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SUMMARY

Improved techniques are needed to develop realistic procedures for

coping with damage from nuclear attacks on local urban areas of the

United States. The Research Trianglc Institute (R11), under contract

with the Defense Civil Preparedness Agency (DCPA), is designing and

developing a Local Couintermeasures Model (LCM) which will. he part of a

larger analyti.al structure to evaluate solution alternatives t) damage

problems.

This model (LCM) has been directed toward the evaluation of various

local countermeasures integrated into a total operating system. Heretofore,

system evaluations have ..cccentrated on individual countermeasures; other

countmrinasures have either bpen omitt-d or included only in supporting

roles. In contrast, tnis evalL;tion procedure is designed to integrate

all countermeasures into one system.

Technical Operacions, Inc. (TOI) initiated developmenL of an inventory

file which relates attack environments to target area resource vulnerability

to dynamically define the status of civil defense resourzes. 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-phased

problems which are derived from the TOT/IDA damage assessment model.

These problems are formed into sets of problem: affecting specific

resources described by the target model- The human popdlatlon is the

prime iesource 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 alco 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

equivalent resources. Choices are made between comparable operations

oi the basis of a measure-of-merit formulated from probable benefits

and expenditures of available resour'es.

The output of the Local Countermeasures Model is derived from the

beneficial, results of assigned operations :nd the availability of counter-

measures resources relativ2 to the operatim-.hl demands for them. The

latter relationship is called readiness. Thus, increased read..-ss and

relief and rehabilitation of survivors are the benefits derived from the

countermeasures activities. Results are partitioned to determine the con-

tribution of each subsystem to overall system p rformance and to interface

with the other analytical trameworks required for total system evaluatlcn.

Najor accomplishments during the contract petiod were the progralminiag

of three submodels. in addition to the five developed under earller con-

tracts. As a consequence, the prototype Local Ccvntermeas-rc• Model i1

approximately eighty-five percent (85%) complete. (An exact estimate ir

difficult, or impossible, because the easired product is not pr2Aisely

defined and the roles are not stated explicitly.)

The Local Counter-measures Model, at least in a nreliminary form, will

demonstrate the elements, procedures, and performance measures which can

be used in evaluating local civil defense operating systems.

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

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

S-2
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countermeasure component areas (e.g., rescue, medica treatment, fire-

fighting, debris clearing, and decontamination). Second, it may be used

to generate data from which damage functions may be prepared for the

LVUNS (Evaluation e1 thie Vulnerability of National Systems) procedures.

Third, it may be used to evaltate and test revisions to local civil

defense plans for specific local areas Cr for the general planning

doct:ments such as ALFA NEOP, on which they may be based. Fourth, it

may be used to train civil defense personnel. Explicit guidance will be

needed to direct the model toward one or more of these applications.

Each role Identified above should be evaluated to accept or reject Its

applicah-ility 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 complete description of TELOS is beyond

the scope of this effort. Powever, it may be described as the Local

Countermeasures Model including the Local Damage Assessment Model (LDAM)

along with four addiLicnal models. They include: (1) an attack model

(known as ANCETOPS) to syntheslzt, the nuclear attack environments for

LDAM; (2) a data base synthesizing model (not yet developed); (3) an

evaluation model (which is not as yet developed) to analyze and correlate

the outputs from the Local Countermeasures M!odel; and (4) a control model

(which is no. as yet developed) which superimposes control requirements

on all other parts oi the TELOS procedures.

RTI recotmmends the development 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 70M, the preparation of a data base and

the demonstration of the combined local operating :ystem model.
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FORIWORD

Tie research reported herein covers the "design" r'hase of the

synthesis of a near-future total civil defense system for the Defense

Civil Preparedness Agency (DCPA) under Contract Number DAI!C20-71-t.-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. 11Tis

effort focuses attention on the 4120 task 'which has as its objective

the development of local C) system evaluation techniques. However, it

is limited to analysis and modeling of a countermeasures system during

the operating phase.

The auttiors 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 Ohe Research Triangle Institute who supported this

research.
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ABSTRACT

The Research Triangle Institute under contract with the Defense

Civil Preparedness Agency is designing and developing a countermeasures

model 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 elolving 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 previous 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 "new" problem and resource files

generated in the problem definition submodel. The team assignment submodel

adapts a:i 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 benefit-readiness

report.
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A -lodel of the Local Civil Defense Operatiag 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 Institute (RTI), under contract

with the Defense Civil Preparedness Agency (DCPA), is de-',ning and

developing a Local Countermeasures Model which will be part of a larger

analytical structure to evaluate solution alternatives to damage problems.

The objective is to provide a means for placing relativc 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) damage function development for national systems evaluation,

b) training support for civil defense decisionmakers, and

C) assistance in developing and evaluating local civil defense

plans.

RTII/ has employed the simplified analytical ',tructure developed by

Mr. Devaney,-/ formerly of OCD (now known as DCPA), in synthesizing, a

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

a preliminary design of a countermeasures model.-/ This model is part of

-- R.N. Hendry. Civil Defense Operating System Synthesis: Countermeasures

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

2/
-- J. F. Devaney. Civil Defense Research Analysis: Washington, D. C.:
Research Directorate, Office of Civil Defezise, December 1966.

3/
- R. N. Hendry and Dora B. Wilkerson. Local Operating System Counter-
measures Model. Research Triangle Park, North Carolina: Research Triangle
Institute, NovembLr 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 a function of team readiness to achieve them.

A companion effort-/ 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,

equipment, 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-

Lures of available resources.

"llie countermeasures model described herein is constrained to utilize

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

re•.rIzrct ;iand the prevailing environments in which the countermeasure

orp rat ion.; musjt operate. Therefore, the output is presumed to be a

1/ ,.; I. Ill lur , uL al. 1)evel_ pm elnt of ,_ Local Civil Defense O) rating
v .. il i i ,n Nodc I (Draft). Alexandria, Virginia. Technica;l Operat, ons,

In ,r , r;, t d-, ilan-/a-ry- 1-9-70.



modifieo 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 operational demands for them. Tha latter relation-

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

team effectiveness values are output 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 Operating Systems (TELOS)

remains to be determined.

3
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1 1. (:OST-VI:NEFIT MEA\SUR"S

A. GCeneral

The Local Councermeasures Model, as a part of the system for T1fLOS,

must produce output performance measures in terms of resource expenditures

and benefits derived from these expenditures. Tue measures described in

titLt following paragraphs of this sction 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.

Local operating systems are envis.ioned as a set of civil defense

teams and facilities operating within (hut also a part of) the population

and its resources. Necessarily, simple measures of the quantity of sur-

viving people, facilities, equipment, and supplies have been and will con-

tinue to he used to describe resources status. They are not believed to

be sufficient for system evaluation. The following subsection.s describe

survivor benefit measures; relative-well-being; readiness; a perfoimance

measure called teem-effectiveness; cost and price. and other potential

hý. Survivors

Local civil defense systems have a responsibility "to improve their

individual circumstances for survival, and to relieve their distress, in

the event of enemy attack on the city."-/ Therefore, it is reasonable to

include the number of survivors as a measure of the degree to which local

authorities have met this responsibility. The comparacive 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 mean the status

of a surviving citizen including health and welfare. Using this order as

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

5'-- Executive Order No. 7 dated October 26, 1962, City of Detroit.
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I ab or pot cuit ia 1 rt lhealth. Tb is me asure is designed to recogniZe. the

many inj ured and disab led survivors who arc in dlistress. The second is

'-mpl ofleLt potent ial. 1b is measore is designed to quant [iy the Jobl ess

who are in distress because the productive Capacity of tile local area has

heeni destroyed. The third is hiousing potruti al. Thi1s measure reflectLs

the degree to which area residents have been deprived of hlollillju.

A team is the hasic civil defense ope ratLung e icmIiL-1 in tile Local

CountAermeasures M'odelI. The number of sur'\ lying teams is Anoth~er measuirk.

which is believed useful in describing system performance. Correspondingly.

thle team-hiour is the basic resource unit wh ich is expended during, operat ions

to ei tiler inc cease survivors or re1lieve thei r di st re:ýs . Measuires nd teat iug

thle State of ci.' i I dL'cfnw( teams are important in explaining the operat inp

ef fect iveneŽss of local sy- 'ems. Five deacriptors are used1 to def ine team

states: at Live, Mobile, inactivo, inoperative, and re'titd EaCh team-

hour of each surviving t earn is classif ied as, hcing in one of these .states

An actLive. team--hour s tatus sijgn ifis that a team has been Actively emiplIoved

for an eq~i Ival eut of OlIe hour in solving survival or rc' ioef p rob]lers . A

V.obile st atus is defined as minving from one place to another either for

re7Ldopi OVML-t purposes or to transport people from one area to another.

A2inc >cStatu'S is he] iex'ed self-expl.,natory. A team. in an inoperative

tteis oiue thla t is- s-,no rt o f pe rson ne q u cqi pm ei ,t , supis or fac LiIi it i e,;

a-nd , th e reby , c annotL f1111C t io 0o. -f t c ct lyve Iy . Final lv , a teýam in a rest ricted

staL tuS idelen if it.S the ef fect of hiph radiation levels onl team activity .

Three other measures relate to thle demand for team-hour resources. The

first of these is indicated as a 'short age.." A "shortage' is defined as

a demand for team-hiours that cannot be satisfied by available resources-

during the current period. Thle second is a "pending' sitatus in which

team-hours were assigned to satisfy a demand during the cuitcnxL prl'

but were unable to complete 6tae assignment. The third measure is the

qkiantity of team-hours expeneed during thle current period to complete or

satisfy a demand. Thius, all team-hours in a "completed" statuis are either

mobile or active and are required to satisfy a demand.

L~d5



All of the above simple measures should be i.ncluded in the output.

If they are used for each unit area, statistical measures 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)

where Survivors, S = fraction of population surviving;

Labor Potential, L = average level of physical capability of the

survivors expressed as a fraction of preattack

normal capability;

Job Potential, V = average level of value-added productive capacity

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 p'opulation 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,

respectively. 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

init area and the percentages of that population who (1) are normal (have

ii(, prob lens), (2) have problems, and (3) are lost (dead). These measures

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

t i:ý' p.eri(ods. Figure 1 also shows the RWB for the previous time period as

6



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 Lo

that shown in Figure 2.

DATE - 05-15-72 BENEFIT REPORT PACE No. - 003

PERIOD - 1 TI•E - 24.0 DURATION - .5 ZONE - 1 EOC -1

AREA TOTAL -PERCENT- -PRIOR STATE- -- CURRENT STATE- -BENEFITS ADDED. - RV8 -POTENTIAL BENEFITS ADDED- RDY
NO. POP. HORN PROS LOST RVIB ROY COST RWB RDY COST RWB S L V II PRICE RDY S L V 1! 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 ! 000 .000 0 1.000 1.000 0 .000 .00 .00 .00 .00 0 1.000 1.00 1.00 1.00 1.00 0

MOOTNOTES. M - RELATIVE WELL 8B'ING RDY - READINESS COST - TEA2HRS S " SURVIVORS L - LABOR J - JOBS H - HOUSING PRICE - THRS/BEN

Fig. 1. Area Benefit Report.
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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' (1 + LT + 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.

L- = (FL + P L)/P

where: L' = expected fraction of the total population with no

health problems at the end of the next period;

F, = population having no health problems;

P = total population;

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,

X = 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

Y = 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 to 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 elemients 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 Eftectiveness

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 qhow 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, reliability, and

utility. They are defined as follows for each team, each area, and each

time period being analyzed:

Availability, A = ;
t

a + m + 1
Reliability, R = t-

Utility, U = c and
a + ma + i

Effectiveness, E = ARU = c/t;

whore: t = total potential team-hours,

2. = team-hour losses,

a = active team-hours satisfying demand,

m = te.am-hours committed to movement, either for deployment

t(l satisfv demand or redeployment (non-productive movements),

i = -inactive team-hours, and

t..am-hours satisfying demand for both active team-hours and

I *pl�n*.!f L e.t team-hours.
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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). Next, the team-hours available distribution is displayed

under the "A," "M," "I," "0," and "R" columns. The categories "A," "M," and

"I" are defined above. Columns "0" and "R" are defined as the inoperative

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

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

available and demanded. Using the appropriate column values, the indices

described above are computed and displayed for evaluation.

DATE - 05-15-72 TEAM EFFECTIVENESS REPORT PAGE NO. - 01

PERIOD - I TIME - 1.0 DURATION - 1.0 ZONE - 1 EOC - 1 AREA - I

----- ---- 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 .991 .911 .55G

12 112 499 499 -44 131 .000 .852 .148 .209 .014 .565 .212 .000 .917 .788 .283 .1j2

15 5 93 93 -5 1023 .925 .050 .035 .550 .000 .351 .10 .000 .950 .901 .561 .480

21 24 381 381 5 58 .000 .981 .019 .149 .790 .037 .025 .000 .941 .976 .153 .141

28 1 116 116 32 421 .599 .237 .164 .820 .043 .079 .056 .000 .990 .942 .912 .850

33 87 242 201 -87 975 .536 .156 .308 .000 .755 .202 .0,3 .000 .700 .957 .791 .530

34 230 368 344 -180 160 .000 .813 .197 .000 .380 .478 .142 .000 .601 .858 .. 41 .227

41 55 283 283 -42 0 .000 1.000 .000 .000 .000 .913 .087 .000 .86, .913 .000 .000

46 392 147 147 -24 98 .062 .715 .223 .456 .020 .186 .338 .000 .273 .662 .718 .130

47 191 501 501 -191 677 .246 .438 .316 .444 .148 .158 .2.6 .000 .725 .750 .787 .423

Fig. 3. Team Effectiveness Report.

The report generating procedure is able to generate similar reports

to,- each EOC and for the zone at large. Moreover, an average or composite

t, :w• i,; d1.•;crihed as the last line item in the report. Although not now

,r',),,ramni.d, another repcrt could be prepared summarizing the performance of

.al tvi)e of team over time. The team effectiveness reports should not be

,',i,. with the need for an overall local operating system effectiveness

10



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

of the current ef'fort 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 periods.

Records of these expenditures and the effectiveness with which operational

controls have managed them will be useful for identifying areas needing

improvement.

Another indicator which may prove useful in systems evaluation is

price. Cost (team-hour excpenditure) measures are collected for both

RWB and RDY related tasks. If these cost values are divided by their

respective RWB and RDY values, a pair 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 trainine for civil

defense operations.

G. Other Indices

The cost-benefit measures discussed in the pievious paragraphs are

b-]jieved to be the best measures of local operating system performance.

:!any other values can be produced in the output reporLs, if they are needed

0*. r ovcra1 system evaluation. However, other possible indices should not

h- d.vi.l oped until a specific need arises during final system evaluation.

11



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 B 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 necessary 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 ire 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 c.'1:not be subordinate parts because they must coordinate the

other functions.

The (,,;sortial elements and the sequence in which they alter the states

, re;ý,,irc•s are shown in Fig. 4, Countermeasures Model. As shown, the

r, ;irt of .hsc elements has been progriammed. The problem definition

,,. : p ropr;immd i COHIOL for use on the CDC-3600 computer at the

12
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Notional Civil Defense Computer Facility (NCI)CF). A, indicated above,

the medical suhmodel has been prograrmmed, and the requirements submodel

with which ic interfaces has been vritten and tested; both are on file

at NCDCF. Tie transportation submodel has been partially programmed and

tested to generate roite and time values for the operations submudel.

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 1631 -/ to provide a means for controlling

Lhe simulated activities of the local system. After assignment 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 deplnyrent 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 briefly in the preceding section

of this repert entitJed "Cost-lHoefits Mcasures." Finally, the resources

arc redefined within the inventory file in terms whicn express their degrees

of vulnerability to damaging environments. This model was progra.m.-r,.d and

tested at NCL•,. The first and last of these programs are designed to be

compatible with the program develoned by TO-7- and improved by IDA.

A more detailed description of each of the analytical procedures

referenced above, beginning with probJem definition, is given in the

following sections.

P. S. Mc-Mullan, et al. Brdget Allocation for Shelter Sytems, Final
Report. OCD Work Unit 1631C. Research Triangle Park, N. C. Research
Triangle Institute, June 1967.

- Hans J. Tiller, et el., op.cit.
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B. Problem Definition

Organization of civil defense countermeasures LO meet undesirable

situat ions begins with problem definition. Each 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 ty|pe 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 al.ready

recognized as requiring remedial action. Availability of CD resource is

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

and resource type associated with each funtion. 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

withi,, a unit area. Control and readiness probler,' are always present.

1. Control Problems

Problems that relate to the ability to identify, locate, direct,

coordinate, or otherwise control the civil defense system are identi-

fied as control problems. One example is the inability to inform

pkpIP de to 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 useful elsewhere in the system. In

some instances a problem may have been reported 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 asseshud on the type "I" problem record. Many simplifica-

tionb 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.

15
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2. Readiness Problems

Problems that relate to the vulnerability of people in) a

preattack situation or to pe.sonnel, facilities, and equipment

required by teams are readiness problems. The availability of

resources to meet other types of demand is increased by corrective

actions in response to these problems rather than by yielding direct

benefits. For example, if a team is inoperative because of a shortage

of supplies, providing supplies 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.

TiFus, 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 Contiol Problems

Damage control problems, unlike other problem types, prevent the

loss of a resource or its utility rather than improving an alr.eady

degraded condition. Examples of this type of problem include fire-

fighting, decontamination, and debris clearing. Operations formulated

to resolve these problems provide benefits de.rived from the salvage of

resources which would otherwise be lost. For example, the use of

shelter spaces, pumping stations, and residential units within an area

may require damage limiting operations to remove cite 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

problems. It sets 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

16



type of problems recognized by this group. Moreover, increased

readiness and control problems become meaningless unless they reflect

an inability to 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 miiodel-bui I ding

effort within the countermeasures model. Important consideration has

been given to readiness problems associated with relief and rehabilita-

tion problems.

In a dynamic evaluation of a local civil defense 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

system model now being developer' and previous models. As a consequence,

the output from the problem definition submodel conteins a problem change

file which denotes the increase or decrease in the number or magnitude of

problems over those exist ing in the previous period. Only when new problems

have been recognized can requirements for appropriate civil defense activities

be generated.

C. Alternative Solutions

The first function of the requirements submodel is 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 gererate resource requirements.

If selected, a procedure is available that will link the detailed medical

treaLment--/ and transporation submodels which are described in Sections

I1I.lb ar. III.F.

8/ J. N. Pyecha, et al. User's and Operator's Manual for the Local and
Aggregate Total Emergency Health Care Sstem Models. Final Report R-OU-407,

Volume 1I. OCD Work Unit 3432B. Research Triangle Park, North Carolina:
Research Triangle Institute, October 1970.
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1. Service Status Filo

It is possible to update the service file with respect to the

status of team- by examining the resource and the "new" problem

files. ror example, if a change due to injury, entrapment, or

other mishaps reduces the number of eligible civil defense people,

adjustments in the number of teams 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 he made in existing assignments and then in team states.

An cxample of the need for updating in service status is the death

of people scheduled for rescue while teams are enroutc to the site.

Therefore, the status of teams may change from active to inactive,

pending reassignment. Changez in equipment or supply are made by

updating the service status file and by noting any new increased

readiness or control problems. AiLter updating, appropriate records

are selected for processing through zach functional submodel.

2. Functional Suamodel Input Processor

Initially, two functional submodels (medical and transportation)

are being incorporated in the overall coantirmeasures model. Each

requires a separate inpuL file. Tý add depth to the operational

alternatives offered by the model, other functions (e.g., rescue,

casualty collection, remedial novement, and shelter) are incorporated

in a simplistic fashion by table-lookup. The medica] description

assumes the existence of a set of records containing the number of

teams available, quantity of supplies, and the type of injury, as

well as identification and general data ahout tht unit areas. 1he

requirements submode] generates this data set from the resource,

problem, and assignment files as an input tu the mnnd.cal iubmodel.

After processing the input files, the functional suvbmodel generates

an output that is processed by an outpuc file processor to generate

data used by the assignment, depicyent, and operations submodels of

the I.ocal Countermeasures Model.

18



3. -inc. t oni_, S. ibiiiu:otlel OuitIut Procv:isor

Fo 1 lowinlg fuinct i0ona I evaluation of a problera's demand for

resolurcets , tile outputs are icedefined for Lhe ass ignment rec3 rd. A

tyVp it-;Il 011tpi t p1) roes i ig task can be ill ust rated Ibv outpuls from

t-ie medical suhtodc 1. IPata item!; received f ren Lihe medical. sobmodel

are tLile iiMber o.' casual t ics treated and not treated , the numbnhr of

tic at hs 0ý .,'c ted iin eachl groutp, sipp lites used , teamr-hours used Iby eachI

team assigned, and the number of transfers. These items are entered

or redefined as required on appronriate functional assignment records.

Alter all functional submodel output is determined fcr all unit areas,

control is passed to the team assignment suabmdel to evaluate as. ign-

ment or reassignment of teams to spec-ific operat-ions,

1). Fun ctional. Subhiodels: Mcdical Submodel

"Two compute(r simulatiOln Models designed to assist medical preparedness

planners ir analyzing, post-attLack lien!th consequences were developed by RTI

under 0(l) Resear:lh Project 34321.-9/ One of these models, the Aggregate

Total Emergency Ieailth Care Sv.stcit Model (the lggregate Model), can he

app]l•ed in the study of health related problems ut the county, area, state,

regional, or national levels. -- The utie i modol , thlie l.ocal Total Emergency

iteai-ti care system Yodol (the Local Model), is dsigne-d for studying single

localities--a town, a city, or a one- or two-couunty area in which detailed

results are desired for each Staod-3rd loucati,,n Area (SLA). Tlhe Local and the

Aggregate Models, although they differ consiueralu.y in logic flow, are simi-

larly designed; each has two siibr,iodels .r programs that provide essentially

1. N. Pyccha, et al.N , . L

10/10/ County, area, state, or region dest gnat ions a, e und in t iis report as

defined by the National Location Code (NIC) p repart-L h\ thL, ]Bureau of thLe
Census for the Defense Civil Preparedness Agency (frmmt-r1y OCI). In ordo.r
to prevent any ambiguiity in the uise of these terms., a NIH area or region will
be designatad as a I)CPA area or l)CI'A raion, resectively. No distinction
w ith regaid to tLe use of the termros "county' or ut at is reqiiired.
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the ;ame tyVpe o' output fur Ltiir respective geographliiC areas (1) an

immediate efOfect's submodel is directed toward improving the prounoi. iý- of

the imm,,diote weapon eOffects inju ries for days 0 throtgh 30, and (2) a

communicable disease subhnodel is directed toward prevention and cure of

di sase epidemic.ý for days 31 through 365.

An excellent opportunitv ýor demonstrating a practical interface

betwcen component stodies and a total svstems evaluation model is offered

by adapt at ion of this model for use in the local Countermeasures Model.

To that end, this model was selected and programming was initiated (see

pruviou-n sections on tih functional submUdel input and ouItput processors)

1. Immediate Effects Subtuodel

The imimediate effects suhmodol simulates the sorting and treatinp

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 availahility of medical supplies, the level of treatment

received, and the time delay in initiating treatment. These delavys

are due t- (1) dangerous radiation fallout fields, (2) transporting

supplie, and casualties, and (3) reestablishing a minimum organization.

"Thic,.aicr of deathc and surviv!ors of the 30-da'y immediate effects

phase, along with the utilization rate for medical supplies and person-

nel, are outputs.

A prognosis of survival is applied to each set of injury problems.

Input data defined for each 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 no avail; and (3) the prognosis at

each treatment level or it no f ,rmai treatment is undertakte. ilut jut

goes to the functional submodel output processor (referred to in the

previous section). A detailed description of this submodel can he

found in the referenced repo-t by RTI. !-I/ Although not presentlyv

contemplated as a part of tho total systemM evaluation model, the

communicable disease subnodel is likely to become a part of it. and,

therefore, is worthy of brief comment.

1-/ 1. •. w,,-I h;. et a].. op cit.
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2. CommUn icahlO Disease Submodel

The communicahle disease suhmodel evaluates the fir:!t 30 (days

in the poit at Lack phaie. The submodel, using a mathematical descr. p-

tion of infection, subjects survivors of the immeui-te efft.cts phase

to te risks of becoming infected by one or more of eleven communicable

di.-eases. Tlhle variahie; include radiation dose rate received by

casualties, geo)-raphic area iivolved, time of year (seasonal variation),

and general postattack conditions. A prognosis function, based on the

disease type and the availability of medical personnel and supplies, is

applied Zad estimates of infectives and fatalities, along with the

allocation rate for medical resources, are made in chronological

periods of from one to five day,. Death rates by disease type are

adjusted to reflect current status of medical resources; for example,

the severely Irradiated will dcvl.,Iop problems more quickly than the

other groups and, therefore, wili use resources first. Outputs are
similar tf those tor the immediate effec,.s submodel; however, the

number of "infect ives" by disease type is substituted for the number

of casualtie-s by injury type.

3. Med[cal Submode] Outputs

Although the immediate effects and the communicable disease sub-

models are not alike in detail to each other or to the other functional

sujbmodels, 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.

L. Resource Aissiinments

Both the file configuration and the data management techniques being

developed ir the requirements submodel are needed to prepart, the team assign-

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

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

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

are derived from functior, al submodels or table-lookup. These values are
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usd, subject to constrailot , to determine assignments for all teams under

the j.urisdiction of a specif>'d control point. This allocation procedure, 1-/

an ad&;ptation of an efficient algorithm developed by RTI,--L3/ assigns
resources to alternative programs. Demands not assigned are retained for

sublsequent a] locat ion of unassigned resources in later periods. Provision

has been made to permit externally assigned priorities to override inter-

nally assigned prioritie,,;. After all assignment decisions have been made

and new and old ,perations records have been combined, the evaluation

procedure enters the operational phase for the deployment of resources and

the excut,,on of mission assignment.

I'. Re'RSotircc Dlýp1ovnmen t

l)eployi lient p1annin u for team and supplyN distribution over the

network of lines ond links is necesa,- ry in t ztal countermeasures sys-;tem

anal ys is. Pianninu. I vad:,; to the proper and efficient assignment of

res,!ources. T:ho-L cn ts airt- contemplated which would permit a choice

lwt't-uton eOst atiluigi arrival tirnes and determining, them in a quelLing

mode I . 'rih mtiinimuni rouit procedure has been programmed in FORTRAN, but

it iias not been adapted lot the route s-election procedure described in

Secto 01 1. 1 -. 1 F. L4 hl , tIn(' se'lection of operarii s1. 'id Ll" ,issigimitt

ot teamrs to trips are prcsumed tL l IVLc been accomplishied before deploy-

nient

1. (eerai D)escriptioLn

Bec1ause a importarnt asp'ct of a dynamic system if, the movement

01 r:ources roin one area to anothel, movement to shelter, als, 'I

countermeasure concept, cannot be evaluated satisfactorily withlout

.;orMe fomnn of transportation s;uhmodel . Although, the present model

-2- P'. S. Mclullan, et al. Budget Allocation for Shelter Systems, c"it.

-13/ P. S. McMullan, et al. An Algorithm fo:- 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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dues not utit ize th, Ii gene ralI qIueuini mlodel procedure whit ill i ,; descrihed

in the fol lowig p,.ragraplus, it is planned to incorporate this proedure
ait 'me fut ure date,. "liere fore , the pritot vpe ve rs ion assumes th lat

predicted mininium Lravel times wi tLhut traff i delays are realized.

"Trht qucmnuinr model will onable a time-related set of moves to .sliift

r(,sturrcc.s a<bout thL' network and det ermine the delays due to traffic

congest ion.

2. Miin imum Route

A minimum route file is generated in the transportation submodel

for all moves between admissible origins and destinations within a

ie two rk, . Se, le,-ttd nlinkimlni pathss ron.sider network p roblems (radiation,

blocked streets, traffic Jams. speed-reducing debris, etc.) evident

in the queUing model for tte immediately preceding period. This

route file is the source of .ill movement time entT 'es in trip records.

Special procedures are being derived for dealing with the

relatively large iuetworks. Present estimates contemplate over 300

major artery links for the Detroit Metropolitan Area network.

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

four levels of networks coinciding with the organization structure

have boen 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-i nodes. Level-2 nodes are

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

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

bothi level-2 and level-3 nodes and are zone boundary points.

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

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

These levels allow one to structure a network of minimum routes

(rather than links) and to determine movements over large networks.
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3. Ti•eLiI _ GC.1Ž,raiO1

Resource availabi lity and functional capabl 11i t ari , t the two mainl

criteria for yonerat i ng -iovement requests. If the environment prevents

functional performance or resources are not availahie in a specific

.aro.i, nci, hborin- areas aro searched to establish minimum time moves

that resolve those problems. Searches are conducteLd in order of

operational priority and two trip records are generated. The first

is used to subtract resources at the origin and the second is used to

add resources at the destination. If arrival times have not been

reached it the end Of the current period, the resources are placed in

an "in-trans t status. 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 executed

over the transportation network. Delays due to traffic conpestion

arc acknowledged by altering either or both of these times.

4. Que InjodcL:1

Basicaily, 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 entry for each link. The next event

is the minimum positive entry in either list.

Initially, origination times are set to zero, process comple-

tion times are set to minus 1, and all links are set idle. The

originate 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" timc enters the link's originate routine ii it

reaches a time in the origination list. This routine generates the

required trip descriptors and the time-to-next-origination. The

former is placed in cucue; the latter, in the originations list.

If "simulated" time is reached in the process comp.letion list,

the link's disposal routine is entered to define the link numbers

by which the trip is routed and places them last on its queue. The

link is labejed "idlc" if thp "trip" queue is now empty; if not,

control goes to the queue select routine to find the position of the

next trip for processing. (Note: if first-in-first-out, the next

trip in queue will be processed next.) The selected trip descriptors

are moved to the working iocation 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. OeL rat icnal DeiLlovment

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. Unforeseen delays require that arrival times

be adjusted for positions attaiined during the time interval. Stati s-

tics are prepared for each link. information from this queuing process

will he used for planning movements in the assignment model during the

next t ime interval. Thus, decisions are being influenced Constantly

by events in the immediLte past. (Correspondingly, fallout prediction

data could be made to influence routing by formulating predictions in

a way similar to that described above; however, th is prediction opt ion

is not planned for the local model now being developed.) Deployment

is completed to doterrline arrival times for team:; performing assitined

f unct ions.
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:w-i111 yI N]l , de 'o1vicl 1 14with or wit 1t1ilt t the queuingl motidel Is mi.dc possible

at t01e begItinniug of the operatILOnIs phase at rates u;pecifivku \'y two trip

rIcor'k t gttce'ratked ill tie. dej I ovmInlt st:',ouc . ''lihse tWo r'coLds 't' Sorlt id

Iinto orii'in an1d tirsitilattiOn locations in a sortingt operat it n litwccti thet

deplo> I:til, and op crat i ons submode Is. Ope'ra: io'tins records arc.' procte sud by

prioritL ill tie presenre of assignment recerds organized iy area, operation

numbelr, and land use. Change!; in resource states are recorded iln tiel bernefit

p]rob'el:!-, .a11d 1t'S Iti't I i ts .. (:iangn'S ill sy-stctL' performance are rocorded in

tlt h0blln it and readlinCss f'i en.

Itis procezdure is nearly conipleted. It, togther with the tranporta-

Soll suibinodel1 , aret thi ]lst t'Lnlem'ttts needed to cotp le' toe OIt pro tot, tpe I.eoCa]

CounltcrmeaIsrtres; .odeI . bowevrc , no significant problems are expected ill

Comple r. ting these :;tlbfddcl . Thi 'enef it file i s used in the report sitbmodel

to dcsl.-rihce henet its, readiltCcSt;, lild tealm effectiveness. The clalnged

rcst,,1ce and p)tole]miui fiLes arc input to the final step in the coulltermeatsuree

anodt'dI before redefining the resoittýo status and l'ccording the vulnerabIlitv

in1 the illVon1tlt l' .t1i, its fi]L'.

ii. ('ost-lene fit Repo rt tlag

During the reporting period, a report generating procedure was pro-

grammed aad tested using hypothetical data. This program uses two files.

Tie 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-benefit data from previous

periods.

Data from these two files are processed and the cost-benefit measures

described in Section II are developed and displayed in two reports, the

Benefit Report (Figure I) and the Team Effectiveness Report (Figure 3).

In addition, the program ha.. the capability of plotting data on tie 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 proditced displaying the values of 16 data elements.
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As tith coulntermeasures model is integrated withl the ovalnat.i on

model , additional dat a retiriemenAnts are likelv to evolve . If .o, then

Lhis report generating procedure probably will he altered to meet these

new needs.

1. Inventory Protection

Where the people iare IOcaLed (e.g. in single family residential

units or NFSS shelLers) determines the protection level or. conversely,

the VUllerabhJ itv level of people. People are loaded into shelters and

inventory records are prepared according to the control policy and posture

constraints prevailing at vach location. ThiI, submodel, programmed for

the (CD(-3600 computer at NCI)CF, uses the problem and resource files from

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

file developed by Technical Operations, Inc. (TOI) 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 transferred directly to the updated file; structural

ddta and area situations are generated from the master inventory and pri-

blem files; personnel records are generated largely from thp problem file;

resource records are generated from both the resource and the master-status

files; and shelter space records are transferred from the master-status

file kMSF). The final function oa 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 tOe

countermeasures model by taking the master-status file from the damage

assessment model and delivering back to it an equivalent file. 111s file

was modified to reflect civil defense countermeasures duritg 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 niumber of

time periods required by the system control model terminates the zsimula-

Lion. A large number of printout options provided within the submnodels
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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)-41

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 after executing the LDAM.

The model applies prompt and persistent effects of one or more nuclear

detonations to each unit area and to each area's resources. Since 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 LDOAM

updates the MSF for fire-spread and fire casualties. The initial 1MSF,

organized by unit area, contains the target area description (TADf), the

inventory status (ISF), and personnel status records and furnibhie input

for the l:)AM.

Six submodels of LOAM perform the following functions: (1) apply

prompt effects 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) sumnarize and generate reports. The LDAM updates the

MSF for each unit area and time increments. In all unit areas the prompt

effects; of the initial detonatlon are assessed tor both target area and

inventory; thee persistent effects are asses:ied for unit area and by single

time increments unless additional nuclear detonations occur or the transattack

d flans .1. filler, e. al., up-. 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 multiiychs, 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 The 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 d.'ta base (master inventory file) required by

the submodels of the I •ý:- Countermeasures Model was begun two years ago.

Efforts last year con,2rred revising and updating the existing data base

and pleparing data files needed for the submodels programmed that year.

This vYeir, items of the data base needed by the submodels were revised

and the trial data base enlaj.;ed. As more submodels of the Local Counter-

measures Model t-ýre 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) unit areas in the six-county area of Detroit. Generally, these

unit areas were formed according to their Zip Code boundaries. Informa-

tion contained in the data base file for each unit area includes the

following:

(1) Latitude and longitude of the unit area.

(2) Areas of land parcels in 64 selected land-use classes.

(3) Building density and structural type distribution for each

luad use class.

(4) Population distributed by land-use class and civil defense teans.

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

shelters.

(6) Eiquipment for fire-fighting, communications, transportation,

medical treatment, etc. (74 codes).

(7) Food (rations) estimated available in restaurants, retail stores,

and wholesale warehouses.

(8) Potable and nonpotabie water.

(9) Major transportation arteries (highways, railroads, 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 operating zone. If a few key local

parameters are generated and processed with the "typical" data base, a

particular local data base can be synthesized suited to the selectvd mode

of operation for the Local Countermeasures Model.
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V. 1)ISCUSSIoN

ITli i.; SeCt itin ('0nt 1 ill'; :i gene ral discus. i on of the Local Counter-

measure.3 Model, its development status, and the mieth~odology used to

achlieve its ob.;eCtiVeS.

Ilie model he ing (Icvc lopod by RI I has I)L'(-n directed towaIrd the

Uvaluat.ion of many indi lidual counterrneasurcs integrated into a total

opera~tin systeni. lheretofore, system evaluations have concentrated on

individual countermeasures: othe(r countermeasures have either been

Omitted or included only in supporting roles. Thius, this evaluation

:proccdiire i.- dt'signetd to integrate all counteormeasures into one system.

Thc concept of a -cuontcrmeasures model is embedded in a1 larger concept

Of al SvNsl-er to tes,-t and evaluate local operating systems (TELOS) - TELOS

hias be~en describud dal having four roles or applications. They are :

(1) Cooý0rdinate L-011ollupone research contributions to Local Operating

Sy-stems.

(2) Prepare d;x-iage funct ions; for national assessment of civil pre-

pare 'mness.

() Support training of local civil defense through operation simula-

t ions.

(4) Evaluiate alternlative local operatingp plans and procedures.

The test and evaluation procedure is described concisely in Fig,. 5, TI-LOS

Flow Chart.

Fi.ontrolSFlw hat
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Brief lV, thit' \'st ve:',I fultiit l1, tilndel r a set of ce'ntr Lo s which (1,veuV s

an1 at ti.c'k mode] whicl. generates ove)-pressiir', therlmal 0110o null, leir r.idija-

tioll letvels at var poiltu,,t ovcr tie- cnt i t, l)c il arei. The ]oc, l area

is described hy a data bac-I thIat Call be ViiCed 1W cont rol inputs. Tile

a],,- damage a.ses ~con ult ' Ioel (Il.lAA) r].a-litcs tLhe rest ur ees tO t lie e'lViron-

lnentt I.eVel ;Is tii dcil'S'ibes thlu rcst ]titt, damage. The Local Cotuntermcasures

Modcl (LOY) responids ILI prohl ens de rived t rom an e yamination of resourCe

damage. Througlh varieus counLrMOtInslres , it eitl•e " protects resources

from subsequent damage or relievyes the distress resulting from tie Con-

scquent damrigc. III tCierI'r cast, ti Le state of I oca 1 resources is al te red

An i teatitiV proct'S5 betweLen,_,ll tile counLerLrneasures and damage assess-

ment model conducts ope, rations through a number of time period.;

b," sVst'i'l COItrol . Au eVa] [l<1tiOi model aIalvzos the outputs from both

i.DAM' and I.CY with respect to tile particular role of TELOS. on the basis

of this eva]luoati r, controls for further data generation are determined

and a new cycle bevgins. If ovaluation goals are achieved, appropriate

reptorts ire generated reflecting the outcome with respect to thlese goals.

The statas of the countermeasures rmodel program may be described as

in the late development, stage. Pcogrss hias bteen evolotionarx'. ..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

evolved so have tCe uses described above. Thus, the prototype counter-

measures nodel is approximately eighty-five percent (85%) complete. (AMi

exact estimate is difficult, or impossiLk, because tile desired produict

i; not precisely defined and the roles are not stated explicitly.) The

character of the model has changed during the course ot development and

i:; likely to co ictint t' tLo chalnge.

Several simplifying assumptions have been either adopted or recoin-

mended for adoption to allow earlier demonstration of a prototype model.

Fi rat, communication problems have been considered but not incorporated

in tl,e model. Second, the use of reference tables instead of submodeIs is

urged. even tlLuglh thits in:plties displacement of tie first role as the most
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import a Int role af the I Ikde I. Many othe r less oh vi ;ý Sim l if £ LU L ions 1iave

been made throughout the des igii to shorten both develoj)meiit and running Lime

withlout loss of realism and to make this simulation of a complex system

more proc -icabie. Car11 has belen taken to insure that a relatively high

degree oi flexibility is retained; elements bypassed for expediency may be

restored without negating the fundamental approach underlying the model

structure.

As work proceeds, considerable effort will be exerted to refrain

Irom making major changes until the prototype has been completed. Many

improvements will be withheld fur a scound version of th2 analytical

framework.

Figure 6, L.ocal Cu-.' rmecsure Model Program Description, descrioes

concisely the process used to generate local operating system benefits.

LDXM was added at the end of this program description to show that

t0W output from the Local Countermeasures Mode] goes into this model.

LDAM could have preceded the LCM. It is significant to show LDAM last;

implying that LCM includes the potenti-il for performing countermeasures

b fore an attack as well as after one. Although the prototype version

was originally designed for transattack operations in response to damage

pr4ohb-tm' irisi:ig iT' the immediate postattack period, it has an ability

tc 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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\11 .CONCLUS IONS AND) RECOMŽE.NI)A"ldNS

The preceding ,ections support the ConiclUS ions that eXplicil. gli danrce

is nlecded to de'fine the roles of the Local Countermeasurcs- Model in system

evIlaluai onl. RIT] rOcommen~ds that th.L control1 of inputs and the eval uat ion

0f Ohe Outputs he developed b~ised on the role definitions for the TELOS

system. A very importanit part of this effort is Lo examine alternative

roles and to determine the syIstem requirements for these roles. Thus,

the system objectives will determiae, through Lstated requirements, the

nat]ure of the controls to be imposed on che damage assessment and counter-

measures models.

Recommendationls for completion of the p~rototype devel opmentL mode]

are that a roulti-vear program be developed and imlplemet10Ied to realize

all the potential benefits from the local Cointermeasures Model; the

transportation and! . ?erations submodels be completed and thereby,

acquire a prot~otype version of the L-,), a] Countermeas! res Mode. ; the

Local Dlilage Assessment Model (LUAM) developed by I 'A be combined with

the Loecal Countermeasures Model for S: ooth operatiolt; a romplote detailed

local data base be devcloped to support this et tort ; and tilt an-u i LV of

the systemI to process local operating data and generate output information

suited to the test and evaluiation of ilternative operating tactics he

demonIs trated.
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