. DOCUMENT RESUME v 3

ED 219 631, : : _ CE 033 392° , : ‘

N ' - :
TITLE : Radiological Defense Manual. A St
;NSTITUTQON \ Defense Civil Preparedness Agency (DOD), Washington, °
r ) D.C. ‘, . . ’ ,
REPORT NO' ~  CPG-2-6.2 : v
.. PUB DATE Jun 77
. NOTE 202p. . .
3
EDRS PRICE MF01/PC09 Plus Poktage. ) '
. DESCRIPTORS *Civil Defense; *Emergency Programs; Measurement;. . v
. b Measurement Equipment; Nuclear.Energy; *Nuclear ~J.

@hys1cs' *Nuclear Warfare; Planning; Postsecondary
Education; Radiation B1oIogy,ﬂ*Rad1at1on Effects;
Safety Equipment
IDENTIFIERS Fallout° Radiation Monitors; *Rad10act1v1ty
ABSTRACT )
Originally prepared for use as a student textbook in
Radzolog1cal Defense (RADEF) courses, this manual provides the basic
technical information necessary for an understanding of RADEF. It
also briefly discusses the need for RADEF planning and expected
postattack emergency operations. There are 14, chapters covering these
mdjor top1cs- introduction tg radiological defense, basic concepts of .
_nuclear ‘'science, effects of nuclear weapons, nuclear radiation _ -
measuremenj radiological detection and measurement instruments, -
radidactive exposure rate calculations, radioclogical monitoring.
techniques and operations, protect1on from radiation, radiological
decontamination, RADEF, operations’, RADEF planning, and 1mp1ement1ng A
RADEF plan. A glossary concludes the manual. (YLB) , 3

»

) ., . ’ . .
A

****************************************ﬂ******************************

* Reproduct1ons supplied by EDRS are the best that can be made *
* ,

from the original document. T
***********************************************************************
A .




' . CPG2-6.2
- " JUNE 1977

31

i

ED2196

It

. 7.  US. DEPARTMENT OF EDUCATION
.~ NATIONAL INSTITUTE OF EDUCATION
= EDUCATIONAL RESOURCES INFORMATION

. CENTER (ERIC)

T Ths d nt has been reproduced as
recerved” from the person of organization
ongmnaung it

I Minor changes have been made 10 improve
reproduction qushty

o elw v, : - ¢
@ Ponts of view or opinions stated in this docu. : 2. I i P T -
R L . e PR -
ment do not necessanty represent offical NIE e T -, . | - :
- positon o pohcy A G ST PR . - | e

'DEFE "'SE

el




HADIOLOGICAL DEFENSE
'MANUAL |

-
. .
-
- * .
i - - .
k> . .
. ! 4
-
. ’
-~ N t s -~ PR .
. ' -
- .
- .
! .
. . -
N ‘.
s .
7
g ¢ ' .
> .
v [ ’
3 B . <o . [
e ~ -
o . .
- -
.

S DEFENSE CIVIL PHEPABEDNI‘:'SS AGENCY
* DEPARTMENT OF DEFENSE




PREFACE

This. Manual provides the basic technical '
LT 1nformgtion necessary for an understanding
y of Radiolegical Defense (RADEF) and briefly - -
i discusses the need for.RADEF planning-and -
expected postattack emergency operations.
It had originally been prepared by the
Defense Civil Preparedness Agency (DCPA)
~ for use as a student textbook in Radio-
logical Defense tourses.

- This technical Manfial is. not intended to
provide complete RADEF. operational pro- -
- ) cedures or direction for the development
\ of RADEF plans and organizations.. Such °
detailed guidance will be found in other
DCPA pubtications.
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Chaptér

RADEF PLANNING e
We all gccept_ the need to look before we leap, but why is planning with

its cost in money and manhours really of such cruc:al lmportance" ThlS *

chapter provides some answers to that question.®

“PAPER PLANNING” OR REAL RADEF _________ . '_-_-‘

A ‘plan can be just words or it can be a blueprmt for action. The
difference lies in the availability of certain skills and knowledge neces-
sary to translate the plan into effective action. This chapter discusses

what these are.
GLOSSARY .______._ e e m e mmmm
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CHAPTER 1

INTRODUCTION TO RADIOLOGICAL DEIEENSE

. A strong civil preparedness program is
vital to this nation’s security. Today, ev-
ery citizen and officials at every level of
government should be concerned with pre-
paring for disasters of all kinds. This book
is primarily concerned with one fuch po-
tential disaster; that of a nuclear attack
on this country.

This chapter will show why civil prepar-
edness is vital to our security by stating
the nature of the threat we face and the
role that an effective preparedness pos-
ture can play in our national response to
that threat. It will also define what we
mean by “radiological defense” and will
indicate how such defense is organized.
Another objective of this chapter, and per-
haps the most important one, is to explain
how effective radiological defense requires
trained and dedicated personnel. We can-
not develop a radiological defense capabil-
ity unless we can count on all of our citi-
zens to learn something .of the nature of
nuclear radiation and to gain an under-
standing of the measures that can be
taken to defend against its effects should
" this nation ever face nuclear attack.

THE NATURE OF THE THREAT o

dropped on a mixture of military, indus-
trial and population targets as both sur-
face and air bursfs. The results vary, of
course, but the unmistakable fact re-
mains that millions of Americans would be
killed outright in any such attack by the
direct effects of blast and fire. The loca-
tions at which weapons were detonated
would suffer unprecedented physical dam-
age and the fallout radiation from surface
weapons would affect hundreds of square
miles in a downwind direction from those
bursts. Additional millions of casualties
would be caused depending on the amount
of fallout protection available in the af-
fected areas. In one simulated attack in
which 800 nuclear weapons of 3,500 ,mega-
tons were assumed, there would be about
97 million people killed either outright or
who died subsequently from the direct ef-

" feets or from fallout. Another 30 million

1.1 Any assumptions about a possible*

nuclear attack upon the United States are
dangerous sincé we can never be suyre
about a potential enemy’s objectives or
even specific capabilities. Studies made by
the Department of Defense and others for

" exércise purposes use-attack patternsthat .

represent current estimates of weapon
size and tétal yield that could be delivered
on this country in an all out nuclear at-
tack. .

1.2 Specific attack patterns assume
hundreds of nuclear weapons with many
millions of tons of TNT equivalent are

would have been injured but would sur-
vive while the remaining 67 million out of
a total population of 194 million would not
be affected. !

1.3 Three things are worth noting
about this threat. They,are:

First, there is no equivalent in human-
experience for the destructiveness of
multi-megaton hydrogen weapons. It is
worth remembermg that all the bombmg
raids on Germany in World War I1.". . by
all the ailied forces . . . together totalléd
biit one megaton. . . N

Second, not only are the weapons in a.
new dimension of destrut:tlon, but the de-

livery systems are now in a new dimension

of effectiveness. Unless an anti-missile-
missile is developed that can not only hit
an enemy missile, but hit it almost imme-
diately after it leaves. the launching pad,
and further, can discriminate between
missile and .decoy,,the’ advantage in

-

-
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a




modern strategic missile warfare seems
certain to remain with the attacker. This
factor, coupled with the enormous destrue-
tiveness of modern weapons, places a
prefium on surprise.

.

A

. L -
Civil preparedness is a prime example of a
“Passive” capability. ’ '

1.5 The Strategic, Arms Limitation
Talks (SALT) were designed to effect a
balance of power among the two primary

Third, this hypothetical attack would: -riuclear powers—the United States and

produce casualties h’y more than half ef*
our population undexf\the conditions then
prevailing. If the cond}’tlons were changed
to the extent of providing an effective civil
preparedness program, the casualties
‘would be reduced to a major degree.

’ NOTE -
Our system of ethics is bused upon the
belwf that each individual life is pre-
cious. This belief underlies all our
American institutions. It is, in fact,
the basic way we differ from systems
embracing totalitarianism, where the
individual s the servant of the State,
rather than our system where govern-
ments derive “. their just powers
Jrom the consent vof the governed. .
This central fact which motivates the
government in working for civil pre-
paredness, should not be obscured by
statistics,dealing with millions of gas-
ualties. “Megadeath” like “genocide”
are words that spring from systems of
government alien to our way of life
and our system of mght and wrong.
Unfortunately, the grim facts of the
misgile age force us to consider these
terms, 8o hostile to our belief in the
supreme value of the individual.

" THE ROLE OF CIVIL PREPAREDNESS AND
RADIOLOGICAL QEFENSE

1.4 The nationhl defensive posture of a
nation incorporates, among other things,
the concept’of “Active” and “Passive” of-
fensive and/or defensive capabilities. “Ac-
tive” offensive and defensive. capabilities
include items such as a nation’s military
forces and arms, both conventional and
nuclear, as well as any other capability
which represents an “Active” resource for
implementing and mam‘tammg\ an offen-

‘.

sive or defensive posture. ICBM’s, bomb-

ers, naval ships, etc., represent obyious
- examples of an “Active” capability. “Pas-
sive’ capabilities, however, are those
items lacking the visibility of, a military
force, but which may contribute signifi-
cagtly to a nation’s defensive capability.

the Soviet Union. The SALT negotiations
would basically effect this balance by plac-
ing limitations or curbs upongthe “Active”
offensive and defensive capabilities of a
nation. It then become_s apparent that,

assuming the'effectiveness ‘of the SALT"

negotiations, 3 nation with a strong “Pas-
sive” defensive capability occupies a posi-
tion of strength. Herein lies the impor-
tance of civil preparedness and radiologi-
cal defense.

1.6 Since the civil preparedness pro-
gram is a vital element of a meamngful
“Passive” defensive posture, it is ex-
tremely important that it be an effective
element with trained personnel ready to

'provide an immediate response in a crises

situation. Thus, in terms of the Tecogniz-
able nuclear threat, radiological defense
occupies a very realistic and substantial
role within the United States civil prepar-
edness program and within the total de-
fensive posture of the nation?!

RADIO].OGICAI. DEFENSE

1.7 In evaluating the results of a hypo-
thetical nueclear attack upon the United
States, several means of protec@on must
be utilized. Assuming that a crisis period
or period of marked increased interna-
tional tension will probably preceed an
actual attack, crisis evacuation proce&ures
can remove segnfents of the population
away from probable high risk areas. Addi-
tionally, to the -extent that it is available,
protection against blast and other direct
effects should be taken by utilizing availa-
ble shelters. Equally important, however,
is the need in all defensive plans for pro-
tection against. nuclear fallout. Radiologi~
cal defense maximizes this type of protec-
tion.

. 1.8 Thus, vadiological defense is an ex-
tremely important ¢lement of civil prepar-
edness. Radiological defense is defined as:

.

«
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é’% The Organized Effort Through
Detection, Warning, and,
anonﬁ\io;und Remedial Measures
To Minimize the Effect of
Nuclear Radiation
on Peaple and Resources.
~

b

" GENERAL RADIOLOGICAL DEFENSE

¢

REQUIREMENTS

1.9 Following are the requirements of a
sqund radiological and civil preparedness
program: 2,

(a) A system of shelters, equipped and
provisioned %o protect qur population from
the fallout effects of a nuclear attack.

(b) Organization and planning of emer-
gency actions necessary to restore a.fune-
tioning society.

THE IMPORTANCE OF SHELTERS

1.10 Shelters—-—both individual and
community—are “keys” for survival. This
i3 because shelter plays a duat role in an
effective radiological defense program;
_first, as a shield protecting individuals;
and setond, as a shield protecting the per-
sons who, by possessing special knowledge,

* skills, and habits of organization, can com-

bine to assure the eontinuing of afunc-
tlonlng, democratlc society. Thus, a. shel-
ter is not only a passwe shield; it is also an
actlvé element in the system of counter—
measures that would have to be taken to
assure the survival of the nation after an
attack:

As radiation lgvels decllne, people can

leave their shélters to perform needed .

tasks of recovery. But when can they
leave their shelters? This and other ques-
* tions, stich as determining what the radia-

~ tion levels are within the shelter, can be

satisfactorily answered in one way only:
through aceurate measurement or monl-
tonng T

MONlTORING AND THE MONlTORlNG
SYSTEM
" 111 To assure adequate measurement?

~of-fadiation levels to support postattack
) radlologlcal defefnse operatlons, the nation

needs a large number of fallout monltor-'

ing stations. Some of these stations may
be located” within community shelters,
since such shelters form strc;r;é points of
survival and bases of ultim recovery
eperations? Thos&” community shelters
that provide for extended geographic and
communications coverage are particularly

_sulted for serwing in the additional capac-
ity of monitoring stations.

1.12 Whether in separate monitoring
stations or carrylng out monitoring proce-
dures from community shelters, the pri-
mary job of the monitor will be to supply

" information on radiation levels, informa-

tion basic to survival and recovery opera-

tions. In carrying out their duties, the

monitors should receive technical direc-
tion and supervision from their organiza-
tlonal Radlologlcal Defense Officer.

RADIOLOGICAI. DEFENSE .
ORGANIZATION

1.13" As stated in ‘Pub"&c Law 85-606, it
is the intent of Congress, in providing”

funds for radiological defense, that the:

responsibility for such defense be “vested
Jjointly in the Federal Government and the
several States and tHeir political subdivi-

“sions.” The .division of responSIbllltles“
among governments, which is a central

feature of our Federal system, is fully
reflected in the organization of radiologi-
cal defense. The DCP recommended pro-
gram describes in some detail the respon-
sibility of €ach element and level of gov-
ernment, and the organization established
to give effect to these levels of résponsibil-
ity.

114 In order to make the radlologlcal

. defense program u success, there is need
for radiological monitoring stations at.
Federal,
‘throughout the nation. This means that

State, . and local facilities'
there is a need for money to pay for the
instruments and’ equipment required;
there is need for management to assure

that these stations operate effectlvely and

IS

.

in one coordinated system. But there is -

even more need, for trained men and
women who can operate the equipment, do
the other specific jobs needed, and provide




leadershp in radiological defense matters
on the local level. An essential part of such
local leadership is the training of RADEF
personnel. . '
1.15 DCPA training courses are-de-
» signed to, produce a core of competent ra-
diological defense personnel including
those who will go back to their communi-
ties and train others. For without trained
people, the best laid plans become littléD
more than complicated dreams. Trained

men and women breathe life into plans.
This is the reason behind the organization
of DCPA courses. The courses offer the
training. If that offering is taken—to the
fullest potential—then all the effert, and
planning, and hopes of those deeply  con~
cerned with proteotmg our society, from
the President on dbwn, will be realized.
For on men and women like ourselves, in
the last analysis, will lie the success of tf;\e

radiological defense program.
3
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We will begin by ending the mystery.
Since the aim of this book is to hely you_in
your ‘work of radiological defense, it, is
essential ‘that ydu understand what you

are defending agamsb—nuclear radiation. _

is th/prlmary objective of
" this chapter: |, . .

This, then,

1

Undersfanding Nuclear Radidﬁon

There.are many kinds of radiation, some
of which, such -as long and short radio
waves, infrared (or heat) radlahon, visible-
llght, and ultraviolet radiation are famil-
iar to all of us. However, nuclear radia-

tion, the no:seless, odorless, unseen, unfelt -

something that can be so deadly seems, as
Wlnston Churchxll' said of Russia, “a riddle
wrapped In-mystery inside an énigma”.
FOrtunately, this need not Bdso. A few
concentrated hours of study will quickly
make radiation understandable .
However, if our Job Wwere how to stop air
contamination from automobile exhauxts,
we -would not get too far by confining
ourselyes to the nature of the exhaust

alone. It would be necessary to study the.

fuel, the way the auto engine burned the

fuel, .as well as many other things. Only
then could we understand, and possibily -

cope, thh the factors in the exhaust
fumes that were harmful.

. The same need exists Wlth nuclear ra-
d1at10n If we are to understand it, we
must see the whole picture; 'we must know
the why as well as the “what of nuclear
radiation.

Therefore, to help us understand nu- °

tledr radiation, the major obJective of this *

chapter, we must also have some grasp of:

WHAT is meant by “m;ztter” and “en-
ergy”

-
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BASIC CONEEPTS OF NUCLEAR SCIENCE

WHAT are the kinds of nuclear radla-
tion

WHAT,is theé language of nuclear
> physics, the terms, signs
and symhols used to de-
seribe the world of,‘,the atom
. and'radiation o
WHAT is the structure of the atom
w is the nature of its parts
HOW  do-these parts behave

HOW is nuclear radiation measured

TWO FUNDAMENTA{; AND A
BOMBSHELI. '

2.1 There are two physical la hat we
must understand’ before we talk about the
"atom. ¢
2.2 The first of these is known as the
«LAW OF CONSERVATION OF MATTER.
According to this law, the total mass of the
materlal universe remains always the

" samé, regardless of all the rearrange-
_———ments of its component parts. This was

first demonstrated by the brilliant French
.physicist Antoine Lavoisier, whose ‘genius

+ was cut'short by the French Revolution.

Lavoisier burned a candle "6f known
weight until it dlsappeared He then
weighed the oxygen used by the burning.
candle, the wax that remained and the
*foul gas (carbon dioxide)and water vapor
formed by the burning candle. He found
that the weight of the candle that disap-
'peared and the~we1ght'of the oxygen that
combined® with it equalled thé weight of
tHe car,bon dioxide and water vapor. This
is orie.demonstration %f the LAW OF CON.-

SERVATION OF MATTER. - -

23 The second'law of conventlonal

N physics is known as the LAW OF CON-

SERVATION OF ENERGY. This law

4
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“ergs”. All of these words are included
converted to another form, but the total _ . in the GLOSSARY found at the énd of

; - . ") .
states_that one form of energy ¢an be . terms new or unclear to you, such’as ‘
* amount of energy.in the-universe-neither— @the tEx;.

- increases nor decreases. . . ) :
2.4, Until 1905, matter or mass and en- - POWER IMPLICATIONS . .
‘ergly were looked at as separ?te“entxtxes, 2.7 Although no one has succeeded

ag/indeed they|appear to be. -  through nuclear fission in cenverting to
2.0 Then, a young mathematician and energy more than a small fraction of any
- physicist working in the Swiss Patent Off- mass, the advantages of nuclear fission
ice produced a bombshell The young man 4, er chemical power (such as. combustion)
‘was Albert Einstein. He said, in what is  gre enormous. (See Figure 2.7 for somé
probably the most important mathemati- * oyamples). For instance, in the fission-
.. cal equation in history, that E equals mc?, - ing of uranium, as in. the bomb dropped
" or, in plain English, that there is an exact  gyep Hiroshima, only a minute part of the
equivalence between mass and energy. total mass of radioactive substance is
, Mass can be converted to energy aqd, eévén  changed to energy—but this release of. & @
. more strangely, energy can sometimeg be ergy is gigantic. The Hiroshima blast was
,converted to mass. . equivalent to 20,000 tons of TNT. This was <
2.6 According to Einstejn, it is not produced by the fission of 2.2 pounds of . ’
mass or energy as a separate entity, but  uranium (since only a minute part of the
rather the total mass-energy of the uni- total ac'tual]g underwent, fission, the ura-
verse that remains copstant. In his equa-  nium contained in the bomb was consider-

-’ - . ¢ - .‘
tion B'= me* E stands'for energy; in érgs, ably motre than 2.2 pounds). Why so little .
enerated by any reaction; m is for “mass”  mass can produce so much energy is pre- N
in grams, lost in any reaction; and ¢'is the  cisely . what was explained in Einstein's. ,
gpeed of light, equivalent to 3 X 10" cm per E =mé’§, éormula. - r
second (186,000 miles per second). ~ ,, . ‘
. " * NOTE R ‘ NA'I'UR_E C?F MATTER . .
As you read thromgh this and other 2.8 About the year 1900 a chemist, .if
chaptersyou may meet words and asked to expit phg’ material world in.
‘ - s o - ) . " Fission of one ) IR ) IR
, POUNO OF URANIUM o o
’ PRODUCES AS . ’
. MUCH ENERGY AS . >

COMBUSTION OF ...... , .

. R : . R v .
o . Fioure 2.7.—Nuclear energy as compared with cliemical energy. * <
| Lo FIGURE 2.7;-Nuclegr energy as compared with chemical energy.
Q T, — . 5 c A ; . r~‘
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non-technical language, would have spo-
ken somewhat ac follows, stressing certain
facts that are still valid and are still fun-
damental to an understanding of more re-
cent discoveries. : ‘
" 2.9 The ¢hemist would speak of ELE-
MENTS, of the ATOM, of MIXTURES and
COMPOUNDS, of ATOMIC WEIGHT and
the PERIODIC TABLE. Let usetake these
one at a time. ‘

2.10 Elements.—Allmaterial is made up
of one or more elements. These are, sub-
stances that cannot be broken down into
other and simpler substances by any
chemical means. Our 1900 vintage chemist
did not know it, but you will see later, that
it is possible to cause both decomposition

. and production of certaiff elements by
. means of nuclear reactions. There are now
- over 100 known basic materials or ele-
ments such as iron, mercury, hydrogen,

- ete., that have been discovered and classi- .

fied. Some have never been found in &
natural environment, but are manma;ie.

2.11 Iron,;mercury, and hydrogen—ex-
isting at normgl temperatures as a solid, a
liquid, and a gas respectively—are typical
elements. By heating, a solid element'can
be changed to a liquid and even to a gas.
‘Conversely, by cooling, a gaseous element
can be changed to a liquid and even to a
solid. : -

2.12 The Atom.—The smallest portion of .

any element that shares the general char-
acteristics of that element is called an
ATOM, which is a Greek word meaning
INDIVISIBLE, PARTICLE.

v

2.13" Mz'xtures.——ElémentSv 'ma.'y be
mixed without necessarily undergoingrany _

chemical change. For example,.if finely
powdered iron and sulfur are stizfed and
shaken together, the result is a mixture.-
Even if it were possible to grind this mix-
ture to atom-size particles, the iron atoms
and the sulfur atoms would. remain dis-
tinet from each other. " .

*2.14 Compounds—Vnder certain condi-
tions, however, two or*iore elements can

‘be brought togethér in such a way tha°t’:’

they unite chemically4o form a compound.
The resulting substance may differ widely
from gny of its component elements. For

) . [ .
c ) 1’ ‘
’ )
) 3
-~ 4 - f
. Lot N . 4 T

example, drinking water is formed by the
chemical union of two gases, hydrogen and
oxygen; edible table salt is compounded
from a deadly gas, chlorine, and a poison-
ous metal, sodiuin. = . '

2.15 Whenever a compound is pro- -

duced, two or more atoms of the combining
elements join chemiecally to form the MOL-
ECULE that is typical of the compound.
The molecule is the smallest unit that
shares the distinguishing characteristic of
a compound.

2.16 Atomic Weight.—Hydrogen is. the
lightest element. Experiments have dem-
onstrated that the oxygen atom is almost
exactly 16 times as heavy as the hydrogen
atom. Chemists express this truth by say-
ing that bxygen has an ATOMIC WEIGHT
of 16. Through many experiments, the

atomic weights of thé remaining elements -

have been found:”

2.17 The Periodic Table.—Figure 2.17 is
a qéandard table of the elements. The
:.atomic number of each element appeass

above its chemical symbol. The vertical -

coluthns represent family groups. All
members—from the lightest to heaviest—
of a.family behave like one another in
forming (or refusing tozform) chemical
compounds with other families.

. 2.18 While still essentially.correct, this

s

circa 1900 chemist’s view of matter needs

to be supplemented (but not«entirely.ye-

placed) by an analysis of the atom. In 1900,

only a few advanced scientists had become -
convinced that the atam is divisible after ; -

all. This was a new idea, since the atom'is

very small, having an overall diameter 6" i

about 10 centimeters.

THE ATOM AND ITS BUILDING BLOCKS

2.19 Small as it is, the atom'“"proyed to"
be composed of yet smaller particles. In
fact, as shown in Figure-2.19a, it proved to
be mostly empty space, with the actual
matter contained in a central mass. The
new knowledge of the nature of the atom
has added many terms to tho8e known to
our 1900 vintage chemist. Let us take a-
few.of these term, and relate them to
some diagrams of the atom. The terms
most. useful are NUCLEUS, ELEC-

\
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FIGURE 2.19a—If an atom were the size ‘of the Em-
pire State Building, its nucleus would be as large
as a pea and the electrons would revolve around
thé nucleus at a distance of several hundred feet.

(Understanding that there is o much unoccupied .

space within the atom is important to an under-
standing of the interaction of radiation with mat-
ter.)

TRONS, PROTONS and NEUTRONS, the
latter three comprising the basic atomic
building blocks as shown in detail in Fig-
ure 2.19b. _

2,20, The NUCLEUS is the heavy,
dense eore of the atom, containing practi-
cally all of its weight. As we have seen,

this nucleus is surrdunded-at quite some

v .
WEIGHT OR RELATIVE | RELATIVE
a7 SYHeoLS MASS W ATOMIC ELECTACAL:
’ MASS UNITS # CHARGE
PAOTOM »OR 1007393 emy % 41
NEUTROM o On of 100898 emy 4
¢ OR e OR )
ELECTRON 0 000549 emw -1
cafom-
My ATOWIC MASS UNT Lemu) 1S EQUAL TO § 6 £10°2% ORAMS OR ONE
" BLLIORTH OF A BILLIONTH OF A MLLIONTH OF A ORAM -

FIGURE 2.19b—Atomic building blocks,

’

© TLECTRON (Negetive Charge)
O PAGTON (Pesitive Cherge)
© HeuTRON (40 Charge)

FIGURE 2.21—Elementary particles that make up an
atom. .
L

distance by ELECTRONS which whirl
around the nucleus at tremendous speeds.
Electrons are very small and have practi-
cally no weight.

2.21 If we examine the strizcture of the -

nucleus in greater detail, we see that it
consists of little individual balls of matter
that are about the same size in all atoms.
Some of these little balls of matter have a
Jpositive electrical charge. These are called
PROTONS. Others, called NEUTRONS,
have no electrical charge and are said to
be electrically neutral. Both & proton and
a neutron are much larger and heavier
than an electron (see Figuré 2.31). ;
2.22 For each positively charged PRO-
TON in the nucléus, there iz a negatively
charged electron in orbit around the nu-*
cleus. The number of protons in the nu-

3. LITHIUM 4. BERYLLIUM

" FIGURE 2.22—Comparing the atoms of the firat four

elements,




-;.v,gcleus, therefore, determmes the number of
- - -electrops which are in orbpit ardund the,

- ‘nucleus. The number of protons glso deter-

S ‘mines the™nature. of the element. For exam-

‘ple, the single posmve charge on #he hy- .~

- drogen nucleus balances the negative -
- chargeo E/n/the electron. Thus, in its normal

‘or UNEXCITED state, the hydrogen atom

: . a8 a-whole-is- electrlcally neutral. The next

element heavier than hydrogen is helnim,
and it has two electrons that move in-a

_single orbit. Two positive charges in the

" helium. nucleus counterbalance the nega-

-

- tive effect of the two electrons. Lithium,

the next heavier element, has three elec-
trons. Only two of these travel in the
comparatively small area near the nu-
cleus, the third has a much larger orbit.
The_lithium nucleus, therefore, has three
positive charges See Flgure 2 22 for exam-

’ .'ples. -

2, .23 If time and space permltfed the
atoms of all the elements could be exam-

- " ined one by one. For present purposes,

however, the oxyger atom (Figure 2.23)

o . will be an adequate example. °

2.24 The oxygen atom has eight pro-
tons, and therefore eight positive charges
in its nucleus. To balance these eight posi-

“tive:chaiges, eight electrons- p.re reqmred

: "The first two electréns are in the ininer
- orbit, as is normal in any atom above
hydrogen Three outer orbits, contain the

“ other three’ palrs of'electtons, as shown in

FIGURE 2. 24,-Another way of viewfng the atom is s mmute sol
. ”t’here is the nucleus, instead of the pianets in orbit\

aTox Proided o ERIC . I S L

at

© ELECTAON (hmm
Qmowmmﬁn Cherge)’
- .mmm (nocnr.-)

“FIGURE-2 23.——The oxygen atom. -

the drawing. One way to thmﬁ of the six
‘guter electrons, all revolvmg and spin-
ning, is as if they were tracing a hollow
shell like an ultra-light tennis ball. Scien-
tists customarily speak of electrons as
being located in SHELLS, classified as K,
L, M, N, O, P, A, and sub-shells, in accord-
ance with their energy level, which is pro-
portional to a distance from the nucleus.

2.25  Continuing with our detailed look
at the oxygen atom, we see that in addi-
tion to the eight protons and the two
shells with a total 9f eight eleltrons, there
are also eight uncharged particles or neu-
trong.

2.26 With the smgle exceptlon of hydro-
gen in its simplest form, all atomic nuclei
contain neutrons as well as protons. The
lighter elements tend to have appro- )

+

. THE SOLAR srs'rsn s
system Instead of the sun at the center,
here are the electrons.
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' mately equal quotas of neutrons and pro-
tons; the heavier elements have more neu-
trons than protons. This fact, to be ex-
plalned in greater detail later, is Impor-
tant to a4n understanding of radiation.

ISOTOPES /

2.27/The number of neutrons in. the

‘nucleus may range from zero to almost
150. In certain elements it is found that
different atoms of the same element have
the same number of protons but vary in

the number of neutrons. To the chemist,

this is of little concern because the chem--
ist works with -the orbital electrons, and

since all of these atoms have the same

number of protons, they will have the

same number of electrons in orbit. Since
they have a different number of neutrons
in the nucleus, however, the various atoms
of the same element will not all weigh the
same. ’

MASS—A measure of the quantity -of .
s matter
" WEIGHT.—A measure of the force w1th
which matter is attracted to
; the earth

2.28 Tathe nuclear physmlst and physi- .

cal chemist, these are different forms of
the same chemical element differing only
in the number of neutrons in the nucleus.
Many of the isotopes are stable. Some of
the isotopes are unstable,. ade therefore
" radioactive.

2,29 Figure 2.29 shows various lsotopes
of the element hydrogen. The ‘heavier iso-
topes rnake up a very small fraction of one
percent of the ‘total amount of hydrogen
found in nature. Ordinafy water consists
of moleculés each of which is made up of
two atoms of hydrogen and one atom of
oxygen. If water contains hydrogen. which
is-not the wormal isotope of hydrogen (one
proton) but.the deutefium isotope (one
proton ‘and one neutron) it will look like
Tegular water, taste like regular water,
and, from the ¢hemical pomt of view, it
will be ‘water. HoweVer, from a nuclear .
“point’ of” v1ew, this is HEAVY WATER
_.because it is. made with the heavier iso-

.. .~'tope of‘hydrogen.

2. 30 The third form of hydrogen called

- 1?8-_1’

HYDROGEN DEUTERIUM
srmol‘mﬂ STABLE Fonu

~

* TRITIUM
RARE .
RADIOACTIVE FORM 4

FIGURE 2.29.—Isotopes of the element hydrogen.

tntlum contains one proton and two neu-
“trons in its_ nucleus. The addition of the
second neutron to the nucleus produces an
uUnbalance in the proton to neutron ratio
thereby causing an unstable or excited
condition due to the excess energy. This
excess energy is emitted in the form of
radiation. Tritium is the. only _isotope of
hydrogen that is radloactlve

.. 231 Onty three lsotopes of the element
hydrogen exist. Attempts to produce a

fourth isotope fail because the nucleus of a

tritium dtom will not capture an addl- t

tional neuf:ron.

2.32 Figure 2.32 shows two different
isotopes of uranium. Qne is called uranium
238. Its nucleus contains 92 protons and
146 neutrons which comblned total 238..
particles. The other, uranium 235 con-
. taing 92 protons and 143 neutrons which
total 235 partxcles. Both of these will react -
chemically in exactly the same way.
Therefore, to the chemist they -are the.

same. The 1mporta,nt difference to the nu-y

clear physxclst’ is the fact &hat, although
both are .radloactlve, the U35 will sustain

a chain reaction whereas the U2 will not.. . g
2.33 As. previously stated, the first ele- .
ment, hydrogen, has-only three. isotopes in

" its family. The number of isotopes for each

of the other elements varies consxderably

o o ’ . : ’ ‘: 1 ' :".‘”,
N . ”‘, ”;' -7 (—-\’/ s . J:;‘":l:




gvnth, for-example, as many as 25 istotopes
+* for the fiftieth-element, tin. -

' 2.84 - Altogether there are over 1,200
> -isotopes, the majority of which are radio-
.~ - Active; Most elements have two or more
-- isotopes. While the humber of neutrons in
.- the nucleus does. not materially. affect
. ... chemical behavior, the neutron- to proton
= . (n:p) ratio-of the nucleus does affect the
) - atont in other ways.

- URANIUMZ3S - .
“RADIOACTIVE  { -

o -
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, FIGURE 2.39a~—Atoms of the element hydrogen and
+ the element helium,

We are close-to our main objective—
—understanding nuclear radiation!!!

~ .

2.35 Before the. discovery of the 'neu-
tron, scientists identified any element by a
one-letter or two-letter 'symbol represent-

" ing its chemical name—H for hydrogen, Cl

for chlorine, Na for sodium (whose latin-
ized technical name' is natrium, hence the
Na), and so on. The nuclear physicist ac-
cepts these time-honored letter symbols;
but when speaking in general terms, he
refers to any of them as SYMBOL X.

2.36" To make precise reference to a
given atom, the nuclear physicist (1) pre-
cedes symbol X with a numerical subscript
callegd SYMBOL Z and (2) follows symbol X
with a number (often, but not always,
written-as a superscript) called SYMBOL
A. His identification of an atom, then,

" takes the form ;%A or, sometimes when Z is

clearly uriderstood, simply X4 or XA. For
example, U235 and'U238.

- 2,37 SYMBOL Z.~The subgeript Z is
called the ATOMIC NUMBER,; it tells how

. many plji)tons the nucleus contains (ahd

simultaneously, of course how many pla-
netary electrons the atom has in its nor-

* mal state). For hydrogen Z-s 1; for oxygen

it'is 8; for uranium it s 92.

2.38 SYMBOL A—The final idéntifying
symbol is an ATOMIC MASS NUMBER
‘representing the sum of the protons and

hé neutrons. 1 ¢q -
“lt ?‘ne‘u r(’ms- 19 o

- o - .
“




PRO- | ATOMIC | NEY- .
SUBSTANCE SYMBOL | TONS , MASS mgus %LR(E)ES
2} | NMBER [ (A-2) | (=2)
S {A) .
HYDROGEN 4! tr i o g1
DEUTERIUM
Heor 02 - ! 2 t |
TRITIUM
o 1 3 2 1
. OXYGEN
kX 0% s 6 | 8 8
URANIUM
92u38 s2 | 234 146 | 92

FIGURE 23%b.—Symbol meanings.

IMPORTANT

»

To find the number of neutrons in any
fully identified atom, subtract Z from
A, .

2.39 Let us see a few examples of the
uses of these symbols. In Figure 2.39a, we
see an atom of hydrogeh with the sub-
script 1 as its atomic number (Z), since

hydrogen has only one proton, and super- -
.seript 1 as its atomic mass number (A),

since the atom contains only the one prg-
ton and no nelitrons. The Z number for

" helium is two, since it has two protons in

the nucleus. As we have seen, each ele-

ment has a distinctive atomic number rep-
resenting the number of protons’in the
nucleus, and we can determine the num-

"ber of neutrons.in the nucleus by subtract-

ing the atomic number Z from the atomic”
mass number A. As examples, the nucleus
of 4,U%* contains 146 neutrons and the
nucleus of ,,C* contains 32 neutrons. Since
noymal atoms are electrically neutral, each
atom will have the same number of ‘elec-
trons as there are protons in the nucleus,
i.e;'the Z nu rwill equal the number of
protons in the nucleus or the number of
electrons in orbit aboutthe nucleus. The

- 'subseript Z number is sometimek disre-

garded because the atom is identified by
¢hemical symbol. Thus He* or ,He* both

_have the same meaning. Figure 2.39b
. showis-how symbols are interpreted.

»

. ‘within the nucleus of the atom largely

détermines the stability of the atom. The

v

-

'2.40° The ratio of neutrons to protons .

+

protons being positively charged tend to
repel each other. The repulsive force is
counteracted, however, by a nuclear at-
tractive force called Binding Energy. Very
little is known of this energy. However, it
is known that for elements which have
relatively low atomic weights, nuclear sta-
bility occurs when the number of protons
and neutrons are nearly equal. Heavier
elements, those with higher Z numbers,
require a higher netutron to proton (n:p)
ratio for stability. Whereas those elements
in the lower part of the periodic table
(Figure 2.17) are stable when the isotope
has an n:p ratio of approximately one (ap-
proximately the same number of neutrons
as protons). The n:p ratio must increase as
the Z number increases if the stability of
the atom is to be maintained. Beginning
+with the element bigsmuth, atomic number
83, when the n:p ratio increases above
1.5:1 there are no stable isotopes. The sta-
ble range of n:p ratios for many elements
is not critical, i.e., there are seyeral ele-
ments with many stable isgtopes.
\

2.41 An unstable atom, one with a n:p
ratio either too high ot too low, will even-
tually achieve stability by spontaneous

.

. emission of energy and/or particles from

.

-

its nucleus. This process is known as RA-
DIOACTIVITY. It may be the natural de-
cay of ‘unstable isotopes which occur in
nature or it may be as the result.of artifi-
cial radioactivity which has been caused
by man. In _each case the nucleus is in an
unstable or excited state, having an excess
of energy which will betradiated allowing
the nucleus to achieve a stable or ground
state. S, .

«
o~

RADIOACTIVITY is the spontaneous. disinte-
gration of unstable nuclei with the result-
ing emission of nuclear radiation. .

. N . e - . .
2.42 Radiation is the conveyance.of en-

ergy through spacé. Everyone is familiar:

with the radiation of heat from stoves,

light from el®tric lights and the sun, and -
the fact [fhat some kind of energy is re- .
ceived by our radio and television sets to
make, them operate. The radiation of en- .
ergy from radioactive materials is compa-

13
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““but, as indicated by Figure 2.42, are gener-

ally higher in frequency and, therefore,

* represent greater energies. .

-’\
e NOTE _ )

L n eEETLEG co
Rememberyadioactivity is ¢« PROC-
ESS:"Nucléar radiation is the PROD- -
UCT of this process. ’ -

2.43 Afoms in fhe unbalanced stgte de-

»

‘ réble; to these familiar forms of radiation  ION. The two, patticles, the’ positive ion

(atom gr atoms) and the negative ion (dis-
.lodged electron). are known as an ION
PAIR. The process which caused this sepa-

ration of particles.making up the atom and

the attendant electrical unbalance is

known as IONIZATION. .

4

?"W;Zt —_—— ™ )
'-u‘ .’/\‘9\
, 4

scribed in paragraph 2.41 are said to be °

RADIOACTIVE. They are spontaneously
emitting some type of IONIZING radia-
tion energy. IONIZATION is a process
which results in the formation of electri-
cally charged particles (IONS) from neu-
tral atoms or molecules. '

- 2.44 For a closer look at ionization, ‘con-
sider Figure 2.44 in which .a normal atom

; M's,/shbjected to a bombardment of-energy.

The energy of this bombardment may
knock an electron from its otbit into free
space, i.e,, it will not be associated with

~~ eny-atom. It is a negatively charged parti-

.cle in space and is referred to as a NEGA-

= TIVE ION. The remainder of the atom

from which the electron was dislodged is
also electrically unbalanced by this event.
Having lost one electron with its negative
charge, it iow has an effective net positive
charge of one since it now contains one
proton for which there is no.counterbal-
ancing lectron. The positively charged

atom (or atoms) is known as a POSITIVE
- ) . -

‘

. FIGURE 2.44—Ionization. ~~ -

]

. 2456 Nuclear radiations are given off by
atomssvhich have more than the normal-
complement of energy. The physicist says -
they are UNSTABLE. This unstable con-
dition is often caused:by too low or too
high dn n:p ratio as explained earljer.
Radioactive ‘atoms literally erupt from
time to time emitting energy from the
nucleus. TheSe nuclear radiation emis- °
sions are classified as ALPHA PARTI-

CLES, BETA BARTICLES and GAMMA . -

RAYS.’Each tyPe of radiation will be dis-
. cussed in.more detai! in later paragraphs:

«x

(zz¢e -""4.1«3———) zr“‘f + JOMIZING RADIATION ) ’

" .. - . ' L7 ' . . B
" FIGURE 2.47~The normal atom of Co* bombarded by a neutron. In this case, the atom.accgpts this neutron in
© ~ . it8 nucleus; the A numben increases by one to Co%® and the.atom i radioactive, .
DL P A 8 ‘ ) A
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2.46 Nuclear radiatioq differs from
other forms of radiation in the sense that
the nucleus of an unstable atom contains

- amn excess of energy which will be emlttef
regardless of ‘man’s efforts. Use of heat,
* chemicalg or pressure will not stop or alter
the rate of nuclear radiation emissions
. from a radioactive atom. Man can cause or
stop other types-of radiation such as heat,
light, or even other atomic radiations
+ * which in _many ways compare to nuclear
radiation. .In the case of heat and light
radlatlons caused by electricity, merely
flipping a switch can start or stop these
radiations.

¥

"2.47 Many nuclear radiations are
caused by bombarding atoms with energy,
" causing them to radiate energy which
ceases whenever the bombardment stops.
However, if the atoms in the material be-
come radioactive as a result of the bom-
bardment,; they will then spontaneously
emit ioniz,ing radiation of one or more
types until they reach a stable condition.
One of the sources of nuclear radiation
commonly encountered in radiological de-
fense training is ,,Co® (Cobalt 60). Figure
i 2.47 shows how this isotope_of Cobalt is
e, deVeloped from 27C0%°.

_2.48. leferent radioactive elements
“ vary greatly in the frequency with which
their: atoms erupt. Some radioactive mate-.
‘rlals in-which there are only infrequent
emlsswns or radiations tend to have a
very long life ‘white those which are very
active, radiating’ frequemtly, may have a
comparatlvely sho®t lifé, The time differ-
. ehce is very great between short and long
.Jdived radioactive materials. Some ‘sub-,
stances may. stabilize themselves in a
( " small 'part of a 'Second, while a radioactive
" isotope with ‘a long life may. chanje or
" deeay only slightly in thousands or mil*
ho .of years, The rate of radioactive de-

- cay js-Dsually measured in HALF-LIFE, \
_the tlme requlred for the radioactivity of a
B given amount of a particular-materigl to

decrease ito half its,original value
. ’

e 2 49 The half-l;fe of & radloactwe mate-,
;o nal may range from fractlons of a Second

CIRIC g

.ries; in another 24 hours it would be down
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FIGURE 249~Decay curve.

up to millions of years. The following ra- )
dioactive elements demonstrate this wide ‘
range of half-lives;-argon 41,109 minutes; - .
iodine 131, 8 days; radium 226, 1,620 years;
plutonium 2389, 24,000 years. Figure "2.49
depicts a gamma emitting material with a
24-hour half-life. This material when first
made radioactive has a quantity of radio-
actmty of 200 mllhcurles In 24 hours the ’
'radloact1v1ty would bé down to 100 millicu- <

to 50; in another 24 hours it would b@ down
to 25, ete. x
P [y

PROTACTINIUM ' R

MORE YEARS...
MORE YEARS

FIGURE-2.50.~Another view of half.life.
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2.50 Let us look at another example.
"Assume that the block shown at the upper
left in Figure 2.50 is composed entirely of
the radioactive protactinium isotope
known as Pa®!. The half-life of this partic-
ular isotope is 34,000 years. At the end of
34,000 years, therefore, half of the original
protactinium atéms will have undergone
transmutation to other elements. The rest
will still be protactinium. If they were
separated from the transmuted atoms, the

protactiniuin atoms would now constitute

the second block in Figure 2.50.

2.51 The second block will not decay
completely in the second 34,000 year pe-
riod. Unquestionably, it has only half as
many atoms as the original block; but by
that very fact it offefs only half the origi-
nal opportunity for atomic reactions to
take place. As before, half of the atoms (a
quarter of the origindl protactinium at-
oms) will remain unchanged at the end of
the second half-life. " - :

~ Ll

2.52 During the third half-life, the
number of protactinium atoms will again
be cut in half—and so on. In general
‘terms, then “x” grams of any radioactive
isotope will decay in accordance with the
"following series:

e
*

X, X, X, X,X,X. X _ X . X

etetststan et metas e
- 263 No mat%tmer how far this series is
extended, its final term, x/n will represent
.only half of the protactinium atoms that
were intact at the beginning of the given
half-life. If x/n atoms have been lost dur-
ing the preceding half-life through decay,
an equal number still remain to start the
next half-life.

2.54 In other words, the sum of this
series approaches x, the original number
of atoms, but (in theory at least) never

- quite reaches it. There is always a frac-
tion, equal to x/n, representing the atoms
that are still intact.

. o

2,55 A useful rule o6f thumb is that the
passage of 7 half-lives will reduce the ra-
dioactivity toa little less than 1 percent of

oot

its original activity, and in 10 half-lives
the activity will be down to less than 0.1
percent. The shorter the half-life, the more
highly radioactive the material will be.

2.56 As we will see in more detail -in
subsequent chapters, half-life has impor-
tant bearings on safety. It is obvious, first
of all, that any isotope with a long half-life
is potentially dangerous if it is produced in
large amounts. When such an isetope is
once formed—whether by nature or in an
atomic power plant or during a nuclear
explosion—it will contaminate its sur-

. roundings for a long time to come.

2.57 For some of the artificially pro-
duced radioactive isotopes, the half-life is
measured in hours, minutes, or even sec-
onds. These isotopes are extremely actiVe;

+that is why they decay so fast. -

COMMON TYPES OF NUCLEAR
RADIATION - e

2.58 There are three common types of
nuclear radiation ‘with which you must
become familiar: ALPHA and BETA PAR-
TICLES, and GAMMA RAYS.

2.59 Alpi;a Radiations emitted by ra-
dioactive materials are often called alpha .
radiation or simply alpha. Alpha particles
are comparatively large, heavy particles of
matter which have been ejected from the
nucleus of a radioactive material with |
very high velocity. The velocity with -
which these particles leave the nucleus
determines the distance (range) that they
will travel in any substance. As indicat‘eﬂy
in Figure 2.59, an alpha particle carries a
net positive electrical charge of two and
an atomic mass of 4.00277. Thus the &lpha
particle is equal to the nucleus of a helium
atom which contains two protons (with one .

" positive charge each) and two neutrons.
-.However, when we compare the speed of

alpha to that of beta and gamma, we find

. this to be a relatively slow rate as-might

be expected due to alpha’s size and weight,
Alpha rays are literally small pieces of
matter traveling through space at speeds

24 "7
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of 2,000 to 20,000 miles per second. When a/ 2.62 The neutron is another type of ra-
radioactive atom decays by.emitting an- diation which accompanies certain types
alpha particle, transmutation of-this atom of nuclear reactions but is not encoun-
& to an atom of lower atomic number (Z) and tered in natural radioactive decay. As was
lower atomic mass number (A) occurs. dlscussed prevmusly, this type radiation lS

aToNC
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OINTCAL TO & WiN =
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FIGURE 2.59—Characteristics of nuclear radiation.

2.60 Beta Particles are-identical to
highspeed electrons. They carry a nega-
tive electrical charge of one and are ex-
tremely light, traveling at speéds nearly
equal to the speed of light, 186,000 miles
per second. Although the atomic nucleus
does not contain free electrons, only pro-
tons and neutrons, the electrons which are:
emitted ‘as beta partlcles result from the
spontaneous econversion of a neutron into
a proton and an electron. The neutron
which lost or emitted-the beta partlcle has
become a proton with a positive ﬁharge
and thus-the atom has been changed.
Transmutation has produced an atom with
a higher 7 number. "\l

2.61 Gamma Rays are a type of .elec-
tromagnetic radiation’ which travel with
the speed of light. As indicated in Figure
2.59, they have no measurable masi or
electrical charge. We have become accus-
tomed to.the use of X-rays in the mechal
field. X-rays and gamma rays are similar,

.but there are two important differences
betweeh them. First, as indicated in. Fig« :
ure 2.42, while there is some overlappmg,
gamma rays are generally of a high
frequency The basic difference, howev;v
is their source. Gamma rays omgmate i "““"/‘

the nucleus. while X:rays originate in t

cloud of electrons about the nucleus. The

emission of an alpha or beta partlcle from

the nucleus of an atom-as shown in Figurel

":2.61, almost invariably leaves the nucleus

with an excess of -energy (excited staté)

and will be accompanied by the emission of

gqn‘xma rays to reach ground or stable - » “
o ~ondition. ) FIGURE 2.61—Excited to stable nucleus.
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able to induce radioactivity in stable iso-
topes.\ .

" RADIQACTIVE DECAY AND DAUGHTER
"PRODUCTS s ¥

2.63 Radioactive decay, often results in )
“transmutations”, i.e., the change of one
element into another-and the dream of the
medieval alchemists. Some radioisotopes
decayLdirectgly to a stable state in one
transmutation. Others decay through a
series of transmutations or steps forming*
" different radioactive elements called
DAUGHTER PRODUCTS before finally
reaching a stable state.

2.64 Consider now what happens when
a radioactive isotope emits radiation, and
follow one atom of uranium through its
successive transmutations. Starting with !
an.atom of uranium 238~wdich has 92
protons and 146 neutrons, f?llow the «
transmutgtions in Figure 2.64.

2.65a Uramum/238"’m1ts an alpha par-
ticle. An alpha particle consistg'_of two
protons and two neutrons, and therefo;:e is
an atgmic nucjeus in its own right. It is
" the niicleus of the helium atom. (Hélium
"has a nucleus composed of two protons and -
two neptrons.) With the alpha *particle
-emitted, there ‘are now 90 protons &nd 144
hvnetlztrons. The nucleus now weighs 234

-

NUMBER OF
PROTONS I NEUTRONS

—

s2° 1“6

-2 ~2

90 e
£ -,

’| 143
+ =

ELEMENT ANO
ATOMIC WEIGHT

URANIUM - 238

TYPE OF
RADIATION EMITTED

ALPHA PARTICLE

THORIUM-234
BETA PARTICLE

PROTACTIMUM - 234
uan:wa-zu v
[~ THORTM =230
RADIUM~226

BETA PARTICLE

92
-2
90
-2
"
-2
[[]
-2
B . 4
ALPHA PARTICLE -2
7 h 132
BETA PARTICLE + i)

: [ ] 13)
BETA PARTICLE t =1

m 130-
< -2
2 128
8ETA mmcu/ +i =
3
‘SETA mﬂc/: - +
s

ALPHA PMf)éLE -2 -
STABLE ATOM [

2

o

ALPHA PARTICLE -2~
140
=2
138
-2

ALPHA PARTICLE

e
ALPHA PARTICLE

RADON- 222 136
2
134
-2

ALPHA PART

PW'ZI.

LEAO'IK "

MMUTH-214
POLOMUN-2)4

ALPHA PARTICLE.

LEAD~210

MSMUTH=-210 lz;f

POLOMW—ZI? |2§

LEAD~206 124

FIGURE 2.64—The decay chain fewmuranium atom.

“cleus. Since the number of protons

units; and since the number.of protons has
been-changed, ¢t is no longer uranium but
8, in fact, thorium 2384. ’

2.65b Thorium 234 emits not an alpha .

partlcle bat a beta particle. Where does ,'

the beta partlcle come from? Remember
that a neutron is electrically neutral. We
have seen that an electrically neutral
state can be regched when pdsitive and _
negative charges balance one another and -
that a neutron can act like a .proton with
an electron tightly tied onto it as shown in
Figure 2.65b.

2.65¢ The negative charge of the elec- ..
tron balances the positive charge of the
proton resulting in a neutron. When this
negat‘wely charge electron lé\‘ejected as a
beta particle the remainder is no longer
electrically neutral, but now has a posmve/
.charge, thus changing a neutron to.a pro-
ton. In effect, one proton has been gained -
and one neytron has been lost, Now there
are 91 prbtons and 143 - néutrons. The
_weighit.is §till 234, but since the number of
‘prétons hhs been - -changed, the nature of"
rthe elenrént has been changed; and. is now
an atom of protactinium 234.

2.65d Protactinium 234 also emits a
beta partlclé so 1 proton is added, and 1
neutron is subtracted, leaving 92 protone®
and 142 neutrons. Its weight is 234, but
the element is, of course, again uranium
because it now has 92 protons.

2.65e Uranium 234 ,.emits an alpha par-
ticle, 2 reutrons and 2 protons are sub-
tracted, leaving 230 particles in the nu-
is back
"to 90, the element is now thorium 2 0.

2.65¢f Thorlum 230 emits an alpha parti-

1é. Subt;ractds 2 protons and 2 neutrons. Ii,:

now has,a,;;&glght of 226, a:1d SIEce it has

F“IGUBE‘Z.GSb.--C‘oncept of a neutron changing into a
. proton by emitting a beta particle.
’ t‘& Q
T
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, /only 88 protons in the.nucleus, it is the

element.radium. « .
~ 2.66g Radium emits an alpha particle,
80 2 neutrons and 2 protons-are lost leav-
ing 86 protons and 136 neutrons. Our ele-
ment is now radon 222 which is a gas.
+ 9.656h Radon 222 emits.an alpha parti-
cle, leaving 84 protons amd 134 neutrons.
?gairr a different element s formed—po-
onium 218, . ,

2:65i Polonium emits an alpha particle,

.."which leaves 82 protons and 132 neutrons,

and is lead 214. o

. 2.65j Lead 214 emits-g bgﬁgg,‘;pa‘rticle

whijch increases the number“sf-protons-by
"1 and decreases the number ‘of "neutrons,
by 1, leaving 83 protons and 131.neutrons.

4 This forms bismuth 214.

2.65k Bismuth 214 emits a beta particle

which adds 1 proton and subtracts 1 neu-,

tron, leaving 84 protons and 130 neutrons.
“This is polonium 214, .

2.651 Polonium 214 emits an alpha par-
ticle which takes away 2 neutrons and 2
protons, leaving 82 protons and 128 neu-

.. trons for a mass of 210, and the element is

b v Jlead 210.

2.66m Lead 210 emits ?l;;t}/gﬁrticle,
leaving 83 protons and {127 neutrons,

which now becomes bismuth 210,

2.66n Bismuth 210 émits a beta particle
which adds a proton and subtracts a neu-
tron, leaving 84 protons and 126.neutrons.
This is polonium 210. o
' 2,660 Polonium 210 emits an alpha,
which leaves 82 protons arid 124 neutrons.
The total weight is 206; the element is lead

© 206, .

2.65p Lead 206 is stable and not radio-
active, therefore, this is “the end of the
line”. - Co
2.66 Well, that’s fine, and all very inter-
esting, and accounts for beta and alpha
radiation, but what about gamma radia-
tion? Where does that come from? As we
saw in paragraph 2.61, gamma ‘radiation
originates  when, the discharge of one of
“thege particles from-a-nucleus*does not
take ‘sufficient energy along with it to
leave the nucleus in quite a contented

state. If the particle leaving the nucleus

’

does not take with it all of the energy that
the atom would like to get rid of in this
particular disintegration, it throws off
some of the energy in the form of gamma
radiation. Therefore gamma radiation can
be given off by many radioactive materials
in addition to,the beta or alpha radiation.

2,67 The foregoing makes it clear why
gamma radiation occurs and can therefore
be detected from a radium dial wrist
wateh or from uranium org‘by a prospec-

tor. Both radium and uranium are puré”

alpha emitters, but as time passes the
decay process goes on and"forms daughter
products in the radium and uranium, It is
from the decay of these various radioac-
tive “daughter products” that the gamma
radiation is given off. Pure radium or ura-
nium, freshly prepared, represents only an
alpha hazard and could safely be handled
with the bare hands as far as external
hazard is concerned. (Handling it with the
bare hands is not a good'.idea because of
the possibility of introducing seme radium
into the body by thismeans and, besides,
heavy metals are toxic.) After the passage

_of time, however, the daughter products

start to build up and alphas, beta, and
gamma radiation are: all béing given off
from the yadiurh and its associated daugh-
ters. .

: INTERACTION OF RADiA'[ION WITH

MATTER

~
-

NO‘TE

The important thing to remember
_about nuclear radiation is that it is a
“shooting out” of particles or bits-of
energy, some large, some smwll; some
fast, some slow; some weak, some pow-
erful. Since everything contains at-
ome—including our bones, skin, and
organs, of course—these particles
strike the atoms with force, the amount
.depending on the kind of particle, and
Qther factors. Actually, since the atom
18, a8 we 'have seen, made up of an
extremely compact core and shells of
electron(s), these electrons bear the

e . bPunt of .the hammering given out

when the atom 18 struck by particles.
As will be séen, the electrons Teact to
this hammering in various ways. This
has great significance to the studywof
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radigtion safety and the effects of ra-
diation on the body, as you will. dis-
cover-later.
'2.68 . Alpha particles lose. théir energy
‘rapidly-and hence have a limited range,

. only about 6 or 7 centimeters in air, and
are completely stopped by a sheet of pa-
per.“When the alpha particle is stopped,

. -stabilized, or reaches ground state, it has

- bickéd-up two electrons which are availa-
‘ble in. space thus making it a neutral he-

- lium.atom: The Joss.of energy by the alpha-
-paricle’ as it.traverses space is due to its
high specific ionization, i.e., the number of -
ion pairs produced per centimeter of path.
Each ionization event in air requires
about 32-36 ELECTRON VOLTS per ion
pair produced. The unit electron volt is the
amount of energy acquired by a unit
charge of electricity when the charge
moves through.a potential difference of
‘one volt. For example, if an eléctron —

" Should start at a potential of zero volts
and be accglerated to a point having a
potential of 32 volts, it would aequire an
eneigy equivalent to 32 electron. volts. An
electron volt is a very small amount of -

. ehergy. More common terms are thousand

-0 electron volts (keVd, and million® electron
o S volts(MeV). . T :

" 2.69 The high specific ionization of al-

. phia particles, 20;000-80,000- ictrpairs per - -

eryl factors, First, alpha is.a relatively

. Targe particle ‘and has a high positive

.. .charge; hence it will not only collidetwith
v, cother matter, but there will be frequent

07 o freleetrostatie, inferadtions with the-elec-
- iitponsassociated ‘with the ‘atoms through .
o2 Uuwhich-theparti le ig passing. These.inter- -

% dctions-reésultiin 4 loss:of energy by liter-
.. :lly knocking-an electron. from its orbit .

7 ;. (onization), of-it may lose energy to'the

- atom.by: merely displacing electrons from

 theif niormal-orbits without ejecting them.

.. Arom the atom (excitation). Figure 2:69 ..
.. showsthe différence between: an-excited _

“’:‘gltimeter of air traversed, is due to.sev-

-

itiveion, -

t_:qn,fahéi’né large-and posi-

FIGURE 2.69~—Excitation and ionization by an alpha
particle.

is a greater probability of ionizing them.
With this loss of energy there is a reduc-
tion in speed and hence a steadily increas-
ing amount of ionization, at first slowly.
and then more rapidly, reaching. a maxi’
mum and then dropping sharply almost to

, zero. Figure 2.70 is a representative curve ’
~ for the. specific.ionization. of alpha parti-. .
cles. The range and specific ionization var-, -

ies somewhat for different radicactive iso-
topes due to variation'in the energy with
which the alpha particle is .ejected, 4.0
MeV'to 10.6 MeV. However, all'alpha.parti-
cles emitted in ‘a specific nuclear reaction
have-essentially the same energy, and so
thesame range, o '

2771 The beta particle does ot lose its .

energy_as rapidly as the alpha particlé.

This is due to the fact that it is a very .
" small part,i'};has éesg charge than the

~
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alpha xti 4
| rate of s spred. An. alpha: partlcle, because of
l‘lts relatively heavy weight, is not easily
R eﬂected and tends-to-travel in a straight
p' th-ékasing:a: hlgh degree of ionization. A

‘- beta particle,. bemg hghtwelght is easily -
_“bounced around in any material. There- *
T s '7 fore, 1ts Fange in terms of distance from
.~ the -point of origin to' the point where it.
- ‘r ~finally associates. 'iself with an atom may.

- NAry oonslderabdy The actual distance

. traveled. by the beta particle also varies to
- a.considerable extent but not-as much as
* the measurement from the point of origin

-tor thepoint where complete-loss of excess
. energy occurs. Unlike alpha, the beta par-

] tlcles emltted by any given nucleus.have a
.. range of velocities and only mean or maxi-
__ mum energies. can be assigned. to primary

beta particles. Tables almost invariably
show maximum energies.

2 72.. The range- of velocltles for beta
part1c1e5~range§ from- a'boub 25 t0.99 per-
cent of the. speed of lxght, with-correspond-
_ ing energy variations from 0.025. MeV to ‘

3156 MeV. with a maJont“y of them bemg in

" the, vfcmlty .of 1 MeV. The range of the
a beta particle:is proportlonal to its energy.

Therefore, ‘a 3 MeV beta particle will
travelofurther than a 1 MeV . beta particle.
.23 Range is only approxlmately in-
versely proportional to the density of the
absorbmg material.through which it
_passes, i.e., the. more dense, the higher the
A number, the ‘more effective that mate-
nalswxllxbem ~stopping beta particles, How-
. -ever; because ‘of tHe: emission of X-rays

v

number materlals, low Z number ‘mate-
S ﬂ Fials sich 2 4s aluminum, glass and plastics
T ':'aresnormally ugedas-betd shields, :

e 274 The specificionization of beta par-
‘txcles;s approx:mately*50—500 ion Palrs per
centlmeter in:air Varymg according to'the
energy“of the beta:partlcle and the dengity

; ,p£ the absotbmg’ mitenal The range of.

,,,,,,

ters; Thus, compared to the few-cen‘tlmed
‘ter range of alpha i -4ir, beta has-a long
vi‘aﬁg"e; o

"FIGURE 2.74—Characteristics of nuclear rafliation. )
" rapidly as either alpha or beta particles.

. TRIC EFFECT, the COMPTON EFFECT,

when beta-: particles react -with hxgh z -
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Gamma rays or photons produce no direct
ionization by colision as alpha and beta
because gamma rays have no masgs. They
are absorbed or lose their energy by three
processes known as the PHOTOELEC-

and PAIR PRODUCTION

276 Gamma rays are highly penetrat-
ing, their effective range dependmg on
itheir energy. The effect of air on a gamma
ray is so small that it is.not practical to
measure tbe range of gamma radiation in
terms. of inches, feet, or meters, -but its
penetratmg power is measured in terms of
the amount of material that will be re-
quired. to reduce the gammd ray fo some
fraction of its ongmal value.

277 As a gamma ray or photon paSSes
through an atom it may transfer all of its
energy to an orb1ta1 electron eJectmg it

o~
;://\‘:
e
-\.:/\'
%
1

"""""

.’75 ’Gamma rays do. /not comzst of par-
izcln, have no nass, travel at the speed of -
’"'"6 tn& hence do 'not loae thezr ehergy as

[Kc
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FIGURE 2. 76,-—Penetratx0n~absorption of nuclear
* radiation.”




be. transferred 'to the electron in the form

trons ejected in this manner. These are

absorbed the energy of the gamma ray,
the photon dlsappears The photoelectron
will-ultimately lose its energy through the
formation of jon pairs. The.photoelectric
- effect generally oceurs witlt low energy
- gamma photons of approximately one-
o1+ tenth MeV or less.

‘ ~FIGURE 2. 77.—Absorptxon of gamma radxatwn by the
. photOelectrxc eftect o

2 78 The COMPTON EFFECT does not
I ,compIetely absorb the energy of the
gamma’ TAY.. A gamma ray Togés a part of
“its ‘eniergy to a. free or-1oosely. ‘bound or-
' bital. electron but will ¢ontinue as .a scat-
EERECORE j.tered gamma photon oflower energy, The

ST s cmmy df ﬂm photon will -eqial the dszer-
2ol eneedn original. energy” less the -amount of
s mergy tmnsferred to the eleciron Theé
e gATmer photon reactmg with -an’ orblta’l"

-~ electron aétgag though it had Jass sirice

it causes the e ectron g be eJected with
. high- -ehergy and a lowet énergy photon
- rebounds-at: some angle Both the- electron
which

e -
““tered.at an ang may cause f;frther ioni-
“zation. Fxgure 2,78 shows the. Compton
. fect ’Bh;s effect Joceurs. thh rntermedh

ﬁ'om the -atom, If'the photon carries more
. :Z' energy than- necessry to remove the elec-
. tron from its orbit this.excess energy can

L of kmetlc energy. Figurq 2.77 shows elec-

.. o ‘referred fo as PHOTOELECTRONS and
- .. the process by which this transfer of en-
S ... .ergy was accomplished is known as the

.. "PHOTOELECTRIC EFFECT. Since the
. orbital electron in-this case has completely

ate gamma photons of approximately one-
tenth to one MeV. .

PHOTON. ENERGY

FIGURE 2.78—Absorption of gamma radiation by the

Comipton effect.

2.79 PAIR PRODUCTION occurs only
with high-energy gamma rays. In this

process, as the photon approaclies the nu- -

cleus of the absorblng atom, it completely
converts 1tself into a pair of electrons. One

. of these is called a NEGATRON “but ac-,
" tually is an ordlnary electron with a nega-

tive. charge The other particle which has
exactly }the saime mass as the négatron
(electron) ‘but_carries a.positive charge

. tathérthan a. negatxve chaige is known-as - -

a-POSITRON and is .designated by the.

symbol e+, This process requlres gamma .

‘rays w1th -a-minimum eneérgy of 1.02 MeV
andiat ‘energy levels-above this the possi:
blhty ‘of this interaction increases. Figure
279 ig-a, dlagram of thls reactlon

FIGURE 2/ 79‘-Absorpt|on of gamma:, radutxon by pair
prod'uctwn.

- 2.80 Energy in -excess of 1. 02 MeV is
shared by the. negatron-pomtron pair in-
the form of kinietic energy. The positron
usually acquires somewhat more -energy
than the' negatron. This-process is, often
used. a8 an”example. of Eiristein’s mass-
anergy-theom {E =pme?, see paragraph2.5),

since it is an exahple of the” creation of 3

matter (the pair o electrons) -out of pure
energy (the gamma ra.y). It hagbeen found

¢
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that the mass of one electron is equal to
0.51 MeV. Since the pair production proe-
ess involves-the conversion of energy to a
‘negatron-positron pair, the energy re-
_quired” must be at least two times the
. energy equlvalent of one electron, 0.51

 MeV. Any energy in the photon that is in

excess of 1.02 MeV causes the ejected par-
- ticles to have greater kinetic energy, The
‘negatrOn is now equal to the beta particle,
usually a very energetic beta partlcle, and

", . will reaet and be stabilized in the same

manner as previously explained. The pos:-
tron has an extrermely short life, which is
ended by combining with an electron
However, before this happens it will cause
ionization of other atoms. When' the posi-
tron does join an electron threywre~shnihi-
lated with the production of two gamma

" photons of 0.51 MeV each, which eventu-

ally will be absorbed by Compton or pho-

: "toe}ectric effect.’

- CUNES AND ROENTGENS
* _To. be: effectlve in your radlologlcal
.defense work, you must get a firm

i .,grd(sip on the ways. radiation is meas-

.77 Ture

““Radiation”, like “distance” is a

ieneral congept. You would havé-a

¢ '-:‘weakunderstandmg of distance if you, -
..~ were .vague about. ‘“foot”, “inch”,

“mile”, “kilometer”, “light year” and
the other ‘ways: by whlch istance is
measured. The- same is true for radia-
tion. . §

2.81 The CURIE (Ci) is the unit used to

" measure the act:v:ty of all radioactive sub-

“stances. It is-a measurement -of rate of ,
decay or, nucléar dlsmtegra’tlon that oc-
-curg -within the radioactive material. The
curie: 1futlally established the activity
(that is, the- decay rate) of radlum as the
standard with which the act1v1ty of any

) <-other: substance was compared. -

MR

.2.8% By using:a.formitla thaf takes intg
. account the number of atoms per -gram

-and- the ~alue of the “halfiife in seconds, -

sclentlsts have: determmed that, the activ-

ity o£ radium-is, equaI t0.3.7 x 101 nuclear

dlsmtegratlons per.gram: per seéond, This

therefore, is the ame

of that' isotope that
will, produce 8.7 x 10* nuclear disintegra-
tior® per second. Since the measure is
based on number of disintegrations, the
weight of the radioiSotope will vary from

>.that of radium. A curie of pure Co® would
welgh less than 0.9 milligrams, wplle a

curie of U8 would require over two metric
tons. The cutie is a relatively large unit.

.In training, a millicurie, mCi (one-thou-

sandth curie) and the microcurie, MCi
(one-millionth curie) are commen units in
use. At the opposite extreme, the curie is
too small.a unit for convenient measure-
ment of the high-order activity produced
by a nuclear explosion. For this purpose,
the megacurie (one million curies) is used.

2.83 The ROENTGEN (R) by definition
measures exposure to gamma and X-rays.
It is an expression of the ablhty of gamma
or X-ray radiation to ionize air. One R will
produce 2.083 X 10°ion pairs per cubic cen-

timeter of air or 1.61 X 10 ion pairs per .

gram of air. (See Par 4.13 for a _more
complete m&cu531on)

The curie measures radioactivity.

. The roentgen measures X or gamma *

radlatlon
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EFFECTS OF NUCLEAR WEAPONS

After, our introduction to the language
of nuclear physics, we are ready to use
some of these terms in arriving at an
understanding of a nuclear detonation and
a knowl what can be expected from
a nuclear deto ation. ThlS is our primary
objective and in reaching it, we will also
cover:

o- \o )
WHAT is a chain reaction
WHEN does.it oceur
HOW is it like a chémical explosion
HOW is it different
WHAT is fission and fusion

HOW a nuclear weapon works

WHAT are the'effects of & nuclear _

explosion
WHAT is fallout

FAMILIARITY BREEDS CONTROL
3 1 Durlng World War II many large

- cities in England, Germany, and Japan

were subjectedi}o terrific attacks by high-
explosive and 1ncend1ary bombs. Before
the war, it was fully expected that such
attacks would cause great panic among
the civilian residents of bombed cities. Ob-
servations during the attacks and subse-

- quent detailed studies, however, fail to

bear out this expectatlon The studies

for the protection of -the civilian popula-
tion and for the restoration of services
after the bombing, there was little, if any,

evidence of panic. In fact, when sueh ~

measures are taken, the studies showed
that there was a definite decline in overt
Sfear reactions as the air bombings contin-
ued, even when the raids become heavier
and- more d@tz::;gtwe, ‘ -

3.2 The history of nuclear defense may

" showed that when proper steps were taken.

be said to have started with the explosion
of the two bombs over Japan in August,
1945,
These, the first and only nuclear weap-
ons ever used against an enemy, caused
precedented casualties. Many of these

asualties could have been'prevented if -

there had been sufficient warnings to per-
mit clearing the streets, and if the people
of Hiroshima and Nagasaki had known
what to expect and what to'do. For exam-
ple, only 400 people out of a population of
almost a quarter of a million were inside
the excellent tunnel shelfers at Nagasakl
that could well have protected 75 000 peo-
ple. ’

3.3 Information accumulated at Alamo-
gordo, Hiroshima, Nagasaki, Bikini, En-
iewetok, and Nevada, as well as experi-

ence gained from other types of warfare,. -

has contributed to the store of defensive
knowledge. From this knowledge, methods
of coping with & nuclear weapon attack
have been, and are being devised.

_NUCLEAR WEAPON DETONATION VS,
"HIGH 'EXPI.OSIVE DET ONATION i

3.4 The nuclear bomb was deSIgned as
a blast weapon. Therefore although im-
mensely mogre powerful, it resembles
bombs of*th,e“conventlonal type, 1nsofqr as
its destructive effect is due mainly to the
blast or shock that follows the detonation.
However, nuclear detonations do differ
from’conventional detonations in four im-
portant respects

First—a fairly large amount of the
energy from a nuclear detonation is
emitted as THERMAL RADIATION,
%eﬁrzlﬁ}i‘ally referred to as LIGHT. and

’
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————Second—the-explosion-is accompanied — -
by highly-penetrating, harmful but IN-




VISIBLE NUCLEAR RADIATIONS
Third—the nuclear reaction PROD-
UCTS, which remain after the detona-
tion, are RADIOACT]IVE,, emitting ra-
“diations capable’ of producmg harmful
_ consequences:in living organisms;
"~ Fourth—nuclear -explosions can be
many thousands (or millions). of times
more powerful than the largest conven-

) tlonal detonatlons

- PRINCIPLES OF A cnsmcm
> “DETONATION -

8 5 Before the chscovery of how nuclear
ehergy could ‘be released for destructive

- purposes, the explosive material in bombs

7+ of the type in general use, often referred

‘f"f',:.to a8 conventional bombs, consisted
.. “Jargely of atoms of the elements carbon,

‘nitrogen, hydrogen, and oxygen, in TNT
(trinitrotoluene) or of a related chemical

" * material. These explosive substances are

‘unstable m, nature, and are easily broken
. up into more- stable molecules. This proc-

¢ esd is assoclated ‘with “the liberation of a

.= ax'heat: Once the decomposition of a few

rela‘tlvely large ‘amount-of energy, mainly

o v molecules of TNT"is initiated, by means of

ke causes -§till more- .molecules’ to- decompose -

d suitable detonator, the resulting: shock

.. < As:a-Fesult, the overall rate at which TNT
"‘molecules bresk up is very- high. This type

= of behavmr is- charactenstlc of many ex-

"', enefgy in.a very short period of time.
thhm a llmlted space; -

plosmns, the process being accompanied
by the libération -of a large quantity of

36 The products of the deeomp051tlon

* of convéntional explosiveg are mainly ni-

“trogen and oxides of nifrogen, oxides of

; ’? carbOn, water vapor, and solids, notably

‘carbon, whlch are readlly dlsslpated in-the

"; surroundmg air, TPherefore, the sub-

stances remammg after the explosion do

" - no more haim: than-the ppisonous catbon

~ 7T‘f‘?.—\ﬁ: RS

SR

monoxlde present in -thé exhaust gases
when automoblle and airplane éngines.are
operated 1n the*open -gir, .

8T W,lth a c;onventlonal exploswe the

i} chemlcal molecules comprising the various

atomrare held together by certain forces,

' '. sometimes referred to as valence bonds.

When the molecules undergo decomposl-

EC G

tlon, there ls a rearrangement of the at-
oms, and there is a change in the charac-
ter of the valence bonds. As- stated above, "
a chemical explosive is-an unstable com-
pound, and in it the walence forces are
relatively weak. In the molecules of the
decomposition prodiicts, however, the
same atoms are bound more strongly.-It is

‘a law of physws that the conversion of any -

system in which the:constituents are he
together by weak forces into-qne in whlch

the forces are stronger, must be .accom-

panied by the release of energy. Conse-

quently, the decomposition of &n unstable .

chémical explosive results in the libera-

tion of energy. . ~
- . Y

PRINCIPLES OF NUCLEAR DETONATIONS

3.8 An atomic or nuclear explosion.re-.
sembles chemical explosions in the respect
that it is due to the rapid release of a large
amount of energy. But the difference lies
in the fact that in the nuclear explosion,
the energy results from 7rearrangement
within the central portion, or nucleus of
the atom, rather than among the atoms
themselves ds in a chemical explosmn
Since-the forces existing between the  pro-
tons and neutrons in the nucleus-are much

,greater than the forces between-the atoms
. in & molecule of chemlcal exploswe mate-

rial, -energy chariges, accompgnying nu-
clear rearrangements are very much
greater than those- assoclated with cheml-
cal-reactions.

.*8.9° The basw requlrement for energy
release is that the total mass. of the' inter-
acting species should be greater than that

_of the resultant product (or products) of

the ‘reaction. As we saw in Chapster II,
there is a def‘ nite equlvalen(:e between
mass and energ}r Thus, when a decrease
of mass occurs in a nuclear reaction, there

- ig an accompanylng release of a certain

arfiount of ‘enjergy related-to the décrease

-in mass. In addition to the necessmy for

the nuclear proeesssto be one in which

‘there is d net éeci‘ease in mass, the release

of | nuclear energy in amounts sufficient to
cause an explosion requires that the reac-’
tlon should be able to  reproduce itself once
1t has been started Two types of nuclear |

“'J._ ¢
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* jum 282) are near’ly 0.9 MeV and 1 T MeV- .-

FUSION
“FIGURE 8. 9—~Fission and fusion

~

o 1nteractlons whlch can meet the require-

ments for the productlon of large amounts
of enetgyvina short tlme -are FISSION and
FUSION The fission proceSs takes place

" with some of the heaviest nuclei (high

"atomlc number), Whereas the fusion proc-
_ ess'involves some of the lightest nuclei
) (low atomlc number) (Seé Flgure 3.9)

S ‘NUCLEAR FISSION S

3 IO’The flssxle materials which can

about 100 Me

- presently- be used to produce: nuclear ‘ex~

‘plosions are the uranium lsotopes U,
U*s, and the plutoniun isotope Pu?®,
‘When a/neittron-enters:the nucleus:of the
‘:appropnate atom; the: rucleus -splits (fis-
lslons);mto two- daughter nuclei and two-to
threeneutrons (Kigure 3 10) For Uz, Um

5
3

‘,;and Pu”', -unlike the casefor-Us, there is -

Ty lower limit.for the kinetic energy that a

neutron must possess. to-enable-it-to.cause

fission-on capture by a-nucleus of -any, of ~

~.~ thése three isotopes. For this reason,
- these: lsotOpes are-called’ fxssxle materials,

e 'mficance. In the :case of-a nonfissile nu-
' cleus, the eniergy of the incident neutron

. . and -only these- three are -of practical gige -

must exceed a.certain threshold value to .

.. -effmble it.to-cause fission or capture. The
.+ threshold values for U and.Th®? (Thor-

‘respectively. Generally: speakmg, any '
heavy nucleus can undergo fission if the

exXcitation-energy is large enough, e.g., _

occurs with neutrons of
energy.
) . Pson FlveNT ©

R X et <z:.5~uueuce)+qnw

fission of gol?

FIGURE 8.10~Fission of uranium 235 produces
neutrons -

FISSION CHAIN REACT: ION

3.11 In addition to the large amount of
energy released in nuclear fission, the sec-
ond lmportant fact, which has made possi-

ble the productlon “of an-explosion as a ., -

_result of flSSlon, is that.the process ig
accomparied, by. the release of two or more. .

NEUTRONS (Figure 3.10). The neutrons -

thus hberated .in the fission process. are.

able to cause the flssxon of other: uranium "" :
. or plutonium nucleu In each case more .3

neutrons are released whlch ‘can produce

7

furt;her fission; and 'S0. ONYy ‘Hence, a single '%a
neutron-could:start a,self-sustamed1 chain =
of fissmns, the number -of nuclei 1nVolved
mcreajgzg at a tremendous rate.

1

3.12 Actually, not all the neittrons lib-

erated in the fission process are available .
for causing more’ fxssmns Sonie of these .

neutrons escape and others are lost in
non-fission reactions; Tt will be assumed,
however, for s1mp11c1ty, that, for each ura-
nium (or ‘phitonium) nugleus undergoing
fissmn, there are two neutrons produced
capable ‘of inltlatlng furthet fission. Sup-
Dosge a smgle reutron’ is :captured by a

nucleus in a quantity of” uranium, so that .. ;

f‘ sslon occurs, _TWo neutrons are then lib-

’ A ulf-sustalned hain reactlon in puro U or puk Th™ or natunl
uunlum is. not poulble.




s ‘erated ahd these eausé: two ‘more nuclex to

‘undergo ﬁssxon THisresults in the produc-
- tioniof. four neuttrons avallable for~ gs-
- sion, The fissions increase by geometrlc
.progression- -(1,2,4,8,16,32,64,128,256,-
-512,1024,2048,4096,. and “so,_on)..By. the

e elghty-first step of this Pprocess, we have
25X 10%¢ flsslons-enough to fission & kile-

g'ram of--refined -uranium. Thé time re-

;;qun'ed. for- the- 81 steps.is Y1o® seconds. As
_you, -¢an. see, this tremendous activity

takes. place almost mstantaneously, thus
produclng an eprosrvea:eactxon
3:.13 The -actual loss.of mass in the fis-

sion.of uranium.or, plutomum is.only about .

Qne-teﬁth of a percent of the total. That is,
if all the atomic nuclei in one pound of_
uranium or plutonium undergo fissiomn, the
decrease of nbass would be roughly five-
tenths of a gram or one-sixtieth part of an

- " ounce. Nevertheless, the amount.of energy
R reIeased by the. dlsappearance of this

quantlty of matter would be about the

‘Same as-that produced by thg explosxon of
- - .8 000 tons of TNT.

:,cmrcn. SIZE.OF. NUCLEAR FISSION
tEBOMB

2

3. 14 When a plece of fisgile material is
be"low a certaln size, a few of the atoms are

- ,' contmually undergomg fission, ‘but more
L neutrOns escape through its surface than

dré produced in flssmn, and an increasing
cham of fissions is not built up. Such a
‘mass is called SUBCRITICAL. On the
other hand when a mass (in a given
shape) is Just great enough to support a
sustammg chaxn reactlon, it is called a
CRITICAL mass As we ‘can readily see,

(BEFORE DETONATION) :

- e

FIGURE*3 14.—-Tampex:

then, if several pleces of fissile materlaI
totalling more than the eritical amount,
are suddenly brought together inside a
strong container or TAMPER (see Figure
3.14) a nuclear detonation results.

What constitues a CRITICAL mass de-
pends upon a number of factors, including
the density of the material (whether solid
metal pr in porous, spongy form); and also
upgn ¢ the nature of the TAMPER and
whether it absorbs neutrons or can reflect
them back into the fissile charge.

3.15 Pubhshed information suggests
that an unconfined sphete of U* metal of
about 62 inches diameter and weighing
about 48 kilograms would be a’critical
amount; this would be reduced to about

. 4%/2 inches, diameter (16 kg.) for a {2

sphere enclyosed in aheavy y.tamper (Figure
3.14). The critical sizes for U?®? and Pu?®
have not been disclosed. The increasing
mechanxcal comphcatlon of brlngmg to-
gether, rapidly and slmultaneously,

number of subcrltlcal pieces of fissile ma-
tenal,,sets a practxca‘l limit to the power of
nuclear fission weapons. Another impor-

.tant consideration is that the size of a

purely flsslon-type bomb is limited be-.
cause, above a certaln critical. size, a lump |
of flSSlle matenal is self-destructlve °

(AFTER DETONAT!ON) )
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3.16 As we have seen, subcrltlcal mas-
ses or pieces of fissile material, when
,brought* together rapidly ¢an, under

_proper conditions, cause a chain reaction
and subsequent explosion. As a very nec-

" essary safety precautlon, it is obvious that
* the masses of flsslonable material present
ina nuclear ‘bomb must be kept Fuberitical
untll time for the borib to be detonated.
And when that time arrives, the suberiti-

~ cal' masses must formi a supercntlcal mass
i"‘flnstantaneously One way of producing a
' ,supercntlcal mass-is. by forcing two, or
" more subcntlcal masses together. Anothér
way is to squeeze a.subcritical mass

" tightly mto 4 new-shape and/er a greater
denSItyz Such a mass becomes supercnt1~
cal'without the addition. of : any more sub-

‘sf;ance. This iatt'er ‘Thethod, first used in a

crude form in the Nag‘asa]u bomb, is called

" the nnploslon prmclple (Figure 3.16a). In

’ -thls bomb, & given amount of: flsslle mate:
rial; suberifical in-the forii. ofa thm spher-
ical shell became eritical when com-
pressed into’a: sohd sphere; This- -compres-
' sion was ”brought about: by firing specially
T 'fabncated shapes of ordznary }ngh ‘explo-
give arraiiged sphérically on' the outside

. ‘strface ‘of the holiow sphere When the

g "‘exploswe is detonated, the mass is éoni-
<%0 pressed, lmmediateiy ‘becoming supereriti-
DT ealiandrthe -atomic defonatlon takes place.
" Théeother method"Was used with'the  Hiro-
f‘shlma bomb The subcntrcal ihasses, en-
o close& in sc)methmg like: a gunfbatrel ‘were
1mpé jed againat each other by the action
R § re’gufar chemlcal éxplosives (Figure
et % 16b)

LT . - e o “r
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/ \ GUN TUBE

(BEFORE DETONAT ON)

f

\ACTJVE MATERIAL: o .
. (EACH TWOTHIRDS CRITICAL) _

/

TAMPER -

. FIGURE 3.16b—~Gun assembly principle.
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FISSION AND FUSION . . . AND
THERMONUCLEAR WEAPONS

8.17 A fission explosion produces—
briefly and in a $mall space—-mtens:tles of
light and heat cémparable to those in the
sun. A fusion explosmn does still more: it-

‘ duphcates a part of-the actual process by

which the sun and other stars produce
their-light and heat. This process.is not & -

chemical bummg reaction. It is a nuclear. ..

fuslon reactlon in which four nueclei-of.
sxmple hydrogen become one nuecleds.of
stable hehum, mth a conversion. of mass
_to radiant energy. Through this process

our sun, eévery second, loses about 4 to 5 .-

million tons of matter, radiated.§s energy.
From -experfiments made 1n laboratories
with. cyclotrons and-similar devmes, it was
concluded ;hat man could partially dupli= .
cate the process of the sun, by the.fusion -

of isotopes: of hydrogen This element is*
known to exist in three 1sot0ple forms in- -

whlch ‘the: nucle1 have masses.of 1, 2, and
3, respectlve'ly These are gefierally re-
ferred to as hydrogen (HY, deuterium (H?
or D%, and tritium (H* or T%). Several, dif-
ferent fusion, reactions have been ob- . .
'served among the nuclei - of the three hy-~
drogen 1sotopes, involving . either two simis
lar or two different nuclei.. In order to_
~make. th‘ese.reactmns occur to an apprecia-
ble extent, the nucle1 mugst. have high
energies. One way | m which this energy
can be supphed mby means’ oZa charged-
partlcle ac&elerator, such as cyclotron,
.as mentioned earlier. Another posslblhty

1s fo ralse the ’temperatute to very, hlgh ‘ L

-
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"7 Pprocesdses. are«referred to as “thermonu-
AN tclear reactlons” ' o
‘ -'",mllllon degrees are necessary in order to
~ .thake ‘the nuclear fusjon reactions take
>+ -pldeé: The only known way.in whlch such -
A temperature can-bé obtdined oh earth is
s »by ‘means of a fission explosmn At temper-
£ . atures. ‘of milliohsof deg'rees centigrade,
e f‘t"atoms are stnpped of ‘most of their sur-
‘ "roundmg cloud-of electrons and the nuclei
. - ‘move at, very hlgh speeds experiencing
.. .-many collisions' with ohe another. Under
these clrcumstances, the nuclei of the
. . rarer hydrogen isotopes deuterlum .and
. tritium have enough energy of motion to -
. . . overcome the repulsive forces between
) ‘thelr slngle posmve electrical charges and
. they ate able to fuse together. The energy
o released in the fusgon of these two nuclei
¢ . is.about one-twelfth of that released in the
- fisgion. of a single U nucleys; but on ‘an
.. _equal welght basls, the fuslon energy is’
".about three times as large as the energy of
- 7 fission of s, The actual quantlty of en-
o L ergy llberateil foF a given mass of,mate-’
[ rial, depends on the ‘particular isotope (or
,1sotopes) mvolved in the nuclear fuslon
1 eactioni.: -Fouf-thermonuclear fusion reac-
tions are noted below: T
A z -

-

S

R 4'1‘1'2 —He® +n +8.25 MeV
‘ Hz +H2 H! JFHP +4.08 MeV.
o H" H?,-»He‘ +n +.17.58-MeV
' » ﬁ," *ﬁ“’—*ﬁé**'+én ‘4-11'-.32’Mev |

where He is: the symbol for hehum and n

2 mﬂhon-electxon»volts 7(MeY) <

-7 .819 Used’ alone, deéuterium and. frit-
-ium, ag 1sot6pe,s -of the gaseous element

hydrogen, Have to: be liguefied at. a ‘very

~1ow; t’emperature»and maintained there for

.- contammenb m kd thermonuclear dev1ce

reported' tha{:*the first: Amencan.thermOn- '
o """\ar devxce tested in 1952 was of thls

EKC

T %

nl - levels. In these clrcumstances, the fusion _ -~

SELF-SUSTAINED FISSION
OF PLUTONIUM 239
‘ON URANIUM 235

%4 at—> nte w'e 4 na)

Tlme' ) 5 ) ) .. '
NUCLEAR . “;—hm v e ireun)
REACTION .

FIGURE 3.19~<Fission-fusion reaction. \ )
8

type. In later weapons the deuterium i
combined chemically with the metal lith-
ium in the form of a white powder. Each

neutron (1 mass unit) released by the trig-

gering fission bomb splits a lithium atom
(6 mass units) into the non-radioactive gas

helium (4 mass umts) and tritium (8 mass -

unlts), and the latter fuses with the deu-
tenum atoms present m the compound

(Flgure 3.19). There is no limit, other than
the convenience of delivery, to the size of a |

fus:on or thermonuclear weapon, and it is
claimed that hthlum deuteride is less
costly than fissile materials such }s =3,
'U%s or Pu’-'” - Ty

3.20 In consudenng Weapon designs, it .

is posslble also to- have a fission-fusion-
fission type weapon (Flgure 8.20). In the

process of fusion, a: r}euﬁron is released at |
a very high speed and it has enough en- .

_ergy to split the cbmmoner atoms of U8,
A thermonuclear weapon can be deslgned
with a’ core of- fisslle U”i as a fusion mltla-

SELF-SUS]NNED FISSION
. OF lBANIUM 235

’L 7{ (u o] }"—-rm&u ouu«)\

THERMO- | | - - -

- | REACTION
; i-'lssmN ’of?}uaAmw 238

-e‘!

FIGURE 3. 20r—Fxssion-fuslon f’ ssxon reaction.
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tor encased in-a heavy container of U,
This U casing will undergo fission from
the high-speed neutrons produced in the
hydrogen fusion detonation. Since the cas-
ing might be many times heavier than the
fissile core of U2, correspondingly larger
quantities of fission products would be re-
leased as fallout from such a weapon.

3.21 A much more detailed discussién
of fission products will be taken up later in
this chapter, but it might be mentioned
here that all existing types of nuclear
weapons release fission products. “Dirty”
bombg produce a great deal and “clean”
bomhs produce little, the dirtiness depend-
ing upon the ratio of fission to fusion
energy produced by the bomb. The divid-
ing line between “clean” and “dirty”
bombs is, thus, a matter of opinion, but the
fission-fusion-fission type of weapon men:
‘tioned in paragraph 3.20 would be a rela-
tively “dirty” one.

ENERGY YIELD OF A NUCLEAR
EXPLOSION '

3.22 The power of a nuclear detonation
is expressed in terms of the total amount
of energy released as compared with the
- energy liberated by TNT when it explodes.
A 1l-kiloton nuclear detonation’is one
which releases energy equivalent to 1,000

" tons of TNT which is called the kiloton

(KT). The advent of thermonuclear hydro-
*gen-bombs made it desirable to use a unit
about 1,000 times larger still, and the me.-
gaton (MT) unit was adopted, It is equiva-
lent to the energy released by the detona-

‘tion of 1,000,000 tons of TNT. The bombs °

detonated over Hiréshima and Nagasaki,
and those used in the 1946 test at Bikini,
released roughly the same amount of en-
ergy.as 20,000 tons (or 20 kilotons) of TNT.
In ;‘écent years, much more powerful
weapons, with energy yields high in the
megaton range, have been developed.

DISTRIBUTION OF ENERGY

3.23 Although the detonation of chemi-
cal explosives, such as TN T, and the deto-
nation of a nuclear weapon both produce

heat or thermal radiation, the proportion
“as well as-the quantity is much higher in
the case of the nuclear weapon. The basic
reason for this difference is that, weight
for weight, the energy produced in a nu-
clear explosion is millions of times as great
as that in a chemicai explosion. Conse-
quently, the temper reached in the
nuclear explosion are much higher than in
a chemical explosion—tens of millions of
degrees in a nuclear explosion compared
with a few thousands in a chemical explo-
sion. )

3.24 For a nuclear. detonation in the
atmosphere below 100,000 feet, about 85
percent of the total energy appefrs first as
intense heat. As shown in Figure 3.24,
almost immediately a considerable part of
this heat is converted to blast or shock;
the remaining thermal energy moves radi-
ally outward at the speed of light as heat
and visible light. The remaining 15 per-
cent of the energy of the nuclear explosion
is released as various nuclear radiations.
Of this, 5 percent constitutes the nuclear .
radiation produced within a minute or S0
of explosion, whereas the final 10 percent -
of the bomb energy is in the form of resid-
ual radiation emitted over a period of
time, The residual radiation includes the
FALLOUT we will discuss in later chap-
ters. ’

TYPES AND'HEIGHTS OF NUCLEAR
DETONATIONS \ -

3.25 As we have seen, an explosion is
the release of a large quantity of energy in
a short interval of tim

-
)

FIQURI:: 3.24.-—Distribytion of energy in a typical air
burst of a fission weapon in air at an altitude below

10,000.feet.
- 3
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space. The liberation of this energy is ac-
companied by a considerable increase in
temperature, so that the products of the
ex losmn become extremely hot .gases.
,?ﬂ!ese gases, at high, temperature and
pressure, move outward rapidly. In-doing
* 8o, they push away the surrounding me-
dium—air, earth, or water—with great
force, thus causing the destructive (blast
or shotk) effects of the explosion. The term

air, because it resembles (and is accom-
panied by) a very strong wind. In water or
under the ground, however, the effect is
referred to as “shock” because it ls like a
sudden impact. -

3.26 The immediate phenomena associ-
_ated with a nuclear explosion, as well as
_the effects of shock and blast, and thermal
and nuclear radiation, vary with the loca-
tion of the point of burst in relation to the
surface of the earth. -For each weapon of
specific power, there is a critical height of
.burst above which.the fireball will mﬁ.
touch the ground and, hence, it will no
produce .appreciable contamination on the
- . earth’s surface. Although many variations
and intermediate situations can arise in
- practice, for descriptive purposes three
types of bursts are distinguished. The
main types, which will be defined below,
_are air, surface, and sub-surface burst.

N - *h !

CHARACTERISTICS OF AN AIR BURST

3.27 An air barst (frequently the most
efficient means of accomplishing a mili-
tary objective, and the type used- over
Japan) is defined as one in which the bomb

Iy

at such a height that the fireball (at maxi-
mum brilliance) does not touch the sur-
" face. The aspects of an air burst will be
dependent upon the actual height of the
explosion, as well as upon the energy yield
of the weapon, but the general phenomena
are much the same in all cases. - .
3.28 In the following discussion, it will
be supposed first, that the weapon detona-
tion takes place in the air at a considera-
ble height above the surface. The descrip-
tions given here refer mainly to the phe-
nomena accompanying the explosmn of a
Qo . -

1-megaton TNT equivalent huclear bomb.

“blast” is generally used for_the effect in .

is exploded in the air, above land or water, .-

& of the it reball does not vary greatly with ‘

The important aspects of a nuclear explo-
sion in the air are summarized in Figures

3.28a toa/zﬁ

THE FIREBALL

3.29 _As already seen, nuclear reactions
involving fission and fusion in a nuclear
weapon lead to the liberation of a large
amount of energy in a very short perlod of
time within, a limited space. As a result,
the nuclear reaction products, bomb cas-
ing, other weapon parts, and surrounding
air are raised to extremely high tempera-
tures, approaching those in the center of
the sun. Due to thegreat heat produced by ‘
the nuclear explosion, all the materials
are convérted into the gaseous form. Since
the gases, at the instant of explosion, are
restricted to the region occupied by the
original constituents in the bomb, tremen-
dous pressures will be produced. These
pressures are many hundreds of thou-
sands times the atmospheric pressure,’
i.e., of the order of¥mnillions of pounds per
square inch. ‘

3.30 Within a fractlon of a second of the
detonatiofi of the bomb, the intensely hot
s at extremely high pressure appear
g?s‘a\ro»g.b,ly spherical, highly luminous
mass. This is the fireball referred to in
paragraph 3 26. A typlcal fireball accompa-
nying an air burst is shown in
3.28a. Although the brig S8 uegreases
with time, after about a milli ecénd,? the
fireball of a 1-megaton nuclear b ex-
plosion would appear to an observir 60 ’
miles away to be many times as bmght as
the sun at noon.’ .
3.31 As a general rule, the Iumm051ty

the yield (or power) of the bomb. The sur-
face emperatures attained, upon which
the brightness depends, are thus not very
different, in spite of differences in the
total amount$ of energy released. o.
3.32 Immediately after its formation,
the fireball bégins to enlarge in. size, en-
gulfing cooler surrounding air. The growth, .,

?The normal atmonphenb preuure at sea level ts 14.7 pounds per
square inch (PSD.

* A milli

'
d is one-th dth’ partofa d °

,,'?9 " C




-in %.%of the flre{:all is aocompanled by a
decreake in temperature (and pressure) ,
and, hence, in- lum1n051ty At the same
time, the fireball nses, much llke a fiery
doughnut. As it rises, there afe updrafts

through ‘the center of the doughnut and'

downdrafts on the outside. .

3.33 Wlthm seven-tenths: of a millise-
cond from the detonation, the fireball from _
a l-megaton bomb reaches a radius ot;

l‘.}./

' FIREBALL -
N ..' Pl -

about 220 feet, & and thls mcreases, w By

maximum of about 3,600 feet in 10 seco‘ﬂds%

The diameter & then some 7,200° feet: and
the fireball is rising -at the.rate of 250:
350 feet pgr“second. One minute after d
natxon, fireball 'has coole .due '.

air, to such an extent that.rt is:
,[iﬁmnous It«has, by ‘this tiy
roughly 4.5 mlles fromtthe
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. RATE. OF RISE

Ed

130-170° MPH

RADIOACTIVE CLOUD

[

Me:—-chrono!ogiuldevelepmen#of mHanurat 110 seconds after l-megaton detongnon _—

‘ 'me llAST WAVE

3 84 At ya fractlon of a second dtgr the‘ .

exploslon, & de,stnuctwe hlgh-pressure
. waye Jievelops in the. awaround the fire-
ball and _moves rapldly away, behaving
‘I:ke e movmc wall of hlghly compressed
'air. After the lapse of 10 seconds, when the
ﬂ’reball ot ra;l-megaton,-nuclear ﬁomb has

"\"

attamed 1ts maxxmum size (‘7 200 feet
_‘acnoss), the blast front is some 3 miles
furéher sheéad. About a mmute after the
‘exploslon, hen the f‘ reball is no longer
..visible, the blast wave has traveled ap-
proxlmately 12 miles. It is then moving at
_about 1,150 feet per second, whith is
slightly faster than the speed of sound at
- ~ged:level,
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THE ‘MACH WAVE

" .3.36 ‘When the. blast wave strikes the
g surface of the earth, it is reflected in a
way ‘ymllar {0.a.sound wave producing an
echo. This reflected blast wave, like the
orlgmal (or direct) wave, is also capable of
causmg material damage. At a certain re-
gion.on ‘the surface, the position_of which

3.36 For a “typlcal” air burst of a 1- -
megaton nuclear weapon, ‘the Mach effect -
will begin approxlmately -5 seconds aftei -
the explosion, in a Fough circle at a radius.
of 1.3 miles from ground zero. The term
“GROUND ZERO” reférs to the point on”
the. earth’s. surface 1mmed1ately below (or -
above) the point of detonation. ‘ ;

~ depends chiefly-on the height of the burst
" above the surface and the energy of the
: exploslon, the: diréct and reflected blast
“fronts: fuse as shown in Flgure 3.35. This
fusion phenoniénon is called the MACH
EFFECT. The" OVERPRESSURE, ie;, the

pressure of” the blast wavein excess of the ]
<. fiormgl a:tmospherxc value, at thé front of

the Mach wave is.generally about twice as
,great as'that at the direct shiock front. The
maximum’ overpressure va*lue, i.e., at the
blast front, 1s called {:he Peak overpres-
sure o

3.37 At fi rst, the helght of the Mach .
front is small (Figure 3.37), but as the )'
. blast front continues to move outward,.the .
helght increases steadlly formmg a MACH :
STEM. During this tlme, ‘however, the ov- .
erpressure, like thag in the original blast.
wave,. decreases correspondingly because
of the contmuous loss .of energy and the.
ever-increasing arga of the: advancmg B
front. After the lapse of about 40. seconds,.
whén the Mach front from a 1-megato
nuclear bomb‘l iohmﬂes from ground-zer
‘the- overpressure will-has e
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«—~biit fic Mach effect “oceurs, since

TN

rdughly 1 pound per square inch. Most of
" the material damage caused”by an air
- burst nuclear bomb is due mainly—di-

reetly or indiréctly—to the blast (or shock) .

- wave. The majority of structures will suf-

. fer; some damage. from.air blast when the -

overpressure in the<blast wave is about
one-half pound per square inch or more.

3.38 The distance from ground zéro at

~ which the Mach stem commences, and to
“which an overpressure of one-half pound.

per square inch will extend, depends on
‘the yield or size of the explosmn\and on
the height of the burst. As the height of
the burst for an explosion of given energy

is decreased, Mach reflection commences -

mnearer to ground zero, and the overpres-
sure at_the surface near ground zero be-
comes larger. If the bomb is exploded-at a

- greater height, the Mach fusion com-

mences farther away, and the overpres-

- _sure at the surface is reduced. An actual

contact surface burst leads to the est
possible overpressures near groungf zero,

no reflected ‘wave.

.

3.39 In the. nuclears explosions over Hi-
roshima and Nagasaki during World War
II, the height of burst was about 1,850

feet. It was- estxmated and has since béen .

confirmed by nuclear test explosions, that
a 20-kiloton bomb burst.at this height
would cause maximum blast damage to
structures on the ground for the particu-

" 7 lar targets concerned. Actually, there is no

single optimum height of hurst, with re-
gard to blast effects, for any specified ex-

ere is

POSITIVE AND NEGATIVE PHASES

3.40 As the blast wave travels in the
air away from its source, the overpres-

.sures at the front steadily décrease, and

.direction is reversed.

the pressure behind the front falls off in a
regular manner. After a;sm tune, when
the blast front has traveled': a certain dis-
tance from the fireball, the pressure be-
hind the front drops below that of the
normal atmosphere and a so-called NEGA-
TIVE PHASE of.the blast wave forms. In
this region the air pressure is below that of

the original (or ambient) atmosphere.
3.41 During the negative overpressure

(or suction) phase, a partial vacuum is
produced and the air is sucked in, instead
of being pushed away, as it is when the
overpressure is positive. In the positive (or
compression) phase, the wind associated
with the blast wave blows away from the
explosion, and in the negative phase its

3.42 This wind is often referred to as a
“transient” wind because its velocity de-

creases rapidly with time. During the posi-
tive phase, these winds may have peak
velocities of several’ hundred miles per
hour at points near ground zerd, ‘and even
at more than 6 miles from the explosion of

"a 1-megaton nuclear explosion, the peak

velocity may be greater than 70 miles per
hour. It is evident that such stroug winds
can contribute greatly to the blast damage
following an air burst. The peak negative
values of overpressure are small compared
with the peak posmve overpressures.
Thus, it is during'the compression phase
that most of the destructive action of blast

plosion energy yield, because the chosen

height of burst will be determmed by the.

nature of the target. As a rule, strm (or

‘

from an air burst will be experienced.”
However, the winds associated with the
negative phase can be .quite damaging to

‘hard) targets will require low air or sur-
face bursts. For weaker targets, which are
destroyed or damaged at relatively low
overpressures or dynamic pressures (the

° dynamic pressure, is a funetion of the wind
velocity and air density, behind the blast -

front), the height of burst may be raised in

. order to increase the area of damage, since

the distance at which low overpressure
would result would be\ extended because of
l'ach effect.

[ 4
-

weakened structures.

'3.43 From the practical viewpoint, it is

of interest to visualize the changes of oy-
erpressure in the blast wave with time at
a fixed location. The variation of overpres-
sure with time that would be observed at
such a location in the few seconds follow-
ing the detonation is shown in Figure
3.43a. The corresponding general effects to
be expected on a hght structure, a tree,

and a small animal are lndlcated at the

g 43
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sented in Figures‘3:43b dnd 8.43c. -

‘BLAST CASUALTIES

344 There are four different kinds of

e injuries eaused by the.blast of an atomie

weapon. Victims may be injured in one or

,” s
-

L gt

4

bonib, height of detonation, ete.

are:

\J

ime at a fixed location and effect of blast wave passin
‘structure,

g over-a -

left of the figure. Additional data is pre- all of’tnesel four wa&s, depgnéingupori
. many factors, including the degree of pro- .,
tection, closeness to ground zero, size of - -~

8.46 The four kinds of blast4injuries‘

(1) primary blast injuries, caused by

the high Pressures of the blast wave;

44
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. (2) those from the impact of missiles
thrown about by the force of the blast;
® result of being thrown about by the
“blast; and
(4) miscellaneous i mJunes, such as ex-
_ posure to ground shock; dust inhalation;
- . fires caused by the explosxon, ete.
S - Seventy percent of those who sur-
VlVed the nuclear bombing in Japan suf-
fered ‘from’ blast injury. Since many of the.
“survivors-were ‘also.injured in other ways
, (burn’s‘”and/or vadiation—both-to-be dis-
© eussed later).we-cannot say-that this is the
percentage of injuries caused by blast.
N‘evert}rere‘srblastwam
7. _causés of injury and, certamly, a major
. “cause of death

i THE IOMB (RADIOACTIVE) CI.OUD
“ 8 47 In additidn to the transient winds
associated with the passage of the blast
_ front, a strong updraft with lnﬂowmg
L wmds, called “afterwinds”, is produced in
. the, immediate vicinity of the. detonatlon
"'Tt'o'fhe rmng fireball. These afterwmds

[Kc

FIGURE 3.43b:—Damage ranges for 2 1.MT typical air burst.

cause varying amounts of dirt and debris
to be sucked up from the earth’s surface

into the atomlc ¢loud. (Refer to Flgure
-—+3.28e.) — -

8.48 At first, the rising mass of bomb
,residue carries the particles upward, but
after a time, the particles begin to spread
out and fall slowly under the influence of
wind and gravity. This is FALLOUT.

e

THERMAL RADIATION

S R R . PR ——

. 8.49 Immedxately after the fireball is -

formed it starts to emit thermal radiation.
Because of the very high temperatures of
the fireball, this radiation ‘consists of visi-
ble light rays, invisible ultraviolet rays of
shorter wave léength, and invisible in-
frared rays of longer wave length. These
rays all travel with the speed of light. Due
to certain physical phenomena associated
with the absorptxon of the thermal radia-
tion by the ajr in front of the fireball, the
. surface temperature of the'fireball under-
goes a cunous change The’ temperature

45
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~ AR sxm.osion YIELD oo
STRUCTURE TYPE DAMAGE ~ s (Dfﬂﬂm in 'ml") - :
oo R 04 K ‘ ao WT
"| . ‘MODERATE 32 | 66 | 14
. | woon-FRaME suu.pme : g - ‘ -
- . ‘RES!DENTML TYPE - " = . g
: . o SEVERE ' \ 2.4 5.5 12 o
WALL-BEARING, MASONRY | MODERATE 24 4.7 10
"BUILDING, APARTMENT _ .
HOUSE TYPE ' A
; S " "SEVERE 1.7 35 _| 8.7
:': : ®
MULTISTORY, WALL- MODERATE 1.6 3.5 | 7.4
BEARING BUILDING, . B
MONUMENTAL TYPE o 7
. SEVERE, 1.3 2.8, 6.1
- T
» REINFORCED CONCRETE : :
. - I . .
.| “NoT.EARTHQUAKE - | -MOPERATE 3 34 7.2
. RESISTANT) BUILDING, |j—
CONCRETE ‘WALL, SMALL | .. . . .
wmoow AREA SE-VERE “', 65 59 .
. . . ,y =
FOR: A SURFACE BURST mur—:spscrwe

FIGURE :3; 43c;—-Max¢mum ranges from ground
decreases rapldly for4a fractlon of a sec-
ond Then, the surface _tempeérature in-
‘creaséx-again for a somewhat longer time,
after which it falls contmuously, Ini other
* ‘words,, ‘there are effectxvely two surface-
temperature ‘

short duration, whereas the second Tasts
for - -a much. Tonger time. This behavior is
quite. standard with all ‘size weapons, al-

+7 " THOSE FOR AN AIR BﬁRST OF THE SAME YIELD

-(Figure 3.50). In the first ‘pulse, which -

DISTANCES ARE THREE QUARTERS oF = °

= X

5 -
zero for sttuctutal damge fromk air bursts. - .

1

3; 50 Correspondmg to the two tempera- .
ture pulses, there are two pulses of emis: - .
sion.of thermal radiation from the: fireball °-

lasts about a tenth of a :second for a 1.
€xplosion, the temperatures are - 5
mastly very hlgh As ‘8 result, much of the * .
radiation emltted in thls pulse is in the Sty
ultraviolet ;

moumhé duration times of the two
“piilses increase with ‘the energy yield of
- the’ exproslon. After .about 3 secorids from
the detonation of & 20 KT bomb, the fire-
“ball,. alﬁhough still very hot, has cooled to
such an extent'that the thermaI radiation
8 no- longer 1mporta,nt whereas amounts

e ot the;'maI ‘Fadiation still continue to be

-emitted- from the- fu'eball at 11 seconds
after & i-megaton e'xplosmn, " :

v .
i A
Toae By A - o

-

of uIiravxolet radlatlon can produce pam- ,
ful bhsters, in milder form these effects _
are faniiliar a8 sunburn. However, in most
clrcumstances, the. first pulse of thermal
radiation is not.a- mgmficant hazard, with
regard to skm burns, for-several reasons.
Ini the first place, only about 1 percent of
the thermal radiation appears in the ini- .
tial pulse because ofl its short duration, . -
Secon’d, the ultravmlet rays are read?ly ‘o

,3,
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absorbed in the atmospﬁere, so that the
dose delivered at a dlst‘ance from the ex-.
plosion “may be comparatively small, Fur-
ther, it appears that the ultravmlet radla-
t:on from the first pulse could caigé signif-

ibant effect on the human skin Only within
.3\ ranges where people would be killed out-
o . right by the blast and at which other
) radiation effects are much more serious.

2 b

. second pulse is, however, quite different.
This pulse may last for several seconds
and carries about 99 percent of the total

- thermal radiation energy from the bomb.
Since the temperdtures are lower than in
the first pulse, most of the rays reaching
the earth consist of visible and infrared
light. It is this radiation which is the main

* cause of skin burns of various deprees
suffered by exposed individuals out to 12
miles or more from the explosion of a 1-
megaton bomb, on a fairly clear day. The

" warmth may be felt at a distance of 75
miles. For air bursts of higher energy
yields, the corresponding distances, will, of
eourse, be greater. Generally; thermal ra-

. diation is capable of-cgusing skin burns on

: exposed individuals at such distances from

) the nuclear explosion that the effects of

- blast .and of the initial nuclear radiation

‘" are not significant. :

THERMAL RADIATION CASUALTIES

3.62 It is convenient to divide thermal

"~ - 3.51 The situation with regard to.the -

?

" bonib, while those in the second group

burns due to a nuclear explosion into two.
classes, namely (1) primary burns, and (2)
secondary burns. As in the case of blast
injuries, the terms primary and secondary
refer to the manner in which the burns
are inflicted. Those in the first class are a
direct result of mermal radiation from the __

arise indirectly from fires caused by the
e};plosmn. From the medical point of view, .
a burn i§ & burn.” “whethér-recéived a% a .
flash burn from the initial thermal burst

or, at a later time, from the burning envi-
ronment.

"8.58 Experiments in the laboratory and
in the field have established criteria for
assessing the degree of thermal damage to
be expected for doses of thermal radiation
delivered to human tissue within specified
time limits. Medical diagnosis usually re-
cognizes three grades of thermal injury:
first, second and third degree injury in
ascending order of severity. A first-degree
burn corresponds to a moderate sunburn
or erythema. Such damage, while quite
painful,~is reparable—with-—time-and-re—
quires no special treatment beyond the
relief of pain. The second-degree burn in-
volves the skin thickness down to and
including portions of the dermis. A charac-
teristic feature of second-degree burns is ,
the formation of blisters. The second-de-
gree burn is extremely painful but also
reparable with time. Infection usually oc- '
curs' since the protective barrier of the

& w0 .epidermis -has been pierced, leaving the
i tissies open to infective pathogens. Given
g o’ Q3 time and opportunity to combat infection,
- 80 the majority of second-degree wounds heal
= q without undne aftereffects though per-
o 2 60 manent pigmentation changes may persist. '
o w4 o The third-degree burn 'nvol\{es complete -
- g.:;: \ destruction of Atheﬂﬁzbél‘&skin‘ thickness.
i al 40 \ Except for very smalT area burns these are.
8- 30 - not reparable with time but requ1re skin
2 w 20H- grafting in all cases. Infection is invaria-
‘ W bly present. Paradoxically, the third-de-
= gree burn is not as painful as the second-

o 0

( TIME AFTER EXPLOSION
- (RELATIVE SCALE) .

FIGURE 3.504—Emmmon of thermal radiation in two
pulses.

Q
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degree burn because the nerve endings
have been destroyed; yet third-Hegree

.burns to more than 25 percent of the hu-- I

man body area might represent.a.fa'tal

" injury.
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354 The treatment of severe thermal
njury on areas in'excess of 25 percent of
the whole body represents a grave medical
problem even in a modern hospital and
under the best of circumstances. For mass
burn casualties under field conditions the
_situation takes. on- overwhelming ‘propor-’
tions. An unwarned urban populatlon
caught out of doors during a nuclear at-
-«tack-would -suffer-almost-complete-annihiz
latxon from blast and thermal energy out
to a radius of many miles from ground
zero. While it is feasible to avoid the
prompt thermal flash by taking cover, it is
not so evident how to avoid the secondary
effects of the burning environment which
develops soon after the burst. It is proba-
ble that burn's from secondary fires engen-
dered by the bomb would represent a ma-
jor proportion of the casualties even for a
population which had - received warning of
imminent attack. (From 65-85% of the
atom bomb survivors in Japan were
burned to some degree.) Figure 3.54 shows
the ranges in miles at which people in the
open would suffer various degrees of skin
burn from surface burst weapons of differ-
ent power. |

THERMAI. EFFECTS OF WEAPONS OF
DIFFERENT YIELDS

8.55 A 10MT weapon radiates 500 times
as much heat as a 20KT bomb. According
to the “inverse square” law a 10MT
weapon should produce the same amount
of heat as the 20KT weapon at a distance

722 times greater (since V500 = 22 approx.)
But the heat from the larger bomb js
spread over a much longer period, 20 sec-
onds compared with a 1!/2 second -flash
from the 20KT bomb, so that more of the
heat is d1551pated

*" 8.56 Nuclear w weapons of 10—100KT de-

liver at least 60 percent of the total ther-
mal radlatlon from the second radiation
pulse in less than 0.5 second. Weapons in
the 1-10MT range, while p oduclng more
thermal energy over a greater radius from "
the burst than weapons of 100KT or less,
deliver this thermal energy at a much
slower rate than the small weapons. Thus,
for equal thermal doses incident on tissue,
the small weapons are more effective in
producing thermal injury because the
large weapons require anywhere from 5 to
15 seconds tq deliver 60 percent of the
thermal dose. For example, it requires 7-9
cal/em.? to produce second-degree burns
from a 10MT weapon. This illustrates a
most important factor: The larger the
weapon, the greater the time available for
evasive action. However, evasive tactics
must be exercised before 60 percent of the
total energy has been delivered. For per-'
.sonnel well indoctrinated in evasive tac-
tics, this could mean the difference be-
<tween a moderate sunburn and severe
Ahermal injury. Figure 8.56 shows thermal
energies required to cause first, second

“and third-degree burns from different

yield weapons. .
8.57 Temporary or permanent blind-
ness could be caused by the thermal radia-
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tion if a person is looking in the general
-djrectiom of-the fireball at the precise mo-
ment of detonation. The lens of the eye
focuses heat as well as light rays on the
retina of the eye. Thus in addition to tem-
_.porary_or “flash” blindness of a few sec-

““onds.or minutes duratlon from the intense

light, actual burns of the retina could oc-
cur from undue amounts of thermal radia.
tion entering the eye. Neither flash blind-
ness nor retinal damage constitute major
hazards during daylight because of natu-

ral restriction of the diameter of the pupil

which limits the amount of light entering
the eye; furthermore the blink reflex, one
hundred and fifty thousandths of a second,
protects the eye from undue amounts of
radiation, except in those cases where the
thermal pulse is delivered within _ex-
tremely short times. This is the case for
low-yield weapons and can also be true for
high altitude bursts.

.8.68 It is an mteresting fact that

among the survivors in Hiroshima and
Nagasaki, eye injuries directly attribut-

able to thermal radiation appeared to be

relatively unimportant. There were many
" cases of temporary blindness, occasionally
lasting up to 2 or 3 houts, but more severe
eye injuries were not common.
3.569 The eye injury known as keratitis
(an inflammation of the cornea) occurred

7 _in some instances. The symptoms, includ-

ing pain caused by light, foreign-body sen-
sation, lachrymation, and redness, lasted
for periods ranging from a few hours to
several days.

[y
v

4 "9
" EFFECT OF SMOKE, FOG AND SHIELDING

3.60 In the event of an air burst occur-
ring above a layer of dense cloud, smoke,
or fog, an, appreciable portion of the thet-
mal radiation will be scattered upward
_ from the top of the layer. This scattered
radiation may be regarded as lost, as far
- asg a point on the ground is concerned. In
addition, most of the radiation which pene-
trates the layer will be scattered and very
little will reach the given point by direct

transmission. These two effects (smoke or -

Q@ “og) will result in a substantial decrease in

.

, vent injury in others.

the amount of thermal energy reaching a
groynd-target. . o

3.61 Itis lmportant to understand that R
the decrease in thermal radiation by g
and smoke will be realized only if the
burst point is ahove or, to a lesser extent,
w1th1n the fog (or similar) layer. If the”
explosmn should occur in moderately clear
air beneath a layer of cloud, or fog, some of
the radiation which would normally pro-
ceed outward into space will be scattered
" back to earth: As a result, the thermal
energy received will actually be greater
than for the same atmospheric transmis-
sion condition without a cloud or fog cover.
. 8.62 Unless scattered, thermal radia-
tion from a nuclear explosion, like ordi-
nary light in general travels in straight
lines from its source, the fireball. Any
solid object, opaque material, such as a
wall, a hill, or adree, between a given object
and the fzreball will act as a shield and
provide protection from thermal radiation.
Transparent materials, on the othérhand,
such as glass or plastics, allow thermal
radiation to_pass through, only slightly
absorbed.

3.68 In the case of an explosmn in the
kiloton range, it would be necessary to
take evasive action within a small fraction
of a second if an appreclabie decrease in
thermal injury is to be realized. The time

_ appears to be too short for such action to

be possible, On the other.hand, for explo-
sions in the megaton range, evasive action
taken within a second or two of the ap-
- pearance of the ball of firé éould reduce
the severity of injury due to thermal ra-
diation in many cases and may éven pre-

NUCLEAR RADIATION

3.64 It was stated in paragraph 3.4 that
one of the unique features of'a nuclear
explosmn is that it is accompanied by the
emission of various nuclear radiations.
These radiations, which are quite different

from thermal radiation, consist of gamma

rays, neutrons, beta particles, and a small
proportion of alpha particles. Essentially
all the neutrons and part of the gamma
rays are emitted in the actual fission proc-
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" ess. That is, these radiations are produced
SImultaneously with the nuclear explo-
_sion, whereas the beta particles and the

"’ remaindet of the gamma rays are-liber-

ated from fission products in the course of
thelr radioactive decay. The alpha parti-
cles result from the normal radloactlve
““decay of the uramum or plutonium that
has escaped fission.in the bomb. " ®

3.65 Because of the nature of the phe-
_nomena, associated with a nuclear explo-
smn, either in the air or near the surface,
it is convenient for praetical purposes to
consider the nuclear radiation as, Jbeing
divided into two categories; namely, imtlal
and residual.

lNITIA,l.‘NUCI.EAR RADIATION

-

on the charactenstlcs of a 20-kiloton nu-
clear bomb. For a bomb of higher energy,

. the maximum distance aver which the

8.66 .The initial nuclear radiation is '

. generally defined as that emitted from the

fireball and the atomic cloud within the

first minute after the detonation. It in- -

» cludes neutrons and gamma rays given off

almost instantaneously, as well as the™
gamma rays 'emltted by the radioactive
fission products in the rising cloud. It
should be noted that, although alpha and
beta particles are present in the initial
radiation, they have not been considered.
This is-because they are.so easily absorbed
that tfrey will-not reach more than a few

_ yards, at most, from the atomic cloud.

3.67 The somewhat arbitrary time pe-
riod of 1 minuté for the duration of the
initial nuclear radiation was originally
based upon the following considerations.’
As a-consequence of absorption by the air,
the effective range of the fission gamma
L rays and those from the fission products
- from a 20-klloton explosion ig very roughly
.2 mlles. TIn-other words, gamma.rays-origis
rratmg from such a source-at an altitude of
“over 2 miles ¢an be ignored as far as their
effect at the earth’s surface is -concerned.
Thus, when the atomic cloud has reached .
a helght of 2 miles, the effects of the initial

* nuclear radiation are no longer signifi-

cant, Since it takes roughly a minute: for
the cloud to rise this distance, the initial
nuclear radiation i8 defined as that emitted
in the ,ﬁrst minute after the exploszo'n

3.68 The foregoing diseyssion is based

s

-~ —

.

gamma rays ‘are effective will be greater

.than given above. However, at the same

time, there is an ircrease in the rate at
which the cloud riges.;Similarly fér-a bomb
of lower energy, the effective distance is

less, but 80 is the rate of ascent of the’

cloud. The period over which the initial
nuclear radiation extends may conse-

quently be taken to be approximately the

comd

same; na@ely, 1 mlnute irrespective of t,he ..
- energy. release of the bomb.

8:69 Neutrons produced directly in the
thermonuclear réactions mentioned in
paragraph 3.18 are of-special significance.
Some:of the neutrons will escape but oth-

ers: will be captured by the various nuclel,

present in the exploding bomb. These neu-
trons absorbed by fissionable species may
‘lead to the liberation: of more neutrons as
well as to the emission of gamma rays,
just as descrlbed above for an ordinary
fission bomb. In addition, the capture of
neutrons in non-fission reactions is us-
ually accompanied by gamma rays. It is

seen, therefore, that the initial radiation -
-from a bomb in _which both fission and
fusion (thermonuclear) processes occur,

consists essentially of neutrons and
-gamma rays, The relative’ proportions of
these two radiations may be somewhat

_Aifferent than for.a bomb in which all the

enérgy released is due to fission, but for
present purposes, this d1fférencg.may ‘be
disregarded. The range of lethal effects
from. initial nuclear radiation are well
within the areas of severe blast and)ther-
mal damage

-~

neénDUAL NUCLEAR RADIATION

370 . The radiation which-is emltted 1
mlnute after a nuclear explosion 1 is defined
ds resldual nuclear radiation, ThlS fadia-
tion arises’mainly from the bomb residue;
that is, from the fission products and, to a
lesser extent, from the uranium and plu-
tonium which have escaped fission. In ad-
dition, the residue will usually contain
some radioactive isotopes formed as a.re:
sult of neutron ¢éapture by bomb materlals

'Q() ) 4\ 43




.
B

> oy
- - § i :%
PR

TR
K}
4
i
?
T

e K e

Another source. of residual nuclear radia- .

. ton. is the -activity induced by neutrons:
. captured in various elements present in
the:earth, in the. sea, or.in. the substances_

c - ~wh1ch may.; be in the exploslon environ- .,

ment. - .- T

&7 Wlth surfaceyzand *mespeclally, sub- 5
aurface :explosxons, the demarcation be- ®

tween initial:-and: residual nuclear radia-
. tion.ix-mot as- definite. Some of the radia-
txon from-the bomb residue will be within
. . the xrange of the earth’s surface at. all
tlmes 80- tha,t the'initial ahd-residual cate-
gories merge contlnuously into one an-
. other. ‘For.very deep underground and un-
derwater ‘bursts, the inftial gamma rays
and neutrons produced in the fission proc- _
., ess may be lgnored Essentlally the onfy
. nuclear radlatlon of importance is that
arising-from the,bomb residue. It can con-

. sequently be iréated as consxstmg exclu-

sively of the-residual radlatlon In-an air.
and surface burst, however, both initial
,and resldual nuclear radiation must be
taken_lnl:o conmderatlon
e s 3.72 One. addltlonal lmportant consider-
. ..ation of nuclear radiation is that the resnd-
- ual nuclear radlatlon can, under some con-
.- ditions, represent a serious hazard at great_
_distances .from a nuclear explosion, well

.. . beyond the range of blast, shock, thermal
. radiation, and initial nuclear radiation.

.. This phenomenon—FAl.I.OUT——-wrll be dis-
cussed at length in later chapters

L _"cuAnAmulsncs OF A SURFACE BURST

. 378 . In a. surface burst,. the ball of fire
. _.in.its rap1d lhltlal growth will touch the
surface of the earth Because of the in-
tense,heat, a considerable amount of rock,

i soil, andofher ‘material located in the area

will.be vaporized and taken into the ball of
fire. Tt has been estimated th 1f only b
percent of a 1‘megaton bomb’s energy is
spent in: this. manner, something like 20,-

. .- -*000 tons.of vaporized. soil material will be

"' addedto the normal constituénts of the

<" fireball.: In addltmn, the hlghuwmds ‘at the

.. - earth’s surface will cause large amounts of
dlrt, dust, and other partlcles to be-sucked .
.- UDas the ball of fire rises (See Flgure
17 3.08e). ) :

Q .-

3.74 An important difference betweén a
surface burst and an aii burst is that in the
surface burst the atomic cloud is much
more heavily loaded with debris (and so
produces ‘much more FAI.I.OUT) Thls will

consist of - particlés. ranging in size from . . ;,_{51

.the very small ones produced by condensa-
‘tion. as the fireball cools, to thé much”
larger particles which have been rdised by
the_surface. winds, The éxact compogition
of the cloud will, 6f ceurse, depend on the
nature .of the terraln and the extent of
contact w1th the ﬁreball‘

‘875 For'a surface burst associated
with a moderate amount of debris, as was
the case in several test explosions in

. which the bombs were detonated near the

ground, the rate of rise of the cloud is
much the same as given earlier for an air
burst. The atomic cloud reaches.a height
of several miles before spreading ottt into
. a mushroom shape.

3.76 The \%onzatlon of dirt ahd other
material when the fireball has touched the
earth’s surface, and the removal of mate-
rial by the blast wave and winds accompa-
nying the explosmn, resuIt in-the forma-
tion of a crater. The size of the crater will
yary with the hexg'ht above the surface at
which the bomb is exploded and with the -
character of the soil, as well as the energy
of« the bomb It is belleved that for a 1-
megaton bomb there would be no apprecia-
ble crater formatlon unless detonation oc-
curs af.an altltude of 450 feet or less.

the surface of the water, large amounts of

. water will be vaporized and carried up

into the atomic cloud For example, if it is
supposed,.as above (paragraph 3.78), that b
percent of the energy of the l-megaton
_bomb ‘is expended in this marner, about
100 000 tons of water will be converted
into vapor. At hlgh altitudes this will con-
dense to form water droplets similar to
those in an ordinary atmospheric cloud

AIR BLAST AND GROUND SHOCK

'.878 The overall blast effect due to the
air shock from a 3urface burst will be less
than that from an air burst for weapons of

equwalent yleld For one thing, part of the °
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energy of the bomb is used up in vapor-
izing materjals on the surface and in
forming a crater. In addition, up to 15
percent of the energy may go into ground
shock. The main point, however, is that
because the bomb explodes close to the
__earth s surface, the overpressure near
ground zZero will be much greater than for
an air burst, but it will fall off more rap-
idly with incredsing dlstance from ground
Zero,

319 Asa result energy w111 be wasted
on targets close to ground zero which
could have been destroyed by much lower
overpressures. At the same time, the over-
pressures al some distance away will be
-too low to causg any considerable damage.
In other words\there will be an “over-
destruction” of neatby surface targets and
an ‘“under-destruction” of those further
away. The energy that has gone to produce
ground shock may contribute, however, to
the destruction of underground targets pro-
tected from the air blast such as missile
launching sites. Figure 3.43c, (and its leg-
end), will provide additional specific infor-
mation on surface bursts.

THERMAL RADIATION

" 3.80 The general characteristics of the
thermal radiation from a nuclear detona-
tion at the surface will be essentially the
same as for an air burst, described previ-
ously. As stated earlier, if evasive action

can be taken within a second or so, part of ’

the heat rgdiation may be avoided.

INITIAL NUCLEAR RADIATION

3.81 The in_itial nuclear radiation from

]

a surface burst will be similar to that in an
air burst. However, if the low level nuclear
explosion eccurred. in a more or less built-
up area, the structures through which it
passed would serve to reduce, even thougle
they would not completely shield, the

.gamma radiatioh. For practical purposes,

however, it would be advisable to treat

these two types of burst as the same as far

as initial nuclee}r radiation is concerned.

RESIDUAL NUCLEAR RADIATION ¢

3:82 With respect to residual radioac-

tivity,-a nuclear explosion at a low level
would produce effects somewhat similar to
a subsurface burst. That is, a considerable
amount of dirt and othetr debris or water,
would be hurled into the air, and upon
descending, it might prdduce a base surge
(highly radioactive cloud’of dust or vapor)
which will be contaminated partly from
the condensation on the ground of the
nuclear reaction products from the ball-of
fire, partly from the fallout of heavier
pieces, and partly from radioactivity in-
duced by neutrons.’

ACHARACTERISTICS OF A SUBSURFACE

BURST

3.83 When a nuclear bomb is exploded
under the ground, a ball of fire is formed
consisting of extremely hot gases at high
pressures, including vaporized earth and
bomb residue. If the detonation oceurs at
not too great a depth, the fireball may be
seen as it breaks through the surface,
before it is obscured by clouds of dirt, and

dust. As the gases are released, they carry .
up with thef into the ai‘r large quantities '

1

20

FIGURE 3 83a.-—-Chr;onologlcal deve]opment of a 100-KT shallow underground burst: 2.0 seconds after detona-
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. . of earth, rock; and debris in tﬁe form of a

cylindrieal column. The chronological devel-
opment of some of the phenomena' associ-
ated with-an underground exploion, hav-
ing an energy yield. of 100 kilotons, is

‘represented by Figures 3.83a to 3.83d.

3.84 -1t is estimated from‘tests made-in"
Nevada that, if a 1-megaton bomb were
dropped from the air and penetrated un-
derground in sandy soil to a depth of 50
feet before exploding, the resulting crater
would be about 300 feet deep arx nearly
1,400 feet across: This means that approxi- *
mately 10 million t::g of*soil ‘and rock
would be hurled upward from the earth’s
surface. The volume of the crater aqd the
mass of material thrown up by the force of
the explosion will increase roughly in pro-
portion to the energy of the bomb. As they
descend to earth, the finer'garticles of soil
may initiate a base surge Ws shown in

-

Figure 3.83d. v

3.86 The rapid expansion of the bulble
of hot, high-pressure gases formed in the
®nderground burst initiates a shock wave
in the earth. Its/effects are somewhat'

" similar to those of ar earthquake of mod-

erate intensity, .except that the disturb-
ance originates Firly .near the surface in-

. stead of at a gredt depth. The difference in

depth of origin means that the pressures.
in the underground shock wave caused by
a nuclear bomb probably fall off more rap-
idly with distance than do those due ‘to
earthquake waves. _

3.86 Part of the energy from an under-
ground- nuclear éxplosion appears as a
blast wave in the air. The fraction of the
energy imparted to the air in the form of
blast depends primarily upon the depth of
the burst. The greater the penetration of .
the bomb hefore ‘detonation occurs, the
smaller is the proportion of the shock en-
ergy that escapes into the air. -

fHElMAI. AND NUCLEAR RADIATION

3.87 Essentially a.ll)‘(é thermal rgdia-
tion emitted by the ball of fire wpile it is
still submerged is absorbed by ‘the sur-
rounding earth. When the hot gases reach

,' -./

.

o4

-radiation.

.
- . . - <
R . . -

the surface &ngd-
rapid that theflaperature. drops-almest -
immediately t int where. there is-no.
further appreciable emission o
radiation. It follows, therefore, that\in an

undgx‘ground nuclear explosion the ther-* -

ntal radiation can be ignored as far @s-its
effects on personnel and as a sofirce of fire

v

are toncerned.

3,88 Itis probable, td,"at most of the -,L

ne ns and gamma rays liberated
withih a short-time of theipitiation of the
.explgeipn will also be absgrbed by the
earth. But, when the fir¢ball reaches the

surfete—and the gases

ent a. form of
initial nueclear Yadiation. addition, the
radiation from ission (and neutron-
.induced radio&Ctive) products present in
the cloud stem, radioactive cld¥%d, a#d base
surge, all three of which are formed within
a few seconds of the burst, will contribute,
to the initial effects.

3.89 However, the fallout from the
cloud and the bdse surge are also responsi-

for the residual nuclear radiation. For

a subsurface burst, it is thus less meaning-
ful to make a sharp dfstinction between
ini idual radiation, such as is
of an air burst. The initial
adiation merges continuously
into those which are, producetl over a pe-
riod of time following the nuclear explo-
sion. . C

HIGH ALTITUDE BURSTS

3.90 For nuclear detonations'at heights
up to about 100,000 feet the density of air
is such that the distribution of the explo-
sion energy remains almost unchanged,
apbroximating that'described for an air

and, the cooling is so

-

burst, e.g., about 45 to 55 percent (of the .

fission energy) appears as blast and shock,
and 30 to 40 percent is veceived as theymal

3.91 At greater altitudes, this distribu- .

tion begins to change noticeably with in-
creasing height of burst, a smaller propor-
tion of the energy appearing as blast. It is
or this reason that ‘the=tevel of 100,000
feet has been chosen for distinguishing

47
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‘between air bursts and kigh-altitude
bursts.

3.92 There is, of course, no sharp
change in behavior at this elevation, and
s0 the definition of a high-altitude burst as
being at a height above 100,000 feet is
somewhat arbitrary. Although thére is a
progressive décline in the blast energy
with increasing height of burst above 100,-
000 feet, the proportion of the explosion
energy received as effective thermal ra-

. diation on the ground does not at first
change appreciably. This is due to the
interaction of the primary thermal radia-
tion with the surrounding air and its sub-
sequent emission in a different *spectral
region. At still higher altitudes, the effec-
tive thermal radiation received on the
ground decreases and is, in fact, less than
at an equal distance from an air burst of
the same total yield. '

3.93 One aspect of a high-altitude burst
that has received increased attention in
recent years is the electromagnetic pulse
(EMP). Its implications were first noted
during an experimental high-altitude
burst_over Johnson Island in the Pacific
Ocean in 1962 when street light ‘failuyes
and communications disruptions occurred
on Oahu, 750 miles awaly. In an era of
intercontinental ballistic missile systems,
and defenses against those missiles, the
possibility of .a high-altitule burst in a
nuclear attack becomes very real.

s

N 3.94 Put simply, the electromagnetic
pulse is.that portion of the electromag-
netidf spectrum (Figure 2.42) in the me-
dium to low frequepcy range extending
roughly from the frequencies used in ra-

_dar.and TV down to those used in electric
power. Since most of the energy is ra-
diated in the frequency bands commonly
used for radio and TV communications, it
is sometimes called “radio-flash.” It is dif- °
ferentiated from the thermal radiation
“pulse” that produce heat and light and
the initial radiation “pulse” of gamma and
X-rays.

3. There is concern about EMP be-
cause the eriergy in the pulse can be col-
lected’ and concentrated, much as the
sun’s rays can be focused to produce a fire,

w»

as shown in the upper portion of Figure
3.95. The lower portion of the diagram
shows some common EMP energy collec-
tors. Sufficient energy ean be collected by
these means to cause damage to attached
electrical and electronic equipment.

3.96 In a surface cr near-surface burst
the relevant EMP enetgies are generally
well within the blast and thermal damage
areas close to the point of nuclear detona-
tion and thus cover a relatively small geo-
graphijcal area.

3.97 By contrast, if a nuclear weapon is
detonated high above the earth’s atmos-
phere, the X-rays and gamma rays emit-
ted downward from the explosion will be
absorbed in a big “pancake” layer of the
atmosphere between 12!/2 and 25 miles
above the earth’s surface, as shown in
Figure 3.97. The gamma energy is con-

-verted into lower-frequency electromag-
netic energy in this interaction region and
propagated downward to the earth’s sur-.
face as a very brief but powerful electrom-
agnetic pulse. THe strength of this pulse
on the ground is much the same.as in the
moderate damage area of a_surface burst.
However, very large areas, otherwise un-
damaged, can be affected by the high alti-
tude detonation, as the lateral extent of
the “interaction region” ig generally lim-
ited only by the c(n*vatqre of the earth.

3.98 The extent of that damage can be
seen by considering a typical high-altitude
burst over Omaha, Nebraska as shown in
Figure 3.98. Within the circle passing
through Dallas, Texas the EMP hazard
would be the greatest. The outer circle
shows that there is potential damage from
EMP effects over the whole area of the
United States. .

3.99 EMP can cause two kinds of dam-
age. First, functional damage that would
require replacement of a component or
piece of equipment. Examples would be
the burnout of a radio receiver “front end”
or the blowing of a fuse. Second, opera- -
tional upset of equipment such as opening
of circuit breakers or erasure of a portion
of the memory of a computer.

3.100 A Experiments have shown that CD
radiation detection equipment is not sus-
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- 'xc,eptlble £6_direct damage Tior are hand

E held Cxtlzens Band wallue-talkles or FM .

- radio receivers. Thé vulnerablllty ‘of indi-

"vidual-electrical or electronic equipment

canvtry greatly. Transistors-and: micro-
- wave dlogies,‘ for example, are relatlvely
electnc motors. -
'8.101 The EMP threat and protectxve

LT mea;sures for civil preparedness related

- fystems: and’ .equipiment. are available in
_ " technical publications of DCPA. Emer-
- -gency operating centers, broadcast radio
~ and TV, telephone and electric power sys-
L tems and public safety radio arée"some of
;. the-areasof concern. "
3 3102 Listed below are seven anti-EMP
actions that! ieould be applicable to local
civil preparedness operations.
- 1. Maintain a supply of spare parts..
L2 ‘Shift to emergency power at the earli-
L .est possible time,

3. Rely on telephone contact durlng

threat period so long as it remains
: ‘operational

4. If radio conmunication is essentla.l‘

) during threat period, use only one
"« gystem at a time. Disconnect all other
systems from’ antennas, cables, and
power..

; stconnect radio basé stations when
not-in use from antennas and power
line.

" 8. Plan for mobxle-to-moblle backup com-

o munlcatlons )

7. Design emergency operating plans 80

2 that. operatlons will “degrade grace-

fully” 1f communlcatlons are lost'

$UMMARY OF EFFECTS OF VARIOUS TYPE‘

~ BURSTS %, A

'8:103 Some general conclusions can ‘be .

" offeredin’summary of the degree or séyer-
ity of the particular effects of the various
types& of nuclear detonations. The various

o degrees are relative to each othér for a -

gwen burst type, and\are best interpreted
in terms of the descriptions given below.

9Thll Iummny is riprlnud from THE EFFBC‘I‘S OF NUCLEAR
=~Ns."

.
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HIGH ALTITUDE aunsrf'“ :

LIGHT: Very 1ntense

HEAT: Moderate decreases with mcreas-
ing burst altitude.

.INITIAL NUCLEAR RADIATION: Negllglble.

SHOCK: Negllglble . .

AIR BLAST: Small on the ground, decreas—

- ing with i increasing butst altitude.

EARLY FALLOUT: None.’

SUMMARY: The most significant effect will
be flash blindness over a very large
area;. eye burns will occur in persons

looking directly at the explosion. Other
effects will be relatively unimportant.

AIR BURST . |
LIGHT: Fairly intense, but much less than
* .for high-altitude burst. .

HEAT: Intense_out to considerable dis-
tances.

INITIAL NUCLEAR ﬁADIATION Intense, but

-generally hazaxdous out to shorter dls- '

© tance than heat.

SHOCK: Negligible except for vasy low air’

bursts.

AIR ‘BLAST: Consid rable out to distances
similar to heat effects.:

EARLY FALLOUT: Negllglble

SUMMARY Blast will cause considerable
structural damage; burns to' exposed
skin,are possible over a large'area an’d
eye effects over a still larger area; ini-
tial nuclear, radiation will bea hazard at

closer distances; but.the early fallout T

hazard wﬂl be negllglble,

s e ’ - - - Carm s

GROUND SURFACE IURST

LIGHT: Less than for an air burst, but stlll
appreciable, .

VHEAT' Less than for an air burst but

s:gmficant

INITIAL NUCLEAR RADIATION: Less than
for an air burst.

SHOCK: Wil cause daniage within about \

three crater radii, but little beyond.

-, ¥ As modified by 3.93-3.10?.
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AIR BLAST: Greater thap for an air burst
at close-in distances, but considerably
less at farther dxsta{

EARLY FALLOUT: May.be considerable (for
a high-yield weapon) and extend over a
large area.

SUMMARY: Except in the region close to
ground zero, where destruction would
be virtually complete, the effects of
blast, thermal radiation, and initial nu-
clear radiation will be less extensive
than for an air burst; however, early
fallout may be a very serious hazard
over a large area which is unaffected by
blast, etc. '

SHALLOW UNDERWATER BURST

LIGHT, HEAT, AND INITIAL NUCLEAR RA-
DIATION: Less than for a ground surface
burst, depending on the extent to which
the fireball breaks through the surface.

SHOCK: Water shock will extend farther

. than a water surface burst.

AIR BLAST: Less than for surface burst,
depending upon depth of birst. -

EARLY FALLOUT: May be con51derable, if
the depth of burst is not too large and
in addition there may be a hxghly radio-
active base surge, -

. SUMMARY: Light, heat and initial nuclear

radiation will be less than for a ground
surface burst; early fallout can be sig-
nificant, and at distances not too far

- from the explosion the -base surge will
be an important hazard.

WATER SURFACE BURST .~

LIGHT: Somewhat more mt’enSe than for a
g'rotmd surface burst. )

HEAT: Slmllar to ground surface burst.

INITIAL NUCLEAR RADIATION: Slmllar to
ground surface burst.

SHOCK: Water shock can cause damage to
ships and underwater structures to a
considerable distance.

AIR BLAST: Similar to ground surface
burst‘“‘"" .

EARLY FALLOUT: May be conmderable -
SUMMARY: The general effects of a water

surface burst are similar to those for a
ground surface burst, except that the
effect of the shock wave in water will
extend farther than ground shock. In
addition, water waves can cause damage
on a nearby shore by the force of the
waves and by inundation.

SHALLOW UNDERGROUND BURST

LIGHT ‘HEAT, AND INITIAL NUCLEAR RA-
DIATION: Less than for a water surface
burst, depending upon how much of‘the
fireball breaks through the surface.

SHOCK: Ground shock will cause damage
within about three crater radii, but lit-
tle beyond.v

AIR BLAST: Less than forla‘ surface burst,
depending on the depth of burst.

EAQLY FALLOUT: May be considerable, if
th pth of burst is not too large, and
in addition there may be a highly radio-
active base surge. -

SUMMARY: Light, heat, initial nuclear ra-
diation, and blast effects will be less

than for .a surface burst; early fallout .

-can be significant, but-at distances not

too far from the explosion the radioac-
tive-base surge will be an important
hazard. Water waves can also cause
damage, as in the case of a water sur-
face burst.

CONFINED SUBSURFACE BURST -

LIGHT, HEAT, AND INITIAL NUCLEAR RA-
DIATION: Negligible or none.

. SHOCK Severe, .especially at fairly:close .

distances from the burst point.
AIR BLAST: Negligible or none.
SUMMARY: If the burst does not penetrate

the surface, either of the ground or.

water, the only hazard will be from
ground or water shock. No other effects
~ w111 be slgmf’ cant.
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Since we cannot hear, see, smell, taste or
feel nuclear'radiation from the fallout, we
must rely entirely upon instruments in
order to DETECT its presence and MEAS-
URE the degree of danger. In this chap-
ter, then, we will look at:

HOW - nuclear radiation may be de-
tected o

HOW nuclear radiation may be
measured

WHAT instruments exist to do the de-
tectmg and the measuring

. HOW do instruments operate

WHY do we need dlfferent types of
instruments

WHAT are the units we use to meas-
ure nuclear radiationL

« -INTRODUCTION

-4.1 Man is aware of his environment
through his senses. He can see; smell,
taste, hear and feel. Yet, none of these

" senses will make him aware of the pres-

ence of nuclear radiation. This situation is
not really unusual. In fact it is like his
1%1ab111ty to respond dlrectly to the waves -
" of ultraviolet’ light and radar, telev1510n,
or radio transmission. For example, a man
may receive a serious sunburn due to ov-
’ erexposure to the sun’s ultraviolet rays,
yet his first indication of over-exposure
nray come Several hours later when he
feels pain. In this situdtion he was not
. aware of the ultraviolet rays during the
exposure period; however, in a sense, he
did detect the ultraviolet light indirectly
since He certainly would be aware. of a
pginful sunburn. Similsrly, since man déan-_
" ‘not rely on his séfisesto detect nuclear”
‘radiation he must rely on some secondary
means such as instrumentation. |
61

v

NUCLEAR RADIATION MEASUREMENT

4.2 At the present time, nuclear radia-
tion detection instruments are widely used
in industry and research. X-ray films and
Geiger counters are items of everyday
conversation. In this chapter we will dis-
cuss the principles and theory of operation
of many nuclear radiation detection in-
struments, or radiological instruments as
we will refer to them. These instruments
are very similar to other types of elec-
tronic equipment. Their main distinguish-
ing characteristic is their ability to re-
spond to nuclear radiation.

4.3 The term DETECTION is used in
this text to include only the indication of
the presence of nuclear radiation. The
term MEASUREMENT will be reserved
for both the detection and quantitative
estimation of the amount of nuclear radia-
tion present.

>
PRINCIPLES OF RADIATION DETECTION

4.4 Radiological instruments detect the
interaction of radiation with some type of
matter. The different principles of radia-

ion detection are characterized by the

T nature of the interaction of the .radiation

’w1 h the detecting or sensing element.
Several types operate by virtue of the
ionization which is produced in them by
thé passage of charged particles. In other
detectors, excitation and sometimes molec-
ular disassociation play important roles.
4.5 During the 1890’s, Henri Becquerel
found that photographic plates, when
placed in proximity to ores or compounds
Bf uranium, were affected in the same
manner as if they had been exposed to

.Jight. This occurred even when the plates

were protected by sufficlent covering to
assure that the strongest light could not
affect them. Thls date marked the discov-
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ery of radioactivity, and today this princi-
ple is still used to detéct and measure the
product of radioactivity, NUCLEAR RA-
DIATION.

4.6 The photographic detection tech-
nique is relatively simple. As a charged
particle passes through a photographic
emulsion, it will generally cause changes
which will result in a blackening of the
emulgion when the film is developed. The
photographic emulsion consists of finely
divided crystals of a silver halide, usually
silver bromi19e, suspended in gelatin and
spread evenly on a glass, cellulose, or pa-
per base. When charged particles strike

the emulsion, some sort of ionization not

well understood takes place. This local dis-
turbance of the electrons in the_crystals of
silver bromide creates a latent image
which is invisible to the eye when formed,
but which can be developed later by chem-
ical action. The chemical developer acts as*
a reducing agent to deposit metallic silver
only at those points in the emulsion where
radiation interacted-and in proportion to
the amount of radiation which acted on
the silver salt. The amount of blackening
on: the film is a function of several factors:
the time of exposure, the intensity of the
exposure, the sensitivity of the film, and
the chemical pro¢esses of development By
rigidly controlling these factors, the black-
ening of the film can be made proportional
to the radiation exposure.

4.7 A second method of detecting radia-
tion was again first employed by Bec-
querel and Rutherford in their early work
with radioactive substances. Certain ma-
terials will produce small flashes of visible
light when struck by alpha, beta, or
gamma radiation. These flashes are called
scintillations. The mechanism of formation
of these scintillations is very complex but
essentially it involves the initial formation
of higher energy (or excited) electronic
states of molecules (or atoms) in certain
materials. Some of the absorbed energy
which has been derived directly or indi-
rectly from the incident radiation will be
emitted in a very short time as photons of

. visible or ultraviolet light. These light

photons are then converted into an électri-
r'al current by a photomultlpher tube and

the current is measured. Since the light
intensity and the resulting electrical cur-
rent are proportional to the rate of radia-
tion exposure, the instrument can be cali-_
brated to read radiation exposure rates.

4.8 A third principle for detecting ra-
diation is based on the fact that many
substancé€S undergo chemical changes
when exposed to radiation. This is particu-
larly true of chemicals in agueous solu-
tions where the decomposition of the
water itself contributes to the reaction. If
the extent of the chemical change can be
conveniently measured, tige reaction can
be used for measuring radiation. There
are several chemical reactions which may
be utilized in this manner. One of the first
used was the liberation of acid from a
chlorinated hydrocarbon such as chloro-
form. Chloroform, water, and an indicator
dye are sealed into a glass tube. As radia-
tion penetrates the tube, hydrochloric acid
is liberated from the chloroform. The liber-
ation of this acid reduces the pH of the
solution and causes a distinctive color
change in the-dissolved indicator. The ex-
tent of the color change is an estimat® of
the radiation exposure of the tube.

4.9 Becquerel's discovery that gases
become electrical conductors as a result of
exposure to radiation provides us with a
fourth means of detecting and measuring
radiation. When a high-speed particle or a
photon passes through a gas, it may cause

*the removal of an electron from a neutral

atom or molecule causing the formation of _
an ion pair. This process of ionization in & ,
gas is the basic phenomenon in all EN-
CLOSED GAS VOLUME INSTRUMENTS. The elec-
tron produced may have rather high ener- ,
gies and may produce more ionization in
the gas until its energy is expended and it

.i8 «finally captured by an opposite‘hx

charged ion. If two oppositely charged ¢
lecting electrodes are introduced into the
gas filled chamber, the ion pairs will mi-
grate to their respective electrodes. Negax
tive ions will move toward the positively
charged electrode and the positive ions
toward the negatively charged one. When'
the ions reach the electrodes, they will be r
neutralized, resulting in a reduction of the

6, §1arge on the electrodes. In one type.of
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_instrument this loss in charge is used as a
measure of the radiation exposure. In an-
other type, batteries are used to replace
the charge on the electrodes resulting in a
current flow in the external circuit. Within
certain limits, this ionization current will
be proportional to the radiation exposure
rate.

"4.10 In addition to the four principles
discussed above, there are several other

. principles which .may be utilized for the
detection of radiation, but to date these
have not been as widely used. - :

IS

TYPES OF RADIOLOGICAL INSTRUMENTS

4.11 In the development of radiological

instruments, the choice of detector is an
important factor. An equally important
factor in their design is the.type of infor-
mation required by the user. Normally
this information falls into two categories:
the measurement of total accumulated ex-
'posure to radiation, and the instantaneous
* rate of exposure, The first js referred to as
an EXPOSURE MEASUREMENT and the second,
as an EXPOSURE RATE MEASUREMENT. As an
example of a situation in which both types
of information are required, consider the
following. An area is contaminated with
fallout. A person is required to enter the
area and not exceed an exposure of 25
roentgens. This situation requires an in-
strument which will measure the total ac-
cumulated radiation exposure during the
period of stay in the contaminated area.
Instrumgntsﬂ@e_s‘igned ijo provide such
measurements are called DOSIMETERS.
Next, assume that the operation to be

performed will require two hours to-com- -

_plete: In-orderto- deterniine if entry into
thé area is practical, it is necessary to
*know the instantaneous rate of exposure

to which the person would be exposed in )

the confaminated.area. Instruments de-

signed to measure exposure rate are called
SURVEY METERS.

412 Tt is important to emphasize that

radiological instruments measure expo-

- sures and not dbsorbéd or biological doses.

Such EXPOSURE is a measure of the’

strength of the radiation field, while the

ABSORBED DOSE is a measure of the amount o
. . , o <

s
e

of energy liberated in the absorbing mate-
rial, and the BIOLOGICAL DOSE is a medsure
of the biological effect of a particular ra-
diation absorbed by an individual. How-
ever, it is also important to emphasize
that the ultimate objective for measuring
an exposure to radiation is to relate that
to a certain biological response of the ex-
posed individual.

@ . . N .
UNITS OF RADIATION MEASUREMENT

4.13 As discussed in Chapter 2, the
roentgen is-the unit of radiation exposure.
This unit is based on the effect of X or
gamma radiations on the air through
which they pass. It is defined as that
quantity of X or gamma radiation such
that the associated corpuscular emiission
per cubic centimeter of dry atmospheric
air at 0° centigrade and 760 mm of mer-
cury produces, in air, ions carrying one
electrostatic unit of ¢harge of either sign
(2.083 x 10° fon pairs/cc). Since this unit is
rather large for measuring peacetime oc-
cupatiohal exposures, the milliroentgen,
. Which is equivalent to 1/1000th of a roent-
gen, is frequently used for measuring

" 8mall exposures. Since dosimeters meas-
" ure exposure, they measure in ROENTGENS
or MILLIROENTGENS, while survey meters,
whi¢h measurefexposure rates, measure in
ROENTGENS per hour or MILLIROENTGENS per
hour. It isimportant to note that the roent-
gen applies only to the measurement of X
or gamma radiation, and does not apply to
the measuremerit:of alpha or beta: radia-
tion. .

4.14 These units of exposure and expo-
sure rate are related by a time factor
analogous to the relationship between to-
tal distance traveled and speed. For exam-
ple, the total distance from Battle Creek,
Michigan, to Detroit, Michigan, is approxi-
mately 120 miles. A person leaving Battle
Creek and averaging 40 miles per’ hour
would- require three hours to travel to
Detroit. Similarly, if a person.entered a
radioactive contaminated area where the
exposure rate was 40 roentgens per hour
and remained for three hours, his total
accumulated exposure would be 120 roent-

:fens. This, of course, assumes that the 40
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- f\*-‘rdentgens per hour exposure rate re-
*..~ mained constant. Just as it is difficult to
..maintain a speed of 40 miles per hour, so
' mlghtr it be difficult ‘to maintain a radia-
.tion fiéld of 40 roentgens per hour, since
’ ‘radxoactxve materials decay according to
" fixed natural laws. This decdy will cause
.7 the 40 roentgens per hour exposure rate to
e crease with time. However, if the radio-

’ ﬁtlve material has a relatively long half-
-life, the decrease in exposure rate during a
.three-hour period may be negligible. (With
fallout, especially in the early hours after
detonation, the decrease in exposure rate
will be appreciable during a three-hour
period.)

.

DOSIMETERS

4,16 As indicated above, it is ngcessary
in emergency operations to provide an in-
strument capable of measuring an individ-
ual’s total exposure to radiation. It is clear
from .-the definition of the roentgen that
the measurement of ionization in air is
basic to the determination- of radiation
- . exposure, In Civil Preparedness an ioniza-

. .tion chamber employing the principle of
" enclosed gas volume has proved most sat-
isfactory for exposure measurement.

. 4,16 To understand;the operation. of do-

‘FIGURE 4.1634—Chqrged electroscope.

[c IR

FIGURE 4.16b.—Radiation effect on charged
- electroscope.

~‘¥ .
simeters, consider a foil leaf electroscope
(Figure 4.16a) consisting of an outside
metal shell in which is mounted an exter-
nally projecting electrode. An insulator
such as amber or sulfur insulates the elec-
trode from the outside case. Two narrow
strips of a_thin foil are cemented to the
enclosed stem of the electrode to form the
moving part of the electroscope. Normally,
wmdows in the case serve for v1ewlng the
foil leave_s. If an electrical charge is ap-
plied to the externally projecting elec-
trode, it is transferred through theé elec-
trode to the foil leaves. Because of the
mutual repulsmn of like charges, the

leaves -will immediately repel each other
until the electrical repulsion.is just’

counter-balanced by the gravitational
force tendmg to bring ther back together

If the air in the enclosed chamber is ion- .

ized by radiation (Figure 4.16b), it becomes

"an electrical conductor and this permits

the .charge on the leaves to leak away.
Since the electrical charge is reduced, the
mutual repulsion of the leaves is reduced

- and they assume a position cldser to- -
géther. This same principle is basic to the .

operation of dosimeters. The electrostatic
self-indicating dosimeter used in Civil Pre-
paredness is nothing more than a soph:stl-
cated electroscope.
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FIGURE 4. 17.—Constructxon pnncxples ‘of an electrostatxc self-mdxcatmg doslmeter

4.17 The d081meter consists of a quartz
fiber electrometer suspension mounted in-
side an ionization chamber (Flgure 4.17.

“The electrometer suspension is supported

by means of a highly insulated material
ingide an. electncally conductmg cylinder.
The enclosed air volume surroundxng the
electereter suspensmn is the ionization
chamber or the radiation sensmve compo-

‘nent of the 1nst,rument The indicating

element is-a-five micron (115000 in.) quartz

- fxber whlch is part .of the electrometer
- -suspengion, The quartz flber has an electr-r

ically conductlng coating evaporated onits

surface -and has thegsame form factor as
the metal frame of the electrometer. In

most dosimeters both frame and fiber are
in. the shape of a horseshoe, the fiber belng
attached to two offsets on the IOWer ex-
treml}tles of the frame. = - :

4 18 The d051meter contains an électm-

eal cipa’cltor in parallel wlth’ the ellectro-

‘metér suspehsion and the chamber wall.

The range of the dosimeter is determined
by the size of the capacitor, the chamber

"volufne, the sensmwty of the electrome-“

ter, the pressure ingide ‘the ionization
chamber ‘and the optical system. Only

pressure and capacitance variation offer a’

wide selectlon of ranges. Therefore, the
functxon of the electrical capacitor is to
change the. range of the dognneter. How-

' eve):, for a partlcﬁlar dommeter, the range
, wﬂl be fixed by the selection of the eapaci-
. *tor at’ ‘the time of its man‘ufacture.

4. 19 The charging.switch assembly con-

‘\ smts of-a bellows and a contact, rod, which
. s nornially 1solated from the elefctrometer

A
e e L ) TR
*

v

suspensmn Only when the doSImeter is
placed ort a dosimeter charger and the
bellows depressed: can contact be made

-~between the rod and electrometer. This

arrangement provides a very high electri-
cal resistance, and the hermetic sealing
allowed by such construction makes the
dos;meter readings essentially indebend:
ent of humldlty and pressure changes,

4 20 Focused on the quartz ‘fiber is a 75.
to 125 power mxcroscope which magmfies ‘
the 1mage of the quartz fiber so that it is
visible. The mlcroscope con51sts of one ob-
Jectlve lens, one eyepiece lens, and con-
tdins a. scale or reticle at the real image.of
the quartz fiber. The scale is graduated in
roentgens or mllllroent ns dependmg on

thé range.of the 1nsl{ru ent.’ |

4. 21 In preparatlon for exposure to ra: .o
diation, the dommeter is charg'ed to. about F

160 to 175 volts to bring the'i image ‘of the
quartz fiber to zero on the scale. (Figure
4.21). In charging the dosimeter, an exter-
nal source of electncal .power is used The
jonization chamber is held at ground po-
tential and the metal frame and flber of
the electrometer assume the other ex-
. treme of the voltage dlfference. The fiber
is repelled from the frame since both are
_at the same potential. The posltlon of the
quartz fiber will then vary ynth the poten-
tial difference. This variance is linear for’
the voltage range covered by the scale.
. When the instrument reads full seale, the
potentlal difference is not zero but usually
..some intermediate voltage between 76 and
125 volts. -
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’ FIGURE 4. 2L—-Zero dosimeter reading: -

4,22 As the dosimeter is exposed to X

or gamma radiation, the photons will in-

. teraet with the wall of-the ionization
chamber producing secondary -electrons
(Flgure 4:2228). These electrons enter the

- . sengitive volume of the dosimetér and ion-
- izer the air‘molecules. Under the influence

mn’

airs migrate to the electrode of oppo-
barge and are neuttahzed This

. ' ;causes -a proportionate dlscharge of -the
. .fcapacltor systetn and decreases the poten-
tial difference .between thie' electrometer
. .And. the chamber wall. The ‘quartz fiber
How assumes a.new posltlon cortespondmg
.~ " to the mew. potential difference. This-is
- f reflected by anﬁ__g_scale ‘movement of the

[

-~

o - :J_. . )
. 3 !'Icuwlzza.——Onention of i an clectrottutic :
dodmeter
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of the electncal field in the:chamber, the.

FIGURE 4.22b~80 R dosimeter reading.

hairline image of the quartz fiber (Flgure
4.22b).

The movement of the fiber is a function
of the total amount of radiation to which
the dosimeter is exposed, regardless of the
rate of exposure to radiation.

4.23 If the dosimeter reading is zere at
the start of a period, the exposure may be
read dlrectly from the dosimeter. How-
ever, any mltlal d051meter reading must'
be subtracted from the final reading to
obtain a correct indication of the total
exposure. For example, if a dosimeter
reads 10 rems at the start of a period and
reads 56 rems at the end, the exposure
during the period is 45 rems. Performance

- characteristics " of d051meters will be dis-

cussed in the next chapter
DOSIMETER CHARGERS

~4.24" The design of dosimétef cﬁargers

has progressed to the point that the later

models all use transistorized. circuits to

provide the required charging voltage. Al-
though some of the earliest chargers were
not transmtorlzeq probably all future

ones will'be be¢ause of the ease of’ opera-_

~CHARGING CONTACT

=
LIGHT SWITCH.OPEN

FIGURE 4.25a ~Initial condition.
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~—CHARGING SWITCH OPEN " Gicron . T vraneronuen o0E /
. . 1 osciimon u8.vouis 10 necres
) { ~ (s.cTOGC)
»‘7 . ((.eTO\o&J ' zzovous: . r {e.c ,. : ‘\
" DOSINETER . ] . . & e
) ) . . . » . N ‘; M R
- LSvour . oo VARIARLE VOLTAGE
FLASHLIGHT CELL . or‘zzovous ’
te.c) - MAXSIN - AVAILABLE
o : .- = . Avcraneme
/ "LL .o
P . 7 —
R 4 FIGURE 4. 25d.——Simphf'ed diagram. df & CD V-750
- PRI -”, - -dosimeter. charger / .
LlGHT SWITCH CLOSE 3 )

then rectified by a dlode ang & potent;al of
'Fxgm 42\5b.-Readmg posx ion. s 220 volts maximum is ZVallable at the

. ,:, cHARGT SWTCH /.éSED

to adjust.the output voltage to the exact
value requlred to 'bring the dosimeter to

: ' . ‘ an; mstrume, t whlch would measure, expo- L
\ D% _ sure rate; for use in survey operations. -
- KIGHT SWITCH CLOSED— This instrAment should. measure the rate

‘FIGURE 4,25¢‘_Ch.rg,ng’p°,,t,on, of forma Alon of lon pa1rs rather than the

" tion of the transistorized models and pro- clple as agam proved most satlsfactory
L '\mlopged battery ] hfp\ _for vxlfreparedness«uges. -

.. 426 In the translstorlzed chargek the 428 There are two types of ClVlI Pre
c1rcu1t is powered by a single 1.6 volt bat- p edness exposure rate instruments
" tery. The charglng contact wshown in its ich- depend on the principle of. electncal
L AL mltml condxtlon in Figure 4.26a, When a ollectxon of ions (enclosed. gas- volume) for
' dommeter is placed on ‘the- chargmg ¢ofi- 'their operatlon. “The, characteristics of .

tact and pressure is applied, the Ilght / each dépend mainly .on the voltage at

switch closes and the bulb lights (Fxgur,

4.25b) However, in this posltlon the dosim- _ To; understand their operation, it as neces-
) eter caniiot be charged since the dosime- * sary to investigate the behavior of ions in

ter chargmg switch is still open. Addi- an electncal field. Asystem for 1nvest1gat-
tlonal ‘Ppressure must be apphed o plose ing thls ‘behavior is illustrated in Figure
" this switch’ (Fxgure "4.25¢). A transisfor os- 4. 28, " consists of a chaiber filled with
cxllal‘.or converts the. dlrect curren Arom a  air in whlch are. f1xed two parallel metal
\] plates to ‘act. as. electrodes. The. electrodes
) up” the are connected to-a battery in such a way
the voltage  that the voltage can be mcreased steadily
e currer\t is from zero to several hundred volts. A me-

i | i Ame

_batter, 'voltage (1.5 volts) to
réquir d by the dosxmeter.

. charging.contact. A voltage cdontrol isused-.~

which the enclosed gas volum,e is-operated, )



curve in Figure 4.29 will result. For 'con-
venience, the curve is di”vide?ginto five
regions, A, B,C, D and E
4.30 .When the Noltage applied to th Y -
electrodes ig low, the electfical accelerat-
ing force is small. Thus, the ions move
rather slowly and have sufficient time to T,
recombine with other igns of opposite sign
in the vicinity. The size of the pulse meas- .
ured will bé less than if all of the ion pairs - |
~ ‘ formed succeeded in reaching the elec-
. o . L, N trodes.-Asthe applied.voltage is increased,
FIGURE 4.28~Circuit for measuring f}‘e behaviorof  tho jons travel faster. Their chances of *
fons in an electrical field. R recombination are lessened and the pulse
o - size inereases. Finally, ds the applied volt-
.- ter is placed in.the circuit to measure the ‘age is increased sufficiently, all “of the
. size of the electrlcal currentlptoduced primary ion pairs will be collected at the
4,29 Normally, the air in the ionization  eleétrodes. This voltage is referred to as
chamber will not conduct electricity and  the saturation voltage. ‘As thewelectrode
. no current will fldw in the external circuit, voltage increases above ‘this point, no_in-
» If a single ionizing radiation enters the - crease in the size of current pulse is imme-
~ . chamber when a smali differénce of poten-  diately experienced since all of the pri-
tial is applled to the electrpdes, a number , mary ion pairs have been collected. There-
of ion pairs .will be produced whlch will  fore, the pulse size remains relatively con-
‘move to the oppositely charged electrode.  stant throughout region B of the curve in
When these charges collect, a current - Figure4. 29. The actual voltage range over
pulse wlll be measured by the meterin the  which the pulse size is constant depends
~external circuit. If. a constant source of on many factors, which include the gas
;  gamma radiation is used and the size of used in the chamber, the pressure of the
" “the current pulse is plotted against the gas, and the distance between the elec”
voltage apphed to the eledtrodes, the _ trodes. :
4.31 : Region B of the curve'is referred

~ RECOMBINATION counuuous orsdhiarot

IONIZATION CHAMBER
PROPORTIONAL
GEIGER MULLER

- to as the ionization chamber r gxon, and
‘instruments designed to operate in thls.

region are called ionization ‘chafmber in-

. B N struments. SinCe batteries are usually
il used as the source of electrical .bower, ins,
RADEF instruments, thls region is well‘
! addpted for theéir use. If the operating
1 voltage for a particular ionization cham-
| ber is chosen at the upper end ‘of the
b, plateau, the size of the electrical pulge
1 E produced by radiation will not vary appre-
' ciably as the electrode voltage decreases )
l
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« with both age and use of the batteries.

4.32 .- As the applied voltage is increased
.beyond the i
size of the

GAMMA
 RAY(S—,

- - - R

onization chambkr reg'ion,‘ the
. Ise is increased.\In region C
of the curve, the increased electrical field
causes the primary ions fo gain sufficlent
kinetic energy to cause secondary’ lonlza-
_ tion of other atoms and molecules in the
gas. This secondary ionization leads to an

INCREASING —
> R

e e e o e e oy o e
o

b
[e] 1 s i
Lo INCREASING VOLTAGE ~— .
VOLTAGE APPL!ED "ACROSS THE CHAMBER

L FIGURE 4.29-Pulse size v&. applied voltage for gamma
NP o, radiation.




‘ increase in the size of the pulse, which
amounts to an internal amplification of

the pulse in the encloséed gas volume: This
7~ amplification increases with apphed volt?

age and remalns linear until an internal
a thicatmn factor of approx1mately 1,000
~ is -obtamed; Regxon C is the proportional
regxon, and mstruments operating’in this
region are called proportlonal counters.

. <> No Givil Prepatredness mstruments oper-

ate in this.range.

i .‘ceeds the Geiger Muller region, it is so

number of secondary ion pairs are pro-
duced at only one point within the en-
closed gas volume. However, when the ap-
'plied voltage is incréased further, the sec-
——ondary ionization™ occurs throughout the
enclosed gas volume. Therefore, since the
amplification is so great in the Ge;ger
Muller region, the size of the pulse is
almost independent of the number of ion.
Tpairs produced Thus,wne initial ionizing:
event ‘occurring within the.enclosed gas

*i. -~~¥olume'will-initiate-an- ELECTRON AVA--

LANCHE (explained in paragraph. 4.46)

which ‘will spread quickly throughout the

entire tube. Instruments operatmg in this

regxon will produce one large pulse for

each ionizing event to which the tube is

subjected. Gas anplification factors of the
gorde \o:‘ 100 million are common.

4.34\- When the operatlng v'oltage ex-

- high that once ionizatien fakes place in
the gas, there is a continuous dlscharge of
electricity go that it cannot be used for
‘counting purposes. The upper-end of the
Geiger Muller region is marked by ‘this-
breakdown voltage

' OPERATION OF ION CHAMBER sugvsv
METERS

435 The development of ionizatiof
chambem-u-rvey meters has also pro-
.gressed to the point that the later models
- of ionization chamber survey meters and
probably future models will use a modifi-
cation’ of the ‘simplified schematic circuit
drawn in Figure 4.35. The. basic compo-
nents of thls circuit are: (1) an ionization

o _chamber, (2) & source of electrical power,

and (:"lj a measurmg circuit consmtmg of

L3

4:33—Inthe proportional ¥ reglon, alarge:

.

fﬂf»f\

an electrometer tube and an mdlcatmg
* meter.

strument is an hermetically sealed air-
equivalent ionization chamber. It consists
of a conducting cylindrical container of.
plastic and,steel called the shell and a thin
conducting disk, which is located in the
center of the shell, called the collector.
These are respectively‘the positive and.
negative electrodes and are msulated from

“each other by an extrenfely high resist-

ance feed-thru insulator. A collecting volt-
age'is applied to these two chamber elec-
trodes.

FIGURB 4. 35.f--81mpliged circuit diagram for a Civil
Prepzredhess ion chi¥fiber survey meter.

e

4.37 When the mstrument is exposed to
radlatlon, some of the energy of the radia-
tion field is absorbeq within the walls of
the ionization chamber. As a _result, elec-
trons are eJected from the walls into the
air contained within, the) chamber, As
these electrons traverse the chamber,
they create a consxader,able amount of ioni-
zation in the air. Under the influence of
the electric field ex18t1ng between the
chamber electrodes, the ions move to the
electrode having the opposxte charge, ‘that

63
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4.36, The detectihg element of the in- -~




is,.positive ions move toward the collecting
disk and the negative ions toward the
shell. The arrival of these ions at the
" electrodes constitutes a current, the mag-

nitude of which is proportional to the num-

ber of ions collected. Since the number of
ions created is proportional to the radia-
tion exposure rate, this lomzatlon current
is pregortional to the exposure rate in the

- ionization .chamber, e _

4.38 . A very small jonization current
—(approximately 0.00005. microamperes at
full scale on the most sensitive range)
flows through a “high-meg” resistor and
develops a measufable voltage. Thi
age is applied to the grid of a vacuum Yube

- called- an electrometer tube because it\is
capable-of measuring voltages at ex;
tremely small current values. The electro-
meter tube.is connected as a triode. Its
three elements are: (1) the filament which,
when heated by current from the 1.5 volt
battery, emits electrons, (2)-the grid,

.-which controls the flow of these electrons_
according to the voltage appliéd to it, and

(8 the plate, which receives the electrons
and passes them to the circuit in the form
of a measurable current.
4.39 - Measurement of the grid voltage
+ of the electrometer tube is accomplished
by metering' the change in plate current
“(Ipy directly. With-the selector switch in'
the zero positioh, the high- -meg range re-
sistor is removed from the grid circuit so
“that no signal voltage c¢an be developed as
“a result of any ionization chamber cur-
fent. The quiescent value of the plate cur-
~ rent is then exactly balanced by the buck-
. ing current (I) so that the resultant cur-
. rent’through the meter is zero, The buck-
ing current is adjusted by-faeans of the
zero adjust potentiometer.
4,40 When the selector switch is pladed
in a range position, one of the high-meg
. range resistors is reinstated into the grid
circuit. The ionization current, therefore,
produces a posmve signal voltage across
this resistOr, which in turn results in an*
increase in the plate current. Thus, the
resultant current through the meter is no
longer zero and the meter measuresithe,
inerease in plate current. Since this
Ur'.hrtmge is_,p'roportional to the magnitude of

-

\‘ i

the radiation field, the meter scale can be

calibrated directly in roentgens per hour.

4.41 Prior to use for' measuring expo-

" sure -rates, the static plate current must

be cancelled by the reverse filament cur-
rent to obtain zero meter current (zero
reading), at zero radiation levels. Since it
will probably be necessary to zero the
instrument in a radiation field, a section of

the selector switch.is used-to short out:the

high-meg resistor and prevent any ioniza-
tion signal from being sensed by the grid
circuit. Thus, when the §elector switch
(Figure 4.41) is in the zéro position, zero
radiation conditions are duplicated and
the zeroing process can be accomplished
even in the presence of a high radiation
field.

FIGURE 4.41—Selector switch and zero contro).

»

4.42 The proper functioning of the
measuring circuit including the batteries
may be checked by turning the selector
switch t6the circuit check position (Figure
4.41) and observing the meter readingd. In
this position, a predetermined voltage is
impressed on the grid of the electrometer

‘tube to make the meter read approxi-

mately full scale. Deterioration of any of
the components or battenes in*the circuit
will change this reading. Therefore, this
voltage can be used to check the entire
circuit witli the exception of the ionizaton
chambey fhd high-meg resistor.

:
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" may beldotie by using 4

4.43 All radlologlcal instruments
should be calibrated prior to their initjal
field use and penodlcal thereafter. 'éxs\

calibrated source™
of radioactive materjfl. If the instrument
does not read _properly when placed in a
radidtidn field"of known exposure rate, the
calibration control can be adjusted to give
the desired meter indication ecorréspond-
ing to-the-known:exposure rate: )

4.44 Sensmvnty of the instrument js

changetf by switching hlgh-meg resistors.
This is accomplished by the selector switch
(Figure 4.41). On each range the meter
reading must\be multiplied by 0.1, 1, 10,
and 100 to obtain the measured exposure
rate. - - s P

OPERATION OF GEIGER COUNTERS

4.45 Gelger counter operation ig based
on thé ionizafion of gases similar to the
operation of ionization chamber survey _
Theters. Th the ionization chamber instru-

. ment, a very small current’is developed,

_ amplified, and then medsured on a sensi-
" tive meter. The current is Stooth i in chay‘g

Mac?er since the many ionizing events ar

averaged. Geiger counters differ materi-

duce further ionization. This cumulative
increase in ions is similar to a single rock
precipitating an avalanche and is, there-
fore, often referred to as ELECTRON AVA-

NCHE. This avalanche may produce as
many as 100 million_other ion pairs for
each initial ion pair produced in‘the cham-
ber. The gas amplification factor of the
tube under these conditions would be
about 100 milljon.

-4,47. Consider, a Geiger tube filled with
a gas, frequently argon or neon, to an
absolute pressure of ten centimeters of
mercury and exposed to a constant radia-
tion intensity. If the number of pulses per
second occurring within the tube is plotted
against the voltage applied to the elec-
trodes, a characteristic curve similar to
Figure 4.47 is produced. This curve differs
from the curve in Figure 4.29 in that the
number of pulses is plotted against the
applied voltage rather than the size of the
pulse. Sinces under the_operating condi-
-tions placed on the tube, no gas amphfica-
tion occurs at low voltages, there is a
threshold below which no pulses will ber
recorded. As the voltage increases and the "
gas amplification factor increases, the
number of pulses increases. At first, only

ally in that the current flow is not smooth — the most ionizing particles would be

but’it is,delivered in-surges or pulses.

4.46 Geiger counters take advantage of
the extreme gas amplification. that can be
obtained when' high accelerating voltages
are applied to the electrodes within the
chamber. As ion pairs are formed in- the
gas‘ they will move with increasing veloc-
ity toward the electrodes until either re-
combination or collision with another air
molecule oceurs. The average distance be-
tween. successive collisions is referred to
as the mean free. path. If the mean free
path is small and the acceleratlng voltage
relatively high, each ion will gain only a
small amount of energy between collisions.

)

"As the operating pressure of-the Gelger

tube is reduced, the mean free path is
increased, causing the ions to gain addi-
tional energy between colhsmng When the
kinetie energy of the ions is'sufficient,
they .will cause secondarggx ionization.
,These secondary ions will also be acceler-

PULSES PER MINUTE

counted and the weak ones lost. As the
voltage inereases, however, practically ev-
ery particle entering the tube wilk be
counted. When this condition occurs, the
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FIGURE 4.47—~Number of pulses vs. applied voltage
for a Geiger tube.




‘ curve will flatten out. This is called the
Geiger plateau and it is desirable that it
be long and flat so that the counting rate
does not depend strongly upon the applied
voltage. Above the Geiger plateau voltage,
the tube goes into a continuous discharge
state and is not suited for counting pur-
poses. '

4.48 Avalanche formation will take
place in the vicinity of the central wire of
the Geiger tube, since here the eleczl"lc
field is high and each electron on its way
to the central wire acquires sufficient en-
ergy for further ionization in each mean
free path. TQus, a large number of elec-
trons and positive ions will be formed near
the center wire in the first.avalanche. The
electrons having a small mass and already
positioned close to the central wire wil
move toward it with high velocities and
will be completely collected in about one
millionth of a second. The heavier positive
ions travel more slowly out to the nega-
tively charged cylinder. This causes a posi-
tive ion cloud or space charge which re-
duces the electric field and stops™The ava-
lanche formation. In about one ten thou-
sandth of a second, the positive ions or
space charge will reach the cylinder wall.
As a-positive ion approaches very close to
the eylinder, it will pull an'electron from
the cylinder.and he converted to a neutral
molecule. Generally, the eledtron will*
move into one of the upper energy levels of .
the molecule resulting in an excited molec-
ular state. The electron will move to the
. ground state and in so doing may produce

photons in the ultraviolet region which

will have sufficient energy to liberate pho-
toelectrons from the metal cylinder. With
high tube voltages, this single photoelec-
tron will start a second avalanche and
thus the entire process will be repeated“'
over and over again. This-repeated dis-

" “charge must be stopped and the tube re-
stored to its initial condition if the tube is
to be used to measure radiation. The proc-
ess by which the tube is prevented from
repeatmg the dlscharge ls called que\}:h
ing.

4.49 Quenching may be accomphshed
) elther electronically or by addmg a suita-
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ble gas to the Geiger tube. Utilizing a
suitable electromc circuit, the operating
voltage of the Geiger tube can be momen-
tarily reduced below the voltage required
for a self-perpetuatmg discharge as soon
as the avalanche begins. Other Geiger
tubes, called self-quenched tubes, utilize a
small amount of alcohol or halogen gas to
quench the discharge. In t}z's case, both

argon and alcohol molecules articjpéte in

_the avalanche. As the positive lons mi-

ing an ionization potential of 157 volts

collide with alcohol molecules with an ioni-
zation petential of 11.3 volts. This differ-
ence in ionization potential causes the
charge to be transferred to the alcohol
molecules ‘and only these ions reach the
electrode. As they approach the electrode,
they will pull electrons from the cylinder
wall. The energy of the exciteiastates of
the alcohol molecules.will diessociate
other alcohol molecules rather §ghan cause

further ionization. The self-perpetuating .

discharge is prevented in this manner.
450 Since some of the quenching gas is

disassociated at each discharge, the sup-

ply is constantly depleted and the Geiger

tube will have-a limited useful life of about -

one billion coupts. Halogens, particularly
chlorine and bromine, are currently being
used as.quenching gases in argon-filled
counters and have some advantages over
the aleohol-quenched tubes. Since the hal-

ogen atoms will recombine after the disas-

'sociation process, tubes filled with this gas
will have essentially an unlimited life.
Halogens, however, are extremely rehctive
gases and great care must be exercised in
choosing electrode matemals

4.61 Figure 4.51 illustrates a typical
. simplified circuit diagram of a Geiger
counter. The Geiger tube ¢onsists of a thin
cylindrical shell which serves as the cath-
ode, a fine wire anode suspended along the
longitudinal.axis of the shell, and a small
amount of a quenching gas. A potential of

approximately 900 volts is applied between °

‘the two electrodes.

4.52 When radiation penetrates the
tube, a gas molecule is ionized. The result-
ing ion pair is accelerated toward the elec-
trodes by the electric field. Because of the

72 . :
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"+ high ‘ét:celei'atirlg voltagés, the creation of external circuit.‘The‘fre'quency of such
additional ions is very rapid, thus produc-  pulses.is proportional to the strength of

[

ing a discharge (avalanche) in the tube. the radiation field, The small amount of
This “discharge results in & p‘uls“ﬂ in the~ halogengasin the tube serves tostop each P

: ; 2ischarge'and restore the tube to #s ini- :
: ial condition, . - '

4.53 The“pulse output from the Geiger -
tube is amplified by conventional elec- \\ ’
tronic means -and then meastured by a
--— sensitive~meter-which-stms-up-the=radia
} ‘tion effects in the form of a reading in
-—either.counts-per minute-or, in-the-case of-
gamma rays, milliroentgens per hour. In.
addition to the meter indication, most
Geiger counters are provided with head-
phones which detect the pulses from the
Geiger tube and produce an audible click.
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FIGURE 4.51—Simplified circuit of a Geiger counter. tice-Hall, Inc., 1972.
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i CHAPTER 5

RAblOLqG_ICAL EQUIPMENT

Having covered the theory of radiologi-
cal instrumentation in the previous chap-
t r, we are ready to move to the practical

ects of detecting and measurmg nu-
clear radiation. This mgans it is time for.a

. look ‘at the various types of radiological -

equipment available and the different sit-
uations in which each item would be ap-
pliéd. In addition to learning what we
have in the way of different pieces of
equipment, we will also be shown:

WHAT the equlpment can do
WHAT 1t cannot do |

WHEN to use a particular piece of
equipment

to check it, operate it and care
- for it

L msmumsm

HOW

RADIOLOGI
REQUIREMEN

5.1 There is no exact equlvalent of com-
bat' experience upon which to base the
_requirements for Civil Preparedness ra-
diological equipment. However, extensive
tests of nuclear weapons under known
conditions have indicated the kinds and
extent of residual radiation that could,re-
sult from the use of such weapons, The
knowledge gained from these and other
types of experiments makes it possible to
relate radiation conditions to biological ef-
fects on man and thus establish equip-
ment requirements.

5.2 Because of the many variables as-
sociated with the detonation of a nuclear
weapon, it is not possible to predict accu-
rately the radiation levels that will result
from fallout. Furthermore, no single in-
strument meets all of the operational re-
quirementa that ight result from a nu-
clear attack: Theréfore, & wide cdpability
for radiation measurement is requlred

DCPA,has developed several instruments
that, together, provide this wide monitor-
ing capability. These instruments fall mto

two distinct-classes:

Radiation survey meters for use by mon-
itoring personnel in determining contami-
nated areas and radiation exposure rates.

Ezxposure measuring instruments (do-
simeters) needed by all Civi} Preparedness
workers such as fire fighters, first aiders,
rescue teams, and radiation monitors who
have to perform their emergency duties in
contaminated areas.

5.3 SURVEY METERS provide the informa-.

tion required for locating contaminated.

areas and for estimating the degree of the
hazard. Since it would not be practical to
compute your total radiation exposure
from survey meter measurements if the
exposure rate varied during the exposure
period, DOSIMETERS are also needed for re-
cording the total amount of an individual’s
exposure. Estimates of total exposure and
related biplogical effects can be made on
the basis bf exposure rate measurements,
decay rates, and probable exposure times,
but these estimates should be used for
planning purposes only Determination of
actual exposure times and exposures dur-
ing emergency operatlons must be based
on both the exposure rate, as read on
survey meters, and on the total exposu_n{e
as indicated by dosimeters.

5.4 Alpha, beta, and gamma radiations

. may be present in radioactive fallout.

Sinte the hazards from these radiations .
will be discussed in detail in later chap-
ters, it suffices here to indicate that
gamma radiation is an external{hazard
and, under certain conditions, beth radia-
tion may also be an external hazard. In
‘Hddifion; thesé three types ‘of radlatlon
may be internal hazards.
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5.5 Alpha radiation does not present an
external hazard, since it will not penetrate
beyond' the surface layers of the skin. Al-
pha emitters must get inside the body

before they can cause appreciable damage.
Bécause alpha emitters will probably not
present a significant hazard relative to
the beta and gamma hazard immediately

following a nuclear attack and for some

time thereafter, and further, because of
the difficulty in developing portable alpha
yneasuring instruments, DCPA does not

“provide a standard instrument sensitiveto’

‘this type of nuclear radiation. During the
! recovery phase, the determination of the

.. L ° . .- .
’ seriousness of the alpha contamination in

food and water will probably be accom-

- - plished by laboratory-type instruments.

MEASURING BETA AND GAMMA
RADIATION

—~ - -5 Since the bivlogical effects of beta

and gamma radiation_differ, radiological
instruments must discriminate between
them. Measurement of beta radiation is
complicated by the very wide range of
energies of these particles. Most beta de-
tection instruments will not respond to
extremely low energy beta particles. How-
ever, that portion of the beta radiation

that can be detected should be detected, so

that its proportion to the total radiation
exposure.can be.determined. This is neces-

?QMO estimite possible damage by each-

ype of radiation. It should be noted, how-
ever, that the units of measurement used
on radiological instruments to show acecu-
muylative exposures and expostire rates of

gamma radlatlon are the roentgen and the -

roentgen per hour and the roentgen is
defined in terms, of X or gamma radiation
exposure in air. Therefme, these units do
not relate directly to measurements of
beta radiation. Consequently, meter indi-
cations of beta radiation can be inter-
preted only in a general way.

5.7 The sensitivity requirement of a ra-
diation instrument depends upon the type
of information it.is expected to. provxde An
instrument used to measure the contami-
nation of personnel, food, water, equip-

ment, or living quarters must .indicate’

(€]
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very smal]l amounts of radiation above
noxi'mal background radjation. This type of
instrument would therefore have little use
in areas of heavy contamination.

5.8 To provide adequate monitoring,
portable radiological instruments should
be capable of measuring gamma exposure
tates as high as 500 R/hr and also indicate
when exposure rates exceed this figure.
Measurement above this amount is not
necessary for portable survey instru-
ments, because a higher level of radiation
‘would be so dangerous as fo preclude fur- -
ther surface operations.

5.9 When surface level exposure rates
are very high or when rapid monitoring of
large areas is required, aerial monitoring
may be practical. Survey meters designed
for this purpose must be extremely sensi-
tive in order to give correct readings of
radiation levels on the ground. Remote
reading instruments used to indicate ra-
‘diation levels outside fallout shelters are
2lso required and should indicate gamma
exposure rates up to at least 500 R/hl:.

. 5.10 Within the entire group of radiol-

ogical instruments developed by DCPA,
the capability exists for measurement of .
ionizing radiation exposure rates ranging
from'a minimum of natural background
radiation to a maximum of 500 R/hr. This
wide range of measurement capability is
considered adequate for all operational

needs -

— -

TYPES OF DCPA RADIOI.OGICAI.
INSTRUMENTS

5.11 Each of the DCPA radiological in-
struments will be dvscussed in terms of its
uses, significant operating characteristics,
important speclflcatlons, and the care ard
maintenance to be accomplished by the
instrument operator or monitor. ,

'CD v-700

5.12 The CD V-700 radiation survey
meter (Figure 5.12) is W\highly sensitive
low-range instrument that can measure
gamma radiation and diseriminate be-
tween beta and gamma radiations. DCPA
recommends its use primarily in long-term
clean-up and decontamination operations®

" e
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: cmuiwslz,—cn V-’IOO, low range beta-gamma
: ‘survey meter,

513 The insﬁ@nént can also be used in
training_ programs where low radiation ex-
Pdsure rates will be encountered. The de-

tecting element of the -CD V700 is a

~,* Geiger ‘tube shielded so that only the

gamma-exposure rate‘is'measured or beta
- and gamma can be detected together with
the shield open. A headphone for audible
indication is supplied with this instru-
.. ment, . ’ R )

. ; V'7°° o :
1. RANGE: 0-0:5,
.- ’gen‘g;pfei:;hg‘uxj. .

2. DETECTS: bets and gamma radiation.

" 8. ACCURACY: = 15% if true exposure _

 “ratefrom cobalt 60 or cesium 137.

4, RESPONSE TIME: 95% of firial reading

" IMPORTANT SPECIFICATIONS OF THE CD

0-5:0, 0-50 milliroerit-

‘it approximately 8 seconds.
B ’QE&!?ERATUR'E::Ciﬂgtmmept shall opér-
ate properly from < 10°F to + 126°F.
. 6. PRESSURE: instruniynt shallsgperate-
~ properly from sea level to 25,000 feet.
~T: JAMMING: .exposure rates from 50 mil-
.. . liroéntgens.per hour to 1 roentgen per
_.-.. hour shall produce off:scale readings. '
8. LIGHT SENSITIVITY: direct sunlight
‘shall: not’ affect the 6iiératiqn of the
- instFunieht,” :

e

{-, . e

e e
~

-~ 107 OPERATIONAL CHECK SOURGE:

o

-~

6.

Y
9. ELECTROMAGNETIC INTERFERENCE:
the instrument shall operate properly
in normally encountered electromag-
netic fields. . . . '
a per-
manently sealed radioactive source
shall provide a reading of 2 mR/hr =

..0.5 mR/hr when the probe, with beta.

- OPERATOR USE, CARE.AND :
MAINTENANCE OF THE CD V-700 -

5.14 Batteries—~Whenever the instru-
ment fails to respond to the radioactive
source on the side of the instrument, check
the batteries. Replace bad batteries in ac-
cordance with the instructions in the man-.
ual accompanying the instrument. |

During extended storage _periods‘ the
batteries should he removed from' the
instrument and stored in a cool, dry
Cplace, . .ot L .
Battery contacts should be inspected
monthly, and any dirt or corrosion.present
should' be removed. Whenever the instru-
ment.is not in use, MAKE GERTAIN IT IS
TURNED OFF; otherwise, the batteries
will be depleted and the instrument ren- .

dered ineffective.: * . ' . e
5:16 Geiger Tube.~The Geiger.tubes.in .
theilatérimodels of the CD V-700-are:lalo-
gen :queénchied so that their operating life-
is unaffected.} ¥.use-and, therefore, rarely .
Tequirésreplacement. Howeveér, when-fregh
batteries are installed and.the instrument

does not work correctly, it-may be_nieces-. ... -

sary fo replace the Geiger tube, To-check
for a faulty Geiger tube, replace the sus-

erly jopetating:GD V-700. A
5.16° Headphones.~If the operator

+ pected tube with a good tube froin 8 prop- -

chooses to. use the headphiones with the

instruimerit; they may be screwed into the
connector provided at the Iower left ¢orner
of the instrument cover. In: using the
headphorie; the operator will note that
each ;pulse-or count is indicated by a dis-
tinetly audible.click. ‘When the headphones
are not in use, the protective cap on the

T T L L

headphoné receptacle should ‘be replaceds ...

c

.77
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Shield open, is held over it. - .
BATTERY LIFE: 100 hours continuous 4
~ use (niinimum). s :




5 17 Carrymg Strap. --The instrument
~ may be carried in the hand or by a strap

N

arranged in such a way that the meter is

5.18 -Controls—There is only one con-
trol on thls mstrumenf; for the operator’s
‘ use. This ‘control, called the selector
" #  switch, includes an off position.and three
: ranges, labeled X 100, X 10, and X 1. On’

" meter readings must be multiplied by a
- *“*“factor of-}, 10, and 100, respectively, fo
: obtam the.measured exposure rate.

, 519 Operational Check.~—The selector
switch should be turned to the X 10.range.
The beta shield on the probe should be’

. rotated. to the: fully open position and the’

- . .probe placed as close as possible to the

bottom- surface of the case or underneath
the manufacturer’s name plate (see in-
strument manual). The open.area of the
probe ust be- dlrectly facing the radioac-.
“tive sar ple.The méter should be adjusted
\to read 2.+ 6 milliroéntgens per hour: No
- ‘external radiation must be present when
"> ~making this ‘chéckv The source should-be
" " uised. to. determine the opersbility of the
_instrument . only. It is not intended to re-
~.. place. the need for calibrating the instru-
,ment agamst a-known source.

5.20 .Calibration.—~The instrument
should be calibrated periodically to verify
ﬁthat it is measuring correctly. .

. '5.21 C'tmtammatzo'n-At all times the

- ioperator should ‘attempt to preyent. radiol-
. ,ogxcal -contamination of _the instrument,

o partlcu]arly of the probe. In case of con-

: .. taniination, the mstr ment can be cleaned
5. . by.a cloth dampened in a mild soap solu-

S tlon
e M‘CD V~7f§ -
522 The CD V-716 (Figure 5.22) is a
- hlgh-tange gamma survey meter for gen-
’ '“'eral postattack operational use. The .de-
tecting element .of, the CD V=715 is an
, 1omzatlon c’hamber.'The instrument is de-

,signed for ground survey and for use in
fallout sheIters. It w:ll be used by a radnol-

o sr ww »i«mww«g/..« fae

PR E VRCTIN

over the shoulder The strap anchors are

; = :~§1sxbleﬂhen canned oxerihe.nght_shonl. -
. - el'. P ~ - B

- the X 1;the X~10-and X-100-ranges;"the

4

. radioactive sample located. either on the-

1.

ogical-honitor for the major portion of

FIGURE 622 —GD V-‘ZlB hlgh r:nge gamma surVey

R

matter.

P o T S

L

survey requirements in the period immedi-
ately following a nucléar weapon “attack.
The CD V-715 ha3 replaced the now obso-
lete CD V=710 medluﬂ—range 0-50 R/hr
gamma survey meter.

IMPORTANT SPECIFICATIONS OF THE CD
V2715

2.
3.

. per hour shall produce off-scale read-

. SPECTRAL DEPENDENCY:

P

. N
. R . . -, , . s
- v‘;«! o . . , 5

"A ,4'4‘ -

RANGE: 0-0.5, 0-5.0, 0-50, 0-500 roent-
operate from ~20°F. to 110° F. _
DETECTS: gamma radiation only.
ACCURACY: = 20% of true exposure rate
from cobalt 60 or cesium 137 .
+ 15% for.

gamma radiation energies between 89
keV and 1.2 MeV. ’

. RESPONSE _TIMES; 95% of final reading

in9 seconds .,

. TEMPERATURE: mstrument shall oper-

ate properly from — 20° F to + 125°F.

. PRESSURE:-instrument-shall operate

properly from sea level to 25,000 feet.

. JAMMING: exposure rates from 500

roentgens ‘per hour to 5,000 roentgens

ings at the high end. ~ -

. ELECTROMAGNETIC INTERFERENCE: in-

strument shall operate properly in nor-
mally er}countered electromagnetlc
field! :

- ' .

L




‘ ,{omuon uss CARE AND
 MAINTENANCE OF THE €D V~715

‘6 23 Battemes—Battery replacement is

. r_normally:.requmed, wheneyetthe instru-- —

‘ment .can-no-longer be zeroed or when the

"méter_indicates below the “CIRCUIT

CHECK BAND?”. Batteries should be re-

placed in accordance with. the instruction .

in the instrument manual. If the mstru
ment ig to be stored for more than o few
'wcek&, the batteries should be removed and
stored in a cool dry location. For instru-
ments in.continuous use, batteries should
be reméved monthly and the battery eon-~
tacts cleaned of any dirt or corrosion pres-
ent. .

524 Contiols. —Two controls| are pro-', lout monitoring stations. The operatlng

vided. One control, the selector switch, has
seven positions: cireuit check, off, zero, X
100 X 10, X-1, ang X 0.1 ranges. On the X
0.1, X1,X10, and% 100 ranges, the meter
readlngs must be ultiplied’ bx a ’factor of _

70:1,71, 10, 'and 100 respectlvely in jorder to

t’a;nJhe measured exposure rate; The
‘second control, the zerd ¢ontfol, is used to
adJust the meter reading to zero during an
operatlonal ‘check.

.5,.25, Carrying Strap.—The instrument

. - i equipped with a cafrying strap which
- may. be adjusted to any 1ength ‘to suit the
) operator ..

526 Operational Check. —Turn the se-

A.'lector sthch to the zero posmon, wait -a
© iinute ot two for thé electrometer tube to

warm up and adjust the zero- control to
make thie meter read zero, Turn the selec- /
tor switth to the circuit check position.

 The fneter should read within the red
L‘band marked “Cireuit Check”. As the se-
‘lector switch is turned through the zero

posltlon to the four ranges, recheck the.
ze1o. settmg Turh the selector switch to

the. XJOO, X 10, X1, and X 0.1 range.:
When 1o radlatlon i§ presént, the reading
* ghould not be more than two scale divi--
'slons up scale. If dlfficulty is encountered

with’ dny step in the operational check, -

, refer to the instrument manual for correc-
twe procedure Many models have inter- *
: nal: adjustments’ which tiay.c¢orrect the

"fdlﬁ‘culty. “Durmg normaT use, the Cﬁ Ao

715 should be zeroed frequently, at least
" every half hour.”

5.27 Calibration.—The cD Vv715
should be calibrated periodically to. Veﬁ'lfy

FFFFF

the ¢ accuracy of its measurements.

5.28 Contamination.—The operator
should attempt to prevent radiological
co,ntammatlon of the instrumént’ at all
times, In case of contamination, the ir-
strument can be cleaned by a cloth damp- ‘
ened in a mild soap solution.

5.20 Modification (CD —717) -—SQme
of the CD V-715’s are e§uippéd by thé
manufacturer with a rermovable ionization
chamber attached to 25 feet of cable. This
modification, called the CD V-717, pro-
vides a remote reading capability for fal

characteristics are identical to the CD V-
715 except that the removable ionization
chamber must be placed outside the shel-
ter in an unshielded area and protected
from_possible contamination by placing 1ti
in a bag or cover of llght-welght material.
All readings r{iaif then be observed from
within the fallout monitoring station.
After the early periods of heavy fallout
and the requirement for a. remote reading
instrunient dlmlnlshes, the rémovable ion-
ization chamber should be checked for con-
tamination with the CD V—700 decontami-
nated if nécessary, and- returned to the

" cgse. The CD V-717 may then be used for

otHer monltorxng operatlons

. : L S
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2 FIGUEE’SZS(‘);\_'—CI:) V-720; beta-gamma-survey meter.

S
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' MAINTE’NANCE OF THE CD V-720

531 The use, eare, “and maintenance of
the CD V-—720 are similar to ‘the uge, care,

<

CD v-720
_5.30 The CD V-720 (Figure 5.30) is a

) -hlgh range (0~500 R/hr) beta-gamma sur-

yey meter designed’ “for postattack use by
_inonitors. It will-be used in hxgh-level con-
tammatxon areas where civil. preparedness
operations are necessary and for making
_ High-level beta radiation determmahons
" ‘Many of the Federal agencies maintain a
31£é“ah}e namber of these instrijents to
* fulfill tReir épecial requirements. The de- _
‘tecting element of the CD V-720 is an

1o,mz‘at;oxnlchamber, shielded so that
- gamma radiation only can be measured, or

_ both beta and gamma can be detected with
the sﬁleld open.

OPERATOR USE,-CARE AND

b

“:and maintenance of the CD V-715. (Refer -
to paragraphs b: 23 to 5.28 for-details:) .

€D DOSIMETERS

5:32 zPersonnel who must work in con-

tammated .areas require radxatxon inte-
’. gratmg 1nstruments to keep them continu-

ously 1nformed of their exposure. For this
purpose DCPA recommends the use of the
self-indicating quartz-fiber electrostatic

> -

FIGURE 5.32—CD opAerafional dosimeters.

5.38 DCPA has procured three dosime-
ters for operational use. These are the CD
V-130, with a range of 0-20, roentgens, .the
CD V=740, with a range ¢f 0~100 roentgéns,

_and the CD V-742, with a range of 0-200 .
roentgens. The CD V-730 is used when a

_monitor expects’'small repeated exposures
over a long period of time. The CD V-740
.and CD V-742 dosimeters are recom-
mended for use when personnel could be
accidentally exposed to large doses of ra-
diation. They should be used when person-
nel are. required to enter fields of high
radiation or remain ih low radiation fields
for long periods during postattack sur-.
vival and recovery missions. After current
stocks of the CD V-730 and CD V-740 are
depleted, DCPA will procure and issue the.
CD V-742 only. For training purposes, the
- CD V-138 with a range of 0-200 mxlhroent-
gens is recommended.

'

- IMPORTANT SPECIFICATIONS OF THE CD
DOSIMETERS

1 RANGE CD V-138 0-200 mllllroent-
gens
CD V-780 0-20 roentgens
~ CD V=740 0~100 roentgens
CD V-742 0-200 roentgens

2 DETECT  gamma radiation.

—



1. 'the hairline as

. *from-cobalt'60-or cesium 137

4. SPECTRAL DEFENDENCY: + 20% of true
exposure for gamma radiation energies

. “betwéen 50 keV and 2 MeV. .

5. ELECTRICAL LEAKAGE: CD V-730 and
CD V--742. Beginning ten nfinutes after
exposure, leakage shall not exceed 5% of,
full scale in a four-hour period. Begin-
ning 48 hours after exposure, leakage
shall not exceed 2% of full scale in 96
hours. . ’ oL
CD V=740. Leakage shall not exceed 2%

. of full scale in 24 hours. - .
CD V-138. Beginning 10 minutes after

Y: = 10% of true ‘éxp,oéur_es

exposure, leakage shall not exceed 5% °

of full scale in 4 hours. Beginning 48
hours after exposure, leakage shall not
exceed 8% of full scale in 48 hours,

6. GEOTROPISM: reading shall not vary
more than 4% of full scale when ro-
tated about the horizontal axis.

7. TEMPERATURE: instrument shall oper-
. ate-properly from —40° F to +160°F. ~
8. PRESSURE; instrument shall operate

. properly from sea level to 25,000 feet.

9. SHOCK: instrument shall-operate prop-
erly after four drops from a height of -
fourfeet.onto a hard:wood floor.

 OPERATOR USE, CARE AND. .
: 'MA!NTENANCE_QF-‘THEAD’O’SIMB&R,

5.34. -Maintenance.~N 0 maintenance
should be performed by the user on the
* self-indicating electrostatic-dosimeters.

- 5.5 - Care~When the instrumerts are
. received; the operator should check the

- ability. ito.zero the- dosimeter, check its

! response tora iation,and check its elects-
ical Teakage characteristics. When using
the dogimeters, the operator should keep. -
close to-.zero.as possible -
and’ should prevent-the _dosimeter from.,
becoming contaminated. When not'in use, -
the dosimeters should be charged and sto.
-red'in-a dry,place.

5,836 ‘Since most -electrostatic dosime-

- ters.will require 4 “soak-in” charge'after
. long:term: storage jn ‘an uncharged condi-

“tion, such dosiméters should be charged
and: the reading obsérved for a few hours

N )

FIGURE 5.3%74—-CD V=950, dosimeter charger.

before use. A second charging may be re-
quired before the instruments are ready
for operation. S e .

CD V-750

5.37 The CD V-750 dosimeter chg'ger is
used to read and charge self-indicating
eleétrostatic dosimeters (Figure 5.87). A
standard 1.5 volt flashlight cell is used as-
the source of electrical power.,

IMPORTANT SPECIFICATIONS FOR THE

€DVv-750 | -

- .

1. LIGHT SOURCE: instrument must pro- .
vide iflumination for reading and/or
charging the dosimdter. o

2. TEMPERATUQE: instrument shall oper-
ate-properly from —20°F to +125° F. )

3. PRESSURE: instrument_ shall. operate.
properly from sea level to 25,000 feet,
‘SHOCK: instrument shall operate prop-
erly after 6 four-foot drops onto a hard
wood floor. . .

OPERATOR USE, CARE AND
MAINTENANCE OF THE CD V750

'5.38 " Batteries.—The 1.5 volt flashlight
cell should be replaced when the lamp
dims noticeably on actuating the charging»
switch. Replace bad .batteries in accord- [
ance with instructions in the instrument ‘
manual. WHENEVER THE INSTRU. - ;

-2 75
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B O

- B REMOVED TO PREVENT POSSIBLE -
o DAMAGE— - -
A % ) Operatwns.—-—'l‘o read a doszmeter, .
amove the dust. cap from the charging =
contact, place the dosimeter on thecharg-
ing contact, and press I ghtly to light the
amp- Read the dosimeter and replace the

st cover when fi nished. ‘The dosimeter
" ay also.be read by holding it toward any

.Jight ‘source sufficient to 1llummate the
* hairline. To*chargefa'dommeter follow=the -
procedure prmted on the CD V-750.

W‘WW ——— 3

.,x /
CD V -4 57 ‘ - . - FIGURE?541.—Seale(i ::;:ice capsules, open and
*5.40:* The~CD "V-457 (Figure 5.40) is a ' 4
Geiger counter which has been especially sealed sources (Flgure 5.41) and accessory
designed for classroom demonstration use.  equipment. It should be hoted that this
It operates on.a normal 110.volt AC power  Training Source Set has been designed
.supply and prOdUces both visible and audi- specrflcally for use in training exercises
... ble responses to nuclear radiation;"The  and is not 1ntended as an accurate calibra-
-, - instrument is uged in ‘teaching basic nu- ° tion source.
clear nadlatlon p}gy,slcs and for decontaml-w 542 Ihe CD’ V—778 Trammg Source Set

nathn demonstratlons consists of the following items: T
' 6—5.0 mCi.Cobalt 60 Sealed Sources ,
totaling 30 mCi, CD V-784 . -

' 1--Lead Container, small (CD V-191) B
- 1—Lead Container, medium (CD V— i

792) - t
2—Locks for Lead Container CD V-792 .

"1—Long-Handled Tongs for Handling = .. '
Sources (CD V-788) - )

- 8—Radiation Area Signs

. .. 2—0-200 mR Dosimeters (CD V-138)
X 1-—Dosimeter Charger (CD V-750)
1—Geiger Counter-(CDV-700)

rd

va-794: . S

' 5.43 The CD V-794 (Flgure b. 43) is a
‘calibration unit containing a Cesium 137
~source of approx1mately 130 curies. The
- — " primary shield is composed of’ depleted
I:‘IGURE 540,—CD V-457, classroom demonstratlon uranium, and is shaped to beam the radia-
T, o ‘unit, 7 tion from the radioactive cesium into a
ijﬁl U S shielded exposure*chamber. Intérposed in
- CD V-778 ' the radiation beam path is an attenuator

disk by means of which radiation levels of
‘ 5417 The CD V—7f18,30 millicurie Train- 0.4, 4,-40, and 400 R/hr are produced in the
g mg Squrce Set ¢omsists of six Cobalt 60 exposure chamber. Jigs are provided to

~
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cahbratlon. The range switch and calibrat-
o ing potentiometers dre adjusted through
S 7 flexible linkages leading outside of the ex-
’ posure chamber, The unit is designed to
provide sditable protectlon from radlatlon
) hazards to the operator. '

-

e ’CD*V—757 ’
544 The Barner theldmg Demonstra-
“tor Set, CD V757, is a low range radiation
7 ,detectlon instrument _coupled-toa neon
" lighted remote readout indicator that'is
PR readily visible in large conference rooms
o or small auditoriums=With. the large, md';n-
cator, a Iecturer can show how radiation ~
L from a radioactive source is. affected by
o : dis{anc@and;shleldlng. ‘
N ‘ A sma1l amount of cesmm 137 which

‘ form. A hoTe in the pIatf(irm leads to the
o cesmm source, and gamma radlatlon is

properly position the instruments during

beamed vertlcally The aperture is nor-

. malIy cIosed by a. tungsten plug whlch is




Lovar 1% ke
-

,_,,J o

FIGURE 6 44—~CD V-757

e e A M - ‘,,Q
pa.;{locked in pog,ﬂ:lon. Mounted dn:ect;ly
oyer. the hole is &, Gelger Mulier tube that
is m,: the radlatlop be#tm when the tung-

ﬁalqugn

ﬂxe:rad:atw'n, beam is attenuated, result-,‘

y de‘moirsf.r;ated by.}‘doubimg ,

T

“,,_, B

gpstattac]{ operatxo%se in slow low-
flying aircraft. The ~781 will be used
by specxally tmmed momtors. The four

. major. components of the CD V-781 aerial

suryey get are: detector unit (three

elger-MuelIer tubes); f?letermg aunit with
three range dials {0=0,1-R/hr, 0-1,0 R/hr,
and 0-10 R/hr); simulator unif with dials
corresporrdmg to the metering u‘mf and a
mag'netm tape recorder. . o

:’f"»;ﬁ:’,

‘ﬁon;or THe cf{ N

1 RANGE' 0-0.1, 0—1 0, and 0-—10 roent»
' gens per. hour, . ~

2. DETEOTS .gamma, radlatlon only. )

3. AGCURACY +=10% oﬂtrueexpoﬁare rate .

. from Cobalt: 6@01' Cesium 137.-

4, ;CALIBRATIO‘N' 1s performed by the
Sf,ate mamtenance shops,,

‘e




5 TEMPERATURE° the lnstrument will

~ -operate-from - 20°F. to 110°F.

=6, HUMIDITY: to 5%

7 ALTITUDE~ to 20,000 feet°
below 1, 000 feet.

‘& OPERA'QNG “TIME: 40 hours on nine
ﬁashhght battenes (“D” cells).

. TRACKING ERROR; between the simula-

the metering unit into the aircraft, the

. instrument should be. operationally o

checked with-the use of the simulator unit.

preferably The followmg procedures should be used:— -

1. Attachthe cable of-the metering unit
to the connector provided on the stm-
wlator unit.

tion th itch on the me-
“Tor daals:and the metering dials shall ° 2. Position the power switch o

not be nfore 1 than0%.

10. READING TIME: not less than 15 see-
onds—preferably 1 minute.

"11. SHOCK AND.VIBRATION: instrument is -
designed to withstand. normal shock
and vibration encountered in small
aircraft operation:

12. DETECTOR UNIT: contalns three
Gelger-Mueller tubes similar to the CD
V-700. The detector unit should be

~+* carefully handled when installing bat-
teries..

13 WARMUP TIME: 2 mmutes.

orsnﬂoNAt CHECK Piiocsnunss
6.46 Metemng Unit«-f’Pnor«tmmountmg

.'L-w :"

* tering unit to “Battery” power posis
_tion and g#6w the instrument’a war- _
‘mup period of at least 2 minutes. .

3. By rotation of the meter-reading con-
trol knob on the simulator unit, check
each of the three meters at half scale.

* 4. Starting with the metering control : .

knob in the extreme counterclockmse

w1.§e. The tracklng error between the.:

metgrs of the simulator unit and cor-
respondmg meters .on_ the’ mete'rmg i

unit should be no. more than 10% at

any simulated: ‘exposure rate. ' ’

"'5.47 The audio output may be. checked
by plugging ift the hg@we metetma —_

unﬂhe ‘audio,_g qutput should be-from. 225




- - ——

-~ ‘notes of middle Cy for normal radiation =~ check point. -

" background. The-audio output can be oper- 3. Aircraft Power S Supply
. ated with the simulator unit.
;72- " 5.48 After installation of the CD V-761
", .Aerial Survey Meter into the aircraft, the -
operational check is performed as follows: "

1. Insthihent Battery Supply

a. Observe meters prior to turning on
- ' instrument, Meters should indi- - L .
cate zero thhm one scale division THE TAPE RECORPER

justment). -

e external radiation from fal(li\out t ' A
¥ -~ 7 prohibits.this gheck, it shoiild be - SIS
Lo assuniéd the in'gs}i:rumgnt is operat- REFERENCES ‘

- The 0-0.I Rfhr meter should read. tors—FG-E-5. 9:1, July 1966.

to 275 cycles per second (within one or two . at, ‘or slightly above, the battem

- a. When the aircraft electric
~ .skurce is used, position the power
switcle on the metering unit to the
“Plane” power position.

b. Repeat steps ¢ and d above.

(the instrument has no zero ad- 5.49 The manufacturer’s manual sup-
plied with the recorder. indicates precau-
b. Position the power switch on the tions to be gbserved and provides detailed

- . metering unit to the “Battery”  instructiond for operation. A monitor ex-
to ' power switch position and,allow pecting to use the reéorder shoul
e the instrument a warmup pemod of  using it until he is proficient bo ;
T - atleast 2 minutes. - ground and in flight. The recording and
o ¢. Observe the meters after warmup  playback of preliminary survey informa-
:', ' _ perlod Meters should cont]nue to » tion will provi(ig a cheek of the recorder’s
o " indicate zero within one scale divi-  operability. Prior to a mission, the “Bat-
'. _ sion when only normal backgroufm tery Voltage Indrcatlon” ‘should be Obi
~ radiation is present. In the event served and batteries rep}pced,\lf required.

+ ~ ,ing properly if it indicates radia- Handbook® for Radlologlcal Momtors-——
] tion levels above normal back- FG-E-5.9, April 1963. Inskrument manuals
. ground ' accombanying each mstrument

: o d. Press the “Battery Check” switch. ©°  Handbook.for Aerial Radiological Mom-
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g ) i CHAPTER 6
\ . RADIOACTIVE FALLOUT

!

-

: Now we are ready for a closer look at our
' enemy—RADIOACTIVE FALLOUT. We-
have learned how it is produced through a
nuclear detonation and we have learned
how to measure it when it arrives. This
) prompts a question:

Must we wait untllEtllout actually ar-

\ rives before we can™ecide where ‘it is
going and what to do about’it?

. and the answer is. . .

. Nortr o o

.~

True enough, we cannot detect nor can
‘we'measure fallout bgfore it arrives biit we
definrtely do not have to just git andxwazt
for it. Although it may appear that the
fallout makes its own rules, its movement

" is affected by a number of elements, some’
of which we can meastte. This lets us
make predictions about the behavior of .
fallout, to estimate its locatlon In short,

~ .~When wé take our close look at fallout in"
this chapter, we wxll see how RADEF tech-
nigues can provxde life-saving and morale-
supporting warnings of the direction of

fallout movement We will see:
» WHY
i\HOW‘a' fallout is.formed "
“HOW . it is spread
. WHAT" influences that spread ..
WHERE s fallout most likely to land

there is fallout

WHEN to expect it .
- : ' .w . é . |
" .. INTRODUCTION °
M 7., 1 ‘;l"allout;’ 1s“ one of thosé words

< - which define themselves. Say the’ word,:
"~ and you have grasped its egsential mean-

Jingy the fallback™to earth of radioactive
P 'particles produced by the detondtion of a
- ‘nuelear weapon. It is only whe‘n we begm

D

to learn more about fallout that we start

, to lose sight of this central and simple

idea. Words like “clean bomb” ang,,:gn'ty
bomb”’; “early fallout” and “worldwide-fal- -
lout”; “fission products” and “fusion prod-
ucts”; “local fallout” and “late fallout”;
“swrface burst” and “air burst”; “stron-

tium 90” and “carbon 14 makeﬁs ‘wonder
if we know what fallout is after all, despite .
that built iri definition. So, let us look at
these words and see what they ‘mean.

SOURCES OF RADIOACTIVE MATERIAL

6.2 Let us first consider where the ra- . ‘

dioactive material in fallout comes from?
How many sources are there and are all
équally 1mportant" .
. 6.3 When uranium or plutonlum are- fls~
sioned the heavy atoms are split into
smalle\r atoms and a_vast amount of en-

" ergy is released. Millions upon millions of

these atomic nuclei are split.or fissioned in.
the explosmn of a nuclear weapon. About
200 different isotopes of about 35 elements
are produced as fission products. Most of
* these are radioactive, decaying by~ emis-
- sion of beta particles frequently- accom-
. panied by gamma radiation. These fission
products constitute fihe largest single
source of radiodctive material in the fal-
lout. ... \
6.4 What about the radxoactw;ty of the -

Susgion products? The different fusion reac-
tiong used in fission—fusion, type weapons -

- may-produce tritium (a radloactlve hydro-

‘Zen lsotope) and the neutrons produced in
the reaction’ ay cause the formation- of «
ra,dxoactlve.carbon (carbon 14) from the
mtrogen in the air. However, the carbon
14 produced is small relative to that por-
mally present in the atmosphere. Only in-
sofar as possible genetic effects might the-
oretically be incurred over the next sev-




Y

» .-

eral thousand years could carbon 14 or
tritium be considered possible hazards.
Otherwise, fusion products are neglected
‘as an iitportant source of radioactive ma-
terial contributing to the 1mmedxate post-
attack survival problem. \

6.5' The uranium and plutonium which
.may have escaped fission in the nuclear
weapon represent a further possible
source of residual nuclear radiation. The
‘fissionable isotopes of these elements emit
alpha particles and also some gamma rays
of low energy. However, because of their
very long half-lives, the activity is very
small compared with that of the fission
products.

6.6 It will be seen later that the alpha
particles from uranium and plutonium, or
.from radioactive sources in general, are
completely absorbed in an inch or two of

air. This, together with the fact that the

-particles cannot penetrate ordinary cloth-
ing, indicates that uranium and plutonium
.deposited on the earth do not represent a

) éeriolis external hazard. Even if they ac- -

tually tome in contact with the body, the -

alpha particles emitted are unable to pen-
~etrate the unbroken skin. .

6.7 The last source of- radioactive mate-

rial to be ,gqnsidere’d is the neutron in- -

duced activity. The neutrons liberated in
the fissign process, byt which are not in-
volved in the propagation of the fission
chainj are ultimately captured by the
weapon materials through which they
must pass before they can escape, by ni-
trogen (especially) and oxygen in the at-
mosphere, and’ by. various.elements pres-

_ent in the earth’s surface. As a result of

capturing neutrons, gubstances may be-
come radloactwe They, consequently,
‘emit beta particles, frequently accom-
panied by gamma radiatioh, over an ex-
tended period of time following the explo-
sion. Such neutron- induced activity, there-
fore, is part ‘of the residual nuclear radia-
tion.

6.8 The act1v1ty induced in the weapon
materials is highly variable, since it is

. greatly dependent upon the design or

structural characteristics of the weapon.

g Parugrupha 65 throtigh 6.18 are reprints of selected paragraphs
) The Effects of Nuclear Weapona
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N trlbutxon would be improbable, since a

Any radioactive isotopes produced by neu-
tron captre in the residues will remain
associated with the fission products. In
the period from 20 hours to 2 weeks after
the burst, depending t(jr some extent upon
the weapon materials, such isotopes, as’
uranium-237 and -239 and neptunium-239
and -240 can contribute up to 4¢ percent of
the total activity of the wedpon residues.
At other times, their activity is negligible
in comparison with that of the fission
products.

6.9 An important contribution tO\ the
residual nuclear radiation can also arise
from the activity induced by neutron cap-
ture in certain elements in the earth and
in sea water. The extent of this radioactiv-
ity is highly variable. The element which
probably deserves most attention, as far
as environmental neutron-induced activ-
ity is concerned, is sodium. Although this+
is present only to a small extent in aver-
Age soils, the amount of radioactive so-
dium-24 formed by neutron capture can be
quite appreciable. This, isotope has a half-
life of 15 hours and eniits both beta parti-
cles, and more important, gamma rays of
relatively high energy.

*6.10 How much radioactive material is -
available for distribution as fallout?

6.11 At 1 minute after a nuclear explo-
sioh, when the residual nuélear radiation -
has been postulated as beginning, the
gamma-ray activity of the 2 ounces of fis-
gsion products ffom a 1-kiloton fission yield
explosion is comparable with that of about
30,000 tons of radium in equilibrium with
its decay products. It is seen, therefore
that for explosions in the megaton-energy
range the amount of radxoactivxty pro-
duced’is enormous. Even though ‘there is a
decrease from the 1-minute value by a
factor of over 3,000 by the end of the day,
the radiation intensitj' will still be large.

a

6.12 It has been ¢ lcylated that if all

. . . [ . .
the fission products from an explosion

with a l-megaton fission yield could be
spread uniformly over a smooth area of
10,000 square miles, the radiation expo-
sure rate after 24 hours would be 6 roent-
gens per hour at a level of 3 feet above the
ground. In actual practxce, a uniform dis- -
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large proportion of the fission products

would be deposited nearer .ground zero
than at'farther distances. Hence, the ra-
diation intensity will greatly excéed the
average at poinis near the explosion cen-
ter, whereas at much greater distances it
will usually be less. The above example
does not i#clude any nheutron induced aec-
tivity. T

FORMATION OF FALLOUT

6.13 In a surface burst, large quan-
tities of earth or water enter the fireball

at an early stage and are fused or vapor- ...

ized. When sufficient cooling has occurred,

" the fission products and other radioactive

residues become incorporated with the
earth particles as a result of the condensa-

" tion of vaporized fission products into
fused particles of earth, ete. A small pro-

* ‘portion of the s6lid particles formed upon

" lotGt-can r

further cooling are contaminated fairly
uniformly throughout with radioactive fis-
sion products and other weapon residues,
but in the majority the contamination is
“found majnly in a, thin shell near the sur-
face. In water droplets, the small fission
product particles oceur at discrete points
"within the drops. As the violent disturb-
ance due tq the explosion subsides, the
_contaminated paiticles and droplets grad-
ually fall back to earth. This effect is re-
ferred to}as the “fallout”. It is the associ-
ated raciioactivity in the fallout, which
decays-over a-long period of time, that is

= ~“the m’a"ip ‘Source. of residual nuclear radia-

“tions. -

6,14 'The;l‘extéﬁt and nature of the fal-

nge between wide extremés.

»Rhe-actual behavier will'be determined by

a combination of circumstances associated
*with the énergy yield and design of the
weapon, the height of the explosion, the
nature of the surface beneath the point of

L_,,. "\ burst, and the meteorologital conditions,

B
)

l{lC S 'f :

_whicfn we will:discuss later.|In the case of .
- an’dir burst, for example, occurring at an

appreciable distance above the earth’s
-'surfacé,’so that no surface materials are
sucked into the cloud, negligible fallout is
produced: Thus at Hirogshima and Naga-
“saki, where approximately .20-kilofon de-
1vices weré exploded 1,§50 feet above the

_ active cloud had thinned

__ brihgs up the important fact
can occur even when the cloud cannot be
-seen. Nevertheless, the area of contamina-

. « A -
T T

surface, casualties due to fallout were -
completely absent. - . : o
"6.15 On the other hand, a nuclear ex-
plosion occurring at or near the eartk’s
surface can result in severe contanaination
by the radioactive fallouf, In the chsé o
the 15-megaton thermonuclear devic
tested at Bikini Atoll on March 1, 195
the BRAVO shot of Operation CASTL
the ensuing fallout caused substantial
contamination over an area of more than,
7,000 square miles. The contaminated re-
gion&was roughly cigar-shaped and ex-
tended more than 20 statute miles upwind
and over 320 miles downwind. The width
in the crosswind direction was variable,
the maximum being over 60 miles.

6.16 It should be understood that-the
fallout is a gradual phenomenon extend-
ing over.a period of time. In the BRAVO

elapsed before tHe contaminated particles
began to fall at the extremities of the 7,000
square mile area. By that time, the radio-

. ut to such an
extent that it was no longih visible, This
“that fallout -

“explosion, for elimmp]e, about 10 hours

tion which presents the most serious haz-
ard genemlly1 results from the fallout of *
visible-p4rticles.

6.17 The fallout pi ttern fromlparticles
of visible size will hgve been established -

.within about 24 hours after the burst. This -~

is referred to as “early-fallout” ghd.-is also

‘sometimes called “local” or “¢lose-in” fal-

lout. In addition, there is.the deposition of
very small particles which . descend very
slowly over large areas of the.earth’s sur-
face. This is the “delayed fallout,” also

referred to as ‘“worldwide fallout,” to
which residues from nuclear explosions of

. various types—air, ?igh-a]titude, gurface,

and shallow subsurface—may contribute..
6.18 Although the test of March 1, 1954

produced the most extensive local fallout
yet recorded, it should be pointed out that
the phenomenqgn was not necessarily char- ,
acteristic of (nor restricted to) thermonu-
clear explosions. It/is very probable that if
the same device had-been detonated at an
appreciable distance above ,the Cora] Is- ;
.3 :;M




land, so that the large fireball did not

touch the surface of the ground, the early |

) faliout. would have been of insignificant
7>, proportions.
WHAT GOVERNS THE LOCATION OF
EARLY FALLOUT— I
" 6.19 There are several factors goverr:
ing the location of early fallout. These are:
1. Kind of weapon.
2. Yield of the burst.
. 3. Altltude of the burst.
4. Height and dimension of the cloud
_ 5. Distribution of radioactive particles
__ within the cloud.
. 8. Radloactlwty associated w1th various
Qartlcle sizes.
7. Rate of fall of the particles. !
. 8. Meteodrological conditions, ii’lcl‘uding
... - - wind structure to the top of the cloud
e and any type of preclpltatlon
6 0 These factors are so interrelated
...:thate, jtis almagst impossible to isolate the
P Teffects of.'aany one facter with precision.
y ‘However, 1t is possible to discuss the gen-
- A_‘; 7 eral sighificance of each. factor.
- %. : 6.2% Kind of Weapon.—Since the fusion
products ‘do net make a significant contri-
- bution;of" l‘adxoactlve matemal to-fallout,
57: -even when the" weapon isa thermonuclear

. _one G.e., fusion is involved), only the fis-
“gion z/zeld of a.given weapon is important

Py

— ~

L5

. in determmmg,tke total amount of mdzoac- .-

I _tive fallout..For example, although the to-
- tal-amount of radioactive material pro-

. al Megaton 50% fi*;smn yield weapon and
‘a2 mega,ton 25% f1$510n yield weapon, the
: Zresultmg fallout patterns would -probably
K dlffef bécause of the greater height ob~
L tamed by the 2 megaton cloud. . ~
. 62? Altitude of the Burst (This is a
cruczal factor)—~The fraction of the ‘total
radmactw;ty of the bomb residues that
appear in the early fallout depends upon,
the extent that the fireball touches the
.o urface. Thus, the proportion of the availa-
Lo ,ble acthtymcontrlbutmg to early fallout
). increases, as the height of bilrst decreases

ol

S and more.of the fireball comes into contact

h the earth.

' osphere. (See Figure 6.24.)

“duged- WOuld ‘be approximately the same in ." - ’

6.23 Height and Dimension of the

‘Clofll.—It is obvious that the physical size

of the cloud at the time of stabilization
will have an effect on the distribution of

- early-fallout.:The height to which the indi-

vidual particles are carried pr1nc1pally de~
termines how far downwind a given pa
cle size will drift, and the horizontal ex-
tent of the cloud affects the width of the
area over which fallout will oceur.

6.24 The eventual height reached by
the nuclear. cloud depends upon the en-
ergy of the bomb ahd upon the fempera-
ture and density of the surrounding air.
The greater the amount of energy liber-
ated the greater will usually be the up-
ward thrust due to buoyancy and so the
greater will be the distance the cloud as-
cends. It is probable, however, that the
maximum height obtainable by the nu-

clear cloud is affected by the height of the .

tropopause, which is the boundary layer
between the relatively stahle air of the
Istratosphere’ and the more turbulent {rop-

~ STRATOSPHERE
~TROPOPAUSE
~TROPOSPHERE

FIGURE 6.24.—-—'1115‘ earth's aimos};here.

6.25 The height of the tro (opause is

“usually slightly above 50,000 feet in the

tropics and at 30,000 to 40,000 feet in mid-

_ dle latitudes in the summer. In wmter, in

the middle latitudes,.it is somewhat’ lower
on the average than in, the summer. For

smaller kiloton. weapons. ‘the height of the '

tropopause generally limits.the height of

_ the nuclear cloud.. Even for larger size

a
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FIGURE 6: 25,—-Representatxve nuclear detonatxon cloud heights.

‘a

o weapons i the megaton range, the devel-
" opment of the cloud slows down as the
cloud builds up-into the stratosphere.

X “Thus the lower the tropopause, the less

the total height of the cloud., Figure 6.25

= illustrates-rough-: estimates of some possi-

ble ¢loud heights under “typical” condi-’
tlons. gL,

6 26 Dzstmbutzon of Radwacthty

wzthm thé clouds ~—Figure 6.26 summa-

Tizes the dl§tnbutlon of radioactivity

within the, nuclear cloud. You will note:

‘that approxlmately 90% of-the total activ-

xty ig Iocated in the cloud-and only 10% or ~

~ léss in: the ste:{sectmn \ﬁl,th the bulk of
the actlvxty in the base of the cloud It-is
further -assumed that thé’ bulk of the ra-
dloactlve material ‘that - contnbutes to

-early fallout will_be at’ orbelow gbout

80 0007 feet bove this: aiﬁxt de the parti-

cleg‘wxll pr ably be in. 8 fmely dlvxded

o i
,27 Ampunt of Radzoacthty Assocz-

“ated with: ‘Various Particle Szzes.—-From
j)enmental evxdence radmarctwe partl-
cIe'smare\ known “to

k2

gt

.cron is 1 mllllonth of a meter) It is guite

"possible that -even smaller pa,rtlcles exist
kince the lower limit of this range is the
limit of the resolving power of the electron’, o,
mxcroscope To. determine the fallout Qat-g

terns from a nuclear detonatlon it is nec- : .

essary to know the dlstnbutlon of the total

radloact1v1ty among partlcles of various -~ -

' Fxcyn 6.26—Distribution of radiogctivity.

o
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sii,es_. Knowledge in this area is still rather
limited because of the difficulty in obtain-
ing large and representative samples of
radloactwe debris.from a nuclear cloud.
6.28 Rate of Fall of Particles~The par-
ticles carned up into the atmosphere by a
.- nuclear detonation are acted upon by
. _ gravity and carried by the winds. Since

. 90,000 FT. —p

90,000 FT. —p

. ";_:;. _60,000FT. —p

SR 30,600F‘r".-"'—>

GROUND

90, 000 FT

. 'l - STRONG
"60,000 FT. """D

30,000 FT., _@’

) WEAK
WIND
‘GROUND

90 ooo FT. 4—

N

EFFECT OF WIND (PART!CLE SIZE ASSUMED CONSTANT)

>
I'"l
o

*wind directions and speeds usually vary
from one level to another, each particle
_follows a constantly changing course, and
changing speed as"it falls to earth. The |
rate of fall depends upon the particle size,
shape and weight and the characteristics
of the air. The stranger the wind in each
layer the further the particles will be car-

EFFECT OF PARTICLE SIZE (WIND & INITIAL HEIGHT

ASSUMED CONSTANT) o

LARGE PARTICLES
FALL FAST, LAND

\ SMALL PARTICLES

FALL SLOWLY,
LAND FARTHER

EFFECT' OF HEIGHT (WIND & PARTICLE SIZE ASSUMED
CONSTANT) 4

LOWER PARTICLES .
LAND SOONER, . '

| UPPER PARTICLES
FALL LONGER,
LAND FARTHER

-

PARTICLES LAND FARTHER’

\MORE SPREAD OUT
SE\

EFFECT OF VARIABLE WIND (PARTICLE SIZE 8 INITIAL
S HEIGHT ASSUMED CONSTANT) .

PARTICLE'S .MOVEMENT IS
SUM OF ALL WIND FORCES
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ried in that layer. The faster the particle
falls, the less influence the wind will have
on it and the closer to ground zero it will
[land. The ‘higher the altitude at which it
begins to fall, the longer it will be carried
by the wirid, and under most ¢onditions—
when the winds at different altitudes do
not oppose one another—the farther it will
travel. (See figure 6.28.)

6.29 Meteorological Conditions.—Winds
are the principal factor which affect. the
movement of the nuclear cloud. Even with
the same type, yield, and altitude of deto-
nation, different wind conditions will pro-
duce different fallou?)at erns of irregular
shape. The speed and vertical shear of the
upper air winds will also affect the concen-
tration of ragdioactive materlal on the
ground. A fallout pattern under conditions
of strong winds aloft would differ from
that of weak winds in two ways. First, the
strong wind would spread the material

- over a larger area tending to reduce the
concentration close to the source. Second,
at a give g distance .the fallout would ar-
rive sooner and would have had less time

| to decay.

3 6.30 The United States has a variety of
upper air winds. Dux‘mg the winter, spring,

"By this it is'meant that the winds aver the
United States blow more frequently from
the westérn quarter than from- -any-other
quarters of the compass. The westerlies in
the middle latitudes become increasingly
‘predominant with increasing height up to
-about 40,000 feet. At 5,000 feet the winds
are from the western quadrant about half
the time; while at 30-40,000 feet they are

“~from that quadrant about three-fourths of

the time. Above 40,000 feet, the percent-
age of westerly wmds again decreases.

6.31 The predominance of westerly
wind direction changes with the seasons.
Upper wmds blow from the west more
oftén daring winter than during summer.
The increase in frequency of other direc-
tions in the summer is more pronounced in
the southeastern portion of the country,
where direcfions become ‘variable at all
levels. Along the Pacific Coast, the winds
blow less constantly from the west than in

", and’fall seasons the United States winds .
are prlmarlly the “prevailing westerlies.”

other sections of the country. Southwes-
terly. and northwesterly winds_are more
common. Above 60,000 feet, easterly winds
occur frequently in all seasons and are the
rule in summer over most of the Umted
States.

6.32 In descrxbmg direction of fallout
from the point of detonation (GZ—ground
zero), the terms “upwind” and “down-
wind” are often used. The “downwind”
direction is the dire3tion toward which the
wind blows, while “upwind” means against
the wind. When applied {0 fallout, the
terms upwind and dewnwind will apply to
the resultant or total effeqt of all the
winds through which the pgrticles have
fallen. An upwind component results from
the very rapid expansion of the cloud in all
directions immediately after detonation.
The disturbances at the time of the explo-
sion will deposit radioactive material in
upwind and crosswind directions for rela-
tively short distances from ground zero.

6.33 Since the direction of fallout is de-
termined by winds up to at least 80,000
feet, and since winds in the upper dir
frequently are quite different than winds
at the surface, surface wind directions
cannot be used as an indication of direc:®

twn of flow of high atmosphere winds. It is

not at all uncommon to have east, south,
or north winds at the surfacaand westerly
winds aloft. «

6.34 In consxdermg the possible area of
fallout, wind speed 18 as important as wind
direction. Depending on particle size, the
direction determines the sector tp which
they are carried; and the speed governs
how far they will travel before coming to
the earth. Wind speeds over the United
States generally are less in the summer
than in winter at all heights and above all
sections of the United States. The only
exceptions would be during the passage of
hurricanes or tornadoes which produce
very strong surface winds in the warm
seasons. This difference between seasons
is greatest in the southeastern portion of
the country, where winds become particu-
larly light and variable in the summer..
During the winter, upper winds along the
Pacific Coast generally have lower speed
than in any other section- of the Umted
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States, Wind speeds increase with altitude
from the surface up to a level between
30,000 and 40,000 feet| Above this level
. they usually decrease in speed until at
, 60,000 to 80,000 feet they become rela-
tively light. .

6.35 The winds of greatest speed us-
ually oceur between 30,000 and 40,000 feet,
winds exceeding 50 m.p.h. being the rule
all over the country in winter and in the
northeast in the summer. In this layer,
winds greater than 100 m.p.h. are at times

experienced over all areas of the United -

States, but have been observed most often
over the northeast, where they are found
about 25% of the time. In this northeast-
ern area, winds of 200 m.p.h. occur f -
quently, with speeds -¢f 300 m.p.h. ob-
served on rare occasions. The high speed
winds usually occur in narrow meandering
currents within the broad belt of middle-
latitude weJ::erly winds, ax’;d are called
“jet-streams”. .

_ 6.36 The strongest winds encountered
by a falling particle have the greatest
proportional influence on its total move-

ments. The strongest winds are usually at

altitudes in the vicinity of 40,000 feet.
These, winds would lorgely determine the

, mgral direction and length of the fallout |

aréd, although all the winds up to more
than twice that’ hexght could be effectxve.~

6.37 Fallout patterns ‘over the United

States would probably differ in shape and’.

extent. In the northern half of the country
considerably longer patterns would be ex-
pected, spreading toward the east because
of the strong upper air westerly winds.
The passage of low pressure areas would
cause shifts from a more northeasterly to
a more southeasterly spread of the fallout
pattern from one day to another. In the
summer, particularly in the southern part
of the country, a great variety of patterns
might be expe&ted with a broad irregular
spreading in all directions in some cases,
and elongated streaks in others. It should
be remembered also that in an area where

several target cities are situated within o

few hundred miles of one another, fallout

. from more than one detonation nght oceur

same place
EKC
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6.38 Variation of the winds by day and
night has litt &e effect on factors that de-
termine fallout patterns. Winds a few
hundred feet aboveground frequently
change from day to night, but those higher
up, which have the greatest effect on the
fallout ern, do not follow a daily cycle.
Cloudiness or fog alone are not believed to
have a marked effect on fallout, althcugh
the combination of fallout particles with
cloud droplets may result in a faster rate
of fall. Some cloud types also have upward
and downward air currents. The down-
ward currents might tend to bring some of
the radioactive debris down more rapidly
than it would otherwise settle. -

6.39 In addition to the wind, precipita-
tion in a fallout area will affect the radio-
active deposition. Rain drops and snow
flakes collect a large proportion of the
atmospheric impurities in their paths.
Particles of radioactve debris -are
“washed” or “scrubbed” out of -
precipitation. The result is that contami-
nated material, which would be spread<
over a much larger area by the slower dry
weather fallout process, is rapidly brought
down in local rain or snow areas. It is
concéivable that hazardoys conditions can
occur in rain greas where ordinary fallout
estlmates might indicate a safe condition.
This scrubbmg reduces the amount of con-

. tamination Jeft in the air to fall out far-

ther downwind. ~

6.40 Terrain featires will also cause a
variation in the degree of deposition. Hills,
valleys and slopes of a few hundred feet
would probably not have a great effect on

‘the fallout radiation levels. However,
large mountains or ridges could cause sig-

nificant variation in deposition by receiv-
ing more fallout on the sides facmg the
surface wind. This‘is true for both d\ry
weather fallout and “rainout”.

L

WORLDWIDE FALLOUT !

6.41 Worldwide fallout by definition is
much more widespread than early fallout.
Worldwide fallout is that portion of the
bomb residues which consists of very fine
material that remains 'suspended in the
axr for times rangmg frpm days to years.

e air, by '

i
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These fine particles can be carried over
large areas by the wind and may ulti-
mately be deposited on parts of the earth
remote from the point of burst. It should
not be inferred from this term, however,
that none of thé finé material is deposited

‘in areas near the explosions nor that such
. materlal is deposited uniformly over the

earth.-

6.42 You will recall that early fallout is
important only when the nuclear burst
occurs at or near the earth’s surface so
that a large amount of debris is carried up
intogthe nuclear cloud. Contributions to
worldwide fallout, however, can come from
nuclear explosions of all types, except
those so far beneath the strface that the
ball of fire does not break through and
there is no nuclear cloud, or those deto-
nated in outer space. With regard tok the
mechanism of the worldwide fallout, a'dis-
tinction must be drawn between the be-
havior of explosions of low energy yield
and those of high energy yield. If the burst
occurs in the lower part of the atmosphere
the nuclea¥ cloud from a detonation in the

kiloton range will not generally rise abgve-

the top: of the troposphere, consequently,”

nearly all the fine- partlcles present in the’
bomb debris from snch‘“e’}cploslons“ will re-

main in thé ‘troposphere until they are
ev%ﬂually deposited.

6.43 The fine fallout partlcles from the

troposphere are deposited in a comp'lex
way, cdmplex, §ince various processes in
addition to simple gravitational settling
are involved. The most important of these
processes appears to be the scavenging ef-

JSect of rain or other forms of moisture

precipitation, Almost all of the tropos-
pheric fallout will be deposited within two
to three months after the detonation so

"that bomb debris d‘;)‘es not remain for very

long in the troposphere. ‘
6.44 While the fine debris is suspended
in the troposphere the major part of the
material is moved by the wind at high
altitudes. In general, the wind pattern is
such that the debris is carried rapidly in
an easterly direction, making a complete
circuit of the globe in some 4 to 6 weeks.
lefusxon of the cloud to the north and

south is relatlvely slow, w1th the result
) . , Q 1 ) SN -

" o H

that most of the fine tropospheric fallout,
is deposited in a short period of weeks in a-
fairly narrow band é.ndLenmrclmg the
earth at the latitude of the nuclear deto-
nation.

6.45 - For explosions of high energy y1eld .

‘Th the mégaton range nearly all the bomb

debris will pass up through the tropo-
sphere and enter the stratosphere. The
larger parfgcles ‘will be deposited locally
for a surface or sub-surface burst, while
the very fine particles from bursts of all
types can be assumed to be injected into
the stratosphere. Due to their fineness
and the absence-of clouds and rainfall at
such high altitudes, the particles will set-
tle earthward very slowly. Although
agreement does not exist as to the mecha-

‘nism that produces observed differences in
‘worldwide fallout, it is now clear that non-

uniform circulation of stratospheric debris
between the hemispheres is a characteris-
tic of worldwide fallout. Also rfo agreement
exists as to the residence tl:ll

years.

6.46 During its long residence in the
stratosphere, the bomb residues diffuse
slowly but widely, so that they enter the
troposphere at many points over the .
earth’s surface. Once in the tloposphere,
fine material behaves like that which re-
mained initially in that part of the atmos-
phere, and is brought to earth fairly rap-
idly by rain or snow.

6.47 An important feature of the strat-
ospheric worldwide fallout .is the fact that
the radioactive partxcles are, in efféct, sto-
red in the stratosphere with a small frac-
tion contMuously dribbling down to the -
earth’s surface. While in stratospheric

storage, the debris does not represent a

direct radioactive hazard. In fact, during -

‘this time most of the activity of the-short-

lived isotopes decays away and some of the
activity of the longer-lived isotopes is ap-
preciably reduced. Thus, stratospheric.
worldwide fallout is a slow, continuous.
non-uniform deposition of radioactive ma-
terial over the entire surface of the earth,
the rate of deposition depending on the
‘total amouynt of bomb debris still present

.

e for world-_ _? -
"wide fallout in the upper atmosphere, but
.it appears to be somewhere between 1 to 5
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6 48 In a somewhat 1deallzed situation,
it is to be expected that, except for the
very smallest particles which descend over
.& wide area, the fallout of the larger parti-
cles fall to -earth forming a kind of elon-

300
30

‘determined by the wind vel\ocities and di-
rections 'at all altitudes '‘between the
ground and the nuclear cloud. It should be
emphasized that these elongated Tallout

18 HOUR

FIGURE 6.50.—~Contours from fallout at 1, 6, and 18

pa.ttems are i‘:iealiz.ed: and an actual fal- hours after a sur\face burst with a fission yield in
‘lout pattern will not conform to these pat- the megaton range (15 m.p.h. effective wind). Val-
" terns. ‘ ves given are in roentgens per hour.

6.49 At aparticular-time.after the deto- . o

[ .
nat;on of a nuclear wéapon, the radiation contammatlon smce the exposure rate wﬂl

"exposure rate is apt to be. highest at ° fa]] off steadily overagreater distance.
" -ground zero; and will decrease as the dis- |
‘tance from.ground zero increases. Thisis + 651 Consider feb‘st a 10“‘“0" 33 ‘miles

o —~~because the; amount -of fallout_per unit— downwind from ground zero—At one hour

area is also, likely to be less. There is after the detonation the observed expo- \

- _another factor that contributes to this de., Sure rate is seen to be about 30 R/hr; at 6
" crease. i‘ﬁiexposure rate with increasing . _hours the exposure rate which ligs be-
. distance

om.the explosion. This facteris  tween the contours for 1,000 and 300 R/hr
- time. The later times of arrival.of the -hasincreased to about 800 R/hr; but et18
fallout at these greater distances mean hours it is down to roughly 200 R/hr. The
. that, the fission preducts have decayed to  Increase in exposure rate from 1 to 6 hours

,,A, .somé extent while the paricles were sus- medns the fallout was not complete one

" ~burst may be seen in Figure 6.50.. For

o. -wind of 15 miles per hour. Figure 6.50 °

hgur-after detonation. The decrease from 6

" to 18 hours is then due to the natural
decay of the fission products. On the other
hand a total radiation exposure received
at the given location at one hour after the
explosion would be telatively small be-
cause the fallout has only just started to"
arrive. By 6 hours the total exposure could
reach over 3,000 R and by 18 hours a total
exposure of some 5,000 R could have accu-
mulated. Subsequently, the total exposure
would continue to increase but at a slower
rate.

pended in the air. , .

6:50 Some idea of the manner in which
a.-fallout-pattern may develop over a large
.area during the-period of several hours
following -a- hlgh-yleld nuclear surface-

-simplicity of representation, the actual
‘coniplex wind pattern is replaced by g
approxtmately equjvalent or effecti

-shows -a- number of contours. for certain
"_.arbitrary exposure rates that could possi-
-<‘bly:have:beeri:observed on the ground at 1, . . L
6 and. 18 hoiirs (H + I;H + 6 H + 18) 6.62 Next, consider a point 100.miles
respectlvely after fhe explosion. It should downwind from ground zero~At one hour
be’ understood that the, various exposure after the exploswn the exposure rate, as
rates change gradually from one contour indicated in Flgure 6.50, is zero since the
lme fo'the next, Smt ilarly, the last contour  fallout will not have reached the speclfled
‘""' shown does not represent the lmnt of locatlon At 6 hours the exposure rate is 10
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;4;—_-';;'“.,.-” <of-differences in type of weapon, the.
S _helght of burst,.and the natifre of the sé6il’

R/hr and at 18 hours about 50 R/hr. The
total (infinite) exposure will not be as
grent as at locations closer to ground zero
because the quantlty of fission products
reachmg the ground decreases at increas-
ing distances from the explosion. . '~

UNCERTAINTIES IN FALLOUT
PREDICTIONS ~

6.53 "Idealized fallout patterns are use-
ful for planning purposes, but they are not
blueprints of the actual, fallout pattern
that would occur. There are just too many
uncertainties or variables involved in fal-
lout, affecting both distribution. of early
fallout and rate of decrease of radioactiv-
ity, to make precise prediction possible. .

6.54 It is difficult to estimate the ex-
tent of the induced radjoactivity because

e 4

. or other materlal in whicli neutron bom-

s e

bardment has caused *radfoactmty "Fur-

-'thermore, the existence of \pnpredlctable

............

lot spots will affect local radiation expo- R

sure. rates, as will the nature of the. ter-
rain (bulldmgs, trees, ete., may reduce the
average radiation exposure rate above the
ground.to.70..ox, 75- percent -of- the. value
measured in open, flat terrain); weather-
ing (wind-may move surface-deposﬂ:ed fat-
lout from‘one area to -another or rain may
‘Wwash it into the soil); fractionization (any

\u‘\ \! R
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FIGURE 6.5(:.«-Fallout patterns from nuclear test.
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*detonation at the Nevada Test Site.
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FIGURE 6.54b.—Fallout patterns from nuclear test
detonation at the Nevada Test Site.

1

FIGURE 6.54c.—Fallot patterhs‘ trom nuclesr test
detonation at the Nevada Test Site.
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gne of sg,veril processes, apart from radio-

active decay) that results in change in the
composition of the’ radloaci:wéx weapon de- .
bris); fission products of differing ages and: -
other factors. These uncertainties or \vari-
ables mean that the clgar-shaped fa lout

at tiie Nevada Test Site. These patterns»\
i~ were developed from monitored readings
taken s ortly after the test shots:
6.55 So far we have examined' the fal-
lout problem in general terms without
trymg to show the magmtude oﬁf the sﬂ:ua-
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tion, that could exist if the entire nation
“should be attacked, The map in Figure
6.55a illustrates .an assumed hypothetical
nuctear attack. Each circle represents a 20
megatoh surface explosion. There are 50 of
these. Each square represents a 10 mega-
ton surface burst. There are 100 of these.
Each triangle represents a 5 megaton
. burst and there are also 100 of these. In
this hypothetical attack there are 250
weapons dropped on 144 different targets
which include military, industrial and pop-
ulation objectives. The tothl yield of these
'250 weapons is equivalent to 2500 mega-
tons or 2.5 billion tons of TNT!

6.56 Figure 6.55b shows the area -that

would be affected by fallout and the theo-
retical levels of radiation one’hour after
‘the attack. The fallout areas would be 30
to 50" miles long, depending upon wind
speed and in the center of these areas the
levels of radiation could be greater than
3,000 Rthr at H + 1. .

6.57 Figure 6.55¢ illustrates the situa-
tion 6. hours after attack. Fallout would
have spread over ﬁmut 40% of the na-
tional land area. However, the radiation
levels would have decayed by approxi-
mately a factor of ten. The exposure rates
in these areas would range from one R/hr
along the border to perhaps 400 R/hr in
the center. Figure 6.55d iillustrates the
areas that would be affected by fallout one
day after attack. Approximately 70% of
the country’s total area would be covered
by fallout exposure rates greater than 0.2
R/hr. About 18% of the.land area would
have a very serious fallout condition.

FIGURE®.56a—Hypothetical attack pattern.
i .

RIC

. gradually shrink.

FIGURE 6 55b.—Hypothetical'attack, H +1 situation.
Exposure rates exceed 10 /hr.

' FIGURE 6.55¢.—Hy pothetical attack, H +6 situation.

- Exposure rates exceed 1 R/hr.,

’ A .
FIGURE 6.55d.—Hypothetical attack, H +24 sitaution.
Exposure rates exceed .2 R/hr.

6.58 Shortly after the first.day radioac-
tive decay would hegin to predominate
over further deposition of fallout’ The
boundaries of these fallout areas would .

Figure 6.55e illustrates thé situation orie’

‘week after attack during which time the

radioactive areas would have. been de-
creasing in size and the exposure rates
decreasing as a rebult of decay. Only about
one-third of the nation’s area would be

27
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the ‘same ground zerps and the same
weapon yields—but, based on the weather
of July, 12, 1957. You will note that the axis
of fallout deposition of many locations has
shifted by more than 126 degrees. On an-
other day.the wind could swing in any
other direction and turn,safe areas on
these maps into areas of extreme fallout
danger. . -

FALLOUT FORECASTING . .

6.62 * We have seen that one of the most
significant factors affecting the dispersion
of fallout was the wind. We also saw that
data can be obtained on wind direction
* and speed at various altitudes. Since a
major inflitence on fallout is one about
which considerable data are known, it ena-
bles us to predict with some degree ‘of
; accuracy the probable pattern of fallout
\\" = dispersion. The requirements of fallout

P . :

FIGURE 6.55e.—Hypothe£ica[ attack, H +1 week
sit‘:ation. Exposure rates exceed .2 R/hr.

i LS

FIGURE 6.55f.—Hypothetical attack, H +2 months

. situation. Exposure rates exceed .2 R/hr.

covered by fallout exposure rates exceed-
ing 0.2 R/hr. This reduction in exposure
rate would continue. Two months after
attack, the situation might exist as illus-
trated in Figure 6.35f. We would find only " .
isolated elongated islands where the levels FIGURE 6‘6°f” Hy_p‘:;he:'cal attack, ;?,"Wt pattern
of radiation would exceed 0.2 R/hr. oF Winds-of June 28, 1957. I
~6.59 It is emphasized that this training
exercise represents just one attack pat-
tern applied to the wind¢ and weather of
one day. Had a different attack pattern
been/dé;ected_ or the weather for another
day, the fallout situation would have de-
veloped quite differenﬁly.
6.60 To illustrate the effects of differ-
- ent wind patterns on a hypothetical nu-
clear attack; figure 6.60 shows a fallout
projection for a 156 weapon—384 megaton
dttaclysing the wind, conditions that ex:
-~ isted on June 28, 1957, . '
6.61 Figure 6.61 shows the theoretical FIGURE 6.61~Hjpothetical attack, fallout pattern
o  [lallout from the identical attack pattern— for winds of July 12, 1957.
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prediction fromtwind direction and speed
. are two: accurate data and current data.
Both of these conditions are met by the
network of rawin observatories estab-
lished by the United States and Canadian
. Weather Services. ' -
. 6.63 The purpose of preparing fallout
" forecast plots is to provide graphic esti-
mates of areas that are likely;to receive
fallout and the approxg.mat time'of fallout
arrival. Figure 6.63 illustfites a fallout
forecast plot. The area inside the heavy
“U” shaped pattern and the dashed threé-
hour line represents land which could be
covered with fallout within three hours of
a nuclear surface detonation upon the city
‘of Roanoke. The dashed 6ne-hour and two-
hour lines represent fallout «arrival times
and provide for forecasting fdllout arrival
at various places within the forecast plot.

-fallout -and the approximate times of fal.

‘are not included in the forecasts. -

-~

.

For example, at Lynchburg, fallout woald
be forecast to arrive about one hour after
detonation. .

Information provided by theforecasts is
limited to areas that may be covergd by

lout arrival within the forecast area. Pref
dicted radiation lévels or exposure rgtes

6.64 Meteorological data for the con-
struction of fallout forecast plots are avail-
able to all levels of government in the
form of “DF” messages which are trans-
mitted by teletype over the national
weather service network. Data points are
shown on Figure 6.64. Arrangements for
the receipt of DF messages should be
made to support operations in the event of
a fallout emergency. ;

6.65 The Deferise Civil Preparedness

. Hot Springs

FIGURE 6.63—A fallout forecast plot. -
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"Agency has prepared.a manual of detailed
" instructions on the construction and use of
fallout forecasts. This manual is entitled
“Users Manual—Meteorological Data for
Radiological "Defense,” (FG-E-5.6/1). The
manyal explains the “DF¥ message for-
mat, gives instructions on preparing fal-
.lout forecast areas, and illustrates how to
.~ estimate fallout™arrival time for opera-
. tional use, The manual may be obtained
through regular civil preparedness’ chan-
-« nels, .

.

-~

PUERTO RICO

E]

FIGURE 6.64—DF data points.
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CHAPTER 7

EFFECTS OF NUCLEAR RADIATION EXPOSURE

3 -

We have learned that nuclear radiation

is a form of energy which has the power to

damage living cells or tissue. In this chap-
ter, our objective is to explain:

. WHAT are the effects ¢f nuclear radia-
tion R

HOW are they produced

We are going to take a look into a human
cell and see what happens when it 1s sub-
jected to nuclear radiation, what kind of
damage is produced and the effects of this
damage. And there is something else we
will learn, too, something that is VITAL in
-effective RADEF work:

WHAT is the tolerance of the human
body to nuclear radiation—how
much can we stand—how long
can we stand it

INTRODUCTION

7.1 Late one November afternoon in
1895, as the German ‘physicist Wilhelm
Roentgen was sending an electric current
at high voltage through a vacuim tube, he
noticed & weak light that shimmered on a
little bench he knew was located nearby,
It seemed as if the spark of light inside the

. tube' was being reflected in a mirror. Strik-
" *ing a match, he saw that a screen with
some barium salt, crystals. on the bench
- Wwas shining with fluorescent’ brilliance.
Later, he held a piece of paper, then a
Playing card, and then a book between the
tube and the screen. He was aimazed to see

the tube, THE CRYSTALS STILL BE-*
CAME FLUORESCENT. Despite every
law of science (as then understood) he had
to admit it: SOMETHING, some unknown
or“X” quantity, was passing right through
- . the solid book..He then tried to see if other

, that, even with the book placed in front of -

materials would stop the “something”,
Eventually, he tried placing a ‘thin sheet
of lead between the tube and the crystals
.and found that it did stop the passage of
that something. Trying further experi-
ments, he picked up a small lead piece and
held it up before the tube.*He was stag-
gered to see that not only did the round
dark shadow of the disk appear on the
screen of barium crystals, BUT THAT.HE
COULD DISTINGUISH THE OUTLINE
OF HIS THUMB AND FINGERS. Not
only that, but within this outline were
darker shadows: THE BONES OF HIS
HAND. These phenomena were so con-
trary to common sense, that Roentgen
worked in secrecy, afraid that he might be

. discredited for such “unscientific” work,

Even his best friends were kept in the
dark. When one insisted on knowing what
was going on, Roent'gen said, “I have dis-
covered something interesting, but I do
not know whether or not my observations
are correct.”

7.2 Finally, after continued experi-
ments including the first X-ray photo-
graph (taken of his wife’s hand), Roentgen
realized that he must tell the world of his
findings. He reported all his experiments,
stating that the phenomena were caused
by some' form of invisible radiant energy.
He called this energy “X-rays”, the “X”
standing for unknown.

7.3 The story broke in the Vienna
Presse an January 5, 1896, and soon scien-
tists all over the world, including Thomas
Edison, were excitedly experimenting with
this new kind of ray. The boon to medicine
of X-rays, or Roentgen-rays as they were
later called, was obvious: examining bro-
ken bones and fractures; locating tumors
or other abnormalities. For some, X-rays
were even a source of amusement, a hobby
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. or playtoy. In 1896, the following adver-

tisement appeared in the magazine Scien-
tific American:

“Portable X-ray apparatus for physi-
cians, professors, photographers and
students, complete in handsome case,
including coil, condenser, two sets of
tubes, battery, etc., for the price of
$15.00 net, delivered in the United

/\?tates with full guarantee.”

{.4 Not understanding the nature of X-
rays, those early users of this new form of
energy did not treat it with respect. It was
aven customary to use the hand as a fluo-
roscopic test object in controlling the qual-
ity of the roentgen or X-rays. Soon, those
who were exposed to continual large doses
of X-raysp patients, doctors, students, sci-
entists alike, began to notice painful ef-
fects. One, Dr. Emil H. Grubbe of Chicago,-
said: “I had developed dermatitis on the
back of my left hand which was so acute
that I sought medical aid.” The “dermati-
tis” was a radiation burn, and Dr.
Grubbe’s fingers and hands had been so
badly burned by the X- rays that subse-
quently they' were amputaﬁed p1ecemea1
as the damagmg effects of §overexposure
spread. .

7.5 Since it was noticed that exposure
to X-rays caused the hair to fall out, some
cohcluded that X-rays were a good way to
remove excess hair. One example, cited by
Dr. W. E. Chamberlain of Temple Univer-
sity, shows what could happen:

A doctor in a2 small town heard that X-
rays make hair fall out. His comely little
secretary complained of having hairy
arms. Apparently unaware of the poten-

ialities for harm, the doctor adminis-
tered X-rays.with his portable radi-
ographic machine. Horrible X-ray burns
developed, and in due time the young
lady’s arms had to be amputated.

7.6 By 1922 it was estlmated that 100
radlologlsts had perished from overexpo-

u,‘

sure to radiation. Continued experiments

clearly showed that all living tissue could
be destroyed provided it was bombarded
with a sufficiently high dosage of radia-
tlon.

7.7 A few months after Roentgen dis-
covered X-«rays the French scientist Henri
Becquerel found that certain uranium

salts gave off penetrating rays, similar in
operation to X-rays. Later, Pierre Curle
and his wife, Mayie, tried to find the sub:
stance responsible for the radiation that
Becquerel had observed. It was Marie
Curie who térmed this activity RARIOAC-
TIVITY, to which you werej?htrodu(;ed in
Chapter 2. After intensive work, the Cur-
ies found two new radioactive elements,
“polonium” and “radium”. From repeated
overexposures in her work with radioac-
tive substances, Madam Curie suffered ra--
diation injury and subsequently died from
the delayed effects of radium damage. Her
daughter, Irene Curie, carried on the
mother’s work, and she too died from over-
exposurefto radiation.

7.8 What happens when living tissue is
bombarded with radiation? Why does it.
cause so much havoe to the body? These,
and other questions will be answered in
subsequent paragraphs. e

NUCLEAR RADIATION INJURIES

7.9 Each advance in man’s power over
nature has brought with it an element of
danger. X-ray and nuclear radiation is no
exception. We adopt a policy of acceptable
risk in every facet of our lives., Society’
must decide what risk it will accept in the
use of nuclear radiation. The, scientist
must clearly set forth the hazards.

The prirhary biological.effect of nuclear
radiation on life is in the cell. The normal
life process in a cell uses a very small
amount of energy with a high degree of
self-regulation. When ionizing radiation
strikes a cell it disrupts the living process.-
The specjalized parts of a cell, such as the
genes, are damaged not only by direct hits
but also by the chemical poisons produced
by ionization of the cell fluid. Many‘years
ago radiologists .noted that the number of
cells damaged by a given exposure to ra-
diation is a simple function of the number
of living cells present. In other words, the
number of cells damaged per unit of dose
is constant. The number of cells in which"
genetic damage occurs is also a function of
dose. ‘

7.10 A higher plant or animal such as
man consists of many cells. Higher forms

-
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of life are a society of specializ‘ed and
interdeper_ldent cells. Radiation damage to
one organ or group of $pecialized cells can

. disturb other organs and weaken the
whole organisnt. Man’s life funections are
carried out within a very fiarrow range of
temperature, air, nutrients, water and ra-
diation. This cooperative action of cells
and tissues makes higher forms of life
much more vulnerable to radiation than
lower forms of life. Furthermore, individu-
als of the same species react differently to
a radiation dose just as people react differ-
ently to a cold. ’

RADIATION UNITS

7.11 "The radiation unit is known as the
roentgen. By definition, it is applicable
only to gamma rays or X-rays and not to
other types of ionizing radiation, such as
alpha and beta pa'?icles and neutrons.
Since the roentgerf refers to a specific
result in air accompanying the passage of
an amount of radiation through-air, it does
not imply any effect which it would pro-
duce in a biological system. Because of
this, the roentgen is, strictly speaking, a
measure of radiation “exposure.” The ef-
fect on a biological system, however, is
expressed in terrs of an “absorbed dose.”
By comparing the actual biological effects
of different types of ionizing radiation, it
is possible to convert the absorbed dose
into a “biologically significant dose” which

provides an index of the biological injury

that might be expected. s
7.12 The absorbed dose of radiation

_Wwas originally expressed in terms of a unit .
called the “rep,” the name being derived '
from the initial letters of “roentgen equiv-

alent physical.” It was used to detiote 3
dose of about 97 ergs of any nuclear radia-
tion absorbed per gram -of body tissue;”
however, for various reasons this unit has
proved to be somewhat unsatisfactory. In
order to avoid difficilties arising in the
use of the rep, a new unit of radiation
absorption, called the “rad,” has come into

general use. The rad is defined as the

absorbed ‘dose of any nuclear radiation
. Which is accompanied by the liberation of
100 ergs of eneﬁgy per gram of absorbing

material. For soft tissue, the difference

_between the rep and the 7ad is small, and

numerical values of absorbed dose for-
merly’ expressed in reps are essentially ,
unchanged when converted to rads.

7.13 Although all ionizing radiations
are capable of producing similar biological
effects, the absorbed dose (measured in
rads) which will produce a certain effect
may vary appreciably from-one type of ~
radiation to another. This, difference in
behavior is expressed by. means of the
‘“relative biological effectiveness” (or
RBE) of the particular nuclear radiation,
The RBE of a given radiation is defined as
the ratio of the absorbed dose in rads of
gamma radiation (of a specified energy)? to
the absorbed dose in rads of the given’
radiation having the same biological ef-
fect.

7.14 The value of the RBE for a partie-
ular type of nuclear radiation: depends
upon several factors, including the. dose®
rate, the energy of the radiation, the kind
and degree of the biological damage, ahd
the nature of the organism or tissue under
consideration. As far as nuclear weapons
are concerned, the important criteria are
disabling sickness and death.

7.15 With the concept of the RBE in
mind, it is now useful to introduce another
unit, known as the “rem,” an abbreviation
of “roentgen equivalent mammal (or
man).” The rad is a convenient unit for

“expressing energy absorption, but it does

not takeé into account the biological effect

of the particular nuclear radiation ab-

sorbed. The rem, however, which is de-

fined by: dose in rems = RBE X dose in'
rads, provides an indjcation' of the extent

of biological injury (of a given type) that .
would result from the absorptién of nu-

clear radiation. Thus, the rem’is a dose

unit of biological effect, whereas the rad is

a unit of absorbed energy dose and the

roentgen (for X or ganima rays) is one of - °~
exposure, .

1

? Because 1 roentgen expasure Rives about 1 rad absorbed dote in
tissue for photons of intermediate energies (0.3 to 3 MeV), the absorbed
dose for gamma (or X-) rays 1s often stated, somewhat loosely. 1n*
“roentgens " However, for photon energies outside the range from 0.3
to 3 MeV, the exposure 1n roentgens |5 no fonger simply reiated to the
absorbed dose 1n rads. .
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7.16 All radiation capable of producing
fonizgtion (or excitation) directly or indi-
rectly, e.g., alpha and beta particles, X-
rays, gamma rays, and neutrons, cause
radiation injury of the sg\ge general type.
However, although the efficts are qualita-
tively similar, the variolis radiations differ
in the depth to which they penetrate the
body and in the degree of injury corre-
sponding to a speciffed amount of energy
absorption. As seen above, the latter dif-

ference is expressed by means of the RBE..

7.17 The RBE for gamma rays is ap-
proximately uity. For beta particles, the
RBE is also close to unity; this means that
for a given amount of energy absorbed in
living tissue, beta particles produce about
the same extent of i injury within the body
as do X-rays or gamma rays. The RBE for
alpha particles from radioactive sources
have been varxgusly reported to be from 10
to 20, but this is believed to be too large in
most cases of interest. For nuclear weapon
neutrons, the RBE for acute tadiation in-
jury is now taken as’1.0, but it is apprecia-
bly larger where the formation of opacities
of the lens of the eye (cataracts) is con-
cerned. In other words, neutrons are much
more effective than gamma rays in caus-
ing cataracts.

7.18 1In considering the possible effects
ont the body of gamma radiations from
external sources, it is necessary to distin-

‘guish between an “akute” (or “one-shot”)
exposure and a ‘“‘chronic” (or extended)

exposure. In-en acute exposure the whole
radiation dose is,  received in a relatively
short interval of time. This is the'case, for
example, in connection’ with the initial nu-
clear radiation. It is not possible to define
an acute dose .precisely, but it may be
somewhat arbitrarily taken to be the dose
received during a 24-hour period. Al-
though the delayed radiation$ from early
fallout persist for longer times, it is during
the first.day that' the main exposure would
be received and so it is regarded as being
acute. On the other hand, an individual
entering aTallout area after the-first day
or so and remaining for some time, wopld

be considered to have been subjected to a

chrenic.exposure, *

 —

Ay

7.19 The importance of makiné a “dis-
tinction between acute -and chronic expo-
sures lies in the fact that, if the dose rate
ds.not: too large, the body can achieve
partial recovery from some of the conse-
quences of nuclear radiations while still
exposed. Thus, apart from certain effects
mentioned later, a larger totil gamma-
radiation dose w<.)uld be required to pro-
duce a certain degree of irjury if the dose
were spread over a period of several weeks
than if the same dose were received within
a minute or so.

7.20 * All living creatures are always ex-
posed to ionizing radiations from various
natural sources, both inside and outside
the body. These are chronic exposures con-
tinuing for a lifetime. The chief internal -
source is the radioisotope potassium-40,
which is a normal constituent of the ele-
ment potassium as it exists in.nature.
Carbon-14 in the body is also radioactive,
but it is only a minor source of internal
radiation. Some potassium-40, as well as
radioactive uranium, thorium, and radium
in varying amounts, is also,present in soil
and rocks The so-called “conmlc rays,’”
orlgmatmg in space, are another 1mpor-’
tant source of ionizing radiations in na-
ture. The radiation dose received from
these rays increases with altitude up to
about 90,000 feet; at 15,000 feet, it is more
than five times as great as-at sea level.
The high radiation levels encountexed in
«the Van Allen belts at much higher alti-
tudes do not contribute to the background
radiation on earth.

GENERAL RADIATION EFFECTS

7.21 The effect of nuclear radiations on
llvmg organisms depends not only on the
total dpse, that is, on the amount ab-
sorbed, but also on the rate of abgorption,
i.e., on whether it is acute or chronic, and
on the region and extent of the body ex-
posed.. A few radiation phenomena, such
as genetic effects, apparently depend pri-
marily upon the total dose received and to
a lesser extent on the rate of delivery. The
injury caused by radiation to the germ
ceiL§ under certain conditiens appears to .
be cumulative. In the majority of in-
stances however, the biological effect of a
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given total dose of radiation decreases as
the rate of exposure decreases. Thus, to
«Cite an extreme case, 1,000 rems in a single
dose would be fatal.if the whole body were
exposed, but it would probably not have
any noticeable extemnal effects in the ma-
- jority of persons if delivered more or less
evenly over a period of 30 years.

7.22 Th;e injury caused by a certain
dose’ of radiation will depend upon the
extent and part of the body that is ex-
posed. One reason for this is that when the
exposure is restricted, the unexposed re-
gions can contribut® to the recovery of the

injured area. But if the whole body is °
exposed, many organs are affected and

recovery is much more difficult.

7.23 Different portiéns of the body
show differeﬂnt sensitivities to ionizing ra-
diations, and there are variations in de-
gree of sensitivity. among individuals. In
general, the most radiosensitive parts in-
clude the lymphoid tissue, bone manrow,
spleen, organs of reproduction, and gas-
trointestinal tract. Of intermediate sensi-
tivity are the skin, -lungs, and liver,
whereas mustle, nerves, gnd adult bones
are tlle least sensitive, -

EFFECTS OF ACUTE RADIATION DOSES

- which caused m

7.24 Befgre the nuclear Bomb;ng"s of Hi- -

roshima and Nagasaki, radiation injury
.Was a rare occurrence and relatively little
‘was known of the phenomena associated
" with whole-body exposure and radiation
injury. In Japan, howe T, a large number

v
o{ individuals were eéosed to doses of

radiation ranging from insignifieant quan-
tities to amounts which proved fatal. The
effects were often complicated by ‘other
injuries and shock, so that the symptoms
of radiation sickness could not always be
isolated. -Because of the great number of
patients and the lack of facilities after the
“explosions, it was impossible to make de-
tailed observations and keep accurate reec-
ords. Nevertheless, certain important con-
clusions have been drawn from Japanese
experience with regard to the effects of
nuclear radiation on the human organism.

7.25 Since 1945, further information oh
this subject has been gathered from other

~

sources. These include a few laboratory
accidents involving a small number »f hu-
man beings, whole-body irradiation used in
treating various diseases and malignan-
cies, and extrapolation to man of observa:
tions on animals. In addition, detailed
knowledge has been obtained from a care-
ful study of over.250 persons in the Mar-
shall Islands, who were accidentally ex-
posed to nuclear radiation from fallout

following the test explosion on March 1,

1954. The exposed individuals included
both Marshallese and a small group of
American servicemen. The whole-body ra-

diation doses ranged from relatively'small

values (14 rems), which produce no
obvious symptoms, to amounts (175 -rems)
) arked changes in the
blood-forming system; ’
7.26 Jsinglg source of data directly
“yields the relationship between the physi-
cal dose of ionizing radiation and the clini-
cal effect in man. Hence, there g no com-

plete agreement concerning the effect as- -

sociated with a specific dose-or dose range.
Attempts in the past have been made to

. relate particulir symptoms to certain nar- -

row ranges of exposure; however, the data
are incomplete and associated with mahy
complicating factors that -make
interpretation dffficult. For ipstance, the
observations in Japan were very sketchy
until 2 weeks following the exposures, and
the people at that time were suffering
from malnutrition and preexisting baete-

© rial and parasific infections. Conse-

quently, their sickness was often erro-
neously attributed to the effects of ioniz-
ing radiation when Such was not necessar-
ily the case, The existing conditjons. may
have been aggravated By the radiation,

-

but tp what extent it is impossible to esti-

mate in retrospect.
727 In attempting to relate the radia-
" tion dose to the effect on man, it should be
mentioned, that reliable information has
been obtained for doses up to 200 rems. As
the dose increases from 200 to 600 rems
the data from exposed humans decrease
rapilily and must be supplemented more
and ‘more by extrapolat?ns based on ani-

- mal studies. Nevertheless, the conclusions

drawn can be accepted with a reasonable;

»
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b - 100 TO 1,006 REMS THERAPEUTIC RANGE . OVER 1,000 REMS !.ETI"‘iAL RANGE )

070 100 REMS | 100 T0.200 REMS | .200 TO 600 REMS | 600 TO 1,000 REMS | 1,000 TO 5,000 REMS] OVER 6,000 REMS
RANGE SUBCLIKICAL ,

RARGE CLINICAL * \ .
: THERAPY EFFECTIVE | THERAPY BROMISING THERAPY PALLIATIVE

4 SURVEILLANCE

<
+ .

INCIBENCE oF '} 100 REMS 5% :
’ 300 REMS 100% 100% . 100% .
VOMITING NOKE 200 REMS 50% ' . .
- ~ ~
DELAY TIME - 3 HOURS - 2 HOURS I HOUR .’ 30 MINUTES :

. . . e
. ‘ GASTRONTESTINAL CENTRAL NERVOUS
LEADING ORGAN NONE . ‘HEMATOPOIETIC TISSUE TRACT: : SYSTEM

. ' i DIARRHEA; FEVER CONV .
CHARACTERISTIC | MODERATE SEVERE LEUKOPENIA; PURPURA; HEMOR DISTURBANCE OF CONVULSIONS; |
NONE LEUKOPENIA < RHAGE ; INFECTION. o ECTROLYTE TREMOR; ATAXIA;
_ SIGNS . EPILATION ABOVE 300 REMS - 'aALANIéE * LETHARGY. .

) L.)|

v n .-

CRITICAL PERIOD .
POST-EXPOSURE - - 4 T0 6 WEEKS $ TO 14°0AYS 1 TO 48 HOURS

”

T -
~

REASSURANCE: | BLooD TRANSFUSION; CONSIDER BONE MAINTENANCE OF

/

THERAPY REASSURANCE 1 HEMATOLOGIC ANTIBIOTICS MARROW TRANS- ELECTROLYTE ® SEDATIVES
SURVEILLANCE. 2 PLANTATION. BAL ANCE. - A
o N . . - £ ¥

[ —

PRéGNOSIS : . EXCELLENT ' EXCELLENT® 6000 GUARDED R HOPELESS .

CONVALESCENT PERIOD NONE - | SEVERAL WEEKS | 1TO 12 MONTHS' LONG L eGT0100% "

INCIDENCE OF DEATH NONE _ NONE 070 80% (vor) 80%T0 100% (var) | ! ;"
) - : - . -
DEATH OCCURS WITHIN Co- - 2 MONTRS' | ) 2 WEEKS . 2 DArs

_CAUSE OF DEATH' - - . HEMORRHAGE; INFECTION . CIRCULATORY . ,RESP"},‘},TA{},?'{E{@‘,}H“E' .

- * - - 7 0 . fag‘\‘.' - -
" PALLIATVE-AFFORDING RELIEF, BUT NOT A CURE. | PURPURA-LIVID SPOTS ON THE SKIN OR MUCOUS MEMBRANES -
MATOPOIETIC TISSUE-BLOOD' FORMING TISSUE. . EOEMA"ABNORMAL ACCUMULATION OF FLUIDS IN'T ETissue
*  « LEUKGPENIA"REDUCTION IN NUMBER OF WHITE BLOOD CELLS (faukacytes)
. v M

» '
v

FIGU}IB 7. 28—Summar3\, of effecfs from brief nuclear radlatlon exposure.
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" degree of confidence. Beyond 600 rems,
however, observations o#t man are so spo-
radic that the relationship between dose
and biological effect must‘be inferred or
conjectured alinost entirely from observa-
tions made on animals exposed to ionizing
radigtions. , r

< 7.28 With the foregoing facts in mind,

Figure 7.28 is presented as the best availa- -

‘ble 'summary of the effects of various
whole-body dose ranges.of jonizing radia-
tion on human beings. Below 100 rems, the
response is almost completely subelinica];

that is to say, there is no sickness requir- .

ing special attention. Changes may, never-
theless, be occurring in the blood, as will
be seen later. Between 100-and 1,000 rems
is the range i i Stes
medical treatment, will be successful at
the lower end and may be successful at the
upper end. The earliest symptoms of radia-
tion injury are'nausea and vomiting,
which may commence within about 1 to 3
" hours of exposure, accompanied by discom-
fort (malaise), loss of appetite, and fatigue.

. The most significant, although not imme- .

diately gb\{ious, effect in the range under
,consideration, is that on the hematopoietic
tissue, i.e., the organs concerned with the
formation of blood. An important manifes-
tation of the ehanges in the functioning of
these organs is leukopenia, that is, a de-
Ltline~in the number of leukogytes (white
blood. cells). Loss of hair (epilation) will be
apparent abeut 2 weeks or so after receipt
"of a dose exceeding 300 rems. '

7.29 Because of the increase in the se-

verity of the radiation injury and the vari-
ability in response to treatment in the
range from 100 to 1,000 rems, it is conven-
ient'to subdivide it into thrée sub-sections,
as shown in Figure 7.28. For whole-body

* exposures from 100 to 200 rems, hospitali- -
-*zation is generally not required, but above

200 rems admission to, a hospital is neces-
“sary so that the patient may receive such
treatment.as, may be indicated. Up to 600
rems, there is reasonable confidence in the
clinical évents andvappropriate therapy,
but for doses in excess of this amount
" there is considerable unéertainty and vari-
. ability in response, s
,7.30 Beyond 1,000 rems, the prospects
< N .

j

AJ
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. rems, the pathql6gical, changes are'most - -

" hibits the major injury.

. this range and are not produced consist. -

-

of recovery aré so poor that therapy may. -
be restxjcted largely.to palliative meas--
ures. It‘Zs of interest; however, to ‘subdi- - -
vide thisletha] range into. two. parts in <
‘'which the charagteristic, clinj¢al effects
are, different. Although the dividing line - -

has been somewhat arbitrarjiy'set at 5,000.. -
rems in ‘Figure.7.28, human data are so
limited' that this dose“level might well
have any walue from 2,000 to 6,000.rems.

In the range from 1,00Q to (roughly) 5,000

marked in the gastrointestinal’ tract,
whereas in the range above 5,000 rems, it

is the central neivous systeny which ex- .

) “ww. ﬁ-
737 The s erposition of radiation ef- .
Ir§pies {Tom other causes. may
be expected to. result in an increase in the' - -
number of cases of shock. For example,.the *

" combination of sublethal nuclear‘radiation
exposure and moderate thermal burns will
produce earlier and more -severe shock -
than would the comparablé burnsalone.
The healing of wounds of"all kinds will b&
retarded because of the susceptibility to
secondary infection b.ccompar'l‘ying radia-
tion injury and for other reasons. In fact,
infections, which could normally be dealt
-with by the body, may prowve fatal in such

_cases. - o

, ' N
K g

CHARACTERISTICS. OF ACUTE WHOLE-.

BODY RADIATION INJURY o

»

s
.

EY IS

-

'7.32 Single doses in-the range of from
25 to 100 rems over the’whole body .will
produce nothing other'than blood changes.
These changes do not usually oceut below ~

ently at doses below 50 rems, Disabling
sickness does not oceur and“exposed, indi- . -
viduals should be able to proceed with ..~ |
their usual duties. Thus, for L

~ doses of 25 to 100 rems* no illness ..

~7.33 Exposure of the whole body to a ~
radiation dose in the rangg of 100 to 200

rems ‘will result in a certain amount of

illnegs but it will rarely be fatal. Doses of -
this’' magnitude were common in Hiro- °
shima and Nagasaki, particularly among
persons who were at some distanée from
.the nuclear explosion. Of the 267 individu-
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als accidentally exposed to fallout in the
Marshall Islands following the test explo-
sion ‘of March 1, 1954, a group..of 64 re-
ceived radiation doses in this range. It
shquld be pdinted out that the exposure g
the Marshallese was not strictly of the
" acute type, since it extended over a period
of some 45 hours. More than half the dose,
however was received within 24 hours and -

"+ the obseived effects were similar to those .

~

.t

-

-

3

”~

" to be e‘xpected from an acute exposure of

the same amount. Thus, for )

doses of 100 to 200 rems ; shght or no
illness,

.1.84 The illness fr}n{\ radlatlon*doses in

' thls range does not present.a serious préb-

-

lém in that most patlents.vnll suffer little
more than-discomfort and fatigue and oth-
ers may. have no symptoms at all. There
may be some pausea and vomiting on the
first day or so follow1r'1§ irradiation, but
subsequent1y there is a so-called “latent
perlgd
which the patient has no disabling illness
and can proceed with his regular occupa-
- tion. The usual symptoms, such as loss of
appetlte and malaise, may reappear, but if
they do, they are mild. The changes in the
character of-the blood, which accompany

radiation injury, become significant dur-,

ing the latent period and persist for some
_time. If there are no complications, due to

“other i injuries or to infection, there will be _ . ’

. recovery in essentlally all.cases. In gen-
eral, the more’severe the early stages of
the radiation sickpess, the.longer will be
the process of recovery. Adéquate care
_4nd the use,of antibiotics, as may be indi-,
cated clinically, can greatly expedite com-
‘plete recovery of the small proportlon of
more serious cases. .

7.35 Por doges between 200 and/1 000
rems the probabjlity of survival 1s¢good at
the lower;nd—of’t'he range but poor at’ the

“upper end. The ml,tlal'symptoms are simi- .

lar to.those common fn- radiation injury,
namely, nausea, vomiting, diarrhea, loss of
appetite, and malaise. Theflarger the dose,
the sooner will these symptoms develop,
generally during- the initial day of the
exposure. After. the first day or two the
symptoms disappear and there may be a-
la,tent per‘iod of Several days to 2 weeks

Partlcularly common are spontaneous .
""bleeding in the mouth and from the lining

E% -~
" duging which the patient fee]s relatively

well, Ithoeugh important changes are oc-

. cupring in the blood. Subsequently, there

is a return of symptoms, including fever,

“ diarrhea, and a step-like rise in tempera-

ture which may be due t& accompanymg
infect” Thus, for .
,doses of 200 to 1,000 rems: survival
possible

.

7.36 Commencing about 2 or 3 weeks

after exposure, there is a tendency .to
bleed into various organs, and ‘small hem-
orrhages under the skin'(petechiae) are
observed. This tendency may be marked.

of the intestinal tract. There may be blood
in the urine dye to bleeding in the. kldney
The hemorrhagic tendency'® depends

" mainly upon, depletion of the platelets in

up to 2 weeks or more, during ,

»

the blood, resulting in defects in the blood-

- ¢lotting mechanism. Loss of hair, which is

a ‘prominent consequence of radiation ex-
posure, also starts after about 2 weeks,
immediately following the latest period,

“for doses over 300 rems. (See Figure 7.36.)

103 |
\\ * R h ’ ) ’




© 7.37 Susceptibility to infection of
wounds, burns,. and dther lesions, can be a
serious complicating factor. This wouldre-
sult to a large degree from loss of the
white blood .célls, and a marked depression
. in the body’s immunological process. For

example, ulceration about the lips may

commence after the latent period and

spread from the mguth throygh the entire
. €astroinestinal tract in the'termina.},stage'
of the sickness. The multiplication of bae-
teria, made possible by the decrease in the
white cells of the blood and injury to other
immune mechanisms of the body, allows$
an ;overwhelmingrinfection to develop.

7.38 ‘Among other effects observed in
Japah was a tendency toward spontaneous
internal bleeding near the end of the first
week. At the same time, swelling and in-
flammation of the throat was not uncom-
‘mon. The development of severe radiation
illness amorng the Japanese was aecom-.
panied by, an increase in the body temper-
ature, which was probably due to second-
ary infection. Generally there was a step-
like rise between the fifth and seventh®
days, sometimes as early as the third day
following exposure, and usually continu-
ing until the day of death.

7.39 In addition to fever, the more seri-
ous cases exhibited severe emaciation and
delirium, and death occurred within 2 to 8
weeks. Examination after death revealed

-

a decrease in size of and’ degenerative

- changes in testeés and ovaries. Uleeration
of the mucous-membrane of the large in-

- testine, which is generally indicative of )
doses of 1,000 rems or more, was also noted

in somé cases. . o
7.40 Thode patients in Japan whb sur-
vived for 3 to 4 months, and did not suec-
W cumb to tuberculosis, lung disease, or
- 7 other complications, gradually recovered.
»  There was no evidence of permanent_loss
some 3 tp 4 years later showed.that their
" blood eomposition: was mot. significantly
different from that of a control group in a

.+ city not subjectéd-tonuclear attack. .
- 741 Very lurge doses of whole-body ra-
- diation (appfoximately 5,000 rems or more)
result in ‘prompt changes in the central
.pervous system. The symptoms are hyper-

Q , .

of hair, and examination of 824 survivors °

-

- N

excitability, ataxia (lack of muscular coor-
dination), respiratory distress, and inter-
mittent stupor. There is almost immediate
incapacitation, and death is certain in.a
few- hours to a week or so after the acute
exposure. If the dose is in the range from
1,000 to roughly 5,000 rems, it is the gas-
trointestinal system which exhibits the
earliest severe clinical effects. There is the
usual vomiting and nausea followed, in
more or less rapid succession, by prostra-
tion, diarrhea, anorexia (lack of appetite
and dislike for food), and, fever. As ob-
served after the nuclear detonations in
“Japan, the diarrhea was frequent and se-
-vere in character, being watery at first
and tending to become bloody later; how-
ever, thivmay have been related to preex-
istingdisease: Thus, Tor

. large dose (over 1,000 rems) : survival

improbable s e
7.42 The sooner the foregoing symp-

toms of radiation injury’ develop the
sooner i/?death likely to result.,Although .
there may be no pain during the first few
~days, patients experience malaise, accom-
panied by ‘marked depression and fatigue.
At the,‘lower end of the dose range; the
early stages of the severe radiation illness®
are followed by a latent period of 2 or 3
days (or.more), during which the patient
appears to be free from symptoms, al-
though profound changes are taking place
in the body, especially in the bloog-form-
ing tissues. This period, when it oceurs, is -
followed by a recurrence of the early
‘symptoms, often accompanied by delirium
or coma, terminating.in death usually
within afew days to 2 weeks. ;

- 9 .

EFFECTS OF RADIATION ON BLOOD
CONSTITUENTS

7.43 Among the biological conse:
-quences of exposure of the whole body to a )
single -dose of .nuclear radiation, perhaps
the most striking and characteristic are
the changes which take place in the blood
"and blood-forming organs. Normally, these
changes will oceur only for doses greater.

" than 25 rems, Much information on the

hematological ‘response 6f human. beings
to nqclear radiation was obtained after -

- ’ 105
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the nuclear, explosions in Japan and also
from observations on victims of laboratory
accidents. The situation whlch developed
.in the Marshall Islands in March 1954,
‘however, provided the opportunity for a

© vety thorougb study of the effects of small

and moderately large doses of radiation
(up to :176 rems) on the blood of human
beings. 'The descriptions given below,
which are in general agreement with the
results observed in Japan, are based
largely on this study.

7.44 One of the most striking hemato-
logical changes associated with radiation
injury is inp the number of white blood
cells. Among . these cells are the neutro-
phils, formed chiefly in the bone marrow,
which are concerned with res:stmg bacte-

" rial invasion of the body. The number of

-

neutrophils in the blood increases rapidly
during the course of certain types of bacte-
rial infection to combat the invading orga-
nisms. Loss of ability to meet the bacterial
invasion, whether due to radiation or any
other injury, is'a very grave matter, and’
bacteria which are normally held in check
bysthe neutrophils can then multiply rap-

idly, causing serious consequences. There -

are several types of white blood cells with

different specialized functions, but which -

have in common the general property of
res:stmg infection or removing toxic prod-
uefs from the body, or both.

7.45 After the body has been exposed to
radiation in the sub-lethal range, ile.,
about 200 rems or less, the fotal number of
white blood cells may show a tran§1tory
increase during the first 2 days or so, and

then decrease below normal levels. Subse-
quently the white count may fluctuate and

possibly rise above normal on occasions.
During thé seventh or eighth weeks, the
white cell count becomes stabilized at low
levels and a minimum probably occurs at
about this time. An upward trend is ob-
served-in succeeding weeks but complete
recovery may require several months or-
more. . _ . .

" 7.46 The neutrophil count parallels the
tofal white blood cell count, so that the

* initial increase observed in the latter is .

apparently due toMfcreased mobilization

“ of neutrophils. Complete return of the

[

s )

number of n.eutrophlls tp normal do.es, rot

occur for sbveral months.

7.47 In contrast to the behavnor of the
neutrophils, the number of lymphocytes,

produced in parts of the lymphatlc tissues .

of the body, e.g., lymph nodes and spleen,
shows a sharp drop soon after exposure to

radiation. The lymphocyte count continues ,

to remain considerably below normal for
several months and recovery may requige,
many months or even years. However, to
judge from the observations made in Ja-
pan, the lymphocyte count of exposed indi-
viduals 3 or 4 years after exposure was not
appreciably different from that of unex-
posed persons. = . -

7.48 A significant hematological
change also occurs in the platelets, a con-
stituent of the bleod which plays an impor,

tant role in blood clotting. Unlike the flue--

tuating total white count, the number of
platelets begins to, decrease soon after ex-
posure and falls steadlly and reaches a
minimum at the end of aboutga month. The
decrease in the number of platelets is fol-
lowed by partial recovery,. but a riormal

count may not be attained for several’
"months or.even years after exposure. It is

the decrease in the platelet count which
partly explains the appearance of hemor-
rhage and purpura in radiation injury.

7,49 The red blood cell (erythrocyte)
count-also undergoes a decrease as a re-
sult of radiation exposure and henior-
rhage,-so that symptoms of anemia, &g.,
pallor, become -apparent. However, the
change in the number of erythroeytes is
much less striking than that which occurs
in the white blood cells and platelets, espe-
cially for radiation doses in the range of
200 to 400 rems. Whereas the response in
these cells i§ rapid, the red cell count
shows little or no change for several days.
Subsequently, there is a decrease which
may continue for 2 or 3 weeks, followed by
a gradual increase in individuals who sur-
vive. . '

7.50 As an jndex of severity of radia-
tion exposure, particularly in the suble-
thal range, the total white cell or neutro-
phil counts are of limited usefulness be-
cause of the wide fluctuations and the fact
that several weeks may elapse before the

1190
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maximum depression is observed. The
lypmphocyte count is of more value in this
respect, partictlarly in the low dose range,
si¥®e depression occurs within a few hours

_. of exposure. However, a marked decrease

*

%

in the number of lymphocytes is observed
even with low doses and there is relatively
littlg difference with large doses.

151 The platelet count, on the other
hand, appears to exhibit a regular pattérn,
with the maximum depression being at-
tained at approximatély the same time for
various exposures in the sublethal range.
Furthermore, in this range, the degree of
depression: from the normal value is
roughly proportional to the estimated
whole-body dose. It has been suggested,
therefore, that' the pla¥elet count might
serve as_a convenient and relatively sim-

_ple direct method for determinfng the se-
verity of radiation injury in the sublethal
range. The main disadVantage is that an

_ appreciable decrease in the platelet count

is not apparent until some time after the
exposure,

* -

LATE EFFECTS OF IONIZING RADIATION

7.52 There are a number of conse-
quences of nuclear radiation which may
not appear for some years after exposure.
Among them, apart from genetic effects,
are the formation of cataracts, non-spe-
cific life shortening, leukemia, other forms
of malignant disease, and retarded devel-
opment of children in utero at the time of
the exposure. Information conterning
these late effects has been obtaihed from
eontinued studies of various types, includ-
ing those in Japan made chiefly under the
direction of the. Atomic Bomb Casullty,
Cammission.?

7.58 The Atomic Bomb Casualty Com-
mission was established in 1947 to provide
surveys and studies on the delayed effects
of the A-bgmbs. Over 400 reports had been
issued by 1973. A nationwide enumeration
‘was made in Japan at the time of the 1950
national census to identify who was in

*The Atomic Bomb Casuslty Commission of the U.S. Nationsi Acad-
emy of Séiences-National Research Council 1s sponsored by the Atomic
Energy C ission and ad ed in cooperation with the Japa.

nese National Instituts of Health, One of its purposes 15 to study, the
long-term effects of exposure to huclear radistion .

“GENETIC EFFECTS

3
3

Hiroshima and Naghsaki at the time of
burst. The major Atomic Bomb Casualty
Commission studies relate to the survivors
who were alive during the initial survey,
about five years aften the burst. There-

fore, the sample excludes the more se-

These exposed people have been studied,

verely injured who died prior to 1950.7
through both a biennial physical examina-

- tion and after death by an autopsy pro-

gram. Because, of different_latent periods
the effects of radiation have developed

. with the years since 1947. For example, in

the 1970’s,.as leukemia decreases, malig-
nant neoplasms (tumors) are rising rap-
idly, for those exposed in utero or in child-
hood. Some of the most significant find-

- ings from various studies are extracted

here in paragraphs 7.54-7.61 from the 1973
technical report of the Atomic Bomb Cas-
ualty Commission’s report “Radiation Ef-
fects on Atomic Bomb Survivors.”

-

-

7.54 Significant effects of parental ex-
posure'to the A-bomb on stillbirth or in-
fant mortality rates, birth weight of child,
or on the frequency of congenital malfor-
mations have nét been detected. The sex

“ratio (ratio of male to female babies) was
.expected to decrease if the mother had,

been' irradiated, and to increase with pa-
ternal irragdiation. An earlier study sug-
gested such a shift, but additional data .
failed to confirm this hypothesis. No rela-
tionship has been observed between pa-
rental exposure and the mortality of chil-

dren. No significant inerease in leukemja

incidence has been observed in the off-
spring of persons exposed to A-bomb ra-
diation. A preliminary study of the off-
spring of A-bomb survivors showed no evi- ,

. dence of radiation effects on chromosomes.

Recent studies show wHite corpuscle dam-
age after 20 years (see 7.61).

RADIATION INJURIES )

7.55 Three major symptoms of ‘acute
radiation exposure Were observed—Iloss of
hair, bleeding, and mouth lesions. Acute
radiation symptoms increased from 5% to

¢ 10% among those exposed to total dose of
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50 x:em to 50% to 80% of thése with about

300 rem exposure, after which the propor-,

tion leveled off.

" DELAYED EFFECTS ON GROWTH AND
DEVELOPMENT

7.56 'Head circumference and height
were significantly smaller in children in
utero whose mothers. were exposed and
evidenced major radiation symptoms. Con-
sistently smaller head and chest c1rcum-
ferences, weight, standing and si ting
- heights at ages 14 to 15 years were found
among Nagasaki children whose mothers
were exposed to high doses. Helght
weight and head circumferences at 17
years of age wére significantly smaller in

the Hiroshima in utero children whose

mothers were exposed. Decreased head
. circumference was most prominent among

those in the first trimester of gestation at -

time of burst (ATB). Body size was smaller
and body maturity advanced in the Hiro-
shima exposed children. Adult height was
significantly less among Hiroshima chil-
dren 0-5 years of age ATB ¢at time of
burst) exposed to high doses. Dose effect
declined with increasing age ATB, but
adult weight was less regardless of age
ATB. Tissue samples from the exposed
population suggest accelerated ageing
among those exposed. There was no radia-
tion effect on bone growth among those
exposed to I‘adlatlo'n in utero ATB.

DELAYED EFFECTS OF DISEASE
OCCURRENCE

7.57 The first demonstrated delayed ef-
fects of the A-bombs were radiation ‘cata-
racts in about 2Y2% of survivors within
1000 meters from ground zero ATB. Cata-
racts were the only delayed manifesta-
tions of ocular injury from the A-bomb.
The latent period for subjective disturb-
ances from cataracts appears to have been
about two years. Prevalence of mental re-
tardation was high in those exposed in
utero less than 1500 meters from ground
zero. Mentgl retardation was more fre-
quent in those exposed between the 6th
and 15th weeks of pregnancy, the period of
brain development. For in utero children,

. +

ever, no increase in mortality fro

mia and other cancérs was obse
relationship betweeh rheumatoid

and radiation dose has been found.

ative finding does not mean that certain
effects will not occur later. Abnormaliti¢s
of the minute surface blood vessels were
found in those under 10 years ATB who.
were exposed to 100 rem or more. Lip and
tongue mucous membrances were more
frequentiy affected than were nail fold
and eyelids. These findings suggest that
A-bomb exposure affected_the entire vas-
cular system. There was no evidence of a
relationship between the prevalence of
cardiovascular diseases and radiation ex-
posure, o between mortality from cardiov-
ascular diseases and radiation. -

.

- NEOPLASMS .

7.58 There were minor elevations in
mortality from causes other than neo-
plasms (abnormal growth) but, all in all,

“there was little evidence of radiation ef-

fect on other causes of death, including
tuderculosis, stroke, and other diseases of
the circulatory system. Lung cancer mor-
tality increased with dose. This increase
was particularly significant for those ex-
posed at ages 35 years and over ATB. The
occuftrence of thyroid cancer was higher in
women than in men and showed a signifi-
cant elevation with the increase in dose.
For those less than 20 years ATB, no sex
difference for thyroid cancer was evident.
Sallvary gland tumors increased more
than five-fold among survivors exposed to
high radiation doses compared with the
nonirradiated population. The relative
risk of breast cancer was significantly
higher among the heavily ~irradiated
women. Women who were young at the
time of the bomb are now entering the
ages of high risk from breast cancer. No
relationship has been found to date be-
tween radiation dose and prevalencé of
cancers of the stomach, gall bladder and

_bile duct, liver, bone, and skin. Mortality

from disease was higher among survivors
who received large radiation doses than
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among those with small doses or those not
inthe cities. Excessive mortality was espe-
cia&h&%}; for leukemia, where the radia-
tion ‘effedt appeared to be present even
among .those estimated to have received
10-49 rem. Mortality fronf cancer apart
from leukemia was also elevated in survi-
vors with large radiation’ deses, but could
be_demonstrated with reliability only
‘among thosg with doses exceeding 200

rem. e

L]

{EUKEMIA

7.59 Leukemia rates in the high dose
groupsthave declined persistently during
the period 1950 to 1970, but have not
reached the level experienced by the gen-
eral population. However, death rates for
cancer of other sites have increased
sharply in recent years. The latent périod

“for radiation induced cancers other than

leukemia appears to be 20 years or more.
There was increased leukemia with a dose-
response relationship with the peak occur-
ring about six years after exposure. The
effect was greatest’ among those exposed
during childhood. The lowest dose cate-
gory with a high frequency of leukemia
was 20-49 fem. This effect at 2¢—49 rem
was found in Hirdshima where neutrons
constituted a substantial fracfion .of the
total dose. In Nagasaki, ®exposure to neu-
trons was very small and no ¢ades of leu-
kemia occurred among, survivors exposed
to 5-99 rem. : ten T

MALIGNANT NEOPLASMS

7.60 After a latent period of about 15

-

disease increased with dose among Hiro-
" shima females and among those 0~19 yeirs
ATB in Nagasaki. An increase in preva-
' lence of miscellaneous eye diseasgs after
radiation exposure was noted, except
among females age 50 or more ATB. '
4

OTHER FINDINGS * o

7.61 No consistent differences have
been found by radiation expos®re for preg-
nancy, birth and stijlbirth rates, and zero
pregnancies. Studies' of cultured lympho-
cytés (white corpuscles) have demon-
strated that radiation induced chromo-
some changes still persist more than 20
years after exposure. Furthermore, their
frequency appears to be propoitional to

> the exposure dose. A high proportion of

-

years, children who received radiation

- doses of 100 rem or more have begun to

#develop an excessive number of malignant

- #neoplasms. Now,. 25 years aa:ler exposure,

the accumulated increase is fnost striking,
with no evidence that a peak has been
reached. During the next 10 years, these
persons will be éntering ages when cancer
incidence ordinarily begins to jncrease.
Forty cases of anemia were confirmed in
‘A-bomb survivors im\a~20/-eyear period, but
the increase in risk due to radiation expo-
sure was not significant when compared to
the population. The prevalence of thyroid

those in utero whose mothers received a
dose of at least 100 rem evidenced complex
- chromosomal abnormalities as compared
to the comparison groups. There has been
no manifestation of clinical disease associ-
ated with chromosomal abnormalities.

EXTERNAL.HAZARD: BETA BURNS >

7.62 Injury to the body from external
sources of beta particles can arise in two
general ways. If the beta-particle emit-
terg, e.g., fission products in the fallout,
come into actual contact with the skin and
remain for an appreciable time, a form of
radiation damage, sometimes réferred to
as ‘“beta burn,” will result. In addition, in
an area of extensive early fallout, the
whole surface of the body will be exposed
to beta particles.coming from many direc-
tions. It is true that clothing will atten-
udte this radiation to a considerable ex-

~tent; nevertheless, the whole body could
receive £ large dose from befa particles
which might be significant.
763" Valuable information concerning
the development and healing of beta burns
has been obtained from observations of
the Marshall Islanders yho weyeé “Bxposed
to fallout in March 1954.- Wighin.about 5
hours of the burst,radioactive material -
commenced to fall on some of.the islands.
Although the fallout was observed as a
white powder, consisting largely of parti-
cles of lime (calcium oxide) resulting from
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the decomposition of coral (calecium ecar-
bonate) by heat, the isalnd inhabitants did
not realize its significance. Because the
weather was hot and damp, the Mar-
shalese Y¥emained outdoors; their bodies
were moist and they wore relatively little
clothlpg As a result, appreciable antounts
of fission products fell upon their hair and
skin and remained there for a considerable
time. Moreover, since the islanders, as a
rule, did not wear shoes, their bare feet
were continually subjected to contamina-
tion from fallout on the ground.

7.64 During the first 24 to 48 hours, a
number of individuals in the more highly
contaminated groups experienced itching
and a burning sensation of the skin. These
symptoms were less marked among those
who were less.contamined with early fal-

. lout. Within a day to two all skin symp-
toms subsided and disappeared, but aftér
the lapse of about 2 to 3 weeks, epilation
and skin'lesions were apparent on the

inat®d by fallout partlclas There was ap-
parently .no erythema, either in the early
stages (prlmary) or later (secondary), as
might have been expected, but this may
have been obscured by the natural colora-

7.65 The first evidence of skin damage
_was increased pigmentation, in the form of
dark colored patches and raised areas (ma-

lesions developed on the exposed parts of
., the body not protected by clothing, and

occurred usually in the following order: -
‘scalp (with epilation), neck, shoulders,
_ depressions in the forearm, feet, Jimbs,
‘and trunk. Epilation and lesions of the
lff scalp, neck, and foot were most frequently
. observed (see Figures 7.65a and 7.65b).

7’:66 In addetlon, a bluish-brown pig-
.mentation of the fingernails was very com-
mon’ amonfg the Marshalltse and also
among American Negroes. The phenome-
non appears to be a radiation response
pecuhar-to the dark-skinned races, since it
was not apparent-in any of the white
Americans who were exposed at the same
time. The nail plgmentatlon occurred in a

skin lesiops. It is probable that this was

areas of the body which had been contaim-

tion of the _skin. ‘e

. cules, papules, and rasied plaques). These Y

. observed in

'R

-
FIGURE 7.65a—Beta burn on neck shortly after
exposure. .

FIGURE 7.65b.~Beta burn on feet shortly-after
exposure.

caused by gamma rays, rather than by
beta. particles, as the same effect has been
dark-skinned patients
undergoing X-ray treatment m clinical
practice. . -

7.67 Most of the lesions were superfi-

cial without blistering. Microscopic exami-

_nation at 3 to 6 weeks showed that the.
@amage was moét marked in the outer,

layers of the skin (epidermis), whereas
damage to the deeper tissue was much less
severe. This'is copslstént -with the short
rafige of beta particles if animal tissue.’
After formation of" dry scab, the lesiong
healed rapidly leaving a central depig-

- number of individuals who did 'not have _mented area, syrrounded by an irregular *

zone of ihcreased pigmentafion. Normal
- . [

: -~
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FIGURE 7.68a.—Beta burn on neck after healing.

I3

pigmentation gradually spread outward in
the course of a few weeks. |
7.68 Individuals who had been more
highly contaminated developed deeper le-
sions, usually on the feet or neck, accom-
panied by mild burning, itehing and pain.
These lesions were wet, weeping, and ul-
cerated, becoming covered by a hard,qry
scab; however, the majority healed reddily

with the regtila}r treatmeht generally em:"

ployed for other skin lesions not connected

. « with radiation. Abnormal pigmentation ef-

fects persisted for sonie time, and in sev-

FIGURE 7.68b.—Beta burn on feet after healing.
B - .

~

Y

eral cases about a year elapsed before the
normal (darkish) skin coloration was re-
stored (see Figures 7.68a and 7.68b).

7.69 Regrowth of hair, of the usual
color (in contrast to the skin pigmentation)
and texture, began about 9 weeks after
contamination and was ‘complete in 6
months. By the same time, nail discolora-
tion had grown out in all but 4 few individ-
uals. Seven years later, there were only 10
cases which continued to show any effects
of beta burns, and there was no evidence
of malignant changes. Blood studies of
platelets and red blood cells indicated lev-
els lower than average at 5 years after
exposure; at 7 years after exposure the
platelets continued to be slightly de-
pressed. It thus appears that repair of
bone marrow injury was not complete at
this time. In the 1961 examination of the
Marshallese people there was a .possible
indication of bone growth retardation in
children who were babies at the time of
the explosion. .

INTERNAL HAZARD

" 170 Wherever fallout occurs there is a
chance that radioactive material will en-
ter the body through the digestive tract
(due to the consumption of food and water
contamimated with fission products),

- through the lungs (by breathing air con-

taining fallout particles), or .through
wounds or abrasions. It should be noted
thft even a very small quantity of radioac-
tive material present in the body can pro: -
ducé considerable injury. Radiation expo-
sure of varidus organs and tissues from
internal” sources is continuous, subject
only to depletion of the quantity of active
material in the body as.a result of physical
(radioactive decay) and biological (eliming-
tion) processes, Fuythermore, internal -
sources of alpha emitters, e.g., plutonium,
or of beta particles, or soft (low-energy)
gamma-ray emitters, can dissipate their
entire energy within a small, possibly sen- _
sitive, volume of bedy tissue; thus cauiing

considerable damage. ,
- 7.77 The situation.just deséribed .is
sometimes aggravated by the fact that -

1 1 grtaiy chemical elements tend to concen-

- . an -
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trate in specific cells or tissues, some of
which are highly sensitive to radiation.

The fate of a glven radioactive element’

which has entered the-blood stream wil]
depend upon its chemical nature. Radioso-
topes of an element which is a normal
constituent- of the body will follow ‘the
same metabolic processes’ as the naturally
occurring, inactive (stable) isotopes of the
same element. This is the case, for exam-
ple, with iodine which tends to concentrate
‘in the thyroid gland. .

7.72 An element not usually found in

the body, except perhaps in minute traces,’

will behave like onetwith similar chemical
properties that is normally present. Thus,
‘among the :bsorbed fission produects,
strontium and barium, which are similar
chemically to calcium, are largely depos-
ited in the calcifying tissue of bone. The
radioisotopes of the rare earth elements,
e.g., cerium, which constitute a considera-

ble proportion of the fission products, and _

plutonium, which may be present to.some
extent in the fallout, are also “bone-seek-
ers.” Sincé they are not chemical ana-
logues of calcium, however, they are de-
posited to a smaller extent and in other

parts of the -bone than are strontium and

barium. Bone-seekers, are, nevertheless,
potentlally very hazardous because they
can injure the sensitive bone marrow
where many blood cells are produced. The
damage to the blood-forming tissue thus
results in a’reduction in the number of
blood cells and so affects the entlre body
adversely. j . .

7.78 The extent to which early fallout
contamination can get jnto the blood
stream will depengl upon two main factors:
(1) the size of the partlcles, and (2) their
solubility. in the body fluids. Whether the
material is subsequently deposited in
some specific 'tissue or-not will be deter-
mined by the chemical properties of the
elements present, as indicated pféviously.
Elements which do not tend to concen-
trate in a particular part of the body are
eliminated fairly rapidly by natural proec-
- .esses, ) .

7.74 The amount of radidactive mate-
ﬂal absorbed from early\fallout by inhala-

-

- EKC appears to be rélatively small, The

reason is that the nose can filter out al-
most all particles over 10 microns (0.001
centimeter) in diameter, ‘and about 95 per-
cent of those exceeding 5 microns (0.0005
centimeter). Most of the particles deseend-
ing in the fallout during the critical period
of highest activity, e.g., within 24 hours of
the explosion, will be considerably more
than 10 microns in diameter. Conse-
quently, only a small proportion of the
early fallout particles present in the air
will succeed in reaching the lungs. Fur-
thermore, the optimum size for passage
from the alveolar (air) space of the lungs
to the blood stream is as small as 1 to 2 =

* microns. The probability of entry into the
- cireulating blood of fission products and

other wkapon residues present in the early
fallout, as a result of inhalation, is thus
low. Any very small particles reaching the
alveolar spaces may be retained there or

they may be removed either by physical

means, e.g., by coughing, or by the lym-
phatic system to, lymph nodes in the me-
diagtinal (middle’ chest) area, where they
may accumulate. ‘

7.75 The extent of absorption’ of fission
products and other radioactive materials
through the intestine is largely dependent
upon the solubxhty of the particle
early fallont, the fission products as well
as uranium and plutonium are chiefly
present as oxides, many oxides of stron-
tium and barium, however,.are soluble, S0
that these elements enter, the blood
stream more readlly and find their way
into the bones.f The element iodine is also
chiefly present in a soluble form and so it 4
soon enters-the blood and is concentrated
in the thyroid gland. i

776 In addition to the tendency of a,
partlcular element to be ta}ten up by a.
specific organ, the main consideration in
determining the hazard from a glven ra-
dioactive isotope inside the body is the
total radiation dose delivexgdswhile it is in
the body (or specific organ). The most im-
portant factors in’ determining this dose
are the mass and half-life of the radioiSo-
tope, the nature and energy of the radia-
tions emitted and the length’ of time it

¢ Evergander theso condmons only sbout 1o percent of thc -frontium
or barium is Itu_}lly nbsorbed
4 l) -
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stays in the body. This time is dependent
upon the “biological half-time” which is
the time taken for the amount of a partie-
ular element in the body to decrease to
half of its initigl value duée to elimination ’
by natrual (biologic_al) processes. Combina-
tion of the radioactive half life and biologi:
cal half-time gives rise to the “effective
, half-life,” defined as the time required for
the amount of a specified radioactive iso-
tope-in the body to fall to half &f its
original value. as a result of both radioac-
tive decay and natural elimination. Ln
most cases of interést, the effective half-.
life in the body as a whole is essentially
the same %s that in the principal tissue (or
organ) in which the element tends to con=«
centrate. For some isotopes it is difficult to
express the behavior in terms of a single
effective half-life bechuse of their compli- -
cated metabolic mechanisms in the human
"~ body. S .
7.77 The isotopes représenting the
greatest potential internal hazard are
those with relatively short radioactive
half-lives and comparatively long biologi-
cal half-times. A eertain mass of an isotope .
of short radioactive half-life will emit par-
ticles at a greater raté than‘the same -
mass of another isetope, possibly of the
same element, having’ longer half-life.
Moreover the long biological half-time
‘means that the active material will not be
readily eliminated from the body by natu-
" ral processes. For example, the element
.. iodine has a fairly long bio'logicé!'ha]'f-time -
in many indjviduals. The actual value var-
" ies over a\widg‘»rangg' from a few days in
some Dé®ple to many years in others, but
on the average. it«is about 90 da s..Iedine
is qujckly taken up by the thyr%id_ gland -
from-which: it is genérally eliminated
slowly. Phe radioisotope iodine-131, a.
fajrly common fission product,.has a radio-
active halfilife of only 8 days. Conse-
quently, if a suffjcient, quantity of this '
isotope enters the blood stream it is capa-
ble of causing serious damage to the thy-

»
T

-

5 roid_gland, because it remdins there dur-
. ing essentia ly the whole-of its - radioactive
life. - _— - s

7.78 At short times after a détonation, .
othgr ra“d'ioisotOpes of iod.iﬁe, e.g., iodine'

‘
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133 and 135, would contribute .materially
to the total dose to the thyroid gland.
However, their radioactive half-lives are
measured in hours, and so they decay to
insignificant levels within a few days of
their formation. It should. be mentioned
that, apart from immediate injury, any
radioagtive material'that enters the body,
even if it has a short effective half-life,
-nray contribute to damage whi¢h does not
become apparent for some time. )
779 In addition to radioidine, the most
important potentially hazardous fission .
products, assuming sufficient amounts get
inte thé body, fall into two groups. The
fitst, and more significant, contains stron-
tium 89, strontium 90, cesium’ 137, and
barium 140, whereas the second consists of
a” group of rare earth and related ele-
ments, particularly cerium 144° and the
chemically similar yttrium 91. .

7.80 Anothet potentially hazardous ele-
ment, which .may be present to some ex-
tept-in the eatly fallout,+is pltitonium, in

- the form of the alpha-particle emitting

isotope plutonium 239. This. isotope has a
long radioactive half-life (24,000 years) as
well as a lohg biological half-time (about
200 years). Consequently, once it is depos-
ited in the body, mainly on certain sur-
faces of the bone, the amount of plutonium
present nd its activity.decrease at a. very
slow rate. In spite of their short fange in
the body, the*continued action of alpha
particles over a period of years can cause
significant injury. In sufficient amounts,
rad;fum, which is very similar to plutonium _
in these respects, isknown to cause necro-
sis and tumors of the boné, and anemia

~ 7.81 Expetimemtal evidence indicates
that nearly all, if\not all, inhaled pluton-
ivm deposits in the lungs where a cerbain
portion, less than 10 pereent, remains.

“ Some of this is found-in'the bronchial

lymph nodes..For this reason, the primary
hazard from inhgled plutonium is to the
Fungs and bronchial lumbh nodes. It is of
interest to note that despite the large
amounts ofradivactive material which
may pass through the kidneys in the proc-
ess of elimination, these organs ordinarily
are not greatly affected, By contrast, ura-
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its radloactlwty

hium causes damage to the kidneys, but as
a chemical poison rather than because of

7.82. Early fallout-—&ccompanymg the
nuclear air bursts(i&fer«ﬁtpan was so insig-

- nificdnt that jt was-§t observed. Conse-

quently, no information was available con-
cerning the potentialitieg of f1&s10n prod-
ucts and other weapon resj ues as inter-
nal sources of radlatlon"‘*Fo low1ng the in-
cident in the Marshall Islands in March
1954, however, data of great interest were
obtained. Because they were not aware of
the significance of the fallout, many of the
inhabitants ate contaminated food and
drank contaminated water from open con-
tainers for periods up to 2 days. .

7.83- Internal deposition of fission prod-

ucts resulted malnly from ingestion rather .

than inhalation for, in addition to the rea-
sons given aboV¥, the radioactive particles
in the air setthd olt fairly rapidly, but

.‘cdntaminated food, water, and utensils

re u 1 the time. The beljef that

ingestion was the chief source of internal:

contamination was ‘supported by’ the ob-
servations on chickens and pigs made sooh
after the explosion. The gastrointestinal
tract, its contents and the liver were
found to be more hlghly contammated
‘than lung TSsue.

7.84 From radiochemical analysis of
the urine of the Marshallese subjected to

_ the early fallout, it was possible to ‘esti-

mate the body burden, i.e., the amounts
deposited in the tissues, of various iso-
‘topes. It was found that fodine 131 made
the major contribution to the activity at
the beginning, but it soon disappeared be-
cause of its relatively short radioactive
half-life (8 days). Somewhat the same was
true for barium 140 (12.8 days half-life),

butmtth‘e’ activity levels of the strontium’

isotopes were more persistent. Not only do
these isotopes have longer radioactive
half-lives, but the biological half-time- ot
the element is also relatively long.

7.85 No elements other than iodine,

, strontium, barium, and the rare garth

group were found to be retained in appre-
_ciable amounts in the body. Essentially all
other fission product and weapon residue
O tivities were rapidly eliminated, because

11

)

of either the short effectiv'e hailf-lives of
the radioisotopes, the sparing solubility of

' the oxides, or the relatively'‘large size of

. -the fallout particles.

© 7.86 The body burden: of radloactlve
materlal among the more highly contami-
nated inhabitants of thg Marshall Islands
was never very large and it decreased
fairly rapidly in the course of 2.or 3.
months. The activity of the strontium iso-
tepes fell off somewhat more slowly than
tHat of the other radlolsotopes because of
the longer -radioactive half-lives and
greater retention in the bone. Neverthe-
less, even strontium could not be regarded
as a dangerbus source of internal radia-
tion in the cases studied. At 6 months
after the explosmn the urine of most indi-
“viduals contamed only barely detectabl»e
quantities of radioactive material.

7.87 The most heavily exposed group,
some 64 Marshallese inhabitants of Ron-
gelap atoll, regeived an éstimated 175 rem
wholé-body dose before being evacuated.
While internal contamination was of con-
cern in 1954, the consensus of the sc¢ien-
tists and medical people was that internal

- burdens of radionuclides were not likely to

produce injury, even in the heavily ex-
posed group. All early symptoms were due

. to whole-body exposure doses and to skin-

deposited fallout particles. Based on anal- "
ysis of urine samples, if was accepted that
the Marshall Island people were fully re-
covered from their accidental exposure to
thermonuclear fallout in 1954,

7.88 1In 1963 a thyroid nodule was dis-
covered duding routine examination of a

. 12-year-old-girl,.and in the following years

additional cases were discovered during
the annual medical surveys. By 1969, 15 of X
the 19 children who had been under 10

years of age at the time of exposure had
developed thyrpid nodules, and another
two had severe atrophy of the thyfoid
gland. The method of treatmen‘t of all 15

nodule cases was eithér partlﬂ or total -

removalof the thyroid gland.

7.89 No children in the less-heavily ex- -
posed group, with whole-body doses up to
about 70 rem, have developed thyroid nod-
ules to date. Adults in the Rongelap group
have deiieloped thyroid nodules, but the
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rate of incidence has been less than Y,
the rate for children.

7.90 It seems clear that the coufse* of
the thyroid gbnormalities was beta irra-
tdiation by the radioiodines concentrated
in4the thyroid gland after ingestion and/or
inhalation. It is likely there is more trou-
ble ahead over the years for the Marshall
Islanders, both adults who w e heavily
exposed -and those who were ch'iTaren in
the 70 rem exposure grqup, It is thought
the latency period for neoplasms is in-
versely related to dose~ This theoretical
rule of lateney may explain the bunching
of thyroid effects ffom 9 to 14 years after
exposure

7.91 The experience of the’ Marshallese
children illustrates one combination of
conditions leading to 3 serious radioiodine
threat in nuclear warfare. The children
were exposed, for the first two days, to all
of the radiological effects of the fallout
field, estimated to be 100 R/hr at.l hour

" after detonation. They received whole-

"

body exposure of about™ 175 rem. The air
they breathed, during and after fallout
.deposition -was unfiltered. They ate con-
taminated food and drank contaminated
‘water.

7.92 Had the exposure at Rongelap
been even a factor of three hlgher, more
than half of the exposed people would
have died within a month from the whole-
body gamma, radiation exposure. Studies
indicate that in a nuclear attack against
the U.S,, exposurg could be a factor of 30
or higher than at Rongelap in some areas..
“Fallout shelters hﬁvmg a protection factor

- of forty would be necessary to limit the

shelter period whole-body &xposure to 175
rem, i.e., the dose that the people at Ron-
gelap received.

Protection against the threat of
inhaled and ingested iodines could be pro
vided if (1) only filtered air were breathed,
and (2) only preattack-stored food and
water were consumed for 3040 days or 4-5
I'* half-lives. Sinte vapor filters are, not
provxded in fallout shelters, any radioiod-
“ine in the gaseous state would reach thé

'hml Report, Inhalation of Radiotodine from Fallout Hazards and
Cduntermeasures, Defense Civil Prepared
D C 20301, August 1972, Number 2380,

" . .
[

~
O ¥

Agency, Washington,

shelterees: particles stopped by particle
filters could still release their radioiodine’
into the ventilation system. Although it is
not possible to predict, even within order
of magnitude, the thyroid doseithat could
be caused by inhalation of fallout radioiod-
ines, the threat of inhaled.radioiodines is
real. Fortunately, this threat is likely to
affect only small areas of the country and
it can be cofntered safely and inexpen-
sively by the timely administration of sta-
ble “blocking” iodine to reduce the thyroid
uptake of radioiodines. In general, the up-
take of radioiodinles by inhalation is be-
lieved to be minor compared to that from
ingestion. -

WHOLE-BODY EXPOSURE

7.94 There is agreement among most
authorities that a single whole-body. expo-

* sure of 200 R will not affect the average

adult to the extent that he is ihcapable of
performing his o‘l'dmary activities. In fact,
whole-body exposures of 200-300 R have

. been given to many patients with ad-

vYanced cancer without any manifest
harmful effect on their physical gondition.
Change§ in the_bldod count occurred, as
was expected, but these were not -suffi-
cient %o reqliire medical treatments. The
Marshall Islanders who had the largest
exposure to fallout, received about 175 R
over a period of 36 hours. In this, group,
which included people of all ages, the only
eviderice "of> acute radlatlon sickness was
vomiting'on the day fallout occurred
(about 10 percent reported this symptom)
and changes in the white blood cell count
and platelet count several weeks Iater.
There is also general agreement that a
single whole-body exposure of 200 R or less
should not cause radiation 51ckne§s severe
enough to require medical care in the ma-
jority (9 out of 10) of healthy adults. .
7.95 The exytcted results of various
radiation expdsures, if received over var- .
ious periods of time, are shown in the
followmg figure (Figure 7.95). (This figure .
is tentative; it may be modified as a result
of recommendations currently being devel-
oped by the National Council of Radiation
Protection and Measurements. The num-
bej hﬁvever, are believed to be realistie.)
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Roentgen Exposure

a

- Acute in Any! 1 Week {1 Month {4 Months
Effects
Medical Care Not Needed | 150 200 | 300
Some Need Medical Care 350 500 -
Few if Any Deeths 250

.
Most Need Medical Care . ' .
50% + Deaths 450 4 600 .
— + -
PR N *Litt!e or no prectical consideration. ¢
FIGURE 7.95'.—Radiation Exposure Doses. - .

7.96 To illustrate use of the figure,
most people receiving no more than a total
of 150 R during a time interval less than a
week (1 hour, 1 day, 8 days, for instance)
are not expected to need medical care nor
to become ineffective in work perform-
ance. Also, people receiving more than 500
R during one ‘month will need medical
care, and 50% or more may die. -~

7.97 This “penalty figure” is intended
for use by ciyil preparedness officials dur-
ing 'a war,emergency to provide them a
simple ‘and straightforward basis for tak-:
ing into account the radiological elements

. of the problem. For example, replenish-

ment of ‘a shelter’s inadequate water sip-
ply might be justified if a small crew could
do b, and if each member’s total week’s
exposure could be kept to less than 150 R,
or the month’s exposure less than 200 R.
7.98 It is known that radiation in-
creases the thances of genetic damage and

' Taken from DCPA Attack Environment Manual, Cha;;tcr 1,
. ~

other long-term effects. These effects are
comparatively minor. In a war emergency,
first minimize the number of deaths and
second, keep the number of people for
whom medical care is needed as small as
possible. When circumstances permit, pre-
ferred ‘consideration should be given to
children and adults still capable of pro-
creation. As conditions permit, emergency
measures should, be terminated and nor-
mal standards reinstituted.

REFERENCES o

The Effects of Nuclear Weapons ——Glas-
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DCPA Attack Enyironment Manual.
Radiation Effects on Atomic Bomb Sur-
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Final Report-Inhalation of Radioiodine
- from Fallout: Hazards and Countermea-
sures.— ESA-TR~72-01-DCPA Research
Contract No. DAHC20-70-C-0381, 1972.
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EXPOSURE AND EXPOSURE RATE CAI.CUI.ATIONS -

.

Up torthis point we have learned that 2. To determine the exposure that
the effects of radiation exposure are im- - wotld-be received in a certain time
portant and we have seen what the medi- periad. .
cal consequences are for, exposures over "3. To determine an “entry time” ‘for a
’different periods of‘time. We need a means preseribed exposure and a prescribed

- of caleulation that-will assist us in meet- ' stay time. '

"ing guidelines established for emergency
workers. Tall order? Complicated mathe-
matics? Not at all. At least not at the end

“of this chapter because by then we will
have learned: )

8.4 If the radiation exposure rate from
the fission products, produced by a single
weapon is known at a certain time in a
given location, this knowledge may be
. " used to estimate the exposure rate at any
HOW to determine exposure and ex-  other time at the same location assuming

posure rates - . that there has been no externally pro-

HOW  to predict, future exposure and ~ duced change in the fallout (i.e., from addi-
exposure rates tiondl contaminatfon or by decontamina-

‘ : tion). In any such calculation, the concept
WHEN-can someone leav&she]terr)and of RADIOACTIVE DECAY IS VERY IM-

. 7+ for how long ‘ PQRTANT. .
WHY prediction and measurement - v ) )
v » 3 1
are possible DECAY OF FISSION PRODUGTS -
INTRODUCTION - ” 8.5 As we saw in Chapter 2, each ra-

dioisotope has a characteristic decay
scheme (half-life)., These range from a few
millionths of a second to millions of years.
When a number of different radioisotopes
¢ ¢ logical conditi ¢ are present—in this case the fission prod-
Ao o eorologieal conditions, ete.. . (LB PSR (fallout)—no one half-life

8.2- It was also shown that radioactive applies for"the composite. For the- fission-
contamination from fallout could deny the 'prod ts, the sfm.vhlived radioisotopes pre-
use of considerable areas for an apprecia- _Hb‘rﬁ\:lite in the period immediately follow- .
ble period of time. Thus, even without the ing the burst. Since their h##f-lives (decay
material destruction from blast or thermal{ rates) are so short (rapid), the radiation

8.1 In chapter 6 we saw that fallout
arrives at particular logations with re-
spect to ground zero at various times after
burst, depending on such factors as dis-

. radiation, many areas, facilities and equip-§ jevel falls off quickly after the detonation.
ment could not be used or occupied for And as thesg short-lived radioisotopes ex-
some time without extreme danger. pend themselves through decay, the
.83 In deciding what protective meas- longer half-life isctopes form an increasing

" ures should be taken, including survey - proportion of the fission products and the

monitoring operations in an area contami-  pgte of decay of the fisSion products de-
nated with fallout,’it is necessary: . creages. Because of this pattern of decay,
Y. To make some estimate of the permis-  the material deposited on the ground at
sible time of stay for a‘prescribed ex-- increasing times 4after’'the burst will be
posure, or < ‘ ‘ _;ess and legs radioactive. . '
- -7 ‘ * . s | - 117
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86 In calculatmg the rad1atxon expo-
sure (or exposure rate) due to falldut from
fission products, the gamma rays (because ° -

. of their long range and penetratmg power)
are.of greater significance than the beta
particles, provided of course that the ra-
dioactive terial is not-actually in con--
tact with the skin or inside’the body.

8.7° ‘Even though-there are different—

- . proportions of gamma ray emitters among
the radioisotopes in fallout at different
periods of time, the fact t,bat there 18 a
pattern of decay does perrmt the develop-

TIME (+H)” RADIATION INTENSITY

1000 R/hr

’

100 R/Ar °

110 ¢,

-

10 R/hr

1/100

~

1R/hr .

7

1/1000

LM

ment through estitates-or ¢ttt oRS6 L Fioune 8.8, The 7: 10 rule of thumb for ratiof decay .

levels of exposure and exposure rate at

certain times after a detonation and;m-——~:

fact, permits prediction of exposure and
exppsure rate with a fair degreewof acgu-
racy. There dre VAriolis waysvftoming up
with these estimates or calculations, some ~
employmg a rule of thyﬂm‘b" some employ-
ing ‘mathematical formulae, and others
employing graphic, presentatlons (nomo-L

grams). )

, NOTE
No computatzoﬂ of exposure or expd-
sure rate should be made until they”
begin to decrease. You SHOULD. NOT
CALC’ULATE EXPOSURE RATES.
' WHILE THEY ARE INCRE'ASING
erther, calculdtion is no substitute
foraccurate instrument readings.

1%

-

. u»m»u~~~~~~~n~u

TTU'WEE“GFTHUMB

8.8 After e exposUTe nﬁei begun to, .
decreage, you can get a fdea of fu-*-
ture rates by using the 7 10 rule. Simply
stated, this rule is that for every seyen-
fold increase in time after detonatton,
there is a ten-fold decrease in exposure
rate Figure 8.8 demonstrates this rule of
thumb :

S

Lt

8.9 Therefqre, we see that, through use
of this rule of.thumb, if a 50, R/hr radiation- -
exposure rate exists a\jthree hours after
detonation, by the end of 21 R[ours it will
have decreased ta 5 R/hr, and by the end
of 147 hours it will have decreased to 0.5 R/

STANDARD DECAY—
‘THE EXPOSURE:RATE FORMULA

"8.10 . The following formula is used in
-calculating exposure rates:
R, =R T»

8.11 In this equ‘ation‘
R =rate at a specific time (T e
. R, =rate ong hour after detonatxon .
(H+1) ¥
T = time (hours) after detonation
n = 1.2 (fallout decay exponent)  *

-

EN

A

-

~ NOTE
When n is equal to 1.2 the situation is
referred tq as standard decay. When n

assumes other values nonstandafd de-
cay conditions gxist. ‘

-

.STANDARD DECAY—AN -EXPOSURE *
RATE PROBLEM :

k‘

8.12 If the exposure rate at a gWen

location one hour after detonatlon ‘was 30. -

tion 12 hOurs after detonation?

v
»
)

sowrxor«i\ .
R, =30 R/hr
R =17 -
T =12 hours
n =12 .
Substitute values in the aboy{e formula
R, =RT" .
1 (30 =R(12)*

»




30 =-R (19. 74)*

30 )
R= 1973 ljzR/hr

* From Figure 8.14 (12)"'2 =19.73

»
-

»

"\ STANDARD DECAY—THE EXPOSURE
' -FORMULA :

8.13 The fpllowirfg formula is used in
calculating exposure.
. TR,

=1, (Tll—n - Tzl—n)

-

8.14 1In this equation:
E = exposure from time T, to T,
R, = exposure rate one hour after
detonation (H + 1)
T, = time of entry
T, = time of exit
n = 1.2 (fallout decay exponent)

8.15 As an aid in using elther formula

- presented above, Figure 8.14 gives the

. computed values of T'2 and T2 for vari-
ous selected values of T.

STANDARD DECAY—AN EXPOSURE
PROBLEM - -

N >

8.16 What exposure would a monitoring
team receive in a radioactive contami-
nated area if the team entered the-area 5
hours after a nuclear burst and staged for
a period of 10 hours? The exposure rate at
H + 1 was 50 R/hr.

SOLUTION
E =7 '~
R, = 50 R/hr
T, =5 hours ,
T,=5 +10 =15 hours
n =12" "7 ' , .
Substitute values in the above formula;

R T )
yo T

.

v

’

(51:‘—‘1.5 - 151-12)

g (5—0 2 15—0 2)

,E =250 (0.725 —0.582)**
= (250) (0.143)
E =36R .
**From Figure 8.14 57°2 =0,725 and la‘“
=(,582

-

STANDARD DECAY——EXPOSURE RATE
NOMOGRAM

8.17 1If, of the factors (1) time after
detonation; (2) exposure rate at H +1, and
(3) exposure rate at:a particular time, we
know any two, then the other one can be
found by using a nomogram developed spe-
cifically for exposure rate calculations.
(You will recognize these factors as com-
ing from the formula of paragraph 8.10,
namely, R,=RT"). The nomogram appears,

+ as Flgure 8.17 and is based upon the
standard fallout decay exponent of 1.2.

8.18 To use the exposure rate nomo- -’

» gram shown in Flgure 8.17, connect any

two known quantities with a straightedge
and read the unknown quantity directly.
s ¥
®

~

STANDARD DECAY—AN EXPOSURE
'RATE NOMOGRAM PROBLEM
. .

819 If the exposure rate in an area is
60 R/hr at H + 5, what will be the rate at
H+10?7

8.20 Solution: Wlbh a straightedge, con-
nect 60 R/hr on the “Exposure Rate at

~ H + T” eolumn with 5 hours on the “Time

2 .
1 gfﬁnsa’er 6 R/hr

After Burst” column. The tate of 410 R/hr
is read on the “Exposuré Rafe at H+ 1”
column. Next, connect, with the stralght-
edge, 10 hours on the “Time After Burst”
column with 410 R/hr on the “Exposure:

Rate at H + 1” column and read the an- *-

swer directly from the “Exposure Rate at
H + T” column,

-
289
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T no | TETIME - T=TIME 1.2 -02
™ HoURs | " T'2 T02 lwuours| T'2 | 702 IN HOURS 7 T
48.0 104.1 | o.k61 .
0.1 0.0631 7| 1.586 19.0- | 3423 | 0.555 49.0 106.7 | 0.459
0.2 0.1450 1.381 20.0 36.41 0.550 50.0 109.3 0.457
0.3 | -0.2358 | 1213 | 2.0 38.61 | 05K 1 550 122.6 | 0.9
0y - | 0.3330 | 1.202 22.0 k.82 | 0,539 g0 13601 | ol
0.5 0.4352 | 1149 23.0 43.06 0.534 65.0 149.8 | 0.k3h
N 0.54,17 | 1.130 |} -2k.0 45.31 0.530 70.0 = 163.7 | "o.k2T }
© 0.7 0.6518 ~| 1.074 25.0 - 47.59 0.525 72.0 169.4 | o.425. T
. 0.8 0.7651 | 1.046 (] 26.0 49.89 0.52L “ | 750 177.8 1 o.22
0.9 o.8812 | 1.021 | 27.0 .| s52.20 | 0.518 80.0 192.2 | 0.417
i}o/a 1.000 . 1.000 28.0 54,52 0.51% 85.0 206.7 | 0.412
35 1.627 " | 0.922 | 29.0 56.87 | 0.510 90.0 211.1 | 0.407
2.0 2.300 | o0.871 | 30.0 59.23 | 0.506 95.0 * 236.2 | 0.402
. 2.5 3.003 0.833 31.0 61.61 | ,0.503 96.0 239.2 | 0.401
3.0 3.737 0.803, | 32.0 64.00 0.500 100.0 251.2 | 0.398
4.0 5.278 0.758 33.0 66.41 0.497 120.0 312.6 | 0.38; |
5.0 6.899 0.725 .| 3k.0 .68.83 .| 0.kok 1,0.0 376.2 | 0872 |
_ 6.0 8.586 0.698 35.0 “TL.27 0.491 14,.0 389.1 | 0.370
7 7.0 * [10.33 0.678 | 36.0 73.72 .| 0.888 | 1450  L42.5 | 0.362
- 8.0 | 12,3 0.660 I 37.0 76.18 | 0.M6 | 1480 (1wk) | 468.1| 0.360
- 9.0 |13.96 * 0,64k 38.0 78.66 | 0.483 1 1800 ¥ 508.5 | 0.354 -
10.0 |15.85 ,| 0.631 | 39.0 | 8115 | 0.480° 1 55,0 577.1.| 0.347
11.Q | 17.77 0.619 | k0.0 83.67. | 0.478 | 250,0 754.3 | 0.332
.12.0 | 19.73 0.608- | k1.0 86.17° | 0.476 | 300.0 938.7 | ,0.319
.13.0  |a.71 0.599 k2.0 88.70 0.UTh 336.0 (2 wk) | 1075.0 | 0.313
1.0 | 23.7% 0.590 . | 43.0 | 91.23 0.b72 1 504.0 (3 wk) [ 1745.0 | 0.288
15.0° |25.78 0.582 4.0 93.79 0.470 672.0 (4 wk 2,71.0 | 0.272 }
. 16.0--.-|27.86 0,574 | 45.0 | 96.35 | 0.46T | 920,0 (1 Mo.)| 2611.0| o0.268 }
I7:0 | 29.96 0.567 | 6.0 98.93 | 0.65 1 1540.0 (2 Mo.) | 6166.0 | 0.234
18.0 | 32.09 0.560 47.0 101.5 0463 | 2160.0 (3 Mo.) {10031.0,| 0.216

L,

. FIGURE 8.14—T"* and T-** for selected values of T. ~
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Time After Burst

FIGURE 8.17—Exposure rate nomogram,

.
~ *

STANDARD DECAY-—ENTRY TIME—STAY 8.22 Thls nomogram is found in 'Flgure
TIME—TOTAL EXPOSURE NOMOGRAM , 822

_ ' - 8.23 To use this nomogram, connect
+ 821 Just as it is possible to develop a  two known quarntities with a straightedge
- - nomogram for-exposure rates and-time~ and-locate the point on the “E/R,” column ..
through the use of the exposure.rate for-> where the straightedge crosses it. Connect
,mula and standard fallout decay exponent * this point with a third known quantity and

"of 1.2, so can we produce =2 nomogram for  read the answer from the appropriate col-
the exposure formula. : ymn,

.
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STANDARD DECAY—AN ENTRY TIME
NOMOGRAM PROBLEM

8.24 The exposure rate in an area at
H + 7 is 356 R/hr. The stay time is to be 5
.hours and the miSsion exposure is set at 35
R. What is the earliest possible entry
time?

8.25 Solution: Find the exposure rate .

at H + 1 from the Exposure Rate Nomo-
gram (Figure 8. 17)..Connect this value on
the “Exposure Rate at H + 1” column with
.85 R on the “Total E
read 0.1 on the “E/R,” column. Connect 0.1

on the “E/R,” column with 5 hours on
“Stay Time” ¢olumn and read the answer )

from the “Entry Time” column.
Answer H:{.24 e e

STAND\RD DECAY—A STAY TIME
NOMOGRAM PROBLEM

o 826 Entry into an area with an expo-

EKCz

sure” column and .

Stay Time (hours)

b
-

st L

FIGURE 8.22—Entry time-stay time-total-exposure nomogram.

sure rate of 100 R/hr at H + 1 will be made
at H + 6. What will be the maximum mis-
sion stay time, if the exposure is not to,
exceed 20 R?

8.27 Solution: Connect 20 R in the “To-
tal Exposure” column with 100 R/hr in the
“Exposure ate at H+ 1” column and
read 0.2 in the “E/R,”column: Connect 0.2
in the “E/R " column with 6 hours in the
“Entry Txme” column, and read the an-
swer directly froin the “Stay Time” col-
umn. : :

Answe?: 2.1 hours.

STANDARD DECAY—AN EXPOSURE
NOMOGRAM PROBLEM

_8.28 Find the_ total exposure for an in-
dividual who must work in an area in
which the exposure rate was 300 R/hr at
H + 1. Entry will be made at H + 11 and
the length of stay will be 4 hours.

.




8.29 Solution: Connect H +11 on the
“Entry Time” column with 4 hours on the
“Stay Time” eolumn and read 0.19 from
the “E/R,” column. Connect 0.19 in the “E/
R,” column with 300 R/hr on the “Expo-
sure Rate at H +1” column and read the
answer from the “Total Exposure” col-
‘umn. )

Answer: 60 R.

" WHAT METHOD SHOULD MONITORS
USE? - '

8.30 Nomograms, based on the‘orét}cal .

fallout radiaton -decay charact risties,
should be used by monitors when it is
necessary for them to make pbugh esti-
mates of future exposure ratds and expo-
sures that might be expected in perform-
ing necessary tasks outside the shelter.
However, when fallout from several nu-
clear weapons, detonated more than 24
hours apart is deposited in an area, the

-

decay rate may differ markedly from the

assumed decay rate. qu this reason, cal-
culations using nomograms should be\lim-
ited as follows: i
a. The time of detonation must be
known with a reasonable degree of *
accuracy—plus or minus one hour for
forecasts made within the first twelve

hours, and plushor minus 2-3 hours
for later forecasts.

b. If nuclear detonations occur more
" than 24 hours apart, predicted rates
may be considerably in errot. In this
case, use the H hour of the latest

detonation to compute “Time After
Burst”, <

c. At the time of caleulation, exposure
rates must have been decreasing for
at least 2-3 hours, and forecasts
should be made for periods no farther
in the future than the length of time
the radiation levels have been ob-
served to decrease. '

8.31 Have we covered tha sﬁbject of

exboéure rate calgulations. How about the
RADEF Officex¥ Have we taken care of
him yet? You’ll find that answer below,

AN OPEN LETTER TO.RADEF orr;gsns

We have arrived at the point where
you will have to bear down hard. This
Js the point at which youf-own profes-
sional*type RADEF knowledge makes
its deparéw™ from the, standard
RADEF know-how that will be shared
by so many members.of your RADEF
organization. ) o

The following paragraphs are not
impossible but then neither are they
easy. If you miss a point, go back and.
reread it because the basic material is
really here. You will probably notice,
here and there, some repetition over
the preceding paragraphs but it is
inténded as an aid to better under-
standing. . T

We wil] begin with * * * ,

A REVIEW OF RADIOACTIVE DECAY

8.32 Each radioactive isotope has a
characteristic half-life. These range from a .
few millionths iof a second to millions of
years. However, whefmany radioisotopes
contribute to the exposure rate, as in the
case of the fission products from a nuclear
'weapon, no one half-life applies for the

composite. With fission products thereis a .

predominance of short-lived radioisotopes
in the period immediately following the
burst; hence the exposure rate decreases
very rapidly. As these short-lived radioiso-
topes expend themselves, the longer half-
life isotopes become dominant and the de-
cay rate of the fission products decreases.

8.33 We know that radioactive decay of
the fission products can be estimated us-
ing the general equation R, = RT® where R,
equals the exposure‘rate at unit time, R
equals the exposure rate at any time T
measured from the time of burst, and n is
the f,allout decay exponent. Time may be
measured in any units—minutes; hours,

‘'days, weeks, ete., provided unit tifne and T__

exposure and expgsure rate calculations?
That question prompts another question.
What level of the RADEF organization
are we talking about? Monitors? In that
case, yes, we have covered exposure and

B £

“dreexpressed in the same units.

STANDARD DECAY—A WORD ABOUT
THE EXPONENT (1.2)

8.34. Attempts to fit observed decay of
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°n

__will probably be R,/

fallout from actual tests with a general
equation of the form R,=RT" have re-
quired ‘values of n ranging from about 0.9
to 2.2. We have learned that attempts to
predict the decay of actual fallout fields on
-othe basis of any given decay law (i.e.,
agsuming some constant value for n) are
almostf certain to be grossly ina ate.
The value of n will vary with bomb design,
the amount and type of neutron-induced
Jactivity, fractionatt nd in a particular
area, with weathermg and decontamina-
tion. "
8.35 For planhing purposes, a value of
= 1.2 is frequently used and, fosx plan-
ning, this value is quite satisfactory. How-
ever, accurate igpformatjon of exposure
rates and rates of decay must depend on
repeated monitoring under the same condi-
tions at the same locations.

" PLOTTING THE EXPOSURE RATE HISTORY |

8.36 Since the fallout at any location
may consist of radloactwe material from
seweral different weapons detonated at
matemally different times, it will be im-
practicah to keep track of the individual
contributions and ages of each set of fis-
sion products comprising the fallout. The
most practical method of forecasting expo-
sure rates under these conditions appears
to be based upon'the technique of plotting
observed rates Versus time after detona-
*tion on log-log paper and extrapolating the
plotted curve. PP

_8.37 Plots of this type for two or three
representat,;ve points across a community
will generally be adequate. If the require-
ment exceeds this, it may be advantageous
to compute the value of the fallout decay
exponent n and use the general equation
Rp—RT" to predict future exposure rates
in areas where the fission product compo-
sition is the same. . -

838 R,=R,Ty" and R,=R,T," etc. The
nfost -useful form of the general equation
Apphcatlon
of this formula is dlsculgsed in a later
paragraph (8.565). -

8.39 The procedure for plotting ob-
°m'ved exposure rates is as follows. From

EKC DE'P (report ﬂ time of detonation) re-

—fxllout as the reference time:

AN e , .
ports or simply from observations of the
flash, the hlast wave, or the cloud of the
detonation, the time of burst of most
weapons within a radius of 100 to 200
miles will be known. Thus, the RADEF
Officer will know the time of formation of

most of the fission products in his immedi- ¢

ate area and from the current “DF” report
he will generally know which specific deto-
ngtion is causing the major fallout prob-
lem in his community.

8 40 The RADEF Officer can then plot
or direct th plotting of observed exposure
_rates agaiust time on log-log paper., Fu-
" ture ratgs can be estimated by projecting
the curve to future times of concern. -

8.41 However, as a practical limit, fore-
casts of future exposure rates generally
should be made for periods no farther in

the future than the length of time exposure

rates have been observed to decrease.
8.42 For example, if exposure rate ob-

servations- have been decreasing for the

preceding 12 hours, they will be plotted
and, provided the plot for the last few
_hours approximates a straight line, the
" curve can be extrabolated (extended) for
12 additional hours to forecast the rates
during that time period. Caution must be
exercised m extrapolating the curve dur-
ing periods of fluctuation,

8,43 If, after a.period during which the

.logarithmic decay is approximately a

straight line, the rate is observed to mate-
rially increase—this indicates the arrival
of significant additional fallout. If the ex-
posure rate appears to be egual to or less
© than the maximum exposure rate from
earlier fallout, continue the original plot

based on the “H hour” of the original
. fallout.

8.44 Howe\.rer, if considerable time has |
* elapsed since arrival of the first fallout,

and the increase in exposure rate equals
or exceeds the maximum exposure rate
from earlier fallout, plot a new graph us-
ing the estimated H hour of the latest

8.45 After the plot indicates an orderly
decrease (nearly a straight line log-log
plot), extrapolatién of the curve can again
provide a reasonable basis for egtimating

12
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exposuré rates for future periods subject
to the.abov.e-mentiongd regtriction.

8.46 It should be emphasized that the
actual exposure rate may vary consider-
ably frpm the forecast rate. Thus, ‘opera-
tions likely to require high radiaton expo-
. sures should'be carried oyt on the basis of
observed rates, not forecast rates. The
forecast Js simply-a guide to aid a local
codrdinator in planning his forthcoming
survival and recovery operations.
~ 847 A forecast exposure rate could be
considerably inyerror if .additional fallout
occurred after the forecast was made or if
the rate of decay.changed materially from
that indicated by the plots on the log-log
graph.

8.48 The latest fallout analysis, based
upon current exposure rate reports,
should be the basis for current operations.
Plans for future operdtions should‘be
based upon the current fallout analysis, ’
modified according to the forecast from a
Tog-log plot.

A PRACTICAL EXAMPLE

8.49 The following exercise presents a
hypothetical situation. in which we " will
predict future exposure rates from a series
of radiological reports. (The curve which
will be used does not necessarily represent
a fallout decay cutve which might be ex-
pected in an actual situation.)

8.50 We are given certain data as fol~
lows: | . L

. -
—
-

Ezposure rate
(Rihr)

., Time after
burst (Hours)

Exposure rate
(Rikr)

Time after
burst (Hours)

’

. First, we plot the data as indicated by
the arrows in Figure 8.50a. * ° .

. Next, we draw a‘ smooth, curve
through the plotted points as shown
in Figure 8.50b. ) .

; wa, in order to forecast the expo-
sure rate at H + 80 and H + 90, we
extend the curve to 90 hours as &
dotted line. This is shown in Figure *
8.50c. —- ’
Assume that we now recejve addi-,
tional monitored data as follows:

Time after
burst (hours)

o~
Ezposure raté  Tune after Ezposure rate

(RIRrEDs burst (hoursy
100

120

5. We plot the additional data.

6. Then we draw a smooth curve
through these additional points as
shown in Figure 8.50d. Notice the
comparison between ‘the forecgst ex-
posure rates and the actual up-dated
plot. . ‘

8.51 The fallout decay exponent n may
be computed directly from the plotted ex-
posure rate curve since n is numerically
equal to the slope of the curve. Further, n
is constant only when the plotted line is
straight. We can determine # from the
graph by dividing the measured distance
AY in inches by the measured distance AX
in inches as iridicated jn Figure 8.50e.

8.562 Looking at Figure 8.50e, let’s de- .
termine n at H + 110. We see that AY and
AX are the vertical and horizontal dis-
tances, respectively, covered by the curve _
in the area of our interest. we measure
these distances in inches, divide AY Ry AX,
and-find that n at H + 110 is equal to 1.1.

8.68 Now, if practical, n ¢an be used to
forecast exposure rates as indicated in the
following exdample. (A table of logarithms
and a brief explanation ‘of their use is
included as Figures 8.53a and 8.,53b.)

8.564 Before working out dur example,
go back and reread paragraph 8.38. You
will find it helpful in solving the example.

8.55 Now for the sample problem in
125
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exp'osuz‘e rate forecasting using a.com-
puted Vallue of n. The exposure rate at

| | | | : ’ ‘:

PN “ ) . . . . * 1

. . . w
the rate at H + 8 days. ’ |

L — Y . 1
- N ) ]

R, = 108 R/br .RT .—RT"” ' .
. Ty=4days. , (108) (4}"' ='(R, ) @' . -y
Ry=? .~ ° logl08+1lllogd= log R, +1110g8 : T

, =8 days .
n =11
Answer: R, = 50 R/hr. i
EXPOSURE‘ CAI.CUI.ATION FROM AN
EXPOSURE RATE'.HISTORY CURVE

. 0334) + 1.1(.6021) =

8.56 DCPA recommended radiological .

defense reporting procedures provide for
accumulated,exposure-reports each day
from fallout ‘monitoring stations for the

first six days following an- attack. These .

reports will be based on dosimeter meas-
urements, which are the simplest means of
determining exposures. Dosimeters inte-

grate the exposure over a period of time °

and accounf directly for the decrease in
exposure rates due to decay. .

8.57 However, there may be instances

. when the RADEF Officer must estimate

exposure from a series of exposure rate

~measurements. The following paragraphs

will provide a quick and easy method of
estxrmatmg such exposures.-

8.58 It is relatively. simple to- forecast
exposure rates and, consequently, total ex-
posure of individuals when the fallout
decay exponent remains constant over
long periods of time. These estimates, how-
ever, are normally made only after fallout
is complete.

8.59 If we are concerned with estimat-
ing the total exposure for the periods (1) of
fallout dep0s1t10n, (2) when the value of
the fallout decay exponent is changing
rap),dly, or (3) when fallout from_several
detonations contributes to the exposure
rate, calculation of these estimates be-
comes more coniplex.

__ 8.60 A satisfactory « est1mate of total ex-
posure can be obtained by plotting expo-
,sure rates versus time after detonation
"and determining total exposures from the

graph. | ,
Q . o .

log Ry + 11(.9031) S
log R, —zo334+06623 0.9934 = '

_and the sum of these exposures will give

1.7023 -

8.61 First, divide the expogure period
into small mcrements When the slope of
the curve is changing rapidly, the incre-
rents should be small. When the slope is
relatively stralght over the exposure pe- °.
ried, the increments may be larger. The -
increments néed not be equal in size.

'8.62 As a general rule, an increment
should nof exceed one-half of the time
from detonation to th*ijbegmnmg of the
increment. For exampl% if the increments
begins at H + 10, it -shbuld not be larger
than 5 hours. H.owever, if the slope of the
gurve chahges appreciably during this
tlme, it may be necessary to use even
smaller increments. During the initial pe-
riods of fallout deposition, the increments
should be no larger than 1 hour.

8.63 Now l’ook at F1gure 8.63 to see how
a sample exposure period is ‘broken into
mcrements

8.64 Next, we’é*determme the average
exposure rate within each increment and .
multiply this by the elapsed time. This will
give us the exposure for each increment

us the total exposure for the period. The
calculations involved are presented below.

Average exposure
Average rate X

Increment exposure rate elapaed u’yne =exposure y, "
2teee. (100480)~2=90 o A-90x2=180 , ___

B ....._ (80+50)=~2=65 _occao_- 5x3=195

Coceeee (50+30)~2=40 —_ooooom_- d0x5<200 |

. Total 575 R" -
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This discussion of logarithms will deal only

with the so-called "common" logarithms whiéh

use & base equael to 10.

i First, a definltiOn of 2 logarlthmu

o £

{'}; 4» » 3

the logarit of a number N to the
base a is the  exponent x or the power
to which the base, must be raised to
equal the number y

In other words:

log N is the logarithm of N to the
base lO n

L}

AN ~

if N = 10%, then x = log N

Thus.

¢

Further: B

N .

"log N = characteristic + mantissa

less than the number of digits to the left
of its decimal point . . . .

or i
if the number N is less .than 1, the °
characteristic of its logarlthm is neg-
\\“aiivé, if" the first digit which is not™
zero is found in the kth decimal pléce,
the characteristic is -k.

wa, to use logarlthms to multlply two numbers,

M and N, find log M and~log N: -
if N = 10%, then x = log N

if M= 10Y, then y

log M

To multiply M times N:

L4

x+ y=log M+ log N = log’ (MeN).

When x (the logarithm of N) is added to y (the
logarithm of M), the sum.is another logarithm,

(For instance{_15é'12T3 =1+ ,0864 = 1.086K)

The mantissa (or &®€imal part of the logarithm).
is fo?nd from the tables of logarithms (Figure
853&. ’

The che>§cteristic is determined in accordance
with two rules:

_ if the number N is greater than 1, the .
characteristic of its logarithm is one

—

the logarithm of M times N. The antilogarithm
of this value of x plus y is M times N. Or:

antilog (x + y) = antilog (log M + log N)

M times N _

Antilogs are found by using the tables in re-
verse, i.e., enter the tables with a log (not
a number) in order to find a number (not a

. log).

~a

FIGURE 8.5§b;—Using Common Logarithms.
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*CHAPTER 9

.

X,

e
g

1

~ RADIOLOGICAL MONITORING TECHNIQUES ‘AND oPEfATIONS

_,

e f gy,

.

Consider, for just a moment, what kind
of radiological defense could we build if we
did not have radiological monitoring? It
wouldn’t be worth much, would it? Radiol-
ogical defense is built on facts and radiol-

MONITORING TECHNIQUES !

}I‘JB The following paragraphs describe
tie detailed techniques and procedures for
conducting each type of radiological moni-

ogical monitoring provides those facts fops toring activ.ity,. Fallout sta!:ion monitors
RADEF decisions and actions. Once a J are responsible for performing all of the

nuclear attack is past, this becomes even
more true with each passing hour for just
as long a time as radiation remains: a
danger. So if there is a technique in this
business of radiological monitoring (and
there ig, very definitely), let’s take a look
at it to find ouf:

monitoring techniques outlined in this sec-
tion. Shelter monitors are responsible for
performing all of the techniques, except
for unsheltergd exposure rate measure-
ments and unsheltered exposure measure-
ments. ’

SHELTER - AREA MONITORING
‘94 _E xposure rates-should-be-measure

‘HOW to monitor . o
WHEN _to monitéor _y ~

. WHAT to mdnit’or . .
WHO  to monitor

WHERE to monitor

-

(...as to WHY to monitor, we have .

learned all the reasons for that one quite a
few pages back!) ' .

INTRODUCTION |

9.1 The data supplied by radiological
monitors is the key to RADEF decisions

__-on what to.do and how to do it. And in time

of’emergency these decisions may be the
key to living or dying. Let’s. take a closer
look at this vital actiyity.,

WHAT IS RADIOLOGICAL MONITORING?

9.2 Radiological monitoring is defined
as the detection and measurement of ra-

diation emitted by fallout. With the infor- .

métion gained through monitoring we can:
) determine extent and location of fal-
lout; (2) validate predictions about fallout;
and (3) decide on a course of action.

inside of a shelter or a fallout monitoring
station to determine the best shielded por-
tions of the shelter and its immediate ad-
joining areas. Procedures for this monitor-
ing are as follows:
1. Usethe CD V-715.
2. Check the operability of the instru-
ment.
3. Hold the instrument at belt height (3
feet above the ground).
4. take readings at selected *locations
throughout the shelter and ‘adjoining

areas and record these on a gketch of

the area.

UNSHELTERED EXPOSURE RATE - -

MEASUREMENTS ,

9.5 Fallout monitoring stations report
unsheltered exposure rate readings. Pro-
cedures for observing unsheltered expo-
suré rates are as follows:

1. Use the CD V-715,

' Paragraphs 9.3 through ¢ 30 are based upon the HANDBOOK FOR
RADIOLOGICAL MONITORS, FG-E-5.9. .
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2, Check the operability of the instru-
~ment. )

-

3. Take .an exposure rate reading at a
specific location in the fallout moni-
toring station, This should be done as
sopn ag the exposure rate reaches or

g VR S . xfp S s

exceeds 0,05 R/hr,

- 4. Go outside immediately to a pre-

fromenge s -—planned location in a-clear, flat area
(preferably unpaved), at least 25 feet

. away from buildings, and take an out-
side reading. The outside reading
should be taken within three minutes
of the reading in step 3 above. )

5. Calculate the outside/inside ratio of
the fallout monitoring station by di-
viding the outside exposure rate by
the inside exposure rate. The protec-

n tion may vary from location to loca-
tion within the station. The outside/

priate only for the location where the
in€ide exposure rate measurement is
observed. ’ . .

6. Multiply future inside eXposure rate
readings by the $utside/inside ratio at
the selected location to obtain the
outside exposure rate. For exaniple:
If the inside reading is 0,5 R/hr and
the outside reading is 80 R/hr, the

outside readmg by the inside reading’
Thus, 80.+ 0.5 = an outside/inside ra-
tio of 160. If a later inside reading at
. the same location in the fallout moni-
toring station is 4 R/hr, thus outside
exposure rate can be calculated by

" reading, Thus, 160 x 4 = 640 R/hr.

1. RecaIculate the out51de/1n51de ratio at
least once every 24 Hours during the

first few days postattack unless the
outside. exposure rate is estimated to

- because the energy of gamma radia-

. tion is changing, thus changing the

. outside/inside ratio of the fallout
monitoring station. .

o 8. Record and report the exposure rate
measurement in accordance with the
particular RADEF .organization

B e e Il ki actar ol T P R M I e« o a4 ————— —

- inside ratio referred to here is appro-,

ratio can be found by dividing the (

__multiplying the ratio by the inside

be above 100 R/hr, This is necessa{y )

e e Sunge o e
R s~ 2t T, N

V.l -
s

standard operating procedure, NOTE:

It is anticipated that radiation re-

ports from the county level of govern-

ment upwards would be limited to:

a. A flash report immediately upon
measurement of .5 R/hr and in-
-ereasing. .

b. A severe radiation report when the _

radiation level reaches 50 R/hr and
increasing. )
¢. The highest or radiation peak level

7 if above 50 R/hr,

d. The time when the decaying expo-
sure rate passes downward and be-
low 50 R/hr. .

e. The time wheft the radiation level

" decays to .5 R/hr.

9. Take all exposure rate measurements
outside after the unsheltered expo-
sure rate has decreased to 25 R/hr.

9.6 The CD V-717 remote reading in-

strument may be used for taking outside
exposure rate. measurements. The CD V-
717 is used as described below:
1. Position the instrument at a select.
location within the fallout monitoring

station. .

2. Place the removable ionization cham-
ber 3 feet above the ground in a rea-
sonably flat area and at least 20 feet

' from' the fallout station, Preferably
this should be done prior to faltout
arrival. If is desirable to cover the
ionization chamber with a light. plas-

Mtlggggg or other hghtwelghb material.

3. Dbserve outside exposure rates di-

. rectly

4. Record and report exposure rates in

-

accordance with the particular -

RADEF organization standard opera-
ting procedure. A

Y

UNSHELTERED EXPOSURE
MEASUREMENTS

9.7 Pallout monitoring stations report
unsheltered exposure readings. Proce-

dures for taking these readings are listed _

below
1, Zero a CD V-742. v
2, Measure the unshelfered exposure

150




.~ monitoring station occupants. Procedures

for determining daily exposures are as
follows:

rate in acc_ordén'ce with
9.5,

3. Select an inside locatior, where the
exposure rate is approximately one-
tenth to one-twentieth of the unshel-
tered exposure rate and positiomthe
CD V-742 at this location.

- 4. Determine the outside/inside ratio for
this Jocation in accordance with the
Procedure explained previously. -

5. Read;_g.pe CD V-742 daily. If the daily
expostire at this location could exceed

200 R, estimate the time required for

‘a 150 R exposure on the CD V-742,
Record this reading_, rezero the do-

paragraph

simeter, and reposition it. To deter- :

mine the daily unsheltered exposure,
multiply the daily exposure at this
flocation by the outside/inside ratio:

6. Record the readings and rezero the
instrument. , 7

PERSONNEL EXPOSURE MEASUREMENTS

9.8 The monitor must determine the
daily exposure of all shelterees or fallout

1. Zero a‘ll available CD V-742's.

2. Position thetlosimeters so that repre-
sentative shelter exposures will be -
measured by the instruments.-The
monitor must exercise judgment in
positioning these instruments. The
outside/inside ratio may vary consid-
erably at different iocations within
the shelter. The instruments should
be-placed within the areas of greatest
occupancy, which may change with
time. During theearly high radiation
period, occupancy w.i}*f be concen-
trated'in the high protection areas of

* the shelter. Later, the occupancy of

~ the shelter can be expanded~If repre-
sentative readings are to be obtained,
the dosimeters must follow the loca-

. tion shifts of the oceupants.

3. If several dogimeters are positioned
in one compartment, read the dosime-
ters each day and average theé total
exposures. Rechaige dosimeters

.
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FIGURE 9.8 —Radiation exposure record.

which read more than half scale. If
some shelters are divided into com-
partments or rooms that may have
different outside/inside ratios, the ex-
posure should be measured .or calcu-
lated for each com ment.
4. Instruct the shelter occupants to re-
———cord—their—indivi T€s on
their radiation exposure record (Fig-
ure 9.8), as approved by the shelter
manager. Exposure entries should be
made to the nearest roentgen. Con-
tinue to read the dosimeters each
day. Record the accumulated expo- .
sure, if measurable.

9.9 If monitors or other persons are

——

.required to go outside, these additional

exposures should be measuredtand re-
corded.

~

PERSONNEL MONITORING”

9.10 The present DCPA concept is that
any amount of contamination remaining
-on vc‘lothingf-afterAbrushing-‘and’s}raki'n‘g’a s
a countermeasure would be insignificant
as a health hazard.

,

FOOD AND WATER MONITORING ‘

9.11 Eood and water monitoring crite-
ria and techniques are being reevaluated,
and are subject to change, During an early
fallout condition, the radiation level is
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hkely to be above the range of the CD V-

700, and, in effect, render it unstitable for

determmmg whether food and water sup-
plies are acceptable for human consump-
tion.

9.12 Since radiation passing through

; food does.naf contaminate it, the only dan-

N

ger would be the actual swallowing of fal-
lout partmles that happen to be on or in

' . the~food itself (or on the can or package

containing the food). Fallout particles
should be wiped or washed off. Reaping
threshing, canning and other processing
would prevent dangerous quantities of fal-
lout from getting into most processed
foods. It is believed that ordinary precau-
tions, normally taken in preparing foods to
eat, would keep radiological contamination
within acceptable limitations.

9.13 Water systems might be affected
by radioactive fallout, but the risk would
be small. Water stored in covered con-
tainers, or in covered wells would not be
contaminated after an attack. Even in un-

covered-containers, indoors, such as buck-

ets or bathtubs filled with emergency sup-

plies of water, it is highly unlikely that the
water would be contaminated by fallout
particles. Practically dll of the fallout par-
ticles that drop into open reservoirs, lakes,
and streams would settle to the bottom.
9.14 Do not discard food and water
known, or, suspected to be contaminated.
It should be placed in storage and used
when other less contaminated food is not
longer, available. If only contaminated
food or water is available use supplies with

. the smallest amount of contamination

“ﬁrst.

'AREA (MOBILE) MONITORING

9.15 Area monitoring is used to_.lo;:ate

zones of contamination and determine the /

eXposure ratés within these zones. The/
monitor should be informed by his Radiol-
ogical Defense Officer concerning: routes
to be followed, locations where readings

.are needed, the mission exposure,“and the
estimated time needed to accomplish the

mission. -
9.16 First, plan to keep personnel expo-
sures as low as possible:

1. Know the specific accomplishment,
extent, and importance of each moni-
toring mission. - : .

2. Know the.alléwable exposure for each
mission and the expected exposure

rates to be encountered. i .

3. Make allowances for the exposure to
be.received traveling to and from the
monitoring area. Obtain information
about the condition of roads, bridges,
ete., that might interfere with the
mission and lengthen exposure time.

9.17 Next, consider the clothing which

will be needed for the mission. - .

1. Tie pants cuffs over boots or-leggings.

2. When dusty conditions prevail, wear
a protective mask, gloves, head cover-
ing, and sufficient clothing to cover
skin areas. If no masks.are available,
cover the nose and mouth with a
handkerchief.

9.18 Very important, of course, is the

equipment needed for the mission.

1 Use the CD V-T715,'If the exposure
' rates are expected to be below 50 mR/

hy——dlso carry the CD V=700:

2. Wear a' CD V-742.

3. Carry contamination signs, if areas
are to be marked. This may also re-

" quire stakes, heavy cord, hammer and

nails for posting the signs.
4. Carry a pencil, paper, and a map with
monitoring points marked. i
3.19 The procedures for area monitor-
ing are as follows:

1. Zero the dosimeter before leaving
the shelter and place it in a pocket to
protect it from possible contamina-
tion.

2. Check the operability of the CD V-
715 and CD V-700, if it is to be used.

8. Use wvehieles sueh as auteos; trueks; -

. bicycles, or motorcycles  when dis-
tances are too great to cover quickly
on foot. Keep auto and truck cab win-
dows and vents closed when traveling
under extremely dusty conditions.
The use of a bicycle or motorcycle
may be more practical if roadways
are blocked.

4. Take readings at about three feet
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* ings are taken from a moving vehi-

(belt high) above the ground. If read-
cle, the-instrument should be'posi:
tioned on the seat beside the driver.
If readings are to bé taken outside a
vehicle, the monitor should move

7 severalfeet away from the vehicle to -

. take the reading.

5. Record -the“kposure rate, the time
. and location, for each reading. If
readings are taken within a vehicle,
this should be noted in the report.

. Post markers, if required by the mis-
sion. The-marker should face away
from the restricted area. Write the
date, time, and exposure rate on the
back of the marker. )

7. Read the pocket dosimeter at fre-
quent: intervals\;\q‘ determine when
return to shelter should- begin. "Al-

* lowances should"be made for the ex-

to the shelter,

8. Remove outer clothing on return to
the shelter and visually check all
personnel for contamination.

posure to be received during return.

5. Divide sixty minutes by the number
of minutes the dosimeter was ex-
posed. Multiply this number by the
measured exposure. Example: If the
exposure is 10 R for a measured inter-
val of five minutes, the rate can be
ealculated as follows: . T

(60 + 5) x 10 = 12 X 10 = 120 R/hr.

. MONITORING OPERATIONS

921 Radiological monitors, whether as-
signed to community shelters or fallout
monitoring stations, perform essentially
similar operations. Any departures from
the operations described here will be the
result of decisions by State and local orga-
nizations and must be reflected in their
standard operating procedurss. If local or
State standard operating procedures are
not in existence, monitors should follow -
the procedures outlined in the following
paragraphs. : .

READINESS OPERATIONS

9.22 During peacetime, -all assigned

9. Decontaminate, if required.
10. Report results of the survey.

_11. Record radiation esfposure (see Fig-
ure 9.8).

EXPOSURE RATE READINGS FROM

DOSIMETERS

9.20 Survey instruments should always
be used to measure exposure rates. How-

-ever, if no operable survey instruments

are available, dosimeters can be used to

caleulate exposure rates by following the _

steps listed below. )
1. Zero a CD V-1742,

2. Place the zeroed dosimeter at a se-

leeted locatjon.

monijtors should: '

1. Participate in refresher training ex-
ercises and tests as scheduled to
maintain an organized monitoring ca-
pability. . ‘ ,

2. Prepare a sketch of the monitoring
station or shelter and adjoining areas
for use during shelter occupancy.

3. Plan a location in the shelter in coor-
dination with the shelter manager to
serve as the center of monitoring op-
erations. -

4. Make all operational sets available
-once-every—two-yearsto the State
maintenance shop for regalibration,
répairs if necessary, and new batter- ~
188

3. Expose the dosimeter for a measured
interval of time, but do not remain in
the radiation field while the dosime-
ter is being exposed. This interval
should be sufficient to-allow the do-
simeter to read at least 10 R. It may

take one or two trials before the .

proper interval can be selected.
4. Read the dosimeter.

Ev

14

. SHELTER OPERATIONS

9.23 Upofi attack (gw(arning of attack,
a shelter monitor refforts to the shelter
manager in his assigned shelter and per-
forms the following CHECK LIST of oper-
ations in order: *

1. Perform an operational check on all’
survey meters. -

139
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2. Charge dosimeters.

,.3, Position dosimeters at predes1g~\ R

nated locations i in the shelter.
4. Report to the-shelter manager on
the conditions of the .instruments
- and the positioning of dosimeters.

5,. Check to see the doors, windows, or .

other openings are closed durmg fal-
~lout deposmon

6. Begin outside monitoring to deter-
.mine the time of fallout arrival. Ad-
vise the shelter manager when the
rate begins to increase.

7. Insure that all persons who have
performed outstde missions in con-
taminated areas, follow the protec-
tive actions indicated.

8. Food and water stored in the shelter
should be acceptable for consump-
tion. Leave contaminated items out-
side the shelter or place them in
isolated storage near the shelter.

9. Take readings at selected locations
throughout the shelter and record
the exposure rates on prepared

a..The inside exposure rate,reaches
or exceeds 10 R/hr at any time
" during the shelter period.

b. The calculated exposure will ex-

“ceed 75 R within any two days pe-

riod-of shelter. R .
13. Issue each shelter qccupant a Radia-
. tion Exposure Record. As approved

by the shelter manager, advise each
person once daily of their exposure
during the previous 24 hours. Follow
procedures in paragraph 9.8 to calcu-
late exposure of shelter occupants.

9.24 During the latter part of the shel-
ter period, when there is a less frequent
need for in- shelter momtormg, some of the.
shelter monitors may be requlred to pro-
vide monitoring services in support of
other emergency operations. A monitoring
capability should always be retained in
the shelter until the end of the shelter
period,

9.25 At the conclusion of the shelter
period, all shelter monitors, except those
regularly assigned to emergency-services,
may expect reassignment.

sketclies of the area. Particular at-
tention should be given to monitor-
ing any occupied areas close to fil-
ters in the ventilating system. Show
the timg of readings on all sketches.
10. Furnish all sketches to the shelter
manager and recommend one of the
following courses of action:

. a. If exposure’rates are not uniform,
occupy the areas w1th lowest ex-
posure rates. «

b. If ‘'space prohlblts locatmg all
shelterees in the better protected
areas, rotate personnel to distrib-
ute exposure evenly. Do not ro-
tate personnel unless there is a

sure between the best and the

lea8t protected shelter occupants.

11. Repeat the above procedure at least

once daily. If there is a rapid change

in the exposure rate; repeat at léast
once every six hours.

12. Inform the shelter manager to" no-

tify the appropriate emergency oper-

ating center and request guidance if:

significant difference in the expo-

FALLOUT MONITORING STATION
OPERATIONS .

9.26 For his own protection and the
protection.of all members of a fallout mon-
ltormg stption, the monitor should per-
form' the same shelter operations as de-
scribed in paragraph 9.23. In addition, the
fallout station monitor will measure, re-
cord, and report unsheltered exposure and
exposure rates to the appropriate EOC.
Unless otherwise specified by the local
standard operatmg procedure, the momtor
will: -

1. Make a FLASH REPORT when the

outside exposure rate reaches or-ex-

" ¢eeeds 0.5 R/hr. |
2. Record and report exposure and expo-
sure rates in accordance with local
reporting requirements. -

MONITORING IN SUPPORT OF
EMERGENCY OPERATIONS

9.27 As soon as radiation levels de-
crease sufflclently to permit high priority




operations and later, as operational recov-
ery activities including deeontamination
of vital areas and structures aré begun, all
fallout station monitors and most commu-
nity shelter monitors are required to pro-
vide radiological monitoring support to
—- —n ...these operations. Radiological Defense Of-
ficers will dire'ct'f the systematic monitor-
ing of areas, routes, equipment and facili-
ties to determine the extent of contamina-
tion. This information will Help the Civil
Preparedness organization determine
“when people may leave shelter, what

be used, and what areas and facilities
must be decontaminated.

9.28 Many government services person-
nel, such as fire, police, health, and wel-
. fare personnel, will serve as shelter moni-

tors or fallout station monitors during the

shelter period. However, as operational re-
covery activities are begun, they will have
- primary responsibility in their own fields,
with secondary responsibilities in radiol-
ogical defense. Most services will provide
for a radiological monitoring capability for
the protection of their operational crews
w, Derforming emergenty activities. The .ca-
pability is provided until the Radiological
Defense Officer determines that it.is not

required. Services provide this capability’

from their own ranks, to the extent practi-
cal, supported by sheltér monitors and fal-
lout station monitors, when required.

areas may be occupied, what routes may °

9.29 When a service is directed to per-
. fox;)m a mission, the emergency operating
center fyrnishes the following informa-
tion: '
1. The time when the service may leave
. shelter to perform its mission:

""" 2. The allowable exposure for the com-
plete mission; that is, from time of
departure until return to shelter. .

3..The exposure rate to be expected in
the area of the mission.

.

9.30 The monitor supporting emer-
" gency operations will:

1. Read his instruments frequently dur-
ing each operation and advise the in-
dividual in charge of the mission on
necessary radiological protective
measures and when the crew must
leave the area and return to shelter
to avoid exceeding the planned mis-
sion exposure. e ,

2. Determine the effectiveness of decon- -
tamination measures, if supportin
décontamination operations.

3. Monitor equipment on return to shel-
ter, or base of operations, to deter-
mine if it is contaminated, and if so,
direct decontamination of that equip-
ment.

. Advise the crew on persorninel decon-
tamination if necessary.

.
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L " PROTECTION FROM R’ADIA‘I’ION Y.

" Different forms of protection from nu-*

clear radlatlon are available to us. Some of

these are all right, some are excellent and
sdme are poor. , ’

We need mformatlon on these forms of

~ protection and thxs chapter will give us

that information. We will see:

>

HOW time can provide protection
» HOW distance can provide protec-
tion .
HOW shleldmg can prov1de protec-

tion
WHAT makes a shel\ter i

-

- ) BETA- PAR'I'ICLES TRAVEL A FEW FEET IN AR
! Eg AND ARE STOPPED 8Y AN INCH OF
WOOD OR A THIN SHEEI' OF ALUMINUM
’
~

ALPHA-PARTICLES TRAVEL ONLY
ABOUT AN INCH IN AIR AND . -
ARE STOPPED 8y A SHEET OF
PAPER OR THE SKIN TISSUE  *

L}

.

L GAMMA-RAYS TRAVEL HUN-

\DREDS OF FEET IN
AIR AND ARE REDUCED
BY THICK LEAD O
CONCRETE

FIGURE 10.2~Three Kinds of nuclear radiation,

s&i&necessarhf”'f

. INTRODUCTION,

10.1 As we haye seen in previous chap-
. ters, the residual nuclear radiation from
fallofit presents a number of difficult and
involved problems. This is so not only be-
cause the radiations are 1nv131ble, ‘and re-
quire special instruments for their detec-.
tion and measurement, but also because of
* the widespread-and long lasting character
- "of the fallout. In the event of a surface:
burst of a high yield nuclear weapon, the
area contaminated by the fallout coiild e’
expected to extend well beyond that in
which casualties result from blast, ther-
-mal radiation, and the initial nuclear ra-
diation. Further, whereas the other effects
of a nuclear explosion are over in a few
seconds, the residual radiation persists for
a considerable time. .

10.2 In Chapter 6 we learned that ra-
dioactive material .released by a nuclear
- explosion consists of: (1) radioactive parti-
cles created by the fissioning of the bomb
material, (2) particles made radioactive by
neutrons released at the time of explosion,

Q

* (3) the un?issioned material of the bomb

itself. The unfissioned material is gener-
ally-alpha emitting, while the fission prod-
ucts and the neutron-induced radioactive
isotopes are beta-gamma emitters. Se_e
Figure 10.2 to refresh your memory about
the penetrating power of the 3 major kmds

of radiation.

PROTECTION FROM '
‘EXTERNAL RADIATION - .

" 10.3 To protect against external radia-
tion, (basically gamma rays), there are
three things you can put between you and
the fallout causing the radiation: TIME,

. DISTANCE, AND A SHIELD. Protection

is‘’provided by: (1) controlling the length of
time of exposure; (2) controlling the dis- *
tance between the boedy and the source of
radiation; and (8) placing an absorbing
material between the body and the source
of radlatlon N

104 It is not generaliy possible to use

“only one factor of protection. The factorof

time i8 always involved, that is, time is
usually used irz combination with distance,

REED
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shielding, or both. For comparison, con-

from ultraviolet rays when taking a sun-
bath. Ultraviolet rays may be harmful to
the eyes. A certain amount can be toler-
ated, but beyond this point damage may
be caused. The eyes can be protected in
three ways. First is to regulate the time
" spent under the sunlamp. Second.is to
regulate the distance maintained between
the eyes and the sunlamp. Third is to
shield the eyes with sunglasses. The den-
ser the glasses, the more ultraviolet rays
are filtered out and therefore an individ-
ual can be closer to the lamp and stay

ing his eyes, In order to understand each
of the three factors of protection, it is
necessary to discuf,s them separately.

~

TIME

decay of the radioactive materials in fal-
lout and assume that we are in an area
where the exposure rate remains constant
at 25 R/hr. In one hour, we would be
exposed to 25 roentgens of radiation. If we
stayed 2 hours, we would be exposed to 50
R. If we stayed 4 hours, our exposure
would be 100 R, and for an 8 hour stay we
would receive an exposure of 200 R. Thus,
“timecould be uséd as a protective measure
by keeping the period of exposure down to
an absolute minimum. For instance, if
work must be done in a high radiation
area, the work should be carefully planned
to minimize the stay fime in the con-
inated area.

cay of radioactive materials will cause the
radiatipn levels from fallout tp,;decrease_l
with time. In the early periods ' Mter deto-
nation, the decrease in exposure rates is
- very rapid. At later times, the decrease is
not as rapid because the longer lived fis-
'sion products make the major,contribution
to the exposure rate. Knowledge of the
general decay pattern of radioactive fal-
louf suggests an additional way in which
time is important. All work in contami-
nated areas should be postponed as long
as practicable after the detonation of nu-

sider the problem of protecting the eyes’

- .cause of the deposition of additional: fal-

there a longer period of time without hurt-

10.5 For simplicity, let us disregard the

10.6 As Mliscussed in Chapter 8, the de-.
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clear weapons in order to permit radiation - .
levels to decrease, It should be remem: g
bered, however, that it is possihie for ra-
diation levels to inérease after long pe-
riods of decreasing exposure rates, be-

lout.

B

DISTANCE

10.7 The effect of distance from a fal-
lout field is sometimes misunderstood.
When the distances are large in relation to
the size of the radioactive source, the ex-
posure rates decrease by the square of the
distance from the source. This “inverse
square law” can be an effective protective
measure when using the sealed sources
(sometimes called point sources) in a
DCPA Trai:n'@g Source Set. However, in a
fallout field, which consists of billions of
“point sources” spread over large areas,
the inverse squaYe law is of no value to a
RADEF Officer in computing the decrease
In exposure rates with distance from con-
taminated areas.

10.8 The fact that exposure rates do
decrease with distance from a fallout field
will be very important to us, however,
when we discuss the protective features of |
large buildings later in this chapter. Dis-
tance is also important to the RADEF
Officer when he considers the use of decon-
tamination as a radiological countermeas-
ure. An area called a buffer zone is us-
ually decontaminated around a vital facil-
ity to increase the distance of the fallout
field from the facility. The function of the
buffer.zone is to reduce the gamma expo-
sure rate which originates in the sur-
rounding unreclaimed area.

Sl"!lEI.DING

- 10.9 You will recall that the damaging
effects of gamma rays comes from the fact
that the rays strike electrons in the body
and knock them out of their orbit, and if
this happens to sufficient electrons in the
body, radiation injury oecurs. If we wish to
stop a high proportion of the rays before
they get to us, we can place between our-
selves and the source of the radiation a
material which has a lot of electrons in its

)
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makeup. The more electrons there are in
the makeup’ of the material the more ra-
dlatlon will be stopped. \

10.10 Flgure 10.10 shows lead and
water in a rough comparison of .their
atomic makeup. Sinée lead has a lot more
electrons in the OI‘bltS of each. atonr'than
does water, lead makes a b?fre;mghleld
than.water.

10.11 Figure 10.11 shows the relative

efficiency of various shielding materials.

These materials are efficient in about the

‘proportions shown pn the chart in stop-

. ping the same amoult of gamma. Various
_shielding materials a

used in various
applications, depending n the purpose
to be sefved. Lead, for instance, is quite

" compact and is most suitable where space

requirements are a factor. On the other
hand, water is used where it is necessary

" to see through the shielding material and

to work through it with a long-handled
tool to perform necessary operations, such
as, in processes in atomic plants where
sawmg or cuttmg the radioactive mate-
rials is necessary.

10.12 When considering fallout shel-

.ters, protection is generally achieved in -

two ways. One method is to place a barrier
between the fallout field and the individ-

wOoD

FIGURE 10.11~Relative efficlency of varlou{!
shielding materials.

. ‘;“"4

FIGURE 10-10~Comparison between lead atom and
water molecule,

ual. This is termed “barrier shielding.”
The second method is to increase the dis-
tance of the individual from the fallout
field contributing to the individual’s expo-
.sure. This is termed “geometry shielding.”
.10.13 In most analyses it is necessary
to consider the effects of both barrier and
geometry shielding. This is termed “com-
bined shielding.” .

10.14 The heavier the barrier between
fallout and the individual, the greater the
barrier shielding-effect. Examples of bar-
riers in structures are walls, floors, and
ceilings. )

10.15 Geometry shielding is determined
by the extent of the fallout field affecting

an individual, and/or his distance from it.
Consider an example of geometry shleld-
ing.

10.16 If two buildings are of the same
height and similar construction, but of
different area, the protection from ground
contamination would be greater on the
first floor in the building with the.larger.
area. On the other hand, if two buildings
are of equal area and similar construction,
but differ in height, protection from
ground contamination would be greater on
the upper floor of the higher building. )

r

THE SHELTER PROTECTION FACTOR

10.17~ The effects of geometry shielding
and barrier shielding are combined into a
term very useful for considering the effec-
tiveness of various typds of shelters. This
combined term is THE PROTECTION

14
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FACTOR: One definition is; a caleulation .

of the relative reduction in the amount of
radiation that would be received by a per-
son in a protected location, compared to

.. .. the amount he would receive if-he were

unprotected in the sapfé~locatfion. (See

Glossary for the diffe ence bet out-
- side/inside ratio-and protection factor.)
» 10.18 If a shelter has a protection fac-
tor of 100, an unprotected person at the
same ﬁ'(‘)cation would be éxposed to 100
timesffnore radiation than someone inside
the shelter. - S .

10.19 Where conditions are favorable,
added protection can be had for little extra
cost. lehiTé licensed public shelters have a
minimum of PF 40, a higher degree of
prote \tion up to say 1,000 is advantageous.
This will fgequently be possible in building
prote‘::%jo,n into new structures.» .

!

10.20\. There are two ways to go about
setting' up adequate shelters: COMMU-

NITY /ACTION and FAMILY W\ CTION. It

shodld be stressed that they a\e not mu-
tually exclusive. In fact, they supplement
each other in a very necessary way. Most
people spend the largest part of their time
at oy near their homes and there are
strong sociological advantages to keeping
family groups together in a time of erisis
and hardship. However, for many people it
is ngt practical toﬁtruct home shelters.
And, even if one p#Ssesses-the finest shel-
ter in the world,|it will do no good if he is
caught away from home at a time of dan-
gerpus fallout. .

PUBLIC SHELTERS

10.21 Further, experience in Europe in

- Warld War II and other human experi-
ences under disaster conditions have
pointed to distinct advantages of the pub-
lic/shelter when compared-with the family
shelter. There are several reasons why

. group sheltel:s are preferable in many cir-

cumstances: .
. A larger than family-size group prob-
ably would be better prepared to face

a nuclear attack than a singl& famtly,
particularly if some members should

be away from home at the time of

-. attack.

3

s

~g’ui}:iance,, teehnical

P

PR | NS e

P )
o .
!

FIGURE 10.22.—-—Group sheltéring in a large building.
- e

* 2. There would be more opportunity to

find first aid and other emergency

. skills in‘a group, and the risk of radia-

tion exposure after an attack could be
more widely shared. - )

Community shelters would provide

shelter for persdns away from their
hofmes at the time of an attack.

4. Group s‘i)elters could serve as a foecus
for integrated community recovery
activitiés in a postattack period.

5. Grgup shelters could serve other com-
munity purposes, as well as offer pro-
tection from fallout following an at-
tack. ’ . .

10.22 These are the reasons why the

Federal .Government has been involved.
with a number of activities—involving
e assistance, and
money—to encourage the development of
public shelters. The overall program,
which got underway with the Natidnal
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. —Shelter ?gve.y, aims at securing shelters

in exist'ng and new structures, marking
thém, and_making them availgble to the
public in_an emergency, Where there are
"hot enough public shelters to accommo-
date all citizens, efforts are being made to

provide more. In some casés, such as iff

large cities, it may not be possible to build
individual family fallo#® shelters. Group
shelters duch as illustrated in Figui€)10.22
may be required to provide adequate pro-
tection in such situations. v e

' FAMILY SHEI.TERS
‘ *A Home Sheltgr May- -Save Your sze

10.23 Even though public fallout shel-.

ters usually offer many advantages over

L /home shelters, in many laces—especiaﬂy

:suburban and rura there are few

public shelters. If there.is none near you, a
home fallout sheiter may sdve your life.

10.24 The basements of\some homes

are usable as family fallbut shelters as

' they now stand, without any alterations or

changes—especially if the house has two

or more stories, and its basement is below

ground level. . .
10.25 However, most honle basements

would need some improvements in order to '

F‘leRE 10.24.~Home basement.

ragraphs 10.23 through 10.57 are from the DCPA publication “In
l: KC of-Emergency,” H-14, March 1968, .

PIA Fuiitext provided by ERIC ~

7
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shield their occupants adequately from __
the radiation given off by fallout partlles
Usually, householders can make these im-
'provements themsegves, with ,)moderate ef-
fort and at low co}t. Millions of fjomes.
have been surveyeff for the Defense Civil
Preparedness Agency (DCPA) by the U. S.
Census Bureau, and these householders
have received information.on hew much
fallout protection their basements would

. provide, and how to improve tfus protec-
————

~ tion. -
. Shielding Material Is Required
10.26 In setting up any home fallout
¢ shelter, the basic aim is to pladg enough
“shielding material” betweeaa@?(‘%eople in
the sheltef and the.fallout partlcles out-
side. »
©10.27 Shielding materiﬁ(is any sub-
stance that would absorb and deflect the

invisible rays given off by fallout particles
outs:de ‘the house, and thus reduce the

. r L]

¥

amount of radiation reaching the- oecﬁk— --

pants of the shelter. The thicker or densér
the shle‘ldnlg material is, the mgre it
would protect the shelter occupants.~. - |,

*10:28 Some radidtion protection is pro-
vided by the existing, standard walls and"’
ceiling of-a basement. But 4f they are n6§
thick or dense enough, other shielding ma-
terial will have to be added

» 10.29 Concrete, bricks, earth and sand
are some.of the materlafs that are dense
or heavy enough to prov:de fallout protec-,
tion. For comparative purposes, 4 inches of ,
concrete would provide the same shielding

density as: .
___—BtoBinches of bricks. "

—6'inches of sand or gravel.
(May be packed into bags, cartons,
‘boxes, or other containers for easier~
handling.) ) -

—T7 inches of earth. ~ ‘o .

—38 inches of hollow concrete blocks (6

. inches if filled with sand)

—M0 inchgs of water. -, .
—14 inches of books or MAgAZiN€Sum - -
—18 inches of wood. - ’

" How to Prepare a Home Shelter
10.30 If.there is no public fallout shel- -
ter near your home, or if you would prefer

’id() ‘:"
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to use a family-type shelter in a time of
attack, you should prepare a home fallout
. shelter. Here is how to do it:

10.31 A PERMANENT ‘BASEMENT
SHELTER. If your home basement—or
one corner of it—is below ground level,
your best and easiest action would be to
‘Prepare a permanent-type family shelter
there.. The required shielding material
would cost perhaps $100-$200, and if you
have basic carpentry or masonry skills you
probably could do the work..yourself in a
short time. ‘

.10.82 Hg;e,,%zre three methods of provid-
ing a permanent family shelter in the
“‘best’ corner of your home basement— )
that is, the corner which is most below
ground level.

Qeiling Modification Plan A

10.33 If-nearly all your basement‘is
below ground level, you can use this prlan
to build a fallout shelter area in one cor-
ner of it, without changing the appearance

’

of jt or interfering with its normal ppace-

tfme use. : ’
10.34 However, if 12 inches or more of

the basement wall is above ground level,

this plan should not be used unless

add the “‘optional walls” shown in the

sketch.

10.35 Overhead px:otection is obtained

" by serewing plywood sheets securely to

the joists, and then filling the spaces be-

‘tween the joists, with bricks or concrete

blocks. An extra beam and a serewjack
column may be needed to support the ex-
tra weight.

10.36 Building this shelter requires
some basic woodworking skills and about
$150-$200 for materials. It can be set up
while the house is being built, or after-
ward. '
Alternate Ceiling Modification Plan B. .

10.37 This is similar to Plan A except
that new extra joists are fitted into pdrt of
the basement ceiling to support theadded

-
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bricks or blocks A

v plywood
besgy
r T T.I 1
T
O I

optional walls "~

EXISTING
JOISTS

screwjack column

FIGURE 10.33 —Ceiling modification plan A.

e
u.‘“ﬂ’

half basement -

FIGURE/léma-Alt'ernate ceiling modification Plan B.

. weight of the shjielding (instead of using a
beam and a screwjack column).

10.38 The new wooden joists are cut to
Q rth and notched at the ends, then in-

MC led between the existing joists.

10.39 After plywood panels aye serewed
securely to the joists, bricks or concrete
_blocks are them packed tightly inte the
spaces between the joists. The bricks or
blocks, as well as the joists themselves,




’

will reduce the amount of fallout radiation
penetrating downward into the basement.
10.40 Approximately one-quarter of the
total basement ceiling should be 'rein-
forced with extra joists and shielding ma-
terial. ,
- 10.41 Important: This plan (like Plan
A) should not be used if 12 iriches or more
of your basement wall is above ground
level, unless you add the “optional walls”
inside your basement that are shown in
the Plan A sketch.
." Permanent Concrete Block or Brick Shel-
“ter Pian C )
10.42 This shelter will provide excellent
protection, and can be constructed easily
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at a cost of $150 in most parts of the
country.

10.43 Made of concrete blocks or bricks,
the shelter should be located in the corner
of your basement that is most below
ground level. It can be built low, to.serve .
as a “sitdown” shelter; or by making it
higher you can have a shelter in which
people can stand erect.

10.44 The shelter ceiling, however,
should not be higher than the outside
grourid level of the hasement corner where
the shelter is lgcated.

10.45 The higher your basement is
dbove ground level, the thicker you should,
make the walls and roof of this shelter,

lm‘
“\‘l| ) i

Place entranceway on
side or end not facing’ -
®xposed besement wall

Increase thitkness of shelter wall

1 facing exPosed besement weli by

>; i four Inches
”

FIGZURE 10.42—Permanent concreteilggk‘or brick shelter plan C.
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since your- regular basement walls will
provide only limited shielding against out-
side radiation. .

10.46 Natural ventilation is provided
by the shelter entrance, and By the air
vents shown in the shelter'wall.

10.47 This shelter can be used as a
storage room or for other useful purposes
in non-emergency periods.

A Preplanned Basement Shelter

10.48 If your home has a basement but
you do not wish to set up a permanent-
type basement shelter, the next best thing

FIGURE 10.49—Preplanned snack bar sheltér plan D.

would be to arrange to assemble a “pre-
planned” home shelter. This simply means
gathering together, in advance, the shield-
ing material you would need to make your
basement (or one part of it) resistant to
fallout radiation. This Hiaterial could be
stored in or around your home, ready for
use whenever you decided to set up your
basement shelter. Here are two kinds of
preplanned basement shelters.

Preplanned Snack Bar Shelter Plan D

10.49 This is a snack bar built of bricks
or concrete blocks, set in mortar, in the

‘ QY wrQ ;:’\'.‘,\"' \
™ k DY

Sl X

I FIGURE 10.561—Preplanned tilt-up storage unit plan E
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“best” corner of your basement (the cor-
ner that is most below ground level), It
can be converted quickly into a fallout
shelter by lowering a strong, hinged “false
ceiling” so that it rests on the snack bar.
10.50 When the false ceiling-is lowered
into place in a time of emergency, the
hollow sections of it can be filled with
bricks or concrete blocks. These can be
stored conveniently nearby, or can be used
as room dividers or recreation room furni-
ture (see bench in Figure 10.49).
Preplanned Tilt-Up Storage Unit Plan E

10.51 " A tilt-up storage unit In the best
corner of your basement is another

method of setting up a “preplanned” fam- -

ily fallout shelter.

10.52 The top of the storage unit should
be hinged to the wall. In peacetime, the
unit can be used as a bookcase, pantry, or
storage facility.

10.58 In a time of emergency, the stor-

" age unit can be tilted so that the bottom of

it rests on a wall of bricks or concrete
blocks that you have stored nearby.

10.64 Other. bricks or blocks shguld

_then be placed in the storage unit’s' com-
‘partments, to provide an overhead shield

against fallout radiation. B

10.55 The fallout protection offered by
your home basement also can be increased
by adding shielding material to the out-
side, exposed portion of your basement
walls, and hy covering your basement win-
dows with shielding material. .. __

10.56 You can cover the aboveground
portion of the basement walls with earth,
sand, bricks, concrete blocks, stones from
your patio, or othér material. '
© 10.67 You also can use any of these
substances to-block basement windows
and thus prevent outside fallout radiation .
from entering your basement in that man-
ner. . .

INDIVIDUAL PROTECTIVE MEASURES

10.58 If the presence of fallout is sus-
pected before an individual can reach shel-
ter, the following actions will help mini-
mize its effects. _ . -
~ L. Cover the head with a hat, or a pi

of cloth or newspaper.

2. Keep all outer clothing buttoned or
zipped. Adjust clothing to cover as
much exposed skin as possible.

3., Brush outer clothing periodjcally.

4. Continue to destination as rapidly as
practicable.

10.59 Assume that all persons arriving
at a shelter or a fallout monitoring station
after fallout arrival, and all individuals
who have performed outside missions are
contaminated. All persons‘should follow
the protective measures below:

1. Brush shoes, and shake or brush

' clothing to remove contamination.
This should be done before entering
the shelter area. -

2. Remove and store all outer clothing
in an isolated location.

3. Wash, brush, or wipe thoroughly, con-
taminated portions of the skin and
hair being careful not to injure the
skin. -

COLLECTIVE PROTECTION ‘.

10.60 During fallout deposition, all win-
dows, doors, and nonvital vents in shel-
tered locations should be closed to control
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the contamination entering the shelter.
Similar protective measures shduld be ap-
plied to vehicles.

10.61 When radiation levels become
measurable inside the shelter, make a sur-
vey of all shelter areas to determine the
begt protected locations. Repeat this pro-
cedure periodically. This information is
.- used to limit the exposure of shelter occu-
pants.

3 - !

TASKS OUTSIDE OF SHELTER

10.62 When personnel leave shelter ap-
propriate protective measures should be
taken to prevent the cont;,mination of

their bodies. Clothing will not protect per-:

sonnel from gamma radiation, but will pre-
vent most airborne contamination from
depositing on the skin. Most clothing is
satisfactory, however, loosely woven cloth-
ing should be avoided. Instruct shelter
occupants to:

1. Keep time outside of shelter to a mini-

mum when exposure rates are high.

2. Wear adequate clothing and cover as *

much of the body as practical. Wear
boots or rubber galoshes, if available.
Tie pants cuffs’ overithem to avoid
possible contamination-of feet and an-
kles.  -7'%

8. Avoid highly contaminated’ areas

whenever possible, Puddles and very.

dusty areas where contamination is
“'imore probable should also be avoided.
4. Under dry and dusty conditions, do
‘not stir up dust unnecessarily. If
ldusty conditions prevail, a man’s
:hankerchief or a folded piece of
‘closely woven cloth should be worn
over the nose and mouth to keep the
inhalation of fallout to a minimum.

5. Avoid unnkcessary contact with con-
taminated surfaces such as bulldmgs
and shrubbery.

10.63 Individuals using vehicles for
outside operations should remain in the
vehicle, leaving it only when necessary. To
prevent contamination of the interior of
the vehicle, all windows and outside vents
should be closed when dusty conditions
prevail. Vehicles provide only slight pro-
tection from gamma radiation but they do
provide excellent protection from beta and
prevent contamination of the occypants.

FOOD AND WATER

10.64 To the extent practicable, pre-
vent fallout from becoming mixed into
food and water. Food and water which is
exposed to radiation, but not contami-
nated, is not harmed and is fit for human
consumption. If it is suspected that food
containers contaminated, they should
be wa¥hed or wiped prior to removal of the
contents. Food properly removed from
such containers will be safe for consump-
tion. .

10.65 Water in covered containers and
underground gources will be safe. Before
the arrival, of fallout, open supplies of
water such as cisterns, open wells, or
other containers should be covered. Shut
off source ‘of supply of pote,ntlally contami-
nated water. N
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Although there are many forms of pro-
tection against nuclear radiation, as we
learned in the preceding chapter, they are
obviously not foolproof. Even if they were
100% effective, there is still the case of
unavotdable contamination, contaminatiqn
which could occur during the performance
of a criticglly important mission, contami-
nation which could be deliberately and
knowingly accepted. Obviously, then, we
need anothér RADEF tool to take care of
contamination. That tool is DECONTAMI-
NATION and this chapter will explain:

= HOW

to tell if decontamination is"
necessary :

tion

"HOW does a decon worker protect
himsgelf from contamination

. ' <

WHAT should be done to decontami-
hate an area, a structure, an

11.1 Closely allied with the. problem of
monitoring, discussed in Chapter 9, is the
-problem of decontamination. The two are,
in faet, closely linked and cooperation and
coordination between monitors and decon-
tamination personnel is a basic require-
ment if wasted effort or unnecessary haz-
ard are to be a\:oided., ’

WHAT IS CONTAMINATION?

11.2  As we saw in Chapter 6, the radio-
" active fallout from a nuclear explosion
.consists of radioisotopes that have at-
tached themselves to-dust.particles or

3

WHAT are the steps in decontamina- !

- " orange, somebody named -
e Henry, a cat, the power com-
L pany, a red sportshirt or a
: “farm tractor , -
¢ h ¥ 7
'INTRODUCTION

-

RADIOLOGICAL DECONTAMINATION :

water droplets. This material behaves
physically like any other dirt,or moisture.
In fact, the phenomena of radioactive con-
tamination is exactly the same as getting .
“dirty” EXCEPT that very small amounts
of “dirt” are required to produce a hazard
and that the “dirt” is radiocactive.

WHAT IS DECONTAMINATION?

11.3 The objective of radiological de-
contamination is to reduce the contamina-
tion to an acceptable level with the least
possible expenditure of labor and mate-
rials, and with radiation exposure to de-
contamination personnel held to a mini-
mum commensurate with the urgericy of
the task. Radioactivity cannot be de-
stroyed or neutralized, but in the event of
nuclear attack, the fallout radiation haz-
ard could be reduced by removing radioac-
tive particles from a contaminated sufface
and safely disposing of them, by covering
the contaminated surface with shielding
material, such as earth, or by isolating a
contaminated object and waiting for .the
radiation from it"to decrease thfoughftlffe
. brocess of natural radioactive decay, '
" 114 This chapter is directed: to those
persons who are responsible for planning
and establishing radiological decontami-
nation operations in States and localities.
It contains guidance on the various types
of decontamination procedures and the
relative effectivencss of each.

AND CLOTHING

11.5 State and locsl public welfare de-
partments and agencies, as the welfare
arms of their respective governments,
have primary responsibility for planning
and preparing the facilities and develop-
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ing capabilities essential to provide emer-
gency welfare at the local level. Voluntary
social welfare agencies will assist.

11.6 Decontamination of personnel and
clothing of personnel engaged in recovery
operations would be the responsibility of
the various operational services, such as
fire departments, police departments, and
decontamination teams. Many persons
would be responsible for decontamination
of themselves and their familiés in accord-
ance with instructions of the local govern-
ment.

} /
PERSONNEL

11.7 It isimportant that all people, and
particularly those directing emergency op-
erations, understand that the total radia-
tion injury from fallout is a composite due
to several causes, including contamination
of the surrounding areas, contamination
of skin areas, and ingestion and inhalation
of fallout ‘'materials. To keep the total ra-
diation injury low, the effect of each po-
tential‘ source of radiation on the total
radiation exposure must be kept in mind,
and each contributing element should be
kept as low as operationally feasible. Nor-
mally,‘ordinary personal cleanliness proce-
dures will suffice for personnel decontami-
nation in the postattack period.

11.8 All personhs seeking shelter after
fallout starts should brush or shake their
outer clothing before entering the shelter
area. Ordifiary brushing will remove most
of the contaminated material from the
shoes and clothing, and often may reduce
the contamination to, or below a permissi-
ble level. It is important to brush or shake
from the upwind side. Under rainy condi-
tions, the outer clothing should be re-

moved before entering the shelter area.
T
Upon entering the shelter area and as

soon as practicable, wash, brush, or wipe
thoroughly the exposed portions of the
body, such as the skin and hair. If suffi-
cient quantities of water are available,
persons should bathe, giving particular at-
fnntlon to skin areas that had not been

THE INJURED

11.9 It is desirable that contamination
of medical facilities and personnel be kept
at a minimum. Medical personnel, whose
skills would be needed for the saving of
lives, should be protected from radiation
to the extent feasible. Persons entering a
medical treatment station or hospital
should _be monitored, decontaminated if
necessary, dfid tagged to show that he is.
not contaminated. To do this, a check point
could be established at a shielded location
at each medical treatment ®ation and
hospital. Although decontamination proce-
dures for the injured are the same as
those previously described for personnel
decontamination (i.e., the removal of outer
clothing, and other clothing if necessary,
and finally the washing of contaminated

“body areas, if required) special factors also
must be considered. In the face of urgency
for decontamination, there will be many
casualties who are unable to decontami-
nate themselves and whose condition will

not permit movement. For.some:*cases a.

medical examination will determine that
first aid must take priority over decontam-
ination. Also, it may not be possible t
decontaminate some casualties without se-
riously agg'ravatmg their mJurles These
will have to be segregated in a controlled
area of the treatment facility.

ClO'{HING S

11.10 Thorough decontammatlon of
clothing can be deferred until after the
emergency shelter period when supplies of
water and equi Jnent are available. Equip-
ment for decontamination of elothing in-
cludes whisk brooms, or similar types of
brushes, vacuum cleaners (if available)
and laundry equipment. For more effec-
tive decontamination of clothing, washer
and dryer equipment should be available.
Since there is normally little accumulation
of “dlrt" in a washing machine, virtually
all of the decontaminant would be flushed
down the drain. The chance of significant
residual contamination of the washing ma-
chine appears to be quite gmall. Although

)
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washing, direct contact with the contami-
nation should be Rept to & miniumum.

- 1111 The procedures for decontamina-
tion of clothing should be as follows: First,
brush or shake the clothing outdoors; sec-
ond, vacuum clean; third, wash; and
fourth, if the previous procedures are not
effective, allow natural radioactive decay.
Monitoring of the clothing upon comple-
tion of each step will indicate the effective-
ness of the decontamination procedure
and indicate any need for further decon-
tamination. In many cases, depending
upon the amount and kind of radioactive
contaminant, brushing or simply shaking
the clothing to remove the dust particles
may reduce the contamination to a negli-
gible amount. If two thorough brushings
do not reduce the contamination to an
acceptable level, vacuum cleaning should
be attempted. Care should be taken in
disposing of the contaminated material
from the dust bag of the vacuum cleaner.
If the clothing is still contaminated after
@ry methods of decontamination are com-
pleted, it should be laundered. Clothing
usually can be decontaminated satisfac-
torily by washing with soap or detergent.

11.12 Any clothing that still remains
highly contaminated should then be stored
to allow the radioactivity to decay. Stor-
age  should be in an isolated location so
that the contaminated clothing will not
endanger personnel.

DEC_QNTAMINATION OF FOOD,
AGRICULTURAL LAND AND WATER

11.13 State and local public agencies,
assisted by radiological defense personnel,
will be responsible for the decontamina-
tion of food and water. Stored foods in
warehouses, markets, etc., will be the re-
sponsibility of the agency controlling the
distribution of the food items. Water sup-
ply personnel of the local government or
private organizations will be responsible

*  for monitoring, and if required, decontami-
nation of the water supplies they operate.

Each person (or family not expecting to be

protected in"a ‘community shelter, is re-

sponsible for providing, before attack, suf-
O - ficient food and water to supply its needs
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for at least 2 weeks, sinceé outside assist-
ance may not be available during this
period. ‘

FOOD

11.14 The following guidance is pro-
vided for individuals and groups who need
to use,food which may have been contami-
nated with fallout. Before opening a food
package, the package should be wiped or
washed if contamination is suspected.

* Caution should be taken when wiping or

washing outer containers to avoid contam-
inating the food-itself. When possible, the
package surface should be monitored with
a radiation detection instrument before
removing the food as a check on the effec-
tiveness of the decontamination proce-
dure.

11.15 Meats and dairy products that
are wrapped or are kept within closed
showcases or refrigerdtors should be free
from contamination. Fallout on unpack-
aged meat and other food items could pres-
ent a difficult salvage problem. Fresh
meat could be decontaminated by trim-
ming the outer layers with a sharp knife.
The knife should be wiped or washed fre-
quently to prevent contaminating the in-
cised surfaces. / )

11.16 PFruits and vegetables harvested
from fallout zones in the first month pos-
tattack may require decontamination be-
fore they can be used for food. Decontami-
nate fruits and vegetables by waghing the
exposed parts thoroughly to remove fal-
lout particles, and if necessary, peeling,

. paring or removing the outer layer in such

a way as to avoid contamination of the
inner parts. It should be possible to decon--
taminate adequately fruits, such as ap-
ples, peaches, pears, and vegetables, such
as carrots, squash, and potatoes, by wash;
ing and/or paring. This type of decontami-
nation can be applied to many food items
in the home. . )

11.17 Animals should be put under
cover before fallout arrives, and should
not be fed contaminated food and water, if -
uncontaminated food and water are avail-
able. If the animals are suspected of being
externally contaminated, they should be
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washed thoroughly before be}ng 'proceséed
into food. =

11.18 Even when animals have re-
ceived sufficient radiation té cause later
sickness or death, there will be a short
period (1 to 10 days following exposure,
depending on the amount) when the ani-
mals may not show any symptoms of in-
jury or other effects of the radiation. If
the animals. are needed for food, if they
can be slaughtered during this time with-
out undue radiation exposure to the
worker, and if no other disease or abnor-
mality would cause unwholesomeness, the
meat would be safe for use as food. In the
butchering process, care should be taken
to avoid contamination of the meaf, and to
protect personnel. The contaminated parts
should be disposed of in a posted location
and in such a manner as to present a
negligible radiological or sanitation haz-
ard. If any animal shows signs of radiation
sickness, it should not be slaughtered for
food purposes until it is fully recovered.
This may take several weeks of months.
Animals, showing signs of radiation sick-
ness (loss of appetite, lack of vitality, wa-
tery eyes, staggering or pdpr balance)
should be separated from the herd because
they are subject to bacterial infection and
may not have the recuperative powers
necessary to repel diseases. They could
infect other animals of the herd.

v

AGRICULTURAL LAND ‘

- 11.19 The uptake of radioactive fallout
material would be a rela}tively long term
process, and the migration of fission prod-
ucts through the soil would be relatively
slow. Therefore, crops about to be har-
vested at the time fallout oceurs would not
have absorbed great amounts of radioac-

tive material from the soil. However, if

crops are in the early stages of growth in
an intense fallout area, they will absorb
radioactive materials through their leaves
or roots and become contaminated. Thus,
if eaten by livestock or man, it may cause
some internal hazard. Before use, the de-
gree of contamination should be evaluated

‘- ©  a qualified person. Foods so contami-
. EMC ted could net be decontaminated easily
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_because the contaminants would be incor-
“porated into their- cellular structure. Do
not destroy these contaminated foods.

11.20 Liming of acid soil will reduce the
uptake of strontium since .the plant sys-
tem has a preference for calcium over
strontium and has some ability to diserim-
indte. The plant’s need for calcium leads to
the absorption of the similar element
strontium. In' soils low in exchangeable
calcium, more strontium will be taken up
by the plant. By liming acid soils, more
calcium is made available to the plant, and
less strontium will be absorbed.

11.21 Another methog to limit the up-
take of strontium is to grow crops with low
calcium content such as potatoes, cereal,
apples, tomatoes, peppers, sweet corn,
-squash, cucumbers, etc., on areas of heavy
fallout. Other foods with high calecium con-
tent such as lettuce; cabbage, kale, broc-
coli, spinach, celery, collards, ete., could be
grown in areas of relatively light fallout.

WATER ~ .

11.22 Following a nuclear attack, water
in streams, lakes and uncovered storage
reservoirs might be contaminated by ra-
dioactive fallout. The control of internal
radiation hazards to personnel will be de-
pendent, in large part, upon proper selec-
tion and treatment of drinking water.

11.23 If power is not a{railablq for
pumping, or if fallout activity is oo heavy
to permit operation of water treatment
piants, the water stored in the home may
be the only source of supply for several
weeks. Emergency sources of potable
water can be obtained from hot water

.tanks, flush tanks, ice cube trays etc. It is
advisable to have a 2-weeks emergency
water ration (at least 7 gallons per person)

‘in or near shelter areas.

11.24 Emergency water supplies may
be available from local industries, particu-
larly beverage and milk bottling plants, or
from private supplies, country clubs, and
large hotels or motels.

11.26 If contaminated surface water
supplies must be used, both conventional
and specialized treatment processes may-
be employed to decontaminate water. The
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degree of removal will' depend upon the
nature of the contaminant (suspended or
dissolved) and upon the specific radionu-
clide content of the fallout. _

. 11.26 Radioactive materials absorbed
il precipitates or sludges from water
treatment plants must be dlsposed ofin a
" safe manner. Storage in low areas or pits,
or burial in areas where there is little
likelihood of contaminating underground
supplies, is recommended.

11.27 Several devices for tréating rela-
tively small quantities of water under
emergency conditions$ have been tested.
Most of them use ion exchange or absorp-
tion for removal of radioactive contami-
nants.

a. Small commercial ion exchange units
contammg either single or mixed-bed res-
ins, designed to produce softened or demi-
neralized water from tap water, could be
used to remove radioactive particles from
water. Many of them have an indicator.
which changes the color of the resins to
indicate the depletion of the resins’ capac-
ity. Tests of these units have indicated
removals of over 97 percent of all radioac-
tive materials. &

. b. Emergency water treatnient units
consisting of a column containing several
2-inch layers of sand, gravel, humus,
coarse vegetation, and' clay have been
tested for removal of radioactive materials
from water. This type of emergency water
treatment unit removed over 90 percent of
all dissolved radioactive materials. ’

" ¢. Tank-type home water softeners-are
capable of removing up to 99 percent of all
radioactive materials, and are especially
effective in the removal of the hazardous
strontium 90 and cesxqm 137 contami-
nants

DECONTAMINATION OF VEHICLES AND
EQUIPMENT

11 28 Decontammatlon of vehicles and,
equlpment of the various operatxonal serv-
iees,.such.as fire departments, police de-
partments, and decontamination teams,
will be the responsibility of the various
serv:ces, aided by radiological defense

for decontamination of their own vehicles
and equipment in accordance with instruc-
tions of local government,

EXTERIOR OF VEHICLES AND EQUIPMENT
AND VEHICLE INTERIORS

11.29 The simplest and most obvious
method for partial decontamination of ve-
hicles and equipment is by water hosing.
Quick car-washing facilities are excellent
for more thorough decontamination.

11.30 Special precautions should be

.used when vehicles and equipment are

brought in for maintenance. The malfunec-
tioning part ofsthe vehicle or equipment
should be checked for excesswe contami-
nation.

" FIGURE 11.31—Equipment decontamination.

11.31 Hosing should not be used on up-
holstery or other porous surfaces on the
interior of vehicles, as the water would
penetrate and carry the contamination
deeper into the material.

11.32 The interior of vehicles can be
decontaminated by brushing or vacuum
cleaning. Procedures for decontaminating
interiors of vehicles by vacuum cleaning
are similar to those used}'rr the interior of
structures.

VEHICLES AND. EQUIPMENT USED BY
DECONTAMINATION PERSONNEL R
11.33 Updn completion of missions in a

contaminated area, vehicles and equ'lp-
ment used by decontammatlon personnel

services. Individuals will be responsible #8hould be monitored, and decontammated
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if necessary. Complete decontamination
may not be necessary, but attempts should
be made to reduce the hazard to tolerable
levels. :

11.34 A decontamination station set up
at a control point adjacent to the staging
area would be the best place for decontam-
] . 7 .
inating vehicles and equipment. A paved
area would be desirable so that it could be
hosed off after the equipment is decontam-
inated. Monitoring should follow the appli-

.meach decontamination method.

DECONTAMINATION OF VITAL AREAS
AND STRUCTURES

11.35 The operational planning aspects
of decontaminatjon of vital areas and
structures are very complex and require
trained decontamination teams from gov-
ernment services, industry, and private
and public utilities under thée direction of a
decontamination specialist. All methods
described ir this chapter are common
techniques with which personnel of the
emergency services are generally familiar.
Operational details associated with use of
the equipment are not discussed. How-
ever, operational aspects peculiar to ra-
diological recovery are emphasized. The
method of decontamination selected will
depend upon the type and extent of con-
tamination, type of surface contaminated,
the weather and the availability of person-
nel, material, and equipment. Each type of
surface presents an individual problem
and may require a different method of
decontamination. The type of equipment
‘and skills required for radiological decon-
tamination are not Pew. Ordinary equip-
ment now available,'such as water hoses,
street sweepers, and
skills normally usedéin operating the
equipment are the basic requirements for
radiological decontamination.

PAVED AREAS. AND EXTERIOR OF
STRUCTURES
11.36 Decontamination of paved areas

ahd the exterior surface of structures re-
quires two principal actions; loosening the

Q allout material from the surface and re-

~

ulldozers, and the

moving the material from the surface to a
place of disposal. Some decontamination
methods for paved areas are street sweep-
ing and motorized flushing. Firehosing
may be used for both paved areas and the
exterior of structures.

11.37 Street sweeping is termed a dry
decontamination method becdause water is
not used. There are many advantages of
this method over wet methods. In the ab-
sence of adequate water supplies for large
scale decontamination procedures, dry
street sweeping would be the preferred
procedure. Also, during cold weather, wet
decontamination procedures may not be
practical. ’

11.38 Most commercial street sweepers
have similar operating characteristics, A
powered rotary broom is used to dislodge
the debris from streets into a conveyor
system which transports it to a hopper.
Thus, a removal and bulk transport sys-
tem is inherent in the design. Some swee-
pers utilize a fine water spray to dampen
the surface ahead of the pickup broom to
limit dust generation. This use of a spray
previous to brushing would reduce the ef-
fectiveness of the procedure for decontam-
ination because the combination would
tend to produce a slurry which would
make complete removal of surface contam-
ination more diffienlt. -

11.39 A variation in equipment of this
type is the sweeper in wHich the broom
system is enclosed in a vacuum equipped

_ FIGURE 11.38—Commercial street sweeper.
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ousing. The material picked up by the
broom and the dust trapped by the fillers
gre collected in a hopper. '

1140 Normally a single operator is re-
quired per street sweeper. However, be-
cause fallout material would be toncen-
rated in the hopper, the operator ay be

bjected to a high radiation exposure.

S may make it necessary to rotate per-

nel for street sweeping ope'rati?n . The
dperator should be instructed to' k ep a
close check on his dosimeter, and dump
the hopper often at the predesignated dis-*
posal area, as precautions to keep his ac-
cumulated radiation exposure low. |

1141 In decontami}r;ting pave(f areas
by street sweepiné, decontamination fac-
tors! better than 0.1 ean be realized, de-
pending upon the-rate of operation and
the amount of fallout material.

11.42 The flushing or sweeping action
of water is employed in decontaminating
paved areas by motorized flushing. Con-

entional street flushers usiné two for-

ard nozzles and one side nozzle under a
pressure of 55 pounds per square inch (psi)
are satisfactory for this purpose. In flush-
ing paved areas, it is important that fal-
dout material be moved towards drainage
facilities. . . .

11.43- Decontamination factors of 0.06
to Q.01 can be realized by motorized flush-
ing,\ depending upon the rate of operation
and the type and roughness of the surface.

11.44° The flushing orssweeping action
of water also is used in decontaminating
pavediareas and the exterior of structures
by firehosing. Equipment and persennel
are commonly available for this method.
Employment of the method is dependent
upon an'adequate postattack water sup-

ply. When decontaminating paved areas
" and structyres, it is.important that fallout
material be swept toward predesignated
drainage facilities, and, where possible,
downwind from operational personnel.

1145 Standard fire fighting equipment.

and trucks equipped with pumping appa-
ratus may be dsed in this decontamination

PR
' For decontamination of vital arcas and-structures. the term decon-
tamination factor (DF) 1s used This represents the dectmal fraction

¢ remuming after decontanunation 1s accomphshed,

method. The most satisfactory operating
distance from ngzzle to the point of impact
of the water stream with open pavelgents
is 15 to 20 feet. On vertical surfaces, the
water should be directed to strike the sur-
face at an angle of 30° to 45°. As many as
three men per nozzle may be required for
firehosing.- . :
11.46 When decontaminating rough
and porous surfaces or when fallout mate-
rial is wet, the use of both firehosing and
scrubbing are recommended for effective
reduction of the radiation hazard. Initial
firehosing should be done rapidly to re-
move the bulk of fallout material. Hosing
féllowed By serubbing would remove n.ost
of the remaining contamination. Two addi-
tional men per hose may be required for
the scrubbing operation:
. 11.47 Deécontamination factors between
0.6 and 0.01 can be realized by firehosing
tar and gravel roofs with very little slope,
and 0.09 to 0.04 in decontaminating compo-
sition shingle roofs that slope 1 foot in
every 22 feet. Decontamination factors of
0.06 can be realized in firehosing of pave-
ments. ' - .

UNPAVED LAND AREAS N

11.48 Decontamination of unpaved land
areas can be accomplished by removing
the top layer of soil, covering the area
with uncontaminated soil, or by turning
the contaminated surface into the soil by
plowing. The two latter methods employ
soil as a shielding material. .

11.49 The effectiveness of any of the
‘methods is dependent on the thoroughness
with which they are carried out. Spills or
misses and failure to overlap adjoining
passes should be avoided. Reliance should
be placed on radiation detection instru-
ments to find such areas, although in
heavily contaminated areas the fallout.
material may be visible.- Large spills or
misses should be removed by a second pass
of the equipment. Small areas can be de-
contaminated with the use of shovels,
front end loaders, and dump trucks.

11,50 Large scale scraping operations
rquire heavy motorized equipment to
scrape off the top layer (several inches) of
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FIGURE 11.48~Turning contaminated soil.

scontaminated soil, andscarry the soil to
suitable predesignated dumping grounds.
"The contaminated soil should be deposited
- 100 or more feet beyond the scraped area
if ‘possible; if not, at least to the outer edge
of the scraped area. Scraping can be done
with- a motorized scraper, motor grader, or
bulldozer. Effectiveness of the procedure
depends upon the surface conditions. In
decontaminating unpaved areas by scrap-
ing, decontamination factors over 0.04 can
be reallzeq’ if all spills and misses are
cleaned up. i
11.51 The motor grader is designed faw
grading operations, such as for spreading
soil or forjlight stripping. This grader can
be’ﬁﬁvd“gffecgive]y on any long marrow
area where contaminated soil.can be
dumped along the edge of the cleared area.
The blade should be set at an angle suffi-
cient for removing several inches of the
contaminated soil. The scraped up earth
should be piled along the ground in a
windrow parallel to the line of motion. The
windrow can be either pushed to the side
of the contaminated field and buried by
the grader or removed by other pieces of
earthmoving equipment.

11.562 The bulldozer can be useful in

scraping small contaminated areas, bury- -
ing material, digging sumps for contami- .

nated drainage, and in back;filling sumps.
It would be’ particularly suitable in rough
terrain where it could be used to clear
__obstructions and as a prime mover to as-
sist in motorized scraping. The contami-

- o~
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_.nated soil stripped off by a bullﬂ/;er
" should be dep031ted at tije outer edge of .
the scraped area, or beyond, if ptgctlcable.

11 53 Filling may offer no advanta,
over scraping, either m effectiveness or
speed Its principal use would be

operatlons a motorized scraper, bulldozer,.
mechanical shovel, or dump truck and
grader may be used. ,

11.54 'The effegtlveness of fi ll/ ng rela-
tively flat surfaces will vary with the
depth of fill. A 6-inch fill of earth can '’
reduce the radiological hazard directly
above to a decontamination factor of 0.15,
and a 12-inch fill can reduce the hazardto .
a decontamination factor of 0.02,

11.55 Plowing provides earth shielding
from radiation by turning the contanti-
nated soil under.. It is a rapid meang of
decontamination, but may not be sultable )
in areas in . which personnel must ogerate ’
or travel over the plowed surface. The
depth of iplowmg should be from 8 to 10
inches. In decontaminating unpaved land
‘areas by plowing, decoptamination: factor‘
of 0.2 can be realized if the depth of plow~
ing is from 8 to 10 inches.

11.56 Two or more methods can be ap-
plied in succession, achieving a reduction
in the radiation field not possible, practi-
cal, or economical with one method alone.
Any of three combinations of methods—
scrapmg and filling, seraping and plowmg,

lowing, leveling and filling—could be
effectlve in unpaved areag. In some cases,
any of the three might be more ra id-than
individual removad of spillage: Thé\ equip-
ment used would be the same asin ¢ mpo-
nent methods previously discussed. -

11.567 Because large earthmoving
equipment could not be used ingsmall
areas, such as those around a building,
othe: methods of decontamindtion must be
used. If the area is large enough for &
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small garden type tr tor, or f ontend

loaders; these can be used for plowing and

scraping the soil. Improvised méthods of

seraping small areas, such as using a jeep

to tow a manually operated bucket scoop,

-+ ——"——could be used: There would remain some
-areas. requiring hand labor with shovels,

~to dig up or remove thetop layer of soil, or
sod. Equipifient and manpower require-
,ments-f&lbadin’g and hauling the soil-to a
disposal area should be included in esti- »
mate of decontamination ‘““costs”. The
rates of operation of these methods would
.vary with the type of terrain and its vége-
tative cover. The various procedures ean

- result in decontarination factors of 0.1 10
0.1.

-

INTEELOR OF STRUCTURES

J‘Hf;o% The two principal methods for de-
,,,-""contaminating interiors of structures are
vacuum cleaning and scrubbing with soap .
and water." Vacuum cleaning is pseful for
the decontamination of furniture, rugs,
and floors. Floors, tables, walls, and other
surfaces can be decontaminated by serub-
bing thel with soap and water. Mild de-
tergents can be substituted for soap. Rags,
hand brushes (or power-driven rotary
brushes, if available), mops, and brooms
are suitable for scrubbing.

2,

A

COLD WEATNER DECONTAMINATION
PROCEDURES .

11.59 Cold weather deconbemi tion,
methods will depend upon the Weather
conditions prior to and after the arrival of
fallout. “Various problems such as fallout
on various depths of snow, on frozen
ground or pavement, mixed with snow or
freezing rain, and'under various depths of
snow could occur after a contaminating
attack. The presence of snow or ice would *
complicate the situation since large quan-
tities of these materials would have.to be

. moved along with the fallout material. In
* addition, snow and 1¢e could cause loss of
mgbility to men and to equipment. Fallout
may bé clearly visible as a dark film or
layer of soil or powder on or within snow
unless it precipitates with the snow,

LY

*11.60 The principal.¢old wea‘ther decon-‘\
tamination methods for paved areas, and
structures are: (1) Snow loading, (2) sweep-
ing, (3) snow plowing, and (4) firehosing.

A61 Snow loading is accomplished _
‘with a front-end loader and is applicable
for snow covers. When fallout is on snow,
the front-end loader bucket-is used to

~ Scoop up the contaminant and fop layer of

snow, which are forced into the bucket by
the forward motion of the.vehicle. The
snow cover should be observed- closely for
pieces of contaminated debris which may
have penetrated to some depth. The loader
carries the contaminated material to a
dump truck which removes it to a dumping
area. The ‘remaihing clean snow is re.
moved by normal snow-removal proce-
dures. Decontamination factors of approxi-
-mately 0.10 can be realized by this process,
depending mainly Qp-the amount-of spil-.
lage. A

- FIGURE 11.61.—-Frontfend loader.

{/ﬁg used -
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11.62 Pavement sweepers ,cé

" for fallout on diy- pavement, traffie-packed

Snow, or reasonably level-frozen soil or ice.
Pavement sweepers. are more effective
than firehosing where there is a drainage
problem, or when temperatures are Jow.-
Sweepers will not effectively .pick up con-
taminant on wet pavement-above the
freezing or slush point on ite or packed
snow. Decontamination factprs are ap-
Rroximately 0.10. ] K

1163 Snow plowing is applicable for all .
depths.of contaminated snetv. When fal-
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lout is precipitated with snow, all of the
snow must be removed to the dumping
area. Blade snowplows, road graders, or
bulldozers in echélon, windrow the con-
taminated snow to one side until the blades
are stalled by the snow mass. A snow
loader can be used to put the contami-
nated snow in dump trucks, which move it
to the dumping area. Decoptamination
factors o‘ 0.15 can be realized by this

-~

method. ...

11.64 Firehosing is i)ossible and can be
used on paved areas and exteriors, of
structures slightly below freezing temper-
atures. Flrehosmg is not recommended
where slush from snow will clog drain
Problems associated with firehosing below
32° F are freezing of the water, thereby
sealing the contaminant in ice and causing
slippery conditions for the operating per-
sonnel. The principle of operation, and

equipment used in temperate weather,

will be the same under cold weather condi-

tions. The effectiveness of firehosing will _

depend on surface and standard exposure

S 1

-

.snow removal equipment can be used

| e b ‘
rates, and the decontamination factolis
will vary from 0.5 to 0.1.

11.65 In small areas, such as roofs of
buildings, and around buildings, where
large snow removal equipment could not
be used, other methods of decontamina-
tion must be used. With small amounts of
dry snow on roofs or paved areas, sweep- .
ing, the area, with -brooms is satisfactory. «
With larger ‘amounts of snow, with the =
fallout material on top of the snow, or .
mixed with the snow, shoveling the snow
and removing it to an area where large
is
practicable. The rates of operation of theszv\
methods would vary with the amount of
snow to be removed 'and the type of sur-
face to be decontaminated. “The .various
) rocedures can result in decontammahon )
ctorsofOleoOl : -'."_i ..
11.66 In order to locate needed services )
‘and to guide the movement of decontami-
nation equipment fthrough heavy snow
. covers, colored poles should mark street
corners, drains, hydrants and hidden ob-

AGENT | ' TYPE OF SURFACE’ , SITUATIONS cez?
STEAM PAINTEO OR GILEG ROOMS WHERE CONTAMINATEO SPRAY CAN
OILEO. NONPOROUS BE CONTROLLEO. BUILOINGS. .
_ x . ~ -‘ ./& . . * .
_ SURFACE COVEREO WITH ATMOSPHERIC
_ | NON-POROUS (METAL., PAINT, PLASTICS : ¢
OETERGENTS -1 gvc.. INOUSTRIAL fu.a'ns OLLS, & GREASES. gﬁ*s“m (REASE. FIXEO OR MOVABLE
’ - . - - X . .. R N -6(

COMPLEXING P

LARGE ,UNWEATHEREO SURFACE. SURFACES

__ ° | WHERE CORROSION IS NOT TOLERABLE."
AGENTS - | METAL OR PAINTEO. - - "AS-AN-AOJUNCT TO WATER OR STEAM _ .
' ! TREATMENT.- ' T
% ORGANIC. FINAL CLEANING. WHERE coum.gre M-
SOLVENTS PAINTEO OR GREASEO. MERSION DIPPING OPERATIONS ARE | ..
- ) POSSIBLE. MOVABLE ITEMS. <
. o . 7
¥ INORGANIC METAL OR PAm‘reo:E"SPeanLLv THOSE , !
ACID EXHIBITING' POROUS OEPOSITS, SUCH AS OIPPING OF MOVABLE ITEMS. :
\ . RUST, MARINE GROWTH. o~
. . )
* . | LARGE, SURFACES. OIPPING OF PAINTEO o
CAUSTICS PAINTED OBJECTS.
Aenksuous " METAL AND PAINTED LARGE, WEATHEREO SURFACES. FIXEO OR

v | MOVABLE ITEMS.

PROTECTIVE EQUIPMENT ANO, REQUIREO.

* UNUSUAL HAZARDS ARE ASSOCIATEO WITH THESE METHOOS

ANO SPECIAL PRECAUTIONS OR
: : ]

FIGURE 11.67.—Sn{£zll seale decontamination methods. ‘ ' !
e -




stacles. Open ground areas planned for
Postattack use should be cleared of rocks,
stumps, ete,, prior to the arrival of snow.
. 11.67 Figure 11.67 lists other decon-
tamination methods that may be used on a
small scale, for specific areas of high con-

tamination. /
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'RADEF OPERATIONS.

The man-in-the-street often thinks of
modern war as “push button war” with
visions of all our forces moving automati-
cally at the pressing of a button on’ the
President’s desk. This just isn’t so, of
course. If there is nd such thing as “push
button war”, how nfuch more so is there
no such thing as “push button radiclogical
defense.” We may have sensitive machines
and instruments to measure nuclear ra-
diation, but these devices must be oper-
ated, inferpreted and the information
acted upon. It is the prime obJectlve of this
chapter to explain how and by whom
RADEF operations are carried out, and

how the responsibilities for such opera.,

tions vary amofg different types of
RADEF personnel and within the various
levels of government.

INTRODUCTION” -

* 12.1 To be effective, radiological de-
fense countermeasures require rapid de-
tection, medsurement, reporting, plotting,
analysis, and evaluation of fallout conta
ination for use during the early period
after attack and trained radiological per-
sonnel are needed at all levels of the gov-
ernment—Federal, State, and local, to pro-
vide such information and skills.

12.2 The RADEF Officer and other
RADEF personnel, in carrying out their
responsibilities, act in a “staff’’ rather
than in a “command” capacity. They pro-

"vidé an xmportant part of the technical
mformatlon upon which Civil Prepared-
ness command decisions will be based.

12.3 It must 'be stressed that though
RADEF pfrsonnel sérve in a staff capac-
ity at the varjous levels of government,
fallout radiation is a physical not a politi- _
caﬁ)henomeﬁon In short, fallout does not
recognize c1t¥, state, or county bounda-

-

ries. As a consequence, effective R{XDEF
countermeasures demand cooperation

mong the various 'R’ADE,F anizations.

his cooperation must be both horizontal
and vertical: horizontal among organiza-
tions on the sa2me level of government
(e.g., different ‘counties or States); vertical
among levels (e.g., city and State). Also,
cooperation must not wait until an at-
tack—it must be planned for and worked
atnow.

WHO WiILL CARRY OUT RADEF . <
OPERATIONS?

124 To carry out the various funéFions
of radjological defense, there is need for
Radiological Defense Officers, Assistant
Radiological Defense Officers, Monitors,
Analysts, and Plotters. The following par-
agraphs define each of these positions and
summarize duties and responsibilities.

- These definitions are necessary at this
point to avoid repetition in the later level-
by-level description of the operational
process.

DEFINITIONS i

12.5 Radzologzcal Defense Officer—A
person who has been trained to assume
the responsibility for policy recommenda-
tions for the radiological defense of a
State, county, locality, facility, or a rela-
tlvelyjarge group of organized personnel

-~ This officer must be conversant with
measurement and reportmg prot:ed‘ures,
capable of evaluating the probable effects
of reported radiation on the people and
*their environment, and capable of recom-
mending approprlate proteétive measures
Mch as,remedial movement, shelter, an
“decontapination) to be’taken as a result of
the evaluation.

——

1r
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12.6 Assistant Rddiological Defense O}”—

ficer—Definition similar to that of the
Radiological Defense Officex. Less admin-
istrative capability is.required)
capabilities- listed-above 4fe réquire
should be borne in mind that the.term
“assistant” is an organizational digtine-
tion rather than indicative of anything
less than 100% possession of all necessary
RADEF Officer qualifications.

7 12.7- Monitor—A person who has .been
traini:l to detegt, record, and report radia-
tion exposures and exposure rates. He will
provide limited field guidance on radiation
hazards associated with operations to
which he is assigned.

12.8 Analyst.—A person who has been
.trained to prepare monitored radiological
data in analyzed form for use in the area
served as well as by other levels of govern-
ment to which reports of such data are
.sent. He #vill also eviluate the radiation
de‘my—p{t;ems as a basis for estimates of

- future exposure rates and radiation, expo-
sures associated with emergenty opera-
tions, :

12.9 Plotter—A person trained to re-~
cord incoming data in appropriate tabular
form and to plot such data on maps. He

will also perform routine computations un-
der direction. - !

|

i

LEVEL-BY-LEVEL RADEF OPERATIONS

12.10 Fqllout monitoring station actjvi-
ties.—~Upon receipt of warning of lik ly
attack, monitors (at least four should be °
assigned to each station to-provide 24-hour
continuous monitoring), will be advised of
the likelihood of attack. They will then
begin to carry out the emergency plan.
Upon arrival at the monito;'ing statjon, all
equipment and procedutres shotild be
chdced and an operational readiness re-

' po*t made to the emergency operating

center (EOC) RADEF Officer, thus qperify-
ing that the station is ready to operate.
The monitoring station will send the EOC
a FLASH REPORT the first time the un!
sheltered exposure rate equals or exceeds
0.5 R/hr. The station also_sends sc¢heduled™
EXPOSURE RATE REPORTS and EXPO-
SURE REPORTS, plus SPECIAIF RE-

; ol

’

/M?aqd exposure rate reports will also be

L3 ~

PORTS whenevera declining rate-trend is
reversed and there is a rapid increase.

s
P o

__NOTE o

-For the monitoring station, and for all
levels,the time before fallout arrives is
a time of intense activity. Not a mmo-
ment should be los} by RADEF person-
nel between d¥rival at assigned loca-

tions and performance of all prescribed
readiness actions.

-

X "12.11 Shelter monitoring activities.—

" After checking his equipment, the shelter
monitor will make an operational readi-
ness report to the shelter manager (who,
in turn, will report that fact to the EOC).
The shelter monitors will measure and
report to the shelter manager the daily
cumulative exposure of shelter occupants.
This in-shelter exposure will be reported
to the EOC if it exceeds 75 R. Should this
be exceeded during the first two days in
shelter, or should the exposure rate ex-
ceed 10 R/hr, an EMERGENCY REPORT
should be sent to the EOC requesting ad-
-vice. The shelter monitor will also report
to the shelter manager as to the daily
exposure rate. Should any occupied area of

- the shelter be rec¢iving a rate of 2 R/hr or
more, the monitor will'report on the expo-
sure rates within various areas of the
shelter so that the manager may move
shelter occupants to safer positions in the
sheJteT. The shelter may also be desig-
nated as 4 station in the reg'ulaxl monitor-
ing networle<m which instance the opera- .
tionsm in paragraph 12.10 will -

* also be performed.

A

12.12 The local emergency operating
center—Local emergency operating cen-
- ters first determine that monitoring sta-
tions are in a state of operational readi-
ness. Subsequently, the local EOC’s will
receive reports from these monitoring sta-
tions and shelters and will transmit sum-
mary-type data to the State EOC. In addi-
tion, and as previously agreed upon, this
data can be mdde available to neighboring
EOC’s. The réports to the State EOC will
include flash reports made upon their re-
ceipt‘from any of the monit%ring stations
within the network of the local EOC. Expo-

165
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made in summary form-to the State EOC
as determined by the State Civil Prepared-
nes$ Plan. The exposure rate report will
include atypical exposure rate if the area
within the jurisdiction of the local EOC is
small. The local EOC's will also report the
accumulated unsheltered exposure at
least once each day to the State EOC. It
should be noted that the term “local EOC”
is used here to designate the operating
echelon or echelons between the monitor-
ing statio and the State EOC. (A very
laxge city may have Jocal area EOC’s ¢and-
~r~w1ched' in between the stations and the
local EOC’s) In addition, some States may
have county EOC’s between the local and ~
~ _State. EQQ.s‘“Tbﬁese various EOC’S may
report to a sﬂ)'S‘tate EOC depending on
the State’ sgeography and population.

12. 13 The State Emergency Operating
Center.—This is the command level for
each State’s Civil Preparedness organiza-
tion. The State EOC receives reports from
local, local area, county and/or sub-State
EOC’s within the State and- will, in turn,
send to the approprlate NCPA regional
office flash reports summarizing the
spread of fallout across the State as well
as exposure rate analyses. The State EOC
will also send selected flash reports as
appropriate.to the local EOC to alert them

_ _of approaching fallout and exposure rate
reports to advise local centers of exposure
rates in neighboring communities. Neigh-
boring States, in addition, and Canadian
provinces can also be sent flash reports
and exposure rate analyses by the State
EOC. State EOC’s ar% tied into a national

RADEF system through the DCPA re-
gions to which they report.

12.14 In addition to collecting and re-
porting data, RADEF-Offieers at the State
(sometimes sub-State) level have jthe re-
sponsibility of providing the data for fal-
lout warning and other fallout advisories
issued to the general populace by the Gov-
ernor or other properly, designated civil
authority. There are many possible types
of advisories which could be issued de-
pending upon local conditions.

EMERGENCY OPERATING CENTER
PERSONNEL

12.15 Communities over 500 population,
State and county governments, and cer-
tain field installations of Federal agencies
require other radiological defense person-
nel in addition to monitors. These are the
RADEF Officers, Assistant RADEF Offi-
cers, Plotters, and -Analysts-tocated at~
EOC’s. Their functions were summarized
in paragraphs 12.5 to 12.97A§ 4 Fuile, Tural”
areas will need only monitors. The number
of Assistant Radiological Defense Officers
will depend on community size. Large ci-
ties will require several, while small com-
munities may require none.

12.16 A suggested guide to the number
of Analysts and .Plotters for communities
of various sizes.is shown in Figure 12.16. A
Radiological Defense Officer can “double
in brass,” filling in for a variety of RADEF ~
personnel where no other individual is
availahle to perform the particular func-
4ion.

A,_

T

popuLATION | PLOTTERS |ANALYST STS
Under 2,500 1 1
. 2,500 to 25,000 1 1
. : 25,000 to 250,000 4 2
, | over250,000 6 3
- FIGURE 12.16 —Requirements guide pl,o{ters and analysts
)
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linked into a well organized and extensive
This is a “one-way street,” however, reporting system, running up through the
because‘an anal 3ti', or example, CAN- sub-State and State organization all the
NOT pewfomn i e‘){nctions of @ Ra- - ‘way to-the national center. It is vital that
diological Defense Offider unless he 1S the data produced at each level should
@ Radiological Defense Officer. ’ support the higher levels, Also, data must
be consistent between and among report-
ing levels. No correct ‘conclusions can be

A REPOR“_NG NETWORK drawn from data that employ different

12:17 The monitoring stations must be  units of measurement or time bases.
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CHAPTER 13

’

RADEF PLANNING

In a church in Caracas, Venezuela, a
. pickpocket, hoping to stir up some excite-

" ment, during -which he could work more
eaj’y, shouted “Fire.” There was no fire
but the congregation stampeded anyway.
When the screaming mob finally burst out
of the church, many huddled forms were
left behind, trampled and broken. Fifty-

" three of them, including 22 children, would
never discover that there was no fire.

After the Titanic smash“é?l’ against an
iceberg a Mrs. Dickinson Bishop left $11,-
000 in jewelry behind in her stateroom,
but asked her husband to dash back to
pick up a forgotten muff. Another passen-
ger on the sinking vessel, Major Arthur
Peuchen, grabbed three oranges and a
good-luck pin, overlooking $300,000 in se-
curities he had in his cabin. Still another
passenger carried into the lifeboat nothing
but a musical toy pig. .

There are countless cases of persons
who in their haste to escape hotel fires,
jump from upper story windows located
just é few feet from a fire escape.

The cause of this strange and illogical
behavior is panic and the cure is planning.
The major objective of this chapter is to

describe the importance of planning to

effective Radiological Deféense. .

THE EXPERIMENTAL EVIDENCE

131 In a series of 42 Varyin
ments with from 15 to 21 subje
psychologigt Alexander Mintz clearly
showed the wide difference between
planned and unplanned’ behavior in a pe-
riod of stress. The experimental situation

“ congisted “of a"large glass bottle with a

experi-

narrow mouth. Inserted in this bottle were

a number of aluminum cones. These cones

were attached to strings each .of which,

Q \

ts, the AN

was held by one of the participants in the
experiment. The idéa, of course, was to
pull the cones out of the bottle. When
conditions such as we might have during a
sudden emergency arose and there was
“every man for himself”, traffic jams oc-
curred. Sometimes but one or two cones
were jerked free before the rest were
hopelessly snarled. .

But, when the participants were given
time for prior consultation and planning,
there were no trafﬁc jams. In one instance
all the cones were removed in under, 10
seconds.*

13.2 But what happens when there are
no plans? We saw the experimental evi-
dence. Cones get jammed. Strings get
twisted. The evidence of real life is just as
simply stated: people get killed and in-
jured; property gets destroyed. It is said
that casualty statistics are people with the
tears wiped off. Let’s look behind the sta-
tistics and examine a few of the legion of
tearful stories.

THEY HAD NO PLANS

13.3 A bustling. city of -30,000 was lo-
cated at the point where two swift streams
met. The city was built along the low river
banks, surrounded by .steep hills. As a
result of this situation, the lower part of
the city suffered from floods every spring.

13.4 Upstreant was a huge dam, origi-
nally built to store water for a cdnal but
progress made the canal uneconomical, so
it was abandoned and maintenance halted
on the dam. Gradually the dam deterio-
rated. Water seeped out in a hundred pla-
ces and within a few years the water level

_ had dropped to half.-When a small break

' Non-Adaptive Group Behavior, Alexander Mintz, Readings in Sociai
Psychoiogy. p. 190-195, Hehry Holt & Co New York, 1952
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otcurred, the water level was low and only
part of the city was flooded. oL
13.5 Subsequently, a hunting and fish-
“ing club leased the dam and the Jake it
impounded. The club tried to repair the

. dam. Their work seemed sound. But into -

the break had been dumped tree stumps,
sand, leaves, straw and other debris. Later
on, heavy rains caused many leaks in the
dam and floods in the city.
13.6 Finally, there was an even heavier
- rainfall. After six-inches of rain, the water
level in the dam rose rapjdly. Crews hired
- by the hunting and fishing club worked to
repair the leaks but the-rising waters kept
eating away at the rotten structure.

13.7 Finally, a civil engineer inspected”

the dam. He realized it would not hold and
tried to get word to the city below. There
. were no telephones and the storms had
downed the telegraph wires. Word did not
get through. Meanwhile, the workers
watched in horror as the waters began to

roar over the top-of the dam racing for the
‘city, 12 miles away and 400 feet Jower in .

evaation.

" 13.8 A half milliog cubic feet of water
rushed through that breach ,picRing up on
the way trees, houses, boulders.. When it
reached. the city it 'was a wall 30 feet high
moving at 20 miles an hour. The result:
annihilation! The city was destroyed, and
2,000 people lost their lives in an instant of
terror. ’

13.9 But the disaster 'need never have
happened had the warnings of the dam
itself been heeded during the preceding
quarter century. Even if no efforts had
been made to remove the cause—the ob-
viously unsound condition of the dam—it
seems unbelievable that no one planned
for a possible serious break, and no one
planned a warning system.

AND STILL NO PLANS

13.10 But we need not go all the way
back to the Johnstown flood to see the
effect of lack of planning. The greatest
manmade disaster in recent American
history-is replete with examples of lack of
planning, from its beginnings in the hold
of a ship in Galveston Bay to its end a few

oy

hours later in a devastated city, ravaged *

to the tune of 552 dead, 3,000 injured and
maimed and over $50,000,000 in propertx
damage.

13.11 It all began with a few wigps of
smoke from the cargo of fertilizer carried
on board the SS Grandecamp. A crewman
investigated, but even after shifting sev-
eral bags of the fertilizer, he could find
nothing. He tried throwing buckets of
wate xe. No
effect? Next he tried a fire extinguisher.
Still no effect. So he called for:a fire-hose,
‘But the foreman objected. Hosing down

. the-cargo would ruin it. The Captain or-

dered the hatches battened down and the

“turning on of the steam jets. Turning on
steam to fight fires is standard marine
firefighting practice, and has been for
years. But thig fertilizer was ammonium
nitrate, which, when hea%ed to about 350
degrees Fahrenheit, becomes a high explo-
sive.

« 13.12 Someone should have known how
to deal with this explosive fertilizer. Some-

one should have made plans for putting out .

a possible fire in or near the nitrate. But

in the, direction of the smoke. No

no one had. And so, at 12 minutes after 9 .
on the morning of April 16, 1947, the 10,- .

419-top Grandcamp and all those aboard
were blown to bits. The explosion, caleu-
lated as equivalent to 250 five-ton block-

busters (1.25 kilotons) going off at once,.

dropped 800-pound pieces of the Grand-
camp 3 miles away. FPwo sm I planes,
flying at about 1,000 feet above the harbor
disintegrated from the tremendous con-
cussion. The blast swept across the com-
plex of oil refineries'and chemica] plants,
smashing them flat and setting off other
explosions and fires, -

13.13 As a result of this explosion and
the later and even more viclent blast from
another ammonium nitrate Jaden ship, the
SS High Flyer, chaos reigned in Texas
City. Though the citizens of the city
worked with courage and initiative to help
the injured, for the first few hours their
work was uncoordinated. '

13.14 There was no disaster plan, \ '

13.15 The head of the Texas City disas-
ter organization is quoted as saying: “We
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had an organization, but it was designed
.for hurricane. We weren’t prepared for
anything like this. In a hurricane, you
have some warning and you can get your
organization ready. But we had no warn-
ing in this, and our organization was scat-
tered all over town. And do you know what
happened at our meeting to develop a dis-
aster organization just 3 weeks before the

—exploston? People pooh-poohed the idea!”*

-~--MORE. LACK_OF PLANNING .

.

13.16 On September 5, 1934, the SS
Morro Castle steamed out of Havana har-
bor. A seagoing hotel, the ship was
crammed with passengers heading back to
New Yor§ after a Garjbbean vacation. The
ship was equipped with all-the latest
eduipment to detect, confin
guish fires.

18.17 Captain Wilmott was confident in
the fire safety of his ship. But 2 days later
he was dead of a heart attack and his
second in command had scarcely gotten
accustomed to being Captain when a deck
night watchman reported a fire.

13.18 After investigating, a belated
alarm was sounded and the crew tried to
put out the fire. The ship was equipped
with fire doors which, if shut in time,
might have kept the fire from spreading
past the point af origin.

13.19 But ng one had been asszgned to
cloge the fire doors.

13.20 This, and other ev1dence of seri-
ous planning deficiencies, caused the Act-
ing Captain and Chief Engineer to be sent-
enced to prison for incompetence and ne-
glect of duty (they were later cleared by a
higher court) and the steamship line was
fined $15,000 for failure to enforce safety
regulations and for placing urqualified

and extin-

personnel in charge of the ship. The final -

cost was 134 dead and $4,800,000 property
loss.
ANOTHER CATASTROPHE

13.21 Or take the case of the former
French liner I\V'ormandje. The lack of plan-

*Quoted in THE FACE OF DISASTER, Donald Robinson. p. 130,

DOu{)ledly & Co., New York. 1959,

¢

ning is summed up in a straight-from-the-
shoulder report of the National Fire Pro-
tection Association:

“The fire-spreading conditions aboard
this vessel had been allowed to become
so bad during the execution of a $4,000,-
000 conversion contract that a wayward
spark from a cutting tool, inexcusably
landing in a kapok life preserver, was
sufficient to culminate in the total de-
struction of an wuninsured $53,000,000
ship. Because although-the incipient
outbreak started in broad daylight un-
der the eyes of 1,750 employees of the
contractor—plus another 1,650 Navy,
Coast Guard and subcontractor person-
nel—not one of them had the rudimen-
tary training required to stop the
thing—or even the wit to promptly call
in somebody with the training. By the
time,.the fire department was sum-
moned, the blaze had advanced so far
that a fifth alarm was required, putting
to work more apparatus than is owned
by cities the size of St. Paul, Minn., or
Toledo, Ohio.”

‘A FINAL TRAGEDY
13.22 Finally, there was the Coconut

Fan

Grove fire. . » £

13.28 The Coconut Grove was many’
things. It was a fire trap infested with
safety violations (for which the owner was
later sentenced to prison for from 12 to 15
years). I# was the last hour for 450 per-
sons. It was also an example of lack of
planning, from the major, exit door that
opened inward (where some 100 bodies
were found jammed), to the narrow stair-
ways, to the inflammable decorations,
even to the lack of planning in sending the
vietims to hospitals.

13.24  Boston’s City Hospital received

129 fire victims, thus greatly overloading

" its facilities. Massachusetts General Hos-

pital received only 39 and could have han-
dled many more. Thirty other victims were

distributed among 10 other civilian hospi- -

tals. Seventy-eight percent were sent to
City Hospital simply because that is where
accident vietims usually were sent.

13.256 No one planned for the dlsaster

1 7’4 - ,
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when masses of people would simyltane-
ously, become the victims of aceident.

- ~THEY HAD PLANS- -~ - e

13.26 When an exploding ammunition
_ship faced South Amboy, N.J., with the
same situation as Texas City, the mayor
had a disaster plan ajl set to go. Immedi-
ately the rescue operation went into high
gear.

13.27 Menﬁknew where they were sup-

Apgs'e‘,d to g_q;and_they-»went there-Off-duty *

police were automatically called in. Road
blocks controlled traffic keeping the sight-
seers out and lettiné relief supplies in.
Liaison was established, per plan, with the
State Police and the National Guard.
13.28 The property destruction at
South Amboy was nearly as great as at
Texas City ($36,000,000) but the loss of life
‘was far less (31 dead). -

PLANNING PAYS OFF

13.29 In what was termed “the most
successful exercise . . . ever heard of in
the United States”, some 200,00¢ people
evacuatéd low lying areas on the Texas
coast to avoid hurricane Carla. s

13.30 The sucecess and smooth function-
ing of this gigantic movement had many
reasons. According to the Gov\ernor, of
Texas, “The success of evacuation was the
result of careful planning which began 10
years ago in the Governor’s office when its
Division of Defense and Disaster Relief
was set ap.” A Red Cross official added,
“. .. crities said the Government was
pouring money down a rathole (for plan-
ning). It wasn’t—it was this plan we were
able to use. The State has a CD plan and
made the plan work—that is why we were
able to do so much”, .

13.31° The head of the Texas Depart-
ment of Public Safety, when asked why
the operation had been such a resounding
Success, answered, “Why? It was done be-
cause of preplanning and training”. A
county judge added, “Let people know the
value of preplanning”. In Louisiana, the

- Lake Charles Civil Defense Office stated
that, “The biggest lesson of Carla was that

~

“all of the af
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ut into some 3 or 4 years
of intense £raining and planning paid off. -
When it was needed, the organization was

“ready to rollit was only a matter of
-fP A )

calling the sta
.the job.”

together and giving them

EMERGENCY VERSUS CATASTROPHE

13.32 Despite differences in dictionary -
definitions, often the only real difference
between an emergency and a catastrophe

i S—prio'rplannz'n:g.

13.33 Perhaps the best concrete exam-
-ple is the damage control system used by
all major modern navies. Naval combat
ships are not designed from the standpoint
of wishful thinking——optimistically, hoping
that there will be no hits and do_damage.
Rather, naval vessels are designed with
the point of view th%t the ship that can
take the most’punishment and still fight
on is the ship that will survive and win
victory. Hence, naval combat vessels have
elaborate, but very practical, damage
control systems. These systems include
watertight compartments of various sizes,
provisions for pumping, for counter-flood-

.ing to restore balance, of standby and

auxiliary power, intensive training and ef-
fective organization of the crew, and many
other features. All these are the result of
the analysis of thousands of accidents at
sea, naval engagements, and just plain
hard, logical thinking. Thus, when a ship
slides down the ways it is the product- of
countless plans, not the last of which is
planning to keep an emergency from turn-
ing into a disaster.

. !

AN IMPORTANT LESSON -

13.34 You might well wonder what the
preceding paragraphs have to do with ra-
diological defense planning as such. How
does the Morro Castle, the Coconut Grove,
our Navy’s damage control systems, or
Johnstown, Pennsylvania, relate to the
problems of planning for éivil prepared-
ness; what do the explosive qualities of

ammonium nitrate have to do with de-

’Quotes from Department of Defense, Office of Civil Defense, Hurn.
cane Carla p 93 Superintendent of Documents, U.S. Government
Printing Office; Washington, D.C.
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fense against .or recovery from nuclear
attack? The answer 1s both simple and
loglcal -

"7 ™335 The cases which have been docu-

-

mented above all serve as illustrations of a
single, vital truth. Namely, planning con-
sists of a two-pronged approach to a poten-
tial problem area which can be summa-
rized as!?

1. LOGICAL ASSUMPTIONS
2. PRACTICAL ANSWERS

This is no less the case for radiological
defense planning than for any other type.
The sole purpose-of the preceding para-
graphs has been to “set the stage” along
these lines for our consideration of
RADEF planning which will follow.

RADIOLOGICAL DEFENSE PLANNING

13.36 In the previous chapter, we took
a"level-by-level look at the operations of
thHe RADEF organization from the basic

monitoring station on up to the_State
- emergency”opérating tenter. We will fol-

‘low this same procedure in this chapter
but, first,-some general comments on
RADEF planning are in order.

WHERE DOES PLANNING ORIGINATE?

13.37 Though there is obviously a need
for careful planning in RADEF, most peo-
.ple are aware that. this does not mean
these plans can be finalized in Washington

-

and shipped out to the States and local.

ecommunities to adopt and put into effect.
On the contrary, with a country, as diverse
as the United States, a plan worked pout

. *. for Chicago_or New York will not be [the

-

same, indeed -should not be the same, as a
plan - devised for a farm community or a

seacoast area. An understanding of the -

wide diversity of the United States is be-
hind the establishment of a Federal sys-
tem of government by the Founding Fath-
ers. They knew that differing situations
required different methods. This is also
- true in RADEF, for at the various levels of
. govegnment, state; county and local, some
. radiological defense functions are similar,
Sane are materially different and the em-

phasis on a given function may approprl-

ately vary from level to level.
!

- Pl:ANN|NG'~RESPON§IB|I.IT~Y RESTS ON-

GOVERNMENT AT ALL LEVELS

13.38 At the community or urban level,
detailed and current radiological intelli-
gence would be essential for warning and
directing the protective action to be taken
by the local populace as-well as for control
of radiation exposure to personnel per-
forming locally directed emergency and
recovery functions as called for in the
complete ‘Civil Preparedness plan.

13.39 At the higher levels of govern-
ment, there is increasing responsibility for
planning, coordinating, and, as necessary,
directing protective, remedial and recov-
ery actions and programs beyond the ca-
pabilities of the individual communities.

In order to perform such RADEF func-'

tions within the framework of the overall
plan, the State, county or local level needs
areawide intelligence which is dependent
upon reliablé mdnitoring and reporting.
13.40 Each State has the major respon-
sibility for planning, development and im-
~plementation of Civil Preparedness pro-
grams, and intrastate administration of
Federal assistance for development of
,emergency operation capabilities at local
to State levels.

13.41 Although the State plan need not
present complete detail of all purely local
radiological defense operations, local capa-
bility is a prime requisite for successful
statewide operations and must be pro:
vided for as a part of the 'more basic State
plan. Having a State plan is, alone, just
not enough.

NOTE

Don’t forget: The primary responsibil-
ity for Civil Preparedness planning,
and therefore RADEF, rests with the
primary legal authonty for whatever -
government unit is involved. -

13.42 Once again, planning is the re-
_spon51b111ty of the Coorxdinator of C1v1l Pre-
paredness at”each Jevel. In*large or com-

A,
plex jurisdictions, a special plZnning
group1m1ght be established to assist the
My .
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direéctor in making the plan. This special
group should \worki with him (or his dep:
uty). The members of such a group gener-
ally should be relieved from all, or many,
of their other duties to give major time

and attention to planning. ~
‘ A -
NOTE

When authenticated by the proper offi- -
cial, acting within the legal purview of
his. authority, the Civil Preparedness

;)perational plan bears the full force of
aw. ’

13.43 Remember, a sound planning cyf
cle is a continuous planning cycle. There
are excellent reasons for this.

'
»

NO PLAN WILL EVER BE COMPLETE OR
FINAL

13.44 Many wars have been lost be-
cause generals learned their lessons too
well and formed their plans too firmly. The
lessons they learned were from the pre-
vious war. They analyzed the tactics, they
studied the success and defeats, the ad-
vances and retreats. They would never
"make those mistakes. And'they never did.
They made new mistakes because, while
learning their lessons, and building plans
on the basis of those lessons, the world
was changing. New methods were appear-

ing. Thus, the French army in World War °

I, learning well the lessons of the previous

Franco-Prussian War, determined to at-

tack, attack, always attack. Unfortu-

nately, the introduction of machine guns,

barbed wire, heavy artillery, and other
new weapons gave the advantage to the

defenge. When the pride of France broke

- against’ the German defensés in Alsace- °
Lorraine, the war then passed into .a

phase dictated not by, old plans but by new

weapons. Thousands of lives were lost to

gain-a few yards of soil. Any lessons based
on the early phase of World War I would

equally have been incorrect during World

War II, for the tank, self-propelled artil-

ler;, and parachute troops gave the initia-

tive once again to the attack.

- 13.45- Yesterday’s plans often do not fit

today’s/ problems, and. those who will not

lift their eyes from th plans t9 take a

.

5 . ‘ 1™ :
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hard look at reality may be doomed to face
disaster.

113.46 Anyone could produce a plan, for
example to counfer the Texas City disas-
ter now that it is history. The real trick
would have been to plan for it before it
happened as was done in South Amboy.

4

NOTE

Remember, the, difference between
emergency and castastrophe is plan-
ning! .

. PR PO

MONITORING STATION PLANNING

13.47-If Mr. Jones, newly appointed

RADETF Officer for thé town of Anywhere,
UsS.A., were to address himself to the
question of planning for the monitoring
network which he feels is necessary to
" support hjs radiological defense effort, the
logical starting point might well be, taken
as the determination, in view-of popula-
tion and geography, of the total number-of
,radiological monitoring stations he will re- .
quire. This may be logical but it is also
wrong! The correct starting point would
be a careful perusal of RADEF plans al-
ready in existence for his city or his coun-
try or even his State. .

.13.48 FEYvery State has an emergency op-
erations plan already in ewistence. Some
plans are better than others and, logically,
some RADEF annexes to these plans are
more complete than others. But, in any
event, before Mr. Jones does any planning,
he should check to see how mych planning .
has already been done. If he disagrees
with the plan, he has just discovered his
real starting, point for building up a.-
FADEF capability for the town: of Any-
where, U.S.A:

13.49 But suppose, forthe sake of argu-
ment, Mr. Jones found a well-conceived
RADEF annex to his existing area Civil_
Preparedness plan, one which spelled out
requirements, locations, numbers of moni-
tors and so forth in'complete and correct
detail.-Suppose, further that he inherited
a going monitor instruction program, had
all -the equipment’ he required-and had a
lorfg waiting list of people begging him for
a chance to be radiological monitors. Give

-
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. him his full queta of monitoring statfions,
"all with a protection factor of 100" plus
twoway radios a¥ well as telephones.
.Would it be possnble for him to still have a
monitoring station problem in the midst of
" all this pTenty" ;

13.50 The answer, of course, is yes He_
would have a very definite problem in~
spite of,all the RADEF assists spelled out

. above if he could. npt point to at least one
more plus feature, that of a funectionin
program of instrument maintenang€, re-
pair and calibration. His other eAviable
RADEF assets would not count $6r much
in an emergency if only, say
mowitoring equipment could be .either op-
erated or relied upen.

_SHELTER MONITORING PLANNING .

13.51 Anywhere, U.S.A,, has a suffi-
_cient number of .public shelters and the
most marginal protection factor in any one

_ of them is at least 100. Adequate equip-
ment is available and already in ‘place in
each shelter to permit it to perform its
self-protecting monitoring function. Mr.
Jonés was pleased when he learned this,
. but he was doubly pleased when he also
., learned that there was no personnel re-
. quirement for monitors, every shelter had
. its full quota. Now, perhaps, he can move
to one of his other RADEF problem areas?
13.52 If he does -move away from shel:

ter monitoring at this point, he could be
makmg a very big mlstake The availabil-

ity of d facility, the required equipment
and the personnel to operate it are all
.essential ingredients to a RADEF capabil-

Ity, true enough but they are not suffi-
cient to guarantee it. A fourth factor is

-

> Treqhireg, an all-important factor, and that
~is draining.
13.563 ut let’s say that Mr. Jones in-

vestigates and finds that his local plan
calls for a systematic series of field exer-
cises on a regular basis. One exercise se-
" ries has just concluded and every single

demonstrated a firm grdsp of reporting
requirements. Surely, this would mdlcate
that training is malntalned at an ade-
quate leyel.

Q . >

Y% Of his 7

monitor passed with flying colors. They °

8!

o . >
1354 Yes, it does, but only if Mr. Jones
wants $o ignore the potential need for
_performing tasks outside shelters, We can
‘be reasonably sure he won’t, though be-
cause he recognizes there is more to moni- |
. toring than just taking readings and.re-
portmg them. We can rest assured that
= QurL Mr _Jones will see to it that his plan
promdes for adequate and continuous dis-
semmatlon of such_important instruction.

EMERGFNCY bPERATING CENTER

PLANNING *
LOCAL Anu‘?
13.55 By the time he began to review or
prepare the portion of the local plan which
deals with his own EOG, Mr. Jonés had
learned quite a few lessons about notTeav-
ing anything to chance. He approached
_this task carefully and thoughtfully, mak-
ing certain, first f)f all, that the selected
facility was adequate both from the stand-
point of sufficient space as well _as suffi-
cient spage for the'display of RADEF data.

13 56 Further, he made sure tifat there
would be provision for an adequate staff of °
plotters and analysts as well as communi-
cation personnel, When he realized that
these people had to be trained, provided
with forms, penan? paper, pencil sharpe-
ners, food water, ete., ete, he began to
worry about the.size of the Job which faced
him as RADEF Officer..

13.57 One night he sat bolt upright in
bed with the shocked .realization that al-
though he had taken care of all of these
Jmany items in his EOC planning, he did
not know the protection'factor of the

_ bulldmg which would house the center!

13.58 'He had, he realized, just taken ;
the appearance of the building at its face + .
value and assumed thatyits protection fac-:
tor would be ‘satisfactory. He recognized
the enormity of his mistake immediately
and lost no time the next day before ask-
ing and learning that the protection factor
was more than adequate (much to his re-
lief).

13.59 But he d1d not recognize his re
mistake until it was pointed out by his
wife when he told her what had happened,
or rather, what could have happened.

1175
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“Gévrge,” she said, “it’s simple. You need
an assistant and that’s all there is to it!”
She was right, of course, because George

~Jones had made a very human mistake,
one which is not confined to the ¥anks of
Radiological Defense Officers either. He
had simply failed 'to notice the point at
which he was “spreading himself too thin”
and his RADEF plan encompassed more
area than one man could handle.

PR
............

13.60 While in the State capital on a
business trip, George Jones dropped in on
the State Radiologica] Defense Officer to

= = renéw ‘theif acquaintance and in .the

course of their conversation told him how
‘well Fred Green, the new Assistant
RADEF Officer for Anywhere, U.S.A,, was
working out in the job. He mentioned the
series of events which had led to the ap-
" pointment and was intrigued to hear the
expression, “unmanageable span of con-
trol,” uted' in reference to his problen7.

L

* 1361 It was an exceptionally apt de-
seription, he concluded as-he drove home
thaf, evening, and.this set-him to thinking

- in terms of the-span of control of his own

. local RADEF organization. He had dis-
" cussed “span of control” (akhough not in
such a precise term) sufficiently with Fred

, Green to assure himself that it -did not

epresent a problem to their organization.

"this comfortable situation might not .be
true of the County Emergency Operating
Center to which his organization reported.
He decided to look into the matter further
at his,earliest opportunity. " .

" 13.62° Three mofiths later, the Any-
wheke, U.S.A,, Emergency Operating Cen-

ter was duly. entered in the State' Civil
Defense Plan and all other supporting doc-

" iménts. George’s suspicion had.proved to

be correct, something that the County

- Civil Preparedness Coordinator had been
thinking of himself for some time. He had

‘ recognized-that the analysis -load thrown
" - * o his'own RADEF organization would
. “simply be too large to handle if-an emer-

. 7. - .géncy shibild occur during the evening
- -houts, & tithe when the bulk of tge popula-

|

—

-As he turngd into his driveway, however, _
- he was struck by the sudden thought that

into a-series of small suburban communi: )
“ties,-each with its-own little EOC: o
13.63 /In'explairiing"- his situation to
George Jones, he ruefully acknowledged
that all initial planning had been based on
the concept of a daytime emergency and
for many months no one.had thought to ex-
amine the county RADEF setup in terms
of how it would functfon in the ev'éning
hours. He went on to point out that the
mistake had been uncovered, interestingly
enough, throdgh the reappraisal of appar-

ently ingdequate means of alerting certain.........

key operating personnel during the eve-
ning hours. This had led, in turn, to the
interesting discovery that a surprising
number of his volunteers had accepted
equivalent assignments in their own home
communities, some of which were as far as
twenty-eight miles away from ‘the county
seat. The County Coordinator 'acknowi-
edged that all of these people had advised . .
his| office of their decisiori and, further, \
that his office ‘had complete récords of
these facts. When his secretary had cas-
ually mentioned that they seemed to be-in
for a rough time if an emergency should
ever, start in the evening, though, he $ud-
denly realized that his, fine daytime

RADEF organization would be a desper- -

ately overworked g f it ever had.to
-commence functioning during the night. ~

13.64 Aé he worked with George Jones
on the new plans which called_for several
of the newer local EOC’s to report to t})e
Angwhere, U.S.A., Area Emergency Oper-
ating Center rather than to the County
EOC, the phrase; “refuce the span of con-
trol to .manageable propgrtions,” was
heard over and ovkr again because it is
such an apt expressibn of the purpose of -
an area EOC. -

13.65 George Jofies realized, that the

- 'work he had done with the County Coordi-

nator would be extremely worthwhile for
the county as a whole eve though. it]
meant that his own RADEF organization
was-taking on a substantial added respoh-

* sibility in receiving,-gnalyzing,’summari%- -

ing and reporting the additional data-
which the several Tocal operating centers. -
would be sending in. In view_of .the

-tion'in the county had redistribyted itself ¢hanged situation, he knew that his own,
A - . ) /4‘(,» :f_:’ s o - . 1- a0 e el h e T Y -
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personal span of control and Fred Green's
as well had both been stretched past the
danger point and something would have to

. be done about it. He and Fred would havd
to review their entire tables of organiza-
tion as well as all their®nitial planning
concepts. Unddubtedly, at least oneinew
assistant would be required, perhaps even
two. ““One thing is certain,” thought
Gegrge Jones, “if I have to make mistakes
in this RADEF work, at least I'm going to
make new mistakes!”

_____ .13.66 .The County~Coord1nator reflected

that the new plans growing out of his
efforts with George Jones were a big help
in more ways than one. Now he had more
time to devote to an item which- he had
never felt was all it should be, specifically,

the county's radiological monitoring net-"

work. There was a .perfectly adequate
number and distribution of urban monitor-
ing stations, true enough, but he was not
completely satisfied with his setup in rural
and|mobile monitoring. After all, the prob-
lems of a county EOC could be consider-
ably more complex than those of a local
EOC in that county-type RADEF prob-
lems had to be approached from the stand-
point of area as well as population. Al-

though this could be true for a local EOCTE™ the bridge itself. He was rfminded of &~

avas always true for a county EOC. -

* 13,67 The miore kf—though”t about it, the
more the County’ “Coordinator was con-
vinced.that a county EOC was:practically
a State ‘EOC on a smaller scale.

13.68 He was certain, fo;instance, that
the State Civil Preparedness organization
had an easier time with maps than he did
becguse the Highway Department had
co lete up-to -the-minute information on
evety road in the State, all new ¢onstrue-
tion, road cond{txons, etc., ete. As a matter
of fact, the “County vaasmn Office of the
nghWay Department (whlch was located

: Just down-the hall from his own- office) was
*‘ the proud'possessor ‘f one of those master

" mhaps that the State used in its highway

anaintenanée and construction program, It |

was a real beauty, showed everythmg ‘that
- anyone could‘posmbly want to know about

roads in the State. An@ it was so miie

better than the mapg! that! he p,hd ”}ns

O ile monitors were, st g. S «
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13.69 ‘‘Just a4 minute!” he thought,
“Why not uge that big camera over in our
County Records Section and make copies
of their map for ourselves?

13.70 The more. he thought about the
idea, the better he liked it. In the first
place, there simply wasn't any better map
available anywhere, either in or out of the
State. Second, he ticked off, it will be
maintained by an outside ofganization
and every time a major change occurs, a
riew set-of maps can be produced in just a
very few minutues. Third, he realized, it
would be an invaluable addition to the
resources of, his operations center. He de-
cided to lose no time in putting his plan
into effect.

18.71 When the first copies of the State
Highway Departm#nt’'s map were deliv-
ered to his office, the County Coordinator
lost no time in looking them over. He
decided that the quality of reproduction
was very good, that the maps would fill his
requirement perfectly. Inspecting the
maps a little more closely, he noticed that
the ‘'span of roads which would connect
with the new bridge to be built in a neigh-
boring county were just about complete,
even though work kad notG(u begun on

conversation he’d had with George Jones a
few days before in which George had been
télling him what a boon the new bridge
would be. George, had mentioned that his
delivery trucks had a choice whenever
they had a stop to make in the next
county. They could drive fen miles upriver
on a road that was only fair to get to the
clogest bridge or they could dnve elghﬁeen
mi {ij downriver on a very good road 'and
make their crossover there. The new
bridge couldn’t go up too svon, as far as
C{eorge Jones was concerned. )

13.72 A suclden thought hit the Count{y
Coordlnator ‘

18.73 He never could ‘think about
Geprge Jones very much without also
thlnkmg about mspan of control” which
always led hlm, in turn, to consider
~ George's area ‘EOC and how well the plan

was working out in actual practice. The.

words, “area EOC” and the fact that he
had Just been thinking’ about lgls mobile

/Iso L
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monitoring a few seconds before were the
two things that sparked his idea.  He
looked at the map once more. There it was!

13.74 If George, Jones’ trucks had to

Coord$mator of the next.county!

13.75 “But if the area on our side of the
river, were to be monitored by our owh
teams,” he mused, +‘then our neighbors
-wouldn’t. have to make those long trips
just to get across the river. We'ré already
across the rjver as far as they are con-

. cerned. Why! couldn’t we take this.area
over and monitor it for them? ¥ we. did

only a fraction of the radiation exposure
which their crews would be getting!”

.. ’ .r

13.76 Little did the County Coordina-
tor, reglize that his idea would profuce
‘the first sub-state EOC in his state and,
further, that his own county EOE would
beconie it! He couldysee the basic reason-
ing behind the move, however, once it had
.been explained to him because, after all,
_..~1€ Would be taking bver just about half of
" the area monitoring work of the neighbor-
ing county and so might as well take-over

a little skeptical about the manpower re-
o quirements represented by the new re-
sponsibility, but was plegsantly surprised
fo learn that he would be getting a boost '
- from the State'EOC in the training of -
w o, .additional monitors because the State cen.
o ter expected to have'himWf
* ’ tional area responsibilities as soon: as
. . ° wasorganized to handle them. y
13.77 “One!lésson I’'ve-learned from
this,” he told.George Jones when deserib-
.. ing'the new RADEF plan to him later on,
" “is that you never ¢ really fo‘%e"t about
" - that ‘span of control’ {idea that you were
" the first to point out t me, Even though
this latest move had is beginning idea
ccompletely outside such|a concept, it was
still a case of reducing the span of control-
to manageable proportions, at least so far
as the State®0C was concerned.”

v

“
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travel either ten orleighteen miles to‘eross:
, the rivér, why thén so would the mobile
monitoring teams sent out by the County -

take over, our crews would be receiving -

aréa RADEF control as ‘well. He had been
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13.78 Spme weeks later, the State Ra-
.diological Defense Officer dropped~in on
= the County Coordinator to see how his new
Substate [EOC planning was shaping up.
He was, of course, particularly i terested
in any RADEF developments which might
‘be of use to him in his role of RADEF _
advisor to other EOC’s ,within the State.
He didn’t really expect to pick up anything
~ so far as his own operation in the State
- EOC was concerned because, after all, it
had beep a going concern for at least 2
years akd a great deal of time and talent
had been devoted to méking it so.

13.79 * As the County Coordinator was
showing him the new setup, he noticed two
‘transparent plastic panéls which had been
vertically mounted on sturdy pairs of legs.
The panels were pushed back in a corner *
out of the way and were apparently with-
out any use that he'cou‘{d discover\ He
inquired about them. .

13:80 “Oh,.that’s my own, personal lit-
tle brain-chjld,” said the County Coordina-
tor, “and I don’t mind telling you I'm sort .
of proud, of it, too, even though I don’t
- knew “anyone who WSes a similar system.
-You sée, I was having some real difficul-,
ties Tn the.trial funs we.had held.here - =
insofaf -as using the information we had
plotted -and analyzed. There was too much
confusion in trying to maintain a.current
display of the RADEF situation while it

was in use by the director and members of
his staff. :

13.81 “These plastic panéls‘are the an-
swer to the problem,” he went on. “Tomor-
row morning, a man is coming in to paint.

“the outline of our control area, plus ‘the
major features such as roads, the river,
and so forth, on each panel. In an actual
"exercise, the panels will be out in the
center of our operating area so that ever-/,
yone who has to can see them. Our Plot-
ters will use gtease pencils and, whiting
backwards, will spot in exposure informa-
tion on one and exposure rate 'gnfpgmation
-on the other. Qur Analysts,” he-continued,
“will be in front-of the panels and they will
also use grease pencils to draw in contours

77 -




.as well

add any other information
which we might need in a graphic form. Of
course-there are many ways to display the
data and this only represents one way.”

. 13.82 “Say, now,” exclaimed the State:
RADEF Officer, “this is really something:
As a matter of fact, I think I might even
become the first official thief of your idea
because it strikes me as a refinement
worth introducing into our State EOC!
You can appreciate how much I need such
a system if you need it to control a piece of
the total area thaF I have to worry about.
It just goes to.show that no plan is ever
really final and that includes first of all,
our own State Plan.”

. ONE FINAL WORD

13.83 No, operations plan, however
sound in concept and complete in detail, is
of much value if it is untested or untried.
The readiness posture of a plan is meas-
ured by its ability to be implemented.
Therefore, each operational plan should be .
subjected to one or more tests as a part of -
the planning cycle. Plan tests should be
made as realistic as possible, and.each test
should be\fevaluated by qualified observers
as well as by the participants. Following
the test, an evaluation report should be
made. The report and evaluation should be
used as the basis for revision and the start
of a new planw’ng cycle.




v

To implement the RADEF plan, of
course, a variety of elements is required.
It is necessary to have equipment and a
facility in which to store and use it; that
much certainly is obvious. Further, the
equipmerit and the facility cannot do mueh
by themselves, putting them to use takes

'people, sometimes a rather large number
“of people, to say nothing of money. And,
finally, these people must have some idea
of what they are to do or else the equip-
ment will remain inert and the facility will
be without purpose. This is jusil another
way of saying that RADEF personnel need
training.

But what should come first, where is the-

starting point? How can you tell when you
have a-balanced RADEF team? How do you
.~maintain a RADEF capability once it is es-
tablished? And so forth.

-

The objective of this chapter, then, is to -

put these various essentials of an effective
‘RADEF plan into théir pr“oper”&erspective
... to demonstrate what is necessary to
- breathe life into a paper plan and turn it
into an honest-to-goodness RADEF capa-
bility. )

INTRODUCTION

14.1 We saw in Chapter 13 that planning
can spell the differense between an emer-
gency thiqh is ‘promptly dealt with on a
systematic basis and, on the other hand,
an utter catastrophe. We saw that plan-
ning guides us to the best use of all availa-
ble resources, and, ultimately, helps save
lives. We saw that effective planning re-
quires organized, equipped, trained per-
sonnel as an essential .ingredient. We be-
gan to see thdt all this requires money.

14.2° Now we are ready to break this
planning ingredient down into its essen-

~ them.

CHAPTER 14

“PAPER PLANNING” OR REAL RADEF?

RADEF planning and an effective
RADEF organization. There are four of

»

EQUlPMENT—FAClL"IEST-PERSONNEL—
. TRAINING

We will examine these four items in
sequence in this chapter. As we do st), it
would be well to remember that these
requirements do not come from inspira-
tions or visions. They come, instead, as a.
result of tHe planning process which is, in
turn, a two-step procedure.’

. * 143 To repeat our summary of these

two steps, the first consists of the estab-
lishment of some reasonable, sensible,
well-thought-out, practical assumptions. . °
The second step is-qne of meeting these
assumptions with reasonable, sensible,
well-thought-out, pyac_ti/cal‘answer;s.
"EQUIPMENT )
.14.4 In considering the question of ra-
diological instruments and equipment, it
" immediately begomes apparent that one of
the first que,s;;ions to be answered is,
“what kind and how much?”’ as well as;
“where can we get it?”

14.5 To answer the last question first,
the Defense Civil Preparedness Agency
has made radiological equipment available
to the States through their duly consti-
tuted Civil Preparedness organizations.
This’is a “through official channels” type
of exercise and therefore a detailed pres-
entation of the fifty diffetent channels is
obviously outside the scope of this discus-
sion.

14.6  Although a detailed answer to the
first question in paragraph 14.4 is even
further outside our scope, it is neverthe-
less possible to demonstrate an important .

<R
T =
pon

tial ‘parts. These are the basjc tools of + point about RADEF planning in offering a
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‘comment on it. Specifically, the answer
should lie in your own plan or its RADEF
annex and, if it doés not, then that plan is
drast1ca’11y in need of additional work'

14,7 Th¥ fact that such an answer
should be found in an existing plan also
highlights another feature of planning.
The elements of a plan are interdependent
and interrelated if the plan is a good one,
and further, if any one of these elements
should change or alter in any-way, such a
change should be the signal for a reap-
praisal and possible revision of the plan.

148 1In conSIdenng equipment require-
ments for a particular radiological defense
area, it is important to remember that this
does not merely mean operational equip-
ment but, in addition, includes training
equipment. In this regard, an individual
responsible for a ' DCPA Training Source
Set must-hold a Byproduct Material
l .User’s Certificate from his respectlve
..State.. And here, incidentally, is further
progf of the interaction of ostensibly sepa-
rate elements in the RADEF plan.

149 Not only is the RADEF Officer re-
sponsible for obtaining the required opera-
tional equipment and maklng sure that
sufficient training equipment is available,
he is also responsible for maintenance. To
thls.e?rd’»“chlefﬁmomtor” shibuld b& ap-
pointed for each monltorlng station. Fur-
ther, supplementary instruments might be
reasonably required and it is up to the
RADEY Officer to determine if this is the
case as well as to prepare the necessary
Jjustification to obtain thenl.

"FACILITIES~=,

14.10 Ifa RADEF plan is to be capable

v of'execution, there must lbe a sufficient

number of radiological monitoring stations

.and communications over which they can

make their reports. The RADEF Officer is

responsible for converting a number on a

piece of paper (the lpcal area RADEF

~ plan) into a real monitoring and reporting
network. . -

14.11 Smce this monitoring and report-
ing network will not be worth much with-
out a place to receive such reports, this
leads the IRADEF Officer next to the fac11

ity for his local EGC. He must also have ..

radiological monitoring for community .

shelters under close control. While some of

these community ghelters might presum-

ably be a part of his regular monitoring o -

network in addition to their mission of

RADEF protection for the shelter, others

will not. But in any event he will be re-

sponsible for the adequacy of the facility

insofar as it concerns any aspect of

RADEF. , %
14.12 Protection factor is, of course, of

paramount 1mp§rtance in determining the

suitability of a RADEF facility and this is

another area for which the RADEF Offi-

cer is responsibe. He must assure himself -

that each facility which has been mapped

in as a part of the RADEF operation has a

" sufficient protection factor. In addition to \

protection factor, an important feature of . . .
such facilities will be their ability to fit

into the loca] communications plan. In

other words, each facility which is selected

and added to the overall RADEF network

must be capable of carrying out its

signed function while simultaneously per-

forming the vital task of self-protection.

14,13 Before leaving the question of fa-
cilities, a word on arrangements for emer-
gency food and-water-for monitoring per-
«sonnel would be xtx order. =™ -

14.14 Food and witer st0cks, it could be
claimed, dre not really a part of the consid-
eration of a facility. It could be argued
equally well that food and water are cer-
tainly not radiological “equlpment" The
point is, however, no matter what label is
placed: upon ‘these two commoditjes, hu-
man belngs cannot exist or function very -
long without either one. Thus it behooves
the RADEF Officer to make certain that
his facilities have adequate stock% of these
items. -

PERSONNEL \

14.15 One of the largest contributing
factors to RADEF personnel requirements
is found in the radiological monitoring net-
work. .

14.16 Once again, the particular local
Civil Preparedness plan or its RADEF an-
nex should provide the explicit answer to-
this question and, if it does not, the prob-
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lem is nat one of the monitoring network
but rather one of conipleting the plan first.
Although the final answer to this question
must remain a local one to be based upon
population, industrial distribution, geog-
raphy and the like, there are, neverthe-
less, certain criteria which can be used.

Federal and State governments periodj-\

cally issue guidelines on the number of
monitoring stations needed in rural and
urban areas. This information should be
considered only as a starting point in eval-
uating ‘the RADEF monitoring network
requirements because final answers will
always depend upon the individualities of
the particular local area in question.

NOTE \

Do you think in terms of s0 many men
for this job, so many men Jonthat one,

. Or'80 many men in the KQC, and-so.—
forth? If you do, then . . ..

STOP RIGHT NOW!

f{here are millions of intelligent, sin-
© cere, capable women in our country.
There are undoubtedly thousands in
your own RADEF area. Be sure that
you remember this in ‘your planning-
and ‘personnel recruitment activi. .-
tieg!!! R ‘
14.17, As a general rule, RAQEF per:

sonnel should be selected pritarily fronf .

State and local government employees.

This will provide all the advantages of ,.

-working on the basis of an existing organi:’
zational framework. For monitors, it is

trolmen, highway :maintenance persbnnel,
their auxiliaries and their reserves be se.
lected for 'training. Furthe¥, radiation.
monitoring should be included as.a patt of
the basic training for all. new recruits in
these services and refresher monitor
training should be routinely scheduled, for
all personnel. To supplement this initial
cadre of monitors; high sthool and college
science teachers, selected State, county,"
and munieipal employées in the engineer-
ing, sanitation, welfare," 4nd health serv-
ices could also be selected-for monitor
training. ) o yo

1 14.18 In areas where monitoring sta-
tions have been established in industrial
plants, hospitals, commercial baildings

185

y o . . .r¢ady. source
suggested that firemen, State~h1g}3waynpae,, .

"TRAINING .

‘andgother facilities which have an _adé-

quate protection factor, appropriate per-
sonnel who are normally, employed at
these
lent source of monitors.

14.19 In rural and suburban areds
where a home shelter may have been ‘des-
ignated as a part of the monitoring and
reporting system, members of the family
who will occupy the shelter should, if pos-
sible, be recruited as a part of the RADEF
organizatiqn. R .

14.20 Once again, since a lgrge cadre of
monitors will be needed, the selection of
personnel for training should be fairly
broad. Remember that women, as well as
men, can perform a very significant role in
monitoring, and certainly should not be
overlooked in any reeruitment effort.

T 1421 "For decontamination t¥aining, se-
lection of key personnel should be primar- | .
ily among the fire, sanitation, public.works °, -

acilities represent aﬁnothe" excel-

and'engineeripg services. However, selec- " .

tion should also be extended 't those per-

- sonnel who operate street sweeping. and

flushing equipment, road graders, scrap-

ers, and earth moving tand” demolition
. . . oocpe -

equnpment.jelectlon_Qf‘;lsy,g ykey person-

nel will ke from State; ¢ounty’ and munici-

+

pal émploye’e’s;gbu‘t ‘should also beexterided

to others. §uch 'as’ highway constfuction

fouhd in these areas to say nothing of a
of personnel trained in its

v

use- -~ ~

-

14.22 There are two basic areas of
training, the training of monitors and the\
training of the RADEF staff. The latter is
of particular importance for it is impera-

- tive that the leadership staff be provided -

in order to form a seed-bed for providing _
further training to other personnel.

4

.

RADEF OFFICER AND RADIOLOGICAL
MONITORING‘ FOR INSTRUCTORS
TRAINING v

14.23 Local and -State jurisdictions”
have the responsibility for obtaining
trained Radiological Dgfense Officers.
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'cqint_rdctors, since most of the equipment -
‘needed for déedntamination work will be
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Upon completion of his training, the
RADEF Officer provides instruection to the
people who have been selected for his
RADEF staff and_the monitors needed in
-his commqnlty .

14.24 Bevsure you don’t overlook the
resource represented by the capabilities
exisi;ent in the Armed Forces tb supple-
ment monitor training resources.

14.25 As.monitors are trained, the
RADEF Officer should assign them to a
specific monitoring stamon for operawonal

purposes. Generally, monitors should be
assigned to facilities which are near where’

they normally work or reside. Each moni-
tor will 'be ordered to report to his desig-
nated shelter or monitoring station in an
emergency. All monitors should be in-
“structed to find some, shelter in the event

~they -eannot reach their assigned station.

In addmon, provxslon must be made, for
the families of momtors, both as a mor le

‘ factor and also by way of avordmgpesm le

_confusion during an emergenty.-

14.26 Upon completion of- his trammg,
each monitor will be furnished a HAND-
BOOK FOR RADIOLOGICAL MONI.
TORS, FCDG-E=5.9 containing detailed in-
stm"fxons for maonitoring and reporting
operatwns as well as special instructions

«mgoncermng his responsibilities for dealing

with routine and emergency radiation con-
ditions. DCPA will provide these manuals
-for distribution to the monitors.

14.27 'Cen_tinuing training of monitors
to provide for personnel attrition and re-
fresher training of monitors on an annual

to 6 months basis should be. arranged for-

by the local RADEF Officer.
14.28 The following paragraphs provide

a summary of some important poirits for™'
persons concerned - with establishing-

RADEF training programs, either for ra-
- diological monitors or for the RADEF
_staff. . ..

P 1
L

*

TRAINING REQUIREMENTS
14.20 The first step is to find out what
%~ need in the way of training. We must

»

determine how many monitors we need. To
do this it is necessary to analyze the local
RADEF plan since training requirements
will stem from the assessment contained
in the plan. (If no plan is available,sone
should be developed first.)

.

RECRUITMENT OF RADEF PERSONNEL

14.30 After we have found how many
trained personnel are needed, it will be
necessary to recruit the manpower for
training. By far the best sources will be
full-time municipal, county and State em-
ployees. Since they are also one of the best
sources for Civil Preparedness personnel
other than RADEF, coordination will be
necessary to avoid conflicting assign-

. ments. Another possible difficulty is that,
RADEF activities have no exact counter- ,

part in existing. goxernments. In é6thet
words, the-€ivil Pteparedness plan which
fits the police force’into the law and order’
role or the sanitation department into the
decontq._mmatlon role during an emer-
gency will not find a ready-made govern-
mental actxvxty which. flts RADEF activi-
ties.

, Nofe

i

It s important, both for motwatzon
and realism in training, that the stu-
dent have an’assignment based on the
RADEF plan BEFORE he begins
to undergo trammg ‘

-

TRAINING LOCATION >

~

_ 1431 The courses should be taught in
locations convenienit for tb
since mahy will presumably be volunteers,
it is doubly important that &ll impedi-
ments to training, such as distant places
and inflexible or inconvenient class hours,
be removed. If dn-the-job training can be,
arranged with local government authorx-
ties, this will materially aid in the rapid
trammg_z)f(_n}qmtor_s and others.
w O s ‘.

strydentiv—
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TRAINING LOGISTICS

14.32 It is important that training
equipment be ordered at the earliest mo-
ment after training requirements are de-
termined, and that the necessary user per-

mits needed for handling Training Source -

Sets be applied for. The Defense Civil Pre-
paredness Agency provides a “Radiologi-
cal Monitoring Training Package,” K-24-
which includes an Instructor Guide, and
supporting visual aid material. This, too,
should be obtained without delay and in

sufficient quantity. \
TRAINING ASSISTANCE .

14.33 It is vital that liaison be estab-
lished with all agencies, public and pri-
wvate, that can offer assistance in teaching
or recruitment. Whatever instructor capa--
bilities already exist on the local level
should be appraised and utilized. Find out
from the already existing Civil Prepared-
ness orgamzatwn what is available. Other
cities'in your aréd-may have afi ly func-
" tioning organization with a number of
quahfled instructors. There’s no advan-
tage in “going it alone” 80, if you can get
help from outside your immediate jurisdiec-
tion, don’t hesitate to take it. After.all,
fallout will not recognize any boundaries.

-~

TRAINING METHODS

14.34 As we have seen, we are not
trainingjust for training’s sake nor are we
training to increase theoretical or aca-

‘demic knowledge. We dre training for spe-
_cific jobs. Hence, the selection of course

conte{;t material should aim at:
training to do a particular job
trammg to instill des'}rable habits

training to enhance operatwnal knowl- 4
edge
“To achieve these ends, course materlal

should stress student participation. Pas- -

sive lecture methods’ should be avoided in
favor of the active approach featuring
demonstration, exerclses, laboratory, and
question and answér methods. Teaching
aids; models, slides, films, vugraphs, flan-
nel boards, and 6th&T visual aids should be

.lus{ed when they support learning as an
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Yy .
end in themselves. Incidentally, one of the
most lmportant thmgs to do when using
such equlpment is to check ‘it out in ad-
vance; be sure it works, and that you kzﬂow
how,’to use it:

TRAINING EVALUATION

14.35 It is'important that there be fre-
quent tests of skills learned in the training
courses. Such evaluation should be on pro-
ficiency—through demonstratlon—-rather
than student reproduction of academic or
theoretical knowledge. Make. it realistic
should be the guide .to effective training
and evaluation 6f such training.

" NOTE

The best things in life may be free, but
building and training @ RADEF or-
ganization is not! At any level of gov-
ernment, there igs a requwemynt of
budgetzng for RADEF. DON'T FOR-
GET.-TO- PUT RADE'F IN THE

A BIRD'S-EYE' vi‘sw OF RADEF .

" 14.36 It’s no secret to anyone who has
had any contact with radiological defense
that, as a subject, it is technical and it is
complex. Although a single individual as-
signment can be presented in a relatively
simple, straightforward manner, the sum
of all such assignments covers a very wide
‘ range of knowledge and presents a rather
\comphcated picture. .

14.37 This situation leads us to a single

simple question, “Who will tie all these -

loose ends together?”. We have radiologi-
cal instruments, monitoring stations, shel-
ter radiological requirements, training

" source sets, data to be plotted curves to be

drawn, reports to be recelved reports to
be sent, the list is literally endless and yet

some sort of knowledgeable coordination’

must take place between all these facets
and elements and bits and pieces.

14.38 For the sake of argument, lets
consider what would be necessary if we
were to decide to go into a manufacturmg
business. Let’s for example, make it furni-
ture manufacturing. Immediately we real-
ize that we need someone who knows
something about building furniture. This

%u,a
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leads us to a conclusion that he should
also know something about the wood and
othe‘-r materials which will be requlred

« where to find them and how to use them. .

He must be aware of the availability and
uses of a whole variety of special tools.
And he must know a great deal more as
well. We are aware of how foolish we
would be to hire cabinet makers, salesmen,
clerks, and so forth until we were certain
we had our man who knew the furniture
manufacturing business. This example is
so obvious it’s almost ridictilous, isn’t it?

14.39 But it is not ridiculous when the
radiological defense parallel is drawn be-
cause it is surprlsmgly easy to become
bogged down in the many technical consid-
erations of RADEF work and, as a result,
lose sight of a basic fact. That fact is:

Monitors, facilities, instructors, in-
struments, communications, decon-
tamination teams, RADEF plans‘and

"~ all the rest of it do not- constitute a
radiological defense cap blhty
unless . ?

" RADIOLOGICAL DEFENSE OFFICERS

are available to tie the package to-
gether into the real countermeasure
~~M"i;or survival that RADEF is meant to

e. - .

Just as most other facts can be ex-
pressed in corollary terms, this one
can be given such express:on with
equal ease. The corollary is:

Provided that there are sufficient

+  RADIOLOGICAL DEFENSE OFFICE

avallable, a radiological defense capa-
bility is in process of building, regard-
less of inadequacies in any other
RADEF area. ) .

14.40 These facts can be expressed-on a’

national scale as well as a purely local one.
. Our national RADEF capability requires
, facilities, monitors, instruments and many

other elements of survival in .the nuclear

age . . . and must include a cadre of capa-
ble, trained Radiological Defense Officers.
With such a group, we can have a pational
RADEF capability but without it, never.

RADEF OFFICERS: ARE MADE, NOT BORN!

14.41 There is no such thing as being
appointed an expert on any given subject

-and radiological defense is no different

from any other subject in this regard. The
only road to becoming a lﬁ:dlologlcal De-
fense Officer is study and training ‘

14.42 But what about Joe Smith who
has just received his doctoratq in, of all
things, nuclear physics? Can’t we at least
recognize him as a Radiological Defense
Officer because of his provable knowledge
of atomic structure, fission, radiation, cur-
ies and, things like that? ’

14.43 No, we cannot recognize Doctor
Joe Smith, nuclear physicist, as a Radiol-

~ogical Defense Officer unless he has been
| trained as a Radiological Defense Officer.

14.44 The point may seem obvious but
it is-nevertheless very well taken. Cer-
tainly there is nothing wrong with” having
a RADEF Officer who is also a nuclear
physieist, no more so than there is any-

thirlg wrong with having one who is a sci- ~

ence instructor, industrial scientist, or an
engineer, but none of these individuals will
be a RADEF Officer until he has actually
been trained as such.

14.45. Along ﬂlese general lines, it is a

" “good idea to-remember that the DCPA

courses which lead up to qualifying as a
RADEF Officer have been developed with a
view toward providing the technical infor-
mation'which will be required to do the job.
The individual ds, of course, expected to
carry out a certain amount of independent
study as well as keep himself up to date on
the subject through continuing close
contact via the channels of his own Civil
Preparedness organization.

IMPORTANT

Our nation needs thousands of capa-
ble, trained RADEF Officers . . . In-
structors can and will prov1de the
training . . . the individual, however,
must prov1de the capability!

1&3 ‘
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GLOSSARY

GLOSSARY !

A .
ABSORBED DOSE: see DOSE,

AFTERWINDS: Wind currents set up in
the vicinity of a nuclear explosion di-
rected toward the burst center, result-
ing from the updraft accompanying the
rise of the fireball.

AIR BURST: The explosion of a nuclear
weapon at such a height that the ex-
panding fireball does not touch the
earth’s surface when the luminosity is a
maximum (in the second pulse).

ALPHA PARTICLE: A particle emitted
spontaneously from the nuclei of some
radioactive elements. It is identical with

» & helium nucleus, having a mass of four
units and an electric charge of two posi-
tive units. See Radioactivity.

AMBIENT: Going or moving around; also
enclosing encompassing.

ATOM: The smallest (or ultimate) particle
of an element that still retains the char-
acteristics of that element. Every atom
consists of a positively charged central
nucleus, which carries nearly . all the
mass of the atom, surrounded by a num-,
ber of negatively charged electrons, 50/
that the whole system is electrlcally{
neutzral See Element, Electron, Nucleus. -

ATOMIC BOMB (OR WEAPON): A term

| sometimes applied to a nuclear weapon
utilizing fission energy only. See Fis-
sion, Nuclear Weapon. y

ATOMIC CLOUD: See Radwactwe Cloud.
ATOMIC NUMBER See Nucleus

i
P

! When possible, definitions have been reprinted from the glossary of
The Effects of Nuclear Weapons, February 1964,
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ATOMIC WEIGHT: The relative weight of

an atom of the given element. As a basis
of reference, the atomic weight of the
common isotope of carbon (carbon 12) is
taken! to be exactly 12; .the atomic
welgh{ of hydrogen (the lightest ele-
ment) is then 1.008. Hence, the atomic
weight of any element is approximately
the weight of an atom of that element
relative to the weight of a hydrogen
atom.

AVALANCHE E,FFECT "The. multiplica-
tive process in “which a single charged
particle accelerated by a strong electric
field produces additional charged parti-
cles through collision with neutral gas
molecules. This cumulative increase of
ions is also known as Townsend ioniza-
tion or a Townsend avalanché. Ava-

. ~-lanche occurs in the Geiger tube of -a CD-

. V=700

BACKGROUND RADIATION: Nuclear (or
ionizing) radiations arising from within
the body and from the surroundings to
which individuals are always ,exposed.
The main sources of the natural back-
ground radiation are potassium-40 in-
the body, potassium-40 and thorium,

. uranium, and their decay products (in-
cluding radium) present in rocks, and
cosmic rays.

BARRIER SHIELDING: Shielding gained
by int¢rposing a physical barrier be-

“tween' a given point and radiation
source.

BETA PARTICLE: A cliarged particle of
very small mass emitted spontaneously
from the nuclei of certain radioactive
elements. Most (if not all) of the direct

185
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fission products emit (nefative) beta
particles. Physically, the beta particle is
identical with an electron moving at
high velocity. See Electron, Fission
Products, Radzoacthty i

]

INDING ENERGY: The tremendous en-
ergy which holds the neutrons and pro-
tons of an atomic nucleus together.

BIOLOGICAL DOSE: See Dose.

BLAST WAVE: A pulse of air in which the
pressure increases sharply at the front,
accompanied by winds, proPagated con-
tmuously from an explosion. See Shock
Wave.

BODY BURDEN: The amount of radioac-
tive material in the body at a given
time.

C

. . CALIBRATION= Determination of varia-

tion in accuracy of radiological instru-
ments, Radioactive sources are used to
produce known exposure rates at speci-
fied distances. The variation in accuracy
"of a radiological instrument can be de-
termined by comparing it with these

known exposure rates. o

GHAIN REAG@ION When qa fissionable - -

nucleus is split by a ,neu’gron it releases
,,energy and one or more neutrons These
in turn spll‘j more flssmnable -nuglei re-
leasing more energy and neutro s, thus
making the process a self-sustammg
‘chain reaction. :

CHROMOSOME One of thelpartxcles into
whlch a portion of the celﬁnucleus splits
up prior to cell division: assumed to be
determinants of species and of sex.

“CLEAN WEAYON: One in which meas-
ures have been taken to reduce the

Q'amount of residual radieactivity rela-

tive to a “normal” weapon of the same
energy yield.~ : X

COMPTON EFFECT: The scattering of
photons (of gamma or X-rdys) by the
orbital electrons of atoms. In a “collision’
between a (primary) photon and an elec-'
tron, some of the energy of the photon is
transferred to thé.electron which is gen-

-

“erally ejected from the atom. Another
(secondary) photon with less energy,
‘thén moves-off inip new direstion gt an
aqgle to the direction of motion of the
primary photon

CONTAINED UNDERGROUND BURST:
An underground detoAatxon at such a
depth that none of the radioactive resi-
dues escape throuﬁ the surface of the
ground. -~ /

CONTAMINATION: The deposit of radio-

" ° active material on the surfaces of strue-

tures, areas, objects, or,personnel, fol-
lowing a nuclear explosion. This mate-
rial generally consists of fallout in
which fission products and other
weapon debris have become incorpo-
rated with particles of dirt, ete: Contam-
ination can also arise from the radioac-
tivity induced in certain substances by

- .the action of neutrens.from a nuclear.
exPlosion. See Decontamination, Fal-
lout, Induced Radioactivity, Weapon De-
bris.

CONTAMINATION CONTROL: Action to
prevent the spread of fallout afd reduce’

" contamination of people, areas, equip-
ment, food and water.

EOSM‘IC RAYS: Very hlgh energy particu:-
late’ (partlcles) ahd electromdgnetit
(rays) radiations whifh originate out in
space- and constantly bombard the
earth

CRITICAL MASS: The minimum mass of

a fissionable materiall that. will just
maintain a fission chain reaction under
precisely specxfled tonditions, such as
the nature’ of the material and its pu-
rxty, the nature and" thickness of the
tamper (orqneutron reflector), the den-
sity (or compression), and the physica
shape (or geometry). For an explosionatj
occur, the systelﬂn must be supereritic
i, the mass®f material must e’xceé‘d
the critical mass under the ex:stmg
conditions. See Supereritical.

CURIE (Ci): A unit of radioactivity; it is
the quantity of any radioactive species
in which 3.700 x 10" nuclear disintegra-
tions occur per second. The GAMMA

a0




CURIE is sometimes defined corre--
fspondingly as the quantity of material

in which this number of gamma-ray pho-

tons are emitted per second.

CYCLOTRON: An apparatus which ob-
tains high- energy electrically charged -
particles by whirling them at immense
speeds in a strong magnetic field; used

. especially to creatfe “artificial radioactiv-
ity; an atom smasher . ,

D

DAUGHTER PRODUCT: The product (dif-
ferent element) formed when a radioac-
tive material decays. Some radioactive
elements will form many daughter prod-

. ucts during their decay to a stable'state.

DECAY (OR {RADICACTIVE DECAY):
Theé decreask in activity of any radioac-
tive material with the passage of time,
due to the spontaneous emission from
the atomic nuclei of either alpha or beta
particles, sometimes accompanied by
gamma radiation. Se® Half Life, Radio-

. actzm! o

DECONTAMINATION: The' reduction or
removal of contaminating radioactive
material from a structure, area, object,
or person, Decontammatlon may be ac-
coniplished by (1) treating the surface so
as to remove ¢or decrease the contamina-
tion;, (2) letting the material stand so
that the radioactivity is decreased as a
result of nat]f\ral decay; and (3) covering
the contamination, .

DEUTERIUM: At isotope of hydrogen of

~

mass 2 tinits; it is sometlmes referred to I )

as heavy hydrogen. It ¢an be used in .
thermonuclear fusion reactions for the
release of energy. Deuterium-is ex-
tracted from water which always con-
tains 1 atom 6f deuterium to about 6,500
-atoms of,ordinary (light) hydrogen. See

Fusion, Thermonuclear .

DIRTY WEAPON: One which produces a
. larger ‘amount of radioactive residues
than a “normal” weapon of the 8a
yleld E‘

-

-

DOSE ': A (total or accumulated) quantity

of ionizing (or nuclear) radiation. The
term dose can be used in the sense of
the exposure dose, expressed in roent-
gens, which is, a méasure of the total.”
amount of ionization that'the quantity
of radiation could produce in air. This
should be distinguished from the ab-
sorbed dose, given in reps or rads, which
represent the energy absorbed from the
‘radiation per gram of specified body tis-
sue. Further, the biological dose, in -
rems, is a measure of the biological ef-
fectiveness of the radiation exposure.

See RAD, RE’M REP, Roentgen

‘

, DOSE RATE !: As a general rule, the

amount of ionizing (or nu¢lear) radia-
.tion to which an individual would be
exposed or whiclr he would receive per'
unit of time. It is, usually expressed as
roentgens, rads, or rems per hour or in
multiples or submultiples of these units,
such as mllllroentgens per hour. The
dose rate is commonly used to indicate
the level of radloactlwty in a contami-
nated area.

DOSIMETER: An instrdment for measur-

ing and registering total accumulated”
exposure to ionizing radlatlons - .

-

DRAG LOADING: Theforce on an obJect

or structure due to the transient winds|
accompanying .the passage of a blast
wave. The drag pressure is the product
of the dynamic pressure and the drag

, coefficient which is dependent upon the
shape (or geometry) of the structure or
object. See Dynamic Pressure.

DYNAMIC PRESSURE: The air pressure

which results from the.mass air flow (or
wind) behind the shock front of a blast
wave. It is equal t%the product of half
the densnty of the air through which the
blast wave passes and the square of the
particle (or wind) velocity behind the
shock front as it impinges on the object
or structure.

-

*1In this revised text, “exposure” and * ‘exposure rate” have been sub-
stifuted for "dose’” and “dose rkte” in those instances where the meas.
urement 13 explicitly or implied m roentgen units. Dose and dose rate
have been retamed where the meaning is an absorbed quantity or rite -
m rad or rem units. .
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EARL‘Y FALLOUT: See IJ'allout

"ELECTROMAGNETIC PULSE (EMP):}
Energy radiated by a nuclear detona-
tion in the: medium-to-low frequency
range that may_affect or damage elegctri-

> cal or electromc components and equlp-
ment.

ELECTROMAGNETIC RADIATION: A
travelmg wave motion resulting fromﬂ
oscillating magnetic .and electric Tields.
Familiar electromagnetic radiations
range from X-rays (and gamma rays) of
short wavelength, through the .ultravi-
olet, visible, and infrared regions, to ra-
dar and radio waves of relatively long

a wavelength. All electromagnetic radia-

tions travel in a vacuum with the veloc-
ity of light. See Photo*o. ;

[

" ELECTRON: A particle’' of very small
mass, carrying a unit negative or posi-
tivie charge. Negative electrons, sur-
rounding the nucleus; are present in all
atoms; their number is equal to the
number of positive charges (or protons)
in the particular nucleus. The term elec-
tron, where used alone, commonly refers
to these negative electrons. A positive
electron is usually called a positron, and
a negative eleetron is sometimes called
a negatron. See Beta Part@cle.

*» " ELECTRON VOLT (eV): The energy im-
parted to an electron when it is moved
through ‘a potential d;fference of 1 volt.
it is equivalent to 1.6 x 10—!2 erg.

ELEMENT: One of the distinct, basic vari-
eties of matter occuring in nature
which, individually or in combination,
compose substances of all kinds. Approx-

<

1mately ninety dlfferent elements are

known'to exist in nature and several
others, including plutonium, have been
obtained as a result of nuclear reactions
with these elements,

EMERGENCY OPERATING CENTER
(EOC): The protected site from which

civil government officials exercise direc-"

' " tion and contftol in an %Iergency.
p

o ENERGY:"Capacity for rforming work.

. EXPOSURE RATE: See Dése Rate.

] \ . & Ve
EPIDERMIS: The outer-skin. ‘
EPILATION: Loss of hair. -

ERG: A unit of energy or wfork An erg is
the energy required for an electron to
1omze about 20 billion molecules of air.

“ ERYTHEMA: A_superficial skin disease .
¢haracterized by abnormal redness, but .
w1€hout swelling or-fever. R

‘EXCITATION: The raising or transfer- '
ring of an atom from its normal energy
level to' a hlg\her energy level.

EXPOSURE CQNTROL. Procedures
taken to keep radiation exposures of
individuals or groups from exceeding a
recommended level, such as keeping out-.
side missions as short as poss1ble ‘

EXPOSURE: See Dose.

-

-
?

F

FALLOUT: The process or phenomenon of
the fallback to the, earth’s surface of
particles contaminated with radioactive
material from the radioagtive cloud. The”
term is also applied in a collective sense
to the cohtammated particulate matter

. itself. The early (or local) fallout is de-
fined, somewhat arbltrarll,y, as those

partlcles which reach’the earth within
24 hours after a nuclear explosion. The
delayed (or worldwide) fallout consists of
the smaller particles which ascend into
the upper troposphere and into the

stratosphere and are carrlefi by windsto /.

all parts of the earth. The delayed fal-
lout is brought to earth; mainly by rain

!. and snow, over extended periods rang-
ing from months to years

. FALLOUT MQNITORING STATION:

designated facility for the collection of
radiological data by trained and assigned
monitors using instruments stored or
assigned to that location. It should have
good fallout protection and relatively
reliable communications. Examples

might be a fire station, police or public
“work$§ building, public fallout shelter,

ete. ’ g i
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'FILM BADGE: A small ietal or plastic

frame, in the form of a badge, worn by
personnel, ax\d containing’ X-ray (or sim-
ilar photographic) film for estimating
the total amount of ionizing (or nuclear)
radiation to which an individual has
been exposed.

FIREBALL: The luminous sphere of hot

F

F

. splits into (generally) two nuclei of *

F

'F

®

gases which form a few millionths of a
second aftler a nuclear explosion as the
result of the absorption by the sur-

rounding mediym of the‘thermal X-rays

emitted by the extremely hot (several
tens of millions degrees) weapon resi-
dues. The exterior of the fireball in air is
initially sharply defined by the lumi-
nous shock front and later by, the limits
of the hot gases themselves (radiation
front).

IRE STORM: Stationary mass fire, gen-
erally in built-up urban areas, genera
ing strong, inrushing winds from all si-
des;.the winds‘keep the fires from
spreading while adding fresh oxyfen to
increase ?heir intensity. .

ISSION: The process whereby the nu-
cleus.of a particular heavy element

lighter elements, with the release of
substantial amounts of energy. The
most important fissionable materials
are uranium 235 and plutonium 239.

ISSION FRACTION: The fraction (or
percentage) of the total yield of a nu-
clear weapon which is due to fission. For
thermonuclear weapons the average
value of the fission fraction is about 50
pergertt. '

ISSION PRODUCTS: A general term for
the complex mixture of substances pro-
duced as a result of nuclear fission. A

distinction should be made between-

these and the direct, fission products or
fission fragments which are formed by
the actual splitting of the heavy-ele-
ment nuclei. Something like 80 different

fission fragments result from ‘roughly 40.

different modes of fission of a given
nuclear species, e.g., uranium 235 or plu-
tonium 239, The fission fragments, being
radioactive, immediately begin to decay,

4- 193

form?ng additional (daughter) products,
with the result that the complex mix-- _

. ture of fission products so formed con-
. tains about 200 different isotopesof 36

elements: \

FLASH BURN: A burn causeé by exces-
- sive expostire (of baré skin) to thermal

radiation. See Thermal Radiation.

FRACTIONATION: Any one of sevefal
processesy,apart from radioactive decay; ~u

which results in change in.the composi-
ton of the radioactive weapon debris.
As a result of fractionation, the delayed
fallout generally® contains relatively
more of strontium 90 and cesium 137,
which have gaseous precursors, than
does the early fallout from a surface -
burst. .

FREE AIR OVERPRESSURE (OR FREE

FIELD OVERPRESSURE): The unre-
flected pressure, in excess of the am-
bient atmospheric pressure, created in
the air by the,blast wave from an explo-

“sion. . .
FUSION: The process whereby the nuclei

of light elements, especially those of the .
+isotopes of hydrogen, hamely, deuterium
and tritium, combine to form the nu-
cleus of a heavier element with the, re-
lease of substantial amounts of energy.

.

See Thermonuclear. . . .

4 - ¢
< -

GAMMA RAYS (OR. RADIATIONS): Elec- |

stromagnetic radiations of high energy
originating in atomic nuclei and accom-
panying many nuclear reactions, e.g.,
fission, radioactivity, and neutron . cap-
ture. Physically, gamma rays-are identi-
cal with X-rays of high energy; the only
essential difference being that the X-
rays do not originate from atomic nuclei, *
but are-produced in other ways, e.g., by
slowing down (fast) electrons of high
energy. 'See Electromagnetic Radiation,
X-Rays. , -

* GEIGER COUNTER: An electrical device

which can be used for detecting and
measuring relatively low levels of nu-

v

clear radiation. C
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GENETIC EFFECT: The effect (of nuclear
radiation, in particular) of producing
changes (mutations) in the heredlta-ry
components (genes) in the germ cells
present in’the reproductive organs (gon-
ads). A mutant gene causes changes in
the next generation which may or may

v not be apparent.

GEOMETRY SHIELDI\IG Shielding
gained by dlstance from the source of
radiation.

GRAM: A unit of mass_and weight in the
metric system equal to approximately
one-thirtieth of an ounce.

GROUND ZERO: The point on the surface
of land % water vertically below or
above the'center of a burst of a nuclear
(or atomic) weapon; frequently abbrevi-
ated to GZ. For a burst over or under
water, the term surface zero should
preferably be used.- :

GUN-TYPE WEAPON: A device in which
two or more pieces of fissionable mate-
rial, each less than a critical mass, are
brought together very rapidly so as to
form a superecritical mass which can ex-
plode as the result of a rapidly expand-
ing fission chain.

- ) " H

HALF LIFE: The time reqmred for the
act1v1ty qf a given radioactive spec1es to
decrease to hglf of its initial value due.
to radioactive decay. The half-life is a

_ characteristic property of qach radioac-
tive species and is mdependent of its
amount or condition. The effective half-
life of a given isotdpe is the time in
which the gquantity in the body will de-
cnease to half as a result of both radioac-

/e?:e decay apd biological elimina}ion.

HALF-VALUE THICKNESS: The thick-
ness of a given material which will ab-
sorb half the gamma radiation incident
upon it. This thickness depends on the
nature of the material—it is roughly
mversely proportlonal to its density—
and also on the’ energy of the gamma
rays. )

ALOGEN: The family of elements con-

L C S

taining fluorine, chloriné, bromine, io-
dine and astatine. .

HEAVY HYDRPGEN: Se} Deuterium.

HEAVY WATER: Water containing heavy
hydrogen (deuterium) atoms in place of
the hormal hydrogen.atonns.

HIGH-ALTITUDE BURST: This is de--
fined, ‘somewhat arbitrarily, as a deto-
nation at an, altitudejover 100,000 feet.
Above this level the distribution ¢f the
energy. of the explosion between "blast
and thermal radiation changes apprec1-

- ably with increasing altitude due to
changes in the fireball phenomena.

HOT SPOT: Region/in a contaminated
area in which the level of radioactive
contamination is somewhat greater
than in rfeighboring regions in the area.
See Contamination. )

HYDROGEN BOMB (OR WEAPON): A
term sometimes applied to nuclear
weapons in which part of the explosive
energy is obtained from nuclear fusion
(or thermonuclear) reactions. See Fu-
sion, Nuclear Weapon, Thermonuclear.

IMPLOSION WEAPON: A device in which
a quantity of fissionable material, less
than a critical mass, has its volume sud-"»
denly decreased by compression, so that
it becomes supercritical and an explo-
sion can take place. The compression is
achieved by means of a spherical ar-
rangement of specially fabricated
shapes of ordinary high explosive whlch’
produce an inwardly directed implosion ,
wave, the fissionable material being at
the center of the sphere. See Supercriti-
cal.

INDUCED RADIOACTIVITY: Radioactiv-
ity produced in cer'tain materials as a
result of nuclear reactions, particularly
the ‘capture of neutrons, which are ac-
companied by the formation of unstable
(radioactive) nuclei. The activity in-

duced by 'neufrons from a nuclear (or
atomic) explosion in materials contain-
‘ing the elements sodium, manganese,
silicon, or aluminum may be signiﬁcgnt.

’
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separation occurs. In the sense used in
this book, ionization refers*especially to

INFRARED: Electromagnetic radiations
* of wavelength between the longest visi- ]
ble red (7,000 Angstroms- or 7 x 1074, the removal of an electron (negative
millimeter) and about 1 millimeter. See - charge) from the atom or molecule, | .
) either directly or.indirectly, leaving a

Electromagnetic Radiation.
. ‘ o positively charged ion. The separatéd
INITIAL NUCLEAR RADIATION: Ni- electron and ion are referre% to, as an
n. _

clear radiation (essentially neutrons . . . . Y
and gamma rays) emitted frzm the fire. ion pair. See Jonizing Radiati
" ball and the cloud column during the
first minute after a nuclear (or atomic)
explosion. Theﬁm limit of one minute
is set, somewhdt arbitrarily, as that ze-
quired for the source of part of the ra-
diations (fission produects, .etc., in the *
radioactive cloud) to attain such a
height that only insignificant amounts
reach the earth’s surface. See: Residual
Nuclear Radiation. .

"INTENSITY: The energy {ef any radia-
tion) incident upon (or flowing through)
unit area, perpendicular to the radiation
beam, in.unit time. The intensity of

ION PAIR: See Jonization. - /

IONIZING.RADIATION: Electromagnetic
radiation (gamma rays or X-rays) ar
particulate radiation (alpha particles,
beta particles, neutrons, ete.) capable or
Producing ions, i.e., eléctrically charged
particles, directly or indirectly, in its
passage through matter.

* ISOCROME: A line connecting those
points on the earth at which fallout
from any-one weapon is forecast to
reach the surface/at the same time.

ISOTOPES: Forms of the same element

thermal radiation is generally expresse<j
in calories per square centimeter pe
second falling on a given surface at any

“specified instant. As applied to huclear
radiation, the term intensity is some-
times used, rather loosely, to express
the exposure rate at'a given location,
e.g, in roentgens {or milliroentgens) per ,* (deuterium), and 3{tritium) units, respee-

hour. .

INTERNAL RADIATION: Nuc
tion (afpha and beta particlés and
gamma radiation) resujting from radio-

~active substances in the body. Impor:
tant sources are iodine 131 in the thy-
roid gland,and strontiyin 90 and pluton-
ium 239 in the bone,

INVERSE SQUARE LAW: The law which
states that when radiation (thermal or
‘nuclear) from a point’source is emitted
uniformly in all directions, the amount
received per unif area at any given dis-

-2

» tanee from the source, assuming no ab<

sorption, s inversely proportional to the
square of that distance. .

IONIZATION: The separation of ' a nor-

mally electrically neutral atom or mole-
cule into electrically charged compb-
nents. The term is also employed to de-
scribe the degree or extent to which this

.

lear radia-’

hdving identical chemical properties but
differing in their atomic masses (due to
different- numbers of neutrons in their
respective nuclei) and in their nyclear
properties, e.g., radioactivity, fission,
étc. For example, hydrogen has three
isdtopes, with ma'sses of 1 (hydrogen),'2

tively. The first two of these are Stahle
(nonradioactive), but the third (tritium)

+ s a ragdioactivé isotope. Both of the com-.

mon isotopes of uranium, with masses of
235 and 238 units, respectively, are-ra-
dioactive, en@Ttting alpha particles, but
their' half-lives are different. Further-
more, uranium 335 is fissionable hy neuy
trons of all eneﬁies, but uranium 238

will undgrgo fission only with neutrons - *

of high energy, §ee Nucleus.

J
¢ (None)
)

. - P
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. KILO-ELECTRON VOLT (keV): An

amount of energy equal to 1,000 electron
volts. See Electron Volt. .

" KILOTON ENERGY (KT): The energy of a

nuclear (or atomic) explosion which is
equivalent to that produced by the ex-
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plosion of 1 kilotor (i.e., 1,000 tons) of
TNT, i.e., 10** calories of 4.2 310" ergs.
See Megaton Energy, TNT Equiivalent.

.

L

LD/50 or LD-50 or LD, Abbreviations for
median lethal ddse. See Medign Lethal
Dose. , . -

M

MACH EFFECT: See Mach Stem.

MACH STEM: The shoek fgont formed by
the fugion' of the incident and reflected
shock' fronts from an explosion. The
term is generally used with reference to
a blast wave, propagated in the air, re-
flected at the surface of the earth. The
Mach stem is hearly perpendicular to
the reflecting surface and presenfs a
slightly convex (forward) front. The
Mach stem is also called the Mach front.

MALAISE: Uneasiness. Discomfort.

MASS: A measure of the quantity of mat-
ter. The material equivalent of energy.
Mass and energy are different forms of
the same thing.

.MAS8 NUMBER: See Nitleus. :
. MEDIAN LETHAL DOSE: The amount of

iQnizing (or nuclear) radiation exposure *

over, the whole body which, it is eg-
pected, }fvon)ld be fatal to 50 percent o?&
large group of living ¢reatures or orga-
nisms. It is commonly (although not uni-

- versally) accepted that about 450 roent-
gens, received over the whole body in
the course of a few days or less, is the
median letlial dose for human beings.

MEGACURIE: One million curies. See
Curie. .

MEGATON ENERGY (MT): The energy,
of a nuclear explosion which is equiva- ,
lant to 1000 000 tons (or 1,000 kilo-tons)
of TNT i.e.,-10* calories or 4.2 X 1(}22 egs.
Sée TNT Equwalent ~

MEV (MeV): Million electron volts, a unit
of energy commonly used, in nuclear
physics. It is equivalent to 1.6 x10-¢ erg.

Approximately 200 MeV of energy are *

produced for every nucleus that under-
goes fission. See Electrop¥olt.

.

MICROCURIE: A one ‘r_mlllonthipart ‘of a,

curie. See Curie.

-

MICRON: A one-millionth paxt-of a-meter, ‘<
i.e.,, 10-% meter or.107* centimeter; it is -

. mughly four one- -hundred-thousandths
" (4 x107%) of an inch. .

.MICROSECOND: A one-mlll}onth part of a
second.

MILLICURIE (mCi): A one-thousandth
part of a curie.

MILLIREM: A one-thousandth part of a
rem. )

‘MILLIROENTGEN (mR): A one-thou-
- sandth part of a roentgen.

MILLISECOND: A one-thousandth part
of a second.

T MITOSIS: The process by which living
cells multiply in the pody by spllttmg or
fissioning.

MOLECULE: The smallest unit of a chem-
ical compound. For “example a molecule
of water consists of two hydrdgen atoms
combined with one atom,.of oxygen

(H,0), and a 'molecule of sugar consists -

of a combination of twelve carbon at-

oms, twenty-two hydrogen atoms, and .

“eleven oxygen atoms (C,ZHHO;,)

MONITOR: An 1nd1v1dual trained to meas:

{ ure, record, and report radiation expo-
sure and exposure rates; provide limited

- field guidance en radiation hazards as-
sociated with operations to which he is
assigned; and perform operator’s main-
tenance of radiological instruments.

MONITORING: The procedure or opera-
_tion of locating and measurifig radioac-

tive contamination by means of survey

instruments which can'détect and meas-
ure ionizing radiations. The individual

+ performing the-aoperatlon is called a
momtor

' MUTATION: A change in the ‘characteris-‘
ties of an organism produced by altering

‘the usual heréditary pattern.-Radiation

" can cause mutations in all living things.

N .
NEGATIVE PHASE: See Shock Wave.

iv>
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" NEUTRON: A neutral particle, i.e., with
no electrical charge, of approximately
unit mass, present in all atomic nuclei,
except those of ordinary (light) hydro-
gen. Neutrons are required to initiate
the fission process, and large numbers
of neutrons are produced by both fission

and fusion reactions in nuclear explo-
sions.

NUCLEAR FISSION: See Fission,

NUCLEAR RADIATION: Particulate and
electromagnetic radiation emitted from
atomic nuclei in various nueclear proc-
esses. The important/nuclear radiations,
from the weapons S(Zandpoint, are alpha
and beta particles, gamma rays, and
neutrons. All nuclear radiations are ion-
izing radiations, but the reverse is not
true; X-rays, for example, are included
among ionizing radiations, but they are
not nuclear radiations since they do not
originate from atomic nuclei. See Joniz-
ing Radiation, X-Rays. T

NUCLEAR REACTOR: An, apparatus in
which nuclear fission is sustained in a
regulated self-supporting chain reaction.

" NUCLEAR WEAPON (OR BOMB): A gen-

eral name given to any weapon in which
thé explosion results from the energy
released by reactions involving atomie
nuclei, either fission or fusion or both.
Thus, the A- (or atomic) bomb and the
" H- (or hydrogen) bomb are both nuclear
weapons, It would be equally true to call
them atomic weapons, since it is the
energy of atomic nuclei that is involved
in each case. However, it has become
' more-or-less customary, although it is
not, strictly accurate, to, refer to weap-
ons in which all the energy results from
fission as A-bombs or atomi¢ bombs. In
order to make a distinction, those weap-
ons in which part, at least, of the energy
results frem thermonuclear (fusion) re-
actions among the isotopes of hydrogen

have been calleds H-bombs or hydrogen
ombs.

NUCLEON: The common name for a con-

stituent particle of a nucleus such -as a
proton ar neutron.

NUCLEUS (OR ATOMIC NUCLEUS): The
*  small, central, positively charged region
_ lof an atom which cagries essentially all
the mass. Except for the nucleus of ordi-
nary (light) hydrogen, which is a single
proton, all atomic nuelei contain both
protons and neutrons. The number of
protons determines the total positive
charge, or atomie number; this is the
same for all the atomic nuclei of a given
chemical element. The total number of
neutrons and protons, called the mass
number, is closely related to the mass
(or weight) of the atom. The nuclei of
isotopes of a given element contain the
same number of protons, but different
numbers of neutrons. They thus have
the same atomic number, and so are the
same element, but they have different
mass numbers (and masses). The nu-
clear properties, e.g., 'radioactivity, fis-
sion, neutron capture, etc., of an isotope
of a given element are determined by .
both the number of neutrons and the
number of protons. See Atom, Blement,
Isotope, Neutron, Proton.

NUDET: Report of nuclear detonation.
7. _ .
(o]
ORGAN: Organized group of tissue having

one or more definite functions to per-
form in a living body.

OUTSIDE/INSIDE RATIO (OI): The
measured ratio of the fallout gamma
radiation exposure rate at some point
outside a shelter to the exposure rate at
some point inside the shelter. For radiol-
ogical defense purposes, the specific'out-
side point selected should have minimal
protection. (See Protection Factor.)

OVERPRESSURE: The transient pres-
suré, usually expressed in pounds per
square inch, exceeding the ambient
pressure, manifested ‘in the shock (or
blast) wave from an explosion. The vari-
ation of the overpressure with time de- °
pends on the energy yield of the explo-
sion, the distance from the point of

burst, and the medium -in which the

weapon is detonated. The peak overpres-
sure is the maximum value of the over-
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pressure at a given location and is gen-
erally experienced at the instant the
shock (or blast) wave reaches that loca-
tion. See Shock Wave.

P

\

PAIR PRODUCTION: The process
whereby a gamma-ray (or X-ray) pho-
ton, with energy in excess of 1.02 MeV,
in passing near the nucleus of an atom
is converted into a positive electron and
a negative electron. As a result, the
photon ceases to exist. See Photon.

PEAK OVERPRESSURE: The maximum
overpressure value at the blast front.

PERIODIC TARLE: A chart showing the
Tarrangement of chemical elements in
order of increasing atomic number in
addition to grouping according to cer-
tain chemical similarities.

PERSONNEL EXPOSURE MEASURE-
MENTS: The measured exposure re-
ceived by shelter occupants and opera-
tions personnel in the field.

PHOTOELECTRIC EFFECT: The process
whereby a gamma-ray (or X-ray) pho-
ton, with energy somewhat greater than
that of the binding energy of an electron
in an atom, transfers all its energy to
the electron which 'is consequently re-
moved from the atom. Since it has lost
all its energy, the photon ceases to exist.
See Photon.

PHOTON: A unit or “particle” of electrom-
. agnetic radiation, possessing a quantum
of energy which is characteristic¢ of the
particular radiation. If v is the fre-
quency of the radiation in cycles per
second and X is the wave length in centi-
meters, the energy quantum of the pho-
ton in ergs is hv or heX where h is
Planck’s constant, 6.62 x 10—% erg-sec-
ond and ¢ is ‘the velocity of light
(3.00 x 10%° centlmeters per second) For

gamma rays, the photon energy is us-

ually expressed in million electron volt
(MeV) units, i.e., 1.24 x 10-'% whereA is
in centimeters or 1. 24 X 10—\ if A is in
Angstroms.

PIG: A container (usually lead) used to

transport and store radioactive mate-
rials. The thick walls protect the person
handling the container from nuclear ra-
diation .

PLUTONIUM (Chemical symbol Pu.) A
manmade transuranium element,
atomic number 94. When uranium 238 is
bombarded with neutrons in an atomic
reactor some of the uranium is con-
verted Ry nuclear reactions into pluton-
ium, a fissionable material. /

PQINT SOURCE: A point at which radio-
activity is concentrated as opposed to an
area over which radioactive material
might be spread. The DCPA Training

7 Source Set sealed capsule is an exg.mple
of a point source.

POSIIRON: Positively charged electron.

'POSITIVE PHASE: See Shock Wave.

PROTECTION FACTQR (PF): The ratio of
gamma radiation exposure at a Stand-

ard Unprotected Location to exposure .

at a protected location, such as a fallout
shelter. The Standard Unprotected Lo-
cation is defined as a point 3 feet above
an infinite, smooth, ground plane unifor-
mally covered with fallout. Protection
factor is a calculated value suitable for
planning purposes as an indicator of
relative protection. (See Outside/Inside
Ratio.)

PROTON: A’ particle of mass (approxi-
mately) unity carrying a unit positive
charge; it is identical physically with
the nucleus of the ordinary (light) hy-
drogen atom. All atomic nuclei contain
protons. See Nucleus. .

Q -
(None)

R .

RAD: A unit of absorbed dose of radiation;
it represents the absorption of 100 ergs

. of nuclear-(or ionizing) radiation per
gram of the absorbing material or tis-
sue,

-

) RADEF: Radiological Defense.
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RADIOACTIVE CLOUD: An 4ll-inclusive
term for the mixture of hot gases,
smoke, dust, and.other particulate mat-
ter from the weapon itself and from the
environment, which is carried aloft in
conjunction with the rising fireball pro-
duced by the detonation of a nuclear
weapon.

RADIOACTIVITY: The spontaneous dis-
. integration of unstable nuclei with the
resulting emission of nuclear radiation.

RADIATION EXPOSURE RECORD: The
card issued to individuals for recording
their personal radiation exposures.

RADIATION INJURY: The harmful ef-
fects caused by ionizing radiation.

RADIOLOGICAL DEFENSE: The organ-
ized effort, through warning, detection,
and preventive and remedial measures,
to minimize the effect of nuclear radia-
tion on peoplefand resources.

RBE (RELATIVE BIOLOGICAL EFFEC-
TIVENESS): The ratio of the number of
rads of gamma radiation of a certain
energy which will produce a specified
biological effect to the number of rads of
another radiation required to produce
the same effect is the RBE of this latter
radiation. '

REM: A unit of biological dose of radia-
tion; the name js derived from the initial
letters of the term “roeﬁtgen equivalent
man (or mammal).” See RAD. "

REMEDIAL MOVEMENT: Movement of
people postattack to a less contami-
nated area or a better protected loca-
tion.

REP: A unit of absorbed dose of radiation
now being replaced by the rad; the name
rep is derived from the initial lettérs of
the term “roentgen equivalent physi-
cal.” Basically, the rep was intended to
express the amount of energy absorbed
per gram of soft tissue as a result of
exposure to 1 roentgen of gamma (or X-)
raidation. This is estimated to be .about
97 ergs, although the actual value de-
pends on certain experimental dufa
awhich are not precisely known. The rep

3 .

109

is thus defined, in general, as the dose of
any ionizing radiation which results in
the absorption of about 97 ergs of en-
ergy per gram of soft tissue. For soft
tissue, the rep and the rad are essen-
‘tially the same, See RAD, Roentgen.

RESIDUAL NUCLEAR RADIATION:
Nuclear radiation, chiefly beta particles
and gamma rays, which persists for
some time following a nuclear (or
atomic) explosion. The radiation is emit-
ted mainly by the fission products and
other bomb residues in the fallout, and
to some extent by earth and watar con-
stituents, and other materials, in which
radioactivity has been thduced by the

-

capture of neutrons. See Fallout, In- -

duced Radioactivity, Lnitial Nuclear Ra-

diation.

ROENTGEN (R): A unit of exposure to
gamma (or X-) radiation. It is defined
precisely as the quantity of gamma (or’
X-) radiation such that the associated
corpuscular emission per 0.001293 gram
of air produces, in air, ions carrying one
electrostatic unit quantity of electricity
of either sign. From the accepted value
(34 electron volts) for the energy lost by
an .electron in producing a positive-neg-
-ative ion pair in air, it is estimated that
1 roentgen of gamma (or X-) radiation,
would result in the absorption of about
87 ergs of energy per gram of air.
4
S

SHELTER: A habitable ‘structure or space
stocked with essential provisions and
used to protect its occupants from*fal-*
lout radiation.

which absorbs radiation ahd thus tends
to protect personnel or materials from
the effects of a nuclear explosion. A
moderately thick layer of any opaque
material will provide satisfattory shield-

-

SHIELDING: Ariy material or obstruction _

ing from thermal radiation, but a con- .
siderable thickness of material of high -

density may be needed for nuclear ra-
diation shielding. °

SHOCK WAVE; A continuously, propa-
- gated pressure pulse (or wave) in the
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surroundihg medium which may be air,

" water, or earth, initiated by the expan-

sion of the hot gases produced in an
explosion. A shodk wave in air is gener-
ally referred to as\a blast wave, because

‘it resembles and”is accompanied by

strong, but transient, winds. The dura-
tion of a shock (or blast) wave is distin-
guished by two phases. First there is the
positive (or_compression) phase during
which the pressure rises very sharply to

* a value that is higher than ambient and

then decreases rapidly to-the ambient
pressure. The positive phase for the dy-
namic pressure is somewhat longer than
for overpressure, due to the mofmentum
of the moving air behind the shock
front. The duration of the positive phase
increases and the maximum (peak) pres-
sure decreases with incr_easing distance
from an_explosion of given energy yield.
In the second phase, the negative (or
suction) phase, the pressure falls below
ambient and then returns to the am-
bient value. The duration of the nega-
tive phase, is approximately constant
throughout the blast wave history and
may be several times the duration of the
positive phase. Deviatioens from the am-
bient pressure during the negative

. phase are never large and they decrease

with increasing distance from the explo-
sion. See'Dynamic Pressure, Overpres-
sure.

v ,
SOMATIC: Of/or relating to the body, as
" opposed to the spirit; physical.

SPEC’(RUM: An image, visible or invisi-

-gressive.séeries.

ble, formed by rays of light or ¢ther
radiant eneigy, in whieh parts-are ar-
ranged according to their refrangibility
or wave-length, so that all of the same
wave-length fall together while those of
different wave-lengths are separated
from each other, forming a regular pro-

N

STRATOSPHERE: A relatively stable

cor

Q

layer of the atmosphere between the
tropopause and a height of about 30
miles in which the temperature changes
very little (in polar and temperate

zones) qr increases (in the tropics) with |

increasing altitudes. In the stratosphere

clouds of water never form and there is
practically no .convection. See Tropo-
pause, Troposphere. -

SUBCRITICAL: The inability of a fission-

able material to support a self-sustained

; chair_1 reaction.
SUBSURFACE BURST: See Underground

Burst, U m{erwater Burst.

SUPERCRITICAL: A term used to de-.

seribe the state of a given fissign system
when the quantity of fissionable mate-
rial is greater than the crit{cal mass
under, the existing cchditions. A thighly
supercritical system is essential for the
productign of energy at a very rapid
rate so that an explosion may occur. See_
Critical Mass. '

SURFACE BURST: The explosion of a

nuclear (or atomic) weapon_ at the sur-
face of the land or water or at a height
above the surface less than the radius of
the fireball at maximum luminosity (in
the second thermal pulse). An explosion
in which the weapon is detonated ac-
tually on the surfacg (or within 5W°?

feet, where W is the explosion yield in .

kilotons, above or below the surface) is
called a contact surface burst or a true,
surface burst. See Air Burst.

SURVEY: METER: A portable instrument,

such as a Geiger counter or ionization
chamber, used to detect nuclear radia-
tion and to measure the exposure rate.
See Monitoring. :

SYNDROME, RADIATION: The complex

of symptoms characterizing the disease
known as r&diation injury, resulting
from excessive exposure of the whole (or
a large -part) of the body to ionizing
radiation. The earliest of these symp-
toms are nausea, vomiting, and diar-
rhea, which may be followed by loss of
hair (epilation), hemmorhage, inflamma-
tion of the mouth.and throat, and gen-
eral loss of energy. In severe cases,
where the radiation exposure has been

. relatively large, death may occur within

two to four weeks. Those who survive 6
weekd after the receipt of a single expo-
sure of radiation may 7enerally be ex-
pected to recover.

N
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TAMPER: A strong container.

~— THERMAL ENERGY: The energy emit-

L

ted from the fireball as thermal radia-
tion. The total amount of thermal en-
, ergy reeeivedrper unit area at a speci-

fied distance from a nuclear (or atomic) .

explosion is generally expressed, in
terms of Falories per square centimeter.
See Thermgl Radiation. = *.

THERMONUCLEAR: An’adjective lrefer—
ring to the procéss (or processes) in
which very high temperatures’ are used
to bring about the fusion of light nuclei,
such as those-ef the hydrogen isotopes
(deuterium and tritium), with the.ac-
companying liberation of energy. A
thermonuclear bomb is a weapon in
which part of the explosion energy re-
sults from'thermonuclear fusion reac-

tions. The high temperatures requirdd.

are obtained by means of a fission explo-
sion. See Fusion. 2

. , P
THERMAL RADIATION: Electromag-
netic radiation emitted (in two pulses
from an air burst) from the fireball as a

( consequence of its very high tempera-

ture; it consists essentially of ultpavi-
olet, visible, and infrared radiations. In
. the early stages (first pulse of an air
burst), when the temperature of -the
fireball is extremely high, the ultravi-
olet radiation predominate®® in the sec-
ond pulse, the temperatures are- lower

and mast of the thermal radiation lies ih .

the visible and infrared regions of the
spectrum. From a high-altitude burst,
the thermal radiation is emitted in a
single short pulse.

TNT EQUIVALENT: A measure of the
energy released in the detonation of a
nuclear weapon, or in the explosion of a

" given quantity of fissionable material,
expressed in terms of the weight of TNT
which would release the same amount of

* energy when exploded:. The TNT equiva-
lent is usually stated in kilotons or me-
gatonts. The basis of -thie TNT equiva-
lene
TNT releases 10° calories of energy. See
Kiloton, Megaton, Yield.

.’

. ' i 2u].

is that the explosion of 1 ton of =~

v

TRANSMUTATION: The changing of one
element into another by a‘nuclear reac-

¥

tion. .

TRITIUM: A radioactive isotope of hydro-
£gen, having a mass of 3 units; it is
produced in nuclear reactors by the ac-
tion of neutrons on lithium nuclé&i.

TROPOPAUSE: The imaginary boundary ..

layer dividing the stratosphere from the
lower part of the atmosphere, the tropo-
sphere. The tropopause normally occurs
at‘an altiture of about 25,000-to 45,000

_ feet in polar and temperate zones, and
at 55,000 feet in the tropies. 3

TROPOSPHERE: The region of thé atmbs-
phere immediately above the earth’s

- - surface and up to the tropopause in

’

which the temperature falls fairly regu-
larly with increasing altitude, clouds
form, convection is active, and mixing is
continuous and more or less complete.

U I )

ULTRAVIOLET: Electromagnetic radia-
tion of wave length between the short-
est visitffe violet and soft X-rays.

UNDERGROUND BURST: The explosion

of .a nuclear weapon with its center
‘more than 5W*3 feet, where W is the
explosion yield. in kilotons, beneath the
surface of the ground. -See Contained
Underground Burst.

UNDERWATER BURST: The explosion of
a nuclear weapon With its center be-
neath the surface of the water.

URANIUM: (Chemical symbol U.) The
heaviest naturally occurring radicactive
" element, atomic number’ 92. The only
. appreciable source of fissionable mate-
rial occurring in naturg is in uranium
ore. This contains about 0.7% of the
_fissionable isotope U2 and 99.3% of the
nonfissionable isotope U238, '

I8 ™ v
(Non®g)
W

WEIGHT: A measure of the force with
~ which matter is attracted to the earth.
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WORLDWIDE FALLOUT: See Fallout.

-

X

X-RAYS: Eleetromagnetlc radiations .of
_high energy havmg wave lengths
s.borter than those in tite ultraviolet
regxon, i.e., less than 10~ em or 100
Angstroms As generally produced by X-
ray machmes, they are brénsstrahlung
resufting from the interaction of elec-
trons of 1 kilo-electron volt or more en-
ergy with a metallic target. See Gamma
Rays, Electromagnetic Radiatio;n.‘

*

-

»

YIELD (OR ENERGY YIELD): The total~

effective energy.released in a ndclear
explosion., It i{s usually’ expressed in
terms of the equivalent tonnage-of TNT
required to produce the-same energy
release in an explosion. The total energy
yield is manifested as nuclear radiation,
thermal radiation, and shock (3nd blast)
energy, the actual distribution being de-
pendent -upon the. medium in which tjge
explosion occurs .(primarily) and also
upon the type of weapon -and the time

after detonation. .
Z .
(None)
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