Study S-186

(o ]
(S
by
:g A DAMAGE-LIMITING
p= SHELTER-ALLOCATION STRATEGY
-

Grace ]. Kelleher

BEST AVAILABLE COPY

INSTITUTE FOR DEFENSE ANALYSES
ECONOMIC AND POLITICAL STUDIES DIVISION

iy STE TN L : .. Do EreN A . . RN OO e .

April 1965 IDA HQ 65-3518
Copy .£ .21 of 185

20040%3[030




Qualified requesters may secure copies of this report from the
Defense Documentation Center, Cameron Station, Alexandria,

Virginia 22314,

The DDC will make copies of this report available to the Clearing-
house for Federal Scientific and Technical Information, National
Bureau of Standards, Department of Commerce, for sale to the
general public.

The Institute for Defense Analyses prodices three kinds
of publication for distribution, entitled Report, Study, and
Research Paper.

A Report embodies the results of a major research project
undertaken by IDA and is intended t¢ be an authoritative con-
tribution on its subject.

A Study is a less formal document and less comprehensive
in scope than a Report. It may be the result of a smaller and
more narrowly defined research project or it mey be a sup-
porting technical paper prepared in connection with a major
project.

A Research Paper represents the work of one or more
named authors but is subject to review comparable to that for
publication in a professional journal.

LSRN AL N NP




=)

Study S-186

A DAMAGE-LIMITING SHELTER-ALLOCATION. STRATEGY

Grace ]. Kelleber

April 1965

This report bas been reviewed in the Office of Civil Defense and
approved for publication. Approval does not signify that the contenss
mecessarily reflect the views and policies of the Office of Csvil Deferse

Contract OCD-0S-63-134
Subtask 4113-C

INSTITUTE FOR DEFENSE ANALYSES
ECONOMIC AND POLITICAL STUDIES DIVISION

el




FOREWORD

The work reported in this Study is part of a continuing effort in
the analyses of alternative civil-defense systems by the Institute
for Defense Analyses under Contract No. OCD-0S-63-134 (dated

June 28, 1963) with the Office of Civil Defense, Department of

the Army. The studies are being performed in the Economic and
Political Studies Division of IDA.

This Study sets forth a damage-limiting strategy for allocating
blast and fallout shelters to the inhabitants of a city or metro-
politan area. For a given weapon, a method is outlined for ensur-
ing that fatalities within any local area under study do not exceed
a prescribed proportion of total population irrespective of the
actual ground zero within that area. Alternative means of achieving
this objective are considered and a least-cost method developed.

The proposed population protection method was initially con-
ceived in June 1964 and was tested that summer using desk calcula-
tors. The results substantiated the feasibility of the strategy
as well as its cost/effectiveness potential.

I would like to acknowledge with appreciation the contributions
of other members of the EPSD staff who so ably assisted in this
effort: Martha Strayhorn, who assisted in conducting the pilot test
of the shelter allocation procedure last summer; Jane-Ping Crane,
John D. Wells, and Jane Gleason, who developed the initial computer
model, wrote the program specifications provided in Appendix B and
supervised the production runs required for this study report; and
Phyllis Weiner, who performed all of the technical secretarial
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duties involved in the development and publication of this Study.
Finally, I would like to thank Samuel E. Eastman, the Civil Defense
Project Leader, for his support and encouragement throughout this
research effort. | '

Grace J. Kelleher

av




CONTENTS

Pag:e
FOREWORD _ idii
LIST OF FIGURES vi
Li5i OF TABLES ' vi
SUMMARY vii
I INTRODUCTION 1
Ti SHCLLTER ALLOCATION MODEL 3
A. DESCRIPTION OF THE MODEL 3
B. SPECIAL FEATURES OF THE MODEL 5
1. local Orientation ' 5
2. Deterministic Consideration of All
Potential Ground Zeros 6
7. Minimum Cost Approach 6
2. INPUTS, GUIDELINES, AND ASSUMPTIONS 7
D. COMPUTATION PROCEDURE 9
E. ALTERNATIVE ALLOCATION PROCEDURE 14
ITI DAMAGE LIMITING SHELTER POSTURES FOR HOUSTON:
A PILOT STUDY 17
A. SHELTER ALLOCATIONS 17
B. COST/EFFECTIVENESS ' 20
C. YIELD SENSITIVITY 30
IV CONMCIUSIONS AND RECOMMENDATIONS 33
APPENDICES
A, GLOSSARY OF NOTATION ' 35 -
B. SPECIFICATIONS FOR PROGRAM DAMIT 39
C. SHELTER COSTS 61




Figure

Table

FIGURES

A Basis for Determining the Protection
Required to Survive at Critical Distances
from Ground Zero, 10 MT Surface Burst

Houston Target Value (Population) Matrix
Shelter Posture: 300, 100, and 35-psi Blast

Shelters; Maximum Allowable Fatalities: 2.2
Percent (One 10-Mt Surface Burst against

- Houston At-Home Population)

Shelter Posture: 100 and 35-psi Blast Shelters;
Maximum Allowable Fatalitjes 5 percent (One 10-Mt
Surface Burst against Houston At-Home Population)

Shelter Posture: 35 psi Blast Shelters; Maximum
Allowable Fatalities: 11 percent (One 10-Mt
Surface Burst against Houston At-Home Population)
Shelter Posture: 35 psi Blast Shelters; Maximum
Allowable Fatalities: 20 percent (One 10-Mt
Surface Burst against Houston At-Home Population)

Cost/Effectiveness of Alternative Shelter
Postures

Yield-Sensitivity of Postures Desighed to Counter
a Single 10-Mt Attack

TABLES
Shelter Postures Considered For Houston

Yield Sensitivity of Comparable 35-psi aﬁd
100-psi Shelter Postures

vi

21

23

25

27

29

31

18

32




SUMMARY

A damage-limiting strategy for allocating blast and fallout shelter
protection is proposed in this Study. The features which combine
to make this strategy unique are its relatively fine-grained local
orientation and its ability to meet a survival percentage criterion
irrespective of the actual ground zero within the area considered.

Population distributions vary from city to city and must be
considered in detail--not as averages or aggregates--in order to
provide realistic, optimal protection for any one city. The
strategy proposed here tailors shelter postures to the conditions
and needs of individual cities or local areas., This local approach
could be used to develop a national shelter program evaluating the
needs of many cities by serial application of the shelter allocation
model.

Shelter postures produced under this strategy consider all
potential ground zeros within the protected area as part of the
shelter allocation process; thus, fatalities from immediate blast
effects and fallout are limited to a stipulated level, irrespective
of where an assumed weapon might be delivered within a target city.

Costs are minimized in the shelter allocation process by
following three specific decision rules described in Section II.

The results of pilot studies reported in Section III confirm
that shelter postures developed under this damage-limiting strategy
can make it possible to limit fatalities to a stipulated levell

regardless of where the weapon may be delivered within a target

1. Subject, of course, to any errors involved in current
estimates of basic phenomena and effects of nuclear weapons.
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city. These studies also establishes that, by judiciously assigning
shelters of various strengths to Jdiirerent areas of a city, the
level of fatalities can be limited to that resulting when the
strongest shelters under consideration are provided universally
{at much greater cost) and the weapon <letonated at the enemy's best
aimpoint. For example, a mixed-shelter posture comprising 300- and
100-psi blast shelters and fallout shelters having a pro-
tection factorl (PF) of 40 or greater can limit fatalities to
2.2 percent, given a 10-Mt surface burst on the Houston at-home
- population. This posture costs only $548 million, yet guarantees
the same minim j‘éarvival level as a posture providing 200-psi
protection to e&eryone at & cost of $1,014 million. Similarly,
for the same attack, a posture of 100-psi blast shelters and fallout
shelters with ¢ PF of at least 40 can limit fatalities to 5 percent
at a cost of only $3%2 million. A posture providing 100-psi protec-
tion to everyone would guarantee the same minimum survival level
at a cost of $562 million. _

The shelter allocation model is described in Section II &and
specifications fér computer adaptation are provided in Appendix B.
Conclusions of this Study and recommendations for further develop-

ment of the model are set forth in Section IV.

1. The protection factor of a shelter is a measure of its
ability to-attenuate ra.liation, It is the ratio of the dose which
would be received outdoors, without any protection, to that received
at a particular location in a structure.
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I
INTRODUCTION

Earlier civil-defense studies have been concerned primarily with
estimating casualties from a generalized attack upon the United
States, based upon varying assumptions of population protection in
different geographical areas. These national studies as well as
the relatively few local studies have assumed that the enemy

would target optimally and that delivery accuracy could be approxi-
mated by random error estimates in the stvdy models. This method
has usually precluded meaningful compariscn of different study
results because of differences in the actual ground zeros employed.
More important, the results of such studies leave unanswered

a number of rather compelling questions: Suppuse the weapon is

not optimally delivered. Could it not detonate at ary point in

the city? Should our defenses be keyed to estimates, or perhaps
mere conjectures, of the enemy's targeting intentions, the reliabil-
ity of his weapons, and his delivery accuracy?

| The problems posed by ground zero uncertainty are focused more
clearly by considering the full range of future potential enemies
and their relative achievements in the development and testing of
nuclear weapons systems, i.e., the n-th country problem. For
example, the center of the business district of a city might be the
best target for an attack against population. A shelter posture
could be designed to counter effectively a weapon delivered near
that point. But, owing to retargeting or error, the weapon could
detonate in a densely populated suburban arez within the city and
kill almost as many people as if there were no shelter posture at
all. The shelter system would have bought very little protectior,

if any.




The shelter strategy proposed in this Study circumvents the
uncertainties involved in weapons delivery; fatalities from imme-
diate blast effects and fallout are limited to a given level, no
matter where the weapon were detonated in the target area. An

obvious way to ensure this outcome would be to allocate the highest

level of protection to everyone in the potential target area. Such

a posture would limit fatalities to the level expected from

a weapon delivered at optimum ground zero. A number of such univer-

sal postures were assessed earlier and were found not only to over-

protect, but also to entail prohibitive costs. Clearly, a more

efficient technique was needed to meet damage-limiting objectives.
A shelter-allocation strategy that is both damage-limiting

and least-cost has been developed and is described in this Study.

The features which combine to make this strategy unique are its

relatively fine-grained local orientation and its consideration of

all potential ground zeros in the development of defensive shelter

postures. Because of this latter feature, the postures produced

by this strategy can make it possible to limit or upper-bound

fatalities to a stipulated level, independent of ground zero.

A model for executing the strategy will be presented along with

specifications for computer adaptation. As will be demonstrated,

postures developed by this strategy against a single weapon of

a given yield will, at the same cost, also prove highly (if not

optimally) effective against weapons of different yields.




II
SHELTER ALLOCATION MODEL

The proposed strategy is to provide a given city or metropolitan
area the least-cost shelter posture that will limit fatalities from
a given weapon to a stipulated upper level (a)l regardless of where
the weapon is delivered in the area. The strategy is executed with
a unique shelter allocation model. The narrative description of
the model below (IIA and B) is followed by a detailed discussion

of the inputs and assumptions (IIC) and the computation procedure
(IID).

A, DESCRIPTION OF THE MODEL

In preparing for shelter allocation, the model determines the
distances from ground zero at which shelters of each strength used
in the posture would be required for protection. The regions of
interest about ground zero for a single 10 Mt-surface burst,2 give
a choice of blast shelters (100-psi or 35-psi) and fallout shelters
(PF = 40 and a 7.3-psi blast rating), are shown in Figure 1, which -
is a matrix of l-km2 elements. Having established these regions of
effectiveness, the model evaluates all potential ground zeros3 and
allocates shelters as required to limit fatalities at the stipulated

upper level, o.

l. A glossary of notation is included as Appendix A.

2. A 0.50 fission ratio was used in calculating the effects of
all weapons discussed in this Study.

3. Each element of the population matrix is considered to be a
potential ground zero. In effect, the template depicted in Figure 1
is repeatedly shifted, so that the ground-zero square falls in turn
on each kilometer-square element of the population matrix, and for
each new ground zero the number of blast fatalities is calculated.




Legend:
Region Overpressure (o) Adequate Blast/Fallout Protection

=Ro o> 100 psi  None

=Ry 35<0s 100psi 100 psi shelter

ED] zRy 7.3<0s 35psi 35 psi shelter -

EED =Rj o< 7.3psi  Fallout shelter, PF = 40
@ = Ground Zero Scale:(:] =1 km?

| FIGURE 1 A Basis for Determining the Protection Required to Survive at Critical
Distances from Ground Zero, 10 MT Surface Burst

_ (Given a choice of 100 or 35 psi Blast Shelters or fall-
RI-6-5-1 out protection in light steel frame bldgs.)
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In evaluating each ground zero, the model first determines how
many people are within the sure-kill area (R, in Figure 1). This
number is compared with the stipulated upper limit on fatalities to
determine the number of fatalities allowable in other regions about
ground zero. For example, if the fatality level stipulated for the
posture is 50,000 persons and 30,000 were located within the sure-kill
region, only 20,000 fatalities are allowable elsewhere. That is, all
except 20,000 of the people outside the sure-kill radius must be
adeqpate;;‘ﬁrotected against blast and fallout effects. The next
problem is to decide which 20,000 persons will not be protected.
Sinz2 the objective is to minimize the cost of the required posture,
+nls decision is based on the costs per person protected. The matrix
elements with the highest protection costs per person are identified
and left unprotected, while the rest of the elements are allocated
the shelter required in their particular region about ground
zero. In evaluating succeeding ground zeros, all shelters previously
allocated are applied as assets, and additional protection is pro-
vided only as necessary to hold fatalities to the stipulated level.

After all ground zeros have been evaluated for appropriate
blast protection, fallout shelters are allocated to those elements
where blast shelters were not previously assigned. The final
posture is then costed.

B. SPECIAL FEATURES OF THE MODEL,

The principal features which combine to make this model unique
are its local orientation and its deterministic consideration of
all potential ground zeros in the development of shelter postures.
It also applies a minimum-cost approach to the problem. Each of
these characteristics is discussed separately below.

l. Llocal Orientation

Shelter postures are tailored in this model to the conditions
and needs of individual cities or local areas. This local approach
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. could, of course, be used to develop a national shelter program
evaluating the needs of many cities by serial application of the
model.

A basic input to the shelter allocation model is a target
value matrix in which the population of the target city is broken
down according to uniform subdivisions; one-kilometer-square matrix
elements are used in the current version of this model. The
assumed time of attack determines whether the at-work, at-home or
rush-hour population in each grid element will be the basis for
shelter assignments. ‘

2, Deterministic Consideration of All Potential Ground Zeros

All grid elements are considered to be potential ground zeros.
Each one is separately evaluated in order of target interest.
Thus, this is a deterministic as opposed to a probabilistic or
”risk"l model, Shelter is allocated as necéssary to ensure that
fatalities from the assumed weapon will not exceed the stipulated
level, regardless of where the weapon is delivered on the target
city.

3. Minimum-Cost Approach

Three decision rules for minimizing costs are applied in the
shelter allocation process.

(1) Shelters of a given strength are not allocated
unless essential to maintaining the stipulated survival
level. .

(2) When additional protection is required, shelters
of a given strength are allocated only for those
elements in which they are both necessary and effective
for protectinn against the specific ground zero being
evaluated.

1. In a "uosk™ wadel, probabilities would be assigned to
a number of poterntial ground zeros and the average or expected
damage calculatad {or each area affected. In contrast, the pro-
posed model deals wxth the maximum fatalities that could be
incurred from a givan weapon. :
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(3) Cost dictates the choire of specific elements to be
sheltered. Priority is given to those elements that can
be protected at the lowest average cost per required
shelter space.

The element-by-element differences in cost per required space
are illustrated in Appendix C.

Once shelter of a given strength has been allocated to a popu-
lation element, it may not be downgraded. However, it may be re-
placed with a stronger shelter if the process of limiting fatalities

for another potential ground zero so dictates.

The shelter-allocation model provides a feasible miﬁimumfcost
solution to the problem. Whether it produces the minimum solution
will not be argued at this stage of the model's development. In
seeking such a solution, linear programming techniques were con-
sidered. However, their application was necessarily deferred
because of the prohibitive number of constraints now associated
with the problem. Available linear programming models, e.q.,
LP-90, will not accommodate the total constraints involved. Poten-
tial means of reducing the constraints include:

(1) reducing the number of grid elements by increasing

their size (presently one-kilometer squares); |

(2) reducing the total area of the target value matrix,
thereby reducing the total number of elements involved;

(3) using fewer sizes and strengths of shelter (perhaps
some ideal shelter complex); or

(4) considering the present cost/effectiveness approach
as the first step toward the minimum-cost solution and
then using the results to determine those areas of the
population matrix to vhich an available linear program
could be applied in an attempt to obtain a cheaper
solution., The areas appear to be those where a concen-
tration of one level of protection ends and another

begins.

The principal difference between a linear programming procedure
and that being recommended here is that the former would permit simul-
taneous consideration of all matrix elements as potential ground zeros.
In the present procedure, elements are evaluated one by one, in a
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prescribed sequence, crediting as assets all shelters allocated

earlier in the sequence.

C.  INPUTS, GUIDELINES, AND ASSUMPTIONS:

The required inputs to the shelter allocation model are

(1) target value matrix;

(2) the threat;

(3) shelter choices--sizes and strengths;
(4) shelter costs;

(5) the level, a_, at which fatslities are to be upper-
bounded; and

(6) the psi level above which blast shelters would be
required for population protection.

Each of these is discussed separately below.

A target value (population) matrix is input for the target city
to be protected. This matrix was described earlier on pages 5 and 6.

The threat to be countered by the shelter posture is also an
input. This includes the yield of the weapon and height of burst.
Wind direction and speed are considered externally in determining
the level of fallout protection required.

The shelter strengths and sizes available for ailocation and their

respective costs are also inputs to the model. See Appendix C for
examples and cost sources.

Shelter costs: The total population, pij’ of a grid element
(identified in aggregate only) is the basic decision unit affecting
cost. Each pij will be provided a uniform level of protection, i.e.,
shelters of the same psi rating, or the same fallout protection
factor, for everyone in the element.

The level (ar) at which fatalities are to be upperbounded is

also an input. A series of postures can be developed and costed

1. Appendix A is a glossary of all notation used here and in
Section IID. A set of specifications for computer adaptation of the
model is provided in Appendix B.

8
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“based on alternative oy, levels, thus providing discrete points for
the construction of cost/effectiveness curves. The range of
feasible o, levels is determined by the threat to be countered and
the alternative shelter strengths available for the posture.

(1) The minimum level at which fatalities can be upper-bounded
(a7) is the number of people that would be killed by blast
ef%ects from the stipulated weapon if the strongest shelter
available for the posture (s,) were provided universally.

That is, even if s. shelters were allocated to everyone, the
assumed weapon couid kill as many as a, people from blast
effects, depending upon its actual grolind zero within the city.

(2) The maximum level of fatalities for which at least some
s, shelter would be required (gp) is one less fatality than
the upper limit protected by the next strongest shelter (sjg). -
For example, if fatalities could be limited to 50,000 with

s, blast shelters (or with fallout shelters if blast shelters
of only one strength are being allocated), the maximum ¢
requiring allocation of any s, shelter is 49,999, If any
higher o were stipulated, the model would not allocate any Sq
shelter, as it would not be required. (The model will not
allocate a strenger shelter if a less expensive shelter of
lower strength will provide an equivalent number of survivors.
Likewise, it will not allocate any blast shelters if fallout
shelters will ensure the stipulated number of survivors.)

The fatality levels corresponding to oy and o need not be specified
in advance, as their values will be computed as a preliminary step
in the shelter allocation procedure itself,

The minimum psi level for which blast shelters would be required
for population protection is also an input and can be varied.

D. COMPUTATION PROCEDURE

The first “hree steps in the computation are in preparation for
the shelter allocations; the fcurth and fifth are the allocation
procedure, and the sixth is the costing procedure.

tep 1: Establish Shelter Effectiveness Radii

In preparing for shelter allocation, it is necessary to determine
the distances from ground zero at which a shelter of specified strength
k will be effective. The distance to be calculated is Ty the outer
limit of the region R within which a shelter of a given strength in

9




the posture will protect and a weaker shelter in the posture will not.
Distance Ty is determined from overpressure-versus-distance formulas,l
properly scaled for weapon yield and height of burst. Figure 1 depicts
for a 10-Mt surface burst, the region of effectiveness for each of
three shelter strengths: 100- and 35-psi blast shelters, and fallout

shelters.

Step 2: Determine o> the Minimum level at Which Fatalities
Can Be Upper Bounded

Py is the population in the unprotectable region Rys with outer
radius Tos about a given ground zero. In this region the over-
pressure from the assumed weapon will exceed the psi rating of even
the strongest shelter. R.o contains all matrix elements located at
distances, dij’ from ground zero that are less than or equal to T,
The distance, dij’ of an element in the i-th row, j-th column from
a ground zero in the m-th row, n-th column is determined by the

following formula:

a;; = NGE-m? + GG-m)?

If dij s L the element i,j is included in R,, and

P, = E; P
Calculate Po for each grid element, considering that each is a
potential ground zero.2 The highest P calculated is 015 the minimum
level at which fatalities can be upper-bounded with the shelter choices
at hand.

ij*

1. Based on data provided in Figure 3.66 of S. Glasstone (Ed.),
The Effects of Nuclear Weapons, U.S. Department of Defense (U.S.
Atomic Energy Commission: Washington, D. C., April 1962), p. 135.

2. As will be described later, the resultant P_ values also
provide the basis for ordering elements for evaluati&n as potential
ground zeros in the shelter allocation process.
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Step 3: Determine a s the Highest Fatality Level that Would Require
Any Sy Shelter Allocation
Pl is the total population in regions Rb and R1 about a given

ground zero.

The second strongest shelter under consideration (52) will not
protect within R1 {bounded by radius rl), but will protect outside
ry. Therefore, to bound fatalities at Pl would require no $1
shelters. The populations of all elements with dij < r, are
included in Pl'

Calculate Pl for each grid element considering that each is
a potential ground zero. The highest Pl calculated, leax’ is the
minimum level at which fatalities can be upper bounded with S,

shelters. Thus,

Plmax =1 =% >
the highest fatality level that would require allocation of any
Sq shelter.

Step 4: Determine Shelter Requirements and Allocate Shelter

Array the blast-shelter choices in order of psi rating, highest
to lowest. Classify the strongest shelter S1» the next strongest
s,» etc. Allocate shelters one strength category at a time, in
the order Sk (k =1, 2, 3, ...).l To allocate Sk shelter:

l. BAn alternative for this step .s discussed at the end of
this Section. See page 14.
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/ Step 4a: Array the matrix elements from highest to lowest
acéording to the numbers of persons, an, vulnerable even with Sk
shelters, to determine the order in which they are to be evaluated
as potential ground zeros.l

For the strongest shelter, S1»

The Po values were calculated in Step 2 above.
For other shelter strengths, Sk (k =2, 3, vo.),

Von S Po + (Ug + Uy + eee + 0, _4)5 5

where uk (k=1, 2, 3, ...) is the total population in those ele-
ments of Rk which were not allocated Sy shelters.

Step 4b: Evaluate each element 3, as a potential ground
zero and allocate Sk shelter as follows:
Calculate fk’ the allowable fatalities in Rk’ where

fk =a, - th

(an is an input, as described earlier in this Section on pages
7 and 8).
Calculate uk where

=z ugs o
Ry

and the uij are the populations in elements i,j which have not

Uy

already received Sy Or strongar shelter.

1. Ground zeros could be evaluated in.any conceivable sequence
and still accomplish the objectives of the proposed strategy. Sim-
ultaneous consideration of all ground zeros, using a linear pro-
gramming approach, might provide a somewhat lower-cost colution as
discussed in IIB3.

12




.If g, < fk’ no additional sy shelter is required for this
ground zero,

If uk > fk’ some s, shelter is required. Calculate the
average cost per required shelter space, Cijk’ highest to lowest.
This array will be used to determine which elements are to be left
unsheltered in Rk at this point in the allocation process.

Starting with tha unprotected element having the highest Cijk
in Rk’ select to leave unprotected each glement down the array
until either all uij's have been selected and the sum < fk or the
sum of the uij's equals or just exceeds fk‘ If this latter sum
just exceeds fk’ reduce it by the last uij added. The uij elements
remaining in the sum are left unsheltered and all others in Rk are

assigned Sy shelters in the numbers and sizes required.

Step 4c¢: All elemerits other than the first are evaluated in
sequence, highest to lowest an. Repeat Step 4b above.

Step 4d: Repeat Steps 4a through 4c for each Sy shelter until
all choices (k =1, 2, 3, ...) have been concidered and allocated

as necessary.

Step 5: Allocate Fallout Shelters

When all shelter choices Sq3 Spy eeey S have been allocated
in accordance with the above procedure, the blast shelter portion
of the pcsture is completed. The next step is to allocate adequate
fallout shelter to all the pij's which were not assigned special
blast protection.1

Step 6: Costing

Cost this posture using available cost factors for the shelter
choices (strengths and sizes) allocated. The m>st economical com-
bination of shelter sizes that will protect a given pij with the

1. The required level of fallout protection, e.g., PF > 4G,
for the given threat, is determined by a separate IDA computer
routine called FALDIK.
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assigned shelter strength, Sy is always used as the basis for
blast shelter costing. In the present model, required fallout
shelter protection is costed by summing the unsheltered population -
at the end of Step 3 above, and then applying a single, average
cost per person for fallout shelter.1 The sum of the costs for
blast shelters and fallout shelters equals the total cost of the
posture required to limit fatalities to oy for the given threat
Since blast shelters provide adequate fallout protection, the t%tal
population has been protected against fallout. Therefore, the {'
fatalities bounded by a are attributed to blast effects.

E. ALTERNATIVE ALLOCATION PROCEDURE

Step 4 in the present version of the model requires that
shelters be allocated one strength at a time, starting with the
strongest. This procedure shortens the allocation process because
the stronger shelters apply as assets when the weaker shelters
are being allocated. However, all shelter strengths could be cori-
sidered simultaneously within the regions where they are both
effective and necessary with respect to each potential ground zero.
Once this was done for the first ground zero, the problem for suc-
ceeding ground zeros would be to determine when and where existing
weaker shelters should be upgraded as a lower cost alternative.to
allocating more shelters of higher strength to previously unshel-
tered grid elements. The upgrading problem is avoided in the
present shelter allocation procedure.

A situation is conceivable in which this alternative would be
preferred. In assigning relative priorities to decermine which
grid elements will be sheltered, it is possible that the cost per
person of allocating stronger shelter to one grid element would be
found to be lower--due to the applicability of more economical

1. See Appendix C for cost data applied in pilot studies.
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shelter capacities--than the cost of allocating shelter to a less
densely populated element, where a lower strength would provide
the required protection. This problem should be considered in
further development of the shelter allocation model.
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III

DAMAGE~LIMITING SHELTER POSTURES FOR HOUSTON:
A PILOT STUDY

Twenty-five alternative shelter postures were developed and costed
for Houston, Texas, to demonstrate the cost/effectiveness of a
damage-limiting strategy implemented through the shelter-
allocation model described in Section II. The specifications for
these postures are listed below,

(1) Houston 1960 at-home population (1,225,898)

(2) A single 10-Mt surface burst

(3) Blast-shelter protection is assumed required inside
the 7.3-psi radius with respect to a given ground zero

(4) Light steel-frame fallout shelters are assumed to pro-
vide blast protection against overpressures not greater
than 7.3 psi,t

Alternative shelter configuration52 and fatality levels con-
sidered in this exercise are given in Table 1.

A, SHELTER ALLOCATIONS
Figure 2 shows the 1960 at-home population of Houston, Texas,
allocated to the 65 x 65 matrix of one-kilometer-square elements

used in these studies.3

1. The overpressure at which the kill probability is 0.5
for light steel-frame buildings, according to Dikewood's blast
mortality curves., L. Wayne Davis et al,, Prediction of Urben
Casualties from the Immediate Effects of a Nuclear Attack (U)
CONFIDENTIAL, Dikewood Corporation, Contract No, OCD-0S-62-203
(Albuqusrque: April 1963),

2, A listing of the various shelters considered available for

- these postures and their respective costs is provided in Appendix C,

3., Note that the entire 65 x 65 matrix is not shown in any
of these Figures. Some unpopulated rows at the top and bottom have
been omitted,
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Table 1

SHELTER POSTURES CONSIDERED FOR HOUSTON
(Single 10-Mt Surface Burst, At-Home Population)

Maximum Fatality Level (a) Shelter Posture Evaluated to Achieve . a2’P

Percent of Number of 300 100 35 300/100/ 300/100 100/35 Fallout
Population Fatalities psi psi psi 35 psi psi psi (7.8 psi

2.2° 26,955 X x(3) x
4.0 49,036 X X X
5.04% 61,774 x X x(4)
10.0 122,590 X X X
10.68¢ 130,965 x x  x(5)
20.0 245,180 x x  x(6)
30.0 368,769 x x X
35.0 429,065 X X X
36.67 449,537 ’ X

a. PF > 40 fallout shelters with a blast rating of 7.3 psi are
allocated to all populations that do not receive blast shelters.

b. Numbers in parentheses correspond to Figures depicting these
postures.

€. Y4, the minimum, for 300-psi shelters.

d. aj, the minimum, for 100-psi shelters.

e. G, the minimum, for 35-psi shelters.

18




Mo e AR T ek R S BT ORTS RE TR S TR T 4 g A A I 8 o Vs SRR o 1 AN B Ry | A e e

| 2 83 4 8 6 7 8 9 0O Il i2 13 15 8 17 18 19 20 21 2524 28 2627 28 2930 31 12 B 37 38 39 &0
s [a N e[ s Jo [ DXL o] ‘}:[} Tl et Polavked Vi, ., 6] » 3. nin|wa
o eda{v]| o g ' NdanolprdDnonnRaannnooomn
of ¢ [o|ofW|n]o s i o o fod e N[ o[ Rofo ]l Ao al oo oo ¥ STVLaT Y [ wiv  vHvTs
d’q. 'le Aot r T [0 |0 »4 (R o\*"q ’ n nle u'”w AR LELSX aln I n| iit sl oleTe|o
.oo\)oon\u}_(q ol(ru\ﬁoauo\\.‘un/{m'o."“‘lf“"o_qn '"[N“ll/(l'l”
i s n B [ X4 |0 JANCIKRL o o) o o fm[mlafoloeds m|nf n r‘o-,ol»;o ' nlw
12 'foo—o—rg,u \l\a o_‘o‘u'}_qooo 94'i-‘"i“nﬂmnxu't""’i"in&mu]nf,a/u"ao viefwlwlo
18 v vl | gl | AW v oo [ o | o {1yt 8N o ssdens [tw for {0 (v fnten i o £ [0 o [ o [0 o unlo[d
AN OIOnY 20 NaANINNGIE T I eENnonononn
i8l o [ o LAMITWI W] 0 |0 e o w0 ] 0 [ulm| F i ratwty e isba bty o Lo fofolmim|mijafo]aye
16 W30 [Lo ||| o o] lon ol wlolofynm 4} | ] o‘*“!‘z“&wm, ool o Lm0 {lafo]o]
et o (18 [ [ [ o] Ao e m(m‘u!"m"‘ oY 0 [ ]e m’a WEJCIED mme"m oo nfed o | ojlife]vie
1o (0 [{o o[ w{o0]oh| d{m|[o]ls ]l o\of{ nkﬁii‘«i‘t‘ur!‘u*?lulmﬁlr | ol sl o[( ' BEREEE

;n nf NEIE] djojmilo|n u'g*uu 1en} it X n! " _gw’uf{mﬁi\{u L A I RS AR X‘ sg vyttt eTe
of o] alw] W Tt b o o [ o []o [ wow]omliun{un |1} 4 0 [iow|roaiivenlisra | 1@ Lo T [aenf o [0 [0 [oudo Dol o pwbh (Tt
NI @}\.Y N IS tae | o0 [ o | od)umisse| @llroe &«nugﬁ}n&“* uyum iwse[inne| o Jios [ ok [om vlefn }0 o“\\\o
22) 1 |l [ o[ aeo| oo | D] a8 i‘q"fox:\tf\t@uume‘.imlq noan I m e SV CI G I LY AR IR
28 o Poo v [omlod] o] cosouad oo [0 o5 wo | ol od [moe [son | 0 [onr] el N} sbirons) 0 w1 {inet) B | v i roos Lot Lomete 1y {a i ne [ nige [
24] o |10 [ 1o ave[oie vor] o[ o | Suduammlver Lne] soubsienapreiomn o Juew (ot v NG Trro[ima] [k [ dhn 1eve| rows [ rme e rone oogn a0 L0 { 00 i%u

o ;Y}o L0 [ o] 4] e[ men)omeione :ﬁ% L i i et ot e Lt e il bt 3 U " unwm‘n e G i hd L n;u'}gi" ‘uv..in;‘knf‘:
26 l_r/’o NS o | m) - A0 | 000 | e " o] ino [ 10ne] 1ooe]aees o [ | o0 1o | LM | 1000 400 | 000 | rode ™ '\.W vie cT cﬂ
27 IO s ] 0aq | o0 |R0e | eoe | o] ood 0| 400|100 ol YL ) ' ] il [ 0 | 1w mLmIKimfn"-.,anfohi '
D S A e R N A S T o e e WAL e »
200 | o [ofivns] dfoms | s sas our fobort me! sua [ oadX v | 9 A v vl s 3D [ wvoo bl oo sor Vo Fans [ 1 [ 90w e T 10 " gt
30l Laatal AT eataase e ptsd e 3aTFaem 2106} aowe tony 100 | 20 Voo sasa s eam] s sar [ n¢ ot No Ly Kt [0 en | vveine |
sifar (g Lo bonnlomd o Lo Jonlonr fmi ol i) e ] oo | o bom Teewdom [oom {iltfinee it | o om0 mﬂmoﬁm g o o Wealdilig el
200 o | o ol pfoloewianfan nrg.ué’“atg_ o :1mwwum§?ﬂhﬂ alunl o ¢ .{«.pmﬁu h“immﬂ.gu mmwu\r;
sabo Lo Do [ ]io [ w fon e kol [sortve | s ] o boredons ool onen j1aa) oom] ot gore {2k oo 08| 1) [ i e o | o liml o e l0 |4 ]e | ma
sa o [l ] o Jorfm [ o] 0] o Fomrlinedom me o] om fiBetrenn fiers daves] s o voe {3007 Tabe st aen {2200 o | s v fweieaanimida |3 Lr v 0N
o Co! Bt Il Gl B m“’u:{i R N IO Y e C Ca e T nf‘muin W ” 'W«S'o‘ XY ENAN
“y-:d“f"i oo | p [se]m I ILIE) 2 |ert 2o | T oeee ten1an g s ik | 8 zmgﬁn&%?”%’“ﬁ%dj‘uﬂ vistel o]
srbal o bl il o {bfmfofm]e ooBotan [ dontrwe [ oomiovm | oot o TaionSeontoon an | vop bone eotliNge | s livwiteee g Lo o o up bl et
ssfe it | p lindalulnle uaa [0 s e oare Lowm [ ovost o froro v Frors o ey cons{ esn{ mast o] o fove | ot oigagonlgpfT W/t [hu] o [l I8t
39| » " Eb o [am m.@nmnn o0 ] trow{ o0 [onen | saee] rs fobon OO0 A Gl LA - pasi i (0] 0 im l.;ﬂliq
aof 1o w [Fa] o ] ofTwe]gdions] arwTomn [rooo 1o raro Lt [inmn{orea |y 2n | 20 30 {0200 oo 1o faoee) o [ va oo [t N4 [uelaoes | oo frnd s rondionae]
aipat vl Lol omaforodani o | o oo e o nipfive] a0 Foo o doee [ Pies forr | ome Luane | ne | son [ gl rpml e (Nga e} 207 d1om [ g g Veoe [ 2e
azph Lo LA T o T oL putmime [or i fom o] o Jom] o A7 o | o foud]rmoe]am]1osm]ande [ suee]orui] oo [oukYoin | 2 [uorr | wllans | 00| b jre| v o} ros T
asfio | ofo e }%{(u N e C e K f ) mmu"‘msmm&'inu&*ﬂ o TN iow i fiow welwl
PR EID .."‘I!o u{siofobela 5,‘(’:5 s oo mle m:mm‘n}ng.[méguuy_o o [oo Nagimd [y 10 [t s
asiio [0 flo el [a kP oo LaTm[mmpo [ o] ojw| 3/ o [iamiumiooeloe] o {iiine o[l ’e [y oo lVilime jes g | nf 10 j o

__yép/-'%\o hléls }.m st r el ol m,f[ “o o fe | [ ﬁi Nk wal wiidlm el ln
A MIKID __p, ronoIRan (e lvedalsiwtelmintul{nly | w0 e u}w\h( 1
asfA sl ol laiio 21y o fralwfse]ominis o Lsatank) ow [an] oo | ow fose [k foTireToiatome b ol o Froo ool o |0 | 0 [ N0 [ i0)s
aof e kTt o fin o fal ¢ o fmld [ wiwiwin{mslain[o]vinim -:”i". whotwbeda] o [wlrPn] o] N (T
so| o oI ot il ol Tolofolalatvto]mlmlw]im| o Lot Goaninunoonuo.c
5'—““—»0:-&‘0‘\}\13/0oocoi’c"'oomm/c,p.ocnnn‘“gco[ooo\ooooN;o‘
s2 o Lo [oll o [ oG |/ ool o] o] oo sy {olwlo{o]pToofiol obdl o] o Nolota] ] poists el r

el bl ol Do oo [l o oo lifafided edpdobvfatate iV MM [ o[ o ]u]glat

TN e 7 NS B B WY R g



46 47 48 39 30 51 52 53 54 % 58 57 %8 %9 60 6l

f‘ 3940 4l 42 A3 44 45
n[wlo|o]m[uisfo{nlpinels el lalabalalataiats
elofo]o ‘c") v{'L!.lp.\ctfococu_oo‘o’(o
L dm S4B AU r-J/)c BUREEN RN e‘\cj apA, 000 ' 31/0 '\LO
e e [wln Dbl ooty [ tomo(»tﬂoaa,)k/ioio
vlofnin r"@h) i d\ ofo[efjele ey yinloien
T[N oo {etviulofo o oo ]oploiogjeln \
wino (;, T oo e o olsf{ofiny Hf 0 v P lo aietey
o o AN IAGD s ] ‘;,,n’ n [: BEREHERK
ol N oro Ndofolololololtrpm n/ﬁ' winfm e elope|s
¢ AN \ BN AERERE RN _\o' ¢ je miainiyn e e iejs lo
v \\0 4 tje]ele }“o’o}rﬁym wia oy {sle]|efs |
o[ vhed sy e BN rareAIRIND
Vi 1)313 o | N [l Ul oA [ we el | aailee | m e el
LK e[ o] o A s es[ss | im s o8 ne
"(('14( AR o e ) wiwfwlwnlne wle ||
o“‘\\o [.?R, A ATT O 9 [0 ofufh|olojalninlgine]e|e
o (g0 Yo [ A OB ‘i«” Wi [Wols o fuuinin nis oy ESUERRRL
(s o (nfw|m{ el lofoofotolnlnjuintnjninighe v
oo o Lo (pe NG| 0] wisinfo vt o T e ege
Joef bl o [y o] Wi ‘fi{:i w [t e i el e b 0]
I D O e L et ik e |
sl fuxv!’i " * AT M, B4 1M, M
vie|m s'rj, IR SPOLen | o [m | T 1)) 15| %] 108 4
v [sa{mbk{mim| g0 m I aasJDILIE Ipmu&mit
soafimefwe iyt o | 0 el o o ubw widialnminlmia
- L an“‘?%ﬂ q_in”o"o’§'v'o'wn| Wl oo || an|uelm)ia
r-mq,m‘ IIERE ‘bd‘iw“‘w’f’—is»\i SR RIS SRR RN
¢ (bl s Lo Do [o[onba g agatolo daminmimimie o 9]0 Al
PZE e KK r‘:‘g el ininmlnlo 0| ol Fywlue o
Tot o] o} 04ea] EEZER Eaa ﬂ_a wralv el ' - imim i
el ol ololo]o ool el s]otadsobsjots]eimmio b
ol e fwte fadalalaifofoflo e |okejole]v, A3 Tu Lo | walonl e
mglasloron[me] o | ¢ funfomFitaj ol oo Titorete rivialn l’gt\z\
thoom trom ltom [ [sns] 0 | 0 il vl ‘o\égk_pg,;'vlv vlefbr ool
stma[natioielrief o boelw mjm|efo e e e v e e e e igf
aleme o] oo [0 | T2 1o |0 | o ha v v lsfnimioiwisTrimin o]
L L L S Lh e L AR R E A SR A Boanninnn
gt o [nlo[nlnlmfolofnlulo oin W immlmton o fofe
»_mmuoono){_nuanoooni';zg*‘ui}uoowoc
AR 1818 1-4\ aelwle el ol vl bl mllu s e
AR el oo ol falmiefoloinie
lﬁ‘\?]!ll:.‘llrg"m‘il001(0} weieal o [0 ool
NP Fafn o elofovjogninisiogeie wlee il o [0 [0l
) o\\('{xwo-u»i’\o o la sl iwioage v oo o{niwlelolols
(S NM BEER 'T"”l‘,dj’-,| "'t\\ I{ﬂ "BERERE 2 B E AR RERERE]
v |+ A RN nidnjnionialejer]e
V[N e NG Jofofol el vtainwiaio uiminie el
o uWhdinty ‘R lrfefolely anne vlefeloe
[ N N N AN

FIGURE 2

428

Houston Target Value (Popula
Matrix

= Persons per square kilomete

19



Shelter postures showing the strength of the shelter allocated
to each grid element are shown in Figure 3 through 6 for four of
the more interesting postures listed in Table 1, The population
detail of Figure 2 is not shown in these Figures, but each matrix
element can be identified by its column and row coordinates at the
top and left of each Figure, The first three of these postures
provide the highest survival levels attainable with three of the
different shelter configurations studied: 300/100/35 psi (Figure 3),
100/35 psi (Figure 4) and 35 psi (Figure 5), Figure 6 illustrates
a 35-psi posture designed (under assumed budgetary constraints) for
only 80 percent survival, This posture, designed for a survival
level lower than the highest attainable, demonstrates the capability
of the shelter allocation model to accommodate budgetary constraints,
Compare this posture with the posture shown in Figure 5, which was
designed to achieve the highest survival level attainable with
35-psi shelters, i.,e., 89 percent,

B. COST/EFFECTIVENESS ‘

The pilot studies, based on cost data described in Appendix B,
revealed that the 35- and 100-psi postures under the same design con-
ditions have substantially equal cost/effectiveness ratios at the 65
to 89 percent survival levels, In comparison to a 35~psi posture,
the 100-psi posture required fewer spaces for the same level of
effectiveness because it offers a higher survival rate per shelter
space, This increased effectiveness offsets the higher cost of the
100-psi shelters. This relationship also held for the mixed-
shelter cases, i.e., the 100-psi and 300/100-psi postures proved to
be as efficient as the 100/35-psi and the 300/100/35-psi postures
respectively, This is a significant finding because, as will be
shown later (Section III C) 100-psi postures designed for a single
'10-Mt attack prove far more efficient against higher-yield weapons

than comparable 35-psi postures,
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The 35-psi configuration, which shows no special utility at the
65 to 89 percent survival levels, drops out of competition above the
89 percent level, the highest attainable when restricted to 35-psi
blast protection. At the 90 to 95 percent levels, the 100-psi pos-
tures are more efficient than the 300- or 300/100-psi alternatives.
The highest survival level attainable with 100-psi shelters is 95
percent under the stated attack conditions.

Mixed postures comprising some 300-psi shelters are the most
efficient at survival levels attainable above 95 percent. For
example, at the 98 percent level =-- the highest that can be guaran-
teed with 300-psi shelters -- the required 300/100-psi mix costs
only $548 million as compared to $828 million for a posture in which
the choice of blast shelter is limited to the 300-psi design. The
damage-limiting mix compares even more favorably with the universal
300-psi posture, which costs twice as much ($1,014 million) but which
could not guarantee more than 98 percent minimum survival under the
same attack conditions.

Figure 7 depicts the cost and effectiveness of the most
efficient postures developed in the pilot study.l Postures are
included for a number of different survival levels ranging from 65
to 98 percent.2 The cost/effectiveness relationship for each of the
following universal postures (uniform protection for all) is also

shown for comparison:

(1) 7.8-psi, PF = 40 fallout shelters (63% minimum survival)
(2) 3S-psi blast shelters (89% minimum survival)
(3) 100-psi blast shelters (95% minimum survival)
(4) 300-psi blast shelters (98% minimum survival)

1. The numbers and costs of blast and fallout shelter spaces
comprising each of these postures are provided in Appendix D.

2, It is important to recall that, as described in Section 1I,
people who do not receive blast shelter protection under the damage-
limiting allocation procedure are allocated fallout shelter protection
(7.3 psi, PF = 40) at substantially lower cost per space required.
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As indicated above, blast shelters are not required for sur-
vival levels less than or equal to 63 percent. Fallout shelters
alone, allocated in the grid elements where the populations reside
and fully occupied,1 would enable 63 percent survival. Although not
shown in Figure 7, only 18 percent of the Houston population would
survive if no special shelter were provided and people remained in
their residences.

Average and marginal costs per survivor for each shelter con-
figuration are readily obtainable from the model output.

C. YIELD SENSITIVITY

Two alternative attacks were used to test the yield sensitivity
of several of the postures developed for this pilot study. Designed
to counter a single 10-Mt threat to the Houston at-home population,
the postures were tested against single 3-Mt and 100-Mt weapons,
each a surface burst at its optimum ground zero. The results for
the best 10-Mt postures -- those which were determined to be most
efficient at each survival level studied (Figure 7) -- are shown in
Figure 8.

. As reported earlier, the efficiency of alternative postures
comprising 35-psi and 100-psi blast shelters was determined to be
substantially equivalent against the design threat of 10 Mt. However,
the efficiency of 35-psi postures is significantly below that of the
100-psi postures when subjected to the higher yield (100-Mt) attack.
The yield sensitivity of 35- and 100-psi shelter designs, having
comparable 10-Mt survival levels at each of four budget levels, is
reflected in Table 2,

1. Occupancy percentages can be varied in applying the model.
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Table 2

YIELD SENSITIVITY OF COMPARABLE 35-PSI AND
100-PSI BIAST POSTURES

(Designed to Counter a Single 10-Mt Surface Burst,
Houston At-Home Population)

Blast Shelter Minimum Survival level, %
Budget level - Utilized jin On-Design Off-Design
millions of § Posture (10-Mt) 3-Mt 100-Mt
290 35-psi 89 93 38
100-psi 89 93 47
200 35-psi 80 88 22
100-psi 80 89 29
145 35-psi 70 83 18
100-psi 70 83 23
120 35-psi 65 82 16
100-psi 65 82 19

a. People for whom blast shelter is not provided are
allocated fallout shelter protection: 7.3 psi, PF=40,
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v
CONCLUSIONS AND RECOMMENDATIONS

The pilot study reported in Section III confirms that shelter
postures developed under the damage-limiting strategy proposed

here can make it possible to limit fatalities to a stipulated level
regardless of where the weapon may be delivered within a target city.
This stﬁdy also established that by allocating shelters according

to the model presented, fatalities can be limited to the level
expected if shelters of the highest psi rating under consideration
were provided universally (at much greater cost) and if the weapon
were detonated at the enemy's best aimpoint.

It is recommended that the model be used to test the sensitivity
of the results to all input criteria and parameters which signifi-
cantly affect shelter requirements and costs. TInitial plans are that
the model will be used to study the sensitivity of the results to
the size of the matrix elements (noy one-kilometer square). Alter-
natives include the use of two-kilometer-square elements, which
would reduce the total number of matrix cells from 4,225 to 1,024;
or the use of census tracts, which are not uniform in size or shape.
The geographic center of each tract can be used as the basis for
measuring weapon effects over the whole tract area.

The model also will be used to develop protéctive postures for
different population modes: at-hume, at-work or rush-hour. These
postures will then be tested against alternative times of attack:
day, night or rush hour, as well as alternctive yields and numbers
of weapons. The results will delineate those postures with the
lowest cost/effectiveness ratio over a range of circumscances.

Some possible avenues of research for further development of

the model itselfl are as follows:

l. Also see discussion in Section IIE.
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(1) Incorporate a probability of kill (P, ) function for use in
estimating fatalities among people occupykng different strength
shelters. The P, would vary according to the specific over-
pressure level abplied and should, of course, be consistent with
the design specifications for the shelter. A cookie-cut criteri
is applied in the present model, i.e., all people live if the
overpressure does not exceed the psi rating of their shelter; al.
people die if it does.

(2) Allow for divisibility or combination of grid elements in
the assignment of shelter. In the present model, the total
population of a grid element is the basic decision unit and
receives a uniform level of protection. This procedure does not
generally permit the allocetion of shelter in the most economical
sequence or priority, given the existence of budgetary constraint
For example, if grid elements were not treated as indivisible,-
shelters of the most economical size, e.g., 1,000-man occupancy,
could be utilized to the maximum extent possible before allocatir
any of the smaller shelters which are now necessary to provide
fuil protection for all the people in an element. Alternatively,
sparsely populated elements could be joined together for protec-
tion purposes in order to permit more efficient shelter assignmer
Clearly, a program that would allocate different protection level
to different populations within the same area has important social and
political implications which must be understood and accommodated befor
shelters could be constructed and installed. Equitable and politicall
acceptable allocation is only one problem., Feasible shelter sites
would have to be identified through engineering surveys; and property
ownership problems, including rights-of-way, would have to be resolved
before sites could be selected. A model such as that presented in thi
Study would be an invaluable tool for evaluating alternative courses
and decisions at each point in the development of this type of operat-

ing program.
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Appendix A
GLOSSARY OF NOTATION

Matrix element in the i-th row, j-th column
being evaluated for vulnerability or sheltering

Matrix element in the m-th row, n-th column
being evaluated as an Actual Ground Zero (AGZ)

Average cost per space for protecting the popu-
lation in the i-, j-th element with k strength
shelter. This average cost reflects the most
economical combination of shelter sizes that
will accommodate that number of people.

Distance of an element, as:s from the target
element, ann J

dy = J(i-m)?% + (§-n)°

The allowable fatalities in Rk

The sum of the population in the unprotectable
region, R.o

The sum of the population within ry

Population in element aij

A region within which k shelter strength will
protect and a lower psi shelter will not

(k =0, 1, 2, ..., N) in relation to a specific
AG2

Region about AGZ within which strongest shelter
under consideration (sj) will not provide ade-
quate blast protection against™a given yield
weapon. contains all matrix elements 1i,j
located at distances from ground zero where

the blast overpressure is greater than the psi

rating of the strongest shelter under consideration
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rk .

Outer limit of Rk as a distance from ground
zero

Outer limit of Rb as a distance from ground
zero

Shelter strength being allocated (k = 1 for the
strongest shelter, 2 for the next strongest, etc

The total unprotected population within region R

Population pj4 of an element aj; which does not
have adequate”blast protection, e.g., the popu-
lation of an element in Rp which does not have
s, or stronger (sl) shelter -

The vulnerable population with respect to
a given ground zero, s that is unprotectable
with the shelter strength, Sy being allocated

Von S Po + Uy + Uy + 00 + U 4

The level at which fatalities are to be upper
bounded (n = 1, 2. «¢e, m)

ai: The minimum level at which fatalities
can be upper-bounded with the strongest
shelter, $q» under consideration

¢ The maximum fatality level for which at
least some of the strongest shelters, S1»
would be required.
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Appendix B

SPECIFICATIONS FOR PROGRAM DAMIT®

This appendix describes the shelter allocation model in sufficient
detail to provide a more thorough understanding of the basic process
and to facilitate computer programming. Although these specifica-
tions incorporate refinements to the initial computer program
(ALLOCATE) used for the studies presented in Section III, the basic
allocation procedures are identical.

The main flow of Program DAMIT is presented in Figure B-1.
The remainder of this appendix is devoted to a detailed description
of the steps depicted in this diagram.

I. INPUT ROUTINE (Figure B-2)

I-A. Population Matrix

A magnetic tape containing the population matrix should be
prepared. All pertinent dimension statements should be modified
to conform to the size of the population metrix. Total population
should be computed immediately and stored for later use.

I-B. Data Card(s) 1

These are cards containing alphamerical descriptions of the
problem. Example: "1960 HOUSTON NIGHTTIME POPULATION." This can
be simplified by assigning problem identification numbers.

I-C. Data Card 2
Columns 1-5 : Number of rows in population matzix.

6-10: Number of columns in population matrix.
11-15: Number of shelter strengths in posture.

1. DAMage limITing strategy.
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FIGURE B-1 Main Flow of Progrom DAMIT
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16-20: Weapon yiéld (megatons).
21-25: Prescribed fatality level (an) in percent.

26-30: Blast protection level (psi) given to fallout
shelters.

31-40: Cost per person of fallout shelters.

I-D. Data Card 3--Shelter Information Card(s)
For maximum input flexibility, there should be one card for

each shelter size.
Columns 1-5 : Shelter strength (psi).
6-10: Shelter size (number of persons capacity).
11-20: Shelter cost (nearest dollar).

I-E. Print Option Card
This program should permit the examination of output at

critical stages of the various iterative processes. This will
maximize the research potential of the program.

Each column of the print option card represents a particular
table in the program. A "O" in a column indicates that the table
is not to be printed. A "1" in the column specifies that it is
to be printed.

Certain tables such as the summary of inputs and the final
shelter posture should be printed automatically. |

I-F. Table 1.00--Summary of Inputs
This table indicates all information on data cards 1, 2 and 3.

I-G. Table 1.01--Population Matrix (optional)
This table is a printout of the population matrix. The total

population should be printed beneath the table heading.l

1. See Subroutine PRINT1 in the Civil Defense Project Subroutine

Library Manual. This publication will henceforth be abbreviated as
CDPSIM.
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II. DETERMINATION OF PSI RADII (Figure B-B)J

This portion of the program determines the distance from
a given ground zero that a shelter of a certain strength will be
effective. These are the Ty i.e., the outer limits of the region
within which a given strength shelter in the posture will protect
and a lower strength shelter in the posture will not.

II-A. Prepare Psi Afray
The shelter strengths read in at Steps I-C and I-D are collected

into an array in descending order of magnitude. The number of radii

to be computed must also be determined.

II-B. Call Subroutine RADIUS
A description of this subroutine may be found in the CDPSIM.

The arguments for this subroutine are

(1) Number of radii required
(2) Array of radii (output)
(3) Psi array (input)

(4) Yield (megatons)

II-C. Store Radii
The array of radii should be stored for later used in the

program.
II-D. DPrint (optionally) psi and radii.

IIYX. TEST FOR CONSISTENCY OF INPUT (Figure B-l)2

The fatality level, a.s inputted via data card 2 must be con-
sistent with the shelter configuration prescribed on the shelter
information cards. If a, is so large that the highest shelter
strength inputted would not be allocated, a great deal of computer

1. This represents a modification of the operational version
of the Program (ALLOCPTE) where the radii are required as input.

2. This represents a modification of Program ALLOCATE,
where no such test is made.




A,

Prepare
Psi Array

Print
Psi and Radii
e d
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Print Psi
Levels and
Radii

FIGURE B-3 Determination of psi Radii
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time would be wasted in trying to allocate the highest strength
shelters when such shelters are actually not meeded. This test
eliminates this possibility by printing out an error message and
halting the operation if the specified fatality level is equal tc
or greater than the upper bound of fatalities associated with the
next highest strength shelter.

III-A. Detemmine Pl Matrix

Pl is the population in the region around a given ground zero
within which the next-to-strongest shelter in the posture will not
provide adequate blast protection against a given yield weapon.
The Pl matrix represents the set of Pl values determined when each
element in the population matrix is assumed to be the target.
For example, Table B-1l presents a hypothetical S x 5 population
matrix. One kilometer separates each adjacent element. Suppose
that element (3,3) is regarded as the ground zero and that the
distance within which no protection can be given by the next-to-
highest strength shelter available is one kilometer. This means
that the population in elements (2,3), (3,2), (3,3), (3,4), and
(4,3) cannot be protected Pl(3,3) = 21. All other elements are
at a distance greater than one kilometer from ground zero (3,3).
P1 (3,3) is entered into Table B-2 and circled.

Table B-1
Population Matrix
1 1 2 3 4 5
1 1 1 1 2 1l
2 2 1 3 3 1
3 o 5 & 4 3
4 1 4 4 4 2
5 2 3 2 2 1

Now suppose that element (1,1) is the ground zero. The popu-
lation one kilometer or less from this target is represented by
elements (1,1), (1,2), and (2,1). Therefore, P1 (1,1) = 4, and this
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value is circled in Table B-2. 1In the same fashion, all other ele-
ments are assumed to be ground zeros and the values of Pl (1,J)
determined. Subroutine PSUBK is designed to obtain the P1 matrix.
More generally, it is designed to obtain any such matrix, Pk’ where
the population within a given radius from each possible ground zero

is to be determined.1

Table B-2

Pl Matrix
J 1 2 3 4 5

I

1 @ 4 7 4
2 4 12 13 13 8
3 8 15 @) 19 10
la 7 17 19 16 10
5 6 11 11 9 5

TIT-B. Determine Pl(MAX)

Subroutine PKMAX uses the Pk matrix as input and determines
the maximum value in the matrix.?2 In the above example, Pl(MAX) = 21,
and this would be the output of the routine.

III-C. Test if a. Is Greater than or Equal to Pl(MAX)

If the inputted fatality level ol is greater than or equal to
Pl(MAX), then the program would unnecessarily attempt to allocate
the highest strength shelter and computer time would be wasted.

To prevent this, the following error message should be printed

(off line) if this condition exists:

" P1(MAX) = ___. INPUTTED FATALITY LEVEL = ___ WHICH IS GREATER
THAN OR EQUAL TO P1(MAX). NO S1 SHELTERS CAN BE ALLOCATED.
CHANGE EITHER ALPHA N LEVEL OR STRENGTH OF S1 SHELTER."

The program should be terminated after this message is printed.

l, See Subroutine PSUBK in the CDPSLM.
2. See Subroutine PKMAX in the CDPSIM.
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IV. SET UP INITIAL CONDITIONS FOR LOOP ENTRY

The allocation begins at the elemer.t with the maximum unprotect-

able population level. In this case, the Vo matrix is identical to
the Po matrix and VO(MAX) = PO(MAX) =ag.

IV-A. Determine Yo Matrix
Here Subroutine PSUBK can be called again using as input the
radius within which no person can be protected by the highest

strength shelter.l

IV-B. Determine aq

Subroutine PKMAX may be used to obtain VO(MAX) =ag. The
coordinate of this maximum must be stored for use in the allocation
1o0p. ay should be stored for final output.

IvV-C. Test if a, Is Less than ay

If the inputted fatality level, O is less than aqs then it
is assumed that ay is the fatality level prescribed, for it is
impossible to guarantee fatalities below the ay level.

IV-D. Initialize VO(MAX) and K
VO(MAX) is set to a, and K is set equal to 1.

V. ALLOCATE SHELTERS OF STRENGTH Sk
Part V represents the shelter allocation loop. The individual

steps are described in detail below.

V-A. Determine f, (M,M) and Uk(M,N)
Subroutine FSUBK (see Figure B-4) is designed to obtain for
a specific target (1) fk = the number of persons that may be left

unsheltered without exceeding the fatality limit, (2) uk = the number

of persons in the protectable region that have not been given
adequate shelters, and (3) Vk = Po + uk, where PO is the population
that cannot be protected even with the highest strength shelter.

Vk may be thought of as the "vulnerable" population.

l. The P1 matrix is no longer needed. Store Vb in the same area.
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The arguments to the subroutine are as follows:
Inputs

Row coordinate of the ground zero of interest
N: Column coordinate of the ground zero of interest
NR: Number of rows in population matrix
NC: Number of columns in population matrix
PO(M,N): Unprotectable population for ground zero of interest
NL: Number of radii to be considered (= X + 1)
RAD: Array of radii computed in Step II
SHELT: Array of assigned shelter strengths
POP: Population array
SK: Strength of shelter being allocated
AN: Maximum allowable fatalities, a

n
tputs

F: fk allowable fatalities
u: Uk = unprotected population in protectable region

Vv: Vk

vulnerable population

The basic steps of the routine are:

Step 1: Reduce Matrix to Minimum Needed. Nearly all elements
whose distances are greater than the largest inputted radius,
RAD(NJ), are eliminated from consideration. Precautions are taken
to ensure that the limits of the reduced matrix are within the

population matrix.
Step 2: Clear SUM (accumulator for uk computation).

Step 3: L = 1. The first radius to consider is PAD(1l) = Tge
L is the radius index. We are now in the unprotected population
accumulation loop, starting at the upper left-hand coordinates of
the reduced matrix.

Step 4: Determine the Distance of the Center of the Element

from the Ground Zero. é
D(I,0) = /I - M)% + (J - N)? |




Step %t Test if D(I,J) > RAD(L) = RAD(L) = r, If this dis-
tance i3 eyual tc or less than RAD(1), then the element is in the
unprotectable region, and its population would be included in PO(M,N).
If it is greater than RAD(1), the next test must be made.

Step 6: Test if D(I,J) > RAD(L + 1). At the first iteration,
the test determines whethér D(I,J) > RAD(2) = r,. If it is, then it
tests whether D(I,J) > RAD(3) = Ty and so on until the largest radius,
RAD(NL) to be considered has been reached. If the distance is greater
than RAD(NL), the element is outside the region of interest, and the
program branches to Step 9. If the element is within the region of
' j:lto Step 7.

interest, control go

§
Step 7: Test if Element is Adequately Sneltered. Using the
array of assigned shelters, test to determine whether a shelter

strength that may have been assigned to the element when other
targets were considered is strong enough to withstand the psi level
it will encounter for this ground zero. If it is, the population
in the element is adequately sheltered for the ground zero under
consideration. If it @s not, control goes to Step 8.

Step 8: Accumulate Unprotected Population.

Step 9. Test if More Elements Are to be Considered. If yes,

L is restored to equa} 1, and a new element in the reduced matrix
is considered. If no, go to Step 10.

Step 10: U (M,N) = the Sum of the Unprotected Population, SUM.

Step 11: Vk(M,N)
Step 12: £, (M,N)

V-B. Test if UkSM,NZ > kaMzNZ

If the unprotected population in the protectable region is
greater than the allowable fatalities, then enough Sy shelters must

the Vulnerable Population = P_(M,N) + U (M,N).

Allowable Fatalities = a = Vv, (M,N).

be assigned to keep fatalities within the bounds of a and the
program goes to step V-C. 1If Uk(M,N) < fk(M,N) then no Sk shelters
need to be allocated to keep fatalities within the bounds of a.;

therefore, the program skips to step V-D.
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V-C. Allocate Sk Shelters

Subroutine SHELTER (see Figure B-5) is designed to allocate

shelters of a given strength and given capacities to the population

of a region around a prescribed ground zero where the shelter

strength is adequate to protect the population. The routine assigns
shelters only up to a specified population level within the region
and assignments are made to those elements where the average cost

per pers 1. is smallest.1 Subroutine MINLCOST is used to determine

the average cost per person of each element in the region.
.The arguments far Subroutine SHELTER are as follows:

I1:
JJ:
Rl:
R2
NC

NR:
IALF:

JSS:

NSM:
NSS:
JS1Z:
JCOST :
IPOP:
JIWORK1:
IWORK2:
IWORK3:
IWORK4 :
JWORKS :
IWORKS6 :
NRNC:

i

Row coordinates of ground zero

Column coordinates of ground zero

Inner radius of region of interest (kilometeré)
Outer radius of region of interest (kilometers)
Number of columns in population matrix

Number of rows in population matrix

Allowable fatalities for this region

Shelter strength of shelters being allocated
Smallest size shelter in the shelter size array
Numbeq of shelters in the shelter size array
Shelter size array

Shelter cost array

Population array

Dummy work area

Dummy work area

Dummy work area

Dummy work area

Dummy work area

Dummy work area

NR times NC

1. This represents a modification of Program ALLOCATE,
where the average cost per required space is utilized.,
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Output
MSHELT: Shelter strength array

Figure B-S indicates the procedure.
| Step 1: All work arrays are cleared and variables initi~lized
where necessary.

Step 2: The two inputted radii are squared.

Step 3: The size of the population matrix is reduced to
approximately those elements whose distances are equal to or within
the outer radius, Ty from the inputted ground zero. Precautions
are taken to ensure that the limits of the reduced matrix are
within the population matrix.

Step 4: If the square of the distance of the center of the
element is greater than r12 and less than or equal to rz, the
element is in the region of interest and the next instruction is
at Step 5. Otherwise, the next element is considered.

Step 5: The element is tested to determine whether it has
already been assigned adequate shelter. If not, the next instruc-
tion is at Step €. Otherwise, the next element is considered.

Step 6: The population and coordinates are stored in two
corresponding arrays.

Step 7: The minimum average cost per person is determined
using Subroutine MINLCOST. This routine (see Figure B-6) is
designed to determine the average cost per person of sheltering
the population of an element using that combination of shelter
sizes and costs that will yield the minimum cost per person. Th2
routine also returns the shelter size distribution that yields the
minimum cost per person.

The arguments for Subroutine MINLCOST sre as rollows:

Inputs
NPOP: Population to be sheltered
NSM: £SEmallest size shelter in the array of shelter sizes
NSS: Number of shelter sizes in the array of shelter sizes
NS1Z: Shelter size array
55
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NCOST:
IWORK4 :

JA:
IWORK7:

IS1ZE:

MIN:

Shelter cost array
Dummy werk array
Dummy work array
Dummy work array

Outguts

Array giving number of shelters of each size that
yields minimum average cost

Minimum cost per person

Figure B-6 indicates the procedure

(1)
(2)

(3)

All work and output areas are cleared.
The initial size distribution is determined by:

(a) Assigning the largest size shelter until popu-
lation is exceeded;

(b) Reducing the number of largest size shelters by

one and assigning the next largest to the remaining
population until this remainder is exceeded;

(¢) Reducing the number of the next-to-largest
shelters by one and assigning the next size shelter
to the remainder, and so on.

The total cost of the resulting shelter size distri-

bution is determined and divided by the size of population.

(4)

The average cost of using a larger shelter instead of

several smaller ones is determined. For example, one
500-man shelter may be used instead of four 100-man shelters.

(5)

This is compared with the initial average. If the

alternative cost is smaller, the initial shelter distri-
bution is replaced by the new distribution. Subsequent
costs and distributions are compared with the results of
previous iterations.

(6) The subroutine returns the minimum cost determined
in (5) and the final size distribution yielding this cost.

Step 8; This cost is stored in an array.

Step 9:
are repeated.

Step 10:
element.

Step 11:

If more elements are i~ the matrix, Steps 4 through 8
Otherwise, the routine goes to Step 10.
The cost array is searched for the highest cost

If two or more elements have equally high costs, the

one with the smallest population is chosen.
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Step 12: The highest cost elements are accumulated, until

Step 13: The sum exceeds the allowable fatalities, IALF.

Step 14: The population of the last element added is subtracted
from this sum. ’

Step 15: The population in the remaining elements in the popu-
lation array is given shelter protection of strength JSS. This is
stored in the array called MSHELT, and the routine returns to the
calling program.

V-D. Test if There Are More Ground Zeros for Given Sk w
If all possible ground zeros have not been considered, the
ground zero with the next highest wvulnerability in the Vk matrix
(as determined at either Step IV-A or VI-B) is chosen. This is
accomplished by first setting the old maximum to zero and then
using Subroutine PKMAX to determine the coordinates of the new

maximum.

V-E. Test if There Are More Shelters to Allocate

If all of the snelter strengths have not been allocated, the
program goes to Step VI. If all have been allocated, the program
goes to Step VII.

VI. DETERMINATION OF NEW Vk MATRIX

When the next strength shelter is to be allocated, a new
vulnerability matrix must be obtained. This is accomplished by
successive application of Subroutine FSUBK (Step VI-B) and
replacing the old Vk-l values with the new Vk values (Step VI-C).
When all of the Vk values have been computed, the coordinates of
the maximum value of the V) matrix are obtained. This is the first

grouvnd zero for the new shelter allocation. Control returns to
Step V.
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VII. GIVE MINIMUM BLAST AND FALLOUT PROTECTION TO UNPROTECTED

ELEMENTS
Minimum blast and fallout protection are given to all elements

not receiving higher than minimum shelters. The level of the
minimum is specified in data card 2.

VIII. FINAL OUTPUT ROUTINE (Figure B-7)
VIIi-A. Print Pinal Shelter Strength Posture (optionally)

VIII-B. Write Final Shelter Matrix on Tape
The final shelter posture is written on tape with proper

labeling.

VIII-C. Print Details for Each Element (optionally)
If the option is exercised, the indicated list is printed.

In any case, the details are written on tape.

VIII-D. Print Final Summary of Posture
This is not an optional step. It is assumed that this will

always be desired informaticn.

VIII-E. Write Summary Information on Tape
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FIGURE B-7 Final Output Routine
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Appendix C
SHELTER COSTS

The cost data used in the development and costing of alternative
shelter postures for Houston, Texas, are as follows:

Cost
Blast Shelters Total Cost Per Space
35 psi
100-man $ 49,557 $ 496
500-man 165,624 331
1000-man 324,576 325
100 psi
100-man 58,060 581
500-man 195,055 390
1000-man 379,147 379
300 psi
100-man 77,067 71

Cl. FALLOUT SHELTERS
The 657,745 additional spaces required under a full fallout

shelter program for Houston are estimated to cost an average of
$65 per space. The OSA(CD) minimum criteria for fallout shelters
is PF = 40. These spaces would be located in buildings, specifi-
cally hospitals and schools, which are of light steel-frame
construction in Houston,

C2, DATA SOURCES A
The above shelter costs were developed by the IDA Civil
Defense Project Group in 1964 for use in local area studies focused
on Houston, The detailed data base including specific sources is
available but as yet unpublished, Specific queries in this regard
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may be directed to the Head, Civil Defense Project, Economic and
Political Studies Division, Institute for Defense Analyses,
400 Army-Navy Drive, Arlington, Virginia.

C3. COST PER REQUIRED SPACE _ A

The element-by-element differences in cost per required space
are illustrated below for four elements requiring 100-psi protection
in reference to a particular ground zero.

Required Most Efficient Shelter Cost I;iigf;‘t’;
_ Number Shelter Mix Per for Shelter
Population Spaces@ No. Occupancy Unit Total Space AllocationP
810 900 1 1,000¢  §379,147 $379,147 $421 . (3)
995 1,000 1 1,000 379,147 379,147 379 (1)
1,130 1,200 1l 1,000 379,147 379,147
plus 2 100 58,060 116,120
$495,267 413 (2)
700 700 1 500 195,055 195,055
plus 2 100 58,060 116,120
§311,175 444 (4)

a. Populations are rounded up to the next hundred for this nurpose
because all shelter occupancies are in hundreds.

b. Should a chnice exist between two elements having the same cost
per required shelter space, the model gives priority for shel-
tering to the one of highest population density. This rule
anticipates potential cost savings for larger versus smaller shelter
complexes.

c. The cnoice of 100-psi shelter sizes is 100-, 500- or 1,000-man.
As can be deduced from the sample data shown, a 1,000-man shelter
is more economical than a one-500/four-100-man mix for sheltering
elements having 801 to 900 population.
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(Designed to Counter a Single 10-Mt Surface Burst

AFPENDIX D

SPACES AND COST DATA
FOR MOST EFFICIENT SHELTER POSTURES

on the Houston At-Home Population)

Percent Persons Spaces a Spaces Total

Minimum Type Sheltered,| Required™,| Provided”, Cost,
Survival ] Shelter |Thousands | Thousands | Thousands | Millions of §

65 100-psi 52 S3 53 20

Fallout®| 1,174 1,174 1,174 100

Total 1,226 1,227 1,227 120

70 100-psi 13 133 133 51

Fallout 1,095 1,095 1,095 93

Total 1,226 1,228 1,228 144

1C0-psi 317 321 322 123

80 Fallout 909 309 909 77

Total 1,226 1,230 1,231 201

90 100-psi 620 631 635 245

Fallout 606 606 606 52

Total ‘1,226 1,237 1,241 296

95 100-psi 912 932 941 357

Fallout 314 314 314 27

Total 1,226 1,246 1,255 393

300~psi 229 232 232 179

98 100-psi 860 809 902 358

Fallout 137 137 137 1

Total 1,226 1,258 1,271 548

a, Population in each grid element is rounded to next 100,

b, Additional spaces are provided if larger shelters are more
economical for meeting the requirement,

¢, 7.3-psi, PF = 40,
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