact, it is possible te estimate the
radiation doses to various organs of the body by considering
only five principal radionuclides in fallout that are deposite:!
internally, i.e., iodine 131, strontium 90, strontium 89, cesium
137 and carbon 14. To these interna! doses there must be
added those to the whole body due to the radiations from fall-
out material outside the bedy. The problem of estimating
these latter radiation doses is again simplified by considering
first cesium 137 and then lumpingall of the remaining radia
nuclides togetherin the caleulations.

8. WHOLE BODY EXPOSURES

Background Information

Fallout particles consisting of inert materinin together with
the associated radionctive materials settle ty the earth’s sur:
face Where most of them remain and thus never Ket ingide ou
bodies. These -xternal, man made radonuchid. s, however,
will iriatiate the whole hedy by ther penetrating ganas

4

3
{
i{

{
radiations while their ahorter range betu parcicles will cor
tribute a much less biologically significant exposure to the aki)
Of the radionuclides that coatribute to external radiatio!

the moat important single one is cesium IS7. Its radioactiy
half-life is approximately 4 years. Thus, it is pussible ff

cesium 137 to remain in our environment tu: ivig periods 4
time without losing much of its activity, althouph there can }
loas or reduction in availability of the material through norm
weathering processes. Still cesium 137 does have a sh
enough life so that most of the radiations are released with
the lifetime of » man. :

Al] radionctive materials in fallout, except cesium 137, whi
remain outside the body may be conveniently limped togeth
to estimate their contéibution to external exposures, The
usually are called “short-lived” even though some do have ha
lives of upwards of one year. In spite of the fact that neat
all “of the radiation exposure received from these short-liy
radionuclides is completed within a year after the radion
clides are created the total amount of exposure during ¢€
yearmaybe greater than that received from cesium 137 with
30 years. 7
Cesium 137 also ia one of the iwo (carbon 14 is the othy

principal radionuclides deposited internally that irradi
the™whole body. [t is not a major source of the total wh
radiation dose except in such cases as that of {’skimos wh
diet is largely caribou or reindeer meat. The food oH
(lichen-ceribou-Eskime) reflects the relatively bigh surfy
contamination of cesium $47 on the Jichens. 3

The‘Dote
The highest whule body exposures from nuclear wenpy

tests ever reported by the (United States were nbuut 173 ro
gene to 64 Marshailese following the March |, 1944 surf
nuclear test detonation at the Pacifie Proving Ground! F
situation resulted from u shifting of the winds so that the I¢
heavy fallout from this large yield surface List occurred
part, acrosa the islands instend of the open sea.
The Marshallese were evacuated, given coedival treaty

and returned to their home island of Rongelyp un dune 2f, 0
after radiation levels had subsided to acceptil le levels * (fig
From 1056 to 1962 about 24 children have been borne
normal -and four persona have died from natural caus
(One of these had been on another isiand and received G0 pa:
gens exposure.) Four deaths have occurred iti the compar
population of dike size. There were, of course, notice,
effects inmmediately after the lrradiation such as nauseg

ae
k
y
,
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FIGURE 3.—-Rongelapese returned to their home island Jung 1957. Structures
were newly built by the U.8. Government,

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

Also, there were definite changes in levels of blood consti-
tuents for months afterwards. The Marshallese have been ex-
amined by a team of physicians yearly and to the presenttime
no statistical differences have appeared between them and the
“eontrol” group for such factors as birth and death rates, life-
shortening, leukemia, cataracts or cardiovascular, arthritie,
ophthalmic, or dental defects. There may be a suggestion of
greater incidence vf miacarriages and atillbirthe and more
recent data indicate that there may be a lag in growth and
developmentof the children, but the paucity of vital stutistics
and the small number of persons jnvelved preclude a determin:
nation,

Tt was reported by the Japanese (hat some fishermen aboard
a vessel nenr the Pacifie Proving Ground on the same date may
have received a higher exposure than the Marshallese! (ine
of these fishermen died on Septembe: 23, 1954 of a fiver disorder
complicated by the development of jaundice and pocumonin.
The highes’ estizeated exposure to any individual near the

Nevada Test Site was 1.4 roentpers and the vext piehest
10.5 roontgens The highest ostin fed exposing te any corn

6

* hy Re |wf “ ig i
° s e |
: - be {

. . t

munity was about 6 roentgens. There were about $06 orsy
who -received exposures between Gland 10.0 rventgens. 4
of the above radiation doses are accpmulated loses since: \
Nevads Test Site opened in WH1*  *
Maving delineatedWiese hihest exposures it is proper

Giscuss “uverage” ekpunres singe pfheen hoon refevanee |

evaluating possible gonetic offects. “The average whole be
exposure to persons in the United Stater (to lc accumula
over 30 years) from all past nuclear deyonation (ests of Uni
States, United Kingdom and ULS.S.R. (the irench tests ¢

tributed very little) has been estimated to be 110 millirag
yene® (0.11 roentgens).! Somewhat over une half of tinie}
posure will result from radivactive’fallout materials outa
thebody. The remainder is due to carbon 1 and cesium?
deposited internally folieing invention |‘inhalation cor
butes neglivible amounts).

In the case of the Eskimus, the highest measured amou
externally deposited cesium 137 In any individinl was in Jd
1963." hie highest quantity of casium 137) would prod
dose rate of about 190 milliroentyens (0.10 rovttwen) per ¥
at the tine of measurement. The higher! sverage for
group (Anaktwyuk l’ass, Alaska) waa aboul one-half of”
value. Since cesium 137 contamination of the lichena ‘
surface phenomenon very little is taken oj) from the nq
and the normalbiological time to remove lili of any re
ing cesium activity in the body is only about (00 days or pow
less, the annual dose should drop off in Hit 65 |

Evalvatien . 3

A whole bodyexposure of 175 roentgen: (Marshallese!
perience in 1064) iv far in excoss of an acceptable expogi
As contrasted with the surface burate in iid, the 1062"
tests in the Pacific were burste in the air hop t onouph af
the rurface to eliminate measurable lucnd Fila, ;
Only a few individuals hove exceeded by iocall amounty

criterion of 10 roentyens in Mh yeargeatabtisiicd forthe Ney
TentSite.
The whule body average population $0 yeu exposure af

milliroentgens (0.11 roentgen) is about Chree percent of |
from natural sources. The diftrenee in nacarul backgrg
radiation levels at various localities dagthe United States at
much greater than all of the whole body cox cosure trom

out.

TA outteoentven pe Plas ota poentgen.
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+ | i C, SKIN EXPOSURES
:§ ~

| Bockground Information — z
ut“a “-Radiouctive fallout debris emits beta particles some'of which

- emerge from fallout material with suMeient rangein air to
s*reach from the ground to the head of an erect man.However,
inshuman tissue the range of. these beta particies is limited

  

  

  
    

     

atte principally to n very small fraction of an inch so that only the a

* skin is irradiated when fallout debris is outside’ the loddy. -_

¥Fupther, there has been no observed skin damage except from Bs.

, Felatively heavy fallout where the radivactive Zallout mate- Be
» Vial has remained in direct contact with the bare skin’ Even 2 ,

*acgingle layer ofcotton clothing apparently ereatly reduces aes
the. radiation dose from beta particles. RE.

w: tApproximatelya 600 roentgen dose delivered by beta pur- “i "e,

ia ticles from falloutdebris to the’ buse of the outer layer of the
¢ skin tissue is required to produce erythema (reddening of the
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« ot   UAE 4).-Bome case sin months later. Damage healed with

    
3 a mentation except for small spots marking (he arege ef;
ye severe damage. “ Pn

eo skin). A similar result from X-rays would requive leas radi
‘> -tion dose. At somewhat higher doses from beta’ partie}
re emitted by fallout debris epilation (loss of hair) may oud%
“tae At still higher doses more serious kin dumuye may bee
os pected with such symptoine ap ulceration. SA
* The Data “at
: ‘Skin dainage from beta burns was first ubierved on Hor

: cattle grazing near the Alamogordo, New Mexico Test i
following the first nuclear detonation on July 14, 1948, Epil
tion was observed in patches where the fallout debris had au
posedily remained in place. The hair grew bavi, white in ogle
and no uther adverse effects have been obseryid in the catt

 

. 7h re .

Fist or their offsprinces.

une eouals radioactive fallout material remained wn contuet with Chy Other “beta bons” have been observed uu n few cattle |fh feet camming severe skin damape 7X daga after cnitial enter 1962, on horses in TH68, wad one lioree in deh cn Nevada ‘A
. myion, , wey ' tip | '‘ ‘ of there. ws well as the Alnmoyerda cattle wert eruging withm
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20 miles of ground zero where there was! vely ayy local
fallout from the bursts occurring on tow -. ate estimates

suggest that the external whole body exposures in these same

areas would have heen in exceaa of 75 reentgensfromgamma

raya." Ornsae

The principal example of skin dumage was in the case of the

Marshaliese people fellowing tie heavy falluut on March 1,

1954.4 The most damaged areas were (a) in the regions of hair

on the head (oiled), (b) folds of the moist bare skin’such as

the neck region and inner elbow, and (c) tops of the feet where
the fallout material remained in place (figs. 4a and 4b). The
extent of akin damage to the most heavily exposed group may

be stummarized as follows. er

45 individuals......... superficial lesions
13 individuals, deep lesions
6 individuals.........no lesions

Total....+..-04 .
865 individuals (of 7
the 64 aboye).........some degree ofepilation *

Hair of normal color and texture has regrown and ail lesions

have healed without visible effects except for permanent loss
of pigment in the healed areas in individuals and some scar
tissue behind the car of one man, marking thelocation ofa
previous deep lesion. Bos” aay
Additional cases of skin damage from fallout were ob-

served on some Japanese fishermen aboard the Fukuryu Maru
and some American service personne! on the island of
Rongeri! as a result of the March 1, 1964 fallout.” ‘Also, four
men in charge of handling “hot” filters from monitoring air-
craft at the Pacific Testing Site in 1948 received severe beta
burns on the hands. One additional case was'an Air Force
officer in charge of tranaportation of radioactive samples from
the Pacific Proving Ground to the United States in:1951, A
lesion developed on his forehead and right eyebrow region.
The damaged area showed normal repair processes but the pre-
viously black hair of the eyebrow was replaced by white hair
upon regrowth."
Tnere have been no known cases of human beta burns at or

around the Nevada TestSite.

  

we ie
*

Evaluation

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

Ww

 

4

in those areas where the amount of fallout was high, Le. puasi-
bly ever 75 roentyens whole body dose from Cho pamme radia:
tion with most of Chis exposure oceurring in the first few days.

- 2Thus, the potential hazard of skin burng may be essentially

- eliminated by meeting the criteria of an aecepl able whale body

> exposure, OF course, by evacuation from oa highly contami-

hated area it is possible lo reduce drastically whole body ex-
posure, yet a relatively high skin dese could accumulate if

" the fallout materials were nat removedearly. z '
. ; t

D. IODINE 13) ‘

.. Background Information

Approximately 0.15 million curie (nv “eurie’ corresponds to

2.2 million million disintegrations of nucki per minute) of ,

iodine 131 are produced for each kiloten TNT equivalent of en- .
ergy released by fsaion, Fur linge yield abebur sts ist of tho

. jodine 131 along with other radioactive materials will be swept ;

- will decay before being deposited on the earth.

inte the upper atmosphere (stratosphere) and, sire iodine 13) :
has a half-life of only eight days, a large parl of its activity:

Cn the other:
hand, iodine 15) that remains in the lower utinosphere, the:

;. troposphere, will be deposited relatively quiekly and een enter:
the food chain. ‘
Milk in the principal route of entry of iodine 1 inte the:

human body where it is selectively depogited in the thyroid.
gland. The assumption is usually made that so percent of
iouine 181 ingested by humans is deposited in the thyroid no
matter what the size of this organ may be. ‘Thus, an infant's:
thyroid gland of about two grains weight would receive 10 times
more radiation dose than the 20 gram adult's tii ecid for the
same amount of iodine 131 ingested, Por this reasan ¢ul-

> eulations of radiation doses from iodine 11 for the general
population are tosed on those for the infant rather than the.
adult,
Direct measurements of iodine $3) in milk were nat made.

around the Nevada Teat Site during earlier bine» of tasting
since It was the consensus of scientists within inl outelde the

AECand Government at that time that the limits factor was
the potential external whole body exposure. [tis low recog:
nized that there can be situations where (ie iodine 194 ex.
posure can be more limiting. An example of this was the
Smallboy surfave shot on July 14. 162 at the Heveda Test
Site. The detonation was large enough ta produce significant
quantities uf iodine T81 but due to ity low enerys yield Uhe ae.
livity was not swept to bigh altitudes te be urried away,

1 oywerey es VV
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diffused und diluted ag had occurred fe Jarger buratg in the
atmosphere. gay - i| _ A.

i The Dato : eo
The highest annual average value of iodine 131 measured in

Pe milk by the Public Health Service nationalpetwork (fig. 5) at any
time was at St. Louis, Mo., for the period of August 1157
through July 1968The caleuluted averpge dose was 1.5

: roentvens to infants’ thyroida based onthe usual assumption
of cach drinking onc titer of milk pur day —the dose to ani adult

ey thyroid would be only about Yio us much. The next/highest
. calculated total uverage dose wae 0.00 roeni.en al Palmer,

Alaska (October 1001 through September’1962), and the third
highest was 1.63 roentgen for Salt Lake City, Utah (September
1061 through August 1962) Because of the ynevenness of the

oa iodine deposition near the Nevada Test Site itis possible thit
wee small local areas might show vulugs 10 times or go yreater than

the avernye for the general reyion. It-ja‘alao probable that

higher levels of iodine 181 than these existed in local areas
a tround the Nevada Test Site during periods of heavy (eating
, in the 1060s. “ me
ny The above estimated doses to the thyrgid involve some uncer-

aa tainties in their determination but are based on some observe:
, iodine 131 levels in milk samples. Theoretical calculations of

thyruid doses have been attempted, based on other types of
radiation monitoring such as collection of radioactive particu:
Intex in the air or mensurements of radiation at three fort
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. above the ground from deposited fallout. To date, all of theme

4 | . niethods suffer severe uncertainties. These monitoring pro

¢ cedures, equipment and dati are usefulfor the purposes for

” which they were intended. The difficulty ia in attempting to

co 4 . uke one type to predict another in a quantitative way,

fog | Evaluation
. fe All of the ubuve caleulated thyroid radiation doses may be

cod placed in perspective by reference tu quoting from a Natioun!

"3 ' Academy of Sciences report.”

¢ fi describipg the therapeutic use of iodine 19h in the trent

4 ment of hyperthyrevidisn, the eeport stated:

? “Phere is no evidence at band, except for one

i doubtful care in a ehild, that any of the treatments

, fur byperthyreidism: has produced wo thyroid cancer,

althouph doves have raneed from @ few thousnnd rad

t “panera b paths bopward Lo

Therecan beeieumslaner: where levels of iodine UST te nilk

normere conmbrotiing Factor tian extern! PAMCNPP
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         “us AURLIC HEALTH MCE,VOWCooF RAPIOLGOICASHEALTH PHOTO ‘
Counting a sample of milk fur luding$3ty | The progedure |s quiek ::
and simple =the milk is merely poured into @ plastic containes »
and avt into the counter, J) contrastanalysis of milk for stran- :
fium WO say require weeks including fadiochemical Preparation
of the sample. oy

wat “ ..oats

FIGURE 6.

sures that have hitherto been cunsidered of prime interest for
local fallout, However, the total potential duses that may be
accrued will require the drinking of themilk over periods of
weeks, Up-to-date techniques nnd equipment new permit a
reinlively easy end carly surveillance of jodine 191 in the mitk
supply providing an opportunily for whatever action may be
appropriate (Figure 6).

E. STRONTIUM 90 AND STRONTIUM 89

Background Information

Strontium90 has a half-life of about 28 years, Jt is selec-
tively deposited in the bones. Chemically it is related vo cal-
cium, This similarity has led to the use of the “strontium
unit” defined as une picocurie (2.2 disintegrations per minute)
of strontium 90 per gram of caleiann,

Strontium YO may become aseuciated with foodstulls by
surface contamination of plants or hy uptake of the strontiom
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that of strontium i! 4

wv a The Data
About “Ooomillion curies of strontigin G9 tis) heen create

wal by atmospheric nucleny teats with about tiation euries 4

ae this being spread globally. The other 4 soillion curien fe

 

L

~ gO*from the soil. During yenrs of relatively heavy fallout:
L surface contamination has aceounted fer the Liurger puut al.

otae «thestrontiumactivity in plants but in the alecnce of atmos:
pherie nuclear testing the avenueof soil uptake predominates:
The: periods showing the highest umount of -trontiaamn 0 in
the food supply have been invariably the springy and summer

‘months following years of heaviest testing  ‘Uhus in hecausg/
of meteorulogical fucturs and also the fact thal surface con

-taminatiun contributes more to the total strontium 8 uclive,
. “found in plant life than does soil uptale during these

periods. (Incidentally, the cesium 187 content of plant life-

is even more dependent on surface conlaminition since ony
very small amounts are taken up from the soil.) Areas of
heavierrainfall consistently shdw higher levels of strontium ge:

Milk is one of the beat indicators of strontini 90 in the fou.
supply, yet ul the sate time it is one of the helior sources off
galcium. Rememberit is not just the amount ov strontium on

‘that is important but alee how much there i present in rela
-tlonteca'vium, Jn fact the total diet has had rooyhly5 times

@e Kreat a strontium 80/caleium ratio as did tilk slone?
“Strontium 89 bas the same chemical propertirs aa strontiuin

WW and will follow the same metubolic paths 1) is vreated:iq
“much larger quantities than strontium 90 but produces less uf
& problei since it has a shorter half-life (65 divs) and emltg

“beta particles with about one-half the enerey of those frou
strontium tu and its daughter product. Fur these reasons

the strontium8Y content in milk may peak at. clucs many tints
that of strontium 90 during the periods fnuncdiintely followin

nuclenr tests, yet the total radiation douse te the bone over |
lifetime from strontium 4 may be only one-geccer or heas Unis

quickly in wrens iecal tu the Ceding: sites Vo rinte, rough!
8-0 million curies of strontiiin WWhave been ooposited globally
leaving a calculated 6 million curios in the recion of the atime
phere below 100,000 feet (based on mengiiecoents using

' eraft and balloons)" with some additional omeounta above ty
“Jevel. The discrepuney in total muambers os due in part)
radiological decay of strontivin vO but ome ob ase of anes
tainties in the estimates theniselves.

As expected, the peak value of “stropticis
wie passed in dune of (69 (82 strontium ce

omits” in od
ah dation  
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averaye).* In the nbsence of atmorpheric tests these levels
ure expected to continue to decline wenerully except for small
transitory rises during the next few spring, seapuns. The gn-
nua) (1/83) national average ‘for thuse ureas of the United
States showirg the highest vajues was 26 “strontium units”

in milk. This is less than the 82 “strontium units” predicted
and should foretell less in the bones than predicted.’ Inci-
dentally, the amount of strontium 10 in the milk produced
around the Nevada Test Site:is among the lowest in the
country. hole ‘ .

In general, past predictions of levels of strontium 0 in bones.

have been too high. Thir is duein purt to the selection of data
in the upper ranges te avold undercetimationsof radiation ex-

posure. Even so, it is remarkable that the observed amounts

of strontium 90 in bones have been within about a factor of
two of the predicted amounts considering the fact that such
predictions require the: application of many scientific - dis-

ciplines—nuclear physics, meteorology, chemistry, -plant and
animal physiology, etc.-often-to new situations. °
That segmentof the U.S, population whosebones will receive

the highest radiation dose are children born in 1963 in regions
of heavier rainfall. The total radiation exposure to ti sse chil-
dren—from internally depositedas well as external radionu-
clides has been predicted to be abuut 465 milliroentgens (0.465
roentgen) accumulated over a 70-year period,t. °

Evaivation oe
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 ail radio-
active materials wilhin and outside the body—is about five
percent of the bone dose received during the same 7U-year
period from natural background sources.

x
htenhsme

4

F. CARBON 14

Background Information

Carbon 14 ie produced naturally by interaction of coamic
rays with the nitrogen inthe atmosphere. Although its radio-

active half-life is long-6760 years—the process of natural
production had been going on for wuch a great time thet the
rate of production and rate of decay were in equilibrium, i.e,,
just aa much is formed each year as decays away, until nuclear

test detonations were initiated. There is a constant exchange
of carbu:. 14 atoms between the almousphere and the surface
of the earth on the one hand, and the deep ecean on the other,
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a with the latter constituting a reservoir holding whoot tl per

vr slg - .

* - * cent of the atoms. 5

Nuclear detonations can alse produce earbou di ty iter:

* action of the neutrone, produced at the time of tos explosion,
* with nitrogen of the atmosphere.
- tons of total yield Gred in the air (surface buret-

fr
A
E

> ent in that part of the earth’s biosphere thai cerermine:

’ remains.

- giatance it n-vertheless irradiates essentially the whole body
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one-half of the neutrons mente the ground) well pronea sul:
cient anjunt of carbon 14 to equal the amount cericaliy pre:

Approximate!

radiation exposure to man. However, half of this newly -ndde: aa
carbon J4 “disappears” inte the deep ocean witliabout
years,"®) One-half of that remaining in the atmosphere hikewis
“disappears” in the fullowing 33 years, until only « low percen

Radioactive isotopes att chemically-gimilar to their stabi am
counterpurts so that not only ia stable garbyn byi visu carbae
14 found in all living cells.” Thus, altheugh varbon 14 emits »
boty‘ particle of very low energy that travels a very alert

at a rate of approximately one milliroentgen (0.001 roentgen
per year. This is the natural backgroynd rate fer carbon Pig

The Date wa, :

‘Bince nuclear weapons testing started61) million luna totu
energy yield huve been released. Considering the conditions
of firing (surface versus six bursts) about the sare vmount of
carbon'14 was produced from all past tests as ie herimally prev
entin that part of the earth's biosphere that determines radis
tion exposure to man. Assuming that.most of (ie carbon1
produced by the detonation will] “disappear” Inte tiv drep ocea:

with a half-time of 33 years, the estimated whole buds exposur
for 70 years is 37 milliroontgens (0.037 roentgen). ;

After this 70-year period the dose rate from benih produce3g
carbon 34 will be about one-quarter of that at tlic start, bog
about one-quarter of ene milliroentgen (0.00025 i ocutven) peg

year. Thereafter, the activity will persist for shousands

years but nt ever decreasing levels. :

Evalvetion

The radiation exposure from carbon 14 may aecrount ¥
roughly one-third of the total radiation dove fron (nliout ov
the next 7) years. Hecause of its long radiolugicn! half-lli eam
it will persist at low levels of activity for thousiis of yea: aa
However, even before the 70-year period is compivicd the dow
rate from carbon 14 will be so low as te be ne: mensurabiggt
This does nol mean that the radiation is not '') 9. tut it » ia
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. be minuscule compared to natura! backyround levels or even to
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nurimal variations of background radiation.

G. WATER AND:AIR

Backgroynd Information
Weter

Contaminationof water supplies does not constitute » major

“*.-gource of intake of radiouctive fallout deuris. In the case 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. -Siratly, 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 fiasion products as strontium 80 and cesium 137,
and the soll resulted in almost al! of the remaining activity

being adsorbed within a matter of perhups tens to hundreds
of feet away from the source.” In addition to fission prod-

: ucts, tritium may be formed in varying amounts. This radio-
*: isotope probably is not greatly influenced by the two factors
mentioned and must depend upon the dilution factor fur 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 theatmosphere where very
large dilutions uccur. Theoretical calculations suggest 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 data for this
prediction is by drijling operations. Although these are ev.
pensive operations they are carried an extensively at the
testing sites.

air

Aa long as the fallout material from atmospheric tests re-
mains in the air some may be inhaled and irradiate the luryzs.

This radiation dose to the lungs normally in lesa than external
whole body exposure occurring ufter the faliout hus been de-
posited on the ground. Also in «eneral, tuhalation is only a
minor contributor te the intake o. fallout debris into the hody
‘ingestion is the much more important reute.

The whole body will also receive some exposure from the
penetrating gamma rays while the Fallout material is in the

ia

cay

. The Dato

air, but this dose will usually be small compared to the exposure.

that follows after the debris is deposited on the pround, How

ever, this ratio of doses may not hold for cvents where mos

of the radioactivity that escapes beyond the est site isin the:

form of gases or finely suspended particles os are confined

to a relatively shallow layer of air near the sartace, '

- Measurements of total falluut wctivity in aii (called gros

beta counts) provide only a crude alerting: system, It is nes

a reliable procedure for predicting the amaunt of fallout tr

be deposited nor the amount of iodine 1) in nilk.4 Because

of the transitory nature of the fallout debris remaining in the

gir (and sometimes because of ithe particulac choice of units

used in expressing ita concentration) what may sound Uke an

alarmingly Jarge amount may, in fuct, result in only minot

radiation doses.

Water -

The hirhest measured fallout activity in water was at Upper

Pahranagat Lake, Nev. in 1985 amounting to ud millionth of

acurit per liter? Since this was @ total rosy beta countit it

difficult to give a precise estimate of the polential radiation

dose. A crude analysis suggests that if this water had bees

stored and used as a sole supply for 70 veurs the total dors

might be about one roentgen to the bones ond one-quarte;
 yoentwen each to the thyroid and lower large intestine. i

No radiuactive fission products nor luduced activities includ,

“ing tritium from underground tests have been found in unden

ground water supplies at places of human consumption. i

an
i

The highest concentration of radioactive dcbiis in the air it

& populated arenoff-site (except for the Marsiiiliese experienc)

where measurements were made only after (he passage of thi

cloud) was about 1.5 millionth of a cure per cubic meter aver

aged over the 24 hours the activity was present! Thig hap
pened at St. George, Utuh, on May 19, bis The estimate:
radiation dose to the lungs from inhaled talleat debris was ler

than 0.2 roentgen.” The external whole brely exposure fron

the fallout while it was atill in the air was coouhly ewtimates

to be 0.026 roentgen —only about Yooul the wiiote body exparun

that occurred ofter deposition of the fallin

Evaluation.

The concentrations of fission praducts or toniiy in the waty
kupplics have not constituted major sue ot vafiation es

posure toman, There is a lacge dilution foot ec owhen sortie

THe SER OD ot ¢
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“exception of certain situations:noted above:
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water supplies are contuminaton:and the fasion products from
underground nuclear detonations largely become fixed at und .
near the site of the explosion.<:Whereas, theoretical caleula-
tions suggest that concentrations of tritiumin thewater may
be ubove acceptable limits for: some underground nuciear
detonations,"* this refers coly.to the water immedjately around

vround zero. Some dilution js‘to be expected if it noves off
site and, more importantly, thecriterion of°‘acceptable limits”
is bused on the assumption thatall of the water drunk through-
out a lifetime will contain thesame concentration of tritiumas
set by the limits. The quantity of water initially contaminated
to theae limits by an underground nuclear explosior is rela-
tively smail and would not constitute the sule supply for life-
time.
years. Piers

1

‘Much’less radioactive fallout debris enters the body by in-,
‘palation than by ingestion. 2While the debris is in the air out- «:
‘side the body the radiation exposure is much less'than after
the material bas been depositedon the ground with the possible

cha

- Further,‘tritium decays, with a haif-life of. about W ‘
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: OTHERASPECTS

car ¥ BLAST—DIRECT ANDRSHECTED
at JOEwid eee

et

Beckgreund information } Wt

Direct blust waves that are potentially damaging are eon:

fined “to the immediateztesting site-arvas. Under certaln,
meteorological condition,” however, blast waves may be. ree
fracted (bent) trum an upper almvapheric feve! back te ‘the:
earth‘and thus create’ higher air prapsures thon would:she
expected ut those distances.
One.layer in which this'may happen:‘ig between 26,000 wud:

50,000 feet altitude where winds may: cause a focusing effeci,
at some ¥0-50 miles from ‘the pointof detonation. In turn.
the blast wave may be repeatedlyreflected from the gegund.
and bent back from theatmosphere creating a evries of raguiat
spaced puints uf focus.atthe carth's surface wilh intervening:
“silent” spaces. Such'an effect hag resulted in minor struc:
tural ‘damage, such ag-breakingof windows, 75 tv 100- miles:
fromthe point of detonation at the Nevada Test Site ™ (fig.7.
Asimilar effect is obtained when blast waves ure bent.from

a layer of relatively warm ir, called’the ozononphere,‘ag: ¢
height of 90 to 30 miles, ‘The pointoffirst return lo theearn
in this case is 70 to 150miles from the burst.
Thore may be a return of sound waves from an nititusta

above 60 miles (lonosphere), Most of this blast cnergy is al
sorbed, however, resulting in no recorded structural damage
in some cases audiblesharp cracks and pops have beon hear;
Procedures and equipment have now been duveloped: i

predict with greater accuracy the magnitude arid daregtion
these refracted blast Waves. a,

The Dete !
Although the blast wave decreases jn energy with each eur

ceeding refraction back to the earth’s surface, there has bec;
breakage of windows on a second “strike” at 245 miles fru:
only a 17 thousnnd ton (TNT equivalent) nuclear expiasion.
(All together about $650,000 has heen paid for structural Jama;
claime from all tests at the Nevada Test Sit:.) There be
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Figure 7.- A downtown Los Vega winds. showing how the glass wae wikee
out by the rarefaction wate, tather than pushed in by the com
pression wave resulting from the Novembgr 4. MAL nuclear tras
at the Nevada Test Site.

been no significant structural damages from refracted blist
waves since good predictive methods have been developed.
There has been no known case cf direct injury to man or

animals from the refracted blast waves.

Evaluation

The predictive procedures developed resulted ino greativ
Miaindaing off site damage from blast effects. Tn fact. there
have been only incidents of single windows being déenaged
gineo ES. Pwo oceurred in lief and a third in (Ma?

22
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Sh eentpe Aigreund Information
idkFLevels of thermal radiation that can produce skin burns ar-
Tae SP ttieerd te the immediate testing site nrenw Fools on th:
s geyes, however, may extend for much greater dixtatves.

These effects may be either permanent damage tu part «
eat eye ora temporary flash “blindness.” The latter ip ont’

adiscomfurting effect but can be potentially laigzirdous in Ghat
ee 2 eee of automobile drivers and aircraft pilots. ‘This is one'e

ey anaage Teanune why certain areae of highways huve been ciused fi
aeaans epwchfied periods of time around the Nevada Test Sis and als @

aaahSoguhy the same precautions have been taken for the air lane a
x : a und the Nevada and Pacific testing sites.

Bee ae rhaps surprisingly. theamount of heat (calories) received
ag “ay per. nit aren on the rear portion of the eyeball (retinn) dot

me . Nat decrense with increasing distance from the point of burst--

vote ~geneept for the absorption (attenuation) effect in tiv utmond
“.. phere. While the expected decrease in energy por unit areal

‘does occur outside the eye (the inverse square law), the imaie
Fy- formed on the retina correspondingly decrenses in aise in thom
ge eame proportion. The result ia that the thermal dose, in cp 2
< gyles per unit area, remains constant but it covers « smalley i
aMayeaon the retina. Vhis reduction in image size on Loe retin ,

‘-with increasing distance from the burat continues until .
. °*spegches approctimately O,Q001N inch (7 aicrons) in diamates

"which is generally taken ag about the Hmit for the maximus
> ve focusing effect of the human eve. Of course s diiution of v) S

-, pupil of the eye, such as at nighttime, will permit more lighee

"enter and, although the retinal image size dues net -leange, ‘dae
can be relatively more hagardous. Also, ois aesuined Chitg

" gny light gathering devices such as binucwlir also wow! ae
“ Ineroase the hazard.
“Any damage to the retina probably would not be detected b
an eye examination if it were lesa than 60 microns io diamete:
Actual functional impairment of visian probably sould not | i
noted if the lesiona were mild and less than 80 nucesis in digg

) efer on the foven—the most sensitive portion of the selina,
Thera may te lese injury te the retina of the eye if a giver

total amount of thermal energy le received ul a slower rats
ie. there is mure opportunity for the adjacent colts in tia
retina to counchict away some of the Heat. Hirh victd dete:ae
Hone in the lower atmosphere exhibit a slower rate cf deliver yi
than low yields (say, uo million tons vernun Qe thsi top dg

At very hivh platuder, say above gi0 qnde  ooiv abo Re
Yooow af the totat yield from a tnegaton dete vie uppena

   

   

  

  

     
    

  

  

    

  

     

  

  
    

  

   
    
   
      
  

 

   

 

         

  

    

   
  
  



 

 

 

~ nent eye injury would be expected only if one were looking :
- directly at the fireball. This applies only to‘the instant of °

~ burst. If the detonation occurs below the horizon, the natant :

Wye
> promptly as energy in the visible light region*because of the

B action of the bomb debris with the air, resulting in a greater”

: fraction of the total energy appearing as prompt visible light.

: blinking or turning away shuuld further jngure safety.

_ The Dete “3 RP a

' There have been no recorded permanent ‘eye injuries to pe J+

Test Site have complained of temporary eye impairment.|

-eonditions by thousands in the HawaiianIslands without

  

  

    

  

   

  

  

  

 

   
    
   

   

ey:
we ag

thin atmesphere.” Hrincipally for t:is reason,such high alti. :
tude detonations du not present a serious hazard for eyedani-

age. Detonations occurring at lesser altitudes encounter more “

atmosphere, where there are prealer opportunities fur iater-

Detonations below about 60 miles can produce sufficient'

energy in the visible light region to be a potential eye hazard

if they occur shove the horizon and ure viewed'directly. Ex-.

perience at Hiroshima and Nagasaki suggest that perma-

of high thermal energy release is past before the fireball
rises into view. Under these conditions human reflexes of ®

  “oee

   
  

FIGUVE b.- Bpecial hichdennlty: “worn hy observers ar-site ax ¢
; Nevada Test Bite.Notegan gt right of center witheul goyeh

but who has turned awgy from the direction of burst. This pi
cedure is equally.safe-pfeyiding there i: no reflecting murfy
directly in views:°F,

a a - 1 a Je, .

“# other man's visual acuity followeda almilur pattern starth
€-" at 20/400 in both ecyea‘in the'ares of retina! damage and an
“tin the adjacent areas,";Theserecovered to 20/50 arfd 20/fv:
7 @ month, and at one year later to 20/40 un une eye and 2)

in the other in the areas of primary retina! dumage.*
Experimental rabbits were‘exposed under nighttime con

> tions te the high altitude shot on August 1, li0d- a detunati

persons off-site, although a few individuais near the Nevada,

The burst from a 1.4 million tons detonation that took place *” Lite
over Johnston Island in the Pacific on July 9,°1962 at an alti- “"Te. |,
tude of about 250 miles was viewed directly under nighttime~#.7) geys

i

f

   
  

any reported eye injury. :

Six military personnel participating in nuclear weapons “=
tests have received eye injury —only one of which resulted in °
a severe visual handicap.™ * The latter individual "sneaked" -.
a view over his left shoulder at the time of the detonation re-
sulting tn & reduction of 20/20 vision to 20/100 in his lefteye. 3 '

It did not improve with time, His right eye apparently was “S %:"" At in the mewaton range at an siGtude of abou! th miles, Lesig
shielded by his nose and retained its 20/20 visual acuity.” °°? °*! te with diameters of about 600 microns were observed out
(Values such as 20/100 represent the ability of the eye to read 7 * é « 4945 miles —the farthout distance at which ruliiits were expogs

standard letters and characters at 20 feet that anormal eye (~~: “€ Bvalvation .
could read at 100 feet. 20/400 is generally interpreted as LO os Nuclear detenations in the yield range tested offer no seria

legal blindness.) * ““ hazards to the eye when they are at very jib altitudes, @
Two military personnel at Johnston Island participating in : * above 150 miles, or below the horizen at (he instant of bur

the high altitude teats in 1962 also received eye injury, Im- # 3 ~ "+ Detonations in the lower atmosphere should not be view
mediately after the exnosure, the visual acuity of hoth eyes of, « ttireetly without the ald of special high devicily gogieion (F

one man dropped to 20/400 for the area of primary retinal “* yre 4) Past precautionary procedures of cioniay highwa
injury and 20/100 for adjacent areas of the retina. This man's "and air lanes near the testing sites ul the tices of bursts ha
visual acuity recovered (o 20/30 in one eye and 20/40 in the - added to the safety in reapect to potential ov<« dumupge. T
other about une month later, and to 20/26 in both eyes about a procedures piso were weeful in prevention: oo driver or pi
year afterwards in the aren of primary retinal damage. The being startled while in motion.
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eo \j_ © WEATHER |
3" Beckgreund Information’ oe ve

2). Interest in the possible effects of nuclear detonations on the

3.weather fall into two classes; one, direct effects because of the

Lenergy released, and two, triggering effects. The latter effects

_-Sccmilght be (a) a catalytic effect from the particles thrown into

'. gl the atmosphere (somothing akin to cloud seeding with silver

_ is hiedide crystals), (b) a change in the electrical conductivity of

* =<"the air since radioactive debris contains charged particles, and

‘..2a (¢) w reduction of solar energy received on earth owing to the

‘quantity of dust thrown into the atmosphere.

The Dete a , .

The conclvsions ofmany studies and experiments of these

possible 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 js expended in ways that cannot directly

affect the atmosphere. Eventhe fraction of the energy
which is directly added to the atmosphere is adde:

in a rather inefficient manner from the standpoint

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 past detonations was found to he
ineffective as a cloud-seeding agent...”
$.“.,, The ameunt of lonization produced by the

radioactive material is insignificant in affecting general
atmospheric conditions, . .”
4.".,, Dust thrown into the air by past volcano

eruptions decreased the direct solar radiation received
at the ground by as uch as 10-20 percent, The
contamination of the atmosphere by past nuclear tests

has not produced any messuruble decrease in the

amount of direct sunlight received at the earth's
surface. There is a possibility that a series of ex-
plosiona designed for the maximum efficiency in
throwing debris into the upper atmos shere smiigghit

sienificantly affect the radiation recelved at the
ground...’

The volume of material ejected by Krakatoa voleanic eruption

in 1843 was approximately 13 cubie miles with an ertimeted

one-third of the volume being spread worldwide.” ‘This re

sulted in a diminution of the amountof sunlight received on the

ground.”
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tas a crude compariaon, the 10.4 million tons |'NTequivalent:

. nuclear detonation on October 31, 1062 on the islind of Elugelab:

"sdthe Pacific left a crater of about one mile in diameter and;
"170 feet deep at ita apex. Assuming consi rvalively that.

‘thecrater was a right angle cone and that all of the debris’.

awasithrown into the atmospherg,i.e.. none cf the depression:
| ‘wag caused by compression, itin estimated that newelbe

23”. Tmillion tons TNT equivalent ofpurface detonutions would be

forthis effect, i 3

*s, : \t'The most inclusive evaluative

 
“required fo eject ap amountofdugt into the atmosphereequive-;

“lent of Krakatoa. 7 Fr ne ve

““¥ Following large nuclear detonations in the ['acific minor and;
_. temporary weatherchanges have been obsers«u, auch as local,
;eloud formation sometimes with local precipitation,where.
“the moisture conditions in the atmosphere are siost fayorabie;

an€
As

a
M
a
n
c
e

statements mide are fqund in
1< peferences 31 and, - of 4

aE o* +). No statistically significant chunges insthe «
Aa weather during the first ten:years of the stomic: F
Seenave been found, yet careful physical aialveis of'yne |
‘Saeffects of nuclear explosions on the atmosphere must.)
Phe be made if we are to obtain a definite evaluation ofthis 7
* problem, Although it is not possible to prove thot ‘d
fc nuclear explosions have or have not intluancedsthe

wy: 2, weather, it js believed that auch au cNeet de unr i
. : t : raylikely e# A (1966). . : 3

xh... although there has been much speculation =|
e+ @bout the influence of atomic testing on wealher, there 5

- ptill appears to be no additional evidciice suggeat 4
e ing 8 cause and effect relationship...Ulosny, }

a D. GROUND MOTIONS—EARTHQUAKES (9?

: “A wide variety of factors determine bothtiicroundmotions
and structural responses from nuclear detonations, Le.energy
yields of the detonationy, distance from growl zeru, depth of
the shot and depth of messurement, and ti. nature of th
ground (hart rock, ate). “Competent” rocl such as granite
couples and transmits more energy into seisnn. wround waves
than dees alluvium—a noncohesive sedi:iclary deposit,
Although ground waves will be more rapid! sisorbed in al:
luvium, it is possible for waves to travel pres: shatances alony
the surface with relatively large amplitudes (ion unt ofmotion)
if the allavians iw very Chick. However, tie c surface wavel

die out rapilly with the dept inte the prouns  Gecaune of thi

a?



 

e
n

 

Se
T
E
R
e

T
o
E
Y
I
N
E
T
O

‘
.

-
H
E
t
e
n

ie
ae

+
R
R

r
e
r
e
m
R
m
e
R
E

ao
B
P
S

OT
e
e
e

~
&

 

o
e

a
e

ee‘ . a

Me OReo

CO! Se
above factors, it is necessary lo anilyze each‘situation in:

4predicting possibleground*motions and structural Pesp.:aes.

One wayto express theeffects of prround motion isin unite -

of “g." This refers ‘to the:acceleration that a freely’falling |

‘body experiences oncarth,-Le., 32 feet per second change in

 

“#yvelocity for each second'that the acceleration occurg.sAs a . .

“pyle ‘of thumb”—the threshold of ground motion ‘that Maye

““sbeperceptible to humans -is one-thousandth (Yse00) of a “x.
afesGround motions canbe accentuated at higher placesgyeh.rT

fall buildings, =: ere

"As another “rule of thumb,” one-tenth of a "4" is frequrntly

‘aeaccepted:ad the eriterionsfor threshold of property. damage.

tae

oi
o

t

vt
“#
+ However, this is baged on-damage from earthquakes and pres: u

serit data showthatscismigwaves generated by nuclear detona-”

“tons and chemical high ‘explosives result in legs damaging

flects than would be predicted for thy same peak acceleration
4

Strom an earthquake. ‘Partof this difference may erin the

* fact that ground motions from earthquakes persist for.alonger -

At period of time for each shock. Also, there are repeated shocks:

ab

w
t
.
"

p
e
l
,

, j in moat cases. ‘Thus, strijetures are subjected to more damag- —

ing effects because of the numberof shocks and greaterdura:
“tion of each shock than ‘Would be the case for the same peak -

acceleration experienced as a result of ground motion.from an

underground nuclear explosion. OP
“*Since nuclear detorations produce ground motions, it has .

- been speculsted that theymay “trixxer” a natural earthquake.

It is not possible to have a natural earthquake, ‘however,

o
e

‘:without prior storage of strain enerzy—a process that occurs

‘over a period of years. “It would be necessary to conduct an.
explosion several miles deep in an earthquake susceptible

- area to be-near a zone where the stress might be great enough .

‘fer an incipient quake to be triggered. ate
The response of structures to earthquakes has been the

subject of study for many years and satisfactory procedures
have been developed for design of structures to withatand the

. effects of earthquakes. However, ithese cases the interest

. ing or other minor effects.

is in significient structural damage, rather than plaster crack-
In the ease of underground nuclear

explosions the site is selected with anfety in mind so that struc:
.tures outside the test area wili not ordinarily be subjected to
ground motions of more than small amplitude. The pos-
sibility that light damage may result, therefore, must be
considered.

The Deta
The meximum range at which seismic waves from the larg:

est nuclear detonations to date at the Nevadn Seat Bile are

28

   
   

     

   
  

 

   
   

 

  

   

 

   

 

  

   
   
  

     

  

s §¢known to have been perceived by persons withuul benef.
soacazof ingtruments has been about 100 miles. Theae few person

Seswere‘situated under conditions favorable to the wuplificatioggy

‘aeraer the*ground motions, “No.structural dumage fron: yrowng
é.ee»« mation has been experienced beyond about six miics fromt}. 3
wre =" siterof“the nuclear detonatigns.
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. “gt Records of ground motionare now available for many unde

geesot ground ‘nuclear explosions.“ Analyses of data and upplicatic

ences. of geophysical principles arereaulting in a steady improvamen
L-aeodigallie’ in methods of prediction of ground motionsfor planned event
E854¢ Since-ground motions from ynderground nuclear explosion
4 ath 1. &are different in nome respects from those from an varlhquak
iaNd there is a need to predict marginal daineye tu slructired

$55+BFforsuch explosions a new’approach is required. The analyti

  
   

  
  

     

   

   

PtJe are’ develoyed, conservative’estimates of the effects may.t
Regie. made by comparison with*damage which might he expeptat
uffrom.the same amplitudegf ground motion in an curthquakeSet f ng oe and

   

 

ne :Te
‘ “ :

Be Sd, if a
ae nay am ¥

a ae ate
.

B

re he
eee . y

iva: : n fe
cr

£ alee
“ & vo:

d +

: .

* : é.
rs 4

f
w

b
r
a
g
s
l
e
e
e
i
l
n
a
O
N



 

 

 

v
e
e

a
m
e

t
i
i

a. 4

.
.

a
w
e

.

P
U
R
E
n
}

S
e
r
g

 

» rm
e
c

ge
e
e

: GENERALEVALUATIONS

a

' 2 2_ na
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A

' SECTION Il.
og

&
Ye
2

4 Page The decision to conduct nuclear weapons(esis for the defen
1 ee of our country was made at the highest level of our Gover

* ment. The Atomic Energy Commission was charged with ¢

 

i . 3 responsibility for currying out the program. ‘The AEC soug
‘ L and followed the best advice both from within and outside t
4 ac 1 Guveenment’in the conduct of new und potentially hazarde
qd. a . operations. The record, sa summarized above, must speak |
“be ee ; itself ag-tu potential risks incurred to the public in the (ulf
A ekg ment of a mission essential to national security,
4 ae ! of pil the ealth aspects of nuclear woupus testing, that
" 3 oe : radiation exposure has received the greates! attention. ’
u ren, as the datatand their evaluation given ubove indicate, the
" ye 4 has been a:resatively low degree of risk associated with py

oe | atmospheric tests (except for the fallout on ihe Marshalls
“Bae ' and the Japanese fishermen), then whyhay there beense my
te | concern expressed? There are probably several reasons.
a, Firstly, whereas the potential radiation cxjynures are of

: : a very-small fraction of those received Cros natural ba
oe i ground:scurces, they are, of course, adddifticiud amounts.
a ' Becondiy,'in the absence of positive prowl! otherwise ¢

ct, Sk prudent assumption is accepted that for every small ineremg
of radiationexposure there is a currespoudisg increment

_ biological effect (“linear” concept)— ratherthar che “threshol
aif . ; concept where a certuin total radiation dose must be recely
i before irreparable damage occurs. Based on thia and off

assumptions, admissible theoretical calculations can be ma
as to the potential number of penetic mutations, of cas
of leukemia, etc, that could result from fallout. ‘This ling
concept leads axiomatically to the situation of there being
sharp dividing line below which there is voriplete safoty a
above which there is @ serious hazard. Maciution procertt
wuides, therefore, must be derived on sone vdditiongl bay
as nuted next.
Thirdly, there has been sure misinterpretatiion of the rad

tlen protection guides. The wee of the bnew concept leay
little choice for deriving radiation protection joodes, Lo. -the
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|i must be a balancing of the “benefits” witicionted from a
14 atomic energy program, whether It be for iciimal poseetty}
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‘vperations or national defense, against the risks” (radiationjis...

exposure). Obviously, this is an exceedingly complex and, Mees. :
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‘part, subjective process. ot ae ag ;
P in spite of these diMcullies this balancing of henefits frome : APPENDIX

_ normal peacetime operations against risls has been performed” Lo SAFETY PROCEDURES AT THE NUCLEAR
- . by the Federa)Radiation Council (FRC). resulting in their’. coe TESTING SITES :
. Fecommending radiation protection Peeteme LaLaeeet eo j s
- [na letter of August 17, 1962 to the Joi>* Committee on ee LsBOO
. Znerey Congress of the United Stacesthe FRC clarified”iSage ‘NEVADA TEST SITE
sfurther their pyblished Guides;.. e's Lote Generel

i w ‘ eh 3 £, U " ” 4 . 1
a "Heatine:Gulden,were,ort inallywdeveloneddine 7 a eh The safety programs and procedures described heloy

tion workers and the general public against exposures . 4 : in use during atmospheric tests at the Nevada Test Site.
«+ which might result durin ‘normal peacetime opera- "4d; the signing ofthe Limited Test Ban ‘Treaty essentiallyi: tions’ in connection with the industrial use of onions! a these praranis remain in effect, but yenerally at a9

i radiation ne . theterm OOeeetlications "of 4 level, thus providing for » continuous monitoring of ¥
Ly nuclear technolo; , where - the rimary control is | a4 and the environment for documentary purposes, and:
;i . placed on. the design and use of the’source. Since ..**% ; - ance of a nucleus of well trained personnel (fig. ‘
& numerical.yalues in the Guides were designed for the gh The health und safety of persons wis the major con
iden regulation’ of c continuin industry,’the Rane of Ly 3, tion in the original selection of the Nevada Test Site3h necessity waders iw fallw within lev Teof exposure ge continues to be of paramount importance during the q

ie]: 1 aeceptablefora lifetime,“ Furthermore, to provide Ae of nuclear tests. An exhaustive search was made bef
Bp ‘ the maximum maryin of safety, the:upper limits of "gg Nevadn site was selartad an the most suitable one
i] Range II were related to the lowest possible level at es inally contained 600 square miles (later expanded to
a, which it was believed that'nuclear industrial technol- ey "1,200 square miles) adjacent to the U.S. Air Force Gj
¥ : oy could be developed . . - OS i | : _ Range of 4,000 square milea. For purposes of gencral|

; i “uides developed primarily for use by industry in reatricti 3 are as well as security, the Tost Site was and continues to bg

ij ‘ta releases of radioactive offtuents to the general environment!" |8, t0 thepublic, Bafety ofpersonnelwasundis further 4i 1 ’ : phe.

. lowerthanthosethatmightconstitute seerioushealthhazard: tox to determine that no one had wandered into the area.
A fourth reason why concern has begn expressed about. | fost Beyond these controlied arens are wie expanses ofa

healthrisks from fallout maylie in the ares of causalrelations +; “l wai populated ane providing optimim conditions for maintships, ie., the identifyiny or associating of nuclear tests withy ° } of aide A honehes been« is al Sunraely populanuclear war. There may have been established in the minds of. Pa tie twit anitore hav iv en Kiven ri ein oftesti

hand,vey theAret axfonateallylendstothe econAaig’: 1°% therehuvebeenoecasionawhenresides ave beet retand, ie. the first axiomatically leads e second. - : | :gauon of eureltonahpe ig avon he nope of ty? faaorana ulyAgts 
booklet, yet one point must be made. 5

As a matter of technical fact, nuclear weapons of proven
performance would not have been possible without the testing
of nuclear devices and the verfying of nuclear concepta that
were incorporated into their design. Whatever protection we
enjoy from our nuclear arsenal results fron a stor} pile of test-
proven nuclear weapons, not a stockpile of drawing board
sketches. ‘

-
%
.

There have also been occasions wher jeriuns have beeg
to remain indoors for n few hours to reduce the radinta
although the out-of-door exporure woudl have been fo,
hazardous,

Before cach and every unclear detonation as che
Teast Site, an Advisory Panel of experts werghad carefy
of the factors that insared safety On the pone! were
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FIGURE P.-Public Health Service environmental sempling etaty cr wr ond
the Nevada Teat Site.

sentatives from the fields of public health, medicine, meteur-
ology, fallout phenomenology, blast and thermal effects. etc.
Asa result of these deliberations more than 200 delav= in firing

have been mnde at a cost of millions of dollars, tome ise safety
The Advisory Panel continues te function for under: iid
leals.

The principal cause for the delays war the re jure  otce
for proper weather canditver ta dpeure opm o; co
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“populated areas. Meteorologists predicted duwowind tra-
e jectories, precipitation and other factors which could affect

+ levels: of fallout. The duta from the weather stutions were
currentiy uvaladle aiimnvust up te the exact tine of the shot.

| Adetonation could be canceled at any time up tu a few seconds
“bafore shot time. A more complete description of the metecr-

2, glogical program is given below.
So ins.re safety to aircraft, both from the initial flash of |

light wad any radioactivity in the alr mass moving off-site’*

. from atmospheric tests, 4 representative of the Federal Avia-
- tion. Agency was made an intregal part of the icst Organiza-
"tion. He »repared flight advisory plans based un the type of
event and on the predicted nfeteroluogical conditions. The-:
plandelineated flight patterns and areas and recommended °:
alternniv routes, if required, by commercial anil private air
craft. Frequently the FAA closed specific giv lnius and re.
routed aircraft for specified periods.
SBlast effects were minimized by predicting, blust wave in-

_ tensities based on the wind and temperature prolile expected.
‘at=shot time, Since long divtance blast pressure propaga.

-“tion is strongly dependent on wind profile stricture, calcu:*
‘Yations were made for many directions and distances from
the test site where possible window damage imipht have oc. ;

» eurred.
~ network of especially sensitive microbarograplis was operated
‘at as many as 17 off-site iocations to record actual sho}-pro- ;
‘duced pressures in Nevada, California and Utah. It waa’
rarely necessary to recommend a deny in firing time solely:
because of predicted biast effects since meterviovical condi. <

In order to improve blast calculation techniques, a

tions unfavorable for fallout usually were also unfavorable
for biast.

full off-site radiological monitoring covaruyr
provided by the U.S. Public Health Service
randum of Agreement with the U.S. Atomi

mission.
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There were and nre extensive monileving progcains, :

including mobile monitoring teams, Slambadges, vir saniplers, §
automatic gamma recorders, collections of iilk, vegetation.
soil, etc. A more complete description of the programa ts

w
a
e

given below. All of the key deta obtained from these monitor: |
ing programe were and are reported in the open Uterature .

such as the Atomic Energy Commission's Soi inaual (now |
annual) reports tv Congress and the U.S. Puidic Uealth Serv.

ice’s monthly publication, Radiological Healt!) frota. Ativs
tensive public information program by the
Service continues around the Nevada Test “ite ig. MD

a
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y~ Public Health Bervies representative conducting -s- meeting”

> Hin one of the Ines] homes in Las Vegas. 36 8 part of anextensive :

roy ‘educations! pregram around the Neyada Test Site.”"3

. A] wot BLan ¥
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Weother Predictions , a

The Weather BureauResearch Station was started in 1456

to study intensively themeterology of the Nevada Test Site.

In late 1967 the station became responsible for providing me-

terological support for nuclear weapons tests, Prior to these

dates this function was performed by the Air Weather Service

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 stations shown on the

map (fig. 11), and most of the hourly and six-hourly weather

information produced in the entire United States, Canada,

Mexico and eastern Pacific Ocean, In addition, there were

and are some 26 wind, 20 temperature, and 18 precipitation

measuring stations located on the Test Site. Ten of the wins!

and three of the temperature stations that reflect major ter-

ruin effects at and near the Nevada Test Site provided telem-

etered information for use just prior to and immediately fol

lowing each nucleur detonation
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Pioyes H.-U.8. Weather Buresu stations fugnish informalicn every on

v.

*

poure for furecasting purposes.

The Mercury Weather Station made a daily atl of the

weather conditions over the Neva:ia Test Bite and civirens,

using all availal.ce local information and reevaluatiny onalyses

furnished by means of facaimile from the National Jrlerulog-

val, Center (NMC) at Suitland, Md. The latter Cooter proc

a}

 



 

  

 

FIGURE 12.- The Weather Station at f!.c Nevada Test Site sends radar-observer
balloons to the upper atinonphere to check on temperatures.
dew points, humidity and wind velocities, The radar Uacking

instrument on top uf the station charts wind velocities and
directions.

essed most northern hemisphere data, much pf it electron

iewly, and used the fastest and most modern techniques in
producing forecast charts of the large scale features of the
atmospheric circulation. ‘The Mercury station, having moore

local information and the benent of mumerowa stodie sof
lucnl meterologienl vonditions, eliusted the NMC infernontion
to make forecasts having the hiptiost pox vble aeeuracs for STS
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thy day prio to each nucle detonation, a tarnial de-
3

“Soke On
ok, ate: tuileyfpricing vax qiven to the Scientific Directur, he Test:

f mia Manager, wnd his Advisery Panel covering wl foresceable ways

teat.ZAll such brielings included wind speeds wned direction

predictions to at least the maximum cloud height obtainabie,;

expected changes in wind during the day, thermal stability,

cloudskprecipilation, trajectories of nerosols, the effect of wind

and-ahermal structure op the diffusion and deposition of

ongabe ent’ prials. cmt pacdintio Haye
ane olflyeng materials amd the maximum radiation dosages that

couldigoncvivably result on and off the Test Site. Changes,
x. “ sas
“4if anye from these predictions were presented at subsequent

: brief ra just prior to arming ernch device, In fnet one of the

Smajorffactors in arriving at good predictions was the series

ofAwind runs” usually Bt one-half hour intervals up to sero

AERtime (fiz.12).
Epi >. Mostof the programs remain in effect asa further assurance

carekaeg, of safety in the event of the release of any rudiouctivity from

a
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‘fadiplegical Surveillance

‘Routine programs were and are conducted continuously

Jwithin’a radius of upproximately 300 imlies from (he Nevade

~ Fast Site by the US. Publi¢ Health Servire.

- Ayerelfphonitering

SBince 162 the U.S. Public Health Service las owned and

 

" “operated two aircraft for cloud sampling. Hrior (o thin date,

eethiefunction was accomplished Uy the U.S. Air Fore. Bach

‘aircraft carried cquipment to collect airborne velivity both

“particulate and guseous. Both planes carried equipment for

continuously monitoring the gamnin radiation Additional

“UG Air Force planes equipped for cloud sample at Graeblig

_wergavailable pnd were onenli. Arrangements wore made for

the‘use of another special aircraft for radivlogical nonitering

surveying at H+24 hours.

The capabilites of nireruft monitoring continual oo by main

tained.
,

Mable Ground Menitering

Mobile ground monitoring teams were deployed in the down

wind sector prior to each test to suppleniont the roving Bur

veillance which war a part of the continuous surveillance

program. The downwind sector was determine) by informa:

tion obtained from the U.S. Weather fineau personnel wa

sinned to the NTS. These monitoring tenn ours ted of (wo

men. Kach team was equipped with bert eaicony Barvey
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# WS.RUC MALINSCE DrIHOM OF MADHCROGICA,HM

Finvag: 18. Monitoring’ for externa) gamma radigtion near:BheNevada + °
i/ Tey Bite by:U.S. Public Health Berviegpersonnel:°aSee:

instruments (fig. 18), chamber survey instruments, fallouttrays.
and additional air samplers and recorders, Eachvehjcle.was
equipped witn two-way voice radio communication? e°
number of teams used for each event was determined Anade
vance by the predicted radiological situation, howeverfive’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 are still maintainedon, a
atandby basis and used when needed. m iea

Alr Sempling oes
There were and are $0 permanent iir sampling stations in

operation 24 hours per day in the areca surrounding the: NTS
at distances up to 180 miles distance. “ae
The air samplers used are high volume unite, drawing air

through an 8" x 10” glass fiber filter (fir. 14). When deemed de-
sirable, a secondary activate! charcoal cartridge is added for
the collection of gaseous fission products. Flow rates are ap-
proximately 60 cubie feet per minute fm.) for the glasa fiber
filter alone and 25 ¢.f.m. with the chareoal cartridge added.

40)

 
aty

“remoe volume air kampler. The large glass fiber filter is for val
. lection uf particulates. Behind the filter is placed an nctivated

jarconl cartridue to collect yases such as radiviodines.

 

   =Glass fiber filters ure counted for gross beta activity in the p
iiportionalregion. oe)
ay All charcoal cartridges, and any glass fiber fiitere ws
af? gross beta activity signilicantly above background levels aMes.we
“*assayed with# 400 channel gammaacintilintion spectrometers :
uning a gteol shield for a 4° x 4" Nal (TYeryatal with a Cs

* peak resglution of eight percent for identification of speci
oa+ gamme-gnitting isotopes. :

> file tedging :

: Film badges were distributed to hundreds of lucutionsar“ae
the Test: Site and to ae many as 1,000 persone during ce rat:
operations. Presently there are about 60 locations with som
200 persons wearing film badges. Film badges were and 4
collected: and procusaed munthly, In the evont that sn
activity was found in the area by the mohile moniteriny Leamaoe
film badges were collected from these logationy and front,
people ving in the area: new Alm badges were distributed.
Additional atationa and people were dneladed if the viteetlan.

required more extensive monitaring.

 

it



 
e
e
e
e
n

 

 

H
e
e

on
e,

Praues16. ~Colteetion of water aample near-the Ney
SR Publie Health Service persounel. fe

  

.‘eupiing * .

‘Milk samples were and are collected routinely one time per
month within the 300 inile radius of the NTS, from spproxi-
mately 25 sources, including all dairies and: some additional
ranches having one milk cow, In the event that radioactivity
was found in any area additional samples “e collected often
on a daily basis.
Welter Samples

Water samples were and are in general collected monthly
from approximately 30 sources (tig. 15), There were no known
surface supplies for human use in the off-site ares except for
Lake Mead.

Research

In support of the operational procedures described above to
aseure safety to the public, there were wud are extensive basic
and applied research studies conductes in such flelds a8 me-
terology. hydrology, and ground motion. These were and are
accomplished by (n) cooperation with other Government agen-
cies Including the 'L8. Weather Burevi, U8. Public Health
Service. U.8. Geelovient Rurvey, US. Hireanof Mino and (8

Lo
a
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"Coast andGeodetic Survey, (b) contracta with consulting oy
“yganizations‘such as Roland F, Beers, Inc., Alexandrin. Va.
Hazelton-Nuclear Science Corporation, Palo Altu, Calit.. und

af‘Holmes:"&Narver, Inc., Los Angeles, Calif., and at) Indissdudal
“Feonsultants.
ge-The total annual expenditure for the operational aid re-
“teearch studies directed towura safety at the Nevada Test Sie
am,“eg rrently'ig over $8 million.
2"addition, there were and are numerous programa enrried
"Sonas partof the laboratories’ scientific effort that hive a
“ébearing’' ‘safety and contribute greatly to the basic under-

-- "#gtandings?One of the earliest and most valuable were those
' Venviponmental’ studies conducted by the Department of Ihio-

Aephysics andNuclear Medicine, University ofCalifornia Medical
“etBehool,: LonAngeles, Calif. Also, in May 1963 a new Biclegy
#DivisionattheLawrence Radiation Laboratory at Livermore,
..Calif., was formed with one of its prime missions to jnvexti-
agate problems dealing directly and indirectly with radioactive
-falloutsneerradioiodine.
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OPERATION DOMINIC
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APPENDIX _ %fee

SAFETY PROCEDURES AT THE NUCLEARTESTING SITES

PACIFIC TEST SITES A

Gensrol aa te

United States atmospheric nuclear tests were’‘held in the
Pacific at Bikini (1946, 1964, 1956 and 1958), Eniwgtok (1948,
1953, 152, 1954, 1966: and 1958), Johnston Jslangi(1968 and
1962) and Christmas Island (1962). These remotetaltes were
selvcied afler extensive search for possible areas:eyhere the
tests could be conducted anfely.
To conduct atmospheric nuclear weapons tests in’the Pacific,

Joint TaskForces have been organized consistingof desix-
nated personnel from U.8. Military Services and AEC, ACom-
mander for each Joint Tusk Force was chosen fromone of the
three Military Services with a Deputy from each ofthe other
two. The technical programs have beon under,A civilian
Beientific Deputy.
in each series an exclusion aren was declared around the

test islands for the purpose of warning air trafficand ships
(fig. 16), Notification of locations of these areas ‘and times
that the restrictions were in effect were made by issuance of
Notices tu Airmen through the Federal Aviation Agency and
Notices to Mariners through the Commander-inChief of the

Central Pacific Fleet. The Department of Defense, State De-
partment and other agencies of the Kxecutive Branch of the

Government were notified so that shipping authorities and air
trate contre) authorities could be alerted.

Since there have been sume changes in details over the years

of the organizations concerned with safety within the Joint
Task Forces, the following description applies to Joint Task
Force & that conducted the Pade Pacilie teats.
Weather predictions were conducted by the Task Force

Weather Cembeal cumpooed of Navy and Air Force meteralo-
KiKtS. Jo assistin analyzing the weather data and to predict
other results such as talleut, biast and thermal effeets, a

Hazards Evaluation Cait wae feried to advise the Joint Trak

Force Comunimnder and bis Scentibe Ovpuiey.
Radicdopiend safety activities on ate were condueted hy a

speeant comer doie Pask borce a aid ody sitive sca vedblabies pre

riame be the VOSS Public Hecdtiy Srp vice
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Altogether about 80 personnel were utilized in activities von?

devoted to safety, # Leo. de

Radistogical Suryeillence ‘L a te

Radiological‘safety (Rad-Safe) was u separate Task Unit if

within the Joint Task Foree organizativn. Rad-Safe responsi. ||
vilities included procuring, storing, and issuing Rad-Safesup- ae

plies and equipment, instrument maintenance, issuance andj), ; 2;

~ processing of filmbadges, maintenance of personnel radiation‘.
- exposure records, supervision of monituring, decontamination,~: =

 

waste disposal activities, procurement and distribution of high." -.i-
density goggles,and other activitier as indicated by the poten.- —-*.
tial hazards of the situation. “The Rad-Safe Branch contained .. =

- an Off-Site Surveillance Section. Personnel from this section.
"2 participated inimonitoring atoff-site populated islands in the ba
_ vicinity of the test area and periodically collected water. and ia

food samplen[i ge ceAR
” pirerolt Monitoring ane “ aS

' Aircraft werg used to monitor the cloud of airborne radio-. 2
activityduring‘early times after detonation and to trackthe ~~. =%
cloud periodically over a periodof two or three days. = soy

" Eevirenmental - a eS er;
During Cperation Dominic (1962) there were 34 nuclear deto. | *”

nations above the Pacific Ocean near Christmas and Johnston ©
Islands.: The explosive yields of these devices ranged from low
kiloton into the megaton range in TNT equivalent. The height A
of burst for each jatonation was sufficient to negate localradio. 2 >.
active fallout,’ The devices were delivered to the point of _...;
detonation by either manned aircraft of by surface-to-air mis- oo ¢
siles. In addition to the atmospheric tests, there was one . -
underwater test of a low yield nuclesr device detonated inthe . _”:,
Eastern Pacific Ocean several hundred miles from the closest

=

**’
land area. Essentiaily all the radionctive flasiun products
produced by this test were deposited in the ocean and were soon
dlapersed and diluted to concentrations which were of no aig:
nificant biological hazard to man or marinelife. ,

All nuclear events at Christmas Island were detonations
of devices released from manned aircraft. These burets vc-
curred over water and were planned for execution under favor-
able atmospheric conditions to minimize the likelihood of
contamination of land surfaces. In addition, following each
event, ground and aeria! monitors surveyed the island to de-
termine whether any radioactive rain-out vecurred.
A Hazards Evaluation Unit composed of scientific personne!

of contractor Jaboratories (Lawrence Ruidiation Paboratary,
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")Sclentifie: Deputy. Pre-shot computations were made for cach

vie * wed 4 ‘“

“Toa Aluaps Scientific Laboratury, Sandia Cerporation) wid
representatives of the U.S. Weather Bureau was orgnnized
‘tgadvise*the Commander of the Joint Task Force ani the

"detonation, These computations include 12 and 24 Leur
“trajectory'forecasts baacd un winds from the surface to 10,000

_ Sfegt. ‘Aspecified radiation exclusion area was then deciurdd | i:
*{gorincludevany possible local fallout. Daily soundings were ., ;
#made to100,000 feet giving added information that was helpful ©7a
in correlating observed cloud stabilization and movement with
_dpredicted* shot-time trajectories. Where: applicable, uther. 7
++ weapons phenomena were considered such aa blast pressures, +
and possible eye injuries from the prompt thermal radiation. <
a,Cloud' tracking aircraft made and maintained contact for’. *)
_Weveral hopre with the radivactive cloud following each cvant

   

    

 egonductedsin.the lower atmosphere. Timely Information on: ja
-'? gloud moyement, top and base altitudes were obtained fur use of |
advisory:teports regarding opening of commercial air janes ‘7
_ through or-near the announced danger area. There was no
‘yevidencethat any commercial aircraft encountered any of...
*theseredloactive clouds, or ee

¢ off-site monitoring program during Operation Dominic *
“was under-the cognizance of the U.S. Public Health Service, i s27
TUSPHS personnel being assigned to JTF-8 during the opera, 4s.
tional phase. A radiological surveillance of a network of }9- /}.
. monitoring’ stations wae maintained on populated islunds -|
_ within a 2,000 mile radius of Christmas Island. Air samples: °)”
“were‘collected on populated islands out toabout 1,000 iniiva
” from the test zone. Samples of soll, vegetation, fruits, wucer
“ and marine life were collected on the populated islands of thy
“area’before tusting began and repeated sampling was made
afterthe testing period to determine whether changes in the
*levelof radioactivity had orcurred in the area.
“” The 19 sampling stations were divided into (})} primary sta-
“tlons, (2) secundary stations, and (8) background stations, The =~!
‘primary stations (Christmas, Fanning and Washington) were
manned by USPHSofficers with equipment and sampliny i vh-
‘niques to document all forms of environmental radion tivity. .

The secondary stations (Canton, Malden, Penthyn/Tong:reva,
Palmyra, Midway, Johnston Island and Freneh Frigate Shouls)
were outaide the danger area and were designed to document
air concentration and external radiation background. ‘Siivse
stations were operated with the assistance of Task Foree [raj-
ect Groups and Weather Groups. Background stationy on fue
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Fh cree ae its tik of. Fy

~ ee “FAREBe :

: 4 wo %<F .e “teBS d

- aa oo “pa “ a wie :

°. tuila,. Rarotonga, Wake Island, Kwajalein”Atoll, Tongataby a ee. i

“and Viti Levu were operated by Task ForceProject Groups or © 3% ~ aay 4

“" Weather Groups and-on Nuku Hiva an:! Tahiti by French per. eo “xe i

_‘gonnel. The purposeof the background stations was to docu- ‘: ey ' ;

*" mont external radiation background and changes in back. — e ey GLOSSARY’ 3

/. + +. .‘ground levels if theyoccurred. 4 «.

7 a AUSFHS rad-chem laboratory was established in Honolulu, 4 . ‘BACKGROUND RADIATION: Nuclear (or ionizing) tadiation: anaing from ‘

vy Hawali to support the off-site rad-safe program. Facilities, 1 ". , _tdawithin the body and from the surroundings to whieh individuals are alweye

|

5

—23equipment and personne] were available for: radiochemical “€ ier ap @apoeed, The main saurces of the natural background radiution are pulse :|

*-28S analysis of air, precipitation, water,milk, food andsoil, The —{&.- Zan40 in thebuy, potassium 4 and Nieteeederay
JS?facility remains in operation as a part of acontinuing pro -.J@28.° BETA TWARTICLESAcherwedparticleofverysmallmasse1vitted spontune- af

“Sgram’of monitoring'several of the Hawaiian Islands, Soe)r.qusly trom the nuclei vf eartain redienctive elements. Most (if not alll off
“5 Sleenyirenmental Menttering Lo? teen 2 2 Qe direct fission products emit (negative) beta particics. I'hysically, the .

:
a - pete particle is identical with an electrdn moving ot high velocity. i

-.; The: bicenvironmental program for Operation. Dominic was
“under AEC cuntract with the Universityof Washington,
i;Seattle, Wash. A final report of their data is found in “Radio-
nuclide Content of Foodstuffs Collected at Christinas Island
“and at Other Islands of the Central Pacific During Operation
"? Dominic, 1962," UWFL-87, by Ralph Palumbo. ~

_ During the period April 7to July 29, 1962, collections of food-
_ istuifs, marine life included, were made from ‘right off-site

~:islands and Christmas Island to ascertainthe radionuclide
content of the samples collected. In addition to samples col-
“lected: by this group, USPHS off-site monitors furnished sam-
ples from areas not covered by the University of Washington
‘scientists. Approximately 8,000 samples were collected dur-

af. “BIOLOGICAL HALF-TIME: The time required for the emount of a specified <4

| * gloment which har entered the body (or & perticuler organi tu be decrensed #1

ye half of ita initia! valu: «+ = result of naturel. biolugical elinlnation °

‘Th processes.

- .DOBE: A (total or accumulated) quantity of fonising ‘or nuclear) radiation.
Phe term deve is often used in the sense of the exposure duse, expressed in

it voentgens, which is o measure of the total amount of lunization that the |;

are qeentity of radiation covid produce in sir. This should be distinguished .

» efrom the absorbed dose, given in reps or rade, which repreacnts the energy °

_ =, “absorbed from the radiation per grom of specified body tissue. Further, .

‘PRehe blological dose, in treme, ty a messure of the biclogici) cfTectivensee i

.

_

the radiation exposure. : ,

POSE RATE: As a ceneral rule, the amount of ionising (or nuclear) radiation” |

i, te which an individual would be exposed or which he would receive per unit |

+

a
n

p
r
y
v
y *

e
e
n
M
i
M
i
b
i
r
e
e
r

c
h
e
n
2

s
r
e
r
E
e
l
L
i
e

t
o
b
e
,

of time. "
“EXPOSURE, EXTERNAL: Exposure to radiation that is dviivered from a -

ingthe time which covered pre-testing, testing and post-teating e . geurce outside of the body. 4

. periods. Part of these samples were scanned promr ly for “s - EXPOSURE. INTERNAL: Exposure to radiation delivered (rum a source in- 4

radioactiveethowever. a majority of the samples were “4 “agide the body. Strontium 90 lodged in the bones is ant canile of internal |

urned tu the University of Washi ’ * __ eBposure. !

analysis. ’ sshington for complete 34 “EXPOSURE, WHOLE BODY: Exposure that involves the whole body rather j
Ay than ¢@ specific organ. 4

\ FALLOUT: The process ar phenomenon of the fallbeck to tac earth's surfars ¢

of particies contaminated with radivaclive meteria! fiom the redio- 5

“ . active cloud. The term je also applied in & collective score lv the contami: 4

‘ - Hated particulate matter iteslf. Tne carly (or lueal) sallset is defined, some

‘ what arbitrarily, as those particles whieh reach the earl sifhin ¥4 houre j

, after oe nucleer explenion. The delayed (ar world-wide: saliva? conseate of

the emalier particles which ascend into the wpper Wroporpiiert and ints the }

‘ -gtratosphere and are carried by winds to all partu ofthe caiit. ‘The delayed,

fallout is brought to earth, mainly by rein and anow, over extended periods |

ranging from months tn years. é

FISSION PRODUCTS: A general termfor the comples mixture of aubatances |

produced asa result of nuclear healan. A distharction aba oli made between:

these and the d-re:! fesion products or fasion faginests vtich ave formed !

© Ravgrinespalty or fhe EReeta of Nuclear Weapons Gleeetor > Routt Furs alehe wt

Pecemerte UB Gere oes? Crintig (tee, Weshingtan. BO Apri te! |

t
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“ by the actual splitting of the heavy-element nucle. Something Whe s0 df

.. iv clear species,

meute,-being radiouctive, immediately Legin to decay, forming additional-

ucts so formed containn about 200 different isotopes of 36 elements.

- FOU) CHAIN: The sequence of events in which nutrients are transferred

it from the soil to plants to animals to me. The collection of these various

: stayes is referred to Kenerully as the biosphere. . .

- °*FREE AIR OVERPRESSURE (OR FREE FIELD OVERPRESSURED: The un.

. =r"peflected pressure, in excess of the ambient atmospheric pressure, created

in the ajr by the blast wave from an explomon. on

USION;‘The procese whereby the nuclei of light elements, especially those

eur the Isotopes of hydrogen, namely, deuterium and tritium, sombine tu form

"the nucleus of a heavier element with the release of substential amounts of

a" energy: :

to GAMMA RAYB (OR RADIATIONB): Electromagnetic radiations of high en-

, - ergy originating in alomle nuctel and urcompanyiny muny nuclear reqe.

Ps sions,og: Aasion, radioactivity, and neutron capture. Physically, camme

oe rays ‘ardidentical with X-rays of high energy, the only essential difference

ac being that the X-rays do not originate from atomic nucle, but are produced

:+ in other'ways, e.g. by slowing down (fast) electrons of high enerxy.

    
  

 

zor aboy¢the center of » burst of a nuclear (or atomic)weapons frequently
“£ gbbrevieted to GZ. :

> SHALY-LIFE! The time required for the activity of a kiven radiosctive species

_ Is a characteristle property of each radioactive species and je independent
'" OF its mount or condition. The «fective half-life of « givenisctope is the
"the in whieh the quantity in the body will decrease to half as areault of both
= padlosstive desay and biological elimination.- :
INDUCED ‘RADIOACTIVITY: Radioactivity produced in certain materials
"as a resuli cf nuclear reactions, particularly the capture of neutrons, which

are accompanied by the formation of unstable (radioactive) nuciei. The
activity induced by neutrons from a nuclear (or atomic) explosion in mate-

- rials containing the elements sodium, manganese, silicun, or aluminum may
be significant.

: INVERSE SQUARE LAW: The law 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,
aseuming no absorption, is inversely proportional to the square of that
distance.

- ISOTOPES: Forms of the same element having identical chemical proverties
but differing In their atomic masses (duc to diferent numbers of neutrons

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

KILOTON ENERGY: The energy of a nuclear (or atomic) explosion whichis
squivelent to that produced by the explusion of | kiloton (ie. 1,000 lons: of

MEGATON ENERGY:The energy of @ nuclear (or atumie) explosion which 1s
equivalent to } million tone (ur 1,000 kilolons) of TNT.

METABOLISM:The process in which the body breaks duwn fords into uable
materials that are teken into the celle and manufactured inte the living tis
sues of the body.

60

- (daughter) products, with the result that the complies mixture offission prod. -.

+ to dearense to half ofite initisl value due to radioactive decay, The half-life .

we ion fragments result from roughly 40 different modes of fasion of
< ferentfaa . ie. uranium 236 or plutor iim 259... The fission frag. -

GROUNDZERU: The point on the surface of land or water vertically below: —
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MICROCURJE; A une nillionth part ufo curie.
MILLIREM: A one-thousandth pert of a rem.

+ MILLIROENTGEN: A one-thousandth part of @ reentgen.
OVERPRESSURE: The transient presaure, usually expresses in pounds per
square inch, exceeding the ambient pressurg. ifested 0 the shock (or
blast) wave from an explusion.

PICOCURIE: One millionth of a millionth e7 . cune

RAD: A unit of absorbed dose of radiation; at representa Che wisestof fou
ergs of nuclear (or ionizing) radiation por gram of the abaurting material or

thesus.
RBE(OR RELATIVE KIOLOGICAL EFPECTIVENESS): The catia of the
number of rade of wumme (or X-) radiationof a certain enecyy which will
produce a specified bivio“c.! effect to the number of rods uf wnuther radia:
tion required to produce the same effect is the RBEofthie latier radiation.

REM:A unit of biclogical done of radiation; the nameie derived trum the initial
‘letters of the term “roentgen equivalent man (or mammal.’ The number
of rams of radiation js equal t8 the numberof rade absurbed multiplied by the
RBEof the given radiation (for s specitied eftect). :

REP: A unit of absorbed dose of radiation now being replaced Ly (he rad; the
name rep is derived from the Initial letters of the term “roentyen equivalent
physical.” Basically, the rep was intended to express the g..inunt of energy
absorbed per ‘vam of soft tissue us 9 result of exposure |) rventyen of
gamma (or X+) radiation.

RESIDENCE HALF-TIME: As applied to delayed fallout, it is the time re-
quired for the amount of wespon debris deposited in» particwiar part of the
atmosphere, €-Fy Hratosphere or troposphere, fo decrease to half of itu initial
value, a

ROENTGEN: A unit of exposure doav of gamma (ur X-) radiation Jt is de-
fined precisely a2 the quantity of amma (or X-) radsetion such that the asao-
ciated corpugcular emission per 0.001293 gram of air produces, in alr, lone
Carry ing one'elestrostetic unit quantity of electririty of elther azn,

STRATOSPHERE; A reistively steble layer of the atmosphere Letwasn the
bropopaune afd a height of about $0 miles In whieh the temperature changes
Very litsle {in'pelar and vemperste sones) or increanes (tn the tropiea) with
inereasing altitudes. In the stratosphere glouds of water ocser furm and
there is practically no cunvection.

TNT EQUIVALENT: A measure of the energy released in the duiunation of &
nuclear(or atomic) weapon, or in the explosion of a given quintity of flasion
able material, expressed in terms of the weight of THT whicis scald release
the same amountof enevgy when exploded, The TN? equivatent ia uaually
tated in kilotens or megatons.

TRITIUM: A radioactive isotope of hydrogen, having @ Move ut il with; st te
produced in nuclear reuctors by the action of newtrona an ditiswn nuclei.

TROPOPAUSE: The imaginary boundary layer dividing the sti ulcsphere from
the lower part of the atinusphere, the troposphere. The troy. puuse normally
occurs at an altitude of pbout 26,000 to 46,000 feet in pole uiil temperate
Sones, end at 66,000 feet in the tropics.

TROPOSPHERE;The rexion of the atmosphere immediately ul ove the eorth’s
surface and up to the tropopause in which the teimnperature titifairly regu
larly with Increasing altitude, clouds form, convertion ia active. and aulsing
ts continuous and more or lese complete.

WEAPON DEBRIS: The highly radioactive material. consisthy: or paren prod
ucts, various products of neutron canture, and uranium sod oi tontaed thet
have escaped Gasion, remaining after the explosion

hi



X-RAYS: Electromagnetic radiations ¢7 igh

- §2

 

ey . ofweapon and the Himeshar detonation, ©

Sager t

energysienwavelenethe
shorter than those in the ultraviolet region.*

. YIELD (OR ENERGY YIELD): The totaleffectivy eneray released in sjnuclear
(or atomic) explosion. 5 U¢ in usually expressed in terms of the equivalent

tonnage of TNT required to produce the same energy release in an expiosion.
The total energy yield js manifested as nuclear radiation, thermal radiation,
and shock (and blast) energy, the actual distribution being deperdent upon

the medium in which the explosion occursAprimarily) ana “e upon the type   
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