AD-ADI4 431
VULNERABILITY OF REGIONAL AND LOCAL ELECTRIC POWER
SYSTEMS: MNUCLEAR WEAPGNS EFFECTS AND CIVIL DEFENSE
ACTIONS
Brian K. Lambert, et al

Defense Electric Power Administration

—

Prepared for:

Defense Civil Preparedness Agency

July 197F%

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE

.




7 o P ' .

" Lo ) - L ‘,- P4

A

- us, Mrmmm oF THE INTERIOR - o:r:us:,ufcvmc Po‘wza ADMINISTRAT ION e -
\ \‘ WAMGTON,_D c. T _ #,_-J

.'"'-’_’ \r\ .\ \ - . -

Ky ! .
N - P Vo - / ' / \-»\/
v P ! / / .

,."" WORK uuﬁ, 45343 wohx onnm-dcwf 7669 9: o

N
- F :
g J {
~ \ g f J s‘ .;,-z.-f : N ; i
h ) e ! e ‘2 LA . " 7 ] )
Ve 1L ;‘Ir =Y e - \ S -, i /
o —— ;‘: BN, f //"-' "(i" R N \:. T i“f. ; ‘ fr"
< \ ;‘\ b . . -al-. - ; -F" “;‘ = et I"’ I . I I.") f r i
. i; T : Tk N . 3, - .. ! .
L S " Sl e e e - SR ey b ; -

A REGMNAL nNn I.OOAL ~Ei£crnrd Pow\m/sv/srs ’

'''' . \ P ) ‘7\ LT

.4; Nucm}i wsnpou«sr EFFECTS \“\/

AND CWiI. ﬂEFENSE MJTIO“SW-—* S 1

.I.\ . T,

APPROVED FOR PUBLIC RELEASE : DISTRIBUTION UNLIMITED

NAT':ONAL TECHNICAL
!NFO RMATION SER\HCE



Unclassified

SECLRTT Y CLASSIMIT ATION 1F Tty MAGE -When Ilare S nteied

= ) KT AD INSTRUL TIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM |
RESCRT NumBEH 7 COVT ACCESSION NG| 3 BECIFIFRNT G { AT AL i, HomMAE &
4 TITLE fand Subhitle! L Ty PE OF REGOHOT A ;}JTF,'(;';;:E_(;'{{:H

Viulnerabi ity of Regional Local Electric
Power Systems: Nuclear Weapons Effects and
Civil Defense Actions

& PERFOQMING ORG REEDRT wUMBE &

T THGAT — - § TN TEST T ARSI Wiaey el T 7]
Lambert Lan K. ~
mbert, Bria OCD-PS~66-92
Minor, Joseph E.
.- R
9 PEAFCRKMIY D DRGAMITATION % AME AMD &DDAF 5% 10 PROGRAM ELEMENT PRUO,FST “aye
. . . . l ARE & & wivAu et T worwaRE i,
Defense Electric Power Administration .
. e ' . Research work Order
U.5. Department of the Interior 43348
| _Washingteon, D.C, 20240 . S
TH - TARDCLING OFFICE WAME AnD ADORE L5 12 RLPOARY OATF
- July 1475 |
Defense Civil Preparedress Agency T RoWRER OF FairL e
Washington, D.C. 20301 m
T4 MOMITOAINS AGENTY NAME & ADSRESSHT different fram Coantertling Oifire; 1S RECURtTY (L ASS Cof thye repren
Unclassified
154 TDECLASSIFICATION DOWLSFAGING |
SCHELULE

& DASTRIBUTIAG " TAYEMENT fof thra Renor s

Approved for public release; distribution unlimited.

TOMSTRIGUTHON STATEMENT fof the shsiract enteeed in Blachk 20, of ditlersns ftom Report?

This document has been approved for public release; distribution
unlimited. ‘

A OSUPPLEMENTARY WOYES

None.

Vi wEY WORADS rContinue on reverse srde i neacaney and adencife B Block sombess

210 ABSTRACT /Continue on raverse mde I neceisary and rdentify by Blork nomber!

A systems evaluation technique developed for the Sustems
Evaluation Division (Research) of DCPA is utilized in evaluatinag a
specific local electric power system within the Lovisiara=-Southern
Mississippi region. The model utilized in thig evaluation is
highly flexible and can be utilized for electric power systems of
any magnitude from a local level to a national level. The gencral
medel concept employs the uge of generation and demand nodes with

DD 225, 1473 coimow 0F * OV 58 15 OBSOLE T

Unclassified

GFFTEC Y (1 AGGS EIC ATION OF To,n BAES . [aca !t e



SECUEITY CLASSIFIC AT 0N OF THiy PAGEWhen Darse Entered)

transmicsion links, and includes an objective function which
measures the response of a system to disruptions. Basically, the
modei is a constrained network flow model which is transformed into
a modified trarshipment linear programming format for analysis,

The application cof the model to the electric power system In
Orleans Parish, Louisiana is illustrative of a detailed evaluation
technique which can be employed to assess local electric power
system vulnerability and to relate it to the response of the larger,
regional system. Aggregation of electric powor system data from
such local level aualyses provides a reiatively simple method for
assessing the vulnerability of both the local and regional systems
te disruptions caused by nuclcar attack.

The analysis and evaluation reveals that 21 high degree of inter-
connection exists both within the region and with adjacent regions
and, thus, only a widespread disaster could significantly affect the
intraregional transmission network. However, a local system within
this network can be completely disrupted. Generally, the conclusions
mau be stated as follows: (1) the regional electric power system can
maintain its integrity when single nodes (generation) and associated
links (transmission) are eliminated, (2) eliminations of combinations
of components associated with a local electric power system results
in reductions in regional system capacities and complete disruption
of the lccal system. The report also contains a state-of-the-art
discussion and an annotated bibliography.

SECUmMYY CLASSIFICATION 2F THIS PAGS/When Date Fotersd)

]



DCFENSE ELECTRIC POWER ADMINISTRATION
DEPARTMENT OF Tt INTERICR
Washington, D.C. 20240

VULNERABILITY OF REGIONAL AND LOCAL ELECTRIC POWER SYSTEMS:
NUCLEAR WEAPONS EFFECTS AND CIVIL DLFENSE ACT1iONS

by

Brian K. Lambert

Joseph E. Minor

FINAL REPORT

for ;

1

Systems tvajuaiiuvn Division 3

E

DEFCNSE CIVIL PREPAREDNESS AGENCY E

Washington, D.C. 20301

Work Unit 4334B; Work Order OCD-PS-66-92
DCPA REVIEW NQYVICE

Thic report has been reviewed in the Defense
Civil Preparedness Agency and approved for
publication. Approval does not signify that
the contents necessarily reflect the views

and policies of the Defense Civil Preparedness
Agency.

et i M i i

APPROVED FOR PUBLIC RELEASE: DISTRIBUTIGN UNLIMIVED

d
July 1975 ’



st

L T ST e ey
———
; i M

FOREWORD
¥
Thic technical report was directed by the Defense Electric |
E Power Administration, Department of the Interior, under Work

Order OCD-PS-66-92 with the Defense Civil Preparedness Agency,
Washington, D. C., 20301. Texas Tech University, Lubbock, Texas,
was retaincd by DEPA under Sub-contract No. 14-01-G001-1485 to
assist in the investigative effort and to develap the report.

Mr. Phiilip Swart of DEPA served as project director, and Dr.

i Brian K. Lambert of the Industrial EnginFering Faculty and Dr.
Joseph E. Minor of *he Civil Engineering Faculty at Texas Tech

{ University served as principal investigators. The general
objective of the program concerns studigs and analysis uf the

1 effects of nuclear attack on regional and Yocal electric puwer

[
[k

l systems in order to provide improved methods, technigues, and

1 technical information for the conduct of am electric power

ket el ki

vulnerability aralysis, and to obtdin inputs to the definition

of problems, the selection of objectives, and the analysis and

Pl

selection of alternative future civil defense systems. : O
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ABSTRACT

A systems evaluation technique Jeveloped for the Systens
Evaluation Division {Research) of DCPA is utiiized in evaluyating a
specific local electric power system within the Louisiana~-Southarn
Mississippi region. The mode) utilized in this evaluation is highly
Tlexible and can be utilized for electric power systems of any
megnitude from a loca! level to a national level. The general modeld
concept employs the use of generation and demand nodes with transmission
1inks, and includes an objective function which measures the respnnse
of a systom to disruptions. Basically, the socel is 3 Constiainud
network flow model which is transformed into a modified transnipmesni
1inear programming format for analysis.

The application of the model to the electric power system in
Orieans Parish, Louisiana is illustrative of a detailed evaiuation
technique which can be emploved to assess local electric powsr system
vulnerability and to relate it to the response of the larger. rocional
system. Aggregation of electric power system data from such incal
level analyses provides a relatively simple methad for assassing ths
vulnerability of both the local and regional systems tn disruptinns
caused by nuclear attack.

The analysis and evaluation reveals that a high degres of inter-
connection exists both within the region and with adjacent regions
and, thus, only a widespread disaster could significantly affect the
intraregional transmission network. However, a Tecal system within
this network can be completely disrupted. Gererally, the conciusions
may be stated as follows: (1) the regional electric power system can
maintain its integrity when single nodes (generation) and asscoiated
Tinks {transmission} are eliwinated, {2} eliminations of combinations
of components associated with a local electric power system results
in reductions in regional system capacities and complete disruption
of the local system. The report also contains a state~of-the-art
discussion and an annotated bibliography.
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SUMMARY

VULNERABILITY OF REGIONAL AND LOCAL ELECTRIC POWER SYSTEMS:
NUCLEAR WEAPQONS EFFECTS AND CIVIL UEFENSE ACTIONS
Defense [lectric Power Pdministration
Department of the Interior
Work Order OCD-FS-66-00; Wook Unit 4334B; July 197%; Final Heport

»

Methodology and computer programs developed n previous DCPA
sponsored efforts are employed in the work reported hergin to assess
the vulnerability of a local electric power system, and to relate
system response to the functioning of the regional system of whicn
the loccl sysiem is & part, This procedure is built on the “triad"
concept of inputs, thruputs, and outputs advanced by the Systemsy
Evaluation Division as a basis for the conduct of systems evaluatior
studies. These conceptual formulations are made mere specific in
application to a specific, "area" size (county; electric power system.

The perspective for the evaluation determines the detinition
the triadic terms. In ithe eleviric power system evajuation fuel
becomes "input" and electric power is "output”. This definition
contrasts with the wanufacturing system perspective which has both
fuel and electric power serving as "crossflows”. The systems
evaluaticn proceeds along structured 1ines in which system inputs
(fuels), thruputs (peopie, equipment, facilities), and crossflows
{water, spare parts) are considered. Results are expressed as
constraints on output in a format suitable for integration with outputs
from other systems evaluation efforts.

Specific results of the 1llustrative example in which Orleans
Parish in the Louisiana-Southern Mississippi kegional Model is
impacted with a 5 MT wuapon arve: (1) the local elecuic power system
cannot continue to function as a netwerk as interconnect loops are
completely disrupted, (2) the regional system ratains its network
integrity, although it suffers a 20 nercent reduction in system
capacity, and {3) demands in the affected region can be met with
available power through the use of a CD planned and directed scheme of

priorities for restoring transmission links to demand nodes (substations).
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I. I.TRODUCTION

This report fits inte a series of reports developed for OCPA
wnich address the general topic of resource systems vulnerability.

A general methodology built upon the “triad" concept advanced by
FitzSimons (FitzSimons, n.d.)* is advanced in a marufacturing systems
evaluation written by Lambert and Minor (1974). This general
methodology is also employed in an electric power systems evaluation
prepared for DEPA by Lambert and Minor {1973).

In this report, a computer oriented systems evaluation technique
is applied to a Jocal electric power system (Crleans Parish, Louisiana).
This technique had been previously utilized in a regional analysis
(Lambert and Mipor, 1973}. To make this document complete in itself,
surimaries of the "triad"” concept and the previously deveioped systenis
evaluation methodology are presented {Section II1). Results of the
Tocal systems evaluation are also related to reported results from
the regional evaluation { Section IV). Civi) defense {(CD) actions
indicated by this vulnerability evaluation are discussed in Section
V. A state-of-the-art Jdiscussion {Section II} and an annotated
bibliography (Appendix C) are also included in the report.

*References in this document may be found by referring to the alpha-
betical List of Refevences and finding author name and publication date,
in that order.
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1I. ELECTRIC POWLR SYSTEMS VULNERABILITY:. STATE-QF-THC-ART

e e TS uuq...--.«:l-;s.u.",&’i

Considerable affort has been expended since the early 1960's to _
develop and appiy techniques for assessing the vulnerability of electric : .
power systems. The studies which have been conducted have ranged from :
"brick-by-brick" investigations to total systems analysis approaches.
The major emphasis of the vulnerahility research has been to develop
recommendations to be used as guidelines for electric utilities to
assist them in maintaining service during and after a nuclear attack. |
However, several other research objectives of importance have been i .
achieved, including an analysis of the interactions of electric power : E

et

systems with other resource sysiems, The following discussion is a
detailed review of the state-of-the-art of vulnerability analysis of
electric power systems.

An early study regarding the vulinerability of electric power
systems was the "Power Area 7 - Project 1" studv published by the
Defense Electric Power Administration in 3961 (DEPA, 1961). The purpose
of the study was the development of minimum recommendations to be used
as guidelines for electric utilities to assist them in maintaining
service during and after a nuclear attack. The approach utilized was
to form three committees from the utility representatives in DEPA i
Arca 7: Load Study Conmittee, Personnel Committee, and Facilities
Conmittee. The Load Study Committee investigated three broad areas:

(1) effect of fallout on Toad loss, {2} needed inter- and intra-system

communications during and after an attack, and {3) adequacy of powei
systems interconnections. The Personnel Committee was concerned with
developing plans for maintaining personnel on the job during &nd
following a nuclear attack. The Facilities Committee studied three
areas: (1) development of recommendations for physical facilities
necessary for personnel protection, (2) development of recommendations
for simplification of plant operations, and (3} development of reconinen-

dations for decontamination procedures,

Preceding page blank 3
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Although the recommendations presented by the committeces were rather
general, this study provided an insight to vulnerability problems that
required additional study and also provided a potential starting peint
for further studies.

Further advancement in recommending procedures for maintaining
service in the event of nuclear attack was made in the study, "Protection
of Electric Power Systems," done by DEPA in 1962 (DEPA, 1962). This 3
project had four major objectives: (1) determine to what extent greater E«
protection can be attained, (2} recommend protective measures against ]
sabotage, {3) examine industry stocks and inventories for adequacy
following a nuclear attack, and (4) develop plans tor dispersion of
management. A survey type methodology was utilized with representative
sampling of the industry. The representative sample inc¢luded selecting
powar systems based on location, type of ownership, service area, and
system size. In all, forty systems were sampled and these forty served
43 percent of the custcmers in the United States.

In general, the survey revealed that the companies in the industry
have plans for continuing operation during emergency conditions,
However, several further recommendations were made: (1) additional
plans for security measuras, (2) ircrease and disperse the inventory of
spare parts, (3) more emphasis on radio communications, and (4) insure
adequate fallout protection. The study also strongly emphasized the
need for each utility to resolve its own emergency preparedness plans.

One ot the first truly vulnerability orisnted studies was performed
by the Defense Electric Power Administvation in 1962. This investigation,
titled "Vulnerability of Electric Power Systems to Nuclear Weapons:
Pilot Study - Region 1," was larger in scope than most previous efforts
(DEPA, 1962a). Basically, the objective of the study was to deveiop
and apply a methodology for determining the effects of nuclear weapons
on a regional electric power system and to identify restrictive factors
such as power service capability, interactions among essential resource
systems, and resulting postattack problems. Essentially, the methodology
which evolved can be summarized as follows: (1) determination of
regional preattack resources, (2; assessment of damage to the system

e e




components {gencration, transmission, population, and interconnections),
(3) determination of postattack power capability, (4} estimation of
postattack requirements, (5) identification of regicnal interconnected
support, and (6) determination of power service vs. Toad requirements,

A specific attack was used and damage assessnents were made using two
methods: (1} use of the National Resource Fvaluation Center data, and
(2) hand computed damage assessment, Based upon the postattack demand

estimates ana the postattack power system, the general conclusion was
that the electric power industry met the drastically reduced requirements

whenever the surviving transmission lines could reach the area of need.
The next major &dvancement in vulnerability of electric power

systems was a joint effort oetween the Defense Zlectric Power Adminis-
tration and the Offica of Civil Defense (now the Defense Civil Prepared-
ness Agency). This study was the most complete analysis made up to that
time (1963} of an assymed full-scale nuclear attack on the entire ‘
elactric powar system of the nation (DEPA, 1963). Several important ; E
conclusions were made as a result of this study end are briefly des- f ﬁ
cribed as follows: (1) the electric power industry has the capability : f
to provide service during shelter confinement period and during the : ﬁ
recovery period, {2) load denial resulted primarily from blast effects a ‘
on transmission and distribution systems, (3) the generating capacity
of the nation is at ail times in excess of the load requirements, and
(4) the major problem of the electric power industry is fallout and : !
continued attention should be directed toward providing Taliout protec- 1 ;
tion iur operating personnel. Aithough comprehensive and detailed, this '
study dealt .,ith the effects of a specific attack rather than with the
development of a general vulnerability evaluation procedure. 1In addition,
no consideration was given to the systemic effects of a nuclear attack.

= i o i GBS b
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In 1963 the National Engineering Science Company proposed a step-
by-step method Tor predicting electric power availability following a
nuclear attack (NESC, 1963). Basically, the proposed method involived
five steps: (1) predict the environment produced by a given attack,
(2) determine and collect power system data, {3} define bomb damage
tolerance criteria for the power system components, (4) determine
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substation power availability as a function of time, and (5) assess
power availability to specific consumers. The study was not concerned
with assessing vulnerability but considered a detailed procedure for
estimating available electric power following a nuclear attack. Also
contained in the report are useful overpressure - damage relationships
for electric power system components.

The Defense Electric Power Administration conducted another regional
electric power system vulnerability study in 1963 (REPA, 1963a). The
investigation concentrated on a nine state region, and the conclusions
drawn from the analysis were similar to previous studies in that it was
found that the amount of demand lost was considerably greater than the
generating capacity lost.

In 1966, DtPA published a report which was aimed at aiding the
electiric power industry in the arsa of civil defense preparedness (DEPA,
1966). One section of the report addresses the problem of vulnerability
.and the attendant evaluation of facilities and services. The report
provides management with checklists which provide a framework for
specifi. tasks within six major ebjectives. The major objectives cover:
(1) corporate continuity, (2) continuance of generation, transmission,
and distribution, (3) reduced vulnerability of physicail properties,

(4) personnel protection and survival, (5} c¢ivil defense training and
operation, and {6) relations with other organizations.

One of the first studies intended to develop a general wethodology
for assessing electric power system vuinerability was conducted by
Stanford Research Institute (SRI, 1988}, Three analy technigues
were developed for assessing the effects of nuclear weapons on electric
power availability at the transmission level. One niethod is a rapid
qualitative technique which can be applied for comparing effects over
large geographic areas and several hypothetical attacks. The second
method utilizes a linear programning mode)l to assess the relationship of
supply and demand and to provide an optimum solution for delivering
power in a disrupted system. The third method provides for determining
the amount of detiverable power and the size and Jecition of the demand
that can receive power. The study also includes tn2 development of
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procedures for estimating population related postattack demands for
power at various points in time in the postattack period.

Several years of research effor: resulted in the Defense Electric
Power Administration pubiishing the Electric Power Emergency Operations

Handbook {DEPA, 1967). The purpose of the handbook is “to outline the

orqganization, define responsibilities, and describe those actions which
can be anticipated under present mobilization planning to be performed

by government and electric utilities in planning for and for operating

during national detense emergencies.”

The next significant vulnerability evaluation research effort to
be undertaken was the Five City Study. This effort was the first attenpt
to bring together interactions between the component resource systems
into a meaningful systems evaluation (CCD, 1965). With respect to
electric power systems, "brick by brick" analyses were made for San Jose,
California {DEPA, 1967a), Albuquerquc, New Mexico (DEPA, 1969), and
Detroit, Michigan (DFPA, 1970). Thece studies were highly detailed in
nature and dealt primarily withk the determination of the physical
damage tc various components of the electric power systen oF a given
city for a given attack. Although detailed and informative, the Five
City Study did not provide analyses of secondary intersystem responses,
such as the effects of power system damage on the operation of manufac-
turing systems,

In the early 1970's the Defense Civil Preparedness Agency began a
systems evaluation program which considered systemic interactions among
varioug regsource systems. This nrogram was conceived and implemented by
the Systems Evaluation Division (Research) under the direction of
Mr. George F. Divine. A prinu.pal objective of this program was to
overcome the lack of comprehensive system interaction analyses conmon to

previous studies. With respect to electric power, a systems vulnerability

evaluation was conduct~d by DEPA under DCPA sponsorship and the results
were published in 1973 (Lambert and Minor, 1973). The model developed

in this research can be utilized for electric power systens of any size
ranging from a local level to a natignal level. The model employs the

use of nodes, links and an objective function which indicates the
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response of a system to disruptions. The approach used involves a
constrained retwork flow model which is transformed to a modified
transhipment tinear programming format for analysis. The model was
utilized on a regional electric power system (Louisiana ~ Southern
Mississippi) to determine the effects of several types of disruptions
on the total systen.

Ir addition to total systems analyses of the type conducted by
Lambert and Minor, research is being conducted in the area of power
system vuinerability to electro-magretic pulse. One study conducted
at Oak Ridge National Laboratory was concerned with assefsing the
possible effects on commercial electric power systems from the electro-
magnetic pulse (EMP) produced by high altitude nuclear detonations
{Nelson, 1971). The study considers the type and probability of dainage
to various types of equipment from EMP effects and addresses counter-
measures which will reduce disruption and effectively harden electric
power systems. Another report published in July, 1972, entitled “EMP
Protective Systems," presents a description of representative problems
and solutions for providing protection against a nuclear electromagnetic
pulse (DCPA, 1972). Protective information is provided for several
different types of equipment, inciuding antennas, telephones, power
equipment, and controls.

In summary, vulnerability evaluations of electric power systems
have progressed from detailed, specific analyses of particular systems
reacting to a specific nuclear attack to general methods of evaluation
using sophisticated modeling techniques, The next step necessary in
the research effort is the development and utilization of a technique
for evaluating: (1) how systems which interface with electric power
systems actively influence the power system, and (2} how the electric
power systems influence other resource systems, directly and indirectly.
The first area (Item 1) is the topic of this report, while Item 2 (above)

is considered in a report on resource Systems vulnerability [Lambert
and Minor, 1974},
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II1. GENERAL ANALYSIS PLAN AND THE ROLE OF ELECTRIC PQWER SYSTEMS

A. Genersl Systems Structure and Wulnerability Methodology

Considerable research on the vulnerability of resource systems has
bren completed (See List of References entries under Minor, Lambert,
Boseman, Checchi, DEPA, Grigsby, Hamburg, Pryor, Stephens). Basicaily,
the systems concept embraces the idea that any organization is a system
made up of segments, each of which has its own function and goals. The
utilization of system evaluation techniques implies that the entire sys-
tem should be examined and that an understanding of the interrelation-
ships among the various components which constitute the system should be
obtained. In other words, simply examining the performance of each
component of a system will not yield a reliable estimate cf the perfor-
mance of the entire system.

A resource system -- as defined by Lambert and Minor (1974} -- is
considered to be composed of four major supporting systems: {1} electiic
power, {2) transportation, (3) oil and gas, and (4) water supply and
sewerage; and one major producing system: manufacturing. Each of these
major systems of the resource system contains several components, as
depicted in Figure 1. These major resource systems are highly inter-
related -- the functioning of each is dependent upon the performance and
outputs of the others. Previous studies have examined in detail the
characteristics and functioning of each of these subsystems as independent
entities. The purpase gf the research lupUILcu herein is to determing
the vulnerability of electric power systems in a context which recognizes
that the manufacturing, electric power, 01l and gas, water supply and
sewerage, and transportation systems act tegether as a single unified,
interrelated system.

For the purpose of this investigation which emphasizes the electric
power component, it is useful to consider the electric power system as the
principal point of evaluation and to view the manufacturing, oil and gas,
water supply and sewerage, and transportation systems as systems which
interface with electric power systens,
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i. General Terminology and Mcthodolegy

A general method for evaluating systems has been proposed by
FitzSimons (FitzSimons, 1972) and involves the use ot triads. A triad is
defined as the smallest functionable c¢ystem and consists ot three com-
ponents: input, thruput, avnu output. Basically, as depicted in Figure 2,
the thruput acts upon the input to produce output which is input that
has been altered in form, function, state, status, or location. The triad
concept can be utilized at any level desired: regional systems, specific
industries (i.e., SIC major groups), individual manyfacturing plants,
or specific functions identified with electric power systems. The
series of operations requived to produce, transmit, and distribute
electric power can be represented by a sequence of triads. Besides the
elements of input, output, and thruput, another element, termed cross-
flow, may exist. According to FitzSinons, there may be flow into the
thruput which is not transformed into output ana, therefore, is not
input; this type of flow is called crossflow. Examples of crossflow --
described in the context of an electric pover system -- include fuel,

- [

water, transportation service and, where spare paris are concerned,
manufacturing.

Z. General Resource Systems Model

The first step in the vulnerability evaluation process involves
structuring of a genmeral mod2l which can, in turn, be utilized in the
evaluation of specitic systems of interest. The general model structure
advanced in this section of the repcrt incorporates pertinent concepts
and components of madels previously advanced by FitzSimens (1972, n.d.)
and by several DCPA contractors. Previously completed research efforts
whichk address the modeling of resource systems in this context include
Minor and Lambert, 1972, Lambert and Minor, 1973a; and Lambert and
Minor, 1974,

Figure 3 shows a general schematic diagram of the resource system
model and analysis methodology employed in the most recent resource
system evaluation. Basically, the model characterized resource system
response to a disruption {nuclear attack or other perturbztion) by
using a data base and three major analysis stens: (1} disrvuption

11
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imposition, (2} crossflow and thruput analyses, and (3) determination of

manufacturing system status.
The nanufacturing resource data base includes pertireat information

regarding the manufacturing system for the particular region being

considered. This information consists of identification of ail 510 coded

industries within the region, the number and size of such industries, the

Tozation of the industries, and major input requiremgnts. : g -
The crossflow and thruput analyses are concerned with the wmpact of _

a disruption on human resources, production and supportino equipment, :

FYSTYRE

and facilities. These analtyses include examiration of electric power,
fuel, water supply and sewerage, and transportation systems,

Given the location and meanitude of & disruption, analyses of the
inputs, thruputs, crossflows, and autputs of o particuier SIC industry
group results in a detereination of the status of that industry in the
imnediate postattachk period. By performing thie same analysis on all SIC
coded industry groups within Lhe study region, and by aggregating the f
results, the status o7 the regional manufacturing system can be :
determined {Lanbert and Minor, 1874},

e e daie et s

This general wethodology -- deveioped initially for resource systoms
vilnerability evaluations -- car, be applied to any one of the component
systems. In the case of electricpower system vulnerability evaluations,
the principal system is the clectric power network itselr, with cross-
flows now consisting of fusl, witer, and, to a certain extent,
manufacturing. This electric power system model structure {s described : ' é
in detaii in Section 1ii,B. '

cagean b WL A e e

B. Electric Power System Strycture

LT ST A Y

The electric power system plays & supperting role in the general
context of resource system operation (Ref. Fig. 1). 7To make a detailed
evalyation of this role, it 15 necessarv to 1cok at the electric power
system as the principal system, arnd to depict systems which Tnterface
with electric power as peripheral systems, This revised verspective is
presented in terms of triads in Figure 4. Here, it way be seen that

14
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input is Yuel energy and cutput is electrical energy, crossfiows include

water and certain manufactured parts, and thruputs include people,

equipment, and facilities. The change in perspective is evident when it

is noted, for example, that in the case of a manufacturing operation,

fuel is a crossflouw and manufactured products are outputs (Lambert and
Minor, 1974; Fig. 4).

| Once this new viewpoint has been established, it remains anly to
place the electric power system into this context. Thus structuring

0 the electric power system can be done on a broad scale -- such as was
done in the regional level in the Louisiana-Southern Mississippi study
[Lambert and Minor, 1973), or on a smaller area scale such as is done for
a specific area in New Orleans in Section IV of this report. The detailed
model structure is presented in Section IV; it is sufficient to say at
this point that the model structure involves three types of components:
(1) yenerating nodes, (2) Yinks, and (3) demand nodes, Generating

nodes in the area scale model are generating stations, links are actuai
transmission lines, and demand nydes are substations., To provide a
mariageable mode! in the regional evaluatiorn (Lambert and Minor, 1973)

it was necessary to aggregate generation, transmission, and demand by
parish; in the smaller area scale evaluation, the model involves only

a few such aggregations -- involving, principaliy, the comhining of
adjacent substations into a single demand node,

16
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IV. ELECTRIC POWEK SYSTEM VULNERABILITY

The general procedure for evaluating the vulnerability of resource
systems and the place of electric powar in such evaluations was described
in Section IIl. This section discusses in more detail tue development
and application of the vulnerability evaluation model to electric power
systems. The procedure for assessing the vulnerability of electric
power systems which has been developed is general in nature. The proce-
dure can be applied to small scale systems {such as an individual city
or county) or to large scale systems {such as a group of counties or a
state}. In addition, the method can be used to evaluate a series »f
small, area size systems (e.g. the system in a specific city}. The
results of several such evaluations can then be aggregated over a larger
area,

A. General Vulnerability Evaluation Model

Figure 5 is & flow diagram which outlines the procedure utilized in
the vulnerability evaluation of an electric power system. The input data
includes the intact (pre-disruption) gemerating capacity, the locations
of generating stations, the intact transmission network, and the location
and magnitude of the disruption. The initial decision block in the pro-
cedure is concerned with whether or not the generating component of the
eiectric power system is functional. This decision is deteimined for
the gsnerating stations by knowing the location of the disruption and by
conducting a generating ctation damage analysis, a fuel supply analysis,
a personnel availability analysis, and a supporting systems analysis.

If it is found that the generating component is functional, then the next
step is the determination of post-disruption output capacity at each
generation station. If the output capability is 100 percent of the

"system intact” level, the analysis proceeds to the transmission component.

If the output capability is found to be less than the "svstem intact”
value, then the generating capacities at each stition are adjusted to
show this reduction.

T
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The next step in the procedure is an eviluation of the status of
the transmission component of the system. The initial decision block in
this phase of the evaluation is concerned with the functional level of
the transmission component. This determination is based upon the leoce-
tion and magnitude of the disruption, a transmission subsystem damag.
analysis, and a network analysic. If the transmission capabilities are
found to be less than the system intact value, then the network is
adjusted to reflect this reduction,

By combining any adjustments to the generating output and the
transmission network, the adjusted or post-disruption electric power
system can be defined. The end result of the amalysis is the determin-
ation of how much, if any, electric power can be made available at a
given node (demand point). This data can then be utilized to assess the
impact of the disruption con the ability of the electric power System
to perform. For example, available power can be compared with respect
to the post-disruption demands at a given node. The following paragraphs
esent more deiaiied descriptions of the vulnerability medel components. ;

1. Input Data

For any given electric power system being evaluated (i.e. regional
or area), the basic input information includes the location and capacity
of generating stations, the transmission network, system demand, and the
location and magnitude of the disruption.

Information regarding the generating component of the systewm should
inciude:

(1) Station name and coding,

(2) Capacity,

(3) Latitude and longitude,
(4} Type (steam, hydro, etc.}, and !
(5) County location {name, RSAC code designation, etc).
Additional information which might be useful to the evaluation includes :
percent of total regional or area generating capacity represented by a E
given node, the nearest urban node, a vulnerability rating of the
generating node, and a ¢riticality rating of the facility to the operating

19
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network (see FitzSimons, 1972}. An example of a coding method for
generating stations that has been designed for computer usage is described
i1 Section IV.B.

The transmission network input data includes the capacity of each
line and the nodes connected by the line. Additional useful information
might include the type of structure of the line (e.g. steel tower, wood M
structures). Each 1ine may be identified by @ single number, or by two
numbers, which indicate the nodes connected by the lines.

The third set of basic input data to the model is the network demand.
Demand information can be classified into three major categories:

(1) manyfacturing demand (SIC code groups 19 through 39), {2) residential

or population demand, and (3) other demand. The latter c¢lassification
consists of commercial energy use, municipal uses, agricultural demands
and ail other demands other than for manufacturing or residential
purposes. By classifying demands in this mapner more flexibility is i
passibie in evaluating the impact of a disruption on the system. Analysis
of disruption impacts can be based on total demand, manufacturing demand,
residential demand, other dewand, Or any combination desired,

The last group of input data is concerned with the locations and
magnitudes of disruptions. This information is necessary for use in
diamage assessunient procedures which are integral parts of the evaluation
procecure. )

2. Generating System Node Damage Anaiysis

The initial step in the vulnerability evaluation procedure is 0
di:ternine the functional level of the generating component of the electric
poscr system under study. One of the factors in Tinding the cutout
capacity after a disruption is a generating node damage analysis. This
anilysis is intended to determine the direct effects of a disruption on
generating stations within the nodes defined for the modet.

Ascessment of damage to a generating station can be performed at
verict: levels of detail. A very simple assessment method requires only
the location of the weapon, the size of the weapon, ard the type of
burst. This simple method assumes that at an overpressure of 5 psi or

20
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greater the system component is unoperable and at levels of less than 5 psi
the mjor system cocmponents are assumed to be 100 percent functional,
This simple assessment tethod is used herein for illustrative purposes
only; much more refined damage assessment techniques are used in actual
yulnerability evaluations.

To utilize this damage assessment method, the distance of a facility
from ground zero, the size of the weapon, and the height of burst must
be known. The following information can then be used {derived from
Glasstone, 1962):

Heapon 5 psi_Radii
Size
(MT) Surface Optimum Burst Height
1 2.7 mi 4.3 mi
5 4.7 mi 7.3 mij o
10 5.9 mi 9.2 mij -t

For example, this damage assessment procedure indicates that a 10 megaton
surface burst would render any electric power component within 5.9 miles
of ground zero inoperable. If the weapon was detona.ed at its optimum
bursy neight any facility within 9.2 miles would be inoperable.

3. Fuel Supply Analysis

A second factor of importance in determining post-disrupticn gener-
ating capacities for each generation node is a fuel supply analysis. A
major irput to a generating station is the fuel to be converted into
electrical energy; consequently, the status of the fuel supply is of

conside-ahle importance in assessing the vulnerability of the generating
component of electric power systems. The fuel materia: can be coal,
fuel 0il, or gas, and, in some cases, more than one type of fuel can be
used. In the event that the primary fuel source is not aveilable, the
type of allernative fuel and the days of operation that are possiblie by
using the alternate fuel must be known.

Development of a total model for 2ssessing the impact of nuclear
weapon induced disruptions on the fuel supply system is bayond the scope
of this research effort. However, two recent reports address the problem
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of the vulnerability of petroleum systems a.d natural gas :ystems
(Stephens, 1973; Stephens and Golasinski, 1974). The results of these
two studies could be formulated inte a vulnerability evaluation model
similar in format to the one shown in Figure 5, and the systemic effects
cof fuel supply disiruptions on the electric power sysiem could be
determined.

4. Personnel Analysis

Another factor to be considered in determining the functional level
of the generating component is the availability of operating personnel.
ror exampie, & 175 MW generating station has the personnel shown in
Yable I (DEPA, 1969). An initial phase of a personnel analysis would
be to determine the minimum number of skills required to keep the generating
plant operable for a given pericd of time. Next, an analysis to determine
the availability of personnel after the disruption would be done. For
estimating personnel casualties models such as TELOS (Test and Evaluation
of Local Operating Systems) can be utilized (FitzSimons, 1971 and 1973).

5. Support Analysis

A fourth factor to be utilized in determining the post disruption ;
generating capacity is termed support analysis. Numerous supporting |
systems are necessary to keep a generating station in operation. Such
supporting systems include water supply, communications, maintenance
equipment, control systems, spare parts supply systems, and many others.
At the present time, little research has been done to evaluate the
systemic effects of supporting system disruptions on the ability of
electric power systems to function. Consequently, additional work should
be done to examine the response of supporting systems to disruptions. :

6. HNetwork Analysis : A

After the post-disruption status of the generating component of an
electric power system has been established (through the use of model
components just described) the next step in the vulnerability evaluation
is to assess the condition of the transmission system,
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TABLE I.

et ]

175 MW GENERATING STATION PERSONNEL

(From: DEPA, 13969)

Skill

Superintendent
Operators
Apprentice

Sr. Aux. Operator
Aux. Operator

Jr- Aviw Onaratae
1+ L NN ) Vr"-‘“\vv.

Utility Helper

Mechanic Working Foreman

Mechanic

Mechanic Helper

Electrician Working Foreman
Apprentice Electrician

Control Instrument Working Foreman
fontrol Instrument Maintenance Man
Laborer

Clerk

Total Personnel

23
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First, & transmission damage analysis is performed to identify those
1inks which have been eliminated or damaged. A simplified procedure such
as the one presented in the discussiun of a generation node damage assess-
ment can be used.

After damage to the transmission component of the system has been
determined a network analysis is performed. The network analysis examines
the status of generating nodes, links, and demand nodes (e.g. substations
for the area model) to determine where and how much electric power is
available. An example of such a network is shown in Figure 6.

A flow network such as the one shown in Figure 6 may be converted to
a linear programming model for analysis purposes. Such a method of
analysis allows for simultaneous assessment of the entire system under
study. In the case of electric power systems the conversion from a flow
network to a linear programming format results in @ modified transhipment
model. The transformation of the flow model to a linear programming
format requires the development of a set ¢f constraints for the generating
nodes, demand nodes, and transmission lines. In addition, an objective
function must be developed which will reflect the reaction of the system
to disruptions. That is, some measure of effectiveness of the electric
power systemn following a disruption must be avaiiable if post disruption
system effectiveness is to be assessed.

For & generating node a constraint is necessary so that net outflow

does not exceed the generating capacity of the node. The general form
for such a constraint is given by:

x. & G
;i

n =13

i
where the xi's represent flow values and G is the nodal generating
capacity,

For a substation, & constraint is necessary to insure that outflow
equals inflow. Such a constraint implies that a substation does not

tunction as a generation or demand node. The general form for such &
constraint is given by:

24
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n
L x,=¢
i=1 !

i
)
1
i

Transmission lines between nades require two constraints in order
to keep powcr transmission from exceeding line capacity. Both constraints
are necessary because the direction of flow is unknown until the final

solution for a given disruption is known. For example, the constraints
for a link would be expressed as:

Lt
[

x.i‘x.j

4
where C represents line capacity.

For each demang node, a constraint is needed so that the inflow
minus the outflow is Jess than or equal to the demand for that node,

Such a constraint wiil also 3llow the demand node to act as a transhipper
if necessary, That is. although the demand regyir

el equ 1

e i i

giienis ai the node might
be eliminated it is possible that the node can act as a connection

between links. The general format for a demand node constraint is given
by:

el

n i3
bt
I3
=

i=1 1
Where 0 is the noda) demand,
Several possibilitios exic

£

or :

+ L
L

tf consiruction of an objective
function to assess system performance under varioys disruptions. One
methad s to use a function which maximizes the sum of the products of ;
node cunsumptions and node priorities. A node priority ts a flexible
quantity which can be adjusted according to the needs of the analysis.
Priorities can be based on total demand requirenents, manufactyring

sector requirements, military demand, residentia) demand, etc. Such
an objective function would appear as:

-

n
Maximize 2 = I ¢
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where ci is the consumption at the ith

at the 1" node.

Another potential objective function which may be utilized employs
the concept of artificial power. In this case, each demand node is
supplied with a source of artificial power and demand is satisfied by
same cambinatfon of real and ar:'ificial power. The objective then
becones the minimization of the use of artificial power. Yo accomplish
this objective a penalty cost is assigned for the use of artificial power.
Then the objective becomes the minimization of the total penalty cost.
Either objective function can be used to assess the relative effects of
various disruptions on the system.

node and P1 1s the priority index

7. System Evaluation

The electric power system model described can be used to evaluate
the vulperability of the system to disruptions in apy individual compo-
nent or any combination of components. The model also can provide an
indication of the criticality of any component to the functioning of the
total systein.

Disruptions in the electric power syst2m can Occur in nany ways,
both directly and indirectly. Direct disruptions inc¢lude actual
physical damage to any of the electric power System componentis:
generating stations, substations, ¢r transmission lines. Indirect
disruptions in¢lude such items as fuel supply damage, lack of communications
or contro}, inadequate operating personnel, etc. The evaluation procedure
described in previous paragraphc is capable of hondling hignly Tucaiized
disruptions or widespread dizaster. Also, total or partial disruption
of a functioning node or link is possible.

The initial step in the evaluation procedure is to determine the
valuye of the objective function with the system intact with each demand
node receiving its full demand. This procedure is done to determine the
maximum value of the objective function for comparison purposes where the
system i5 not intact due to disruptions.

The next step in the vulnerability evaluation 1S to impose disruptions
on the systedm in order to determine the net effect on the total electric

27
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power system and thus evaluate the relative impartances ot certain L
system components and combinations of companents,

B. Evaluation of Regional Power System

The region which was selected to demonstrate the use of the vulner-
ability evaluation model described in the previous section is the
Louisiana-Southern Mississippi region. The characteristics of this i
regional system are described fully in a previous report {Lambert and f l
Minor, 1973) and are briefly summarized in the following paragraphs. )

1. System Description

The study region, showp in Figure 7 with county codes given in
TabYe 11, consists of Office of Business Economic Areas 132, 133, 138,
and 139, and contains all 64 parishes in Louisiana and 13 counties i
Mississippi. Louisiana and a poriion of Mississippi are contained in !
Defense Electric Power Agministration (DEPA) Area 10; however, two of

LY
H

AT
LL*

o Amd <. Fhao =+,
[l il MU vy NS 9
5

Area 4. The State of Louisiana is contained in the Southwest Power Pool

the counties in Mississ vre in DEPA
(SPP} which is one of nine National Electric Reliability Counci) Regions.
Not all of the member systems of the SPP are directly involved in the
study area. The member systems which are included in the regional study
are: {1) Central Louisiana Llectric Company, (2) Gulf States Utilities o
Company, (3) Louisiana Power and Light Company, (4) Mississippi Power
and Light Company, and (5) New Crlezns Public Service. The study region
also centains several municipally owned systems and generating plants %'
owned by industrial firms. Figure 8 is a schematic diagram of the region, .
including generating stations, major sutstations, and trapsmission lires
of 115 Kv and larger.

The regional generating capacity is presented in Table JII, Systen
capacity is prosenied as a computer printout of gemerating staticns in
the region. Those stations listed in the printout have a geperating
capacity of one megawatt or more, and the total regional caparity is
approximately 8535 negawatts. The generating capacicies of the stations

28
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LATITUDES AND LONGITUDES OF GENERATION STATIONS

NAME

LITTIE GYPSY
MEX 1
ASSEMAL HILL
REIWICK
CWWSHLIN
Celwl FY
FANKLTN

GaaMD) CESCATLLEL

H IMER

HIUMA
JUNESVILLE
PINHNY
L.CHARLLS PP

L.PROVIGENCE
LISANRMAAN
LOUISTANA
MAQKET ST
MELVILLF
MICHOUD
BAGALUSA MiLL
MIMOEN

M{INR PR

NEWw IAFRT1A
MW PTIADCS
MINF MILE
PPELNUSAS
PLAJUFRM INF
PoAER HOYSE 2
HFAYNE
RAYVILLE

REA _
RPIVFEOeSIOE
FusTaoM
SPRINGHTLL
STERLINGT N
TCCHE
THIAX L
CHALMETTF
FLTZAJETH
LITTLF GyeSy
WILLDW GLEN
AV FYX 2
MOONARALS AV
BN SONTIN
THIQMOLAUX 2
ALLITY) FHFM
B AS

TABLE III.

IN LOVISIANA-SOUTHERN MISSISSIPPI

*xx.xx degrees

CAP  LATNMONA*TYPE PAZ2[S4  285AC TTyw
242 3031 9001 1 CRLEANS Y242 3
37.5 3119 9228 1 CAOIDES 9201 4G
170 222) 9349 ) CADNN 5252 9
1 2960 9120 3 ST MARY 5251 51
481,33 1050 9215 1 AVIYELLES H2K1 9
1.7 3020 9125 3 ACADTA 5251 1
9.1 294% 913C 3 ST *AARY 52500 51
Tels 2922 B947 13 PLAQUFYIY 5211 38
6.7 3247 9305 3 JACKSON S2RH 25
42.7 2935 9943 123 TERREANNE 52TC 55
1.7 3155 317 3 CATAHOULA 52R3 13
43,5 3013 9200 13 ILAFAYETTE 3256 2@
52 3513 8317 1 CALCASIEU 5221 10
49,3 3010 9319 1 CALCASIEY 3221 10
3.8 3247 9111 3 F.CAIRULL S2ké 1o
217.3 3242 91357 1 ¢ aopn 5252 &
201.6 3019 9lli4 t E.3ATON R S211 17
196.,3 2695 9004 | GRLEANS 5242 30
1 3040 9175 3 2 ,COUPPE 9254 39
959,3 3)0J #9S56 1 NRLEANS 3242 36
49 3547 8952 1 AASHING 52TH 59
368 3235 9317 3 WERSTER 52G4 b0
142 3231 9207 2 QJUACHITA 5231 a7
4.i 3)00 Y180 3 I8E] 14 5256 23
1.5 342 G126 3 WFELICIAY S2TF 43
1101 2950 suce 1 S CHABLES 32Te 45
2%.4 3032 §295 1 3 S LANDRY 52885 46
12,8 2030 713¢C 3 [HERVILLE 5257 24
% 2950 9020 1 2 GRLEANS 5242 36
7 3014 921¢ 3 ACADTA 5261 |
10.8 3240 9175 3 @ [CHLAND  S2PE 42
6.1 3057 92t 3 AVAYELLES 52&1 S
lén. 2 3013 931¢e 1 CALCASIFU 5221 10
145 3232 9236 1 3 LINCOLWN 52RA 31
4G.3 3294 9327 1 £ aAnnn 5252 9
351e% 3241 6205 1 JUACHITA 5231 37
79.4 2969 9132 1 TS 5286 23
3.1 2547 S$N49 2 LA FOURCE 52T4 29
394 295% 8953 1 3 STRERNAKD 5243 44
13,5 3052 9248 3 RaPIDES 5241 40
1229 3000 9028 1 SJOHVHAR, 52TG6 4§
Q4 3ulb S10T 1 ERATIIN & 5211 17
97.5 3119 9223 1 GRANT 52HL 22
“le4 3231 9235 1 LINCOLN S2RA 31
143.3 3014 9202 1 LAFAYETTE 5259 28
2.5 2945 9047 3 LAFNUKCE 5274 29
7T9.6 2029 2111 2 ASSUMPTIONS2T2 i
17.5 3300 9028 ¢ 3 DPLAQUE,. 521y 35
32

Z
Cell4
b2
1.99
#Ul
S.65
«02
ol.'J
.03
43
«C2
55
1.05
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55
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+93
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range from one megawatt (Melville) to 1229 megawatts (Little Gypsy). The
larger plants are generally steam turbine types using natural gas as a
fuel supply and the smaller plants are usualiy internal conbustion or gas
turbine types. Additional information concerning the generating
characteristics can be found in the report by Lambert and Minor (1973).

The regional transmission network is also shown in Figure 8 and may
be described as being highly interconnected both within the region and
with surrounding areas. The interconnections with surrounding areas are
of considerable importance since civil defense planners are concerned with
the problem of regional self-sustainment in tha post-disruption period.

A total of 29 transmission lines cross the study region boundaries, and
these interconnections are well dispersaed around the regional boundary.
This wide dispersion indicates that complete isolation 0¥ the region would
be difficult to achieve.

Regional demand characteristics can be ¢lassified into lLaree major
types: (1) manufacturing, (2) residential or population, and (3) other.
The latter category includes commercial energy use, agricultural uses, and
211 other demands other than for manufacturing and rasidential purposes.
The demand figures for the region were derived from "Fuels and Electric
Energy Consumed,” U.S. Bureau of the Census, and are given in Appendix A.
Additional information regarding the demand characteristics of the region
is contained in a 1973 DEPA report (Lambert and Minor, 1973).

2. Regional Vulnerability Evaluation

If all 77 parishes and counties and all 52 generating stations in the
Louisiana~Southern Mississippi region were considered as individual
demand or generating nodes, an extremely complex network of transmission
lines, generators, substations, and demands would result. The transfor-
mation of such a large network to a linear programming format would result
in thousands of flow variables and constiraints. Such a problem would be
unmanageable; consequently, the development of a workablie regional model
can be approached in one of two ways. The first method is to transform
and condense the regional electric power system inte a system model of
manageable size. The second method involves evaluating relatively small
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areas within the region and then aggregating the results to determine the
effects of disruptions on the total system. These two methods are des-
cribed in the following paragraphs.

a. Condensation Method

The method for condensing regional data into a regionai electric
power system model of reasonable size was first proposed by Lambert and
Minoi (1973), and involves six major steps:

(1) ranking of parish demand and generating data,

(2) reduction of the number of nodes by elimination of very low

demand and generation parishes,

(3) aggregation of parishes for further reduction of the number

of nodes,

(4) cetermination of the aggregate generating and demard quantities

for each node,

(5) deteminaiion of transmission 1inks, and

(6) identification of interconnections where transmission lines

intersect outside of noda) groups.

Applicatio~: of this procedure to the electric power system of
Louisiana~Southern Mississippi resulted in the regional network model shown
in Figure 9. The parishes making up each of the 19 nodes are identified
in Table IY. This retwork constitutes 91 percent of the total regional
demand and approximately 92 percent of the total regional generating
capacity. Thus, the condensation process eliminated only a small amount
nd generation but provided a network nodel of manageabie size.

The next phase of the procedure was the conversion of the network
model tc 2 lirewr programning format. This was accomplished by writing
the necessary generating, demand, substation, and transmission constraints
and deveioping an objective function as described in Section IV.A. The
resulting Vinear programming problem has 145 constraints and 102 flow
variabizs. The problem was programmed in Fortran IV for use on an IBM
370/14% computer. The program is contained in Appendix B. The model is
highly i"iexible and can be used for single node or single link elimination
or elimination of any combination of iinks and nodes. Also, any
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TABLE IV.
REGIONAL NODE IDENTIFICATION
Constituent Parishes
Node Number (Ref. Tahle I Demand (Mw] Generation (Mw)
H 9 446 497
2 8,25,31,60 305 0
3 37 229 534
4 21,34,42 143 0
5 2,6,16,35,58 274 0
; 6 40 213 0
7 6,15,20,49,85 37C 389
B8 10 282 697
9 1,27,57 243 0
10 28 190 192
n 23,24,39,56,51 378 0
Pl 17 535 3196
13 32,53,72,75 295 0
14 52,59,73,74 283 0
15 3,45,47,48 241 2330 -
16 26 632 0]
V7 36 1121 1435
18 29,55 272 0
19 38,44 146 393
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percentage reduction of capacity or demand can be done rather than total
node elimination. The reaction of the total system to any given disrup-
tion is measured by the decrease in the objective function value as
compared to the system intact value.

Previous research with the model just derfcribed includes single node
analysis, single Yink analysis, and combination analysis (Lambert and
Minor, 1973). The results of the single node analysis are presented in
Table V. The analysis involved complete ramoval of the nodal demand or
generation; however, the node was allowed to act as a transhipper of
electric power.

The single link analysis was concerned with the removal of individual
links connecting generating, demand, and substation nodes. Each of the
51 links in the network was removed individually and the system response
was found. In all cases the removal of only one 1ink between nodes had
no effect on the total system response. Due to the high degree of nodal
interconnection the .Jjional electric power system was able to respond

compietely when only a single link was climinated.

Tne combination analysis which was performed involved a combination
of each possible type of analysis: (1} Generation-Transmission,
(2) Demand-Demand, (3} Demand-Transmission, {4) Generation-Demand-
Transmission, and (5) Generation-Generation. The specific combinations

used and the resuits of the analyses are presented in Lambert and Minor (1973).

b. Area Agureqation Method

Ao _ [

F— cada V3
y accomprished t titd

by utilizing
the condensed network model summarized in the previous paragraphs
(Lambert and Minor, 1973). TYhe method has proven useful in evaluating
regional scale clectric power systems. However, due to the condensation
procedures utiiized in this methed, some degree of detail was necessarily
sacrificed. Conjequently, an additional procedure for vulnerability
evaluation is proposed in this research; this new procedure will provide
a useful supplement to the previous model.

The use of an area scale evaluation {smaller in size when compared

with a region scale evalyation) followed by an aggregation procedure was
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TRBLE V.
SINGLE NODE ANALY>IS

[A PP T 1

Objective Function % Change

T PRt P

Node Value {Systen In Objective
No.* Type Intact = 320.25) Function Value
] Generation (497 Mw) 320.25 0
2 Demand {205 Mw) 310.95 2.90
3 Generation (534 Mw) 320.25 0
4 Demand (143 Mw) 318.21 .64
5 Demand (274 Mw) 312.74 2.35
6 Demand {213 Mw) 315.11 V.42
7 Generation {489 M«) 320.2% 0
8 Generation (697 Mw) 320.25 0
9 Demand (243 Mw) 314.32 1.85
10 Generation (192 Mw) 320.25 0
n Demand (378 Mw) 305.96 4.46
12 Generation {1196 Mw) 320.25 0
13 Demand {295 Mw) 311.55 2.72
14 Domand {283 Mw) 312.24 Z.50
15 Generation (2330 Mw) 320.25 0
16 Demand {632 W) 280.31 12.47
17 Generation (1435 Mw) 316.78 1.08
18 Demand (272 Mw) 312.85 2.3
19 Generation (398 Mw) 320.25 0
1A% Demand (446 Mw) 300.36 6.21
3A Demand (229 Mw) 315.01 1.63
7A Demand (370 Mw) 306.56 3.27
BA Demand (282 Mw) 312.39 2.48
10A Demand {190 Mw) 316.64 1.13
12A Demand (535 Mw) 201.63 8.94
15A Demand {241 Mw) 314.44 1.81
17A Demand (1121 Mw) 194.59 39.24
1A Cemand (146 Mw) 318.12 .66

*See Figure 9 anc Minor and Lambert (1973) for identification, description,

and location.

**Demand portion only.
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considered advantageous because cf the size of the total regional
problem., Here, a region refers to a relatively large eleciric power
system such as touisiana-Southern Mississippi, and an area refers to a
smaller system such as that contained in a single county. Counties were
chosen to represent area size units because many of the other resource
system models (such as manufacturing) are based on the use of counties
as nodes. In a system as large and as coniplex as that of the study
region, consideration of every generation and substation node and every
transmission line connecting them produces a huge nunber of flow
variables and constraint equations. Even if anough computer capacity
were available to handle such a large problem, analysis of a system of
such magnityde to a fine degree of detail would be very difficult. A
more realistic approach to the problem is to evaluate an area in detail,
and to aggregate the remaining regional system into several single nodes
as was described in Section IV.B.2.a in the condensation method .

In urilizing the area procedure, two levels of detail are considered.
ea being studied the generating capacity of each sta-
tion and the capacity of each transmission line joining facilities are
included in the analysis. Use of the area method consideredsubstations
within the area as the point oF fina) demand, since distribution beyond
the substation level is considered to be another level of detail beyond
the scope of this research. However, in going to the substation level
within an area, considerable refinement in the degree of detail is
achieved, when compared with previous methods.

Once the area is specified, the electric¢ power system is converted
to a network flow model and is then transformed into a linear programming
format for anmalysis. The procedure used to evaluate the effects of
disruptions on the area subsystem is the same as that shown in Figure 5.
The end result of the analysis provides the amount and location of power
within the area, any import requirements necessary, or any surplus
available for export.

The second level of detail pertains tn the remainder of the regional
electric power system. The approach employed to characterize this portion
of the system is similar to that used in the condensation method. That is,
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aggregation of genecrating capacities and demands is done to provide a
reasonably sized nodal network. Also, transmission capacities between
nodes are included on an aggregated basis. Thus, with the exception of
the area being studied in detail, the remainder of the region consists
of single generation and demand nodes as needed. As a result, demands
for an area can be supplied by generation within the area of by hmporting
power from the other nodes of the regional electric power system.

If widespread disruptions are to be considered (that is, several
nodes undergoing disruptions simultaneously) then each node can be
analyzed individually on an area subsystem basis and these results used
as input to a regional analysis to assess the net effect of the various
disruptions.

To illustrate the application of the general vulnerability evaluation
procedure depicted in Figure 5 and the use of the area methad, an example
utilizing the New Orleans area subsystem is ~resented.

In the regional network model shown in Figure 9, Node 17 consists of
Girieans Parish which contains foyr genegrating stations: Michoud, Patter-
son, Market Street, and Power House number 2. The capacCity, approximate
latitude and tongitude, type of station and other information fur each of
these plants is given on the computer printout presented as Table III.

A systems mep of the New Orleans area showing the generating plants,
major substations, and the transmission network is presented in Figure 10.
This subsystem was converted to the area network flow model shown in
Figure 11 with the coding given in Table VI in order to facilitate conver-
sion to & linear programming format for analysis. Substations were con-
sidered as final demand points and, for ease of analysis, the total nodal
demand was allocated equally among these demand points. Utilizing the
transhipment linear program model (computer program given in Appendix B)
resylted in a system intact objective function value of 110.3. This value
provides the basis of comparison for the relative effects of disruptions
on the area system.

The information available at this point constitutes all of the input
information required for the vulnerability evaluation method described
in Figure 5, with the exception of the disruption location and magnitude.
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Node No.

10

11

12

TABLE Vi.

NEW ORLEANS AREA TLGW MODEL CODE

Facility * Node No. Facility
Norco (S5S) 13 Derbiguy {5%5),
Arabi (55)
Destrehan ($S)
14 Pontchartrain PLh. (4S),
Luling (5SS}, Pauger {(S53)
Amgr. Cyam. {53)
15 Markei Street (G}
Kenner (SS),
Snake Farm (55) 16 Claiborne (55),
Delta {55)
Ponchartrain (SS),
Lakeshore {SS), 17 Almonaster (55)
Cleary (55),
LaBarre (SS) 18 A. B. Paiterson (G)
Rarahan {SS), 19 Kaiser {5S),
Avondate {55) Chalmetie {33),
Gretna {S5),
Ninemile Point {G) Holiday (SS5)
Westwego {SS), z0 Sherwood Forest (SS)
Harvey {35%)
21 rlorigda {SS)
Paris (SS),
Ave. C. (5J) 22 NASA West (S5),
Gentilly Road {S3)},
Dublin (SS), Gulf Outiet (5%}
Valance (831,
Midtown (5S) 23 Michoud (G}

Peters Rg. (SS).
Behrman {SS),

Packenham (S5},
Lower Coast {SS)

*55 - Substation
G - Generation
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For illustrative purposes, assume that the disruption is in the fo:m of a

5 mt weapon {air burst) with ground zero being approximately equivalent

to the location of the Market Street generatiing station. Such a detonation
results in a 5 psi radius of 7.3 miles.

Now suppose that direct effects to generating stations and trans-
mission lines -- as well as systemic effects caused by disruptions in fuel
supply, personnel availability, and supporting systems «- result in the
damage shown in Table YII, Thesa disruptions were inputed to the tramship-
ment computer program in order fo perform the necessary neiwork analysis.

The results of the network analysis indicate that the areds subsystam
can no longer function as a total system. Even though the remdining
generating capacity slightly exceeds the surving demand, the widespread
destruction of transmission capacity prohibits Dower movenment {0 certain
demand nodes. However, some of the remaining demand nodes can raceive
nower from qutside the area. For example, Nemand Nodes 2, 2, &, 4, 6, 7,
and 10 could conceivably obtain sufficient power supply from the Littie
Gypsy ptant located in St. Bernard Parish,

The next 1

vel of analysis fovolves determining the effecls of ihe

3

disruption on the total regional electric power system. By taking the
results of the area subsysiem analysis as inpui to the regiasnal model,
and be performing the network analysis, & grop in the objective function
value to 255.68 {compared to a system intact value of 320.25) is s.oen.
This corresponds to a 20.16 percent decredse in the objective function
valun. Thus, the total regional system cannot return to its “system
intact” level of operation after the disruption to Node 17 {Orleans Parish).
This procedure can be repeated for as many nodes in the region as
desired. That is, area network flow models could be doveloped for each
county size area, disruptions could be imposed, and the resulting area
evaluation outputs wauld provide the input to the regional electric puower
system model. Thus, not only weuld the response of small electric power
systems {such as counties) be known, but also the resulting effects on

larger sized systems, such as regions, can be determined.




. - A
£
TABLE VII.
DISRUPTION EFFECTS ON ORLEANS PARISH:
GENERATION, TRANSMISSION, DEMAND
Generation Transmission
Node 15 - Market Street: Destroyed Link 15 - 11 Destroyed =
Node 8 - Nine Mile Point: UDestroyed Link 15 - 16: Destroved »
Node 18 - Patterson: Destroyed Link 15 - 13: Destroyed !
Node 23 ~ Michoud: Reduced by 25% Link 8 - 7: Destroyed f
. Link 8 - 17: Destroyed
¢ Link 8'- 9: Destroyed ]
Link 8 - 12: Destroyed E

Link 18 - 14: Destroyed . -
Link 18 - 17: Destroyed -

Demand

Node 11: Destroyed
Node 13: Destroyed
Node 17: Uestroyed
Node 14: Destroyed
Node 19: Destroyed
Node 16: Destroyed
Node 21: Destroyed
Node 12: Reduced by 50%
Node 10: Reduced by 50%
Node 9:  Reduced by 50%
Node 6: Reduced by 25%
Node 7: Reduced by 25%
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V. VULNERABILITY ASSESSMENT AND
CIVIL DEFLNSE ACTIONS

R NS L]

A. Vulnerability of Electric Power Systems

The two levels of vulnerability assessment whicn are made in the
regional report (Lambert and Minar, 1973} and reperted herein (Section
IV) provide some very interesting insights into electric power system
vulnerability. These insights provide important clues as to the nature
of civil defense actions which should be planned for the region and area.
The previous report (Lambert and Mirnor, 1973) indicated that the regional
electric power system could continue tg function following a major
disruption in one or more county size nodes within the svstem. This j
conclusion was also reached herein, but it is also noted that the
giectric power network within the affected node (the area system) nmay
cease to function as a system. Thus, the previous report indicated that
the "region” would continue te function as a self supporting entity,

while this report indicates that the affected "area" would be dependent
upoh the region for support,

B. Potential Civil Defense Actions

A principal objective of the research described herein is to assess
systemic vulnerability of electric power systems relative to nuclear
weapons effects, and to cvaluate the roles of possible civil defense (CD)
activities in reducing this vulnerability. Two general CD policies could
be adupiled, singiy or in combination, i7 vuinerabiliity reduciion wiithin
the electric power system is a stated objective. The first policy would
be directed at specific vulnerable points in the electric power system
itself. The second policy might involve a more general plan such as that
associated with Crisis Relocation Planning (CRP). The models and proce-
dures described in this document and in related documents {Minor, Lambert
and Smith, 1972; Lambert and Minor, 1973; Lambert and Minor, 1973a; Lam-
bert and Minor, 1974) can be used to evaluate the effectiveness of these
alternative policies.

&7
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1. Civil Defense Actions applied to Electric Power Systems

Since we cannot expect the network within the affected node (county
size electric power system) to function as a network, CD planning actions
should be directed toward recognition of this probable eventuality.

Steps should be taken on the part of the electric power systems to insure
that previously developed procedures for "load shedding" the affected
area are instituted so as to minimize losses to the functioning of the
regional netwerk, Furthermore, planning steps should be taken to iden-
tify the demand nodes (substations) in each area sized unit which should
be reconnected first to the regional net in the event that generation

and transmission in the area are destroyed. This latter planning effort
is one which is the primary responsibility of the State and local govern- !
ment officials as stated in DMO Order 8500.1A (a copy of which is in~
cluded as Appendix D.) The Tocal CD planner is ane who can assist in
interpreting the established criteria for reconnection pricrities. In
this regard, it is noted that the CD planner is guided in this function
by the results of manufacturing system vulnerabitily evaiuarione (Lam-
bert and Minor, 1973a) and other research studies pertaining to critical
services and emergency operations.

2. Crisis Relocation Planning as a Civi) Defanse Action

£ vulnerability reducing CD action which is currently under intensive ;
study within DCPA is Crisis Relocation Planning (CRP). This possible ;
gereral policy is intended to reduce the vulnerability of the popula- :
tion, in general, as 2 deterrent o nuciear war. However, as suggested
by the analysis conducted in this document, CRP can also produce a re-
duction in the vulnerability of electric power systems -- at least in
the situations where potential damage to people is the fundamental cause
of the projected reduction in output.
Although not accomplished as a part of the study effort described
in this document, the mode! and procedures outlined herein could be used
effectively to evaluate the effects of CRP on the operation of electric
power systems during the relecation peried. Reductions in the number of F
employees who operate the electric power systems will affect system .
output. A principal systems evaluation question which could be answered |
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using t4e procedures outlined herein concerns the degree to which CRP
operaticns, would disrupt electric power production, «r, more specifically,
how much work force reduction can be allowed without harming the pro-
ductivity of the electric power system.

C. Regional Self Sustainment and Civil Defense Actions

A final objective of the Work Unit 4334B effort concerns utilizing
the results of the study to estimate the impact of CD actions on the
region, with specific reference to the ability of the region (1) to be
self sustaining in the postattack period and (2) to contribute to fi1ling
national needs in the same period.

Impiications of the result of the vulnerability assessment advanced
in Section IV are clear. If subjected to a nuclear attack which produces
the disruptions outlined in Section IV, the electric power system at the
area level would be severely damaged {through direct and systemic effects),
but the region could be expected to sustain itself in the imediate post-
attack period. The imposition of CO actions could mitigate this situation,
if appropriate steps were taken in the preattack time period. Direct CB
actions involving planning of demand node reconnections could reduce
postattack constraints on needed manufacturing and other operations, and
personnel relocation actions {such as CRP) could relieve postattack
constraints on human resources. CD actions which produce contributions
of needed resources from outside of the region during the postattack
period could be advanced as helpful activity as well, but such actions
may nol be feasible in Tight of comparable problems which may exist in
adjacent areas.
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APPENDIX B

COMPUTER PROGRAM FOR NETWORK ANALYSIS OF KEGIONAL AND
AREA CLECTRIC POMLR SYSTLMS

C THlS TS THE MAEN PROGHRAN
VARTAPL ¢ CUV INETILNS:
AL =AHRAY (GNTAENING THE RES UF CUASTRAINES ;
AE:ARRAY CONTAINING o SIGA (F THL CLASTRALN! :
1CCL=ARRAY CUNTAINING VHE JT0 SUSSCRIFT INTHY TTH CUNSTRALNT
ICC2=AKMAY CONTAIRIAG THE SURSCRIPT DF THE  JTH SUBSCRIPT ABUVE
NODE=ARRAY OLF INING THE SUSSCREIPTS CURKESPLMIING TC NCDE CCNSTRBINTS !
ARRAY DEFINING THE SURSCRIPTS CURRESPONUING YO GLNLRATION NUDE S
INTEGER® 2 1CCL,1CC2
DIMENSION ALC190),%1015CH,2CE 2 1501001 +1CC2015C,100) 4,1 (150)
CIMENSICN NUEEAS 3 oNOOEGI20 )
C  REAL NUMRTR OF CONSTRAINTS,VARLABLESy TACEX
REAL(S, 1321 INC L, %NV L, INDXS
1321 FURMAT(II4)
NCIA=NC b el
C REAC CONSTRAINTS UF CPJFCTIVE FUNCTIUNSessven
NC 13%1 1=1,M1A
READES, 12220 ULy ALCE) R 1CLY o8 BCCIUN ) ICC201 400 o d=2L,L1)
1322 FURMAT LI2, 68,0, Flin de 19 14/ (25K 15840}
(i =11
1350 CONT INUL
C KEAC NODE DEEINITICA BKRAY
HEADES, 1223316 ,iNUDEET) o151, A1G)
1323 FORMAT (14, 1914720 14)
C KEAD GLNEFRAVILAN &KRAYS+hassbode
REACLS, 12231 IGEN INGOEGET) o821 o 1GEN)
C ELLMINATE NODES UNE PY MNf 2ot esecvbstabhdonys
DO 13%7 K=1,NIG
JL=NOCEEK
TEVPS AL Lyl )
TEMP LR LEO )
WRITE (61324001
1324 FORMAT(IH] 4* Tt  ACOEL LUIMINATED [S:%,T4,%; ThE RESULTS ARE ;')
AlJ1)=0.0
BL(J1)=0.0
C CALCULATE PCST BTTACK CENERATING CAPACETY
CALL CRT I{NJDEG, 1GEN AL, GR T}
PUY THE CATA ON CISK FCR USE WilH THE L~P ALGURITHM
RFWinD 3
WRITE(3) GKT4NC TNV 1, INDXS
ERNJFTLE 3
C THE AJCVE INFOPMAT[CN IS AVAILABLE CN LCGIC FILE THREE
QEWINE 2
U0 13%8 1=1,NACLA
Ll:td{Q)

(aNal el Nallole i

Erbo g

[
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WRITEC2E L BeALCT DB LIT )t ICCLI L2 J) +0CC 21T 4 Jird=14L L)
13198 CONTEAUE

ENDFILE 2
C YHE PREVICUS INFORMATION 1S AVAILAGLE ON LJI0I1C FILE TwQ

LAkL DLPA

AlLJLI=TEMPS

£14J1)=T eMPO

1267 CONTINWUE
CatL LxXiy
END

A e P A s e AT M e S e

SURRGUY INE OGRTIINODEG TGENGAL,GR T}
DIMERSICA KNCDEGI29Y, ALL1SY))
SUM=C. 0
CC 1 ¥=1, ICFN
JE =M CEGLL)
SLM=S1LMeALL D)
V' CONT TAUE
OF T8N
RETURN
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C

-
Ly

20C

1200

LN

42

44

4b

SURROUT IME DLPA

INTEGER®*Z [INC, 1V AL

DEMENSIUN A{LS90,115) «X02600 Y1260} ,VI260),INCILQQ), IVAL(LOOQ)
DIMENS ION AVAL{LCC), UV (2601

CCMPLAN IC LR, INEX

REWIND 3

RLACIIIGRT , IR4N,N L

Nzl R+ A

IPO=N+3

IC=1R+]

INDX=lCet
IR TR L N INTVIALIZATION ®hdbbbcbph bbbt brpabiadkssshs
Ooc 10 J=1.,NY

x{Ji=C. 0

Ivisi=1

CUNTUINUF

DY 1¢ I = [D,INDX
00 1% 4 = 1.3

BT = )at

LEL RSN E S R EEAD ALy DATH I 2 ET ST ESERSESE NSRS ERS T
£Q0 1000 1=1,10

DC 1J02 J=4,.1PC
K=J-3

LF{K}=GRY
atlrJ’=00C

REW INC 2

DC Y203 1:=1,I10
REAGUZIL oAL T o370 4A L ¢ 20 ot
Dy 1200 J=1,1
JINY=IADL J)¢3
AvapL(Jdl=IvarLt Jl
A(L JIND)=AVAL (J)
DO A0 J=41PL
ACINTX, 3203

pl 57 =514 IR
NS=N+]
[ri2{1:4201)42,44,46
LP{NS) =39999,
YINSI=ALT 2}
a({I41})=NS

Gt 1 5C

UP (NS 1=0 .0
X{hs)y=a8(1,3)

Al I 1)=NE

GO TO 30

LP{NS) -99399,
XtNS)=-4{1,13)

OC 47 J=3,1PC

Y
(L1
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VP oI VALV J) e d=E gL
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T
7%

EC

82
a3

B4

B
HH

G7
94
96
98
109

110

120

137

140

Al edl=-801,9)

A(] 411 =NE

CONT INUF

Abe kg CHANGE STIGN OOF X~C ROW (I AREE LA EREEE RS RRELE LY
DO 6C J=441P0)

ALIDN, 2)=-A{T10,4)

ke hdbdd WRITE THL TARLEA) d2srenpb b0t bt dddtndesnaiddng
I7Ta3=1]

GO Tu 80

TF{NLIB) 30475

CALL QUIPUTUITADIPGeNV [T, X4A)
posdsrd (HICK (SR PRIMAL L FEEFIFES RS FEELERRESLEEES . 2
ICHECK=]

Cly 1eQ S=4¢ [PU
TFEATICsJ)IB24160,160
IF(ABStALIU, 3} -C.00C1)160,83,83
JEC=J

ICHEC K=

TMIN=55955%,

CC 190 I=1,1R

IFCALT 4 JLECI S ALT +3))84,85,%4
Tti)=6996%,

GO ¥C 96

IFEALT LJECH) 88,08,92

F{1)=5%9%89,

6o TC 96

Win=c.o

cr 10 36

TETH=ALD 3V /7000, JtC)
SFOTMIN-T{1) ) 1CC1Q0C.SE

TMIA=T (L)

le R=}

CUNT INUE

JEE AESH(TMIN-Y99999.)-0.00 120,122 1}
CALL PIVCT{AZILReJEC,IPC X UL
ITAR=1TAB+]

cu 1C T

JUP AL IND X, JEC)
IF(UPIJUPI-30000.0120C, 1€0, 160

OO 14C =L,k

ALY JECY=-411,JEC)

Al 3 =A{ L 3)+{UPJUP ) =A{],JECH?
IBAS=A{] +1)

XUIBASk=a(143)

ACICJEC =2 {10, JEC)

AL TUL2=AIE 3 e LLPLJLPYFALIC,JEC))
(Y {JupPy= IYiQUP ) +]

U TC 70

P =

S
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161
200

210

220
230
£5C
25t
258
2710

280

30C

3o

320

3sC

393
404

4C5
410

429
430

45C
455

458

COKTIANUE

IF{ICHRECKY 20C,2CC+4CC

CE 300 L1=Ls1IR
IFLALT 321 210,21C,300
1ER =}

TMIAN=Q99G99 ,

DD 27C J=4,[PC
IFLAITFR, D)) 22002504 25C
TFLALIC, 0125042304230
M{J)=—ALTU I} /A{TER 4 J)
GO 10O 2%9%
IFCTMIN-TUII I 220 42T0e25E
TMIN=T{J])

JOC =g

CONTINUE

[F{ APSITMIN-99999.1-0.01 1300, 30,280
CALL PIVCTIAZTERGJEC,IFL X UP)
ITAB=1TAR+]

6C YC 7D

CONTINLE

B0 350 I=1, 1R

IGAS=AL} 41}
JELLPIINAS)--G6996C. 1 21 Ce395(s35¢C
A0 oY =AT L 3)}-UPLIRAS )
GC 22C J=3,1PC

Al Tl Jl==A11,J1

X{IPAS =M11,3)
XPRAS)=A(1,3}
IYCERAS )= IY( [RAS )¢

Gt TC 70

CONTINLGE

GC TC 9999

11 =1

30 SGO l=ly1R
TFEALT A IV4054500U,503
IFEABSIALT +301~C.Q0U011500,4104410
Ier=1d

TMIN=5$993999,

DO 47C J=4,1P0
1FLACTER ,J 11420, 45G, 450
IFLACLIC,y V450,430,430
LA =—AL IO, J)7ALIERJ)
GC TE 455

T 2 =6G5565,

[TFE(TM IN-T(Jd )4 TCy4T0ya5F
THIN=TL U

JEC=J
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PV 1 TAWNS |
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SUBRUUT EAE PIVOT (8, 1ERyJEC, 1P X, UP)
DIMERNSION ACLSO.11%) 4X(2060),UP(260)
COMMON I0Q, IR, INDX
CR=ALLER,,JEC)
00 1CC 1 =210
1FLI-1ER D 3C, 10U, 10
10 0C 10UG t=3,fPN
IF{J~JEC 120,10C2C
20 AllvJ)= LALL,J)*CR-A(1,JECISA{IER,,J)D /(R
Lud CONTIAUE
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APPENDIX €
SELECTED ANNOTATED BIBLIOGRAPHY

The following annotated bibliography contains only those reforences
which are considered to be the most pertinent and timely with respect to
resource systems vulnerability analysis. Additional annotzted bibkliug-
raphies may be found in Minor, Lambert, and Smith (1972), Lamberi anc
Minor (1973}, Lambert and Minor (1973a), and Lambert and Mince {19747,

Ayers, R. W., "Methodology for Postattack Research," Hudson Institutz,
HI-647-RR, New York, OCD Work Unit 3522 A (AD 639 751) (1966},

Annotation Statement: Discussions of the use of models for nostaitzcr
research as contrasted to scenarjos, games, case histories, ani metephors.

Ayers, R. W., "Models of the Postattack Economy,"” Hudson Insiitute, -
Report No. HI-648-RR, New York (Ad 639 713) (1966).

Annotation Statement: State-of-the-art summary of curreni programs rziafed
to postattack economy.

Bear, D. B. T. and Clark, P. G., "The Importance of Individue: Indusirics
for Defense Planning," Rank P-2093, Santa Monica, California {12807,
Annotation Statement: Analysis of individual industries intanded s 2
guide to peacetime defense preparations, plausible supplies. ard cumends
in the U. S, Economy after a nuclear war.

Bickley, L. J., Concentrations of the Manufacturing Industrics, Reszarch
Report for OCD Contract # PS 66 113.

Annotation Statement: Industries classified at the 4 digit 3i7 leve! and
individual plants identified by city location. Number of persons emnloyed
used as a measure of industrial activity. Study indicates porentialiy
vilnerable concentrations within manufacturing industries.

Bickley, Leonard J., The Spectrum of Characteristics of the Manufacturing
Industry and Derivation of Industrial Family Groupings, Research Feport
for 0OCD Contract # PS-66-113, Subtask 4715A.

Annotation Statement: Reports on the spectrum of characteristics o7
industries and divides industries into families.

Bickley and Sachs, Industrial Hardening Classification:
Simplifying the Evaluation of Hardening Costs, Institute
Analyses Study S-263 (1966).

Annotation Statement: Sets forth a method for handling tne ‘arge mass
data required to develop an estimate of the cost of hardening «conomic
resources against nuclear attack.

Black, R. H. and Van Horn, W. H., Development of Procedures for Assess-
ment of Local Industrial Productive Capacity Following Nuclezr Atizcic,
URS Research Company, Report URS 753-6 Feb., 1970.

Annotation Statement: Assessment of productive capacity considered in 3
steps: (1) damage assessment, (2) repair effort estimation, {3} estima-~
tion of potential productive capacity.
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Boesman, W. €., Grigsby, J. and Manly, R,, Vulnerability of the Petroleum
Distribution System Detroit, Michigan, Checchi and Company, Report 7023,
July 1973,

Annotation Statement: Study covers vulnerability of Petroleum distri-
outton system in Detroit including gasoline, diesel fuel, Tiquified
pewroteun gas and other petroleum products. Results give estimated
vaiLs of post attack capacities.

Boesman, William C., Roberl P. Manley and Richard A. Ellis, Tolsi Resource
System Vulnerability: Development and Application of a General Modal,
DCFA Work Unit 43428, Checchi and Co., Washington D. C., 1972.

Gnnotation Statement: Develops a total economic resource system vulnera-
bility model for CN problems.

Brown, S. L., "Industrial Recovery Techniques," SRI MU-4949-350, Mealo
Park, Califarniz, 050 Work Unit 3331 B (AD 636 947) (1966).

Arpocation Statement: Generalized concepts concerning industvial models,
industrial vulprerability to nuclear attack, industrial recovery require-
ment, ane industrial recovery procediures.

Carter, Anne P., "Tae Eccnomics of Technological Change," Scientific
Arerican, Vol. 214, No. 4 (April 1966).

Arratation Stewerert: Use of innut-outvut methodology to determine the
27facts o telvnclogical change an the ecoromy.

Chencweth, J. %., et. ai., A Method for Predicting Electrical Power
Availakiidty Foilowing & Nuclear Atfack, National Enginceving SCience Co.,
Ty, SQF3.

“upgieiion Stetemen.: Considers a detailed procedure for estimating
avaiiablc electric powrr following a nuclear attack.

~

Clark, ®. &., "Vulnerability and Recup2iration of a Regional Ecopomy,”

Raind RM-1829, Santa Monica, California (AD 123 549) (195€).

Annotation Statement: Methodological contribution to analysis of conse-
Gguences 0F bombing attacks on a region of the nation. Reporit notes that
"1 s not easy to construct a scheme of assumptions that will reveal the
existenze of potential bottlenecks.”

DC?A, EMP Protection for Emergency Operating Centers, Defense Civil Pre-
pire.iness Agency, Publication # TﬁTE%h, July 19727

hraotatior Statement; A description of a nuclear electromagnelic pulse
ard crevicas an unclassified guide for incorporating EMI protection into
Dnergency Jperation Centers.

GCPA, IMP Protective Systems, Defense Civil Preparedness Agency, Publtication
-6t-B, wuly 1972.

Ariotatior Statement: A description of representative problems and solu-
t'ons providing protection against a nuclear electromagnetic pulse.
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DEPA, Civil Defense Preparedness in the £lectric Power Industy, Defense
Electric Power Administration, March 1966,

Annotation Statement: Management guide covering (1) CD planning for the
power industry, (2) government organization and planning for protection
and restoration of the power industry, (3) essentials of electric power
industry preparation and readiness, and (4) civil defense preparedness
and readiness check lists for the power industry.

DEPA, Civilian Defense and Emergency Uperation Plan., U. S. Dept. of
Interior DEPA, September 1961.

Annotation Statement: A proposed plan by which to promote continuity of
community services during emergency conditions.

DEPA, Protection of Electric Power System, Defense Electric Power Adminis-
tration, Research Project No, 4405, June 1962.

Annotation Statement: Results of power industry survey to deterniine the
ability of power companies to survive the attack and continue operation.
Recommendations for improving ability to survive and operate.

DEPA, Recomnmendations To Be Used as a Guide To Assist Electric Utilities
in Maintaining service During and Following a Nuclear Bombing Attack,
Defense Clectric Power Administratinn, Power Area 7-Projeci No. 1,
September 1961.

Annotation Statement: Results of a DEF1 committee study to sorve as a
guide for electric utilities during and following a nuclear attack.

A
3

DEPA, Vuinerability Analysis of Electric Power Distribuilion Sysiems
Detroit, Michigan. U. S. Dept. of Interior DEPA, Research Report tor 0OCD
work order # PS-66-92, Work Unit 4334-8.

Annotation Statement: An analysis of the effects of a hypothetical
nuclear attack directed at the city of Detroit, Michigan.

yomn

DEPA, Vulnerability of €lectric Power Systems to Nuclear Weapons, U. S. 1
Dept. of Interior DEPA. Research Report for 0CD Work Order # 0S-63-53. F
Annotation Statement: An analysis of the eftects of an assumed full-
scale nuclear attack on the nation's electric power industry.

DEPA, Engineering Stydy - "Vuinerability of Eiectric Ytilities tu Nuciear
Attack," Defense Electric Power Administration, Electric Power Area 12,
October 1, 1963,

Annotation Statement: Analysis of area 12 electric utility system to
withstand nuclear attack and to continue to produce power after attack.

e

pRpy

Doll1, John P., et. al., Method for Evaluating the Effects of Nuclear Attack
on the Ability of Power Systems to Meet Ustimated Postattack Demands,
Stantord Research Institue, Sept., 1966.

Annotation Statement: Development of three methods for assessing vulnera-
bility including a rapid, qualitative technique, a linear programming
method, and a non-computey method for determining amount of deliverable
power and size and location of demand.
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Dynes, Russell R., C. L. Quarantelli, and Gary A, Kreps, A Perspective
%guDisaster Planning, TR-77, Defense Civil Preparedness Agency. December

972.
Annotation Statement: Study of relationship between emergency planning
and the manner in which people in the disaster area react to the disaster.
Dirvected at natucal disasters.

T 1 PR e Al o L ﬁ

I
Fauceli Assoctates. Applications ot Network Analysis to Civil Defense b
Operations. Prazpared for Office of Civil Defense, Work Unit 4114, !
August 1971,
Annotation Statement: Application of mathemetical programning and net- g
work theory to the allocation of resources to meet post-disaster needs. g
faucett, Jack and Grace J. Kelleher, Fconomic Relationships in the New 3
Orleans Metropolitan Area. Rescarch Report for OCE Contract PS-66-113, :
Subtask 4131A. i
Annotation Statement: Presents 1963 interindustry transaction data for i
analysis of results derived for New Orleans using input-output data for i

CD planning.

FitzSimons, Neal, A _Geographic Framework for Systems Lvaluation, Uffice
of Civil DefensL, Systems Evaluation Division, Washington, D. C., 1972,
Annotation Statement: Description of the structure and uses of the
Geographic Nodal Network.

FitzSimons, Neal, Notes on the Use of Triads to Model Systems, Research
Directorate, 0CD, 1972.

Annotation Statement. A guide to researchers working under Systems
tvaluations Division, Research Directorate, OCD in the modeling of
systems for studies involving survival and rvecovery in eveni of a nuclear
war.

Fogrt, Carl R, and William H. Van Morn, Availability and Use of Emeraency
Power Sources in the farly Postattack Period, URS Research Company, URS
710-4, OCD Work Unite 3311C, August 1969,

Annotatlon Statement: Study concerned with identification and use of
emergency power $ources, bath conventional and unconventional, in the
early postattack period.

Grisby, J. W., R. P, Manly, W. . Boesman and J. M. Johnson, Vulnerability
of the loca) Petroleum Distribution System--Albugquerque, New Mexico.
Checchi and Company, OCO Work Unit 436) A, June, 1968.

Annotation Statement: [xamines vulnerability of peteolewn distribution

system including product storage facilities.

Grimm, Bruce T., Estimation of CES Production Furctions for U. §. Manu-
facturing by Input-Cutput Sector. Institute for Defense Analyses,

Research Paper P-525, July 1969.

Annotation Statement: Estimates are made of the production functions for
52 manufacturing input-output sectors using the eguilibrium condition for
Tabor demand., Results indicate that there exists a limited but signifi-
cant abilily to substitute capital and labor for onc another in manufactur-
ing.
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Hall, R. W., Vulnerability of Local Transportation Systems--Albuquerque,
New Mexico. Stanford Research Institute, ork Unit 4333 A, JuTy 1969.
Annotation Statement: Developes an inventory of resources by quantity
and Jocation for each transportation mode., Estimates of damage are made

for each mode and the capability of residual systems to perform transpor-
tation services is examined,

Hamburg, W. A., Transpartation Vulnerability Research: Review and
Appraisal 1959-1969, Stanford Research Institue, Jan. 1969.

Annotation Statement: Review of pasi research in transportation systems.
Includes a sunmary of data vequirements and likely sources for all modes.

Hamburg, William A., Vulnerability of a Zonal Transportation System,
Stanford Research Institute, Menlo Park, California.

Annotation Statement: Represents the starting phase of research on the
vulnerability of the transportation systems in a specified zonal area to
the effects of a nuclear attack.

Hamburg, W, A, and Hall, R. W., Vulnerability and Serving Capability of
the Nation's Transportation Systems: Development and Test of Methodology.
Stanford Research Institute, March 1970.

Annptation Statement: Examination of two possible methodologies; general-
ized model and scenario approach.

Hirshleifer, J., "Economic Recovery." Rand, Santa Monica, Califorpia

{AD 626 605) {1965},

Annotation Statement: A general dic  ssion of the theory that economic
recovery is feasible after thermonuciear war when considered with reference
to past disasters.

Input-Output Bibliography, 1960-1963, New York: Statistical Office,
Department of Economic and Social Affairs, United Nations, 1964,
Anngtation Statement: Bibliography of input-output techniques and
applications.

Isard, Walter, Methods of Regional Analysis: An Introduction to Regional
Science. M. 1. T. Press, Cambridge, Mass. 1960.

Annotation Statement: Purports to improve the spatial and regional
frameworks of the social science disciplines, especially economics,
through the development of a more adequate general theory of location
and space-econony.

Isard, Walter and Thomas W. Langford, Regional Input-Output Study:
Recollections, Reflections, and Diverse Notes on the Philadelphia
Experience. Cepartment of Regional Science, University of Pennsylvania
and Regional Science Research Institute, 1971.

Annotation Statement: A detailed description of the application of the
theoretical "input-output" concept to the economy of metropolitan
Philadelphia.

Isard, W., Schooler and Vietorisz, Industrial Complex Analysis and Regional

Development,

Annotation Statement: Regional input-output analysis of petro-chemical
industries in Puerto Rico. Identifies activities for which Puerto Rico
would be a favorable location.
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Lambert, B. K. and Mijnor, J. L., Vuinerabi]iti of Re?ionaT Electric
Power Systems to Nuclear Weapons Effects, DEPA, May 1973.
Annotation Statement: Describes the development of a conceptual model

for assessing power system vulnerability. A constrained network flow
structure is utilized. Includes an application to a particular region.

Lambert, B. K., and J. E. Minor, Vulnerability of Regional Manufacturing
and Resource Systems to Nuclear Weapons Effects, Texas Tech University,
August 1973 (pubTication pending by DCPA}.

Annotation Statement: Development of a method for assessing vulnerability
of resource systems. Incldues tha development of a composite vulnerability
index and an application to a specifii region,

Leontief, W. W., “Input-Qutput Economics,"” Scientific Amer., Vol 185,
#4 (Oct. 1951), -
Annotation Statement: Concerning a method which can por{ray both an entire
economy and its fine structure by plotting the production of each industry
against its consumption from every other (7 pages).

Leantief, W, W., "The Economic Effects of Disarmament," S5c. Amer., Vol.
204 (1961), p. 47, April 1961. -
Annotation Statement: The technique of "input-output" analysis is here
adapted to facilitate forecasting the effect on saltes and jobs of the
reallocation of the funds now expended for military purposes.

Leontief, Wassily, “The Structure of Development" Scientific American,
Sept_ ; 10613

g SN

Annotation Statement: Analysis of an economy by the input-cutput method
revealing its internal structure and mapping out its growth.

Leontief, W. W., "The Structure of the U. 5. Econoay," Scien. Amer.,

Vol. 212, #4, {(Apr. 1965),

Annotation Statement: The input-output tables divide the economy into 8]
sectors and list the Lransactions among them. The numbers are the constants
of the technological relations among the sectors (11 pages).

McGraw-Hili, “Plant Census: S-1 Format and L-1 Format" Hightstown,

New Jersey (1967).

Annotation Statement: CEmployed in 4351 A methodology; excellent method
for four-digit industrial plant identification.

McFadden, Fred R. and Charles D. Bigelow, Developrignt of Rapid Shutdown
Technigues for Critical Industries. Stanford Research Institute, 0CD

Work Unit 2321A, January 1966,

Annotation Statement: A study of preblems of rapid shutdown in the petro-
leum and steel industries. Basic operation and shutdown procedures are
described. Consequences of rapid shutdown and measures for reducing
shutdown vulnerability are presented.

Manly, R. P., Lerner, H. A., and Grigsby, J. Petroleum Distribution,

Gross National Product, and System Vulnerability: Methods of Analyses
Checch1 and Co., Washington, D. C., Oct. 1970.

Annotation Statemert: Principal attention given to four areas of amalysis;
gross national product analysis, national needs analysis, spatial inter-
action analysis and network boundary flow analyses.
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Hinor, Joseph £., Brian K. Lamberi, and Milton L. Smith, Vulnerability

of Regqional! Manufacturing Systems to Nuclear Weapons Effects, Texas
Teéh]U?;versity, Contract No. DAHC20-70-C-~0382, Work Unit 4352A,

May 1972.

Annotation Statement: Report contains three major presentations: develop-
ment of a general model concept for simulating a regional manufacturing
system, utilization of the model to simulate a specific economic region,
and exercise of the model to demonstrate its usefulness in vulnerability
evaluations and other types of systems studies.

Wingr, J. E., A, J. Pryor, G. E. Commerford, and R, C. Dehart, Evaluation
of Industr1a1 Systems Interrelationships and Vulnerability to Nuclear
Attack, Southwest Research Institute, August 1969.

Ennotatlon Statement: General methodo]ogy developed for defining and
evaluating manufi :turing systems. The model developed includes:

{1} inventory and network definition of systems, {2) characterization of
manufacturing systems and interrelationships, (3) identification of
essential industries, (4) vulnerability analysis and evaluation. Report
is specifically concerned with the Detroit SMSA.

Nevin, R. L., Vulnerability of the Detroit Water Supply System, Stanford
Research Institute, Sept. 1970.

Annotation Statement: Estimaced damage to facilities and personnel as
well as estimates of post-attack capabilities of the system are discussed.

Nevin, R. L., Vulnerability of the Albuquerque Sanitary Sewerage and
Storm Drainage System, stanford Research Institute, June 1969.
Anngtation Statement: Probable damage to facilities and personnel are

considered as well as possible loss ¢f support from interrelated systems.
Post-attack capabilities estimated as nil.

Nevin, R. L. and Pickering, E. E., Water, Sewerage, and Storm Drainage ;
Systems Staff Vylnerability--San Jose, California, Stanford Research 5
Institute, May 1969. -
Annotation Statement: Analysis of casualties to management, maintenance
and operation staffs and assessment of surviving staff capabilities.

Norton, J. W., Economic Activities and Resources: Classification and
Data Inventory, National Planning Association, Washington, D. C., Nov.
1968.

Annotation Statement: Classification of areas, activities, and objects
suitable for use in an economic model for planning the survival and
recovery of a single vity following nuclear attack.

OCD, A Framework for Evaluation of Survival and Recovery Systems, Trans-
actions of an OCD Research Sympesium, March 1970.
Annotation Statement: OFf interest are the following papers: (1} Vulner-

ability assumptions; (2} A Matrix for System Descriptions; (3) The Final
Product.

0CD, EMP Protection for AM Radio Broadcast Stations, Department of Defense/
Office of Civil Defense, Publication # TR-61-C, May 1972.

Annotation Statement: A description of nuclear electromagnetic pulse
effect on AM broadcast stations.
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OCD, EMP Threat and Protective Measures, Department of Defense/Office of
Civil Defense, Publication 4 TR-67, Aug. 1970.

Annotation Statement: A techmical report presenting a description of a
nuclear electromagnetic pulse effect on civil defense activities,

0CD, Reducing the Vulnerability of Industrial Plants to the [ffects of
Nuclear Weapons, Office of Civil Defense, PSD-PG 80-8, October 1963,
Professional Guide Sevies.

Annotation Statemcni: CGuide to assist architects and engineers in develop-
ing constructive measures for protection of industrial plants against the
effects of nuclear atlack.

Orcutt, G. H., "Simulation of [conomic Systems," American Economic Review,
Vol. 50, # 5.
Annotation Statement: [iscusses use of simulation in Studying economic
systems. Discusses past research dealing with simulation studies. Mainly
discusses methodology of simulation rather than any specific application
to economic system.

Pendleton, W. W., "A& Study of Personnel Demands and Availahilities for
Postattack Counter Measure Systems," Human Science Research Inc., (AD
637 833) June 1966,

Annotation Statement: The use and assignment of manpower are examined.
Several principles for assigning manpower are suggested.

Fetersen, D. L. and Schmidt, L. A., Arrangements of U. 5. Population by
Urban and Rural Geometrical Clusters. Institute for Defense Analyses,
Paper P-706, Sept. 1970.

Annotation Statement: Uescribes structuring of the U. £. population
based on aggregations of natural clusters of people into nodes; develop-
ment of the National Nodal Hetwork. Results indicate that considerable
simplification is possible in describing a county.

Pryor, A. J., G. E. Commerford, and J. E. Mipor, Vulnerability of Industries
Critical to Natijonal Survival in a Postattack Envirqonment, Southwest
Research Institute, January 1968.

Annotation Statement: Assesses national needs in postattack environment

and developes critical industry seleciion criieria. Delailed analysis
performed on a plant in San Josc, Catifornia,

Rand McNally, Commercial Atlas and Marketing Guide-99th Edition (1968).
Annotation Statement: Shows population distribution, total personal
income, industrial and comwercial area as map overlays. Data can be
used after an industrial complex is defined.

Redmond, John H., "Industry Planring for Continuity of Production,” Pub. ¢
157-121 Industrial Callege of the Armed Forces, Washington D. C., 1957,
Annotation Statement: Speech discussing status of industrial planning for
continuity of production to the Industrial College of the Armed Torces.

Reliability and Adequacy of Electric Power Within Southwest Power Pool
1470-1980, A Report to the Federal Power Commission, September 1, T1970.
Annotation Statement: Study showing additiona) capacity plannhed for the
power pool to meet increased lcad projected for the period 1970 to 1980.
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Research on Evaluation of Civil Defense Systems, Briefing at IDA for

gdnadian Director General of bimérgency Mcasures Organization, October
969.

Annotation Statement: Sumnaries of papers., Of interest are the follow-
ing: (1} Develapment of ~ Structure for Evaluvating CE Systems, {2) Sec-
tor Analysis, (3? Networ! Yralysis, {A) Uynamic Evaluation of CE opera-
Lional systems.

Richford, M. A, &nd Davis, W. E., Vulnerability of Gas Utilities to Nuclear

Atlack--Detroit, Michigan, U. §. Department of Interior, Office of 01l
and Gas, July 1677,

Annotation Statement: Concludes that post-attack transmission system
capacity is ample and physical facilities are adequate for post-attack
repair.

Rockett, F. €, and Brown, k. M., "Crisis Preparation fer Postattack
tconony Recovery," Hudsun [nstitute Report No. HI-661-RR, New York

(AD 639 387) (1966).

Annotation Statement: Report reviews and describes the effectiveness of
a "relocation” and "protection” civil defense methodology utilizing
transportation resources.

Sachs, Abner and Timmeimans, J. A., Economic Structere of the I, S, Using
the County as a Functional Base, Institute for Defense Analyses, Research
Paper P-511, Apri) 1969,

Annotation Statement: Presents resource data using the county as the
geagraphic unit, Econonic measures inciude value adved, number of plants,
employment,, sales, and others.

Schmidt, L. A., A Study of National Jravel Requirements for Stratedic
Evacuation. Institute for Defense Analyses, Paper P-702, March 1970.
Annctatlion Statewent: Calculations were made of travel requirements from

larae urban centers to rural areas,

Siith, Caleb A., Methods Used in Developing Input-Output Tables for the
Providence Standard Statistical Area, 1963, Research Report for OCD
work ovder # P5-66-113, by the Department of Lconomics, Brown University.
foingialion Statoment: Describes methods used in developing the input-
gutput tables for the Providence, Rhode Island, Metropolitan Area.

Smith, Caleb and Dale L. Moody, Cconomic Relationships in the Providence,
Rhode Island, Metropolitan Area. Research report for OCD work order #
PS-66-113, Subtask 4131A.

Aurctation Statement: Presents interindustry transaction data and
coefficients for the Providence, Rhode lsiand, Standard Metropolitan
Statistical Area.

Stephens, Maynard M., Minimizing Damage te¢ Refineies from Nuclear Attack,
Natural and Qther Disasters. Rasearch Report for OCD work order DARC 20-
6g-C-0097, by The Office of 03l and Gas, The Dept. of Interior, 1970.
Annotation Statement: A handbook reviewing potential hazards that could
affect petroleum refinery operations in times of war and peace.
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Truppner, W. C., "Nuclear Rlast Effects on a Metropolitan Economy,"

IDA $-209 Arliagton, Virginia (AD 631 026), OCD Work Unit 4113C (1965).
finnotation Statement: Study ot weapons effects on Houston, Texas, SMSA
in terms of econumic output, proderty values, and population character-
istics,

). 5. Technical Committee on Industrial (lassification: (1) Standard
industrial Classification HManual {1957}, (2) Supplement to 1957 Tdition,
Standard Industrial Classification Manval (1958}, {2} Supplement to 1957
Edition, Standard Industrial Clessification Manual (1963); Executive 3
Oftice ¢ the President, Bureau of the Budget. ‘ '
Arnctation Statement: Basic manual governing SIC coded industry %
ifcentification.

Hetrzler, Eiliot, The Structure of the IDA Civil Defense Economic Model,

Institute for Defense Analyses, Paper F-074, August 1970, ‘
Annntation Steterent: Cevelopment of an I/0 modei with CES production

funciions to assess viabiljty of the postattack economy given a variety

of alternave CD plans,

Vitnter, S. G.. "[conomic Viability after Thermonuclear War: 7he Limits of
Teasible Production,” Rand RM-343€-PR. Santa Monica, California (AD 426

0066) {1903).

Anngtation Statement: A study of the tecinological features of the problem
of achieving viability. Surviving resources, scarcities, and alternate

paths are considered.

Yamada 1., Theowy and Application of Inter-lIndustry Analysis, Kinokuniya
Bookstore, Tokyo, 1967,

Annotation Statement: Mathematical treatment of input-output analysis. , ;
Portions of this work ¢n regicnal input-output may be applicable. |

ik mkde e R

PR T ey L PR TN

82



APPENDIX D

DEFENSL MOBILIZATIGN ORDCR 8500.1A

23

eaae

- N PP
. W e e ool e
B S Y



e i s s e

U L e W i At e -

AFPENDIX D

Defense Mobilization Order BS00. 1A

Novemnber 4,

1964

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF EMERGENCY Fi.aN NING

OMO B500.VA—GUIGANCE ON PRL-
ORITY USE OF RESQURCES IN IM-
MEDIATE POSTAYTACK PERIOD

1 FPurpose. ‘This Order ¢1) sales the
palicy of the Federal Government on use
of resources In the perfod tmmoediairty
folivwing & nuclear attack o the United

1e1res, (21 provides genern) guidance Tor
Feideral, State, snd Jocal goverament
officlals on activities to e accorded pri-
ority in the use of postatlack resources,
and ¢3¢ hsts thost 1lems essential Lo na-
tlonsl survival in the immediste post-
atinck mriod.

2. Cancellatiorn. Defense Mokillzation
Order 8500 1, Giuldance on Priority Use
of Resources In 10 mediate Postettack
Fonod, dated Aprid s, 19641429 PR 5196,
Lyt ruy sUpeTseded,

3 General pobey. In en hmmediate
rostagtuck period gll decisions regaraing
the use of resoui ce - will be directed Lo the
oinecUve of natdonal survive! and re-
eovelry. In oidter to achicve thds oblec-
tive, puolattanci prsources w i be asstgned
W wrtivities concerned with the mainte-
nance rnd Saving of hves, immediate
mihitary defense and retalialory opera-
twny, and ceonomic activities cssential to
contitaed s vivatond fo 3VERY.

This buldance Is designed to achirve a
diviee of nmtional equily In the use of
Pl €s 1 nd Lo krslen and ronserve re-
sources effoctively D the prangedigle post -
witack pered  Untll mure apecifie In-
strocliuns are ovatlatle, these are the
genwrsl pwdelines within which mana-
gorigl pdomer? and L gmimeaen &S st
be used 10 B deve national ou, olves
urder widely diffirlng fmMeigency con-
dilrens.

4 Fesponsieinfres,  As slaled In The
Naitonal Plan for Emergency Prepaved-

L, the direclion al 1esources moliliza-
tipn 1t 8 Pedern! responsibiilly. How-
evei. b the perlod mmeciniely follow-
ing en atlgck. cortain eengraphics) ereas
ey be rmpursrily isolated, and Stale
and Jocal povernments will assume re-
sponsibilny for the use of Fesources re-
memng it such areas unit) effective Fed-
era' auihority can ke restored. Stale
atd Juocal governme s will pot asyume
resbo. iLitity for teseurers under the
Jwi-diction of 8 ¥ederal apency where
the Feacral agency 15 able to function.

Washington, D. C. 20504

Asx soon as passible afler mn aitack and
untll specifie national  direchion ang
guldance on Lthe wse of resowces is pro-
vided. Federal, State. and local officials
will determine whal resources sie nvail-
able, to what needs Lhey can be appliad,
Fiw they ave to be used, and the extent
Lo which rescuices are defickent or in
excess of survival needs. They will base
detecmninations as to the yelativy urgency
for use of resources primarily upon Lhe
importance of speeific needs of defense,
survival, and nocovery.

5 Priority achuifies in immediale posc-
altack perwgd. The [cllowing actlvities
are bo be mceorded prion ity over 1l other
claims for resowces. There Is po slg-
pifuance In the order of the listing —ahl
ate hmportant  Tihe onder in which and
the extent to which 1hey sre supporled
lacally may vary wilh local conditions
and cncumslunces 1M local conditions
pecrsshiale the estabhishment of an onder
of priotity winong these Rellvities, that
order shall be based on determinations
of 1elative ureency aAmong the aclivities
tisterd, the avallphility of resources for
azhieving the aciions 1equired, and the
feasidlity and tinwliness of the activities
in making the most repid and cfleciive
eantributlon {g natlunal suivival

&, Tiw immediale detense and reteha.
wry combat operalions ol ihe Armed
Forees of the Binited Siates and its Alhes-
This ineludes support of MINNMLATY er-
sonnie] and the production sand dislribu-
tion of military and atomic wespons,
reuterials ang (qQuiginent required to
¢carry oub these unmedlate defense G
1etallatery combat operations.

b Mantenance or reestablishment of
Government authority and contrel to
pestore and pereserve order pnd Lo essure
direction of emcigency operalionhs es5-
sential for the safery snd preotection ol
the people. TIns includes:

11+ Police proteetion and movement
directiun:

2+ Fire delense, rescre and debsis
Ciearance;

3 Warnjngs:

14) FEmergency information and jn-
siructions,

151 Radiological! delechion, mondtor-
g and decontaminntion.

¢+ Product-on and distribution of sur-
vival iems and proviston of services es-
scenlial W continued garvival and rapld

recovery.  AFar list of suavival liems, see
Appendix 1 o this order ¥ These in-
cludg:

1+ Expedient shelter:

12r Food, including necessBry pracess-
iny and slorage;

t3) Ferding, clothing. lodeing, and
other welfare services,;

i1 Emergency housinig and commu-
NILY STVICes

5y Emertency Leaith  sorvices., -
cludrg medica) care, pubhc health and
sanitalwn,

6y Wuled, Fuel, angd power supply:

T Emereency repair and icxtoiatiod
of damaged wita) facibes

d Frsential  comunumeation: nnd
Iransportation services needed Lo caivy
out the above activiticn

¢ Froveaon of sapplics,  egquipment,
atid repair patls Lo paaduge and qisiypib-
ute ponds necded Lo the abose aebivilies

6 Asrigrwient of resperees Hesources
requited  for ecssontisl uses aneludiong
Manpew e, will be asoened 1o meel the
CLeiEel ¥ requirements of the mimity
uclivilies ndicated abe  The Loncl
pal objeclives are e use pvailable ge
SCIPCEE Lo R0 e nacnihiad s dh oty
aild i Mectively. and o

e Protecl and 1o pievent waste o diss
sipation of resource prwor to thea ws-
grptaiment Lo P julily pelivalies

b Supparl piodotuon of  exaonnial
poods  Othey pioduchion will be Ui -
mntled 12 contipue onldy Hom mventa wy
on hand aod wWhen thare 12 Lo el Pgoncy
tequinement for the aesouwices vital Lo
this productjon

¢ Sappart £onstrurtion Jar o peney
1epair and pesiviatien, eonstiuchion of
tacihities needed Sor suisival. o Lhe con-
version of facihilies tu suivval u~e vheic
this can b accomphshed quickly  Other
constructioty elieady woder way shiogld
Le stupped. sod no oew  consipuction
sibd el uniess 1 can e oeed gnnusdiadely
for essential purposes upon cwiupletion

Datlod: Neovember 4. 1y6i4,
Effectire date  “Tlus order s efipclive
Lthe date of issusnne.

Foward A MoDismorr,
Lhrectur,
Offier of Emergency Plavaing
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