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Intruhction

ABSTRACT

The objective of the OCD Soft Target Study includes developing
procedures and methodology for studying patterns of attack, for evalua-
ting local hazards, for determining petential civil defense countermeasures
for cities closely associated with soft military targets and for computing
the cost effectiveness of alternate systems of protection.

This report describes methodology and original computer programs
which have been developed to assist in the accomplishment of the study
objectlve Two computer programs are emphasized. The ""'Dynamic
Analyzer'' program calculates the effectiveness of specified shelter
systems in protecting the population from particular attacks. Population
mobility and fallout fields which depend on both time and position are
considered. The "Weighted-Strategy, Mutltiple Shelter Type Mix and
Location Optimizer'' computes the optimal effectiveness versus cost
curve over the range from zero cost to the cost of the most effective
system possible with a given shelter catalog. This program also deter--
mines the mix and deployment of shelters at desired cost/effectiveness
levels.

Soft Target Study activity has shown that there is a difference in
the intensity and relative intensity of the different weapon effects for
cities near soft and hard targets. However, all weapon effects need to
be considered for both cases. The significance of this fact is that the
procedures developed under the Soft Target Study may be applied to the
study of Civil Defense countermeasures for cities in any targeting
situation.
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INTRODUCTION

The objective of the OCD Soft Target Study includes developing
procedures and methodology for studying patterns of attack, for evalua-
ting local hazards, for determining potential civil defense counter-
measures for cities closely associated with soft military targets and for
computing the cost effectiveness of alternate systems of protection. The
work was considered to be a pilot study, and the methodology developed
was to be demonstrated using a particular locale. It is clear that the
success of the study depended in large part on the utility of the pro-
cedures devised for considering the soft target problem.

Since cost effectiveness was to be the end product of the compu-
tations, the most important characteristic of the methodology to be
developed was that it would consist of means of efficiently arriving at
systems of protection of good cost effectiveness. The literature relating
to Civil Defense, casualty estimation, damage assessment and related
subjects contains descr.ptions of procedures for computing the effective-
ness of target value distributions in withstanding the effects of particular
attacks. These procedures could be used to compute the effectiveness of
many systems of protection against all reasonable attack patterns. The
most promising designs could then be refined and modified as indicated
by the preliminary results and reanalyzed. This process might be
repeated until the desired result was obtained. Such a procedure is
described in Ref. 1.*

The repeated use of a damage assessment model would have been
an economically feasible means of computing the cost effectiveness of
alternate systems of protection for the Soft Target Study locale. It
would not, however, have represented a pilot study solution to the soft

"

Office of Civil Defense working paper, Systems Analysis in Civil
Defense, Parts I and II, John F. Devaney, Systems Evaluation
Division, Research Directorate, Office of Civil Defense, August 1963.
(Reference 1)
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target problem. While the study tends to reveal the nature of the problem,
it is not to be expected that other soft target situations would involve the
same relative distributions of aimpoints and population. The previous
results could be used to reduce the work involved in performing the
number of studies required for an effective national program but would

not eliminate the essential problem.

The approach here taken involves the initial machine computation
of some kind of mathematically optimum solution. The solution is based
on reasonably detailed information of a kind which can easily be obtained
from national targeting estimates, census reports, local Civil Defense
officials and persons familiar with local construction costs. The pro-
cedures do not, of course, produce detailed plans of a kind which might
be considered for acceptance in some local situation. In particular, they
comply with a recommendation of the Ref. 1 paper by not considering
political implications of possible government decisions regarding any of
the countermeasure systems generated by the procedure. They should,
however, produce results useful in devising detailed local plans. The
essential features of the modified plans could then be used as inputs to
a straightforward analysis procedure to compute the effectiveness and
cost effectiveness of the plan. We are aware of no previous attempt to
automatically optimize Civil Defense countermeasure systems and our
work on this aspect of the problem is considered to be a potentially
important contribution of the Soft Target Study to the existing body of
Civil Defense knowledge.

Another problem consideration is the total cost for which a
particular Civil Defense system should be designed. Ref. 1 states that
the systems analyst would properly make recommendations as to the
distribution of investment among the various parts of the system but
should do this as a function of alternative levels of effort. Given a
procedure based on the repeated use of an analyzer, this adds another
dimension to the problem. The automatic optimizing procedure herein

- described has been mechanized by first selecting the shelter type and

location which results in the best cost effectiveaess obtainable. Con-
sidered as a system, this shelter might have low cost and low effective-
ness. The program continues by successively assigning and reassigning
potential shelters until the system of the best possible effectiveness has
been achieved. This system might be characterized by high cost and
poor cost effectiveness. Each cycle of program operation involves some
increasing total system cost and the corresponding system consists of a
shelter mix and deployment yielding the highest effectiveness at that total
cost. The program could be used to generate a possible optimum design
for some specified cost level but this would involve generating and dis-
carding the systems for all lower cost levels since these optimal systems
are a necessary by-product of the computational process. From this
point of view, devising potential optimal system designs as a function of
total level of effort is not a problem complicating factor but something
which would be done even if it were not required.

0-4
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Another characteristic of the required methodology is that 1t must
mvolve a representation of the tocale in sufficient detail o produce results
as accurate as the problem uncertainties and to be recognizable to thuse
developing the local plan. A bivariate normal represcentation of the popu-
lation distribution, for example, can be used for many analysis purposes.
It is not likely to satisfy the needs of a passive defense system designer
devising a local plan, however. The alternative is to divide the locale
into many cells, the size of which is the resolution of the locale repre-
sentation. The procedure which seems to be most widely used at present
is to divide the area into arbitrarily shaped cells which in some way
reflect local conditions. We have chosen to eniploy a matrix of geometri-
cally related rectangles.

There is an interesting discussion of this subject in Ref. 2. *
This report describes a tactical evacuation model based on the arbitrary
cell system of describing the population distribution and its relation to
the network of streets and highways. The major damage assessment
procedures of which we are aware also employ the arbitrary cell method.
While the rationale of the designers of these procedures is not known,
it may have been similar to the Ref. 2 comments. Other factors, such
as a large area of interest, limited fast access computer memory and a
desire to directly employ census data, certainly contributed.

We did not choose to divide the area of interest into small
rectangles (called artificial cells in Ref. 2) because it was easier, which
it was not. The easier procedure would have been to use census tracts,
or subdivided census tracts, the characteristics of which could be easily
listed. We went to some trouble, even to the extent of devising computer
programs to assist in the preparation of data, because the result seemed
to be worth the effort. For our purposes, both procedures could have been
made to work. We also appreciate that a form of rectangular element
data (or a blend of diverse element shapes) could be used as input data
to an arbitrary cell model. This argument, however, misses the point
of using geometrically related population distribution elements.

The reason for the use of rectangular elements is to establish a
correspondence between the computer memory and the real world. The
values of the incremental cells are considered to be an array or matrix.
If the indexing of the array with respect to a map and the array scale
factor are known, it is not necessary (o store the two position coordinates
of each tract since the position of the record in memory provides the
same information. This has the effect of greatly reducing the amount of
stored data required. Corresponding to each tract of no value, however,

»

AIM 64-T -4, Tactical Evacuation Study Summary Report; Painter,
Bialek and Sklarsky, November 1963, Academy for Interscience
Methodology, Museum of Science and Industry, Chicago, Illinois
60637. (Reference 2)

[
'
n




0CD Noft Turget Stwdy

a zero must be stored in memory to keep the value distribution correct.
For some purposes, where spatial relationships are not important, we
have achieved even greater computer memory economy by eliminating the
zero records. This produces a compressed, distorted computer map of
the real world which, however, contains the correct record values. The
map is subsequently restored by comparing the records to the elements
of a binary population distribution array which indicates where the zero
records should be inserted.

Computer running time is perhaps an even better argument than
computer memory conservation for the use of geometrically related
elements. One might, for example, desire to compute blast casualties
associated with some weapon impact point. A reasonable procedure
would be to compute a radius beyond which casualties would not occur.
If geometrically related elements were used, the computer could directly
read the population of each element within this radius. More detailed
computations would then be made for these elements. If arbitrary
elements were used, the computer would examine each record in a list,
read the position coordinates, compute the distance to the impact point,
compare the distance to the lethal radius and decide whether detailcd
casualty computations were required. It would, of course, be possible
to order the arbitrary element records, say by latitude and longitude
intervals, and thereby avoid testing every record in the population
distribution representations. This would, however, be similar to con-
verting the arbitrary cell records to geometrically related elements.

It is clear that it would be possible to write a routine which would
convert arbitrary cell type tract records to matrix type bookkeeping.
Each element of the target array wouid first be set to zero. The computer
would then scan the tract record list. For each tract, the track location
coordinates would be converted to matrix i, j numbers by dividing by the
scale and rounding. The carget value would then be added to the proper
matrix magnitude.

It would also be possible to write a program which would convert
target data in matrix form to arbitrary cell type tract records. The
routine would scan the entire matrix. For each non-zero element, the
program would write a tract record giving the incremental area value
and the location coordinates which would be computed as the product of
the scale factor and i and j.

If arbitrary cell type tract records were converted to matrix
form and then back to the arbitrary cell type again by the routines
described above, the final records would not be exactly the same as the
originals. Some of the records might be combined and the location
coordinates might be changed by an amount less than half of the matrix
scale factor. They would be operationally equivalent, however, if the
incremental areas and matrix scale factors were properly chosen.
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While the two klnds of tract u,u)rds may. hc umvurl(,d hack dnd
forth and the shape of some, or all, of arbitrary LL“ ctements may be
rectangular, the data- processing’ programs which opcrate on the popu-
~lation distribution representation must be of one type or the vther. If a
program allows for the possibility that the tract elements are 19t
geometrically related, it is an'arbitrary cell type program and the
advantages of requiring that the elements be geometrically related are
lost. If the program exploits the properties of geometrically related
elements, - it is an arnﬁcxal cell program and can riot be’ used with
arbxtrary cell data

An opnmxzmg program would be expected to contam some kmd of
Anal‘,zmg sub-mode!l which would be'continually re-evaluated while
approaching the desired optimum. Since the analyzmg sub-model re-
quired here would involve weapon effects. a necessary characteristic
of the methodology used is that it permit the rapid application of weapon
effects to the population distribution tracts.. This was an important
factor in the choice of geometrlcally related elements for the population *
dxstr buuon repreqentatlon :

A possibly unique ftature of the methodology here deqcrxbed is
- the use of a weapon effects matrix of the same scale factor as the target
array. A simple example of the use of this concept is the computation °
of blast damage associated with a given DGZ. For this problem a
~ square matrix would be used with an odd number of rows and columns.
"The center element is the DGZ.- The value of each element of the matrix
is the probability of target value kill for an element at that distance from
the DGZ. ' The center element of the weapon .. rray is then indexed to the
DGZ element of the target array. - Each element of the target arra’y which
has a corresponding element in the weapon array is. reduced by the
- fraction indicated by the corresponding element of the weapon array.
‘With this systém it does not matter how complicated the weapons effect
function is since it is only used to compute the weapons effects array
and this operation need be pcrformed but once. Model running time is
therefore essentially independent of the weapons effect function used.
This is not the case if arbitrary cells are used to represent the popu-
lation distribution.. The idea of a weapon effects array is not possible
since there is no'spacial regularity ‘to the tract records. It would
appear necessary to evaluate the weapons effect function over and over
again during the operation of the model. A shelter mix and location
optimizer program herein described involves the use of a composite
weapons effect matrix. This matrix is the same size as the population
distribution array and considers all weapon effects for any num ber of
w Lapons

Soft military targets are understood to mean air bases. Parked’
aircraft and the buildings required to support the operation of the base
are damaged by relatively low overpressures. A reasonable attack
against such targets was originally considered to be a small number of
weapons detonated at the altitude which maximizes the weapon lethal

0-7
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radius for the requ1red low overpressure Such an attack would not be -
expected to create a fallout problem Hard targets, typlcally, hardened
‘missile launch sites, require many large yield weapons detonated at very
low altitude or on the surface for their destruction. Anattack of this -
kind would create intense radiation fields over a very large area. The
presence or absence of significant fallout fields was con51dered to dis-
ungmsh hard and soft targetmg sttuattons -

- There are, however, reasons why a high altitude detonatlon mlght
‘not be used against air bases. The aircraft might be airborne at the
time of the attack or could have been deployed to secondary airfields.
Vital supplies, such as fuel and weapons, are normally reasonably hard
and can easily be spec1ally hardened A high altitude detonation is un-
likely to damage ramps and runways. A low altitude burst mlght be -
used in an attempt to crater runways, destroy fuel and armament-
supplies -and deny use of the base by the prolonged presence of intense
radiation. A more extenswe dlscussxon of attacks on Alr Force bases -
is gwenmRef 3.* S »

If it is admitted that low altxtude detonations might be used against
‘soft miljiary targets, a necessary characteristic of the Soft Target :
Study methodology is that it handle all weapons effects. The difference
between hard and soft target situations does not appear in the method- -
ology appropriate for these cases. It will, however, appear in the study -
results as a consequence of the different: welghts of attacks which are
reasonable agalnst air fxelds and hardened missile launchmg \.omplexes

, Another charactensttc requtred of the methodology developed is that
it emphasizes the systems aspect of civil defense countermeasures.
Individual weapon effects, particular shelter designs and various kinds
of countermeasure activity have all been extensively studied elsewhere.
It is not the intent of the Soft Target Study to repeat this work. The
objective is to combine the results of this activity into a systems
analysis procedure capable of identifying countermeasure -systems of
good cost effectiveness given a particular targeting situation. . To"
accomplish this objective, we have selected the most tractable weapon -

. effects models and other submodels which' appeared to provide an ©
accuracy comparable with unavoidable uncertainties in this problem area.
The validity of our resuits and conclusions will depend on the submodels
~used. The utility of the methodology developed should not, however, be

" judged by the accuracy of the submodels, since these can easily be
changed as required for specific applications. The utility of the pro-
cedures used should be evaluated by the extent to which they produce
the kind of data reqmred for reasonab'e Civil Defense planmng

* OCD Hard Target Study Ftrst Quarterly Report The Universxty of
-Arizona Engineering Research Laboratory, Tucson, Arizona,
4 September 1962. See also Strategy for Survival, Martin and
Latham, University of Arizona Press, 1963. (Reference 3)
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Developing a Civil Defense countermeasure systcm for a parncular :

locality is frequently considered to-be a local problem. -However, the

possibility of obtaining Federal financial support of the plan usually arlsesl_

Just as there exists an optimal effectiveness versus total system cost
curve for a local countermeasure system,-a similar curve must exist

_ on the national level. Corresponding to each point on the curve would be

an allocation of funds among the communities which’ would result in the -

. greatest overall effectiveness attainable at that total cost level. A pilot

study should involve procedures which could easily be applied to any

" number of localities. It would also be desirable if the procedures could

be applied to large areas and would produce output information of a type
which could be combined to produce optimal allocations of effort for as

“many localmes as desxred for all:total cost levels. -

Ref 1* contrasts the Building and the Operating Systems *The
methodology developed for the Soft Target Study contributes to the Building

~ System. Emphasis is placed on optimization, flexibility, uncertainties,

ease of parameter variation, etc. Procedures suitable for developing a -
plan of action for the period between warning and attack appear to have

~characteristics of both systems. ' They belong to the Building System in

the sense that they could be applied before warning was received. .Plans

- would be developed as a function of time available before the attack.
- The appropriate plan would be selected at the time- that warning, and

presumably an estimate of the time available, were received. The pro-
cedures may be considered part of the Operating System 'in the sense that
the plans would be based on the countermeasure . provisions actually
available. .Each time the Building System made significant changes to

the potential Operating System, the procedures would be reapplied to
develop an appropnately modiﬁed set of plans.. .

Procedures to be used by the Operating System in the post: attack
situation would involve even more specific inputs. The initial condition

~ of the system at the time of the attack, the meteorlogical data and the
- yields, detonation points and burst altitudes of the attacking weapons

would all be known.  The problem is to develop a fast assessment of the
situation upon which to base action decisions during the critical hours -
following the attack. The procedures should be capable of accepting
actual damage information as it became available and of correcting the
entire damage assessment picture according to data received. The pro-
cedures would be useful as long as prolonged weapon effects need to be
considered by the survivmg populanon ' :

While the Soft Target Study is not concerned with the System
Analysis requirements of the Operating System, it would be desirable
if techniques developed could be adapted for use m the post attack
environment. ‘ , g

*Devaney, ob. cit,
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The llterature contains exampies of companies or organizations devis-
ing shelter designs with at least the implied recommendations that they be
generally constructed, From the point of view of an entire community, it
is unreasonable to restrict shelter planners to a small number (perhaps 1)
of shelter designs The kinds of shelters which should be considered

- depend on many factors including the availability of land and the character

of existing and projected structures near the locations where shelters are
desired. The use of a reasonable catalog of sheltering provisions, which

~ would also include the possibility of various kinds of hardening of existing

structures, tends to keep shelter costs down to reasonable cost levels
except perhaps for very densely populated areas, :

While the cost of a particular shelter design may not vary greatly over
the areas where the shelter is reasonable, the cost effectiveness of the

“shelter will vary enormously depending on the threat at each location where

the construction of the shelter is considered. The use of a catalog of
sheltering provlslons not only permits the shelter svstem designer to keep
the total cost of the system within reasonable limits but permits achieving

desirable cost effectiveness levels over the system. In general, jf an

optimal system is desired, the greater the variety of sheltering provisions

‘in the catalog, the greater will be the effectiveness of the overall system

at each cost level.

A required characteristic of the methodology developed is, therefore; -

that it acc~pt a catalog of sheltering provisions and distribute these provi-

‘sions in the way which will result in the greatest number of survivors for

each total system cost level. This will usually mean that people in differ-
‘ent locations will be provided shelters of quite different characteristics
and many may be given no protection at ali at the low total cost levels.
This may be objectionable from some points of view but is reasonable for
dollar limited situations since providing protection at some level of effort

~according to any other distribution rule will sacrifice expected survivors,

Another required property of the Soft Target Study methodology is
that it take threat uncertainties into account. Assuming that an attack
will occur, no one can predict exactly what form it will take in any local
situation. . This is not an argument for doing nothing-or arbitrarily select-
ing one shelter or another. There are ordinarily a small number of local
attacks which appear reasonable with, perhaps, different likelihoods and
it is possible to devise a countermeasure system which maximizes the _
expected number of survivors at each cost level. The actual numl?er of
survivors, given that an attack cccurs, will not be as great as if the system
were optimized for that attack but will probably be greater than lf the choice
of shelters is arbitrarily made,




Introckection .

‘The analysis procedures should not consider that the population to be
protected is an inert quantity of target value. The population can rove
during the interval between warning and attack and after the attack. The
population can also perform tasks which reduce the effect of the attack.
Procedures which do not take this capability into account will compute the
effectiveness and cost effectiveness of a countermeasure system to be
less than it actually would be : :

The vulnerability of unsheltered populatlon varies over the populatlon
distribution representaticn depending on the kind of existing constructicn
wlthln each element, . It would be a mistake, for example, to associate

- the same critical overpressure with occupants of normal homes and

reinforced commercial buildings. The Soft Target Study methodology
should ta.ke these vulnerability differences into account. '

The ability of an element to accept countermeasure provlalons also
varies over the population distribution representation. The removal of
ignition points, for example, would only be an appropriate countermeasure
over those neighborhoods where removable ignition points exist. The
methodology developed should have a capability of determlnlng which

_countermeasures of the catalog can be reasonably consldered for each

population matrlx element

The final characteristic of the methodology developed is that it be
genuinely useful to Civil Defense planners while attempting to design a
countermeasure system inexpensive enough to be realizable and effective
enough to be worth while,

0-1i1
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Soft Target Study , : ‘ » } ' .

The preceding characteristics requtred: of the Soft TArgét Study.

methodology are summarized as follows:

_ Efficiently determine system of best cost effectiveness ‘

Level of effort a problem variable
Reasonable resolution of locale representation

.Program efficlency

o Fast access memory conservation
e Convenient application of weapon effects

¢ Fast running

All weapon effects

, Systems aspect emphasized

e Utility of the method not a functlon of partlcular
submodels used

Optimal alocation of effort among loéalldes

Procedures for use in the Buildlng System

e Desirable for procedures to be adaptable for use
‘in the Operating System .

- Countermeasure catalog

Uncertainties taken {nto account

Population mobiliw

Variation of unsheltered vulnerability characteristics with posi%lon
Variation of countermeasure acceptability with positloﬁ i

Genuinely useful for Civil Defense planning ¥

SUMMARY OF METHODOLOGY CHARACTERISTICS
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<. Imtroduction

In general, ALL OF THE CHARACTERISTICS MENTIO!NSD HAVE
BEEN ACHIEVED, at least to some extent. In many respects the proce-
dures seem ready for immediate use, In other areas, additional refine-
ment appears desireable depending on the application. The Soft Target
Study has been considered to be primarily a research study in Civil
Defense countermeasure systems analysis methodology although a pilot
city demonstration study is required. If the Office of Civil Defense should
choose to apply procedures similar to those herein described it may be
desirable to obtain expert advice regarding final programming details -~
and input constants for each of the principle submodels of the basic systems
analysis structure which has been developed.,

The methodology is described in three sections. Section I contains
summary descriptions of analysis procedures applicable to the soft target
problem. Earlier forms of these were available at the beginning of the
study, having been devised for other projects. They were used during the
Soft Target Study as a basis for the development of new and more specifi-
cally applicable procedures. :

The early activlty under the Soft Target Study resulted in a computer
program called the Single Shelter Type Dsployment Optimizer. Experience
with this program indicated that a countermeasure system of greater
effectiveness could be obtained if a catalog of shelter provisions were
available for use in the optimizer program. - An improved program called
the Multiple Shelter Type Mix and Deployment Optimizer was then written,
It was finally appreciated that fallout might be a problem in soft target
situations. Fallout is very difficult to include in programs primarily
concerned with overall system effectiveness. A program was first
written to generate fallout iso-field diagrams as a function of time after
burst. This program was then incorporated in a countermeasure system
evaluator program called the Dynamic Analyzer, This program is use-
ful as an independent program and is described in Section II..

The final methodology development activity involved combining the
optimizer techniques which had been devised, the method of handling
fallout, threat and meteorological uncertainties and a scheme for correlat-
ing shelter cost and suitability data with locations in the population
distribution representation in a program called the Multiple Effects
Weighted Strategy Shelter Optimizer This program is described in
detall in Section III,
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Saction 1

SECTION 1
SUMMARY" DESCRIPTION OF SOFT TARGET STUDY

SYSTEMS ANALYSIS METHODOLOGY

INTRODUCTION
.

The Hughes Aircraft Company, Ground Syatems Group in Fullerton,
California, has performed the Soft Target Study for the Department of
Defense, Office of Civil Defense, The methods herein described were
developed by the Operations Analysis Section of the Systems Division,
Programming and other assistance has been provided by the Mathematical
Analysis Section. The scope of work includes developing procedures and

‘methodology for studying patterns of attack, for evaluating local hazards,
* for determining potential civil defense countermeasures for cities closely

associated with soft military targets and for computing the cost effective-
ness of alternate systems of protection. - Study of this problem has shown

~that there is a difference in the intensity and relative intensity of the dif-

ferent weapon effects for cities near soft and hard targets, However, all
weapon effects need to be considered for both cases. The significance of
this fact is that procedures similar to those herein described may be applied

to the study of Civil Defense cmmtermeasures for cities in any targeting
situation, :
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TARGET VALUE AND WEAPON EFFECTS

TARGET VALUE DISTRIBUTION MODEL

The first step in devising a procedure for quantitatively considering. %
the pattern of attack and the local hazards problem is to establish the means §
of describing the area distribution of target value for the area of interest.
A procedure which has been employed is the use of many small tracts of
possibly irregular shape. These tracts are so small that the location of
any point in the tract may be used as the location of the entire tract and §
weapons effects are considered constant over the area of the tract. Records -
containing the characteristics and location of these tracts are stored:as a
list in a computer. There is no systematic arrangement of these tracts
although the computations can be facilitated by various kinds of sorts,

In order to reasonably analyze or optimize a Civil Defense system, ]
some repr&ceutation of the threat must be assumed. National estimates - : -
of the local targeting situation throughout the country are thought to exist :
and, if this information is available, may be used as the threat model. ,
If this data is not available, idealized targeting problems have been exhaus- }
tively treated in the literature. In practical situations, however, these §
simple solutions rarely apply. One complication is the fact that most of.
the target value of interest for Civil Defense is not clustered around pre-
sumed enemy target points but is distributed at varying distances from
these points, Another complication is that the target value is distributed
around the aim points in a non- analytic way and this distribution is differ -

ent for every community.




The procedure employed at Hughes {s to divide the target area into
a matrix or grid of small, incremental, rectangular areas. Since these
areas are geometrically related, the computations proceed very rapidly.
An example target matrix for Los Angeles is shown on Figure 1.
value of each element in this matrix is the fraction of the area of the ele~
ment which is zoned industrial, on a parts per thouaand basis. The main
geographic features in this region are discernable on the map. We have
written computer programs which convert tract data, the form in which
original information is usually obtained, into the matrlx format used for

C0CH Noft Target Stweby

automatic computation.
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FIGURE 1 TARGET MATRIX
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" of the target value matrix and summing the

Nectrm 1

WEAPONS EFFECTS MODELS'

The usual procedure for representing weapon effects is to devise
expressions which relate probability of target kill to distance from the
aim point. These relations are continually reevaluared as the computer
prograr is executed. This procedure is time consuming but necessary
if the small tract system of representing area distributions of target value
is ugsed. The target mairix concept, however, suggests a more desireabie
procedure, This procedure is the use of a weapons effects matrix as
illustrated on Figure 2. The matrix is a square array with an odd number

'of elements in each row and column. The center element is the weapon

aim point. The value of each element is the probability of kill for a
particular kind of target value at that distance from the aim point. The
matrix is used to compute the expected target value kill associated with
an alm point by indexing the center of the matrix to the aim point element

elements of the two arrays.

PS = 0.95 R = 2.38 -d; 0.14 SCALE = 1.37

DARACE EFFECTIVENESS MODEL -~ BOW8 WATRIX {FuACTIONAL i)

f
|
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FIGURE 2 EXAMPLE WEAPONS EFFECTS MATRIX
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FALLOUT MODELS

The weapons effects functions used to compute the weapon matrices
have been taken from the literature although some original work has been
performed in adapting these procedures for rapid automatic computation. :
An example output of the fallout submodel is shown beginning on Figure 3. g
The elements of this array indicate the radiation fields due to fallout 36 4
minutes after weapon detonation, which occurred in the element indicated
by the asterisk. In this example, the array is too large for the element
values to be printed. Instead, tiic values have been coded by intervals and
indicated by a single character. In this example, the wind is from the left.

_ Figure 4 is the same situation 12 hours and 36 minutes after detonation.
The result was computed by a later version of the program which prints
iso-field contours rather than a solid area of charactera, The decay of _
the field along the upwind side of the pattern and the growth of the field 1
downwind is evident on the figure, Figure 5 is the situation 1 day, 3 hours S
and 36 minutes after detonation. Radioactive decay has occurred everywhere
over the diagram. '
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AIM POINT ASSIGNMENT

AIM POINT OPTIMIZATION

These techniques for representing target value and weapon effects
distributions have been used in programs employing several aim point
assignment modes. Two of these are illustrated on Figure 6. An auto-
matically synthesizcd bivarlate distribution of target value was used in

TARCEY ’ .
e L .
O SR 1 R
138 + O +
2 I ®) 'e)
( R
" o
HUGHES AIRCRAF T COMPANY AUTOMAY’C TARGET ASSIGNMENT PROGRAM
o 162 1s j09
. RESLY
DIFFERENCE

O O
TARGET :
CENTER

® 35 @ O

O O O

RAND MUSTARD AUTOMATIC TARGET ASSIGNMENT FTOGRAM

FIGURE 6 AIM POINT ASSIGNMENT
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- readjusted by an optimizing procedure which alters the aim points in

AIM POINT INPUT MODE

OCD Noft Turget Ntudy

these examples. The procedure of merely assigning each succeeding
round to the aim point which maximizes the expected damage against the
remaining target value is illustrated across the bottom of the figure, The
first round is assigned to the center of the target. The second attack is
the second element below the center. The third aim point is two elements

above the center, etc,

The aim point assignment procedure illustrated acroas the top of
the figure is scmewhat different. Each succeeding weapon 18 |nitially
assigned to the aim point which maximizes the expected damage against
the remaining target value as before. The entire aim point set is then

order to maximize the expected target destruction for that number of
weapons, : ; :

The first round is assigned to the center of the target as before.
The second is also initially assigned to the second element below the
center of the target., During the iteration procedure, however, the first -
aim point is raised an element, which permits the second aim point to
fall into the corresponding position under the target center. The third
round is initially assigned to the right of the target center, This forces
the lower aim point to the left one space and the new aim point moves - ' : i
down to complete the triangle. The optimum aim point set with four
rounds is the square pattern shown. The greatest improvement obtained
with the iterative optimizing procedure is 162 units, which occurs with %
only two rounds. In general, the iterative optimizer only achieves a - :
significant improvement in the expected target value killed if the number
of rounds is small and the precision of delivery is good.

Figure 7 is an example of the use of the input aim point mode. An
aim point list has been computed for 10 weapons using the Los Angeles
target array shown on Figure 1. These aim points are used as inputs
for evaluating the effect of this attack on another target value distribution.
The target matrix shown here pretends to be the distribution of Nike sites
in the Los Angeles area. Figure 8 is the probability of survival, again
in parts per thousand, for these sites for assumed values of weapon yield
and target hardness. ‘
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ISO-DAMAGE CONTOURS

Figure 9 illustrates the final program aim point mode. The target

matrix used in this example extended from Columbus, Toledo and Detroit .

to Washington, New York and Boston. A map outline has been superim-
posed on the grid to help identify the locations of the elements. When
operating in this mode, the computer centers a weapons effect matrix on
each element of the target matrix. Each output character represents a
range of casualties summed over all population elements in the vicinity
for a weapon detonated at that point,

It is clear that these targeting and local hazard evaluator programs
could be used with population distributions protected by various shelter
types. By making enough rums it would be possible to get some idea of
which shelters should be used where to provide maximum protection as
a function of total system cost. The programs would be very difficult to
use in this way, however, since they were not intended for this purpose.
~ We have preferred, therefore, to take a more direct approach to the prob-
lem of optimizing civil defense countermeasures. .
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SINGLE SHELTER TYPE LOCATION OPTIMIZER

Our first accomplishment under the task of evaluating the cost effec-
tiveness of alternate systems of protection was a digital computer program
called the Single Shelter Type Location Optimizer. The program was
important for several reesons. It demonstrated the utility of the procedure
for representing arbitrary, area distributions of target value in counter-
measure optimization programs. The weapon effect matrix concept was
expanded into a composite matrix of the same size as the target matrix
which included the effect of all weapons in the attack. This modification
was desireabie since the aim points are held constant during a counter- :

- measure optimization run. The program established the utility of generat-
ing optimal total system cost vs. countermeasure system effectiveness
curves without specifying an operating point (which is left to those author-
ized and competent to make such decisions) and the worth of the inverse
cost effectiveness (ICE) algorithm for computing optimal civil defense
countermeasure systems, '
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A typical, optimal cost effectiveness curve is shown on Figure 10.
The program assigner shelters to non-zero population matrix elements
{n the sequence of increasing ICE; that is, increasing cost per expected
survivor added. Each assignment resulted in a point on the curve. The
total sysiem cost, and also the system effectiveness, are low. As more
locations are assigned shelters, the cost effectiveness of the assignments
are successively less desireable since the unassigned locations are either
too near the aimpoints for the shelters to be effective or toc far for the
shelters to be needed. The curve terminates when all elements are assigned
shelters. The final assignment typically adds to the total system cost with-
out adding significantly to the effectiveness of the system. The cost effective-
ness of this assignment is poor and the optimal cost vs. survivors added .
curve is quite steep. The objective of the countermeasures systems designer
is to keep the slope of the curve as low as possible. The procedure for
generating the curve automatically computes the corresponding optimal
countermeasure deployment. This deployment, which is the deployment
which maximizes the expected number of survivors at each total system-
cost level, is displayed for desired cost levels by what is called a shelter
deployment matrix.

Cost

Survivors Added

FIGURE 10 OPTIMAL COST EFFECTIVENESS CURVE
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MULTIPLE SHELTER TYPE AND LOCATION OPTIMIZER
INTRODUCTION H
An lmpi'ovéd version of the single shelter type location program ‘”

permits input of a catalog of potential countermeasures. This introduced &
the {dea of an optimal mix and deployment of countermeasure provisions §
and resulted in the development of the conversion inverse cost effective- %
ness (CICE) algorithm, a more powerful analysis device for computing '
optimal systems of protection.

R QN TR i

NOMENCLATURE

The following symbols will be used in this discussion:

(PM) = Population Matrix

= Denotes an Element of a Matrix

G = Capacity of Shelter i

(DC);

i = Dollar Cost of Shelter i

(SC), = Specific Cost (Dollars Per Person Sheltered) of Shelter i

(PSM) = Population Survival Matrix

U = Unsheltered

_.‘
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(ICE)] =Inverse Cost Effectiveness of Assigning Type i Shelters to a
Previously Unprotected Element

(ICE)} -y = Inverse Cost Effectiveness of Converting Type j Shelters to
Type i Shelters at Some Element _

MATHEMATICAL RELATIONS

Assuming two shelter types are given, Type 1 and Type 2, the cost
of using one or the other of the shelter types is found by dividing a particu-
lar element of the population, (PM)’, by the shelter capacity to find the
number of shelters required and multiplying this number by the shelter

cost:

(PM)(DC); |
<. - Cost of protecting the population with T ype 1
; shelters .

(DC
w = Cost of protecting the population with Type 2
C, shelters

If fractional sheiters are permitted as a computational convenience,
it is permissable to define a quantity, called apecific cost, which is the
cost of the shelter per person sheltered. In this notation:

(8C), = (DC)/C
(8C)y = (DC)y/Cq
and

(SC)(PM)’ = Cost of protecting the population with Type 1
gshelters .

(SC)o(PM)’' =  Cost of protecting the population with Type 2
shelters ,

The expected number of persons surviving by using shelters is the
product of the population and the probability of survival at the point:

(PM)'(PSM),;, = Expected number of survivors if no shelters
are provided
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Section 1

(PM)'(PSM)i =  Expected number of survivors if T ype 1
shelters are provided

(PM)’(PSM)é =  Expected number of survivors if Type 2
shelters are provided. '

The expeéted number of persons ''saved”, called survivers added,
given an attack is the difference between the number of survivors with and
without shelters:

(PM)'(PSM)] - (PM)'(PSM);, =

(PM)' [ (PSM)] - (PSM), ] = Expected number of survivors
using shelter Type 1

(PM)' [ (PSM); - (PSM); ] = Expected number of survivors  }
' ’ : added using shelter Type 2,

The inverse cost effectiveness of these shelter types, that is, the cost per 3}
survivor added, is obtained by dividing the cost by the number of survivors
added:

PSMY; - (PSNIY, - 098

(SC), (PM)' _
(PM)'[(PSM)] - (PSM), ]
_ (SC)]_' _ — 1CE):
(PSM)] - (PSM)], - R 1
$C)y

It {3 now convenient to mention the concept of relative hardness of
shelters. It is required that the shelters be ordered by relative hardness
and that the shelter numbers be assigned in sequence, It is also required
that a sheiter be at least as hard as any other shelter of lower shelter
number everywhere, that is, that: ‘

(PSM);, s (PSM)] < (PSM);

for every element of the array. This requirement was adopted to simplify
the optimizer logic and is reasonable as long as only blast {8 considered.
The final optimizer program, which is described in Section 3, takes all
weapon effects into account, The idea of shelter ordering by hardness is
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not used in this prograin since the hazards vary from place to place and,
in principle at least, the ordering of the shelters by the degree of protec-
tion they afford the occupants may be a function of shelter location.

Another concept used is that of conversion of one shelter type to a
harder type. - In practice, If the types were very dissimilar, this might
involve digging out the old shelter, disposing of the debris, filling in the
hole and starting over so that the cost might be even greater than the
normal cost of the hard shelter. ''Conversion' is never used in this sense
in this report. We are trying to construct a maximum effectiveness vs.
cost curve. This curve is developed by starting at zero cost, picking the
shelter providing minimum inverse cost effectiveness and continuing until
everyone is sheltered with the hardest shelter type at maximum cost.
Selecting the point on this curve which is to be used is considered a
problem beyond the universe of this study. The point selected implies
a shelter mix and location distribution which must be generated with the
effectiveness vs, cost curve, To generate the curve the program repeat-
edly asks whether it is better to add a new shelter of some type some-
where or whether it would be better to replace a previously assigned
shelter with a better one. This, in the terminology of this report, is
called "converting' a shelter into another type. The cost of the conversion
in this sense is the difference in the specific costs : :

(SC)p.1 = (8C)7 - (SC);
and the associated number of "survivors added” is
(PM)’ [ (PSM); - (PSM); ]
8o that the inverse cost effectiveness of this strategy would be

FM)'(SC),_;
(PM)' [(PSM); - (PSM)] ]

(5C)q-
(PSM); - (PSM);

= (ICE)j_,

It is clear from this discussion that conversions will only be made from
one shelter type to a harder, more expensive shelter since if the harder
shelter were less expensive, it would have been selected first,
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~ Setion 1

THE SHELTE_R TYPE STATE-OF -THE-ART TEST

It is also clear that if the possibility is to exist that each shelter type
may be chosen for some location at some total cost level, the shelter costs
must be ordered in the same way as the shelter hardnesses. This fact may
be used to eliminate inferior or obsolete designs from those which are
state-of -the-art, A possible situation is shown on Figure 11, Three state-
of -the-art shelter types exist as shown.  The shelter numbers apply to
their ordering with respect to both hardness and specific cos:, A new
shelter design is devised. Its hardness is greater than shelter Type 2
but less than shelter Type 3. It is asked what this new design contributes
to the state of the shelter deslgn art.

|
POSSIBLE HARDNESS OF | L
New DESK —#={ ) INFERIOR DESIGN

H.._;__ _____ ,, STATE OF THE ART
DESIGN MO, 3

by

E NEW STATE OF THE ART DESIGN

BE&EN“ THE ART o
\——»————————

BREAKTHROUGH - OBSOLETES DESIGH NO, 2

STATE OF THE ART
S DESIGN RO, 1

SPECIFIC COST, DOLLARS PER PERSOM SHELTERED

Y BREAKTHROUGH - OBSOLETES DESIGNS NO, 1 AND NO_ 2
, .
’

SHELTER HARDNESS

FIGURE 11 NEW SHELTER DESIGN TEST

~

The answer is that it depends on the specific cost. If the cost is less
than that of shelter Type 1, it is a design breakthrough, It obsolates designs
1 and 2 and the new design and the old design Type 3 are the only types
which need be considered for shelter systems at any cost level, If the
specific cost !s Jreater than the cost for Type 1 but less than the cost for

Type 2, it is atill a design breakthrough, but only obsoletes design Type 2.
Type i, Type 3, ind the new design may all be used in the optimum shelter = &

system at some total cost level. If the cost is greater than the cost of
Type 2 but less than the cost of Type 3, it is a new state-of-the-art design.
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It does not obsolete any existing designs but may permit the definition of a
shelter system of greater effectiveness at some cost level, If the specific
cost {s greater than the specific cost for Type 3 shelters, it is an inferior
design. It will never appear in an optimum shelter system at any cost
level. ‘ ' '

Similar tests can be applied to shelters of any hardness, It is
noticed that if the hardness of a shelter of new design is less than the
hardness of shelter Type 1, the new design can only be state-of-the-art
or inferior. If the hardness of the new design is greater than the hard-
ness of shelter Type 3, the new design may obsolete all existing shelter
types, may obsolete Types 2 and 3, may obsolete Type 3 or may be
state-of -the-art. It cannot be inferior. :

MULTIPLE-SHELTER TYPE MIX AND LOCATION OPTIMIZER LOGIC

The operation of the mix and location optimizer is {llustrated on
Figure 12, This graph shows the cost effectiveness (survivors added per
dollar) of three shelter types as a function of distance from threat weapon
aim point for a particular set of assumptions, Type 1 i8 the softest, least :
expensive shelter. It also has the greatest cost effectiveness, which
reaches a maximum at a moderate range and is low at the aim point, since
it is too soft to help, and at large ranges where shelters are not needed.
Type 2, a harder more expensive shelter, has its maximum effectiveness
closer to the aim point and is optimum over a range of distances, Type 3,
the hardest, most expensive shelter is optimum for the area around the
alm point, Since each type is optimum at some distance, the shelter
numbers must refer to their ordering with respect to both hardness and
cost,

One shelter assignment scheme would be to provide the shelter at
each location which has maximum cost effectiveness. If dollars available
were limited, a reasonable approach would be to start at the maximum of
the Type 1 curve and work both ways until the available money was exhausted.
Locations at greater ranges would all receive Type 1 ghelters. Working
in toward the aim point, Type 1 sheiters would be constructed until the
radius at which the Type 1 and Type 2 curves intersect was reached.

Type 2 shelters would then be constructed and finally the Type 3 shelters
and remote Type 1 shelters would complete the program, At each point,
working in and out, the cost effectiveness for each direction, though
decreasing, would be kept equal. This procedure, though seemingly
reasonable, would not provide the greatest numbers of survivors added
per dollar spent unless the total allowable cost was so small that only
Type 1 shelters would be used in a ring around the aim point, which
would leave the region of the aim point and the remote areas unprotected.
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Section 1

SURVIVORS ADDED PER UNIT COSY

NORMALIZED RANGE FROM AIM POINT

FIGURE 12 SHELTER SYSTEM OPTIMIZATION

The cost effectiveness curves for converting Type 1 shelters to
Type 2, Type 1 to Type 3 and Type 2 to Type 3 are also shown on Figure
12, The Type 1 to Type 2 conversion curve originates-at the intersection
of the Type 1 and Type 2 curves and is defined for all greater radii. It
has no meaning nearer to the aim point since Type 1 shelters would never
be considered in this region, - For the conditions assumed, all of the .
conversion curves originate at the intersection of the curves defining the
converslon.

The proper procedure for constructing a maximum effectiveness
versus total system cost curve is to first assign a Type 1 shelter at the
distance ylelding maximum cost effectiveness and then working both ways,
keeping the cost effectiveness for both directions balanced, until the inter-
section of the Type 1 and Type 2 curves is reached, If new Type 1 and
Type 2 shelters only are now assigned, the working points on these cost
effectiveness curves will descend to values lower than the Type 1 to Type 2
conversion curve. A shelter system of greater effectiveness per dollar
spent {8 obtained {f this curve is used. It is, therefore, necessary to
work toward the alm point assigning new Type 2 shelters as well as work-
ing out converting Type 1 to Type 2 shelters and to assign new Type 1
shelters, The working points on these curves are kept as equal as possible
during this process.
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When the cost effectiveness decreases to the value corresponding
to the intersection of the Type 2 and Type 3 curves another complication
is introduced. The Type 2 to Type 3 conversion curve originates at this
point. It is, therefore, necessary to also consider this operation. The-
procedure now is to continue working toward the aim point by assigning
new Type 3 shelters and to work out at three different radii by converting
Type 2 to Type 3 shelters, converting Type 1 to Type 2 shelters, and to
assign new Type 1 shelters. The trend here is to shelter more and more
people with harder and harder shelters while the average cost effective-
ness vecomes lower and lower. Eventually, everyone is provided Type 3
shelters but the average cost effectiveness is low. The Type 1 to Type 3
conversion curve is never used. ' :

This shelter mix ard location optimizing process is illustrated in
Figure 13. The optimum shelter system at a specific cost effectiveness
level is also shown. No shelters have been assigned to the region around
the aim point since none of the three shelters are efficient enough to

achieve this cost effectiveness in this region. A ring of Type 3 shelters ‘

surrounds the aim point area followed by rings of Type 2 and Type 1
shelters., No shelters are assigned to the remote area since none of the
shelters are sufficiently inexpensive to achieve the indicated cost effect-
iveness in regions where the shelters are not likely to be needed.

0.5

0.4 -

0.2

SURVIVORS ADDED PER UMIT COST

0.1 -

o T T T T T

NO TYPE 3 TYPE 2 YPE 1

SHELTERS SHMELTERS SHELTERS
NORMALIZED RANGE FROM AIM POINT

(Y
SHELTERS

FIGURE 13 EXAMPLE SHELTER SYSTEM OPTIMIZATION |
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Section 1

PROOF OF THE EXISTENCE OF THE TRIPLE-POINT

In the previous example, each conversion cost effectiveness curve
originated at the intersection of the cost effectiveness curves for the
initial and final shelter types of the conversion. It is asked whether
this is an accident of the particular assumptions used in the example
or whether this will always be true. Figure 14 contains the mathematics
applicable to intersection of the shelter Type 1 and shelter Type 2 cost
effectiveness curves. The first relation states that at the intersection

MATHEMATICAL BASIS OF THE MULTIPLE SHELTER
" TYPE MIX AND LOCATION OPTIMIZER

At some total cost level, shelter type 1 is optimum over
some region while shelter type 2 is Optimum for an adjacent

region. On the boundary

(5C), . ; (sC),
(PSM)' - (PSM)* = (PSM)' - (PSM)'
1 u _ 2 u
(sC), (PSM), - (PSM).
(SC), (PSM)| - (PSM),
) ("Pfs}Mf)?Z' - (PsM) 1
(SC), (PSM)} - (PSM);,
(sC), - (5C), i (PSM), - (PSM)}
(5C), ‘ (PSM)| - (PSM)]
(SC)Z - (SC)I - (SC)I . - (SC)Z

(F’SM)'2 - (PSM)'1 (}"SM)'l - (I-"SM):‘1 (PSM)'2 - (PSM)"J

Shelter Cost/Occupant

SC

{PSM)' = Probability of Surv.val Matrix Element

FIGURE 14 MATHEMATICAL BASIS OF THE MUL’I’IPLE-SHELTER
TYPE MIX AND LOCATION OPTIMIZER
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(ICE); equals (ICE),. ~After performing the indicated algebraic opera-
tions, the final relation is obtained which states the (ICE),_) equals
(ICE); and therefore must also equal (ICE),. The triple point is thus
seen to be a characteristic of the problem, not a consequence of the
particular assumptions made,

THE COMPUTER PROGRAM

The computer program is necessarily more complicated than the
simple example shown. The civilian population i8 distributed in some
non-analytic way throughout the population matrix at the time of the attack
and multiple aim points may be present. While a complete flow diagram
has not been included, a concept for the program is shown on Figure 15,
Three shelter types are assumed in Figure 15,

The computer first computes an inverse cost effectiveness matrix
for each shelter type. These are identified in Figure 15 as (ICE});, (ICE)y
and (ICE)3. For each zero element of the population matrix, the corres-
ponding elemeats of (ICE);, (ICE), and (ICE)3 are set to infinity. The
conversion matrices (ICE)y_, (138)3_ 1 and (ICE)3_5 are also computed
and are considered arranged as shown. The blank spaces in the array,
which correspond to undefined conversion matrices such as conversion to
the same or a softer shelter type, are considered to be matrices each
element of which is set to infinity. The result {s an array of matrices
as shown. '

SHELTER TYPE N0, 1 SHELTER TYPE NO. 2 SHELTER TYPE NO, 3

} i ) SCRATCH PAD
ITEMS

SHELTER TYPE
PICKED

ACE )L, ace) aceN .
acey, acey, aeE),
[ A !
-) ucs>7 A ncs)})
2 S0 o nct)}_2
STORED
MATRICES
3 oo oo oo

FIGURE 15 COMPUTER PROGRAM CONCEPT
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Section 1

Each of the primary matrices,. (ICE)I, (ICE)2 and (ICE)3, are now
scanned to locate a minimum element and these elements as well as their -
{, j matrix locations are stored as scratch pad items.

One cycle of program operation involves the following processes. ,
The three minimum (ICE) scratch pad items are examined and the minimum
quantity is located. This identifies both the shelter type and the coordin- -
atcs of the population matrix element to receive this shelter type. It may
be, but not on the first cycle, that there are already softer shelters at
this location. - The shelter matrix element is read to determine which, if
any, shelter type is at this location and the new shelter type is then read
into the shelter matrix. The summary information is then updated in much
the same way as in the single-shelter type program. These items would
include total casualties, total survivors, total survivors added, total
system cost, number of persons sheltered by each shelter type (obtained
by substracting the population matrix _elément from the persons sheltered
. in the old shelter type and adding the same number to the total for the new
shelter type), average inverse cost effectivenss for the current shelter
system, inverse cost effectiveness for this shelier asgignment, etc,

It is now necessary to correct the primary atored (ICE) matrices.
How this is done depends on which shelter type was picked as is indicated
on Figure 15. If the assigned shelter was a Type 1, an infinity is trans-
ferred to the proper (ICE); matrix element. This will prevent reassign-
ing Type 1 shelters to this location. It is also necessary to research the -
(ICE), matrix for a new minimum element, if there are any less than '
infinity, and to use this data for the new shelter Type 1 scratch pad items. -

If Type 2 shelters are ever to appear at this location, they must be
conversions from Type 1. The (ICE), matrix is therefore modified by
replacing the element at this location by the corresponding element from
the (ICE)2 1 conversion matrix. Two complications are possible. If the
new shelter agsignment occurred at the same location as the minimum
element of (ICE)9, it will be destroyed when the matrix is altered. It is
therefore necessary to search the (ICE) array for a new minimum element
for the scratch pad unless, of course, tﬁe altered element is less than the
previous minimum in which case it becomes the new minimum element.

In general, this will not be the case and searching the matrix will be
unnecessary. The altered element is merely compared with the previous
minimum element to determine the new minimum element, The element
of the (ICE)3 matrix is replaced with the corresponding element of the
(ICE)3.; conversion matrix. The same complications with regard to the
scratch pad items need to be considered.
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If shelter Type 2 is picked, an infinity is placed in the proper
element of (ICE)I. It is not necessary to search (ICE), for a new minimum
element unless the location of the minimum, as indicated by the scratch
pad items, is the location of the assigned shelters. An infinity is also
moved to the (ICE), matrix location to prevent assigning more Type 2
shelters to this site, It will be necessary to search the matrix for the
new scratch pad entries. Type 3 shelters will eventually be assigned
to this element, but they will be conversions from Type 2. The (ICE)3.5
element is therefore transferred into the (ICE)3 matrix. The same
complications exist with regard to the Type 3 scratch pad items as were
described for Types 2 and 3 if a- Type 1 shelter was chosen.

“The procedure for cbrrecr'ng the primary matrices and scratch
pad entries if a Type 3 shelter is picked should be clear from the informa-

tion given on Figure 15 and in the prevlous discussion,

The program now begins a new commtatidnal cycle by again select-
ing the smallest of the three minimum elements in the scratch pad. In
general, the (ICE),, (ICE)2 and (ICB)3 primary matrices will, in this
order, become filied with infinity symbols. The process is complete
after no non-infinity values exist in the (ICE); matrix, Provisions for
stopping the program after some input number of computational cycles
is also provided. .

OUTPUT FCRMATS

A simple case which has been used for checkout of the program is
shown in the following figures. Figure 16 indicates optimum distribution
of shelters at the level where the ICE averaged 297 dollars per survivor
added but at a time when the cost was 298 dollars per additional survivor
added. Figures 17 and 18 indicate the situation at later stages in the
system development process and the high cost, in terms of dollars per
additional survivors added, of shelters after shelters have been provided
those locations where they are both needed and effective. The case was
run with an arbitrary threat and example, though not necessanly unrealis -
tic, shelter costs.
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DOLLARS PER SURVIVOR ADDED

Figures 16 through 18 {llustrate typical shelter mix and deployments
corresponding to points along a maximum effectiveness versus total system
cost curve. A typical optimal cost effectiveness curve, which might have
been generated by either of the optimizer programs previously described,
is shown on Figure 19, The significant variable is plotted as a function of

the number of shelters in the system.

The total system cost curve rises linearly from zero at zero shelters
in accordance with the constant cost agsumption of these programs. The
number of survivors increases rapidly with number of shelters for small
numbers of shelters and then flattens off as the marginal effectiveness of
additional shelters becomes low. The total casualties curve is identicai
in the opposite sense. It falls rapidly untii all the locations where shelters
are useful have been filled and then levels off. It does not go to zero when
all of the population is sheltered since shelters will not help in neighbor -

hoods near the aim point,
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FIGURE 19 TYPICAL SHELTER OPTIMIZER RESULTS

The average inverse cost effectiveness is relatively flat except for
the last shelters. The reason for this is that most of the shelters have
reasonable locations and similar (ICE)'s and these tend to average the
effect of shelters at a few extreme locations. The average (ICE) is, of
course, based on the total cost and total saves, and is not the av erage of
the marginal (ICE)’s.

The (ICL) for each additional shelter is perhaps the most interest-
ing curve. It is low and constant for the first shelters and then increases
at intervals, the marginal (ICE)'s for the last shelters being extremely
high.-

Each (ICE) for an additional shelter is equal to or 1arger than the
(ICE) for any earlier sheiter. This must be true for a maximum effective -
ness versus number of shelters curve and may be considered a test of the
proper ‘operation of the optimizer action,
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Arguments based on political, psychological or sociclogical realities
may indicate that it would be impossible to obtain the support required to
construct a shelter system in this locality unless shelters were provided
for everyone. While this may be true, application of the Soft Target Study
methodology indicates that sheitering everyone is highly wasteful. It
might be argued that even though the cost per additional survivor is very
high for the last 20 or so shelters in this community, they should be
purchased if they have any chance of adding as few as one survivor,
attitude would not reflect a value for human life in a dollar limited
situation since dollars spent for shelters in the high (ICE) areas would
deny shelters in areas of other communities where they would be more
effective, The high (ICE) regions in this example occur near the aimpoint,
where the shelters were not hard enough, and at larger distances from
the aimpoint where they were not needed, Section 3 describes procedures
which may be used to obtain the allocation of a limited effort between
localities which maximizes the expected number of total survivors.

This
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Section 1

DYNAMI< ANALYZER

INTRODUCTION

The first multiple weapons effects program written during the study
{s called the Dynamic Analyzer. This program does not develop optimal
countermeasure systems but rather determines the effectiveness of any
particular system against a specified threat, This program may be used
to compute the penalty, in terms of loss of expected survivors, of select-
ing a countermeasure system‘ upon some basis other than maximizing the
expected number of survivors at each total system cost level, The program
was written to demonstrate that fast running computer programs using

large population distribution arrays can be written and to test the feasibility '

of including phenomena which are functions of time such as fallout (which
cannot be considered independent of prompt nuclear radiation) and popula- -
tion motion during the warning time and after the attack.
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(1) Noft Turget Ntwdy

OUTPUT FORMATS

Figure 20 is a population matrix generated by this program. It
applies to a situation involving two adjacent population centers. Figure
21 is a survival probability grid for the blast and thermal radiation effects
of two weapons of different characteristics each detonated at one of the
population centers for the unsheltered population case. The casualties
due to these effects can be computed by summing the product of the
‘corresponding elements of the two arrays shown. '
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Figure 22 indicates the radiation survival probability for unsheltered
population elements assuming no attempt is made to move from thc contam-
inated areas. Both prompt and fallout nuclear radiation is included in this
figure. The survival probabilities were computed by calculating the time
integral of fallout fields similar to those shown on Figures 3 through S
and using a biolegical damage model which considers absorbed lethal
radiation and partial tissue repair. :

The composite effect of blast, and thermal and nuclear radiation is
shown in Figure 23. The weapon attacking the population center on the
right was detonated at a lower altitude than was the weapon impacting on
the left of the diagram. The lethal effect of the greater amount of fallout
is clearly shown on these illustrations. o

1-36




Sectron 1
PNARTL t1e kb oM A Crie snAy tt e . maer | UATh ANsitsen muR oWy L
s bal e b e
MAPTOI R v At beoaRan S ) NVCTTRTEIRA
N e e “lon T PR Voetree eyt - L s My
| . ' N s » [ERARN)
R R R N L Y I R R I LA PATIY R L N PETEN Areaty wANGLEIE.
1 Cotbtrrrrene - [ '
4 IR N YN N RN RN R R R NN RN R NN . o [
+ IR RN R NN N A A AR N S A RN R N RN N L oty ¢
. R N R R R R R N N Ry Y N AL L UL L LY SR N NN ] » Aom .
. IR RN Ny N R NNy PN RN AR RN N R AL LI L UL L L LY RN N ’ vty .
[ R N N N Ny N NN R R RN NN L LI LT E LI UL L YR N ) " v ote ’
1 DHEIrriearr 20ttt IE i ettt it wmenn bl L LU LSS NN N t N L "n
TENRPIELLILAANILILIIIRLLROLP LN L) L e MunmESARmaNe] ) LR [
’ RN RN R R R R S A A DAY R R NSRRI L L . 1 - Pt -
0 R R AR AR AR AR A R N N R AR R L ST LT L L L Y « ant -
1 RN A A A A AR R A R R Y N N 1 v (LI e
12 IR NN A AR AR AR R AR R RPN NNE] 13 ’ [N vy
[} PIErItlrvYYYYYSAYYIR AN R RNt )y »
Ve Iy Y YarTvas s iennnn (7
1. BTN Y AY N TIA NN I AR AR IA[ ) ) . ’
1h IR AAAAAAS R AR SRR ERYRARRFNNRS
11 I IYYYYYIIeRE NN ey
[ IR AAAARALL LI NI R vre
ty FITIYYYYYRUmamuE )y Yen .
P LrrttrvYyeinagueey viee
A YT ER AL AR E LY I Uy
N Y N AR SR AT ET RS DY T PO )
o3 rrllyveeee LT AL YR ¥
I T T VR A N 3 4
" L TRV L T )
PR R R R A AT ST R Y O PV I Y S N )
2’ IR RAAAAARE R LT AV VY IC VA AN Y S ]
P N N A A 2 Y R T S R Y A ¥ F LT LT L]
L R R A A L Y e R R R Ll
v IR AR R LTI TL ANV C Iy R P R S RSN AR L LL Ll L LT L LI L LT R LT
W LY R O A M UIGU MY E LT P LT EP LI PR L] ] eem e m o s s et e e R
AP R R EARARLL L LILV VL L F N F NN N N S NN R R LLL Ll L]
AR R R R L e T Ny A R DA R R R R L L L L L L ]
. XN R AR R AL LL LY DT T PY TP '
g
FIGURE 22 RADIATION SURVIVAL PROBABILITY GRID
NYRARPIL (D CruynTERBEALORES SYSTER aNALYSER ~ BpODRL ¢ LLLUIYAR VA ) LIVL L v I |
- DALERG - 10581 wintw’ V¥80 ChusUS
UMY LVRL PRONARLS E1Y (1D = oMSHLTENED .
NURRE Y e mpewy ‘. "ot BT YR Sy N 10w Ayt LAID SCALE o 8000 01 :
i v ' . ~ A LELEND
N200 AR 1L INSATRATE ) v s IRIC L7 YANAPANDL 2 VASKTAYCL VAR TRYTL 7 14N L YMA BANCF IR TN
1 wexTEaERYYY .. to "1
. A MM NN AU UMW IR T Y n t 1o i
] AW W UDUUVUOUUG R e war e w e o b M vdl WA T DU T T T F T UOUM YRS KR IS T n Voto 2
. x UULUT T T TUUUOL SV Mwwwursery » RV P w
. WHERUUUUT T TIT TR LT EUULUUMM NN WNWUULLLT T S M0 R ot e W E K % 1 . vLotn ..
A MMNUTUTTITT S SE8T T T ALt g vy Y .~ 10 .
T MHUDUT T TSR AR S S SRS TT T TUGUMUA UG T T MRS58 ot s 410 Mot sbonss e 1 8 1 ' ) A tn nA
A wUUTTESSSIPARARRUY AT fUUUULUOIRI T Y tx u AN 1 "w
Y UUUTTOLARRR RN RRARE NS T TN LT T " M T LR
1P GUTTSISERRPPPPPPRLUR LSS TTITUGLT IS L wex , wh ot I
1L - UTTCRSAPPPPPPOPPPPPPMMLSSTTTITYTTY v YT *
V2 U EASREPPRONN000NOFFPRKLSSYTITT TTY x ' 10 i
1Y TNk pePN0NADNNNNOPEPBRRL L AT 1Y
A TTCSRRFPOOONNNNNNOODPPOARUIATY 1Y
1% tIseaeRn ONOPPERRSSHTT 1Y
1s tssmapp(l WIIPPPRrRSSTT TS
LT TASRAPPOONNNSRRNNNNOOP PO RARKSY T 1,
1P TSYBRPINOMNNRNNNNNNIOIPPPURERY T T8
18 TASPREPNONNNNRENNNNDDIPP PR
s TALRRPANC 00
n THORMP PO NANNNNNOUO ooy
2 TIASKPPANONNNSNNNI(NNP POV R Ra T T 11 T
AR R AN T L I S L LY Y R R N A A
26 UBTOURR DA CNONDENP P PPRAS R KU A IO T
24 UTIASRYRREINOOUNNOPPRRPPANKRY 11 RMUT
46 VUTINARRPPPPSAUPEPPPEPRRRARNLLINIA
RESENLVVIR LAY PPORRRRL R TULI RN
I8 wyuTIISTA vannmgr
19 WNUUUTT Vs surnw LUTTLYSAY <
T TSRS T PYT T EXTERY
M wMMMIUT TSRS AN LR LB S8t
12 LA LU LA R A R R AR SR AN L T LT 3
" AL L LI A AR AR S LT R e
1.
3
IIInE 971 I AT
- - -
IGURE 23 SURVIVAL PROBABILITY GRID - UNSHELTERED

1-37




OCD Noft. Target Stk

The next diagrams illustrate the arrival times of the population
elements at their assigned shelters relative to the occurrence of the
weapon effects, Figure 24 applies to a shelter system in which shelters
are, in general, located in the central cores of th2 two population centers
only. In Figure 25 the shelters are distributed at greater distances from

the center of the cities.

The symbol "0" indicates that with this warning time the population
at that element would be expected to be able to reach their shelters before
occurrence of the blast. The distribution of this symbol is a function of
- warning time only, not on the characteristics of the attack. The symbol
"1" indicates the blast would occur while the population element was enroute
to the shelter. It should not be necessary to cross fallout fields to reach
the shelter, however. The symbol "2 indicates that for this warning time
and attack, this population element would be required to cross fallout fields

to reach the shelter, '
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FIGURE 25 ARRIVAL TIME GRID, SYSTEM 1I
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(1) Soft Turget Study

Figures 26 and 27 illustrate the concept of the probability difference
matrix. The arrays apply to the same shelter systems as the prevxous
illustrations. Each is compared to the no shelter countermensure perform -
ance level although they could have been compared to each other, If this
had been done, a single array would have indicated where each of the
systems was the better and by how much.

In the illustrations alphabet symbols such as "X", "Y', or "Z"
indicate almost certain population loss without the shelter system and
almost sure survival with the shelters given the instructions for the
population to start for their assigned shelters at the beginning of the
warning period. Symbols such as "N, "M", "2", or "3" indicate
population elements for which the countermeasures had little effect,
Other printouts of the program reveal whether this is a result of the
situation being so severe that survival is hopeless in either case or
whether the location of the element is so favorable that survival is
essentially certain. Numerical symbols such as "8" and "9" mean
survival was likely if the population in the element remained at their
warning time locations, but was unlikely if the population at that element
attempted to reach their shelters. This is a result of population moving
from relatively safe locations toward the impact points and across. the
fallout fields.
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FIGURE 27 SURVIVAL PROBABILITY DIFFERENCE GRID, SYSTEM II
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OCD Soft Target Study

The tabulated data on Figure 28 indicates the number of persons
assigned to a shelter, how the arrival of the persons was distributed
with respect to the time of the attack and the distribution of casualties
and survivors among those persons arriving before and after the attack.
Also included in this printout i8 a graph of the time distribution of arrivals
at the shelter door. The time unit in this graph is the time required for
the population to move from one grid element to another, The Dynamic

Analyzer program is described in detail in Section 2,
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Section 1

MULTIPLE EFFECTS WEIGHTED STRATEGY
SHELTER OPTIMIZER

INTRODUCTION

The techniques for optimizing shelter systems which were used in
the Multiple Shelter Type Mix and Location Optimizer, the procedures
for handling the deposition and decay of fallout used in the Fallout Radiation
Field Diagram Generator, the effect of radiation fields on the population
used in the Dynamic Analyzer and critique of these programs by others
were applied to the final shelter opurmzer program written during the
study. :

This program has been named the Multiple- Effects, Weighted
Strategy Shelter Optimizer. The procedure takes into account multiple -
weapon effects, uncertainties in the threat, uncertainties in the Meteoro-
logical conditions existing at the time of the attack and the fact that
natural protection afforded otherwise unsheltered population elements
differs from place to place. The routine employs large, variable size
population distribution matrices and the results of a single computer
run may be combined with other results so the program is easily applied
to geographic regions of any de51red size.
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OCD Soft Targer Study

PROGRAM CHARACTERISTICS

The shelter catalog concept used in previous programs has been
extended to include the fact that the suitability of a shelter type at some
location depends on the present condition at that location. A catalog
listing the characteristics of the different kinds of unsheltered situations
in the area of interest, which may include existing shelters, is a new

program input. A shelier corrclaticn input matrix is shown on Figurz 29.

The numbers of the unsheltered situations are shown across the top of

the matrix. The numbers of the countermeasures, or combinations of
compatible countermeasures, appear in the column at the left.  The .
matrix entries are binary yes or no symbols which indicate whether that
countermeasure should be considered at locations where that particular
unsheltered condition occurs. The matrix is used to permit consideration
of such limitations as: basements of large buildings can only be stocked
if such buildings exist, the cost of adding fallout shelters to schools
depends on whether the schools exist or are planned and the cost of blast
shelters depends on the subsurface conditions.

UNSHELTERED SITUATION TYPE

COUNTERMEASURES TYPE

FIGURE 29 SHELTER CORRELATION INPUT MATRIX
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Saction 1

It may seem that optimization of countermeasure systems for a
particular threat is undesirable since it is unlikely that, given that war
occurs, the attack would exactly correspond to the threat assumed. It
is true that if nothing whatever is assumed about the threat, no quanti-
tative, which is to say reasonable, study of the problem can be made.

It 1s, however, possible to optimize a Civil Defense system if several
attack patterns are considered possible with perhaps different likelihoods.
The optimization procedure here described accepts any reasonable number
of attack possibilities and the probability of occurrence of each as input.
For each weapon of each attack pattern, the aimpoint, yicid, CEP, and
burst altitude are also required. The program maximizes the expected
number of survivors at every total system cost level for this uncertain
threat picture. =

The weapon effects considered are blast, thermal radiation,
prompt nuclear radiation and fallout. Prompt nuclear radiation and
fallout are not considered independently. The effect of fallout depends
upon the winds at the time of the attack. These winds are as uncertain
as the threat. For this reason, program inputs include any number of
wind seasons and the probability of occurrence of each. The probability
may be the fraction of the year to which the wind season applies or, if
the threat definition includes time of the year when an attack is to be
expected, the likelihood for the season may be weighted to include the
additional information in the optimization process. A wind season is
specified bya mean wind vector and vector standard deviation

‘The previous countermeasure optimization programs have
employed fixed size population matrices. The present program applies
what we have termed the shelter vector concept. This idea has not only
given us a greatly improved understanding of the ICE/CICE-algorithms
but has suggested bookkeeping procedures which have resulted in a very
easily applied program. The matrix size is variable but has not been
made essentially unlimited since the requirement for very short running
time is still present. The maximum width of the target matrix is 134
elements, the number of useable output characters per line for the
printer used. The length of the array is only subject to the limitation
that the number of non-zero elements must not exceed a large number -
(about 25, 000) divided by the number of shelter types plus 1. The un-
sheltered condition number is added to the input card required for each
non-zero population matrix element. While the maximum size of a
population matrix is limited, shelter assignment matrices computed at
the same ICE/CICE level may be directly combined. The total system
cost and total survivors added legends for these arrays are also directly
additive. The program can, therefore, be easuy applied to. geographic
regions of any size.
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OCD Noft Target Study

One of the operations of the program is to apply the optimization
process to one element at a time. A typical situation is shown on
Figure 30. The position of three shelters on a cost versus survivors
added plane are shown. It is clearly proper to initially assign Type 1
shelters to this location since the slope of the line (ICE) corresponding
to assigning shelters to this location is the least possible. The program
would next consider whether to convert the Type 1 shelters to Type 2
or Type 3. Both possibilities improve the effectiveness of the system
at an increase in total system cost. The slope of the lines connecting
the Type 1 point with the other points are the CICE levels associated
with thcse conversiona. In the example, the optimal assignment se-
quence is to convert directly from Type ! to Type 3 countermeasure
types. Type 2 shelters, although in the proper order with respect to
both cost and survivors added, do not appear in the optimal assignment
sequence for this element. It may, however, appear in the optimal
assignment sequence at another location where the threat is different.

Cost

Survivors Added

FIGURE 30 EXAMPLE SHELTER ASSIGNMENT ALGORITHM
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Section 1

Another operation of the program is to apply the optimization
algorithm by merging the optimal assignment sequences for the
individual elements to obtain the optimal sequence for the entire array.
Figure 31 illustrates the procedure of merging two, two stage sequences
by increasing CICE. This simple illustration also illustrates the fallacy
of local countermeasure system optimization. Given a level of effort
indicated by the arrow, one might ask whether the money would be best
spent protecting Region 1, Region 2, or both. Providing optimal pro-
tection for Region 2 would result in more expected survivors added than
would expending the money in Regxon 1. The optimal division of funds
between the two regions results in the greatest system effectweness at -
this cost level. This would indicate that Civil Defense planning should
be accomplished at the highest level if the total number of expccted
survivors added for the totai system cost is the only factor to be con-
sidered.

Optimal
Combination

/R(.glon 2

Regxon l

Cost

- Survivors Added

i

FIGURE 31 OPTIMAL COMPOSITE COST EFFECTIVENESS

1-47




OCD Soft “Turger Sticky

Civil Defense decision makers would reasonably be interested in

total system cost, total expected survivors added and many other factors.

To the Civil Defense analyst taking the point of view herein described,

~ the ICE/CICE level is the important parameter. Cost and survivors

added are considered to be functions of the ICE/CICE parameter. The
program could, for example, be used to develop the optimal cost versus
effectiveness curves for two geographlc arcas. One might be tempted

to say that the areas deserve the same total expenditure, or possibly

the same expenditure per person, and develop the composite curve on
this basis. These procedures would sacrifice expected survivors added.
Shelter assignments grids, however, remain optimal if arrays generated
at the same ICE/CICE level are pasted together. The composite costs
and survivors added for the composite array are found by adding the
values printed on the 1nd1v1dual grids. :




Section 1 ;

ACTIVE-PASSIVE DEFENSE

INTRODUCTION

. It would seem reasonable that a Civil Defense countermeasure
system optimizing procedure should take the possible existence of an
active defense system into account. While this subject has not been
seriously considered during the Soft Target Study, one start which has
been made is a program which indicates the trade off between shelter -
hardness, active defense system area of coverage, maximum acceptable
target value !2ss per missile, and intercept altitude for some stated
threat and target value distribution. . It is emphasized that acceptable
target value loss is not here taken to be a value to be set by the analyst.
It is rather a convenient independent variable not unlike ICE/CICE in

other programs. This program has been coded for the Hughes H-330
computer. The procedure is to first make runs using the Damage
Assessment program previously describea as a function of weapon lethal
radius. The results are then tabulated and used as input to the new

program.
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OCD Soft Target Study
ANALYSIS PROCEDURE

Figure 32 is a cut-through ofa damage assessment matrix of a
type shown previously. The curve indicates the casualties to be expected
from the stated weapon, detonating at optimum altitude, if the weapon is

permitted to descend to its optimum burst altitude. A maximum accept-

able loss level is also shown. The problem is how best to reduce the
curve to the maximum acceptable level.
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FIGURE 32 KILL PER WEAPON (NO DEFENSE)
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Section 1

It seems possible that the optimum defense system would consist
of active and passive defense systems which would have different character-
istics at each point. To avoid this complication, and perhaps to be practi-

cally realistic, the program considers only one shelter hardness at a tirie

and provides everyone in the area with a shelter of this type. It is
appreciated that everyone in the region should be provided with some form
of passive defense to prevent an enemy from detonating a fallout pro-
ducing surface burst upwind of the area, out of reach of the active defense
system. Figure 33 illustrates the situation if everyone is protected by
shelters of the stated hardness. It is noted that over some regions the
expected target kill still exceeds the maximum acceptable level. The
program now provides active defense for these intervals and these
intervals only. Itis clear that the size of these intervals, which corre-
spond to areas in the computer program, are independent of the active
defense system minimum. intercept altltude

SN) =

Additionat Addn‘wvul
Protection Protection

Required Required

2541 -4

u oy 200 300 400 Kfr

POPULATION SHELTERED

FIGURE 33 KILL PER WEAPON (PASSIVE DEFENSE)
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The program now raises the minimum intercept altitude over the

- region requiring active defense from the optimum burst altitude to the

burst altitude at which the expected target kill for the most critical
element is reduced to the maximum acceptable level. The result is
shown on Figure 34. The expectedtarget kill value has been reduced to -
at least the maximum acceptable level everywhere. There are no
attractive aimpoints and an effective attack would presumably be too

expensive for an enemy to ccnsider.

LIRS

Active “Active
Dufenne . Defenne

%04

- T
0 . 100 0 ) 400 X1t
SHELTERS PLUS ACTIVE DEFENSE )

FIGURE 34 KILL PER WEAPON (ACTIVE AND PASSIVE’)

In order to devise an optimum system in this way it would be
necessary to repeat the analysis for a range of acceptable kill levels
and shelter hardnesses. A cost analysis would then be performed to
determine the cost of the minimum cost system as a function acceptable
kill level. To provide this data the computer program prints a table
of pairs of values of area of active defense coverage and the correspond-
ing minimum intercept altitude as a function of shelter hardness and
acceptable kill level. A separate page is required for each combination
of area of iaterest and weapon yield of interest.

Three of a series of damage assessment runs which were made
to obtain input data for the program are shown on Figures 35-37. An
example trade-off table for a particular weapon yield is shown on

Figure 38.
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DAMAGE ASSESSMENT MATRIX, R = 0,46
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FIGURE 36 DAMAGE ASSESSMENT MATRIX, R = 3,0
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FIGURE 37 DAMAGE ASSESSMENT MATRIX, R = 15,0
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‘Active defense system costs have not been considered in the Soft Target.

- Satiom 1

ACTIVE DEFENSE SYSTEM ANALYSIS

INTRODUCTION

: The output of the Active-Passive Defense System program may
be used to estimate the cost of an optimal system if the appropriate
active and passive defense system costs are known. The cost of
shelters has been considered by many. Civil Defense investigators and
is discussed in the Soft Target Study Second Quarterly Report.

Study since the existence of a possible active defense system has rot
been assumed. From a Systems Analysis point of view, the interesting
problem is the computation of area of coverage and intercept altitude
for a particular set of defense system components. For completeness
in this summary discussion, two computer programs which perform
these calculations will be briefly described.

DEFENSE SYSTEM MODEL I

The first program written was a three-dimensional geometry,
timing and rate of fire model called Ballistic Missile Defense System
Model 1. The simulated system consisted of deployed sensor functions,
callied target acquisition radar, target evaluation radar, target tracking
radar and missile tracking radar, and any number of deployed missile
launch sites. The threat consisted of clouds of discrete objects. Each
cloud could have any number of objects and any launch time. Each rad:
was characterized by such parameters as range, scan limits, location,
required target tracking time, number of channels and whether it was
subject to beam broadening with increasing scan angle. The interceptar
missiles were of the command, command plus semi-active terminat
homing or command plus active or passive terminal homing types.
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MODEL I COVERAGE DIAGRAM GENERATOR

In order to obtain performance data for many impact points
during a single computer run, a program called a two dimensional
coverage diagram generator was written. This program used Model 1
as a subroutine to compute the area which could be defended by the-
defense system. A coverage diagram, labeled "Impact'’, is shown on
Figure 39. The active defense system for this run consisted of a multi-
function, single-array radar and colocated missile launcher. The threat
missile position at significant event times for the impact points on the
periphery of the coverage diagram and the threat trajectory for one
impact point are also shown. : ' ’
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FIGURE 39 THREAT MISSILE POSITION AT SIGNIFICANT EVENT TIMES
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Section §

, The coverage diagrams were computed for a single threat missile
azimuth of approach angle. The effect of this angle is shown on Figure 40.
The defense system for this example consists of a multifunction, single~
array radar and five deployed launch sites.
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The use of the coverage diagram concept to study the effect of
radar-launcher deployment is shown on Figure 41. o
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Section 1

An.example of the effect of jamrﬁing on the defense system ;
coverage diagram is given on Figure 42, In Model I, the effect is con-

sidered due to a degradation in radar range. The re

program input.

duced range is a
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DEFENSE SYSTEM MODEL II

. Model I has many applications in the analysis and design of active
defense systems. It is unsuitable for detailed calculations however. To
provide a capability of studying detailed design problems another defense
system model, called Model II, has been written. This program includes
a pulse-by-pulse simulation of the system array radar.

MODEL II COVERAGE DIAGRAM GENERATOR

; The Model I coverage diagram generator was only three dimensional
in the sense that the highest altitudes of intercept for the. peripheral impact
point were included as a separate printout table. A three-dimensional
coverage diagram generator which uses the geometry mode of the Model II
radar sub-model has been programmed. It is more accurate for a fixed
running time, runs faster for a given accuracy, handles a greater variety
of threat object trajectories, and has a more useful output format since
it indicates the intercept altitude everywhere in the region of coverage,
The region of coverage is indicated by a field of printout characters each
of which represents a small interval of intercept altitudes. An example
coverage diagram of this kind is shown on Figure 43.

COVERAGE DIAGRAM APPLICATION

The Active-Passive Defense System program which has been
described considers the capability of an active defense system to-be
completely defined by area of coverage and intercept ~'titude. The
example active defense system results which have be_a presented
indicate the problem is more complicated than this. The area of
coverage may not correspond to the areas computed by the active-
passive program. It would not, in general, be possible to provide
active defense system coverage over the desired area without over-
lapping the coverage of adjacent systems and overlapping the regions
over which coverage is not required for a given acceptable loss level.
Maximum intercept altitude is not constant over the coverage diagram.
Both area of coverage and intercept altitude may depend on the threat
missile trajectory.

The programs would be used by computing coverage diagrams
for representative threat trajectories and approach angles. A composite
coverage diagram indicating the minimum active defense system capa-
bility against these possible threats would then be constructed. The
area and the lowest of the highest intercept altitudes in the diagram
could be used with the Active-Passive Defense System program data to
obtain preliminary estimates of the active-passive cost trade-off. More
realistic costs can be determined by superimposing the composite
coverage diagram on Damage Assessment maps of the type shown on
Figures 35, 36, and 37.
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WEAPON DETONATION POINT LOCATION SYSTEM
ACCURACY

INTRODUCTION

It is important, glven that an attack occurs, that local C1v1l
Defense leaders be aware of the yield altitude and GZ of weapons
detonating in the vicinity, since prompt action during the minutes and
hours following the attack can significantly decrease the effectiveness
of the attack. If these quantities are known, the procedures which have

‘been described may be used to perform damage assessments and to

determine appropriate counteraction. Many of the uncertainties present
in Building System studies no longer apply. There may, however, be
inaccuracies in the weapon detonation point location system. The
analysis procedures would be used by substituting the measured GZ
coordinates for the estimated aimpoints used-for-planning studies.-- The
accuracy of the detonation detection system would be used in the same
way as weapon delivery system CEP is used during studies performed

before the attack.
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ERROR MAP GENERATOR

The accuracy of a weapon detonatlon point detectlon system may
depend strongly on the geometry of the burst point relative to the deployed
detection sites. The mathematics of several detection schemes have
been progxammed Checkout resuits are shown on Flgures 44, 45 and
46. _

Figure 44 indicates the accuracy obtamable with two detecnon
stations deployed on the oceans on either side of the United States as a
function of weapon impact point. The detectors may be considered to’
be direction finders. The detonation points are computed by triangulat-
“ing between the detection sites. ‘The angular accuracy of these direction
finders does not depend on the angle, but the CEP of the system depends
on range and the angle between the intersecting LOP's

The meaning of the map is indicated by the following:
Symbol CEP

negligible
very small
- small -
medium
large -
very large

moQw>»0

The symbol "E" on Figure 44 is used in a band along the great
circle connecting the two detection sites. Triangulation between two
stations can not be used for impact points on or near the line of sight
between the detectors because the LOP's are essentlally parallel. The
symbol "D" corresponds to an interval of large CEP's (but smaller
than the "E" interval). It appears in two bands on either side Of‘ the

great circle.

The symbols "A" and ""O" normally oniy appear ’w‘re_ry near a detection
site. The inputs used to generate the Figure 44 map specified that compu-

tations were not to be made for water map points since this would destroy

shape of the land masses. The CEP of both land and water detonation
points may be computed, but then it 18 necessary to determine the location
of any symbol by referring to the latitude and longitude scaics. Since the

detectors were placed on the ocean for this run, no "A"s or "O's appear.

The symbol "B occurs over land areas which are reasonably near one of
the detectors or the other but not near the great circle connecting them.
The symbol "C", corresponding to an interval of medium CEF's, appears
over a large portion of the map.
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Figure 45 applies to the same deployment of two direction finders
but the characteristics of the direction finders have been changed to
make the angular accuracy a function of the angle. The orientation of
the sites is east or west, whichever is toward the center of the map. :
The angular error of the direction finders approaches infinity as the
angle approaches 90 degrees from the direction finder axis. While this
change reduced the area occupied by the symbol ''B'' somewhat, it did
not change the situation near the great circle connecting the detectors
or over the major part of the country significantly, The change is most
apparent on the corners of the map within the latitude and longitude
limits for which the computations were made. Since these detonation
points involve angles from one or the other detector which are essentially
90 degrees from the axis, the system CEP is very poor. '
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Figure 46 is a CEP map for three direction finders deployed
approximately in an equilateral triangle with a base line of 2 map
elements. This results in the 6 lobed diagram shown. Each of the -
three major lobes are aleng the normal bisector of a base line in the
direction of the third detccior. S '
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SECTION ll
DETAILED PROGRAM DESCRIPTION -

DYNAMIC CIVIL DEFENSE COUNTERMEASURE
SYSTEM ANALYZER

INTRODUCTION

This section describes a computer program for analyzing civil

defense countermeasures systems. The program, called the "Dynamic

Civil Defense Countermeasure System Analyzer", is sufficiently general
to permit analysis of a wide variety of threat/population/countermeasure
situations. _

The program accepts specific threat information and detailed des -
cription of the target area population and countermeasures system and
presents a comprehensive, readable printout of what happens. Not only
is the effectiveness of the entire system displayed, but detailed analysis
of each countermeasure unit is printed to show the effectiveness of that
unit and to help identify ~»1nadequacie's or reasons for lack of effectiveness.

The program description is divlded into three major areas for pres-
entation in this report:

° Weapon Effects Submodels - Methods for determining the
probability of kill from blast/thermal effects and from radia-
tion from single and muitiple bombs are described

® A computer program utilizing these submodels to determine
various aspects of effectiveness of a given Civil Defense
Countermeasures System is described.

e Actual population distribution and countermeasures system
- data for the pilot city was assembled and used in the program
to demonstrate the capabilities of the analysis program.

e s

i e




0CD Noft Target .\'n:«(s'

It should be understood that it is not the intention of Section II to pre-
sent an evaluation of the effectiveness or worth of the Civil Defense. programs

of the pilot city area or to make recommendatlons regarding improvements
or additions to the present system, S
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Section 2
WEAPON EFFECTS SUBMODELS

BLAST AND SHOCK

" The peak overpfessﬁ;ce at any ground range from grotnd zero can be
obtained providing the altitude of burst, bomb yield, terrain, and climato-
logical conditions are known. For the purposes of this study, the data

- from pages 137 and 139 of Reference 4* were used, These data are based

on near ideal terrain conditions in a standard sea-level atmosphere. It
did not appear that the data could be approximated by simple functions

and so a tabular representation of height of burst versus range andover-
pressure was decided upon for the computer input. The data are presented
in tabular form in Table I for a l-kiloton burst., Height of burst and range

~ scaling are as the cube root of the yield in kilotons..

To determine the peak overpressure at a spec1fied horizontal
range given the height of burst and bomb yield, the desired overpressure
may be found by entering Table I at the scaled height of burst and finding
the scaled range. Linear interpolation is used. For example, suppose
the peak overpressure at 5000 feet from ground zero for a. 1- -megaton
burst at 12,000 feﬁ% is desired. The scaled height of burst is
12,000 = (100? 1200 feet. The scaled ground range is '

5, 000 + (1000) /3 = 500 feet. Entering the table at 1200 feet altitude,
the peak overpressure corresponding to 500 feet range is between 10 and
8 psi. Linear interpolation gives about 9 psi.. Double interpolation
would be required if exact values of both helght of burst and range are
not in the figure. :

Table I can also be used to determine the ground range (radius)
to which a given peak overpressure extends when the height of burst and
yield are known. Personnel at that ground range will experience the
biological consequences of the overpressure expected there.

* (Ref, 4) Glasstoné, Samuel, "The Effects of Nuclear 'Weapons",
United States Atomic Energy Commission, April, 1962
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' PEAK OVERPRESSURE (PSD)
200 100 50 30 20 15 10 8 6 4 2
0 | 250 325 460 580 710 820 1025 1125 1350 1625 2500
o200 | 260 360 475 600 750 875 1115 1225 1475 1875 2875
B 400 270 525 625 810 1000 1225 1340 1620 2060 3250
£ 600 | 215 525 940 1180 1400 1500 1750 2250 3560
2 w0 o 450 670 1440 1675 1950 2450 3875 )
3 1000 : 290 760 1025 1990 2560 »4100v
E 1200 R 310 680 1125 2450 4125
T 1400 L 200 850 1560 3875
1600 | | S 375 1300 2950
wso| 1000 2750
2000 o 550 2560

TABLE1 DISTANCE FROM GROUND ZERO (FEET) FOR 1 KT

~ Blast and shock casualties and fatalities are caused by direct and
indirect consequences of the blast wave. The direct type of injury is due
to exposure of the body to the pressure variations accompanying the wave
and the indirect types are due to impact of flying debris on the body or
displacement of the body as a whole. Although both peak overpressure
and dynamic pressure contribute to casualties and fatalities, it is
assumed that the biological effects of the blast phenomenon can be related
to the peak overpressure experienced. The fatalities due to blast at . . B 4
some location from ground zero will be dependent on many factors such §
as terrain, weather, types of structures in the vicinity and time of day.
The human body can withstand peak overpressures in the open of about
45 to 55 psi with a probability of fatality of about 50 percent. * At about
6 to 8 psi overpressure, most buildings except earthquake resistant and
other specially built buildings will experience moderate to severe damage
and flying glass and masonry missiles will be a source of injury and
death. Thus, small peak.overpressures may give rise to high proba-
bility of fatality in non-open areas due to structure collapse and flying
dehrxs

SRR B Ak M T 3 N g 5 Begiiin AN . DR s s e e s s “;A o oo o . I

* Glasstone, op. cit, v - ‘ 5
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THERMAL RADIATION

Section 2

The thermal radiation at any slant range from an air burst was
obtained from page 365 of Reference 4* for a 50-mile visibility environ- -
ment. The graphical data presented is nearly linear when the logarithm
of the radiant exposure is plotted against the logarithm of the slant range.

A least -squares linear f1t to the data was determined. -

The thermal radxa_tlon expected at a given slant range from an
air burst in a 50-mile visibil'xty environment is given by Equation 1.

Qeal/em?) = 4.42 072072 5 10% w " Equation (1)
where »

D = 'slant range (yards)

W = yield (kilotons)

An air burst is defined to be one which occurs at or above 180 'WO' 4 feet
above the surface, where W is the yield in kilotons. - The thermal radia-
tion of a szx‘r)face burst may be expected to be about 2/3 of that from an
air burst. By considering the thermal radiation to increase linearly
with altiwude, the effect of height of burst on the thermal radlatxon
received is shown in Equatlon 2.

Q(cal/cm ) = 4.42kD "2 07? x 106 W ' ‘E»quation (2)
where ‘ |

D = slant range (yards) _ .

W = yield (kilotons) v

RN e s inuc il bR it e e i B L s i e ST & 4 i i

* Glasstone, op.cit.




. radiation mtensxty ' ; g

- observer will attenuate nearly all of the thermal radiation, hence, any

- materials will ignite at about 15 to 25 cal/cm? for megaton range yields.

OCD Soft Turget Study

o oo7+—‘u-%’%-. ‘ OSH5180W04
k= 180 W . 0. 4
: A H 180 w
|
H = height of burst (feet)

Thus, for a given height of burst and yield, the slant range (and conse- ]
quently the ground range) can be obtained for any desired thermal »

The thermal radiation at any location and the resulting injuries
and fatalities depend on many uncertainties which include meteorological
factors such as wind velocity, relative humidity and visibility; fuel '
characteristics such as types of combustible materials, their surface
density and moisture content; number, type and separation of structures; =
etc. The effects of thermal radiation on personnel can be divided into
two classes, primary and secondary ‘The primary effects are flash -
burns and temporary and permanent eye damage. The secondary effects
are flame burns as a consequence of conflagrations, burning structures,
etc. Any type of opaque material interposed between the burst and the

type of cover would protect personnel from pnmary thermal effects o

The thermal radiation requxred to produce second degree burns
to bare skin is yield dependent and is about 8 calories/cm2 for megaton
range bursts while 9 to 11 cals/cm2 are required to produce third degree
burns to bare skin for similar yields. The consequences. of the primary-
effects depend on the severity and area of the burn which is a function of
shielding by both structures and clothing. Exterior ignitable materials
such as newspapers, ignite at about 3-8 cal/cm2, while other household

o
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Sxtion 2

CALCULATIONS OF PROBABILITY OF FATALITY FROM BLAST/
THERMAL EFFECTS :

A number of bomb damage funm bet
in the Soft Target Study which relate the probability of target klll with
separation distance between the impact pomt and the target. The RAND-
Von Neumann function was selected over the "'Cookie Cutter' and the
"Two Radius" bomb damage functions for use in the study because it
realistically relates probability of kill-with miss distance and because
the probability of kill of targets displaced from the aim point for the
RAND-Von Newmann function can be calculated quite easily. The con-
ditional probability of kill gwen a separation, r, between the target and

_ the impact point, 15

7
CP(r) = e

where R is a bomb constant wl'uch is a function of the weapon yield and
target hardness and mathematically represents the 37 percent probability
of kill radius. The 50 percent probability of kill radii, which are common
in the literature and which are used in this study, can be converted to

the 37 percent level by dividing by 0.83. The conditionai probability of
kill glven by .

allows for certain kill only when the bomb impacts on the target, and
gives some probability of survival to targets when lrnpact points are not
on the target, no matter how close.

2-7
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The probdbnhty of killinga target at a separatlon d from ‘the
aim point is given by

P R 2 52 o
P, = _;_.S_—-._.e 20 +R S ' Equation (3)

202+Rf2

-

where - ‘
PK = probability of kill of target

Py = reliab‘ility-survivabi‘lity mulcplier for the bomb

0 = aiming error (assumed equal) in the x and y direction
‘(approximately 85 percent of the CEP)

d = distance of the target from the aim point

R = 37 percent probabxhty of klll radlus

Equatlon (3) above is used to determine the’ probabmty of
fatality from blast and thermal effects when aiming errors are present.
Given a peak overpressure value corresponding to 50 percent proba -
bility of kill, the height of burst, and the bomb yield, the peak over-

- pressure table (Table 1) is used to determine the required ground range
(50 percent probablhty of kill radius). The 50 percent radius is con- .
verted to the 37 percent probability of kill radius by dividing by 0. 83.
This determines R in Equation (3). Then for a given aim pomt, PS’ y
d, and R, the probablhty of kill by blast can be obtamed ,

Similarly, given a value of thermal rad1at10n representatlve of
50 percent lethality, Equation (2) is used with the desired height of burst
and bomb yield to determine the required slant range. By using the slant
range and height of burst, the ground range (50 percent probability of
kill radius) can be determined. The 50 percent radius is converted to
the 37 percent probability of kill radius by dividing by 0.83 - This °
determines an R for Equation (3) which can be used with the mputs of .
aim point, PS, 0, and d, to determine the probability of kill by thermal
radiation. .

Since the interaction of the blast and thermal effects on personnel
is not well defined, it was decided to use a single radius within which the
probability of kill from either blast or thermal or both can be represented
The radius is obtained by determining the 37 percent radii for blast effects
and also for thermal effects, and choosing the larger of the two radii for
use in Equation (3) to compute the probability of kill from blast/thermal
effects.  For personnel in designated shelters, the thermal kill radius
is taken to be zero, and the blast radius is used to compute probability
of kill from blast/thermal effects. "For unsheltered personnel, generally.
the thermal radius will be the largest of the two and 1s used in the compu-
tations. : :
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. take several times the design overpressure-and still remain intact,

Section 2

For application in the Soft Target Study, the lethal median peak
overpressure for unsheltered persdnnel was assumed to be S psi. Un-
‘sheltered personnel in this case are defined to be those persons who are
not in a specifically designed and designated shelter. Those persons in
residences and buildings not demgnated as shelters are assumed to be

unsheltered and if exposed to 5 psi peak overpressure, will have a
probability of survival of S0 percent. For personnel in dest_gnated

~ shelters, the shelter hardness is considered to be the overpressure of
-interest. Shelters designated as a certain psi-shelter could probably

conversely, the shelters might take less than the design hardness and:
fail. In the absence of data relating shelter hardness to probability-of
shelter survival, the assumption is made that if a shelter designated by
an overpressure receives that overpressure, its probablllty of survival
is 50 percent. The probabﬂlty of survival of personnel in a designated
shelter is taken to be the shelter survival probability. For example,
personnel in a 40 psi shelter have a probability of survival of 50 percent
“if the shelter experiences 40 psi while personnel not in designated
shelters have a probablhty of surv1val of 50 percent if exposed to 5 psi

» peak overpressure

" Due to the extreme uncertainties and difficulties in assessing the
damage from primary and secondary thermal effects, an average value
of 25 cal/cm2 was used as the median lethal dose for application in the
Soft Target Study. It was assumed that at the time of burst, those per- - _
sonnel not in designated shelters at any grid element receiving 25 cal/cmz.
would have a probability of 50 percent of surviving the primary and
secondary effects of thermal radiation. Personnel who are in designated
shelters at the time of burst would have a 100 percent probability of
surviving both primary and secondary thermal effects. When multiple
bombs are employed, the probability of kill from blast/thermal is com-
puted separately for each bomb. The probability of surviving blast/
thermal effects for all bombs will be the product of the probabllmes of
surviving the blast/thermal for each bomb : v :

2-9
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Section 2

INITIAL NUCLEAR RADIATION

The prompt nuclear radlation effects were considered to be those
caused by gamma rays and neutrons. The gamma radiation dose in '
roentgens as a function of slant range from a 1 kiloton air burst at 0.9
sea-level air densu:y is given on Ppage 409 of Reference 4* as

o 9 Fa— _ o _
_ Io ‘(roentgens)-= i_Z_L%_O__ € D/_ 360 - Equation (4)

D”

A i A i i
s« ule el et bh i b it i e o

where
D = slant range (yards)

. The scaling factor for ylelds other than 1 klloton is given graphi-
cally as'a function of yield in Reference 4.* The curve which is plotted
on log log paper was approximated by a linear function over three
different yield (KT) ranges, 1< W < 20; 20 < W s .100; 100 < W < 5000.
The linear functions were determined by taking the scaling factor values
at the end points of the intervals and passing the line through these points.
Using this method, the initial gamma radiation can be expressedas a -
function of slant range and y1eld by : '

_ 9 _ ~ _
Io (roentgens) = 3.2 x210 W_' e D/360 - ‘Equation (5)

* Glasstone, op.cit.
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~wherve : _
D =" slant range (yards) and

woo 1< W s 20 (KT)
wo=fo.eiawh 1% 0 <w <100 (xT)
0. 485 w”“- 100 < w < 5000 (KT)

Equation (5) is applicable at ranges over 1200 yards.

The mtegrated neutron flux in neutrons per square centimeters
as a function of slant range from a 1 kiloton air burst for 0.9 sea-level
air density is given on page 411 of Reference 4.* Assummg the integrated
flux is directly proportmnal to the yield, the 1ntegrated neutron flux can
be expressed as a function of slant range and yield by Equatlon (6):

8.6 x 10} w -D/210
D¢

N, (neutron’s/cmz) =
AT Eqdation (6)
. where |

D
w

slant range (yards)
yield (KT)

This equatmn is apphcable for ranges in excess of about 500 yards

The absorbed neubron dose in rads can be obtamed by multiplymg
Equatlon (6) by 1.8 x 10”7 since an integrated flux of 1 ne émron per square
centimeter is equivalent to an absorbed dose of 1.8 x 10 rad. This
substitution ylelds ’ :

18

N = 8.6x10 W e-D/zlo-x 1.A8 X 10-,9 rads
o 2 . o )
- D
| 15.5 x 10° W _-D/210 __ e
or NO = — 5 e rads . . . . . Equation (7)
_ D S

Since the relative bxologlcal effectiveness of gamma rays is unity by

definition and is taken to be 1.0 for nuclear weapon neutrons (Reference
4*, page 579), Equations (5) and (7) above can be considered to give the
gamma and neutron radiation in the biological effect dose units of rems.

* Glasstone, op. cit,

2-12




&ﬂhﬁZ

As an example of the use of the equatxons, the gamma radiation
dose and the neutron dose at a slant range of 13, 000 feet from a 1 mega-
ton air burst will be found _ :

Substituting the slant range and appropnate W' in Equation (5),
13000 /360

1.214
)'e‘

3.2 x 10%(0. 485(1000)

) . 2
| v ( 13300 ) |

> 2 roentgens.

Subsututmg the slant range and yleld in Equation (6),
13000
18 _ .3 : /2 10
N = 8.6x10 xlO e
° 13000

> 5x 105**neutr0ns per square centimeter.

or by multiplying the above resuit by -17.8 X ‘10___9

N> 9x10™* rads

The initial nuclear radiation dosé can be obtained by combining
the dose in rems from gamma rays and neutrons from an air burst wlnch
were given previously and correcting the equation for height of burst.
By cons)ldfrmg an air burst to occur at altitudes equal to and greater than
180 W feet, and assuming the initial radiation from a surface burst
to be 2/3 that from an air burst at the same slant range*, Equation (8)
gives the expected mitial radiation- dose in rems as a function of slant

range. .
107 k -D/360 , .. -D 210 .y -
initial = ~—[;—2— [3. 2 W'e / | +15.5We " /‘ ] Equation (8)

where

R initial nuclear radiation dose (r_ems)

initial —
D = slant range (yards)
W = yield (kilotons)

* Glagstone, op. cit.
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W= W 1<WE 20

o.o1gwh 163 20 <W £ 100
{ ‘ o | |
0.485 w214 100 <W s 5000
0.00s w740 5000 <w < 10,000
| 0.33H - o0 0. 4
k =[0.67+ 0 sH < 180 WO
180 w04 -
1 . " 21ow?

H

!}

helght of burst (feet)

From Equation (8), given the height of burst and the yield, the
slant range (or consequently the ground rnnge) for any desired initial '
nuclear dose can be calculated. :
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FALLOUT DEPOSITION AND DECOY MODEL

Several fallout deposition models were studied in an attempt to
find a suitable model which could be incorporated in the Soft Target
Study Civil Defense countermeasure systems analysis programs. At
one time the NRDL model (Ref. 5)* was considered most desirable and
‘the requ1red flow diagrams were drawn: Additional study ‘and coordination
~ with an expert in the field (Ref. 6)** indicated, however, that the -
differences in the models studied were not due entirely to progress in
the state of the art but that fundamental differences exist in models
currently being used. - Since there does not seem’ tovbe any reason to
believe that any onemodel will yield significantly better results than
any other, a simple composite model has been devised and programmed.
It has proven useful in learning how such models can be incorporated
- into overall Civil Defense countermeasure systems analysls procedures.
The model can be replaced by a more elaborate program whenever such -
a model is accepted and required to achieve a fallout prediction accuracy
- comparable to the accuracies of the other submodels used by the pro-
cedures

The followmg paragraphs describe the simple faliout deposmon
model which has been programmed.

* (Ref.5) Anderson, A.D., "The NRDL Dynamlc Model for Fallout
from Land Surface Nuclear Blasts'', U.S.Naval Radiological Defense
Laboratory Technical Report USN RDL-TR-410, 5 April 1960.

** (Ref.6) Miller, Carl, Office of C1v1l Defense, Personal Communi -
cation.
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Cloud Stabilization Time (Initial Conditions)"

In the ﬁrst version of the program, the weapon was considered
to detonate at the surface of the ground at zero time. ‘At some later time ‘
the top and bottom of the resultant cloud stabilize in alt1tude For yields

greater than 100 kilotons this occurs at

t, = 510.3 -33.9an :

seconds where W is the weapon yield in kilotons (a model input). For
yields of 100 kilotons or less, altitude stabilization is considered to
occur at 360 seconds. Altitude stabilization occurs, therefore, earlier
for weapons of large yield than for weapons of 10C kilotons or less.

The cloud is assumed to be a right circular cylinder at the time
of stabilization. The heights of the top and bottom of the cloud at altLtude '

stablhzanon in feet, are, respectively

' 1/4 12 .
zp = 70w e V2 ang

340w1/4 i,

Zg

where t is the altitude stabllization time in sécOnds

The radius of the cloud is consxdered to stahxhze in 360 seconds
regardless of yield and is given by :

| 0.22
R = 1085 : 0.25w0.11 t
2 0
feet where t, is the 360 second radial stabilization time. The nﬁmerical
integration of the deposited radioactivity is accomplished by dividing the
cylindrical cloud into N (a model input) equal disks The radioactivity

associated with each of these dlSkS xs

- 6x10

r 10 1y

N anr?
where f is the efficiency of the weapon radiation production process and
R is the radius of the cloud in feet. The units are considered to be
curies per square foot per disk (the radioactive material surface density)
or roentgens per hour per disk (a radiation field strength unit) based on
the one hour after detonation amount. The altitude of the top and bottom
of the cloud, the radius of the cloud, the radioactivity of each disk and
the radial stabilization time (360 seconds) are considered to be the
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initial condmons at the beginning of fallout. The particle size distri-
bution at this time is considered to be uniform throughout the cloud.

The turbulence and.updrafts which have been supporting the fallout -
particles now subside and each particle begins to fall through the air
mass from its initial altitude at a speed which is a function of particle
size and instantaneous altitude. - As the particles fall, the air mass
moves at a rate called wind velocity. Since the particles only move
downwind while falling, the downwind dxsplacement of a particle from

its initial position is a function of fall time which is a function of particle
size and initial altitude. The fallout deposition computations are most
conveniently made using minutes as the time unit so that t,, the time
fallout begms, occurs at 6 minutes. :

The thickness of each cloud disk and the alm:ude of the mldpomt
of the lower d15k at tO are, in feet: :

.E..I-_N_é.i_ and

ZB+—%I:-~%§—,

where Z{. and ZB are the alutudes of the top and bottom of the fallout
cloud at , o

Fallout Deposition Computations

It is now necessary to. set up some kind of bookkeepmg scheme
in which the effect of the fallout disks on the resultant fallout patterns
can be recorded. The number of disks to be considered is the product
of N, the number of cloud altitude increments, -and the number of particle
size classes to be used. The particular computational device decided
upon is a time to fall versus radioactivity table. At one time it was
thought that a 61 entry table with a 1-minute tlme interval would be
sufficient. Local fallout would then be defined to be that fallout which
lands within an hour of t,. It has since been discovered that, under
some conditions, an appreciable fraction of the total fallout is still air-
borne after an hour and that local wind velocities can be quite low. For ;
these reasons it has been decided to use a larger number of table entries ¥
and to make the time interval between entires a model input. The radio- 4
activity level associated thh each time entry of the table is mmally set -

to zero.

. . . BRI S R 0 i s KR RS e LT

Other model inputs required for these computations relate to
particle sizes. The range of significant parncle sizes is divided into
classes and the mid-size of each class is specified. The fraction of
total radioactivity in each class is also given, The remaining inputs are
constants for each particle class to be used in the time to fall functions.
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Particle Descent Time ‘

To determine the time required for a given particle size to
descend to the ground from any given altitude, the fall velocity of the
- particle must be known. The fall velocity will be a function of particle
size, acceleration of-gravity, particle density, air density and air
viscosity. Anderson (Reference 5*) and Kleinecke (Reference 7**) give
equations which express terminal velocity as a functxon of these parameters.

Kellogg, Rapp, and Greenfield (Reference 8’”‘*) present a graph-
ical relationship between terminal velocity and altitude as a function of
particle radius. hf particles are assumed to be spherical and of
density 2.5 gm cm The curves are nearly linear when the logarithm
of the velocity is plotted against the altitude. A linear approximation to
the curves was made bv fitting two straight lines for each particle size,
one line representing .'ie velocity as a function of altitudes up to 30, 0600
feet and the other representing velocity as a function of altitudes above

30,000 feet. The resulting equations are of the form

k,h

v= ke 2

1
Table II gives the fit to the curves over the two altitude regions for the
particle sizes given in Reference 8.*** Extrapolation of the data was
performed to obtain a relationship for the 40 micron diameter (20 micron

radius).

The time required for the particle to descend from any given
altitude can be obtained by solving the differential equation.
k.h |

dh 2

v=a-t— =k1e

The solution is given by

t=k; 'k, (1 - ™2 for h < 30,000

where t is in seconds and h in feet.
For the case, h > 30,000, the differential equation becomes

a ) ek4h
dt 3

* Anderson, op.cit.
- ** (Ref.7) Kleinecke, D.C., "Deposit Location Predictions for a

Single Fallout Particle," Umversxty of California, IER, Civil
Defense Research Project, Series 2, Issue 35, 15 May 1961.
*xn (Ref 8) Kellogg, W W., Rapp, R R., and Greenfield, S. M.,
"Close-In Fatlout" Journal of Meteorology, Volume 14, No. 1
February 1957.
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 Velocity (fee;/sec)
at altitude h
Particle _
Diameter - , o .
(Microns) 0 < h'= 30,000 ft h > 30, 000 ft
) - 36x10 h 36 x 10”7
40 0.52 e”° X v 0.52 0 X 1V
_ » 7 -
80 L3107 | 28x107h
_ . .
120 2.389%x10 "h. 2 401 x10 'h
. -7 : _7
160 3.4 893 x 10 "h 3.8 e58 x 10 'h
. v 5 _ L
200 4.5 896 x 10 h ‘ 4. 8672 x 10 'h
| =T a7
300 7.0 e97 x 10 'h | 7.0 e97 x 10 'h
. -7 -7
-7 o -7
600 | 15.1e126%10°h | 4, ¢ 137x10 'h
| T -7
- 800 20.0112%10 B | 47 5,152%10 "h
. o ..7 ' : . _7
1000 25.0e'22 %10 'R | ) 6170% 10 'h

TABLE Il TERMINAL VELOCITY OF FALLOUT PARTICLES

with the initial conditions

L -k.,(30, 000)
t:kllkzl(l-e 2 )

h = 30,000

Solution of the differential equation is

: " »
-k4(39x 10 )- k4h

3 .
-k,(30 x 10°) L
2 1, -1 LS

)+k3 k4. (e

-1 -1
t= kl k2 (1-e
~for h > 30,000

where again, t is in seconds and h in feet.
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v R , e nt Ti
Jumde, B vivies
(Microns) | 0< h<30,000feet | _h > 30,000 feet
10 59031 - 26X 107hy [ g1y, 3,903(0. 89763 - ¢ 730 X 10° hy
0 | 2,ma0-ePX0 7h)v | 353+ 4,2520. 91943 - 28X 1OJ}‘)_
120 1, 11101 - e'65 <107 gy 4, 366(0. 8'5813‘ “Slx 10-7“)
60 | sa1-ex107hy 128 + 75800, 84030 - &8 X 10 ny
200 386(1 - & 00 X 07 | gy 482(0.80574 - & /2 X 107’ hy
300 2451 - 77 X _1Q‘7n) 62 + 245(0. 74752 - ¢/ X 10 7“)
400 a1 - e 116 % 10'7n) | a2+ 1 1070610 - 716 X 10'7h) _
600 a1 - 7126 %107, 28 - 87(6.66799 - ¢ 137 X 107"n,
800 | 741- e,'112 x107hy 5y 620, 03381 - e7152 X 107,
1000 s - e 122% 007y cne - o170 x 107hy

TABLE Il FALLOUT PARTICLE DESCENT TIME

Table III gives the 'descent time as a function of altitude for the
particle sizes of interest. To use the figure, select a particle size and
substitute the altitude of the particle into ihe appropriate equation which

will yield the required descent time in minutes. For example, if a 160
micron particle falls from 20, 000 feet, the requu'edtime is :

s27(1 - ¢ 93 % 107 (20 x 10 )) - 527 (1 - e 186+ 89 minutes.
If the same parncle fell from 50, 000 feet, the descent time would be

-7 3
128 + 758(0. 84030 - e 58 X 10 {50 x 10%)

128 + 758(0. 84030 - ¢~ " 279)

= 128 + 758(0. 84030 - 0. 74826)

198 minutes

4

Sample calculations were made for various particle. sizes falling
from several altitudes. The results compare favorably with the times
of fall versus altitude given in Glasstone, p. 496 (Reference 4).
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Particle biameter ‘ ‘Mid Poi.nt‘ Fraction of Total
(mi¢rons) . (microns) Radivactivity
< 60 . 40 0. 3007

ou - 100 | S 80 © 01168
100 - 140 | | 120 S 0.0791
140 - 180 160 ~ 0.0580
180 - 220 00 0 0447
220 - 380 300 0. 1101
380 - 420 400 0.0178
420 - 780 600 » 0 0918
780 - 820 800 ~0.0075

> 820 1 1000 0. 1135

- TABLE IV. FRACTION OF TOTAL RADIOACTIVITY
' - ASSOCIATED WITH PARTICLE SIZE CLASSES

Fraction of Total Activity

The fraction, F, of the total residual radioactivity associated
with each particle size class was obtained fromReference 5* and is
shown in Table IV. The fraction of the total activity is assumed tc be .
1 rthured 'ng nor—=''-r with the diameter of ¥~ =s=ticle.u. and riven bv

B, S
F=—eat— | exp| 20 1
g,
where for the size class | 1 to ;12',
8, = l'og_u1 '@ = logu = 2.053
Q)za logu2 c = ()\732v

ft

) log u

* Anderson, ob, cit,
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The meanand \mnduxd dmmnon \'uhws ubmc are basced on tests on
Nevada soil but are used for this study, since the soil around-the pilot
: ur\ s not c\pccted 1o hu m dxkcdly dllfurent than Nevudu \Oll

lhc'duw mtcxvals were « llosen s0 that the partmle dxametcrs :
discussed previousiy would be mldpomrs of the: ‘particle size class
intervals. All particles less than 60 xmcrnne in diameter and their
associated activity were: plac.ed in the 40-micron diameter class.. Al
. particles greater than 820 microns in diameter and their aboouated
; aunvnv were plaued in the JOOO—mxcron dlameter Llass

“The fraction of the total acuvny associated with the parncle size.

; tldbse% does not agree favorably with those presented in Reference 4,
p- 496. * The later were also assumed to be log normally dxstnbuted
_'however the. mean and varlance were not gwen '

The computer selectq a parucle size class and computes the o
time to fall from the altitude of the midpoint of the lower cloud disk.
These computations are then repeated for each of the (N-1). remaining
“altitude intervals of the cioud. Another particle size class is then
- taken and the calculations continue until the time to fall has been com -
puted for each partxcle size class from each cloud altitude layer

Each nme a time-to- fall Lomputauon is made the fall tlme is
rounded to the closest time entry of the fall time versus radioactivity
table.  The radioactivity associated with an altitude laver disk is then
mumphed by the fiaction uf radioactivity in the current particle class
to obtain the radioactivity in a particle class subdisk of an initial cloud
altitude layer disk. This radloacuwty increment is then added to the
radioactivity accumulator for the fall time entry computed.  The number
of fall times considered is the product of the number of cloud altitude
disks and the number of particle size classes. The fallout deposition

“records, which are the only records which must be retained, are the

~ records in the fall time versus rz doactivity ta ble. These records are
essentially a function of weapen yield only and may be used to obtam

: fallout patterns for any number of wmd vaiueq. : :

Fallout Deposition Diagrams '

Fallout deposmon diagrams are prmted in a ‘'matrix format not
unlike the large population matrices used in the civil defense counter -
measures analysis programs. The reason for this is not only that it
secms 1o be the best format producible by the printer but is also com -
patible with the analysis programs to which the fellout model has been
added. A program input is the scale factor, which is the dimensions
of each square eltsment of the grxd. Each such element is represented
on the output torrmats by a single character print space. The array, in
the checkout version of the program, consists of 57-by-119 characters -

»

Glasstone, op. cit.
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since this format can be printed on a single vutput sheet.  The detonation
point is at 29, 15 so that most of the pattern shown occurf to the rlght
(downwind) of the impact point. Since only the average - vind is uses d, all’
mttcrn..s will be S)mmctrncal .about the i equals 29 ' ‘ o :

Anothex mput t¢c the. program is the aumber of fallout deposition
‘diagrams desired. Tne computer divides the total time interval in-
cluded in the fall time versus radloacnv1ty table into this number of
intcrvals. The first depoqmon diagram applies to the time t, plus one
‘of these time increments.  Only that portion of the fall time versus -
radioactivity table which occurs at or earlier than this time is used in
the construction of the first deposition dxagram "The second. deposition
diagram occurs at time t, plus two time increments and a larger portion
of the fall time versus radioactivity table is used to compute the dlagram.

-The final diagram corresponds-to the time of the last entry in tie fall’
" time versus radloacnvuy table and the entlre table is. used

Smce the radlauon fleld in an output matrix element can only be

‘represented by a sins;le character, other model inputs describe the -

coding system which is to be-used. ' Blank spaces, for example, could
- be used to represent radiation field strengths tess than the minimum
field of interest, A the interval of minimum fields of interest, B the
. next and so on with a character, such as E, ‘representing all field
strengthq greater than the max.. .ufn fleld strengtn of interest.

S Wmle the procedure for com putmg deposition dxagrams has. been
programmed in a ‘way to insure short computing times, it is essentially
‘as follows. The time to which the diagram appiies is determined and
the corresponding portion of the fall time versus radmactxvity table is.
- found." An output matrix element is then selected. Each of the fall time
versus rad10act1v1ty records in the selected- portxon of the table is now
considered in turn. Each of these records corresponds to a radio- -
activity disk on the ground The position of the disk is found by dis-.
~ placing the croter. of the dlsk in the:x dxn 0w fron U impaci point
by lhe amount' : S -

(tO 4 ‘re’c'ord‘ fall time)(wind ve»l'ocity‘)v,

- The rou_tine now tests whether the center of the element is within a

cloud radius of the center of the disk  If it is, the radioactivity indicated
in the current record is added to thc value in an accumulator set up for
this eiement. The procesc is repeated for each' record in the apphcable
portlon of the fall time versus radloactwuy table .

Tne accumulated radxoacthty value is g1ven by its one hour
am()unt whxch musr be corrected to the’ nme of the output printout

(tO + print out time )-L 2
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“1in which the tlmes' are in mlnute<

_ The progmm now compares the corrected radloactlvlty value 3
" with the input radiation levels and selects the proper character. The

~ procedure is repeated for each eiement of the output matrix and the
“ matrix is printed. It'is necessary to store the radiation values of the
final deposltlon diagram as’ these values are used ln computing the _—

: decay dlagrams ’ o

It is noted that the radlatlon fields shown on all of the aeposition
dlagrams are’the fields resultmg from the fallout which has been deposited
~on the ground up to the time of the prmtOUt Tnere may be a considerable
amount of radicactive materi~! in the air in the v1cm1ty of the area in- =
~cluded in the output matrix and, while this radioactivity may be expected
. to add to the fields resulting trom the deposited fallout, this contribution
' to the total fxeld is 1gnored durmg computation of the deposmon dlagrame

: Fallout Decay Dlagrams

- Fallout decay dlagrams resemble deposltlon diagrams They :
are printed on similar formats and use the same output coding scheme.
‘They are concerned with decay only, however, since they occur-after.
fallout of all radioactive material of interest. Inputs controlling the -
generation of decay diagrams are the number of decay diagrams. desired
- and the time increment between dxagrams Since the radiation fields
do not change as rapldly during the decay phase as during the deposition
phase, the time between decay diagrams would ordinarily be many hours, -
‘perhaps days, while the time spacing between fallout deposmon dlagrams '
would be measured in mmutes ' o .

Fallout decay dlagrams ule‘obtalncd by correctmg the prev1ous
fallout decay diagram values (or the final fallout ‘deposition dxagram
values) to tlme now usmg the relatlon ' :

L2 :

now - prevxouq t
now

After the array has been corrected the values are coded and prmted
out in the same manner as for the fallout deposition diagrams. The
numerical values are retamed for use in the computatxon of the next.
decay dlagram .

The residual nuclear radl’atloxi (fallout) used in the Dynamic
Analyzer is obtained from the fallout deposition and decay model
described above révised to correct for height of burst. - The height

of burst at which earcy ilocal) fallout ceases to be a problem is
‘assumed to be 180 W feet. By assumlng 100% of the available
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realdual nudear radlatlon actlv1ty to be mcluded in the fallout partl- '

cles for a surface burst anG U} of the activity included in the fallout

purticles for a burst at or above 180 WO 4 ~and distributed llnearlv '
~between the two altit udes, ‘the correction for helght of burst can be. o
included by correcting the radioactivity associated with each disk in '
the clepom_tlon model The correctlon ls given by Equatlon (9).

=k 6x 10 02fw B . _' Equation )
©mNR?Z S S , .
}I‘YI_'N = radloactlvxty aséocxated w1th each dl‘sk :
f = fracnon of yxeld Jue to fxsswn o
W #‘yleld_ (kilotons) . |
N_‘ = | m_xf_n'berv of chsks
R = cloudradlus .(‘fve'et)bl ‘ - R
__'_lSOW" | DR
o : H,.Z'ISOIWO'-:&

: ' The total radlatlon dose recewed by personnel wlll be the sum -

‘of the doses received from initial radiation and from fallout. Exposure
. to radiations such as X-rays, alpha and beta particles, gamma rays and
_ neutrons, whxcn are capable of producing ionization, can cause injury

to living organisms. The consequences of the radiation will depend on

~ the absorbed dose, whether the dose was acute or absorbed over a _

period of time, and on ‘the region and extent of the exposed body. When

the dose is delivered over a large area over a long period of time, the -

" body is able to repair some of the biological damage caused by the radi-
ation and the effective blologxcal dose, EBD from. fallout ls given by

Equatlon (10) * :

L

e 1 1.2 : )
EBD = R1 . at +(1 - oz)t e 2 dt

TF , - Equatlon {10)

* (Ref. 9) Wegner, L. H. , "Some Extenslons -of the ’Random Bomb
Drops' Local Fallout Model of RM 1969", RAND Memorandum RM-
2973-PR, March 1962 . ’
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EBD = effective biological dose (rems).
'R, - dose rate at ! hour ('rem’/hr)'

T = time at whlch fallout is down or entry lnto the fallout
‘area (hours) ' : S

' t2 = tlme of departure from the fallout area (hours)
o ‘,= -1rreparab|e body fractlon |
B = body repair rate (k_fra,c'tton per-._hour)' o

Due to the nature of the fallout depositlon model personnel can be

exposed to radiation in several ways. They could be given a dose from
initial radiation, then be exposed to- increasing radiation fields as the
_ various disks drop on them, then be in a decaying final fallout fleld after.
the last disk of interest has landed at their location. By assuming the -
irreparable fraction of the body, o, and the body repair rate, B, to be

- applicable for both initial.and residual radiation, the total effective bio-

loglcal dose at nnv time t. is given by Equation (11)

t

S S (t -T ) : S S B(t - t.,)
© TEBD=aD+(-aDe PR, 5'[‘“ F2y-ant2e 2 ]m

. T
Equetlon (l.l)
where ' Lo | R -
- TEBD = total enc. o Y :'.Jg"_;a.! _»se (rems) -
N a = 1rreparable body fraction | |
a D = total dose received from mittal radlation and fronl the
disks up until flnal dxsk of 1nterest falls (rems)
- B = body repalr rate (fractxon per hour)
TF = .tlme at whtch fallout ls complete (hours)
t2 = .time of departure from fallout area (hours)
R, = dose rate at 1 hour (rem/h_our)
2-26
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Section 2

Equatlon (1 l) was exammed inan. eflort to determine the maximum ‘
_ total effective biological dose analytu.ally as a function of @, -, T, and

“for use in the evaluation program. However, consxderable difficulty
was experienced in determining the maximum of the fii nction. Since the

- integral portion seems to take its maximum somewhere between 72 and

96 hours for an a of 20 percent-and a- 8 of 10 percent per day, it has heen
decided to evaluate Equation (10) for t. = -T and also for t, = 72 and take

‘ the greater of the two values as the mgximum blological doge

The effect of srielding from nuclear radl.ition can be. readily

_mcorporated into the calculations. Protection factcrs are known for

various types of material interposed between personnel and the source

~of radxation, and the amount of radiation transmitted through the smelding.
‘is given by multiplymg the unshielded dose rates and doses by

(Protection Factor)™1l. Protection factor as used in this report is defined

"to be the ratio of the radiation without. protection to the radiation with

- protection That is, if a’shelter has a radiation protection factor of 10,
the ratio of the radiation field outside to the radiation field inside is 10,

- or effectively the radiation inside is 1/10 of the radiation outside. For

~ example, ‘personnel is a designated fallout shelter with a given protection
factor at the time.of burst, receive a total effective biological dose, which

is (protection factor) as large as those who are unsheltered for the
same length of time at the same location. - For personnel unsheltered at
the time of burst and who reach a shelter sometime later, either before, .
during, .or after fallout commences, only the radiation received during -

' the time they were sheltered is adjusted for the protection factor

2-27
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C Netim 2

CALCULATION OF PROBABILITY OF KILL FOR NUCLEAR RADIATION

The felatxOnship between physical dose of ionizing radiation and
clinical effect is not completely known, and there is no complete agree-

. ment concerning the effect agsoclated with a spectfic dose or dose range.

Equation (12) below has been assumed to be the relationship between’

 effective blologlcal dose and fatality for this'study. If the median lethal

biological dose is p and the standard deviation.is o, then the probability

-of fatality given exposure to an effective biological dose, EBD, is taken to be '

:(EBD - u) -

o g

MK /EBD) I-——-‘-—-—— e 2 ax "~ Equation (12)
' » i : V2 » _ ) o o

‘The median lethal bidloglcal dose deperids on many factors mcludmg

health and age of exposed personnel. Generally, it has been conceded

that values of about 400-500 rem can be taken as the median lethal dose(.)
with a standard deviation of about 75-125 rem. For this study, a median
lethal dose of 450 rem with a standard deviation of 75 rem was used.. This
implies that personnel receiving an effective biological dose of 525 rem
have a - 84 percent probability of fatality, and those recewmg 675 rem have
a 99.9 percent probability of fatality. :

* (Ref. 10) Congressional Hearings, Civil Defense - 1961,
U.S. Government Printing Office o
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COCD Soft Tanpt Stowhy

For radxanon dose ealeulanons, the bomb is assumed to detonate o

~at the input altitude above the aim point.  The total radiation dose is
- «.omputed by u:,mg Fquanon (8) to obtain the initial radlation dose and the
. Fallout Deposition Model to obtain the residual radiation dose rates for -

‘inputs to Equanon (11) to obtain the total effective bxological dose. An
~alpha of 109 and a beta of 0. 1% per hour are used in Equation (11). The .
maximum- total effective biological dose is determined by the method ~
described. earhe* and is used in Equation (12) to determine the proba-

blhty of kill."

v When multiple bombe are employed the radiation effects are
.'assumed to be additive and the maximum total effective biological dose
from:all bombs is used as mput to Equation (12) to determine the proba- :
: bmty of kill from radlation o v _ . N :
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DYNAMIC ANALYZER

'COMPUTER PROGRAM FUNCTIONS

o The weapons effects submodels and probabllity of kill equations and
a body of computer programs related to the areas of targetlng, weapons
~effects, and damage assessment which are discussed earlier in this re-

_ port, form the basis for this computer program. This program is gen-
eral in nature and provides for many input options to satisfy the require-
‘ments of a wide range of situations. Most of the parameters used can be
varied at will to adjust to progress in the state of the art and functions
’.internal to the program can be modiﬁed to accept improved metho&

The function of the Dynamic CD Countermeasures System Analyzer
Program is to calculate and compare the multiple effects survival proba-
~ bilities of the elements of a given populatlon grid when they are subjected
to the blast, thermal and radiation effects. of a number of nuclear bombs,
‘The comparison is performed between a system with no shelters available
to protect the various population elements and a systern with a limited
‘number of shelters available for protection purposes. In general, the
operation of the program can be divided into four logical parts

- Part 1 deals with the inputting of control parameters and the
' calculation of control data

Part 2 deals with the calculation of survival probabilities in
an unsheltered system :

Part 3 deals w1th the assignment of the population grid elements
- 1o specific shelters in a sheltered system, and finally,

Part 4 deals with the calculation of survnal probabilities in a
sheltered system and with the comparison of results
between the two systems '
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B from element to element within the grisd, - The blast overpressure factor

0CD Soft Tangt Seuy
' "Survival -probabillty is c‘lefined‘ as 'one'minus’ 'the ,k’ill proba'bility'. o
Part 1 ma5 Je subdiv1ded into four logical segments

Sggment provxdes for the inputting of the population values in the
form of a rectangular grid, he grid scale value, ‘the unsheltered radia-.
- .tion protection factor, the unsheltered blast overpressure factor, the un-
_sheltered thermal factor and the speed with which the population can move

is defined as that peak overpressure which determines a range within
which the blast survival probability is no more than fii‘ty percent The
~ thermal factnr is defined as the number of calories per square centimeter »
- which determines a thermal survival probability of no more than fifty per-_ S
- cent. The generation of the elements of the population grid is described
- earlier in this report.. The program at present can handle a maximum o k

'grld size of 35(1) by 65(])

_ altitude disks to be considered are input, - From these values the program

) ; table which consists of a series of two item entries where one is a one

o S gment 2 ‘controls the inputting of the bomb characteristics and the -
' calculation of time down tables for use in the fallout deposltion process,

- For each bomb the values of aim point (a Ja) yield, burst height, aim-
- ing error, _radxation conversion efficiency ﬁ the number of fallout cloud

'-vcomputes the radius of the fallout cloud, the total radiation in the cloud,
the minimum and maximum altxtudes of the cloud and the time of stabiliza -
'.tion of the cloud. - . N

In addition, the. program calculates what is defined as the time down

hour radiation dose rate and the other is the time required for ‘that radia-

- tion to reach the ground. Fall time is- measm-ed from burst time and all.

-bombs are assumed to detonate simultaneously Burst time is an input .
parameter and represents the difference in minutes between time zero and
the time of the blast. . The deposition of fallout and the calculation of the .
‘tme down table- (fall time versus radioacti vity) have been described earlier
Ten particle size classes are considered in the computations However,

* in this program the actual fall time as well as the radiation dose rate is -

: recorded ‘Thus, all of the radiation of a cloud'is considered as possible
local fallout and may fall on any number of the grid elements in the de-
position process. The program has the capacity for a maximum of ten
bombs, each with a maximum of fifteen cloud altitude disks

Segment 3 allows for the inputting of a wind velocity which controls
the rate and direction with which the various fallout clouds move across
the grid. The wind is given in the form of I and ] cornponents where a
positive 1 component indicates motion in the direction of decreasing i
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_values and a posmve ] component mdicatcs motxon ln thc dircction of -
’ increasmg b value . : .

1 process a maximum of five hundred shelters but does not provlde for S
vmore than one shelter to be located at the same. grld element

'_ sheltered grid elements. The total blast/thermal survival probability of
;! partlcu lar grid element is equal to the product of the probablllties of .
surviving each bomb at that grid element. For each bomb the program

~ Sction 2

Segment 4 processes the shelter lnformatlon whlch for each shelter, j :
conslsts of the location (lS, js), the shelter' 3 radiation protectlon factor -

and the shelter ] blast overpressure factor, The program can input and

Part 2 can‘ be subdlvlded lnto‘two loglcal segm‘ents','

" Segx_r_went 1. computes the blast, /thermal survival probability of the un-

" computes both a blast" So%mmwdamemal 50% g'round radlus%a— S 575-__
- The thermal 50% ground radlus is deflned as: ' S o  §

The blast SO% ground radlus is deflned by a series of tables relatlng ad-

‘element for a particular bomb, the values of R, O (aiming error) and d '.

* R._T<sb>f* J
_where c - b.
Hp = bomb burst height (feet)

- D= slant range value (yards) from Equation (2) in which Q ls the

unsheltered thermal factor. '

justed burst height to blast peak overpressure and is equal to RB(SO) (see
Table 1) From these two values a combined radius can be defined as:

= T 0 32 |

'R

To compute the blas't/thermal Surviv'al probability of ‘a particular grid -
(distance of the grid element from the bomb aim point) are used in Equa-

tion (3)."

oegment 2_ deals with.the computation of radiatlon survival ‘probabil -
ities for the unsheltered grid elements. This calculation is accomplished
by first determlning the total ~adiation dose and the tot:l one hour radia-
tion dose rate which occur at each g-rld element as a result of all fallout '
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passes over the grid element under consideration., - 'I‘hese_twwttmee—arej

ocn 'So.ﬁ Tareet S

. clouds. The computatlon of these values can be described uslng the
followlng deflnltlons e : o

Conslder a particular grld element (i, j), then the two tlmes tl “and 7

'tz , a:re defined as the local cloud times for the cloud from bomb as lt’k

the solution of the followlng quadratic equatlon o
(Vf+v1)t +2SF [vIu { A) VJ(j 3 A)] t+SF2 [(1 -1 A)2+(1-J A)z] Ré v
' ' ' ' " Equatlon (13)

o \\vhere

VI '-=> I wind velocity component (ft/mln)

‘-‘.VJ_ =] wlnd veloclty component (ft/mln)

_SF | é_grltl scole value (feet) |

i. j.o= locétlon:of the g'rld veleme'nt uncle'x_' cons_lderntlon.. |

| 1A’,jA" = alm potnt of bombm | D
RC - radlus of the fallout cloud for bomb m (feet)
ot o= tlme (mln ) | S e. |

'_It can be shown that Equation (13) haa three posslble solutlons :ﬁ )

: 1) the cloud is neve_r over grld _eleme_nt i, 3, thus
'2) the cloud is always over grld' element i,j, thus

Hy=0 5 ty= He
and '

3) the cloud is over gnd element i, j between two dlscrete times
a9 and t2 ’ .

'Using these two_timee and the time down table for bomb m, the one hour

radiation dose rate at any time t for element i, j may be determined as:
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o o ‘ minimum (t2 b) ‘

ST (t) E I'TD »

where r are the radlation values from the tlme down table whose corree_-
ponding fall time entrles satlsfy the condltlon that, t;. < TD<minimum

| (t2 " The total one hour radlatlon dose rate, HDR, from all bombs at.

lRelement l i 1s then deﬁned as

HDR(i j) rl(t2 )+r2(t2 )+ +rm(t2m)+ ”B(t‘lB)

= The radiatlon dose rate for bomb m at time t is now defined as

R 6 2
A=t (r)[ 0]1
and the total for all bombs at time t is deﬂned as:

. Fe= fl(t)+ fz(t)+ .+ fm(t)+ +fB(t)

© FD(, )= Dy(i, )+ [FAT+F2A.1;4. L AFgh .,i?F;r] [%52]

where "

T time required for the populatlon to move from one grid element to
an adjotning one (min) ‘ : ,

: Pm ‘prompt radiation from bomb m at grld element i,§ as given by
’ m;umlo.. (8; (deflned as Rinitlal) :

Us ing the values TF Rl = HDR/(unsheltered radiation protecti on factor)

and D =FD/(uns heltered radiation protection factor) in Equations (11) and
(12), the unsheltered radiation survival probabllity for a particular grid
element can be calculated, The product of the unsheltered blast/thermal
survival probability and the unsheltered radiation survival probability be—
comes the total unsheltered survival probablllty v
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' "'only the blast 50% ground radius is used and it is determined using the.

” ‘sheltered radiation survival probability is performed as described for the

o elements which have not reached their shelter locations at the time of the

' ~becomes the sheltered blast/thermal survival probability of the population .

()( n .\'qﬁ Target ..\'rwﬁ' -

Part 3 determines the assignment of the elements of the population o

: grid to the various shelter locations, . This. assignment process implies -

.- that at time zero the population vill begin to move toward their. designated _
shelters in a- sheltered system. . The assignment is carried out with a min- -
_imum distance criterion ' : : S

Part 4 can be subdivided into four logical segments

Segment calculates the survival probabilities of the various lhelters.
. The computation of the blast survival probability for a particular shelter is. _}
a identical with that described earlier for the unsheltered system except that .

shelter's blast overpressure factor, . Similarly, the calculation of the

- unsheltered system except that the values of R, and D are obtained by

: ‘dividing HDR and FD respectively by the shelter's radiation protection .
~ factor and then using these with the value of TF in Equations (11) and (12).
The radiation survival probability of a particular shelter applies to the
o people located lnside that shelter and not to the structure itself

S S ggent 2 deals wi\.h those population grid elements which reach their
_ designated shelters before the blast. ‘Both thelir blast and radiation survival
- probabilities are equal to those calculated for the shelter itself and the
product of the two becomes the total sheltered survival probability of these
grid elements . : .

Segment 3 computes the survival probabilities of those population grid

blast. Thus, at the time of the blast, the population from grid element i, j
~ will be located at some new element ib, Ipr " The determination of this grid
" element location is made by assuming that the population will move in such
a way 80 as to traverse the entire 'I' distance and then the entire 'J' dis-
tance from thelr initia! location to the location of their assigned shelter.
The unsheltered blast/thermal survival probability of the element p, Iy

, initially located at grid element i,§. The computation of sheltered radia- S : 9
- tion survival probability is essentially the same as was described earlier - g
_for the unsheltered system,’ with the exception that the total radiation dose
is divided into three portions; prompt radiation, rsdiation obtained before
-and radiation obtained after reaching the shelter location. The radiation
dose obtained prior to reaching the shelter 'locatiOn can be defined as:

- [FaT+Faar  FaaT+F3ar  Fs-aT +Fg] AT
sz= _ + . 4+

2 T2 T 60

e JTo
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o where each F is evaluated at the shelter location and T nAT zthe T, at

" Section 2

: where each F is evaluated at different g'rid elements as the population

~ moves toward thefr assigned -shelter. FAT is the radiation dose rate at.

the grid element immediately adjoining the element 1y, ib and FS is the
- radiation dose rate atthe shelter location. S is defined as the arrival:

time which is the time requi.red for the population from a particular g'rid
_element to move to their assigned shelter and is equal to AT|(1-ig) + (j- -S|
The radiation dose obtained after reaching the shelter location is define as:

3

—L.n.+ -

~ the shelter location Thus, the total radiation dose- for the grid element '
i, j which is assigned to the shelter located at element is, js is deﬂned as:_

FD(i = D1(1b,]b)+Dz+D (1 js)

where D is the sum of the prompt radiations received at element ib, Jre
In the ca chulation of sheltered radiation survival probabilities, two situa-

tions a.re cons idered

| The shelter survived the blast and the radiation dose D, was ob-.:
tained inside the shelter. ' The values used in Equations (11) and
:(12) to compute the radiation survival probability then become Tg
at element ig, jg, Rl HDR (at element ig, j )/(radiation protec-" = |
tion factor of the shelter located at that element) and D= (D + D?.)/ .
_ (unsheltered radiation protection factor) + D3/ (radiation protection
B factor of the shelter) . . _

2, The shelter was destroyed by the blast and the radiation dose D3
- was obtained unsheltered. The values TF as defined i‘or situation
1, Rl HDR (at the shelter location)/(unsheltered radiation pro- '
~tection factor) and D = FD (from Equation (13))/(unsheltered radia--
tion protection factor) are used in Equations (11) and (12) to'
. compute the radiation survival probability for situation 2,

~ The total sheltered survival probability becomes the sum of the survival
probabilities in situctions 1 and 2, The survival probability in situation 1
is the product of the shelter's blast survival probability, the unsheltered

~ blast/thermal survival probability of grid element iy, jp» and the radiation -
survival probability computed for situation 1. . The survival probability in
situation 2 is the product of one minus the shelter ‘s blast survival probabil-
ity, the unsheltered blast/thermal survival probability of grid element ib, jb
,and the radiation survival probability computed for situation 2, -
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egment 4 handles the comparlson of results between the_ unsheltered
system and the sheltered system. The classification of results for each
- grid element may be convenlently summarized with the following deflnltlons
“ 1 Inthe unshel_ter_ed system. R

Csurvivess = PSBDPSRUPOP |

2 casualtles from blast/thermal = (1 PSBU)PSRUPOP

casualties from radlatlon . '. = (l-PSRU)PSBUPOP :

’ casualtles from both blast and f

‘radiation D (1 PSBU)(l PSRU)POP
2, Inthe shelteredsystem' e T T | IR
. a) _arrlvals b‘efore'. burst (arrlval‘tlme.‘s burst t'lm‘e):" | o e , %
.s'urvivors ; i | S  =‘ PSSPSRSPOP R
casualties fr'orlnlblas‘t’ = (1 pss)psnspop
casualtles from_ radiation : (I-PSRS)PSSPOP S N

bc.asu.altles from both'lal'ast'axid | S R
radiation s (l-PSS)(_l'-PSRS)POP

b) arrlvals after burst (a'rrlval time > burst time)

.Sltuatlon 1) - shelter survlves the blast

survivors ,' - Psspssupsas(l)rop h
casualtles from blast/thermal = PSS(l-PSBU)POP '
casualties from radiation o= PSSPSBU(I—PSRS( 1))?01’
Situation 2) - shelter destroyed by the blast v _‘ -

' survlvors L E (1 PSS)PSBUPSRU(Z)POPV»
casualtles from blast/thermal =(1 PSS)(l PSBU)POP | $
casualties from r_adlatlon = (l-PSS)PSBU(l-l’SRU(Z))POP' . . E

238 | | | | !




Section 2.

whire T R TR
- PSBy = the blast/thermal survival probabllity at an
e unsheltered element ' L

v' N PSS = 'the blast survival probability of a particular shelter |

: PSRU - ,-{ the radiation survlval probabillty at an unsheltered

T element . : -

o PSRU(Z) = "‘the radiation survlval probability when all radiation
S s obtained in an unaheltered condition :

_ PSRS = }the radiatlon survival probabllity inslde a partlcular

T shelter

1}

PSRS( 1) ”vthe radiation survlval probabillty when a portion of
. the radlation ls obtalned in an unsheltered conditlon

POP

population of the grid element

‘ ‘Total results for all grxd elements assigned toa particular shelter are

maintained for that shelter.‘ In addition, ‘overall system totals (unshel

| tered versus sheltered) are maintained and outputted. The program .
also outputs a series of- encoded survival probability grids,
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Saction 2

DYNAMIC ANALYZER INPUTS

’I’he lnputs required to run ‘the Dynamlc Analyzer are summarized on
. the next page : '

Unless otherwise lndicated all data cards should punch
" blanks in'columns 1 -7 :
'DEC in columns 8 - 10
blank in column 11
data in columns 12 - 72 S
: use appropriate’ decimal point for each datum
~ separate data with commas but no blanks
: " no comma follows last datum.
An exponentlal form of the datum may also be used. Examples are:
: 1, 500, 000 punch as 1. 5E6 - ' = :
0.006 punch as 6. E-3
TRAnsfer cards have same format as DEC cards.

Sample format

1213l 45{6[718 9 10§11{ 14 13[14[15[16[27]18}. . . . .]72] (Column #)
IDEC| j4).],13].]2} | | (Data)
D EC 6/.{E|-13 . ’ | (Datum - exponential)
TRA 21,14 _ o (Transfer card)
BCD tjalPIR|TL} | ‘ (Month card)
BCD I{N|FlO] | | ~ (Label card)
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" SUMMARY OF INPUTS F(‘)}‘RDY._NAMI.C’.ANA'LYZBR,_- e R

I. WIND DECK- ;
Ist Card - TRA 4, 4

2nd Card ' Velourf/ of north wmd (mph), Velomty of east wmd (mph)

3rd Card _Month

"~ Il. BOMB CATALOG =~
‘Ist Card : TRA 3,4 '- o o :
~ 2nd Card %mbs( Burst time (min. ), # Altitude mcrements(z)
' 3rd C. 1rd(s)(3) Yleld (KT), Height of burst (ft), og= - Missile
B - almmg accuracy (ft), f = Rachanon converston effxmency (%)

S 1§ & »SHELTER CATALOG
. 1st.Card = TRA 5,4 .
© - '2nd Card . . B Shelters(z) ' ‘
,"3rd Card(s)(4) Is(z), Js(z) Overpressure factor (lbs/sq in, ), Radlatlon
a protecuon factor (cal/sq. cm,)

IV, 'POPULATION DECK :
1st Card . "TRA 2
2nd Card , 1(5) ” '
3rd Card(s)(6) # Rows(2), # c°1umns(2) Scale factor (ft), Moblhty (mph)
' , ' gsection factor, Overpr&esure (lbs/sq.in.), Q (cal. /cmé),
o S 1, # Non-zero popuiation elements(2) -
4th Card(s) i 1(2) ]tz) Populatlon(z) (Populatlon Deck has one card
S ' for each non-zero elemmt) : ,

NOTES
(1) Month Card has BCD in columns 8-10; column 11 must be blank column 12
~~hasnvr cral 1l ; columns 13-18 have the month spelled out or abbreviated,
(2) Thesc . .nbers are integers and decimal must be omitted.
(3) Information for each bomb must be on a separate card.
(4) Informanon for each shelter must be on a separate card,
(5) Label Card has BCD in columns 8-10; columns 11 and 12 must be blank
columns 13-72 contain ‘any desired identification mformanon
(6) On this card there should be a zero before other listed parameters for
" initiaiization purposes; I and J; should both be zero.
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EXAMPLE DYNAMIC ANALYZER OUTPUT FORMATS

' INTRODUCTION

This section descrlbea the result of a pilot clty (Dallas -Fort Worth)
, demonstration run and explains the notation and tabulation used in the
print :d output format . :

The ﬁgures shown in this report represent only a portion of the total
~ data printed for each analysis case. The computer. running time and total
cost for each analysis run is prlmarily determined by two factors: 1) Num-
ber of shelters in the system, and 2) average distance the population must
travel to reach a shelter. Time does not increase linearly with number of
shelters because. additional shelters genarauy decreases the average travel
distancé. The analysis of a system with 48 shelter locations requlres less
- than 5 minutes of 7090 computer time. - :
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- CHARACTERISTICS lists and describes the slgnlﬁcant characteristics of

OCD Soft Turget owdy B

INPUT SUMMARY AND LEGEND (FIGURE 47)

. The ﬁrst page of the prlntout identifies the run and summarizes the '
- basic input data, "TARGET CHARACTERISTICS describes the unsheltered
" population, The grid method of representing populatlon has been discussed.
- (FACTORS), MOBILITY is the assumed rate at which the population can move '
toward shelters, PROTECTION indicates the shielding protection against
~“nuclear radiation, OVERPRESSURE and THERMAL give the effects levels
at which the probability of personnel survival is 50%. WIND CHARACTER-
ISTICS show a wind blowing from the northwest at 4-1/4 mph. BOMB

- each bomb up to a limit of 10, BURST TIME is shown here as 20 minutes
counted from time 0, the time at wh.lch the population recelves warning _

and is instructed to go to shelters, NUMBER OF ALTITUDE INCREMENTS
refers to the incremental deposition of the fallout cloud. .AIM POINT,

- YIELD, BURST HEIGHT, SIGMA (weapon delivery accuracy), and RADlatlon '
CONVersion EFFiciency are input separately for each bomb, - The other
characterlstics describe the fallout cloud and are computed by the program.
TOT RAD (total radlatlon) is the rems per hour fallout dose rate, The

‘other column callouts indicate the cloud dimensions, altitude of the top

" and bottom of the cloud and the time after burst at whlch these dlmenslons ,

' .'are reached. _ : : S :

GRID PRINTOUT LEGENDS shown hete for completeness, are also
" printed on each’ grid printout where they apply. In each case, the symbol
printed refers to the entire’ population {n the element where it appears. . .
. These should not be confused with the two -character symbols used to
deslgnate shelter asslgnments .

POPULATION GRID (FIGURE 48)

~ The manner in which the populatlon grld is prepared has been descrlbed. ,, .
It should be noted that, while the grid printed here shows a population range , ¥
for each element, all computations done within the program are performed
- with the specific input populations for each element. Because vertical and
horizontal spacings of the printer are not equal, the prlntouts and map are
compressed laterally, and a square area is shown as a 6 x 10 rectangle. -
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R .BLAST/THERMAL SURVIVAL PROBABILITY GRID UNSHELTERED
3(FIGURE 49) E _ : _ _ .

There is a singie, high priority soft military target in the vicinity of

-'Dallas and Fort Worth, -The target, Carswell Air Force Base, is located

approximately five miles west of the Fort Worth central business district.
‘The attack strategy used against the target in this example uses two 5 MT
‘weapons.: Neither of the weapons 18 aimed directly at the target. The aim-
points were selected to give a high probability of target kill while yielding
a maximum bonus kill against population and industrial floor space. B

- The legend symbol at. each printout on this grid represents the proba-
bility that the population of that element will survive the effects of blast
‘and thermal radiation.’ Because the range to which thermal effects are felt
by unsheltei ed population is greater than the range for blast effects for these
' parameters, the contours shown for the unsheltered case approximate those

- of thermal alone.
RADIATION SURVIVAL PROBABILITY GRID (FIGURE 50)

R The fallout deposition pattern appears here as movi.ng southwest from
“the two aimpoints. Because the weapons were burst at relatively low alti-
‘tudes, (one at 2500 feet) the dose rate is such that almost all the population
~ within the fallout pattern are casualties. The area in the vicinity of ground-

. zero where population is killed by initial radiation does not show but is

- masked by the fallout pattern
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| _ SURVIVAL PROBABILITY GRID UNSHELTERED (FIGURE 51)

’I‘his shows the probahility that the population of each element will '
survive all three weapon effects. Because of the high intens ity of the
fallout t'ield and the absence of protection to the population, this appears -

‘to be a print of the fallout field superimposed on the Blast/’I’hermal Probabi-

lity of Survival Grid
- SURVIVAL PROBABILITY GRID SHELTERED (FIGURE 52)

This figure shows the probability of surviving this attack for the

o population in each element when provided with the prrotection defined for .

the existing Dallas-Fort Worth fallout shelter system. - ‘Most of the survi-
) val improvement is. shown in two areas. one of them south of the Fort ‘
'Worth central business district where the shelters were far enough from.
the blast to survive and the population was close enough to the shelters

~ to reach protection before the blast. The other area is in the south central _

area where those surviving the blast outside of the shelter were able to

- reach radiation protection before the downwind fallout arrived. - A compari'- B

son of the two grids shows that the shelter system actually decreased the

' probabillty of survival for population in the northwest and southwest corners ‘, .‘

- of the grid, . This is because their nearest shelters were closer to the
~ burst point or they were required to travel through regions of heavier
‘fallout or both, A detailed printout of this effect is given in the next. figure.
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FIGURE 52 SURVIVAL PROBABILITY GRID - SHELTERED
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| SURVIVAL PROBABILITY DIFFERENCE GRID SHELTERED MINUS
'.UNSHELTERED (FIGURE 53) ' A :

o This matrix shows the value of thls shelter system to each population
, velement in terms of survival. It is generated by differencing the probability

- of survival in the t\vo preceding figures. Alphabetlcal symbols prlnted in an
) element mdlcate an improved survival probability attributable to the existence
‘and use of the countermeasures system.  Numerical symbols. indicate ele-
ments of population for whom use. of the. shelter system actually decreased _
the probablllty that they would survive the attack. For those whose survival
probability decreased, this is simply a matter of running the wrong way, .
-generally toward a shelter that was not close enough For a large portlon
of the populatlon, those with symbols 2 or M, it appears to make little dif-
. ference whether ‘they proceed toward assigned shelters or stay home. '

 ARRIVAL TIME GRID (FIGURE 54y

. As an aid in analyzlng the' problems and slgnlflcance of shelter location
and population mobility, an arrival time grid is printed, - For the 20 minute
warning time used, all population in elements marked with a 0 were able to -
‘reach a shelter before the burst, Those with a 1 were caught in the open at

the time of burst and if they survived the lmmediate effects, were able to
' reach their assigned shelter before any fallout arrlved in any of the elements

ough which they passed. “Those marked with a 2 were subjected to not only

the immediate effects of the burst, but, if they were able to proceed to their
shelter, passed through the fallout field, although the element at which they -

. originated and the shelter element to which they went may not: have received

any fallout
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SHELTER CHARACTER.ISTICS (FIGURB 55)

_ A complete listing of all the shelters in the system is. given. For each

_ shelter the i, j c.oordmate location is given with the protection factor and

~ resistance to overpressure. 1In order to test the system s sensitivxty to
“these parameters and to show the parameter selection option, some of the -
‘values were varied from their actual values for this run. = Each shelter is .
given a unique assignment symbol, This is used in the following figure o

~ to identify each population element which is assigned to that shelter. The

- use of a two letter symbol permits separate identiﬁcation of approximately
500 shelters., : v o
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SH’EL’I‘ER"ASSlGNMENT GRID, (l?IGURE 56)

“The shelter 1dent1f1catxon symbols from Flgure 55 are used here to

show the population element areas a351gned to each partlcular shelter. o

- Because three print spaces are needed to show each element, - the: grid is

. expanded laterally so that the left and right halves of the gird matrix are .
printed on separate. sheets. The actual location of each shelter could not
~ be ‘shown without losmg the 1dentity of shelters to which only one element .

is assxgned. However, i, j coordinate locations from Fxgure 55 can be -
used to locate particular shelters of mterest As can be seen here, a.

Z partlcular weakness of this shelter system is the large areas assxgned to

some of the shelters and the great dnstance some of the population must

travel. It is sngmhcant however, that the largest assxgnment areas are-

in the regxon of least population denslty
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SUR\'IVAL CONDITIONS FOR SHELTER AC (FIGURE 57)

' The program computes and prmts a complete analy31s sxmxlar to thls
figure for each shelter in the ‘system, This example gives the conditions

- for the shelter located at i, j = 14, 13 for both the shelter and for all the

population assigned to that shelter whether they survive to reach the shelter

‘or not, This particular shelter is at an aimpoint during the run and has
. ablast survival. probabllity of only 2.3 percent. ‘This value 1s greater
than zero because of the weapon sigma (aiming accuracy ). :

_ The population assxgned to this shelter is divided into two main cate-
gories, those who-arrive before the burst and those who arrive after the
burst or who would arrive if they survived the initial weapon effects. The

late arrivals are further dxvxded into two. probabilistic groups - - those who

may ‘expect to find that their shelter had. survived the blast, and those who

- . may expect to find their shelter destroyed. This is computed as the num-
~ber of arrivals after the burst times the probability that the shelter will
‘either survive or be destroyed. Among the 7022 who are in the shelter .
- before the burst, there are no survivors, .It'is also indicated that there
 are no-casualties from blast in the shelter although the probability that
"~ the shelter survives the blast is only 2. 3 percent. This simply means
_that there are no casualties due to blast alone. Casualties from radxation

in the shelter shows that 164 survived the blast but were killed by initial
radiation, The rest of the shelter occupants were killed by both blast and

, radiation. i.e.; either effect would have been suffic1ent to kill them

There were also no survivors associated with those who would have

+ arrived after burst to find the shelter intact. Most of them were klllecl by '
. blast and/or thermal enroute and did not arrive. Those few who survived

blast and thermal received a lethal radiation dose either before they reached
the shelter or a combined lethal dose of radiation received before and after
they reached the shelter. The four casualtiee from radiation in the shelter
may not actually have arrived or were effectively dead on arrival, In

.. determining casualties for arrivals after the burst, radiation casualties

are computed and shown only for those survwing blast/thermal, while in
the arrivals before burst case, the effects are conmdered separately to
determme specific shelter inadequacies : :

Totals are given at the bottom of the figure for both the sheltered and
unsheltered case. SHELTERED here refers to the number of people assigned
to this particular shelter whether they reach the shelter or not. UNSHELTERED
refers to the same segment of the population but without the population
moving to a shelter. An interesting comparison here shows that if the

30,758 persons move toward the assigned shelter there are no survivors;
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- "-_but if they remain in place, 91 will au"vwe without special protection.
This is reasonable because the shelter is located at an -aimpoint. - The.
- casualties from the various effects for the sheltered case is summed from

- which refers to the combined effects of blast and thermal, and under BLAST
- AND RADIATION are misleading because population killed by hlaat and -

- for the unsheltered case show 919 who were killed by the blast/thermal

thermal but were killed by radiation, d 29 597 who would have been killed
, by either eﬁect : v

Y . :
- : ._"of people arriving at this shelter after warning is given. ' Note the aCaie o
_ factor ARRIVAL TIME IN 2003 This factor is computed for - improved
- readability and may change from shelter printout to printout, This plot
- 'shows that 7 x 200 plus 27 x 200.or approximately 6, 800 people arrived -
“ before one delta T which is 19 minutes or just one minute before burst.

" This corresponds to the 7022 arrivals before burst. Delta T is the time

“input population mobility factor,’ Arrivals after 25 Delta T is a.n overﬁcw

g

) m 2

the ARRIVALS breakdown above. However, ‘the value given under BLAST,

thermal ‘enroute to the shelter are not. considered when radiation-kill is -
computed as it is for the arrivals before the burst, The totals tabulated -

but would have survived radiation, 151 who would have survived blaat/

The right hand of the figure shows a plot of arrival time MMMMA-—-

required for _people to cross one grid element and is calculated from the

term used when travel distance is greater than 25 elements
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= _SURVIVA‘L cionomOns FEOR:'SVHE.LTER DE (FIGURs* 8)

. I'he protection factor and overpressure factors of this shelter were ', _
arbitrarily made small to test the sensitivity of the analysis to these pura-
~ meters. In this case, the blast' survival was good but most of the shelter
occupants were not adequately protected from radiation,  Over half of the
. population assigned to this shelter were killed enroute because the shelter ,
. was too far away, some not arrlvlng until almost three hours after the
burst. ‘Had they arrived in time, the improvement in survival probability
would have been negligible. The unsheltered total shows that most of the -
: assigned population would have been double kills. i.e., either blast/thermal
. or.-radiation alone would have killed them Protection is required here -
against all effects : T : Co

- .SURVIVAL CONDITIONS FOR SHELTER WX (FIGURE 59)

The first shelter discussed proved to be inadequate for protection B
: against either blast or radiation at that location. The second shelter
" analyzed above provided effective protection agalnst blast but permitted
.- a large percent of radiatlon casualties in the shelter. The shelter in this
. _ifigure provides 100 percent survival protection against radiation forper-
- sons arriving before the blast, but bears a high blast casualty rate, The
major cause of casualties associated with this shelter is. late arrivals.

_ In this situation it appears that there is a significant correlation .

 between blast resistance and radiation protection required for a given -

" shelter. For example, it may be meaningless to provide 2 shelter with’

~ ahigh radiation protection factor if, in the region where it will be exposed ‘
to this level of effect, it would be destroyed by blast. _
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SURVIV AL CONDITIONS FOR SHELTER IJ (FIGURE 60) ‘

Of the four shelters dlscussed in this section, this is the only one
‘that offers complete survival protection for personnel inside the shelter
at the time of burst, However, there is a 50 percent casualty rate among

those assigned this shelter because of late arrival. Arrivals after burst

is noted as 14, 505.

SUMMARY OF SURVIVAL CONDITIONS FOR ALL SHELTERS
(FIGURE 61) :

Provided with the system analyzed, approximately 35% of the pilot
city would be casualties in the event of the postulated threat.  With no
system, casualties would be about 50%. For this case, the system -

saves approximately one quarter of a million lives, A major fault of
the system which accounts for most of the casualties is that there are-
not enough shelters located where people can reach them in time,
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Section 3.

SECTION 111

DETAILED PROGRAM DESCRIPTION

'MULTIPLE EFFECTS WEIGHTED STRATECY
SHELTER OPTIMIZER |

INTRODUCTION

Civil Defense literature includes the result of many research activi-
ties concerned with weapons effects and the effectiveness ol particular -
Civil Defense countermeasures for particular situations. We are aware,
however, of no attempt to use the information which is now available to
determine most desirable Civil Defense countermeasure systems to pro-
tect actual populated areas against a realistic threat other than the Soft
Target Study. Section I describes a computer program, called the
Multiple-Shelter Type Mix and Location Optimizer, which established
the feasibility of quantitatively considering the composition of optimal
- Civil Defense countermeasure systems. 'In some respects this program
was aptly named. The program inputs include a shelter catalog, and the
program optimization process results in the identification of both the
mix and deployment of shelters for the system of best cost effectiveness
against some specified threat. '

In other respects the title does not suggest the true utility of the
program. The program, for example, accepts the actual distribution of
population over the area of interest at the time of an attack. Analysis
procedures which have been devised elsewhere, on the other hand, ordin-
arily employ some idealized population distribution or attempt to evaluate
the worth of a particular Civil Defense cduntermeasure without consider -

-ing the population distribution at all.  Moreover, the demonstrated feasi-
bility of the procedure for treating the area distribution of population
suggests similar procedures might be used for other area distributions
which are important. These factors include terrain details and the
characteristics of the unsheltered population.

We have received the comment that the consideration of‘optimal Civil
Defense countermeasures is not a useful activity because the threat cannot
be known with certainty. It is true the pay -off is greater if a specific threat
can be postulated. This is not to say, however, that optimization has no
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meaning if the threat is uncertain, What cannot be done is to define mean-
ingful and quantitative measures of Civil Defense countermeasure system
effectiveness if nothing whatever is assumed about the threat. - An impor -
tant though limited feature of the original program is that the attack def-
inition may consist of aim points rather than impact points so that the
effect of uncertainties in this aspect of the problem may be studied. A
major objective of the program herein described is to provide an improved
capability for studying the usefulness of Civil Defense planning, when the
nature of an enemy attack, should one occur, or the conditions at the time
of the attack cannot be predicted with precision,

The most significant feature of the program is the form of the re-
sults. The Reference 1* paper on Systems Analysis in Civil Defense states

that the Civil Defense countermeasures systems analyst should not be expected
to recommend that a particular level of investment be selected. The program
Tesults are presented in the form most convenient for those whose respon-

sibility it is to consider the level of investment problem. The routine auto-

' matically generates the curve of system effectiveness as a function of total

system cost such that for each cost the effectiveness of the system is max-
imum. The shelter mix and deployment at desired intervals along the curve
are also displayed. Section I of Reference 1* concludes with a description of
a repetitive process by which a Civil Defense countermeasures systems
analysis may be accomplished. While the program does not remove the
desirability of considering several possible threat situations, the analysis
procedure is enormously simplified over what it would be if only a program
for comput ing the effectiveness of a specific shelter system design were
available,

While the program has demonstrated the feasibility of the method
and has brought out many features of the problem, it has limitations which
restrict its practical utility. There are other uncertainties present besides
the impact points of the enemy weapons. Veapons effects other than blast
may also be important. The program uses a fixed 21 by 21 element pop-
ulation distribution matrix since this is the largest size for which numerical
values of the elements may be conveniently printed on a single output sheet.
Since the model bookkeeping procedure has been designed for this matrix
size only, it can not easily be increased and program modifications would
result in both per operation, as well as total running time, time increases.
In order to alleviate these restrictions, to more completely realize the
potential utility of the method and to extend the program into areas not now
considered, the program has been completely redesigned and rewritten,
The mathematical concepts of Inverse Cost Effectiveness (ICE) and conver -
sion inverse cost effectiveness (CICE), which are used to compute optimal
mix and deployments, have been retained. ‘

* Devaney, op.cit. :
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The new program employs a variable size population distribution
matrix which is limited by restrictions which appear to result in the abso-
lute maximum size matrix which may be used by a reasonably fast running
program. The way in which the matrix is used in the program permits a
larger geographic area to be considered during one computer run if the ™
population centers are widely distributed over the area than if the area pop-
ulation density is greater. This has been accomplished by not using com-
puter fast access storage for zero population matrix elements except in.a"
memory conserving way., Moreover, an optimal system over the area of any
number of population matrices may easily be determined manually by a pro-
cedure which is essentially merging the individual results by matching at
corresponding ICE or CICE 1evels and accumulatmg total cost and survivors
added. :

The program, as before, will accept a catalog consisting of any
reasonable number of shelter types. It is now necessary, however, to
describe the performance of each shelter type in protecting occupants
against thermal radiation, prompt nuclear radiation and fallout as well as
blast. Shelter is here used in a broad sense and may merely mean some
kind of modification to existing structures such as the expenditure of money

- (cost) to improve the fire resistance of a residence (effectiveness).

The nature of an attack against targets in the area of interest, given
that an attack will occur, would not ordinarily be known. Several alterna-
tives would be found reasonable but with varying likelihood, ' In order to
determine what can be done to optimize a shelter system for such an uncertain
threat situation, any number of attack plans, called strategies, and the esti-
mated probability of occurance of each may be used as program inputs. - The
program computes the shelter system mix and deployment which maximizes
the expected number of survivors for each total cost level. The aim points
included in the strategies need not be elemeuts of the population matrix since
the range of some weapon effects may be so great that remote aim points are
important.

Fallout is a significant hazard for strategies mvolvmg low altitude
detonations. The fallout contours resulting from an attack depend on the
winds at the time of the attack. These winds cannot be known at the time
a shelter system is chosen. ‘The new program takes this uncertainty into
account. Inputs to the program may include any number of wind seasons,
and, for each season, the fractional part of a year (probabilitv) for the
season and parameters indicating the distribution of winds.

Weather may affect the destruction and loss of life resulting from an
enemy attack in an important way. The wind model herein described is con-
sidered the first step toward the development of a weather submodel which
will permit study of the cperational sienificance of this parameter.
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The vulnerability of the target to weapon effects is also a function of
atmospheric transinissivity, relative humidity, temperature, and other
factors which might be profitably considered in future studies.

The vulnerability of the unsheltered population to the combined weapon
effects is dependent upor. the interaction of environmental tactors, The ori-
ginal program defined the environment in terms of hardness to overpressure;
thermal harduess of unsheltered population and a single, deterministic wind,
The pre-shelter environment was assumed to be uniform throughcut the en-
tire target area. In the present program the environmen" is defined separately
for each popuiation element and fncludes a probabilistic wind model. In this
manner, population living in elements composed of well maintained, quality
structures would be assigned higher environmental protection factors than
those in substandard slum structures. The environment of each element is
defined in terms of its vulnerability to each of the weapon effects and identi-
fies the shelter types which are not applicable. For example, basement
fallout shelters are applicable only to houses having basements,

The program begins by selecting a shelter type from the shelter catalog
and an element from the population distribution array such that no other shelter
type assigned anywhere in the populatxon matrix has a lower ICE. This is the
first point on the cost vs effectiveness curve. This shelter system would have
low effectiveness, low cost and the best cost effectiveness possible. The pro-
gram continues by assigning shelters to previously unprotected elements by
minimum ICE or by modifying shelter assignments according to the CICE
values until the system of maximum effectiveness is obtained. (Effectiveness
is the expected number of survivors added which is computed by taking into
account all of the uncertainties of the situation and the weapons effects - blast,
thermal radiation, prompt nuclear radiation and fallout.) At each total cost
level, the effectiveness is the greatest value possible with the Civil Defense
countermeasure components available in the shelter catalog. The mix and
deployment corresponding to any point on the curve may be determined by
following the assignment and reassignment operations indicated in the output
tisting or the program will automatically output coded shelter deployment
arrays at desired ICE/CICE levels. The system cost, effectiveness and
shelter mix and deployment for areas described by any number of population
distribution arrays may be determined by merging the output listing by ICE/
CICE levels or a simple program may be written to automatically perform
these operations.

Considerable effort has been expended on the program bookkeeping
and logic to achieve a program which will require very little computer time
for a problem of this magnitude. Tape storage is, of course, required. The
program has, however, been considered to consist of several sequential phases
or segments. Infermation may be transferred to or from tape between phases
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although all of the operations for one phase involve fast access storage only.
The mathematical operations have also been studied to achieve solutions
which can easily be handled by the computer. This work has resulted in
the idea of a shelter vector, which replaces the old probability of survival
matrix for each shelter type, the procedure for applying the optimization
operations to only one vector at a time and then appropriately combining

the results and a unique mathematical formulation for considering the effect

of fallout with distributed winds.
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Section 3

GENERAL PROGRAM DESCRIPTION

THE POPULATION MATRIX

The ortglnal Shelter Mlx and Location Optimizer considered the
region of interest to be a square area subdivided into an array of 21 by
21 square elements. The population of each non-zero element was an
input to the program. The data was stored in the computer as a 21 by
21 numerical array. The size of an element determined the accuracy
of the program which, in turn, determined the size of the region of
interest which could be considered during a program run. If the number
of shelter types in the shelter catalog was small, part of the computer
fast access memory would not be used but this would not increase the
permissible size of the population matrix. The consideration which led
to the original choice of matrix size was the number of numerical values
which could be neatly printed _on a smgle printout sheet

The new program. employs a rectangular, though not necessarily squre,’f%
population distribution matrix. Both the number of elements per row and per
column are variable. The maximum number of elements in a row is limited 3
by the number of useable print spaces in the printer, which is slightly greater
than 130, It is necessary to code the element values by population intervals,
each represented by a single character, if the population matrix is to be
printed as an output array, The maximum number of elements per column
depends on the number of elements per row, the fraction of zero population
elements in the area of interest and the number of shelter types in the cata-
log. This procedure will permit making full use of the computer fust access
memory even though the shelter catalog may be small.
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Population matrices for adjacent regions may also be pasted together
to form a population map of the total area of interest for some study. - All
of the output matrices of whatever type are compatible in this sense except
for the total cost vs total survivors added curve, which is obtained by sum-
ming the cost and survivors added data in the individual output listings as
will be explained. ‘

THE PHASE | PROGRAM (PROBABILITY OF SURVIVAL SHELTER VECTORS)

One of the operations of the original program was to construct a
probability of survival matrix for the unsheltered population and for each
shelter type in the catalog. These matrices were stored as 21 by 21 ele-
ment arrays, Zero elements consumed storage space in the computer
memory. ‘ :

An extensive study of the storage and running time problem has
resulted in the concept of probability of survival shelter vectors. The com-
puter calculates the probability of survival at a particular non-zero popula-
tion element using the vulnerability characteristics of the unsheltered pop-

-ulation and the characteristics of each shelter 'in the catalog. 'Each of these
probabilities of survival represents a component of the probability of sur- .
vival vector. This process is continued until a vector is obtained for each
non-zero element in the population matrix. Thesc vectors need not be stored
in fast access memory since the set, as such, is not involved in subsequent
computations. The program bookkeeping has been set up in this way since -

the Phase I routine, which takes into account all weapon effects and
problem uncertainties, is expected to be the largest of the routines and
will therefore occupy the most fast access memory. The shelter vectors
are stored on tape for use by later phases of the program. The shelter
vectors are stored as vectors although they contain all of the information
required to form probability of survival matrices.

The idea of a shelter vector is more than a different point of view
from the original procedure. The concept will, in general, result in con-
servation of memory since no spaces are used for zero elements, If many
zero elements are present, the convenience with which the program is used
would be greatly increased. If all of the population matrix elements contain
at least the minimum population of interest, the two procedures are approx-.
imately equivalent. The most important reason for adopting the shelter
vector procedure is that it is much ea<ier to perform all of the calculations
for one element at a time than to compute many complete matrices a shelter
at a time. The original program was simple enough so that the probability
of survival grids could be retained in a form suitable for output printing.
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The new program, which represents an enormous increasc in complexity,
requires highly efficient bookkeeping and computational procedures if the
program is to be a practical aid in Civil Defense countermeasures research,

THE PHASE I' PROGRAM (PROBABILITY OF SURVIVAL MATRICES)

The Phase I' routine is an optional program which may be used if a
display of the probability of survival matrix for the unsheltered populatioa
and for population protected by each shelter in the catalog is desired. ‘The
program begins by reading and storing the shelter vectors. It is necessary
that all the vectors be stored. This is not expected to be a limiting situa-
tion, however, since the program is expected to be relatively short., The
program reads all of the probability of survival values for some shelter
type. These values are coded by intervals, each interval being represented
by a single output character, The matrices are assembled and read out for
printing a line (row) at a time so that only a small amount of working stor -
age is required After a matrix has been assembled, the index number is
changed, causing the program to assemble another probabllity of survival
matrix based on a different entry in the shelter vectors. The Phase I' pro-
gram is complete when the number of probability of survival grids printed
equals the number of entries in a s'helter’ vector. ‘

The probability of survival grids printed by the program are com- x
posite matrices which take into account all weapons effects and all problem
uncertainties. Arrays for particular effects or situations may be obtaimed

however, by proper use of the program inputs

THE PHASE II PROGRAM (ICE/CICE VECTORS)

The Phase II program converts the probability of survival shelter
vectors to ICE/CICE shelter vectors. This is equivalent to applying the
optimization process to one population matrix element at a time. The re-
sults are then merged to develop the shelter assignment and reassignment
sequence,
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The program begins by reading a probabihty of survival shelter

vector, converting the vector to an ICE/CICE vector and storing the vector -

in the computer fast access memory. This process is continued until the
vector for each non-zero population matrix element has been stored.

The process of converting the vector consists of first computing an
inverse cost effectiveness (ICE) for each shelter type at that location. The
ICE value computed for a shelter type is a function of the probability of
survival if protected by the shelter type (a shelter vector entry), the
probability of survival of unprotected population (a shelter vector entry)
and the per person cost of the countermeasure (a program input), -The
countermeasure corresponding to minimum ICE (best cost effectiveness)
is identified as the initial shelter assignment for that location. The ICE
values for the remaining types are then converted to conversion inverse »
cost effectiveness (CICE) values. A CICE value is a function of the per
occupant costs of the last countermeasure type assigned and the shelter
for which the CICE {s being computed and the probability of survivals for
the same shelters, The shelter type of minimum CICE is identified as the
next assignment and the CICE values for the remaining types, based on the
last assignment, are computed. ICE and CICE values are only computed

“for those countermeasure types which can be ordered by both increasing
per person cost and probability of survival. Shelter types not so orderable
are marked "'not useable at this location”, The remaining types may not
all be used and these are eliminated by the relative ordering of their CICE
values. When all of the countermeasure types have been assigned or elim-
inated, the vector is complete, The initial assignment is the shelter of
best cost effectiveness. The final assignment is the countermeasure af-
fording highest probability of survival without regard to cost, The inter-
mediate assignments are optimal with respect to decreasing cost effective-
ness and increasing effectiveness. The fact that a particular shelter type
does not appear in the optimal assignment sequence does not necessarily
mean that it would not appear elsewhere if the effects of the threat are
different, :

The requirement that all of the shelter ICE/CICE vectors must be
stored in the computer fast access memory at the same time is the con-
sideration which limits the size of the largest population matrix which
may be used on a single run. There is an entry in each vector for every
shelter or countermeasure type in the catalog. There is no entry for the
unsheltered situation. At least one other word is necessary to achieve a
fast running program. This word, in three parts, indicates the i and j
numbers for the location of the vector in the matrix and the location of the
minimum ICE/CICE value within the vector. The limiting condition is that
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the product of the number of shelter types in the catalog plus 1 and the num-
ber of non-zero elements in the population matrix must not exceed the num-
ber of fast access storage words allocated for these data. The number of
spaces available is about 25 thousand words. The remainder of the
memory is used for the system, the master control, the program for
converting and processing the ICE/CICE vectors and a small working
memory. .

- The program processes the vectors by selecting the minimum ICE v
value in any of the vectors and assigning the corresponding sheiter type to
that location. The value is essentially marked "used" and the next lowest
value is found, which may be an ICE or a CICE for the location already
assigned a shelter type, The process continues until all of the useable vec-
tor entries have been considered in the assignment and reassignment process
and the system of maximum effectiveness is obtained.

An assignment is made by generating an output record which indicates -
the ICE/CICE level, (which increases from record to record), the i and j
numbers for the matrix element where the assignment is made, the previous
shelter type (if any) and the new shelter type. The first record is the single
assignment of best cost effectiveness. The effect of all records is to define
the system of greatest effectiveness although the cost effectiveness may be
poor. The assignments and reassignments up to some intermediate record
defines the optimal system at that ICE/CICE level or the system which
achieves the greatest possible expected number of total survivors added.
The total cost cannot be included in the shelter assignment records since
the population matrix cannot be maintained in memory without either re-
ducing the size of the largest population matrix which can be used during a
single run or successwely scanning tape which is a time consuming operation

THE PHASE Il PROGRAM (FINAL REPORT DETAILS)

This program reads the population matrix, which is available on tape,
and stores the numerical array in memory. The shelter assignment records

which have been generated by the Phase Il program are then read and amended -

by adding total system cost and survivors added, These quantities area
function of the populaiion in that etement, the shelter costs, the ICE/CICE
level and the values of these quantities for the last record. The amended
records are again stored on tape.

A listing of the Phase III Program output records may be used to plot
total system cost as a function of suvivors added for the shelter mix and
deployment which yields the greatest possible expected number of survivors
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at that total cost level. 'I‘he corresponding system cannot be determined
without noting the shelter assignments and reassignments in all previous
records however. ' :

THE PHASE 1V PROGRAM (SHELTER ASSIGNMENT GRIDS)

The Phase IV Program sets up a blank matrix in memory which is the
same size as the initial population matrix. The shelter assignment
records of the Phase II or IIl programs are then read, record by record.
As each record is read, the shelter assignment described by that record
is recorded by writing the shelter type, indicated by a single output char-
acter, into the array element corresponding to the i, j values in the record.
The deployed system, as indicated by the shelter assignment matrix, is
-expanded and changed to shelter types affording greater protection as addi -

~ tional assignment and reassignment records are read The matrix is

printed at input ICE/CICE leveis,

' The assignment grids are printed at specified ICE/CICE levels since
optimal systems for several regions, each separately optimized by a pro-
gram run, are correctly assembled by matching at corresponding ICE/CICE

_ levels, not a corresponding total cost levels.

The number of shelters and countermeasures which can be included
in the catalog is limited by the number of different output characters avail-.
able for printing the shelter assignment grids. This number is somewhat
greater than 40,

GENERAL PROGRAM ORGANIZATION

A flow diagram which indicates the function of each of the program
phases and how they are interrelated is shown on Figures 62a - 62e. The
Phase I and Phase II programs require additional explanation and are dis-
cussed in detail in subsequent sections. The operation of the Phase I',
Phase III, and Phase IV programs are straightforward.
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FIGURE 62b GENERAL PROGRAM ORGANIZATION
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Section 3

DETAILED PROGRAM DESCRIPTION

PHASE

A flow diagram for the Phase I Program is shown beginning on
Figure 63. The numbering of paragraphs in this discussion corresponds
to the numbers on the general operation descriptions in the flow diagram.

. Inputs to the program include the shelter and countermeasure catalog,
the attack strategies, the wind seasons and the attack weapons, The shel-
ters and countermeasures in the catalog are defined by parameters which
determine the vulnerability of persons protected by that shelter or counter-
measure and the per person cost.  Each strategy is specified by a list of
aimpoints, a bomb number and a delivery error standard deviation for each &
aimpoint, and the probability that strategy will be used. The weapon char-
acteristics for a strategy are determined by correlating the bomb number
with characteristics in a bomb table to avoid duplicate computations if iden-.: %
tical weapons are used in the same or different strategies, The wind seasons
are described by the fraction of the year the season applies (probability),

the mean wind components and the vector standard deviation of the wind
during the season. If an attack is more likely during one wind season than
another, the probability of the season may be adjusted to take this fact into
account, A weapon type is defined by yield, burst altitude and radiation
conversion efficiency, A weapon type need only be input once regardiess of
how often it is used in the strategies. The sum of the probabilities of the
strategies and the sum of the probabilities of the wind seasons should both

be unity.

2. For each weapon in the bomb list, the program increments the stabilized
cylindrical cloud into aititude layers. Each layer is then incremented by

particle size. The resulting disks of approximately the same time down are
then combined, The disks are described by a table which indicates the cloud &
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radius, time to fall for eac‘:hk disk and the effective biological dose (EBD)
which is obtained by integrating the decaying radiation field component
caused by the disk from the time down to an appropriate later time. The

- validity of this procedure is discussed elsewhere. The program generates

an EBD vs time to fall table for each low altitude burst point weapon in the
input bomb table.

3.  The numerical population matrix (PM) is a program input. The routine

computes a binary population matrix (BPM) in which a. 0 or 1 indicates whether
a population value has been input at that i, j. - The BPM requires only 1/ 36th
the memory storage of the PM, The PM is stored on tape for use during the
Phase Il program while the BPM is stored in the fast access memory. The
program computes a probability of survival shelter vector for each element
for which a 1 appears in the BPM, :

4.  The routine selects a non-zero element in the BPM and proceeds to
compute a vector for that element, . The routine then transfers back to

this instruction, as shown by the "A" connector, picks up the next non-
zero element and continues until a probability of survival vector has been

- computed for each non-zero element in the BPM,

5. The probability of survival vectors take into account all of the pos -
sible strategies. The routine picks a strategy, adds the contribution of

the strategy into the working values of the vector and then loops back, via
the "B" connector, to pick the next strategy. When all of the strategies
have been considered, the working values in the vector are the desired final
probability of survival values for that vector which is then output by the

program.

6. At this point, the weapon aimpoints (the strategy) and shelter location
are known so that parameters relating to the probability of surviving prompt
weapon effects may be computed, The computations are discussed elsewhere.

7. The routine now prepares to make fallout computations by selectmg a
wind season. After the computations for this wind season have been made,
the next wind season is selected by transferring back to this instruction
through connector "C". A wind season is defined by a probability, the mean
wind components Wy and Wyy and the vector standard deviation o,.

8. The weapon aim points, fallout disk tables and the wind are now known,

The routine computes the mean landing point for the center of each disk in
each time down table., The relations used are of the form
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where A refers to an aim point, N and W to North and West as the direc-
tions from which the wind components come and tg is the time to fall for
this disk. The standard deviation of the distance from the center of a
disk to its mean position depends on the time to fall. '

%a = 9wl

9.  The routine now selects one of the disks for more detailed compu-
tations. After the disk has been processed, another disk from the same
or different weapon is selected by transferring back to this instruction via
the "D" connector.

10,  The Phase I Program flow diagram is continued on Figure 64. At
this point the routine has established a shelter location, a mean landing
point for the center of a disk and a disk radius which depends on the cloud
from which the disk was taken. The standard deviation in x and y for the

landing point is

2 - 2, .2
oL °q * 93

where the standard deviation of the bomb impact point with respect to the
aim point is part of the input strategies. The program now assumes a
bivariate normal distribation for the disk landing point and computes the
probability that the shelter location will be within a disk radius of the disk
landing point. This is an application of what has been called the bomb
coverage function. This computation is discussed in another section.

11, This instruction is in a loop which considers each fallout disk from
every weapon in a particular strategy. The purpose of the loop is to com-
pute the distribution of fallout at a particular location during a particular
wind season. The assumption is made that the distribution is normal.
Each of the failout disks is characterized by the probability, P;, that the
disk will cover the center of the element under consideration and a dose,
(EBD), that unsheltered population would receive given that the disk does
cover the element. The mean dose is

> P, (EBD)
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The variance is

ZPL (1 - P, XEBD)?

These sums are formed by initializing mean and variance accumulators to
zero whenever Operation 9, Figure 63, is entered from the Operation 8

direction. Each pass through the landing point loop augments these
accumuiators as shown to account for the effects of another fallout disk.

12, When the contributions of a fallout disk to the mean and variance
accumulators have been added, the program tests whether there is another
disk to consider, If there is, the routine transfers back to an earlier cpera-
tion by way of the "D" connectors, If all of the disks of all of the weapons
of the strategy have been considered, the values in the accumulators are the
desired quantities. The parameters determine the distribution of fallout

for a specified location, strategy and wind season.

13, The program selects a shelter from the catalog for which probabil-
ity of surviving nuclear radiation computations are to be made.

14, The program now computes the prob‘abi'lity of surviving radiation
given the wind season, strategy and shelter. The radiation absorbed by
shelter occupants has two components, prompt and fallout, The prompt

‘parameters were computed in Operation 6 of Figure 63 since only the

shelter location and strategy are needed for this computation and the

- results apply to a particular wind season. The parameters fcr the com-

posite distribution are

, (u)p (Li)f o

H=<P—I;);+mo

2 o} 2 '0 2
o = P > + L 1
(PF)p (PF)fo

In these relations separate protectioh factors for a particular shelter type
are used for prompt and fallout nuclear radiation. The values are input
as part of the catalog. The program then computes the probability of
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program transfers back to Instruction 7 via the "C" connectors. The rou-
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surviving radiation at this location given the wind season and shelter. The
procedure involves an input probability of survival vs EBD table and the
normal probability density function of radiation dose which is a function

of iy and 0. The procedure is discussed in another section.

15. This instruction computes the probability of surviving radiation by
taking all wind seasons into account, Separate probabilities are computed
for each shelter type. The probabilities apply to the strategy selected
under Operation 5, Figure 63. The computations are made by setting up
an accumulator for each sheiter type and initializing these words to zero.
These operations are part of Instruction 7 of Figure 63 when approachlng
from the Operation 6 direction. Instructior 15 is in a shelter loop which .
is part of a larger wind season loop. Instruction 14 computes the prob-
ability of survival for a particular shelter and wind season. Instruction 15
multiplies this value by the probability of the wind season and adds the pro-
duct to the previous value in the accumulator for this shelter type.

16, This operation is to test whether all the shelters have been consid-
ered for a particular wind season. If they have not, the program transfers
back to Instruction 13 via comnector "'F". The routine then considers the
next shelter type in the catalog. ' ’ '

17.  If all the shelters have been considered, the routine tests whether
all the wind seasons have been taken into account. If they have not, the

tine then proceeds to add the contribution of the new wind season to the
probability of surviving nuclear radiation of each shelter type. If all the
wind seasons have been considered, the probability for each shelter is
correct for this strategy. :

18, The program vnow sets up another shelter loop which computes the
probability of surviving the other weapon effects and the overall probability
of survival for each shelter. These computations apply to one strategy.

19, This operation is shown on Figure 65. The instruction computes the
probability of surviving blast when protected by this shelter type at this
location given that this strategy occurs. The procedure is discussed in a
separate weapons effects section. v

20. This instruction computes the probability of surviving thermal ;radiatio
if protected by a shelter of this type. The procedure is also discussed in a
separate weapons effect section.
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21, Part of Opcration'4,' Figure 63 consists of setting up an overall proh-

- ability of survival accumulator for the unsheltered population at this location

and for persons protected by each shelter type in the catalog. Operation 21
includes the computation of the overall probability of survival for this loca-
tion, shelter type and strategy. The computation is made by forming the
product of the independent probabilities of s_urviving prompt and fallout
nuclear radiation, blast and thermal radiation. This product is then mul-
tiplied by the likelihood of this strategy and the new sum is added to the
overall probability of survival for this shelter type. ,

22, If all ahelter tvpes have not been considered, the routine transfers
back to Operation 18 via connector ""G' and the overall probability of sur-
vival accumulator for a new shelter is corrected for the current strategy.

23. If the effects of all strategies have not been included in the overall
probability of survival accumulators, the routine transfers back to Opera-
tion 5, of Figure 63 and the procedure described is repeated for another
strategy.

24, When all of the ‘strategles have been taken into account, the contents
of the overall probability of survival accumulators are the desired sheiter
vector. There is one element of the vector for the unsheltered population

at this location and another for each of the shelter types in the catalog.
Since one vector is not used to compute another vector at a different loca-

tion, the computed vector is merely stored on tape

25, The program now continues to search the BPM. If another non-zero
element is found, the operations are repeated for the new location using
the same core addresses. If no such elements are found, the shelter vec-
tor tape is completed and may be listed or used as input to the Phase I' or

Phase II programs.
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PHASE 1I

This program may be considered to consist of two parts. ‘L'he first
part reads the shelter probability of survival vectors from tape, one at a
time. The vector is essentially converted to a vector of inverse cost
effectiveness (ICE) and conversion inverse cost effectiveness (CICE). 'The -

: brooedure followed develops the optimal assignment sequence for the sisi-

gle location. The converted vector is then stored in the computer fast
access memory. The first part of the program is complete when an ICE/
CICE vector for every non-zero element of the population matrix has been
stored. The second part of the program operates on the ICE/CICE vectors
to generate the optimal shelter assignment sequence for the array. The
assignment sequence is stored on tape and is used as input to the Phase

IIT and IV programs. :

The basic flow diagram is shown beginning on Figure 66. The pro-
cedure is quite simple although some of the required bookkeeping operations
may make the diagram difficult to follow without the accompanying text.

The validity of the ICE/CICE procedure for generating the optimal shelter
assignment sequence for a single location and for the entire array is dis-
cussed in another section.

1. The routine reads a shelter vector from tape. This vector includes
the probability of survival of the unsheltered population at the location for
this vector and a probability cf survival for each shelter type in the catalog,
The program computes a modified ICE/CICE vector which contains an
entry for each shelter type, information indicating which shelters of the
catalog appear in the optimal assignment sequence for this location and
what this sequence is. The ICE/CICE vector is then stored in the fast
access memory. The routine ti.en tests whether there is another shelter
vector on tape. If there is, the program transfers back to Operation 1
via the "A'" connector.
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2. There are several working numbers required by the program book-
keeping. These numbers will be described as they are used by the program.
One of the operations at this point is to set the shelter number counter, i,

to 1,

3. The program sets up working values of the ICE/CICE vector. This
vector has an entry for each shelter type in the catalog hut no entry for
the unsheltered population. The values in this vector will becalled WICE
to indicate that they are working values of quantities related t¢ ICE and
CICE and which contain all of the information of the real ICE and CICE
values. The initial WICE are set to zero. It is also imagined that the

WICE may be specially marked in two independent ways. One of these marks
will be called "infinity'" and the other a "flag”. The actual computer opera-.

tions to which these marks correspond are not of interest in this discussion.

The initial zero values of the WICE are unflagged. :

4, The program now selects shelter type i. The quantities of interest
are WICE;, the shelter vector entry PS; and the bookkeeping variables,
After the operatlons for this shelter type are completed, the program,

in general, returns to this instruction via connector "B".

5. The routine tests whether the WICE for shelter type i is flagged, If
it is, the routine transfers via connector "C" and proceeds to test for
another shelter type. On the first pass through the shelter numbers, all
WICE are unflagged and the answer to this query is no.

6. The next operation is a conditional transfer depending on the relative
magnitudes of the probability of survival given shelter i and PS., One of the
operations of Instruction 2 is to set PS equal to the probability of survival
of the unsheltered population, given in the shelter vector, and the quantity
remains at this value during the first pass through the shelter numbers,
Each time a new shelter assignment in the optimal sequence is made, how-
ever, PS is appropriately increased, In the first pass through the shelter
list, each shelter type, since it appeared promising enough to justify ma-
chine analysis, would be expected to afford greater security than no shel-
ter or special countermeasure and the program would transfer to '"D" of
Figure 67.

7. If the probability of survival afforded by shelter type i is not greater
than PS, the WICE is set to a flagged infinity. This indicates that shelter

i is not in the optimal assignment sequence for this location.

8. This procedure is shown on Figure 67. One of the operations of
Instrucrion 2, Figure 66, is to set PSH to unsheltered. In general, during
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a pass through the shelter numbers which seeks to identify the next assign-
ment in the optimal assignment sequence, PSH is set to the number of the

‘last shelter type assigned which is the reference point for the new comp-

utations, If PSH is unsheltered, the per person cost of this countermeasure
is zero and the probability of survival is that for the unsheltered situation,
Under these conditions, Operatiorn 8 computes the ICE for shelter i. In the
general case, the instruction computes the CICE for a conversion from
shelter type PSH to shelter type i. The probability of survival for shelter
type PSH is always equal to the quantity PS of Instruction 6, Figure 66. The
redundant symbols could be removed from the flow diagram.

9. During a pass through the shelter types, the routine not only computed
a new WICE for each shelter type which has not yet been assigned (flagged)
or discarded (set to flagged infinity) but also remembers the minimum WICE
computed. This is accomplis hed by setting a number MIN to infinity during
Operation 2 of Figure 66. Each time a new WICE is computed, it is com-
pared with the current MIN value, If WICE is the larger, the routine trans-
fers to thc logic which selects the next shelter type via connector "C",

10. IfICE is srﬁ’aller, which means its cost effectiveness is better than

~ MIN, the WICE for shelter i replaces some previous WICE as the new

value for MIN, The shelter number i also replaces the previous value of
SH which is the shelter number to which the WICE in MIN applies.

11.. The program now compares i with the number of shelters in the cata- .
log. If they are equal, this pass through the shelters is complete and the
program transfers to "E". '

12,  If all of the shelters have not been taken into account, the program
selects the next greater shelter numbcr and transfers back to ''B'' of Figure 66.

13. Whenever the program reaches this point it has completed a pass
through all of the shelters of the catalog. During the first pass, any shel-
ter which affords less protection than is naturally provided the unsheltered
population is discarded by setting its WICE to flagged infinity. An ICE for
all remaining shelters has been computed and stored in the WICE for the
shelter type. The minimum ICE, which is the best inverse cost effective-
ness provided by the available shelter types at this location, has been iden-
tified and stored in MIN. The shelter number corresponding to MIN is stored
in SH.

During any pass through the shelter types after the first, any shelter
which affords less protection than the last shelter type which has been inclu-
ded in the optimal assignment sequence is discarded by setting its WICE
to flagged infinity, A CICE for all remaining unflagged shelters has been
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computed, based on the last shelter assignment, and stored in the WICE
for the shelter type. The minimum CICE, which is the best conversion
cost effectiveness provided by the remaining (not discarded or assigned)
shelter types at this location, has been identified and stored in MIN. The
shelter number corresponding to MIN is stored in SH.

14,  When, after a pass through the shelter types, MIN is still set at infin-
ity, all of the shelter types which should appear in the optimal shelter
assignment sequence for this location have been assigned, The routine pro-
ceeds to the final operations for this vector by way of connector "F",

15, If, after a pass through the shelter types, a minimum WICE has been
computed, shelter type SH is the next type in the optimal assignment se-

quence, - The assignment is noted by entering the sum of MIN (which is the
minimum WICE computed on the last pass through the shelter types) and
the quantity PRV in place of the WICE for shelter type SH (the shelter type
corresponding to the CICE in MIN), The quantity is then flagged, It is
seen that a flagged infinity for some WICE entry indicates that shelter type

- has already been assigned and also need not be considered on later passes
through the shelter type. The qua_ntity PRV is the value stored as a WICE
for the last shelter assigned. This procedure is a device to permit the
order of the shelter assigniments to be reconstructed from the order of the
magnitudes of the flagged WICE without committing additional fast access
memory to record this information,

The number MIN is reset to infinity so that it may again be used to
record the minimum CICE on the next pass through the shelter types,
The probability of survival for shelter type SH is stored in PS. The number
of the current sheltered assignment, SH, is stored as the number of the
previous shelter assigned, PSH. It is remembered that the operations
shown are redundant inasmuch as the probability of survival for shelter
type PSH is equal to PS. The number stored as a flagged WICE for shelter
type SH is stored as PRV for use during the next shelter assignment, The
routine now sets the shelter number i to 1 and transfers to "B" of Figure
66 for another pass through the shelter types. :

16. This operation is shown on Figure 68. At this point all of the values
in the WICE vector have been flagged. The flagged infinities correspond to
the shelter types which do not appear in the optimal shelter assignment
sequence at this location. The other values consist of an ICE and modified
CICE values. The routine unflags all WICE not set at infinity.

17. The program now examines each WICE of the vector and determines
the shelter number, j, corresponding to the minimum WICE. The j value
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is stored in the one additional word associated with the vector. The word
contains the i, j numbers which locate the vector in the population matrix,
the j which identifies the shelter type of minimum WICE and one other fact.
The word may also be flagged. '

18. - The other fact in the data word associated with the vector is the num-
ber of the previous shelter assigned which, at this pomt, is set to unshel-
tered,

19. The working WICE vectsr is now complete and is transferred to its
permanent location in the fast access storage. - It is now referred to as a
PICE vector.

20. The program tests whether a PICE vector has been assembled for
every non-zero element of the BPM, If this is not the case, a new vector
is computed, using the working WICE storage, for another location by
transferring back through connector "A".

21. Upon first reaching this pcint in the program, the optimal assignment
sequence for each non-zero element of the BPM has been determined. The
program now prepares to merge these results to obtain the assignment
sequence for all of the non-zero elements of the population matrix. The

program sets MIN to infinity. This counter is used in the operations which

result in the identification of the location and shelter type of best cost
effectiveness, :

22. The program now prepares for a pass through the PICE vectors to
find the minimum PICE. The routine selects the first vector in memory.
After performing the required operations, the routine returns to this
instruction by way of connector "H", picks up the next vector, and 80 on.,

23. The first operation on the vector is to test the data word for a flag.
The presence of a flag would indicate all of the useable shelter types at
this location have been assigned. '

24. If the flag has not been set, the program compares the minimum

' PICE with MIN, This value is not found by scanning, the PICE vector but
.rather by reading the value directly after noting the corresponding shelter

type in the data word. If the best cost effectiveness at this location is
inferior to the cost effectiveness of some shelter type somewhere else,
the program considers the next PICE vector by ' r..nsferring to point "I"",

25,  If the best cost effectiveness at this location is superior to the best
previous value found on this pass through the PICE vectors, the value of
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the best PICE, which is a correct CICE and applies to shelter type j,
replaces the previous value in MIN. The vector number q is also stored.

26.  If this is not the last PICE vector in memory, the routine considers
the next vector by transferring back to point "H".

3-37




 30. The routine now prepares for another pass through the PICE vectors
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27. This operation is shown on Figure 69. Whenever the pro'graml'reaches
this point, a pass through the PICE vectors has been completed If MIN

is still set at infinity, no new shelter assignment has been found and the
output optimal shelter assignment sequence tape is. complete. This tape

is input to the Phase III and IV Programs. .

28, If a new MIN has been found, the routine sets up a record for the out-
put shelter assignment tape. MIN is the correct current ICE/CICE level
at which the assignment is made. The value of this quantity, which is the .
cost per survivor added for the asslg'nment or reassignment, increases
from record to record. The i, j numbers which indicate the location where .
the assignment is made, the previous shelter type and the type currently
being assigned are found in the data word for PICE vector q. The increase
in cost per person sheltered is :
€ - G previous

The increase in survivors added per person sheltered is

-_Cj ) c:j previous

MIN

29. The assembled record is output on the optimal shelter assignment
sequence tape. :

to determine the next shelter assignment. The PICE for shelter j of vec-
tor 1is set to a flagged infinity, This shelter type will not again be con-
sidered at this location.

31. The program subtracts MIN from each unflagged PICE of vector q.
The minimum PICE is now a correct CICE although the other PICE are
still artificially augmented to establish the same numerical ordering as
the optimal shelter assignment sequence at that location,

32, The binary digits of the data word of PICE vector q which indicate
shelter type j are now moved and replace the digits indicating type j pre-
vious,

33. The program now searches PICE vector q and locates the new min-
imum PICE. The shelter number corresponding to this PICE is stored as
a new j in the data word. If no unflagged PICE are found, all of the useable
shelter types at this location have been assigned and the data word for the
vector is flagged. The routine transfers to "G' and begins another pass
through the PICE vectors.
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EXTENDED PROGRAM CAPABILITIES

=

The program has two capabilities which are not described in the
previous flow diagram discussions. These are ‘

® The variation of the protection afforded the unsheltered population . S
~in the different areas of the region by existing buildings

® The suitability of a given countermeasure type at a particular
location ‘ ' o

The inputs which control the use of these program features are discussed
in detail later in this report. They are

® Shelter catalog
® Existing conditions catalog
® Shelter correlation input matrix

The sheiter catalog defines the possible countermeasure types in terms

of resistance to the different weapon effects and per occupant cost. If
shelter provisions are defined in this way, the same provision may

appear more than once. The cost of a specially constructed neighborhood -
shelter, for example, may depend on whether the land is free, inexpensive
or costly. Some shelter provisions may not be possible. An example - - - -
of this is the incorporation of shelters in new school designs for es-

tablished communities in which the schools have already been built.

§ The existing conditions catalog defines types of existing conditions
by the resistance of the unsheltered population to the different weapon
effects in that location and also by the ability of that location to accept
particular countermeasure provisions. If, for example, one of two
neighborhoods containing well maintained homes of good construction

had a park or school, both neighborhoods would have the same vulnera-
bility characteristics but only one could accept a shelter type for which
the cost had been based on the availability of public land. In this situation
two cxisting conditions states would be defined although the vulnerability
inputs would be the same for both. o
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The existing condition type number is included on each input card
of the population mairix. It is remembered that the cost effectiveness
of a shelter type at some location depends not only on the cost and hard-
ness of the shelter but on the threat and unsheltered population vulnera-
bility as well.

The ¢olumns of the shelter correlation input matrix correspond
to the existing condition numbers. The rows correspond to the sheiter
type numbers. The matrix entries are binary indications of whether a
particular countermeasure type should be considered at a location
characterized by a particular local conditions type. -

The means by which the program uses these inputs are

® Binary population matrix
® Packed exxstmg conditions table

The binary population matrix is the same size as the popmation dis-
tribution matrix. Each entry is a binary indication of wtether or not .
the population in that element is greater than zero. Since only one bit
is required for each element of the population matrix, the binary popu-
lation matrix requires only 1/36 as many words in fast access memory
as the actual population distribution matrix. -

The packed existing conditions table contains an entry for each
non-zero element of the population matrix. Each entry is the existing
conditions type number for that location. Four bits are used to store
the number. The table is packed in the sense that the numbers are not
stored for the zero population matrix elements. The table is therefore
a distorted area representation in the computer memory and cannot be
used directly for computations in which spatial relationships are im-
portant. The number of words required to store the table is 1/9 (4/3 6)
the number of non-zero elements in the population matrix.

In general, the program associates an entry in the packed existing
conditions table with a particular non-zero bit of binary population matrix.
The location of the non-zero bit in the undistorted binary population matrix
implies the i and j values of the population matrix element under considera-
tion. The next computation is made by considering the next four bits of
the packed existing conditions table. The program then tests the bits,
one at a time, of the binary population matrix until the next non-zero bit
is found. This procedure maintains the correlation between the distorted
existing conditions table and the undistorted binary population matrix.-

The next four bits of the existing conditions table is found by
shifting the current word four places between computations. The active
bits always appear in the same location within the word. The program
determines whether all the entries in a word have been considered by
testing fcr zero in the active bits location. This procedure limits the
number of existing condition types to 151 + 2 + 4+ 8). If another type
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is required, the program could be changed to count the number of shifts.
If more than 16 are required, it would be necessary to change the model

bookkeeping by using fewer than 9 entries per word of memory.

The Phase program computes a shelter probability of survival
vector for each non-zero element of the population matrix. Each vector
has an element for every shelter type in the shelter catalog. For shelters
which are not useable at this i, j, the overall probability of survival is
set to zero. The programming by which this is accomplished is shown
on the following simplified flow diagram. (See page 3-44)

The Phase Il program consists of two parts. The first part
converts each probability of survival vector to a vector of ordered cost
effectiveness values. The zero probability of survival values which
appear for shelter types which are not useable at this location are con-
verted to flagged infinites in the resulting ordered cost effectiveness
vector. The second part of the program considers the entire set of cost
effectiveness vectors and generates the optimal shelter assignment and
reassignment sequence. Shelters never appear in this sequence at
locations where their use is not permitted by the program inputs.
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WEAPON EFFECT SUBMODELS

BLAST AND SHOCK

The probability of survival from blast and shock phenomena was
considered previously in conjunction with the probability of survival from
thermal radiation effects since the interaction of the blast and thermal
effects on personnel is not well defined. A single radius was considered
within which the probability of kill from either blast or thermal effects or
both was represented.  The radius was taken to be the larger of the two
radii corresponding to the critical peak overpressure and thermal radius
values whlch were model mputs

To permit more flexibility in the analysis so that the effectiveness
of particular countermeasures can be evaluated, a separate probability
of survival for blast effects and for thermal effects is now calculated by
 assuming the blast and thermal effects on personnel to be independent.
The assumption of the independence of the blast and thermal effects on
personnel, although unrealistic, was made to permit continued progress
on the evolution of countermeasure analysis and optimization programs.
Reference 11*appears to contain the most realistic probability of target
kill as a function of distance from detonation point data presently avail-
able. Fitting analytic expressions to this data is considered to be a
useful growth item: for the program.

The calculation of the probability of kill from blast effects is
now computed in the same manner as described earlier in this report.

*

Ref. 11 ''Prediction of Urban Casualties from the Immediate Effects
of a Nuclear Attack," Final Report, the Dikewood Corporanon,
DC-FR-1028, April 1963 (Confidential)
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& "».w.-sg.f’a‘um e 2l Lo B S % Aﬂ

3-45




OCD Soft Turget Study

THERMAL RADIATION

As described in the preceding topic, the calculation of the probabil-
ity of surviving thermal radiation has been separated from the calculation
of the probability of surviving blast. In addition, a change has been made
in the calculation of the probability of survival of personnel in designated
shelters, Previously, personnel in designated shelters at the time of det-
onation were assumed to have a 100% probability of surviving the primary
and sccondary thermal effects. This assumption implies that the shelters
were completely fireproof and would remain so regardless of the initial
thermal radiation impinging on the shelter and the resulting fire storms
and conflagrations, if any. This assumption is unrealistic and the present
program allows for a decreased probability of survival from thermal rad-
iation for sheltered personnel by incroporating a concept of a thermal
factor for each shelter type. The thermal factor is hased on a 1 KT yield
and is a thermal radiation value, calories per square centimeter, such -
that if the shelter receives that thermal radiation value, the probability

of the shelter surviving is 50%. As before, the probability of personnel in
the shelter surviving is taken to be the probability of the shelter surviving..
‘The thermal factor for a particular shelter is a function of the building
material of the shelter, its manner of construction, etc. The thermal rad-

~ iation value for 50% probability of survival for yields greater than 1 KT can =
be obtained for each shelter by multiplying the thermal factor by the eighth
root of the yield in kilotons. For example, a shelter which has a thermal
factor of 50 cals/cm2 would have a 50% probability of surviving if it received
50(10, 000)1/8 = 158 cal/cm2 from a 10 MT yield. The scaling factor Wl/8
seems to describe the yield dependency of critical ignition values quite
adequately and was obtained ! examination of the empirical data relating.
critical ignition energy with yield and type of combustible material.

The calculation of the probability of survival of sheltered personnel
can be computed in the same manner as unsheltered personnel by use of
the thermal factor to determine the radius corresponding to the 37%
probability of kill and using this radius in the bomb damage function.

Although the use of the thermal factor permits the calculation of a
probability of survival for sheltered personnel and is an improvement over
the manner in which thermal radiation effects were previously considered,
the effects of fire storms and conflagrations have not as yet been directly -
included. The survival of the shelter and personnel depends not only on the
primary thermal radiation but also upon meterological factors, fuel char-
acteristics and other environmental characteristics in the immediate vicin-
ity of the shelter iocation in the target area, Several documents have been

s A R B R S SN s s
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received (References 12* and 13**) and have been peruscd for relative
information upon which a model of fire storm or other secondary thermiat:
effects can be based.

NUCLEAR RADIATION

Several changes and additions have been made to the manner in
which the initial and residual nuclear radiation effects are calculated and
included in the analyses,

Initial Nuclear Radiation

The equation for determining the initial nuclear radiation dose
as a function of slant range, height of burst, and yield was derived
earlier in this report. The range of the scaling factor, W', was in-
creased so that yields up to 20 MT' could be incorporated in the analyses.

The additional scaling factor ranges are:

W= 4.57 W2.26 15" 10,000 < W < 15, 000

144 w3384 10710 15,000 < W < 20,000

where W is the yield in kilotons.

Another change was made in the inclusion of nuclear radiation pro-
tection factors. Previously, a single protection factor was used to describe
the attenuation of nuclear radiation by a shelter, The protection factor
was the same for both initial radiation and fallout, However, the protec-
tion factor of a shelter will generally differ for the two forms of nuclear ~
radiation due to the greater energy of the initial gamma rays. Therefore,
two protection factors are now used in the programs, one for the initial
nuclear radiation, the other for residual nuclear radiation (fallout).

The biggest improvement in the program has been in the inclusion
of bomb aiming errors in the determination of the dose due to initial nuclear
radiation. While the probability of survival from blast and thermal effects
have always included aiming errors in their calculation, previous initial
nuclear radiation dose calculations considered the bomb to detonate directly

above the agim poiht.

* Ref. 12''Prediction of Fire Spread Following Nuclear Explosions, '
U.s. Forest Service Research Paper, PSW-5, 1963.

** Ref. 13 "A Study of Mass Fires and Conflagrations,' U.S. Forest
Service Research Note, PSW-N22, 1963.
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_ Assuming reasonably small aiming errors, and ignoring higher
moments, the biological dose due to prompt radiation is assumed to have a

normal distribution. The mean value is: .

9 N, .
107k [3.2w'e D/360 15, 5we D/Zw]

where

R; = initial nuclear radiation dose (rems)
D = slant range (yards) ‘

W = yield (kilotons)

and W' and k are functions of yield and/or he{ght of burst, The variance
of the prompt dose is - .

o’ = ra.zw'(:%.d+»§) e

_ 2
D/ZIO]

-D/360 1 .2
4+ .15.5 w»(210 + 15_) e

[ 10% ]2 |
— ] [1 +'(H/D)2] o? ,
i D2 B

where

®

H = height of burst

0'2 = variance of weapon aiming error,
B

Residual Nuclear Radiation

Previous calculations of the residual nuclear radiation dose con- -
sidered the bomb to detonate at a specified altitude above the aim point and
the fallout was depsited through the action of a constant velocity, com-
pletely deterministic wind which was a model input. The present program
provides for a probabilistic wind, which is characterized by a vector having
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a mean velocity and a standard deviation. The concept of a vector standard
deviation will not only permit a more realistic wind environment, but will
allow for bomb aiming errors to be incorporated into the calculations of

the probability of surviving nuclear and radiation.

To facilitate inclusion of bomb aiming errors and probabilistic
winds, a different process is utilized in determining the Effective Bio-
logical Dose than has been previously described. The previous program
considered the residual dose received at a particular location to be divided
into two parts, the dose received up until the final fallout disk landed at
the location and the subsequent dose from all the landed disks at some
later time which was taken to be 72 hours. In building the Effective
Biological Dose up until the last disk of interest fell on the location, the
one hour dose rate of the disks_that had landed by a time, t, was adjusted
to the time t by the factor t'l' 2 and this dose ‘rate' was assumed constant
for the time interval until the next disk landed. This process was repeated
until the last disk landed. The model was programmed in this way to
facilitate calculations of the radiation dose received by personnel passing

through elements on their way to shelter locations. -

The Effective Biological Dose is now determined for each disk and

is defined to be :
. ty ,

' - - t-t .
Effective Biological Dose (rems) = r [ [ at L 2+ (1 -ax L. Zeﬂ(- 2)}&

4

where

ry = dose rate at 1 hour for the disk (rem/hr)
= time at which the disk landed or entry into the fallout area (hours)
= time of departure from fallout area (hours)

irreparable body fraction

i

;S = body repair rate (fraction per hour)

In most cases, more than one disk will cover any location and the
Effective Biological Dose will be the sum of the Effective Biological Doses
of the disks covering the location, As was the case previously, the integral
is assumed to take its maximum value at t9 = 72 and this maximum value

is used in the analyses.
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The landing position of an ai'bitrary fallout disk has not only the
uncertainty induced by the random wind, but also the uncertainty of the

~ weapon detonation point. The combined effect is to produce a circular

normal distribution of the landing point of the center of the fallout disk,
The mean central landing point is the weapon aim point displaced by the
product of the timé down and the mean wind velocity. The landing pomt

variance is

2 ' «
where O B is the variaace of the weapon detonation point,

Knowitig the radius_R of a specific fallout disk, its mean landing .
point and its variance, Oy “, it is possible to compute the probability of
this disk covering an arbltrary point. - This probability is defined in Ref- »

erence 14* as the cu'_cular_ coverage function
-r2/20’L2 R -t /2
PL= e I, (xt/ O'L) dt
0

where r is the distance from the arbitrary point in question to the mean
landing point of the disk, t is a dummy variable, and I5(z) is the modified
Bessel function of order zero.

The integral equation for PL has been expanded into a series approx-
imation which converges with reaaonable speed for all values of interest,
This series is -

. k ) n 4
n } . m
PL=e-XZ£_[1-ey 2 -)-(--]
ni g mi
n=0 m=0 ,
where
x=r220;2 , y=R%20,2.
Since

P < 10% for r» R +3.620

it is assumed that P; is zero in this case, In other words; it is assumed
that any disk whose mean landing point is more than R+3.62 O, from the
point in question cannot cover that point,

* Ref. 14* "The Circular Coverage Function," H.H.Germond,
Rand Corp., RM-330, 29 January 1950. :
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The effective biological dose (EBD) contributed at a point by an
arbitrary disk is seen to be a random variable, The value of this dose
is the EBD of the disk, if the disk covers the point.’ On the other hand,
if the disk does not cover the point, the contributed dose is zero, The
dose contributed by the disk consequently has a Bernoulli dlstribunon
with probability Pj, and value EBD. The mean of this dose is

P (EBD)

and the variance is
' 2
PL_(l - PL)(EBD) .

Since there are a large number of disks, each having a dxffereht
EBD and P relative to a particular point, it is desirable to obtain an ex-
pression for the distribution of the total fallout EBD at the point. Unfor-
tunately, no simple exact expression exists for the distribution of the sum
of several Bernoulli distributed variables having different parameters,
Because of the large number of disks, however, we can make use of the
central limit theorem which allows the total dose to be approximated by a
normal distribution whose mean is

2. P; (EBD)
and whose variance is |

T PL(1 - Py NEBD)?

Radiat'ion Survival Probability

At each non-zero population element, the prbbébility of surviving
radiation is computed from the distribution of the effective biological dose
due to both prompt and fallout radiation. The combined biological dose is
normally distributed with mean given by : ‘

_& , Yo
U=@Em, T @F)

2
_(Zzg_ + Tto
®F)Y  @F)

and variance given by

’
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where

R; = mean biological doSe from initial radiation

= mean effective biological dose from fallout radiation
o? = vériance of initial radiation dose

O, = variance of fallout'radiatiqn dose

(PF )p = shelter p:oteCtion factor against prompt adiation

(PF)¢o, = shelter protection factor #galna’t fallout radiation

As in the Dynamic Analyzer Model, this model makes use of the
conditional probability of survival, given an effective biological dose.
Unlike the previous model, the present model assumes the conditional
survival probability to be a stairstep function which is evaluated at equal
increments of probability. The increments of biological dose are, in
general, not uniform, but depend upon the nature of the function. The
cumulative normal function is used, although other functions can easily
be substituted. Figure 71 illustrates a 20 point approximation to the
cumulative normal survivability function which is presently used.

0.6

O.S'J

"

0.2+

P(S/EBD)

0.0

FIGURE 71 PROBABILITY OF SURVIVING RADIATION
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e statistically

The radiation survivability must be evaluated over th
equation is used:

distributed biological dose that is received. The followmg
a
1
P(S)= 5 E F(Ey)
m=0 ‘

where

_2 .
F(E,) f % dx
4 2U
F(Em) the probability of EBD bemg less than E,

E = the tabulated values of EBD for equal survivabxlity increments

n = the number of increments in the survivability funcd on.
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Cost

Survivors Added

FIGURE 72 EFFECT OF SHELTER DEPLOYMENT
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OPTIMUM SHELTER ASSIGNMENT

: In general, it is desirable to build shelters of a type and in locations
such that the most benefit is obtained per dollar spent. The previous shel-
ter optimization programs assigned and/or reassigned sheiters on the
basis of decreasing cost effectiveness for consecutive assignments, This
technique is described and verified in the following paragraphs.

A curve of total shelter system cost versus the expected number of
survivors added by the system of shelters is highly useful in the develop-
ment of an optimal shelter deployment scheme. Having generated such a
curve, the operating pdint can be determined. Otherwise, the desired ex-
penditure or some other parameter defining the operating point would be
required as an input, As previously discussed, this would be unacceptable.

A number of curves of cost versus survivors added can be generated
as illustrated in Figure 72. In general, such curves will depend upoh the
shelter deployment at each cost level. Clearly, the optimum set of sheiter
assignments is the one adding the greatest number of survivors at each
cost level, i.e., the shelter assignment and re-assignment sequence pro-
ducing the right-most curve of cost versus survivors added. A technique
for generating this sequence will now be discussed.

The assumption is made that by some method, as yet undetermined,
an optimum set of shelters has been selected and emplaced. This aiiows
a point on the optimum cost effectiveness curve to be determined. In order
to obtain additional points on the optimum curve, it is necessary to deter-
mine the effect of increasing expenditures. Since the most efficient expen-
diture is desired, those wiich decrease the expected number of survivors

will not be considered.

Starting with the optimum set of shelters at the initial cost level,
additional expenditures can be made in two optional ways:

1. Plan additional shelters for previously unsheltered population.

3-55




~with a type i shelter Pj, is the proba

OCD Soft Target Study

2. Replace some of the pi'evious ly planned shelters with more
expensive (and more effective) shelters at the same location.

The most effective expendituxfe will be the one which adds the greatest num-
ber of survivors for the money expended. . In other words, the better of

the two options is the one for which

_ d (cost)
slope = d(survivors added)

is a minimum.

Considering Option 1 first, let C, be the cost per person sheltered
Lility of survival with this shelter

is the populatlon at element a, and P, is the proba-

at location a, N
a1 without shelter at this locatlon The cost of sheltering

bility of surviv.
n people is

cost = nCi'

-
Ao

The expected number of survivors wi;h‘x'; people sheltered is
S= nP, + (N, -n) Py, | |
and, in the absence of shelters, the expected number of survivors is

S' = Napua :

The number of survivors added by sheltering n people is consequently
SA =S - Su = n(Pia‘- Pua).
Differentiating with respect to n,

d gcostz = C

dn i
and
dS4) _p .p
dn ia ua
S0 . C.
d (cost) i
slope = = - = (ICE). .
d (SA) Pia Pua i

The slope for Option 1 is simply the quantity which has been defined as
the inverse cost effectiveness or ICE. - When assigning shelters at
previously unsheltered locations, the optimum shelter type and location

is the combination having the smallest ICE.

Considering Option 2 next, let the entire population of element a be
initially sheltered by type i shelter. The cost of replacing the type i
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shelters by the more effective type j shelters for n people in this clement
is : ‘

)

cost = n(CJ. - Cl

The expected number of survivors is

S = nPja +(Na - n)Pia.

The expected number of survivors using only type i shelters is

Si = Napia .

The number of survivors added by the replacement process is conse-
quently

SA= 8§ - Si<= n(Pja - Pia) .

Differentiating with respect to n,

d (cost) _ Cc.-C

dn S
and “
dSA) _p .p
dn ja ia
S0 ' C. -C.
d (cost) j i
slope = = ~ = CICE, _.
- , d (SA) P, P, j-i

The slope for Option 2 is simply CICE as defined earlier. The ;
optimum replacement of shelters is the one which yields the smallest
CICE. ' N

The most effective shelter to replace a previously assigned shelter
is not necessarily the shelter having the smallest value of ICE. For
example, Figure 73 illustrates a graph of the cost versus the survivors
added by using three different shelier types at a single location. Lines
OA, OB, OC are generated by providing shelter types A, B, and C,
respectively, to part of the population. Points A, B, and C are reached
when all of the population is sheltered. For expenditures less than C A’
it is most efficient to use only type A shelters.

For higher expenditures, line AB is generated by a mixture of type
A and type B shelters. ‘Similarly, line AC is generated by using both
type A and type C shelters. If the choice of a shelter to replace type A
shelters were based on the ICE value, type B shelters would be used, since
the slope of OB (the ICE value of shelter type B) is less than the slope of
OC (the ICE for shelter type C). The CICE value of shelter type B (the
slope of line AB) is greater than the value of CICE for shelter type C (the
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slope of line AC), however. Examination of Fighre 73 shows that path AC
represents a more efficient expenditure than path AB. Consequently, the
use of CICE rather than ICE appears to be justified.

Survivors Added

FIGURE 73 SHELTER ASSIGNMENT SEQUENCE

The replacement of shelters at one location with more efficient,
more expensive shelters at another location is always an inefficient pro-
cedure. For example, it is assumed that n, type i shelters have been
employed at positicn a. These are to be removed from the shelter plan
and replaced by ny, type j shelters at position b.  The cost of this trans-
action is

cost = anj - naCi .

The number of survivors added is

SA = “bsjb - nasia
where

Sib= Pib ~ Pup
and

Sxa = Pia i Pua
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Conscquently the value of CICE for the replacement is

anJ.l - nin
CICE = - ""
nbsjb “asia

The value of ICE for building che shelters at position a is

S
ICE, =

ia
and the value of ICE for building the shelters at pbsition b is

C.
R
ICE, =3
jb

Since he shelters at position a were assigned initially on the basis of
least ICE, ’ '

ICEa< ICEb,

so
Ci <. C.
Sia  Sjp
or
-aCiSjb> - aCJSia,
and ; ’
S].b(bvt,J - aCi)> Cj(tﬁjb - aSia) .
Consequently,
bC. - aC. G,
J 1] =
Bip "3 Spp
or
CICE > ICEb .

It is consequently more efficient to plan a few additional shelters at location
b and to leave the previously planned shelters at location a than to plan
any replacement of shelters at a by more efficient shelters at b.
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OPTIMIZATION PROGRAM INPUT. OPTIONS

This sectlon describes the various input-options available for use-
in the Multiple Effects, Weighted Strategy Optimizer Program. The pro-
gram is written in a manner which permits a generally unrestricted
amount of data to be used with any particular option However, the total
amount of data which the computer can handle is necessanly limited.
Thus, a large number of shelter types in the shelter catalog necessarily
limits the number of non-zero elements which can be used in the popu-
lation matrix and/or reduces the number of threat strategies which can
be employed.
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THREAT STRATEGIES

It is argued that it is not possible to design an optimum counter-
measures system because the exact nature of the enemy’s threat strategy
cannot be known in advance of an attack. However, it is true that certain
strategies appear to be more desirable to the enemy than others for parti-
cular target or target area and mission objectives. In order to make
possible a meaningful definition of an optimum countermeasures system
at any level of cost, the program incorporates an option which permits
the analyst to define and use a number of strategies for the optimization
procednre, each identified with the probability (given that an attack
occurs) that that strategy is the strategy which will be used.

Strategy Design Options

- There is no limit, other than program running time, on the
number of strategies. which may be used for a single program run for a
given target-population situation. . »

Weapon Catalog

All of the strategies for a single run may use only weapons listed
in the weapon catalog. The weapon catalog is an input option and may be
different for each run to conform to the characteristics of the target of
interest. Each weapon is defined in terms of yield, radiation conversion
efficiency, detonation altitude, number of altitude increments {or use by
fallout model), CPE, and an identification word or name to simplify com-

- parison when the same weapon is used for more than one run. An example

weapon catalog is shown in Table V.

Conversion Detonation )
Weapon Yield Efficiency Altitude Altitude CPE
Designation MT % ~ K Feet Increments Feet
AAA 1 80 - 10 1000
BBB 5 60 0 20 1000
cce 5 60 15 15 3000
DDD 10 50 0 20 2000
EEE 10 50 25 15 4000
FFF 20 50 30 15 5000

"TABLE V  WEAPON CATALOG
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Strategy Definition : ' )

' Any number of strategies necessary to define the nuclear ﬁlreat
to a target area may be defined. Any number of weapons may be selec-
ted from the weapon catalog to define each strategy. Weapons may be
used in any combination and each weapon may be used as many as five
times. Each weapon is assigned a specific target aimpoint and more
than one weapon may be assigned to the same aimpoint. There is no
specific restriction on strategies and aimpoints and any conceivable stra-
tegy which can be made up of weapons from the input catalog will be : :
accepted by the program. It should be noted, however, that weapon yie%.@s
in the sense that they are used heve are not additive. That is, two five
~ megaton weapons cannot be used with a single aimpoint to simulate the
effect of a ten megaton weapon, but would be considered by the program -
to be two independent bursts. An example threat strategy table using | the
weapons from the catalog in Table V is shown in Table VI. The aim point
designations shown under each weapon are the i, j coordinates of the .
“target area population matrix. While these coordinates do correspond
to possible aimpoint for various missions against the Dallas-Ft. Worth
area, they are given as examples only and it is not the purpose of this
report to argue the validity or accuracy of the choice of aimpoints or the
relative prohability of employ'ment of the strategies.

Weapon Aim Points
Strategy : ‘
Designation Probability - AAA BBB CCC | DDD EEE } FFF
1 : . 14,6 :
15, 48
20, 15
2 .25 : ’ | 14,6
3 .05 14,6 : - 5,10
. 5, 30
4 a0 ‘ . 10,16 |
: . 26, 16
10,48
26, 48 . 14,6
5 .2 14,6 i5,48
6 .3 ) 14,6

TABLE VI EXAMPLE THREAT STRATEGY
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WIND MODEL

ha target area characterized by prevailing winds which blow
almost mvariably from the same direction and with a relatively constant
force, it might be possible to directly determine the areas where fallout
is a hazard and the degree of protection required. However, in most
areas where the wind varies greatly in both direction and velocity, the
probability of hazard from fallout for a glven attack is not so obvious
and requires some method of taking into account the total probabalistic
wind environment for the time frame during which an attack might be
expected. One method is-to choose a large number of wind vectors and
assign to each of these a probability of occurrence. For a program of
the type herein described, a model of this type would make the computer
running time prohibitively long {three velocity vectors for each 10 degrees
of azimuth would require over 100 winds) and would introduce errors in
that some areas of the target area would incorrectly be designated as
never being downwind from a given burst point. .

~ The wind model used here permits the use of one or moxre wind

vectors to adequately describe the statistical winds for a year or other
appropriate time frame of interest. The number of vectors required is
dependent upon the wind variation characteristic for the target location
and the desired degree of fidelity with which the wind environment is
represented. Each wind vector used is described by its mean velocity,
mean direction, vector standard devmtion and the probabllity of occur-
rence at the time of an attack.

In the case where an attack at any time during the year is con-
sidered equally likely, the probability of a wind vector occurring at the
time of an attack would be the probability of the wind season occurring,
In the sample case (see Table VII) which uses one vector for each of four
seasons of equal length, the probability assigned to each wind vector is
0.25. If, however, it is determined to be more likely that an attack
will be launched during one season than another, the probability of

~attack occurring during each season may be weighted accordingly.

‘Mean Direction Mean Vector :
Clockwise from Speed Standard Probability
North Knots Deviation '
Spring 082 3.5 20.4 0.25
Summer 282 03.7 13.2 » 0.25
Fall 095 16.5 ©20.7 0.25
Winter 085 37.8 22.3 0.25

TABLE Vil SEASONAL WIND MODEL FOR FT. WORTH
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TARGET AREA ENVIRONMENT AND SHELTER CHARACTERISTICS
INPUT OPTIONS

For the purpose of thlS study, any measure, other than evacuation,
which decreases the degree to which any of the effects of a nuclear detoha-
tion are felt by an individual can be considered to be a shelter. Thus, a
particular building or a particular physical location designated as pro-
viding some measure of protection is a shelter in the same sense as an
elaborately conceived reinforced concrete underground vault. The
difference is in the incremental cost involved in elevating the protective
element to the status of a designated shelter and the degree to which
weapons effects are attenuated. .

POPULATION MATRIX INPUT DATA

The population distribution matrix is described elsewhere in this-
report. Each element of the population matrix was described by i, j,
coordinate location and total element population. In the new program,
in order to make more efficient use of computer memory capacity, only
elements with a non-zero population are input. Each element is also
described by a word which identifies the class of existing shelter con-
ditions in that element at the beginning of the optimization procedure .

EXISTING CONDITIONS

With no defined shelter system there still exists some level of
protection which is incidental to the ordinary working/living environment
of the population. Generally, the incidental protection against thermal
and nuclear radiation exceeds that found in a completely unprotected
environment but the probability of blast casualties may be greater in built-
up areas due to building collapse and flying debris. Incidental protection
is considered to include actual existing CD shelters at the beginning of the -
optimization procedure. Incidental protection varies from one area to
another as a function of the general class of bulldings and the level of
Civil Defense preparation in the area.

At the beginning of the shelter optimization procedure cost free
shelters of some type do exist for each element of the population and what
is generally called an unsheltered population is actually a population in an
incidental shelter environment which exists at no cost chargeable to a
Civil Defense Improvement Program.

The original program considered all elements of the population to
be equally vulnerable to weapons effects. The new version of this program
accepts as an input a catalog of existing shelter conditions. Each of a
selected set of existing conditions is described in terms of its resistance
to weapons effects in much the same manner as the shelter catalog except
that there is no cost entry. Each existing condition is identified by a code
number and the appropriate number is included as part of the population
matrix input data for each non-zero population element. An example of
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existing conditions catalog is shown in Table VIII. The actual number of
entries is not specifically limited but is related to the total amount of
data used for the various input options and population matrix size. In
order to optimize the use of the program and conserve computer running
time, this table can be ‘tailored for specific target area situations and new
information relating to vulnerability to weapon effects. While the entries
in this table are actual shelters, they are not available to optimization
program routines in the sense that an ineffective shelter in this catalog
cannot be replaced by a better shelter or shelter condition from this same
catalog. However, the actual shelter catalog may include shelters with
characteristics identical to some of those in the existing conditions
catalog. :

Blast Therm Prompt Residual

PS.I  cal/cm P.F. “P.F. | Description.
1 3 'S LS 2.3 Slum - unpainted frame; trash, etc.
2 4 15 | 1.5 | 2.3 ' ‘Below average residence
3 5 15 - LS ‘ 2.3 Good, well maintained residence
4 8 40 7.5 100 Commercial, industrial, existing

: ~ fallout shelters

5 .5 15 6 20 ' Type 3 with basement
6 | s 15 L5 2 Type 3 with free school land
7 5 15 1.5 2 Type 3 with new school building

construction projected

TABLE VIII EXISTING CONDITIONS CATALOG

SHELTER CATALOG

A basic input to the program is a catalog of shelter types which
might be used in an optimum shelter system. As many as 40 shelter
types specifically selected as applicable to the target area of interest
may be listed for a single optimization run. An example shelter catalog
prepared for the Dallas-Ft. Worth area is shown in Table IX. Some of
the shelters listed are nothing more than a general maintenance activity,
some involve building modification, some involve incorporation of shelter
space in new construction and others are new structures exclusively for
shelters. This table is given as an example and is not intended to repre-
sent a complete catalog applicable to the target area of interest.
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Blast ’I‘hermal2 " Prompt Residual Cost/Occupant Description - Application |
p.s.i.  cal/cm p.f. p.f.
A 5 60 1.5 2.3 10 . gi?ﬂi:;ﬁ?:ﬁ;n windows
3 | 30 1.5 | 2.3 50 fSlum clean up, paint up, etc.
4 45‘ 1.5 2.3 25 _ Improve below averege residence
10 250 10 150 20 - New school construction to incorporate
_ ghelter protection
E 15 10,000 30 1000 75 New shelter on free school land
F 15 10,000 30 1000 100 New shelter including site costs
G 30 10,000 30 1000 100 " New shelter on free school land
H 30 10, 000 30 1000 125 New shelter including site costs
J S0 10, 600 30 | 1000 125 7 : New shelter en free scbo{ land
K 50 10,000 = 30 1000 0 New shelter including site costs
L | o 10,000 100 10, 006 150 |  Newshetter on free schoot tana
M 100 - 10, 000 100 10, 000 | 175 : New shelter including site coeta
N 15 100 12 200 35 . .lmprove exiating fallout shelters

TABLEIX SHELTER CATALOG

Note that shelters E and F are identical except for cost. The
difference in cost reflects the difference in the cost of land and associated
siting expenses. The less expensive shelter is considered to be built on
free public land. This is used as an example case but it is possible to
include incremental land/siting costs for all types of shelters. This is
discussed in the shelter correlation input section. The shelter types in
this catalog are not ordered in any particular way because both the
effectiveness and ICE are a function of the element location and the nature
of the attack.

Shelter Parameters

The parameters used in the shelter catalog are based on the
following considerations and assumptions:

1. Blast. Structural resistance to blast is that overpressure at
which the probability of survival for the occupants is 0. 5.

2. Thermal. Protection of personnel against direct exposure to
thermal effects is, in all cases, considered to be absolute.
Thermal protection is defined as that thermal exposure to the
structure for which there is a 0. 5 probability of survival for the
occupants.
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3. Nuclear Radiation. Because radiation shieldings are not
equally effective against prompt and residual, separate protectlon
factors are listed for each effect

4. Shelter Costs. Shelter costs are determined as the cost per
occupant to provide a protective structure with the assigned pro-
tective characteristics. The cost does not necessarily represent
the total cost of the structure or even that portion of the structure
used as a shelter but may be the incremental cost of converting

an existing structure to improve its protective qualities. A
‘shelter cost might be the total cost of excavating and constructing
an underground concrete vault or simply the cost of installing
metal shutters on the windows of a residence to minimize the
probability of interior materials being ignited by thermal radiation,

SHELTER CORRELATION INPUT MATRIX

It is apparent that all the shelters which might be included in the
shelter catalog as being useful in the total system might not be applicable
for every element of the target matrix. For example, construction of a
fallout shelter in the basement of a residence is appropriate only in
elements where basements exist. Similarly, incorporation of shelter
space in new school construction is a possible countermeasure only for
elements inn which new school structures are to be built. Thus, the
applicability of a particular shelter type must be correlated with the

- existing conditions of the element for which it is considered. This is"
handled in the form of a Shelter Correlation Input Matrix of the type shown

in Table X. In the table identifying numbers for each of the existing con-
ditions entered in the Existing Conditions Catalog, Table VIII, are listed
across the top of the matrix. Identifying letters for each of the shelters
from the catalog in Table IX are listed in the column at the left. In use,
the program determines from the population matrix input data, the exist-
ing conditions for a specific element. The program then accepts, as
possible countermeasures for that element, only those shelter types for
which there is an entry under that existing situation column. For
example, under existing Condition 1 (slum conditions) only shelter types
B, F, H, K, and M are available as possible countermeasures. Counter-
measure B, which is slum cleanup, is not available as a possible measure
for any of the other conditions. Shelter type N, improvement of existing
fallout shelters is applicable only to existing Conditicn 4 which is elements
with existing fallout shelters.

Cost of land for shelter locations can be included in the optimiza-
tion procedure. In the example Table X, all of the shelter types available
to elements with existing Condition 3 are also available to elements with
existing Condition 6. In addition, Condition 6 elements can also be pro-
vided with identical new shelter types at a lower cost because the cost of
land is not included when the shelters are built on schoo! sites. It is
obvious that the more expensive shelter types F, H, X, and M need not
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be included in the matrix for Condition 6 because they will never be used

in place of their less expensive, otherwise identical counterparts.

Sheiter T ype Original Existing Condition

2 3 4 s 6 7
A X x x X
B
c %
D X
E X X
F X X X X X X
G X X
H X X X X X X
] X X
K x X x x x x
L X X
M X X X X X X
N X

TABLE X SHELTER CORRELATION INPUT MATRIX

3-69




0CD Soft Target Study

3-70




Section 3

LIST OF REFERENCES

(1)

@)

(3)

4)

(5)

(6)
(7

(8)

(9

(10)

Office of Civil Defense working paper, Systems Analysis in Civil
Defense, Parts I and II, John F. Devaney, Systems Evaluation
Division, Research Directorate, Office of Civil Defense, August -
1963.

AIM 64-T-4, Tactical Evaluation Study SummaryReport; Painter,
Bialek and Sklarsky, November 1963, Academy for Interscience

Methodology, Museum of Science and Industry, Chicago, Illinois
60637.

OCDHard Target Study First Quarterly Report, The University
of Arizona Engineering Research Laboratory, Tucson, Arizona,

4 September 1962. See also Strategy for Survival, Martin and

Latham, University of Arizona Press, 1963.

Glasstone, Samuel, '"The Effects of Nuclear Weapons.” United
States Atomic Energy Commlssmn, Apnl 1962

Anderson, A.D., "The NRDL Dynamic Model for Fallout from
Land Surface Nuclear Blasts,' U.S.Naval Radiological Defense
Laboratory Technical Report USN RDL-TR-410, 5 April 1960.

Miller, Carl, Office of Civil Defense, Personnel Communication

Kleinecke, D.C., ""Deposit Location Predictions for a Single
Fallout Particle,”" University of California, IER, Civil Defense
Research Project, Series 2, Issue 35, 15 May 1961.

Kellogg, W W., Rapp, R.R., and Greenfield, S.M., '"Close-In
Fallout, " Journal of Meteorology, Volume 14, No. l
February 1957.

Wegner, L.H., ""Some Extensions of the ' Random Bomb Drops'
Local Fallout Model of RM- 1969," RAND Memorandum
RM-2973-PR, March 1962. .

Congressional Hearings, Civil Defense - 1961, U.S. Government
Printing Office.

3-71




OCD Soft Turget Study

(1) "Prediction of Urban Casualties from the Immediate Effects of a
Nuclear Attack," Final Report, The Dikewood Corporation,

DC-FR-1028, April, 1963 (Conﬁdennal)

(12) "Prediction of Fire Spread Following Nuclear Explosions," U.S.
Forest Service Research Paper, PSW-5, 1963. :

(13) "A Study of Mass Fires and Conflagrations, " U S Forest Serv1ce
Research Note, PSW-N22, 1963. ; .

(14) "The Circular Coverage Function," H.H.Germond, Rand Corp.,
RM-330, 29 January 1950. _

3-72




