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ABSTRACT

, This final report (Contract OC D-0$-62-232) presents procedures and methodologies
necessary to evolu_qte local nuclear-attack hazards and applies results to target cities; specifically,
Tucson, Arizona and environs are the subject of the pilot study.

The design concepts which have evolved from consideration of conceivable con-
straints (developed from the evaluations) are presented in general form. Particular concepts which appear
to be most realistic, in light of economic factors, are described in greatest detail. Training requirements
:re ouLl'ined for the most desirable concept. Technical material in substanticl detail is presented in the

ppendix.
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SECTION i. INTRODUCTION
A. Scope of the Report
. Requirement

This document is the final report on contract OC D-05-62-232, which was awarded to the Univer~
sity of Arizona ta conduct and administer, in consultation and cooperation with the United States Govern-
ment, a pilot study of specified counterforce defense systems. The objective has been to develop procedures
and methodologies for evaluating local hazards and to determine the potential civil defense countermeasures
for cities closely associated with military targets, Tucson, Arizona, and its environs, is designated to be
the subject of the pilot study, '

The contractor, using data on targeting, weapons system parameters, and nuclear effects supplied
by the Office of Civil Defense, proceeded to:

. a. Define the attack consequences on the pilot study area and its environs including the inter~
action of the uses of multiple weapons, disturbed airflow effects and fallout climatology.

b. Develop a detailed set of plans for a variety of feasible shelter systems based on a cost-effec~
tiveness analysis.

c. ldentify the training requirements of the proposed protective systems.
2, Bosic Approach
The contract was conducted in phases which corresponded closely to the following:

a. Targeting analysis

b. 'Pertinent surveys

¢. Load predictions .

d. Evaluations of surveys dnd loads on shelter requirements
e. Conception of feasible shelter systems

f. Evaluation of feasible systems

g. Cost-effectiveness anclysis

h. ldentification of training requirements

B. Arrongement of Report

The report is presented in two general divisions. The first is the main body of the report, which is
generally non-technical. The second is the Appendix, which is technical in nature and which supports
conclusions reached in the first division. The main body of the report is divided into five sections. Each
of the sections, as well as the Appendix, has individual organization and usefulness as an entity alone .
and as port of the total report. The bulk of the material is devoted to exposition of scientific and engin-
eering detail. ’

C. General Philosophy

It is psychologically desirable to hope and even believe that humanity and its national governments
will not again resort to general war as a solution to international disagreements. Occasionally even the -
most cynical observer may be able to see a chink of light on this possibility. However, the historical
record of relations between powerful nations casts a dark and imposing shadow over this optomistic, almost
naive, outlook; ond mokes-a "long-shot" gamble out of a living hope, the prevalence of which may lead
to dying in despair, Failure to inform and protect the people may, by hindsight, appear to have been
downright irresponsible when one considers present economic feasibility of protection vs the odds of a
sudden attack. Both sides in the cold war have had occasion to rattle their "sword of Damocles.™ The
odds are that history will repeat, and both sides are on record that any general war will be of thermonu-
clear character. It is a fact'that the effects of these weapons of destruction are not beyond human com-

prehension. - The threatened effects are, and always will be, subject to engineering analysis in relatively
conventional terms.




Under the worst predictable nuclear attack circumstances on hard-target urban areas, many will
survive the immediate blast, initial radiological, and thermal effects. There is no assurance, however,
that these people can survive later effects without sheltering facilities. Therefore, elemental human
compassion, and rational personal fear for self, family, nation, and humanity require that we provide
for long-term survival of this group and improvement in their numbers, We can improve their initial
‘numbers by adequate warning and training. We can improve their final numbers by proper construction
of shelters and adequate training and direction. It is a virtual certainty that the vulnerable modem
humon who did survive immediately could not continue to survive alone (or in small numbers) for prolonged
periods without the protective and other services which have become a vital necessity. Survival of small
groups will depend largely on their makeup and in general, such survival is very low on the probability
scale,

The prediction that some would survive is indicated by the pragmatic fact that an all-out attack,
which would immediately kill every last unsheltered person, is not economically feasible or technically
possible for any present or predictable enemy. We must not, therefore, remain or allow our neighbors
to remain, completely vulnerable because of apathy or ignorance.

The attack forces are subject to reasonably, precise determination and analysis in terms which per-
mit consideration in light of known vulnerable and protective factors. The present state of the art in
targeting mathematics, using conservative tactical and strategic postulates (including a large element of
"overkill" in any massed-raid type nuclear strike), yield workable predictions of maximum attack force
both as to magnitude and location. (o) This data, together with the fact that technical advances in delivery
system guidance have minimized the likelihood of "stray missiles", make survival predictions much more
relicble and definitive,

Because of recent research efforts by agencies such as the Department of Defense, planning and
preparation methods necessary to increase the rate of survival are likewise more advanced; and, what
is more important, they provide a means whereby the immediate survivors can become long=term survivors.
In most cases, the attack can be reduced to a monstrous inconvenience rather than a doomsday. It is
true that a limited, and generally predictable geographic area around nuclear bursts may remain unprotected

- from close~in effects by presently feasible shelter systems. These areas are in the neighborhood of a radial

mile or less in surface distance from the burst point of a surface burst of megaton size. For areas a mile
or more from this burst point, modern methods of conservative engineering analysis and design can provide
effective shelter, as far as probabilities of survival are concerned. Obviously, the probable effectiveness
improves as the distance from the burst point increases.

Tueson, Arizona, is a target city which, consistent with a rational targeting analysis, may be sub-
jected to the effects of nearby surface bursts of 10 megaton weapons which are aimed at each of the 18
nearby Titan missile sites, in addition to a possible 5 megaton attack on Davis-Monthan Air Force Base
(a SAC base which is a relatively softer target located within two miles of the approximate center of
population). The Tucson problem is considered a particularly difficult one in view of the weight and
relative locations of predictable attack, and because of the fact that the usual urban facilities (such s
underground transport or utility systems, storm sewers, etc.) are not present. The population is not as
densely concentrated as it is in most urban areas, and yet the concentration is dense enough to require
consideration of community-type shelter systems.,

Scientific data, creative developmental research, and technical calculations which are included in
this report, substantiate that a shelter system can be designed for Tucson which is economically feasible.
It is noted that: 1) the strategic factors of location and magnitude of the nuclear-strike bursts are logically
predictable for a given target or group of targets; 2) the relative magnitude of engineering loadings and
their types are reasonably predictable for a given urban target area; 3) the worst existing situation of
human vulnerability can presently be offered protection by use of flexible design in the conception and
construction of shelter systems. It is likely that features of the plans for Tucson, Arizona, may be largely
applicable to any target city.

It is noted that economic feasibility of any system is greatly enhanced by multi-purpose planning on
a present and continuous basis. Conceivabiy, the purely shelter aspects of such a coordinated plan might
well become the lesser cost of all items to be considered, in an ideally coordinated plan. In the final

{a) "Strategy For Survival," Martin-Latham, University of Arizona Press, Tucson, Afizona, 1963.
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analysis, such a plon could pay its own way even if the attack should become less likely or even if
shelter should become unnecessary. The multitude of shared-use methods which could be devised are
only limited by the imagination and cooperative spirit of local planning agencies. No doubt the prag-
matic political and economic considerations, which must be considered, will tend.to minimize future
fruitful realization; but speculation on the theoretical potential, is quite interesting.

The research, of which this document serves as o final report, is not concerned specifically with
any single topic to the exclusion of all others. It is, however, an investigation of possible ways in which
each effect may be considered in the ultimate conception of feasible shelter systems for target areas. The
conception and subsequent evaluation of such systems represent the final step in the application of the
fruits of research to the planned protection of population and related functions in an emergency. 1t is this
type of research, that of systems evaluation, which is considered by the authors to be most urgently needed
at the present time.

Each local problem is unique in many ways, but the instant study suggests solutions which will be
worth consideration by any urban area which is threatened by the grand incidents of nuclear attack:
initial effects and lingering fallout radiation. The study has suggested solutions to many facets of the
general problem in which both active and passive constraints are considered. In the course of investigation
and analysis, the staff has had occasion to consider the shelter design problem in more refined detail so as
to apply techniques to the solution which may not have seemed apparent ot earlier generalized levels cf
consideration.




SECTION I

CONSTRAINTS FOR TYPICAL SITUATIONS

A. General
B. Technical Constraints
" |, Targeting
2. Loadings :
. Overpressuro
‘b, Ground motion . e
c. Initial nuclear rodloﬁonf_i
d. Thermal radiation
e. Fallout rodloﬂon
3. Surveys
T oa. Populohon densufy .
b. Terrain and topography
. ¢ -Water’ supply -
d. Waste’ dnsposol v : o
e. Location of schools, hosplfols, etc. S
f. Exasfmg shelfer spoce :
C. Non-Techmcol Constraints - T
L Psychologwol
2. 'Survivor Characteristics
3. Coordinated Shelfer PIon

SUMMARY

This section of the report states the counferforce cwul defense
system problem in terms of constraints which must be- consldere C
criteria. The constraints are deliniated as: techmcol and non
The technical are generally those which reodlly permit’ numerical omlysls,
whereas the non-technical do not readily permit numerical. onolysis.' o
An attempt is made to present the problem cleorly ond in enough de toil to.
virtually dictate the solutions which follow in the nexf section. f
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SECTION II, CONSTRAINTS FOR TYPICAL SITUATIONS
A. General

The creation of shelter systems for the protection of people in event of thermonuclear attack is a
major element in the development and integration of a civil defense program. Although it is possible~= .
from a technical standpoint--to design, construct, and equip reasonably adequate shelters, civil defense
|is a system complex which has many interdependent problem areas. Each of these impose constraints which
mutually impinge as limitations on the whole as well as on each area of consideration, Therefore, the
system approach is vital in order to maintain proper perspective. We begin by assessing the problem in
terms of all the important constraints which ore inherent in human as well as engineering and economic
considerations.

Among other things, the ability of the enemy to mount his attack is a constraint. This constraint
must be recognized as limited by economic factors, and in part, the character of our array of retaliatory
weapons which this enemy must disable in order to protect himself. For example, a port of our retaliation
system consists of hardened underground ballistic missile installations. The resistant character of these
weapons (in their silos) will likely cause the enemy to plan to expend certain numbers of his weapons on
each target complex. Furthermore, because of the immediate destructive capability of this portion of our
retaliatory system, we may postulate that any attack will be such that the first lethal effects of blast, fire,
and initial radiation will be largely confined to areas within 2-3 radial miles from such mili'rory installa-
tions. This sort of a possibility provides the basis from which numerical levels of constraint, in the form of
weapons effects for these target areas, may be generated.

The damage and casualties that may be expected in urban areas associated with military targets may
be caused by active constraints such as: blast, initial thermal and nuclear radiation, and radiation from
fallout. The probable magnitudes of these effects can be predicted by methods similar to those presented
in part B of the Appendix to this report. The magnitude and number of sources of these loadings can be
predicted by metheds similar to those presented in part A of the Appendix.,

The items--things, people, and institutionally valuable entities which are to be protected are passive
constraints and, therefore, must be surveyed and stated. The effects and the stated items then must be
considered for their vulnerability in order to determine survivability, The predictions from this considera-
tion form the input to an engineering analysis, which is necessary in order to design an adequate shelter
system and recovery plan,

B. Technical Constraints

These constraints are those which in,general, are subject to numerical determination before the event.
They involve such general areos as targeting, loadings, and surveys.

|. Targeting

Procedures which may be used to develop numerical values of these constraints, were presented

in the first quarterly progress report on contract QCD-05-62-232. A brief presentuflon of this
approach is found in part A of the Appendix to this report. The general procedure is given in

the text, "Strategy For Survival" by Thomas L. Martin, Jr., published by the University of Arizona
press.

The results of such a targeting analysis as applied to Tucson, are shown in Figure 2-1. They are
generated in part A of the Appendix. It will be observed that the Tucson area may expect one |0
MT surface burst on each of the 18 Titan !l sites which surround the city. In addition to this barrage,
it is likely that the SAC base, Davis-Monthan Air Force Base, will receive a 5 MT surface burst.
Obviously, these decisions are subject to some argument which stems largely from lethal radius and
CEP assumptions. For purposes of this study, it is assumed that they are realistic and, in fact,
correct.

2. Loadings

R

Before a discussion of these types of contraints, it is necessary to identify which types of loadings
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are deemed pertinent. The following were considered most pertinent:

Overpressure

Ground motion
{nitial nuclear radiction
Thermal radiation
Fallout radiaﬁon’

The reader is referred to the latest addition of the "Effects of Nuclear Weapons" for a description
and definition of these various effects. ; :

a. Overpressure

For civil defense planning, it is necessary that probabilities be introduced when con-
sidering loadings such as overpressure, |t is not economically feasible to consider the
design of shelter systems for o magnitude of this constraint which is associsted with a
100% reliability of this magnitude not being exceeded at the point in question. In other
words, civil defense planners should never be forced to produce designs which are
guaranteed to be absolutely, or 100% effective. ‘It is much more reclistic to consider
overpressure constraints which are in the neighborhooc of 90% reliable as far as their
probability of oceurrence is concerned. As an exampiz of the reason for this decision,
consider the curve shown in figure 2-2. This curve, which is typical, presents the
probable upper limit on blast overpressure at a point 4.0 miles from a 5 megaton surface
burst. Note that there is  50% probability that the maximum overpressure will be 7
psi, or less at.the point in question. There is an 80% probability that it will be 8.5

psi or less at this same, point. The curve breaks rather sharply above the 90% level,
thus it seems uneconomical and undesirable to consider design overpressures in excess of
those required by a 90% probability of reliability analysis. The full set of curves, from
which this typical one was taken, are included in part B of the Appendix.

Using curves similar to that in figure 2-2, contours may be drawn which indicate probable
conservative design overpressures for all points surrounding o target, This process, applied
to the Tucson situation, results in the overpressure contours shown in figure 2-3. This
figure shows the overpressures that have a 90% chance of being conservative if Davis=
Monthan receives a 5 MT surface burst, The weapon is assumed to be delivered by a system
with a one mile CPE.* It will be observed that the effects of the 10 MT surface bursts on
.the Titan sites are also plotted on this figure. The only burst which has a noticeable effect
on the map shown, is the one on the site immediately northwest of the city.

Sog

— OVERPRESSURE.(PSL.)

90 80 70
PROBABILITY OF RELIABILITY (PERCENT)

Figure 2-2, Design Effectiveness
*CPE is used in this context as a general term meaning circular probable error; it is often stated as CEP.
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b. Ground motion

These constraints are extremely difficult to predict with any great reliability. There
. are various methods in existence~~each of which involves many simplifying assumptions
as to the soil medium and its behavior under dynamic loadings of the intense magnitude
associated with nuclear bursts, In the process of this phase of the current investigation,
a computer program was developed which essentially uses the same approach as that
presented in the Air Force Design Manual.(b) Inasmuch as this approach neglects the
effects of the inertial resistance of the soil to the dynamically applied loading, values
generated are likely upper bounds to the actual values. Part B of the Appendix dis-
cusses the specifics of this phase of the problem. Figures 2-4 through 2-6 respectively,
present possible accelerations , velocities, and vertical displacements for the ground
surface in and around Tucson,
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Figure 2-4. Peak Vertical Acceleration

{b) Air Force Design Manual, Principles and Practices For Design of Hardened Structures, AFSWC~-TDR-
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¢. Initial nuclear radiation

- When consideration is given to close-in effects, as is necessary in the development
of shelter systems for cities closely associated with military targets, it is appropriate
to evaluate the constraint imposed by initial nucleor radiation. It is this active con-
straint which may cause certain materials in the immediate vicinity of the burst to

-~ later emit gamma radiation not unlike that from fallout itself,

The sources of radiation resulting from a nuclear burst include both neutrons and

gamma rays. The initial reactions which emit this radiation take place within a
fraction of a microsecond; some persist over long periods after the burst and are
scattered or radiated, from atoms outside the bomb debris. In excess of 90% of both
the neutrons and gamma rays are captured or absorbed within the bomb itself; even so,
the remainder that escapes creates large doses outside the bomb. Further, gamma rays:
result from the capture of neutrons in nitrogen atoms in the air which give gamma ray
emission about 13% of the time. These gamma rays have energies up to 10 mev and are
more penetrating than the primary gamma rays resulting from the bomb burst itself. All
of this form of activity is restricted to regions in the immediate vicinity of the burst and
allow a radially symmetric definition, Part B of the Appendix presents technical pre-
dictions of this constraint phenomena. Figure 2-7 shows the total dose in rads which
would be received in an unprotected environment at various points in the Tucson vicinity.

Ry R .

Lt
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INITIAL WHOLE BODY NUCLEAR RADIATION FOR A 5 MT.
OPTIMUM AIR BURST ON DAVIS MONTHAN AIR FORCE BASE
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Figure 2-7. Initial Rodiation Contours
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d. Themal radiation

In addition to overpressure and initial nuclear radiation, thermal radiation offers an
imposing constraint on the system. The explosion of a nuclear weapon results in the
creation of extremely high temperatures in the fireball. Since the amount of energy
which is thermally radiated by a hot object varies as the fourth power of the temperature,
a nuclear bomb radiates a proportionately large fraction of its energy production, ‘
This energy is called the thermal radiation. This energy is emitted in a pulse, the

length of which depends on the size of the explosion. This pulse can be up to 30

seconds long for bombs in the megaton range. The intensity of the radiated energy
decreases as an cbserver moves away from the burst, Typical levels are: fora 5

megaton bomb and 50 mile visibility, 3 calories per square centimeter at 30 miles,

and |2 calories per square centimeter at |5 miles. Three calories per square centimeter

is sufficient to ignite newspaper and dark rayon clothing, or bum exposed skin, A A
radiation level of [2 calories per square centimeter will ignite heavy paper, tree leaves,

and cotton cloth., See Figure 2-8,

The exact results depend on the type of material, its thickness, the humidity of the
air, the duration of the radiant pulse, and the density of the atmosphere. A layer of
clouds, haze, smog, or smoke will act to shield the radiation in a manner analogous
to this effect on visible light. The color of an object will also affect its response;

A RD.OCGREE BURNS *LIGHT
w—  FABRICS AND DRY LEAVES IGNITE,

I0M1.~16.5 CAL/S.C.

HEAVY CARDBOARD BOXES,
AUTO UPHOLSTERY IGNITE =~

8MI.-26 CAL/S.C.

AMi-34cAL/SC.

6MI A4 CAL /58~

* SMIATOCALS.G: -

-+ #4MIL~112 CAL /96 LN 4
.TU CSON ~— AUTO JBOOY STEE'. METAL MELTS

'/3 MI- 210 CAL /S.C.

| ~4uTo Lioo'v STEEL momm
- AL VAPORIZES - CA ;
'\ GLASS PANES MELT .ZM” 508 L/
\ & )

DAVIS
MONTHAN ;
AR FORCE BASE

THERMAL RADIATION FROM A 5MT. OPTIMUM - AIR
BURST ON DAVIS MONTHAN AIR FORCE BASE
Figure 2-8. Thermal Radiation Contours
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dark objects being more easily ignited than light colored ones. Thus, a painted -
frame house will be less likely to burn than an unpainted one. Plastic materials
will tend to smoke and boil, but will not burn.

In any event, prolonged burning is not likely with most surfaces, rather they will
tend to char and smoke, and then will snuff out as soon as the fireball cools. An
exception would probably be dry wooded areas in which many small fires could be-
come well developed during the 30 second life of the thermal radiation pulse.

Thermal radiation contours were generated for the Tucson case and are presented in
figure 2-8. Methods that were used in predicting these values are contained in part
B of the Appendix.

e. Fallout radiation

The last active constraint which is a direct effect of the nuclear burst is that of fall-
out radiation. The general nature of relicble predictions of the magnitude of this
effect is well explained in Rand's publication, "Close-in Fallout" and James E.
McDonald's treatment of the subject in the Joural! of the Academy of Science, August,
1961, An adaptation of this approach is presented in part B of the Appendix fo this

report,

Because of the nature of interaction effects, it is unrealistic to attempt to plot precise
fallout radiation contours in advance of the occurrence. It is, however, deemed
sufficlent to indicate that, as presented in the Appendix, one-hour dose rates may be
expected in the vicinity of 10,000 to 100,000 r/hr, It Is significant to note that there
will be reglons in which little fallout will be present. There also will be regions in
which tremendous amounts will be deposited. Such regions generally defy reasonable
predictions in spite of the intricacies of the analysis.
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3. Surveys !

Surveys are technical constraints, the mognitudes oﬁ‘%néh may be determined by collection of
existing data from various readily uvotlobie sources. Caregories of these iconstraints considered pertinent
to this study are: o ';

Location of targets

Population density

Weather patterns 1

Terrain and topography !

Water supply

Waste disposal y

Soil characteristics

Existing shelter space

Location of schools, hospitals, etc. .

The results of certain of these surveys are included with other material in various portions of thls
reporf. For example, the location of targets was presented in the targeting section of loadings.. Weather
patterns were considered in the material associated with fallout predlctlon. The soil characteristics are
considered in the ground motion predictions. Therefore, this dlscussmn wnll consider only the following
survey results which are not presented elsewhere in thns report:

Population density

Terrain and topography

Water supply

Waste disposal

Existing shelter space

Location of schools, hospitals, ete,

a. Population density

It is obviously necessary to locate the population if realistic decisions on sheltering are to be
made. Because of the mobile nature of this population, exact predictions of the specific
location of all persons at a given instant is not possible. Probabilities would indicate, how-
ever, that the location of these people would be bounded by the night-time distribution
(perhaps the most dispersed) and by the noon-time distribution on the other end of the spectrum,

If the ultimate shelter system incorporates o degree of flexibility in its design, to the extent

of allowing rapid adjustment in shelter assignment or protected motion after the attack, ‘then
this exact location of the population becomes less important.
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F.or Tucson, the present population matrix is as shown in Figure 2-9. The future population
situation in Tucson, one' of the nation's fastest growing cities, is anyone's guess. For 1973,
the best predictions that are available at the present time are indicated on Figure 2-10,
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b. Terrain and topography

Temain and topography affect the immediate levels of initial radiaton, thermal radiation,
blast overpressures, fallout distribution (to some extent), and ground motion. Unfortunately,
there is no direct rational quantitative procedure which permits the full evaluation of the

extent of this effect on each active constraint cited.

The most obvious way in which such an item affects these constraints is qualitatively
noticed by observing the direct shielding that hills and mountains offer to any effect which
radiates linearly from the burst itself, i.e., thermal and initial nuclear radiation. The less
obvious ways are those in which the surface irregularities attenuate magnitudes of blast

overpressures, create irregular fallout deposition,and modify ground motions.

Contours which indicate some of the outstanding features of the mountainous terrain around
Tucson are shown in Figure 211, Note the shielded "slot" from Tucson to Redington.
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c. Water supply

U

Adequate supplies of potable water are a necessary component of any shefter system. Be-
cause of the long-term sheltering requirements for target areas, and because of the possible
heavy deposition of fallout in open reservoirs, an underground water source is most desirable.

R oy

These same long-term requirements preclude the possibility of providing this underground
supply from simple storage tanks, because of the quantities of water that would ultimatzly
be required. If decontamination is incorporated into the plan, farge quantities of water
in addition to that used for the life support system, may be required. [t would thus seem
‘ that the most practical source of water for all of these applications would be from wells.

" ’ Tucson obtains all of its water from wells which, in general, will remain uncontaminated
as far as fallout radiation is concerned. After a survey of several sources of available data
: for depth to ground water for the Tucson situation, it was found that the most accurate and
desirable source was thot obtained from the Department of Agricultural Engineering, the

: University of Arizona. Individual annual well records were examined and static water

f level elevations were compared to surface elevations at the well site. Well data for the

; entire Santa Cruz Valley were analyzed, With a map of well locations and their indivi-
[ dual depths, o thirty-foot water-level contour was drawn, This information is presented as
C the shaded area on the map shown in Figure 2~12. The area prescribed as having a water
table leve! of thirty-foot depth or less can be seen to border parts or all of Rillito, Agua
Caliente, Tanque Verde, and Rincon creeks. In the past, water in this shaded region has
not been particularly potable because of organic surface contamination but, in an emergency’
this region would provide large quantities of useable water at economical pumping heads.
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d. Waste disposal

The disposal of waste can be a minor problem if existing sonitary sewers remain intact.
In'general, this should be accomplished in regions where peck blast overpressures are
under |5 psi. Pumping waste into these sewers will create surface problems at sewage
points, but such problems are deemed relatively insignificant when considered in the light
of the other particulars of the emergency situation.

It is further observed that a broken sanitary sewer will continue to function, but as a
seepage bed, if sewage is pumped into it under pressure. For Tucson, it may be assumed
that regions in which the peak blast overpressures are predicted to be less than 15 psi,
generally in the northern part of the city, are those in which existing sanitary sewers may
be used. In addition to this, useable data on the probable static overpressure resistance of
all sewers in the immediate vicinity of schools are presented in table 2-1.

TABLE 2-1
Depth of Bockfill ~ Ultimote Allowable

SCHOOL LOCATION NEAREST SEWER SIZE TYPE COVER LOAD LOAD OVERPRESSURE

LOCATION (ip_cj\_e_s) (feet) (Ib/f)  (Ib/#) (psh)
{Sr. High)
Catolina 3645 E. Pima Polo Verde Blvd. 10 vCpP* 8.5 1,150 2,200 12,4
Palo Verde 1302 5. Avenido Vego 22nd Street 10 vcp 8.4 LI 2,200 9.3
Pueblo 3500 S. 12th Avenue S. 12th Avenue 12 vee 4.0 720 2,480 1.8
Rincon 422 N, Arcadia Blvd, Swan Road 8 VCP 4.1 720 2,200 10.3
Tucson 400 N. 2nd Avenue 6th Street 8 vcp 9.3 1,180 2,200 8.2
(Jr. High)
Doolen 2400 N, Country Club N. Country Club 10 vep 5.0 840 2,200 10.7
Marsfield 1300 £. 6th Street 7th Street 8 vcp 8.8 1,150 2,200 15.2
Naoylor 170! S, Columbus S, Columbus 8 vee L3 1,250 2,200 22.0
Reskruge 500 E. 6th Street bth Street 8 vce 9.3 1,180 2,200 8.2
Scfford 300 S. 5th Avenue 13th Street 8 vCp 5.6 650 2,200 14.2
Spring 300 W, 2nd Street Main Street 14 vce 9.0 1,150 2,850 19.8
Townsend 2120 N, Beverly Beverly 8 vep 7.9 100 2,200 8.)
Utterback 3233 §. Pinal Viste Ist Alley west of Pinal Vista 8 vep o 5.l 840 2,200 10.7
Veit 5350 E. 16th Street Craycroft Rood 10 vce 9.3 1,180 2,200 8.2
Wokefield 400 W, 44th Street Adth Street 12 vce 1.3 1,250 2,480 50.0
(Elementory} . :
Blenmon 1600 N. Country Club Bentley Avenue 8 vCp 8.2 1,100 2,200 14,7
Bonillas 4711 E, 16th Street Swan Road 8 vCp 2.8 553 2,200 9.3
Borton 700 E. 22nd Street 22nd Street 8 vep 6.7 1,080 2,200 13.9
Brown 1705 N. Sohuaro Waverly Street é vece 5.7 910 2,200 8.3
Carillo 440 §. Moin Saman leGo Street 8 vep 0.7 1,300 2,200 7.6
Cavett 2120 E. Noco Visto Naco Visto 8 vep 6. 1,030 2,200 8.}
Corbett 5949 £, 29th Street Schuara Avenue 8 vCP 6.6 985 2,200 8.1
Cragin 2945 N, Tucson Blvd, N. Tucson Bivd, bl vee 5.9 1,120 4,235 16,5
Davidson 3260 N, Alvernan Ft. Lowell Road 8 vep 7.2 1,030 2,200 8.1
Dovis 500 W, St. Moary's Road Main Street 30 cp * 0.3 4,150 4,450 2.4
Drachman 549 5. Convent 17th Street 8 vce 5.8 13 2,200 8.3
Duffy 5145 E. 5th Street Rosemont Bivd. i5 vee 7.7 1,080 3,025 24,1
Fort Lowell 5151 £. Pima Rosemont Blvd, 18 vCP - 4.8 1,000 3,60 18.3
Govt. Hts. 150 W. Ajo Way W, Ajo Way 8 vcP 6.7 1,000 2,200 8.3
Ho'ladoy {110 €. 33rd Street 34th Street 8 vee o 5.9 936 2,200 .9
Hewell 401 N, trving Avenue Holmes Street 8 vce 5.1 865 2,200 10.8
Howenstine 213! E. Winsett Bivd, €. 16th Street 6 VCP  Unovaileble 2,200
Hudlow 6900 E. 5th Street E. 4th Street VCP  Unavacilable 2,200
Hughes 700 N, Wilson Avenve E. 4th Street 8 vCP 6.2 960 2,200 12.3
Jefferson Park 1701 E, Seneca Warren Averve 12 vCce 2.5 504 2,480 10.4
Keen 3538 E. Ellington P! Elfington Pi. é vce 0.1 1,230 2,200 18.7
Kellond 6606 E. Lehigh Dr. Lehigh Dr. [ veep 1.2 1,250 2,200 20,6
Lineweaver 461 S, Bryont Ave. Columbus Bivd, 8 vee 7.1 1,030 2,200 13.1
Lynn {573 W. Ajo Woy Phoebe Avenue 4 cp 7.6 1,300 --=-- 50.0+
Manzo 130} W, Ontario St, Cloir Street 8 vCcP 5.0 840 2,200 8.4
Menlo Park HOO W, Fresno W. Fresno 8 vCcPp 6.3 960 2,200 8.3
Miles 1400 E. Broadway 12th Street 24 vcr 9.4 (,820 4,230 9.7
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SCHOOL

Mission View
Myers
Ochoa
Pueblo Gardens
Richey
Roberts
Robison
Rogers
Roosevelt
Rose

Sewell

Tully

Univ, Hts,
Van Buskirk
Whoeler
‘Whitmore
Vright

Loguna
Davis
Wetmore

LOCATION

2600 S. 8th Avenue '
5000 E. Andrew

101 W, 25th Street
2210 £. 33rd Street
2209 N, 15th Avenue
4355 €. Calle Aurora
2745 E. 18th Street
6000 E. 15th Street
1201 N. 9th Avenue
800 W. Michigan Drive
425 N, Schuoro

170! w. El Rio Dr.
1201 N, Pork Ave,
725 E. Foir Street
1818 §. Aven, De! Sol
530 E. Glenn

4311 E, Linden Street
End District |

500! N, Shannon Road
4250 N. Romero Road
701 W, Wetmore Road

Catolino Foothills E, River Road

Wrightstown
Tonque Verde
Fickett

White

Brichto

Dietz

Liberty
Mission Manor
Sunnyside Sr.
Sunnyside
Ronchitos
Flowing Wells
Frany
Horelson
Nosh

Keeling
Amphi-Sr.
Amphi-Jr,
Prince
Holaway

8950 E.Wrightstown Road
Tonque Verde Rd,

7240 E. Calle Aurturo
2315 W. Comada

1501 N. Silverbell

1801 S. Turquoise

5101 S. Liberty Ave.
Santa Claro and Sonta Rose
1725 E. Bilby Ra.

250 E. Vaolencia Rd.
Ginter Rood

3725 N.Flowing Wells Rd,
1456 W. Prince Rd.
826W, Chopolo Drive
515 W. Kelso

435 E, Glenn

125 W. Yavepoi Rd.,

315 €. Prince Road

315 E. Prince Road

3500 N. Cherry

UCP = Vitreous clay pipe

*CP -~ clay pipe

LOCATION

TABLE 2-| continved

NEAREST SEWER

S. 8th Avenue
Rosemont Avenue
8th Avenue
Plumer Avenue
N. I5th Avenue
Columbus Blvd,
Winsett 8lvd,
Directly S. of school
Helen Street
15th Avenve
Chantilly Drive
£l Rio Dr.

Mabe! Street
Falr Street

Colle Castor
Glenn

Seneco Street

Joynes Stotion Road
Romero Road
Wetmore Road
Septic Tank
Septic Tank
Septic Tank

Kolb Road
Conada St.
Golden Hills Road
Vista Palma Drive
S. Liberty Ave.
Sante Rosa Road
Bilby Rd,
Valencia Rd,
Seors Blvd.
Prince Road
Prince Road
Magee Road
Tipton Drive

Los Altos Ave.
Oracle Rd.
Prince Road
Prince Rood
Prince Road

e. Location of schools, hospitals, etc.

SIZE

(inches

OOOOOO>OBOHDORDOOODOOCNO®

12

8

24

S woowmo

TYPE COVER LOAD LOAD OVERPRESSURE
- (feet) (b/f) (Ib/f) (psi)
vee 7.2 1,820 2,200 4.1 .
vcep 5.7 864 2,200 8.3
vce 7.8 1,080 2,480 0.1
(ol 4 7.1 1,820 2,200 4.1
vcP 9.1 1,150 2,200 6.6
VCP 10,6 1,250 2,200 18.3
vcp 5.9 938 2,200 1.8
vep Ll 1,270 2,200 . 20.2
vee 0.2 1,230 2,200 17.7
VvCP 5.6 890 2,200 I, 4
vCP 5.0 840 2,200 10.7
vCP 6,9 1,030 2,200 12.7
vee 10,0 1,250 2,200 9.4
vep 2.2 432 2,200 8.8
vCP 8.4 1,130 2,200 14,9
VCP 6,5 985 2,200 12, 4
VCP 6.5 985 2,200 12.4
AC-240 0.0 1,250 3,300 44.5
cP 16,0 2,800 4,460 22.6
(o 9.7 1,840 = 3,960 17.8
VCP Unknown
VCP 5.6 840 2,200 .8
VCP 6.5 985 2,200 12. 4
vep 7.4 1,060 2,200 13, 2
vCP 4.9 840 2,200 10.7
VCP 7.9 1,100 2,200 14,1
vep 9.3 1,180 2,200 16.9
vCP 8.2 1,100 2,475 8.4
VvCP 4.3 1,190 4,180 . I
cp 4.3 1,190 4,180 1}
cp 5.5 1,460 4,180 1.2
vCp 4.4 768 2,880 14.8
vCP 5.5 888 2,200 5.2
vcp 5.0 840 2,200 10.7
vce 113 1,270° 3,010 40.3
ce 6.3 1,620 4,180 n.9
CcP 6.3 1,620 4,180 .9
vCp . i 220 2,200 8.3

Depth of Backfill

*Jitimate Allowcble

Location of schools, hospitals, governmental offices, and larger commercial centers are
shown as entrances in illustrations which depict the buried conduit shelter system. Table
2-] presents locations of public schools by street address.

v
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f. Existing shelter space

In general, no target area has, in existence, sufficient shelter space which may be classed as
adequate to resist the levels of active constraints offered by the close~in effects of nuclear
surface bursts. In fact, few areas have sufficient fallout shelter space with protection fac-~
tors of 100, or better, much iess blast and radiation resistant space with protection factors _

in the required millions.

A rather extensive fallout shelter survey was conducted for Tucson in connection with con-
tract CDM-51-35, Quoting from the abstract to the report on this contract (I}, “The survey
clearly shows the total inadequacy of the existing shelter spaces to protect the population
of Tucson from fallout which might be induced by nuclear action.”

Tucson has approximately 2,100 spaces now in existence which may be classed as adequate
for the expected levels of active constraint. This represents shelter space for less than 1%
of the total population.
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C. Non-Technical Constraints

I. Psychological

The effect of pSychologtccl factors on the development of a shelter system has hlstorlcolly been
overshadowed in light of the problems which must be considered by the structural and mechanical engineer.
This is unfortunate, however, because it is known that the shelter system must satisfy more than the physical -
necessities of protected man=-it must elicit positive responses from those whom it protects. Therefore, it
must consider such possible psychological constraints as: changes in mental state or response caused by
individualized stimuli (warning method, personal observations, etc.); preservation of the system of social
values; creation of a confidence factor or positive belief; and the need to disseminate information about

the system and system purposes.

Ideally, the planner might wish to create a shelter system which would duplicate all the comforts
and conveniences of the ordinary community. Obviously, this ideal must be compromised, in large measure,
by the economic constraints. This then may become a source of psychological pressure on the people to be
protected. They will probably need to leéarn to live with common facilities; and with much reduced per-
sonal privacy in a setting which may, at least temporarily, separate them from familiar people and occupations.

In addition to this, the mechanical problem may require that the shelter system be quite confined,
even altogether underground, at least for early periods. Provision of attention-distracting or diverting ele-
ments should be considered in order to improve the anticipated outlook and personal compatibility during the

possible longer-stay periods,

If travel times to shelter entrances are relatively long, the elements of individual panic will more
likely be present at time of emergency, and trans-attack plans will be more complicated. Required warning
times will, of course, be longer for more remote shelter entrances.

For prolonged shelter stay-times, the psychological factors in the shelter problem increase in rapid
proportion, Only the most speculative answers are available for: thousands of law-abiding persons, for
weeks in confining quarters, with the only occupation being survival. However, the planner must consider

this problem, in terms of orgonization of m-shelter leadership and administration, in addition to protective

. physical design of the system,

The social system inherent in American culture seems to function best when the family unit is main=-
tained intact. So it seems natural that any shelter system will be most effective if it can overcome the poten-

tial psychological constraints inherent in separating members of the family. It should consider means by which the
family group can communicate, or ideally, remain in contact. Provision shouid be made to re-unite members of

o family group who were not at home when the warning sounded. This need tends to conflict with the economic
constraints in conventional shelter systems,

For the purpose of later recovery plans, which are of large import when considering attitudes of pro-
tected man, the system should promise to provide means which will allow him to cooperate in post-strike rescue
evacuation, or recovery activities.

In the case of more prolonged stay times (caused by close-in,high-intensity fallout rochchon) it may
be expeditious to evacuate the mass of people to less contaminated areas. This may require protection of
even such decontamination equnpment as hecvy earth moving equnpment for use in creating clear landing
sfnp;'fo}: agir-evacuation and in creating decontaminated areas in which temporary outdoor communities may be
established.

2. Survivor Characteristics

An additional constraint is related to the makeup of the survivor group. It should be possible to
predict statistically what percentage of the population in a given urban area must be survivors, as well as the
things they will need, in order to preserve o viable economy. The shelter system must consider protection of
the group and the things as a minimum, or it is only worth passing consideration. However, the notion that it
is sufficient to provide merely a cerfcm amount or number of spaces, regardless of who or whot is protected,
will not completely answer the problem. The system should provide for relatively certain preservation of most

Liveiy *‘g.;;.:. el
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vital skills, services, and records as well as more commonly understood provision for vital governmental
officials ond functions. Storage space must be provided for supplies and equipment which must be pro-
tected from blast and thermal domage.

The special provision which must be made for survival of skills in arécs such as medical, sanita-
tion, public utilities, transportation, education, construction, etc., must be given similar priority to that
which we plan to provide for governmental functions. The entrance accessibility provided by the recommended
shelter system should tend to fulfill this requirement without requiring major additional planning in physical
design or trans-attack planning. Efficient use of relatively dead space in interconnecting devices and
inexpensive extension areas would provide ample accessible storage space without prohibitive additional cost.
The long~range outlook for survival of the existing economic pattern will bear a materially direct relation-
ship to the acceptance and cooperation which the plan receives from existing influential economic entities.
As an instance, the vital production records and operating policy records of large enterprises could be pre~ .
served, along with governmental records, to expedite recovery.

3. Coordinated Shelter Plan

A form of economic constraint is involved in the consideration of the need for a coordinated shelter
plan. ldeally, a shelter plan which can be designed largely to also serve everyday community needs would
be most acceptable, Therefore, the designer should consider coordinating new shelter construction with local
community needs for heavy construction which might be compatible in a shared-use program.

Some examples of shared-use methods are suggested in very general reference, and without recourse
to actual plans or stated needs: 1) the streets of most communities are burdened with the problem of transporting
large masses of goods to outlying areas from central distribution points; 2) storm water runoff sewers are not
adequate in most cities; 3) water supply methods constantly require improvement; 4) other overburdened utility
and communication services provide additional examples of possible ways in which everyday community plans
might be coordinated with a shelter plan to reduce the total burden on economic resources.
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SECTION 1lI

CONCEPTION AND EVALUATION

A. General
B. Conception of General Systems
~'|. General Interest Concepts
a. Fixed
b. Movable
¢. Mixed
2, Tucson Concepts - General
a. Fixed
3. Tueson Concepts - Movable
4. Tucson Concepts ~ Mixed
a. General
b. System advantages
c. Shared-use concepts
C. Cost-Effectiveness Evaluation
I, Cost Alternatives
2, Fixed Individual Shelter
a. Culvert=type shelter
b. Flat-plate roof type shelter
c. Dished-roof type shelter
d. Domed-roof type shelter
e. Concrete-box type shelter
3. Fixed Community Shelter Systems
a. Flexible type (4,500 person capacity)
b. Rigid type (I,000 person capacity) -
4, Multi-Purpose Buried Conduit System (Muxed)
5. Cost-Effectiveness Analysis
6. Summary
a. System comparisons
b. Multi-purpose cost sharing

SUMMARY

This section considers counterforce defense system concepts
in general as well as specific context, and evaluates them in terms of Tucson con-
straints. The most feasible systems are further evaluated in terms of cost and cost~
effectiveness. Tentative conclusions are drawn concerning the desirability of certain
technically feasible systems.




SECTION 1Il. CONCEPTION AND EVALUATION
A. General

It has long been apparent that nature demonstrates a survival of the fittest approoch to the creative
process. Briefly, this approach is based on conceiving a large, possibly infinite, number of solutions to
a given problem; then to subject the solutions to the rigors of evaluation and testing in the naturally hos-
tile environment. The solutions which survive tend to be best adapted to the natural constraints.

This study hes followed a similar approach to conception of methodology leading to design of a system,
or systems, which will serve to shelter urban population. Concepts which survived general theoretical
anclysis were subjected to evaluation in light of determined constraints related to those of a physical,
sociological, and psychological nature. : |

The physical, social, and unavoidable political constraints have theoretically impinged on each
concept and have, to a degree, defined each solution. The eventual generalization which is derived
responds to the question: what are the most likely of possible physical solutions which provide realistic
resistance to the nuclear hazards which confront the population of target cities?

B. Conception of General Systems
I. General Interest Concepts

In simplest form, all possible shelter concepts fall into three major categories. The first two of
these generally may be considered fixed and movable In countermeasure character, The third is @ mix of
the first two, selecting components of each. The fixed solutions are those which involve little or no travel
on the part of those who are protected. The solutions called movable would require the protected people to -
make an evacuation trip of either a pre, trans, or post-attack nature. The various possible solutions consis-
tent with these categories are outlined as follows:

o. Fixed |
(1) Eliminate war
(2) Eliminate targets
(3) Do nothing
(4) Anti-Bollistic Missile, plus fixed shelter systems
(5) Fixed individual home shelter system
(6) Fixed community shelter system
b. Movable

(I) Pre-attack evacuation

(a) Determined destination
(b) Undetermined destination

(2) Trans-attack evacuation

(o) Protected
(b) Unprotected

(3) Post-attack evacuation

(o) Protected
(b) Unprotected

¢. Mixed

(1) Primary evacuation to secondary fixed shelters v
(2) Primary fixed shelter occupution with secondary or emergency protected evacuction




2, Tucson Concepts - General

The above general interest concepts form the framework under which all Tucson concepts, both
feasible and not feasible, may be originated. It is observed that shelter systems for target cities have
severe levels of technical constraints imposed upon them which tend to immediately invalidate many
otherwise feasible general concepts. A number of conceivable solutions and systems have received con-
sideration in the course of the study to determine the best shelter system concept for Tucson. Distinct
categories of solution are presented: fixed or not primarily active, in terms of system plan; those which
primarily require travel (called movable); and systems predicated on a mix of both fixed and movable
concepfts.,

a. Fixed

() Certain of the fixed considerations are interesting and even desirable alternatives for
Tucson, but they will contribute but little to conception and design of pragmatic solutions.

\
On the desirability of eliminating war, as a solution, no doubt the highest level of R
policymaker can agree with the least informed, or most apprehensive, private citizen, that this solution
is most desirable, however, even he finds that his best efforts do not entirely accomplish the purpose. The
constraints, in the form of international disagreements, seem to be greater than presenf counterforce
methodology can solve.

(2) 1t is assumed that the possibility of eliminating targets has obviously been given considera-
tion at the highest level of defense planning and, therefore, must not be presently feasible for apparent
tactical and economic reasons. Possibly this proposition may become more likely when the arsenal of
deterrant weapons reaches proportions and efficiency which can permit at least relocation of some of the
more critical military targets. The Tucson problem would be considerably simplified by moving the Titan
sites from upwind locations southwest of fhe city to northern and northeastern sites, or by eliminating
them entirely. (¢) _ , ,

(3) The suggestion that any active plan or fixed construction plan would be worse than doing
nothing, has many adherents who argue that effectiveness is either not possible, or if a plan is effective
to the purpose, it will increase world tension or create doubt in peoples minds about the adequacy of
deterrant weapons systems. |t is even suggested that world-wide fallout radiation will make the entire
world untenable, therefore, why the bother? This study group~-aware of the technical validity, or lack
of it, in these arguments; aware of the heritage of positive resolution inherent in the historical nature of
American temperment; and aware of the most recent evaluations of most probable enemy reaction---reject
this concept as being contrary to the best interests and consensus of the people. It is not technically
accurate to say that the world will become untenable due to fallout radicactivity. The effects of nuclgar
weapons are subject to reasonable evaluation in conventional terms. An additional fact is that civil de-
fense systems are more likely to be additive to deterrant weapons systems, and to be considered such by
the people, in genaral. Experience with the most likely nuclear enemy teaches that nuclear shelter
counterforce methods would probably cause them to initiate the same kind of action, and might serve to
encourage peaceful negotiation, even disarmament agreements, (d )

(4) The concept of an ABM (Anti-Ballistic Missile system) plus a fixed shelter system appears
a most desirable solution although it may present a large economic constraint just short of actual costs of
a conventional war, Most estimates of the cost of ABM systems alone have been in multiples of a billion
dollars. The additional cost of adequate shelter construction would be a relatively small sum. The adequate
shelter is presented here os an interim solution compatible with later ABM systems.

{c) James E. McDonald, Journal of Arizona Academy of Science, March, 1941,
(4) Anthony J. Wiener, Hudson Institute rpt on the "Civil Defense Controversy" in OCD Systems Evaluation

Conference.
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(5). Fixed Individual Shelters

{a) General

Individual or family-type shelters have their greatest usefulness in sparsely settled
areas, They are not satisfactory in urban areas for many reosons (space requirements, psychological,
social, cost, etc). Nevertheless, this type of shelter is in existence in limited numbers and should be
investigated further to give balance to the overall feasibility evaluation studies which follow.

(b) Designs

Three distinct configurations of individual shelters were considered from the stand-
point of effectiveness and cost considerations=-the culvert type, the flat plate and dish types, and the
dome type.

In order to make more direct comparison of Individual -shelter structures, minimum
entrance configurations are assumed for all designs even though the accompanying drawings may show
more elaborate entrances. These designs are predicated on protection agalnst 60 psi overpressure, and
an adequate shelter~space for 6-8 persons (commodius for a few less).

The culvert, os a shelter, has undergone perhaps the most extensive tests and theor~
etical investigation of any burled structure now being used. See figures 3-| and 3-2. The efficiency
of this type of structure in resisting blost effects is well established, Unfortunately, to our knowledge,
the ends of these tubes have recelved little attention, largely because of the complex boundary conditions
which develop at these points. It appears that the dished steel membrane supported by the formed T-shape

“shown is superior in performance and cost to any end plate that is presently available. Such an end detail

will largely assure that the ends will in fact, be as strong as or stronger than, the culvert itself,
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Figure 3-1. Culvert-Type Family Shelter
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Figure 3-2. Plan and Elevation Detalls For a Culvert=Type Shelter
The flat plate type shelter is presented in figures 3=3 and 3-4. An alternate 3

solution involving a steel membrane roof structure similar to that shown later in figure 3-10 is also considered.
The steel membrane in ultimate capacity will support pressure and shock loadings far in excess of the rein-
forced concrete roof. The prime reason for this is that the concrete roof must resist load by developing
structurally inefficient bending stresses, while the steel membrane supports its load in uniform yield-tension
similar to the way in which o soap bubble contains its internal air pressure. It is in this conflgurohon that
the material is operating at its maximum efficiency.
The dome=~type individual shelter is a special case of elliptical dome in which, under

uniform pressure, the membrane hoop stresses are zero along the equator or junction with the vertial wall,
-See figures 3-5 and 3-6, By programming precise bending calculations on the IBM 650 computer, bending
moments consistent with membrane displacements were determined. It is observed that this 3-inch thick
concrete dome has the same initial capacity as the previously presented fiat concrete plate and dished steel
membrane. Domes of this type are presently being constructed by a Tucson firm. Their construction pro="*
cedure consists of spraying "gunite" concrete over a domed fibreglass liner which remains in place as an
energy-absorbing protective ceiling. :

(6). Fixed Community Shelter

For densely settled urban areas subjected to close-in nuclear effects, the flexible
community shelter system allows great improvement in cost-effectiveness over individual shelters, Because
of the iack of existing efficient community shelter deslgns for close~in effects, a unique concept was developed
for inclusion in this study at this point. The source of uniqueness relies on the development of a roof system,
consisting of dished membranes resting on precast concrete column shapes, The structure conceived is
composed almost exclusively of pre-formed shapes which, because of the multiplicity of use, may achieve
the economies associated with mass production. Engineering drawings, mode! configurations, and calculations
have been produced for this dished-membrane community blast shelter, however, these must be regarded as
preliminary in nature, See figures 3-7 through 3-12.,
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Figure 3-3. Plan of Family Shelter

Figure 3-4, Vertical Entrance and Door Detail
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Figure 3-9. Community Shelter for 4,500 People

Figure 3-10. Cross-Section of Community Shelter Module
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The architectural arrangement develops maximum use of floor space and divides the shelfer o

population into individual groups of manageable size from the standpoint of control and logistic support., s &
The need for group concept was recognized after o thorough study and evaluation of material on the sub|ea?'
of psychological ond social adjustments in a shelter. Large numbers of persons can be accommodared ino
structure by dividing the number of people into small groups whereby the circulating of people and muter

may be minimized.

The shelter is composed of seven groups of approximately 600 people. The sleeping and
living accommodations surround a nucleus composed of the kitchen and bathrooms. Each group is indepen-
dent from other groups. The only cross-traffic necessary is to reach the medical facilities, central library,
supply distribution centers, and work areas. The manogement of the shelter is simplified by a sysfem of
individual group management monitored by the shelter's central control. .

The shelter was designed for dynamic behavior using an ultimate strength theory and
theoretical blast loadings consistent with a peak incident shock of 60 psi of a megaton range weapon. & - 4

H
~

A rigid reinforced concrete cell arrangement has also been conceived during the study
period. It is presented in figure 3-13. Only the structural detail is shown. The concept has not been
developed sufficiently to show further detail. It does, however, present a reasonable alternate approach
to the risk-oriented sheltering philosophy.
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Figure 3-13. Reinforced Concrete, Community Shelter
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3. Tucson Concept - Movable

Systems classified as movable are mainly categories of evacuation of people and things to
less vulnerable locations. This methodology involves planning and scheduling transportation modes (and
routing) as well as determining adequacy of destinations, or necessary improvments. In general, evacuation
may be classified as pre-attack, trans-attack, or post-attack. In this immediate context, only the first
two are considered as providing a nuclear effects counterforce system. Protected post-attack evacuation
is included later as part of the mixed system.

Planning pre-attack evacuation would begin by considering whether or not specifically
assigned destinations are possible or desirable. The plan should reflect this decision and go on to provide
training in recognition of the procedures, and alternates, which individual persons or groups must follow
to execute the plan. The plan should be regularly exercised to assure improvement of the plan and familiarity
in the evacuee group. In the local case, lack of adequate destinations would probably preclude pre-attack

evacuation even assuming adequate alerting time.

Plans for trans-attack evacuation are subject to all the constraints for pre-attack evacuation
methodology, plus the requirement to determine whether evacuation will be protected or unprotected. This
decision probably will depend largely on adequacy of warning times and,to a considerable extent, on *
vulnerability of egress routes or modes of transportation. In the local case, trans-attack evacuation would
provide solutions for only a fortunate few who were porticularly well equipped for, and adapted to, primi-
tive survival, Most available evacuation routes and methods for Tucson would be denied evacuees by the

fact that local military targets lie in close proximity along all existing highways and railways. . P

el 8

4. Tucson Concept ~ Mixed

a. General

A system which takes advantage of the best features of all methodologies is likely to pro-
vide the greatest effectiveness and, if it does not increase the cost factor materially in the process, will
present the most desirable cost-effectiveness ratio. In the local case, such a system is both more effective
and costs less, per shelter space, than any other adequate counterforce methodology. Protection factors
are as good as, or better than, those given previously and costs are materially lower than those for usual 4
community or family shelter systems.

AR

The system consists mainly of a network of steel conduits buried under five feet of earth,
Two sizes of conduit are recommended, 44.8 miles of 16'~7"pipe arch (Main Conduit), and 204 miles of 8'
pipe as Secondary Conduit. (See figure 3~14.) The Main Conduit will permit limited vehicular traffic.
Entrances would lead to extension conduits running at right angles from main artery conduits to schools,
public buildings, and other locations as necessary to provide efficient access for present and predicted density
of population. A means of protected egress, from the points which are hardest hit, is provided. The termina-
tion point of this egress should be located in such a way that water and supplies would be readily available.
The region which, in our opinion, offers the most advantages as an immediate survival area is shown in figure
3-14, as the Survival Area. A plan view of o system of conduits which could provide the necessary under-
ground passageways to this survival area is also shown. The conduits themselves would be the initial blast
and early fallout shelters. Long~term fallout protection would be accomplished in the protected region.
Decontamination capabilities would be an integral part of the fallout protection that is supplied in this
region. In addition, decontaminated emergency londing fields and open living areas could be created here.

Conceptual isometric views of major system components are shown in figure 3-15. Much of
the data and analysis presented as part of the previous systems (which pertains to flexible structures such as
steel conduits, sloping entrances, pre-fabricated sections, and steel membrane roofs) will directly apply to
aspects of this system. ‘

b. System advantages

I 2 e e

In terms of the mandatory design constraints, the buried conduit system offers a desirable
solution. A most desirable feature is inherent in the distribution of population in-shelter, No new concentra-
tion of people is created so that the possibility of stray missiles, or deliberate targeting, will not readily create
large numbers of casualties; this fact will more likely assure survivors in proportion to existing population. The
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Figure 3-14. Plan View of Buried Conduit System for Tueson, Arizona

buried steel conduit, as a structure, has been subjected to extensive testing and use so that is has become

a familiar medium for use against vertical overpressure. Ground motions in other directions will not rupture
or separate the sections of steel conduits as readily as might be the case with more rigid structures; they will
tend to stretch or compress to conform to stress and strain patterns, without breaking.

The protection offered against thermal and radiological hazards demonstrates a particularly
desirable aspect of this system. Protection against the thermal and initial radiation puises are in a one-
million pius attenuotic.. range which is adequate for even some of the most intense situations, However, in=-
tense fallout radiation effects demonstrate the system most favorably. Aside from the desirable attenuation
factor, which remains important, this system permits coordinated monitoring and decontamination operations.
Recovery operations will, therefore, be more meaningful because tha whole community can operate as they
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are most accustomed to acting; ond with their chosen leadership. instead of as isolated small groups. If local
post-attack fallout radiation intensity indicates protracted periods of lethal radiation, the system makes it
possible to carry out post-attack evacuation of the entire population through a single cleared escape route.

Many additional advantages are inherent in this system which are not likely for other
systems. Most of the psychological objections to other buried systems are overcome by the fact that family

.groups, who were separated at worning time, can shortly be reunited. In-shelter administrative and control

problems are diminished by the fact that existing authority figures can be in direct coritact. Location of
entrances at schools, hospitals, and other commercial or governmental centers tends to serve as the most
efficient method by which the largest part of the population can enter the shelter in the shortest time. For
business-day population distribution, this configuration is ideal; it also provides familiar, consistent entrance
location patterns for other popuiation distributions (holiday, weekend, etc.). Usually schools and hospital
entrances will be near the center of night-population density, which is about the same distribution as that
for weekends, holidays, and early evenings.

The system offers the additional value of providing shelter readily in terms of elapsed time
after decision to construct. The conduits could be constructed in states which would permit useful shelter,
on a crash basis, quite readily. As an instance, the main conduits conduits could be constructed first in
order to serve the greater number of persons in the least amount of time. Next, the secondary conduits
could be connected, in the most populous areas. At the same time, construction could progress on entrances
and operating centers. Each phase of construction would be useful as basic shelter almost immediately as it
would simply require excavation, emplacement of the conduit, backfill, and ventilation tubes. Details
and refinement of construction would improve the system, but basic shelter can be available most readily
since form-building, concrete-suring times, and complex foundations are not necessary in most of the con-

struction phases. ,

The system also allows relatively inexpensive expansion into newly developed areas. - The *.
additional cost should be proportional to th at ratio which the number of new persons to be served, bears to
the total population; or even slightly less. Largely it will be a matter of adding enough conduit to reach
into the area in point,

e. Shared-use advantages

. The buried conduit system is ideally adaptable to multipurpose planning. Utility systems

. such as water, electricity, and telephone could install trucklines throughout the shelter system. In addition,

inlets, outlets, and protection for mechanical equipment could be provided which would allow use as efficient
storm drains. The most obvicus purpose for shared-use techniques is to reduce the purely shelter costs; however,
the benefit realized by the utility systems (and the community generally) would be substantial. Installation
and maintenance accessability would be considerably improved, in the case of utility systems; they would also,
of course, be less vulnerable to damage by nuclear weapons effects. The storm drains could represent the

first stage of any overall storm damage or water conservation and control system. :

In general, dny shelter system will be more useful at the ultimate moment if it has not been

completely idle during the interim period. Long-range prospective developments may well include high-speed
underground transportation systems for distribution of goods and even commuter traffic.
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|. Cost Alternatives

C. Cost Effectiveness Evaluation

»

For purposes of this evaluation, possible installation costs for vorious}ypes of shelter systems are

2. Fixed Individual Shelters

a. Culvert-type shelter

Construction cost estimates for this type of shelter are developed as follows:

STRUCTURAL ESTIMATE

EXCAVATION

Excavation
Backfill or removal from site

CONCRETE

No forming
Material (Concrete)
Plocement (Labor)

REINFORCING STEEL
Material ond Lobor

FABRICATED STRUCTURAL STEEL
Material and Lobor

CORRUGATED METAL PIPE
8" -#8 Ga.Multi-Plate
4 414 Ga.StHd.
3 -#14 Ga.5Md.
2 -#14 Ga,Std.

TIMBER
3/4" Plywood

SEALER COAT
Lobor and Material

TOTAL STRUCTURAL COST

MECHAN