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PREFACE

Wo as a nation have not ignored the problem of survival from nucloar
attack, We ol the waterworks industry, as & vital utility upon which depends
the nation's life and health, must also not ignore that problem, Survival
following a nuclcar attack has beon studied, and {s being studied, by many
oxperts, Some studica have indicated that initial casualtios in the tons of
millions could occur from an attack on the Uniteod States, But thowo studies
aluo show that as many as 50 million porsons could be killed by nuclear
radiation from fallout after having survived the initial blast and fire!
There will be survivors atter such an attack, but the number who survive
and the longth of time they would survive would depend upon preparations
made before tho attack, Thiu, alone, is ample rcvason for us to plan and
provide for civil defense,

Preparedness consists of detormining that a problem exiats; analyzing
the problem to determine the relative risks of spocific actions; and then
developing plans, hardening faciliticvs, acquiring or stockpiling resources
of supplios and tools, and training pevople in survival knowledges and
skille, Civil Defensc conuists of maintaining a state-of=-readiness, Procedures

and actions must be provided {n advance of the possible need for their use,
Obviously, there is no t.me to effectively do these things after the bomb
falls,
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CHAPTER I

PURPOSE AND SCOPE OF MANUAL

This manual has been prepared with the following principal objectives:
i,

To familiarize water utility and civil defense personnel with
methods for survival and recovery in the event of a nuclear war,

2,

To stimulate and asmist water utilities in developing emergency
plans to cops with a nuclear disaster,

3,

To provide a procedural guide for restoration and for training

personnel in postattack emergency repair procedures, recovery
techniques, and safety measures,

The manual content is based upon available information and selected
assumptions about the probable postattack condition of water utility
systems and practical countermeasures which can be made available, Much of
the emphasis is on radiological defense because waterworks personnsl, in
goneral, have some knowledge of how to cops with the other effects of
nuclear warfare, However, the magnitude of these other effects, blast, fire,
etc, resulting from a nuclear explosmion, will be much greater than aver

experisnced heretofors, consequently, appropriate information is presented
on physical protection of the water supply aystem,

The following chapters of this manual offer a guide to the development
of civil defense plans for waterworks of any size, type and location, Each
of the suggeated ideas should be conaidered carefully, although aome aug-
gostions may not be applicable to particular situations. Sometimes, detailed
technical information must be obtained elsewhere, In such cases the list
of references provided at the end of each chapter in this manual will prove
of value, Also, it is recommended that technical help be sought from local,
state, and federal civil defense, public health, and other agencies,

The format of this manual has been prepared so that events and their
corrective measures are presented in chronological order, Chapters II
through VII takes the reader from '"Nuclear Weapon Effects", "Vulnerability
Assessment', "Protective Measures'', '"Postattack Assessment of Plant Oper=
ation", and "Recovery of Plant Operations' through "Emergency Sources and
. Supply Procedures'. Chapter VIII,'Dlsaster Plan", provides guide lines
. which water utilities can use to Lncorporate the information presented in

preceding chapters into an sffective plan of operation, A disaster plan
: check list is also included,




Before reading Chapter II, "Nuclear,Woapon Effects', {t would be well
to road Appendix A, the "Facts on Radiat{on and Fa''m: ", unless previous
study of nucloar radiation has been more than casual, There aro many common

misconceptions about radiation, cspecially radiation from fallout, It ia
important to understand the facts before reading further,

Appendix B is a glossary of civil defenae and nuclear weapon tor~in=
ology., The reader is urged to consult it freely,

Chapter I1, which describes tho offects of nuclear weapons, begins our
study of radioactivity and civil defense, Information is presented in this
chapter which will assist in understanding the over=all problems resulting
from nuclear warfare, The gross effucts of assumed nuclear detonations =
blast, thermal radiation and nuclear radiation = may be predicted with
reagonable certainty, It should be kept in mind that the amount of physical
damage to a given community would depend upon a number of factors including
its clozeness to the target site, the size of the weapon delivered, and
whether the bomb was exploded on the ground, water or high in the air, All
cities and towns would not be directly at or under the explosion, Most

cities and townas could be lhieavily affected by fallout, without being affected
by blast and thermal radiation, from a serims of bombs exploded on high-
priority targets, Radiological defense therefore, requires special con-
sideration by all water works wherever their location,

Chapter III will guide water utility operators and management in assess-
ing the vulnerability of their own system and personnel to a nuclear attack,
It 1s pointed out that vulnerability encompasses much more than structural
considerations, Criteria are presented concerning the degree of vulnerability
to blast, thermal and ionizing radiation effects and information is given
onn how to compute probable effecta, Procedures for safely leaving shelters
under radioactive conditiona are given, The chapter concludes with a de~
tailed example of an ideal assessment on a water utility {llustrating
possible system weaknesses and the companion corrective moasures, The

vulnerability assessment information is used to provide protective measures
which will expedite recovery after an attack,

Chapter IV presents principles on protective measures that can be taken
to protect personnel and facilities from nuclear explosions, Blast and
thermal protection is discussed, but radiological protection from fallout
is emphasized and the provision and use of shelters is atressed, Design
criteria for fallout shelters and their operation is discussed, Specific
measures for control of contamination and for decontamination are reviewed,

The provision of these protective measures will enable the utility to more
effectively initiate their operations after an attack,

Chapter V describes the conditions and necessary actions to be taken
following a nuclear attack, Postattack damage reconnaissance and assess-
ment procedures for water utility personnel are given so that functional
plans, leading to restoration of operation, can be made and carried out in

as rapid and safe a manner as possible, The need for adequate communications




Is strowwed, An aspcwsment and evaluatfon will have to be made of the sur=-
viving facilities, cquipment, persomnel and community, Of special importance
in a waterworks {s the condition ol the water supply, and procedures for
detecting and assessing radioactivity in the water supply are given, The
effects of fallout on rostorat{ion arv discussed, The urgency or priority

of cortain actions as related to the need and hazards involved muat be
evaluated, The results of the ansesament are used to determine the post-
attack water needs; the facilitios, vquipment and personnel that can be

used and the most effective methods and procedures to expedite operation

of the water system,

Chapter VI presents mothods and procedures for emergency repair, re-
storation and oporation during the postattack recovery period, Initial
emphasis is on organization, command and succesaion within the water utility;
use of operation control centers; and coordination and liaison with civil
defense authorities und other vital utilities, Fire control and debris
removal as they relate to water utility structures are ‘eviewed; radio-
logical decontamination procedurcs are thoroughly covered:; system repair
considerations are discussed; quality standards and control during the re-
covery period are reviewed; and finally power considerations arae covered,
All of these activitios are directed towards the supplying of emergency
water to survivors,

Chapter V11 deals with sources ol water that are or can be made avail-
able during emergencies for various uses and nceds and the procodures in-
volved in supplying this water, Potentlal sources, many of which are over=
looked, are reviewed and suggestions are made for inventorying these as to
location and to their quantity, quality, and other consideration, This in-
formation can be used to make a rapid postattack appraisal of the water
supply sltuation, Emergency water treatment methods, delivary systems,
points of distribution and rationing are discussed,

Chapter V1I1 incorporates the information already presented in this
manual into a proposed comprehensive disaster plan for survival and recovery
following a nuclear attack, It enables sach water utility to prepare a
functional plan for their particular organisation and circumstance, This
chapter not only provides the means of preparing a plan but also attempts
to stimulate self evaluation with the ultimate development of a plan fol-
lowed by action, in the form of hardening of facilities and the initiation
of training programs and drills to make the plan functional, The accompany-
ing disaster plan check list will facilitate the development of procedures
leading to an effective survival and recovery plan,




CHAPTER I1I
NUCLEAR WEAPON EFFECTS

NTRODUCTION

While the nature of nuclear explosions is a relatively complex subjact,
the gross effects of an assumed nuclear weapon detonation may he predicted
with reasonable certainty, It is the purpose of this chapter to present
{nformation that will be helpful in understanding over-all problems as-
sociated with a nuclear weapon attack and then in subsequent chapters relate
them to water utility facilitirs and personnel, and their functions,

CHARACTERISTICS OF NUCLEAR EXPLOSIONS
Ceneral Propertieg

Nuclear weapons are similar to thoss of more conventional types in so
far as their destructive action is due mainly to blast or shock., On the
~other hand; there are severai basic differences. Pirst, nuciear '
can be many thousands (or millions) of times more powerful than the largest
conventional detonations, Second, much of the energy in a nuclear explosion
is in the form of light and heat, generally referred to as "thermal radiat-

fon", Third, the nuclear explosion is accompanied by highly penetrating
and harmful invisible rays, called "initial nuclear radiation", Finally,
radioactive debris remaining after a nuclear explosion emit similar radiat-

ions over an extended period of time, This is known as "residual nuclear
radiation" (Figure 1),

BLAST AND SHOCK THERMAL RADIATION

Nuclear
Explosion

INITIAL RESIOVAL
NUCLEAR RADIATION NUCLEAR RADIATION

Figure .—EFFECTS OF A NUCLEAR EXPLOSION




Enorgy Yield of Nuclear Explosions

A nuclear weapon is usually described in terms of the total energy it
can release in comparison to the number of tons of TNT required to release
the same amount of onaergy when exploded. Thus, the detonation of a l=
megaton nuclear bomb releases the same amount of energy as the explosion
of approximately 1 million tons of TNT, The earliest nuclear bomb, such as
dropped over Japan in 1945, released roughly the same quantity of anergy as
20,000 tons of TNT, Since that time, much more powerful weapons, with
energy yields in the megaton range, have been developed,

The distribution of energy in nuclear explosions depends on the nature
of the weapon and particularly on the environment of the explosion, Figure
2 shows the approximate distribution of enorgy that would occur for a
dotonation in the atmosphere,

THERMAL
RADIATION

-

INITIAL ] RESIOUAL
NUGLEAR RADIATION NUCLEAR RADIATION
% 10%

Figure 2—DISTRIBUTION OF ENERGY IN A TYPICAL
AIR BURST OF A WEAPON AT AN ALTITUDE BELOW
100,000 FEET

Iypes of Nyclear Explosions

The immediate phenomena associated with a nucleaur explosion, as well
as the effects of shock and blast, and thermal and nuclear radiations, vary
with the location of the point of burst in relution to the surface of the
earth, Figure 3 illustrates and describes the three principal types of burst,




_ ekl

Air burst

Subsurface burst

Figure 3— TYPES OF BURSTS

An air burst is defined as one in which
the bomb is exploded in the air so high
above land or water that the fireball
(at maximum brilliance) does not touch
the surface, Great blast and heat hasards
are produced, The heat wave resulting
from the explosion of a one-megaton
nuclear weapon can cause moderately
severe burns of exposed skin as far as
12 miles from the point of detonation,
The wvarmth may be felt at a distance of
75 miles, rraoetonlly no early or close-
in fallout‘is produced,

In a surface burst, the ball of fire touches
the ground, Because of its intense heat,
large amounts of rock, soil, and other
materiale will be vaporised and will rise
up into the cloud. An imporcant difference
betveen a surface buret and an air burst

i1s that in the surface burst the atomic
cloud is much more heavily loaded with
this vaporised material; therefors, a sur-.
face burst causes much more early radio-
active fallout than an air burst,

A subsurface burst is one in which the
center of a nuclear explosion ocours under
the ground or under water, Underground or
underwater shock is produced, and according
to the depth at which the explosion occurs,
some of the shock will escape to produce
air blast, Much of the heat wave and
immediate nuclear radiation is absorbed
within 3 short distance by the ground or
vuier, However, large amounts of earth

or water near the explosion will be con-
taminated with radiocactive materials,

1. Early fallout consists of the radiocactive contaminated particles
which return to the earth within 24 hours after a nuclear explosion,




In the event of a nuclear attack it is probable that tho type of nue
clear detonation most likely to bo experionced will be a relatively low
altitude air burst and/or surfaco burat, For simplification of discussion
to follow in this chaptor only the effocts of these two types of burat are
considered,

Chronological Development Of A Nuclear Explosion

The chronological development of a nuclear explosion on surface burst
appears in Figure 4,

THERMAL RADIATION
Qeneral Properties

The fireball sends out thermal radiation in two pulses, making up ap-
proximately 35 percent of the bomb's total snergy. The first pulse, a
split=second ultraviolet flash, is not a major hazard, The second pulse,
mostly infrared, lasts several seconds and carries noarly all the heat of
the burst which radiates outward in essentially straight lines at the spesd
of light, As the heat radiates from the fireball, it spreads over even
greater areas, so thermal radiation levels diminish sharply with distance
(Figure 3),

Because thermal radiation is applied only for a matter of seconds,

light, easily kindled materials are most likely to ignite, Surveys show that
typical American cities contain 5 to 25 points per acre where fires might
begin from thermal radiation, More important, this readily ignited material
can lead to the ignition of less combustible materials and result in a con=
flagration producing widespread damage,

i!!!gsl m g!!!@hﬂ.l

Thermal radiation can cause burn injuries either directly, i,e,, by
absorption of the radiant energy by the skin, or indirectly, as a result of
fires started by the radiation, The direct burns are often called 'flash
burns', since they are prcduced by the flash of thermal radiation from the
fireball, The indirect (or secondary) burns are referred to as '"flame
buras'' j they are identical with skin burns that would accompany (or be
caused by) any large fire no matter what its origin,

As a rule, all persons exposed to thermal radiation from a nuclear ex=
plosion within a range in which the energy received is sufficient to cause
second-degrees flash burns (at least) will be potential casualties, Figure 3
{1lustrates the relationship of weapon yield, rate of delivery of thermal
energy, and distance, with expected degree of burns for exposed personnel,

Any solid opaque material, e.g,, a wall, a hill, or a tree, between a
given object and the fireball will act as a shield and provide some protection,
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INITIAL NUCLEAR RADIATION

general Propertics

With the explosion thero is tho rolease of a burst of "initial radiat-
fon" (definod as the radiation emitted within the first minute following
detonation) = about 5 percent of the bomb's total energy = that is lethal
over an area roughly the sixeo of the fireball, High energy neutrons and
gamma rays ropresent the most significant components of this radiation,

Effects on Personnel

The initial radiation effect is gonerally overshadowed by those effects
from blast and shock which may cause almost total destruction within a
radius considerably larger than that which is seriously affected by the
initial nuclear radiation,

BLAST AND SHOCK
General Froperties

The blast or shock wave, which follows directly after the thermal flash,

_ represents about 30 percent of the weapon energyr The blast wave starts as
a high pressure shock front, traveling somewhat faster than the speed of
sound, After a few seconds, a negative pressure phase follows, The effect
is to first squeeze and then expand or explode structures and human tissues,
Along with this action there will be short wind gusts of high velocities,
Near ground xero, pressures and winds are higher in a surface burst than an
air buret, Farther out, an air burst creates stronger pressures and winds
because the blast wave bounces off the earth and reinforces the primary
wave to form the so-called "Mach front",

eri Damage Effect

Much of the material damage caused by a nuclear explosion is due,
directly or indirectly, to the blast wave which accompanies the explosion,
The majority of conventional structures will suffer some damage when the
overpressure in the blast wave, i,s,, the excess over atmospheric pressure,
is about one=half pound per square inch or more, Figure 6 indicates ex-
pected overpressure and probable damage effects at varying distance zones
from the center of a burst (ground zero), In areas of heavy blast damage,
fires will be started by broken gas mains and electrical short circuits,
and will feed on the kindling produced by the blast,

Another important consequence of the blast wave is the formation of
many flying missiles consisting of bricks (and other masonry), gluss,
pleces of wood and metal, etc, These cause considerable amounts of secondary
damage to structures and utilities, and numerous casualties even in lightly
damaged areas, In addition, large quantities of debris result in blockage
of streets, thus making rescue, fire fighting and utility repair operations
extremely difficult,
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Effects on Personnel

For ease of understanding, the effects of blast on personnsl are re-
ferred to as either direct or indirect, Among the direct effects are those

due to overpressure, such as damage to the sardrums and the lungs, These
occur at close=in distances (Figure 6),

An indirect type of injury can arise from displacement of the body as
a whole by dynamic (or wind) pressure and its resulting impact with a hard
surface, This can be experienced at distances where the overpressure is
relatively low, because the maximum wind velocities in the open can still
ba quite high, Because of the relatively slow speed of the blast wave (as
compared to thermal radiation), there is often time to take evasive action
such as dropping flat or seeking shelter below ground,

Injury to individuals both inside and outside a structure may occur be=
cause of the blast damage to that structure, Persons in the interior of

the building can be injured and trapped by collapse and fire, and those out-
side can be hurt by flying debris., These injuries could be quite numerous
over the area in which the overpressure is about 2 pounds per square inch

or more, For these and other reasons, an important aspect of protection is

an understanding of the relative ability of different structures to with-
stand damage from air blast,

Over-all Effects

When a nuclear weapon of known yield is detonated on the surface or at
a particular height in the air, the ranges of the immediate effects are
fairly well defined, For example, there will be an area surrounding ground
zero within which the destruction due to blast and shock, and accompanying
fires, will be so great that the survival of inhabitants in conventional
structures is improbable, At considerably greater distances the immediate
effects will be weaker and damage to structures wil! be minor, e.g., broken
windows and damage to window frames and doors, The radiation from fallout
may be significant in this region, but this is a delayed effect which will
be considered later, Between the zone of total destruction and the ares at
which damage is not significant, there is a region in which protective
measures can datermine whether inhabitants survive, with little or no in-
jury, or whether they become serious casualties,

injtisl Effects And Water Supply Svgtems

s ——

An evaluation of the initial effects of a nuclear explosion = thermal
radiation, initial nuclear radiation and blast - as related to water
utilities and personnel lead to certain pertinent conclusions:

(1) Nuclear weapons are potent destructive agents,



(2) It is not feamible, if not {mpossible, to design and provide
total protection for a water supply aystom,

(3) Depending upon their distance from ground zero, personnel have
little time to take cover,

(4) Individual survival is the principal objective at tiine of the
weapon detonation and immediately thereafter,

RESIDUAL NUCLEAR RADIATION
General Properties

The delayed effects of a nuclear explosion are associated with the
radioactivity present in the fallout, Residual radiation (defined as that
which is emitted later than 1 minute from the instant of explosion), while
representing only about 10 percent of the total weapon energy, is neverthe-
less a highly important cunsideration, Being diastributed over an area much
larger than that in which blast, heat and initial radiation are significant,
it is possible for people to become casualties at such distances from the
explosion that the immediate effects are negligible or completely abasent,

Figure 7 illustrates the general development and pattern of nuclear
radiation early fallout, It is convenient to consider the fallout in two
parts, namely, early (local) and delayed (world-wide), Early fallout is
defined as that which reaches the ground during the first 24 hours followe
ing a nuclear explosion, It is capable of producing radiocactive contamina=
tion over large areas with an intensity great enough to represent an ime
mediate health hazard, Delayed fallout consists of very fine particles
which ssttle in low concentrations over a considerable portion of the earth's
surface, Because of the reduced intensity of radiation as a result of
radioactive decay during the relatively long time the fallout remains sus-
pended in the atmosphere, the delayed fallout generally poses no immediate
danger to health, although there may be a long term hazard especially
through Lngestion of contaminated food and water,

Compared to an air burst, a surface burst will contribute much more
radioactive debris to the atomic cloud, Thus, heavy local fallout is as-
sociated with this typa of nuclear explosion while relatively little early
fallout 1s produced by an air burst,

Rassern of Fallout Discribution

The early fallout from a surface burast will begin to reach the ground
within several minutes after the exploasion at clcse-in locations, and at
increasingly later times at greater distances fium ground sero, depending
on the effective wind speed and direction, At distances of several hundred
miles from the explosion, the fallout may not commence until as late as
24 hours after the burst time, Furthermore, several hours may elapse be-
tween the time of arrival of the fallout at any point and the time when
deposition is essentially complete,
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Theoretical calceulations to determine the distribution of local fall=
out usually aswsume that the wind blows {n just one direction, Under such
conditions, radioactive fallout will tend to settle in a cigar-shaped
pattern (Figure 7), with radiation Intensity diminishing in the downwind
direction and toward the outside edges,

In practice, howevor, winds at difforent altitudes move in different
directions at different specds and actual pattorna of fallout tend to be
highly i{rregular (Figure 8), Thus the uso of area reports on general radia=-
tion levels as an vatimate of hazards in a local area may not be reliable,
The only sure answor is to muasure radiation locally,

Rate of Dacay

In any group of fallout particles, thero will be a wide variety of
isotopes, vach with a different decay rate, For mixed fission products the
radiation level starts high but drops quickly, as short half lived isotopes
decay, An sasy rule of thumb is that for each incroase in time by a factor
of seven, the raliation level decreases by a factor of ten, For exampl(,
the radiation lovel at the ond of 7 days will have fallen to roughly one=
tenth of that at the end of 1 day,

Effecty on Pergonnel

Radiation hazards stem from the fallout particles themsslves. The air
through which fallout passes, and the surfaces on which it settles, do not
themselves become radioactive, Remove the particles and there is no danger,

Alpha and beta radiations from fallout particles penetrate such a
short range that they are dangerous only if inhaled, ingested or contacted
directly, Gamma radiation is the major hazard, It can be effective a cone
siderable distance from the particle und has great penetrating power, For
example, at 3 feot above tho ground, roughly 50 percent of the dose rate
vecelved in the center of a large, flat, uniformly contaminated area comes
from diatances greater than 50 feet away, and about 25 percent from distances
more than 200 feet away, Thus, complete removal of tho contaminated surface
from a circle 200 feet in radius would reduce the dose rate in the center
to about one-fourth of its original value,

Individual exposurse to radiation dose intensities may vary from almost
insignificant rates at locations distant from the burst to rates well in
excoss of 1,000 roentgens per hour at closer in points, As shown earlier,
factors such as weapon yield, type of burst and wind directions and velocities
determine this faliout pattern,

The product of the average dose rate and time of exposure determine
the total amount of radiation dose experienced by an individual, Table I
shows the effects of various amounts of short term radiation exposure (total
received within a few day period) on humans, Tho effocts also depend on
such factors as age and general health,
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TABLE 1

BIOLOGICAL EFFECTS OF EXPOSURE ON PERSONNEL

Short=term Douse Visible Effect Ablo to Work

30 r No visille effects, You

75=100 r Briof puriods of nausca on day of Yon
oxposuroe in about 10% of the group,

200 r As many as 50% of this group may oxe Yos
perience some of the symptoms of
radiation sickness, Although only
5% to 10% may require modical
attention, no deaths are oxpected,

Serious radiation sickness in most
members of the group followed by
death to about 50% within two to four
waoks,

Berious radiation sickness to all
members of the group followed by death
to almost all members within one to
three weeks,

Studies suggest that it is possible to survive even greater total
doses accumulated in small units over a longer period of time,

Protection from Fallout

The seriousness of the hazards from radioactive fallout to personnel
is apparent and emphasizes the importance of protection for the entire
population, It ia during the period immediately following the nuclear
explosion, when the radiation level is at its highest, that this protection
{s most important,

Information has been published that describes procedures and standards
for evaluating the potential of existing structures as fallout shelters and
for modifying such structures to improve their effectiveness in this re-
spect, This subject as related to waterworks facilities and personnel will
be discussed in later chapters of this manual,




Resfdual Ettects aud Water Supply Systoemy

The fmmediateo objective for porsonncel surviving the initial offocts of
a nuclear explosion is to avoid becoming a casualty from the residual ofs=
focts which, whileo more subtle in nature, novertheloess can prove fatal,
At the same time, quick recovery of operation of the water supply syatom is
anothor Important objuctive becausce available water is vital for:

(1) human survival

(2) controlling fire damage

(3) decontaminatlon oporations

To most efficiontly accomplish those objoctives, a Jdisaster plan ia
neaded that provides the meoans to cvaluate when and how to initiate rapid
postattack recovery procodures,
LIKELY TARGETS, ATTACK SIZES AND PATTERNS

The kind and sizeo of possible anemy attack pattvrns are subject to con=
siderable public speculation, Some recognixcd national authorities have made
systenatic analyses of attacks to be eapnacted an a result of various onemy
objectives, and thesc may bes summarized ns follows:

(1) A limited attack aimoed at the destruction of U, 8, offensive power,

(2) A heavier attack intended to neutralize total U, 8, military
potential,

(3) A very heavy attack intended to reduce the U, 8, to impotency,

This manual cannot undertake a complete analyses of the various attack
systems, conditions and operating factors involved; however, some reasonable
generalizations can be made:

(1) Any attack system regardless of objectives, muat be aimed at the
dostruction of U, 8, offensive military power, This means attacks
on Strategic Air Command bases with nuclear weapons, and probably
with more than one bomb per target,

Attempts fto neutralize total U, 8, military potential probably
means attacks on all military bases with nuclear weapon yields
commensurate with the size and importance of the individual base,

Attempta to reduce the nation to impotency might well take the
form of additional attacks on cities (populations of 50,000 plus),
Surface bursts of "dirty" weapons to increase the fallout prohlem
away from the targets may also be used,

It is reasonable to assume that there would bo some aiming errors -
perhaps by as much as ten miles,




Significance to Water Supply Systoema

From the above conjectures, it may be further dssumed that an evalua-
tion of potential damage and hazards to any given wator supply systom and
its porsonncl would dopond upon their geoographical relationship to likely
targots, weathor pattorna and resulting nuclear woapon effects,
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CHAPTER II1I
YULNERABILITY ASSESSMENT

ANTRODUCTION

The vulnerability of a water systsm to a nuclear attack is a measure of
the degree to which the service of an adequate supply of water by the utility
would be adversely affected by the initiul and postattack effacts of the
nuclear explosion or explosions, One of the most important parts of a water
utility's advance preparation program is the assessment of the utility's
vulnerability to such an attack, The purpose of the vulnerability assess=
ment is to provide through vulnerability reduction measures for the continuity
of postattack operations, The results of the vulnerability assessment can
be used to conaider priority levels in the over=-all postattack condition as
well as to determine the extent of "hardening" necessary to accomplish
various degrees of protection, As a result of the vulnerability studies
definite attainment goals should be formulated and time-phased for reasonable
achievement dates,

The vulnerability of a water system extends beyond structural consider-
ations, It also encompasses raw materials; equipment required for operation;
and personnel protection, availability and training. Vulnerability studies
will also point out the various operations which may be affected and should
be a basis for the provisions of possible methods of repair and improvisa-
tion which may be used to rastore a particular operation, The vulnerability
assessment should include the following!

Sourca facilities
Treatment facilities and processes
Transmission facilities
Storage
Distribution facilities
Structures
Power
Communications
Equipment
Material and supplies
Manpower

12) BEmergancy procedures

The effects of nuclear weapons=--blast, thermal and falloute-are dis-
cussed in Chapter II. These effects must be considered in determining vul-
nerability, They would vary according to the sise and yield of the individual
veapon, type of burst (air, surface or subsurface), altitude of the air burst,
distance from the burst, geography, meteorological conditions, time of day




and the nature of the muterfuls that would be affected, All of these vari-
ables cannot be considered simultanecusly; however, it is possible to review
the effects of each variable independently and then conaider a reasonably
probable over=all effect from the major or significant variables,

The results of a specified blast can be estimated using data from studies
that have been made of nuclear weapon phenomena, The range of effects in
which we are interested is from the point of first noticoable damage up to
complete and {rreparable destruction,

The effects of a nuclear explosion on a structure are primarily due to
blast and shock forces and to a lesser extent, thermal radiation, On pear-
sonnel and water supply, initial radiation and radicactive fallout are also
of importance, Blast waves act to deform and fragment structures, thermal
radiation acts to ignite combustibles and melt non=combustibles, while radio=
activity acts to contaminate the area and thereby adds to the difficulties
in accomplishing repair and rebuilding,

This chapter has been prepared so as to guide water utility managers in
assessing the vulnerability of their own system to nuclear attack and the
resulting post nuclear effects, Criteria are given and an orderly procedure
is outlined for making such an assessment, PFinally a detailed example 1i»
presented giving an ideal assessment of a small to medium sime utility,

TERIA OF VU L T0 8 2 A

Blast wave, thermal radiation and ionising radiation have been reviewed
in the preceding chapter, Using they information developed consideration will
now be given to the response of various targets to these effacts, Criteria
of damage will be reviewed,

General Criteria

The damage resulting from blast or shock waves can be related to over-
pressure (pai), that from thermal radiation to energy (cal/cmé) and that from
ionizing radiation to radiation dose (roentgen or roentgen/hr),

The effects of blast wave overpressure on structures vary considerably
depending upon the material of construction as well as the over=-all strength
of the structure, This is demonstrated in Figure 6 of Chapter II, Most
structures suffer some damage (damage in some portions) when the overpressure
exceeds about one~half psi, frame houses may collapse at two psi, most con=
ventional houses will be damaged beyond repair at five psi, while the
structural members of blast resistant atructures, such as steel reinforced
concrate buildings, may withstand over 10 psi, Motor vehicles may withstand
about 3 pai,

Thermal radiation will ignite materials and cavse skin burns and eye
injuries, Some combustible materials customarily found in homes can be
ignited at less than 3 to 6 cal/cm* shown in Pigure 5, Eye injuries can




-

occur at considerably greater distances from the explosion than those at
which firat=degree burns will be received,

The effects of ionixing radiation will also vary as shown in Table I,
Early fallout is capable of producing radioactive contamination over large
areas with an intensity great enough to represent an immediate biological

hazard, Delayed fallout generally poses no immediate danger to health al-
though there may be a long term haxzard,

Affected Areas

The areas affected by blast and shock, initial radiation, thermal radia-
tion and residual radiation can be separated into three genetral classes,
These classes will depend upon the intensity of each of the destructive
phenomena and on the way in which they interact with the environment, The

three clasaes, located at varying distances from the center of the nuclear
burat, can be related to the following monest

Zone 1 = The area closest to the site of the burst where the blast,

thermal and ioniging radiation effects will all be evident,
Structural damage will be the primary gross effect noted
here along with fire damage and a need for shielding per-
sonnel from radiation for some period of time,

Large areas primarily dowmwind from the target whate fallout
from residual radiation will be the main concern, In addi-

tion fires may also reach this sone, The primary concern in
this sone will be the shielding of personnel,

Zone J - Areas at a sufficient distance from the blast such that no
divect effects from the nuclear explosion are noted, However,
such areas may bs surrounded by others experiencing the effects

noted for Zones | and 2 and, therefore, the inhabitants may bae
unable to leave this sone for a limited period,

Zone 1, and to some extant Zone 2, can be further broken down into areas
of severe, moderate, and light damage, The limits of these areas will vary
as shown in Pigures 5 and 6 of Chapter 1I according to whether blast, thermal
radiation or radioactivity is being considered, The various degrees of
damage resulting from a nuclear burat will now be considered,

Blast Rffects

In the air burst, 50% of the energy is in the blast on pressure waves,
35% in thermal radiation and the remaining 13% in radioactivity,

The shock front of the blast wave spreads from the fireball like a
ripple a little faster than the speed of sound, The blast from a one-megaton
weapon would almost completely deatroy all buildings within two miles and
saverely damage everything but massive buildings .p to three miles, The



range of destruction is proportional to the cube root of the bomb's energy;
thus the damage by blast from a 20-megaton bomb wouid extend ten times
farther than that of the 20 KT Hiroshima size weapon,

Thermal Radiation Effects

In the severs thermal radiation damages zons, fire may spread among the
debris produced by the blast. A fire atorm consists of a wind blowing toward
the burning area from all directions, Because of the strong inward draft at
ground level the fire storm can limit the spread of the fire beyond the
initial ignited area; however, virtually everything combustible within the
region will be destroyed,

In the moderate thermal radiation damage sone many combustibles will
ignite and there will be a good number of scattered fires which may join and
become a "conflagration" or "sweep conflagration", A one-megaton bomb pro=
duces a flash hot enough to convert more than half a million tons of water
into steam, It can cause third degree burns to people 13 miles away while
the 20 MT would extend this to 43 miles; while eye injuries would occur at
even much greatar distances,

In the light thermal radiation zone, some scattered fires will be noted,
Any person in the open will receive second or third degree flash burns,

isd diati £

The effect of radiocactivity on individuals from a nuclear explosion will
depend on the dose received as well as the individual tolerance, Protection
by sheltering is all important, PFor those in the open at the time of a blast
initial nuclear radiation at a radius of 1,5 and 2 miles for a 1 and 10 mega-
ton weapon respectively can result in a 100% death rate. A nuclear radiation
shield would have to be very massive to afford effective protection from
initial radiation at distances close to the burst,

Residual radioactivity, early and delayed, will extend far beyond the
area of blast, thermal and initial radioactivity effects, Because of this,
it is possible for people to become casualties at such distances frum the
explosion that the immediate effects are negligible or completely absent, It
is difficult to designate the area that would be affected by residual radia-
tion in a reasonably accurate manner because it is dependent upon so many
conditions including energy yield of the explosion, relative contributions of
fission and fusion to the total yield, the height of burst, the naturs of the
surface over (or on) which the detonation occurs, rainfall and especially
windspeeds and directions over a considerable height, It is certain, however,
that a surface burst in the megaton range will lead to contamination of very
large areas by early fallout which will reach the ground within several hours
after the explosion,
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COMPUTATION OF PROBABLE EFFECTS

Blast Effects

The damage resulting from asrodynamic shock waves can be related to
overpressures, Theoretically, the preasure which occurs at a given distance
from an explosion is proportional to the cubic root of energy yield, Accorde-
{ng to this law, {f D1 is the distance (or slant range) from a refersnce sx-
plosion of W) megaton at which a certain overpressure or dynamic pressure is
attained, then for any explosion of W megaton enorgy this same pressure will
occur at distance D as given by

1/3
pe (=) D

1 1

This law also may be applied to distances from ground zero as well as to dis=-
tance from the explosion for air bursts having different energy yields,

The relationships between weapon yields, possible damage and oxtended

distances with respect to overpressure for surface bursts are summariszed in
Figure 6, Chapter II,

Thermal Radiation Effocts

Thermal radiation resulting from & nuclear exploczion travels with the
speed of light and will transport energy varying approximately linearly with

the yleld and atmospheric transmittance and inversely as the square of the
distance us given by

Q (cal/sq cm) = lQQ%_j!E

D

for a surface burst,

Where D is distance in miles from explosion

W is weapon yield in megatons

T is atmospheric transmittance

f ia fraction factor

f » 1,046 for air burst

£ = 0,4 to 0,5 for surface burst,

For example, 1if the thermal radiation is 11 cal/ecm? for a surface burst
of a 1MT weapon at a slant range of 5 miles, then with unchanged atmospheric
conditions, the same radiation exposure will be extended to 1] miles for a
10=-MT weapon,

The effect of visibility on transmittance of thermal energy is shown in
Figure 9,
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The thermal radfation produced by an alr burst can be determined from
the explonion yleld and slant ranye using Figure 10, This f{gure has besn
propared [or a reasonably clear state of the atmosphore, that is, a visibility
of {0 miles or more, Under hazy atmosphoric conditions, ur in the event of
A purface burst, the Jdistance ohtained from Figure 10 may be decreased,
Similarly, a layer of donse cloud or smoke between the target and the point
of hurst will decroase the distance over which fires may be started,

The spread of fiream in a city depends upun many conditions including
weather, torrain and closeness and combustibility of the buildings, If other
circumstances aro more or less the same, the most important criterion of the
probability of fire spread is the distance between buildings, Figure 11 pro=-
vides u rough cestimate of the probability of fire spread accompanying a
nuclear explosion when a large number of small fires are sturted directly by
thormal radiation and indirectly in other ways,

The possibility of burns of any particular degree of severity occurring
can bo related to radiant exposure, explosion yleld and distance from the
center of explosion,

Joniszing Radfation Effects

The biological effect of exposure to radiation is given in Table I,
Radiation dose could be calculated by multiplying the average dose rate by
length of exposure (e,g. 3 roentgens por hour times 4 hours equals 12
roentgens), As discussed in Chapter II, the radioactivity dose rate decreases
by a factor of 10 for every sevenfold increvase in time after explosion, Cal-
culations of dose rates in esarly fallout can be made from Figure 12, Total
accumulated dose nan be obtained from Figure 13, To determine the total
radiation dose which might be received while doing outside repair work after
a nuclear attack Figures 12 and 13 can be used,

To illustrate dose rate calculations, suppose that an individual became
exposed to a certain quantity of gamma radiution from early fallout 2 hours
after a nuclear explosion and the dose rate, measured at that time, were
found to be 1,3 roentgens per hour, What will be the total dose received
during tho subsequent 12 hours, {.,e, by 14 hours after explosion?

The first step is to determine the unit-time reference dose rate from
Figure 12, It is seen that:

Dose rate at 2 hours after explosion 0,40

Unit~time reference dose rate

and since the dose rate at 2 liours is known to be 1,3 roentgens per hour, the
reference value is 1,5/0,40 » 3,8 roentgens per hour, Next, from Figure 13,
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{t {n found that for 2 hours and !4 houra reapectively, after the oxplosion

Total dome at 2 hours after explosion . 5.4
Unitetime reference dose rate

Hence, by subtraction:

Dose received between 2 and 14 houyrs after ex
Unit=time reference dose rate

The unit=time reference donse rate is 3,8 roentgens per hour, and so tho total
dose received in tho 12 hours, between 2 and 14 hours after exploaion, is
3,8 x 1,3 = 4,9 roentyens,

With the aid of Figures 12 and 13, many different types of calculations
relating to radiation dome rates and total doses received from early fallout
can be made,

"Dose Rate" and "Entry Time - Stay Time = Total Dose" nomograms shown

in Figures 14 and 13 respectively are especially useful for finding the dose = _.

‘vate and earliwat antry time into an ares to perform a job requiring a known
stay time, Illustrated oxamples are shown in the following pages,

les of Dose Rate

Example 1 (Dcse Rate Nomogram)
Given = The dose rate at H + 12 1{s 50 r/hr
Find » The dose rate at H + 18

Solution = Using a straight edge, connect 50 r/hr on the "Dnse Rate at
H+ t" column with 12 hours on the "Time after Burst" column
and read 970 r/hr on tha "Dose Rate at H + 1" column, Pivot
the atraight edge to connect 970 r/hr on the "Dose Rate at
H+ 1" column with 18 hours on the "Time After Burst' column
read the anawer from the '"Dose Rate at H + t' column,

Ansver » 31 rv/hr




Time Atter ors
"=
.

s
.

e

:: 33;3.. o2® »

siep

Figure |14. —DOSE RATE NOMOGRAM
(R/hr)

32




3 B33 383

Figure IS. = ENTRY TIME-STAY TIME-TOTAL POSE NOMOGRAM
(R/hr)




Example 2 (Eutry=Time = Stay~Time = Total Dose Nomogram)

Given = Dowe Ruate at 0+ 10 {s 12 ¢/hr, Entry time {n 14 hours
and the minsion dome {0 establinshed at 50 r,

Find Stay Time

Solution = Find the done rate at H « 1 (190 r/hir) as doscribed i(n
Example 1, Using a straight edge, connect 30 r on the
"ratal Dome" colum with 190 r/hr on the "Dose Rate at
H+ " column, This shows 0,26 on the "D/R;" column,
Connect 0,26 on the "D/R1" column with 14 hours on the
PEutry Time" column, Read 8 hours on the "Stay Time"
column,

Answer = 8 hourn
Example 3 (Entry Time = Stay=Time = Total Dose Nomogram)
Given e The Doswc Rate at H + B {s 10 r/hr,

Find = The total dowe received {f a porson onters the area at
H + 10 and romains for 4 hours,

Solution = Find the dose rate at H + 1 (120 r/hr) as described in
Example 1, Using a straight edge, connect 4 hours on the

"Stay Time'" column with 10 hours on the "Entry Time"
columa, This shows 0,21 on the "D/R}" column, Connect

0,21 on the "D/Ry" column with 120 r/hr on the '"Dose Rate
at H+ 1" column, Road the anawer from the "Total Dose"
column,

Answer - 25 ¢,

Porsonnel Shelter

The vulnerability assessment should be espaciaily thorough in reviewing
the adequacy of personnel shelters with regard to their construction, loca-
tion, sire and numbers, Although the protection of facilities and personnel
from blast effect im emssential, the nead for tho protection of personnel from
fonizing radiation iws relatively greater ss ionizing radiation will affect a
much larger area, Tho protective measures available against hazardous radia=
tion effects of radioactive fallout will be discussed in detail in Chapter
IV, Calculations can be made of the protoction provided by various types of
shelters, The protection factor is the ratio of the radiation dose one would
experience outside a shelter to the dose one would receive inside, Table II
has been prepared to show the minimum protection factor to prevent 4 days
exposure dome from exceeding 200 roentgens under various radiation intensities,
Additional information {s given in Figure 16 which shows the dose transmission
factor for initial gamma radiations of various matoriais as functions of
thickneas,
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TABLE 11

RADIATION EXPOSURE DOSE ~ UNSHELTERED PERSONNEL
AND SHELTER PROTECTION FACTOR FOR SURVIVAL

Approximate 4 day
Radiution oxposure done Minimum Protecs Area of U,S,*
Intenaity at (roentgens) tion factor for Involved
(H+1) (xr/hr) unsheltered personnel Survival in Shelterwr %

30
13
17

30 140
100 140 = 290
300 290 - 870

l

30 2
b

500 870 = 1430 ]
l

4

100
300
300 = 1000 1450 = 2900
1000 = 13000 2900 - 8700
3000 8700

5
4

Based on "The Probable Fallout Threat Over the continental United Statea",
by Tec=0Ops in which a 4080 MT (2720 fission megatons) attack on both
military and industrial targets was assumed,

Required to roduce the 4=day dose to 200 roentgens or less,

VULNERABILITY WATER U Y FACIL AND WA U

A gulde for vulnerability assessment or water utility facilities and
water supply to blast and shock, thermal radiation and fonising radiation is
shown in Table III,
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EXAMPLE OF A UTILITY ASSESSMENT

Table IV {a an example of & vulnorability assessment of a municipal
witer utility with the following characteristics,

1) Population served: 150,000
2) Averuge daily consumption: 30 mgd
3) Arva served: 25 sq miles

4) Pressure Zones! Threo major pressure sones are provided through
local topographic condition in the service area,

5) Water sources: Surface wator (local): 15% of total supply is
produced by 2 local streams,

Surface water (imported): 55% of total supply is
purchased from other water districts via long
transmission line,

Ground water (local)t 30% of total supply is pro=
ducad by 12 deep wells located within servico area,

6) Reservoirs: 17 covered resarvoirs ranging in size from 0,9 mg
to 50 myg are at various locations in the service
area and provide total storage capacity of 100 mg.

7) Pumping facilities: There are 34 pumping stationa in the system = 12
for deep well water pumping and the other 22 for
booster pumping, No., 1 well is installed with
sutmersible pump while turbine pumps are used for
other wells, Blectric power is usod at all pump-
ing stations except at the No, 3 well which is
driven by a 40 HP gasoline engine,

The assessment can and should be simplified by eliminating from the
study most of the smaller or nonecritical portions of the system,

The firat step in the assessment is to list the facilities to be checked,
For each type of facility involved a list of items to be field checked is
made, A tabulation similar to Table IV is then made and the estimated response
of each of the facilities is noted,

The tabulated data is then studied to determine the most vulnerable
facilities and the relative importance of the various items is considered,
In this study the following conclusions were made!
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Source Supplies

1) Wells = Although deep wells may very well withstand nuclear blast
with high overpressure, the electric power supply is vule
nerable and service may fail because of a lack of power,
Well No, 3, however, will probably continue in operation as
it is gas engine driven with standby gasoline carburation
and is housed in a blast resistant building,

2) Imported Aqueduct Source - The aqueduct and its service take=offs
are relatively invulnerable, but a study of the source
facilities indicated that prolonged aqueduct outage should
be anticipated following riuclear attack,

3) Surface Streams = Facilities are relatively invulnerable to blast,
but radiation and tharmal effect (watershed fires) may pre-
vent use,

The conclusion reached on source supplies was that Well No, 3 offered
the only dependable source of water following nuclear attack, This well,
with a capacity of 1800 gpm, will furnish water to the highest pressure sys-
tem, and will provide at least the minimum amount of water, 10 gped, for all
the surviving population during the postattack period,

A second wali louféi“iimillfiy hardened would be desirable,

ftorage

Reservoirs were found to be relatively invulnerable except that the roofs
of 6 reservoirs with a total storage capacity of approximately 52 million
gallons would probably collapse, However, the concrete roofs of two resers
voirs having a total storage of 52 million gallons should remain intact,

It is concluded that the vulnerability of the reservoir storage will be
only affected by the possible contamination by fallout in the water in those
reservoirs where the roofs have collapsed, and this should not be a signifi-
cant radiation ingestion hasard,

Rooster Pumping fyeten

The booster pumping facilities are vulnerable through power source
failure, Reliable standby power sources are necessary to improve this con-
dition to provide at least minimum booster pumping service, Poles, lines,
etc,, have higher blast resistance than most buildings,

1rapsmiseion end Distributien Sveten

The tcansmission system is well protected, The distribution system
piping is not vulnerable except for appurtenances such as above ground fire
hydrants and house piping connectiona, The major problem expected is the




rapid loss of stored water through leaks developing within consumers' property
when the service piping in homes and buildings is damaged,

Miscellaneous Facilities

The laboratory is extremely vulnerable and standby field laboratory
facilities must be provided in well protected locations,

The warehouse and equipment yards are somewhat vulnerable but sufficiently
dispersed to be at least partially resistant to attack,

Communication equipment is reliable with at least 10 mobile radio units
available in case of failure of the communication control center,

Shelter facilities for personnel are barely adequate and should be
improved,
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CHAPTER 1V
PACTICTIVE MEASURES

DUCTIO!

The purpose of this chapter is to present principles for the protection
of personnel and water facilities from nuclear explosions, A large number
of vater systems in the United States would be outside the limits of blast
or heat effects of any nuclear attack within tha scope of present milicary
estimates, but nearly all would be exposed to hasardous radiation effects of
radioactive fallout which may cover wide and unpredictable areas as shown in
Figure 17, The need for "hardening'' planning to provide blast and thermal
protection for water systems located near critical target areas will be dis-
cussed, but the major emphasis will be placed on human survival especially
protection trom radioactive fallout,

JALLOVT _PROTECTION

The purpose of fallout protection is to provide

equipment and procodurcl 80 as to protect not only personnel, but key opcrn-
ting areas, and also to provide for removal of fallout from exterior surfaces
with minimum difficulty so as to facilitate recovery of the waterworks,

Rersonne] Protection

Radiation protection measures are based on the assumption that all radi-
ation exposure is harmful, However, experience and research have shown that
1f exposure is kept below a certain level, medical care will not be required
for the majority of the people., PFew people get sick who have been exposed
to 100 roentgens or less., As the exposure dose incresses, the severity of
effects will incresse, However, the effects on individuals exposed to the
same dose will vary widely, Table I may be used to estimate shorteterm
effects on humans of external gamma exposures of less than four days,

In considering protection against the three types of radistion associated
with fallout material, protection against gamma radiation is of primary ime
portance because of its great penetrating power, similar to but more potent
than x-rays, Alpha and bata radiation are relatively easy to shield against
as shown in Pigure 18, Gamma radiation, however, can require considerable
amounts of dense materials or distance batween persons and the radiation
source in order to prevent damage,
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Shiclding Protection

Protection from the offects of fallout gumma radiatfon may be achieved
in two wayn, One method {n to place o barrier or shiclding miuterial between
the fallout field and the person, The second is to increase the distance of
the pernon from the fallout fileld, This is termed distance or geometry
shielding, 1In most cames, it im nocessary to consider the combined offects
of both barrier and geometry shiclding to determine the effectivencan of a
sheltar, The protection provided by shielding in a typical fi{lter building
is shown in Figure 19, Gamma rays are absorbed to some extent when they pass
through any building materiuls, The shiclding evffects of various kindw of
walls and roofs are related to the thickness and density of the material, A
greater thicknews of a lvss dense substiance (wood) than one of high density
(metal) im required to attenuate the radiations by a spoecifiod amount,

The term “protection factor'" exprossos the relative reduction in the
amount of radiation that would be received in the protected location compared
tc the amount it would veceive {f it were unprotected, For convenience of
calculation, the reciprocal of the protection factor, called the '"reduction
factor', is used, Reduction factors, cxpressed as decimals, can be added
when combining the effects of fallout on the roof over the area of interest
(roof contribution) and fallout on the ground surrounding this area (ground
contribution), For example, the roof contributiun un the operating floor of

4 filter butlding in Pigure 19 may be 0,013 and the ground contribution at

this point 0,01, The sum of these, 0,025, would be the total reduction face
tor, and the protection factor would be the reciprocal of 0,023, or 40, In
the pipe gallery, the greater mass thickness of reinforced concrete walls,
operating floor, filter sand and water may improve the total reduction
factor to 0,000%, a protection factor of 2,000,

In its passage through the atmosphere, gamma radiation, like thermal
vradiation, is scattered by particles present in the air, Even though most
of the radiation will be received along a direct "line of sight" from the
source, scattering will cause a certain portion to arrive from oblique
directions, Conssquently, some shielding must be provided on all sides of
an individual in order to furnish adequate protection,

Distance Protection

In addition to the attenuation afforded by direct shielding, gamma rays di-
minish with increased distance from the radiation source, For a uniformly
distributed source, such as a fallout field, the area nearest the receiver
contributes the most radiation, For example, the attenuation at J feet above
the center of a decontaminated circle with 350~foot radius is about 0,48,
However, to obtain further significant attenuation, the radius of the cleaned
or decontaminated surface muast be increased markedly, 1If, in order to utilixe
a facility in a contaminated area, it is necessary to reduce the radiation
dose rate to one-tenth the original intensity, an area 600 feet in radius
around the facility must be cleared,
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Radiological Monitoring

An important part of the program of protecting personnel from radiation
hazards i the provimion of adequate monitoring facilities, trained personnel
and tested procedurus, Personnel must be aware of the oxtent and location
of such hazards and have the knowledgye to minimixe the danger,

Trained monitors will be required to furnish data on radiation dose
rates essential for the assessment of fallout hazards, Waterworks should
have radiological detection instruments and two or more personnel with moni-
toring capabilities assigned to sach of its mcjor production and distribution
facillties which could function as an emergency fallout shelter,

During the early postattack périod, radiological information needed by
shelter occupants will require monitoring of areas in the shelter to locate
the best shielded areas for use when dose rates are high, When dose ratas
have decreased to the extent that limited outside activities can be performed,
monitors will support emergency recovery operations, Postattack operations
will require messurement of dose rates in the shelter as well us estimation
of permissible stay-time outsidu the shelter, Radiation exposure records
should be kept on all water system personnel,

There is a continuing need for monitoring through the period of gradual
relaxation of sheltered living even after gamma radiation no longer seriously
restricts unsheltered living, During the recovery period, the need for fre-
quent reports of monitored data becomes less urgent but the requirement for
monitoring of specific areas and facilities, in support of large-scale decon=
tamination operations increases, Monitoring is required until all radiation
hazards are determined to be insignificant,

The Handbook for Radiological Monitors provides basic information the
monitor must have to carry out his duties of detection, measurement, and re-

porting of radiation, While it is primarily intended for use as an operations
manual in conducting radiologlcal monitoring, it is also useful as a student
manual in monitor training, It may be obtained through your local civil
defense organization by citing the title and the Federal Civil Defense Guide
number FG-E-5.,9,

Contro] of Exposure

Monitors are responsible for limiting the exposure and maintaining the
personal radiation exposure records for themselves and all emergency opera-
tions personnal at their station, Radiaticn exposures are likely to lack a
uniform pattern, After a period of low exposure, an operational mission may
require a high exposure, This may be followed by several days of relatively
low exposure before the situation requires an additional high exposure., The
only reliable method of keeping track of variable exposures is through the
use of personal dosimeters and the keeping of complete exposure records,




All but the most importunt watur system and survival operations should
be postponed an long as practical to take advantage of the decay of fallout,
In carrying out high priority tasks exposures ahould, where practicable, be
more or less distributed among operations personnel,

Nomograms as shown {n Figures 14 and 13 based on theoretical fallout
radiation decay characteristics, may be used for rough estimates of future
dose rates and radiation exposures that might be expscted in performing
necessary tasks outside the shelter, However, when fallout from several
nuclear weapons detonated more than 24 hours apart i{s deposited {n an area,
the decay rate may differ markedly from the assumed decay rate, Calculation
of future dose rates must not be made until dose rates have been decreasing
for at least 2=3 hours, and forecasts should be made for periods no further
in the future than the length of time the radiation levels have been observed
to decrease,

Missions must not be startud until monitoring indicates that predicted
onditions actually prevail, At least one survey neter and ono or more
dosimeter will be carried by the mission crew and these will be read periodi-

cally to assure limiting the dose to the established value, Generally, out=
side missions should bhe short, not to exceed three hours,

The "Dose Rate'" and "Entry Time = Stay Time = Total Dose'" nomograms
shown on Figures 14 and 15 respectively are sspeciaily ussful for finding
the dose rate and earliest entry time into an area to perform a job requiring
a known stay timo, Their use will permit an earlier scheduling of the mission
than to assume that the outside radiation dose rate remains conatant (no
decay) from the time of entry into the radiation field until the return to
shelter, Under the latter assumption, the total dose equals the dose rate at
time of entry multiplied by the length of tims stayed on the mission, If the
above nomogram {s not available, then the time for beginning the mission
should be delayed until the entry dose rate, r/hr, outside shelter has de-
creased to a value determined by

The guide shown in Table V may be useful for estimating the permissible
activities outside sholter when the dose rates inside and outside of the
shelter are known, The dose rate inside a shelter can be estimated, using
dose rate outaide shelter and protection factor,

Contamination Control Inside Shelter

During fallout deposition, all windows, doors, and non-vital vents in
sheltered locations should be closed to minimize the contamination entering
the shelter, These and other protective measures such as covering should be
applied to vehicles because the radiation dose rate, while in a vehicle that
has been sheltered during the time of fallout, is only one~-half of the dose
rate of a vehicle that has recoived fallout in the open,




TABLE V

GUIDE TQ PERMISSIBLE ACTIVITIES

Outside dosc rate in r/hr

at (H+l)

Greator than
10,000

1,000

50 to 200

Leas than
30

Less than

NOTE:

at (H+2 days)

Greater than
100

loss than
0.3

Loss than
0,001

Pormiggible Activition

Outdoor activity of more than a fow minutos
may rosult in sickness or death, Occasiona
shich might call for outside activity are:
(1) risk of doath or scrious injury in proe-
sont shelter from fire, collapse, thirst,
aetc,, and (2) present shelter is greatly
inadequate and bettor shelter is known to
be only a fow minutes away,

Time outside of shelter should be held to
few minutes and limited to those few activities
that cannot be postponed,

Perinds of loss than an hour per day of out=
door activity are acceptable for tho most

ossontial purposcs, Shelter occupants should
rotate outdoor tasks to distribute oxpoasures,

Outdoor activity (up to a fuw hours por day)
{s accoptable for cssential purposos such as:
fire fighting, police action, reomcue, repair,
socuring neccossary food, water, medicine and
blankots, important communication, disposal
of wante, oxorciso and obtaining frosh air,
Eat, sloep, and carry on all other activities
in tho best available shalter,

No spoecial precautions sro nccossary for op=
orational activities, Kewp fallout from con=
taminating poople, Sloep in the shelter,

Rosume normal activities, Continue recovery
and decontamination oporations,

1, This table is based on a sheltor protoction factor of 200 to koep 4 day
total exposure dosc received to 200 roontgens or loss,

2, Tho time outside sholtor is based on accumulated dose inside sheltor plus
dose to bo roceived outside sholter calculated from Figuros 12 to 13 or by
the formula Dose (roontgen) allowod for mission = Entry Dosv rato (r/hr) x
Eatimated Stay Time (hour) for mission, Total accumulatoed doso rocoived outside
and inside sholter of 200 roentgons should not bo exceeded without careful

consideration,




Bofore entering the sholtor arou poersons arriving at a shelter should
stamp their foat and shake their clothing to remove contamination,

Contaminated portions of the skin and hair may be washed, brushed, or
wiped thoroughly, but do not {njure the skin, If the civil defense radio-

logical instrumont CD V=700 can be umed then the radiation fiold {s incon-
sequential in the shelter,

Contamination Control Outside Shelter

Clothing will not protect personnel from gamma radiation but will prevent
most ajrborne contamination from depositing on the skin, and thereby reduce
the need for extensive washing or scrubbing of the body for prevention of

beta burns, Moat closely woven clothing is satisfactory when the emergency
operators are {nstructed to:

1, Wear adequate clothing and cover as much ol the body as practicable,
Wear boots or rubber galoshes, if available, Tie pant cuffs over them to
avoid possible contamination ~[ feet und ankles,

2, Avoid highly contaminated areas whenever possible, Puddles and very
dusty areas where contamination is more probable should also ba avoided,

Food and Water

Food and water should be protected from fallout as far as is practicable,
If it 1is suspected that unopened food containers are contaminated, they should
be washed or brushed prior to opening and removal of the contents, Food
properly removed from such containers will be safe for consumption,

Water in covered containers and underground sources will be safe, Before
the arrival of fallout, open supplies of water such as cisterns, open wells,

stc, should be covered, No food and water suspucted of contamination should
be destroyed or thrown away,

Do not discard contaminated food or water, It should be decontaminated
and rechecked, or placed in storage and rechecked at a later date for possible
consumption after the contamination has decreased through radicactive decay,
Foods such as fruits and vegatables could be decontaminated by washing,
brushing, or peeling, Water which is heavily contaminated might be improved
by filtering, or by allowing any particles to settle out, If only contaminated

food or water is available, the monitor should recommend that supplies with the
smallest amount of contamination be uaed first,

G _PRO

STRUCTIO

Reduction of Fallout Deposition and Retention

The protection which a facility affords can be improved by making it
more difficult for fallout material to be deposited and to remain on its



exterior surfaces, The vulnerability of buildings to fallout depends on (a)
gencral orfentation of exterior surfuces which determine the air flow pattern
around bulldings and affuect the drainage and woathering of fallout material
from surfaces; and (b) the detailed surface conditions which {nfluence re=
tontion of contuminant,

Faciiitution of Fallout Remuval

Even though buildings and water facilitivs are designed to reduce falle
out rotention, a certain amouut will be deposited and rotained, Such deposita
of contamination must be phyrically removed or shielded in place, Tha prin-
cipal ways to rid a surface of fallout are:

l, Washing fallout deposits off the murfaces and into gutters and
drainage systems with firehoses and street flushers,

2, Picking up and collecting fallout materiul with streot sweepors,

J, Burying fallout in place with plows or new warth fill,

4, Removing soil contaminated by fallout with sarcthmoving equipment,

If water 1is to be used as the decontaminating media, the surfaces should
be smooth enough to dislodge fallout particles readily, and the slope and

cross=sectional shape of drainage channels should provide a high velocity flow
for efficient transport of the suspended particles to storm drains or sewers,

An adequate slope to roofs and the areas next to buildings is an important
feature of a well=planned drainage system,

Rainfall is capable of decontaminating roofs and exterior surfaces,
Howaver, it may not be very effective unless the drainage conditions for
removal of runoff water are designed with this in mind,

Planning for fallout removal must include accessibility and services,
If firehosing is to be employed for decontaminating roofs, exterior access to
the building roof should be provided along with built=in headers to allow
hose connections at roof level sv as to eliminate long runs of hoses, Opera-
tion of motorized flushing equipment, street swoepers, plows, trucks, and
other large rigs will be faciliiated by advance planning of spacings botween
buildings, service poles, hydrants, fences and other obstructions, Sloping
ramps may be helpful for moving heavy equipment to different operating levels,
In all cases, paving must be strong enough to bear rolling stock,

Although a number of effective decontamination methods are applicable,
those employing water are generally more available, For this reason, in
some areas the demands on the water supply for decontamination may rival
those experienced when finhting fires, Planning for an emergency network of
independent water systems is an important protective measure, This will be
discussed in Chapter VII,




Fullout Protegiive Conntructfon == Nuw Buildings

Muny new water [ncfliticen can be made to furnish greater fallout proe-
tection by the timely applicvatfon of the principles of ahiclding and distance
protection discunned in previous section, When thaose principles are considered
vsiarly in the planning of new constructfon the degree of fallout protection may
be greatly {wproved at minimal additional cost, It {m buyond the scope of
thin manual to prosent a detatled guide for desipgn of protective stiructures,

Fallout Shelters for Watoer Utilities

Fallout protection should be providod {n or near vagh evwsential watey
production, treatment, or distribution fucility roquiring full time or oven
part time operators for control and maintenance of the equipment, The normal
travel time from the tearewt shwlter to the tfaciiity swhould not be excessive
in any cawe, At pumping plants and rewervoirs, the underground or underwater
structures houning pumps, valves, or pressure regulators are often sufficientl:
shivlded by conerete walls, ocarth and/or water to provide a good protective
shelter for utility operators and their familios, As shown {n Figure 19, the
underground pipe gallory in a large filter building will provide a spacious
shultor with a high protection factor, Even in small filter plants certain
locations may make cxcellent shelter arcas, Shelters should be specifically
planned for new structuros,

Careful analysin of the barricer ahiclding effect of fi{lter bads, wator,
concrete walla, and metals in valves, pipes, etc, will enablo utility manage-
ment to predetermine the best locations for total shielding from exterior
radiation, A minimum protection factor of 100 is desirable for any structure
{intended to be occuplod an a fallout shelter, and sholter facilities near
critical targot areas should have higher protection factors, Underground or
underwater structures with a complete envelope of shielding uquivalent to
more than 3 feot of carth will have a protection factor of about 2,000, 1In
making this analysis, the presence of openings in walls or poorly shielded
components must not he ignored bocause the net protection factor can be ds-
creascd greatly by the presence of voids which will leak excessive amounts
of incident gamma radiation,

The "core" concept in shelter design may be useful for reducing the cost
of fallout protection in new or existing utility structures, The "core"
shelter is a relatively small area with a high protoction factor, surrounded
by a larger area that has a lower protection factor, During the critical
period when outside radiation dose rates are high, occupants would remain in
the "core" shelter, with minimum space and ventilation, Later, when fallout
decay lowers the outside dome rate, the larger sheltar area, with better
Iliving conditions, could be used,

Human Needs in Shelter

The minimal space and equipment requiremonta for & shelter must necesa-
arily be based on austerity or "survival" limits that the shelter occupants




can endure for a period of several days to two woeeks,  For design purposcs,
ansume 2=4 days of continuous occupancy {n maximum shiclded or "core" arca,
then 2 weekn until day=long freedom {x poswible, Then thu following criteria
may he uned!

1, Gross floor arca of 15 sq ft per occupant {ncludos such items us
columns, fixed equipment, and storage space for swhelter supplios, The mini=
mum net floor area allowance per purson is 10 sq £t except when using the
core shelter principle, In that cawe, the not area may be reduced to 8 sq ft
per person for short=term occupancy, Table VI is givon to aid In planning
optimum use of shelter,

TABLE VI

FACTORS FOR SHELTER CAPACITY PLANNING

Floor Space
Activity Required Remarks

Sleeping in cots 30 nq ft includes aisle space
Slooping in douhle bunks 13 Includes ainsle space
Sleoping in triple bunks 10 Includes aisle spuce
Sitting Includes aisle space
Walking Use aisle space

Storage Includus space for
food, bunks, etc,

Fixed equipment As roquired

2, The ceiling height should be 7 ft for walking areas; 9 ft for tiered
bunk sleeping; 5 ft for seated adult; and 4 ft for crawl in,

J, Ventilation equivalent to 3 cfm of fresh air per person is required
to control the carbon dioxide concentration below 3 percent by volume,
Oxygen supply is generally not a critical factor when the carbon dioxide
concentration is controlled, A combination of high tomperature and high
humidity may be hazardous, and more fresh air may be needed to keep the
effective temperature below 85°F, If no mechanical ventilation is available,
a net volume of 3500 cu ft per person may be used for estimating shelter
capacity, If equipment is available for mechanical ventilation at rates of




loaw than 3 cfm of frowh air per persvon, with occupancy entimatod on the
basin of floor area, the net volume of wpace required per porson may be de=
termined from Table VII,

TABLE VII

RELATION OF SPACE REQUIREMENTS TO VENTILATION

Volume of Space
Rate of air Yhnngo required per
(minutes) person

cu ft

500

450

400

300

200

60 150
35 100
22 65

1, Computed as the ratio,Net volume of space (cu ft
Fresh air supply (cfm

4, A standby engine-generator set should be available in water utility
shelters to provide electric power for lights (5 foot=candles), fans or
ventilation equipment, etc, The capacity may range from one to ten kilowatts
per 100 occupants depending on the actual lead,

5, Shelters should be stocked with food, emergency drinking water,
communication equipments, radiological monitoring instruments, first aid
supplies, blankets, and first aid, medical and sanitation handbooks, Storage
of food providing about 800«1,000 calories per day per person will take two
cu ft per person for two weeks, or oné cu ft if dry rvations are stored,

Seven gallons of water per person per two weeks should be stored in closed
containers to keep it dust free, Covered roof tanks, service mains, wells,
and hot water tanke will normally keej water safe to drink in an emergency,




6, Sanitation requiremonts for large group shelters include one flush
type or chomical toilut por 70 occupants plus normal fucilities available in
other parts of the bullding,

An {mportant aspect of shelter operation relates to the policies con-
cerning use of the facility by the water system operation and maintonance
crews and thoir families, When a major disaster strikes, there i{s a strong
tendency for men to look to the safety of their families first, and tov their
job and community responsibilities second, To focus these loyalties to a
common end, A& number of water supply systems, and other utilities, are adopt-
ing a policy of inviting the families of operating personnel to share shelter
space at or adjacent to the critical facilities which must, at any cost, be
continued in service during an emergency, Details concerning the responai-
bilities of employer and employee for stocking emergency food and other sup-
plies may vary considerably, but this policy would seem to afford the greatest
assurance of having experienced crews available for postattack recovery and
operation of the water system,

ST AN L

Although personnel protection from a nuclear burst is largely considered
in terms of fallout shelter rather than blast or thermal radiation shelters,
the latter types of protection should not be ignored, All reasonable measures
should be taken to make the fallout shalter as resistant to blast and thermal
radiation as possible,

agt Protection

Injury to individuals both inside and outside a structure may occur
because of the blast damage to that structure, Persons in the interior of
the building can be injured and trapped by collapse and firs, and those
outside can be hurt by flying debris, Therefore, an important aspect of
protection is an understanding of the relative ability of different structures
to withatand damage from nuclear weapon blast, For office-type and residential
buildings, the extent of destruction is mainly dependent on peak overpressure,
and an approximate correlation between the overpressure and the expected
physical damage is given in Figure 6, Chapter II.

Even though it is impractical to construct aboveground conventional
buildings that will resist overpressure greater than 23 psi, the blast
resistance of any structure can be increased somewhat without adding seriously
to its cost, Sturdy connections between beams and columns, such as are commonly
used in earthquake~resistant design, and the extensive use of bracing will
generally incresse the strength of the structure, Wails of reinforced cone
crete, which also contain the frame, will give a structure of maximum blast
resistance,

Essential features of blaste-resistant shelters are structural strength
to resiast blast loads to the selected overpressure level, an access door of
corresponding strength, a protected ventilation system to permit occupancy




of the shelter until firos have subsided, and adequate nuclear radiation
shielding, Additional data on blumteresismtant structural design is availe
able in roferoncos (6) and (7).

Where a blastercesismtant shoeltor is not available, protection should be
sought in the strongest building that {s accossible, Above ground, the
safest locations are gonorally noar, but not against, walls and away from
doors and windows, Even Lf there iw no prior warning of a nuclear attack
and the first indication {s the flash of light, there may still be time to
take some protective action aguinst the wffects of blant since the blast
wave travels at about the spoed of wound,

Thermal Radiation Protection ;

The direct offects of thormal radiation from a nuclear explosion on
human beings are skin burns, "flash burns" and permanent or temporary eye
damage, The thormal radiation is received in two pulses; therefors, if an
individual is caught in the open or is near a window at the time of a nuclear
explosion, evasive action to minimize flash burn injury should be taken before
the maximum in the second pulse, Unlike thu slower moving blast wave, the
second thermal maximum arrives {n less than one to about three seconds after
the first pulse depending on tho size of the weapon, Evasive action must be
- fast; but any opaque object interposed between the fireball and exposed skin
will give some protection,

Thermal vadiation is expected to start fires at considerable distances
beyond the blast-damaged area, Appropriate fire control action may be
divected along those lines: ‘a) reduction of potential ignition points,
(b) shielding of flammable u..1 ':is, (¢) provision for rapid extinction of
ignitions to prevent formai: . Laryee §0vce, and (d) prevention of fire
spread by dispersal of buit:. . . i

Waterworks Consf ;' faun

Com v vivy v B e R L RS YT SR TR .
tlon 7~ ¢ w0 e U e andd e pien 0 e b bl
appyr. .. . R TR s U I EPL e i
For boohee oy alaadt el raediarion, traamnchic troerare )
be shielded by woi‘s print, i fny, v, Heomworks aorneires .
great extent flresresiai ol ,  Fooveoto s shoulad et Tor e caoy ;{:
measures and for dispersion v. i+t e iy mepie b Epent s §
ment should be housed in fire=remlmte.i 7 . P, Wi (ol wirh "
resistant materials, located in low fire rvisn ioaw amsl pr o iiied o 3
for fire suppression, In surface water supplies, brush oot forest #
result in watershed runoff containing increased amounts ol wu~:: ' .

and possibly toxic materials from burned plants on tho watershed a:...

such cases, provision should be made to hold water in {mpoundment storage ...

solids to settle; minimize surface flow into intake impoundment by manipula= g
tion of upstream check dams; by-pass water containing debris; treat wator to
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flocculate and settle suspondod matoriul ume auxiliary treatmont; select

level from which water is withdrawn to del{ver water of better quality; or
use altornate source, Ground water sources will normally not be affected

by thermal radiation,

For protection against blast and shock, available protective measures
for structures can include providing groater structural strength; shielding
by burial, mounding, otc,; abandoning or by=passing units; and anchoring
parts that may react as missiles, Equipment can be shielded in shock re=-
sistant structures, anchored, and the structural strength of the weakest
components increased, In surface water supplies, provision can be made to
use an alternate intake or alteornate supply; by-pass water containing excess
amounts of material; uso emergency improvised water treatment; or use other
measures as given under thermal radiation above which are appropriate, For
ground water sources, protection of the above ground facilities are of
especial importance, Emergency portable power and pumping units can be in-
valuable, Provision should be made for water analyais after attack and
treatment with portable units 1{f necessary, Well casings should be extunded
above flood levels that may occur as a result of warfare,
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CHAPTER V
POSTATTACK ASSESSMENT OF PLANT OPERATION

INTRODUCTION

Following a nuclear attack, onec of the first duties of utility personnel
will be the assessment and evaluation of tho condition and capability of the
surviving facilities, equipment and personncl, At the same time, the cone
dition of the surviving community must be determined as it is the needs of
the surviving community that are of prime importance, The assessment will
begin with information received in shelters using the available communica-
tion facilities, It will be extended by reconnaissance outside the shelters
as soon as it has been determined that the radioactivity is at a sufficiently
low level to permit one to leave the protection of the shelter,

Part of the assessment information can be obtained during the pre=
attack alert, During this period information can be tranamitted to ths
utility control centor not only on assessment of supplies, materials and
personnel in each mobilization area or shelter, but on the pre=attack opera-

tions that have been accomplished since the alert was giveti, These are the
operations that have been determined as necessary by advance planning,

In many areas it is probable that a time lag will occur between the
immediate effects of the burst and fallout deposition, Actions can and should
be taken during this time (30 minutes to several hours) before the shelters
are entered to improve the postattack situation, i,e, putting out fires,
consolidating personnel, closing critical valves, etc, This information, too,
can be reported to the utility control center,

The results of the asscasment will be used by waterworks management to
determine what the postattack water needs are, the facilities thct can be
utilized and the most effective way to resume operation in the available
time, The oparation of water supply systems and the need for water from the
systems which have sxperienced the effects of nuclear weapons will differ
greatly from that of the pre-attack period,

The use of other civil defense agencies will be invaluable in locating
water needs, sources of water and determining condition of the system, The
fire control personnel will know what the needs are for fire suppression,
The decontamination units will know where and in what amounts water ia
needed for decontamination, The public health units will know the needs for
sanitary use, Other civil defense units will know the areas where there are
survivors that will need water when their inshelter supply is exhausted,
The water utility itself, through advance inventorying of the users will
know the water users that are considered critical in time of disaster, With
this information, the water utility can direct the postattack operation and
recovery program accordingly,




The general purpome of this chapter is to define the naturo of an
omgrgoncy remulting from a nuclear attack and indicate asscssmont pros
cedures, Information is provided for making a postattack assessment so that
functional plans loading to the rostoration of operation can bo made and
carriod out,

QENERAL DESCRIPTION OF POSTATTACK CONDITIONS

Following a nuclear attack all or portions of the community may have
structural damage, fires, fallout and/or loss of power, These conditions
may be prosent in varying degroes, dopanding on the factors that have ale-
ready been discussed in previous chapters,

Some areas will experisnce structural damage from blast and thermal
radiation and also radioactive fallout, All or portions of the waterworks
may well be damaged beyond repair and only thoso personnel who have sxtremely
good sheltering will survive, In theso areas, because of blast and shock
damage as well as physical injury and loss of waterworks personnel, the
application of countermeasurca in recovery of water supply will require
greater effort and take a longer time to accomplish, Some portions of the
system will be incapable of performing their functions and may have ruptured
or leaked so that the water stored in the system will have been lost, If -
critical valves are shut off in time, much of the critically needed water
may remain in the system, The surviving personnel will have to remain in the
shelters for a period of time during which the waterworks facilities must
go unmanned, Automation may be of great value in keeping the system function=
ing, In some systems the lack of power will result quickly in an inability
to supply water, The postattack assessment in areas such as this will be
much more difficult, The effectiveness of the assessment will be affected
by the level of radicactivity in the environment, tho status of the come
munication system, the amount of debris in the streets, the fire hazard and
the condition and numbers of personnel remaining after the attack,

Other areas may receive only early radioactive fallout which not only
presents a haszard to inadequately sheltered personnel, but can result in
contamination of exposad waters and structures, The radioactivity in the
environment will present a serious problem in early reconnaissance and
assessment,

S8till other areas will receive only delayed fallout from a distant blast
and he otherwise unaffected, Hers, the immediate postattack opsrations of
the water utility will be no different from normal operations, Later, when
recovery is being initiated, personnel from these areas can render assist-
ance and may supply water for survivors to other areas,




RECONNAISSANCE AND ASSESSMENT

In tho early postattack assessment tho status of communications is all
{mportant, The utility should provide for a prompt accurate flow of infor=
mation upon which to base decisions following an attack, Advance planning
should provide for tho use of governmont reports, aerial monitoring and
damago assessmont, weather reports, information frum civil defense control
centor, intercommunication with sholtered waterworks personnel, information
from automatic controls and eloctronic sensing equipment, and information
from waterworks and other civil defensc personnel located where limited
oarly assessment is poasiblo,

As soon as the radiation intensity is low onough to permit leaving the
shelter for short periods, probing oporations should bo planned to supple-
ment the information obtained to dato and to improve the assessment of
damage, The information would be gained during a short period sufficient to
pormit decisions as to priority needs of personnel, equipment and material,
The weaknesses found in the vulnerability study would be the first place to
look (nr damage in this phase,

The reconnaissance and assosament will have to determine where water is
needed; where work ts nesded on tho utiticty system, the urgency of doing ~
such work, the hazards involved in gotting it accomplished, the time needed
to do it, etc, As an important part of the assessment, procedures should be

established for determining the poatattack availability of waterworks
personnel, This would involve communication and the use of personnel records,
In the assessment operation, procedures are needed not only for evaluating
the capability of the surviving system and for the use of applicable records,
but for recording and disseminating assessment and evaluation information to
the staff as needed., The assessment operation should provide for procedures
for estimating the manpower, equipment and material needs to recover a suf-
ficient aystem to provide at least 10 gallons of water per capita per day

in Lthe early postattack recovery period,

A of t uvironmen

Information on the radiological condition of the environment can be
obtained from data received by means of radio communications, fror fixed
station radiological monitoring at the control centers and other shelters,
or from monitoring by reconnaissance of field crews, The shelters may be
equipped to take direct readings of the radiological level of the air
directly outside,

Radiological evaluators should be trained by the water utility to
advise utility command personnel, The duties of these radiological personnel
would be to evaluate the available radiological information taken from all
possible sources and then to plan to minimize the radiological haxard to
surviving personnel; to determine when the shelters can be left, who can
leave, and for how long a period of time; to determine the level of radio-
logical risk; and to advise personnel on radiological hazards. The knowledge




of the radlological evaluators will be of special importance in the im-
mediate postattack period, At this time they would assess the buildup of
fallout and predict the fallout using UF wind data, They would then plan
appropriate remédial measures for the protection of personnel and the
utility system,

During the emergency phase when shelters can be left for only a very
short period of time, if at all, the radiological evaluators will maintain
communications with all available sources of radiological {nformation, Data
plots will bo prepared showing radiation levels in the utility and neighbore
ing areas, A continuing check will be maintained on personnel dosage records.
Utility personnel will be appropriately advised if better shelters are
available and can be reached without receiving excessive radiation, Whore
early fallout has occurred and personnel are required to leave shelters for
reconnaissance or to perform essontial work, they will be advised on using
maximum protection against oxposure or contact with radioactive materials.
They will also be advised on the posting of facilities and areas which are
contaminated with warning signs on all avenues of approach so that recovery
personnel may avoid unnecessary exposure,

In the operational recovery phase, radiological evaluators will continue
to monitor and assess the environment. Personnel will be leaving the shelters
for longer periods of time and the remaining stay times of individuals must
be determined so that no one person will receive an excessive amount of
radiation, The radiological evaluators will have to advise on which facilities
are affected by the radioactivity and which are not, on where it is safe to
travel and where it is not safe, In critical areas where there is significant
contamination, plans must be prepared to decontaminate and to cleanse, The
radiological evaluators will oversee this operation, They will also advise
on further remedial movement,

A ing the Radioactivity of the Wat

The possible contamination by radioactivity of the water supply will be
one of the primary concerns following a nuclear attack, The portable survey
metars can be used both in disaster areas and laboratorins to determine the
levels of radiation from fallout in the water,

Indirect methods are also available for detecting and estimating the
concentration of radioactivity in water subjected to early fallout, These
methods are not as accurate as direct measurement but may be useful under
early poscattack circumstances, Two methods for relating the fallout radia-
tion intensity of the surrounding land area to the concentration of radio-
activity in waters of the reservoir are given below,

1, The radioactivity dispersed in the waters of an open reservoir may
be estimated from the fallout radiation intensity on surrounding land areas
by means of the following series of assumptions:




The land area has a shioclding factor due to surface
irregularities of 0,7,

The detection instrument reads 25 percent low becauss cf its
directional response and shielding by the operator,

The gamma ray energy of the fallout is 0,6 million electron
volts (Mev), For this energy the radiation intensity three
feet above an ideal plane is 4,6 r/hr for a fallout density
of one megacurie per square mile,

d) The fallout i{s uniformly mixed throughout the body of water,

By appropriately combining the factors implied in the above assumption, the
water radioactivity {s given by the equation,
Radiation intensity (r/hr at
d

Water Radioactivity in uc/1 = 300 x Averags depth of water

2. Assuming that fallout particles in the water have the same light
scattering characteristics and the same specific gravity as the silica
particles used in standard turbidity suspension, the fallout can be mollurog

U ag an increase in turbidity, It-has been observed that for sach- T
of fallout deposition from a land surface detonation l the radiation inten-
sity is one r/hr at H + 1, Then by using the assumptions of Method 1 above,
the radiation intensity for each unit of turbidity represent about 1000 pc/l
gross radiation activity at (H + 1), The activity at later times would be
determined from an assumed or measured decay rate,

Table VII1 presents, for the specified assumptions, the estimated
quantities of turbidity and corresponding radioactivity for various fallout
vradiation intensities st (Il + 1) when there {s uniform dispersion throughout
various depths of water, Table VIII also provides a means, in the absence
of more accurate radioactivity determination, of estimating radioactivity
in water at various pariods after the nuclear detonation, For example, if
the radiation intensity above land surface at H+ 1 is 3,000 v/hr at an
average water depth of 20 fest and a turbidity unit of 7,5 after H + 24 the
radioactivity will be 150 pc/l at H + 24, 75 pc/l at H + 48, 45 pc/l at
H + 72, Therefore, an estimate of the radiouctivity concentration can be
made by multiplying the turbidity meusurement at 1 day by 20, at 2 days by
10 and at 3 days by 6,

1. For maximum intensities from 50 percent fission yield megaton
range weapon,
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1 rnal Radiation Hazard

The internal radiation hazard hasm been evaluated and tho result roported
by the National Academy of Scienco = National Research Council as well as
the Department of Defonse « Offico of Civil Defense, In genovral, radiation
from sublethal concentrations of internally deposited radionuclides act
slowly, and its rusults do not bocome apparent for years, Therefore, the
intornal radiation hazard is not among the forces which will weaken the
population and reduce its immediato ability to cope with a radically altered
environment,

Aggegsing the Phygical Damage

The extent of physical damage to the water utility structures and equip-
ment will also have to bo investigated and assessod, The reconnaissance will
cover the intake facilities, treatment works, transmission lines, source
facilitieos, distribution piping, pumping stations and storage facilities,
The condition of these facilities and their operational capability will have
to be determined, The integrity of the distribution system, its ability to
retain the water supply and to maintain pressure, and the level of pressure,
will be an i{mportant part of the assessment, The extent of damage to the
power facilities will also have to bc investigated, Along with the damage
assessmant, determinations would have to be made as to the type and amount
of repairs necessary to put the system back into operating condition, the
amount of equipment and personnel needed to do this and the time necessary
to accomplish the work,

EFFECTS OF FALLOUT ON RESTORATION

Expogure Limits for Pergonnel

Before beginning recovery and repair actions at a waterworks facility,
an assessment of the character and extent of the radioactive fallout con-
tamination must be made so that necessary precautions may be taken for the
protection of the waterworks personnel,

To minimize exposure to radiation, the movement of personnel from
shelters to perform essential work must be controlled, Radiation intensity,
total exposure dose, accumulated dose, and dose rate must be thoroughly
understood and respected by every waterworks employee, Control of entry
time, time of stay, shielding and distance of separation from fallout material
is requirved,

The most urgent repairs should be made (after necessary minimal de-
contamination) and the less urgantly needed repairs should be deferred for
a sufficient time for the radioactive decay to reduce the hazard in the
area, If the job would result in overexposure when assigned to one individual,
the additional workmen should be assigned in such a manner that none of them
are overexposed and lost to later rocovery operations,




The risk in permitting any given individual to loave the shelter can be
determined knowing tho oxisting accumulated radiation dose, the expected
radiation doso outside tho shelter, and the radiation doses which will result
in varying expected degrees of injury, The radiation exposure dose which
workmen outside shelters will receive at given times after an explosion may
be ostimated using the curves or nomograms presentad in Figures 12 and 13 or
14 and 13 in Chapter II1I, Tho predicted relationship between the radiation
doso and injury is given in Table I in Chapter II,

Water Noeds of Community

As part of the reconnaissance and assessment the watar utility in con=
junction with other civil defense agencies must locate the survivors and obtain
some idea of their numbers and distribution so &s to estimate their water needs,
The need for water must be determined not only for the sustenance of life,
but for fire suppression, sanitation, decontamination and the basic necessary
industrial and commercial processes, Along with these water needs it must
be determined whether a water supply of sufficient quality and quantity is
available for these consumers from the utility system or whaether outside
sources of supply or portable treatment facilities are needed, If the utility
water supply is not adequate, then reconnaissance combined with information
obtained from radio communications and from advance planning inventories
should assist in locating satisfactory auxiliary supplies and/or portable
treatmant works, R ' '

Urgency and Priopity of Action

As vater is critically essential for human survival, there will be an
urgent need for it following a nuclear attack, The decision to act to restore
a water facility should be based on the needs for the restoration of the
particular facility and the numbors of persons who would benefit, This is
the concept of the 'greatest good for the greatast number,"” Water utility
workers should not be exposed to significant radiation levels unless such
action is essential for the welfare and rehabilitation of the community or
of the workers themaelves, Limited exposure is justifiabla for securing
essential supplies, decontaminating needed facilities, repairing needed
damaged structures, etc., The possible effects of the exposure must be balanced
against the benefit that would be gained,
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CHAPTER V1

RECOVERY OF PLANT OPERATION

RODUCTION

The objective of this chapter is to presont methods and procedures to
be used during a postattack recovery period for emergency repair, restoration
and operation of a domestic water supply system that has experienced the
effacts of nuclear warfare, Consideration ism given to the activation of
procedures that were formulated as part of tho utility's advance planning
program and incorporated in the disaster plan developed by the utility to
minimize the effects of & nuclear attack and to facilitate recovery,

RECOVERY ORGANIZATION AND LIAISON
Organization

One of the firat steps to be taken by the water utility following an
attack is the activation of the utility's Civil Dofense disaster organiza-
tion, The effectivencas of the recovery operation will be reflected to a
large extent by the adequacy of this organization that has been formed during
the pre=-attack period after preparation of the utility disaster plan, The
disaster plan itself is developed by a disaster coordinator, 1In the larger
utilities the disaster office is provided with a staff of fulle=time employwes,
This office will normally make use of an advisory committee of personnal from
the various departments of the utility,

The utility disaster organization, which will operate during recovery,
will conaist of both regular and auxiliary smergency waterworks personnel,
Channals of command must be established within the organization, The chain
of command and succession should be established for all command posts, cone
trol points, and assembly areas, For the key positions, alternates with
replacements at least three deep should be designated, Recovery can be wx=
pedited in some systems by dividing tho system into self=sufficient xones
for disaster operation, There muast be a clear designation of authority and
responaibility within the organization,

Ljaison and Mutual Aid

For joint promecution and recovery, cooperative and coordinated post=
attuck operations are needad, Liaison with other Civil Defense units will
be made shortly after the attack, Mutual aid agreements incorporated in
advance plernning should call for exchange or assignment of personnel, machinary
and stocks of essential materials and equipment during emergencies, Thase
agreements are made with Civil Defonse authorities (community, county or other




loca n+-a, State and Foderal organizations, and the military); other utili=
ties (water, slectric, telephone and gas); public mervice groups (health,
public works, fire, welfare, transportation, police, communications, and
public information); and other {nterested agencies, The mutual aid agree-
ments should call for a definition of and an assignment of responsibilities,
Of special lmportance are agrevments for the use of emergency water from
intexrconnections with adjacent water uti{lities and adjacent industrial or
other private auxiliary supplies,

Rocords

Recovery personnel will neod clear and informative records to adequatsly
pursue thoir responsibilities, The availability of such records at convenient,
protected locations will expedite the recovery operations, The use of duplicute
records will reault in a greater likelihood of their being available, The
records should cover all essential data including disaster operetion procedures
and organization, The essential records on the water system would include
up=to=-date maps, engineering plans, operating procedures, personnsl records,
stock inventories, consumer accounts and legal documents. Of special (m=
portance are information on potential emergency sources, emergency stocke
piled equipment and muteriala, and the location and maintenance records on
valves and gates. Records pertaining to mutual sid will be needed, Personnel
records should be kept for every one on emergency utility and auxiliary ser=
vice, Records of radiation exposure are of special importance and should be
maintained throughout the recovery period, All records should be kept up=-
to=date,

OPERATIONAL CENTERS
Control Locations

Control locations are established within the utility for the purpose of
organizing the utility postattack recovery operation, The top utility
management and defense personnel will be located at the command post shelter
and will provide the over-all direction of the recovery operation, Other
control pointa will receive direction from the utility command post and they
in turn will give direction to the various assembly arcas, These centers
will, of courss, be shelter areas, In the amaller utilities the command
post, control and assembly centers may all be at one location, Pertinent
information will be received from all available sources and radio communica-
tion will normally be used between the centers, Several or more control
points may be designated if it would be advantageous for the disaster opera-
tion of the particular utility, If the water system is divided into self~
sufficient zonea, cach zone may be under the direction of one of the control
point headquarters,

Assembly Areas

Every asaembly area will report to and will receive instructions and
directions from control points vegarding their specific postattack recovery




function, Personnel in assembly areas will be responsible for local post=
attack recovery functions, Both mobile and field task forces are organized

to carry out these functions as soon as radiological conditions permit, Thae
field task forces will normally be restricted to working in a particular area,
The mobile task forces will be operating at much greater distances from their
headquarters and may not be confined to use in one assembly area or one con-
trol location area,

The rocovery task forces may be the same as¢ those responsible for recon-
na‘anance and assessment, The task forces will control water loss and con-
nerve quality water; isolate damaged portions of the distribution system and
contaminated facilities; activate emergency sources; treat water storage and
distribution facilities; reactivate easily recoverable system facilities
having high priority needs; and do improvised operation and repair work., The
task forces will also initiate procedures that have baen prepared for supply=
ing survival watar to consumers from the community system, by hauling in
water, or by evacuating the survivors to areas having water, The notifica-
tion of location and quality of emergency water would be made public through
radios, loudspeakers, posters or nther methods,

WATER UTILITY STRUCTURES
Firs Control

Water utility structures are generally nout built of highly flammable
materials and it is unlikely that very extensive fire damage will be caused
by thermal radiation, However, some ignition points will probably be present
and care should be taken to extinguish small fires in the vicinity of the
waterworks facilities that may result in serious fire damage. In places where
fires may astart, water connections and hoses should be rmade available close
by, In some areas the use of automatic fire sprinklers might be considered,
Fire control will have high priority and will normally be done in close co-
operation with other agencies,

Debris Removal

Radiological monitoring in the vicinity of the debris will be a necessity,
Large quantities of debris lying in the streets will make postattack recovery
operations extremely difficult by preventing or slowing down travel to criti=
cal locations, Debris may also result in radiological or other contamination
of raw or treated waters and recovery personnel should investigate this
possibility, Clearance of debris can be accomplished by the use of hand
shovels, wheelbarrowas, hand puah brooms, drag-type scrapers and skip loaders,
Debris may be moved to a safer more isolated area or may be buried,

OLOGICAL DEC A

The high priority facilities and critical areas which are found to con=
tain significant radiological contamination must be decontaminated, When the
decision {s made to recover a contaminated installation or area, a site is




chosen from which to start the recovery operation, The contaminated facility
{s monitored and its physical condition inspected, The effectiveness of de=
contamination measures may be tested, To prepare effectively for decontami-
nation it may be necessary to remove debris and obstructions and to check the
adequacy of the water supply available for decontamination and of drainage
channels that may have to be used, Boundaries of critical radioactive areas
should be marked and posted, This may have already been done by reconnaissance
personnel,

Rersonnel Protection

Radiologica' decontamination should be accomplished under the supervision
of trained personnel, Decontumination workers should wear dosimeters and
keep close track of the total amount of radiation they are recelving, The
use of these measuring instruments and precautions necessary in radioactive
areas have been discussed in previous chapters of this manual, The use of
protective clothing is of minor importance,

Decontamination Methods

Decontamination of facilities may be accomplished by the removing or
decreasing the sand like fallout material; by covering with uncontaminated
soil or other material; or by natural decay, Removing or decreassing the con-
tamination can be done by two general methods - wet and dry, In the wet
method water is used and must be available in ample quantities, The dry method
is conducted without water, If water is used for decontamination purposes it

will become slightly contaminated itself, The safety of its disposal there-
fora, does not have to be considered too much,

Surface decontamination methods, classified by type of surface, are
1isted in Table IX, The advantages and disadventages of each method for
various surfaces is indicated,

Paved area decontamination can be done by wet methods using water hoses
and streat flushers or by dry methods using motorized 'street' aweepers,
vacuumized "streat'' sweepers, air brooms, vacuum cleaners and hand push brecoms,
Unpaved area decontamination can be accomplished using motorimed scrapers,
motor graders, bulldosers, plows, hand shovels and whealbarrows, Both paved
and unpaved areas can be covered with uncontaminated fill, Structures can
be decontaminated by such methods as vwater hosing, using a roof washdown
system, and scrubbing with water plus wetting agent, or by dry methods such
as vacuum cleaning, hand push brooms, canvas covers, using solvents or stripp-
able coatings and sandblasting, Equipment decontamination can be done by wet
methods using water hoses, scrubbing with water plus wetting agent, and steam
cleaning, or by dry methods using vacuum cleaning, covers, solvents, and air
jots,

Personnel decontamination is usually not necessary after the operation
is finished, Laundering is effective in reducing the radioactivity of
clothing and fabrics to very low lavels,
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REPAIR

Initiation of Repairs

A decision can be made as to when to begin certain repairs or operational
actions by making use of the following infurmation obtained from reconnaissance
and assessment during the early postattack recovery period:

1) The relative importance of the facility or a:ea, the urgency in

returning it to use and the consequences {f reatoration {s postponed
for a period to permit additional decay,

2) The existing

radiation intensity of the facility or area,

3) Length of time required to perform func.ion (as shown in Table X),

4)

The travel time and work time which govern the amount of radiation
outside the shelter that personnel wil] receive,

3)

The number, availability, and condition of trained personnel and
equipment to do ths aspecific job.

6)
)]

The existing accumulated radiation dose of the personnel,

The feasible decontamination procedures,

During the period that radiocactivity is at a critical level, urgent
repaira for reactivation of easily recoverable system facilities having high
priority can be made after necessary minimal decontamination, The leas ur-
gently needed repairs can be done after sufficient time has taken place for
the radioactive decay to reduce the hazurd in the area,

Repair Personnel

Repair personnel should be thoroughly trained in emergency repair pro=
cedures, They should be provided with the necessary equipment and repair

items to properly repair any reasonable amount of damage done to raw water,
pumping, treatment, atorage and distribution system facilities, As previously
mentioned, adequate records should be kept of their radiological exposure,

Repair Requirements

The time required for repair during early recovery will depend on the

b workmen, equipment and materials that are available postattack, the level of

H radioactive fallout and the extent and character of the damage, Table X

g shows the time, manpower and equipment requirements for typical emergoncy
operations, For descriptive purposes an operational guide is presented in

t Table XI., This guide shows required manpower for recovery and restoration

assuming light, moderate and severe damage and has been time-phased in accord-
ance with an assumed recovery for a system supplying one million people, The
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Ruide also assumes that fallout makes decontamination operations necessary
along with the need for controlling entry time and stay time in work areas
up to meven days after the nuclear burst, Additional guides listing the
number of man=hours to repair water mains of various materials and sizes are
given in Tables XII and XIII,

Water Treatment Facilities

Repair crews will be responsible during the recovery period for getting
the pormanent water troatment facilities back into operation and for in-
stalling temporary mobile treatment facilities if they are needed, During
the disaster it may be necessary to use any water that is available for sure
vival, It may not be pussible to meet the commonly used drinking water quality
standards under all disaster conditions, The primary quality considerations
for potable water under such circumstances will not be radiocactivity, but
will be sewaga contamination and contamination with other highly toxic material,

The treatment facilities may be continued in use even though they do not
provide a potable supply if their use will lower the hazard resulting from
the various uses the suppiy may be put to, If the supply in the system is not
considered potable, and potable treatment facilities are not available which
- can sffectively treat the water, then an acceptable supply will have to be
brought in for the survivors,

[om;

Repair crews may find that the normal electric power sources for opara-
tion of the water system have been inactivated, It is in emergency situations
such as this that the provision of standby self=contained power units at
critical locations is found to be invaluable, It such facilities have not
been installed, or are not in operating condition, portable units will have
to be brought in, These units may belong to the water utility or to a power
company, military or civil defense organization, The utility records should
adequately cover the power needs for each critical facility and show where
and how adequate auxiliary sourcea of power and fuel can be obtained, The
utility itself should have portable fuel powered units, portable generators
and an adequate supply of fuel stockpiled at convenient, protected locations,
Priorities should be established for use of available power within the utility,
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CHAPTER VII

GENCY SOURCES AND SUPPLY PROCEDURES

RODUCT]IO

The locating, inventorying and planning for the use of emergency water
sources from which minimum suppliea can he delivered to survivors of a
nuclear disaster is one of the most important advance preparation considera~
tions, The Office of Civil Defense has indicated that shelter supplies
should include stored water sufficient for at least 14 days, When the water
supplies stored in shelteurs are exhausted, people will expect Civil Defense
and the water utility to have a supply available, Water will have to be
available to survivors at locations which can be reached without exposure to
excessive residual radioactivity,

It is possible that all or part of the normal water supply xystem will
be destroyed beyond repair, In areas where the utility water supply is not
‘usable or the water distribution system is inoperative, the success with
which essential water is supplied from alternate facilities will influence
greatly the over-all impact of the attack. The emergency provision of
essential water by the water utility and/or other agencies having mutual aid
responsibilities should therefore be thoroughly planned in advance, Emer-
gency supply procedures include the use of water allowances or rationing and
the means of delivery of both potable and non=potable water. Dolivery of
emergency water may not necessarily be the direct or sole responaibility of
the utility,

Each utility must make its plans in view of its own particdlar system
and the facilities and sources uvailabhle to it, Decisions must be made
recognizing the seriousness of the results of an attack and also recognizing
that the measures decided upon must be both reasonable and practicable,

EMERGENCY SOURCES

Postattack water may be available either from local or imported sources,
These may be sources in use at the time of the attack, from water in storage,
or from auxiliary or alternate sources of supply. In addition, emergency
sources in the household itself should not be overlooked and the survivors
should be notified of the possibility of such sources being available,

The procedures and the time required for the recovery of a particular
source of water by the utility is dependent on the character of the facility
and its pre-attack condition, Underground sources would be much less likely
to become contaminated than surface sources, If underground sources are not
available or expedient to use the only recourse is to use surface supplies,




In rivers and lakes, inlet structures may be so constructed that littls or
no apecial hardening is necessary; however intakes which are an integral part
of the dam or reservoir wall will require careful consideration,

Local Sources

The best source of emergency water is the utility system {tself 1if it ia
operative in or near the area of need, The next logical source iz from
auxiliary supplies within or adjacent to the distribution area, Sources that
are not normally considered potable may have to be used, and treatment may
be needed,

Interconnections with adjacent water utilities with water capable of
being delivered in wither direction are highly desirable, The reduced sises
of mains at the edges of the utility aystem will decrease the amount of water
available through such interconnections and pumping may be necessary,

Local industrial, irrigation or other private supplies can similarly be
used for supplying emergency water, Water storage on private properties in=
cluding tanks, reservoirs, and swimming pools may be another possible source
of supply, Consideration should also be given to the appreciable volume of
water stored in building water tanks, water heaters, and building water piping,
‘water softeners and cooling towers, The total volume, however, may be only

a very small part of that reguired, Local surface waters not normally weed =

for domestic purposes, such as lakes, ponds, rivers, streams and canals offer
tremendous volumes of water for fire fighting, decontamination, and sanitary

purposes, Salt water sources, if available, from the ocean, bays and
estuaries, out of necessity may also have to be used for such purposes if
fresh water sources are not available in sufficient quantitises, In using
these sources consideration must be given to their accessibility for emer-
gency pumping, their location in relation to the supplying of points of need,
and their possible treatment requirements,

Some municipalities now require the owners of pools and other large
storage facilities to provide a pips connection by which the fire department
may use the water as a source of emergency supply,

Underground cisterns as used in San Prancisco since the disastrous fire
and earthquake in 1906 are an excellent source of emergency water and might
be considered in the emergency planning of other municipalities. In
San Francisco there are 152 fire department cisterna strategically located
throughout the city, They are designed and maintained for use as an emar=
gency water supply in the event of a major interruption of the normal supply,
They are not connected with the water supply but are filled from fire hydrants
by the fire department,

Imported Sources

If local sources of supply are not availabla for emergency use, then
imported sources must be considered, Imported sources may be those already




used by the utility such as the taking of water from aqueducts constructed
to bring a supply to the community from distant sources, Repairs may have
to be made to continue the service of the water to the utility system, Once
the water has raached the system the same considerations apply as to any of
the local sources, Emergency pipelines can be laid to bring water in from
sources that are not too far distant, Water may be delivered to normally
dry stream beds or ditches or to storm sewers in order to carry it to the
area of the utility and be available for use where neaded,

It may be necessary to haul in water i{f the piping system is not usable,
Hauled water could be the only source available to sustain survivors until
more permanent delivery facilities are established, The amount of water
available by hauling, as mentioned earlier, will probably be insignificant
compared to the demand, Another problem will bs the availability of suf-
ficient fuel for large scale hauling.,

Tank trucks used for hauling water can be commercial water=hauling
trucks, milk trucks, street=flushing trucks, construction trucks, fire de~
partmant trucke, or tank trucks owned by farmers., Small portable tanks may
be mounted on trucks and used to deliver water, Procedures for delivering
water by tank truck are discussed under "Supply Procedures" in this chapter,

Railroad tank cars are another means of hauling water, Normally water ~

from railroad tank cars would have to be transferred to other vehicles for
further hauling,

Another source of water which may be either local or imported is bottled
watsr, It may be obtained from bottled water distributors or by uaing the
bottling or canning facilities of dairies, breweries, soft drink companies,
canneries, etec,

Housshold Sources

During the period that no water can be brought into a damaged area, or
if the water present is of questionable quality, there are a number of emer-
gency sources within the household, Water in tha hot water tank and in the
storage tanks of flush toilets could ba used, as could the melted ice cubes
in the refrigerator, Water packed fruit or vegetables and juices protected
in cans are a good source of liquids. The consumers should be given specific
instructions on safs drinking water and methods of purifying drinking water,
A number of OCD pamphlets available give an excellent discussion of this,»

SUPPLY PROCEDVRES

After the emergency water sources have been located and inventoried, the
utility must consider the procedures by which the sources will be used to

% Emergency Sanitation at Home, OCD, August 1938,
Home Protection Exercises, A Family Action Program (MP-1), OCD, July 1960,




supply water to survivors under conditions that are likely to exist at the
time of need, The afforts of utility personnel after leaving their shelters
will be devoted primarily to rocovering the system and bringing it back to

a satinfuctory operating condition as quickly as possible, During this time
dellvery of emergency water by improvised means may involve other agencies
as woll as the uti{lity, The responsibility for delivering emergency water
should be dotermined in advance,

Emergency Water Allowances

Water allowances, rationing, priorities, and time=phasing of estimated
water requirements are an important consideration in advance planning, It
will be necossary to inventory critical water users and determine their
quantity and quality requirements, Following an attack water is likely to be
available only in limited quantities and should be used on a priority basis,
considering the over=all recovery needs, Different uses will have varying
quantity and quality requirements, Such requirements will not remain con-
stant but will change under the changing conditions following the disaster,
The water utility will have to consider such changing conditions in the de-
termination of use priority,

The determination of emergency water needs is made on the basis of both
quantity and quality for various categories of use, The uses generally cone
sidered include potable, manitary, decontamination, fire fighting, Industrial, —
and agricultural water,

Potable water is that water which can be used for drinking und cooking,
After a nuclear disaster the primary concern for potable water will be con-
tamination by sewage, or other highly toxic material, Contaminated water
which has been treated with chlorine or other disinfectant may have to be
used without further treatment to assure its purity, The health department
should be consulted whenever possible in determining the acceptability of the
available supplies, The highest priority on available potable water supplies
should be given to hospitals and other medical care facilities and to per-
sonnel engaged in recovery operations,

Sanitary water is used for personal washing, cleansing of living and
work areas, and for flushing water carriage sewage facilities, provided there

is sufficient water and facilitlies are useable, Sanitary wuter will be
needed from the atart of the disaster period, and especially when survivors
astart leaving their shelters, Aithough it is desirahle that these waters
meet potable standards when delivered through the potable water system, this
may ba impossible during the emergency,

The Office of Civil Defense has compiled information showing the mini-
mum amount of potable and sanitary water that should be provided by the water
utility during a disaster, These quantities are sumnarized in Table X1V,

Decontamination water is used for cleansing facilities, aveas, buildings,
persons, etc, Following & nuclear disaster one of its most important uses




{s that of washing away radioactlive fallout, Disposal of the used decon=
tamination water muy be a4 problom and should be reviewod with those having

the responsibility for waste water disposal, The disposal to storm sewers,
holding in storage lakes and/or land percolation are some methcds that may

be considered,

TABLE X1V
MINIMUM POTABLE AND SANITARY WATER QUANTITY REQUIREMENTS

5=23 gallons/casualty/day

Hospiials und other Medical care Facilities

nstallations

Mass=care Centers and other Welfare

3=15 gallons/person/day

Lodging and emergency feeding

Lodging centers = drinking, hand and face
washing only, 2 gallons/person/day

Lodging centara with operative flush-toilet
facilities = drinking, feeding and sani=

tary uses,

25 gallons/person/day

Mass=fueding stations = cooking and sanitary
uses,

Households

Drinking, cooking and cleansing

3=10 gallons/person/day

5«15 gallona/person/day

With operative flush=toilat facilities 23 gallons/person/day

Firve=-fighting water is that water needed to control fires and cool dabris,
Large volumes of water are needed at fire areas and any water available may
have to be used as long as it does not clog piping and pumping equipment,
Industrial water need after a disaster is that required to re-establish

The quantity and quality needs

industries essential for survival or defense,
vary with the particular industry,

Agricultural water is used to irrigate crops, The required quantity and
to a much lesser extent the quality of such water will depend on the specific

type of crops being irrigated,

In planning the supplying of emergency water, water allowance scales can
be prepared by estimating water requirements for specific water uses such as

those reviewed above,




The disaster periods chosen for purposes of determining water allowance
scales can be designated as survival, early recovery, raestoration, and re=
construction, Survival allowances are the minimum amounts necessary to sus-
tain human 1ife, KEarly recovery operation allowances provide for the high=
priority needs during the early disaster recovery period, The minimum quan-
tities needed at this time will usually be provided under sevare conditions
for relatively short periods of time, Restoration operations will extend
over a longer period of time and conditions will generally be lass sevare,
During this period water allowances for some uses will begin to approach pre-
emergency levels, Reconstruction operations will start when attention may be
glven to rehabilitation of the system and will extend over an appreciable
period after the service of essential water has been started,

Appropriate allowances can be established corresponding to criteria
associated with each of the above emergency conditions, Table XV shows
estimated water allowances for given potable uses for each emergency period,

The estimated water requirements can be time-phased, Time studies of
such requirements can be used to determine the minimum supplies, equipment,
manpowetr and organization arrangements needed to meet the water requirements
by designated postattack dates, As time passes following a disaster, in-
creasing quantities of water must be made available to satisfy minimum water
needs, The earliest water requirements will ba mainly for drinking and for
the care of the sick and disabled, Later when further radiocactive decay
permits greater racovary activity, increased quantities of water will be
needed for decontamination and for the recovery of food processing and other
essential industries, The time=phasing can be developed assuming time ine
tervals for establishment of water allowance scales, One method of relating
the time=phasing of minimum water allowances to predetermined water allowance
scales as given in the previous table is shown in Table XVI, The date ¢f the
attack is referred to here as '"D" day,

Delivery of Potable Water

In planning the distribution of emergency water, consideration can be
given to the use of undamaged portions of the distribution system by rerouting
and isolation, the use of normal or emergency sources of supply, the use of
emergency mobile treatment wquipment, and delivery of water to the system by
hauling, The public will need information concerning the availability,
location and condition of emurgency water supplies throughout the survival
and recovery phases,

The utility distribytion system as mentioned earlier would ba the best
source of emergency water L{f it is operative and can be used, The destruction
of key parts of the distribution system may prevent any sort of normal opera-
tion, but certain portions of the system may be capable of serving water to
some of the consumers directly, Where the supply is limited the service

might be intermittent and restricted to a few hours per day,




TABLE XV
ESTIMATED EMERGENCY WATER ALLOWANCE

Water use Category Water Estimated Water Allowance

and type of Facility Allowance Scale A Scale B Scale C Scale D

or Operation Unit Survival Early Restora=  Recon-
Recovery tion struction

1, Potable Water

a, Homes,
Shelters gal/cap/day 0.5 0,5-5 5=40

b, Hospitals " 5 13 23-40

¢, Masa=care " 3 10 1525

(Water allowance for other categories to be developed by utility)

TABLE XVI
ESTIMATED WATER ALLOWANCE SCALE TIME-PHASE

Water Allowance Scales to be used on or before

stimated Indicated Date
Water use Catagory D Day D+ 18 D+ 43 D+ 90

and type of Facility to to to to
or Operation D+ 14 D + 45 D+ 90 D+1yr

1, Potable Water
a, Homas
b, Hospitals

cs Mass=Cere
Centers B=C

(Scale for other categories to be developed by utility)




Water from the distribution system could be served directly, {f necessary,
from storage facilition, sources of supply, or from tranamission pipe lines,
Measures should bo developod for {ts ume, capecially whero large lines are
in the vicinity of shelters, emargency care centers, or other locations where
there may he survivors, Hydrunts might boe provided with taps to serve the
local residents or water tank trucks, The rate of delivery of water can be
increased by using manifolds with a number of taps, Measures should be
developed to use water that may be held in the distribution system piping.
Water could be made available by tapping the line at the low point by using
a low lift portable pump, or by dipping through openings in the pipe,

In the distribution system, emergoiucy or permanent interconnections may
be macde between higheand low=level zones for mervice of water between these
sones by gravity or pumping, Emergency pumps may have to be used to readily
supply needed fire and sanitary water from emergency water sources, Distri-
bution atorage facilities should be disconnected immediately after the dis-
Aster so as to prevent water wastage and later be put into service as needed,
to supply the emergency water, In supplying water from the distribution
system, the utility should consider mothods of rerouting water and the effect
on the carrying capacity of tha mainas by valving off given sections,

In taking water from sources Inside or adjacent to the utility area it
may be necessary to use auxiliary portable pumps, These should preferably
be so valved that suction and discharge can be interchanged, A study should
be made in the advance planning to determine the number and size of portable
gasoline or diesel engine=-driven auxiliary generators and pumping equipment
that may be needed for such purposes and their availability in the area,
Fire department pumpers may have to be called into service to supply water
other than that for fire fighting,

Hauled water will have to be brought in 1f it {s not possible to dis=
tribute water to survivors through the piping system, This operation might
well be made the responsibility of agencies other than the water utility, so
that utility personnel can devote their time to putting the distribution
system back into operation as rapidly as possible, B8hort fire hoses can be
used to £i11 the tank trucks from hydrants, However, for frequent and fast
f411ing of a number of tanks at the same time a riser attachment with manifold
c&n be used, Tank trucks can be used to deliver hauled water by traveling
through specified areas, temporarily stopping and supplying water to consumers
who bring their own containers; by being stationed at a fixed point near the
area of need; or by delivering water to stationery storage tanks or other
temporary storage facilities from which the consumers may obtain their water,
Peoplea may bring tubs, kettles, jugs, bottles, etc, to get the water, Fifty-
gallon drums may be carried on semi-trailers, stake trucks or vans and dis-
tributed at strategic points, for the dispensing of water to consumers,
Railroad tank cars are another means of hauling, Normally, rehauling by tank
trucks to the points of need will be necessary,

Before delivering water by tank truck or railroad tank car the tanks
should be thoroughly cleaned and disinfected, The cleaning and disinfection




procedures would depend upon the substances which the tanks previously held,
The locations of sntat{onm and faciliticvs for cleaning and disinfecting tanks
and containers should be known to the utility personnel, Thu water in the
tanks and containers should be chlorinated as a minimum to a free residual
at points of distribution, Such chlorination is simple and quickly accom=
plished but in an omergoncy {t may he set aside unless absolutely necesaary,

Water in containuers can also be distributed from trucks in bottles, milk
cartons or other containers; cans, milk cans, and barrels, Such methods, it
must be realized, are suitable only for a very limited population for periods
of rolatively short duration,

Water stations for emergency water distribution, pumping and/or treat=
ment should be planned to supply water to those consumers without water,
giving priority considerations to medical care facilities, and mase feeding
operations,

Emergency Water Traatment

Under normal conditions a water utility may have no treatment whatsoever,
or it may have disinfection facilities only, or there may be facilities for
clarification, softening, filtration, and color and odor control as well,
Following a nuclear disaster it may be possible to operate without some of
these features. The objective for service of potable water is a supply that
can be used safely for drinking, For moast of the other uses practically any
water could be used as long as it does not clog the piping or pumps, Surface
sources may be contaminated from radioactive fallout, from sewage or from
industrial chemicals, Water mains that have been fractured simultaneously
with nearby sanitary sewers can be grossly contaminated and special precautions
will be required to disinfect them prior to their being placed back into
service, Low or negative pressures in the mains caused by unusual demands
from fire fighting, breaks, etc, can result in back siphonage of sewage or
industrial waste thus contaminating the water system,

The normally used treatment facilities should be provided with a maximum
degree of flexibility., There should be provision for ready conversion of all
automated operations and controls to manual operation, After a disaster it
is not unlikely that changes will be neceasary in the operation of the treat=
ment works, Increased dosages of some chemicals and elimination of other
chemicals during emergencies should be included in disaster procedures,
Special treatment like increased chlorination must ba considered, An addi-
tion, there should be provision for by-passing the treatment works, A mini-
mum JO=-day chemical supply should be maintained at the treatment plant, The
disposal of radioactive waste material, if a radioactive supply is treated,
is another important consideration,

The utility should know where sources of chemicals are available in the
area, Means should be provided to locate and use equipment, materials and
personnel available in the area which arv neceasary for the provision of
emergency treatment,




Mobile treatment facilities are also necessary to provide the maximum
flexibility in treating a contaminated supply at any point in the distribution
system and for treating emergency auxiliary sources, Emergency mobile water
treatment facilities should be maintained including both chlorination and
filtration units with coagulation facilities, The mobile units provided
should be able to troat water containing radioactive materials, A plan
should be prepared to use the mobile equipment to treat water that will be
suppliod to critical installations and consumers, Stockpiles of chemicals
for the mobile units should be maintained,

Many health departments and civil defense agencies have portable chlorie
nators available for emergency use, In addition various governmental agencies
have stockpiled portable water filtration units at strategic sites, Mobilae
units may prove especially useful in supplying the larger water allowances
required for hospitals and mass-care centers, Waterworks parsonnel should
have knowledge of all extra mobile treatment equipment and replacement parts
in the area, They should be able to operate this equipment and should make
arrangements for its use during emergencies,

The type and degree of treatment that must be given the emergency water
source will of necessity rely on the judgment and decisions of the water
utility and health department personnsl, The crisis will probably not permit
time for conventional laboratory analysis as a basis for determining treatment
methods., Color, taste, odor, and turbidity of the water together with the
sanitary location of the source will need to be evaluated baefore it can be
determined if simple chlorination will suffice or if coagulation settling
and filtration will also be required,

The utility under its normal operation should have adequate laboratory
monitoring procedures and should establish base lines on water quality levels
beyond which predetermined procedures for identification, assessment of
hasard and taking of protective measures including treatment are initiated,
For emergency use, simple and rapid radiological detection techniques should
be available, The chlorine residual test will have to be relied on as &
principal measure of water supply safety against disease organisms pending
the results of the more time=consuming bacteriological tests., The membrane
filter test provides the most rapid method for determining possible bacterial
contamination,

Chlorination, in spite of some shortcomings, is the best single pro-
tective device against pathogenic organisms, Consideration must be given to
the limitations of such treatment, A free available chlorine residual of
one mg/l throughout the distribution system will kill or inactivate vegeta-
tive bacteria provided that the water supply is low in turbidity, A higher
free available chlorine residual will be required to inactivate certain
enteric viruses, The maintenance of free available chlorine at the highest
possible level throughout the system consistent with palatability require-
ments is the single measure that will do the most to protect against biological
contanination, However, consideration must be given to the length of time
chlecine stocks will last before using high residuals in the system,




Numerous studivs, tests and calculations have indicated that the bilologi-

cal effects from drinking water that has been contaminated by radioactive
fallout, in the first few months postattack, would generally ho insignificant -

compared with the external gamma radiation hazard,

Probably few adults protected by adequate fallout shelters will die from
the {nternal radiation effects due to drinking radioactively contaminated
water, This statement doeas not apply to bables or children whose uptake ratio

is difforent,

However, the operational effectiveness of existing and conventional water
treatment plants should be improved to decrease still further the radiation
hazard due to the ingestion of contaminated drinking water,

Water that must be taken from stream channels, ditches, or other surfacs
sources, may be highly turbid, contain radioactive material particles and
have a very high chlorine demand, 1In order to reduce this form of contamina=-
tion an earthen settling basin should be constructed adjacent to the stream,
to receive diverted water that could flow by gravity from the stream, The
settling action in the basin will permit partial clarification of the water
prior to further treatment and pumping to the point of use, Alum added to

i the water entering the hasin would improve the clarification efficiency of
the unit, Pump suction from such a basin should be as far as possible above
bottom, Figure 20 shows the effective radioactive water decontamination C

processes,

ation of the must not be overlooked in the supplying of
emergency water, The survivors should be kapt informed during all stages of
the disaster as to the sources of water and the procedure to follow in order
to utilize the available supply, In the immediate postattack period the
public must be advised of the water quality in the mains, the means of ob-
taining a satisfactory water and the need, if any, to conserve or treat water,
Statements issued by the utility should be concise and presented so as to

eliminate as much anxiety as poassihle,

Notification of the public may be through radio, TV, sound trucks, etc,
As part of the advance planning a survey should be made of all poasible means
of communication and plans should be prepared for their coordination,

Disaster instructions for the consumers should be issued by the water
utility whonever possible in advance of an actual disaster, Typical notices

- to the consumer might include information on home storage of drinking and

: sanitary water, water waste prevention, what to do when the water service is

interrupted, purification of contaminated or possibly contaminated water and

the need and procedure for obtaining information on the water supply follow=

ing a disaster, Placards and signs could also be prepared in advance to

direct the public to water stations,
A major proportion of the postattack survivors will have either covered

distribhution reservoirs or ground water sourcos available, and this water if
properly handlud will be freec of radioactive contamination,
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CHAPTER VIl
SAS

ANTRODUCT]ON

In the preceding chapters of this manual a detailed review has been made
of the effects of a nuclear disaster and the measures which can be taken by
a water utility to minimize these effects and to facilitate recovery, Such
measures require action prior to the disaster, The extent of preparedness
of a utility will determine to a major degree the speed with which recovery
takes place, 1It, therefore, follows that e: *h utility needs to develop a
functional, working nuclear disastur plan that will provide both for a real-
istic self-evaluation of the utility's strengths and weaknesses and for the
organization, personne!l, equipment and materials to carry out the necessary
action to bring the utility up to a reasonable preparedness level,

- This chapter contains the information needed for the preparation of a
disaster plan and discusses how to incorporate the preceding chapters imto
an e¢ffective plan of operation, It must be emphasized that each utility has
its own characteristics and problems which diffaer from those of others, Each
disaster plan must therefore be made to allow for the peculiarities of the
specific utilicy,

The disaster plan should cover surveys, assessments and actions to take
place prior to an attack and actione to take place during the alert and fol.
lowing the attack, The aim of the disaster plan is to provide during the
postattack period for the most effective utilization of the resources availe
able to the utility, This can be done by providing an effective plan, trained
personnel and sufficient emergency equipment and material,

ADVANCE PREPARATION

(11} (] ation

The preparation and organization of the disaster plan should be made the
responsibility of compstent personnel who should guide the utility in making
necessary studies and developing a preparedness program, Full-time employees
under a disaster coordinator should be used in the larger utilities, The
formation of an advisory committee of personnel having special knowledge and
skills {s advisable,

The utility's operational disaster organimation should include all regu-
lar personnel and emergency auxiliary personnel, The disaster organization
staff is designated with alternates and replacements at least three deep in
the key positions, Responsibilities and channels of command and 1{aison




ahould he clearly defined, Some water systems can be divided into districts
or zones for independent action with soparate personncl assigned to cach
zone, Emergency teama may also be desmignated,

The disaster organization will operate out of control centers following
the attack, Control stations for the postattack operations should be desig-
nated and equipped, They will include command post and alternate, control
points and alternates, assembly areas and reporting centers,

Mutual Aid

Mutual aid and joint venture agresements will provide for the exchange of
assignment during emergencies of personnel, equipment and materials, Such
agreements should also call for coordination of communicativns, training,
reconnaissance and assessment, inventorying, standardization of material and
equipment, Effective mutual aid includes agreements not only with other
utilities, but with electric, gas and telephone utilities; civil defense,
health, fire and police departments, and other intercsted agencies, Coordina-
tion is especially needed with the local civil defense agency and with other
utilities in the community and in the geographical area, In the mutual aid
agreements responsibilities should be defined and assigned, The agreements
should clearly designate the area, organiszations, personnel, equipment,
materials, facilities and services to be included, Legal questions, such as
the transferring of equipment, materials and facilities and the problems that
- might arise from use of personnel in the crossing of state and county lines,
should be studied and resolved, Interconnections with adjacent systems should
be planned for and provided,

For mutual aid to be effective, utilities over wide areas should be in-
cluded in the cooperative agreements, The area of cooperation should be large
enough so0 that it will ensure that some assistance will be available even in
an extremely widespread and destructive attack, An area-wide inventory should
be made of materials, equipment, chemicals and personnel available to all of
the agencies cooperating in the agreements, Emergency equipment and materials
should be standardized, Agresments should provide for a cumprehensive system
of area~-wide communication facilities and monitoring services; damage survey
and assessment} personnel training; integration of the emergency plun with
suppliers of materials, components and services; and the keeping of other
agencies advised of current conditions, utility emergency personnel and loca-
tion of pertinent records, Mutual aid agreements are also advised to be made
with adjacent water utilities, and Luterconnections with such utilities are
often provided, In addition, agreements can call for the maintenance or
planning of interconnections with industrial or other private auxiliary sup-
plies under proper supervision, The relation of the state disaster planning
to the area and local planning should also be considered by the utility,

Security

The water utility should dotermine the degree of physical security pro-
tection needed and provide security procedures, Security measures will include




the une of weapons, reporting of fncidents, safeguarding classified mataerial,
critical arca protection, and eaployee wecurity training,

Stockpile Inventorivs

An adequate roserve of materinls, parts, supplios und squipment required
for a nuclear disaster should be maintained in the amounts to satisfy thu
normal 30=day requiromonts, The amount stocked will depend upon the individual
water utility, conditions upon which it operates, and upon the probable amount
available from other water utilities through mutual aid, to determine addi=-
tional needs for emergencies, Mutual aid agencies should cooperate in stock=
piling neédod equipment and supplies and in determining the best storage
locations, Warshouses containing these {tems should be locatad at well dis=
persed points, Tho stockpiles essential for disaster operation and recovery
should he reasonably protected,

Stockpiled equipment might include lightweight quick=-coupling pipe,
couplings, fittings, special adapters, gate valves, pipe locators, portable
pumps, generator sets, lighting equipment, portable water treatment units
and mobile chlorinators, air compressor units, fire hosme, chemicals, fuel and
laboratory supplies,

Records

The maintenance of essential records and inventories are an important
part of preparedness, It should first be determined which records are
essential and need protection, The essential records kept should include
those on personnel, emergency sources, stockpiled items, critical consumers,
smergency requirements, emergency procedures, maps, emergency plans, etc,

The adequacy of existing records should be investigated and improvements made
where necessary, Records can be protected by duplication and dispersion,
Office personnel may be directed to protect working records in the event of
an alert, Copies of all records should be readily available to key emergency
personnel, Duplicate copies should be available at mobilimation centers and
at other sites which are considered relatively safe from a major disaster in
the utility area, All parties to mutual aid agreements should be kept in-
formed of these sites, All important records should be kept up=to=-date, The
records should be easily read with standard symbols and terms used, It is
especially important that valve crews and service trucks be provided with
maps and current records showing location and condition of the mains and
valves,

The essential inventory records should include information oni

1) Emergency utility and auxiliary personnsl = names, addresses,
telephone numbers, disaster responsibilities, skills, availabilicy
of transportation, etc,




Potentinl vmorgency sources = location, capacity, probable
potability and safety, need for troatmont and pumping relia=
bility of continued operuation during emergencies, estimate of
equipment and supplies likely to be needed in their use, means
for making connection, means for locating persons responsible
for those sources, and signed agreement by owner for public use
of supply in emergency,

Amounts, typos and locations of smergency stockpiled squipment,
materials, supplies, and chemicals (including repair {tems),
both belonging to the utility and that available in the area,

4) Vehicles and equipment for hauling emergency supplies and
emergency water,

5) Treatment equipment such as auxiliary chlorinators available
in the community,

6) Critical consumers with their priorities and their water
quantity and quality requirements,

7) Eatimates of requirements to meet severe smergencies,

Yulnerability Assessment

A vulnerability assessment, as stated in Chapter III, is needed to find
where theare is likely to be failure or weakening following a nuclear disaster
and then, considering priorities, to determine the measures needed to bring
the items reviewed up to a reasonable protection level, The studies should
not only be on the water system, but on power supply, communications, equip-
ment, material, supplies, personnel, security, and emergency procedures,
Studies should be based upon probable response to blast, thermal and ionising
effocts, The nature and extent of damage to be expected is estimated as
thoroughly as possible, DNetermination can be made of the typa and degree of
damage under various conditions and of the repair methods and equipment,
materials and personnel needed to inftiute recovery and restoration, The
evaluation should indicate piiorities for repair of the system and alternate
provisions in case of luss or severe damage, The studies will show what
operations will be affected and this in turn will indicate the need for pro-
vision of pnssible methods of repair and improvisation needed to restore that
partizular operation as well as the equipment and materials needed,

Hardening includes any measures taken to strengthen a system so that the
vital parts will resist the damaging effects of attack, Using the informa-
tion assembled from the vulnerability studies, decisions can be made as to
what units should be hardened and to what extent, The criterion will be that
enough of the system survive the attack to supply the water needed, Knowing
the condition and vulnerability of the system pree-attack and the level of
effects to which it is assumed each part thereof will be subjected, the post-
attack condition of the aystem can be predicted and methods developed for
recovery,




Coals with reasonable achievement dates should be formulated using the
findings of the vulnerability asseasment, Vulnerability reduction measures
should be put into effect so as tov provide for continuity of operations dure

ing an emergency.,
General vulnerability reduction (hardening) methods available include!

1) Provision of personnel shelters adequate in construction,
location, size and number,

High standards of construction,

?)

An optimum preventive maintenance and testing program,

3)

Duplication and separation of vital works,

4)
)

6) Provision for more than one source and/or transmission
ltn.o

Minimizing dependence on power and pumping.,

- - 1) An active cross=connection control program,

Adequate valving to presant extensive areas boiﬁ;rdoprivnd'
of water,

8)

Maintenance of emergency or permanent interconnections within
and outside of system,

Distribution storage facilities which can be disconnected
immediately to prevent water waste and later be put into

service as needed,

9)

Flexibility in operation of treatment works,

Maintenance of adequate chemical supplies.

Maintenance of emergency mobila water treatment equipment,

; Provision of dual power sources, on=-site storage of fuel and
; auxiliary power units, remote and/or automated controls, and
ready conversion of automatic controls to manual operation,

Provision of portable pumps with fuel-oparated units,

Provisions at major pumping plants of more than ons incoming
and dischavge Linas and plan for shutdown of pumping plants

during extreme smargency so as to conserve water,




17) Provision of security measures for faci{lities, material
and personnel,

18) Training of regular and auxiliary personnel in emergency
operations and procedures,

19) Conducting emergency operations exercises periodically,

Hater Supply and Distyibution

Under normal conditions all the water in the utility system is expscted
to meet domestic water standards, be safe, attractive, clear, colorless,
cool, contain no objectionable taste or minerals and be asupplied in quantities
sufficient to meet all needs during periods of maximum demand, The utility
under its normal operation will investigate these conditions and determine
what, 4if anything, is necessary to bring the water quality and quantity up to
these atandards, Under both normal and emergency conditions tha raw and
treated water should be mouitored for radiological, chemical and biological
quality and baselines established on water quality levels beyond which pre-
determined procedures of identification, assessment of hasard and taking of
preventive measures are initiated,

Under severe damage conditions, the quality and quantity requirements
- described above cannot be expected to be met at all times, The utility ia
advised to follow Supply Procedures reviewsd in Chapter VII to make an ads.
vance determination of emergency water needs for various categories of use
such as potuble, sanitary, decontamination, fire fighting, industrial and

agricultural water, Consideration must be given to water allowances, rations
ing, priorities and time-phasing of estimated water requirements, Critical
water users should be inventoried and their quantity and quality requivements
determined, Requivements will change with changing conditions, The minimum
supplies, equipment, manpower and organization arrangemants needed to meet
the wvater requirements should be determined, Investigations should ba made
of supply procedures, emergency treatment, use of mobile treatment and pump-
ing facilities and emergency methods of distribution of water, The vulner-
ability assessment should be used to determine measures needed to protect
water quality and quantity, As potable water may not be available immediately,
consumers should be encouraged to store water sufficient for at least 14 daya
in fallout shelters, During the period immediately after the attack an
acceptable potable water may be that water which has been determined as not
being contaminated with sewage or other highly toxic material and which has
received a very minimum treatment, Watershed damage and its effect on water
quality must also be considered along with damage in the distribution system,

Under fallout conditions radiocactive decontamination may be necessary if
the supply or the distribution facilities are not properly protected, The
need for monitoring the supply has already besn reviewed, The utility should
investigate and make available fast and reliable means of determining the
radioactivity lavel of the area, The utility should investigate and provide
the means to proteact the supply against fallout and to treat the supply for
removal of radioactive material,




As the normal aources of supply or the distribution facilitios may be
unavailable or unusable after a nuclear disaster, investigations should be
made by the utility to locate and inventory emergency mources of supply,

Plans should be established to obtain and use emergency water from the utility
system, auxiliary sources inside or outsido the utility areas and from the
hauling of water as reviewed in Chapter VII, Consideration should be given

to amount of water available, damage potential, pumping and power require=
ments, need for auxiliary pumping facilities or treatment, and equipment,
material, personnel and transportation requirements, Consideration must be
given to rerouting of water and to isolation of parts of the system,

In providing emergency water, the utility must also consider the availe
ability of materials and supplies required for emergency disinfection, and a
procedure should be established for obtaining and using such {tems, In addi-
tion, plans should include the .service of easential water through the pro=
vision of emergency water distribution, treatment and/or pumping stations,

SQMQHLCIttgn!

Adequate communications will significantly increase the rate of recovery
following & nuclear attack, During the pre-attack period a study should be
made of the existing communication facilities, the improvements needed to

bring them up to an acceptable lovel, and then the mecsssary corrsctions
should be made, Botn radio and telephone facilities should be provided and
integrated into the emergency operation plan, Pacilities should be provided
both in fixed installations and mobile units, The mobile units should be
able to communicate with each other when the base station is not operating.
Facilities should be provided for intercommunication or monitoring of nearby
utilities, Backup personnel for operation of the communications equipment
are essential, The fixed communication equipment and facilities should be
installed in sites that are adequate as personnel shelters, Standby power
and on-site storage of fusl and generators are needed at command and control
points,

To prevent public panic and confusion following a disaster, provision
should be made to issue statements frequently and clearly through a utility
public information officer and alternate, Procedures for releass of informa-
tion should be formulated, A survey of all possible means of communication
and a plan for coordinating them should be made in the advance planning, In
addition, relations with the press and radio should be established so that
there is a mutual understanding of the problems involved and agreement on
methods to be followed, Means should be prepared to disseminate information
on water quality in the mains, the availability of satisfactory water and
the need, if any, to conserve or treat water, The public may be notified by
radio, TV, telephones, sound trucks, etc, News releases or canned announce-
mentas should be prepared in advance for emergency conditions that are likely
to develop and should include information on water rationing, home atorage
of drinking and sanitary water, water waste prevention, emergency water dis-
tribution points and emergency purification and disinfection by individuale,
Lists should be prapared of essential industrial users who should be notified




of a change in water quality that would affect thuir product, Placards and

signs can be prepared in advance to direct the public to predesignated loca-
tions where water is made available,

Personnel Protection

The establishment of shelters and a mobilisation program whereby key
employess will ba in the shelters at the time of attack {s of utmost im=-

portance, lonizing radiation will injure personnel who are not adequately
sheltered during the initial attack and for an extended period thereafter,

Injury and death will also result from blast overpressure when insufficient
protection is provided,

A shelter survey should be made to determine the number and location of
shelters needed and then a program for their establishment instituted, Shel-
ters should be provided in locations that all intended occupants can reach
within a minimum period of time and near where the emergency work would have
to be done, The provision of shelters in the immediate vicinity of critical
waterworks facilities which are manned with operators at all times will facil-
itate the mobilimation of the on=duty operating parsonnel if the warning period
is sufficient for such personnel to take shelter before the attack, It must
be recognised that personnel not sheltered at time of attack in the vicinity L
of the location where they will be needed in the early postattack pericd will

—— = bw avatlable only if they survive the initial effects and can get to their
assigned location without exposure to excessive radiation, BEach essential
operating unit or elemant should have a shelter., The determination should
be made of the best location for shelters in existing structures and means
for improving shelter protection in these structures put into effact, Serious
consideration should be given to provision of shelters in new structures,
Bvery effort should be made to keep the radiation dose receivable within the

shelter as low as possible in order to permit personnel to enter contaminated
work areas earlier and stay longer,

Sheltering of families of personnel should be considered so that there
will be more likelihood of the personnel reporting to the assigned shelters
when the alert is sounded, A family protection program ias very advisable,

Equipment needed for the shelters should be determined and provided,
Shelters should have essential survival items that will allow reasonable
living conditions for at least 14 days, Adequate equipment and supplies to
maintain smployees in good physical and mental condition should be provided,
Conaideration muat be given inside the shelter to space, ventilation, water,
food, sanitary facilities, personal hygiene, communications equipment, radia-
tion monitoring equipment, medical aupplies, lighting, etc, Means of com=
munication with command and control posts must be available to implement
decisions, maintain continuity of authority and to assure organiszed action,

W e e

Means should exist for mobilixzing the full complement of men in accord-
ance with the emecgency plan should an alert be sounded or a surprise attack
occur. A portion of the waterworke staff is normally maintained in a state
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of readiness to respond when emergancy conditiona demand, but even these men
are generally occupied on low priority routine work until called,
fization plan must be flexible enough to provide for the various conditions

including the assembly of off-duty personnel,
in procedures for carrying out the mobilization plan under various circumstances

00 as to reduce the time needed to reach assigned shelters,

vradiological protection, but should also be trained on basic civil defense
subjects including firsc aid,

--sensitive laboratory
All personnel should be familiar with the operation of thw

The mobils=

Parsonnel should be waell versed

Personnel should not only be trained to be thoroughly familiar with

al Monito and Train

diolo

Advance measures to minimize the disrupting effect of a nuclear attack
must include the training of personnel to live and survive in a radioactive
environment, An important part of this training is the use of monitoring
equipment to determine radiation levels, Raw and treated water supplies
should be monitored under normal utility operation, Procedures for sampling,
analysing and reporting results under emergency conditions should be estab~
lished, The utility should investigate and provide the needed monitoring

equipment and then train their employees in the use of this equipment, Both
ment and portable survey meters should bae provided,

Equipmant, procedures and laboratory staff training should be daveloped so
that a maximum number of samples can be analysed quickly and efficiently,
Rapid field tests should be made available to selected personnel, Each em-
ployee should have a dosimeter and keep accumulated dose records to show the
level of radiation exposure, Monitoring equipment should be provided at each
mobilisation area or shelter, The disaster plan should call for the reporte
ing ol radiological monitoring results to control centers, Provision for
sarvicing of monitoring equipment so as to keep them in proper order is

esoential,

Training of personnel, both regular and auxiliary, is needed in radiation
exposure haszards and in the protective procedures and precautions to be taken
when working in the presence of radioactivity, This training may ba part of
the Mutual Aid Program, Personnel should understand what vadiation is, what
it can and can't do, and how best to protect themselves from it, They should
be thoroughly trained on the action they must take before and after a nuclear
disaster, Provision may be made to protect equipment and materials during

the alert by placing them under suitable cover, Personnel should know where
the shelters are located and what the chavacteristics are of a good improvised
shelter that could be used 1if designated areas are not available, They should
have the equipment and knowledge for determining when a sheltar can be left
and the length of time that one can safuly work in a radiocactive environment,
The employee must be thoroughly trained to understand and respect radiation
intensity, tota' exposure dose, accumulated doss, dose rate and stay time,
Control is needed of the movement of personnel from shelters to perform essen-
tial work, Personnsl should be familiar with and be provided with the means
for removing radioactive contamination from water wupplies, facilities and




areas, They should bu familiar with radiation standards for water and air
and should know at what radiation level the supplying of contaminated water
should be stopped or the consumers adequately warned, They should know which
sourcas or facilities are likely to become contaminated and which are not,
Personnel should be able to determine whether a particular facility or area
nesds or should be decontaminated and when, how and by how many persons the
work should be done, They should know how to safely dispose of contaminated
water used for decontamination purposes, They should be informed on posting
of contaminated facilities and axeas,

Decontamination operations outside the shelter should receive special
consideration, When the decision is made to recover a contaminated install-
ation, the first step is to establish a suitable staging area from which the
recovery operation can be launched, Next, the vital area is surveyed with
vregard to radiological contamination and physical condition, the site is pre-
pared for recovery and proposed reclamation measures are tested for effective-
ness, The site.is then prepared by removing debris and obstructions, check-
ing adequacy of water supply, drainage channels, etc, Boundaries of vital
areas, access routes, and staging areas are clearly marked to prevent entrance
into hasardous areas or the bringing of significant amount of contamination
into clean areas, After the operation is finished and the radicactive area
is left, contaminated clothing is removed before returning to the clean or

- velatively clean areas.

Personnel should be trained and retrained in use of equipment and should
be provided with routine test exercises to perfect emergency procedures,

ROSTATTACK OPEMATION

An effective postattack operation plan will provide for a priority lists
ing of immediate actions to ba taken at each level to initiate recovery. The
plan should be time-phased by designating action to be taken after certain
assumed periods,

The plan will provide for the activation of the disaster organisation
including all regular and auxiliary personnel, Procedures must be established
for mobilining the available disaster staffs, This would involve means of
determining their postattack availability or the availability of the designated
alternates and how to use those that are mobilized, Use of communications and
personnel records would be very important during the mobilisation period, The
designated command posts, control locations and assembly areas with alternates
will be staffed and put into operation as soon as the alert sounds, The de-
fined channels of command and liaison will also be put into effect at the
same time,

Operations during the period that personnel must remain in their shelters
should Le included in the disaster plan., At this time the communications
equipment will be of special importance., Information can be received on status
of attack, surviving personnel, radiation conditions, and some preliminary
information on the condition of the water system may be available through




electronic sensing equipment or other means, Liaison with other civil defense
units should be one of the first objectives, 1In the shelters some possible
sources of information would be CD control center, intercommunications with
sheltered waterworks personnel, automatic controls and electronic sensing
equipment, reports from other CD personnel, woather reports, asrial monitor-
ing reports, etc, Using the information available, planning can begin for the
operations to take place when it will be safe to loave the shelters for short
periods,

One of the first tasks for the utility will be the assessment of damage
and evaluation of surviving facilities and the surviving community, The
utility will have to determine what the postattack water needs are, the facil-
ities that can be utilixed, and the most effective way to resums operation in
the available time, When it is first determined that it is safe to leave the
shelters, there will be a probing operation to obtain further information and
improve the assessment of damage., Information would be gained during a short
period sufficient to permit decisions as to action priority and personnel,
equipment and material needs, The weaknesses found in the vulnerability
studies would be the first place to look for damage, Evaluation must ba made
of the capability of the surviving system, Applicable records should be used,
Assessment and evaluation information would be recorded and disseminated to
the various control centers as needed, Initial recovery efforts would be
limited to individual and small group actions, pending assessment of damage
and evaluation of radioactivity hasards to personnel, When central control
is resumed, realistic recovery actions can be ordered, based in part on data
determined in the pre-attack analysis of the system, during which time priore
ities for repair and recovery actions should have been determined,

Procedures for the operation of surviving facilities must be established,
This would include control of water loss, conservation of quality water by
isolation of damaged portions of the system and by {solation of storage facil-
ities, Contaminated facilities must also be isolated., Emergency source,
treatment, storage and distvibution facilities would be activated for the
service of emergency water, Essential water monitoring services, with em-
phasis on radiation and bacteriological monitoring, would now be needed, The
easily recoverable system facilities having high priority should be reactivated
a8 soon as possible, Improvised operating and repair methods would be put
into effect at this time, Decontamination measures would be used where
necessary,

Procedures for the service of a temporary water supply are of vital im-
portance, The location of water neods as well as the availability of water
can best be determined through joint effort with other civil defense disciplines
such as fire control, decontamination, and public health units, The determin-
ation of location, quantity and quality requirements should be time=phased,
Water rationing should be instituted if necessary, The utility must be ready
to participate in the establishment and operation of water stations in co-
operation with other agencies, Criteria should be established for determin-
ation of service areas that are to be supplied with water for survival by
each of the various methods, such as piped water, hauled water or by evacuation




of survivors to areas having water, Means must be determined for making
available essential water from the utility system, and from auxiliary sup=
plies inside or outside the utility area, The mc“s nrotected sources should
be used wherever possible, Records pertaining to aiiernate supplies and
critical water needs are of importance in this operation, Emergency water
treatment equipment should be available and used where needed, Of special
importance is a procedure for notification of the public of the location and
quality of emergency water,

Procedures must also include those necessary for the recovery of the
system and restoration of operations., This would include the estimation of
manpower, equipment, and material needs to recover a sufficient system to
provide at least 10 gallons/capita/day in the early postattack recovery period,
The emergency repair program would be expanded as required, Disinfection of
distribution systems would be accomplished where necessary, Operational pro-
cedures for recovered facilities would be established,

Tho operational disaster plan, for maximum effectiveness during the
postattack period, should be maintained in a state of revadiness with a well
publicized program, thoroughly trained personnel, and a continuing program
of testing, evaluation and revision,

Water source contamination by fallout would be a secondary problem in
the postattack environment: rather, water distribution itself would be a
major problem, especially for survivors in targeted cities,




DISASTER PLAN CHECK LIST

The following check list will aid in establishing a disaster plan,

VAN

PREPARATIO

Form Disaster Organization

L
2)
3)

Appoint responsible personnel for development, training and research,
Appoint advisory committee to these personnel,
Designate disaster organization staff and teams,

a) Designate alternates,
b) Define responsibilities, channels of commar! and liadsoun,

Designate and equip stations for postattack oparations,
a) Command post and alternate,

b) Control points and alternates,
€) Assembly areas and reporting centers,

Initiate Mutual Af{d Agreements

1)

2)
J)

4)

Provide agreements with related utility, service and civil defense
agencies,

Define and assign responsibilities,

Provide for exchange or assignment of personnel, equipment and
materials,

Provide for coordination of communication, training, reconnaissance
and assessment, inventorying, standardisation, etc,

Consider legal prnblams,

Plan and provide interconnections with adjacent syatems,

Determine degree of physical security protection neaeded,

Provide security procedures,




Establish Inventories (Stockpiles) and Rucords

1) Stockpile cssential equipmoent, material and supplies for recovery
at dimporsod stationn,

2) Provide records which will facilitate recovery,

a) Maps and enginevring plans,

b) Personnel, regular &nd auxi{liary,

c¢) Bmergency sources of supply, availability, and means
of using,

d) Stockpile items,

s) Emergency operating methods, and procedures,

Keep records readily availahle at all levels of operation,

Keep mutual aid parties informed of content and location of
records,

Maintain records up=-to-date,

Protect all essential records,

lnerabil tiate Hardening Measurss
Develop vulnerability assessment procedures,

a) Predict effect of fallout, thermal radiation and blast
undur assumed conditions,

Assess vulnerability of:

a) Source, transmission, treatment, distribution and
atorage facilities,

b) Equipment, material and supplies,

¢) Personnel,

d) Power supply,

e) Communications,

f) Emergency procedures,

Using results of vulnarability assessment determine:

a) Probable postattack condition of system for effects
at various levals,

b) Repair methods and equipment, materials and personnul
needed to initiate recovery and restoration,

c) Priorities,

d) Alternate courses of action,

Determine vulnerability reduction neasures,

Formulate program for hardening with reasonable achievement dates,

113




Establish Water Supply and Distribution Requiremonts

1)

For normal and emergency conditions:

a)
b)

)
k)
c)
d)

Monitor supply for radiological, chemical and bhiological
quality,
Eatablinh baselines on water quality levels,

omargency conditionn

Detormine wiater noods for potable, sanitary, decontamination,
fire fighting, industrial, and agricultural water,

Prepare guidelines for water allowances, priorities, rationing
and time=phasing of estimated water requirements,

Dotormine guidelines for minimum supplies, equipmont, man=
powsr and organization to meet water requirements,

Establish procedures and prepare for omergency treatment,
pumping, and distribution of water,

(1) Provide for both fixed and mobile equipment,
(2) Establish {mprovised operation within utility system,
(3) Provide rfor stations for service of smergency water,

Locato, inventory, and prepare plan for use of potential
emorjency water sources,

(1) Utility system (improvised operation under emergency
conditiona),

(2) Auxiliary sources (utility, industrial, private and
other supplies),

(3) Distant sources (hauled, emurgency linas, wtc,),

Provide Communications

1) Study and coordinate all posaible means of communication,

2)

Bring existinyg facilitiovs up to an acceptable level,

a)
b)

c)

Provide fixed and mobile units,

Provide conmunication between all c¢ritical locations,
Provide standby power and one-site atorage of fuel and
genurators At command and control points,

Provide trained communications personnel,

Prepare procedures for release of information to the publiec,

8)
b)
c)
d)

)

Designate personnel to be in charge of release of information,
Establish relations with press and radio,

Establish procedures for umse of loud-speakers, leaflets,
Prepare relensen [(n advance for eomergency conditions likely to
devslop,

Prepare omorgency placards and signs in advance,




Establiahl Personnel Protection

1)y Establisl Shelter Program,

#) Determine number aml location of shelters needed,

h) Determine of foctivenenn of oxisting atructures as sheltors,

¢) Provide shelters for personnel at cvach cssential operating
unit,

d)  Harden oxisting structures as necded,

¢) Provide shelters {n now structures,

f) Establish family sholter program,

%) Provide communication with command and control point,

h) Provide adequate space, ovquipmont, supplios, facilities
in vach shelter,

1) Provide for amsembly of wmerguncy utility and auxiliary
personnel in sholters,

2) Give puersonnel civil defense personal survival training,

Provide Radioiogical Monitoring and Training

1) Provide monitoring equipment at dimpersed locationa,

n) Establish proceduros for monitoring radiation in shelters
and work ave.s,

b) Establish procedures for sampling water supply, analyxing and
reporting results under omergency conditionas of radiological
fallout,

c) Provide dosimetors and oatah!ish methods for keeping accumu=-
lated dose records,

d) Develop lab to run samples as quickly and efficiently an
posnible,

@) Provide for reporting of radiological monituring results to
control centers,

f) Provide for smervicing of monitoring equipment,

2) Train regular and auxiliary personnol ir rudiological protection,

a) Uasov of monitoring equipment,

b) Radiation guide l{rnaes,

¢) Guide lines for decontamination procedures,

d) Guide lines for time and stay=time,

) Maintenance and protection of radiological oquipmont,

Provide routine test oxercismes to familiarize personnel with
emergency procudures,




PLAN POSTATTACK OPERATION

Provide for timo=phased procedures to:

1
2)
3)
4)

3)

6)
)
8)

Activate disastor vrganization,
Mobilize available disaster staff,
Place into operation procedures for protection of personnel,

Initiate liaison with othor utility units and mutual aid
organizations,

Make reconnaissance of surviving facilities and assessment
of damage,

Determine priority of actions,
Decontaminate where nocessary,
Initiate procedures for operation surviving facilities,

a) Water conservation,
b) lsolate damaged facilities,
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APPENDIX A

FACLS ON RADIATION AND FALLOUT

Thin in appended as & separate attachment to this

report,




APPENDIX B

GLOSSARY

ABSORPTION: The roduction of radiation intonsity as a result of the transfer
of energy from the radiation to a substance through which it passes,

AIR BURST: The explosion of & nuclear woapon at such a height that tho ex-
panding ball of firc doos not touch the ocarth's surface, Thore is very
little carly fallout from such a detonation,

ALPHA PARTICLE: A particle emitted spontaneously from the nucloi of some
radioactive elements, It is idontical with a helium nuclous, having
a mass of four units and eloctric charge of two positive units, Sos
Radioactivity,

ATOMIC BOMB (OR WEAPON): A term sometimes applied to nuclear weapon utiliz=
ing [ission onergy only, See Fission, Nuclear Weapon,

ATOMIC CLOUD: Boe Radioactive Cloud,

ATTENUATION: Docrease in intonsity of a signal, beam, or wave as a result
of absorption of anergy and a scattering out of path of detector, but
not including the reduction due to geometric aspreading; i,e., the inverwe
square of distance effect,

BACKGROUND RADIATION: A term used to describe the natural radiation of the
oarth and i{ts atmosphere, It conaists of cosmic radiation and radio-
activity in the earth, air, and water, The main sources of background
radiation are potassium=40, thorium, uranium, and their decay products,
including radium, and cosmic rays,

BARRIER SHIELDING: B8hielding accomplished by interposing a physical barrier
betwoen a given point and radiation source,

BETA PARTICLE: A highe=speed electron omitted spontaneously from the nuclei
of certain radioactive elements, Most of the fission fragments from
nuclear weapons emit beta particlos,

BLAST WAVE: A pulse of air in which the pressure increases sharply at the
front, accompanied by winds, propagated continuously from an explosion,
See Shock Wave,

CIVIL DEFENSE: Civil Defonse is the mcionce and technology o/ advanced pre-
parcdnoss to war problems, analyzing thn problema to determine the
relative risks of specific actions, developing plans, hardening facilitics,
acquiring or stockpiling resources of supplios and tools, and training
people in survival knowledge and wkills,




CONFLAGRATION: A big firce causcd by a joining of a good number of scattered
firos originated by frnition of many combustible materials through
thermal radiation,

CONTAMINATION: A doposit of radioactive material in any place where it 1is
not deaired, the doposit {s the CONTAMINANT,

COUNTERMEASURE: All preparodness maagures taken to act against destruction
or disastor,

CURIE: ‘'The curie is a moasure of the activity or strength of a sample of
radioactive matorial, It is the quantity of any radioactive apacies in
which 3,700 x 1010 nuclear disintegrations occur per second, Because
of tho large size of this unit, the microcurie (one mill{gnth of a curie
of 1078 curie) and the picocurie (micromicrocurie or 10"'4) are more
commonly uped,

DECAY (OR RADIOACTIVE DECAY): The decrease in activity of any radioactive
material with the passage of time, due to the spontaneous emission from
tho atomic nuclei of either alpha or beta particles, sometimes accompanied
by gamma radiationm,

DECONTAMINATION: The removal of unwanted radioactive contaminant from &
material, e,g.,, water, air, or from surfaces of objects of intersast,
e.§, bulldings, streats,

DELAYED (WORLD-WIDE) FALLOUT: Small radioactive contaminated particles
which ascend into the upper troposphere and into the satratosphere and
are carried by winds to all parts of the earth, mainly by rain and snow,
over extended periods ranging from months to years,

DIRTY WEAPON: Ono which produces a largsr amount of radioactive residues
than a ''normal" weapon of the same yield,

DISTANCE SHIELDING: See Geometry Shielding,

DOSE: A quantity of ionizing radiation, The term dose is often used in the
sense of exposure dose, expressed in roentgens, which is a measurs of
the total amount of ionization that the quantity of radiation could
produce in air,

RATE: The amount of fonizing (or nuclear) radiation to which an ine
dividual would be exposed per unit of time, It is usually expressed
as roentgens per hour or in submultiples of these units, such as
milliroentgens per hour, The dose rate is commonly used to indicate
the level or radioactivity in a contaminated area,

DOSIMETER: An instrument for mers.cing and rogistering total accumulated
exposure to ionizing radiation,




DYNAMIC PRESSURE: The air pressure which results from the masas air flow
(or wind) behind the shiock front of a blast wave,

EARLY (LOCAL) FALLOUT: ‘The radioactive contaminated particles which roach the
earth within 24 hours after a nuclear oxplosion,

ELEMENT: One of the distinct,basic varieties of matter occurring in nature
which, individually or in comhination, compose substances of all kinds,
Approximately ninety difforont cloments are known to exist in nature
and soveral others, including neptunium and plutonium, have hoen
obtained an a remult of nuclcear reactionn with these olements,

ENERGY: Capacity for porforming work,

EXPOSURE CONTROL: Procedures taken to keep radiation exposures of individuals
or groups from excoeding a recommended level, such as keeping outside
missions as short as possihle,

EXPOSURE DOSE: See Dose

EXTERNAL RADIATION: Exposure to lonizing radirtions coming from a source
outside the body, '

FALLOUT: The process or phenomenon of tho fall back to the eoarth's surface
of particles contaminated with radioactive material from a nuclear
weapon, The term is also applied in a collective sense to the cone
taminated particulate matter itself,

FALLOUT MONITORING STATION: A deaignated facility such as a firo station,
police or public works building, or a community sholter which has a
protection factor of at least 100 and relatively reliable communications,
It may be established with a minimum of two trained radiological
monitors but as promptly as feasible tho number should be increased to
four,

FALLOUT PATTERN: Characteristics of tho procoss or phenomenon of tho fall
back of radioactive contaminated particles from a nuclear oxplosion
to the earth's surface,

FALLOUT MODEL: A predicted specimen of dosc=rate contour for early fallout
at specified time poriod after a nucleoar oxplosion for an assumed
yield, type of burst, and metenrological condition,

FIREBALL: The luminous sphore of hot gamses which form a few millionth of a
second after a nuclear (or atomic) cxplomion as the rosult of tho
absorption by the surrounding modium of the tharmal x-rayas emitted by
the oxtremely hot (suveral tens of millions degroes) weapon residucs,
The exterior of the fircball in air is initially sharply defined by
the luminous shock front and later by the limits of the hot gases
themaelvea (raaiation front),




FIRE STORM: Stationary mass t{rc, gencrating stronyg, in-ruxhing winda from
all siden; the winds keep the tire from spreading while adding fresh
oxygen to Increase thelr intenmity,

FISSION: ‘'lthe nuclear process whereby the nuclous of a hoavy elomont splita
into two nuclel of lighter elemonts and reloasos a subsatantial amount
of energy, The most {mportant fissionable materials are uranium«235
and plutonium«239, This procoss provides the energy for the atomic
bomb and nuclear reactors,

FISSION FRACTION: The fraction (or percentage) of the total yleld of a
nuclear woapon which In due to {ission, For thermonuclear weapons
the average value of the fission [raction is about 350 percent,

FISSION PRODUCTS: A goneral torm for the complox mixturo of substancoes
produced ax a result of nuclear fission, The complox mixture of fimsion
products contains about 200 different isotopes of 36 olements,

FLAME BURN: Indiroct (or mocondary) akin burn that would accompany (or are
causcd by) any large fire no matter what itws origin,

FLASH BURN: A burn causod by oxcessive oxpoaure (of bare skin) to thermal
radiation, Sce Thermal Radiation,

FRACTIONATION: Any one of soveral processcs, apart {rom radioactive decay,
which rosults Iin change in the composition of the radioactive weapon
debrin,

FUSION: The process whoreby the nuclei of two light cloments combine to
form the nuclous of a heavicr clement with the reloase of substantial
amounts of cnorgy, It occurs most reoadily with hydrogen and ita imotopes,
and it provides the energy tor the hydrogon or thermonuclear homb,

GAMMA RAY: A ponotrating radiation of high energy omitted by a radioactive
nucleus, 1t is of tho same genoral naturc as X-rays and ordinary light,
though more onergetic, Gamma rays can ponetrate considerable thick=-
nesxes of matter,

GEOMETRY SHIELDING: Shiclding accomplished by distance from source of
radiation,

GROUND ZERO: The point on the surface of land or water vertically below
or above the conter of a burst of a nuclear (or atomic) weapon;
frequontly abbhroviated to UZ,

HALF=LIFE: Tho time required for the activity of a given radioactive apecics
to docrease to half of {tsx Initial value due to radioactive docay, The
half=1{fc {s a characterintic property ol vach radioactive mpecics and
is independent of {tx amount or condition,




HALF VALUE THICKNESS: ‘Ihe thickness ot a given material whicn ..11 absorb
halt the gamma radfation Incldent upon {t, Thix thickness depends on
the nature of the mater{al « {t is roughly inverscly proportional to
fta denaity = and alwo on the energy of gamma rays,

(H+ t) HOUR: t hours after nuclear explosion,

HARDENING: All measures taken to strongthen facilitios so that vital parts
will romint the damaging offoctw of attack,

INDUCED RADIVACTIVITY: Radioactivity produced in certain materials as a rosult
of nuclear reactions, particularly tho capturc of noutrons, which are
accompanied by the formation of unstable (radioactive) nuclei, The
activity induced by noutrons from a nuclear (or atomic) explosion in
materials containing the clements sodium, mangancse, silicon, aluminum
or uranium may be significant in somc casos,

INITIAL NUCLEAR RADIATION: Nucloear radiation (ossontially neutrons and gamma
rays) emitted {rom the fircball and the cloud column during the first
minute aftor a nuclear (or atomic) explosion,

INTENSITY: The energy (of any radiation) incident upon (or flowing through)
unit area, perpendicular to the radiation beam in unit time,

INTERNAL RADIATION: ‘The radiation oxposure resulting from the deposition
of radioactive matorials within the body,

IONIZING RADIATION: Electromagnotic radiation (gamma rays or x~rays) or
particulate radiation (alpha particles, bota particles, neutrons, otc,)
capablo of producing ions, i,e., eloctrically charged particles, directly
or indiroctly, in itws passage through matter,

ISOTOPES: Forms of the same c¢loment having Lldentical chemical properties
but differing in their atomic mansca (duo to differont numbera of
noutrons in their respoctive nuclei) and in their nucleoar propertios,
Some {sotopos are stable and others are radioactive,

KILOTON (KT): A unit of energy of a nuclear (or atomic) explosion which is
ecquivalent to that produced by the oxplosion of 1 kiloton (1,000 tons)
of TNT, {,v,, 1012 caloriva or 4,2 x 1019 ergs,

LOCAL FALLOUT: Sec¢ Farly Fallout,

MACH IFRONT: ‘The shock front formed by the fusion of the incident and re-
flocted shock fronts from an cxplosion, The term is generally used with
rolforonco to blamt wave, propagatud in the ailr, reflocted at the surface
of tho carth, The Mach front is ncarly porpendicular to the roflecting
surface and prosoents a slightly convex (forward) front,




MASS THICKNESS: A measure of barrier effect expressed by pounds per square
foot of shielding material,

MEGATON: The unit of energy of a nuclear explosion which is equivalent to
1,000,000 tona (or 1,000 kilotons) of INT, i,s,, 1013 calories or
4,2 x 1022 erga,

Mev (mi{llion electron volt): Unit umsed for oxprnlaing the energy released in
nucloar reaction; it is equivalent to 1,6 x 10°° erg or 1.6 x 10°13 joule,

MONITOR: An individual trained to measure, record, and report radiation dose
and dose rates; provide limited field guidance on radiation hazards
assoviated with operations to which he {a assigned; and perform
oporator's maintenance of radiological instruments,

MONITORING: The procedurc or oporation of locating and measuring radioactive
contamination by moans of survey instruments which can detect and measures,
as dose rate, {onizing radiations,

NEUTRON: A .cu.ral particle, with no electrical charge, having about the
same mass as the proton, and present in all atomic nuclei, except those
of ordinary (or light) hydrogen, Neutrons are required to initiate the
flasion process, and large numbers of neutrons are produced by hoth
fission and fusion reactions in nuclear explosions,

NUCLEAR RADIATION: Particulate and electromagnetic radiation emitted
from atomic nuclei in various nuclear processes., The important nuclear
radiations, from the weapons standpoint, are alpha and beta particles,
gamma rays, and noutrons, All nuclear radiations are ionizing radiations,
capable of producing ions directly or indirectly in its passage through
matter including living tissue,

NUCLEUS: Tho central, poaitively charged core of the atom which carries
essontially all the mass, It consists of neutrons and protons, and the
number of protons is the same for all the atomic nuclei (or isotopes)
of a given chemical element, The nuclear properties, e.g., radiocactive
or stable, of an isotope of a given element are determined by both
the number of neutrons and number of protons,

OUTSIDE DOSE (OR UNSHELTERED DOSE): The dose outdoors, away from buildings,

OUTSIDE DOSE RATE (OR UNSHELTERED DOSE RATE): The dose rate outdoors, away
from buildings,

OVFRPRESSURK: The transient pressure, usually expressed in pounds per square
{nch, sxceoding the ambient pressure, manifested in the shock (or blast)
wave from an explosion,

PEAK OVERPRESSURE: The maximum overpressure value at the blast front,




PROTECTION FACTOR: A factor used to express the relation between the amount
of fallout gamma radiation that would be received by a4 person outside
& shelter compared to the amount he would receive {f he were in the
shelter,

RAD: A unit of absorbed dose of radiation; it represents the absorption of
100 erga of nuclear radiation per gram of the absorbing material or
tissue,

RADIATION DOSE: See Done,

RADIATION EXPOSURE RECORD: The card {ssued to individuals for recording
their personal radiation exposure doses,

RADIATION INJURY: The harmful effects caused by fonixing radiation,

RADIATION SICKNESS: The complex of symptcms charactarizing the disease known
as radiation sickness, resulting from excessive exposure of the whole
(or a large part) of the body to ionizing radiation, The earlieat of
these symptoms are nausea, vomiting, and diarrhea, which may be followed
by loss of hair, hemorrhage, inflammation of mouth and throat, and
general loss of energy. In severe cases, where the radiation exposure
has been relatively large, death may oceur within two to four weeks,
Those who survive six weeks after exposure to a single dose of radiation
may generally be expected to recover,

RADIOACTIVE CLOUD: An all=inclusive term for the mixture of hot gases, smoke,
dust, and other particulate matter from the weapon itself and from the
environment, which is carried aloft in conjunction with the rising
fireball produced by the detonation of a nuclear weapon,

RADIOACTIVITY: The spontaneous emission of radiation, generally alpha or
beta particles, often accompanied by gamma rays, from the nuclei of an
unstable isotope, As & result of this emission the radioactive isotope
is converted into the isotope of a different element which may (or may
not) also be radioactive, Ultimately, as a result of one or more atages
or radioactive decay, a stable (non-radioactive) end product is formed,

RADIOISOTOPE: An unstable nuclide which emits particulate and/or electro-
magnetic radiation in the process of transforming to a stable state,

RADIOLOGICAL COUNTERMEASURE: Preparedness measures taken to minimize the
effact of nuclear radiation on people and resources,

RADIOLOGICAL DEFENSE: The organized effort, through warning, detection, and
preventive and remedial measures, to minimize the effect of nuclear
radiation on people and resources,

REDUCTION FACTOR: The reciprocal value of the protection factor,




REM: A unit of biological dome of radiation; the name is derived from the
{nitial lotters of the term "rad oquivalent man (or mammal)," The
radiation dose in rems {s equal to the dome in rads multiplied by the
RBE of the given radiation (for a specified effect),

RES1DUAL NUCLEAR RADIATION: Nuclear radistion, chiefly beta particles and
gamna rays, which persists for some time following a nuclear explosion,
The radiation is emittud mainly by the fimssion products and other bomb
rosidues in the fallout,

ROENTGEN: A unit of exposure dose of gammu (or X) radiation, It is that
exposure which in 0,001293 gram of air will produce ions carrying one
ovlectrostatic unit of electricity or charge. This energy absorption
amounts to about 88 ergs per gram,

SHELTER: A habitable structure or space stocked with essential provisions
and used to protect its occupants from fallout radiation,

SHIELDING: Any material or obstruction which absorbs radiation and thus
tends to protect personnel or materials from the effects of a nuclear
explosion, A considerable thickness of high density material may be
nssded for nuclear radtation shisiding, especially, in the case of gamma
vadiation,

SKYSHINE: Radiation, particularly gamma rays from & nuclear explosion,
reaching a target from many directions as a result of scattering by the
oxygen and nitrogen in the intervening atmosphere,

SHOCK WAVE: A continuously propagated prassure pulse (or wave) in the sur-
rounding medium which may be air, water, or earth, initiated by the
expansion of the not gases produced in an explosion, A shock wave in
air is generally referred to as a hlast wave, because it resembles and
{s accompanied by strong, but transient, winds,

SLANT RANGE: The distance from a given location, usually on the warth's
surface, to the point at which the explosion occurred,

STANDARD INTENSITY: The energy (or any radiation) incident upon (or flowing
through) unit area, perpendicular to the radiation beam in unit time,

SUBSURFACE BURST: See Underground Burst, Underwuter Burst,

SURFACE BURST: The explosion of a nuclear (or atomic) weapon at the surface
of the land or water or at a height above the surface less than the
radius of the fireball at maximum luminosity, Such a detonation results
in the maximum amount of early fallout,

THERMAL RADIATION: Electromagnetic radiation emitted (in two pulses from an
air burat) from the fireball as a consequence of its very high tempora=-
ture; it conaistns esnentially of ultraviolet, visible, and infra-red
radiations,




THERMONUCLEAR WEAPON: A bomb in which part of the oxplowive energy is ob-
tained from nucloar fusion reactions, The energy ranges from hundreds
of thousands to millions of tons of TNT=equivalent,

TNT EQUIVALENT: A measure of the vnergy reloased in the detonation of a
nuclear (or atomic) weapon, or in the oxplosion of fissionable material,
expreased in terms of the weight of TNT which would release the same
amount of energy when explodad, The TNT oquivalent is usually stated
in kilotona or megatons, The hanis of the TNT equivalent is that the
exploaion of | ton of TNT releanes 109 calories of energy.

UNDERGROUND BURST: The .apiollon of a nucloar (or atomic) weapon with {ts
center more than 5 W'*7 feel, whore W is the explosion yield in kiloutons,
beneath the surface of the ground,

UNDERWATER BURST: The explosion of a nuclear (or atomic) weapon with {ts
center beneath the surface of the water,

UNIT-TIME REFERENCE DOSE RATE: The ratio of the approximate exposure dose
rate (in roentger/hr) at any time after the explosion to a convenient
reference value,

UPPER-AIR-FALLOUT (UF) WIND DATA: The UF wind data are raported by U, 8§,
Weather Bureau upper-air observing atations two to four times daily
indicating the direction and distance from ground zero where particles,
falling from various levels in a nuclear explosion cloud (10, 20, 40,

60 and 80 thousand feat) are requiring three hours to reach the ground,
will land,

WORLD-WIDE FALLOUT: See Delayed Fallout,

YIELD: The total wffective energy released in a nuclear (or atomic) explo=
gion, 1Tt is usually expressed in terms of the equivalent tonnage of
TNT required to produce the same energy release in an explosizn, The
total energy yield is manifested as nuclear radiation, thermal adia-
tion, and shock (and blast) energy, the actual dimtribution being de-
pendent upon the medium in which the explosior vccurs (primarily) and
also upon the type of weapon and the time after detonation,

YIELD, FISSION: That portion of thu total yield of & nuclear detonation
attributable to the fission PESCIII. A one=kiloton fission yield deto-
nation results from 1,43 x 1047 fission events,

YIELD, FUSION: That portion of tho total yield of a nuclear detonation
attributable to the fusion process,
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INDEX

Absorption, 7
of radiation energy, 7
Alr burst, 6, 7, 10, 12, 13, 13
affected avea, 9, 27
blast effect, 11, 23
definition, 6
distribution of energy, 3
radiation effect, 6
thermal effect, 6, 9, 27
Alpha particles, 13, llAw
penetrating power, 30
Assessment, 21
fallout hazard, 53
postattack, 1, 63, 67
physical damage of water supply system, 71
of plant operation, 1, 65
radioactivity of environment, 67
radioactivity of water supply, 68, 69
indirect method, 68, 69
utility vulnerability, see Damage
Atmospheric
transmittance, 23, 46, 27
Atomic bomb (or weapon), see Nuclear weapon
cloud, 6, 8, 13
explosion, see Nuclear explosion
Attenuation, 51

Barrier shielding, see Shielding
Beta particles, 15, llAw
penetrating power, 50
Biological effects, radiation
exposure on personnel, 17
viaible, 17
work condition, 17

% See Appendix A, (separate volume) Pacts on Radiation and Pallout,




Blast and whock, 1, 2, 4, 5, 10, 11, 12, 22
afr burst, 11, 23
areas affected, 11, 23, 66
considerations to waterworka structures, b3
damages
cequipment and structures, 10, 11, 12, 23, 37, 38, 39, 41, 42, 43, 44
personnel, 10, 1l
esardrum, 12, 11
lungs, 12, 11
yield relationship, 11
offects, computation of probahle, 25
energy~diatance relationship, 11
general properties, 10
Mach frent, 10
over=pressure, effective range and weapon yield relationahip, 11
damage caused by, 11
pressure
dynamic (wind), 12
negative, 10
over, sss Over=-pressure
protection, 61
structural design (resist to), 62
surface burst, 10, 11, 25
unie, 22
vulnerability, water supply system, 21, 103, 104, 105
damage effectsn, 11
example of assuamment, 41, 42, 43, 44
guides to ansessment, 37, 3R 39
wave, 10, 12, 22, 62, 2A¥%, JA%
wind, 10, 12
7, 10, 1A%
to eyes, 24, 62
first dagree, flash, 9
flame, 7
flash (direct), 7, 62
injuries, 7
second degree, flash, 9, 7, 24
akin, 7, 62
third degree flash, 24
ultraviolet flash, 7
Burst
air, 6, 7, 13, 15, 2Ax
subaurface, 6, 3JAw
surface, 6, 7, 8, 10, 11, 25
types, 6, 2A%
Chain reaction, 12A¥

% Saee Appendix A, (separate volume) Facts on Radiation and Pallout,




INDEX

Civil Dofense, 1, 2, 65, 74
Agencien, now Organization
Clothing, protection, 36
Cloud. radioactive, 6, 8, JA¥, 5Aw
Communications, 65, 67, 67, 68
equipment, 46, 109, 114
postattack, 65, 67, 68, 106
Conflagration, 23
Contamination, radioactive, Sve Fallout, Shelter
from air burst, 13
from assumed attack on U,5,A,, 48, 49
alpha particle, 15
area affected, 13, 23, 24
beta particies, 13
decay rate, 15
distribution patterns, 13, 14,16, 17
environment, 66, 67
of fond, 56
gamma, 10, 15, 27
from surface burst, 24
water, 68, 69
water supply sywtem, 68
indirect method, estimation, 69, 70
Countormeasures, 22A%, 23A%, 24A%
Crater, JA¥
Curie, Jdefinition, 10Aw

Damage
from blust and shock, mee Blast and shock
communication equipment, 46
from thermal radiation, mee Thermal radiation
Decay, radioactive 13, 2A%, 4A%, 15A%, 24A%
curve, 30
fission products, 15
rate, 15, 54, 15A*
Decontamination, radioactive, 57, 76, 4AN
methoda, 77
operation, 109
personnel protection, in, 76
postatrack operation, 109
surface, 78, 79, B0
in water, 98
Debris, 10, 1A%, 3A¥
removal, 76

% See Appendix A, (meparate volume) Facts on Radiation and Fallout,
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Delayed fallout, 13, 23, 24, 66, 17A%
Detonation, nuclear weapon, 1, 4, 85, 7, 11, 54, 1A%, 24w, 3JAW
Dirty weapon, 18
Disaster plan, 100
chock liwtn, 112, 113, 114, 115, 116
communications, 106
decontamination operation, radioactive, 109
mutual aid, 101
organization, 109
personnel protection, 107, 108
postattack operation, 109
radiological monitoring, see Monitoring
records, maintenance, 102, 103
security, 101
stockpile inventory, 102
water supply and distribution, 103, 106

biologica) effects, 17
contaminated watay, 68, 69, 70
exposure, control, 54
guide to permismible activities, 33
limit for personnel, 17, 36, 71
median lethal dose, ]8A¥
protection factor for, 5l
gamma ray, see Gamma radiation
from initi{al radiation, see Nuclear radiation
vate, ses Nuclear radiation
from residual rvadiation, see Nuclear radiation
transmission factor of materials, 3%
units, 22
Dynamic pressure (wind), 12

Early, fallout, 12, 13, 24, 66, 68 also see Fallout
decay curve for, 30
definition of, 12
pattern of, 12, 13
Earth, shielding material, 35, 62, 6Aw, llA¥ -
Electric aystem damage, 10, 11, 37, 38, 39, 41, 42, 43, 44 '
Electron, 7A%
Emergency plan, see Postattack
repair, see Postattack, repair
water source, 87, 88, 89
water supply procedure, 89, 90
water treatment, 95, 96, 97, 98

% See Appendix A, (separate volume) Facts on Radiation and Fallout,
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Enorgy, yleld of explosion, 5, 9, 11, 2A*
Entry time, 31, 33, 34
Explosion, atomic, see Nuclear explosion
Expoaure
biological wffects, 17, 16A%
control of, 34
dose, see Dose, Nuclear radiation
juides to permissible activities, 33
limits for personuel, 17, 36, 71
protection factors for, 17, 51
time of, 17, 27
Eyo injuries, see Injuries

Fallout 1, 2, 6, 12, 22, 66, 1A% JAw
accumulated dose, sea Nuclear radiation
affected area, 9, 13, 23, 25, 34, 48, 49, 66, 4AW
alpha particles, ses Alpha particle
beta particles, see Beta particle
building protective construction, for, 356
new building, 58
facilitation of removal, 37
reduction of deposition and detention, 36
control of exposure to, see Nuclear radiation
decay, radioactive, aee Decay
decontamination of, see Decontamination
delayed (world=-wide), see Delayed fallout
density, 69, O6Aw
disriibution pattern, 12, 14, 13, 16, 17, JAW, 4A%, 19AW
actual, 12, 13, 16
cigar=shaped, 13, 4A¥
idealized, 12, 14, 13
irrogular, 13, 16
wind effect, 13
early (local), see Early fallout
effectn, 24, LA™
biological, 17, 23, 27, 49, 51, 17A%
exposed skin, 6
on personnel, 15, 24
on postattack restoration, 71
residual, and water supply, 18
visible, 17
" working wondition, 17
fission products, mixed, see Fission products, mixed
gamma ray, see Gamma radiation

« % See Appendix A, (separate volume) Facts on Radiation and Fallout,




Fallout (continued)
protection, from, see Protective muasures
radivactive contamination, see¢ Contamination
radiation level, 18
radiological monitoring, seo Monitoring
residual, 15, 24, &4, 5, 12
affected area, 24
decay rate, 13
definition of, 12
diatribution pattern, 14, 13
sffects on personnel, 15, 17
and water supply, 18
Fire, 1, 7, 9, 10, 12, 23, 25, 62, 65, 22Aw
control personnel, 63
control,water urility, 76
control, water utility structure, 76
combustible materials, 9
meteorlogical effects, 27
origin
by broken gas main, 10
by electrical short circuit, 10
by thermal radiation, 7, 23
spread, probability, 25, 29
storm, 23
Fiveball, 6, 7, 23, 2A%, 3A¥, 4Aw
air burst, 23
Fission products, mixed, 15, 1A%, 3Aw, 10A%, llAw
Flame burns, see Burn
Flash burns, see Burn
Food
radioactive contamination, 56
stockpiles in shelter, 60
Fusion, 1A%, l1Aw, 12Aw

Gamma radiation (or rays), 10, 15, 27, 34, 51, 50, 54, 58, llAw
penetrating power, 30, 16Aw
protection factor, 31
protection, from, 31, 34
tranemission factors, materials, 35, 51
Gas system, damage, 10, 37
Ground mero, 8, 9, 10, 11, 13, 4Aw
Guide to permissible activity, radiation, 33

W See Appendix A, (separate volume) Facts on Radiation and Fallout,
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Half=11{fe, radioactive, 27, 30, 12A%, [JA¥, 14A%
valf=value thicknons
Hardening, 21,48, 103, 104, 111
Heat, 4
Ignition, materinin, 7, 9, 37, 8, 19, 42, 43, 44
Initinl c¢ffects, summary, nuclenr explonion, 12, 18
overall, 12
and water supply syatem, 13
Injurien, 12
hiant, 10, 11
burus, see Burn, thermal radiation
cardrum, 12, 11
vye, 24, 62
lunge, 12, 11
radiation, 17, 71
Ionizing radiation, see Nuclear radiation
Iron, shielding material, 3%
Isotope, BA¥%, 9A¥  10A%

Laboratory equipment damage, 37, 42
Lead, shielding material, 35, l1A%
Lethal dose, 17, 71

Lung injuries, see Injurios

Mach front, 10
Measurement, radiation
dosimeter, 34, 19AW, 21Aw
gamma radiation, 10, 12
neutrons, 10
rate meter, 19A¥
surveys, radiological, ses Monitoring
survey meter, l9A%
Megacurie, 67
Meteorological effectn, 21
blast wave, see Rlast and Shock
fallout, see Fallout
fires, see Fire
Million electron volt (or Mev), 335, 69, l1Aw
Monitoring, radiation, 53, 54, 68, 107, 108, 11§
evaluator, 67, 68
handbuok, 53
inatrument, 53, 54, 11A¥, 19A%, 20A%
monitor, 53
ayatem, 22A%
training, of, 108, 115

% Sea Appendix A, (separate volume) Facta on Radiation and Fallout,
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Mutual aid, 74, 101, 112

Neutron, 2A%, 7A%, J0A%, 1A%
Nuclear attack (weapon), 4, 7, 21, 48, 49, 6
affocted arcas, 23
fallout, soe Fallout
{solation, 23
structural damage, 16, 23
agsumed attack on U,8,A,, 48, 5]
fallout, see Fallout
initial offocts, 12
overall, 12
and water supply aystems, 13
residual effectn, 18
and water supply systems, 18
significance to water supply system, 18
size and pattern, 18
targets, likely, 18
Nuclear disanster, 1
Nuclear explosion, 1, 2, 4, 5, 10, 12, 18, 21, 22, 48, 1A%, SAw
charactoristics, 4
chronological dovelopment, 7, 8
distribution of energy, &
air burst, 9
affocts, 4
delayed, 13
initial, 12
overall, 12
and water supply syitems, 13
on personnel, 22
on structures, 22
on water supply systoms, 22, 66
anergy
distribution of, 4
air buvrst, 5
yleld, 4
heat wave, 6
{njurics, see Injuries
meteorological condition, 22
postattack effect, water supply, see Postattack
Lypes, 5, 22 '
air burst, 6
subsurface burst, 6
surface burat, 6

% See Appendix A,(meparate volume) Facts on Radiation and Fallout,




NDE

Nuclear radiation
air burst, 5, 6
alpha particle, ses Alpha particle
Beta particle, sea Beta particle
decay, see Decay
domse, also sesu Done
accumulated, 19, 27, 30, 31, 71
calculation of, 27, 31
nomogran, 30, 33
average, \l7
density, 13
rate, 17, 30, 31, 19A%
calculation, 27, 31
determination, 19Aw
nomogran, 32
record, personnel, 67
effectn, 6, see Fallout, effect
exposure, control, 33
affected area, 24
biological effects, 17, 16A¥
entry time, 31, 33, 34, 54, N1
exposure limit for parsonnel, 17, 36, 71
guide to permissible activities, 55
protection factor, 51
visible, 17
work condition, 17
gamma ray, see Gamma vadiation
initial, 4, 5, 10, 13, 18, 22
definition of, 10
effects on personnel, 10, 24
gamma ray, 10, 12
general properties, 10
high energy neutron, 10
record, 53, 54, 68
intensity, radiocactive, 67, 70
internal hazard, 71, 97, 11A%, 17A%, 21AW, 24Aw
level, 18, 71
penetrating power, 12, 50
protection from, see Protective measures
radiological monitoring, see Monitoring
recoxrd, personnel, 68
residual, see Fallout, residual
transmisaion factors of materials to, 35
units, 22
vulnerability, water supply system, see Water supply system

% Sas Appandix A, (separate volume) Facts on Radiation and Fallout,




NDEX

Nuclear war, 1

Nuclear warfare, |

Nuclear weapon, offects, see Blast and Shock, Nuclear attack, Nuclear
explosion, Nuclear radiation, Thermal radiation,

Nucleus, BA¥

Organization, 1, 66, 74, 100, 101, 109
civil defense, 66, 74
disaster, 100, 109, 112
postattack, 74
Over-pressurs, 10, 11, 12
blast damage effect, 1l
eoffact on structure, 10, 11, 13, 23, 37, 38, 39, 41, 42, 43, 44
range as function of anergy yield, 11

Porsonnel effects, see Injuries
Postattack
action, priority, 72, 73
assessment, of, 65, 67
information, 6%
radioactivity of environment, 67
water supply systems, see Water supply system
communication, see Communication
condition of, 1, 66, 67
debris removal, 76
fire control, see Fire
operation, 109, 110, 116
centexs, 75, 76
organization, 74
pover, see Power
radiological decontamination, see Decontamination
radiological monitoring, see Monitoring
radiological records, psrasonnel dosage, 33, 68
reconnaissance, 2, 67
recovery, 1, 23Aw
assembly areas, for, 75
control centeras, for, 7%
liaison, for, 74
mutual aid, for, 75
organization, for, 74
personnel, for, 73
of plant operation, 74
records, for, 73

% See Appendix A, (meparate volume) Facts on Radiation and Fallout,
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Postattack (continued)
repair, 1, 21, 71, 74, Bl
inftiation, of 8]
personnel, 81
water supply syatems
man=hour requirements for water main, 85
operational guides, restoration, 83
time requirement, 82
troatment facilitiom, B84
water msupply, see Water supply system
Power, 37, 38, 19, 41, 42, 43, 66, 83
Protective measures, 1, 2, 12, 18, 48, 115 see alwo Shelter
from blast and shock, 2, 12; 6l
waterworks consideration, 13, 63
from nuclear radiation (fallout), 17, 48
barrier materia.s, 51
by clothing, 56
by distance, 51
facilitation of fallout removal, 57
by filter building, 51, 352
food and water contamination, 56
from gamma ray, 51, 56
monitoring, ses Monitoring
for new building construction, 358
personnel, 48, 76
protection factors, 36, 51
minimum for structuves, 38
for survival, 36
personnel, 48, 51
purpose, 48
reduction of deposition and raetention, 57
reduction factor, 31
shelter, seo Shelter
by shielding, 24, 51, 23A%
from thermal radiation, 2, 10, 62
waterworks consideration, 62, 63
Proton, 7A%, 1lA%
Pumping facilities, damage, 38, 43, 44

Radiation
assessment in environment, postattack, 67
background
dose intensity, 12
guidoe tu permissible activities, 33

% See Appendix A, (soparato volume) Facts on Radiation and Fallout,




NDEX

Radint{on (cont{nucvd)
hazard, 12, 17, 53, 67, 71, 1A%
injurion, 7, 9, 10, 24, 62
internal, 71
Radioactive c¢loud, see Cloud
Radioactive half, 1ifu
Radioactive materials, 6
Radivlogical decontamination, seo Decontuamination
Radiological defenme, 1, 2
Radiological ovaluator, 67, 68
Radiological monitoring, wee Monitoring
Record, maintenance, 102, 103
Recovery, wsve Pomtattack
Reduction factor, radiation, 51
Ropafir, postattack, sce Pomtattack
Residual radiation, mea Nucleoar radiation, residual
Restoration, 1
Rosntgen, 22, 55, 34, 17Aw%

Security, 101, 112
Shelter, aleo see Protoctive mumsures
blast protection, 61, 62
capacity planning, factors, 359
contamination control, fallout
inside, 54
outside, 36
water and food, 36
design, 38
human needs in, 58
mechanical ventilation, 60
protection factors, 34
minimum for structures, 58
for survival, 36
sanitation requirement, 6}
space requirement, 38
rolation to ventilation, 60
stockpiles in, 60
thermal radiation protection, 2, 10, 62
for water utilities, 58
Shielding, see Protective measure
Shock, see Blast and Shock front, 10
Skin burns, see Burn
Steel, shielding materials, 3%
Stockpiles, 60, 102, 113

R ————————
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JNDEX

Storage tank, dumage, il, 37, 138, 41
Strontium = 90 in delayed fallout
done
radiation harzard
Structures, blast damage, 11, 38, 39, 41, 42, 43, 44
Surface burst, 6, 7, 8, 10, 13, A%, B5Aw
chavacteristics, 6
chronological development, 7, 8
damage criteria, 10, 11, 25
effects, 24
fallout, 13
fireball, 7
nuclear radiation, 24, also seo Nuclear radiation
radicactive cloud, 6, 8
therma! radiation, 9, 25, 27
Survey meter, 33

Thermal radiation, 2, 4, 5, 7, 9, 10, 12, 21, 22, 23, 25, 51, 62
absorption, 7
air burst, 5, 9, 27
affected area, 9, 27
burns, 7, 9, 10, 24, 62, also ses Burn
considerations to waterworks structures, 62
effects, ol
burns, 7, 9, 10, 24, 62
first degree, flash, 9
flame, 10
flash (direct), 7, 62
injuries, 7
sacond degree, flash, 10
skin, 10
ultraviolet flash
computation of probable, 25
damage, range, 9, 27, 28
personnel, 7
energy~distance relationship of, 9, 28
energy fraction, air buret, 5
fire control, water utility, 76
fire spread, prohability of, 27, 29
fireball, see Fireball
general properties, 7
materials, ignition, 7
protection, 10
structural construction, 62

" See Appendix A, (separate volume) Facts on Radiation and Fallout,




Thormil radiation (continued)
radiant oxponure and energy yleld, 28
surfuce burst, 9, 23
unit, 22
visibility on transmittance, offoct of, 27, 28
vulnerability, water supply system
damage offect, Y
example of anscewsment, 41, 42, 43, 44
guides to assessment, 37, 38, 39
TNT, 5, 1A%, 2A%
Transmias{on factois, materiale, 35

gF wind data, 67

Unit time reforence doms rate, 30, 31
Utility damage, sec Damage
Ultraviolet flash, 7

Vulnorability
assonament, water supply system, soe Water aupply systems
blast and shock, of water supply system, sve Blast and Shock and Water
supply systome

nuclear radiation, of wator wupply system, scc Nuclear radiation
sholter, see Shelter

thermal radiation, of water wupply mystem, see Thermal radiation

Water, shielding material, 35, 1A%
Water Supply system
nuclear woapon attack, ses Nuclear attack and Nuclear explosion
postattack effects, see Postattack
postattack operations, 2]
debris removal, 76
decontamination, radioactive, see Decontamination
emargency source, 87
local, 88
imported, 88
household, 89
emerygency water supply procedures, 90
for decontamination, 90
minimum requirement, postattack, 91, 114
notification of the public, 97
potable water, 90
delivery of, 10, 92
utility distribution system, 92
hauled wator, 94
wator station, 95
supply and distribution, 105, 114

* See Appendix A, (woparato volume) Facts on Radiation and Fallout,
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Water supply systom (cont fauest)
wnnftary, 90
sele time phane, 97
winter allowances, Y90, 91, 92, 91
agriculture, 91, 92
decontaminatfon, %W
[{re=fighting, 91
induntrial, 91
potahle, 90
mnitary, 90
Cmergeney water treatment, 9%, 96, 97
chlorination, Y6
radioactive decontaminat ion processes, 98, 105
f{ve control, 76
protective meanuron, seo Protoctive measures
revevery, ses Recovery
supply and diwtribution, disantoer plan, 10%, 106
valnerabitity anvonmsmont, 21, 63, 103, 104, 103, 113
Jamige, effect, 11
exdmple of, 41, 42, 43, 44
petteral vrlteria, 22, 23
suldes to, 3/, 38, 139
{tems to be included,2l
personnel, 63
physical damago, 71
r.ant operation, 1, 65
rali-activity, 68, 21A¥
inlirect method, 69, 70, 71
wa%ey ~oal, postattack, 72, 114
Alnl, offecfvo for fallout, 13, 17, 4A%
~ear 4rount zero, 10
et dtyy b1, 20, WAk
P latn, k]
et N fundt "l“' 9
shielding materinln, I%
Woridewlde fullout, |1
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