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RESEARCH TRIANGLE INSTITUTE
Engineering Division
Operations Analysis Department
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by
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Contract No. DAHC20-71-(=0222

SUMMARY

Improved techniques are needed tu develop realistic procedures for
coping with damage from nuclear attacks on local urban areas of the
United States. The Recearch Trianglc Institute (RTI), under contract
with zhe Defense Civil Preparedness Agency (DCPA), is designing and
developing a4 Local Countermeasures Model (LCM) which will he parc of a
larger analyti.al structure to evaluate sclution alternatives to damage
problems.

This model (LCM) has been directed toward the evaluation of various
local countermeasures integrated into a total operating system. Herctofore,
system evaluations have ccncentrated on individual countermeasures; other
count.Tieasures have either been omitt~d or included only in supporting
roles. In contrast, this evaluution procedure is designed to integrate
all countermeasures into one system.

Technical Operacions, Inc. (TOI) initiated developmeni of an imventory
file which relates attack environments tu target area resource vulnerability
to dynamically define the status of civil defense resources. The develop-

ment work has been extended by the Institute for Defense Analyses (IDA).
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The overall analytical framework requires, as input, time-phascd
problems which are derived from the TCI/IDA damage asseasment model.
These nroblems are formed intu sets of problem affecting specific
resources described by the target model. The human population is the
prime 1esource but other resourres (including facilities, equipmenc,
goods, and materials) affect man's survival. Operations are formulated
which not only will enable the survival of resources but aleo minimize
the level of injury or damage to them. All problems are required to
have solution sets and all solutions are required io expend limited

résources.

Comparisons can be made between dissimilar functions if they are a
part of a set of operations that yield similar resuits and expend
equivalent resources. Choices are rmade between comparable operations [
on the tasis of & measure-nf-merit formulated from probable benefits

and expenditures of available resour-es.

The output of the Lozal Countermeasures Model is derived from the
beneficial results of agsigned operations und the availability of counter-
measures resources relative to the operaticnzl demands for them. The
latter relationship 1s called readiness. Thus, increased reac. ..ss and
relief and rehabilitation of survivors are thc berefits derived from the
cnuntermeasures activities. Results are partitioned to determine the ccn-
tribution of each subsystem to overail system p rformance and to interface
with the other analytical trameworks required for total system evaluatlcn.

Major accomplishments during the contract period were the programming
of three subnodels, in addition to the five developed under earlier con-
tracts. As a consequence, the prototype Local Cevntermeasures Model is
approximately eighty-five percent (85%) complete. (An exact estimate iv
difficult, or impossible, because the casired product 18 not prucisely

defined and the rcles are not stated exp’lcitly.) <

The Local Countermeasures Model, at least in a onreliminary form, will
demonstrate the eliements, procedures, and performance measures which can
be used in evaluating local civil defense operating systems.

At least four uses of the Local Countermeasurcs Model are envisioned.

First, it may be used to coordinate the many submodels developed in the

§-2
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countermeasure component areas (e.g., rescue, medica: treatment, fire-
fighting, debris cleariag, ond decontamination). Sccond, it may be used
to penerate data from which damage functions may bhe prepared for the
LVUNS (Evaluation of the Vulnerability or National Systems) procedures.
Third, it may be used to evaluate and test revisions to local civil
defense plans for specific lecal areas cr for the general planning
docements such as ALFA NEOP, on which they may be based. Fourth, it

may bec used to train civil defense personnei. Explicit guidance will be
needed to direct the model toward une or more of these applications.
Each role identified above should be evaluated to accept or reject its
applicability and to assign priorities to the accepted roles.

Practical use of a model of a local operating system can be achieved
best through the development of procedures to Test and Evaluate Local
Operating Systems (TELOS). A complcte description of TELOS is beyond
the scope of this effort. However, it may be described as the local
Countermeasures Model including the Local Damage Assessment Model /LDAM)
along with four additicnal models. They include: (1) an attack model
(known as ANCETOPS) to syntheslze the nuclear attack environmenks for
LDAM; (2) a data base syntliesizing model (not yet developed); (3) an
evaluation model (which is not as yet developed) to analyze and correlate
the outpurs from the Local Countermeasures llodel; and (4) a control model
(which is no. as yet developed) which superimposes control requirements
on all other parts of the TELOS procedures.

RTI recommends the developmen:t and implementation of a multi~year
program plan to realize all of the potential benefits from the Local
Countermeasures Model. RTI also recommends the integration of LDAM into
the LCM, the completion of the 1LCM, the preparation of a data base and

the demonstration of the combined local operating system model.
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FOREWORD

The rescarch reported herein covers the "design' phase of the
synthesis of a near-future total civil defense system for the Defense
Civil Preparedness Agency (DCPA) under Contract Number DAHC20-71~C-0222,
Work Unit 41261. Details of the computer programs developed have been
providea separately to the sponsor,

Work Unit 41261 is closely related to the Five-City Study. This
effort focuses attention on the 4120 task which has as its objective
the development of local CD system evaluation techniques. However, it
is limited to analysis aad modeling of a countermeasures system during
the operating phase.

The autnors express their indebtedness to Mr, Neal FitzSimons and
Mr. Donald Hudson of the DCPA Research Directcrate for guidance during
the study. The authors also express their appreciation to Mr. Edward

Hill and to others in the Research Triangle Institute who supported this

resecarch.
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ABSTRACT

The Research Triangle Institute under contract with the Defense
Civil Preparedness Agency is designing and developing a countermeasures
modgl which is part of the analytical structure (TELOS) to evaluate
solution alternatives to damage problems. The objective is to provide
a means for placing relative values on alternative countermeasure con-
cepts ewolving within the Agency. ‘Such an evaluation will provide better
information to support recommendations for civil defense programs.

This report describes the prototype design of the time-phased Local
Countermeasures Model. Major accomplishments during this contract period
were the programming of three submodels; these are in addition to the
five developed under previcus contracts. Some additional work is required
to integrate LDAM into the analytical procedure, to complete and test the
operations submodel, and to complete and test the transportation submodel.
Work to date has enabled demonstration of many of the elements, procedures,
and assignment criteria used in describing local civil defense operating
systems.

The requirements submodel updates internal status records and deter-
mines functional requirements based on 'mew' problem and resource files
generated in the problem definition submodel. The team assignment submodel
adapts an existing allocation procedure for assigning teams (representing
resources) effectively to operations which solve existing problems. The
deployment submodel distributes the assigned resources to the locations
where they can be utilized. The final steps in the operations submodel
are to execute the assignments, to assess the benefits gained from the
allocation of available resources, and to prepare the henefit-readiness

report.
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A Hodel of the local Civil Defense Operating System

I. INTRODUCTION

Improved techniques are needed to develop realistic procedures for

coping with damage from nuclear attacks on local urban areas of the
ited States. The Research Triangle lnstitute (RTI), under contract

with the Defense Civil Preparedness Agency (DCPA), is de- ' ining and
developing a Local Countermeasures Model which will be part of a larger
analytical structure to evaluate sclution alternatives to damage problems.

The objective is to provide a means for placing relative values on
alternative countermeasure concepts evolving within the DCPA. Such an
evaluation will provide better information to support recommendations for
civil defense programs. Other uses of the model include:

a) damapge function development for national systems evaluation,

b) training support for civil defense decisionmakers, and

<) assistance in developing anad evaluating local civil defense

plans.

1/

RTI=' has employed the simplified analytical tructure developed by
Mr. Devaney.g/ formerly of OCD (now known as DCPA), in synthesizing a

current local operating system. Subsequent effort by RTI has resulted in

_— . 3 . .
a preliminary design of a countermeasures model.ﬂ/ This model is part of

1/ R. N. Hendry. Civil Defense Operating System Synthesis: Countermeasures

Model. Research Triangle Park, North Carolina: Research Triangle Institute,
Octe' er 1968.

2/ J. F. Devaney. (ivil Defense Research Analysis: Washington, D. C.:
Research Directorate, Office of Civil Defense, December 1566.

3/ R. N. Hendry and Dora B. Wilkerson. Local Operating System Counter-
measures Model. Research Triangle Park, North Carolina: Research Triangle
Institute, Novembcr 1969,
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a larger framework designed to evaluate alternative local civil defense
operating systems. Interfaces between the attack environment, damage
assessment, target, and cost models in the larger system evaluation frame-
work (now known as TELOS) require an adequate definition of compatible
links between mutually supporting elements.

Resource damage problems are accepted and solved by the model by
assigning missions to organized sets of teams. This procedure measures
mission benefits gained as & function of team readiness to achieve them.

A companion effortéj by Technical Operations, Inc. (TOI) developed
an inventory file (further developed by the Institute for Defense Analyses),
which relates attack environments to target area resource vulnerability to
dynamically define the status of civil defense resources. The effort has
resulted in a local damage assessment model called LDAM.

The Local Countermeasures Model requires, as input, time-phased problems

which are defined by LDAM. These problems are formed into sets of problems
affecting specific resources described by the target model. The human
population is the prime resource, but other resources (including facilities,
cquipment, goods, and materials) affect man's survival. Operations are
formulated which not only will enable the survival of resources but also
minimize the level of injury or damage to them. All problems are required
to have solution sets and all solutions are required to expend limited
resources.

Comparisons can be made between dissimilar functions if they are a
part of a set of operations that yield similar results and expend equiva-
lent resources. Choices are made between comparable operations on the
basis of a measure-of-merit formulated from probable benefits and expendi-
tures of available resources.

The countermeasures model described herein is constrained to utilize

the damage assessment resource file as a basis for establishing the input

resources and the prevailing environments in which the countermeasure
operations must operate. Therefore, the output is presumed to be a
W/ ) .-,.. .
b i Tt ler, et al. Development of o Local Civil Defense Operating
s dvaluation Model (Draft).  Alexandria, Virginia. Technical Operat lons,

{hwnrpurntvd, January 1970,
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modifieu resource file in which the states of resource items are improved

by countermeasures taken by local forces in response to civil defense problems.
The output of the Local Countermeasures Model is derived frcm the bene-

ficial results of assigned operations and the availability of countermeasures

resources relative to the operatrional demands for them. The latter relation-

ship is called readiness. Thus, general population, system readiness, and

team effectiveness values are cutput from the Local Countermeasures Model.

Results are partitioned to determine the contribution of each subsystem

to overall system performance. However, since the evaluation procedures

have not been explicitly defined, an adequate interface with the other

elements of the Test and Evaluation of Local Opevating Systems (TELOS)

remains to be determined.




11.  COST-BINEFIT MEASURES

A General

The Lecal Countermeasures Model, as a part of the syvstem for TELOS,
must produce output performance measures in terms of resource expenditures
and benefits derived from these expenditures. Tne measures described in
the following paragraphs of this scction were derived in anticipation
of the evaluation requirements rather than in response to them. Therefore,
as evaluation criteria are developed these measures may be expanded or
altered to suit specific requirements.

l.ocal operating systems are envisioned as a set of civil defense
teams and facilities operating within (but also a part of) the population
and 1ts resonrces. Necessarily, simple measures of the quantity of sur-
viving people, facilities, equipment, and supplies have been and will con-
tinue to be used to describe resources status. They are not believed to
be sufficient for system evaluation. The following subsections describe
survivor benefit measures; relative-well-being; readiness; a performance
measure called teem~effectiveness; cost and price: and other potential
indices.
B, Survivors

"to improve their

Local civil defense systems have a responsibility
individual circumstances for survival, and to relicve thei: distress, in
the event of enemy at+tack on the city.”é/ Therefore, it is reasonable to
include the number of survivors as a measure of the deprz2e to which loca)
authorities have met this responsibility. The comparative measure of
survivors-added (or lost) indicates a relative benefit between two times,
between two alternative actions, or both. Neither survivors nor survivors-
added respond to the other part of the executive order referenced above:
i.e., "to relieve their distress." 'Distress" is taken to mecan the status
of a surviving citizen including health and welfarc. Using this order as

a base, three measures of survivor state have been developed. The first is

s/

Executive Order No. 7 dated October 26, 1962, City of Detroit.

~




Jabor potential or health.  This measure is designed to recopnize the
many injured and disabled survivors who are in distress. The second is
cmployment potential.  This measure is designed to quantify the jobless
who are in distress because the productive capacity of the local arca has
been destroyed. The third is housing potential. This measure vetflects
the depree to which area residents have been deprived of housing.

A team is the basic c¢ivil defense operating clement in the lLocal
Countermeasures Model.  The number of surviving teams 1s another measure
which is believed useful in describing system performance. Correspondinglv,
the team-hour is the basic resource unit whichv is expended during operations
to cither increase survivors or relieve thely distress.  Measures indicating
the state of civil defense teams are important in explaining the operating
cffectiveness of local sy-*ems. Five descriptors are used to define team
states: active, mobile, inactive, inoperative, and restricted. Fach team-
hour of ecach surviving team is classificed as being in one of these states.
An active team-hour status signifies that a team has been activelv emploved
for an equivalent of one hour in solving survival or relief problems. A
mobile status is defined as woving from one place to another ecither for
redeplovment purposes or to transport people from one area to another.
inacsive statvs is belivved self-explanatorv. A team in an inoperative
state is one that is snort of personnel, ecquipment, supplies, or facilities
and, thereby, cannot function 2ffectively. Finallv, a team in a restricted
status identifies the effect of hipgh radiation ievels on team activity.
Three other measures relate to the demand for team-hour resources. The
first of these is indicated as a "shortage." A "shortage' is defined as
a demand for team-hours that cannot he satisfied by available resaurces
during the current pericd. The second is a “pending" status in which
team-hours were assligned to satisfy a demand during the current period
but were unable to complete tue assignment. The third measure is the
quantity of team-hours expencded during the current period to complete or

satisfy a demand. Thus, all team-hours in a '‘completed”’ status are either

mobile or active and are required to satisfy a demand.

g,
s



All of the above simple measures should be included in the output.
If they are used for each unit area, statistical ineasures including means
and standard deviations of these values may be of some value in evaluating
local operations depending on the use to which TELOS is adapted.
C. Relative-Well-Being

The combination of the simpler measures of population status is

called 'relative-well-being" (RWB). It is described by the following

mathematical relationship:
RWB = (1 + L + V+ W)

fraction of population surviving;

w
]

where Survivors,

Labor Potential, L = average level of physical capability of the
survivors expressed as a fraction of preattack
normal capability;

average level of value-added productive capacity

Job Potential, V
surviving expressed as a fraction of the preattack
value-added productive capacity; and

Housing Potential, H = average level of hcusing expressed as a fraction

of surviving population housed in residential
housing units assuming the preattack average

number of persons per housing unit.

Constants are added to each component measure to normalize the overall
measure and cause it to range from 0 to 1. Different values of these con-
stants enable the weighting of terms to reflect the user's priority scheme.
If not otherwise designated, a default set of constants can be employed
which set the coustants to zero for the constants attached to L, V, and H,
respectiveiy. These default values would set RWB equal to S.

Figure 1, Area Benefit Report, shows the format produced in Program 8

using test data for one period. This report shows the population for each
unit arca and the percentages of that population who (1) are normal (have
no problems), (2) have problems, and (3) are lost (dead). These measures

can be plotted as illustrated by Fig. 2, Population Plots, for up to 99

time periods. Filgure 1 also shows the RWB for the previcus time period as



well as the current time period. The differences between time periods are
recorded under benefits added not only for RWB but for its components as
well. A negative sign denotes a deteriorating effect. The readiness
measure shown as RDY will be described in the next section and the concepts
of cost and price will be described in a later section. RWB, RDY, RWB
Price, RDY Price, S, L, V, and H may be plotted in a manner similar to

that shown in Figure 2.

DATE = 05-15-72 BENEFIT REPORT PAGE No. = 001
PERIOD = 1 TIME = 24.0 DURATION = .5 ) ZONE = 1 EOC = 1
AREA TOTAL ——<=PERCENT~—— ~~=——PRIOR STATE~——— ~——=CURRENT STATE~——— ~—=~—BENEFITS ADDED ~— RWB <-POTENTIAL BENEFITS ADDED- RDY
NO. POP. NORM PROB LOST RWB RDY COST  RWB RDY COST RWB S L vV N PRICE RDY S L v 0 PRICE
1 15586 .65 .29 .06 1.000 .000 0 .674 «273 0 -.326 ~-.05 -.40 ~.36 -.36 0 .273 1.00 .04 .03 .02 0
2 10000 1.00 .00 .00 i 0QO0 .000 0 1.000 1.000 0 .000 .00 .00 .00 .00 O 1.000 1.00 1.00 1.00 1.00 0

FOOTNOTES. KB = RELATIVE WELL BFING RDY = READINESS COST = TEAMHRS § = SURVIVORS L = LABOR J = JOBS H = HOUSING PRICE = THRS/BEN

Fig. 1. Area Benefit Report.
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Fig. 2. Population Plots.



D. Readiness
Whereas relative-well-being (RWB) describes the relative state of the

population at a point in the emergency period, readiness (RDY) represents
a measure of the potential RWB based on the ability of the system to meet
the demands for civil defense services. RDY contains terms very much like
RWB but has one additional element. This new element measures the ability

of the civil defense management to process problems in the four categories.
RDY = C + S (L +L°+ V" +H).

The evaluation of each of these terms is more complex than in the
case of RWB above. In order to simplify the explanation, only one term
L° will be described. The other terms are derived in a similar manner.

. +p
L (F, lL)/P
where: L° = expected fraction of the total population with no

health problems at the end of the next period;

FL = population having no health problems;
P = total populatiom;
PL = RX(B + B“Y),
where: PL = expected number of people whose health problems
are resolved during the next period,
R = patients-to-beds ratio,
= expected fraction of demand for medical team-
hours that are available or can be made available
during the next time period,
B = number of hospital beds not threatened,

B” = number of hospital beds being threatened, and
Vv = expected fraction of threatened beds made available

during the next time period.



Constraints in this analysis are:

FL + PL is not greater than P,

P is not equal tc zero,

PL is not greater than the health problem population,

X is not greater than 1, and

Y is not greater than 1.

This RDY measure and its component elements evaluate the ability
of the present system to respond to the demands for civil defense resources.
This measure is not proposed as an absolute measure but rather as a relative
indication of system readiness. These measures may be plotted in a manner
similar to that shown in Figure 2.

E. Team Effectiveness

If the performance of local civil defense operations is to be evaluated,
other measures must be employed to complement the RWB and RDY values. A
team effectiveness index has been developed to show how well each type of
team performs. The effectiveness measure is developed from the product of
three component measures which are considered relevant to a comprehensive
evaluation. These component measures are: availability, reliabilitv, and
utility. They are defined as follows for each team, each area, and each

time period being analyzed:

Availability, A = &3

Reliability, R E—ig?zi—l;

Utility, | = ——————— ; and
yo U a+n+i’

Effectiveness, E = ARU = ¢/t

where: t = total potential team~hours,
. = team-hour losses,
a = active team-hours sutisfying demand,

m = team-hours committed to movement, either for deployment

to satisfy demand or redeployment (non-productive movements) ,
i = inactive tecam-hours, and
¢ = team~hours satisfying demand for both active team-hours and

deplovment team—hours.



Figure 3, Team Effectiveness Report, describes an output based on

hypothetical data. This repcrt has a line item for each type of team
which is identified by a team number. The number of teams lost and
surviving, together with the total team-hours available, gained or lost,
and demanded are printed as a basis for the relative indices defined above.

The team-hour demand distribution is displayed to the right of the demand

column showing the fractions called "S " (shortage);_"C " (completed), and
"P " (pending).

under the "A," "M," "I," "0," and "R" columnms.

“I" are defined above.

Next, the team-hours available distribution is displayed

The categories "A," '"M," and

and restricted fractions, respectively, of total available team-hours.

Columns '"0" and "R" are defined as the inoperative

Each

of the two distributiqns should account for 100 percent of total team-hours

availabie and demanded.

described above are computed and displayed for evaluation.

Using the appropriate column values, the indices

DATE = 05-15-72 TEAM LFFECTIVENESS REPORT PAGE NO, = 01
PERIOD = 1 TIME = 1.0 DURATION =« 1.0 ZONE = 1 EOC=1 AREA =1
--------- TEAM »~====== ===-=TEAM-HOURS PERCENT
GAIN/

NG. LOSSES SURVIVING TOTAL LOSS  DEMAND S c P A M I 0 R AVAIL. REL. UTIL. EFFECT.
2 63 104 104 3 327 .301 .284 .,425 .850 .046 .085 .014 .000 .622 981 .911 .55%
12 112 499 499 -44 131 .000 .852 .148 .209 .014 .563 .21 .000 .817 .788 .283 .182
15 5 93 93 -5 1023 .925 .0S50 .035 .550 .000 .351 .10) .000 .950 .901 .561 .480
21 24 381 381 5 58 .000 .981 .019 .149 .790 .037 .025 .000 .94l .976 133 W141
28 1 116 116 32 421 .599 .237 .164 .B20 .043 .079 .056 .000 .990 W62 912 .850
33 87 w42 201 -87 975 .536 .156 .308 .000 .755 .202 .GL3 .00O .700 L9577 .791 .$30
6 230 368 344 -180 160 .000 L8113 197 .000 .380 .478 .14z .000 .601 .B58 LAl .227
41 55 283 283 ~-42 0 .000 1.000 .000 .000 .000 .913 .087 .0CO .36« .913  .000 .000
46 192 147 147 -24 98 .062 ,715 .223 .456 .020 .186 .338 .0C0 .273 .662 .718 .130
47 191 501 501 -191 677 .246 438 316 444,148 .158 249 .000 .723 .750 .787 423

Fig. 3. Team Effectiveness Report.

The report generating procedure is able to generate similar reports
tor each EOC and for the zone at large. Moreover, an average or composite
teanm is deseribed as the last line item in the report. Although not now
orogrammed, another repcrt could be prepared summarizing the performance of
coach tvpe of team over time. The team effectiveness reports should not be

confased with the need for an overall local operating system effectiveness



report. The latter type of final evaluation report is beyond the scope

of the current effort and should be generated from results developed in an
evaluation model based on data not only from the countermeasures model but
from the damage assessment model as well. Due consideration must be given
to program objectives, resource inputs, attack scenario, analytical con-
straints, and cost.

F. Cost and Price

The notion of cost is extended to include the expenditure of team—
nours. Team~hours are presumed to be a resource to be expended during an
interval of time on a use-it or lose~it basis. The cost columns in the
Benefit Report provide links with the Team Effectiveness Reports for the
previous and current periods. They represent a measure of the number of
team-hours required to achieve the benefits acquired during the two perieds.
Records of these expenditures and the effectiveness with which operational
controls have managed them will be useful for identifying éreas needing
improvement.

Another indicator which may prove useful in systems evaluation is
price. Cost (team-hour expenditure) measures are collected for both
RWB and RDY related tasks. If these cost values are divided by their
respective RWB and RDY values, a palr of potentially useful indices are
generated. They will provide a measure upon which to base an estimate
of preattack resource requirements. Analysis of the historical records
from the countermeasures model should produce observable trends in
resource requirements and aid in improved planning and training for civil
defense operations.

G. Other Indices

The cost-benefit measures discussed in the previous paragraphs are
belicved to be the best measures of local operating system performance.
“any other values can be produced in the output reports, if they are needed
for overall system evaluation. However, other possible indices should not

hediveloped until a specific need arises during final system evaluation.



III. LOCAL MODEL DESCRIPTION

A. General

The Local Countermeasures Model has been described in previous
reports and its potential uses have been presented briefly in the preceding
sections. This section updates the descriptions in previous reports.
Although the description emphasizes the initial role of the countermeasures
model--that is, the integration of all component subsystems--the model is
readily amenable to performing the other roles identified in the introduc-
tion. In addition, the model has s capability by which submodels can be
bypassed by using table-lookup techniques to generate performance data;
however, for continuity the local model description will be presented as if
the initial role is its primary role.

All activities performed by local civil defense forces must be in the
Local Countermeasures Model for analytical results to be credible. Not only
must these services be present, they must be sufficiently detailed to include
all significant components and activities nccessary to implement their
assigned functions. Moreover, the interrelationships between functions and
services must be identified if the effectiveness of the total civil defense
system is to be determined.

These points «re emphasized to draw attention not only to the desir-
ability but to the necessity of defining a countermeasures model which can
interface directly with functional subsystem models. Subsystem models are
defined as models generated through component studies under other Divisions
of the DCPA Research Directorate. For example, the medical service functional
submodel programmed by RTI under a research project for another Division can
be made effectively a part of the overall countermeasures model. Likewise,
other models can be embedded in the analytical framework. Some functions of
the local operating system--such as communication, transportation, supply,
and control ca.not be subordinate parts because they must coordinate the
other functions.,

The essertial elements and the sequence in which they alter the states

of resources are shown in Fig. 4, Countermeasures Model. As shown, the

“ojer part of chese elements has been programmed. The problem definition

vled wan proprammed in COBOL for use on the CDC-3600 computer at the
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National Civil Detfense Computer Facility (NCDCF). As indicated above,
the medical submodel has been programmed, and the requirements submodel
with which iv interfaces has been written and tested; both are on file
at NCDCF. The transportation submodel has been partially programmed and
tested to generate route and time values for the operations submodel.
Communications are omitted for the present, but after the other structural
elements have been completed, a communications submodel may be incorporated
with no expected difficulty. The allocation function has relied heavily
on the work done under Work Unit 16319/ to provide a means for controlling
he simulated activities of the local system. After assigument of teams
to operations, specific changes will be made in the states of resources.
Control over these movements and the rate at which they take place has been
provided in the deployment submodel: work on the operations submodel has
been nearly completed. A reporting submodel has been added during the past
year to take data from the operations submodel and prepare output reports
describing population and readiness benefits and team effectiveness. These
aspects of the local model were described bricfly in the preceding secction
ol this report entitled "Cost-Renefits Measures." Finally, the resources
are redefined within the inventory file in terms whicn express their degrees
of vulnerabilitv to damaging environments. This model was pregramrad and
tested at NCuok. The tirst and last of these programs are designed to be
compatible with the program developed by 1014/ and improved by 1DA.

A more detailed description of each of the analytical procedures
referenced above, beginning with problem definition, is given in the

following sections.

&/ P. §. McMullan, et al. Budget Allocation for Shelter Systems, Final
Report. OCD Worx Unit 1631C. Research Triangle Park, N. C.: Rescarch
Triangle lnstitute, June 1967.

7/ Hans J. Tiller, ¢t al., op. cit.




B. Problem Definition

Organization of civil defense countermeasures o meet undesirable
situations begins with problem definition. FEach resource in the inventory
status file is examined with respect to its damage state and environment.
A set of problems is identified which controls the type of operation to be
conducted to solve or improve the prevailing situation. A counterpart of
these problems is the availability of resources to implement proposed
countermeasures. Shortage or damage to these resources, particularly
injury to personnel, adds control and readiness problems to those already

recognized as requiring remedial action. Availability of CD resource is

defined by a rescurce matrix organized by land use or service function

and vesource tvpe associated with each funztion. The output of the problem
definition submodel is a problem file containing four general classes of
problems. Records of two or more classes exist for each land-use entry
within, a unit area. Control and readiness probler:s are always present.

1. Control Problems

Problems that relate to rhe ability to identifw, locate, direct,
coordinate, or otherwise control the civil defense system are identi-
fied as control problems. One example is the inability to inform
people due ro the disruption of communication facilities; a second
example would be insufficient information about the prevailing environ-
ment at a distant location under its jurisdiction; a third would be
unassigned resources that may be useiul elsewhere in the system. In
some instances a problem may have been r2ported but insufficient
information included to take appropriate action. Finally, problems
unresolved at a lower control level represent a control problem requiring
remedial action at higher level in the control system. All of these
problems are assessud on the type "1" problem record. Many simplifica-
tions are necessary in a prototype design. For example, communication
is assumed to be perfect. Thus, communication problems are deleted
from the initial design, although the inherent capability to handle

these problems remains.
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2. Readiness Problems

Problems that relate to the vulnerability of people in a
preattack situation or to pessonnel, facilities, and equipment
required by teams are readiness problems. The availability of
resources to meet other tvpes of demand is increased by corrective
actions in response to these problems rather than by yielding direct
henefits. For example, if a team is inoperative because cof 3 shortage
of supplies, providing supplics does not necessarily mean benefits;
however, they will in all probability yield benefits if the supplies
are timely and used effectively. In some instances countermeasure
actions may decrease the potential for injury to unprotected people.
Thus, the solutions to readiness problems are extremely important to
civil defense as a means by which the potential for gain is greatly
improved. Problems of this type are entered on the type "2" problem
record.

3. Damage Control Problems

Damage control problems, unlike other problem types, prevent the
loss of a resource or its utility rather than improving an alraady
degraded condition. Fxamples of this rype of problem include fire-
fighting, decontamination, and debris clearing. Operations formulated
to resolve these problems provide henefits dorived frem the salvage of
resources which would otherwise be lost. For example, the use of
shelter spares, pumping stations, and residential units within an area
may require damage limiting operations to remove tie threat of fire-
spread.

4. Relief and Rehabilitation Problems

This class of problems, which relates directly to the state of
people, consists of shelter, rescue, treatment, and rehabilitation
probleme. It scts the standard for measuring the degree to which
human life has been disrupted. All other problem groups must relate
to this one and in this sense are subordinate to it. Damage control

problems become meaningful by the degree to which they prevent the




tvpe of problems recopnized by this group. Moreover, increased
readiness and control problems become meaningless unless they reflect
an inability tc¢ cope with either damage control or relief and rehabi-
litation problems. Since this last group represents the most important
set of problems, it has been the primary subject of the model-building
ef fort within the countermeasures model. Important cousideration has
been given to readiness problems asscciated with reiief and rehabilita-
tion problems.
In a dynamic evaluation of a local civil defensc system, problems
change from one period to another; therefore, problem definition not only
requires identification »f a problem, but details of its magnitude and rate
of change. Some problems which remain unsolved may deteriorate into different
or more severe problems (e.g., they may spread from one area to another); they
may even disappear altogether with or without adverse effect. Recognition
of this dynamic character is one of the significant differences between the
svstem model now being developed and previous models. As a consequence,
the output from the problem definition submodel cont:ins a problem change
file which denotes the increase or decreasc in the number or mapnitude of

problems over those existing in the previous period. Only when new problems

have been recognized can requirements for appropriate civil defense activities
be generated., ‘

C. Alternative Sslutions

The first function of the requirements submodel iz to update service
records and verify increased readiness and control problems. After updating,
sufficient information is available to prepare alternative assignments.

These assignments are inputs to the various functional submodels. This
requirements submodel has been written to include a table-lookup capability
which can be used instead of submodels to gencrate resource requirements.
1f selected, a procedure is available that will link the detailed medical
trcaLmontgl and transporation submodels which are described in Sections

IIT.T ana I1I.F.

8/ ‘

J. N. Pyecha, et al. VLUser's and Operator's Manual ifor the locai and
Agpregate Total Imergency Health Care System Models. Final Report R-OU-407,
Volume T1. OCD Work Unit 3432B. Research Triangle Park, lorth Carolina:
Research Triangle Institute, October 1970.
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1. Service Status File

It is possible to update the service file with respect to the
status of teams by cxamining the resource and the "new'" problem
files. Tor example, if a change due to injury, entrapment, or
other mishaps reduces the number of eligible civil defense people,
adjustments in the number of tcams and, perhaps, their functions
and state distributions are necessary. Updating is also necessary
if the magnitude of a problem has decreased, so adjustments would
have to be made in existing assignments and then in team states.

An example of the need for updating in service status is the death
of people scheduled for rescue while teams are enroutc to the site.
Thercfore, the status of teams may change from active to inactive,
pending reassignment. Changec in equipment or supply are made by
updating the service status file and by noting any new increased
rcadiness or contrcl problems. Aifter updating, appropriate rccords

are selected for processing through zach functional submodel.

2. Functional Suomodel Input Processor

Initially, two functional submodels (medical and transportatior)
are being incorporated in the overall countarmeastures model. Each
riequires a scparate inpue file. Ty add depth to the operational
alternatives offered by the model, other functions (e.g., rescue,
casualty collection, remedial movement, and shelter) are incorporated
in a simplistic fashion by table-lookup. The medical description
assumes the existence of a sect of records containing the number of
teams available, quantity of sunplies, and the type of injury, as
well as identification and general data about the unit areas. The
requirements submodel generates this data set from the resource,
problem, and assignment files as an input tv the medlical submodel.
After processing the input files, the f{unctional suhmodel gencrates
an output that is processed by an outpuc file processor to generate
data used by the assignment, depleyment, and operations submodels of

the local Countermeasures Model.
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3. Functional Subuwodel Qutput Processor
Following fanctional evaluation of a problem's demand for 1

resources, the outputs are vedefined for che assignment record. A
tvpical cutput processing task can be illustrated by outputs from

the medical submodel. Data items rececived frem the medical submodel
are the number of casualties treated and not treated, the number of
deaths er sected in cach group, supplics used, team-hours used by each
team assigned, and the number of transfers. These items are entered
or redefined as required on appronriate functional assignment records.
After all functional submodel output is determined fer all unit areas,
contral is passed to the team assipgoment submodel to evaluate assign-
ment or reassignment of teams to specific operations.

n. Functional Subwodels: Medical Submodel

Two computer simulition aodels designed te assist medical preparedness
planners in analvzing postattack health consequences were developed by RTI
. 9/
! under OCD Research Project 3432B.~ One of these models, the Aggregate

Total Emergency Heaith Care Svstem Model (the Aggregate Model), can be

applied in the study of health related problems 2t the couaty, arca, state,
’ regional, or natioral leve]s.lg/ The other model, the Local Total tmergency
Health care System Model (the lLocal Model), is designed teor studving single
localities—--a town, a cityv, or a one~ or two-county area in which detailed
} resules are desired for cach Staadard location Area (SLA)Y.  The Llocal and the
Aggregate Models, altiough they differ consiverably in logic flow, arce simi-

larly designed; cach has two subniodels or progprams that provide essentiall
5 i

9/ . )

= J. N. Pyecha, et al., op. cit.

10/ .. . Lo . .

—~=' County, area, state, or repion desfeEnatilons a:e used In this report as

defined by the National Location Code (NLC) prepared by the Bureau of the

Census for the Defense Civil Preparcdness Apency (formerly OCDh).  In order

to prevenl any ambiguity in the use of these term:., a NLC arca or region will

be designated as a NCPA area or DUPA region, respectively. No distinction ‘
with regard to tae use of the terms "county” or "state" is required. <
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the same type of output fur their respective geopraphic arecas: (1) an
imrediate effects submodel is directed toward improving the prognosis of
the immediate weapon effects injuries for days 0 throupgh 30, and (2) a
communicable discase submodel is directed toward prevention and cure of
disease epidemics for davs 31 throuph 365.

An oxcellent opportunity Jor demonstrating a practical interface
between component  studies and a total svstems evaluation model is offered
by adaptation of this model for use in the local Countermeasures Model,

To that end, this model was selected and programming was Initiared (see
previous sections on the functional submodel input and output processors).

1. Immediate Effects Submodel

The immediate effects submodel simulates the sorting and treating
of seventy-two casualty types that might survive a specific nuclear
attack. Prognosis of death is based on the injury type, the radiation
dose, the availability of medical supplies, the level of treatment
received, and the time delay in initiating trecatment., These delays
are due to (1) dangerous radiatien fallout fields, (2) transporting
supplies and casualties, and (3) reestatlishing a minimum organization,
o ouumber of deathe and survivers of the 30-day immediate effects
phase, along with the utilization rate for medical supplies and person-
nel, arc outputs. '

A prognosis of survival is applied to each set of injury problems.
Input data defined rfor ecach injury type specified in the medical case-
load include: (1) the time required for treatment at the surgeon,
physician, and allied medical personnel levels; (2) the time span after
which initiation of treatment is of ro avail; and (3) the prognosis at
cach treatment level! or it no forrmal treatment is undertaken. GQutput
poes to the functional submodel output processor (referred to in the
previous section). A detailed description of this submode! can be
found in the referenced report by RTI.ll/ Although not presently
contemplated as a part of the total systems evaluation model, the
communicable disease submodel is likely to become a part of it and,

therefore, is worthy of brief comment.

. Pyvecha, et al.. op cit.




2. Communicable Discasce Submodel

The communicable discase submodel evaluates the fir-t 30 days
in the postatrack phase.  The submodel, using a mathematical descrip-
tion of infectiun, subjects survivors of the immeusiate e¢ffects phase
to the risks of becoming infected by one or more of cleven communicahle
diveases. The variabies include radiation dose rate received by
casualties, peopraphic area iavolved, time of year {seasonal variation),
and gencral postattack conditions. A prognosis function, based on the
discase tvpe and the availabilitv of medical personnel and supplies, is
applied and estimates of infectives and fatalities, along with the
allocation rate tor medical resources, arce made in chronological
periods of from cne to five days. Death rates bv discase type are
adjusted to reflect current status of medical resources; for example,
the scverely irradiated will dewvelop problems more quickly than the
other groups and, therefore, wili use resources first. OQutputs are
similar to those for the immediate effec's submodel; however, the
number of "infectives'" by disecase type is substituted for the number
of cvasualties by injury type.

3. Medical Submodel] Jutputs

Although the immediate effects and the communicable disease sub-
models are not alike in detail to each other or to the other functional
submodels, they both do possess similar characteristics such as the
specifications of such common outputs as (1) team-hours demand,

(2) supply items demand, (3) transfers (demand exceeds capability),
and (4) expected losses or state changes.

Resource Assignments

Both the file configuration and the data management techniques being

developed ir the requirements submodel are nceded to prepare the team assign-

ments. A new record is created to describe each operation required to

solve a defined prohlem set. The number of teams and the average time each

team requires to implement each operation and to secure the desired benefits

are derived from functional submodels or table-lookup. These values are




used, subject to constraint, to determine assipnments for all teams under

an adaptation of an efficient alporithm developed by RTI,ll/ assigns
resources to alternative programs. Demands not assipned are retained for
subsequent allocation of unassigned resources in later periods. Provision
has been made to permit externally assipned priorities to override inter-
nally assigned priorities. After all assignment decisions have been made
and new and old operations records have been combined, the evaluation
procedurce enters the operational phase for the deployment of resources and
the executson of mission assignment.
P Resource Deployment

Deployment planning for team and supply distribution over the
network of lines ond links is necessary in tatal countermeasures svsten
analysis.  Planninp leads to the proper and efficient assignment of
resources.  Yhort cuts are contemplated which would permit a choice
between estimating arrival times and determining them in a4 queuing
model . The minimum route procedure has been programmed in FORTRAN, but
it bas not been adapted tor the route selection procedure described in
Scetion T11.F.4,  Thus, the selection or operations aud Lhe assigiment
of teams to trips are presumed to have been accomplished before deplov-
nient.

1. Generail Description

Because an important aspect of a dynamic system is the movement
of resources trom one drea to another, movement to shelter, as a
countermeasure concept, cannot be cvaluated satisfactorily without

some form of trangportation submodel. Although, the present model

P. 8. Mchullan, et al. Budget Allocation for Shelter Systems, op <

[=5

t.

13/ P. 8. McMullan, et _al. An Alporithm fo:r Maximizing Cost Effectiveness

of Civil Defense Shelter Development Programs. Work Unit 1631C.  Research
Triangle Park, North Carolina: Research Triangle Institute, October 1966.
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duoes not utilize the gencral queuing model procedure which is described

in the follewing paragraphs, it is planned to incorporate this procedure

at some tuture date.  Therefore, the prototype version assumes that

predicted minioum travel! times without traffic delavs are realized.

The queuing model will enable a time-related set of moves to shift

resources about the network and determine the delays due to trafric

congestion.

2. Minimum Routc
A minimum route {ile is generated in the transportation submodel

for all moves between admissible origins and destinarions within a

network,  Scelected minimum paths consider network problems (radiation,

blocked streets, traffic jams. speed-reducing debris, etce.) evident

in the queuing model for the immediately preceding period. This

voute file is the source of all movement time entr’es in trip records.
Special procedures are being derived for dealing with the

relatively large networks. Present estimates contemplate over 300

major artery links for the Detroit Metropolitan Area network.

Since this area is foo large to be managed as a single network,

four levels of networks coinciding with the organization structure

have heen devised. Level 1, which corresponds to the sector, is

a network linking unit areas within a sector; nodes (otherwise

identified as link terminals) which are interior and do not appear

in another network are labeled level-l nodes. Level-2 nodes are

exterior, ur sector boundary points. Level-3 nodes are level-2

nodes which are also group boundary points. Level-4 nodes are

borh level-2 and level-3 nodes and arce zone boundary points.

Level-5 nodes are also zone boundary points, but at the local

lcvel of analysis they are recognized only as level-4 nodes.

Thesc levels allow one to structure a network of minimum routes

(rather than links) and to determire movements over large networks.,
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3. Trip File Generation

Resource availabilit, and functional capability arce the two main
criteria for generating movement vequests. I the environment prevents
funcrional performance or resources arc not avallable in a specific
area, neighboring arcas are searched to establish minimum time moves
that resolve these problems.  Searches are conducted in order of
operational priority and two trip records are geacrated. The first
is used to subtract resources at the origin and the second is used to
add resources at the destination. 1f arrival times have not been
reached at the end of the current period, the resources are placed in
an “in-transit" stetus.  The trip file is the primary input to the
queuing model. The purpose of the queuing model is to determine
whether the planned trip departure and arrival times can be excecuted
over the transportation network. Delays due to traffic congestion
are acknowledged by alterinpg either or both of these times.
4. Queuing Model

Basically, a trip is defined as a move in which some resource
takes a path (represented by the link) through an environment.
The link has four properties: (1) a gate which processes trips one
at a time, (2) a queue which orders the trips through the gate,
(3) a pointer which guides the trip to other links, and (4) a
generator which originates new trips for the networks. The submodel
maintains two lists of pending events (origination and process
completion); each list has an eatry for each link, The next event

is the minimum positive entry in either list.

Initially, origination times are set to 7zero, process comple-
tion times are set to minus 1, and all links are set idle. The
criginate routines must be entered first to place trips in queue
and to determine the time-to-next-origination for the originations
list. The idle indicator requires that a trip be selected for each
link and that the process time be determined for the process
completion list. Control is governed by the advance of "simulated"

time and by the event times on either of the two lists.
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The "simulated" time enters the link's originate routine if it
rcaches a time in the origination list. This routine gencrates the
required trip descriptors and the time-to-next-origination. The
former is placed in qucue; the latter, in the originations list.

1f "simulated” time is reached in the process completion list,
the link's disposal routine is entered to define the link aumbers
by which the trip is routed and places them last on its queue. The

1y AN
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link is labeled if the "trip" queue is now empty; if not,
coutrel goes to the queuc select routine to find the position of the
next trip for processing. {ote: I7 first-in-first-out, the next
trip in queuc will be processed next.) The selected trip descriptors
are moved to the working location and the process time is determined
by the process routine. The "process” time is added to "simulated"
time and placed on the process completion list,

Maximum queue lengths can be specified by using a special
feature of the disposal routine. Trips arc retained in the present
link, which will become temporarily idle until the queue at a
specified link decreases.
5. Yperational Deployment

Using the queuing model described above and the trip tile,
resources are moved over the network., Starting with the highest
level network, movement proceeds until all are at the lowest (or
the unit area) level. Unforcseen delays require that arrival times
be adjusted for positions attained during the time interval. Statis-
tics are prepared for cach link. Information from this queuing process
will be used for planning movements in the assignment model during the
next time interval. Thus, decisions are being influenced constantly
by cvents in the immedicte past.  (Correspondingly, fallout prediction
data could be made to influence routing by formulating predictions in
a way similar to that described above; however, this prediction optien
is not planned for the local model now being developed.) Deplovment
is completed to determine arrival times for teams performing assipned

functions.

25




G Uperations

Sermally, deplovment with or without the queuing model is made possible
at the bepinning of the opevations phase at rates specifica by two trip
records pencrated in the deplovment svehmodel . These two records are sortee
1nto oripin and destination locations in a sorting operation between the
deplovamene and operations submodels.  Operazions records are processed by
priority in the presence of assignment recerds organized by area, operation
number, and land use.  Changes in resource states are recorded in the benefit,
probiem, and resource tiles. Changes in syster performance are recorded in
the benetit and readiness files.

This precedure is nearly completed.  It, together with the tranporta-
tion submodel, are the last clements needed to complete the prototvpe local
Countermeasures Model.  however, no significant problems are expected in
cempleting these submodels. The benofit file is used in the report submodel
tu describe benetits, readiness, and team effectiveness.  The changed
resource and problem files are input to the final! step in the countermeasures
medel before redefining the resource status and recording the vulnerabilicy
in the Inventory status {ile.

H. Cost-Benefit Reporting

During the reporting period, a rveport generating procedure was pro-
irammed and tested using hypothetical data. This program uses two files.
The first is a performance file generated in the operations »ubmodel. It
contains team performance information, population benefits, and readiness
data. The second file contains historical cost-bencfit data from previous
periods.

Data from these two files are processed and the cost-benefit measures
described in Section Il are developed and displayed in two reports, the
Benefit Report (Figure 1) and the Team Effectiveness Report (Figure 3).

In addition, the program ha« the capability of plotting data on the Benefit
Report to allow visual scanning for significant changes. The plotting
procedure can plot four (4) data sets for each time period. An example
of this form of output may be seen in Figure 2. Four different sets of

plots may be produced displaving the values of 16 data elements.
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As the countermeasures model is integrated with the evaluation
model, additional data requirements are likely to evolve. I s0, then
this report generating procedure probably will be altered to meet these
new needs.,

1. Inventory Protection

Where the people are Jocated (e.p., in single family residential
units or NFSS shelters) determines the protection level or. conversely,
thie vulnerahil ity level of people. People are loaded into shelters and
inventory records are prepared according to the control policy and posture
constraints prevailing at cach location. Thie submodel, programmed for
the CDEC-3600 computer al NCDCF, uses thie problem and resource files from

the operations submodel to update the status of resources in the inventory

file developed by Technical Operations, Inc. (TO1) for their damage assess—

ment model.,  Three files (problem, resou-ce, and inventory) are manipulated

to update the inventory file. The inventory .ile is described here to ‘

emphasize the significant aspects of this interface. If area data remains

unchanged, the file is trausierred directly to the updated file; structural
data and arca situations are generated from the mastcr inventory and prc-
blem files; personnel records are generated largely from the preblem file;
resource records ave generated from both the resource and the master-status
files; and shelter space records are transferred from the master-status

) file (MSF). 1The finai function of this submodel is to fill shelter spaces
according to the control policy and to record the protection factors for
the occupants.

At this point in the evaluation, one pass has been completed by the

countermeasures model by taking the master-étatus file {rom the damage

! assessment model and delivering back to 1t an equivaleat file. This file
was modified to rerlect civil defense countermeasures during the specified
time interval. In the course of planning and executing the specified
countermeasures, a number of files were created, modified, and retained
for the next process period. Processing continues until the number of
time periods required by the system control model terminates the simula-

tion. A large number of printout options provided within the submodels
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vield a running description of system performance. Output data may be

processed at the conclusion of each pass or at the time o: termination.
The MSF contains most of the information in the data base. It is

a vital part of the local systems analysis as evidenced in the following

discussion.

J. Damage Assessment

A brief description of the Local Damage Assessment Model (LDAM)li/
is abstracted here to enable the reader to follow the entire procedure
planned for local system simulation. If desired, the user may intervene
either before or afier executing the LDAM.

The model applies prompt and persistent effects of one or more nuclear
detonations to each unit areaz and to each area's resources. Siace the model
is executed once for each time increment, damage and casualties are assessed
for each unit area in turn.

The LDAM interfaces with the attack model, which provides input for
necessary environmental effects data. The fire-spread submodel in LDAM
updates the MSF for fire-spread and fire casualties. The initial MSF,
organized by unit area, contains the target area description (TADt), the
inventory status (ISF), and personnel status records and furnishes input
for the LHAM.

Six submodels of LDAM perform the following functions: (1) apply
prompt ¢ffects to the target area, (2) apply prompt effects to the inven-
tory, (3) apply persistent effects to the target area, (4) apply persistent
effects to the inventory, (5) apply fire effects to the target area and
inventory, and (6) summarize and generate reports. The LDAM undates the
MSF for each unit area and time increments. In all unit areas the prompt
effecrs of the initial detonatlon are assessed tor both target area and
inventery; ther persistent effects are assessed for unit area and by single

time Iincrements unless additioual nuclear detonations occur or rhe transattack

1 / .
A ans . Tiller, et al., op. cit.
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period ends. If additional nuclear detonations occur, prompt assess-
ment is performed before continuing the persistent effects assessment.
Damage, casualties, entrapments, and debris levels are determined on the
basis of triptychs or multitychs, which indicate the degree of damage and
casualties from blast, fire, and radiation by structure type, personnel
posture, and type of casualty according to the effects data provided by
the attack output and the fire-spread output. At che end of each time
increment, output of LDAM is the updated MSF; these records reflect the
current situation including availability and the condition of resources.

Either all data in the file or certain selected records may be printed.
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IV. DATA BASE

Preparation of the dota base (master inventory file) required by
the submcdels of the 1201] Countermeasures Model was begun two years ago.
Ef forts last year conc2rred revising ana updating the existing data base
and preparing data files needed for the submodels programmed that vyear.,
This vecur, items of the data base needed by the submodels were revised
and the trial data base enla),ed. As more submodels of the lLocal Counter-
measures Model wore programmed, data files needed for execution purposes
were created and stored either on disk or entered as card input.

The trial data base has been developed from real data about Detroit,
Michigan. This data base covers eight (8) ot the two hundred and cight
(208) wunit areas in the six-county area of Detroit. Generally, these
unic areas were formed according to their Zip Code boundaries. Informa-
tion contained in the data base file for each unit area iucludes the
following:

(1) lLatitude and longitude of the unit area.

(2) Areas c¢f land parcels in 64 selected land-use classes.

(3) Building density and structural type distribution for each

lind use class.

(%) Population disctributed by land-use class and civil defense teams.

(5) Shelter spaces by PF category for above-ground and below-ground

shelters.

(6) Fquipment for fire-fighting, communications, trvansportation,

medical treatment, etc. (74 codes).

(7) Food (rations) estimated available in restauvrants, retall stores,

and whclesale warehouses.

(8) Potable and nonpotable water.

(9) Major transportation arteries (highways, railvoads, waterways).

Since the trial data base covers only a few unit areas, this data base
should be expanded to include all unit areas in the Detroit metropolitan
area. Subsequent effort should focus on the evolution of a "typical” data
base which could be applied to any onerating zone. If a few key Jocal
parameters are generated and processed with the "typical' &ata base, a
particular local data base can be synthesized suited to the selected mode

of operation for the Local Countermeasures Model.
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V. DISCUSSION

This secction contains a general discussion of the Local Counter-
measurcs Model, its development status, and the methodology used to
achieve its ovbiectives.

The model being developed by RTI has been directed toward the
cvaluation of many individual countermeasurcs integrated into a total
operating svstem. Heretofore, svstem cevaluations have concentrated on
individual countermeasures; other countermeasures have either been
omitted or included only in supporting roles. Thus, this evaluation
nrecedure is designed to integrate all countermeasures into one system.

The concept of a countermeasures model is emhedded in a larger concept
of a systen to test and evaluate lecal operating systems (TELOS). TELOS
has been described as having four roles or applications. They are:

(1) Coordinate compunent research contributions to Local Operating

Systems.

(2) Prepare damape functions for national assessment of civil pre-

parediess.

(3) Support training of loral civil defense through operation simula-

tions.

(4) Lvaluate alternative local operating plans and procedures.

The test and evaluation procedure is described concisely in Fig. 5, TELOS

Flow Chart.

Control (e Evaluate <
Attack » .
Damage >
f Assessment
Date Base
Counter-
medsure

Fig. 5. 1ELOS Flow Chart,
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Brictly, the svstem functions under a set of coentrols which governs

an attack model which generates overpressure, thermal, and nuclear radia-
tion levels at various points over the enti-r Jocal area.  The local area
is desceribed by a data base that can be varied by control inputs. Tae
Iocal damage asscssment model (IDAM) relates the rescurces to the environ-
ment levels and deseribes the resclting damage.  The Local Countermeasures
Model (1.CM) respoads 1o problems derived from an examination of resource
damape. Through varicus coumicrmedasures, it cither protects resources
from subscquent damage or relieves the distress resulting from the con-
scquent damage. o cither case. the state of local resources is altered,

An iterative process between the countermeasures and damage assess-—
ment model conducts operations through a number of time periods
by system control. An evaluation model analvzes the outputs from hoth
LDAM and LCM with respect to the particular role of TELOS. On the basis
of this evaluation, controls for further data generation are determined
and a new cvele begins., If evaluation goals are achieved, appropriate
reports are generated reflacting the outcome with respect to these goals.

The statas of the countermeasures model program may be described as
in the late development stage. Progress has been evelutionarvy. Worl has
progressed slowly and in an orderly way toward the objective--develop-
ment of a total local civil defense evaluation system. As the model has
evelved so have the uses described above. Thus, the prototype counter-—
measures model is approximately eighty-five percent (85%) complete. (Aa
cxact estimate is difficult, or impossitl., because the desired product
is not precisely defined and the roles are not stated explicitly.) The
character of the model has changed duriug the course or development and
is likely to continue to change.

Several simplifying assumptions have been either adopted o1 recom-
mended for adoption to allow carlier demonstration of a prototype model.
First, commupnication problems have been considered but not incorporated
in the model. Second, the use of reference tables instead of submodels is

urged. even though this implies displacement of the first role as the most




ilmportant role ot the mwodel. Many other less obviaus simerlificavions have

been made throughout the design to shorten both development and running time

without Joss of realism and to make this simulation of 4 complex system

morce practicabie. Carc has been taken to insure that a relatively high
degree of flexibility is retained; clemerts bypassed tor expediency may be
restored without negating the fundamental approach underlying the model
structure,

As work proceeds, considerahle effort will be exerted to refrain
from making major changes until the prototype has been completed. Many
improvements will be withheld for a sccond versien of the analvtical
framework.

Figure 6, local Cc:n* rmecsure Model Program Description, describes
g | _trogre p

concisely the process used to generate local operating system benefits.
LDAM was added at the end of this program description to show that
the output from the Local Countermeasures Model goes into this model.
LDAM could have preceded the LCM. 1t is significant to show LDAM last;
implying that LCM includes the potential for performing countermeasures
b fore an attack as well as after cane. Although the prototype version
was originally designed for transattack operations in response Lo damage
problems arising in the immediate postattack period, it has an ability
te respond to anticipated problems arising in the preattack period, if
they are appropriately defined. One of the earliest improvements in
the LCM should include changes incorporating these definitions.
A detailed development, test, and evaluation plan is needed to guide

progress toward the utilization of the Local Countermeasures Model for

most, if not all, of the roles disruss.d above.
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VI, CONCLUSTONS AND RECOMMENDATLONS

The preceding sections support the conclusions that explicit guidance
is necded to define the roles of the Local Countermeasures Model in system
cvaluation, R11 recommends that the control of inputs and the evaluation
of the outputs be developed based on the role derinitions for the TELOS
system. A very impurtant part of this efiort is to examine alternative
roles and to determine the system requirements for these roles. Thus,
the system objectives will determine, through stated requirements, the
nature of the controls to be imposed on che damage assessment and counter-
measures models.

Recommendations for completion of the prototype development model
are that a nulti-year program be developed and implemented to realize
all the potential benefits from the local Cointermeasures Model; the
transportation and corerations submodels be completed and thereby,
dacquire a prototype version of the Luial Countermeas: res Mode'l; the
Local Yamage Assessment Model (LDAM) developed by DA be combined with
the Local Countermeasures Model for s: coth operatiunii; a complete detailed
local data base be developed to support this ettort; and the ability of
the system to process local operating data and generate output information
suited to the test and evaluation of alternative operating tactics be

demonstrated.
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