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FOREWORD

This report summarlzes studles made by
the Research Division of Guy B, Panero Inc, to
determine the vulnerabllity of water systems to
radioactlive fallout and the methods by which their
survivabllity could be inereased, The study concen-
trates upon the slgnificance of residual radiation
effeots upon the system rather than upon the direct
weapon effects (blast overpressure, thermal and
initial radiation). There are two basle reasons
for this approach:

1. The state of the art reparding in-
teraotion of direcct weapons cffects
upon physical structurcs is quilte
advanced, whereas there are many
arcas wherc the coffeccto of fall-
out on water syotoms could be more
fully developed,

2 The affceoted area of radioactive con-
tamlnatlon far cxccedn that of signi-
ficant blast overpressure damage.

Beecause of the lmmensity of the problem
and 1ts many ramifilcations, the keynote of this re-
port 1s breadth rather than depth, ILffort 1s applied
here to ldentify the problems and thelr relative
significance, and to indicate the areas needing further
Investigatlion and the possible approaches to them,
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ABSTRACT

This report investigates the vulnerability
of water supply systems to contamlnation by fallout
and discusses various means of protecting them as
well as alternate emergency operating procedures,
The effect of numerous physical parameters and the
significance of certain attributes of system com-
ponents are studied, Alternate sources of potable
water are reviewed and estimates made of their
potential quantities, The results of this phase are
compared with a spot check made on an arbitrarily
selected oity,

A comparison is also made of Civil Defenne
procedures of vital facilities in order to detemmine
preferred methods of protection, and the relstienshin
and appliamtion of these methods to water supply
systems,
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SECTION 1

INTRODUCTION

1.1 SCOPE

Human survival after a nuclear attack 1is
predicated to a great degree on the avallability of
potable water, not only during the shelter phase,
but even more important, during the much longer
post-shelter recovery phase.

Whether this water will be availlable or
not depends upon the state of our advance planning
and preparedness, and our resourcefulness in ad-
Justing to the post-attack situation,

This report considers somec of the effects
that fallout radiation can have on the ability of
exlsting watcr systoma and supplles In the United
States to satisfy the demands that will be placcd
upon them, Imphasis 1o given to the rclationship
and relative seriousness of this indircct weapons
effect to variousn water syntum components, both in
the planning and operating phases, Important areas
of the problem that need study will bo described,
and possilble measures to improve the survivability
of the system agailnst fallout radiation will be
developed,

1.2 OBJECTIVES
Specific objectives of this study include:

a. Review current exlisting lliterature regard-
ing fallout radlation effects and pre-
ferred methods of protection of vital
faclilities in order to define the problems
and thelr relative signiflcance to the pro-
tection of water systems,

b. Identlfy the baslc water systems as to
thelr various components, and to evaluate
the effects that fallout can have on each



C.

d.

of them during both the shelter phase and
the post-shelter phase.

Identify procedures for the determination
of the vulnerability of existing water
systems, and demonstrate the application of
these procedures to a specific community.

Investigate the alternate sources of
potable water during the shelter phase
and post-shelter phase,



SECTION 2

THE EFFECTS OF WEAPONS

2.1 .  GENERAL

The hypothecation of the extent of a nuclear
attack and the ensulng degree of damage or radloactive
activity 1s probably the most difficult phase of civil
defense planning. The possible targets, number and
ylield of weapons, prevalling winds and numerous other
parameters contribute great uncertaintles to any such
estimates; and must necessarily incur specific qualil-
fications and limitations.

2,2 FALLOUT RADIATION

By definltion, thls report emphaslzes the
effects of fallout radiation to the exclusion of such
direct effects of nuclear detonatlons as blast over-
pressure, thermal radiation and initial radiation.
The value of such a quallfication can be demonstrated
by reference to Figure 2.1. Thils illustration shows,
for varlous surface detonated weapons, the outside
two~week dose directly downwlnd from one such blast.
Noted on the curves are the limits of 0.5 psl over-
pressure, which 1is the approximate limit of minor and
easlly reparable damage to above ground structures
(minor damage may be defined here as window breakage
and more or less neglligible damage to appendages of
bulldings). It 1s evident that substantial radiation
doses are delivered to polnts far distant from the
1imits of minor blast damage.

Using a l0-megaton surface weapon as an
example, 1t can be seen that the limit of minor
damage (0.5 psil) is approximately 27 miles from ground
zero. Lethal two-week outside doses of radlation (as-
sumed to be about 600 Roentgens) extend as far down-
wind ac 160 miles, and lower but substantlal doses for

nearly 500 miles distant.

~~
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2.3 BLAST DAMAGE

An approximation of the degree of damage
suffered by exposure of ordinary above ground
structures to a 10 M.T, blast is given 1in Fig. 2.2.
The letters S, M and L define broad degrees of
damage as follows: (1)*

St Severe - Severe frame dlstortion, incip-
ient collapse.

M: Moderate - Frame distorted moderately,
interlor partitions blown down.

L: Light - Windows and doors blown-in, llght
siding ripped off, interior partitions

———

CL'C’.Uked0

Severe and posslbly Moderate damage 1s
greater damage than these bulldings can sustaln
and still maintain their usefulness as fallout
shel ters.

2.4 OTHER DIRECT EFFECTS

Along with estimated damage limits due to
blast overpressure, other direct effects of a 10 M. T.
surface blast are shown in Figure 2.3. With ground
zero at the center, concentric limits are shown for
discernible effects of:

2.4,1 Fires caused by direct thermal radiation -
These are the fires caused by lgnition of combustible
materials by the flreball-generated heat. Assuming

no shleldlng effects of atmosphere, bulldings, moun-
talns, etec., 1t 1ls expected that flires will be directly
caused up to 27.5 miles from ground zero. Thils 1is

~

* Se€e Pagel232 for References.
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based on a thermal energy level of 5 calories per
sq. cm,, which 1s the approximate ignition point of
paper.

2.4.2 Initial Radiation - As indicated 1n the
figure, the effect of initlal radiation can be neg-
lected beyond a 2.7 mile radius. This radiation
includes neutron and initlial gamma radiatlon, both
of which are more or less instantaneous. (A dose
of less than 10 REMS is considered negligible here).

These flgures show that far more land area
is affected by fallout than by any other effect, in-
direct or direct, of a nuclear detonation., This
factor favors the survivablility of many vital utilitiles
having large and elaborate distribution systems,
particularly those with a majority of underground lines,
such as water, oll and gas pipes and electric condults.

However, because of wildespread contamination
of watersheds, lakes and rlivers, this same factor in
the case of water systems ls the major cause of vul-
nerability of the entire system. Since some 104,000,000
persons (approximately) in the United States are sup-
plied with water derived wholly or in part from surface
sources (2), effectlve countermeasures against fallout
contamlnation of water are regarded as absolutely vital
to civil defmnse planning.




SECTION 3

PROTECTION AND VULNERABILITY OF VITAL UTILITIES

3.1 CONSENSUS OF CURRENT EXISTING LITERATURE

Heavlily depended upon for human survival and
economic recovery, public utilities must be fully cap-
able of continuity and of rapidly restoring interrupted
service, Although already on an emergency footing to
handle such natural disasters as storms, fires, floods,
etc,, utlilities are now looking for ways to enhance
thelr civll defense posture,

The problem of insuring survival and effec-
tive operation of utllities subsequent to a nuclear
attack presents many common problems. Much study
has already been devoted to analyzing these problems
and developing effective counter measures, However,
because of the elaborateness of utility distribution
pyslems and the more or less flxed vuluerabllily of
the supply componente, few practlcablc measurcs can
be taken in the way of physleally hardenlng the
pystem. Consequently, the trend of mont mtudies 1p
townrd developing procedural methods of damage an-
seosment, control and repalr in the post-attack perilod
and the protection of opecrating and maintenance per-
gonnel,

3.1.1 Recommendatlons - In accordance wilth the

scope of work of this report, an extensive litera-

ture search was made to determlne preferred mcthodso

of protecting vital facilitles agalnst fallout radia-
tion., Baslcally, the investigation was conducted to
determine those methods whilch are being considered

and how they might be applled t¢ the problem of protective
water supply systems. A bibllography of nearly 400 re-
ferences, compilled and searched for this phase of the
study, appears in Appendix A.

A consensus of recommendations generally
considered basic to a recovery program includes the
followlng items:



3.1.1.,1 Personnel Shelters - In the final analysis,
the recovery of any utility is dependent upon 1its
operating and malntenance personnel, Hence, pro-
viding and stocking of personnel shelters at the

plant (or home base for field crews) is a positive
requirement, The degree of protection to be provided,
that 1s, fallout only or blast and fallout, 1s a

point in question, but the tendenoy is toward blast
shelters. This recommendation, seemingly paradoxical
in intent since the plant or field office remains
unhardened, 1s aimed at insuring personnel avall-
abllity for operating and repalring those portions of
the system still capable of providing service, Even
though the fleld office or plant 1ltself may be destroyed,
1t 18 recognized that surviving trained personnel may
be able to effect certain repalrs, by-passes or con-
nections with other nearby utllitlies to continue service,
Another argument for high protection againat fallout
radiation 1s that personnel should rceceive as little
early fallout dose as possible 80 as to enable them to
perform certain functions in outslde contaminated areas
without exceedling the hazardous limit,

3.1.2.2 A Systemd Damage Assessment - Exactly how
this is to be accomplished in a contaminated area is
not fully established, but there 1s general agreement
as8 to 1te necessity in order to determine those re-
palirs whlch are nccessary, where they are to be made
and what priority they should be given,

Depending on the post-attack damage situation
and the condition of communications, some appralsals
could be made by telephone or two-way radlo communica-
tion with dispersed personnel or service users; or
if radiatlion levels are low enough, a qulck survey by
helicopter or automoblle teams may be utllized. Of
course, the problem here is the extent and lntensilty
of the radiocactive contamination. Whlle plans must
be made to incorporate the hazard, the actual situation
1s so complex as to defy pre-attack estimates and must
be assessed in the post-attack perlod, This survey 1is
closely allied with item 3.1.1.3 (below).

10



3.1.1.3 A Radiologlcal Survey - Such a survey would
determine the extent of contamlnated areas and the amount
of time a repalr crew can safely remain 1ln a specific
area. This 1s really wilthin the Jjurisdictional area of
local civil defense authorities, but close coordina-

tion with utility personnel 1s a requisite, since thils
data 1s basic to the formulation of furtier recovery

steps.

Certain references are made to protected
vehlcles from which radlological surveys can be con-
ducted, but these exist only in the planning and
study phase and theilr avallability in significant
numbers is not considered likely enough for incorpora-
tlon into present thinking.

3.1.1.4 A Stock Piling Program - This entails the
stocking of essential materials and suppliles necessary
for operation and repair. Thls may be 1n the form of
Individual stock plles, joint arrangements with other
nearby utilltles or companles or a combination of the
two.

3.1.1.5 A Mutual Aid Agreement - This would be an
agreement wlth other nearby utilities whereby a con-
nection may be established to provide emergency power,
water, oil, gas, etc., and an organizational plan set
up for immediate establishment of such a tie when
needed. Actually, such agreements are common practice
among utilities to handle natural disasters or peak
overloads of service use, and often may require only
confirmatlion in the form of a clvil defense mutual

ald pact.

3.1.1.6 Anticipation of Type and Degree of Damage

Likely Under Various Conditlons and Develop-

ment of Countermeasures Requlred for Repair -
The intent here is not to formulate a rigid master plan
of repair, but to develop 1ndividual countermeasures
against individual problems, Flexibllity of the plan
1s a keynote since the an@}cipated damage conditlons
are so nebulous,

The pian's value derives from the fact that
1t becomes a readily avallable gulde of countermeasures
to be employed with minimum loss of time in strategy

11




planning after the event.

3.2 PROBLIIMS IN COMMON

The above princilples can readlly be adapted
to all utility systems. The baslic differences are
encountered mostly in the detall planning under item
3.1.1.6., The Anticipation of Degrec and Type of
Damage.

Becausc of plant, equipment and product
differences, 1t 1ls natural to expcct that essential
components of varlous utilities rcact in different
ways to varlous nuclecar effects, Tahle 3.1 summarlizes
tho effects of nuclear detonations as they concern
oll, gas, telephone and telegraph, clectric, stcam
and chilled water and water supply utillitles, A sub-
dlvision of each supplier i1s made for the Supply and
Distrlbution Components with a further breakdown into
plant, personncl and product,

As can be cxpeceted, operating personnel
vulnerability 1s of highest concern - their heing
Jdirectly effeoted by exposure to both dlrect and
indirect effectso,

Plant and cquipment 1s the ncxt highest
congslderation being directly effected by Blast,
Thermal and Indircct Fire effects In both components
for all utilitles, Naturally, the severlty of these
effects upon individual components will vary depending
upon the relationshlp of the component to the effect,
Underground pipes, condults and structurcs, for ex-
ample, will be much more likely to survive than will
thelr aboveground counterparts located at the same
dlstance from ground zero.

Of final concern 1s the protection of the
product itself, Thls 1s where essentlal differences
occur in the clvil defense planning or public utilitiles.
While the product of all the utilities 1s unaffected
by blast overpressure, 1t can be seen that oll and gas
companles are concerned with the ignition of thelr
product by thermal effects or indirect fires. On the

12
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UTILITY
Telephone & Steam &
011 das Telegraph Electric Chilled Water Water
Overpressure:
Plant S 5 S S S S
Personnel S S S S S S
Product N N N N N N
Initial Radiatlon:
Plant N N N N N N
Personnel S S S S S S
Product N N N N N N
Thermal :
Plant S S S s S 3
Personnel <& s ) S S 3
Product S S N N N N
Residual Radiatlon:
Plant N N N N N N
Personnel S 3 35 5 S o
Product N N S S N 3
Indlrect Flre:
Plant S S S S S 3
Personnel S S S S ) S
Product S 3 N N N N
Note: "N" denotes no or negligible effect. "S" denotes

some effect; severity depending upon relative
location of component to effect,

Individual Nuclear Effects on Selected Components
of Utllity Companies,

TABLE 3.1 - (Continued next page)

13




DISTRIBUTION SYSTENM
UTILITY
Telephone & Steam &

0i1 Gas _Telegraph _Llectric Chllled Water Water
Qverpressure:
Plant S S S S S S
Personnel S S S S S S
Product N N N N N N
Inltial Radiatlion:
Plant N N N N N N
Personnel S S 3 S S S
Product N N N N N N
Thermal :
Plant S S S S S S
Personnel S 3 3 S S 3
Product 3 3 N N N N
Reaidual Radiation:
Plant N N N N N N
Personnel S S S ] 3 S
Product N N S S N N
Indirect Fire:
Plant S S S S S S
Personnel S S S S S S
Product ) S N N N N
Note: "N" denotes no or negligible effect. "S" denotes

some effect; severity depending upon relative
location of component to effect.

Individual Nuclear Effects on Selected Components
of Utility Companies.,

TABLE 3.1 - (Continued)
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other hand, telephone and telegraph companies and, to
a lesser extent, electric companies, must deal with
possible temporary interference from radiation flelds.
To water supply systems, residual radlatlon presents
the major hazard to the product.

Whereas those components of all other utilitles
surviving direct blast effects may possibly resume
operation after repalr, the problems of the water
supply companies are unique in that their product is
dlrectly contaminated and rendered almost immediately
non-potable by deposition of fallout. This problem
is discussed further in Sections 5 and 6, For orienta-
tion purposes, the following brief resume of blast
overpressure effdcts on various utilities is presented,

3.2.1 as Systems - Nevada tests carried out in
1955 have shown that gas distribution systems, with
much of thelr piping underground, are highly resistant
to blast overpressurcs of as much as 30 pel, Tests

on domestlc houses show that in general the mervice
plping and equipmont woro intact and operable wherover
the house itself did not suffer major damage (up to
about 1,7 psi). (1)

Table 3,2 sumarizes some probable blast
damage to various elements from a 1.0 MT airburst,

3.2.2 Electric Distribution Systems - Extensive
studies were conducted in 1955 to determine blast
effects on electric utilitles, These tests confirmed
that at 5.0 psl overpressure (corresponding to 0,6
psl dynamic pressure) the power system was not signi-
ficantly damaged. The type of damage was about
similar to that caused by severe wind storms, The
most vulnerable components appeared to be the suspen-
slon towers and poles which are sensitive to dynamic
pressure loading, and flying debris and missiles.

Transformer substations remained relatively
sound and capable uf operation,

Underground cables can be expected to be

highly blast-resistant except at terminal points
where repairs could be relatively simple.

15




TABLE 3.2 (3)

BLAST DAMAGE TO GAS UTILITY COMPONENTS

ZONE A ZONE B ZONE C ZONE D
' Otol.8mt 1,8 to 3.7mi 3,7 to 5.5 mi 5,5t0 7.4 mi
Elements (Up to 15 ps1) (5 to 15 psl) (3 to 5 psi) (1.7t 3 psi)
Large fuel gas Probably Possibly Not
atorage tanks Destroyed destroyed destroyed destroyed
Gas mains Some broken Not damaged Not damaged Not damaged
elements at except at
ground zero Dbridges
and bridges
Gas piping Numerous Few Few Possibly
in bulldings breaks breaks breaks no breaks

16
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3.2.3 0il and Other Similar Burled Pipe Lines -

Buried pilpes would suffer llttle direct
damage from blact overpressure, but blows at less
critical points could reduce overall capacity to an
estimated less than 50% of normal. Vulnerable loca-
tions are connections to above-ground Installations
such as refinerles and bulk terminals which are

generally located near major points of consumption, (1,22)

3.2.4 Water Systems -

3.2.4.1 Supply - Surface suppllcs are affected by
posslible damage to welrs and intakes which would impede
extractlion of water from rivers, Submerged water in-
take structures arc subject to damage by water borne
shoock waves., Dams arc subject to both water shock and
blast overpressures which would tend to damage other
components of the system. This degree of damage is
generally assoclated with falloul levels of such magni-
tude as to pose a contamlnatlion threat to rivers and

wa tersheods,

3.2,4,2 Treatment - Troatment plants, being mostly
abore ground structures are vulnerablce to blast over-
pressures of morc than about 3 to 5 psi. Whether or
not operation can bc continued depends largely on the
condition of individual components within the plant
such as pumps, valves, chlorination and other treat-
ment equipment, electrical controls, etec, This equip-
ment, belng indoors, is most vulnerable to flying de-
bris and missiles which would normally ococur at over-
pressures of about 1 to 3 psi. Damage to bulldings
can be roughly estimated as follows: (1)

Overpressure Estimated Damage
1 psi Broken windows and skylights
3 psl Ducts and ventilators deformed

or broken off; light frame
structural twisting, and crack-
ing of walls and roofs.

17




Overpressure Estimated Damage

5 psl Collapse of roof and large sec-
tions of walls; deformed struct-
ural frames; rupture at exposed
piping. Damage beyond repair of
most electrical and mechanlcal
equipment,

Damage to filter units may allow unflltered
water to gain access to filtered water, but this condi-
tion does not nomally represent a major hazard as long
as emergency disinfection is provided,

3.2,4,3 Distribution System - The 1945 Japanese
bombing experience indicate that most damage is a
result of loosened pipe joints, particularly in soft
or filled ground (1,5). Even where a break has not
actually occurrcd, a severc leak could undermine the
pipe {(or adjacent pipes) and cause a failure. (6)
Other repercussions stem from possible contamination
due to reduced pressure or a leak from an adjacent
sower,

In the 1949 Tacoma earthquake, the effects
of whioch may in some respects be compared to the detona-
tion of a nuclear weapon, there was only minor damage
to water systems with rapid short pressure fluctuations
due to surges, (T)

Steel mains are less susceptible to fracture
than cast-iron pipes, especially over long lengths.
The facllity with which they can be cut by an acetylene
torch also makes them more easlly repalred. On the
other hand, because of thelr relatlve thinness, these
mains are more easlly deformed than are cast-1iron pipes,

Elevated tanks of average slze and of current
design would probably fail to remailn in service after
exposure to more than 1.0 psi, the weakest member being
the roof. This 1s similarly the limiting factor in
determining blast resistance of standpipes and reservoir
structures, although some standplpes of average slze
would be expected to survive overpressures ofabout

5 psi, (8)

18




SECTION 4

THE EFFLCT OF FALLOUT ON WATER SUPPLY SYSTEMS

It 15 obvious that all open water surfaces
are vulnerable in varilous degrees to dlrect contamina-
tion by radloactive fallout, In addltlion, radloactivity
enters the water supply system through the natural
prooesses of the water cycle (Figure 4,1). While evapor-
ative water can be consldered to be cesentially free
of radloactivity, water vapor in the alr may be directly
contaminated by fallout, Precipltation from this vapor
would be likewise contaminated, as would be also pre-
cilpltation falling through radiloactive fallout suspended
in the atmosphereo,

This contaminated water findo its way to the
water system directly or through runof{, In the latter
case, additiona) quantities of radioactivity might be
incurred through plok-up of fallout on the ground or
through further doposition of fallout on otreames and
riveors,

In pgenoral, ground water will remailn easentlally
uncontaminated; at lcast for some time subsequent to
fallout deposition, This 1B due to the naturally slow
movement of ground water, which lmpcden passage of con-
tamlnated water to the underground supply. In some casco,
where the ground water i1s overlaln by an lmpermeable
layer, 1t ocould take years or even centurles for this
water to show slgns of radloactivity. During the process,
most of the lnsoluble radioactivity and natural decay
would significantly reduce the hazard,

4,1 HUMAN DOSE RELATIONSHIP

Human reaction tc radiation 1is, at best, an
inexact sclence based partly upon theoretical consldera-
tions and partly upon empirical observations, Wwhile
these medical aspects are beyond the scope of this re-
port, some understanding of the range of human tolerances

19
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to radiation is required in order that the hazards of
water contamination he evaluated in their proper per-
spective,

The danger of occupatlonal exposure to radia-
tion has led to extensive study of maximum permissible
peacetime body burdens (17). These maximum concentra-
tions, in air or water, for various radionuclides are

enerally given in microcuries per cubic centimeter
%MC/CC) for a 40 or 168 hour week exposure,

Permissible concentrations in soluble and
insoluble form to various body organs such as the
gastro-intestinal tract, kidney, total body, liver,
lung, bones and skin are also given,

A proposed maximum permissible peacetime
conocentration of a fiseion product mixture based on
a maximum permissible exposure of 0,6 rem per week to
the thyroid, 0.56 rem per week to the bone and 0,3
rem par week to the gastrointestinal tract is shown
in Figure uo 2,

The National Committee on Radiation Pro-
toction hao publiched a table of maximum permissible
conoentrations (MPC) for many important isotopes.

The MPC in MC/CC for various radlolsotopes represents
the values considered safe in water for life time
consumption (18),

The Atomlc Energy Commission and U. S. Publlc
Health Service have suggested, in past reports, disaster
limits of 9 x 10-2 microcuries per cublec centimeter
(MC/CC) for consumption of drinking water during a
10 day period immedlately following a nuclear detona-
tion, and 3 x 10~ MC/CC for a 30 day period. These
limits are based upon beta and yamma radloactivity.

While further study is required to ascertain
the applicability of these standards to the wide range
of post attack condlitions, they represent the latest
qualified information on permissible radlation limits
in drinking water, Their use in this report 1s, again,
as a "yardstick" by which to compare the effect and
significance of varlous parameters upon potabllity,

The relationship between fallout radiation
intensity and ingested body dose 1s demonstrated by

the following example.
21
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EXAMPLE 4.1

Fallout having a radiation intensity of
3,000 r/hr, at 1 hr, is deposited on an open reservoir
30 feet deep., Determine the dose to the gastroin-
testinal tract due to the consumption of 1,000 CC of
this water 10-days after detonation,

Solution

The dose rate of 3,000 r/hr, at 1 hr, 18 equivalent to
6 x 10 15 fissilons/sq. ft. (Table 4.1)

6 x_;015 fissions/sq. ft. = 2 x 10 14 fissions/ocu. ft.

30 feet

2 x 10 14 fissions/ou, ft. x 238 x 10~% mc+ x 3.54 x 102 ou.ft,
1 CC

fisslons
= 6,3 x 102 Mc/cC

(* from Figure 4,3)

6.3 x 10~2 MC/CC x 1000 CC x 2,7 x 10-2 rem/MC* = 1,7 rem

(* from Figure 4,4)

Table 4,1 indicates an anticipated relation-
ship between radiation intensity and quantity of fls-
sloned material. For this example, it is assumed
that the fallout is distributed uniformly throughout
the water. While this is not an exact representation
of the fallout distribution, it permits computation of
the contaminatlon expressed in terms of fissions per
oublo foot. Figure 4,3 given the relationship between
microcuries of fallout mixture and fissions at varlous
times after detonation, including radloactive decay.

The contamination in the example 1s computed
to be 6.3 x 10~2 microcuries per cubic centimeter and
in this form can be compared with standards set-up for
potable water, The internal dose due to the ingestion

23
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TABLE 4,1

Anticipated Relationshlp Between Radiation
Intensity and Quantity of Fallout Deposi-
tion from a Megaton Land Surface Detonation,*

Standard  Deposited uantity of Fissioned Material
Intensity Mass of Q Y e e

r/hr, at Fallout

2
1 hour smu‘ft

KT/sq. mile fissions/sq.ft.

fiss;ons sq.in.

100 3 0. 04 2 x 10 14 2,2 x 10 11
300 9 0.12 6 x 10 14 6.6 x 10 11
1,000 30 0.4 2 x 10 13 2,2 x 10 12
3,000 90 1.2 6 x 10 15 6.6 x 10 12
10,000 300 4,0 2 x 10 16 2,2 x 10 13

#* From Reference (19)

24
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of 1 microcurie of fallout mixture is given in Figure
4,4, The dose in rem 1s expreassed as "committed 365
daye dose" which is the dose that will result in

the subsequent year due to the ingestion of 1 micro-
curie (20). For example, the dose to the gastroin-
testinal tract due to the ingestion of 1 microcurile
of fallout mixture 10 days after detonation 1is 2,7 x
10 =2 rem,

In Example 4.1, the ingestion,10 days after
detonation, of 1,000 cublc centimeters of water con-
taminated by a fallout mixture results in a dose of
1,7 rem to the gastrointestinal tract., The dose to
thz thyrold and bone can also be computed using Figure
h,

It should he noted that this example con-
slders only doses due to lngestion of contamination
and that for the total body effect ‘the external
dose must be considered.

Peacetime and wartime standards for water
are established by considering tho effeetn upon the
body of various radioisotopes and deriving maximum
permissible concentrations in terms of mlcrocuries
per cublc centimeter, In this report, contamination
will be considered 1n terms of microcuries per cublc
centimeter and of an assumed mixed fission product
to facilitate easy comparison with established standards,

h,2 THE DIRECT CONTAMINATION OF UNCOVERED RESERVOIRS
BY RADIOACTIVE FALLOUT

Of primary importance in a vulnerability study
of a water system is the determination of the extent
and degree of contamination, However, the multipllcity
of significant parameters precludes accurate estimation
of the post-attack fallout condition., Factors which
affect the degree of fallout contamination include the
size, type, number, and location of detonations and the meteor-
ological and geophysical conditions, The effect of
fallout upon uncovered reservolrs is similarly affected
by various factors including radiation intensity,
reservoir depth, type and solubility of fallout particles
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and time elapsed since detonation., In this section,

some of these parameters will be examined, The intent
here 1s to demonstrate the effect and significance of
individual factors upon potablility as compared with

other factors., The results are intended to be gqualitative
rather than quantative particularly in view of the general
nature of the "yardstiocks" by which potability is measured,

4,2,1 The Effect of Sedimentation

Fallout due to a surface burst will be composed
primarily of particles of soil which have been fused with
radioactive material, It is anticlpated, therefore, that
fallout occuring on a reservolir will tend to settle to
the bottom in a manner similar to that of natural soll.
The rate of sedimentation has been computed taking into
account the forces of gravity, buoyancy and drag. (19)
Figure 4,5 indicates the maximum particle size of clay
loam soll that will be found at various depths in a
reservolr as a function of time after initial introduction
into the water. Larger particles will settle faster and be
found at greater depths, The amount of radloactivily
assumed to be aspoclated with various particle sizes io
indicated in Figure 4.6, TFigure 4.7, based on Figures
4,5 and 4,6, indicates the contamination in a reservoir
at various depths as a function of time., (19) This set
of curves 1s predlcated in a surface concentration of
3,000 r{gr. at 1 hr. which 1s assumed equivalent to
6 x 10 fisslons per square foot and is in conformity
with a two-week exposure dose of 10,000 Roentgens. The
curves indicate only the contaminatlion due to the in-
solugle radloactive material (assumed 90 percent in this
case),

Figure 4,8 indicates the contamination of water
near the bottom in reservoirs of various depths. The
soluble radioactive material 1is assumed to be distributed
equally throughout the reservoir, and the insoluble portion
18 assumed to settle in accordance with Figure 4.7. The
total contamination due to soluble and insoluble material
18 also indicated in Figure 4.8. Present estimates are
that close-in fallout is approximately from 1 to 10 percent
soluble, and intermediate fallout is about 50 percent
soluble. Use of these figures in determining total ocon-
tamination of the water 1s embodied in the following
examples:

28
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EXAMPLE 4,2

An unoovered reservoir 30 feet deep is con-
taminated by fallout at a level of 3,000 r/hr, at 1 hr,
(assumed equivalent to 6 x 10 15 fissions per square
foot). The fallout is clay-loam and 10 percent soluble,
Find the concentration of radioactivity near the bottom
of the reservolxr 10 days after detonation,

Soluble Portion

6 x1015 fis/ft? x__ 1  x (.10 soluble) = 2 x 10 13 fis/rt3
30 fE.

2 x 10 13 ris/ft3 x 940 x 10-4 Mc* x 3.54 x 105 rt,3/0c
109 flssions
= 6,4 x 10-3 Mo/ccC
(* from Figure 4,3)

Insoluble Portinn

7 x 20 12 r1p/r63% x 9,6 x 104 MC x 3.54 x 1075 £¢3
10° fissions ce
= 2,2 x 103 Mc/cc

(* from Figure 4,7)

Total Contamination = 8,6 x 10-3 mMc/cc

Alternate Method

2,7 x 10 13 £1s/£t3% x 9,0 x 10-4 MC x 3,54 x 10°2 £t3

———

10 fissions c
= 8.6 x 10-3 MC/CC

(* from Figure 4.8)
The soluble portion 1s assumed to be equally
distributed throughout the reservoir, Contamination
1s then computed in terms of fisslon per cublc foot and
converted to microcurles per cublc centimeter,

The contamination due to the insoluble portion
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depends upon the sedimentation characteristlcs of the
fallout and 1s taken from Figure 4,7. The total con-
tamination due to soluble and insoluble fallout may
be obtained from Figure 4.8 and converted to McC/CC,

The total contamination in Example 4.2, in-
cluding the effect of sedimentation, is 8,6 x 103 Mc/cc,
The contamination in Example 4,1, which is the same
problgm ignoring the effect of sedimentation, is 6,3
X 107% MC/CC., In this case, a sedimentation period
of 10 days reduced contamination by 87 percent,

EXAMPLE 4,3

If the fallout intensity in Example 4,2 is
reduced to 300 r/hr, at 1 hr,, and all other factors
remaln unchanged, find the contamination after 10 days.

B.6 x 10~3 Mc/oe* x 300/3000 = 8.6 x 10-4 me/cc
(* from kxample 4,7)
It 1s assumed here that contamlnation iso
directly proportional to the level of radlation in-

tensity at the surface of the rescrvolr,

4,2,2 Contamination After Sedimentation in Reservolrs

of Various Depth

The contamination near the bottom of reservolirs

10, 20, 30 and 60 feet deep was computed using the methods

demonstrated in LExample 4,2 and 4,3, Figures 4.9, 4,10,
4,11 and 4,12 indicate contamination as a function of
time after detonatlon for various radiation intensitles
and reservolr depths. Fallout is assumed to be 1O per-
cent soluble clay-loam, Tentative wartime and proposed
peacetime standards for a fission product mixture are
superimposed for comparison,

As to be expected, a general decrease 1ln con-
tamination with time 1s apparent. While this 1s due
primarily to radioactive decay, sedimentation of the

insoluble fallout particles also has a contributing effect.
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The effect of dilution i1s indicated by the deorease

in contamination with ilnorease in reservolr depth,

These ourves lndlcate the degree of contamination near
the bottom of a reservoir, However, for any individual
reservolr, the contamination will not vary signifilcantly
wlth depth after the first few days. This 18 1lllustrated
in more detall in Section 5 (Selective Withdrawal).

In all the cases consldered, water would meet
established wartime standards for 10 or 30 day consump-
tion in a relatively short time, The time required
after detonation for water to reach these standards is
indicated in Figures 5,13 and 4,14, The worst condltion
is encountered with a heavy fallout concentration on
a shallow reservolr. For example, approximately 8 days
would be required hefore water, in a 10 foot deep reservoir,
subjected to a radiation intensity of 3,000 r/hr, at
1 hour would reach the wartime standard for 30 day con-
sumption (3.0 x 10-2 Mc/cC),

Lower fallout concentratlons on deeper
reservolrs would result in less contumination, and in
some cases the water would even meet peacetime standards
wlithin a fow weeks, As a gencral rule, 1t can be said
that, for the condition of fallout occurring directly
on an open reservolr, wartime standards can be attalned
with relative faclllity: However, such water 1s only
sultable for 10 to 30 day emergency consumption, and
provision must be made for supplying potable water
after the expiration of this time. For recasonably

high radiation intensities (say above 1500 r/hr, at 1 hr,), the

action of sedimentation, dilution and decay will not,
without further treatment, provide water satisfactory
for consumption during an extended perlod of time,

4,2.3 Effect of Type of Soil Upon Contamination

The rate of sedimentation of fallout 1In water
is assumed to vary with the size of the soll particles,
A8 a demonstration of the effect of the type of soll on
contamination in a reservolr, the effects of clay-loam
and sandy soil fallout were studled, In each case,

10 percent soluble fallout, having a radiation level of
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3,000 r/hr, at 1 hour, was assumed to be deposited on
an open reservoir 30 feet deep., The results, shown
in Figure 4.15, indicate a consistently lower con-
tamination due to the sandy soll fallout, Thils 1s
due to the fact that the larger sand particles settle
to the bottom more rapidly, However, the difference
in contamination 1s not overly significant when com-
pared with the other uncertain accuracles of the as-
sumed parameters, Further discussion will, therefore,
be limited to the conslderation of clay-loam fallout,
keeping in mind that other solls will produce slight
variations in contaminatlon.

4.3 THE EFFECT OF TREATMENT IN REDUCING CONTAMINA-
TION (NO CONTRIBUTORY RUNOFF)

In order to determlne the effect of treatment
in reducing the degree of contaminatlon, computations
were made for the following assumed conditions:

8. IFalloul directly on an open rcoervolr,
30 feet decp, wlth no contributory runoff,

b. Radlatlon levels of 100, 300, 1,500 and
3,000 r/hr, at 1 hour.

c. Clay-loam fallout - 10 percent soluble,

d, Treatmont follows scdimentation 1in reservolr.

e, Treatment efflclencles for varlous processes

are as follows:

(1) Alum coagulation and sand filtration
removes 50 percent of soluble portion and 70 percent of
insoluble portion,

(2) Lime soda-ash softening and sand
filtration removes 66 percent of soluble portion and 78
percent of ineoluble portlon.

(3) Ion-exchange or distillation removes
from 99,0 to 99.9 percent of the total contamination,

These, of course, are average values, but
serve to illustrate the problem. A further discussion
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of treatment may be found in Section §,

Computations were carried out as indlcated
in the following example,

EXAMPLE 4,4

An uncovered reservolr 30 feet deep 1s con-
taminated by fallout at a level of 3,000 r/hr, at
1 hour. The fallout is clay-loam and 10 percent
soluble, Ten days after detonation the water is
withdrawn from a point near the hottom of the
reservolr and treated by the conventional alum
coagulation and sand filtration process. Find the
contamination after treatment,

Soluble Portion

Contamination before Lreatment = 6.4 x 10-3 Mc/ce
(Example 4,2)

Contaminatlon after treatmont = 6.4 x 10-3 Mo/ce
x (.50 remaining) = 3.2 x 10-3 Mc/cC

Insoluble Portion

Contamination before treatment = 2.2 x 10-3 MC/CC
(Example 4,2)

Contamination after treatment = 2,2 x 10-3 MC/CC
x (.30 remaining) = 6.6 x 10-4 Mc/cc

Total
Total contamlnation after treatment

3.2 x 10-3 Mc/cC + 6.6 x 10-4 Mc/ce
3.86 x 10-3 Mc/cC

Thls includes a reduction in contamination
due to dilutlon, sedimentation, radloactive decay and
treatment which are functions of reservolr depth, type
of fallout, time after detonatlion and nature of treat-
ment, The effect of varlation in radlation intensity
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was, computed as indlcated in Example 4,3, The results
of these studles are given in Figures 4,16 through

4,23,

Figure 4,16 indicates contamination vs. time
alfter conventional alum coagulation and sand filtration
for various fallout levels, Wartime emergency standards
for short duration consumption after such treatment are
apparently surpassed within a few days. However, only
water subjeoted to very low fallout levels would be
sultable for extended peacetime consumption.

Figure 4,17 shows that lime soda-ash softening
18 slightly more efficient than alum coagulation,

In general, however, these two conventional
treatment processes ocannot be depended upon to provide
potable water except for a short emergency period,

Figures /} .18 and 4,19 demonotrate the effesct
of treatment using nueclear grade lon-exchange resins
or distillation,

Figure 4,18 is based on 99,0 percent removal
for elther process, and Figure 4,19 assumes 99.9 percent
removal, In some cases, removal in excess of 99,9 per-
cent has been achieved using distillation, However,
these are special treatment processes not ordinarily
found in conventional water purification plants,

Figure 4,20 summarizes the effectiveness of
various treatment processes using an arbitrarily selected
fallout lntensity of 3,000 r/hr, at 1 hour. It is evident
from Figure 4,20 that special treatment such as ion-
exchange or distillation is required to reduce grossly
contaminated water to peacetime standards,

Figures 4,21 through 4.23 indicate the time
after detonation that water subjected to various fallout
concentrations would meet wartime or peacetime standards
after receiving treatment. As an illustration in the
use of these curves, assume an open reservoir is subject
to a fallout intensity of 2,000 r/hr, &t 1 hour, After
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two days of sedimentation in the reservoir and sub-
sequent treatment by a lime soda-ash softening process,
the water near the bottom shows a contamination of

3.0 x 10-2 MO/CC (wartime standard for 30 days consump-
tion),

It should be noted that conventinnal treat-
ment (lime soda-ash or alum coagulation) will aid in
meeting wartime emergency standards, but special
treatment suoh as lon-exchange or distlllation 1is
required to meet peacetime standards.

h. b4 FALLOUT ON LAND AND WATER AREAS

The contamination of water due to fallout
occurting on land areas as well as directly on water
areas is considered in this sectlon. When the rate
of precipitation exceeds the infiltration capacity of
the soil, the excess water (surface runoff) will
carry a portion of the fallout deposited on the earthtpg
surface into streams and ultimately to rivers and
reservoirs., 'The amount of runoff will have an effect
on the quantity of fallout carried to the reservoir
and, of course, on dilution, The pyrediction of run-
off on a frequency basis 1s possible for individual
drainage areas but requires a detalled analysis of
precipitation records and the physiocal charaocteristics
of the drainage basin, In this report, contamination
is computed for various quantities of runoff (in inches
of depth over the drainage area) without regard to the
frequency of occurrence,

4.4,1 Method 6f Computing Contamination

In order to evaluate the contamination due
to soluble and insoluble fallout on both land and water
areas, the following relationships were developed.

Cs = Vo (s f1 £2) + Vi (s f1 £2) (Equation 4,1)
R D

Vo + V1
Cx = Vo (S £3 £4) + i (1) (Equation 4,2)
R
Ve + Vi
C
T = Cs + Cr (Equation 4,3)
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Definition of terms in Equation 4.1, 4.2 and 4.3

Cg = Contamination due to soluble fallout (fissions/
ou, ft.) or Mc/cC

Cy = Contamination due to insoluble fallout (fissions/
cu, ft.) or Mc/cC

CT = Total contamination (fissions/cu., ft.) or MC/CC
A2 = Drainage or watershed area - 8sq, ft.

Ay = Reservolr surface area - sq, ft.

Vo = Volume of runoff - cu. ft,

Vi = Volume of Water in reservoir - ou, ft,.

R - Runoff in f¢,

D = Depth of reservoir in f¢t,

§ = Surface radiation in fissions/sq. ft. or r/hr,
at 1 hour

I - Contamination in reservoir due to insoluble fall-
out deposited directly on reservolir - includes
the effect of sedimentation

d - Days after detonation

f1 = Factor of fallout which 1s soluble

fo = Factor of soluble fallout which appears in runoff

fq = Factor of fallout which is insoluble

fy = Factor of insoluble fallout which appears in runoff,
The first term appearing in parenthesis in

Equation 4.1 18 the contamination of runoff due to the

soluble fallout, and the term in the second parenthesis

is the contamination of the reservoir water due to the

soluble fallout, Similarly, the parenthesized terms
in Equation 4,2 indicate the contamination of runoff and
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reservoir water due to the insoluble portion of fallout.

It should be noted that fastors f2 and fy re-
present the amounts of soluble and insoluble amounts of
radiation respectively which actually appear in runoff
contributing to reservolr contamination. The actual
valves are dependent upon a number of factors which in-
clude ion exchange, particle filtration and sedimentation,
etec. The valves used herein are for comparison purposes
and have been arbitrarily selected,

The following example demonstrates the use of
these equations,

EXAMPLE 4.5

Fallout having an intensity of 3,000 r/hr, at
1 hour ocours on an open reservoir 30 feet deep as well as
on the entire watershed area, Determine the degree of
contamination 10 days after detonation for the following
conditions:

Ap/Ay = Watershed Area = 100
Reservolr Surface Area
R - Runoff = 3 inches - 0.25 ft.
12 in./ft.

1 = Factor soluble w (0,10 or 10 percent
fa = Factor soluble appearing in runoff

= 0.10 or 10 percent
f3 = Factor insoluble = 0.90 or 90 percent
£y = Factor insoluble appearing in runoff

= 0,03 or 3 percent

Note: The fallout is 10 percent soluble and 90 percent 1in-
gsoluble. The 3 inches of runoff carries 10 percent of the

soluble portion and 3 percent of the insoluble portlon into
the reservolr.

Solution -
Surface radiation = 6 x 10 15 fissions (3,000 r/hr, at 1 hr,)
sq. ft.
Cs = (S f] fp) §A2 + 1) (From Equation 4,1)
A

A (R) + D
Al 56
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cs = (6 x1015 fission x ,10 x ,10) (100 + 1)
r£te
100 {0.25) f£t, + 30 ft,

= 1,1 x 10 14 ragstion/re.3

cs = 1,1 x10 14 fission x 9.0 x 10-4 MC x 3.54
£t3 109 fission

x10-9 £t3 = 3.50 x 10=2 MC
CC ¢C

Cr = A2 (Sxf3xfy) + D(I) (From Equation 4,2)
Al

A2
KI R + D

cr = 100 (6 x 1015 x .90 x ,03) + 30 (7 x 10 12)
100 (.25) + 30

- 2.98 x 10 14 figsion

£t3
¢ = 2.98 x 10 14 fisslon x _9.0 x 10-4 Mc x 3.54
rt3 108 fission
x10°5 ££83 = 9.45 x 10°2 MC
cC CG

Ccp = Cg + Cp = 3.50 x 10-2 + 9.45 x 10-2

= 1,30 x 10-1 MC
cc

In order to determine the effect of various
parameters on contamination, a serles of curves was
constructed using the above procedure,

These curves are general in nature and are
intended to serve the following functions:

a. Demonstrate a computational procedure
that can be applied to individual water systems,
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b, Asslst in evaluating the relative importance
of various parameters,

c. Define the range of possible contamination as
an ald to pre-attack planning.

4,4,1,1 The Effect of Runoff and Area Ratio (A2/A1) on
Contamination (Figures 4.24 through 4.27) - In

order to detemmine the effect of runoff and area ratio

on contamination, a series of computations were made hold-

ing the following values constant:

S = 3,000 r/hr, at 1 hour

D = Depth of reservoir = 30 feet
f1 = 0.10

f2 = 0.10

f3 = 0.90

£y = 0.03

The contaminatlon was computed for runoff
values (R) of 1", 3" and 5" and for area ratios of
10; 1003 1,000; and 10,000, The ratio of watershed
area to reservoir surface area 1s seen to have a pro-
nounced effect on contamination, Large watershed areas
contribute more fallout to the reservoir and result in
greater contamination,

These curves also show that for any constant
value of (Ap/Al) the degree of contamination varies
inversely with the depth of runoff. This is due
principally to greater dilution of contamination in
the higher runoffs., This trend might conceivably be
reversed to some extent however, due to an increase
in the amount of fallout (factors f2 and fj) carried
into the reservoir by lnoreased runoff,

4,4,1,2 The Effect of Runoff Factors on Contamination

(Figures 4.28 through 4,30) - These curves
indicate the degree of contamination for the following
assumed conditlons:
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Ax/Ay = 100

R (runoff) = 3"

S (Surface radiation) = 3,000 r/hr. at 1 hour
D (depth of reservoir)= 30 feet

Figure 4.28 indicates the effect upon contam-

ination of a variation in runoff factor "f4", Factors
f1, f2 and £3 are held constant at the following values:

fi = 0.10
fa = 0.10
£f3 = 0.90
fy = varies-0,01, 0,0% and 0.05

As the percentage of insoluble fallout carried
into the reservolr with runoff 1increases, contamination
incroanes to tho cxtent indleated,

Figure 4,29 is similar to Figure 4,28 except
that all runoff factors are held constant, except "f2",
to show the effect upon contamination of a variation
in the soluble portion of fallout in runoff. Assumed
factors are:

f1 = 0.10
fo = 0,01 and 0,10
£f3 = 0,90
fy = 0.03

Figure 4,30 indicates variation of contamina-
tion with fallout solubility for the following assumed
condltions:

£1 = varies-0,10 t5 0.50

66

N



fo = 0.10

r3 = varies-0,90 to 0,50
£y = 0.03

Close-in fallout 1s estimated to be from 1l
to 10 percent soluble and intermediate fallout 50
percent soluble., This figure shows the variation in
contamination with solubility 1f all other factors are
kept constant.

Figures 4,28, 4,29 and 4,30 indicate the
general effect of factors f1, f2, f£3 and f4 on con-
tamination, While the conditions and ranges assumed
here are subject to conslderable variation, it ocan be
seen that thelr overall effects upon contamination will
remain relatively small compared wlith other parameters,

4,4,1.3 The Effect on Contamination of Surface Radia-

tion and the Area Ratio Ap/A1 (Figure 4.31) -
This figure shown the large variation in contamination
possible due to variations in surface radiation and area
ratlo, The upper curve indicates gross contamination
for the followlng conditions:

S = Surface Radiation = 3,000 r/hr at 1 hr,
A2/A] = Area Ratio = 10,000
R = Runoff = 1"

The lower curve indicates contamination for
the following conditions:

S = 100 r/hr, at 1 hour
A2/A1 = 10
R = 5 "

The two curves define a spectrum into which
most water systems would fall for pre-attack planning
purposes,
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4.5 THE EFFECT OF TREATMENT ON CONTAMINATION (INCLUD-
ING CONTRIBUTORY RUNOFF) - FIQURES 4,32 THRU 4.39

These curves indicate contamination for the
following representative conditions.

Clay-loam fallout on drainage area and reservoir,

S = Sk:rra.ce radiation, Specific curves
are drawn for intensities of 3,000;
1,500; 300 and 100 r/hr, at 1 hour,

D = Depth of reservolr = 30 feet

d = days after detonation (from O to 30)

Ap/AyL = Ratio of watershed area to reservoir
area = 100

R = Runoff = 3 inches
1 = Foctor coluble = 0,10

f2 = Factor of soluble fallout in runoff
=m 0.10

3 = Factor insolukle = 0,90

£y = Factor of insoluble fallout in runoff
= 0.03
he5.1 Contamination Before Treatment

The varlation of contamination with time for
various fallout intensities and the above stated condi-
tions are shown in Figure 4,32, Wartime and peacetime
gtandards for potable water are superimposed for com-
parison.

4,5,.2 Contamination after Treatment

Figures 4.33 through 4.36 indicate the contam-
ination remaining after treatment, Two conventional
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treatment processes (alum coagulatlion plus sand filtra-
tion and lime soda-ash softening plus sand filtration)

were considered. Special treatment using lon exchange

or distillation was also evaluated. Treatment efficlienciles
were assumed in accordance with Section 4.3,

The post-detonation time required for water,
under the conditions assumed above, to meet wartime or
peacetime potability standards is indicated in Figures
L,37, 4.38 and 4.309.

4.6 EFFECT OF SNOW COVER

In many sectlons of the Unlted States, the
ground 1s covered with snow for several months of the
year. Simllarly, open bodies of water are frozen over
for significant portions of the year. These conditions
would, of course, delay entry of fallout into the water
system and impede the flow of contaminated runoff.

Since no control can be exercised over Ilce
and snow, llttle practical value can be assessed to
the subject as a solution to the survivability of
water systems. However, since the "bonus" effect of
these conditions could be appreciable, they are of
interest., Figures 4.40 and 4.41 show extent of snow
cover and frost-free periods respectively.
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SECTION 5
REDUCING THE VULNERABILITY OF WATER SUPPLY

SYSTEMS TO FALLOUT

As was demonstrated in Section 4, the degree
of hazard caused by radloactive contamination of the
water supply 1s a function of numerous pasrameters.

For many supply systems, time delay of withdrawal is
sufficient to obtain water meeting established standards
of potabllity, For other systems under heavy fallout
conditions, a high degree of contamination could result
thereby requiring treatment to render the water potable,

Thls section willl deal with protection methods
in general without consideration of any specific type
of system. It should be recognized that while the
methods and procedurcs desoribed here might be applied
universally, study of each individual systom 1o requirod
to accurately asocoo its particular protection needs,

5.1 GENERAL METHODS OF REDUCING VULNERABILITY

Thils sectlon describes some of the broad
schemes avallable for obtalning uncontaminated water
from water systems. Speciflc detalls of the more
practicable possibilities are given in Section K,2,

Scheme "A"

Scheme "A" (Figure 5.1) represents a ground water supply
which could provide a continuous supply of pure water
during the shelter and post-shelter phases. This 18
based on the common assumption that ground water will
not be seriously contaminated by fallout,

Scheme "B"

Scheme "B" (Figure 5.1) represents the theoretical ideal -
a surface water supply completely protested from fallout
and therefore invulnerable. However, this would entall the
unrealistic requirement of protecting the entire water-
shed area from fallout,
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The scheme has 1lilttle practlcal value, of course,
egpeclally in view of the fact that the potentilal
hazard 1s not commensurate with such drastle pro-
Feetlon extremes,

Scheme "C"

Scheme """ (Figure 5.1) represents a case in which
the impounding reservolr 1ls protected, but the drain-
age area 1s unprotected. Surface runoff would be
contaminated, and the whole system would ultimately
be contaminated to some degree, Therefore, adequate
treatment must be provided to insure a continuous
safe supply. Just what constitutes adequate treat-
ment depends upon the degree of contamination. As
demonstrated in Section 4, ordinary sedimentation or
treatment methods might suffice. Where contamination
levels are high, speclal methods such as lon-exchange
or distillation might be required to produce potable
water. Treatment of the water would not have to be
as extensive 1n this case as 1f the reservoir was
also directly contaminated. However, under this
scheme, all of the water leaving the treatment plant
in thils system must be potable thereby requiring large
expendltures of money 1f speclal treatment is deemed
necessary. The costs and requirements of protecting
the 1mpounding reservolr vs. treatment savings and
efficiencies must be considered for each particular

case.

3cheme "C" couid provide a continuous supply of water
for all purposes during the shelter and post-shelter

phases,
seheme "D

scheme "D (Flgure 5.1) is similar to Scheme "C" except
that the lmpounding reservolr is unprotected and subject
Lo direct contaminatlion from fallout. Once again,
treatment must be provided for the total demand. If
speclal treatment technigues are required, considerable
expenge could be involved since all of the demand must be
decontaninated.

Best Available Copy
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This method could provlde a continuous supply of potable
water during the shelter and post-shelter phases 1f adequate
trecatment 1s provided, However, 1f water for drinking

and cooking could be provided from an uncontaminated

source during the days immedlately following detonation
(such as from stored water), the need for specilal treat-
ment methods might be avolded.

Scheme "RE"

Scheme "E" (Flgure 5.2) represents a case in which a
contaminated surfacc supply can be Intcrconnected to

an uncontaminated ground water supply. The capacity

of the ground water system would have to be lnvestigated

to see whether esscntlal water demands could be supplied.
Connection could be made to private or public ground

water systems. In some uses, these conncctions already
exist. In other instances, it might be possible to develop
new ground water supplies {or emergency connection to

the surface water system,

Scheme "E" could, in many cagccs, provide sufficlent
safe water during the shelter and poust-shelter phases.

Scheme "p"

Scheme "F" (Fligure %.2) represents a surface water system
with unprotected drainage area and impounding reservolr,
If the water ls grossly contamlnatced, ordinary treatment
may not render 1t potable, partlcularly, for the days im-
mediately followling detonation, However, the regular
gystem could producc water for other purposes such as
sanltatlon, decontamination, fire fighting, laundry and
washing. Under this system, water for drinklng and
cooking would be obtalned from an uncontamlnated supply
or by speclally treating a portion of the contaminated
water. Pure water would have to be hauled and distrib-
uted to the consumer,

Of course during the shelter phase, water could not be

hauled and delivered, so stored water or other safe
source would be required.
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Scheme "F" would not be as convenlent as some other
systems, but it could provide enough potable water
for all essential uses, The system could be employed
as long as required to insure complete safety.

Figure 5.3 shows schematlically how such a system

might work. The regular system would provide water
for all purposes except drinking and cooking., Un-
contaminated water from a ground or surface supply
would be hauled via truck or rail to a distribution
center where the water would be transferred to delivery
trucks for local distribution. Another solution would
employ portable speclal-treatment plants which would
take water from the pipe distribution system and
render 1t safe for ingestion. The units would be
strateglcally located within walking distance of a
population center similar to public fountaln systems
still employed in some parts of the world., More
detall on storage, treatment and distribution is
presented in Section 5,2,

Scheme "@"

Scheme "G" (Figure 5.2) represents a surtace water
supply with unprotected drainage arca and reservolr,
Depending upon initial contamination, ordinary
treatment will produce water suitable for all pur-
poses except drinking within a relatively short

time after detonation, However, a considerably

longer walting perlod would he required before
ordinary treatment would produce a water satisfactory
for ingestion, This scheme utlillzes speclal treatment
for the small percentage of water used for ingestion,
Uncontaminated water from another source could be used
instead of speclally treated water,

Under this scheme, contaminated water is distributed
as normal. At pre-designated times this water

supply 1s shut off at the plant or pumplng station
and the potable water passed iniLo the system. To
distinguish between the qualities of water, a harmless
vegetable dye could be added to the non-potable water
to warn against 1lts use for drinking., Of course some
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mlxing would occur, but a color code could be established
and distributed to lndlcate the range of potablllity as
keyed to the color dilutilon,

‘The cost of coloring water would be approximately fifty
cents per hundred gallons,

This system could function during the shelter phase as
well as the post-shelter phase if operating personnel
are protected and power 1s avallable,

Scheme "H"

Scheme "H" (Figure 5.4) represents a surface water
supply with unprotected watershed area and impounding
reservolr, Some systems may contaln enough protected
storage in tanks, reservolrs, ete, to supply all vital
needs until ordinary treatment and decay render the
unprotected water sultable for consumption. A ration-
ing systom would be required in some cases,

A detalled study of storage in indlividuual systems is
required to determine if provislon should be made to
protect or lsolate unprotected storage in the distribu-
tion system.

Scheme "I"

Scheme "I" (Flgure 5.4) represents a large surface water
supply. A well planned monitoring system and flexible
operating system could go far toward reducing vulner-
ability. Contaminated water could be wasted to the

river, In some cases contaminated water could be by-

passed around the reservolr, It may be possible to
draw water from an uncontaminated or slightly contamina-
ted part of the system, Reservolrs could be flushed
out to reduce contamination,

Very large systems would present many opportunities to
provide a good quality water through proper operation,
However, each system would require individual study

and careful planning before and after a nuclear attack.
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Scheme "J"

Scheme "J" (Flgure 5.4) represents the case where several
cities draw water directly from a large river. Fallout
could ocour directly on the river and on the drainage
area, Fallout occuring directly on the river would
scon contaminate the water and be carried downstream
depending on the flow characteristics, The major slug
of contamination would be carried past a city in a
relatively short time, However, the water supply of
clties downstream of significant fallout could be con-
taminated, Detalled studies have been made of this
problem, (22)

A possible solution for a large river consists of a
forecasting system similar to present flood forecast-
ing methods. This would require a monitoring network,
planning and computer center and a communication system.
Citlies along the river cuuld be kept informed of the
present and anticipated contamination and the water
supply rystemr operated to provide the best quality of
water available. A contamination foreecanting system
would not make a system invulnerablce but would reduce
the vulnerability considerably.

Contamination may also be introduced into this system
if large amounts of water are used for decontamination
at City "A"., Such water would be carried primarily by
the storm sewer system into the river and possibly con-
taminate the supply of City "B" downstream, The
serliousness of the problem depends upon how much fall-~
out is washed into the river and how much dilution
will occur in the river.

The problem could be minimized by curtalling the water
supply of City "A} although this would be a drastic
measure. Rules controlling decontamination procedures
and publlc education would be useful. A plan could

be developed in which City "A" decontaminates during

a specific period and City "B" is advised not to with-
draw water when the contamlnated water passed the in-
takes, Heavy rains are more of a problem since they would
probably wash more fallout into the river than decon-
tamination procedures, An efficlent monitoring system
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along the river would permit the best utilization of
water, Of course, 1f fallout 1s heavy and widespread,
alternate supplles and protectlive measures discussed
for other schemes might be required.

An integrated study of the whole river basin would be
& necessary requlslite toward developling thls scheme
as well as a closely coordinated operating plan to be
followed by the affected ciltles.

5.2 SPECIFIC METHODS OF REDUCING VULNERABILITY

This sectlon desoribes some of the methods
and details by which the protection schemes listed in
section 5.1 could be effected.

5.2.1 Protecting Water in Exposed Tanks and Reservoirs

Impounding reservolirs, distiibution reservoirs
and open tanks in the treatment plant or distribution
system are vulnerable to fallout 1f not protected,

One apparent method of protectlion is to prevent
fallout from falllng Into exposed water surfaces, Thils
might be accomplished by using mechanlical blowers to
prevent the fallout particles from descending. Fires
around or on the reservoir could be used Yo create an
up~-draft and reduce the descent of radlioactive partiocles,
These methods are presently used to dilspel fog but
require additional study to determine thelr efficlency
in this application.

A more conventlional method of protecting
reservolrs, of course, i1s to provide protective covers,
Several types of rigid and non-rigid covers are available.

5.2.1.1 Rigid Covers - A few of the many possible types
of rigid covers are indicated in Figure 5.5. All of

these structures would have to be desligned to support
snow, wind, ice and dead loads according to geographilc
location, Open web steel Jjoists are avallable for a

wide assortment of span and load condltions, Specifically
designed trusses can be used in a simllar fashion for

9l
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longer spans. Concrete tanks can be covered using a
beam and girder construction with intermediate column
supports. A variation of thils construction commonly
used for pure water storage 1s a haunched arch or

flat slab. Arch, dome or thin shell construction
similar to many gymnasium roofs could be used for wide
spans, Light welght roofs supported by alr pressure
have been used for recservolrs and bulldings. Cable
supported roofs present another posalble solution, The
selection of a particular type of cover depends primarily
upon span, loads and, ultimately, upon costs,

5.,2.1.2 Non-Rigld Covers - More cconomlcal covers of
a temporary nature could be constructed of polyvinyl
sheets supported on rubber or wooden rafts. (Figure 5,6).

Provision for the evaporation or dralnage of
rain water would be required, Covers for tanks and
distribution reservolrs of moderate slze could be
stored at the site and placed in position in a relatively
short perliod of time. Large impounding reservolrs would
require long warning perlods and covers might have to be
installed on a permanent banlu,

Another pooolblllty conslsis of a floating
cover of polystyrenc foam approximately 2 inches thick,
This materlal comes In planks or in rolls, and could
be floated into poaition and covercd with a thin sheet
of polyvinyl or othcr sultable material., (Figure 5.6)
Provision for supporting or dralning onow and rain would
have to be made. Moderate slzed tanks and reservolrs
could be qulckly and easlly covered ln this fashlion
at a reasonable cost,

A protective layer of liquld that could be
easily distributed over a large reservolr and prevent
fallout particles from entering the water is another
possible solution. The liquid would be in the nature
of a viscous oll that would float on the water but not
mix with 1t. It wculd be appllied in a layer of sufficlent
thickness to envelop the fallout particles and prevent
them from descending into the water., An arrangement
could be developed to apply the liquld automatically
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when a nuclear attack seems imminent., A foam similar
to that used for fire extingulshing might serve a
simllar purpose. However, experimental research may
be required to find a protective liquid suitable for
this purpose.

5.2.2 Protecting Operating Personncl

The need for protecting operating personnel
has been emphasized in Section 3 of thils report and
must be considered in the detalled study of individual
water supply systems., If a study indicates that a
system should be shut down because water of satis-
factory quality could not be supplied during the
shelter phase, conventional fallout shelters for opera-
ting personnel may surfice. Ilowever, even contaminated
water would be useful during the shelter phase for
sanltary purposes, fire fighting, decontamination,
ete. Therefore, it may be desirable to plan for
operation of the water system durlng thc shelter
phase even if the water 1s not potable,

If continuous operation of the water system
ls planned, provisions will be required to protect
personnel. Entirec treatment plants or pumping stations
wlll have to be made safec against fallout intrusion,
Remote operation of equipment and valves from protected
arcas should be considcred where nccegsary, as well as
automatic operation of cecquipment wherc applicable.
Conversion of existing systems to remote or automatic
operation may be very costly in some cases, However,
because of the 1lnherent advantages of this mode of
operation, long range plans for new or modernized
water supply systems should take them into conslideration,

The possibllity of accumulatlons of radiocactive
material in various parts of a system must also be con-
sldered. Sedimentation tanks, ion exchange units and
sand fllters may present a hazard to operating personnel
when treating a grossly contaminated water. Safety
precautions and methods now used to dispose of peace-
time radioactive wastes will be required.
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5.2.3 Training Personnel

One of the most important ways of reducing
the vulnerability of a water system 1s to insure the
avallabllity of well trailned personnel who can operate
efficlently in an emergency. The need for training
water supply personnel in the use of radiological de-
tectlon equipment has long been recognized and imple-
mented. This program should be continued,

It 1s equally important that sufficilent
numbers of well-trained personnel be avallable for
the ordinary operation of a system, Casualtles,
fallout or general chaos after an attack may require
that individuals perform duties outside their usual
responsibilities. A manpower pool of laborers, pilpe
fitters, electricians, etc., that could be diverted
to repair and operate water supply syvotems 1ls advis-
able. There 18 also a need for men familiar with
the overall operation of eachgysivm, The complexity
of modern watecr supply systems makes 1t lmperitive
that officlont supervisory personnel be avallable.

5.2.4 Insuring the Availability of Power

The avallablility of power must be counsidered
in any vulnerabillity study of a water supply system,
Water systems are highly dependent upon electrical
power for the operation of pumps, chemical feeders,
mixers, flocculators, sludge collectors, disinfection
equipment, controls, etc. Nearly every system would
be affected to some extent by a power failure, Some
systems would be completely inoperable,

Of course, the possibility of a power fallure
due to equipment breakdown, storms, fires, earthquakes
or other peacetime disester is always present, and
all water systems lnclude provisions for operating
under emergancy conditions, Some provisions commonly
made for emergency peacetime operation that apply
equally well in time of nuclear war are:

a, Tie in to a power grid,

b, Emergency stand-by electrical generators,
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¢, Dual-operated equipment (particularly
pumps ).

d. Stored water (preferably clevated storage),

e, Provislon to by-pass non-essential equip-
ment,

f. Portable or mobile engines, generators
or pumps,

& Manual operation of equipment,

Each system requires individual study to deter-
mine what provislons should be made to permit operation
in the event of a power fallure during a nuclear war,

In many cases, no provisions beyond those already avail-
able will be neccosary, Provision should be made to
supply at least a minimum quantity of water during any
emergency in which there are likely to be survivors,

It may be necespary {o abandon «ll ususl Lrewatbmont ex-
cept disinfection, but automatic or manual applications
of chlorine or hypochlorite sclutlun ure particularly
important.,

5.2,5 Alternate Vater Sources

Alternate sources of satisfactory water may
be available to replace or supplement a damaged or
contaminated water system during the shelter or post-
shelter phase,

5.2.5.1 Uncontaminated Surface Water - It is possible
that surface waters not usually used as a water supply
system may be uncontaminated and used during an emergency,
Streams, lakes or rivers may be adapted for emergency

use 1f the required piping and pumping equlpment 1is
available, Disinfecctlion would be normally required as

a minimum treatment. Radlological monitoring equipment
would be required to determine the quality of various
supplies,

Because of the uncertalnty of the extent of
fallout, extenslve pre-attack development of alternate

97



[ Lt A U A

surface water supplies doe® not seem warranted, However,
the acquisition of portable pumps, hose and disinfecting
and monitoring equipment should be carefully conslidered
as part of the over-all plan for a particular system,

5.2.5.2 Ground Water

Ground water from deep aquifers 1s considered
to be a relliable source of water which will not be con-
taminated by fallout. As previously pointed out,
precipitation may be contaminated in the air or on the
surface of the earth., However, much of the contamina-
tion will be removed during the slow descent of the
water through the soll, Radioactive decay will be
effective during the extended time required for pre-
cipitation to reach the deep aquifers, It cannot
be taken for granted, however, that shallow or highly
porous aquifers will not be contaminated. Also, the
possibility of ground water contamination over long
periods of time by heavy concentrations of long-lived
isotopes should be investigated. The possibility of
utilizing ground water in a particular area will re-
quire detailed study.

The potential availability of ground water
is demonstrated by Figures C,16 and C,17 which indicate
the location of the major ground watcr areas in the
United States, Flgure 5.7 indicates the quantity of
fresh ground water used in the U.S5. as of 1960 (23).
Quantities are expressed in million gallons per day
by states, Also indicated on Figure 5.7 i8 the quantity
of frash ground water available per person as of 1960,
Quantities are expressed in terms of gallons per capita
per day and were obtained by dividing the volume of
water available per day by the population., These figures
indicate that ground water could meet vital demands
during emergency perliods, at least on a statistical
basis, Of course, more detailed study is required to
determine the actual relationship between ground water
availabllity and population distribution,

Table 5.1 and Figures 5.8 and 5.9 summarize

the results of a study of the 70 most populated metro-
politan areas in the United States. (3) The table
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TABLE 5,1

Availability of Ground Water for the 70 Most

Populated Metropolltan Areas in the Country,

Proximity to

Developed Cumulatlve
Ground Water (1) Population (2)(3) Population

0 - 10 mi, 43,861,000 43,861,000
10 - 20 817,000 44,678,000
20 - 30 10,153,000 54,831,000
30 - 40 2,545,000 57,376,000
4o - 50 4,546,000 61,922,000
50 - 60 1,378,000 63,300,000
60 - 70 3,429,000 66,729,000
70 - 80 2,143,000 68,872,000
80 - 90 665,000 69,537,000
g0 - 100 -

100 + 2,886,000 72,423, 000

—— e e A AN e

72,423,000

(1) Ground water data from the U,S. Depurt-
ment of Health, Education and Welfare. (24)

(2) Population Figures do not include the com-
munlities which are the potential suppliers
of the ground water i1f they are not in
the group of 70 most populated metropolitan
areas.

(3) This figure includes the population of

metropolitan areas in the first 70 group
which currently use ground water,
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and graphs indlcate the number of people living in the
70 areas, who could be provided with ground water from
exlsting systems, They also indicate the proximity of

segments of the population to developed sources. The actual

quantity of water avallable would be required for a
more complete evaluation of the problem. (This phase
is being lnvestigated in a concurrent report by Guy B,
Panero Inc.,) (28) The study indicates that approx-
imately 70 million people in the areas considered are
within 90 miles of a developed ground water supply.
Additional millions of people in small citles and rural
areas (Figure C.10) could be also supplied with ground
water,

5,2.6 Radiological Monitoring

One of the most important methods of reducing
the vulnerability of a water supply system is an efficlent
radiological monlitoring and communication asystem, Tt
is essential that operating personnel be contlnuously
informed as to the degree of contamination ln various
parts of the system Lo permit optimum operation of
exlisting facllitlico. It 1s equally important Lo
inform the publlc of the sultablllty of water for varlous
uses,

Instruments capable of providing a continuous
record of contaminatlion of raw and treatcd water should
be provided. In addition, the desirability of installing
moniltoring instruments at strateglc points in the col-
lection system should be investlgated. Provision for
telemetering baslic informatlion to a control center at
the treatment plant should be considered. 7The type of
monitoring equipment required depends primarily upon
whether or not the plant i1s to be operated continuously
during the shelter phase.

Informing the public of the potabllity of the
water can be accomplished by ordinary mass communication
media such as radlo or televlslion 1f they are operating,
If these or other communication systems are not available,
monitoring instruments sultable for determining water
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contamination should be developed and made avallable
for use by the general public. These should pre-
ferably be wldely dlstributed, slmple, economilcal
devlices for determining the potablllty of water,
Some indlcator not requlring power, of the type now
used for measuring cxternal radlatlon, would be
preferable,

Identiflication of pure or contaminated
water by coloring wlth harmlens vegetable dye has
been previously mentioned. (Scctlon 5,1) This method
could be used to Inform the publlc of water conditlon
1f other communication medla arc not avallable, Color-
ing could also bce uscd to ildentlfy water where the
same dlstrlibutlon system 1s used for purec and contaminated
water. A color codec utilizing varloun colors and shades
could bhe uned to represent varylng degrees of contamina-
tion,

Several colors arc avallable at recasonable
cost, The dyc could be introduced into the system at
the treatment plant or any other convenlent polnt 1ln
the system, Of course, further study and experimenta-
tion arc nceded to ancertain the feanibllity and raml-
flcatlons of thls approuch,

5e2eT Treatment of Contamlnated Vatcor

If radloactlve contamlnation cannot be avolded,
treatment may be required to producce water of satisfactory
quality, Several types of systems are avallable - cach
wilth degrees of cfflclency dependent upon varlous factors
and applications, Much study has been devoted to thils
subJect and detalled practices published., Some of the
more usual methods and theilr efficlencles are summarized
in the Table 5.2.

The effielency of various treatment processes
for reducing radloactivity has been investlgated in the
laboratory and to a small extent in field tests, (24)
The efficlency varies with many factors including type
of treatment, contaminants present and solubllity of
the fallout.
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TABLE 5,2

EFFECTIVENESS OF TREATMENT PROCESSES

FOR REMOVING A MIXED FISSION PRODUCT (24)

Treatment

Coagulation plus filtration

Clay slurry pretreatment plus
coagulation plus filltration

Lime-soda ash softening plus
filtration

Ion exchange slurry plus coagu-
lation plup [filtratlon

Coagulation plus flltration plus
post-lon exchange

Distillation

105

Percent Removal

60-80
80-90
60-90

85-98

99"990 9
99-99.999
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5.2,7.1 Minor Modifilcations to Existing Treatment

Plants - In some cases, monor modifications
to an existing treatment plant or to its method of
operation can be used to increase the removal of radio-
activity. For example, a slurry of local clay added
prior to coagulation has been found to increase ef-
flclency of decontamination. The clay may have some
natural 1lon exchange properties and also serves to
increase the turbldity, thus encouraging the fomma-
tion of a floc and the removal of fallout by sedimen-
tation,

A disadvantage of this method 1s the necesslty
of handling large volumes of radloactlve sludge, How~
ever, 1t has the advantage of requiring little advance
planning or stockplling, and might be used to advantage
in an emergenacy.

The efficlency of coagulation has been found
to vary according to the type and amount of chemicals
uped, Iaboratory tests using ferrous sulfate, ferric
chloride, aluminum snulfate, activated sodlium silicate,
calclum hydroxide, sodium carbonatc, limestonc and
godlum hydroxide arc reported 1n reference (2), Teots
indlcate that the addition of certain chemicals to con-
taminated water is effective In removing particular isotopes,
It has been found, for example, that small amounts of
copper sulfate, activated carbon or silver niltrate in-
crease the removal of 1131, This suggests the possibil-
1ty of adding selected chemicals to publlic water supplies
for the purpose of removing particularly objectlonable
isotopes, This method requires a knowledge of the isotopes
present and the amount and type of chemlcals to use. The
overall removal of radloactivity may be relatively lcow.
However, this method has the advantage of being easily
adaptable tc use in exlsting coagulation - filtration
plants. Chemlcals would have to be stockpiled or easily
obtainable, and in some cases new chemical feed equip-
ment would be requlred,

The addition of excess chemicals in the lime-
soda ash softening process has been found to increase
removal of strontium, barium, cadmlum, yttrium, scandium,
and zirconlum - niobium, The application of 200 ppm
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excess lime-soda ash reduced the strontium content by
99.4 percent, This method could be used in existing
lime-soda ash softening plants and in coagulation-
filtration plants, Chemicals could also be added in
impounding or distribution reservoirs in an emergency.

Mixed lon exchange resins have been found
very effective (over 99 percent) in removing radio-
activity from water., They can be added as a slurry
prior to coagulation, However, the most effective
resine are costly (approximately $60 per oubic foot)
and become lneffective unless frequently regenerated,
The use of resins as a pretreatment without regenera-
tion would be very costly,.

It may be posslble to adapt a section of an
exlsting rapid sand filter to be uscd as an lon ex-
change unit., The sand could be replaced with mixed
resins and the filter operated in the usual fashion,
Modifications in piping would be required to permit
regeneration of the resins with acid and base solu-
tions, However, this ure of the ion exchange method
requires additional investigation to determine its
mexldt,

5.2.7.2 Speclal 'I'reatment - Conventional treatment

or modified conventional treatment may produce a satis-
factory water for emergency oconditions, However, to
render grossly contaminated water safe for consumption
over an extended period, speclal treatment methods

will be required, Distillation and post-lon exchange
are the best methods presently available for treatment
of lurge quantities of water. (Table 5.2), These
methods are relatively expensive and require a detalled
study of each water supply system to determine the

type and capaclty to be 1lnstalled, They may serve as
high-capaclty permanent addltions to a system, moderate-
capacity mobile units or small-capacity emergency units.

3. Major Permanent additlions to the Water
System - It may be desirable in some systems to supple-
ment conventional treatment facllitles with permanent
post-1on exchange or distillation units to treat all or
some part of the usual output of a system., Of course,
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economic factors favor special treatment for only a
small portion of the usual demand.

Considerable investigation has been con-
ducted to determine the efficiency of distillation
for desalinization of seawater, Vapor compression
evaporation, one form of distlllation, has also been
found very effective for reducing radloactivity in
water, The cost of treating water by thls method, ap-
proximately $1.50 per thousand gallons, would make the
cost of treating the entire peacetime demand prohibitive,
However, the cost of providing distillation units to
provide water for drinking and cooking only, does not
seem excessive. For example, a dilstlllation unit of
this type with a capacity of 700,000 gallons per day
would cost approximately $1,200,000, For a limited
use of 2 gallons per person per day, the 1lnltlal cost
for equipment would be about $3.43 per person,

The operating cost of $0,0015 per gallon
would not he a signifieant factor, execept inrotar anr

the availability of power or fuel 1s concerned.

‘The lon exchange procens requires catlon and
anlon resins in serles or mixed beds, Varlous combina-
tions of resins and regenerating solutlions are avallable
to meet specific needs, The basic unit is a cylindrical
steael tank containing the resin, Water, usually under
pressure, flows through the resins which are regenerated
wilith acid and basic solutions stored in separate tanks,
The flow rate is limlted to about 5 gallons per minute
per square foot of resins, but multiple units can be
supplled to satisfy large demands. The cost of pro-
ducing water using post-ion exchange 1s approximately
10 to 50 percent of the cost of distillation.

b. Portable Speclal Treatment Units - Portable
or mobile lon-exchange or distillation units that could
be deployed as requlred after a nuclear attack could be
used to supply potable water in areas where ground water,
stored water or other uncontaminated water 1s unavallable,
Fleld tests using U.S. Army moblle purification units
have 1ndicated the effectliveness of one method of treating
water contamlnated with bomb debris (26). A 1500 gallon
per hour truck-mounted water purification unit provided
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facilitles for conventional coagulation, filtration
and disinfection. Final treatment was provided by a
1500 gallon per hour truck-mounted lon exchange unit
using separate bed, regenerative-~type ion exchangers,
This Corps of Englneers equipment reduced the level

of contamination to below emergency Army drinking water
tolerance. These units, working 1n series, could with-
draw water from the distribution system or from streams
or rivers, and provide a limited quantity of potable
water for cilvilian use, The lon exchange unit could

be attached to a fire hydrant to provide final treat-
ment for water previously treated at a conventional
municipal plant, These units could be located at
intervals to permit inhabitants to walk to the unit
and carry potable water home in containers of 1 to 5
gallon capaclty.

Mobil truck-mounted distlllation units
could be used ln a slmilar fashlon to produce a high
quantity potable water, Clevar-Brooks Gpeclal Productse,
Inc., can manufacture a self contained 100,000 gallon
per day vapor compression evaporator for $224,000, Units
of this type ocould oupply 2 pgallons of potablo wator
per day per person at an initlal cost of about Pl,50
per person, Of course sufflclent quantities of fuel
must be avallable for the operatlon of any portable
or moblle unit,

C, Small Capaclty Speclal Treatment Units -
Small capaclity lon exchange or distillation units that
can be operated wlithout speclal training might be used
to advantage in some circumstances, Such unlts could
be used during the shelter phase 1f a continuous 1inflow
of water 1s assured. The lon exchange units could operate
wlthout power., Durlng the post shelter phase, small
capaclity treatment units could serve to provide potable
water 1f the public water supply system was inoperable
f'or an extended perlod, Such units could also provide
final treatment if the municipal plant could not pro-
duce ahlgh quallty water,

Throw-away cartridge type lon exchange units
having a capaclty of 5 gallons per hour can be obtained
tor approximately $15.00. The mounting fixture and wall

109



AR T

D 170 N

bracket equipment for the cartridge costs about $20,00,
A larger non-regenerative column type unit with a cap-
aclty of 50 gallons per hour costs $245.00, and each
resin replacement costs $60,00, Radioactivity in the
resin may make a throw-away unit preferable. In each
of these units, a color change of the resin can be

used to lndicate when the cartrlidge should be dlscarded.

Small distlllatlion units with capacities from
5 to 50 gallons per day that operate on standard 110
volt A.C. may be useful in some cascs. Units that
could be operated with fuel oill, gasoline or even wood
may be preferable, The cost of electrlcal power to
operate these units 1s approximately 5 cents per gallon,
Of course, costs would not be a vital factor in an
emergency necessltating the use of these units,

5.2.8 Distribution of Potable Water during the Post
Shelter Phase

Scheme "F" desocribed previously in section 5,1
utilizes potable water which 1s hauled and distributed
to the public during the post shelter phase, Somoe cpeelfic
means of accomplishing thls are dlscunped In thlo scetlon,

If transportation facllitles have not been cx-
cesslvely damaged in an attack, 1t should be possiblc
to haul enough pure water, say 2 gallons per persaon per
day, over consilderable distances, DBulk methods of haul-
ing liquids such as tank cars, tank trucks and boats
rould be most suitable but 1ln an emergency, trucks,
buses, automobiles and aeroplanes could haul water ln
drums. Once water reached the community to be served
1t could be distributed to the public 1in several ways.
Tank trucks filled with water could be stationed at con-
venlent points in the community for dlspensing of water
to the public in bottles, cans, or other contalners.

More elaborate procedures of dlstributlion
similar to home milk dellivery methods could be used as
conditions permit. Table 5.3 shows that approximately
32% of the retail price of milk 1s due to packaging and
delivery costs. This indicates a cost of approximately
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TABLE 5.3

COST OF MILK DISTRIBUTION IN NLW YORK STATE

Item
Packaging Materlals

Processing labor (estimated as 1/2 of
total)

Other processing coots {estimated asp
1/2 of total)

Labor

Automoblle

Officers Salarlcen

Other administrative calaries
Other admlnistrative expenses

Operating profit

TOTAL

Reference (25)

111

Percent of Total Cost

4,83

2,73

1.98
12,47
2.94
1.00
1.61
2,43

0.70

32,14
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elght cents per quart for packagling and delilvery,
The price of home dellvery of water can be further
reduced to approxlmately elght cents per gallon 1if
the water 1s dellvered in 5% gallon drums, Bulk
dellvery, simllar to home fuel oil delivery, would
offer still grcater economy,

Appendix II offers a tabulatlon of cstimated
bulk rate haulage coots as complled by ‘'lexaco, Inc.
For a hauling distance of 100 miles, water could be
delivered for approximately 2 cents per gallon, 3Such
delivery by gasoline trucks has becn effcected 1n the
past without apparent health hazard from the gasoline
residue,

The approxlmate cost of varloun contalners
sultable for the storage of water 1s indlcated in
Table 5.4, A wide varlcety of contalners arc avallablo
to meet specifioc needs,

5.2,9 Spare Parts and lxpendable Supplion

A most lmportant conslderation In the reduetlon
ol' vulnerablllty of a water supply sycstem ls an adequate
supply of spare parts, The quantity and type of' equip-
ment to be stoocked depends upon the characterloticse of
the particular system and the estimated duration of
cmergency condltions, 'The large varicty of cquipment
and manufacturers will probably rcequlrc cach system to
provlde for 1ts own needs, althouph some centrallzed
stock-plling of cosential ecquipment wilill be possible,

Expendable supplles, partlcularly chemicals,
may be depleted in a short time after an attack, Wwhlle
1t would be difflcult to store an adequate supply of
chemlcals used in large quantltlies, 1t 1ls important that
chemlcals for dlsinfectlon, such as chlorine or chlorine
compounds, be avallable for an extended emergency perlod,
Disinfection wlll be particularly essentilal 1f 1t becomes
necessary to curtall other conventional treatment,

5.2.,10 Selective Withdrawal from a Reservolr -

Fallout deposited directly on the surface of a
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1/2
1/4
1/4

TABLE 5.4

WATER CONTAINERS (27)

Description

Aluminum drum.

Steel drums with 1lid and heavy
polyethylene liner.

Streel drums with lid and thin
(3 gauge) polyethylene liner,
No sharp cdges permitted lnslde
of drum,

Blown plastic bottle with stecl
outer shell,

Standard welght cylindrical
polyethylene tanks wlth lido,

Lightwelght polyethylene drum
in 24 gauge steel drum,

Lightwelght polycthylene drum
in fibre drum,

Plastlc bottle with steecl outer
shell.

Plastic bag (U.S. Army).
Square tin plate can - 30 gauge.
Polyethylene drum.

Featherwelght polyethylene
drum in steel drum,

Plastlc Bottle,
Plastlc Bottle,
Plastic bottle.

Paper Mllk Container,
113

Cost in cents
per gallon
stored
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19

19

38

20

60
17

17
26

32
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reservolr tends to mlx with the water and contaminate
the supply. The rate of mixing depends upon many
factors lncluding fallout material, slze distribution,
depth of reservolr, solubility and motion of the water,
In some reservolrs it would be possible to draw off
water at various elevations iIn order to select the
water of highest quality, However, the advantages to
be galned by this method are slight and of short
duration. Figure 5,10 indicates the anticlpated
concentratlion of a 10% soluble clay-loam fission pro-
duct mixture at various depths in a 30 ft, and 60 ft,
deep reservolr, A surface conecentration of 3,000 r/hr,
at 1 hour (6 x 10 15 fissions/sq. ft.) was used, but

a similar set of curves can be drawn for any surfacc
concentration,

Several conclusions can be drawn {'rom an
examination of the figure:

a, A deep reservolr wlll, in general, boe
leos contaminated than a shallow resorvolir,

b. There o o vllght variation of contaminu-
tlion with depth in a reservolr. The variation dcercases
with the passage of time and is not slghificant after
5 days., This would indlcate that selectlive withdrawal
mlight be advantageous for the first few days after
detonation, but ralatlve contamination would still be
high and, except for low fallout concentrations, the
water would not meet minimum standards without further
trecatment.

Other assumptions as to fallout type, solu-
bility, depth of reservoir and fallout intensity in-
dlcate similar trends, This theoretically indlcates
that selective withdrawal does not offer a significant
advantage. However, actual radilologlcal measurements

In a reservolr may Indicate some advantage 1n specifilc
instances,
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SECTION 6

AVAILABILITY OF UNCONTAMINATED WATER

6.1 SQURCES OF SUPPLY

liven 1f the water supply becomes non-potable
due to radioactive contamination or supply plant des-
truction, several important sources of watver are avall-
able to a high percentage of the population. These
sources, generally of limited supply, are significant
on an emergency basis during the shelter phase and,in
some cases,long afterwards. Arranged in order of
desirablility (because of yleld and reliability) they
are:

a. Wells.

b. Distribution system of water supply
utility.

C. Bullding plumbing.
6.1.1 Wells

The advantages of an independent well water

supply to shelter and post-shelter operation are obvious,

shelter capabllity would be greatly improved 1ln such
arcas as extended occupancy, '"button-up" perlods and
overcrowding, In the post-sheltcr phase these wells
could provide water for fire control and decontamina-
tlon as well as reduce the posslble urgency in
restoring of normal water supplles,

Potable well water is availlable in every
state of the union albeit not necessarily in desired
locations or quantities from a Civll Defense stand-
point, In 1960, 46,600,000 people were served by
public ground water sources as opposed to 87,400,000
served by public surface water supplies. The remain-
ing 48,000,000 rural users of water (other than public
supplies) withdraw 2,800 million gallons per day from
wells and springs and only 850 mgd from surface
supplies. (24)
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Concurrent studles of the avallability and
quality of well water are belng conducted by Guy B.
Panero Inc., (28) Since these studies will deal in
detall with the problems, costa and beneficial uses
of developing ground water resources, further discus-
slon of this source will be limited to the following
broad potentials of quantity (16):

Single Wells of moderate depth and
diameter in hard rock . . + . . 1 to 50 gpm

Single Wells in coarse sand and
gravel or sandstone . . . . . .50 to 500 gpm

Slngle Wells in deep aquifers. . . .100 gpm or more

6.1.2 Distribution System of Water Supply Utility

This sourcc represents what may be the mosot
Important supply ol notable water lmmediately avallable
Lo urban and suburbun populations. Because thepe com-
munitics are normally served by celaborate distribution
systems ineorporating lavge atorapge rencrvolrs, signi-
flceant quantiticu of water could be avallable under
certaln clrcumstances,

Estimates made by the Department of Commerce
1n 1955 projected to 1960 indilcated that the public
water utilitles had in use 8,600 rcoervolrs with a total
capacity of 39.4 billion gullons, - 40,7% as ground
reservolrs, 13,5% acs standpilpes and U5.5% as elevated
tanks., (19) There 1s apparently no exlsting data re-
garding the percentage of covered ground reservoirs,
lHlowever, the majority of standplpes and nearly all of the
elevated tanks are covered.

Withdrawal of water from those covered portions
of the system whlch operate under a gravlity head presents
no specilal diffliculties, However, extraction of water
from pipes wnose natural hydraullic gradient is lower
than the deslired points of withdrawal does present prob-
lems, The quantity of water to be expected from this
source is similarly subject to speculation, principally due
to uncertainty regarding leakage and technical
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characteristics of the system and the withdrawal
methods. A study of the problem does imdlcate
however that this source is both a signiflicant
and a practical one.

6.1.2.1 Withdrawal Methods - Several basic
methods are avallable for extraction of water
from the distribution system, Use of either one
or any combination of them will be governed by
the physlcal attributes of the particular system,
as will be also the efficiency of withdrawal.

6.1.2.1.1 Natural Gravity Drainage - The original
founding of cities and other sizable communities has
historically been along lakes, shores and river valleys
slnce these were sources of water and commercial trans-
portation., With natural development this area tended
to become a center of population, business and commerce,
or what 18 now known as the "congested high value
business district.,” Incrcascs in slze and populatlon
tonded to form around these central locations, eventually
becoming the suburban areas,

This development also fixed the relative
elevations of the principal business districts at
generally lower levels than those of the surroundlng
areas, since the water surface elevations would normally
be near the lowest in the area.

The same situation seems to prevail in the
location of suitable fallout shelters. As borne out
in the recent federal fallout shelter surveys, those
shelters with protection factors of 100 or more are
most numeroud and of larger capacity in the principal
business district than in other parts of the city.
Loglcally, this would be so since the larger and more
substantially constructed buildings are located there,
These circumstances lend themselves favorably to the
concept of gravity drailnage of the system to areas
where water demand is likely to be highest.

Naturally hydraulic studies would have to
be made to ascertain for any individual community the
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extent to which this theory appllies, but it Lls {elt
that as a very general axlom 1t may be accepted.

At the present time a substantial percentsge
of the natlonal population has a gravity flow distribu-
tion system.

A study was made of the central clties of
the 70 most populated metropolltan areas having gravity
flow (comprising 53,365 persons) to determine the
time duration of water at 5 gallons per capita per day.
(24) This demand was somewhat arbltrarily selected
to include leakage. The results, shown in Table 6.1,
include only existing facilitlies for the clty proper.
The possibllity exists that surrounding urban areas
might also be served from the same gravity sources.

This data cannot be interpreted as indicative
of the emergency water supply availability, since the
supply 1s generally uncovered and hence subject to
radiocactive contamination. However, 1t does Indicate
that a substantlal percentage of the population is
served by a gravity feed system - a factor favoring
possible gravity draining of the distribution system.

6.1.2.1.2 Forced Flow - In cases where hydraulic
head 1s not available for gravity drainage, forced

flow might possibly be instituted at strateglc

locations. The practicality of this approach would

of course have to be determined on the basis of each
individual water system and compared with costs of
developlng other water sources., While the scope of

this study precludes a detailed investigation into the
methodology of forced flow technliques, the following data
are presented for 1llustratlve purposes.

Two of the more conventlonal technlques which
merlt consideration are pumplng and pressurizing with
compressed air. Pumping ®»y provision of an approprlate
type of .pump at the low points in the plping system 1s
probably the less costly of the two. Table 6.2 com-
pares several possible cholces of mechanically operated
pumps. Of course, manual pumplng by such devlices as

Best Available Copy
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TABLE 6.1

SURVEY OF 70 MOST POPULATED WATER

DISTRICTS TO DETERMINE AVAILABILITY OF

GRAVITY FLOW OF DISTRIBUTION FACILITIES (20)

Minimum Days
Supply at Percent Cumulative Cumulative
5 GPCD Populatlon of Total Population Percentage
more than 50 9,181,400 17.2 9,181,400 17.2
25-50 6,072,400 11.4 15,253,800 28,6
15-25 2,629,000 4.9 17,882,800  33.5
10-15 3,468,000 6.8 21,150,800 0,3
5-10 11,606,500 21,7 33,057,300 2.0
1-5 5,906,800 11.0 38,964,100 73.0
more than @-1 9,392,500 17.4 48,356,600 90,4
none 5,008,800 9.6 53,305,400 100,0
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TABLE 6,2
COMPARISON OF PUMP CHARACTERISTICS (30)
Type of Pump | Reciprocating, Rotary Centrifugal
Plunger or
Plston
Displacement | Posltlve Positive Non-overloading
Priming
Requirements | Self-priming Self-priming| Non (1)pr1m1ng
Suction Lift
Max, (£, )(2) 22 22 15 (3)
Head High Medium Low to Mcdium
Une with
_Vater Good poor (4) Good
Pump Reliefl Requilred Requilred Not required
Capaclty
Range Small Small to Any Capaclty
Medium
Reaction to
Positive
Suction Head | Poor Poor Good
Equipment
Cost High Low to Low
Medium
Maintenance
Cost High Low Low
(Continued)
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NOTES:

(1)

(2)

(3)
(4)

TABLE 6.2 - (Continued)

Gravity or outeide source of priming
requlred, such as:

a. By Hand.
b. By Compressed Alr.

c. By a Double Tank; or two Compartment
Systen,

d, By Vacuunm Pump (Manual or Automatic).

At sea level; reduces approximately 1 f¢t.
for each 1,000 ft. of elevation,

Or no more than 2/3 total operating head,
Rotary pump usually used with 4 selfl-
lubricating liquid such as o0il, With

water, metal to metal contact would
result in undue or rapid wear.
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the pltcher pump could also be used in specific applieca-
tions. This pump, connected to a main and primed from
within a chelter, could deliver as much as 2,400 gallons
per day at 30 strokes per minute,

Compressed alr might be used to build up
pressure and force water out in a method similar to
hydro-pneumatic systems used in bulldings. This method,
however, could not extract water which would not normally
flow by gravity., Its purpose 1s to bulld up pressure
for more rapid or efficlent use,

A cost comparison of various pumps and of
a compressed air installation 1s glven in Figure 6.1,

6,1,2,2 Anticipated Quantities - The amount of water
to be anticipated from the distribution system is
dependent upon a number of factors, The volume and
hydraulic gradlent of the piping system, capacity of
covered water storage, pipe leakage rate and water

uge such as for fire {lghting or decontamination are
all factors which signlficantly affect water quantity.
Some of Lhe paramecters can of course be ascertalned
from the system itself, such as capacilty of covered
water storage and pipe volume, Other factors will
never be really known in advance since they are so
directly related to the post-attack situation. These
include plpe breakage or use of water for fire fighting,
decontamination, etc, Leakage, while subject to

great varliation can be estimated at least closely enough
to permit a planning spectrum of loss.

In a gravity draining system the normal
leakage will lessen as the pressure is reduced and
as the plpes are emptied of water. As long as the
distribution piping is flowlng full this leakage
(primarily due to joint looseness) can be related to
pressure as shown in Figure 6.2. The curve 1s based
upon tle relationship:

L = kp ¥

where L = Jleakage (Gallons per day per capita)
p = gauge pressure of pipes (psi)
K = a constant
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However, if the system contains elevated storage
tanks or standpipes, this relationship will change as
gsoon a8 these tanks have been emptied, and water is
drawn only from the piping. This is due to the fact
that as water i1s drawn from the lower polnts, those
pipes with higher inverts begin to empty or flow only
partially full. As the number and length of pressurized
Joints decreases, the amount of potential leakage also
decreases, The exact relationship by which this decrease
occurs 1s diffioult to estimate since it is so closely
correlated to the layout and hydraulic gradient of the
system i1tself, and the points of water demand (including
more than normal leakage points). A study of any par-
ticular system would praobably result in an empirical
relationship including pressure and number and diameter
of joints, However, in lieu of the type of detalled
Information required, a general and conse¢rvative estimate
might be made by assuming the lealkage to be directly
proportional to the volume of the unuged water in the
piping system,

Tho following simplified examples serve to
illustrate how theoe relationships might be used to
estimate the time duration of the water available from
the distribution system i1f certain characteristics of
the system were known,

A hypothetlcal community of 25,000 population
is taken with the following water data:

Elevated storage - 20! dia x 20' high tank
mounted on a 30! high standpipe,
Capaclity ~ 47,000 gals.
(See Figure 6.3)
Volume of distribution piping - 1,000,000 gals,
Average leakage - 7 gal. per caplta per day.

Average street maln pressure - 50 psi

Emergency conswaption - 1 gal. per capita per day.
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g Two cases are consldered:

Case 1 - The entire system dralns by gravity
to the demand source,

Case II - T70% of the distribution system is
non-recoverable due to loss of
hydraullc head when the elevated
storage supply 1s depleted,

bE PO U AP AT S MR TN MG R W27 N v )

| R

CASE I

GRS L SRR

With the foregolng assumptions, a history of
the time-demand relatlionship can be drawn ag shown in
Figure 6.4. The portion of the curve marked "A-B" re-
presents the demand (leakage pluec consumption at 1 gallon
per caplta per day) while the tank 18 belng emptied. Here
leakage may be expressed Iin terms of pressure:

-
L4
F

LR {{ B L B At )

i
L - (Kp)*®
K 18 obtained hy usalng inltial eonditions,
K - L = Lo - 0.99
;;é. f)()'-l-’.' ]
L = 0.99 p¢
where L = leakage per caplita per day
p = average plpe prensure
Time and Pressure are related as follows:
Change in tank volume = (Leakage + Consumption) x
Population x (Change in Time)
or
dv = (0.99 pé + 1) x 25,000) x (dt) (1)
where t = Time in days
vV = Volume of water in tank.

Pressure and Tank Volume can also be related
as follows:

: v = ( r°) (7.48) H where H=height of water
' (gallons) in tank
V = 2350 H
P = 50- (20 - H)
2.31
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P = 50 - (20 - V/2350)

e.31

or P = U1.4 + v/5430 (2)
Substituting into (1) ylelds:

v = 0,00 (M,4+ v)1l/2 +1 25,000 dt
5430

Integrating,

25,000 T = 6.52 x 104 - 1.1 x 10% (1 + (40.8 + 1.81 x 107%v 1/2)

- ILn 1+ (40.8 + 1.81 x 107%v) 1/2

Setting V = 0O, the time duration of the tank
storage is found to be 0.28 days. (If no
leakage was to be considered, the supply

would last 1.88 days at 1 gallon per caplta
per day).

The portion "B-C" of the curve represcents a rapid
drop in pressure (and consequently in leakage) due to
the depletion of the water in the standpipe., The volume
of water contalned here 1s negliglble compared to the
demand and so the time duration 1s negligible and may
be represented as a vertical line on the curve.

At "C", the pressure remaining in the system-is
reduced from the original by 50 ft. to 28.4 psi, cor-
responding to a leakage of 5.28 gped.

From "C" to "D", representing water storage in
the pipe system, tge total demand at any time "T" is:
Demand = 5,28V + 1 25,000

( +25 ) ’

since V = (demand) ( t),
dv = (25 x 103 + 0.132V) dt
T = 90.5 -~ 7.57 Ln (25 x 103 + 0.132V)

When the pipes are emptied, V =0 and T = 14,1 days.
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éf} This time 1s additive to the elevated storage duration
giving a total minimum time duration of 14,38 days.
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CASE ITI  (70% loss of distribution piping supply)

As shown in Figure 6.5, the portion of the
demand-duration curve from "A" to "C" is the same as for
Case I, The drop in demand from "C" to "D" represents a
70% reduction in the leakage portion due to non-recovery
of TO% of the water volume, The remalning portion of
the curve from "D" to "F" is determined as shown for Case I.
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6.1.2,3 25 City Survey - In an attempt to arrive at
some quantative estimate of the water actually avail-
able in the national distribution networks, a study
was made of 25 cltles of over 25,000 population,

IR E/EET A CER L o

These cltice were selected more or less at
random L0 reprcoent a nationwide cross-gection sampling;
; both in size and geographically. They range in popula-
: tion from Middletown, Ohia (?5,750) to Chicago (/,690,000),

S SR L

Silxteen of the oities are under 300,000 popu-
latlion; four between 300,000 and 1,000,000; and five over
1,000,000, The combined population of all 25 clties 1is
18,300,000, which ropresents 10% of the present national
population; 15% of the present urban population and 20%
of the urban population in communities of 25,000 or
more recelving treated water,

The cltles surveyed and thelr respective
populations are given in table 6.3 and geographically
located in Figure 6,6,

It should be noted that the population data
- in the table represents the water population served on
" the date indlcated, While most of this information is
recent, data on some cltles dates back to the late
1940's and early 1950!'s., Since the water supply systems,
as well as the population of any city, are in a state
of constant change, 1t was felt that no significant in-
accuracles would result from use of this data, The
effect of thls assumption in extrapolating the results
H is to presume that the rate of popuwlation change 1s

ol T B Y
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TABLE 6.3

25-CITY SURVEY

Date
oCD Water Population Served of
Reglon Citles Surveyed at Date Indlcated Survey
1, Burlington, Vt, 45,000 1954

Albany, N.Y. 142,000 1958
Boston, Mass, 801,500 1951
Middletown, Conn, 25,750 1954
2. Philadelphla, Pa. 2,250,000 1956
Lexington, Ky. 120,000 1955
3. Birmingham, Ala, 508,500 1959
Tuscaloosa, Ala, 71,000 1957
Charleston, S,C, 150, 000 1955
4, Detroit, Mich, 3,199,500 1953
Chicago, Ill. 4,690,000 1901
Fort Wayne, Ind. 151,000 1960
Kokomo, Ind, 55,000 1953
5e Baton Rouge, La. 250,000 1957
San Antonio, Texas 408,500 1952
6. Sioux Falls, S,D. 70,000 1958
Lincoln, Neb, 130,000 1958
Pueblo, Colo., 118,000 1960
Topeka, Kansas 126,000 1959
Dubuque, Iowa 58,000 1956
7. Salt Lake City, Utah 272,200 1954
San Franclsco, Cal. 1,500,000 1951
Los Angeles, Cal, 2,426,000 1947
8. Seattle, Wash, 724,000 1959
Pocatello, Idaho 30,000 1955
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coincldent with the rate of change in the water dis-
tribution system, This presumption is not altogether
unwarranted since water supply systems tend to keep
up with population changes and, while there 18 a
natural lag, the trend 1is generally upward in both
cases,

Each city was studled to determine:

a, The amount of treated water stored in
covered reservolrs, elther:

(1) Elevated storage immedliately
avallable to shelter locatlons by gravity flow.

(2) Oround storage that must in
most cases be pumped to be made avallable,

b, The amount of water represented by the
volume of the distribution system.

This data 1s summarized in Table 6.4 and
reopresents A maximum water avallabllity of the systom,
In order to translate this data iInto an estimated
supply several assumptlions were made:

a. Except for leakage, the total amount
of covered storage (both above and below ground) could
be made avallable, This presumes that pumping would
be instituted at those below ground reservoirs where
static head 1s not avallable for gravity flow. Loss
of this water through leakage 1s estimated at 5%.
This figure derives from the American Water Workd
Assoclation and other sources which indicate that
"unaccounted for" water averages about 15% of the
normal peacetime demand (31), This includes unrecorded
fire hydrant losses, low flows not reglstered in meters,
supply to unmetered sources and leakage, One third
of this loss, or 5%, 1s considered to be the average

leakage portion, Table 6.5 shows, for each city studied, the

daily demand and the estimated leakage at 5%.

b. Of the total water contalned in the
distribution system, only 30% would be recoverable
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TABLE 6,4
25 _ CITY SURVEY
SUMMARY OF TREATED WATER AVAILABILITY (22)

Total Volume in

Total Volume of Total Volume in Below Ground

Main Source

Distribution Sys, Elevated Covered Covered Storage of
City (Gallons) Storage(Gallons) (Gallons) Supply
Boston 99,645, 000 4,800, 000 2,000, 000 Rivers, im-
pounded
Albany 8,750,000 150,000 2,000, 000 Creeks, im-
pounded
Middletown 1,545,000 1,000, 000 - Brook
reservoirs
Philadelphia 125,000,000 1, 000, 000 123,300,000 Rivers
Pueblo 4,360,000 1,150,000 - River
Detroit 148, 000, 000 10,500, 000 126, 000, 000 River
Lincoln 5,580, 000 3,260, 000 30,600, 000 Wells
Birmingham 22,650, 000 1,140,000 3,500,000 Lakes,river
Salt Lake City 11,900,000 2,350, 000 - Creeks, im-
pounded Aux,
wells
Seattle 28,590, 000 13,800, 000 - River;Lake
Storage
Dubuque 1,660,000 1,350,000 10,570,000 Wells
Poocatello 853, 000 600, 000 - Wells,oreeks
Topeka 2,940,000 1,000,000 13, 000, 000 River;wells
Lexington 1,290,000 1,500, 000 1,300,000 River, im-
pounded
Sioux Falls 1,790,000 2,150, 000 5,000, 000 Wells
Chicago 80, 000, 000 - 32,600,000 Lake
Michigan
(Continued)

136



B P RPN 1AL

AN R

SRR R T AT F) e

R AR I ik ) AR Bl

e

e

i e

ek o

oLk

]

Ll

gy

MRS R A

i

e

L 1

o

ﬁiﬁ

TABLE 6.4

City
San Antonio

Burlington

Tuscaloosa
San Franecisco

Fort Wayne

Kolcomo

Charleston

Baton Rouge

Los Angeles

(Continued)

Total Volume in

Total Volume of Total Volume in Below Ground Maln Sour
Distribution Sys. Elevated Covered Covered Storage of
(Gallons) Storege(Gallons) (Gallons) Supply
9,100, 000 6,460,000 - Wells
974,000 210, 000 100, 000 Lake
1,390, 000 1,800,000 1,300,000 Creek, im-
pounded
24,000, 000 2,700,000 191, 440,000 Lakes,Rive)
Wells
2,355,000 2,050,000 19,260, 000 River
760, 000 1,100,000 870,000 Wells &
Emergency
Surfacc
1,490,000 2,450,000 12,000, 000 River;crecl
impounded
2,430,000 2,400, 000 7,850, 000 Wells
148,700, 000 17,280,000 164,550, 000 Wells,rive:
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TABLE 6.

2

25 CITY SURVEY

AVERAGE DAILY DEMAND AND ESTIMATED LEAKAGE

City

Boston
Albany
Middletown
Philadelphia
Pueblo
Detroit
Linooln
Birmingham
Salt Lake City
Seattle
Dubuque
Pocatello
Topeka
Lexington
Sioux Falls
Chicago

San Antonio
Burlington
Tuscaloosa

San Francisco

Average Daily Demand (32)

mgd
116.0

eh.5
2.18
524,0
16.0
brr.0
22,15
41.8
58.7
102.7
4,2
6.9
12,17
13.14
9.2
1033.0
2.7
3.4
9.0
166.1

138

gped
145
173
85
232
136
149
171

216
142

T2
230

97
110
131
221
178

75
lat

111

Leakage
mgd  gpod
5.8 7.25
1.23 8.65
0.11 4,25
26.2 11,60
0.80 6,80
23.85 T.45
1,11 8.55
2.09 4,10
2.94 10,80
5.14 7.10
0.21 3.60
0.35 11,50
0.61 4,85
0.66 5.50
0.46 6.55
51.65 11,05
36.4 8.90
0.17 3.75
0.45 6.35
8.30 5.55
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Fort Wayne
Kokomo

Charleston
Baton Rouge

Los Angeles

(Continued)
Average Dally Demand (32)

Tgd Eped
20,82 138 1,04
TeT 140 0.39
15,0 100 0.75
14,81 59 0,74

466,0 193 23.3
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6.90
7.00
5.00
2,95
9,65

Average loss - 7,0 gped



by draining the system, Non-recoverable water 1s pre-
sumed to be due to:

(1) Leakage

_ (2) Relationship of the hydraulic gradient
of the system to the elevations of drain connections to

the shelters or of other emergency central water supply
locations.

The resulting water avallabillty, plotted
against cumulative population percentage, 1s shown in
Pigures 6.7, 6.8 and 6.9. Demand rates of 0,25 and
1.0 gped are shown. (

These curves show for any given percentage
of 'the population the minimum days supply from:

a. The water distribution piping.

b. Covered storage (both below ground and
elevated)

c. The combined total of (a) and (b).

It can be seen that the distributlion system
represents an important source of water during both the
shelter and post-shelter phases. Statistically speaking,
100% of the population surveyed has a potential 17-day
minimum supply of drinking water (at 1 quart per person
per day), 71% has a 30-day minimum supply and 48% nas a
60-day minimum supply, without replenishment of water
to the system.

The slgnilficant portion of this supply 1s the
water contalned in the distribution piping which accounts
for approximately 95% of the shelter phase supply.

This relationshlip 1is, of course, sensitive to
the recoverable quantitles off water in both piping and
zovered storage. If, for example, all the covered
storage supply could be utilized, (such as by local
distribution rather than by pipes), the water supply
would last 200% o 400% longer than by considering 5%
leakage of thls source. That leakage is the major
cause of depletion of this supply 1s evident from

Figure 6.7 which shows that the minimum duration of

140
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covered storage at 1/4 gallon per person per day 1is
essentlally unchanged even at the quadrupled rate of
1 gpod, Figure 6,10 shows the estimated minimum

.duration of the total supply if 100% of the stored

water and 30% of the distribution pipe water were re-
coverable at the consumption rates of 1 quart per
capita per day and 1 gallon per capita per day res-
pectively.

Of course, these concluslons must always
be tempered with the fact that water used for other
than the minimum survival quantitics glven will have
profound effects upon the estimated duration, Use
of water for decontamination or fire fighting, or loss
due to breaks or other waste will substantially re-
duce or even negate the quantitices estimated herein,

6.1.3 Building Plumbing - Signlficant quantities
of potable water may be made available by draining
the interior tanks, equipment and water piping ot
bulldings. Naturally the gquantity deponds upon Lhe
type of equipment, usage, and extent of plumbing,

The potabllity is affected by the posalble use of
chemlcal additives such as rust and algao inhibitors
in water cooling systoms, and disinfectants in swim-
ming pools. Flre systems which are gencrally piped
independently of the domestic water oystem contain
non-circulatory water which may have been standing
for years, and may subocquently be non-potable. This
is particularly true of wet plpe sprinkler systems
and fire standplpes, although the flre reserve in com-
bined fire-~domestic house gravity tanks is normally
potable.

Non-potable water can be of lmportant use

in a fallout shelter. Again depending on 1ts character-

istics, i1t might be used for washing, heating contained
foods (not cooking), sewage ejection, decontamination,
make-up for diesel gmnerator water Jjackets, etc., If

predetermined as to effectiveness and quality, it might
even be treated with disinfecting agents and used as

potable water.
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While 1t is imposeible to categorically estimate
the amount of water to be anticipated from these sources
without a detalled study of the individual bullding, it
would be a serious mistake to minimize its significance,
In New York City, for example, the "average" house gravity
tank capacity is about 15,000 gallons., At the minimum
survival demand of 3-1/2 gallons per person per 2-week
shelter period, this source alone would suffice for about
4,300 persons. An 8-inch riser pipe for a 20-story
bullding contains another 700 gallons - sufficient for
200 persons at minimum demand.

It may be conservatively generalized that the
largor the building, the more the avallabllity of potable
water from equipment and piping, and equally important,
the greater the likellhood of sultable shelter from
fallout, If the quantity could be determined, this
vater source might reduce or obviate the necessity of
stored water in such shelters, thereby eliminating
some of the problems of loscating storage space, cxces-
sive floor loading and spollage of stored water,

Potential sources of water within bulldings
are listed in table 6,6 according to anticlpated
potability. Many of them have already been investigated
by the 0ffice of Civil Defense and other agencles to
estimate the amounts expected therefrom. To corroborate
and extend these {indings, a study was made of what
appears to be the three prime sources of potable water:

8. House gravity tanks,
b. Water piping.
C. Hot water storage tanks,

6.1.3.1 House Gravity Tanks - These tanks are used
when the helght of the bullding is such as to exceed
the pressure in the city main, or to provide a fire
reserve, They are so located as to lnsure a minimum
pressure at the uppermost fixture of about 10 psi.
Sometimes, as in the case of high buildings, zone tanks
are installed at intermediate levels so as to reduce
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TABLE 6.6

POTENTIAL WATER SOURCES WITHIN BUILDINGS

Generally
Potable Non-potable
Domestio Snow Melting
Suction Tank System
House Gravity Hydraulic
Tank Elevator Water
Tank
Hydro-Pneumatic
Tank

Chilled Water
Drinking OSystems

"lush tank
Tollets

Hot Water
Storage Tank

Piping System

147

Must be
Checked
for potablility

Fire Standpipe
Riser

Sprinkler System

Heat Exchanger

Well

Hoi Water
Generator
Heating Medium

Steam Heat
System

Hot wWater Heating
System

Radiant Heating
System

Chilled Water
System

Pools

Water Cooling
Jackets for
mechanical
equipment,
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the static pressure on the lower fixtures., The amount
of water stored is a function of various parameters

including:

a, Quantity of fire regerve required by
legislation or the National Board of Fire Underwriters,
Generally 3500 gallons for bulldings with one fire stand-
pipe riser and 5,000 gallons for bulldings with more
than one, unless two tanks are used., In the latter event
3,500 gallons are generally reserved in each tank. A
separate sprinkler reserve normally contains at least
5,000 gallons., (33)

b. Peak water use loads. Customary design
procedure 1s to provide storage equivalent to one half
hourt!s peak demand. The demand 1s, of course, a function
of the occupancy usage of the building, the population
and equipment (ineluding air conditioning make-up re-
quirements), and can range between 4 to 9 gallons per
hour per person,

o. Economlc relatlionshlp between pumps and
house tanks. Often economlc or architectural considera-

tions limit the size of a tank in favor of larger or
more continuously operated pumps, In some cases torgue-
drive pumps are used to wholly replace the domestlc
storage.,

d. Industrial use, Water 1s often stored
for industrial or commerclal procedures such as in
breweries and bottling plants., The amounts are quite
variable and can range from a few thousand to hundreds of
thousands of gallons.

Some consideration should be given to the use
of the tank's fire reserve capacity., This water 1is
usually available only through the fire standpipe system
which may be non-potable due to stagnancy. It might
be necessary to install a bypass such as 18 shown in
Figure 6.11 in order to insure absolute potability of
the water, The use of such a bypass however, 1s contrary
to most local fire regulations,
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Representative bulldings in the New York
City Area were surveyed in order to establish a
spectrum of tank capaclities normal to office bulldings,
light manufacturing and apartment houses, (34) These
tanks are covered and normally on the roof or upper
floors of the bulldings. Non-Industrial Bulldings
as low as three storlies high have been found to have
tanks but they are more generally found on bulldings
over flve stories high.

The results of thls survey are glven in tables
6.7, 6.8 and 6,9, Attention is directed to the fact
that there are wide varlations in water volume per square
foot. This 1s to be expected and is conslsfient with
common design interpretation of the parameters listed
above, In order to establish an order of magnitude
the duration of water supply to the bullding's popula-
tion was estimated (Table 6.10). This is predicated
on the assumptions that demand would be 1 quart per
person per day, and that the fallout shelter population
18 the same as that of the building (estimated on an
arca basis),

6.1..3.2 Bullding Plping - Depending upon a multitude
off factors, bullding plumbing systemo may yleld sub-
stontial quantitles of potable water through gravity
dralning. Ao a rule thils can be accomplished from
outlets located wilithin designated shelter locations
(vasements, core arcas, ete.),

The amounts of water to be antlclpated there-
from are subject to wlde varlatlon depending upon the
number of plumblng, stacks, plplng arrangement, type,
slze and helght of bullding, etc., However, in order to
establish an order of magnitude, domestic plumbing
systems of typlcal bulldings ranging from 10,000 to
30,000 sq. ft., per floor were studied. This data,
based upon an assumed area of 100 sq. ft. per person,ls
shown in Figure 6.12, as a spectrum of maximum and
minimum water avallability.

Thus the hot and cold water domestic piping
of a 20-story bullding could be expected to contain
between 120 and 140 gallons, If the area of the building
were to be known the water avallable per person could
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TABLE 6,7
SURVEY OF LIGHT MANUFACTURING BUILDING WATER TANKS

Total Tank Grosn Gallons
Capacity Building Area Per

(Gallons) (Sq. Ft.) Sq. Ft,

1. 9,500 320, 000 0,0296
2, 10,000 10,800 0.928
3. 20, 000 72,800 0.275
4, 45,500 143,500 0.317
5. 10, 000 22,1100 0,446
6. 5,000 62,500 0,080
7. 5, 000 20,400 0.189
8. 30,000 77,600 0.386
9. 38,000 171,000 0.222
10, 30,000 89,550 0.335
11, 37,000 324,000 0,114
12, 43,000 162, 000 0,265
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SURVEY OF OFFICE BUILDING WATER TANKS
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10,

14,

15,

Total Tank

Capacity

(Gallons)

35,000
30,000
25,000
15,000
46,500
14,000
25,000
12,000
18,000
14,000
9,000
24,000
86, 000
17,500

24,000

Gross
Building
Area

(Sq. Ft.)

472,000
468, 000
154,000
343,200
411,400
182,200
260, 000
140,000
140,000
140, 000
140,000
323,000
620, 000
128,700

144,500

152

Gallons
Per

Sq. Ft,

0.074
. 064
.162
. Ol4

0,113

0.077

0, 096

0, UBY

0.129

0,100

0. 064

0. 074

0.139

0.136

0,166
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TABLE 6.9

SURVEY OF APARTMENT HOUSE WATER TANKS

Total Tank
Capaclty

{Gallons)
58,800

117,600
2,106,000

194,000

Gross Gallons
Bullding Per
Area {Sq.Ft.) Sq. Ft.
25,000 0.425
20,000 0.171
T3,000 0.0345
54,000 0.278
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TABLE 6,10

DURATION OF HOUSE TANK WATER SUPPLY

Average Estimated Peace- Water Duration#*
Type of House Tank Time Area Per Per of
Bullding Capacity Person Capita Supply
(Gal., per S.F.) (Sq. Ft.) (Gallons) (Days)
Office 0.102 100 10,2 40,8
Light Manu-
facturing 0.276 100 27.6 110.4
Apartment
House 0.227 500 113,5 4s4,0

* Based on 1 Quart per person per day.
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be estimated on an average basis of 100 sq., ft. of
area per person,

Water from other plping arrangements such
as heating, equipment connections, etc, are additive,
but are too varlable to estimate within significant
limits,

6.1.3.3 Hot Water Storage Tanks -~ Hot water storage
tanks are also subject to wide variations in capacity.
In some of the more modern buildings they have aven
been supplanted by the instantaneous heating coll types
which have no storage at all.

Where storage 1s provided, the capaclty 1s
mostly determined on the basis of the peak water de-
mand, In general, capaclties for apartment bulldings
are about 20 gallons per apartment. However, in some
of the newer bulldings which incorporate instantaneous
heating colls this storage is reduccd to about 8 gallons
per apartment.,

Assuming an average occupancy of 3.5 persons
per apartment thesc olorage {lgures work out to 5.7
and 2.3 gallons per person respectively.

Designers of offlce bullding hot water
storage tanks base their requirements on population,
heating perlod and duration of peak load, Generally,
the usage 18 about 2 gallons of hot water per person
pcer day. 'Thics works out to a total storage requirement
of about 0,4 gallons per person,

6.2 SPRINGFIELD, MASS, STUDY

The ideal approach to the problem of water
supply avallability would be to evaluate in detail
the water systems of each city and community with
particular emphasis on its relationship to the fall-
out shelter program. By analyzing each shelter with
respect to the amount of water available from the
building itself, the outside distribution piping, and
from various operational procedures of the supply
plant itself, i1t would be possible to make good quantative
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estimates of water avallabllity.

Such an extensilve undertaking 1s of course
beyond the scope of this report, but in order to
demonstrate the value of such a survey, and to test
some of the generallzations made herein, it was
decided to evaluate one arbitrarlily selected city.
Springfield, Massachusetts was chosen for this in-
trospection after having met the following pre-set
eriteria:

a. Population between 100,000 and 500,000,
(This criterion established on the basis that the
mean population of the 676 U. 3. cities of over 25,000
population is 265,000, )

b. Has own water supply and treatment plant,

¢. Yederal program of locating and marking
fallout shelters well under way.

d., Contalns varied industrial, commercial
and residential buildings,

e. Has urban and sub-~urban areas.,

Specifically, the clty was studied to deter-
mine the type of water supply system, the method of
distribution and tho relatlonship of marked fallout
shelters to the water system in order to estimate
the amount of uncontaminated water expected to be
avallable in an emergency, and to evaluate the system
vulnerability.

6.2.1 General Description -

The city of Springfleld, Mass., 1s located in
the southwestern part of the state on the eastern bank
of the Connecticut River. It is about five miles
north of the Connecticut state line in Hampden County;
his a daytime population of about 250,000, and a night-
time population of approximately 178,000,
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The city covers about 40 square miles result-
ing in an average night-time population density of 4450
persons per square mile, It is the industrial center
of Western Massachusetts and draws employees from the
nelghboring communities of West Springfield, Agawam,
Long Meadow, East Long Meadow, Chicopee, Wilbraham and
Ludlow,

Westover Alr Force Base 1s located about 5 miles
north of the center of Springfield in the city of Chicopee.

Elevations range from about 57 feet above mean
sea level in the business sectlon of the clty to a
maximum of about 337 feet in the residentlal areas.

Mean annual precipitatlion ls approximately
44" ocecurring on the average of 1 day out of 3, Snow
accumulation is about 55 to 75 inches annually, occurring
over 20 days or more having snowfalls of 1" or greater,
‘The prevailing wind on a yearly basis 18 from n werterly
direcction, It is more northwesterly in winter and
southwesterly in summer. (35)

6,2.2 Clvil Lofense Posture - At the present time
aome 75,000 spaccs have been located in the och "4"

to "8" category, that 1s, with a protectlon factor of
100 or better. Thesc spaces are mostly concentrated in
the one square mile downtown business distrlcet.

An additional 75,000 spaces are avallable in
the "2" and "3" categories (protection factor: 40 to
100), but many of these spaces arc located in lesser
protected areas of the same buildingo in the "4" to
"8" category.

At the time of writing some 43% of the 100
or more protection factor shelters have been marked
and stocked with food, flirst ald and sanltary supplles,
and 17 1/2 gal. drums of water in the amount of one quart
per person per day. The program, under management by
a clty director, closely follows the federally sponsored
marking and stocking fallout shelter plan. (26)
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6.2.3 Description of Water Supply System

Springfield has a surface water supply with
a dependable yvield of approxlmately 65 million gallons
per day. (37) The adjacent Ludlow system presently
supplies about 800 million gallons per year to the
Town of Ludlow and industry. The Ludlow system no
longer supplles water to Springfield, but existing
plpe connectlons could provide an estimated 2 milllon
gallons per day 1n an emergency. The Ludlow system
originates about 10 miles east of Springfield. Treat-
ment facillitles consist of an aerator, four acres of
open slow sand fllters and chlorinators.

The Springfield system or "Little River System"
presently supplles about 13,000 million gallons per
year to Springfield and adjoining communities. Cobbler
Mountain reservoir on the Little River 1s approximately
20 miles east of Springfield (Figure 6.13). The water
shed consists of 48.5 square miles of sparsely settled
mountalnous woodland, 38.8 percent of which is owned
by the City of Springfield. The reservoir has a
capaclity of 22.5 billion gallons. Water withdrawn from
the reservoir flows about 8,000 feet through a 10!
diameter tunnel to a power house which is operated by
a private company under lease with the City of Spring-
field. The water then flows into an intake reservolr
having a capacity of 40 million gallons. A mile-long
tunnel diverts water to the open sedimentatlon basin
at the West Parish Filters which has a capacity of 43
million gallons (Figure 6.14).

Water flows from the sedimentation basin to
14 covered slow sand fillters having a total area of
about 7 acres and a maxlmum capaclty of 50 mgd. Iach
filter (which is valved to permit periodic cleaning
of the sand) contains 38 inches of sand and 12 inches of
gravel. Filtered water flows through 3 pipes to the Provin

Mountaln Reservoir about 7 mlles closer to the City.
-

A. control bullding at the West Parish Fillters
contalns control valves, a small turblne generator
for auxillary power, and a laboratory. ally chemical

Best Available Copy
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and bacteriologlcal examinations of raw, settled and
filtered water are conducted, Frequent analysis of

tap water from various points in the distribution
system are alsao made.

Provin Mountain Reservolr consists of two
rectangular reinforced concrete tanks and two
circular prestressed concrete tanks. All tanks are
covered and provide a total storage of 60 million
gallons, Water is normally aerated before being
stored in the reservolir, but the aerators may be by-
passed 1f desired. Portable chlorination equipment
is avallable for emergency use only, but dependence
for chlorine supplles 18 placed upon stock of local
distributors rather than by stockpiling.

Water from Provin Mountain Reservolr 1s
metered and flows through 3 large plpes to the
distribution system (Figure 6.14), Table 6.11
liats the dilameter and length of pipes in the dis-
tribution system.

'he entlire water supply system, from
Cohble Mountain Reservolr to bullding outlets, acts
under gravity and requires no pumping. Power re-
quired at West Parish Filters for maintenance can
be supplled by the turbine generator operated under
the head from the sedimentation tank.

The city has a number of privately owned wells
which are used for cooling and other commerclal uses,
but no officlal records are kept of thelr number, capacity
or location, The neighboring community of West Spring-
field incorporates wells in the supply system,

6.2.4 Vulnerabllity of Water System to Fallout
Contamination

Many components of the Springfield water
supply system are naturally resistant to fallout con-
tamination and even, to a very limited degree, to
certain direct weapons effects. However, because it
is a surface supply the system has c¢ertain inherent
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3/4
1 /4
1-1
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2
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TABLE 6,11

SUMMARY OF SUPPLY AND DISTRIBUTION

MAIN PIPE IN USE JANUARY 1, 1961

SPRINGFIELD, MASS, WATER SYSTEM (38)

Length

gFeetQ

313
8,792
17,507
15,592
52,628
165
u5,385
515,728
1,410,125
96,733
131,892
133,703
12,922
20,231
89,284
32
53,464
75,629
64,276
50,656
8,671
16,168
26,739
279

23

TOTAL

163

Volume, Gallons
(000) omitted

CWONHOO

TT4
3,662
396
T67
1,269
157
306
1,971

1
1,866
3,834
4,460
4,762

919
1,915
519
3,917
50

31,592
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points of vulnerability which could bring about cessa-
tion of operations in this type of emergency. In
keeping with the scope of thls report these points are
discussed here without speculatlion as to the degree

of fallout contamination likely or to the possibility
of direct weapons effects on the system or the demand,

6.2.4,1 Uncovered Components - The West Parish sedi-
mentation basin, the intake reservolr, the Cobble
Mountain Reservolr, the Bordon Brook Reservolr and

of course the 48,5 square mile Little River Watershed
are all open and subject to direct fallout contamination,
Water 1s simllarly exposed to the atmosphere at the
aerators at Provin Mountaln Reservolr and at the West
Parish Filter Plant. The latter, a single units,ls no
longer a part of the treatment but 1s kept operating
for aesthetic reasons. Both aerators and the nedi-
mentation basin can be bypassed if necespary.

6,2.4.,2 Shut off valves and bypansecs

While the system is so deslgned that noarly
all components can be shut off or bypasscd, some of
these valves arc not located advantageously from a
Civil Defense point of view, These ilnclude:

a. Main shut-off gate at Cobble Mountain
Reservoir - This 1s a 55 ton electrically operated
gate which controls wator going to the power plant.
It is operated {rom the intake bullding but the at-
tenuatlon factor for personnel 1s too low for adequate
protection against fallout,

b. Provin Mountain Aerator bypass: This
1s operated from a masonry bullding with a concrete
roof. The protection factor could be adequate 1f pro-
vislons are made to block the door and windows.

Ce West Parish Sedimentatlion basin bypass:

This gate controls flow into the filters. It 1s hydraulically

operated from within a masonry control building with a
high protection factor in the lower levels. Its use as
a personnel shelter is compromised by water which condenses
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on the supply pipes and 1s not adequately drained off,

d. West Parish Aerator and Filter Gates:
The aerator and some of the filters can be controlled
from the Laboratory bullding - a 2 story plus basement
masonry structure. Potential as a personnel fallout
shelter is good., Only relatively mipmor modifications
such as blocking windows and providing ventilation
and sanitary provisions appear necessary. The labora-
tory 18 on the top floor and probably could not be
used except under certain conditions of fallout.

6.2.4,3 Sampling - The obtaining and checking of
samples during a fallout emergency could present a
serious problem. These are obtalned manually from
points all along the system, and brought to the
laboratory for analysis., Since the laboratory 1itself
is relatively unprotected, both phases of this opera-
tion are vulnerable to fallout radiation,

6.2,5 Factors Favoring Survivablility of the System

Acting in favor of the continuity of at
least emergoncy supplles are the following factors:

a, Except for the intake reservolr and the
sedimentation basin, both of which can be bypassed,
the entire system 1s closed from the maln intakes at
Cobbler Mountain to consumer,

b, The entire system 1s gravity flow with no
necesslty for pumping or elevated storage tanks in
the city.

c. Large volumes of water are stored in covered
reservolirs and can be easily controlled,

d. Alternate sources of water are available
through the Ludlow supply, and the nearby Boston
supply. If necessary the Connectlcut River could also
be used as a source if radiation levels permitted.
Since 1t 1s a relatively fast-moving river it is possible
that an upstream slug of radioactive contamination might
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be avoided through judicious withdrawal.

6.2.0 Relationship of Demand to Supply

Geographically, Springfield follows closely
the generalizations made in section §.1.2,1,1 insofar
as the distrlibution of fallout shelter spaces 18 con-
cerned, These are situated mostly near the Connecticut
River and so located physically as to enhance the
prospect of gravity dralnage of the water system during
the shelter phase, Some of the shelters located in
the higher sectlons might lose the piping system as
a gravity source, but all parts of the clty would have
available the water in the surge.tank, distribution
reservolr, and filters. These sources alone comprise
a total of 76,577,000 gallons or 429,2 gallons per
caplta (not including leakage). Of course the dependency
of this supply 1s a function of the post-attack situation,
NMrect blast damage to the water distrlbution system or
uge of water for filre fighting could very well reduce
substantially or even completely negate the supply.

0.2.7 Avallability of Uncontaminatod Potablc Water

Without fresh water supplies, Springfleld
hap sufficlent quantitlies of coverecd publlic water
storage which, 1f properly conserved, could last for
necarly 16 months, This is based on minimum demand
of one gallon per capita per day wlth no loss of
water due to leakage, fire fighting, decontamination,
etc., and only 30% recovery of the water in the dis-
tribution piping. If this were all to be distributed
via the distribution system with its current lealmage
rate of 81,300,000 gallons per year (this includes
2,000,000 gallons fire loss and 5,000,000 gallons
breakage loss), the supply could last about 7-1/2
months, Figure 6.15 shows the estimated demand - dura-
tion relatlonship including leakage and 30% recovery
of distribution piping supplies.

Additional gquantities of water are obtalnable

from the plumbing of bulldings to be used as fallout
shelters, These have been estimated according to a
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Corps of Engineers sampling procedure. A summary of
these sources and the resulting per capita quantities
is given in Table 6.12.
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TABLE 6,12

EMERGENCY WATER AVAILABILITY - SPRINGFIELD, MASS,

aross Quantity Gallons per Capita

Source (Gallons) (Without Leakage)
I. Covered Storage
a) Surge Tank 577,000 3.2
b) Distribution
Reservoir 60,000,000 336.0
¢) Filters 16,000,000 90,0

II. Supply and Distribution
Piping 31,600,000 178.0

III. Inberlor Bulldlng Plumblng \+)

a} Shelters with PoF.D 100 -

927, 000 12,3 *
b) shelters with P.1. <100 -
13’7 ,000 13,8 *»
NOTE: Except wherc indicated otherwise, gross quantity

per capita is based on 178,000 population,

* 75,168 shelter spaces surveyed
** 53,548 shelter spaces surveyed

(+) Based upon summary of data reported by the U, S, Army
Corps of Engineers sampling of 1000 builldings,

{

s
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SECTION 7
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The problems raised by the potentialities
of a fallout-contaminated water system are many and
varied, Comparcd with some of the direct effects of
nuclear detonatlons such as blast overpressure and
thermal effects, a fallout-contaminated water supply
becomes a secondary concern, However, once the
exlgencles of post-attack survival are surmounted,
a potable water supply assumes immedlate and para-
mount importance,

While the extent and degree of contamination
to be antlcipated remains a matter of hypothesis,
sufficlent spectra of significant factors can be
establishcd to permit certaln generalities and specifics
to be drawn regarding system vulnerabllity and protection,

This report confines 1itself to the study of
fallout-contaminated water systems to the excluslon of
direct blast effects upon the systcm or the demand.

No attempt is made to rationallze the extent or de-
grec of fallout contaminatlon; but only to investigate
the ramifications of the degrees of lntonsity once
introduced into the system,

T-1 WATER SYSTEM CIVIL DEFENSE PROBLIEMS COMPARED
TO THOSE OF OTHER UTILITIES

While the maintenance and repair problems
of most vital utilitles have much in common, water
supply systems are unique ln one respect - the quallty
of the product 1s immedlately compromised in a fallout
environment,

A consensus of preferred methods of protecting
vital facllitles reveals that the trend is toward develop-
ment of procedural methods of damage assessment, control
and repalir in the post-attack period, and the protection
of operating and maintenance personnel.

Most of the technlques developed in this light
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are appllcable to water supply systems, However,
water system operators must be also aware of the vul-
nerabllity of thelr product to direct contamination
and 1t is incumbent upon them to find means of minimizing
this hazard.

A summary of recaommendatlons pertailning to
vital utilities in general encompasses the following
baslo needs,

a. Personnel Shelters for key personnel.

b. A system of damage assessment,

c. A radlological survey of the area.

d. A stock-plling program of vital material.

e, A mutual ald agreement with nearby
utilitioas,

f. Anticipation of the type and degree of
damage and development of techniques required for re-
pair,

T.2 VULNERABILITY OF WATER SYSTEMS

The individual nature of water supply systems
18 such as to preclude analysils by category. It would
not be possible, for instance, nor is it the intent of
this report, to determine for a specific type of
plant, under a certain fallout environment, that valve
"X" should beclosed or that bypass "Y" should be opened.
This type of detall planning 1s necessary and vital,
but can only be of significant value on an individual
system study basis, A general description of system
components and the effect of fallout upon them and
water quality was presented in sections 4 and 5. Fol-
lowing 1s a summary of conclusions derived therefrom,

T.2.1 Ground Water Supplies

Ground water resources may generally be con-
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asldered free of contamination due to the relatively
slow passage of water through the soll, Since this
process may take weeks or even centuries, decay and
filtration may generally be relied upon to effectively
reduce contamination to within potable limits,

The only source of direct contamination of
ground water supplies 1s through depositlon of fallout
into open reservoirs and tanks in the treatment plant
and distribution system, However, because of probable
great dllution this contamination does not represent
too serious a hazard. In any event, installation of
protective covers and/or proper bypass equlpment
would serve to protect against even thls marginal
degreae of contamination, Nearly half of the U,S,
population is presently served, wholly or in part, by
ground water resources, Potential quantities are
avallable throughout the United States to supply
the emergency requirements of the entire population,
although in many arcas distribution would be economically
unrealistioc,

T.2.2 Surface Water Supplies

Contamination of surface supplies comes
about through two goneral sources:

A, Deposition of fallout directly on reservolr
and tanks.

B, Contribution of runoff from contaminated
drainage basins,

A study of the effects of various parameters
on degree of contamination from both these sources 1s
summarized below, The base assumptions and conditions
given in section 5 should be noted.

a. Contamination after sedimentation in
reservolrs of varlous depths -

(1) For given surface concentrations,
contamination varles lnversely as the depth of the
regervolir,

(2) At surface concentrations of 3,000
r/hr. at 1 hour, the time required for water to reach
172
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10 day wartime potabllity standards 1s on the order
of from 2 to 5 days as depth varies from 60 ft. to
10 ft., respectively.

(3) At surface concentrations
of 3,000 r/hour at 1 hour, the time required for
water to reach 30 day wartime potability standards
1s on the order of from 4 to 8 days as depth varies
from 60 ft. to 10 ft. respectively.

(4) Holding other conditions
constant, fallout contalning large partilcle soils
with result In lower water contaminutlion levels
than fallout containing small partlcle soils, This
18 due to more rapid sedimentation of the heavier
particles, but the overall effoct 1o not as signi-
flcant as that duc to other variableo,

b. Effect of treatment in Reduclng Con-
tamination (No Contributory Runefi') -

(1) Lime soda-ash softenling plus
sand filtratlon 1in about 304 more offloilent in re-
ducing contamination than alum coagulation plus vand
filctration,

(2) Ton-exchange or distillation
(99% removal) is about 3% times more eofficlont in
reducing contaminatlon than alum coagulation plus
gand flltration,

(3) At surface concentrations of
3,000 r/hour at 1 hour the comparative time required

for water to reach varlious standards of potability after

treatment is in the following table:
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Comparative Time Required for Water to

Reach Indicated Potability Standard (Days)

10-day
Treatment Wartime
Lime soda-ash
softening and
sand filtration 0.8
Alum Coagulation
and sand filtra-
tion 1.3
Distillation or
Ion Exchange 99%
Romoval 0
Distillation or
Ion Exchange 99.9%
Removal 0
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Wartime Peacetime
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3.5 -
0 15,5
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c, Fallout on land and water areas -

(1) The ratio of watershed to reservoir

area has a pronounced effect upon the significance of
depth of runoff in contributing contamination.

(2) An increase in the content of

insoluble fallout in runoff from 1% to 5% increases
contamlnation by a factor of about 3,

(3) An inoreasc in the content of
soluble fallout in runoff from 1% to 10% increases
contamination by a factor of about 1.5,

(4) An increase in solubility of
fallout from 10% to 0% increases contamination by a
factor of about 1,8,

d. The Effect of treatment on reducing
contamination (Including Runoff) -

At surfacc concentrationn of 3,000 r/hr, at
1 hour, 3" depth of runoff, and a ratio of watershed
to reservolr area of 100, the time required for water
to reach various standards of potablillty after treat-
ment is as followa:

Comparative ''imec Required for Water

to Reach Indicated Potability Standard (day:

10-day 30~day
Treatment Wartime Wartime Peacetime
No Treatment except
sedimentation in
Reservoir 12.5 - -
Lime Scda-ash
Softening and
sand filtration 6 10 -

Alum Coagulation
and sand filtra-
tion 7 12.8 -

Ion Exchange or
Distillation 99, 9%
Removal 0 0 10.3
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WATER SYSTEMS

It 18 to be stressed that each water supply
system requires individual study to determine its
particular points of vulnerabllity and protection re-
quirements,

This study should not be confined to the
limits of the particular system, but should be extended
to encompass all pertinent geographical and physical
factors of the surrounding terrain., Nelighboring
water systems and possible interconnections are de-
finlte factors to consider,

As a general gulide to the possible conduct
of such an investigation, the following outline 1is
suggested,

a. Determine the vulnerabllity of the
_glat:em.

(1) Study topographic maps of the
general arca and plans of the water system lncluding
those of nelghboring systems,

(2) Conduct a fleld inspection of
the system,

(3) Consult with plant personnel to
determine management, planning, operating and maintenance
policies of the system,

(4) Determine those units of the system
which are vulnerable to the entry of fallout, elther
directly or indirectly.

(5) Compute the probable extent of

water contamination due to a nuclear attack based upon
spectra of fallout patterns,

176



MR

ree

1O O AR

Foo R agReey At Pty AT

i
g

BRBRD 7 <1 b1 £ R ST D

qmin\

(6) Determine the ability of the
gystem to meet minimum and normal demands for water
for various uses following a nuclear attack, both
quantitively and qualatatively,

b. Develop alternate schemes for supplylng
minimum and normal demands for water during the shelter
and post-shelter phase., - Alternate schemes capable of
functioning after a nuclcar attack should consider in-
corporation of some of the following methods of re-
ducing vulnerability.

(1) Protection of operating and main-
tenance personnel.

(2) Protection of rcscrvoirs or other
exposed bhodles of water from fallout.

(3) Automatic or rocmote operation of
the water system from a protccted arca,

(#) Continuouso radilologlcal monitoring.
(5) Contamination forceasting nsystem,
(6) Imergency power nupply.

(7) Inventory of sparc parts and ex-
pendable supplics,

(8) Reserve pool of wcll-trained
personnel at all lcvels,

(9) Treatment of contaminated water,
(a) Conventional treatment,

(b) Special treatment (ion exchange
or distillation),

1. Stationary units (various

capacities, from minimum to
normal requirements),
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2. Portable or mobile units
(small to medium capacity).

3. &mall capacity units for
shelter or early post-shelter
use,

(10) Color coding of water to indlcate
the degree of contaminatilon,

(11) Hauling potable water.

(12) House-to-house distribution of
potable water,

(13) The use of alternate sources of
water including:

(a) Uncontaminated surface water
suppliesn,

(v) Ground water,
(e¢) Stored water,
1., Impounding reservolirs,

r

. Distributlon reservolrs,

3. Distribution piping.

4, House tanks and building
plumbing.

5. Tanks and containers of
various silzes.

(14) Modifications in operating procedures
such as:

(a) By-passing contaminated sections,

(b) Vasting contaminated water,
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(0) Selective withdrawal of the
least contaminated water avall-
able in the system,

(4) Other procedures utilizing
dilution, sedimentation and
radloactive decay to reduce
contaminatlon,

Cc. kvaluate the varlous schemes for each
8ystem and present definite recommendations for further
action, - The results of each otudy should be summarized
in a written report containing the following information,

(L) A complete description, including
schematic plans showing operation of the system after
a nuclear attack.
(2) Dotallod rcecommendations regarding.
(o) Gtocklng of oupplico.

(b) Modiflcatlons of exluoting
cqulpment,

(¢) New equipment,

Tl ALTERNATIS SOURCES O WA'TIR

Many slgnificant sourcces of potable water are
avallable in the event of system shutdown, and need
only development of extraction methods. Some of these
sources are easlly obtalnable; others may requilre
extenslive construction and expendliture, While the
complexlties of some sources defy accurate estimation
of the quantities to be derived therefrom, indications
are that all are significant and may go a long way
toward solving the shelter phase water supply problem,

7.4.1 Well Water
The immedlate and long range benefits of well

water are covered in a concurrent report by Guy B. Panero
Inc. (28) Ground Water Resources are widely available,
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and in most large clties are already utilized for
private or municipal water needs. Capacitles for
individual wells vary, but can be from 1 or 2 gallons
per minute to over 3,000 gpm.

T.4.2 Distribution System of Water Supply Utility

Considerable quantities of water are con-
talned in covered storage tanks and plping systems of
the water system. Statistics from an investigation
of 25 citles shows that 100% of the population studied
has a 17-day minimum supply; 71% has a 30-day minimum
supply, and 48% has a 60-day minimum supply. These
figures are based upon demand at 1 quart per person
per day, leakage at. 5% of average peacetime demand and
30% recovery of water trapped in mains. At a demand
of 1 gallon per person per day 67% of the population
has a 14 day minimum supply. If leakage of stored
water, the major cause of depletion, could be eliminated,
perhaps through such methods as local distribution, the
minimum duration of supply would be considerably extended.
In this event, a statistical 100% of the population would
have over 14 days supply at 1 gpcd.

T.4.3 Building Plumbing

While there are many sources of trapped potable
water within bulldings, three sources seem to be most
commonly available and of more noteworthy interest.

7.4.3.1 House Gravity Tanks - A spot survey of house
tanks for office buildings, llight manufacturing plants
and apartment houses indicates average capaclties of
10.2, 27.6 and 113.5 gallons per occupant, respectively,
These are based on average occupancies of 100 sq. ft.
per person for offices and manufacturing plants, and
500 sq. ft. per person for apartment houses,

T.4.3.2 Piping - Largely a function of type and silze
of buillding, water trapped in bullding plping is
difficult to estimate 1in general terms. - An analysils
of office bullding design practices indicates that

the source is signifilcant in terms of emergency demand,

Best Available Copy
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A spectrum of anticipated quantities from this type
of building is glven in Flgure 6.12.

7.4.3.3 Hot Water Storage Tanka

Depending on type of equipment, this source
could be expected to yleld between 2,3 and 5.7 gallons
per person for apartment bulldings and about 0.4
gallons per person for offlce bulldings.

T.4.4 Springfield, Massachusetts Study

A spot check of water availlabllity from the
above sources was made for Springfleld, Mass. This
study shows a potential supply of potable water at
1 gped of about 7-1/2 months at present leakage rates
and assuming only 30% recovery of the trapped water
in the maine, An additionmal 12.3 to 13.8 gped is
avallable through draining of bullding plumbing,

7.5 RECOMMENDATIONS FOR CONTINUED RESHARCH

During preparation of thls reoport, certain
areas of tcchnlcal ncbulousness were uncovered, It
is felt that further research on the following sub-
Jects would be of significant value:

a. Determination of the short and long
term arfects on the body due to the lngestion of
contaminated water, and relatlonshlp of thls doseto
varying degrees of external dose.

b. A detalled study of the relative pro-
portions of soluble and insoluble fallout llkely to
enter the dralnage basin, and the amounts expected
to be carrled into the water system by runoff.

c. A continuation of the study ol treatment
methods in the expectation of obtalning improvements
in both performance and cost.

d, A further study along the lines covered

in Section 7 to determine and develop alternate sources
of water - particularly trapped water in water systems

181



ITTESIEY B AT B R T R

BRI L F AR i L

THR ¢ NN S BTN R Y

e

o s g

~and buildings.

e, A detalled investigation into the pos-
sibilities and costs of decontaminating only minimum
drinking water requirements, while continuing to operate
the water system for other uses. Distribution of the
potable water along the lines given in section 6 1s
suggested,
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lHousing and Loucal Guvegrnenl Clrowlar No, 53,
London: 19%3.

"TIf tho Bomb Strikes, 'lulsa Plant 1s Ready", World
011, V. 136, P, T8-9; May, 1953.

"How Radloactive Control 1s Applied to Products
Pipe Line", 01l and Gas Journal, V. %2, P, 66-8:

"significance of Radioactivity to Water Works Superin-
tendents'", New lngland Water Works Assoclation
Journal, V. 66, P, 260: September, 1952,

"What 1£ An 'A' Bomb Hits Chicago's Water Supply',
Fngincering News Letter, V., 146, No, 17, P, 36-7:
1951,

"1 Bombo Wreek our Power Plants, Will we have
Portable Unlto to take Over'", Power, V. 95,

I, 82-9; fobruavy, 1951,

ety Plan for Utility Securlity", Electrical World,
vV, 1145, P, 91.98: April 9, 1951.
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"atomic Bomb Lxerclses Alerts Gas Companies
SR Defenses", American Gas Assoclation Monthly,
V. 33, P, 12-~13: May, 195l1.

"Integrating Water Samples", Sewage and Industrial
wastes, V, 23, P, 1439: November, 1951.

“Chicago's Railroads Prepare for A-Bomb Attack',
Railroad Age, V., 129, P, 20-1: December 23, 1950,

"imergencles in City Water Service" American Water
Works Association Journal, V., 41, P. 204-6:
February, 1949,

"Minimizing Service Interruptlons Due to Transmission
Lino Fallures", American Water Worke Assoclation
Journal, V., 41, P, 627-40: July, 19449,

"IMectrle Power and Our National Defense", Klectrical
Englneer, V. O7, P. 319-24; April, 1948,
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"Defense Agencles Conaerncd About Power Supply",
Public Utilities, V, 42, P, 93-8: July 15, 1948,
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"Industrial Survival in an Atomle War", Mill and
Factory, V. 43, P, 95-8: October, 1948,

"Japanese Appraisal of Atomlic Bomb Damage to Hiroehima
Utility Systems", Electrical World, V. 128,
P, 98-108: November 8, 1947.

"How Atomic Bombs would hit Utilitles; Hiroshima Study',
Business Week, P, 28: November 8, 1947,

f "Emergency Water Supply Pumping Station', Public Works
i V. 76, P. 18-9: January, 1945,

"Interruptions of Electrical Supply to Water Works Plants",
American Water Works Assoclation Journal, V. 37,
P. 40: January, 1945,

f "Ten Bombs Hit Baubury Gas Works" Gas World, V. 122,
1 P. 108; February 3, 1945,
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"Now It can be Told", Gas World, V. 122, P, 398:
April 28, 1945,

"Gas Industry in War Time", Gas World, V, 122, P, 440:
May 12, 19“"50

"Wartime Maintenance Problems", American Water Works
Assoclation Journal, V. 37, P, T38-41: August, 1945,

"Air Rald Damage to sSheffleld Gas System", kngineering,
V. 160, P, 2T4: October 5, 1945,

"Water Works Design Under War Time Conditions',
American Water Works Association Journal, V., 36,
P, 662-8: June, 1944,

"Alr Warfare!'s Threat to our Electric Power Plants",
Public Utilities, V., 33, P. 810-15; June 22, 1944,

"Operation of Water Works in War Time", Water and
Sewage Worko, V. 90, P, 399-400: November, 1944,

"Gas Undertakings in Southeast Coablt, Under Fire"
Gas World, V. 121, P, 620: December 23, 1944,

"Experiences Under Bombing Conditions", Electrical
Times, V. 106; P, 676: Decomber 14, 1944,

"Experiences Under Bombing Conditlons", Electrical
Times, V. 106, P, T708: December 21, 1944,

"Experlences Under Bombing Conditions", Electrical
Times, V. 106, P, T40: December 28, 194l,

"Plans for lmergency Distribution System Repalrs in
San Francisco', American Water Works Association
Journal, V. 35, P. 69-T0: January, 1943,

"Static Water Tanks", Structural Engineer, V. 21,
P, 1-11: January, 1943,

"Air Raid Damage to Post Office Telecommunications”,
Post Office Electrical Englneers Journal, V, 35,
P, 126: January, 1943,
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"Wartime Adminlstration Problems of Dallas City Water

Works", American Water Works Associlation Journal,
V. 35, P. 73-6: January, 1943,

"War emphasis in Water Works Management', American
Water Works Associatlon Journal, V. 3%, P. 1-06:
January, 1943,

"Wwartime Improvement to Rural Water Supply Scheme",
Water and Water Engineering, V. 46, P, 111-13:
March, 1943.

'"War Imergency Repairs in Great Britian", IEngland
News Record, V. 130, P, 439: March 2%, 1943,

"Wartime Problems of Supply, Operation and Design",
American Water Works Association Journal, V. 35,
P, 543-8: Moy, 1943,

Tmergreney Repadr of Distribution Systomu", Waler and
Sewngn Works, V, 90, P, 99-100: Junc, 1943,

"Water Works Living in Wartime", Water Works Lnglneer-
g, Ve 90, P, 070-7: Junc 16, 1943,

"outline of the Southern Countles Gas Company War
Games Procodures', Gas Age, V. 92, P, 13-14:
July, 1943,

"Wartimc Problems in Operatlon of Waler Works Power
Plant lquipment", National Lngilneer, V, 47, P, 428-9:
July, 1943,

"England Communlcations Kept Open Despite Bombs', Télephony,
V., 125, P, 13=34: July 24, 1943,

"Water Works Distribution Systems in Wartime", Water and
Sewage Works, V., 81, P, 24, 39-40: August, 1943,

"Vulnerability of Utilities Stressed by College President",
Water Works Englneering V. 96, P. 1291, 1306-8:
November 17, 1943.

"water Supply in Air Raids", England News Record, V. 128,
P, 192: January 29, 1942,
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"Pump Protection from Bombing", American City, V., 57,
P, 68: January, 1942,

"Wartime Protection of Water Supply Systems', Public
Works, V. 73, P. 30: January, 1942,

"wartime Water Works Maintenance in Britian", American
Water Works Assoclation Journal, V, 34, P, 179:
February, 1942,

"Protection of Public Water Supplies", New England
Water Works Association Journal, V, 46, P, 38:
March, 1942,

"Should Bombs Come", wWater Works Lnglnecring, V. 94,
P, 298: March 2%, 1942,

"lividence Presented that American Citles Can Tuke it
When Mains are Subjected to Wartime Bombing
Conditlons", Wator Works Lngincerjng, V. v,

P. 4516G: May 20, 1uyha,

"Air Hald Organization Mothods for Water Supply
Protection", ingland News Record, V., 128,
P, 990: June 18, 1942,

"Maintcnanee and Operation of Water Vorku in Wartime",
nolfle Bullder and Ingineer, V. 48, P, 46:
June, 1942,

"Operatlon of Distribution System Under Bombing Condi-
tions", Water and Sewage Works, V, 89, P, 261:
June, 1942,

"War Production Policies and Water Works Practices",
Water and dewage Works, V. 89, P, 292; July, 1942,

"Adr Attack Effects and GQuarding Watcr Works Property"
Water Works Englneering, V. 9%, P, 830, 862:
July 15, 1942,

"Fmergency Water Supply Pumping in Fire Engines',
Public Works, V. 73, P. 14-16: August, 1942,
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'"Erfegta of Air Attack Upon Utllity and Other Structures",

American Water Works Association Journal, V. 34,
P, 1327: September, L1942,

"water Servieo in Wartime London", American Water Works
Assoclatlon Journal, V. 34, P, 1208: September, 1942,

"Quarding Public Works Supplies", New LEngland Water
Works Association Journal, V., 56, P, 265: September, 1942,

"Protection and Maintenance of Publlic Water Supplies
Under War Conditions", United States O0ffice of Civil
Defense, Medical Division Sanltary Lngineering
Bulletin No, 1: September, 1942.

"Air Rald Demage to Post Office Telephone Communications',
Post Office lleetrical Engilneers Journal, V. 39,
P, 93-0: Octobor, 1942,

"Delayed Effcoto of Alr Radds", Rlectricul Times, V, 102,
P. 788: December 3, 1942,

"Generating Plants in the Blitz", Power, V. 86, P, 92-3,
Deccmbor, 1942,

"Writieoh Cltics Maintoin Water Scrvice Undor Acorial
Bombing", Water and Sewage Works, V. 79, P, 18:

February, 1941,

"Bombs Explode in Lngland but Water Service Continues',
Water Works lngineering, V., 94, P, 298: March 12, 1941,

"When Bombs Fell in Barcelona", Water Works Ingineering,
V. 94, P, 282: March 12, 1941,

"Water Works Practice in Italy", Water and Water LEnglneer-
ing, V. 43, P, 116: April, 1941,

"Protectlion of Utility Systems in Wartime', American
Water Works Assoclation Journal, V. 33, P. 1446:

August 1941,

"protection of Water Works Agalnst Sabotage and Bomb
Damage", Water and Sewage Works, V. 129, P, 441:

October 24, 1941,
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"Overcoming Raid Damage", Electrical Review (London)
V. 129, P, 495: November 7, 1941,

"Repalr Work to Damaged Pumping Stations", Institute

of Civil Engineers Journal V, 17, P, 186-94;
December, 1941,

Radlologloal Defense

"Radiation Protection Ordinance and Water Supplies",
ATOMWIRTSCHAFT, V, 2, P, 113-16: February, 1961.

"Estimating Human Radlation Ixposures on Animas
River", Amerlican Water Works Association Journal,
V. 52, P, 1271-90: October, 1960,

"Conocepts in Determining the Potability of Wator
Following a Nuoclear Attack", KLEIN, GERHARD,
New York lngincers Joint Councll, 1959.

"Environmental Surveys for Nuclear Facilitles" -
Nuoloonien, V, 17, P, 956-9: January, 1959,

"The Statement of Dr, W, 1}, Libby before Specilal
Subcommilttee on Radlation, Jolnt Comnlttee on
Atomic Energy", Public Hearlngs on the Biologlcal
and Environmental Effects of Nuclear War'":

June 18, 1959,

"Food, Fallout and Isotopes of Strontium", Chemlistry
and Industry, No, 42, P, 1294-8: October 17, 1959.

"Symposium on Radiocactivity in Industrial Water and
Industrial Waste Water", American Society for
Testing Materials, No., 235: 1958,

"Fallout Control" Stamford Research Institute: August 1, 1958,

"Dispersion of Radloactive Materials by Stream", American
Water Works Association Journal, V. 50, P, 1505-15:
November, 1958,

"Systems Analysis of Radlological Defense', Stanford
Research Institute: November, 1958.
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Million Electron Volts', United States
Standards Handbook, No, 63: November 22, 1958,

"Experimentally Determined Characteristics of IPC

Filters and Supports', Stanford Unlversity
LAMS-2242: September, 1957,

"What are the Effects of Radlation on Klectronic
Computers", Nucleonics, V. 14, P. 33-5:
July, 1950,

"Maximum Permissible Amounts of Radlolsotopes in
Human Body and Moximum Permisusible Concentrations
in ALr and Water", United States Bureau of
Standards Handbook: March, 1953,

sanitary kngineering

"Santtary ngincering avpeety of Nuclear linergy",
Anerdcan Soclely of Clvll, lngineors DPro-
ceedingd, V. 80, No. SA-3, Papor Number 2476,
Part 1; May, 1900,

"Sanitory Protectlon of Open Water lopervoirs from
Contamination by Radloactive Subotances",

"Sanitary Enginecering Confercnce, Baltimore, Maryland',
Atomic Encrgy Commlssion - Division of Reactor,
Development: April 15-106, 19%4,

"Sanitary knglneering Aspects of the Atomlc Energy
Industry", A Seminar Sponsored by Atomic Energy
Commission and Publlec Health Service at R.A., Taft
Engineering Center: December, 1955,

"Sanitary Engineering Aspects of Long Range Fallout
from Nuclear Detonations", United States Atomic
Energy Commission - Technical Information Service:

1955.
"Problems of the Sanitary Englneer Arising from Enemy

Alr Attacks - Abstracts'", American Water Works
Association Journal, V. 36, P, 585: May, 1944,
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" "Problems of the Sanitary Engineer Arising from

Enemy Air Attacks', Surveyor, V., 102, P, 335-7:
August 13, 1943,

Water Resources

"Natural Radiocactivity in Ground Water Supplies
in Maine and New Hampshilre', American
Water Works Assoclation Journal, V. 52,

P. 75-88: Janwary, 1961.

"Natural Hadioactivity in Illinolc Water Resources",
Amerlcan Wa§er Works Aueoc;ation Journal,
V. 52, P, 709-70: June, 19060,

"Significance of ladloactivity on Water Supply",
American Waoter Works Assoclation Journal,
V. 52, P, 241-0: July, 1960,

"Ocourrance and Lehavior of Notural and lHadloactive
Strontlum in volev', Public Works, V. 91,
P, 88.90¢ July, 1900,

"Environmental adloactivity Prior to Nucleur Power
Plant Operationo", Amorlcen Water Works Association
Journal, V., 52, P, 1291-1302: October, 1960,

"Radioactivity Levelu and 'femperature Variations of
the Columbia River" Chemilcal Enginecring Progresses
Symposium /22, I', 34-43: 1959,

"Oceanography in tho Atomic Energy Commission', Atomic
Energy Commission Division of Blology and Medigclne:
1959.

"Estimating Uptake of Radloactivity in Streams", Sewage
and Industrial Wastes, V. 31, P. 719-28: June, 1959.

"Problems Encountered In Utllizatlon of Ground Water
Reservoirs', American Geophysical Union. V. 39,
P. 94: February, 1958.

"Factors affecting transport of Radioactivity by Water",

American Water Works Assoclation Journal, V., 50,
P. 603: May, 1958,
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'HdSympéaiﬁm on Radicactivity in Natural Waters",

American Ceophysical Union, V., 39, b, 420:
June, 1958,

"Dispersion of Radiocactive Materials by Streams",
American Water Works Assocliation Journal, V., 50,
P, 1505-15; November, 1958,

"Natural Radium 226 Content of Illinois Water Supplies"
Anerlcan Water Works Assoclatlon Journal, V, 60,
P. 1523-32: November, 1958,

"Investigating Ground Water by Analysis of Atmospheric
Tritium", American Water Works Assoclation
Journal, V, 50, P, 1433-38: November 1958,

"Water for Nucleor ingineering', Industrial and
Engineering Chemistry, V, 48, P, 1248-51:
August, 1946,

"Water Supplies", New lngland Water Works Assoclatdon
Journal, V, 09, P, 181-96: June, 1955,

"Hanford Atomic lnoergy Plant Water Supply", American
Water Works Assoclation Journal, V, 46, P, 629:
July, 1954,

"Safe Water Supply in Civil Disaster', Public Health
Report, Vv, 67, P, 631=5: July, 1952,

"Radloactivity of Water Issuing from Sedimentary Rocks"
Economic Geology, V. 47, P. 543: August, 1952,

"Distribution and Protection of Dams", Electricilan,
V. 146’ P' 45"9: Jan‘lar'y 5, 1951.

"Serious Defense Problems for Water Authorities of
Vancouver Area", Canadian Muniecipal Utiliiies,
V. 89, P, 92: June, 1951,

"How Jerusalem was Supplied During Siege by Arab",

Water and Water Engineering, V. 103, P, 30:
January, 1950,
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"How to Save vWater", National Enginecr, V., b4, P, 12:
February, 1940,

"conservation ls Urgent", Modern Power and kngineering,
V. 44, P, U47: April, 1950,

"Destruction and Protection of Dams", Ilectrician, V, 145,

"Restricted Water Supplics', Water and Water Engineering,
V. 51, P, 413: September, 1948,

"Atomic Bombing Effects on Japanese Water Supply Systems',
Public Works, V. 78, P. 25-7: August, 1947.

"Water Supply Practice in Germany", New lkngland Water
Works Assoclation Journal, V, €60, P, 132: June, 1946,

"Netherlands Waoter Supplies Badly Damaged by War",
Water Works imgineering, V. 99, P, 924: August 7, 1946,

"Control of Watcr Reoources", Water and Water Inglneering,
v, ,‘9, L 209: May, 19““0

"Water supply Control and Development” Surveyer, V. 103,
P, 361: July 28, 1944,

"British Wartime Fmereency Water Supplics', National
Fire Protectlon Assoclation Quaterly, V. 47, P, 439,
October, 1944,

"Hmergency Water Supply from Local Sources", Water and
Water Englneering, V. 47, P. 439: October, 1944,

"Maintenance of Water Supply Under War Conditions",
American Water Works Association Journal, V, 35,
P, 7-18: January, 1943,

"Development of Emergency Sources of Water Supply",
Institute of Civil Engineers Journal, P. 275-80:
February, 1943,

"Water Conservation in Wartime", American Water Works
Assoclation Hournal, V., 35, P, 172-80: February, 1943,
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"water Supply in Wartime', Amerlcan Watexr Works Assoc-
lation Journal V. 35, P. 687-93: June, 1943,

"auxilliary Water Supplies for Emergency Service',
.. American Water Works Assoclation Journal, V. 35,
P, 701-8: June, 1943,

"German Dams Attacked Successfully", kngland News
Record, Ve 130’ P, 8“03 June 17, 1943.

"Water Works Problems in Relation to Wartime Economy"
Water and Sewage Works, V. 81, P. 11-16, 40-6:

"How Army Oets Water", Water and Sowage Works, V, 81,
P, 1%, 38: August, 1943,

"War Problems in Analysis and Treatment", Ameriocan
Water Works Asgociation Journal, V, 35, P, 1303-11:
October, 1943,

"Water Supply Protection in Unitod States Coastal States”,
Water Worko Inglneering, V. 95, P, 90: January, 1942,

"wWater and War", Wator and Jewage Works, V, 80, P, 82:
Juno, 1942,

"Quarding New York's Supply" Water Works Lnglneering,

"Maintenance of Water Supplies Under War Conditions"
Public Works, V. 73, P. 29: August, 1942,

"Protection of Water Supplles During Imergencles',
Water and Sewage Works, V., 89, P. 361: August, 1942,

"New York City Conserves its Water'", Water Works Engineer-
ing, V. 95, P, 1080: September 9, 1942,

"Maintenance of Water Supply Under War gonditions",

Water and Water Engineering, V. 45, P, 171:
November, 1942,
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AFORC 'I‘R953F5 P. 51"'5.
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Science U,S.S.R.

"Research in Radloactivity in Stock Rain Water of
Lighthouses in Japan" Nagasawa, Kawamura, and
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May, 1960.
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September 10, 1949,
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P, 37=-8: July 15, 1954,
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Texhco
RESEARCH & TECIHNICAL DEPARTMENT ﬁ PO BOX BOY
TECHNICAL RERVICTR DEACON, NEW YORK

W, A. McMILL AN, aranaarn

September 16, 1963

Mr. Peter W. Welch
Guy B. Panero, Inc.
1,68 Park Avenue South
New York 16, N. Y.

Dear Sir:

Your inquiry of July 23 concerning the transporting
of safe drinking water by truck or train during nuclear attack
and the feasibility of using gasoline trucks for this serv1ce
was referred to us for handling.

Our Shipping Division has commented as follows in
connection with tank truck rates for water:

"The assumption of Guy B. Panero, Inc. that the cost
of shipping Gasoline by tank truck would approximate the cost
of hauling water via tank truck could be correct on a tank truck
load basis. However, please note in the rates listed below for
your information that the water rate to a destination is higher
than the Gasoline rate. This difference develops because water
welghs approximately 8.3 pounds per gallon, whereas the trans-
portation weight of Gasoline is gencrally accepted to be 6.6
pounds per gallon.

We have listed below tank truck rates from Bayonne,
New Jersey for both water and Gasoline on the mileage and spe01f1c
rate basis., Please also note that there is no universal rate
scale but that the tank truck rates for water would vary from
one section of the United States to another.

Best Available Copy
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- Mr. Peter W, Welch
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MILEAGE RATES FROM BAYONNE, N. J.

in dollars per gallon

Mileage To New York State Points

9-16-63

To Points in Delaware, Maryland,

Penngylvania_and Virginia

Water Gasoline

15 $0.00690 $0.00510

25 ,00810 .00590

50 .01190 .00870

75 .01650 .01.200

100 .02150 .01560
150 .02980 02170
200 .04090 .02980
250 .05150 .03750
300 .06300 .04600
350 +07510 05480
4,00 .08770 .06400
450 .10110 07360
500 . 11600 .08400

Specific Itates trom Bayonne

Water Gasoline
$0.,00530 $0.0038¢C
.00700 .00490
.01160 .00830
.01600 .01140
.02140 .01520
.03140 .ozzgo
04270 +03060
.05480 .03900
.07280 05170
.08630 .06150
.09690 .06890
10900 .07760
.12140 .08630
N, J.

In dollars per gallon

Destination

Albany, New York
Baltimore, Marylund
Beacon, New York

Kingston, New York
Philadelphia, Pennsylvania

Watoer Gasoline
$0.02980 $0.02170
04110 .02630
201650 .01200
02150 .01560
01950 01370

Minimum gallons applicable for shipment under the above

mileage and specific rates are:
5,800 gallons."

water-4,200 gallons; Gasoline-

In regard to whether it would be feasible or not to
use gasoline trucks for the shipment of water, our Health
Division has offered the following comments:

"Emergency transportation of potable water by gasoline

trucks 1s not new.

During the St. Patrick's flood in Harrisburg

in 1936, the city water supply system was unable to operate
because the flood waters crested one foot above the top of the

dikes.

An oll company supplied a fleet of gasoline trucks to

transport water from nearby wells to a high point in the city

where a relief reservoir was located.
They were dispatched from

been in service in Philadelphia,

Philadelphia and filled with water and a detergent.

The gasoline trucks had
They

traveled to Lancaster, a distance of about 65 miles, where the
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~dekergent solution was drained and the tanks refilled with
potable water, When the trucks arrived at Harrisburg, the tanks
T were drained again to remove traces of the detergent and the
. B trucks were put into service immediately hauling water to supply
— 3 theolty.This oparation continued for at least three days to
i the beat of my recollection. There was no taste of gasoline in
the water during this emergency period. The Panero Company could
probably get more details by writing to the Clty Health Department
of Harrisburg, Pennsylvania.

Any traces of gasoline that might be picked up by
water being transported in tank trucks because of an emergency,
such as a nuclear attack, might have a gasoline taste but I am
quite sure that no public health problem would result."

It 18 hoped that this information wlll be satlsfactory
for Kour purposes and that you will advise if we can be of
further asslstance,

Very truly yours,
{(j /?."M(")M@“&veﬂ
W. A. McMILLAN

LU xR R
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APPENDIX C

Thic appendix 1s a background rcviocw of
Lhe waler c¢yole, the dumand and uses for water and
the treatment and dlstribution systems commonly
cmployed,  uince no two systems arc exactly the
pame, no discusolon of thcem can cvolve around a
"typleal" syotem, The basle components described
hore are those commonly in present use in various
combinations throughout the United States.
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APPENDIX C

WATER SUPPLY SYSTHEMS

C.l 'THE WATER CYCLLE

The origln of water on earth remalns a
matter of supposition, It is known, however,
that the amount of water 1o cusscentlially constant
and that a portlon of the water 1ls in continual
change from thc liliquld to vapor state and then
back to liquid form. (9) This constant activity
constitutens tho hydrologlo or wotor cycle, and is
pchematically presented in Fipgure C.1.

surfuce water in liquld form 1y present
in lakes, otreams, swamps und the oeeans;  the
latter ocomprioing, by far, the greutoust quantity.

wWith the sun as the vource of cnergy,
water evaporates from these surfaces and from the
land to form wator vepor. It remalno In thls state,
movad by wind and other forces, untll converted to
precipitation in the form of raln, snow, hall, ete,
Some of this precipitation flows over the earth's sur-
fase to streams and thus eventually to the ocean,
The remalnder infiltrates into the soll where a large
portion constltutes the ground water supply. 'Other
infiltrated water ls evaporated from the soil, adheres
to the poil particles as hygroscoplc moisture or 1s
consumed by vegetation and transferred to the atmos-
phere by transpiratlon,

Ground water moves laterally very slowly and

c-2
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surface. As shown in figure C,1, 1t may be fed from
an influent stream or flow into an effluent stream,

“Many rivers malntain a constant base flow throughout

the year which originates from ground water,

The average annual preclpltation in the
United States, expressed 1ln inches, 18 shown in Figure
c.2 (10). A similar indlcation of the average an-
nual snowfall appears in Flgure C.3. Although pre-
cipitation is the basic source of fresh water (other
pources such as desalinizatlon belng comparatively
minute), a large percentage of the preoipiltation
evaporates before it can be collected and used by
man, The water appearing as streamflow is more in-
dicative of the amount of water available for use,
The average ammual streamflow or runoff expressed in
equlvalent inches of depth 1s mhown in Pigure C,4,
This Includes surface runoff as woll as water Mlowlng
into the streams from ground watoer,

While the averagoe annual runofl Lo a measure
of the Lotel surface wober supply avallable, Ghe dls-
trihution of runofi throughout the year determinos
the amount of ntorugu rogqulired for a dependuble water
supply. JFor cxample, Llf all the runoff occurred in
ono month, no oupply would be avallable for 11 months
unless storage facllitlies were provided to lmpound
sufficlent water for the remalnder of the year, Flgure
C.5 1llustrates a typloal hydrograph such as 18 used
to determine storage requirements,

Man has practically no control over the
hydrologlc cycle although minor weather control at-
tempts have been made. However, as lllustrated by
Figure .6, he does interrupt the water cycle when he
withdraws water from surface or ground water supplles,
treats 1t to insure a safe supply and returns it to
the surface or ground water,

C.2 THE DEMAND FOR WATER

The demand for water may be consldered to
be divided Into several categories; public water

c-4
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supply systems, lndustrial, irrigation, rural and vater
power, Water power is by far the largest user, with-
drawing two million (2,000,000) gallons a day. However,
this water 1s returned to the stream unimpaired and is
not usually oonsidered a demand in the statistical
gsense,

The amount of water wlthdrawn for other uses
is indicated below,

Use Million Gallons per Day
Public water supply systems 21,000
Industrial 140,000
Irrigation 110,000
Rural 3,600
TOTAL ---  _274,600 Million Gallone
Per Doy

A portion of these quantities rcpresents water
which 18 used in more than one system,

Water use 1in publlc water supply systems
varies from 100 to 250 gallons per caplta per day.
The average being about 147 gonllons per capita per
day. The demand for this water 1s divided as follows:

Use Percent of Total
Domestio 4y
Commercial 18
Industrial 24
Public 17

Domestic use includes water furnished to homes
for personal needs, Typical minimum desirable peacetime

Cc-10
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quantities of water required for varilous uses 1s as
follows: (1)

Minimum Desirable Peacetime
Requirement in Gallons Per

Use Capita Per Day
Drinking and Culinary 4
Laundry 6
Bathing 5
Tollet 5

TOTAL ~~=- -22_

These arce minimum desirable quantities and
when augmented by other usaes such as lawn sprinkling,
and car washing the average minimum demand for
domestlo purposes is about 060 gped,

Commercial use includes that water utilized
in offlce buildings, department stores, ate., and in-
cludes air conditloning make-up water,

The industrial use indicated here 1ls only
that portion served by public water supply systems
as opposed to self-supplled industry discussed in
Segtlon C,6 Industrial demands are tremendous, For
example, 18 gallons of water are used in the pro-
duction of one barrel of oll and 300 gallons of
water per barrel of beer, (12)

Public use includes that water furnished to
clty halls, schools, Jjalls, etc,, as well as the water
used for cleaning streets and for fire protection,

The quantity of water used for fire fighting is usually

a small portion of the total annual us2, but the short
time fire fighting requirements often determine the
capaclity of pumps, distributing reservoirs and mains,
Detalled requirements for fire fighting are published
by the National Board of Fire Underwrlters and are

C-11
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based upon such factors as populatlion denslity, type
of conatruction, water avallabllity, etc, A popula-
tion of 200,000, for example, requlres a fire flow
of 12,000 gallono per minute above the normal demand
and a fire reserve storage of 7.6 million gallons,

Obviously there 1s a variation in demand
for water in public systems from season to season,
Warm weather increases the amount of water used for
bathing, lawn sprinkling, alr conditlioning, car wash-
ing and swimming pools, Cold weather may stimulate
the use of flowlng water to prevent the frecezing of
pipes, Dally living hablts also produce variations
in the demand for water throughout the week, Varia-
tions in demand throughout the day arc common, wilth
peak demands around 7 o'clock in the morning and
T o'olock in the ovening. lach community has its own
peculiar variations which must bo determlined individ-
wally, The maximwn dally demand 1s about 1.5 timea
the average dally domond, The maximum hourly demand
1o about 2,H timen the average hourly demand,

The withdravel of water by public supplico
in 1960 1s shown in IMgure ¢,7, and the withdrawal of
water by industrlos which own and operate thelr own
water supply oystems i1s shown in I'lgure C.8. About
71 percent of this wator was used in fuel-clectrlc
powor generatlng plants., About 94 percent of all tho
water used 1n this category was for coolilng, approx-
imately 25 percent of which was saline,

The use of water for irrigation is indicated
in Figure C.9. An important consideration 1s that 60
percent of the irrigation water is evaporated or utll-
ized by vegetation and is not available for further

use,

The wlthdrawal of water for rural supplles
is indicated in Figure ¢.10. Rural in this inastance
connotes those areas not served by publlc water supply
systems, Approximately 1,600 million gallons per day
are used for livestock and 2,000 million gallons per
day for domestic purposes,

c-12
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About 2,800 million gallons per day were
obtalned from wells and springs, and about 800
miliion gallons per day from streams and other supr-
face supplies. Approximately 26 percent of the
total United Stated population has private water oupply
pystems,

Water for livestock, although a osmall per-
centage of the total consumption, 1s extrcemely vital,
Average requirements for several anlmaloare as follows:

Animal Water Consumption in (allons Per Day
Horsoe 10
Beet' Cattle 10
Hog )
shieap 3
Milk Cow 1hH
C.3 COLLECTION OF WATLER

Water supplles are ocategorlzed nceovding to
thoir source as boing cither ground water supplles or
surface water supplicsa, Of coursne, watoer mny {low
from ground water to strecam and then back to ground
wator, It 1s the nature of the supply at the point
of withdrawal that labels 1t as a surfaco or ground
water supply. Other sources such as desalinization
or rain water collection are relatively insignificant
in quantity when compared to these two unources and
will not be consldered here,

C.3.1 Collection of Surface Water Supplies

Surface water suppliles are wilithdrawn directly
from streams, rivers, lakes and other bodles of water,
Depending on the quantlty of water avallable, storage
facllitles may be constructed to average out seasonal
fluctuations and to lnsure a year-round continulty of
supply. Generally, these facllltles are created by
the construction of a dam across the stream or river,
forming an impounding reservoir. The portion of pre-
cipitation flowing into thls reservoir (runoff), and

C-1T7
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the land area contributing runoff to the point of
withdrawal (watershed area) are the two most
slgnificant factors which establish the quantity

of avallable water and the requirements for storage.

Storage facllities tend to be quite large
in area and therefore are usually unlined and uncovered,
However, in certaln instances, they are lined with a
waterproof membrane to reduce leakage or covered
with varlious arrangements, including emulsions, to re-
duce loss by evaporation,

Typos of dams vary from small earth or timber
structures to massive concrete mammoths such as lHoover
Dam (13), Some basic types are illustrated in Iigure
4,11, Since these structures must be protected aguinst
damage during pexdods of high flow, splllways are often
incorporated to permit the oxecess water to continue o
flow downstream. These spillways, some types of whilch
are shuwn in flgure C,12, may also sorve Lo provide a
continual supply of woator to downslroam conswneis,

Water 1a wilthdrawn f'rom the lake or renorvolr
through speclully deoigned intele structuroes and con-
veyed to the wator plant or distribution systom, The
intakes vary irom simple submerged plpes Lo olaborate
structures providing living quarters for operators,
They may be incorporated in the dam oxr conntructed
in the reservolr or along the shore line, Submerpgoed
intakes are usually less costly and do not provide an
obastacle o navigatlon., Howevor, they do not provido
the flexibility of the tower intakes which are usually
provided wlth screens, control gates and valves, Thepe
may be operated to draw off water at various levels
permitting selectlon of water of the optimum tempera-
ture and quality. Movable intakes which travel to
follow fluctuating water levels in the reservoir are
sometimes necessary. '[wo simple types of intakes are
1llustrated in Figure Cc.1l3.

Condults leading from the reservoir may be
lined or unlined canals; or enclosed pilpes, tunnels
or aqueducts, Flow may be under pressure or follow
the hydraulic gradient, These condults, some of which

c-18
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are.deploted in Figure C.14, are often large structures
which ‘earry water many miles from the reserveir to the
distribution system or treatment plant and represent
a -considerable financial invostment,

; One type of surfoce water supply system 1is
shown in Figure C,15,

c.3.2 Collection of Ground Water Suppliles

The ground water supply may be thought of as
an underground reservolr contalnlng sand, gravie or
porous stone in which tho pores arc fillod wlth water,
Ground water 1s not universally dlstributed, but de-
pends upon the exlsotonce of favorable hydrologle and
geologlo oonditions., Iiguros ¢,10 and C.17 indloate
the major ground water arcas in the Unltod sStates,
These maps indloate where productlve agqulfeors of wlde
areal extent ocan be found; but do not indleata the
quantity of wavor avulluble Crom a spoolilce tract oL
land, nor’ practlceulliy ol vatiucllou,

A apring oncurs wheoroe tho gromul waiter table
Lutorseots tho surface. 'hls wator cun be collected
wlthout pumping and usoed for smull oupply uvystoems
(I"Lgure C.18u ),

Arteslan pystemy occur when pround water 1ls
trapped between two impervioun laycers under pressure,
A well tapping uan arteslan supply will {low wlthout
pumping. Springs or artcslan wello arce the cxoep-
tional case, however, and 1t ls usually necessary to
provide a well to collect the ground waber and a
punp to raise it %o the surface,

Dug wells are usually used for relatively
small supplies in shallow aqulfers, They may be dug
by hand or mechanical equipment and are usually from
3 to 4 feet in diameter and from 30 to 50 feet deep.
Larger and deeper wells are occasionally constructed
for small towns. The wells are usually lined 1f con-
structed in earth but may be unlined in rock. The
lining may be poured concrete, concrete plpe, con-
crete block, brick or other masonry construction.

c-22
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The bottom portion of the welle may be constructed with
open joints to permit water to flow into them, Every pre-
caution is taken in properly constructed wells to pre-

" vent surface water from seeping into the well and causing

water pollution (Figure ¢,18b),

Driven welle are used for small supplles in
shallow sand formations. A point at the bottom of a
1 to 3 inoch dlameter pipe facilitates driving (Figure
C.19a). Water enters through a soreen and is pumped
to the surface, frequently by a centrally located hori-
zontal centrifugal pump serving several wells in the
well field,

Drilled wells are the most common type for
municipal suppllen, They usually tap high quality
ground water several hundred feet below the surface,
A metal casing is driven as the hole 1s drilled to
prevent the sides from caving in., Typilcal capacities
are 50 gallons per minute for a 6-inch diameter well
and 3000 gallons por minute for a 24-inch well,

Hand oporated reociprocating pumps are some-
times used for private water supplles, but powenr
driven pumps are uscd for all municipal wells as well
as for many privato wells, Power driven reciprocating
pumps are generally used for deoep wells of small
capacity.

The usual municipal installation consists
of a vertical turbine pump for each well (Figure C.20).
The pump may be driven by an electric motor or gasoline
or diesel engine mounted directly above the well, The
impellers are mounted on the shaft near the bottom of
the well., Water from the aquifer enters the well
through a strainer which may be surrounded by gravel,
The water flows through a series of impellers, each
of which serves to lncrease the pressure, As many as
20 impellers may be used depending upon the total depth
and head required (14).

A submersible pump in which the motor and

pump are combined in a close coupled unit and suspended
in the well by the discharge pipe can be used in crooked

c-28
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or straight wells for heads up to 1500 feet. They
are normally used in wells from 6-inches to 24-inches
in diameter with capacities up to 20,000 gpm.

Air-1ift pumps (Figure C.19b) may be used
in crooked or straight wells of any size and depth.
They are simple and have no moving parts in the well.
Compressed air 1is pumped into the well through a
foot plece. The rising bubbles form a mixture of
air and water which has a lower speclfic gravity than
the water 1n the aquifer., The unbalanced hydrostatic
pressure causes water ln the eductor pipe to rise to
the outlet, The air-1ift pump requires a deeper hole
to provide proper submergence of the air outlet, and
efficiencles are relatively low varylng from about
20% to 45%. ‘

Jet pumps are wildely used in low capacilty
installations up to about 70 gpm (figure ¢.19¢c). It
1s operated by a motor and centrifugal pump at the ground
surface and a jet in the well., The centrifugal pump
has two discharge pipes. One pipe carries water into
the well where 1t is discharged at high velocities into
a constricted section of the discharge pipe. Thils creates
a partial vacuum which draws water from the aquilfer
and carries it to the suctlion side of the centrifugal
pump., The second discharge from the centrifugal pump
carries the water into the distribution system or storage
tank.

C.u WATER TREATMENT

FProm its contact with the earth and the at-
mosphere, water absorbs various impurities. The primary
purpose of treating water is to remove those impurities
injurious to public health, but it may also be treated
for aesthetic, economic, industrial or other reasons.
Common impurities found in water and their effects are
indicated in Table ¢.1 (15). The U. S. Public Health
Service publishes standards for the quality of water
on interstate barriers limilting the amounts of contalned
impurities. These standards have been voluntarily adopted
by most public water supply systems.
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Each potential water supply must be analyzed,
and the type of treatment determlned based on the
quality of the raw water and the desired quality of
the treated water. Several barlic procedures are common
to all treatment plants, but these are used 1n various
combinations to meet the partlicular needs. The usual
unit operations are described below and illustrated
in figures C.21 and C.22.

c.4.1 Screens

Bar screens or racks are used for removing
coarse material such as branches or debris. These
screens conslst of round or flat metal bars spaced
from 1" to 3" apart. Small installations may be
cleaned by hand raking, but larger installations
usually use power-driven cleaning rakes.

Statlonary or traveling fine-mesh screens
are used to intercept material passing the bar screens.
1/8" to 3/8" mesh is most common, but many varieties
and slzes are avallable.

c.M.2 Sedimentation

One of the simplest methods of removing sus-
pended matter from water is plailn sedimentation. This
is simply a time delay storage of raw water so that
those suspended particles having density greater than
water move to the bottom under the action of gravity.
Modern sedimentation basins are usually continuous
flow tanks and many be rectangular, square or circular.
Sludge is usually pushed by slow-moving power-driven
collectors to a hopper and disposed of.

c.4.3 Coagulation - Sedimmntation

The settling velocities of finely divided
and colloldal clay are so small that plain sedimentation
1s Impractical.., Chemicals are therefore added to the
water, rapldly mixed and then slowly stirred or flocculated
to form a floc. This floc absorbs particles of turbidity,
Including colloidal clay and color, and also absorbs and
entangles some bacteria.
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The large floc partlcles settle to the bottom where
the sludge 1s collected,

‘he moat commonly used coagulant 18 alumlnum
sulfate or alum, Copperas or ferrous sulfate and lime
are also used and to a lesser extent, ferric chloride,
sodlium aluminate and chlorinated copperas, Coagulation
~sedimentation 1s usually used to reduce the turbidity
and bacterlia in the water which then goes to the filter
for further treatment.

C.4,4 Filtration

Sand filters are used to produce a clear
and sparkling water essentlally free of harmful bacteria.
Sand filters are effective in removing baoteriu, finely
divided clay and colloldal matter smaller than the
oponings between the sand grains, 'The sand aots as a
stralner, but ulno romoves matter whioh adheros to
tho sand particles as the water follows a oircultousn
path through the filter, Moot filters use sand au
the filtering modla, but anthraclte coal haw been cf-
footively used for Lhls purposoe,  Diutomsccous carth
is of'ten used for smaller pressure filters and special
applloations such ao swlinming pools.

Slow sand filters utilizing 24" to 42" doptho
of sand can handle 3 or 4 million gullons por acre por
day. The filter 1o oleaned by soraplng off the top
layor of sand at perilodic intervals. This sand may
be washed and re-used repeatedly.

Rapld sand fillters have a sand depth of about
27" and can handle from 125 to 200 million gallons per
acre per day (Figure €.23), The high rate is due to
the fact that the sand is washed at frequent intervals
by reversing the flow, The wash water moves up through
the sand with sufflclent velocity to clean the sand
particles, Considerable quantities of water must be
used and wasted for this purpose, A clear well or
reservolr is usually located at the plant to store
filtered water and permit a relatively constant rate
of operatlion, Rapid sand filters are usually located
in a bullding, frequently with a pipe gallery running
along the longltudinal axils of the bullding, serving
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filters on each side. Extensive piping, flow controllers,
valves and provision for back-washing result in a com-
plicated but effective means of treating water. The
turbidity can be reduced to less than one part per million
and the bacterial removal is about 90 percent.

c.4.5 Disinfection

Water 1s disinfected to kill the disease-~causing
bacteria which 1t may contain., Chlorine in its varlous
forms 1s wldely used for thilis purpose. Other methods of
disinfection such as ozone, ultraviolet ray, excess lime
and lodine are also used but only to a very limlited extent.

Some surface waters of high quality require no
treatment other than sedimentatlion and chlorination.
Similarly, some ground waters may recelve no treatment
other than chlorination. Chlorine added at the influent
of a filter plant has been found to improve coagulation
and reduce tastes, odors and troublesome algae. Chlorine
added as the final step in a filter plant 1s usually
appllied in dosages from 0.25 to 0.5 ppm. Prechlorina-
tion and postchlorination may be applied at the same
installation 1if the raw water 1s highly polluted. In
break-polnt chlorination, chlorine is added 1n large
doses of 7 to 10 ppm * (16). This technique has been
found to remove tastes and odors; to have an adequate
bacteriaclidal effect and to leave a desired chlorine
residual. In some cases ammonia added in combination
with chlorine has been found to eliminate chlorophenal
tastes and prolong the bacterlcidal activity.

Chlorine for public supplles is most often
supplied in pressurized cylinders, The chlorine is in
liquid form in the contalner but becomes gaseous upon
release. The chlorine gas may be applied directly
to the water, or a solutlon of water and chlorine may be
formed and applied at the deslired location. The rate
of feed 1 usually automatically controlled by the
chlorinators. Chlorine gas 1s extremely active and
extreme precautions are taken to provide safe worklng
conditions for plant personnel,

Best Available Copy




For small installations and for emergency
use, chlorine may be applied © the water in the foma
of chlorinated lime or calclum hypochlorite contalning
about 30 percent chlorine., Modern installations use
HTH or Perchloron containing 65% chlorine, These
products come in powder or tablet form and are applied
with dry feed machines or in solutlon form. The safety
and ease of malntenance of hypochlorination make it
preferable for many small installations.

C.4.6 Aeration

Aeration of water 1is practiced to remove
hydrogen sulflde, carbon dioxide, simple chlorine and
other odor or taste causing substances, It is also
used in conJunction wilith trickling beds for iron and
manganese removal,

Spray nozzles acting under pressure direct
the water vertically upward in jet or spray form. The
physical action permits the escape of undesirable
gases and the absorption of oxygen. Cascades, a
series of small waterfalls, provide a simllar action .
In trlckling beds, the water is fed through perforated
pipes and falls under gravity action through beds of
coke, slag or stone, Air may be blown 1n through
plpes or porous plates at the bottom of a tank con-
talning water. The action of the rising bubbles has
been found to be effective and may also be used for
mixing chemicals,

cC.h.7 Water Softening

Hard water 1s caused by the carbonates,
blcarbonates, sulfates and chlorides of calcium and
magnesium, The purposes of water softening are:

(1) conservation of soap, (2) reduction of wear and
tear on clothing being laundered and (3) preventlon

of scale formation in steam bollers. Softening also
has secondary effects sugh as lncreasing the efficlency
of filtratlon; aldlng the removal of color, iron and
manganese; assisting 1n the production of non-corrosive
water; increasing the removal of bacteria and improving
the cooking of foods.

-39
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The lime-soda method 1s usually employed for
large scale municipal water supplies. Lime 1s effeckilve
in removing carbonate hardness, while sodium carbonate
(soda ash) is used to reduce sulfate, chloride and non-
carbonate caused hardness. Lime softening leaves water
supersaturated with calclium carbonate which tends to
clog filters and cause troublesome incrustation of
plpes and meters. To prevent this, recarbonation is
usually employed by passing carbon dioxide through the
water, The procedure is followed by sand filtration
to insure complete clarification.

The zeollte method of water softening is an
lon-exchange process. The zeolites used 1n water
softening are natural-or synthetic compounds of sodium,
aluminum and silica. When water contalning calcium
and magnesium compounds are passed through the zeollte,
the calcium and magnesium are removed and exchanged
for the sodium 1n the zeollte. The sodium content of
the zeollite 1s regenerated as required by applying a
solution of sodium chloride.

Zeolite soffeners are usually operated as
pressure units. The water 1ls fed into a closed tank,
passed through a bed of zeolite from 3 to 6 feet deep,
and then discharged. Provisions are made for back
washing and regenerating the zeolite.

Zeolite softening is used in industrial plants
and cities but is not satlsfactory for a water of high
turbidity. The units are compact and easy to operate,
and any desired degree of hardness adjustment can be
made,

C.4.8 Removal of Iron and Manganese

Iron and manganese may be found in various
forms In surface and ground waters but are more common
in the latter. They cause taste and odors, reddening
of the water resulting in stailming of clothing and
plumbing fixtures. and may cause corrosion. A variety
of methods 1s used to remove iron and manganese from
water depending upon the form in which it is found.

c-40
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Aeration, or aeration and trickling beds followed by
sedlmentation and possibly sand filtration may be
satisfactory. Aeratlion plus chlorination or chlorina-
tion plus sedimentatlon and flltration 1s also used.
Another procedure consists of aeration and the addition
of lime plus sedimentation and filtration. For well
waters devoid of oxygen, a sodium zeolite unit is often
used.

c.4,9 Corrosion Control

It 1s often deslrable to treat water to re-
duce corrosion., Sodlum sllicate has been found to
reduce corroslion by forming a protective coating on
metal surfaces., . It has been used primarily in industrial
apvplications where it 1s added in initial doses of 20
ppm followed by reduced doses, Sodium phosphate or
sodium hexametaphosphate 1n doses from 0.5 to 1.0 ppm
are also used in corroslon prevention., Lilme is added
in an attempt to obtain carbonate balance or to re-
duce the concentration of hydrogen lons avallable to
replace metalllc ions. Varlous bacteria in water
foster corrosion, and this bacteria may occaslonally
be controlled by the additional chlorine or chlorine
and ammonia. The treatment may have adverse effects
in some instances, however, and must be carefully
controlled.

c.4.10 Chemlcal Taste and Odor Control

Taste and odors in water may be caused by
dissolved gases, algae and other microorganisms; de-
composing organlc matter; industrial wastes and
chlorine (free or in combinatlion wlth phenocl or
organic matter).

Copper sulfate appllied in lakes and reservolrs
1s effectlve in controlling algae growth, but an exces-
slve dose may kill fish. Chlorine 1s also effective
in algae control, -

Carbon, prepared from saw dust, paper mill
wastes or similar matexlal, heated In a closed vessel
and actlvated with air or steam has absorptive pro-
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perties that make it useful for taste and odor control,
Avallable 1n powdered or granular form, it can remove
organlc matter, chlorine, hydrogen sulfide and iron.

It can be used in a fashion similar to that of gravity
or pressure filters but 1s more frequently added at
various points in the coagulation sedimentation - sand

flltration process,

Chlorine diloxlde, formed by adding a sodlum
chlorite solution to a chlorine solution, 1s a rapid
oxldizing agent and is effective in some taste and odor
control problems,

C.4.11 Fluoride Control

The fluorine content of water has an effect
on teeth, Water containing over 1.5 ppm of fluorildes
has been found to cause fluorosis or mottled enamel
in the teeth of persons drinking the water during the
period from birth to 10 years old., On the other
hand, a fluoride content of 1.0 ppm has been effective
in reducing dental cariles.

Fluorine may be added to water in the form
of sodium floride by dry feed machines or in solution
by aspirators or by hypochlorinators.

Beds of tricalclum phosphate, working on the
ion exchange principal, are effective in reducing the
fluoride content, Coagulation in conjunction with the
lime-soda softening process will reduce the fluoride
content to below 1 ppm in waters of high magnesium con-

_ tent.

C.5 WATER DISTRIBUTION SYSTEMS

The distributlion system may be considered
to extend from the discharge end of the treatment
plant to the consumer. It consists of a piping
system, storage facllitlies and, usually, pumping equip-
ment (Figure C.24), Occasionally, a municipality may
be located -favorably with respect to a surface water
supply and require no pumping. It is an exceptional
system, however, that operates completely under gravity
actlon.
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Pumps may be reclprocating or centrifugal,
and may be driven by steam, gasoline or dilesel engine
or electric motor. Modern practice favors the electric
motor-driven centrifugal pump. Gasoline and dilesel
englnes are frequently used as standby emergency power
where they may drive the pumps dlrectly or serve as
engine-generators. Reclprocating pumps and steam power
are also used for speclal installations.

_ Storage 1is required in the distributlion system
toequalize pumping rates, to meet peak demands during
the day, to meet flre demands and to provide water in
the event of a breakdown. The(reservoir may be under-
ground, on the surface or elevated (Figure C.25).

Underground reservolrs are usually constructed
of reinforced concrete and may be elther circular or
rectangular,

Reservolrs constructed essentlally at grade
elevation may be open or covered. A reservolr enclosed
by earth embankments i1s typical of this type. The
reservolr is usually lined with concrete, asphalt or
masonry to reduce leakage. Circular or rectangular
reinforced concrete and prestressed concrete tanks may
also be used with or without covers. Steel standpipes
are usually greater in height and serve the dual purpose
of providing storage while maintaining pressure in the
system. Elevated tank. may be constructed of steel,
concrete or wood; but steel i1s most common for larger
fanks. Storage capacities up to 3 million gallons are
common,

The plping system consists of a network designed
to provide each consumer wilith the desired quantity of
water at a sultable pressure. As previously mentloned,
the short-term high demand for fire fighting generally
establishes necessary sizes for many elements of the
system, Cast lron, steel, concrete and asbestos cement
are the types of pipe usually used in distribution
systems, Valves located so as to permit portions of the
system to be shut down for repalrs are an important part
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of the system, The location, type and capacity of
fire hydrants are primarily determined by requlrements
of the National Board of Fire Underwriters, since in-
surance rates are based upon the adequacy of the
water distribution system,

One type of service connectlon is indicated
on Figure C.26, but many varlations are possible.
Valves properly located along the line permit routine
malntenance and emergency repalrs to be made wlthout
excesslve 1oss of water or difficulty. Water meters
serve to distribute the cost of water equitably and
discourage waste. Check valves prevent backflow into
the system and possible pollution of water in the
mains. .

In many instances, pressure 1ln the water main
is not adequate to deliver water to the upper storiles
of multi-story bulldings., In this case, pumps are
often used in conjunction with storage tanks on the
roof or at various levels in the bullding. Storage
eliminates the need for continuous pumping and pro-
vlides a supply of water for fire fighting. A siamese
connection may be provided to permit a fire department
pumper to augment the supply 1n emergencies. Filgure
C.27 18 a 1llustration of a simple multi-story bulld-
ing water system, v

c.6 CATEGORIES OF WATER SYSTEMS

Varlous authorlitlies own or operate water
systems, These may be political sub-divisions or
private corporations, Generally, they fall into the
followling categoriles.

c.6.1 Water Authority

This 1s a public system, usually on a regional
or multl-community basls with extensive area of operation,
The probapility of multi-type wafer sources 1s good,
since thils operation 1is generally composed of and
interconnected with various smaller water systems.
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C.6,2 Municipal Systems

These are communlity owned; usually the sole
water service of a community, and as such can establish
total community service policy. In some instances,
this type of system serves only a portion of the
populace, sharing responsibllity with a private
water company or another authority.

An example is Rochester, New York, served
by the City Water Department, Monroe County Water
Authority and a private water company,

c.6.3 Private Water Company or Corporatilon

These are private, profit-making businesses
that set thelr own policiles regarding flexibilities,
sources, etc., but are subject to State Public Utility
Commisslons as regards rates and qualilty of service.
In certain areas of the country, these organizations
serve many communities with the advantages of flex-
ibllity and interconnection with water authorities.
There are, however, many small independent companies.,

The role of the private water supplier has
decreased over the years in favor of public systems.
Approximately 15% of communities over 25,000 popula-
tlou are served by private water companies as com-
pared with 85% by public systems.

C.6.4 Industrial Systems

These are self-supplied industrial systems
rather than the public water system supply to indastry
discussed in section C.3. The systems vary greatly
in regard to water quality and potability. Locatlions
only generally coincide with that of public demand -
that 18, only insofar as avallability of a labor market
1s a requirement of the 1ndustry. Distribution networks,
similarly, have little relation to population or to
public systems, except that some industrles have emergency
connections to municipal systems to avold a possible
shutdown of production, Normally, industrial supplles
are less conservative than public supplies in that they
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have less tendency to have multlple sources.

One facet of interest 1s that many industrial
systems have a high quality requirement as regards
hardness and therefore often have ion exchange or
other softening facllitiles, even though the public
water supply system may have no such degree of treat-
ment capabllity. This type of treatment, as discussed
in section C.4.7, is superior in radloactlve materlial
removal to the types of treatment most commonly used
for potable water supplies,

c.6.5 Private Supplies

These differ from the previous categories
in that thelr purpose and concept is variable., The
private supply in a low population rural area 1is
most frequently a single dwelling domestlc supply
system - 1n most cases a ground water system., In
metropolltan and some urban areas it is normally
used for cooling water or some other special use
where, for economlcal reasons or municipal system
restrictions, it 1s desirable to have a private
supply. Again these are normally well systems.
These private supplies account for about 4% of the total
water consumption of the country and number in the
thousands, each of a fairly small capacity.
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