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Improvement of Protection Data Base for Damage
Assessment and Data Base on Shelter Needs

SUMMARY

I. Introduction

This is a summary of the final report on OCD sub-task 4613A, Improvement of

Protection Data Base for Damage Assessment,and sub-task 4521A, Data Base on

Shelter Needs (Reference a). The Office of Civil Defense statement of objectives

is presented in Annex A and abstracts of tasks reported in Volumes II and III are

presented in Annex B.

The to principal tasks were:

i. The incorporation of NFSS fallout protection data into the Jumbo

III damage assessment system (Reference b), and

2. The development of a computer procedure to be used in the micro-

rnalysis of civii defense systems and the evaluation of system

improvements for a fallout only environment.

These two tasks will be summarized separately.

II. Incorporation of National Fallout Shelter Survey Data Into Jumbo III

A. Scope of Task

This task was completed as a part of the requirement to "formulate the

procedures and analytical steps necessary to initiate full incorporation

of the National Fallout Shelter Survey into damage assessment routines."

The OCD objective calls for emphasis upon procedures for incorporation of

NFSS data into existing National Resource Evaluation Center (NREC) systems

such as Jumbo III, a complex system in which asse.sments are made on an

individual point or standard location basis; Streak IV, in which a rougher,

but high speed assessment of casualties and damage is made; and Risk II,

which provides probabilistic estimates of the vulnerability of individual

resource points (Reference c).
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B. Results

A procedure was designed, data were obtained from the National Bureau

of Standards, and a computer routine was prepared to incorporate NFSS fallout

shelter data into the Jumbo III system. A test of the program was made in

that system using naticn-wide attack environment data from the training

exercise called SPADEFORK. The program was then employed by the National

Resou-ze Evaluation Center in performing one of the analyses of project

SPAN (an evaluation by OCD of shelter systems under a range of probable

attack conditions).

C. Conclusions

Conclusions were drawn from the test of the procedure using the exercise

SPADEFORK attack pattern and thus are not necessarily applicable to other

attack patterns:

1. Effective use of available fallout shelter, as identified by the

NFSS, will produce fallout casualty estimates substantially

lower than those derived from data heretofore available on existing

shelter. (Fallout fatalities were reduced from 15 million to

5 million in the SPADEFORK analysis).

2. Survivor and casualty estimates are extremely sensitive to the com-

bined warning time and movement to shelter assumptions. (In

SPADEFORK, the calculated fallout fatalities assuming movement re-

stricted to a standard location Uere 9million, versus 5 million

if movement to best fallout shelter in the county were assumed).

3. When using levels of fallout protection available in NFSS shelter,

casualty estimation procedures should include dose received after

g iv
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leaving the initial shelter. Procedures which do not include

radiation dose accumulated after emerging from shelter may pro-

duce misleading survivor estimates, as peak dose frequently

occurs after shelter emergence.

4. In terms of reducing fallout fatalities, the selective marking

and stocking of Category i shelter, the lowest class in the

NFSS and one which was excluded from Phase 2 of the NFSS, may

offer substantial benefit at a low cost per survivor added. 1/

III. Development of the 'Mainline" Computer Program

A. Scope

Other activities described in Volume I of the final report were those

required to "devise means for relating probable poaattack measures of

conditions to: (1) costs of improved protection, (2) effectiveness of

various types of expenditures in reducing expected casualties, and (3)

alternative effectiveness of higher or lower levels of protection."

The task was limited to fallout conditions only, and "survivors added"

was required by the contract language as the measure of effectiveness for

fallout protection countermeasures. It was necessary to develop a fallout

fatality co'putation procedure which was sensitive to local variationsin

shelter -and population location and to numerous other parameters which

must be considered in comparing alternative countermeasures.

1/ Conclusions I and 4 may be strengthened by findings in a related RTI study
(Reference h). This study has shown that there is a definite conservative
bias in protection factors (PF's) as computed by the National Bureau of
Standards (NBS). True protection factors in Categories 2, 3, and 4 (PF's
of 40-150) arc shown to average twice the NBS value.

vI
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jB. Results

1. General

I A computer program callud the "Mainline Program" has been developed

for use in the evaluations called for above. The program essentially

I models the movement of people to existing or proposed shelter in a city

I and computes the resulting fatalities. It is designed to be used in

repeated case studies over a range of possible attack conditions.
1

2. The Allocation Model

An allocation procedure, based upon the Transportation Algorithm

(Reference d), has been developed for use in allocating people to

shelter. The procedure is sensitive to local variations in degree of

risk, location of people, location of shelter, protection factor of

shelter, and speed of movement to shelter. In its present form, the

model allocates the population of a city to shelter in a manner which

produces a minimum number of fatalities for given warning (and movement)

times and fallout environment. Constraints will be placed upon the

model to make it more nearly simulate realistic movement patterns.

Inputs to the model are initial location of people by standard lo-

cation (SL), location of shelter by SL, and the probability of fatality

for movement from each SL to each shelter in the area under study.

3. The Equivalent Residual Dose Model

A computer program has been devised for computing peak equivalent

residual dose (peak ERD) and, from it, the probability of fatality

required by the allocation procedure (Reference d). The inputs re-

quired are listed below:

vi
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Time of arrival of fallout
Fallout reference intensity
Protection factor for each shelter period
Length of stay in each shelter period
Distance to shelter and speed of movement
Warning/reaction time
Radioactive decay constant-of fallout
Repair rate (of fallout damage to the body)
Irreparable fraction of radiation dose
Dose response curve.

4. An pplicationo'f the ERD Computer Program

Although the prinr'ipal effort -was expended in pr.eparing a procedure

for the requiredev aluations. aipart .of.the Mainline Program was used to,

"V.

assist in a thei c'.rrent -O C evalu'ation 'For tha pecial OCD study, .

the part of the MairifnePrdgram which computes the equivalent residual
• . "... ,'2 ,, ' . ' ..t.... ".-tP Y . .. "' " .* .* ". "

dose was usi'd'in, t heincorporation of'NFSS data'-into the Jumbo III system....... ..,....... :,'" " . . •., .......-..

It was found..that ; the SPAN, .evaluation- statement: of conditfois,.'the'.

peak. ERD..'gen.erlly ocutr.:ed-'ifafe' exit from. shelter.. Since the Population

III Program (the casu .alty .rogram, in.Jumbo I)i's" designed to compute

only the peak ERD.of .the..initial shelter period, a modification was

required.,' The',Mainline "ERD- procedu're' was used to' comp'utfe the. later

period peak ERD.These result's were used in modifying the Population III

program for the SPAN evaluation.

IV. Future Research

The report contains no "Recommendation" section because the principal recommenr

dations for future research which follow from this work have already been recog-

nized by the Office of Civil Defense and are the subject of an RTI follow-on

contract. Activities included under the follow-on contract by specific instruc-

tion include:

v
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I A. Use repeated case studies, performed for a group of representative cities,

to develop "Rules of Thumb" or broadly applicable results which may be used

by OCD in national planning or by planners of local civil defense systems.

B. Evaluate the sensitivity of fatalities and casualties to changes in the

.i..: parameters included in the Mainline model.

C. Evaluate the cost effectiveness of measures to increase survival (e.s,

" stocking marking,.- ventilating,, or increasing protection factors of. shelter;.

V- t +:i" and increasing.warning .and training of the population).

1A

vi i i

!.; i ). : . .. ... r .'.i . +ii i .i." : .' .+ "+' ' " ++ : :' ..:' i : + :I" "":'" ' +
• i ++ :: .- . i + : , . .: I. : .



I
I
gAnnex A

OCD Description of Projects

I . Sub-task- 4521A - Improvement of Protection Data Base for Damage Assessment

. "., " " "Formulate the procedure and analytical steps necessary to initiate full

incorporation of results of the National Fallout Shelter Survey into damage

assessment routines, with emphasis on the RISK, JUMBO, and STREAK programs.

Devise means for relating probable post-attack measures of conditions to:

(1). costs of improving protection, (2) effectiveness of various types of

expenditures in reducing expected casualties, and (3) alternative effectiveness

of higher or lower,.levels of protection.

Su tak- 4613A-DDaa' Base on Shelter Needs

:Devise a means for extracting from the National Fallout Shelter Survey
r 1" " . " - . . ,:. ." . ..- : . .:' ., . - .

".. . .results current data on .location, capacity and protective characteristics of

marked shelters by'standard location for use in determination of need for

.. additional shb'iter'.space:in incentive and other programs.

I ix
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IAnnex B

SDlitARIES OF VOLUMES II AND III OF THE FINAL REPORT

I 1. Introduction

The following paragraphs describe other tasks performed under the contract

but not summarized in the body of this summary. Thcse additional tasks are re-

I ported in Volumes II and III (Reference a).

II. Bureau of the Census Residential Basement Data

The purpose of this study was to investigate the availability of the Bureau

of the Census residential basement data and its compatibility with the Phase 1

findings of the National Fallout Shelter Survey.

After considering the nature of the data itself and pointing out some

cautions in its use, the conclusion is reached that the census data could be

combined and uced with the NFSS in fallout casualty computation programs.

A brief section on some possible additional uses of the information in CD

studies follows the main sections; two annexes are included which provide

population, shelter space, and basement figures for 180 tracted metropolitan

areas.

I1. Electric Power Availability in the Postattack Period

This sub-task was performed jointly for the Directorate of Research and the

Shelter Survey Division. Its objective was to design a form for a mail question-

I naire to identify the blast and fallout resistance in electric power generating

stations and substations. It was demonstrated that reliable estimates of fallout

protection and systems vulnerability data to the required significant detail could

not be collected using such a questionnaire. As a pilot study, an analysis of the

Io u
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3 vulnerability of power generating stations and transmission systems to nuclear

attack was made for the Duke Power Company system.

1 IV. A Model of Po ulation Distribution in Shelter'

This sub-task extended work previously performed by Mr. Jack Rogers in'which

a relatiely simple mathematical. modelwas used,"to indicai.te the distribution..obf .

pieople. in:.shelt r throughout- a cit' (Reference, f). The R6gers -model.was cor-

•..pleed, prlor-:to the .'NFSS using shelter. data,obtaiied,inpreliminary,studies of

selecte d"state capi tals; Th RTI s-task reealuated and modified, the original

model i to. accordo:. the NF.SS data'. .Themodehl. was not,'further develope'dfor.-

systems a static situation rather than"te.dynamic
,.•. .movement to, -later found toybe, more. relvant ., .

0'-re. ,...U

" . n.imraries of Atta Envi ronment Data

This's~taskw'as,, -periformed a1t tihereques t of 4 the,.projo'ct monnitor to'Aqsist

an OtDvin-hosproject'.whiseglobjective was"to, design procedures for national

..CD'systems .evalua'tiuns Thesub-task suggested a procedure by.which'ilartg earea

. statistlcal suTmarfes.:"o 'ttack'env'ir'n ient data may be"obtained fr the..Jumbo III

s ... stem b. us g:a" three2dhdi nsion.s.ort-summary routine
" Yt:","" ' ' "R.,. A'A.i.. , .." .1t . . . ,'I'.,. ...°' ,-.., -..' . .- . . .,. . . . . ' .' ' , "

. .7. 'V Dis tribtitibn of-Sheelter Characteristics -. . . .

.I . >.'- . ' This sub -as .'asp erforied in-an attempjt to 'reduce .the NFSS data to a more

compact andiuseful form.: As an example; the model . is used in determing optimal

I allocations of funds to ventilate below ground shelter spaces to increase their

i capacity.

1 Xi
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VII. Sensitivity of Fatality Computations to Variations in Shelter Physical

Vulnerability

Volume III of the final report was presented in a separate volume because of

it8 CONFIDENTIAL secutityclassification. -The purpose.-of the research reported

,was, to..examine'-ithe sensitivity of direct weapois effects (essentially .blast. and

... '.-.prompt a i ). fatality computations toth'ecian es in structure protection,:.* . .... : .. : . ... "o'...
4
.' :.., .. ... :.... . " , -. , . ,, . " ,,A S.; . 4,

iniaedb hepyical "vulnerabil ity (N) _data from teNational Fallout"'-

:-Sh ltert;Survey4.(NFSS). .This-examination'was made as a pr6limihay .toincor-' "', q*: " 4}04, C ;. if.. .\ ,.., .:,. .. ' *. ," ,

p..."oalon.of., 'PVdataintoesting .damage-assessenC and vulnerability'analysis

ro ssuch as.:those.inthe National:'Resource -iEvaluation Center.s 'REC)

.,- Jumbo II, system '.-V' . . :  . '

".. "An analysisi of, thre6 typica, cit'es .shows that whenbaVailable NFSS sheltgrs*

. " ..ar titi-lized rather,than residential dwellings a.lone', predicted.fatalfties de- '

"-1crease.b6at 'most10 percet'of the city.'s population -Y?-This: 'analys 's h6lds-' the;

population distribution andsweapon ce'racteristics :invariant .while cangihg -:

only the. structural protection afforded shelterees. For probable. national tatt-ack
patterns it isunlikely.that the ',r.educ-tionr.would "approach or exceed' this percent ages

exdept for-, afew selected cLty ,attack.combinations.To refect this'
, ncrease in

pro~tecfion, it 'isrrecommended ,thaet- .minr ~..modifticattons bemd nei6igdmg

...assessment r6utines fort'national-assesin ntsV. Extensive modifications required..
"°'.; . - ,--.-; :. ,... . . -'..-.; ,. . . ." -.. : ." .. . . .i " ",...'" :. .. ' .'. .

'to employ PV daEa from the"NFSS indetall (e.g.; stbridard location by. standard •

location)' are' not recommended.

An analytical procedure using the Weiss population distribution model and

an analytic fatality-distance curve is also derived and its application to one

city is illustrated.

xii
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I ii PREFACE

This is Volume I of three separately bound volumes which report the

Iresearch completed under the general terms of the combined Office of Civil
3 Defense Sub-tasks No. 4613A, "Improvement of Protection Data Base for Damage

Assessment," and No. 4521A, "Data Base on Shelter Needs." This volume des-

I cribes the two most extensive investigations completed in meeting the objectives

of these sub-tasks. Volume II describes five related studies, all previously

.1 reported to the Office of Civil Defense in research memoranda. Volume 1I

contains the CONFIDENTIAL portion of this final report. The abstract: for

each of the volumes is presented on the following pages.

I The authors are pleased to acknowledge the cooperation of Dr. Joseph Coker,

National Resource Evaluation Center; the valuable assistance given by Mr. John

I Spencer, and the staff of the Mathematics and Computation Laboratory, National

Resource Evaluation Center; and the judicious direction of Messrs. Jqhn Deveney

and Robert Whitney, Systems Evaluation Division, the Office of Civil Defense.
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ABSTRACT FOR VOLUME I

This is Volume I of three separately bound volumes reporting the procedures

devised for using the National Fallout Shelter Survey (NFSS) data in damage assess-

ment systems and civil defense systems evaluation. A procedure for using NFSS

data in existing damage assessment systems is devised, programmed for the UNIVAC

1105, and tested in the Jumbo III system of the National Resource Evaluation Center.

Tests resultsusing a single attack pattern and Phase 1 NFSS data, show significant

jfallout casualty reductions over previous estimates. Category 1 shelter (PF 20-39)

contributes substantially to this reduction. The results also show fallout casu-

alties to be quite sensitive to the movement-to-shelter assumption. Casualty results

from a test assuming county-wide population mobility are significantly less than

those obtained when movement is limited to within a standard location. A "Trans-

portation Problem" formulation is used to simulate the movement of people to shelter

within a city. The solution to the problem when so formulated allocates people

II to shelter in a manner to maximize survivors (or other objective functions). Tests

iI over a range of fallout environments using this information show that the minimum

fatality allocation to shelter is particularly sensitive to fallout "build-up,"

H! movement through fallout, and shelter PF's. An equivalent residual dose (ERD)

model which computes ERD in a time-varying radiation environment is programmed for

1the IBM 1620 and 7072. It has been found that the peak ERD after emergence may

exceed the peak ERD in the initial shelter. The shelter allocation model and the

peak ERD model form the basis for the "Mainline Computer Program," a procedure for.

computing the survivors added by alternative CD system improvements. This program

is currently being developed into a working tool for CD systems evaluation.

xv



ABSTRACT FOR VOLUME II

3 This volume contains five studies concerned with obtaining, compiling, or

analyzing fallout shelter protection data. These studies cover the following

3 subjects: (1) a review of the residential basement data which wem obtained

from the 1960 U. S. Census of Housing; (2) an examination of electric power

II availability in the postattack period, with emphasis upon fallout protection

fin power plants; (3) the preparation of a procedure for extracting summary

distributions of overpressure, reference intensity, and fallout arrival time

[and relating these to numbers of people exposed; these data are to be extracted

from the Attack Environment III output tapes of the Jumbo III damage assessment

system (4) the re-evaluation, with National Fallout Shelter Survey data, of

an analytical model for predicting fallout protection for people as a function

f 1of their distance from the center of a city; and (5) a statistical analysis of
NFSS data from Houston, Texas; and Durham, North Carolina, performed to determine

distribution functions expressing their shelter characteristics. These analytical

representations of NFSS data are applied, in an illustrative example, to optinal

allocation of improvement dollars to ventilating below ground shelters to in-

crease their capacity.

m
U

* Philip McMullan, etj. Improvement of Protection Data Base for Damage Assessment
and Data Base on Shelter Needs. Volume II (Final Report on OCD Sub-tasks 4613A
and 4521A). Durham: Research Triangle Institute, Operations Rasearch Division,
January 13, 1964.
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ABSTRACT FOR VOLUME III

Volume III is presented in a separate volume because of its CONFIDENTIAL

security classification. The purpose of the research reported here is to

examine the sensitivity of direct weapons effects fatality computations to

the changes in structure protection indicated by the Physical Vulnerability

(PV) data from the National Fallout Shelter Survey (NFSS). This examination

is made as a preliminary to utilizing the PV data for existing damage assess-'' ment and vulnerability analysis routines such as those in the National Resource

Evaluation Center's (NREC) Jumbo III system.

I An analysis of three typical cities shows that when available NFSS shelters

are utilized rather than residential dwellings alone, predicted fatalities

I decrease by at most 10 percent of the city's population. This analysis holds

the population distribution and weapon characteristics invariant while changing

only the structural protection afforded shelterees. For probable national

attack patterns it is unlikely that the reduction would approach or exceed

this percentage except for a few selected city-attack combinations. To reflect

this increase in protection, it is recommended that minor modifications be

made in existing damage assessment routines for national assessments. Extensive

modifications required to employ PV data from the NFSS in detail (&.&.. standard

location by standard location) are not recommended.

An analytical procedure using the Weise population distribution model and

j an analytic fatality-distance curve is also derived and its application to one

city is illustrated.

Philip Mcgullan, et al. improvement of Protection Data Base for DamageS Assessment and Data Ease on Shelter Needs. Volume III (CONFIDENTIAL)

(Final Report on OCD Sub-tasks 4613A and 4521A) Durham: Research Triangle
Institute, Operations Research Division, January 20, 1964.
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Chapter 1

introduction and Summary

I, INTRODUCTION

The purpose of Federal civil defense (CD) programs is to increase the prob-

ability of survival of the civil population and speed the recovery of the nation

from the effects of enemy attack. The core of the present Federal civil defense

program is the National Fallout Shelter Survey (NFSS), in which existing buildings,

mines, tunnels, and other enclosures were examined for their fallout shelter

potential. Those facilities which met minimum standards of protection, capacity,

liveability, and certain other constraints are being marked and stocked with food

and water and other necessities. The initial survey was complete in 1962, and

over 100 million shelter spaces meeting minimum standards have been identified

(Reference a). / These form a base from which to build a complete CD system

for protection of the nation's population in the event of nuclear attack. The

survey will be continued and this initial shelter base will be increased by

locating additional existing spaces and by encouragement of shelter provision

in new construction. (A more complete NFSS description may be found in Appendix

A.)

In addition to immediate preparedness benefits attainable by using exist-

ing shelter resources, the survey also provides an important new data base to

the Office of Civil Defense (OCD) for the evaluation of present and future CD

systems, for CD planning, for damage assessment, and for vulnerability analysis.

The present report, prepared under Contract Number OCD-OS-62-144 for the OCD

Research Directorate, describes the procedures and analytical steps devised by

- References cited may be found at the end of each chapter and appendix.
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use of the new data base in the above activities.
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i II. OCD PROJECT DESCRIPTION AND DISCUSSION

Contract NumbeT OCD-OS-62-144 is a package contract consisting of four

separately identified tasks. This is a final report on two of the four:

Improvement of Protection Data Base, task 4613A and Data Base on Shelter Needs,

task 4521A.-L- These two closely related tasks have been performed and are

I reported as a single project. The combined OCD statement of task objectives

follows:

1 1. "Formulate the procedures and analytical steps necessary to

initiate full incorporation of the National Fallout Shelter
Survey into damage assessment routines, with emphasis on the
Risk, Jumbo, and Streak programs.

2. "Devise means for relating probable postattack measures of
[fallout) conditions to:

(a) Costs of improved protection
(b) Effectiveness of various types of expenditures

in reducing expected casualties
(c) Alternative effectiveness of higher or lower

levels of protection.

3. "Devise a means for extracting from the National Fallout
Shelter Survey results current data on location, capacity
and protective characteristics of marked shelters by
standard location for use in determination of need for

additional shelter space in incentive and other programs."

I. These objectives are all concerned with the use of the new data base provided

by the NFSS.

fj Objective I recognizes the value of NFSS data in damage assessment and

Tvulnerability analysis. If properly employed, these data could permit greatly

£improved casualty estimation. They provide an estimate of the number of spaces

I and of the level of protection in potential shelter which is far more detailed

than any estimates previously used.

New numbers were assigned to these tasks by OCD toward the end of

3 Fiscal Year 1963. 4104A became 4613A and 4104B became 4521A.

-3-



Objective 2 recognizes that the NFSS results are a valuable new data base

with which extensive CD systems can be evaluated when procedures are available.

Analyses must be made to determine how best to use presently available shelter

and how to increase economically the effectiveness of the shelter program. New
I procedures for such analyses must be devised to take advantage of the new data

base.
Objective 3 recognizes that a simple listing of aggregated data from the

Isurvey matched with population summaries will not determine need for additional
shelter spaces, nor will such a listing tell how best to improve sheltering

Icapability. A quick comparison of the U. S. population of 186 million with the

203 million spaces found in the survey (Reference b) might indicate an excess

of 17 million spaces. - / However, the distance between population and shelter

is a critical factor. For example, over 60 million spaces in the New York City

area are available to a population of about 11 million. The apparent excess

[would be of little value in the nation's shelter plans. This extreme example

illustrates the need for analysis and adjustment of the data base to meet the

requirements of specific evaluations.

A

-/This example refers to all spaces identified in Phase 1 of the survey
(Reference a and Appendix A). A June 1963 estimate by OCD shows that
about 100 million of the 203 million identified spaces fall in the
lowest protection category (Category 1) and are not presently considered[useable. About 30 million of the remainder will iot be ubed (Reference b).

-4--I
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III. EVALUATION PROCEDURES

I A. Lt_odueti_ _

V.,a evaluation of CD systems may be performed in many ways depending upon

the scope of the inquiry, the timeliness requirements, and the availability of

adequate procedures. Three classes of evaluation procedure wer considered in

ii this project. They are: (1) vulnerability analysis using existing large-scale

computer damage-assessment systems; (2) micro-analysis; and (3) national systems

analysis. The distinctions are made because each has its place in CD systems

[ analysis, but they differ in procedure design requirements as well as in area

of application.

B. Existing Damage Assessment System Analysis

The damage assessment systems of the National Resource Evaluation Center

(NREC) and other government entities have often served OCD and its predecessors

in preattack planning and population vulnerability studies. Objective 1, which

calls for the incorporation of NFSS data into existing damage assessment systems,

recognizes a continued role for such systems in preattack planning as well as

[in postattack #amage assessment. National results are summed up in NREC systems

from the results of assessments at individual resource points or small area

resource aggregations. National population survival or vulnerability can be

assessed in this way with results at intermediate levels of summary, such as

county, state, and OCD region, obtained in the process.

I The NREC computer systems do not necessarily represent an ideal tool for

OCD systems evaluation because of a lack of flexibility, insufficient availa-

bility of computer time, and high cost. NREC systems were designed to serve a

variety of needs. Cost may become a limiting factor if the systems are used



Ii

in sensitivity analysis of all the significant factors in casualty estimation or

in examinations of all feasible system improvements. Other procedures are more

appropriate for such evaluations,

C. National Systems Analysis

The term "National Systems Analysis" is used here for convenience to dis-

tinguish between a broad approach to analysis and the detailed approach in which

individual or small group hazards and protection are examined. In such broad

procedures the actions of an individual, such as his reaction to warning or

movement to shelter, and the specific postattack fallout environment at a point

are submerged in averages or distributions representative of a large geographic

area. An example of such an analysis can be found in Shelter (Reference c).

The analysis in Shelter makes use of distributions of people in shelter

within groups of OCD regions. New National Systems Analysis procedures using

NFSS data might employ different groupings, but they would continue to use large-

area distributions of people in shelter and of the attack environment to which

[ lthe population is subjected.

National and regional analysis of CD systems is by its very nature limited

to evaluations for large-scale planning. Such procedures can produce valid

results at national and regional levels despite uncertainties in weapon location

and lack of detail in the elements of the analysis.

D. icro-Analysis of CD Systems

The term 'Micro-Analysis of CD Systems" is used in this report to describe

detailed operational studies on a limited geographic scale. (Existing NREC models

resemble both micro-analysis and national systensanalysis but do not eliminate

the need for either of these techniques.)

-6-
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i
Micro-analysis offers the opportunity to examine thoroughly NFSS data at

the lowest feasible level of summary. Parametric studies at this level can

serve in sensitivity analysis of the variables which must be considered in casualty

estimation. 'The results of such studies can improve the validity of more general

systems analysis procedures and of large-scale computer damage assessment and

vulnerability analysis procedures. They do this by demonstrating the range

within which casualty estimation is sensitive or insensitive to the variables.j For example, a parametric study may demonstrate that casualty estimates do not

vary significantly with changes in warning time between four and twenty-four hours,

or that casualty estimates vary significantly with a 5 percent increase in build-

ing protection factor estimates. Such findings cazn improve the soundness of the

assumptions which must be employed in broader evaluation.

Through the use of a representative sample of cities or areas, micro-analysis

may also be used in performing national analysis. In such a procedure, evalua-

tion for a class of cities is extrapolated from a ddtailed analysis df a single

city representative of the class. For example, analyses to determine standards

i for the location of new fallout shelter facilities or evaluations of the cost

effectiveness of proposed improvement plans may be performed efficiently using

such sample procedures.

,[
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IV. SUMMARY OF THIS STUDY

I A. Introduction

I This study has been equally concerned with procedures for population vulnera-

bility Analysis and with procedures for micro-analysis of CD systems. Also, a

I beginning step was made which will assist in design of procedures for national

systems analysis. In each area the new NESS data base prominently influenced

Ithe procedures for the evaluation of CD systems. The iniprovement in fallout

casualty estimation procedures is a common thread in each area,

Casualty or survivor estimation procedures received emphasis becau' 'urvivors

added" or 1reduction in casualties" was the measure of the effectiveness of a

CD system improvement specifically called for in the OCD statement of objectives.

The cost per survivor added is to be compared in choosing between alternative

improvement measures. (Although it 's recognized that some features of CD

systems cannot be evaluated adequately using this measure of effectiveness, it

is appropriate for the investigation of this project.) Casualty estimation pro-

cedures used at civil defense agencies and NREC -rior to the NESS need revision,

if they are to take iull advantage of Lhe new data base. The changes proposed

vary with the need for sensitivity in the procedure. Proposed changes will be

discussed throughout this report.

D ring the performance of the contract, the analysts Vere often called upon

to undertake shor,-term sub-tasks of immediate interest to OCD. In several

instances the sub-tasks did not directly involve the procedure under development

to satisfy the major obje4.tives. Such sub-tasks have been reported previously

in researc-, metaoranda, These and several other previous reports are compiled

in Volume II.

-8-



Analyses performed during this study were of value to OCD in current evalua-

tions, but the major emphasis was on procedures design. Parametric studies and

sensitivity analyses were performed primarily to test assumptions and procedures.

When findings from such analyses were judged to be of current interest to OCD,

i[ they are discussed at appiopriate places in the report.

The following sections provide a summary discussion of the sub-tasks which

are described elsewhere in this report.

B. Itncorporation of NFSS Data into Existing Damage Assessment Systems

This sub-task, reported in Chapter 2, involved the design of procedures

I to initiate full incorporat'on of fallout protection data from the National

Fallout Shelter Survey into damage assessment systems, with emphasis upon Risk,4/
Jumbo, and Streak. This sub-task has been completed. Tentative procedures

which extract the new data base from the first phase NFSS results and employ

them in the Jumbo system have been tested against a simulated nation-wide

attack. The computer program and the extracted data used in the test have also

been used by OCD in a comprehensive planning exercise called SPAN.

Tentative conclusions drawn irom the test results and related analyses are

listed below. The conclusions are tentative because of known limitations of
both the procedures and the data, and because only one attack pattern was em-

ployed in the test.

1. Effective use of shelter identified in the survey will

produce fallout cusualty estimates lower than those derived

from data heretofore available on existing shelter.

1 4 -/Risk, Jumbo, and Streak are code names for National Resource Evaluation
Center computer damage assessment systems. These systems are also usedi in vulnerability analysis. They are explained in Chapter 2.

-9-



[ 2. Survivor and casualty estimates are extremely sensitive

to warning time and movement-to-shelter assumptions used

in allocating people to shelter.

3. With the higher levels of fallout protection generally

available in NFSS shelter, casualty estimation procedures

should compute the dose received after leaving the initial

fallout shelter. Procedures which do not examine the peak

'radiation dose accumulated after emerging from shelter may

produce misleading survivor estimates, as peak dose will

If frequently occur after shelter emergence.

4. In terms of reducing fallout fatalities, the selective

marking and stocking of Category 1 (PF of 20 to 39) shelter,

Ell the lowest class in the NFSS and one which was excluded

from the second phase of the survey, may offer substantial

benefit at a low cost per survivor added.

C. Examination of the V jCode from the NFSS

In addition to fallout protection data, the NFSS also contains a two-

digit PV code. This code indicates the structural characteristics of NFSS

facilities. An examination of these data and of their place in population[I
vulnerability analysis is presented in Chapter 2. (The classified part of

j this examination is presented in Volume III).

D. Micro-Analysis of CD Systems

Chapter 3 contains the background investigation leading to the design of

a procedure to evaluate CD strategies against probable postattack measures of

conditions. This procedure is called the "Mainline" Program. It is basically

10
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1 3a procedure to be used in estimating fallout casualties in a micro-analysis.

Its components are models which can represent a broad range of fallout en-

• 3 vironments and alternative CD strategies, but with primary attention given to

the shelter system.

~I The Mainline is designed for use in analysis of the sensitivity of fall-

out casualties to such variables as warning/reaction time, walking speed and

distance to shelter, dose during fallout build-up, prime shelter protection

I factor, time in shelter, and dose after leaving shelter. The strategies to be

evaluated in terms of cost per survivor added may include:

Increased protection factors in existing shelters

I Improved ventilation (hence added capacity)

Improved warning systems

Construction of new shelter and optimum location strategy

Extra food for longer stay in prime shelter

Decontamination procedure

Public education and training for improved shelter utilization.

Such strategies can be examined against a range of fallout environments for

Ia representative group of cities and the results presented to the decision maker

as a function of the environment. In most cases selection between alternatives

[for a given city will then depend upon an estimate of the probable fallout en-

Svironment. Nation-wide results can be obtained by extrapolation from evaluations
in representative cities.

The Mainline has been programmed in FORTRAN language and has been tested.

The tests were designed primarily for the evaluation of the procedure. However,

I one component of the program produced a set of revised protection factors which

[ -1



permitted existing Jumbo III casualty estimation procedures to include cose

4 build-up after leaving shelter. This permitted the use of NFSS data in the

SPAN exercise.'[
A tentative conclusion drawn from a test of the shelter allocation pro-

cedure may have operationel significance. A preliminary sensitivity analysis

shows thaL operational shelter planning based upon the most pessimistic estimate

of fallout intensity may be less satisfactory than planning for moderate in-

tensity and experiencing high intensity. This results from the complex inter-

action between dose accumulated while moving through fallout and that accumulated

after reaching shelter. More thorough examinations must be made to determine

the limits and significance of this finding. This conclusion would support the

need for more precise estimates of the probable range of the fallout environ-

f ment for a city and the careful dissemination of specific planning assumptions

1) lto local planners.

E. Extraction of Data from the NSS

Objective 3 calls for means for extracting data from the NFSS by standard

tlocation for use in various evaluation procedures. The major elements of

this task were accomplished prior to and in the early phases of this contract by

the design of the survey specifications, particularly the requirement for NFSS

[area designators to utilize the national location code. RTI staff participated

in this work, the main elements of which were performed by OCD staff. Because

j of the inherent flexibility of the NFSS, it has developed that no specific sub-

task has been necessary, as the extraction of data can be tailored to suit each

procedure in which such data are used. Specific mention of ways to extract data

and examples of data extractions from the NFSS are in AppendixoE, Volume II,

See Chapter 3, Section III.
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in which statistical distribution functions are fitted to the data, and in:

1. Chapter 2, in which data extracted for use in the Jumbo IIT

system are discussed.

1 2. Chapter 3, in which data from the NFSS are used in the

evaluation procedures discussed.

3. Appendix C, which contains a list showing the estimated un-

sheltered population by political subdivision (nation, region,1and state) for several different shelter utilization assumptions.
4. A random sample of about 1500 facilities has been extracted

from Phase 1 data tapes for use in categorizing shelter spaces

and facilities (Reference d). One of the uses, categorizing

facilities by PV code, is discussed in Chapter 2.

F. Basement Shelter

The facilities identified by the NFSS do not constitute all of the places

in which persons may be located in the event of an attack. All such places

cannot by conveniently identified, but the residential basement data from the

1960 U. S. Census provide an important addition.

Basement data from the 1960 U. S. Census have been examined and included in

the procedures of Chapter 2. A report of this examination was previously sub-

mitted to OCD as a research memorandum (Reference e). This retearch memorandum

is included in Volume II of this final report.

G. Other Investigations

Volume II includes reports of several -ub-tasks performed under the contract

which are not directly connected with the two principal investigations, and

the report of the basement investigation. These sub-tasks were performed either

in response to special requests from OCD or were investigations related to the

3i principal investigations. All were previously reported in research memoranda.

1 - 13-
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1. Electric Lower Availability in the Postattck Vind

This sub-task was performed in cooperation with the Directorate

of Research and at the request of the Shelter Survey Division,

Office of Civil Defense. Its objective was to design a form

for a mail questionnaire to be used to estimate the blast and

7 fallout resistance of electric power generating stations and

A substations. It was demonstrated that reliable estimates of

fallout protection and systems vulnerability data could not

be collected using such a survey. A preliminary evaluation

of the vulnerability of the Duke Power Company generating

stations and transmission systems to nuclear attack was also

made.-Ai

2. A Model of Population Distribution in Shelter

This sub-task builds upon work previously performed by Mr.

Jack Rogers in which a relatively simple mathematical model

was used to describe the distribution of people in shelter

throughout a city (Reference f). The Rogers model was completed

prior to the NFSS, using shelter data obtained in preliminary

studies of selected state capitals. The RTI sub-task re-

[evaluated and modified the original model to conform to the
NFSS data, The model was not further developed for systems

Ievaluation because it models a static situation rather than
1 dynamic movement to shelter later found to be important.

6
A vulnerability analysis of present and future electric power systems
has been made at RTI under separate contract with the' Federal Power
Commission (Reference g).

-14-



U 3. Summaries of Attack Environment Data

This sub-task was performed at the request of the project monitor

to assist an OCD in-house project whose objective is to design

procedures for national CD systems evaluations. The sub-task
suggested a procedure by which large area statistical summaries

Iof attack environment data may be obtained from the Jumbo system

by using a three-dimension sort summary routine..

[1 4. Distribution of Shelter Characteristics

This sub-task was performed in an attempt to reduce the NFSS

data to a more compact and useful form. A demonstration is

given of how a simplified analytical expression of the NFSS

data may be used in determining the number and size of shelters

to be ventilated for a given shelter improvement budget.

ii 5. Other Tasks

Two other tasks were performed under the contract. The first

suggested a method for predicting the rate of licensing fallout

shelter facilities. The second produced a list of facilities

to be used in analysis of CW-BW protection in facilities of the

[! NFSS, The reports of these tasks will not be presented in

Volume II. Loan copies can be made available if desired.

[ - 15-
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V.,. LIMITATIONS

The analyses performed and procedures designed in the study were primarily

directed to consideration of the fallout threat to the population. It is

recognized that such analyses are incomplete and that procedures designed with-

out concurrent consideration of direct effects hazards will likely require

{) later revisions to insure compatibility. For example, procedures to incorporate

fallout protection data into existing damage assessment systems (Chapter 2)

LJ do not account for degradation of fallout protection caused by blast damage.

Future analyses may show that this step is necessary in order to obtain valid

casualty estimates.

CT Limitations have also been noted in:the data base. Omissions of potential

shelter spaces in the NFSS are discussed in Appendix A ("A Description of the

LI National Fallout Shelter Survey"). Even more important in casualty computations

is the conservative bias in PF as computed by NBS (true PF's in Categories 2, 3,

and 4 are on the average about twice the NBS value). Other input errnrs lead-

ing to incorrect PF's also occur in the NFSS. These NFSS data limitations are

described in detail in another RTI study (Reference i).

A major uncertainty concerning all conclusions discussed in this report

stems from a lack of data pertaining to probable actions of the population

in the event of a nuclear attack. This factor dauses difficulty in determin-

ing the extent to which -vailable shelters will be employed. As often as

possible the designed procedures have been made flexible so that new informs-

tion from in-progress and future case studies and surveys can be incorporated.

-16-



VI. RESULTS AND EXTENSIONS OF THIS STUDY

A. Discussion

SThe broad objectives of this project have led to investigations touching

upon the. many facets of CD systems, but each investigation was related to the

full use of the data from the National Fallout Shelter Survey in systems evalua-

tion. Each investigation, and particularly the design of procedures for incor-

porating NFSS data into NREC damage assessment routines, pointed to the need

for sensitivity analyses of the variables in casualty estimations and the need

for a detailed model for the parametric evaluation of alternative civil defense

I strategies. The Mainline Program described in this report provides such a

model for a fallout environment.

B. Malor Products of the Study

IProcedures for the incorporation of NFSS fallout protection data into
damage assessment routines have been produced, and the RTI computer program

for incorporation into the Jumbo system has been furnished to the National

H Resource Evaluation Center. A procedure for the micro-analysis of alternative

civil defense strategies has been programmed for the IBM 7072 and is adaptable

t to medium or large computers with FORTRAN compilers. These programs are major

v products of this study.

C. Extensions

continuing analyses will be made of the sensitivity of survival estimation

to variations in the elements of CD systems evaluation over a range of possible

Ii postattack environments under a follow-on contract (Reference h). The need for

F such continued analysis is demonstrated in this report under those sub-tasks

which examine the relative location of people and shelter, shelter stay time,

17



and the effectiveness of higher and lower protection factors. Variables which

were of little importance when the house or residential basement was the

principal shelter for the population now take on great importance. All such

variables will be identified and examined for sensitivity in CD systems analysis.

Existing and planned damage assessment models, vulnerability analysis models,

and micro-analysis procedures will need reexamination as each sensitivity analysis

is reported. Several changes to Jumbo procedures have been made as a result

U of analyses in this study, but more comprehensive changes may be desirable after

Ii sensitivity analyses are complete. The follow-on contract referenced above

will permit such changes to be made as their need becomes justifted.

This report contains no "Recommendations" section because the principal

recommendations for future research which follow from the work reported here

(I have already been recognized by the Office of Civil Defense and are the subject

of an RTI follow-on contract (Reference h).

ii1
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Chapter 2

Incorporption of National Fallout Shelter Survey Data

Into Damage Assessment Routines

For the reader not familiar with the procedures, terms, and
data forms of the Survey, it is suggested that Appendix A
be read before continuing.

1 , I. INTRODUCTION

As explained in Appendix A, the National Fallout Shelter Survey provides

a new and improved data base for studies of the location, number, and protective

[characteristics of fallout shelter facilities in the United States. Such data

are of great interest to the Systems Analysis Division, OCD Research Directorate;

the National Resource Evaluation Center (NREC); the Defense Communications Agency;

the Defense Intelligence Agency; and other government groups which perform

evaluations of potential nuclear attack damage to the resources of the United

EStates. People are the most important resource in all such studies, and an im-
proved estimation of potential casualties is paramount. The use of the new NFSS

data base would be an important element in improving such casualty estimation.

One of the objectives of Contract Number OCD-OS-63-144 is to: "Formulate

the procedures and analytical steps necessary to initiate full incorporation

of results of the National Fallout Shelter Survey into damage assessment routines,

with emphasis on the (NREC) Risk, Jumbo, and Streak Programs." This chapter

contains a discussion of the steps taken by RTI in satisfying this objective

and a description of the results obtained from a completed and tested computer

program which is currently in use at NREC.

- 20 -I
I



In addition to completing the program, the action taken to satisfy the

above objective iicluded: (1) the performance of parametric analyses to de

termine the sensitivity of casualty assessment routines to the various elements

of the new data base; (2) the examination of tentative procedures for incorpora-

ting the data on fallout protection into damage assessment routines by physically

completing such incorporation into the Jumbo III system; and (3) formulation

I,- of improved procedures based upon (1) and (2). The following discussion of

these three steps will show that significant changes must be made in casualty

Iassessment procedures in order to take full advantage of the new data made
11 available by the NFSS. The changes of greatest significance concern assumptions

about utilization of existing shelter space, movement to shelter, and time of

stay in the prime shelter.

Both in the NFSS and in this study, emphasis has been placed upon fallout

11 protection. However, the NFSS also contains some information on physical

11! vulnerability of surveyed structures to the direct effects of nuclear weapons.

This chapter also reports an examination of these physical vulnerability data,

and a further examination is reported in Volume III of this final report.

II2

11
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II. BACKGROUND

A. The Risk. Jumbo. and Streak Systems

Risk, Jumbo and Streak are three computer systems used by NREC for

vulnerability analysis and damage assessment.-  The following brief descrip-

tions are quoted from the NREC Analytical Program Compendium (Reference i, pp.

I5, 14, 25).

1. "Risk II provides the combined probabilities of nuclear attack

experience in terms of blast overpressure, fallout arrival time,

radiation dose rate and total radiation dose. or in terms of

damage, casualties or denial for weapons and resource points

of interest anywhere in the world.

2. "Jumbo III provides a detailed damage and casualty assessment on

Ian individual point basis, with national summaries and partial

sums based on a flexible classification breakdown. The program

has the capability to evaluate damage and casualties for bases

and resource coverage around the world.

3. "Streak IV provides a hiah-speed estimate of blast and fallout

casualties, or a high-speed estimate of damage and denial to

facilities for a given set of ground zeros."

The three descriptions are given because these are the damage assessment

routines to which attention is called in the contract objective. When viewed

from the standpoint of incorporation of NFSS data, the following features are

NREC is administratively under the Office of Emergency Planning and has
among its tasks responsibility to assist the Office of Civil Defense in
performing both postattack damage assessments and vulnerability analyses
for preattack evaluations.

[22



I significant. Jumbo III is larger, more comprehensive, and more time-consuming

than Streak IV. Streak IV is designed to perform a rapid assessment, and much

[of its speed is obtained by using reduced record size and normalized data.

However, it is basically similar to Jumbo III in the procedures used to compute

I fallout casualties. Risk II involves repeated runs of Streak IV using Monte

Carlo techniques by which random selections fromdistribution of winds and

attack parameters are used to obtain probabilistic results. It follows that

the determination of a proper procedure for incorporating NFSS data into Jumbo

III will solve most of the incorporation problems for Streak IV and Risk XI as

well. Such procedures will also have application to other damage assessment

routines not discussed here - including the Ready I system for the CDC 3600

Icomputer, now under development jointly by OCD and NREC. As a result, emphasis

jhas been placed upon the development of procedures for Jumbo III.
B. Jumbo III Fallout Protection Data Base

IThe discussion in this section is presented so that the form, content, and

use of the old data base in Jumbo III can be understood. This will help in

understanding new procedures which have been designed in this task and will assist

in the interpretation of'some of the SPADEFORK test results presented later in

this chapter. The existing procedure in Jumbo III should also be understood

because it is still appropriate for some national evaluations.

Casualty estimation for a population group requires three major data

elements. These are the attack environment or effects of a nuclear att.ck

I (blast, heat, and radiation), the unprotected vulnerability of population to

these effects, and the amount of protection available to reduce population

vulnerability. The data from the NFSS provide information about the amount

of protection.
[=-23-
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Fallout protection for a population group is estimated in Jumbo III on

the basis of factors shown in Table I. The basic assumption behind this table

I is that the amount of basement shelter can be correlated with the severity of

winter; i.e., northern belt states have an abundance of basements, middle belt

I states have a smaller number, and southern belt states have few. A sample of

metropolitan and non-metropolitan places in each belt was taken from an SRI

study to determine the percentage of the population within each belt which could

[be sheltered in basements (Reference J, p. 121). Table I shows a PV code for

both metropolitan and non-metropolitan areas within each belt.-" - Residential

Ibasements are considered to have an exposure rate of 0.10; that is, they will

provide a tenfold reduction from outside radiation levels, or a protection

factor (PF) of 10. Percentiles under the other exposures rates (reduction factors)

are the results of judgement extrapolations from the basement sample. An ex-

posure rate of 0.01, or PF of 100, may represent a basement in a large structure;

[ 0.50 represents protection in houses without basements; 0.70, partial outside

protection by natural terrain features; and 1.00, exposure to outside fallout

radiation with no protection.

Every city or other population group in the United States is assigned to

'I one of six PV codes. In a Jumbo population casualty assessment, every popula-

1tion group is distributed among the five exposure rates by keying to the PV
code. For example, the population of Seattle and the population of New York,

both being metropolitan areas in the northern belt, would receive the same

percentage distribution among the exposure rates.

ZJ PV stands for physical -Vulnerability. In Table I P7 relates to fallout
radiation. The term is also used to relate the vulnerability of people
or facilities to blast or thermal effect of nuclear weapons.

-24-
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TABLE I

Jumbo III Shelter Percentiles

(Percent distribution of population among various shelter classes)

Exposure Rate

r gode Area 0.01 0.10 0.o 0.70 1.00

70 Severe Winter, Metro. Area 10 75 8 5 2

71 Severe Winter, Non-Metro. Area 10 70 8 10 2

72 Moderate Winter, Metro. Area 8 50 35 5 2

73 Moderate Winter, Non-Metro. Area 8 40 40 10 2

H 74 Light Winter, Metro. Area 3 30 60 5 2

75 Light Winter, Non-Metro, Area 3 5 80 10 2

Source: Victor Lewicke and Irving Gaskill, NREC DAMAGE ASSESSMENT COMPUTATION
PROGRAM, JUMBO III, NREC Technical Report No. 2, Revised edition.
August 1961, National Resource Evaluation Center, Washington, D. C.
pp. 36, 37.

ir
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The procedure described above for estimating the fallout protection for

a Fpulation gro-ap w z adequate in light of the Limited accuracy of the available

radiation protection data base and because the basic shelter was considered to

5be a residential basement rather than a community shelter. However, more

suitable procedures with which to employ the new NFSS data base have been de-

I vised and are presented in Section III.

C. Direct Effects Data Base

Population III, the program in the Jumbo III system which contains casualty

Icomputation procedures, has a single set of casualty curves (Probability of Death

or Injury vs. Distance from Ground Zero) for determining direct (primary blast)

Ieffects casualties. Each curve is based upon the composite results of conventional

and atomic weapon casualty experiences in World War II (Reference k).

The NFSS results provide data which may assist in the assignment of

[J variable amounts of direct effects protection according to the type of building

in which population groups are sheltered. These data are examined in this

ii chapter and in Volume III.

f
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III. EVALUATING THE NEW DATA BASE PRAMETRICALLY-j-

A. Introduction

I In evaluating possible procedures for incorporating NFSS data into damage

assessment routines, one problem seemed most difficult: selecting the most

I realistic shelter utilization assumption.

Phase 1 of the NTSS disclosed about 203 million shelter spaces with PP

greater than 20 for a national population of about 186 million people. However,

the New York metropolitan area alone contains 60 million of these spaces for a

residential population of about 11 million. It is not likely that the excess of

g49 million spaces could be used in the event of an attack. This example points

up the requirement for, careful consideration of the manner of using the NTSS

data in population vulnerability analysis.

The problem of describing shelter utilization is complex and depends on

many parameters (warning time, level of training, movement speed, location of

Ipeople and shelter, etc.). To aid in understanding the effects of these param-

eters, a preliminary analysis was made of the variation of fallout casualties

with variations in these parameters and resulting variations in shelter utiliza-

tion.

B. The Method

Using fallout shelter data for Durham, N, C., and the procedures for

casualty computation in Jumbo III, a parametric analycis was performed for four

Idistributions of people in shelter over a range of fallout intensities. A

--&/The investigation described in this section was originally reported to

OCD in a research memorandum by Herbert Campbell (Reference I).

27-



I'
constant 1-hour time of arrival and an unlimited stay in shelter were the simpli-

fying criteria used. The four methods compared are:

1. NREC Table - In this method, the people of Durham were given

the amount of protection indicated by Table I for a light

I winter metropolitan area. This is the level of protection

which would be assigned to Durham by Jumbo III.

2. Tract or Standard Location - In this method the actual number

of spaces found by the NFSS in a census tract (standard

location) were made available onlv to a number of shelterees

I iequal to the residential population of the census tract.

3. NFSS Table - In this method the assigned level of protection

Iwas selected from Table II, which is similar to that in

Jumbo III (Table I), but prepared from NFSS Phase 1 data.

In using it, Durham is assigned a shelter distribution for

a light winter metropolitan area (PV Code 74).

4. Whole City - This method assumes that any person in Durham

may move to any available NFSS shelter in Durham, and it

further assumes a knowledge of and preference for the highest

PF shelter available.

Method 2 (Tract or Standard Location) represents a pessimistic shelter

utilization plan in that it limits the movement of people to shelter within

a small geographic area. Method 4 (Whole City) represents an optimistic shelter

utilization plan in that travel over a much larger area may be involved for a

portion of the population. (Additional discussion about the movement of people

to shelter may be found in Chapter 3, Section III). The problem is to determine

[-
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ITABLE II

Revised Jumbo III Shelter Percentiles

(Percentage distribution of population among various shelter classes)

Exposure Rate

PV Code Area 0.01 0,018 0.037 0.275 0.50

3 70 Severe Winter, Metro. Area 21 25 31 23 -

71 Severe Winter, Non-Metro. Area 6 7 12 75

* 72 Moderate Winter, Metro. Area 30 34 19 16 1

73 Moderate Winter, Non-Metro. Area 3 5 9 53 30

74 Light Winter, Metro. Area 12 25 29 34

£ 75 Light Winter, Non-Metro. Area 1 2 7 59 31

I
Source: Philip McMullan, PRELIMINARY REPORT ON POPULATION DISTRIBUTION IN

SHELTERS, Research Memorandum RM-82-1, Operations Research Division,[Research Triangle Institute, Durham, North Carolina, May, 1962.

2
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H
I the sensitivity of casualty assessment procedures within these extremes of shelter

j I utilization assumptions.

I C. The Results

gThe results are summarized in Figure 1. This graph shows the percentage

of expected casualties for each method as a function of the reference dose rate

(50 R/HR to 10,000 R/HR). In all other methods of representing fallout protec-

tion, the percentage of expected casualties is lower than that for the NREC table.

This is to be expected, since all other methods include NFSS shelter with high

IF in far greater numbers than that included in the NREC table. However, the

tract-by-tract method shows only slight differences until about 700 R/HR initial

intensity. It should be noted that in the c€nsus-tract method, people without

NESS shelter were assigned to residential basements or houses as was done in

the NREC table. As a result of the movement limitations implied by the census-

tract method, much of the available NFSS shelter remains unused, and basement

I shelter becomes a dominant factor.

The whole-city method curve is significantly lower than the census-tract

method curve throughout the range of intensities. In this method, the entire

population of the city was placed in shelter with PF values greater than 40.

Since the NFSS table was designed using a whole-city shelter utilization

Sassumption, this method is comparable to the whole-city method. It shows that

Durham has better shelter than the average for light-winter metropolitan areas.
4

D. Significance of the Analysis for this Study

I This brief study verified the expected high sensitivity of casualty comp-

utations to the shelter utilization assumption. This is very noticeable at the
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iii
1000 R/HR H + 1 level. Here the limitation of movement within a standard loca-

tion shows expected casualties of nearly 80 percent; while at the same intensity

5 level, the expected casualties for the whole-city method, which permits movement

to shelter anywhere in the city, were about 1 percent. This difference is too

5 significant to ignore in designing procedures for incorporating NFSS data into

existing damage assessment routines.

What is a reasonable assumption as to proper representation of people in

5 shelters? The only answer to the question is that the assumption depends upon

many other questions and particularly: How well is the population trained, and

how much time will people have to move to shelter? These questions will be

discussed further in Chapter 3, where an investigation of movement to shelter

will be reported as part of another sub-task. In order to consider other

*problems relevant to incorporating the new data base into existing damage assess-

ment systems, the following tentative assumptions were made:

1. Matching shelter with people on a standard location basis

provides an estimate of disorderly shelter utilization and

represents the pessimistic case.

2. Matching shelter with people on a county basis provides an

estimate of well planned and executed shelter utilization

and represents the optimistic case.

Analysis shows that much of the population is near shelter centers with-

in any county. Counties with widely scattered population are unlikely to have

if sufficient shelter for the distant population, and this tendency minimizes the

number of exceptional cases involving hours of travel. Investigations re-

" ported in Chapter 3 disclose that the population of Durham can walk (at 5

miles per hour) to shelter and be entirely sheltered within 31 minutes

- 32 -I



(excluding roaction time) after movement begins. An Operations Research In-

corporated analysis using the same speed shows that much of Milwaukee can

be sheltered within 60 minutes (including reaction time) with orderly and

planned movment (Reference m). Also, an assignment plan prepared by the

Stanford Research Institute for Lincoln, Nebraska, using a slower speed of

3 miles per hour had 75 percent of available spaces occupied within 60

Iminutes (Reference n). Movement times within this range should be available

for any city or region subjected only to fallout. The practical consideration

that standard location and county levels are convenient levels of sum ary

for the NFSS data, together with the movement findings, led to the use of

both in incorporating NFSS data into the Jumbo III system.

L
i3
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IV. EVALUATING THE NEW DATA BASE IN THE JUMBO III SYSTEM -1 /

A procedure for incorporating NFSS fallout data into existing damage

assessment routines with minimum reprogramming, but full use of the new data

£base, was developed and tested in the Jumbo III system using Phase 1 data.
The procedure required that data be extracted from Phase 1 magnetic tapes

at the National Bureau of Standards (these tapes are described in Appendix B),

be converted from IBM to UNIVAC format, and b: incorporated into Jumbo II.

computer program prepared as part of thia sub-task matches the shelter data

with population data by standard location or county, produces percentage dis-

tributions of people in shelter, and merges these distributions into an existing

IJumbo III record. Population III, the Jumbo III casualty routine, was revised

by NREC to receive the new data base. In all other respects the Jumbo III

I system is unchanged. The procedure is outlined in the flow chart in Figure 2.

This flow chart shows the point at which the incorporation program interrupts

the Jumbo III system. A description of the computer techniques may be found

in Appendix B.

The new data tapes,-1 -Vthe RTI program, and operating instructions are

:now available at NREC and RTI and have been used by OCD in a planning evalua-
tion called SPAN. The results of SPAN are classified, but a test performed by

RTI using an unclassified naticn-wide attack called SPADEFORK are described

:below:

.1.' Previously reported in a research memorandum by Quentin Ludgin
[ (Reference o).

_10 Data tapes in IBM format are available at RTI.

-34-
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FIGURE 2

I Generalized Schematic for Incorporating NFSS Data into

JUMBO II I System.

I
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Preliminary of
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1 RT, Program

AE 11 Compute Shelter \_. NIA
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U SL Identification

AE II Population (D, N, a R)
Sl Shelter by Category

INormal
Jumbo Il l

Flow

Casualty Program
I(Revised when used

"o I with RTI Program)
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A. Test Description

3 1. Attack Data - In Exercise SPADEFORK, an OCD practice alert, a

relatively small scale counterforce attack was simulated. This

attack was not intended to be representative of intelligence

3 estimates of enemy capability. Of the 355 simulated weapons

employed, 186 were air bursts and were assumed to produce no

3 fallout. As a result, the number of fallout casualties was

small relative to a large-scale attack regardless of the

II casualty assessment procedure.

The Attack Environment III (AE III) program is that component

of the Jumbo III system which places weapons effects data into

the standard Jumbo III record. The standard record, one record

for each standard location when population is the resource

being evaluatcd, normally becomes an input to the Population III

program after AE III data are added. This process is interrupted

when NFSS data are incorporated into the AE III record by the

RTI program, as shown in Figure 2. The AE III output tapes

from Exercise SPADEFORK were obtained from NREC and used in

the test described here.

[ 2. Shelter Data - Each standard location (SL) record from AE III

contained unused data fields. Percentage distributions of

people in NFSS and basement and residential shelter are computed

in the RTI program and placed in the previously unused data

i fields. In determining the shelter distribution percentages,

persons who could not be sheltered in NFSS shelter were assumed

to take shelter in residential basements, when available, or

1 - 36-
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in homes. The procedure for computing these distributions is

I shown in Appendix B, Section III.

In performing the test,a nation-wide run was completed using county-

wide allocations of people to shelter; then another was completed using the

3 SL movement limitation assumption. As explained previously, these repre-

sent the optimistic and pessimistic shelter utilization assumptions. In

3 order that results of these computer runs could be compared with the previous

Jumbo III results using the old data base, the original SPADEFORK results were

obtained. The three results are compared in the following sections.

B. Test Results-'I'

Test results are presented graphically in Figures 3, 4, and 5. In

I terms of fatalities the old data base SPADEFORK results show 15.0 million

killed by fallout; the new data base with SL option shows 8.6 million killed;

and the new data base with county option shows 4.9 million killed. Not more

than 5 percent of the nation's population is assigned to a PP of 100 by the

old data table, and approximately 60 percent of the reminder is assigned to

Iresidential basements with a PP of 10, and 35 percent to a space with a P1

of 2 or less. In the SL option, about 25 percent of the population is assigned

to NFSS shelter with PF's ranging from 20 to 1000, 60 percent to basements,

and 15 percent to houses with a PF of 2. In the county option, about 65 percent

are assigned to PP's of 20 to 1000, 30 percent to basements, and 5 percent

I to houses.

The shelter assignments estimated above explain why the SL results show

increased survivors over the old data base and why the county option shows an

Previously reported in a Research Memorandum by Philip Mc4ullAn and

Quentin Ludgin (Reference p).
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FIGURE 3

Exercise SPADEFORK National Fatalities

:1I Percent of

Total Population
20

OLD DATA BASE

15- SL

SI1OUN TY
KILLED BY FALLOUT

, AST

NATIONAL FATALITIES

Blast Killed Fallout Killed Ta..I

OLD DATA BASE 18,950,000 15,030,000 33,980,000

.[ STANDARD LOCATION
MOVEMENT 1,950,000 8,560,000 27,510,000
COUNTY-WIDE
MOVEMENT 18,950,000 4,887,000 23,837,000

Based on Total Population of 185, 713,000.
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F IGURE 4

j Exercise SPADEFORK National Injuries

1 Percent of

a ,Total Population

10
* OLD DATA BASE

8~ SL

| 6_
INJURE BY FALLOUT

2 -INJURED By BLAST

NATIONAL INJURIES

Blast Injured Fallout Injured Total "
rm

t OLD DATA BASE 7,500,000 9,500,000 17,000,000

STANDARD LOCATION
MOVEMENT 8,200,000 7,000,000 15,200,000

COUNTY-WIDE
MOVEMENT 8,800, 000 4,400,000 13, 200,000

i Based on Total Population of 185,713,000.
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FIGURE 5

Exercise SPADEFORK National Non - CasualtiesI- ~Percent of
Total Population

84

80 COUNTY
KEY, Max. ERD of

76 S L Over 150 7 J
Roentgenh

7 OLD DATA BASE

64 Roentgens

..6 * .... .

o a

Under~~Ude 500-S Oe S
.....en .oen..n Roentgens*
..LD..DATA..BASE~ ~~~~ ~~~~ ...8000..,.,00 4,0,00 3480,0

STANDARD.....

6040 .. ... ... .



increase over the SL option. Similar differences are found for non-fatal

Ifallout injuries and for dose to the non-injured, as is shown in the graphs

of Figures3, 4, and 5.

Figure 3 illustrates the difference in fatalities for the three computer

lruns. Blast fatalities do not differ because no change was made in the blast
fatality computational method. If the attack had been larger in size with

many surface bursts upon counterforce targets, the number of fallout fatalities

would have been increased, and the probable difference between the methods

would have been even more striking. This is due to the fact that as more people

£are exposed to higher intensities, the value of the basement shelter is dimin-
ished. Figure 4 shows the non-fatal injuries resulting from the three runs.

The reductions in fallout-injured resulting from use of NFSS data are consistent

with the fatality reductions. It will be noted that the number of surviving

blast-injured increases as total injuries decrease. This occurs because the

NREC Population III program (both in original and revised form) assumes that

some of the blast injured are killed by the additional effects of fallout.

With increased fallout protection, more of the Blast-Injured Killed-by-Fallout

revert to the Blast-Injured column.

Figure 5 shows the non-casualty survivors and the maximum ERD which

they have received. As would be expected after examining Figures 3, 4, and

t 5, much more of the population talls into the Under 50 Roentgen category

when NFSS data is used.

L Appendix C contains a regional listing of the results of the test.

-41-
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C. Revised Procedure. Test, and Results

The test above was performed to insure that the procedure for incorporating

NFSS data into Jumbo III was workable for the entire nation. Its results were

also useful in re-examining the sensitivity of casualty computation to the

[method of representing the distribution of people in shelter -- the shelter-
utilization assumption. The test data base included the Category 1 shelter

from the NFSS with PF range of 20 to 39.

In order to make the available Phase 1 data comparable to the Phase 2

data base, still in preparation (see Appendix A), the RTI program was revised

to eliminate Category 1 shelter before computing the shelter percentages. A

brief test of this change was made using SPADEFORK AE III tapes for OCD Region

j1. The results of the test are illustrated by the bar graph in Figure 6. Fall-

out fatality results for the State of Connecticut are presented for the re-

I] vised program and for the three tests previously discussed. Table III lists

1state summary casualty results for both Connecticut and New Jersey.
The revision was tested only for the SL option. Figure 6 shows revised

SL results together with the results from the original three runs. For

Connecticut the estimates of fatalities are about 3 percent higher vhen Category

11 1 shelters are not considered. If county results were available, it is ex-

pected that they would show an even greater increase. County option permits

a much greater use of Category 1 shelter than the SL option, because the

Ii latter leaves many lower PF category spaces empty when there are people in

neighboring SL's who could fill them.

The above by-product results may not be significant when considered

against the many uncertainties of weapon size and location, but they suggest

-42



ji FIGURE 61

Exercise SPADEFORK Casualties'

State ot Connecticut

1 Percent ofI Population
Killed by

[I Fal lout

11 lBOLD DATA BASE

10

i.. ......... COUNTY

I Key,

OLD DATA BASE -Obtained from previous SPADEFORK results
which used old data base.

I SL REVISED - SL movement with category I shelter excluded.
SL - Standard Location movement limitation.S3COUNTY- County -wide movement liiain
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a need for a more critical examination of the possible role which Category 1

I shelters might play in immediate shelter planning.i D. The SPAN Program

The RTI computer program and the Phase 1 data base, revised to eliminate

Category i, were used in the SPAN program. SPAN is the code name of an OCD

study conducted by the Plans acnd Programs Directorate. In SPAN the Jumbo III

I system was used to test a range of possible blast and fallout shelter systems

against a range of attack conditions. The RTI computer program and data

were used to represent the present shelter situation with optimistic shelter

utilization, i.e., the county option. The results of the SPAN study are

classified.

Phase I NFSS data were used to approximate Phase 2 shelter data (not yet

available) by eliminating Category I shelter. An off-line computer program was

used to determine the number of shelter spaces which had been utilized in the

SPAN run with the county-wide movement option. Of the 119 million Category 2-8
spaces listed in Phase 1 by the NFSS, 79 million are assigned when using this

Fit' option. Data from the Bureau of the Census, using the county option and Phase

S2 data, indicate that a comparable assignment method would assign 76 million to

shelter in Category 2-8 spaces. (Appendix C, Table C-II, shows unsheltered

population by state, region, and nation for the county-wide movement option and

the SL movement option.)

E. __vysed Exposure Rates

In keeping with the existing NREC programs, the original RTI computer

-i program, discussed in Appendix B, used the mid-point values for PF categories

[i as exposure rates. No problems arise when the shelter PP is low; but when

Ii -45-F!



the higher PF values of the NFSS are used, a revision must be made. Existing

NREC programs do not take into account that a person emerging from a high

PP uhelter after several weeks may receive a greater dose after e~it than was

received in shelter. Since SPAN assumed a 14-day stay in the first shelter,

Uit was necessary to account for the later period dose.

A procedure that had been developed as part of another sub-task made

it possible for a table of "Revised Protection Factors" to be prepared as a

temporary expedient to solve this problem. The major effect is to reduce the

previously assumed high effectiveness of the 100 PF and greater shelters.

If (Maximum E is higher than previously computed.)

U iThe procedure used to develop the revised protection factors is explained

in Chapter 3 and Appendix D, and the revised values are listed in Table VII in

Chapter 3.

1 - 46-
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V. RECOMMENDED PROCEDURES FOR IMPROVED NFSS FALLOUT DATA

INCORPORATION INTO DAMAGE ASSESSMENT ROUTINES

I :A. Introduction
A general procedure for the incorporation of fallout protection data

3from the NFSS into damage assessment programs has been developed and demon-
strated by application in the Jumbo III system. A similar procedure may be

used by Streak and Risk after reducing the number of categories of fallout

protection.

The procedure as outlined in this chapter and in Appendix B will

accomplish the objective of full incorporation of NFSS data into NREC

damage-assessment systems. Further improvements in the procedure will re-

quire major changes in the basic casualty model, and continuing sensitivity

analyses should lead to recommendations for such changes, Some improvements

are possible with the existing procedure an4 models. They are recommended below:

B. Recommendations

1. Population Data Base

In SPAN and in the SPADEFORK test the population was assumed

to be located before movement at their place of residence. The

NFSS included an estimate of day population and of night popu-

lation for each SL. These estimates are included in the record

obtained by RTI from NBS and can be used with a small change in

the RTI Computer Program. However, their accuracy is questionable,

j and it is not recommended that they be used in fallout casualty

computations until a current Bureau of the Census study of these

data is complete.

3: - 47-



'U

The use of the county option minimizes the effect on casualty

computations of the population base for fallout casualties, since

casualty estimates vary only if large numbers move across county

lines from their residences to their place of work or cross county

ii lines for other reasons.

However, it is expected that differences between day and

inight population locations will be significant in computations of
idirect effects casualties.

2. Shelter Utilization Assumption

Until a better understanding of the effect of population re-

action to warning and of movement to shelter can be gathered,

Li it is recommended that the NFSS data be used in procedures

similar to the county option. By using a fractional shelter-

utilization, this method can be varied to accommodate assumptions

Ii of less than optimum shelter utilization. Such percentage

reductions can be applied to reduce the number of spaces available

in a county. In the present Jumbo III procedure, this reduction

could be accomplished in an off-line program as part of the RTI

routine. As more realistic data on shelter utilization become

available from on-going studies by ORI, SRI, and RTI, it is

recommended that the entire procedure be modified accordingly.

3. Shelter Data Base

The tested procedure used Phase 1 data and broad-area average

basement data. The format used is equally applicable to Phase

2 NFSS data now being put on tapes at the Bureau of the Census.

S- 48-
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Because these data were not completed during the performance

of this task, they were not used. It is recommended that when

complete they be obtained in proper form for use in the RTI

. Computer Program for Jumbo III. Such data will be available by

3 SL at the Bureau of the Census and at NREC.

4. Expo4ure Rate Revision

I Table VII, Chapter 3, showing revised protection factors,

is a special purpose revision. It is applicable only to the

I specific conditions of the SPAN study.

The procedure to establish revised exposure rates is ex-

plained in Chapter 3, Section IV. It may be used again for

j other special purpose evaluations, but it is recomended

that an improved casualty model such as that described in

hapter 3 be used in population vulnerability analyses.

if
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VI, AN'ALYSIS OF THE NFSS PHYSICAL VULNERABILITY DATA

A. Introduction

In accordance with specific instructions from the Directorate of Research,

Office of Civil Defense, protection from the immediate effects of nuclear

weapons has received less attention than fallout protection in this study. Blast

and other immediate effects are the subject of numerous other OCD research tasks.

However, some attention has been given to the physical vulnerability (PV) data

collected in the NFSS because of the contract requirement for full incorporation

of the NFSS protection data base into damage assessment routines.

A PV code in the NFSS is a two-digit number which classifies a facility by

its structural characteristics. The PV code can be used in estimating the probable

damage to the facility from the peak static overpressure and the dynamic over-

pressure which may result from a nuclear explosion. If the necessary casualty

11 functions are available, the PV code may also be used in estimating the

vulnerability of people in the facility to the immediate effects of nuclear

weapons. The casualty function gives the probability that a person in a given

type of building will become a casualty as a result of blast or other immediate

effects (gamma, neutron, thermal, etc.) which may reach the building. The NFSS

PV defines the type of building in which shelter spaces (and possibly people)

are located. For a given attack, existing NREC damage assessment routines

estimate the casualties and fatalities due to direct weapons effects using one

casualty function and one fatality function for all structures.

Casualty and fatality functions are available in NREC computer routines for

Uonly one of the 36 PV codes into which NFSS facilities are classified. The Dikewood

Corporation has been preparing casualty and fatality functions from such sources as the
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3data accumulated after the atomic attacks of World War II on Japan. Specific

procedures for the incorporation of PV data into existing damage assessment

routines have been postponed until completion of the Dikewood study (Reference q).

However, a general procedure for use of PV data in damage assessment or vulnerability

analysis is discussed in this section, and a preliminary examination of the frequency

1of occurrence of the 36 PV codes in Phase I records is presented. (An examination

Iof the data using classified information is presented in Volume III of this report.)
B. A General Procedure for Using PV Codes in Damage Assessment Routines

iThe following steps demonstrate a possible, but not necessarily optimal, method
for using PV data and casualty functions in damage-assessment routines.

1. People are assigned an index of vulnerability to direct effects

of nuclear weapons. This index may be an average for the nation,

an average for some sectional breakdown, or it may be one which

represents the vulnerability of occupants in specific buildings.

When appropriate for damage assessment or vulnerability analysis,

II the PV code in the NFSS may be used in this latter type of assignment.

2. The distance from people to weapon(s) is measured. Direct effects

are computed for the specified distance between resource (in this

case, people) and ground zero.

3. Probability of fatal or non-fatal injury is obtained from casualty and

fatality functions for the specified vulnerability index and weapon

parameters. Figure 7 is an example of fatality and casualty functions

used by NREC in their damage assessment systems (Reference k). It

shows the probability of fatal or non-fatal injury for a I KT weapon

surface burst as a function of distance frow souad zero. Scaling

factors are used to project these curves to larger weapon-size

S- 51-
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r

burst-height combinations which may occur in the assessment.

The fatality/injury probabilities for the specified distance

from ground zero to people are obtained after scaling.

4. The probabilities thus obtained are applied to determine the
number of fatalities and injuries to people at the resource

po. M. ultiplying numbers of people at the resource point by
the percent fatalities and percent injured gives the estimates

4.) of fatal and non-fatal casualties.

C. Computations of Casualties from Immediate Effects in NREC Programs

The procedure described above is approximately that used by NREC in existingIdamage assessment routines (Reference k). The casualty and fatality curves

(Figure 7) used in the above description are representative of those used in

such routines. These functions alone are used to represent the vulnerability

of any person in the United States. No distinction is made between people

in reinforced concrete buildings and those in residential dwellings.

Step 1 in the procedure described above suggests that vulnerability

indices can be assigned to people according to the structural characteristics

of the building in which they are located. This can be done in NREC routines

I only after the PV of the building, the number of occupants, and the appro-

priate casualty functions (or some acceptable groupings or approximations of

Ithese factors) are made available to the routines.

D. FV Codes. Descriptions, and Frequencies

1. Description of Data

As a preliminary to the design o procedures for PV data
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I. incorporation, an examination has been made of PV data from Phase 1

of the NFSS. Table IV lists the 33 PV codes, the type of facility,i I and the estimated psi overpressure range. (Reference r, from which

this information was obtained, did not explain the meaning of the

floverpressure range," but it is assumed to refer to overpressures

1I for severe damage to the facility.) The table also contains a

frequency of occurrence column. These frequencies were obtained.

Iby a random sample of Phase 1 facility records at the National

IBureau of Standards (Reference a).
2. Results

jThe bar graph in Figure 8 shows the frequency with which the

five most prevalent facility types occur in the sample of 1541

Ifacilities. These five types account for 80.8 percent of all
structures in the sample. There are 33 PV codes which fall into

9 overpressure ranges. Only 19 of the 33 types occur often enough

fto appear in the sample. Of the five types listed in Figure 8,

three are wall-bearing commercial and industrial buildings. Theseto three plus the steel-frame commercial type fall into the 3.1 to

5 psi range (an compared to the 2.1 to 3 psi for a single-story,

wall-bearing dwelling), and represent 71.7 percent of the sample.

3. Limitations

Several cautions should be observed in applying these frequency

data. The frequency data (Table IV) refer to buildings rather than

shelter spaces. Also the psi overpressure ranges are related to

facility vulnerability and not necessarily to population vulnerability.
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FIGURE 8

IPV Codes Occurring Most Frequently in NFSS

(1541 Facilities in Sample)*

1 40% 37.0%

3 36
32

~28

24 .
20 .... 194%

16 lB 14.5% 12 %
12 . . .

4 
L

36 35 57 43 32 All Others, PV CODE

I PV CODE TYPE OF FACILITY PSI OVERPRESSURE

32 Commercial and Industrial-Wall Bearing 3.1 - S
Ii (I Story)

35 Commercial and Industrial - Wall Bearing 3.1- 5
(2 Stories)

36 Commercial and Industrial - Wall Bearing 3.1- 5
(3-5 Stories)

43 Steel Frame - Commercial 3.1 -5

57 Reinforced Concrete - Commercial 7.1 - 10
*Phase 1 data.
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..

Weapons effects which inflict minor damage to a facility may cause

a high percentage of injuries or fatalities because of broken glass

and other flying debris.

E. Summary and Conclusions

U Despite the limitations listed above, the results in Figure 8 and Table IV

do represent an initial effort toward understanding how the new PV data may

influence the estimation of blast fatalities.

U It is tentatively concluded that of those facilities which appear frequently

in the NFSS, only reinforced concrete buildings offer noticeable improvement in

1] direct effects protection over shelter in dwellings.

It is further concluded that the incorporation of NFSS PV data in the existing

routines for computing casualties will probably require not more than four or

five casualty and fatality functions.

LF. Extensions of the Study

[1 In using the fallout protection data from the NFSS, it was assumed that

fallout intensity would be relatively constant throughout a city. With this

It assumption, it is possible to assume movement of people to shelter through an

unchanging fallout environment. It is not reasonable, however, to assume that

Idirect weapons effects are uniform throughout a city. These effects are much

more sensitive to distance from ground zero. If the movement to shelter con-

centrates people nearer ground zero, the result of moving into NFSS shelter may

[i mean an increase in vulnerability. For example, in a national population

vulnerability analysis which assumes movement into NFSS shelter before attack,

casualties may be higher than those for an analysis which assumes exactly the

same weapons and ground zeros, but leaves people in their residences with the
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protection afforded by such residences. This is an example of but one of many

il 5 problems which may be encountered in using PV data from the NFSS.

The example above would indicate that an examination should be made of

the sensitivity of direct effects casualties to changes in the assumed location

of people, to changes in structure protection within the ranges covered by the

NFSS, and to changes in weapon location. This should be done using the casualtyI-j and fatality functions being prepared by the Dikewood Corporation. The results

of such an examination should assist in determining the most appropriate procedures

I for incorporating NFSS PV data into vulnerability analysis procedures and existing

damage assessment routines. A preliminary evaluation of this kind has been made

and is presented in Volume III (CONFIDENTIAL) of this final report.

it

1!
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I VII. SUMM~ARY OF MAJOR CONCLUJSION ANDh RECOMMNDATIONS

£a A. Conclusion

The PF data from the National Fallout Shelter Survey can be used directly

and profitably in existing vulnerability analysis/damage assessment programs.12/

A tested procedure for immediate incorporation has been presented, and an RTI

computer program for this purpose can now be used in the Jumbo III system.

B. Recommendations

1. Additional revisions of vulnerability analysis/damage assessment models

should be made (see Section V of this chapter). These revisions should

also include the findings of the Dikewood (Reference q) and RTI (Chapter 1)

follow-on studies in formulating the programming for models to be used in

the CDC 3600 computer which is to be obtained by OCD.

2. Phase 2 NFSS data should be obtained from the Bureau of the Census to

replace Phase 1 data presently available at NREC. Basement data now used

in the RTI program is in regional (by climatic area) form, derived from

the 1960 Census of Housing data. These data should be incorporated in

standard location form.

This conclusion assumes continued use of detailed procedures to determine
casualties by standard location and to summarize these into national totals.
No conclusion is dr4wn aa to-whether acceptable mational totals an beobtained by a simple revision of present NREC tables (e.g., regionaldistributions of people in shelter as shown in Tables I and II), but it

is expected that the table method would be adequate if only national totals
are desired.

L6
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Chapter 3

Recommended Procedures Developed for Evaluating Effectiveness

of Civil Defense Systems

I. INTRODUCTION

The procedures and results discussed in this chapter are concurned with

[evaluating the effectiveness of shelter systems. The task described here deals

i primarily with fallout shelters and their improvement, as described in the

National Fallout Shelter Survey (NFSS). However, other features of total CD

systems, such as increased warning and variable shelter stay time, are signifi-

cant as possible trade-offs with improvement in fallout shelters. The contract

statement of the objective is as follows:

"Devise means for relating probable postattack measures of
conditions to: (1) costs of improved protection, (2)
effectiveness of various types of expenditures in reducing
expected casualties, and (3) alternative effectiveness of
higher and lower levels of protection."

The procedures developed to satisfy this objective are primarily "Micro-
~analysis" procedures (explained in Chapter 1, Section III). Such procedures

operate upon a detailed data base which recognizes local variations in shelter

and population rather than upon regional or national aggregate data. This

approach was taken because the full evaluation of possible CD strategies re-

quires a detailed procedure which is sensitive to variations in the location

of people and shelter, the warning reaction time and movement-to-shelter time,

detailed shelter use plans, and other local variables in CD systems. These

variables and the possible range of fallout environments present a complex set

of situations in which to evaluate the effectiveness in increasing survivors

t 7
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" I

3 Iof alternative civil defense expenditures and planning strategies. Analysis in

depthis not presently feasible (or necessary) for every place in the entire

nation, but micro-analysis using representative cities can produce results which

are generally valid for the nation. In this way both the "national" approach

1 and the "local" approach can be kept separate, or can be merged, as appropriate

to the interrelationships under investigation.

A procedure for the micro-analysis of CD systems has been developed. It

is built upon a computer model called "The Mainline Computer Program." This

program performs parametric case studies to determine survivors over a range

[of possible fallout conditions. All pertinent elements in local CD systems are

parameters in the model. Results of case studies performed with the model will

be used in sensitivity analyses to determine the relative importance of the

V variables in order to simplify the analytic tools as much as possible. The

procedure then continues into evaluations of alternative strategies and produces

results in terms of the value of a course of action as a function of a range of

attack conditions or attack assumptions.

6
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I
II. BACKGROUND

Prior to the National Fallout Shelter Survey, evaluation of C1 systemsU
was performed upon a shelter data base of little complexity. Protection in

homes and residential basements was almost all that was known to be available.

Public fallout or blast shelters were not available in sufficient numbers to

Ibe of major concern in evaluations,
5 The NFSS identified potential shelters in existing facilities and esti-

mated their value for fallout protection. The data also presented new problems

in modeling shelter systems. In order to be sheltered in NFSS shelter spaces,

people must move. Thus, problems in simulating the movement of people to

shelter arise. Many variable factors are immediately introduced in evaluating

the existing protection capability even without shelter improvements. Some

examples are:

J Warning of attack and reaction to warning

Location at time of receipt of warning

I Distance from nearest available shelter

Movement desire, capability, and speed

Knowledge of available shelter and amount of pre-
planning and training.

I Once variables such as these are resolved in acceptable detail, an esti-

mate can be made of the number of people in shelter. This in itself involves

interrelationships and attendant problems. When the evaluation proceeds to

determine survivors, variables such as those shown below are added:

Dose received in moving through fallout to shelter

1Variation in fallout protective value, of shelters

ILength of stay time in shelters
-64
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Variation in radiation exposure after leaving prime shelters,

! Countermeasures such as decontamination and evacuation.

The importance of some of these variables will change with the attack

conditions. Detailed analysis may also disclose other variables which must be
i considered.

The discussion above suggests the need for establishing the sensitivity of

Isurvivor estimation to changes in the many variables, but first the procedures

for such analysis must be placed in the context of CD systems evaluation.

I

I
I
I

I

I - 65 -

I



III. THE MAINLINE COMPUTER PROGRAM'S PLACE IN CD SYSTEMS

EVALUATION

A. The Output of the Mainline Program

The Mainline Computer Program is the procedure which has been prepared

to satisfy the requirements listed in the previous section. Figure 9 illus-

trates the steps toward strategy decisions contemplated in designing the

I Mainline Program.

The evaluation of alternative CD strategies must end in a report contain-

ing measures of effectiveness of a kind which can be used to trigger or supple-

ment the decision process. With the uncertainty involved in forecasting

probable attack conditions, the report will seldom present concise positive

Istatements of the "best" strategy. However, it should contain a ranking of

alternative strategies according to decision rules acceptable to the operations

manager. Such a report may be prepared when the results of parametric systems

analysis are related to an acceptable description of the attack environment.

An example of such a report is. given:in Table V. This table shows a number of

I competitive feasible strategies (S i , S2 , ... , Sn) which may include: public

buildings incentives programs, n w fallout shelter, improvements in existing

shelter, comprehensive training programs, or several combinations of the

I alternatives. The effectiveness of each measure, possibly in terms of cost

per survivor added, is shown over a range of possible attack strategies (A1,

A2 , ... , Am).

I. Intelligence estimates and external considerations (political, military,

1 etc.) can be -.sod by the decision maker to assign a preference rating to the
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FIGURE 9

A Concept of CD Systems Evaluation

S(in which basic data is consolidated in steps toward decisions and action)

li
ADecisicnsi and Action

I

Reports

I Systems Evaluation

Sensitivity Analysis

Effectiveness Data

The Mainline Computer Program

Statistical - - -- - -

control Probability
of Allocation

Fatality

B AS IC D A TA B A SE
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TABLE V

CD Strategy Effectiveness

Alternative CD Strategies

L 1  S S3  S

I A1 C 1  C 2  C 3  . ...

A2  C C C

A2  C21 C22 C23

' IPossible

Attack 3  C31  C32 C33

I [Options
A4  C4 1  C4 2  C4 3  . . . .

t A C

m mn

C mn Effectiveness (cost per survivor added) of strategy S in the event of
inmn Attack A

I
I
I
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various attack possibilities. Selection must then he made among alternative

strategies, possibly with the assistance of Game Theory or other tachniques

(Reference t). An example of how such techniques may be used in such analyses

is presented in Appendix E.

B. Sensitivity Analysis & Systems Evaluation

Systems evaluation procedures must be available to determine feasible

strategies and their effectiveness. Sensitivity analysis can be used to

select feasible alternative strategies as well as to estimate the importance

of parameters in the evaluation models.

Sensitivity analysis helps determine the limits of applicability of a

(i strategy and the degree of variation within the limits. As an example, the

improvement of existing NFSS shelter may prove to be of little value except

within a limited range of fallout conditions. This may hold despite any

change in other CD systems parameters. Such findings would simplify systems

Ievaluation.

Systems evaluation procedures develop the parametric studies of cost

effectiveness required for the reports (as shown in Figure 9). Such evalua-

tion over the broad range of possible combined strategies and attack environ-

ments which need to be considered are not practical when constructed

individually for every place in the nation. For this reason a set of data

t called the "effectiveness data base" is required. These data can be obtained

from case studies performed for representative cities using the Mainline

Computer Program and through national systems analysis procedures (Chapter I,

Section III). Case studies, when carefully designed, can convert the bread

NFSS data base into manageable effectiveness data for systemnevaluation.
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The Mainline Computer Program is the micro-analysis procedure to be

I described in this chapter, but its explanatinn will be preceded by discussions

of sub-tasks which led to its development.
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IV. A SHELTER ALLOCATION MODEL

A. Introduction

I The problem of estimating distributions of people in fallout shelter was

3 discussed in Chapter 2. It was necessary to approximate this distribution in

a way which would estimate neither unreasonably extensive nor unreasonably

3 restrictive utilization of available shelter spaces. With adequate warning

devices and an educated population, the factor assumed to be limiting in

. I shelter utilization was the time to move to shelter. This, in turn, depends

SI upon such factors as the distance from shelter, the traffic problems, walking

or riding, etc. Without the assumption of warning devices and a population

trained to move to assigned shelter areas, a multitude of factors enter into

the estimation of probable shelter utilization.

I For the procedures described in Chapter 2, in which NFSS data were in-

corporated into existing programs of the Jumbo III system, it was necessary to

make assumptions of movement to shelter which could be applied throughout the

J nation. The result was the use of a "standard location (SL) movement" assump-

tion and of a "county-wide movement" assumption. In the former, movement of

I people to shelter is restricted to the SL or what is equivalent but more

general, any population movement into an SL is equaled by movement out. In

the latter, movement of people is restricted to the county, or any movement

1 into the county is equaled by movement out. It is expected that realistic

population distributions in shelter will fall between those resulting from

1 use of the two movement assumptions described above. The reasoning used in

selecting these two movement assumptions is discussed in Chapter 2, Section III.17I - 71 -
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I
Although the use of movement assumptions applicable on a nationuwlde basis

I is required by the components of existing NREC damage assessment routines into

which NFSS data have been incorporated, a more detailed model is necessary for

the micro-analysis procedures of this chapter. The discussion which follows

will explain the detailed model which is proposed for use in micro-analysis.

B. Problem and Approach

In a micro-analysis of CD systems, it is necessary that the procedures be

7. sensitive to those parameters used in modeling alternative strategies or im-

provement measures. For example, the calculation of survivors added (for a

I given attack environment) by ventilating existing shelter spaces to increase

their capacity must take into account the possibility that persons using the

new spaces may accumulate a lethal dose while moving to them. Such a possi-

bility is not accounted for in the general assumptions discussed above. It

would be useful to have a model which has, as parameters, all of the factors

[! which determine how people would react, move, and choose a shelter in the

event of an attack. However, data are not available and cannot be obtained

[ for completely realistic simulations with such a model. A compromise solution

is to design a model which contains those parameters found to be most signifi-

cant and to perform analyses using upper and lower bounds for the uncertain

1parameters.
The part of the micro-analysis model discussed in this section is that

I which describes the movement of people to shelter and obtains resulting allo-

cations of people to shelter. The situation to be modeled is not unlike the

1 standard Transportation Problem (Reference u). Formulating the situation as a

1 Transportation Problem, allocations can be obtained using one of several

- 7214
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computers for which library programs are presently available (Reference v).

F jAllocation of people to shelter by such a technique permits the rapid simu-

lation of many alternative situations which must be examined in a mLcro-analysis

of CD systems. The technique also permits the analyst to retrace the movement

J of people from their starting locations to their shelter. A visual examination

of their movement patterns will disclose whether the resulting allocations

appear realistic.

[ C. Discussion of the Transportation Problem

The Transportation Problem is one in which resources at a number of origtns

j must be allocated to demands or requirements at a number of destinations. A

cost matrix shows the unit cost of moving from each origin to each destination.

F The allocation which minimizes total cost is the one to be chosen. Finding

this optimal allocation employs solution methods analogous to those used in the

more general linear programming problem (Reference u).

Moving groups of people to shelter is an analogous situation to the move-

ment of goods in the usual transportation problem. The origin might be the

home, the office, or (more practically) the certer of a population group.

The destinations are shelters or the centers of qhelter clusters. The resources

to be moved are people. The objective function to be minimized might be the

total (or average) distance traveled, the total (or average) time travelpd,

total fatalities, or total casualties.

D. Use of the Allocation Model to Examine Time to Move to Shelter

A Transportation Problem formulation was first used in an examination of

the time to move to shelter. This was done to assist in understanding the

movement time implied by the county-wide movement assumption used in incorpora-

ting NFSS data into Jumbq 11.
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Population and shelter in Durham, North Carolina, were used in a Trans-

I portation Problem formuilation which had as its objective to minimize the total

a time for all people to move to shelter. Details of the formulation and pro-

tcedure are given in Appendix E. The results of the case study were used to

3 prepare Figure 10, which shows the percentage of the total population which

has reached shelter as a function of the time after movement begins. The figure

I shows that 100 percent of the population had reached shelter in about 31 minutes.

I The results were also used to trace on a map of Durham the movement of groups

of people from their homes to their ultimate shelter locations. A visual in-

1 spection of the traces on this map disclosed no patterns of movement which

seemed unreasonable.

Although the case study results show a very optimistic picture in that

11 immediate reaction to warning, knowledge of where to go, and movement at 5

miles per hour are assumed; it is concluded that with a reasonable amount of

advance planning, adequate warning, and training, the City of Durham could be

entirely sheltered in less than one hour. ThiR is estimated to be the earliest

arrival time for fallout reaching cities not directly affected by blast

(Reference t).

E. Other Case Studies Using the Allocation Model

lI Appendix E describes a number of case studies performed using the

Transportation Problem formulation (hereafter referred to generally as the

I.. "Allocation Model"). The case study described in Section D used a model

which was sufficiently detailed for the required estimate. However, the

allocation model as formulated for that study ignored some of the parameters

7
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FIGURE 10

Percent of People in Shelter Over Time For
I" A Durham, N. C. Case Study

100%

75
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Time after movement begins (minutes)

Assumptions: Walking Speed - 5 mph
Minimize Time for Total Population to Reach Shelter
Unrestricted Movement Within City
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conFlidered important for micro-analysis. A major objection is that it did

not distinguish between shelter protection factors in allocating people to

shelter. Further, although movement under fallout was not a major concern

I in the solution discussed above, this factor may be of great importance in

I determining survivors when travel distances are much greater than those in

the Durham case study.

J The case studies in Appendix E were designed to determine whether fatality

computations are sensitive to the changes in allocation which occur when

I aspects such as movement under fallout and the shelter protection factor are

considered or not. Both movement under fallout and protection factors of

shelters must be considered in fatality computations; however, if they can be

IL ignored in modeling the allocation of people to shelter, the allocation model

will be simplified. The case studies were also arranged to produce a set of

V hypothetical results which could be used in planning further development of

micro-analysis procedures.

F. Test Results and Limitations

fi Test results are presented in Appendix E, Table E-I, which shows the number

of fatalities resulting for each of 12 formulations of the allocation model

using Durham data and an artifically slow movement speed of 1 mile per hour.

(The slow speed was used as a computational convenience so that there would be

movement under fallout without assuming fallout arrival times under 30 minutes.)

Fatalities were computed for each of five sets of fallout environment parameters

(time of arrival and H + 1 intensity). These were assumed uniform throughout

Li the city.

V.
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I As a result of these tests, an allocation model based on the Transportation

Problem was tentatively accepted as appropriate for micro-analysis of CD systems.

The objective function selected was total fatalities, which are to be minimized;

and the element selected for the cost matrix (explained in Appendix E) was

probability of fatality. The allocations which result from the model will be

an estimate of the best that cgn be obtained for a given attack environment.
|-

In planned extensions of this study, this estimate will be modified by con-

straints on the model to degrade the resulting shelter allocation to simulate

more realistic situations.

Time limitations prevented the examination of a sufficient number of cases

to fully evaluate the model., but the test demonstrated a convenient model for

quickly obtaining allocations of people to shelter with the apparently signifi-

cant parameters represented in the allocation. It was intended that other tests

be made by applying the model to Milwaukee, Wisconsin, and Lincoln, Nebraska.

I T These allocations would be compared with those obtained by Operations Research,

Incorporated, in applying its sheltering procedure to Milwaukee (Reference x),

and by Stanford Research Institute in producing a shelter plan for Lincoln, Neb.

ji (Reference y). A brief examination of ORI's procedure suggests that the allo-

cation model generally agrees with the ORI procedure. Both studies cited

Li represent plans which might actually be used by local CD directors and both

were prepared from very detailed examinations of the two cities. Comparison

should help in validating or modifying the allocation model. Unfortunately, the

data for such comparisons were not available during the contract period. It is

intended that follow-on research will include such comparisons.

I
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G. Conclusions

Although there may be some modification of the model as further tests are

I performed, the basic form of the allocation model has been accepted and in-

i corporated into the Mainline micro-analysis procedure for further studies at

RT. A later section will explain the place of this model in the Mainline

.1 procedure.

i7

i
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3I V. EFFECTIVENESS OF SHELTER FALLOUT PROTECTION

3 A, Introduction

Objective 2 of the project states in part: "Devise means for relating

I probable postattack measures of (fallout) conditions to . . . alternative

effectiveness of higher or lower levels of protection."

This section will introduce a mathematical equivalent residual dose model

developed under this sub-task for use in parametric analyses to determine the

relative effectiveness of NFSS shelter protection. The model is presented in

fi detail in Appendix D, and several applications are discussed there. This

section will be restricted to a general discussion of the model and its use in
~13/

providing revised PF values for use with Jumbo III in the SPAN evaluations.-

It will be assumed that readers are familiar with the equivalent residual dose

concept. Those who are not, may refer to the brief discussion in Appendix D

and to the more complete explanation in "Operations in Fallout" (Reference-z).

B. The Model

1The mathematical model was prepared for use in sensitivity analysis of
one element of total CD systems evaluation: the determination of the peak

Iequivalent residual dose for use in casualty computations. The model is

t.programmed in FORTRAN for the IBM 1620. The form of the output and the

parameters are arranged according to the particular sensitivity analysis being

I performed. Analyses will typically be concerned with the variation of the

S13/ The SPAN program employed the RTI procedure for incorporating NFSS
data into Jumbo II. This procedure is discussed in Chapter 2.
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time of occurrence and magnitude of the peak ERD with changes in the attack

environment and shelter conditions. The parameter of prime concern is the

protection factor of the initial shelter within the PF range disclosed in the

INFSS.

1 The model computes ERD day by day, deteimining independently the reparable

and non-reparable portions of the total dose. The mathematical formulation shown

in Appendix D includes an expression for both reparable and non-reparable

portions for each shelter period. The following variables are employed in

1expressing changing shelter conditions:
1. Time of arrival of fallout

12. Initial fallout intensity

3. Fallout field decay rate

4. Time of stay in each shelter (or activity) period

5. Protection factor in each period

6. Biolpgi~al recovery rate.

I In the applications which follow, the model used an irreparable portion

of 10 percent of total dose and a body recovery of 2.5 percent of the reparable

-1.2portion per day. The decay rate used was t"  .

C. Period of Peak ERD

As discussed in Chapter 2, Section VI, the high PF values disclosed in the

. NFSS may present a situation in which the peak ERD occurs, not during stay in

the initial shelter, but during some subsequent period. The model was first

-" used to determine the conditions under which peak ERD occurs later than the

initial shelter period.

This question was of particular interest in incorporating NFSS data into

1. Jumbo III. Figure 11 illustrates the problem. It shows the ERD versus time for

S- 80-

|



IVV

I~ FIGURE 11

NREC Peak and "tActual"t PeakI Equivalent Residual Dose

I Actual Peak

ERD

1st Shelter Period I 2nd Shelter Period

PFPF PF3
1 2 1

Time
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two shelter periods. For example, it may be assumed that the PF1 of the first

3 shelter period is over 100 with about 14 days' stay. The PF2 of the second

period is assumed to be approximately 10 with about a 60-day stay. The Jumbo

SI III method of calculation cannot account for the shifts in occurrence of peak

ERD and would compute a low ERD for casualty computations as shown in Figure 11.

No difficulty results as long as shelter PF values and other conditions are

J such that the indicated NREC peak is also the highest ERD value. A test was

made with the model described above to determine when NREC procedures were

Ii adequate (Appendix D, Section I).

The test was made to determine those combinations of PF1 and pF2 which would

produce a peak ERD in the second period with a 14-day stay in the prime shelter.

A range of time of arrival of fallout from one hour to five hours was used. The

results, which are independent of the reference dose rate, are shown in Table VI.

TABLE VI

Limiting Ratio for First Period Peak ERD

Time of Arrival of Fallout (Hours)

1 2 3 4 5

PF 1  5.04 3.74 3.10 2.68 2.39
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The results may be interpreted for the second period protection factor

I (PF2 ) of 10 used in the earlier example as follows: If the time of arrival

is one hour and PF2 equals 10, the PF1 of the first shelter must be equal to

or greater than 50.4 in order for the peak ERD to occur in the PF2 period.

f As the time of arrival moves to five hours, the PF1 value required for second

period peak ERD to occur drops to 23.9.

Before NFSS data were available, and when a PF2 of 4 or more was assumed,

the NREC method was not a bad approximation, since few people were assumed to

I.be sheltered with PFI values over 10. However, much of the shelter disclosed

in the NFSS exceeds a protection factor (PF1) of 40. An alteration must be

made in order to obtain valid results using NFSS data in Jumbo III.

The following discussion will disclose how a temporary alteration was.

made for the SPAN evaluation.

D. Revised PF Values for SPAN

Figure 11 shows an "NREC Peak" and an "Actual Peak." Time did not permit

the revision of Jumbo III programs so that the actual peak could be computed

V }within the Jumbo system for the SPAN expression of the shelter situation. A

procedure to determine the actual peak from the NREC peak was required.. This

was done by the use of a PF', a number or scaling factor to replace the building

PF in the NREC program. In this procedure the reduction factors (reciprocal of

the PF) of the buildings are replaced in Jumbo III by revised reduction factors

IL (reciprocal of the PF'). The revised reduction factors are multiplied by the

NREC peak ERD for unsheltered (PF = I) population to obtain an estimate of the

actual peak ERD (Appendix D, Section VII).
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:1
The PF' values for the protection factor categories used in the SPAN

j program were obtained using the mathematical model programmed for the IBM 1620.

The SPAN statement of conditions was:

i. NFSS shelters occupied for 14 days

2. Controlled living for the next 40 days with PF of 12.5L2
3. For the remainder of the exposure to fallout, a PF3

}I of 10 is maintained.

These constraints plus the decay rate, body repair rate, and irreparable

I" fraction mentioned earlier, set most of the parameters for the program. Time

of arrival and PF1 remained variable. Preliminary examination indicated that

the third period with PF3 a 10 did not contain the peak ERD for this set of

conditions and the NFSS range of PF1 values.

The temporary procedure permits use of only one time of arrival. As

U.! directed by the project monitor, a time of arrival of 2 hours was chosen as

appropriate. The PF' was determined by computing the actual peak ERD for

|L each building PF category. When the actual peak occurred in the first shelter

[i period, the building PF was not revised. When it occurred in the second period,

the PF' became that number by which NREC peak unsheltered ERD could be divided

to obtain the actual peak ERD. The results for NFSS shelter Categories 2 - 8,

using the SPAN assumptions, are shown below:

I
I
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I TABLE VII

Revised PF's for SPAN Program

NFSS[
PF Assigned Period of

i Category PF Peak PF'

1 2 56 2 55.00

. 3 85 2 72.22

4 125 .2 86.55

! 5 200 2 100.87

6 375 2 114.34

7 750 2 123.00

8 1000 2 125.36

*PF2  12.5

I
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VI. THE MAINLINE COMPUTER PROGRAM

The preceding sections describe two major elements of the Mainline Computer

IProgram. This is the program which has been developed to perform micro-

analysis of CD strategies over a range of attack conditions. Its repeated use

I lin case studies will produce the effectiveness data required in deciding be-

tween alternative planning or spending strategies.

The program allocates people to shelter and computes survivors for any

statement of the fallout environment and the shelter situation. This is its

basic function. A sample of cities tentatively selected to be representative

L of all cities under fallout conditions has been obtained. The Mainline program

and the selection of representative cities will be explained in this section.

A. General Explanation of the Mainline Computer Program

IThe Mainline Computer Program receives as input the population, shlalti,
and fallout environment data which describe a case study situation. Population

is moved to shelter according to the allocation procedure which minimizes

fatalities, as described in Section IV. Survivors are computed using a procedure

similar to that described in Section V. The parameters of interest are changed

Iin discrete intervals until a sufficient number of cases have been examined to
reveal trends, limits, and variations in survivors. The procedure is repeated

for all of the sample cities. This output is then organized into the effective-

j ness data required for systems evaluation.

B. Components of the Proaram

The program consists of many interrelated sub-routines and date sets, as

J illustrated in the flow chart in Figure 12. These components are discussed below:
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, |FGURE 12

I The Mainline Computer Program Generalized Flow Chart

I
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1. Shelter and population Data

I The shelter and population data enter the program through

punched cards for each standard location (SL). These cards

contain the following information:

a. SL identification

V. b. SL geographic coordinates

c. Spaces in each PF category (actual or proposed) in each SL

d. Population in each SL

2. Control Parameters

The functions of the program which can vary are controlled by

values entered on control parameter cards. At present, the

control parameters are:

a. Category protection factor

b. Equivalent or actual protection factor for other
-than prime shelter

c. Reference intensity

d. Warning time

e. Fallout- arrival time and build-up function

f. Decay constant

g. Repair rate (for ERD)

f h. Irreparable fraction (for ERD)

i. Dose response curve

J. Length of stay in shelteru (up to 4 time periods)

k. Movement speed.

These parameters adjust the model to the particular situation

under examination. Some of the parameters (such as dose response

curve, repair rate, irreparable fraction, and category protection

S- 88-
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factor) are expected to be fixed for most of the case studies.

J However, the program permits them to be varied in response to

expected future inputs from other research projects. They

will also be varied in sensitivity analysis of the program

elements. Other parameters, together with the shelter and

population data, are used to describe changing operational

I situations or the fallout environments.

3. Movement Distances

The coordinates of the SL are used to determine rectangular

distances between people and shelter. These distances and the

I
movement speed will determine times to move to shelter.

Coordinates are obtained from the National Location Code (a
I

list of SL's and their coordinates prepared by the Bureau

Iof the Census).

4. Probability of FatalityI
This sub-routine computes the probability that a person in SL,

I moving to a given shelter in SL will become a fatality.

(Probability of non-fatal injury may also be used when appropriate.)

Such probabilities are computed for each combination of SL's with

population and SL's with shelter. The procedure takes into

account the following factors:

a. Radiation build-up phase

b. Long term exponential decay and radiation field

I c. Change in shelter protection with time

d. Equivalent residual dose and dose response curve

1 - 89-
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I e. Biological recovery rate

f. Non-recoverable dose fraction

g. Reference intensity

h. Time of arrival of fallout.

I Some of these factors are illustrated in Figure 13, which shows

the elements which go into the calculation of the peak ERD.

This graph resembles the one in Figure 11 of Section V, in which

J peak ERD was first discussed, However, several factors which

were not included in the earlier discussion have bean added.

I The importance of dose accumulated during movement through

a fallout field was highlighted by the tests performed with the

1allocation procedure. Use of a long-term decay constant

.1.2
(e.g. ) from the time of arrival throughout the period

of significant intensity overestimates the amount of early dose

accumulation. This is so because the finite time over which

7 fallout buildsup on the ground is neglected. This is of no

Li great importance in studies in which movement to good shelter

[i is accomplished before fallout arrives; but for early arrival

times, where movement under fallout occurs, the rate at which

f! the radiation field builds up to peak intensity may significantly

influence allocation to shelter and numbers of fatalities. An

[estimated build-up function has been hypothesized, and studies
1 to improve this function are continuing.

Because the Mainline probability-of-fatality program also

1 includes four shelter or activity periods, various activities which
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cause a change in the actual or equivalent protection factor

'I CEPF s ee Appendix D, Section IX) may be evaluated.

The probability-of-fatality program receives as input the

control parameters, shelter data, and the time to move from each

I population zenter to each shelter center. For each combination

of population center and shelter center, a person is assumed to

j start at receipt of warning and move to shelter. Time to shelter

and time of arrival of fallout determine whether movement through

I fallout is involved. If so, the build-up model and PF -1 portions

of the program are employed in accumulating dose. The program

continues through each activity until a peak ERD is determined.

[ This ERD is then related to the dose response curve to determine

a probability of death for the particular movement from the

[population center to the shelter center. The procedure is con-

tinued until all possible SL combinwt~ions have been assigned

a probability.

j5. The Allocation Proaram

The allocation program will take the probability of death from

Ithe preceding program as the cost function and minimize the

overall number of fatalities. The primary output from this program

is a listing of numbers of survivors, but additional information

j is also obtained. Patterns of population distribution in shelter

and the movement time or fatalities for each SL population group

allocation can be printed out.

This part of the Mainline Computer Program is essentially the

I same as that explained earlier in a test of the Transportation

I Problem allocation, procedure.
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P C. Sample Selection

I A problem associated with the development of CD systems analysis procedures

is the handling of the large mass of basic data from the NFSS and census. Micro-

analysis procedures employ the data at the smallest practical level of summary

and manage it by careful selection of representative case study cities. A pre-

liminary selection of cities is described below. Revised selections may be

I made after analysis of the case study results.

When selecting a sample from a non-uniform universe, it is usually desirable

to randomly select from each of the sets that are stratified by a given charac-

I [teristic. In sampling the Standard Metropolitan Statistical Areas (SYSA) for

processing in a fallout shelter system evaluation procedure, this characteristic

jis '"umber of fatalities e;xpected." Of course, it is impossible to calculate

this quantity in any simple way. Thus we hypothesize that the population density

1and the shelter spaces/person ratio will be parameters which correlate best with
fatalities. (Other parameters are also important, such as the distribution of

shelter protection factors, the population, the shape of the city, etc.) Greater

tstratification seems undesirable, if only because it is difficult to get a

sub-group of cities with common characteristics.

1Two stratifications were made using the 176 SMSA's listed in Table F-I of

IAppendix F. This table shows the spaces/person ratio and the population density

for each SMSA. Stratification was first accomplished by plotting the spaces/

I person ratio versus population density for the 176 SMSA's and observing clusters

of data points. Within a cluster, the most centrally located SMSA was chosen

I as the sample SMSA for the stratum. The 18 SMSA's so selected are listed in

1 Table F-Ill of Appendix F. Multiple city SMSA's were excluded in selecting the

sample SMSA. The SMSA's thus excluded are listed in Table F-V of Appendix F.
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The second stratification is based only upon the shelter/person ratio.

Division into 15 equal intervals was made and a central point within each

interval was chosen. The stratification thus accomplished is shown in

Table F-IT, and':the sample SMSA's are listed in Table F-tV of Appendix F.
This stratification is presently judged to be less desirable for the

3 objectives of this sub-task, and the 18 SMSA's of the first stratification

will be used in follow-on analyses.

I' The population information was obtained from the 1960 census (Reference as).

Shelter data were obtained from the National Fallout Shelter Survey Phase 1.

The shelter capacities in protection factor Categories I through 8 were

[summarized to obtain the shelter space totals (Reference bb).

i9
Ii
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VII. CHAPTER SUMMARY

I A. Present Status of the Mainline Computer Program

The Mainline Computer Program has been completed and is ready for immediate

use. Parts of the program have already assisted a special OCD task, as de-

I scribed at several points in this chapter. Data are available to begin per-

forming case studies to collect the effectiveness data (see Section III) re-

I quired for systems evaluation and sensitivity analysis. It is expected that

improvements will be made in the program as effectiveness data are processed.

An alternative approach to analysis of NFSS data and of improvement programs

was investigated and reported in Appendix E, Volume 11, "Reduction of Shelter

Characteristics.V' It appeared to be less promising than the Mainline Program.

B. Cost

The Mainline Computer Program recognizes the importance of dollar cost

data in systems evaluation, but procedures that have been designed up to the

I present time have concentrated primarily upon survival calculations. In

alternative strategies which require funds, the expenditure of funds results

in a system change which can be specified in terms of the input parameters to

the Mainline Program. Results of the change in terms of "survivors added",

or other effectiveness measures can easily be combined with costs to yield the

I "cost effectiveness" required in systems evaluation.

Dollar cost data for systems evaluation are available from a number of

I sources, and development of such data continues. A prime source will be that

collected in the NFSS during Phase 2 (Reference cc). These data include the
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I
cost of improved ventilation, improved shielding, or electric power generators.

They can be used in detail in micro-analysis or as averages, such as the $25-

per-person estimate of the cost to improve potential shelter spaces stated in

3Reference dd, page 95. This same reference also estimates the cost of new

shelter to be $40 per person.

Estimates of costs of warning devices, radiological monitoring devices,

and blast shelter have also been made (Referencesee, ff, and dd, respectively).

I These costs, as well as the cost of improved fallout shelter, may be related

to systems improvements and evaluated as a part of the total civil defense

system in the Mainline program.

C. Limitations

The Mainline Program is not intended as a completely comprehensive proce-

I dure which will serve for all analyses required in the evaluation of civil

defense systems. its most notable limitation is that it is applicable only where

protection against fallout alone is being considered. Direct effects must be

accounted for outside of the framework of the present program. However, fallout

alone will be the major threat to much of the country, and the Mainline Program

will permit a detailed micro-analysis in such areas. Major limitation, not of

the model but of the data base, are the conservative bias and incompleteness

of the NFSS. These limitations are discussed in Chapter 1, Section V and Appendix

[A.
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Appendix A

A Description of the National Fallout Shelter Surve"

I. INTRODUCTION

SI . This appendix is included to aid the reader who is not acquainted with the

National Fallout Shelter Survey (NFSS). Some concept of the basic elements of

I the NFSS is required to understand many sections of this report.

FThe specification of an effective civil defense program has included among
its criteria the following points: In order to provide the greatest amount of

j! protection possible against fallout from nuclear explosions, a system of shelters,

sufficient in numbers and conveniently located, must be developed; further, this

I development must take place in a short period of time and at a minimum cost. The

solution has been, therefore, to utilize first those existing facilities, build-

ings, and other structures which could be readily identified, marked, and stocked.

I With this objective in mind, and with the sense of urgency precipitated by

the Berlin crisis, the Office of Civil Defense undertook the NFSS in late 1961.

I: This has since become the "cornerstone" of our present civil defense prepared-

ness. Not only was this survey made to realiLe imnediate preparedness using

existing facilities, but also to serve as a "basic data source for analytical

I studies and planning future programs" such as shelter incentive programs, war-

gaming techniques, damage assessment routines, and vulnerability analyses.
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II. SURVEY ORGANIZATION

(References A-a, A-b, & A-c)

3 In administering the survey, the Office of Civil Defense called on the

Bureau of the Census, the National Bureau of Standards, the Army Corps of

I Engineers, and the Navy Bureau of Yards and Docks for assistance. The latter

T two groups, in turn, contracted with professional architects and engineers

throughout the country to conduct the necessary field work. Prior to the survey

[itself, special training courses were conducted for architects and engineering
(A&E) groups to provide technical background for survey personnel.

The survey was divided into Pha8es 1 and 2, with more than 600 architec-

rural and engineering -firms employed, using over 2000 graduates of shelter

analysis courses. The basic function of the first phase was to identify and

classify potential shelter as it currently existed. During the course of Phase

2, qualified shelters were marked and stocked, and feasibility and cost esti-

mates for improving others were made.

III. SOME BASIC CONCEPTS AND DEFINITIONS

(References A-a, A-c, & A-d)

!I While it is beyond the scope of this report to go into a detailed explana-

U" tion of such topics as radiation effects and measurements, certain basic con-

cepts must be understood. Once this is done, it will then be possible to describe

briefly the operations involved in both Phasesl and 2.

Basically, gamma rays from fallout may penetrate a structure through the roof

and ceilings (roof contribution) and through the walls (ground contribution).

i - A-2-
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When analyzing a structure for potential shelter, the center of the floor three

3 feet above the surface is chosen as a reference point. At this reference point

we imagine a "detector" to be located. It is at thiR detector that the total

Iradiation contribution (expressed as a "reduction factor") is estimated. In

u Iestimating contribution, numerous measurements and calculations are made. These
include such things as the thickness and composition of walls, ceilings, and

I roofs; design and area of floors; as well as many other design characteristics.

The total contribution is converted into a "Protection Factor" (PF) which

I expresses the ratio of the amount of radiation that would be received by a de-

teetor in the open to the amount that it would receive with the structure present,

For example, if a particular shelter is said to have a PF of 20, the radiation

F inside the shelter is 20 times less than that in the open.
L

Protection Factors are grouped into 8 categories in summary reports, as

shown in Table A-I.

[ PF is one of two terms used extensively in the project described in this re-

port, the other term being Physical Vulnerability (PV) which is a numeric code

used to describe the type of construction and which is related to the estimated

pounds per square inch (psi) of overpressure the structure can withstand.

More exact and detailed explanations may be found in various handbooks,

guides, and other OCD publications. References are listed at the end of this

appendix.

IV. NFSS - PHASE 1

(References A-a, A-e, A-f, & A-g)

IAn understanding of Phase I may be obtained by considering the various steps

taken. A&E firms were given the responsibility of data collection. Included

were such tasks as making day and night population estimates to complement census
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residential figures, identifying facilities which could provide shelter, and

IL collecting information on shielding which would be used by the National Bureau

of Standards to calculate Protection Factors. Various survey methods were em-

[ ployed by the A&E teams ranging from, Code I through Code 7. Code 1, for example,

was a search of office records only, while Code 6 included office records and

an exterior and interior examination of structures. Examples of data sources

i! employed were: Bureau of the Census publications, Sanborn maps, building codes,

tax records, zoning codes, along with private business and association informa-

tion.

TABLE A-I

7i Protection Factor Categories

Protection Factor Protection Factor
Cate2orv ,Rense

F1 20 - 39
2 40 - 69

ii3 70 - 99
4 100 - 149

F 5 iSO- 249

6 250 - 499

7 500 - 1000

8 over 1000

The A&E firms recorded descriptions., dimensions, measurements, and other

structural information for each potential facility on separate FOSDIC (Film

Optical Sensing Device for Input to Computers) forms. Over 500,000 FOSDIC

F forms were processed (Reference A-h). Excluding single-family residences, a

facility was eligible to be surveyed if it was thought to have a PF of 20 or

better and potential space for 50 or more people.

I - A-~- -

I



i

After the architects and engineers filled in the forms, they were sent to

the Bureau of the Census, where they were microfilmed. By means of the POSDIC

process, the microfilmed data were then converted into electronic computer tapes

I and forwarded to the National Bureau of Standards.

I The National Bureau of Standards, using the data on building geometry and

shielding, computed PF's and estimated the number of people that could be

j lsheltered. Results were made available on printouts. A Phase I printout typically

gives such information as standard location and facility numbers, names and

I addresses of facilities, and for each floor the contribution of walls and ceiling,

the PF categories (I through 8), measurements of area and volume, and the

number of people who could be sheltered on each floor. In the event that none

[of the floors in a given facility contained a PF rating of at least 20, this

fact was noted on the printout.

Vi The resulting data from computations by NBS are summarized on various levels:

(1) Standard Location, (2) County and County Area, (3) State, (4) Regional, and

(5) National.

According to Office of Civil Defense Annual Statistical Report. 1962 (Ref-

erence A-g), "During FY 1962, nearly 375,000 existing buildings and other en-

1 closures were examined for shelter potential." Adding the total of all

protection factor categories from Category I (PF 20-39) through Category 8 (PF

over 1,000), Phase 1 identified over 200 million shelter spaces.

Figure A-1 is an example of a specific facility description found in the

Phase 1 printout for the Atlanta, Georgia, area. The top line above gives the

Istandard location (SL) number for identification purposes, the field office

(Savannah District), and the contract number within the field office. This

information is presented once at the beginning of each SL.

- 5
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The identification line includes such information as: a number designating

the facility within the SL, the number of parts to the facility, the number of

ki data revisions, the number of stories in the building, the name and address of

the building, a use class code (51 - commercial offices) and an ownership code

'L (private, local, state, Federal Government, or other), a Physical Vulnerability

v (PV) code which describes the type of construction (57 - multi-story, conventional,

commercial), the year of construction, and the mcthod of survey (SM-6-search of

Li office records, and exterior and interior inspection).

Of the 8 floors in this building, 7 were estimated to have a PF of at least

[ 20. For each floor, the effects of radiation on each wall (A, Bs, C, D), or

ground contribution, and the ceiling (CL), or roof contribution, are listed and

totaled (TOT). A decimal and a first zero were omitted from the printouts. In

this instance the first story had a reduction factor (total contribution) of

.028. Since the Protection Factor is simply the reciprocal of the reduction

factor, the PF is slightly less than 36 (35.7) and it falls in PF Category I

-f" (20-39).

The heading FLOOR is the total area in square feet. The S-AREA, or

V" shelter area, is that fraction of the total floor area having a specified PF

nearly as great as the center PF (for example, a floor having a center PF in

PF Category 5 is assumed to have a PF of 100 in at least 70 percent of the total

area). The CORE is that central area, if existing, surrounded on two or more

I.. sides by interior partitions and may be considered the desired shelter area if

smaller than the S-AREA. In this specific case, no CORE information was re-
1'

ported.

i
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The figure under the heading VOLUME is the floor area multiplied by story

height, while PEOPLE (shelter capacity) is the CORE, when given, or S-AREA

divided by 10 square feet (assuming ventilation is adequate) for the first and

upper stories, or VOLUMP divided by 500 cubic feet for basements (assuming

inadequate ventilation).

Coincident with the completion of Office of Civil Defense review uf the

findiags of the Phase 1 data, Phase 2 was put into operation.

V. NFSS - PHASE 2

(References A-a, A-c, & A-d)

Since the major function of Phase I was to identify and classify potential

shelter, structural data collected during the first phase were related to shield-

ing but not to habitability or possible modification. Once shelters were ten-

tatively identified, however, it was then meaningful and economical to perform

a more thorough and complete analysis.

During Phase 2, contractors (i.e., designated ASE firms) were required to

make detailed building inspections and analyses to review the accuracy of PF

calculations of Phase 1, and to determine both the feasibility and the estimated

cost of improving the protection factor in shelters falling in Categories 2 and

3 (PF 40 - 99). In many cases shelters criginally assigned a low PF rating

were, when examined during Phase 2, upgraded one or more categories. Few were

downgraded. One of several explanations for this was the influence of a sill

height factor. In other cases, if permission was not received to mark the

shelter, it was dropped from the list and no longer included in the aggregate.

Also, as part of Phase 2, those shelters falling in Category 1 were dropped.

This category was included originally as a "safety factor" to reduce the danger

-A-8-
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of omitting potential shelter which had at least PF of 40. Shelters determined

j to have a PF of 100 or better were determined eligible for marking and stocking.

Local civil defense officials were later authorized to mark, but not stock, PF

II Categories 2 and 3 shelters when enough PF Category 4 spaces were not available.

As a part of Phase 2 operations, a survey was made of selected special

facilities including subways, caves, and mines. Special facilities, like regu-

lar structures, were to be marked if they met the established criteria for

public fallout shelters.

I.. Some interesting comparisons may be made between summary figures of the two

1 phases. The total number of shelter spaces identified (Categories 2-8) in

Phase 2 remains less than in Phase 1 (almost 103.7 mil]ion vs. 119 million),

but if Categories 4-8 are considered (PF of 100 and better), Phase 2 has a net

increase of 16.5 million over Phase 1 (69.8 million vs. 53.3). In addition,

there were approximately 60 million spaces which could be improved to the point

where they could be added to the existing 4-8 spaces. The addition would come

from shielding and ventilation improvementa aL an aHULaC cost of between eleven

and twelve dollars per space. As of August, 1963, 45 percent of the 125,445 facil-

ities located have been marked (Reference A-i).

VI. LIMITATIONS

L As a data base for vulnerability analysis or similar use, the NFSS has

several notable limitations. These concern anticipated bias and omissions.

A. Bias

A primary purpose of the NFSS was to obtain the largest number of shelters

Ii in the quickest time at the least cost. This of necessity led to the use of

-A-9-
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data collection and machine protection factor computational procedures

which stressed speed and economy.

The accuracy of the survey data is being examined in another RTI task,

(Reference A-J). The final report for this task will show that the calcu-

Li lated PF's reported to date for spaces identified in the survey tend to

be conservative, or to understate the actual protection afforded by the

structure. The effect of such underestimation on vulnerability analysis

i and systems evaluations is yet to be determined.

B. Omissions

Fl A completed OCD Contract (Reference A-k) has also disclosed that a

V number of buildings which should have been included in the survey were

overlooked by the various A&E contractors. The number of available spaces

will be increased when such omissions are corrected in follow-up investi-

gations which are a part of the permanent OCD program.

IL Residential basements add another important element to the total shelter

data base. information about the availability of such basements was ob-

tained in the 1960 Census. An examination was made of these data and a

procedure for their inclusion in existing damage assessment systems was

devised. This feature has been programmed anditested in the Jumbo III

[l system (Chapter 2, Section IV). The examinations, previously reported

in a recearch memorandum, are reproduced in Volume II of this final
L

report.

Ii A data base including facilities identified in the NFSS, residential

basements, and homes without basements can now be made available for

'.. vulnerability analysis and damage assessment. Not included in the

I - A-10 -
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data base are other places in which people may be located at the time of

attack. These include buildings or special facilities omitted from the

survey by oversight (Reference A-k), structures uther than residences with

less than the minimum protection factor, and structures with less than the

minimum number of spaces. No extensive attempt has been made to identify

such places and add them to the basic data during this task performance,

because it was assumed that they would not substantially improve the data

base. This assumption is based upon the following considerations: (1)

although such spaces are numerous, they are not marked and hence will be

L little utilized; or (2) the PF's are in the range 2 to 20 (generally),

Lhence will not yield casualty estimates much different than estimates from
the basement/house assumption. Further investigation of the latter assump-

tion will be made in a follow-on to the sub-tasks reported here.

A
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Appendix B

Description of RTI Computer Program:

Techniques, Flow Charts & Records

I, INTRODUCTION

I This appendix contains a more detailed explanation of the procedures and

computer programs used in incorporating NFSS fallout protection data in the

Jumbo System, as discussed in Chapter 2.

li The inputs to the program are:

Tape A - Attack Environment III output tapes (Chapter 2, Section Ill-A).

1' Tape B - NFSS tapes as extracted from NBS (Chapter 2, Section III-A).

The sections which follow will explain how these tapes are processed to

produce input tapes to the revised Population III Program (Reference B-a).

II. MATCHING INPUT IDENTIFICATION CODES

Normally, there is a high correlation between the two input tapes. For

every data record on Tape A there should be a corresponding data record on Tape

B, The RTI prograu assumes that in most cases a pair of input records will match

on the identification record and, therefore, be sent through the normal processing

I path. The cases where a discrepancy occurs are few, but unless extensive pre-

cautions are used to isolate the error, further processing would either be halted

or erroneous results produced. A schematic flow chart of the matching process is

j shown in Figure B-1 and explained below.

If an error in identification records does occur (either records are out of

j sequence or illegal character(s) in I.D.), Lhe program must isolate and reject the

record. It is useful to keep two input records from each tupe in process at all

-B-1-
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I times. New records are read into the buffer storage area, BA or BB. They are i
later transferred into the working storage area, WSA, WSB, at the same time as a

new record comes into BA or BB. If the identification code (IDA) of the record

Am in WSA matches the identification coding (IDBn ) of record Bn in WSB, then the

actual data processing will occur.

Vi However, if IDAm does not match IDBn, then the standby records, A+ 1 and

Bn1 , which are in the buffer storages BA and BB are useful for the comparison

tests which are checks for sequence errors on the input tapes. The program

must first determine which record I.D. is higher than the other. Let us assume,

for example, that IDA (the I.D. data for record Am, which is in WSA) exceeds
m

IDB (the I.D, data for Bn , which is in WSB). The program compares ID~m with

IDAm+, (record Am+lis in the buffer storage BA). If IDAm is greater than IDA M+19

L. then the records are not in sequence or IDAm is in error. In either case, IDAm

is sent to the reject area for Tape A. This I.D. record is later printed out and

examined to determine the source of the error.

If IDAm is not greater than IDA 1I then Tape A is in order. This means that

IDB is the mismatched record (since it did not match IDA and there is no sequence
-n m

error on Tape A). In this case, IDBn is sent to a reject area for Tape B records.

Mirror image logic operates if B is greater than A in the first comparison.In m
The matching is either a one-stage or a two..stage process, dependent upon

the option chosen. The county-wide allocation needs merely to verify a match

on the region-state-area-county code (RSAC code). The stsindard location option

requires agreement on the RSAG code and a match on the individual SL code

identification. If a record is out of sequence on one tape, it will be rejected.

Ii However, since its counterpart on the second tape will be urnatched; it, too,

)will be rejected in turn. It is important co note that the standard location

allocation option will reject a standard location completely if the two input

records differ in the identification code. There were cases in Alaska and New

England where the National Bureau of Standards and the National Resource Evaluation

ii - B-3-



Center identified the same standard location in differing ways. Because the program

could find no corresponding records for these mis-identified records, they were all

deleted as unatched, The problem of mismatching is less serious and more subtle

if the county-wide allocation option is used. Here, all of the Attack Environment

III records generated by the Jumbo system are used, but the shelter allocation

stored in them may be erroneous.
III. COMPUTING THE SHELTER DISTRIBUTION FACTOR

The computation of the shelter distribution factor is based on the use of

National Fallout Shelter Survey data (for either a standard location or a whole

county) and the residential population as enumerated in the 1960 Census of Popu-

lation and Rousing. It is assumed that all of the shelter affording the most

protection (Category 8) will be filled first. Then spaces in lower shelter

categories will fill, until the population has been sheltered or until no more

shelter spaces are available.

The computations are made by dividing the number of Category 8 shelters by

the total population of the area and rounding the result to the nearest unit

(1/64th). This sub-factor is then stored in the correct position in the shelter

distribution factor. Similarly, sub-factors are computed for Categories 7, 6,

5, etc., until the whole population has been assigned to shelter or until the

shelter spaces have been exhausted. This latter case will be discussed under

the next topic.

Let us consider the case where enough shelter is available. If, for example,

the sum of the shelter spaces in Categories 4 through 8 was equal to 87.5 percent

of the population and Category 3 could hold 15 percent of the population, the

program will put only enough persons in Category 3 to shelter the remaining

population (and thus leave many spaces unused). To do this, it subtracts the

sum of the sub-factors showing the percentage sheltered in higher categories

from 100 percent. The remainder is the sub-factor to be assigned to Category 3,

-B-4 -



the overflow category. The lower categories receive sub-factors of zero.

Due to the method Population III handles these sub-factors in its casualty

|! computations, each sub-factor must be expressed as a multiple of 1/64th and the

kj entire shelter distribution factor must always sum to unity. Thus, in the

example cited above, the sum of the sub-factors for Categories 4 through 8

would have 56/64th and the sub-factor for Category 3 would have been 8/64th.

The shelter distribution factor is stored in words 35 and 36 of the Attack

- Environment III output record for each standard location. It has been computed

for either the particular standard location or on the basis of the population

and shelter available in the whole county. In the latter case, the same

j shelter distribution is stored in each standard location record in the county.

IV. LOW PROTECTION SHELTER

U If enough shelter with a protection factor of at least 40 (Categories 2

through 8) is not available, the remaining persons must be sheltered in

Category i shelter spaces, in basements, or in houses. In the original RTI

program, Category I is treated like any higher category and a sub-factor

computed for it. If these spaces were insufficient, the remainder of the

I population was allocated to either basements or houses. The allocation scheme

was keyed to the PV code, so it is a regional-average basement shelter estimate.

Ii After analyzing the Census Bureau basement shelter data, some simplified factors

were selected. These factors were also partially based on assumptions as to

how much better shelters would be available. Thus, It little shelter in basements

ii will be needed and a large amount is normally available, then it was assumed

that all those seeking basement shelter will have it.

I The Census Bureau has recently computed more precise basement shelter

estimates for the six PV code-designated regions. One of the modifications OCD

requested in the RTI program for some test runs was the substitution of these

- B-5 -
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Ssix factors for the original basement shelter factors used. This was done,

as well as dropping all data for Category 1. The reasons for the change and

the test results are covered in the body of this report, (Chapter 2, Section IV).

Table B-I on the following page compares the two methods for allocating persons

to low-protection shelter spaces.

In the RTI scheme, the sum of the sub-factors representing NFSS shelter

(including Category 1) is subtracted from unity, and the difference expressed as

a multiple of 1/64th. Dependent upon the PV code (denoting region), this

factor is assigned totally to basements, all to houses, or halved and half

assigned to each. For odd values, the extra persons are sheltered in basements.

In the OCD modification, the Census Bureau's basement shelter factor is

also selected by reference to the PV code. If the factor shows more shelter

1 spaces are available in basements than needed, the sub-factor stored in the

shelter distribution factor shows only the spaces used. If not all of the

excess population can be sheltered in basements, the sub-factor computed

[ showing the portion which can be sheltered is stored,and another sub-factor is

computed showing the portion of the people who are in houses. Thus, the base-

ment sub-factor is always less than or equal to the Census basement shelter

factor and the factor for houses is zero or the residual class.

V. SPECIAL SHELTER FACTOR COMPUTATIONS

There is no standard location in America that has m total of over one

million shelter spaces in any shelter category within it. There are thirteen

L counties, however, that have one or more shelter categories that contain over

one million spaces. Special provision for handling such categorieR had to be

made in the county-wide shelter computation option. The thirteen counties

are shown in Section VIII of this appendix.

IBU- - B-6 -

!-



VTABLE BI

Li Allocation of Excess Population to Basements and Houses

Original RTI Revised OCD
Allocation Scheme Allocation Scheme

Region
Portion of Excess Portion of Excess

Population Placed In: Population which is
Basements Houses Shelterable in Basements

F Severe Winter Metropolitan Area All 89% 57/64th

Li Severe Winter Non-Metropolitan Area All - 72% 46/64th.

Moderat Winter Metropolitan Area All - 67% 43/64the

Moderate Winter Non-Metropolitan Area 1/2* 1/2* 35% 22/64th.

Light Winter Metropolitan Area 1/2 1/2 14% 9/64ths

Light Winter Non-Metropolitan Area - All 8/ 5/64the

Unknown - All 87. 5/64th.

[i For odd remainders, the extra unit is placed in basements.

IB-
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I Because the NBS record limitations prohibited inclusion of the information,

it was necessary to substitute a code for the excessive data. It i5, therefore,

impossible to compute shelter distribution sub-factors for these categories in

the thirteen counties. In six of the affected counties, this is no problem.

There are enough shelter spaces available in higher shelter categories to

accommodate the whole population. No special provision has been made for handling

these six counties.

in the other seven counties, special codt S vas provided to avoid this

problem. Since there are only seven, exceptional cases, it was simpler to arrange

that the computer perform a table lookup and insert a pre-set constant into the

1 data records rather than make special computations.

Whenever the program detects the "trigger code" ("xxxxxx"), it must process

one of these: seven counties. By matching on the RSAC code, the correct shelter

I factor is determined. The shelter distribution factor for this county is selected

from those stored in the computer, then used in all further operations just as if

it had been computed by the program.

V1, GENERAL SCHEMATIC FLOW CHART OF THE RTI PROGRAM

u" The flow charts in Figures B-2 through B-6 illustrate various steps in theU.
RTI program. Figure B-2 describes the verification of the input tapes and Figure

B-3 describes parameter insertion. Figure 3-4 shows how data are. processed in

the standard location option. It follows the general pro'cessing schematic previously

Li shown in Figure B-1. The comparable procedure for the county option is shown in

Figure B-6. Figure B-5 describes the steps taken to prepare records for the compu-

tation of the shelter distribution factor using the county allocation option.
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>. 3 VII. FORMAT OF THE NBS SHELTER DATA RECORDS

SL Record County Record

RSACLL RSAC** RSAC - Region-State-Area-County

r LL**** *****R LLLL - Standard Location Number

j I RRRRR* 1/ RRRRR2 R's - Residential Population

DDDDD* *****D Dos - Daytime Population

I NNNNN* DDDDDD 2 Nos - Nighttime Population

'*****N s  Potential shelter identi-
through fied in each.category. No***V 2 8's

1 1SL will have over a million

I shelter spaces in any one

222222 222222 category. If a county has

333333 333333 over a million shelter spaces

in any category, the symbol

444444 444444 "xxXtxx" is substituted fur

555555 555555 the data. These cases are

666666 666666 handled separately.

S* 's express blank positions
777777 777777

888888 888888

NOTE: Spaces are substituted for all non-significant zeros.

1/ The population of a standard location is never over 100,000. The sixth digits

of these words are spaces. For example:

I 49,724 - 49724* Since non-significant zeros are dropped; 1418 - *1418*

2/ The population of a county can nevar exceed seven digits. If the population
- is over a million, the miflion's digitis in word one and the others in word two.

If under a million, the digits are in word one and word two is blank. For
example:

37,625 *37625 376,259 376259 and 3,762,594 =

*** * * 762594

I - B-14 -
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VIII. COUNTIES WITH OVER A MILLION SPACES IN ONE OR MORE SHELTER CATEGORIES

There are thirteen counties in the United States that have over a million shelter

spaces in one or more shelter categories. As was noted on the previous page, the

symbol "xxxxxx" is substituted for the data in the NBS records for these categories

in the thirteen counties. The computer processing of these thirteen counties is

discussed in Section IV of Appendix C. The seven counties designated by an asterisk

Iare the ones for which special shelter constants had to be stored.
RSAC Code County Shelter Categories

11.uf....1 2 Other

1315 Suffolk, Mass. 1,846,306 1,008,823

1541 Essex, N. is 1,144,546

1641 Bronx, N. Y. 4,599,733 2,031,271

1642 Kings, N. Y. 4,357,485 1,539,331

1644 New York, N. Y. 10,741,717 8,651,141 3 - 4,431,222

4 - 2,228,320

5 - 4,141,886

6 - 40028,220

7 - 1,514,996

8 - 1,614,723
*

1645 Queens, N. Y. 2,737,631

2241 Washington, D..C. 2,210,294 1,342,768

2541 Cuyahoga, Ohio 1,109,745

2675 Philadelphia, Pa. 2,074,734 1,391,029

4121 Cook, Illinois 4,042,017 2,861,314 3 = 1,507,551

5 - 1,710,403
6 w 1,877,799

8 - 1,I10,206

4333 Wayne, Michigan 1,753,106
7231 Los Angeles, Calif. 1,901,632 1,242,539

3 7274 San Francisco, Calif. 1,366,763

I - B-15-



IX. FORMAT OF THE SHELTER DISTRIBUTION FACTOR

SA. Puroce to show the percentile distribution of population in each shelter

category, filling the best shelters first. A shelter distribution factor is

computed for either each standard location or each whole-county summary.

B. Storage Location - in words 35 and 36 of the Attack Environment III output

'I record. This record is the input to Population I1.

C. Bit Pattern - OAA AAA AAB BBB BBB CCC CCC CDD DDD DDE EEE EEE
OFF FFF FFG GGG GGGH MMH HJJ JJJ JJKKKKXKK

d 0 Zero Bit (Bit Not Used).

A - Portion of the population sheltered in houses (to nearest 1/64th)

B a Portion of the population sheltered in residential basements (to nearest 1/64th)
C - Portion of the population sheltered in Category I (to nearest 1/64th)

D - Portion of the population sheltered in Category 2 (to nearest 1/64th)

D - Portion of the population sheltered in Category 3 (to nearest 1/64th)

iF Portion of the population sheltered in Category 4 (to nearest 1/64th)
G - Portion of the population sheltered in Category 5 (to nearest 1/64th)

H - Portion of the population sheltered in Category 6 (to nearest 1/64th)

J - Portion of the population sheltered in Category 7 (to nearest 1/64th)

K - Portion of the population sheltered in Category 8 (to nearest 1/64th)

Category 1 is always zero in the OCD modification.

B
- B-16 -
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U X, INFORMATION CONCERNING THE BASIC SHELTER SURVEY DATA TAPES
U STORED AT THE NATIONAL BUREAU OF STANDARDS

A. Introduction

As was noted in the body of this report, the National Bureau of Standards

computed the original data on shelter characteristics of buildings surveyed in

J the National Fallout Shelter Survey. It may prove useful to include a brief

su nery of the nature of the data, the record format, and the tape format.

I B. Content of the Two NBS Master Tapes

1 1. Master Tape 1 consists of nine data reels. These contain all of the

edited FOSDIC forms for all of the buildings surveyed in Phase 1 of the National

j Fallout Shelter Survey. These data were received from the field offices and

processed by the Census Bureau. Once the data were collated and edited, they

[ were transcribed onto IBM tapes and sent to NBS for processing and storage.

2. Master Tape 2 consists of four data reels. These tapes contain all

of the essential information about shelter spaces in Category I or better

[ (i.e., a minimum protection factor of twenty). These are Phase I data, the output

from the computer program for PF computations.

1 3. JB Tape and MP Tape - These are intermediate processing tapes, identical

in format to the Master Tape 2 except for the title identification. They may

have been blanked.

C. Description of Master Tape 2

1. First Record: BCD record of 8 words.

I Word 1 - 00 i 004 (Tape No. - i - 1, 2, 3, ... , n)

Words 2 -3 - date tape was written

Words 4 -8 - MASTER 2 NAT FALLOUT SURVEY

1 2. The reMi.ning records of the first file have the following format:

All records are btnary and contain 2402 words. The first word of each record is

a record number. For record I it is 000000000001, for record 2 it is 000000000002,

etc. The next 2400 words are grouped into units of 8 words representing the

I - B-17 -



U necessary information about a shelter for computing the summaries. All records

but the last one on the last tape (00 n 003) have 300 units of shelter information.

Y. The last record on the last tape way contain x(x ' 1jnits of shelter data followed

by y(y = 300 - x) units of words - 777777777777. The last word of each record is the

l's complement of the logical sum of word 2 through word 2401. Therefore the logical

sum of words 1 through 2402 is equal to the record number. The content of each unit

I is shown in Section IV.

3. The second file on each tape contains only one binary record of 4 words.

Word 1 is one greater than the record number of the last record of the first file.

Word 2 is the total number of shelter units on this tape. 4

Word 3 is n 000000000000 for i - 1, 2, ... , n-lf
is - 777777777777 for i - n

Word 4 is the logical sum of the first three words of this record.

I [D. Data Unit Record Format

Word I AAM AAM AMA MAA AMA AMA AMA AMA MAA AMA AMA AMA

Word 2 AAAMAAA AAA AAA BBB BBB BBB BBB CCC CCC CCC CCC

Word 3 DDD DDD DDD DDD DDD DDD DDD DDD DDD DDD EEE EEE

Word 4 EEE EEE FFF FFF GGG GGG GGG HM HHH HJJ JJJ JJJ

I Word 5 KKK KKK KKK KKKC KKK KKK LLL LLL LLL LLL LLL LII

Word 6 ?M4M MM MM NM *M NNN NNN NNN NNN NNN NNN

Word 7 PPP PPP PPP PPP PPP PPP QQQ QQQ QQQ QQQ QQQ QQQ

Word 8 ERR ERR ERR RRR ERR ERR SSS TTT TTT TTT TTT TTTIiI
Field A - Standard Location Code (8 BCD Characters)

Field B - Field Office Code (2 BCD Characters)

Field C - Contract Code (2 BCD Characters)

Field D * Facility Number (5 BCD Characters)

Field E Building Part Number (2 BCD Characters)

Field F a Revision Number (1 BCD Character)

Field G H eight of Story as a Binary Integer (9 Bits)

l . B-18-tA



Field H - Use Code as a Binary Integer (7 Bits)

Field J - Story as a Binary Integer (8 Bits, the leftmost is the sign bit)

Field X - Total Radiation Contribution from Side A (18 Bits)

f.Field L - Total Radiation Contribution from Side B (18 Bits)

I Field M - Total Radiation Contribution from Side C (18 Bits)

I eld N - Total Radiation Contribution from Side D (18 Bits)

Field P - Total Radiation Contribution from the Ceiling (18 Bits)

if :Field Protection Factor as computed (18 Bits)

Field R - Core Area as a Binary Integer (18, Bits)

Field S - Owner Code as a Binary Integer (3 Bits)

Field T Total Floor Area Divided by 10 as a Binary Integer (15 Bits)

IB

I
I

I
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3 Appendix C

9 L

SPADZPOR( Caaualtv Summary n

Estimate of Unsheltereid Papulatign

] The tables in this appendix show results of a test of the RTI procedure

for incorporating NFSS data into the Jumbo III system. The procedure is

discussed in Chapter 2, Section IV of this report.

This appendix includes:

Table C-I - SPADEFORK Casualty Sumnary by OCD Region and Nation

lI Table C-I - Estimate of Unsheltered Population by Political
Sub-Division

I1
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I Appendix D

A Procedure for Comuting Equivalent Residual Dose
, and Several Applications4

i1. INTRODUCTION

SIi This appendix will present the mathematical model reported in Chapter 2,

Section III of this report. The model generalizes work done by Hawkins

(Reference D-a) and is designed to calculate an Equivalent Residual Dose

under conditions specified for the sensitivity analysis of shelter protection

factors. The mathematical model will be explained and several applications

will illustrate its use.

II. ERD CONCEPT

* jThe Equivalent Residual Dose (ERD) concept is based upon the expecta-

tion that the body will repair some of the damage inflicted by exposure to

" gamma radiation. Thus, the total number of roentgens of radiation received

- in A long exposure to a radiation source is not an adequate indication of

- probable body radiation damage. The ERD concept attempts to make the

-severity of the total dose a decreasing function of the length of time over

which the dose is received. The concept also encompasses the assumption that

a portion of the total dose can be related to non-reparable body damage.

Authorities do not completely agree however as to:

Li 1. The rate at which the damage is repaired.

12. The percentage of the damage which is reparable.

i - D-1-
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3. The time at which the repair begins.

The Equivalent Residual Dose (HRD) by definition is the accumulated

dose corrected for such recovery as has occurred by a specific time. To

calculate ERD values it is necessary to assume:(a) a radiation exposure

rate and (b) values for the debatable inputs (1), (21 and (3) above.

Values used in specific applications in this appendix are given in References

D-a and D-b.

III. THE MATHEMATICAL MODEL

The mathematical model presented here attempts to capture the dynamic

inter-play between the human body and a radiation field. The human body

acts as a collector when placed in a radiation field. The radiation collected

tends to damage the body and the body attempts to repair the damage. If the

I radiation is being collected at a sufficiently high rate, the rate at which

the damage is done will exceed the rate at which the body can make repairs,

j •The result will be a mounting backlog of damage which will manifest itself

in symptoms ranging from blood changes to death.

Researchers generally agree that the backlog of radiation damage at

any time after exposure can be classified into the categories: (a) reparable

damage and (b) non-reparable damage. The classification of the backlog of

radiation damage suggests a similar classification for the radiation absorbed

jj by the body. This classification is shown below:

211
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IJ

The recoverable dose at some specific time T after exposure is defined

. as that portion of the radiation absorbed by the body prior to 'time T causing

reparable damage which has not been repaired by time T.

The non-recoverable dose at some specific time T after exposure is

5defined as that portion of the radiation which caused non-reparable damage

prior to time T.

The equivalent residual dose (ERD) at some specific time T is defined

j as the sum of the recoverable dose and the non-recoverable dose at time T.

The intent of the remainder of this section is to derive a mathemdtical

Sforuimula for calculating ERD under the assumption of varying fallout fields

iI
over time.

The fiQUwing is a list of the symbols and assumptions which are

incorporated in the mathematical model for ERD.

A. Notation

1 1. dn  the recoverable dose 8t the end of the nth day after
n

exposure begins.

2. d* the non-recoverable dose at the end of the nth day aftern

exposure begins.

th
3. E- the ERD at the end of the n day after exposure begins.n

" 4. R - the H + I intensity of the radiation field.

5. ri - the unit-reference unsheltered total dose received on the

. ith day after arrival of fallout (i.e., the unsheltered dose

-D-3-
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received on the i day if the H + 1 intensity were

I I roentgen per hour).

th
6. Pi M the protection factor achieved on the i day.

3 7. a - the fraction of the daily dose which does reparable damage.

3 8. - the fraction of the recoverable dose whose effect the body

repairs each day.

1 9. (1 " 0) - the unrepaired daily fraction.

B. A.surptions

1 l. The body begins recovery 24 hours after onset of exposure (a

computational convenience rather than an assumption derived from

j IReferences).
2. Recovery is continuous.

We observe the following relationship for the recoverable dose:

dI  Rrl

Sd 2  P dI + R I() - ctpr + R
d 1  P2RP 1 P

| 2r + r

i d Pd2+ R . a I pL+ +3

3] 1 2 F3j

n  n-i

d nnaz (1)

[,=

I - D-4 -
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similarly, for the non-recoverable dose:

d*- -a) ] R. (2)
Fn

th
Therefore, the ERD at the end of the n day is:

E[ -. ,n- +r i -ac ) Er, R. (3)
n n d~n Pn ul jjliJl

If residence is maintained in the same shelter with protection factor

P for each of the n-days then:

En -
+  P r R (3')

If after n-days in a shelter S1 with protection factor PI, it becomes

necessary to move to a shelter S2 with protection factor P2, then E where

m > n is given by Equation (4):

n 1- mLlPi J f2 i-n i-,nr]R + i r m (4)

Observe that each term in Formula (4) can be associated with a well

defined portion of the ERD as follows:

- D-5 -
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1. The term, -n E r R, determines that portion of theUP ii j

recoverable dose collected in the first shelter which has caused damage not

repaired by the end of day m.

2. The term, 6 E r] R, is that portion of the recoverable
i-n+l

dose received in the second shelter which has caused damage not repaired by

[ the end of the day m.

3. The terms r] R, and, E r] , determineP L IP il L 2 i-n+l

respectively the non-recoverable dose collected in the first and second

shelters.

rFormula (4) can be generalized to consider residence in a set of
consecutive shelters in the following way:

D Denote by n( where j - 1, 2, 3, ... , k shelter periods) the last

day on which residence is maintained in shelter J. Shelter j is

assumed to have protection factor P . The ERD on day nk, the last

day in the kth shelter, is given by the following formula:

n

E n I P E 3kn +Z
k 1 n.1 2 n i

1V+.. - +k 1"~ i 2i+ i-n 1 lr

D-



1-al
I " i-nk-l+l

SI Observe that if there are two shelter periods k - 2) then Equation (5)

= t becomes

aRn fll 
nJ

E~~'[~ E(n2i R-n r2 (5) 2 r
j \ i~nj1+1 J~ iinnin+l

I--

2" n!  n2n n2 n - 1En Rn [a + (I E - E r

Ml mP2+ i-nl l in

1 aB 2
iI 2  in

+ (I 1 2) + (I E r (6)
1I ini 2in 1 +1

which is precisely the same as Equation (4) where n = n1 and m n2 . Thus,

we see that Formula (5) generalizes to the consideration of any desired number

of shelters and stay times in each.

I The mathematical model (5) derived above involves the parameters R, a,

I 0, (nit "2) nk)I'( P 2) '''' Pk) and (rl, r2, ... , rnk) and affords a

I - D-7 -
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workable tool for a parametric analysis of ERD. A complete parametric
I

analysis is beyond the scope of this paper. A more comprehensive treatment

3 is anticipated in future work.

This paper does examine the model for some special choices of the

I parameters. The choices were made on the basis of what is currently believed

to be the most reliable estimates of the parameters and the most advantageous

method of operation in a fallout environment. (References D-a and D-b.)

IV. SELECTION OF PARAMETERS AND MODUS OPERANDII
The values most frequently used for C1, the reparable damage fraction,

and , the recovery rate fraction, respectively, are .9 and .025 per day;

and .975. These values are used in the applic-tions presented below.

The applications which follow also are concerned with residence in two

shelters. The first shelter S with protection factor P is to be occupied

continuously for a 14 day period after which time a second shelter S2 with

protection factor P2 is entered. We refer to S as the primary or initial

shelter and S2 as the secondary shelter. Hence, with a- .9 and = .975;

length of stay in shelter one - 14 days and k - 2 shelter periods, the model

reduces to the following form:

n-14 14
R .9(.975)n4 Z (.975)14"1 ri + 9 Z (.975) n 'i rin PI i-l 2

14 n n
+ r E ,r (7)

il +F2 i15

I- D-8-
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I
for n > 15, and

E R -. 9 E (.975)n-i1 +.I r ,(8)
- i j

for n < 14.

The model is further refined by the following assumptions:

1. The unit field intensity decay is described by t"

L 2. All of the fallout arrives at the same time (t in hours).

Hence, the ith day unit-reference unsheltered dose is:
241+t

1.2fri t- dt, (9)

24 (i-l)+tI a

where t is the time of arrival of fallout and is measured in hours.
a

V.. APPLICATION I OF THE MODEL:

CHARACTERIZATION OF THE SHELTER IN WHICH THE PEAK ERD OCCURS

(Discussed in Chapter 3, S4ction ITI)

The question for which we seek an answer in this section is as follows:

What constraints are necessary and sufficient to guarantee that the maximum

ERD will occur in the second shelter under the modus operandi and parameter

selections presented in the preceding Section IV? That is, under what

conditions are we guaranteed an n0 > 15 (a second period day) such that,

-D-9-
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Sn -14 n n-i

140- -

(.975) 1414 .9 (97) r
En R E1i~ (,975)4" r i +  F2 75 )

".i 14 .i ] MX[Enn < 14] (0i-i 2 -1 I

where M8X[En, n < 14) denotes the maximum unsheltered ERD received in shelter

ji one?

| . Equivalently, when are we guaranteed the existence of an n _ 15 such

1! that,

MaxEn n < 14] - nn 4 144 .1

__.9(.__75___ ('975)14ir irr

L P R noirn r i-I .I (nI)

1- r ] n - - (10

.9 5 (.975) ri + .1 r

I
: Computer calculations show that if t - 2, the right hand side of the

' a

v inequality has a minimum of 3.74. Hence, the maximum ERD OCCURS in period

" two f andonly f 2> 3.74 for a time of arrival of two hours.
weSimilar rgumnt show that the maximum ERD occurs in shelter two in

the following cases where ta indicates the time of arrival of fallout.

M- D-10 -
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TABLE D-I

j' Ratio for Determining the Shelter Period Containing

Peak ERD As a Function of Time of Arrival

ta a a a aTime of Arrivalt 1 t 2 t 3 t 4 t 5

-- > 5.04 3.74 3.10 2.68 2.39P2 -
2

The significance of these results is given in Chapter 3, Section ill.

1. VI. DISCUSSION OF A CURRENT METHOD OF CALCULATING ERD

A 96 hour total dose may be a reasonable approximation of ERD for many

practical applications, Here this approximation is discussed and in Sections

VII and VIII this approximation is demonstrated.

f

Some current theories of ERD hypothesize that biological recovery begins

four days or 96 hours after the onset of exposure. Devaney (Reference D-b)

asserts that under the following assumptions ERD reaches a maximum at D + 6

days:

(1) Time of arrival of fallout is H + 1 hour.

(2) Recovery begins four days after onset of exposure.

(3) The level of protection is constant or the maximum ERD occurs

i- while in the first level of protection.

I" Logical consequences derivable from Devaney's conclusion and assumptions

are the following:

I - D-11 -
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: (i) The maximum ERD is at least as lare as the four day total

I(ii) The maximum ERD is no larger than the six day total dose when

we assume a time of arrival of one hour.

I If a decay exponent of -1.2 is assumed, the four day total dose is

-i approximately 95 percent of the six day total dose. Using the above

hypotheses, the four day total dose is frequently used to approximate the

* IERD. Rough calculations indicate that if time of arrival of fallout is

two hours, then the four day dose would be at least 90 percent of the

six day dose. (The assumption that maximum ERD occurs on D + 6 is also

[! made in this case.) Therefore, the practice of using the four day total

dose as an approximation for ERD (when time of arrival of two hours or

less is assumed) seems to have some validity. As the time of arrival is

increased, however, the approximation becomes questionable. The method of

* L calculation for the four day dose is very simple. Therefore, it is desirable

to use the four day total dose as an approximation to ERD whenever the

required degree of accuracy permits. The required degree of accuracy depends

upon the anticipated use of the data and also of course, upon the deviation 4

from some accepted standard or model.

Application II will use the four day total dose in order to calculate

ERD without the assumption of a constant level of protection.

- D-12 -
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Application III in the sequel will be concerned with the deviation of
ilthe four day dose from the mathematical model presented in this report.

The amount of deviation will give an indication of how well the model approxi-

mates the theory.

VII
-- VII. APPLICATION 11 OF THE MODEL:

IMPROVEMENT OF FALLOUT CASUALTY ASSESSMENT PROCEDURE IN THE JUMBO III SYSTEM

(Discussed in Section III, Chapter 2 and Section III, Chapter 3)

A. Jumbo III ERD Calculations

The Jumbo III system proposes to compute a peak unsheltered ERD. This

peak unsheltered ERD is then to be multiplied by a reduction factor in order

to determine the peak ERD for a person in shelter. The reduction factor to

be used is the reciprocal of the protection factor of the building in which

the person is sheltered, The net ERD will then be used to enter a casualty

curve. The critical step in the proposed Jumbo III procedure is the deter-

mination of a peak ERD for an unsheltered person. In view of the discussion

In Section V, if t < 2 hours, the four day total dose may be used as ana -

I approximation to the unsheltered ERD providing that residence is maintained

in one primary shelter for at least six days, after which time residence is

maintained in shelter of sufficiently good quality to guarantee that ERD

will never exceed the maximum ERD of the first six days. This section will

examine the conditions under which the assumption of maximum ERD in the

primary shelter is not valid and suggest a procedure to be used in Jumbo III

in such a case.

D
- D-13 -
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B. SPAN Modus Operandi

The SPAN program, explained in Chapter 2, proposes to perform casualty

D-1/
computations under the following assumptions:-

1. Shelters Stocked - All PF category 2 to 8 shelters are occupied

continuously for 14 days after attack. For the next 46 days,

to D + 60 days, controlled living is achieved providing an

equivalent protection factor (EPF) of 12.5 (see EPF discussion

Iin Section X). After D + 60 an average environment protection

factor of 10 is maintained to D plus one year. A time of arrival

Iof fallout of two hours is assumed.

2. Shelters !Lrkad Only - PF catcgory 2 to 8 shelters are occupied

continuously for 3 days after attack. To D + 60, controlled living

provides a factor of 12.5 and after D + 60 an average PP of 5 is

maintained.

C. Period of Peak

The midpoint of each of the shelter categories is used as P1 in Equation

(7). The third shelter seems to be irrelevant for the values considered. If

this convention is adopted, then Application I of the model indicates the

categories in which the peak ERD is in shelter two. This information is

depicted in Table II.
I

t The peak ERD occurs in shelter two for each of the eight categories;

therefore, the assumption of maximum ERD in shelter one is not valid for

the SPAN modus operandi. Equation (7), programmed at RTI for IBM 1620,

I D-l_/ The modus operandi described herein will be referred to in succeeding
sections as the "SPAN Operation" or the "SPAN modus operandi."

I - D-I4 -
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provides a method which is valid for calculation of maximum ERD in the case

, where the maximum occurs in shelter two.

D. Dose - ERD Conversion Factor (PF' - see Chapter 3, Section III)

The Equation (7) program, specialized for the SPAN modus operandi, has

provided a maximum ERD for Dose - ERD Conversion Factor use. The "Dose -

ER]D Conversion Factor" is a number (PF') such that if (PF') is divided into

the 96 hour unsheltered dose the result will be E, the appropriate maximum

1ERD.
j I Observe that if the maximum ERD occurs in shelter period one, the Dose -

ER Conversion Factor is the protection factor of shelter one. For maximum

ERD occurring in the second period a PF not equal to PF' is required. Table

III exhibits the factors for the living patterns in the stocked shelters of

I the SPAN program.

An adjustment in the form of the equation is possible for an analogous

consideration of SPAN for the marked shelters, but was not performed.

I
i
I
I
I
1
I - D-15 -
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TABLE D-I

I. Period of Peak ERD for Each NFSS Shelter Category

and the SPAN Modus Operandi

Category PI P1  Shelter
1. Period of Peak12.5

1 2 56 4.40 2

3 85 6.80 2

_ 4 125 10.00 2

5 200 16.00 2

6 375 30.00 2

7 750 60.00 2

[ 8 1000 80.00 2

TABLE D-III

Dose - ERD Conversich Factors for the SPAN Modus Operandi

Dose-ERD
Category P1  Period-of Peak Conversion Factor

(PF')

2 56 2 55.00

j 3 85 2 72.22

4 125 2 86.55

1 5 200 2 100.87

6 375 2 114.34

1 7 750 2 123.00

8 1000 2 125.36

- D-16 -
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VIIi. APPLICATION OF THE MODEL:3 EVALUATION OF THE FOUR DAY TOTAL DOSE ASSUMPTION

i Previous sections have attempted to justify the total four day dose

as an approximation to the maximum ERD under suitable constraints.

Observe that the model in the form of Equation (7) has assumed certain

values for the parameters. As a partial check on how well this mathematical

model fits present theory, we have calculated the maximum unsheltered ERD

via the model and compared it with the four day total unsheltered dose. The

four day total unsheltered dose is 2.997R, where R is the H + 1 intensity

I with an assumed time of arrival of fallout of one hour. The model under

identical restraints calculates the maximum unsheltered ERD at 2.851R. Thus,

the unsheltered ERD as calculated by the model deviates from the four day

total dose by approximately 5 percent. Observe that the mathematical model

has a built-in assumption that recovery begins after one day of exposure,

Awhile the theory leading to the conjeture that the four day total dose is a

good approximation to the maximum ERD under suitable constraints assumes this

recovery begins after four days. Note also that the biological recovery rate,

the recoverable fraction, the non-recoverable fraction, and the field decay
rate are all educated guesses. A 5 percent error is rather insignificant

I. in view of the approximations of the parameters.

IX. APPLICATION IV OF THE MODEL:

INVESTIGATION OF VARIATION OF TIME OF PEAK BED WITH VARIATION OF TIME OF ARRIVAL

SDevaney (Reference D-b) asserts that under the following assumptions ED
reaches a maximum at D + 6 days:

- D-17
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1. Time of arrival of fallout is H + 1 hour.

2. Recovery begins four days after onset of exposure.

[ 3. The level of protection is constant.

Section VIII above indicates how well the model presented in this report

f fits the four day total dose assertion. The model will also be used to

predict times of peak ERD for times of arrival different from one hour.

The model in Equation (7) form reduces to the following form when a

Ii constant level of protection is assumed.

f -R[Ai E (.975)'-i ri + Z1 r (12)

24i+t

[ where r~ t 1 2 dt

24(i-l)+t

and where t -time of arrival uf fallout measured in hours.
a

j The following table summarizes the result of programming the model on an

IBM 1620 digital computer to determine the day of peak ERD for some selected

values of t

a
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I
TABLE D-IVI

Day of Peak ERD vs. Time of Arrival
t t Day of

a Peak ERD

.! 1 6

2 7

J 3 8

4 8

' We observe that the model agrees with Devaney's assertion for ta  I hour.

I X. EQUIVALENT PROTECTION FACTOR

ji A person subjected to a radiological environment may find it necessary

to spend portions of the day in several shelters of varying protection factors.

Ii The equivalent protection factor for a day's activity will be an "average"

protection factor for the day which will allow consideration of 24 hour time

increments, The Equivalent Protection Factor for a day's activity is defined

as the protection factor of a hypothetical shelter which would allow the

same 24 hour total dose to its occupants as was obtained by persons partici-

I pating in the day's activity. Observe that if residence is maintained con-

tinuously throughout the day in one shelter, the equivalent protection factor

for the day is the protection factor of the shelter.

th- Let (D) be the 24 hour unsheltered dose recevied on the k day. Let

(ti, ti+l), i 1 i, 2, ... , n; be the time intervals of the day spent in

D1



shelters S1, S2 ,  Sn with respective protection factors PI 2 "' Pn

J Denote the unsheltered total dose received in the time interval (ti, ti)

by &i' The Equivalent Protection Factor (EPF) for the day is given by the

following expression:

EPF- D n U 1 (13)
n n(V) n.

imi i im)l i -i Pi

I It is important to observe that Ai is a function of the time of day as

well as the length of the time interval. For example, the unexposed dose

I! acquired during the first hour of the day may be much greater than the un-

exposed dose acquired during the last hour of the day. This is especially

true if the day in question is earlier than D + 7 days. For any day after

Vthe 14th day, it appears that essentially equal doses are acquired for

periods of equal length regardless of the time of exposure. Hence is

approximately equal to Fi, where Fi is the fraction of the day spent in

j shelter i. Therefore, for days after day D + 7 Equation (13) yields:

|] EPF = 1 14

np (14)

i 
i

Example: Suppose that a person's activity on a D + 10 day in a fallout

environment consists of the following:

(a) Eight hours (1/3 day) at work in a building with protection factor 50

(b) Fourteen hours (7/12 days) in shelter with protection factor 100

(c) Two hours (1/12 day) travel time with protection factor - 2.

In this example EPF 1 1 - 18.

3x50 + 12x100 12x2

- D-20 -
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E, IAppendix E

A Tudt of the Transportation Problem Solution

as a Shelter Allocation Procedure: Durham. N. C.

I. INTRODUCTION

I BSection IV of Chapter 3 contains a discussion of a procedure for allocating

shelter spaces based upon the Transportation Problem formulation, (ReferenceBE-a

and E-b). It was explained there that the allocations obtained are optimistic

fapproximations for systems evaluation use and not necessarily estimates of
realistic shelter utilization. In some cases, however, additional constraints

are added to make the assignments more realigtic, or even pessimistic. Thus,

the real situation has probably been bracketed. This appendix includes a

discussion of the test data, the various matrices prepared using the test data,

and the method used to prepare the results for analysis. Results of the various

allocations are converted into fatalities, and analyses using these fatality

j results are presented as examples of how such procedures may serve in CD system

evaluation.

II. TEST DATA

Shelter and population numbers and locations were obtained for Durham, North

I Carolina. Residential population data were collected in summary by city block

and by standard location (SL), (Reference E-c). Block maps and census tract

j maps with shelter facility locations on them were used to identify population centers

for each block or SL and to measure rectangular distances (along city streets) to

I each shelter center. Since this task was performed prior to completion of the

NFSS survey of Durham, numbers of spaces by PF Category (1-8) were obtained from

an RTI survey report, (Reference E-d). These data were used in the various tests

of the allocation procedure. Input was arranged in the format required by the IBM

E-1-
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library program used in obtaining solutions on the IBM 1620 computer, (References

E-a and E-b).

111. TEST MATRICES

A. Matrix Size

j Cost matrices of N population origins by M shelter destinations were prepared

with a cost element (Ci ) for each possible miove from origin to destination. The

cost matrix shown in Figure E-1 is a generalized example of matrices prepared

in the test. Matrices were prepared of the following sizes:

1. 21 x 9 - to represent the 21 Durham SL's (P) with population and the

I 9 SL's (Si) containing shelter.

2. 78 x 9 - to represent the 78 grid squares (Pi) with population and the

If 9 facility locations. Each of the 78 grid squares was considered sufficiently

small (approximately 0.29 square miles) to assume uniform population within them.

Facilities were found by inspection to be centrally located in their SL's.

3. 21 x 45 - in which SL's containing population and shelter were again

employed, but a separate destination was prepared for each PF category in an SL

If which had an entry in the Phase I summary.

B. Objective Functions

Tests were made using different cost functions and matrix modifications. The

jobjectives are listed below followed by the matrix or matrices in which they

were used.

1. Gross-Time - in which the objective is to minimize the "Gross-Time"

(sum of individuals' times) to move all people to shelter and the cost function

is movement time. Speed of movement is a control variable in this and all other

tests. Speed and distance set the cost of moving from P to S (21 x 9 andI i
78 x 9 matrices).

-E-2-
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I FIGURE E-1

ICost Matrix for the Transportation Problem

Population Origins to Shelter Destinations

S S ~ S S4* Sj People

i PI CII C12  C13  m I

I P2 C21 C22  " 2

3  C31  In3

P4  " I 4

SP5 M 5

* "

.
P " ij mi

L

Spaces n n n3  n4II

3- A facility or facility group destination.

P A population group origin.

Cj Cost in time or fatalities to move fron origin Pi to destination Si.

n Spaces available at $j.

I. -i People in Group Pis

9.E-3"
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2. Net-Time - in which the "Net-Time" of movement under fallout is the cost

factor and minimizing net-time is the objective. The results are dependent upon

the time of arrival of fallout. This arrival time is subtracted from total move-

ment time to determine the cost factor in the matrix (21 x 9 matrix).

3. Fatalities - in which the probability of becoming a fatality in a move

from PI to S is the cost factor. This requires that PF values of shelters be

considered.!-- Thus, it uses the 21 x 45 matrix.

4. Net-Time, Restricted - in which the net time cost factor is biased so

that all persons with available shelter in their own SL will use such shelter

rather than moving on to other standard locations. This prevents persons near

[shelter from moving to a neighboring SL to make room for others traveling in
from remote locations. It produces less than an optimum solution (inadequate

Fi use of high PF shelters and excessive travel for people distant from shelters)

but approximates a not unlikely shelter plan (21 x 9 matrix).

5. Net-Time, Minimum Exposure - in which a maximum number are moved to

shelter before fallout arrives, and those still unsheltered after arrival arc

allocated to minimize net-time under fallout (21 x 9 matrix).

r
C. Case of Unequal Numbers of Shelter Spaces and Population

I Before continuing a discussion of the results, one more modification of the

matrices must be explained. The Transportation Problem requires an equal number

of items at origins and at destinations. Cities will seldom have equal numbers

of people and shelter spaces. The matrices can be arranged to handle such an

inequality by using a dummy row or column. For example, in Durham there are excess

spaces. A fictitious row is added (P n) with a number of people equal to the excess

of shelter. The cost of moving from (P n) to any destination is arranged to pro-

j hibit the preferred assignment of these hypothetical people (infinite cost).

3 E-l/ This is the only objective function which considers the shelter PF.
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3 IAllocations of space to these hypothetical people show the amount and location

of excess space for the particular allocation. An excess of population can be

* . i handled in a similar fashion by adding hypothetical shelter or by including

basements and houses in the list of total shelter spaces.

IV. FATALITY COMPUTATIONS

I Assignments were made to Durham NFSS facilities by the Dennis Computer Program

for the Transportation Problem (Reference E-a and E-b). This program is avail-

able from IBM for the IBM 1620 and other computers. An IBM 1620 was used in

this test.

Outputs for the various shelter allocations listed the numbers of people

' Iassigned to each SL containing shelter except for the fatality method (Matrix 3).

In this latter method, assignments were made both to SL and to PF catbgory

within the SL. For all other methods, people were assigned to PF categories

I starting with the highest available and continuing down until all were assigned.

a PF.

Fatalities were then computed by determining the approximate peak ERD and

referring to the NREC curve for percentage fatalities versus ERD, (Reference E-().

In determining the ERD, two activities were considered: movement through fallout

with PF - land stay in shelter with the PP of the assigned shelter.

V. TEST RESULTS

I A, General

I Test results are presented in Ta'ale E-; which shows the number of fatalities

resulting for each of 12 applications of the Transportation Procedure formulation

using Durham data. Fatalities were computed for each of five sets of fallout

environment parameters (Time of Arrival nrd Initial Tnterq.ty),

IThe two specific questions for which answers were desired were:
3 1. Is an SL sufficiently small an accumulation unit to be used in

obtaining distributions of people in shelters?

-E-5-



3 TABLE E-1

Fatalities in the Sample City Under

Various Plans & Environments

Population 78,500

FALLOUT ENVIRONMENT PARAMETERS
i1 Time of Arrival (HR)

SALLOCATION METHOD A B C D E
1 1 A~ At 3

Intensity at H + 1 (R/HR)1 1000 5000 1000 5000 5000

1.. Minimum Movement Time, Standard
Location as Accumulation Unit 27560 49480 9280 34260 9250

2. Minimum Movement Time, Small Gridi Squares as Accumulation Unit 25530 42980 7820 28880 14810

3. Minimum Movement Time After 1 Hour 24630 50350 5130 27150 9860

4. Minimum Movement Time After 1 Hour
with Preference for Own S. L. 27570 49480 8640 33800 9860

r 5. Maximum Number in Shelter Before
1 Hour 25760 49060 9130 34530 9251

6. Minimum Movement Time After Ik Hours 25970 53170 3540 27110 10460

7. Minimum Movement Time After lk Hours
with Preference for Own S. L. 32220 52170 6670 35560 10460

8. Maximum Number in Shelter Before
1 Hours 24880 51260 4420 26990 10460

- 9. Minimum Fatalities Planned for:
1 Hour Arrival, 1000 R/HR 21430 57140 5540 32020 9580

I 10. Minimum Fatalities Planned for:
I Hour Arrival, 5000 f/HR 34280 46050 2180 37500 7950

11. Minimum Fatalities Planned for:
li Hour Arrival, 1000 R/HR 25540 56490 1850 34950 9920

12. Minimum Fatalities Planned for:
lh Hour Arrival, 5000 R/HR 22770 54730 8090 25870 7960

I -E-6-
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I2. Is there a significant difference in the fatalities as a

j consequence of the choice of the objective function?

B. Accumulation Unit

n the first question was not adequately answered by the testUnfortunately,

cases set up for its examination. Allocation methods (1) and (2) in Table E-I

I were intended for an examination of this question. Method (1) uses the SL

7 as the accumulation unit,and method (2) uses the much smaller grid square.

Each allocation was based upon minimizing movement time. The resulting

fatalities are much too dissimilar to give an unequivocal answer to our

question. With shorter arrival times, the grid square method produces fewer

I fatalities because there is less movement through fallout. With an arrival

time of 3 hours, there is little or no movement under fallout for either

method and the greater employment of high PF shelter by the SL method resulted

in fewer fatalities. Although the test result does not answer the question

for which it was 1ntended1 it shows the importance of considering both move-
i iment and PF of shelter in finding a minimum fatality solution, as well as in

performing realistic shelter assignments.

It was intended that SL and grid square allocations be compared for the

I. fatality method as well, but time did not permit the completion of these cases.

Instead, the SL accumulation unit was chosen for future work, not on the

(i basis of test cases, but because of its availability in convenient form for

rapid use. The test cases did not indicate any advantage to be obtained from

use of a unit smaller than an SL; but if such an advantage is later found,

the Transportation Procedure formulation can be easily modified to accept

any such accumulation unit. ....

j C. Choice of Objective Function

The answer to the second question, "Is there a significant difference in

H E.7 -I



the fatalities as a consequence of the choice of the objective function?"

is definitely, yesp By inspecting Table E-I column by column,the number of

fatalities for each attack may be found* Comparing the minimum number in

I each column with the maximum number (e.g., maximum fatality numbers it is

T found that the difference ranges from 137. to 807., a significant difference.

Thus, the minimum fatality solution cannot be approximated by some less

Idetailed method minimizing some other objective function such as movement
time.

D. An Illustration of Output Analysis for Such Case Studies

An extraction was made from Table E-I, Rows 9, 10, 11, and 12 to produce

the matrix in Table E-II. The entries are simplified by reporting in units

of one thousand. Thus, letting the allocation method represent a shelter

allocation policy, Table E-II contains the "best" policy for each attack.

Inspection of Table E-II will illustrate several points of importance. For

example, if the sample city's civil defense system is designed to minimize

Ii the number of fatalities under the worst attack and the expected att4ck

occurred (reference intensity of 5000 R/Hour, warning time of one hour),

the expected number of fatalities would be approximately 46,000 people (the

I second row, B column entry). If, instead, the intensity of radiation that

occurred was one fifth as much as the planned level, there would be thirteen

thousand more casualties occurring than if the civil defense plans had been

[prepared for the actual level of radiation. (See column A, row 1, vs. column A,

row 2, Table E-II A similar result occurs if, for example, the time of arrival

was lk hours instead of a planned 1 hour. (See the difference in column D,

row 2 vs. column D, row 4, Table E-II.)

I
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TABLE E-I

Fatalities in the Sample City

Under the Minimum Fatality Shelter Allocation Policy

j SHELTER ALLOCATION POLICY Time of Arrival (HR)

Minimum Fatalities A B C P E

Planned for: 1 1 14 14 3

Intensity at H + 1 (R/HR) Max.
1000 5000 1000 5000 5000 Row Values

(9) 1 Hour Arrival, 1000 R/HR 21 57 6 32 10 57

(I io) 1 Hour Arrival, 5000 RJHR 34 46 2 38 8 46

(11) I Hour Arrival, 1000 R/HR 26 56 2 35 10 56

(. 12) I Hour Arrival, 5000 R/HR 23 55 8 26 8 55

i Min. Column Value 21 46 2 26 8

i
I

I 
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E. Illustrative Sample Application of Game Theory

Different types of analysis can be performed on the data in Table E-II,

each being based on a different assumption. For example, convider the situa-

tion described in Table E-I as a matrix game (Reference E-f). To do this

let us assume the attacker's objective is to kill as many as possible in the

sample city by fallout. (This is not the assumption of the previous section.)

Further, the attacker is rational and intelligent and has 'as possible strategies

the five attacks listed in Table E-II. The defense can prepare an optimum

plan in reaponse to each of the first four attacks. These are the rows in

Table E-I. The entries in the matrix are the outcomes in number of fatalities,

given each attack and each defense. Since the attacker will attempt to kill

as many as possible, the (B) attack will invariably be launched. Now,since

the defense will attempt to save as many as possible, row 10 is the "best"

defense action because any deviation from defense (10) by the defender or

attack (B) by the attacker will benefit the other side. The matrix thus

contains Von Neumannis "saddle point" (Reference E-f, p.158), indicating the

existence of a "pure" strategy as demonstrated in the example.

The preceding strategy analyses, as well as the generation of data on the

sample city, should be considered as only indicative of possible applications

of analytical decision theory procedures for evaluation of metropolitan civil

defense systems.

VI. SUMMARY

The test case described above was limited in that a single city was examined,

only 5 sets of attack environment parameters were used, and simplified fallout

fatality computations were obtained. However, it demonstrated a procedure for

modeling the movement of people to shelter which takes into account the distance

from shelter, the speed of movement, and the protection factor of the shelter;

rand obtains a solution which will minimize fatalities for any hypothesized
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fallout environment. The test results were also useful in demonstrating types

of analysis which may be made using output such as w;ll be obtained from the

Mainline Program (see Chaptev 3, Section I1).

I Plans for future work under a follow-on contract (Reference E-9) include

further examinations using data from other cities to verify or improve the

ability of the model to predict a realistic distribution of people in shelter.

I

I
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Appendix F

I Stqtistics Used In Selecting Sample Cities

For The Mainline Program

This appendix contains the tables referred to in Chapter 3, Section VI.

They contain the statistics used in selecting sample cities for the Mainline

Program.

[ The tables included are:

Table F-I - Strata Members

I Table F-I - Cities Stratified Only On Shelter Density

j Table F-III - Representative SMSA's Selected At Random

Table F-IV - Representative Cities Taken By Stratifying

Only On Shelter Density

! Table F-V - Multiple SMSA's

L
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TABLE F-I

~1Strata Members

Shelter Population
Density Density

Stratum L___ Spaces/Person People Q.'.S_

1 New York, N. Y. 5.577 24697

2 Boston, Mass. 2.391 14586

Chicago, I1. 2.452 15836

Jersey City, N. J. 2.343 21239

I Washington, D. C. - Maryland - Virginia 3.586 12442

3 Baltimore, Md. 1.294 11886

I.Buffalo, V. Y. 1.264 13522

Cleveland, Ohio 1.612 10789

Detroit, Mich. 1.163 11964

I Harrisburg, Pa. 1.256 10486

Newark, N. J. 1,874 17170

I. Pittsburgh, Pa. 1,322 11171

Reading, Pa. 1.140 10227

San Francisco - Oakland, Calif. 1.635 11013

' renton, N. J. 1.224 15428

Philadelphia, Pa. - N. J. 1.751 15743

St. Louis, Mo. - l.1.706 12296

4 Altoona, Pa. .518 7712

Canton, Ohio .389 7946

Johnstown, Pa. .484 9634

I - F-2-
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TABLE F-I (Continued)

Shelter Population
Density Densityn

Stratum SMSA Spaces/Person People/Sq.Mi.

IJ
4 Racine, Wis. .562 7959

Charleston, S. C. 
.393 12926

York, Pa. .466 11597

S5 Omaha, Neb. - Iowa 1.706 5891

Hartford, Conn. 
2.282 9321 A

Indianapolis, Ind. 
2.064 6689

Milwaukee, Wis. 
1.865 8137

Nashville, Tenn. 
1.682 5892

I' New Haven, Conn. 1.594 8494

Richmond, Va. 1.694 5945

Rochester, N. Y. 
2.461 8753

Atlantic City, N. J. 
2.462 5178

Cincinnati, Ohio - Ky. 1.844 6501

6 Worcester, Mass. 
1.137 5043

Wichita, Kan. 
1.029 4907

Tulsa, Okla. 
1.045 5475

Toledo, Ohio 
1.432 6598

Syracuse, N. Y. 
1.016 8642

Seattle, Wash. 
1.354 6295

Peoria, Ill. 
1.057 6787

Miami, Fla. 
1.078 8529

Lincoln, Neb. 
1.065 5060

Lexington, Ky. 
1.211 4832
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TABLE F-I (Continued)

Shelter Population
Density Density

Stratum SMSA Spaces/Person People/Sq.Mi.

6 Denver, Colo. 1.185 6956

Bridgeport, Conn. 1.030 8757

Akron, Ohio 1.363 5387

Louisville, Ky. - Ind. 1.404 6841

Portland, Oreg. - Wash. 1.310 5546

Wilmington, Del. - N. J. 1.257 6065

7 Springfield, Ohio .928 5269

South Bend, Ind. .913 5565

New Britain, Conn. .933 6000

New Bedford, Mass. .784 5365

I Lowell, Mass. .697 7031

Lansing, Mich. .933 5085

Lancaster, Pa. .702 8364

Jacksonville, Fla. .995 6657

Grand Rapids, Hich. 608 7267

Flint, Mich. .650 6587

Erie, Pa. .721 7364

. Dayton, Ohio .765 7808

Columbus, Ohio .969 5296

Binghamton, N. Y. .785 6967

- Columbia, S. C. .896 5295

Billings, Mont. .694 5683
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I TABLE F-I (Continued)

Shelter Population

Density Density

Stratum SMSA Spaces/Person People/SQ.Mi.

8 Augusta, Ga. - S. C. .583 4708

I Albuquerque, N. M. .430 3580

Baton Rouge, La. .477 4917

Corpus Christi, Texas .477 4436

Laredo, Texas .463 4435

Lima, Ohio .484 6149

F Macon, Ga. .513 4651

Ogden, Utah .497 3714

Rockford, Ill. .456 4873

I Chattanooga, Tenn. - Ga. .587 3542

9 Savannah, Ga. .395 3596

I San Jose, Calif. .314 3747

Pueblo, Colo. .379 5332

Muskegon, Mich. .311 5369

Lawton, Okla. .392 5141

Kenosha, Wis. .345 6723

Fresno, Calif. .269 4683

Eugene, Oreg. .310 3516

Brockton, Maes. .340 3387

Bakersfield, Calif. .302 3553

Saginaw, Mich. .324 5920

Columbus, Ga. - Tenn. .324 4423
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TABLE F-I (Continued)

F Shelter Population

Density Density

Stratum SMSA Spaces/Person People/SqMi.

* 10 Stockton, Calif. .240 3769

I Orlando, Fla. .207 4177

Odessa, Tex. .146 5117

Muncie, Ind. .224 5577

Lake Charles, La. .092 3889

Bay City, Mich. .181 5584

11 Topeka, Kans. 1.494 3310

Springfield, Ill. 1.384 3891

St. Joseph, Mo. 1.544 2876

Roanoke, Va. 1.391 3735

I Portland, Maine 1.355 3360

Madison, Wis. 1.932 3549

Green Bay, Wis. 1.534 3743

Durham, N. C. 1.725 3559

L Austin, Texas 1.424 3776

Atlanta, Ga. 1.367 3802

Ann Arbor, Mich. 1.991 4915

Des Moines, Iowa 1.677 3240

Kansas City, Mo. -Kans. 2.210 3664

12 Cedar Rapids, Iowa 1.115 2789

Dallas, Texas 1.275 2428

Fort Worth, Texas 1.046 2536
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TABLE F-I (Continued)

Shelter Population
Density Density

Stratum SMSA Spaces/Person People,'Sq.Mi.

12 Houston, Texas 1.099 2860

Knoxville, Tenn. 1.226 4403

Midland, Texas 1.147 2735

New Orleans, La. 1.163 3157

Salt Lake City, Utah 1.025 3377

Stamford, Conn. 1.084 2414

Terre Haute, Ind. 1.228 2935I
Waterbury, Conn. 1.101 3882

13 Tuscaloosa, Ala. .714 3018

Tacoma, Wash. .775 3115

Spokane, Wash. .917 4223

[ Sioux Fall, S. D. .947 3851

Shreveport, La. .997 4566

Scranton, Pa. .794 4405

San Antonio, Texas .706 3662

Reno, Nev. .620 4362

Montgomery, Ala. .694 4226

Memphis, Tenn. .917 3881

Jackson, Miss. .876 3106

Kalamazoo, Mich. .612 3406

Jackson, Mich. .719 4830

Great Falls, Mont. .832 4856

Fort Wayne, Ind. .895 4396

Sacramento, Calif. .808 4250
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TABLE F-I (Continued)

Shelter Population

1r Density Density
S Stratum S.A Spaces/Person People/Sq.M.

13 Dubuque, Iowa .806 4162

Decatur, Ill. .721 3960

Colorado Springs, Colo. .780 4203

Charlotte, N. C. .921 3111

I harleston, W. Va. .900 30l

Birmingham, Ala. .714 4576

Winston-Salem, N. C. .923 3573

Evansville, Ind. - Ky. .970 4423

Wheeling, W. Va. - Ohio .844 4944

14 Amarillo, Texas .692 2518

Asheville, N. C. .912 2508

E1 Paso, Texas .736 2414

Greenville, S. C. .806 2724

Manchester, N. H. .847 2759

Meriden, Conn. .781 2206

Raleigh, N. C. .990 2804.

Sioux City, Iowa .939 1805

Springfield, Mo. .878 2763

Waco, Texas .685 2622

t Waterloo, Iowa .858 2123

15 Fall River, Yar:. - R, I. .474 2948

Wichita Falls, Texas .547 2727
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TABLE F-I (Continued)

Shelter Population
Density Density

Stratum._ SM Spaces/Person People/Sq.14i.

15 Tyler, Texas .444 2799

San Angelo, Texas .478 1980

Pittsfield, Mass. .562 1415

Phoenix, Ariz. .435 2343

L Lynchburg, Va. .507 2382

Lubbock, Texas .460 1716

Las Vegas, Nev. .513 2607

Fort Smith, Ark. .567 2145

Texarkana, Texas - Ark. .322 2283

16 Albany, Ga. .382 2430

Huntsville, Ala. .269 1427

L Mobile, Ala. .374 1326

Monroe, La. .368 2885

Norwalk, Conn. .301 2744

San Diego, Calif. .384 2979

West Palm Beach, Fla. .305 3006

17 Tucson, Ariz. .248 3003

Santa Barbara, Calif. .165 2983

Pensacola, Fla. .228 2823

Gadsden, Ala. .223 1892

18 Oklahoma City, Okla. 1.5e3 1009
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TABLE P-I

Cities Stratified Only On Shelter Density

SMSA Stratum

Odessa, Texas 1

Lake Charles, La.

Bay City, Mich.

Santa Barbara, Calif.

Canton, Ohio 2

Charleston, S. C.

Savannah, Ga.

San Jose, Calif.

LPueblo, Colo.

r Muskegon, Mich.

Lawton, Okla.

Kenosha, Wis.

Fresno, Calif.

L Eugene, Oreg.

p Brockton, Mass.

Bakersfield, Calif.

Saginaw, Mich.

Stockton, Calif.

Orlando, Fla.

[ Muncie, nd.

Albany, Ga.

Huntsville, Ala.

Mobile, Ala.
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TABLE F-I (Continued)

S1__SA Stratum

Monroe, La. 2

INorwalk, Conn.
San Diego, Calif.

West Palm Beach, Fla.

Tucson, Ariz.

Pensacola, Fla.

I Gadsden, Ala.

j Altoona, Pa. 3

Johnstown, Pa.

Racine, Wis.

York, Pa.

1. Albuquerque, N. M.

[Baton Rouge, La.
Corpus Christi, Texas

I Laredo, Texas

Lima, Ohio

[! Macon, Ga.

[" Ogden, Utah

Rockford, 111.

Wichita Falls, Texas

Tyler, Texas

[I. San Angelo, Texas

u Pittsfield, Mass.

Phoenix, Ariz.
!- F-Il -



TABLE F-11 (Continued)

SMSA Stratum

Lynchburg, Va. 3

-Lubbock, Texas

Las Vegas, Nev.

Fort Smith, Ark.

New Bedford, Mass. 4

Lowell, Mass.

j Lancaster, Pa.

Grand Rapids, Mich.

Flint, Mich.

11 Brie, Pa.
Dayton, Ohio

Binghamton, N. Y.

Billings, Mont.

Tuscaloosa, Ala.

Tacoma, Wash.

Scranton, Pa.

San Antonio, Texas

Reno, Nev.

IMontgomery, Ala.
Kalamazoo, Mich.

Jackson, Mich.

I Decatur, Ill.

Colorado Springs, Colo.

Birmingham, Ala.

Amarillo, Texas
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5TABLE F-I (Continued)

SMSA Stratum

El Paso, Texas 4

Meriden, Conn.

Waco, Texas

J ISpringfield, Ohio 5

I South Bend, Ind.

New Britain, Conn.

Lansing, Mich.

Jacksonville, Fla.

Ii Columbus, Ohio

I Columbia, S. C.

Spokane, Wash.

SSioux Falls, S. D.

Shreveport, La.

Sacramento, Calif.

ji Memphis, Tenn.

Jackson, Miss.

|I Great Falls, Mont.

Fort Wayne, Ind.

1. Dubuque, Iowa

Charlotte, N. C.

Charleston, W. Va.

[ Winston-Salem, N. C,

Asheville, N. C.

11 Greenville, S. C.
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[I TABLE F-II (Continued)

SMSA Stratum

Manchester, N. H. 5

Raleigh, N. C.

Sioux City, Iowa

Springfield, Mu.

Waterloo, Iowa

Detroit, Mich.

if Reading, Pa.

Worcester, Mass.
Wichita, Kans.

Tulsa, Okla.

Syracuse, N. Y.

L Peoria, Ill.

Miami, Fla.

Lincoln, Neb.

[Denver, Colo.

Bridgeport, Conn.

[ Cedar Rapids, Iowa

.1I Fort Worth, Texas

-" Houston, Texas

ii Midland, Texas
New Orleans, La.

I Salt Lake City, Utah

Stamford, Conn.

Waterbury, Conn.

IF
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T TABLE F-11 (Continued)

SIVIA Stratum

i I
Baltimore, M.

Buffalo, N. Y.

Harrisburg, Pa.

Pittsburgh, Pa.

(1 Trenton, N. J.

![ Lexington, Ky.

Springfield, Ill.

Roanoke, Va.

Portland, Maine

Atlanta, Ga.

Akron, Ohio

Dallas, Texas

Knoxville, Tenn.

Terre Haute, Ind.

New Haven, Conn. 8

Toledo, Ohio

St. Joseph, Mo.

Topeka, Kans.

Green Bay, Wis.

Austin, Texas

Cleveland, Ohio 9

Nashville, Tenn.

Richmond, Va.

Durham, N. C.

- F-15 -



ST BLE F-II (Continued)

SMSA Stratum

Des Moines, Iowa 9

Newark, New Jersey 10

Milwaukee, Wis.

Madison, Wis.

[ Ann Arbor, Mich.

Indianapolis, Ind. 11

Boston, Mass. 12

Jersey City, N. J.

Hartford, Conn.

Chicago, 111. 13

!Rochester, N. Y.

Atlantic City, N. J.

New York, N. Y. 14

I Oklahoma City, Okla. 15

I
I
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TABLE F-Ill

Representative SMSA's Selected At Random

I Shelter Population

Avg.Strata AvS.Strate Density Density
Shelter Population Standard SLandard

Stratum SMSA Density Density Deviation Deviation

1 New York, N. Y. 5.577 24697 0 0

2 Boston, Mass. 2.395 17220 .055 1745

3 Detroit, Mich. 1.378 12366 .232 2185

4 Charleston, S. C. .468 9629 .071 2010

5 Richmond, Va. 2.013 7301 .334 1460

6 Peoria, 111. 1.154 6405 .138 1410

7 Columbus, Ohio .810 6350 .127 1005

8 Baton Rouge, La. .474 4602 .032 746

9 Bakersfield, Calif. .334 4633 .032 1095

10 Orlando, Fla. .181 4686 .045 764

11 Atlanta, Ca. 1.568 3646 .208 472

12 Knoxville, Tenn. 1.137 3047 .071 596

13 Charlotte, N. C. .808 3946 .109 577

14 Waterloo, Iowa .829 2477 .100 302

15 Tyler, Texas .501 2235 .045 450

16 Mobile, Ala. .340 2400 .032 671

17 Tucson, Ariz. .216 2675 .032 460

18 Oklahoma City, Okla. 1.583 1009 0 0
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I TABLE F-tV

" |Revresent,.tive Cities Taken By Stratifying Only On Shelter Density

Shelter Population

Stratum SMSA Density Density

1 Odessa, Tax. .146 5117

2 Bakersfield. ColIf. .302 3553

3 Ogden, Utah .497 3714

4 Montgomery, Ala. .694 4226

5 Spokane, Wash. .917 4223

6 Lincoln, Neb. 1.065 5060

7 Akron, Ohio 1.363 5387

8 Toledo, Ohio 1.432 6598

11 9 Richmond, Va. 1.694 5945

10 Milwaukee, Wi.s, 1865 8137

11 Indianapolis, Ind. 2,064 6689

12 Hartford, Corn. 2.282 9321

13 Rochester, N. Y. 2.461 8753

[i 14 Oklahoma City, Okla. 1.583 1009

15 New York, N. Y. 5.577 24697
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TABLE F-V

Multiple SMSA's

I Albany - Schenectady - Troy, N. Y.

j1 Beaumont - Port Arthur, Texas

Brownsville - Harlingen - San Benito, Texas

Champaign - Urbana, Ill.

Fitchburg - Leominister, Mass.

Fort Lauderdale - Hollywood, Fla.

I Galveston - Texas City, Texas
Gary - Hammond - East Chicago, Ind.

Greensboro - High Point, N. C.

Hamilton - Middleton, Ohio

L Lewiston - Auburn, Maine

Little Rock - N. Little Rock, Ark.

Lorain - Elyria, Ohio

j New London - Groton - Norwich, Conn.

Newport News - Hampton, Va.

[ Provo - Orem, Utah

Los Angeles - Long Beach, Calif.I-
Allentown Bethlehem - Easton, Pa. - N. J.

Davenport - Rock Island - Moline, Iowa - Ill.

Duluth - Superior, Minn. - Wis.

|V Fall River, Mass. - R. 1.

Fargo - Moorhead, N. D, - Minn.

Huntington - Ashland, W. Va. - Ky. - Ohio
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I TABLE F-V (Continued)

Lawrence - Haverhill, Mass. - N. H.

Norfolk - Portsmouth, Va.

I Minneapolis - St. Paul, Minn.

Patterson - Clifton - Passaic, N. J.

I Providence - Pawtucket, R. I. -Mac.

San Bernadino - Riverside, Calif.

Springfield - Chicopee, Mass.

Steubenville -. Weirton, Ohio - W. Vs.

Tampa - St. Petersburg, Fla.

I IUtica - Rome, N. Y.

Youngstown - Warren, Ohio

IF
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