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FOREWORD

This technical report was directed by the Defence Electric

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 retained by DEPA under Sub-contract No. 14-01-G001-1485 to
assist in the investigative effort and to develap the report.
Mr. Phillip Swart of DEPA served as project director, and Dr.
Brian K. Lambert of the Industrial Enginrering 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 studies and analysis of the

effects of nuclear attack on regional and local electric power

systems in oraer to provide improved methods, techniques, and
technical information for the condurt of an electric power

vulnerability analysis, and to obtain inputs to the definition
of problems, the selection of objectives, and the analysis and

selection of alternative future civil defense systems.
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G. W. Penebaker
Adninistrator

iii

b ol dirhe

L Clldld,

il

ekl

.

fedddi n

O TR



»” m-fm
Retil ko

T AR "W PSPPI P TIFUH (R - A SRS ore s e oseens

ACKNOWLEDGMENTS

The comprehensive research program in resource systens
vulnerability was perceived and implemented by Mr. George +. Divine
of the Systems Evaluation Div sion, DCPA. The involvement of the
Detense Electric Power Administratiorn in a series of projects within
the resource sysiems program has benefited both federal agencies,
as well as the eleciric power industry. Mr, Divine's perception
ars divection regarding the conduct of this and previous efforts are
gratefully acknowledged.

The authors a]so‘wish to acknowledge very helpful direct
contributions made by electric power systems personnel who provided
data and assistance: Mr., B. C. Hulsey of the Southwest Power Pool,
Mr. Carlos 0. Love of Texas Power and Light Company, and Mr. A. J.
Bartictt of Middle South Services, Inc. Guidance and support
provided by Mr. Phillip Swart. Mrs. Lori 0'Neill, and Mr. George W.

Penebaker of the Defenge Electric Pow

n
v T

achknowledged.

iV

a1 1 b e




ABSTRACT

A systems evaluation technique developed for the Systens
Evaluation Division (Research) of DCPA is utiiized in evaluating a
specific local electric power system within the Louisiana-3outharn
Mississippi region. The model utilized in this evaluation is highly
flexible and can be utilized for electric power systems of any
megnitude from a local level to a national level. The general medel
concept employs the use of generation and demand nodes with “transmission
1inks, and includes an objective function which measures the response
of a system to disruptions. Basically, the mogel is & cunstiaingg
natwork flow model which is transformed into a modified transhipment
linear programming format for analysis.

The application of the model to the electric power system 1n
Orleans Parish, Louisiana is illustrative of a detailed evaiuation
technique which can be emploved to assess local electric vower systen
vulnerability and to relate it to the response of the larger. rogional
system. Aggregation of electric power system data from such ioce!
level analyses provides a relatively simple method for 3s5585sing the
vulnerability of both the local and regional systems to disruptions
caused by nuclear attack.

The analysis and evaluation reveals that a high degree ot 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 Tocal 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
links (transmission) are eliminated, (2) eliminations of combinations
of components associated with a Tlocal electric power system resulis
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

Ak

VULNERABILITY OF REGIONAL AND LOCAL ELECTRIC POWER SYSTEMS:
NUCLEAR WEAPONS EFFECTS AND CIVIL UEFENSE ACTIONS

i ol b oinuntl e i

Defense Llectric Power Administration
Department of the Interior

Work Ovder OCD-PS-66-90; Work Unit 4334F; July 1976; Final Report :

Methodology and computer programs developed 1n previous DCPA
sponsored efforts are empioyed in the work reported herein to assess
the vulnerability of a local electric power system, and to relate
system response to the functioning of the regional system of which
the locil system is @ part. This proceduve is built on the "triad"
concept of inputs, thruputs, and outputs advanced by the Systems
Evaluation Division as a basis for the conduct of systems evaluatiorn

Vot L) e
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studies. These conceptual formulations are made mcre specific in !
application to a specific, "area" size (county] electric power system.
The perspective for the evaluation determines the definition

e

f i 'S S 34 [ S r .

O7 tne triadic terms. In the eleciric power sysiem 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 iines in which system inputs
(fuels), thruputs (people, equipment, facilities), and crossflows
(water, 3pare 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 illustrative example in which Orleans
Parish in the Louisiana-Southern Mississippi kegional Model is
impacted with a 5 MT wcapon ave: (1) the local elecuiic power system
cannot continue to function as a netwerk as interconnect loops are
completely disrupted, (2) the regional system retains 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 E
priorities for restoring transmission links to demand nodes {substations). :
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I. IIL.TRODUCTION

This report fits into a series of reports developed for DCPA
winich 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 local electric power system (Orleans Parish, Louisiana).
This technique had been previously utilized in a regional analysis
(Lambert and Minor, 1973). To make this document complete in itself,
sunimaries of the "triad" concept and the previcusly deveioped systems
evaluation methodology are presented {Section I1I). Results of the
local systens evaluation are also related to reported results from
the regional evaluation { Section IV). Civil defense (CD) actions
indicated by this vulnerability evaluation are discussed in Section
V. A state-of-the-art discussion (Section Il) 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 References and finding author name and publication date,
in that order.
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I1. ELECTRIC POWIR SYSTEMS VULNLRABILITY: STATE-OF-THL-ART

Considerable effort has been expended since the early 1960's to
develop and apply techniques for assessing the vulnerability of electiric : -
power systems. The studies which have been conducted have ranged from 3
"brick-by-brick" investigations to total systems analysis approaches.
The major emphasis of the vulnerability 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 ! o
achieved, including an analysis of the interactions of electric power : E
systems with other resource systems. 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 vulnerability of electric power
systems was the "Power Area 7 - Project 1" studv published by the
Defense Electric Power Administration in 1961 (DEPA, 1961). The purpose
of the study was the development of minimum recommendations to be used
as quidelines for electric utilities to assisi them in maintaining
service during and after a nuclear attack. The approach utilized was : %f;
to form three committees from the utility representatives in DEPA 3 :
Area 7: Load Study Committee, Personnel Committee, and Facilities
Comittee. The Load Study Committee investigated three broad areas:

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

™~

systems interconnections. The Personnel Committee was concerned with
developing plans for maintaining personnel on the job during and
following a nuclear attack. The Facilities Conmittee studied three
areas: (1) development of recommendatians for physical facilities
necessary for personnel protection, (2) development of recommendations
for simplification of plant operations, and (3) development of recommnen-

dations for decontamination procedures.

Preceding page blank
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Although the recommendations presented by the committees were rather
general, this study provided an insight to vulnerability problems that
reguired additional study and also provided a potential starting point
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
project had four major objectives: (1) determine to what extent greater -
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 for dispersion cf
management. A survey type methodology was utilized with representative
sampling of the industry. The representative sample included selecting
power 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 customers 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 measures, (2) increase 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

o v

need for each utility to resolve its own emergency preparedness pians.
One ot the first truly vulnerability oriented studies was performed
by the Defense Electric Power Administration in 1962. This investigation,
titled "VYulnerability 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 develiop
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




components (generation, transmission, population, and interconnections),
(3) determination of postattack power capability, (4) estimation of

postattack requirements, (5) identification of regional interconnected
support, and (6) determination of power service vs. Toad requirements.
A specific attack was used and damage assessments were made using two

methods: (1) use of the National Resource Evaluation 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 advancement 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 assumed full-scale nuclear attack on the entire
electric power system of the nation (DEPA, 19563). Several important ; B

e W M3 M a ANt R A

conclusions were made as a result of this study znd are briefly des- f i
cribed as follows: (1) the electric power industry has the capability ; ;
to provide service during shelter confinement period and during the : :
recovery period, (2) load denial resulted primarily from blast effects ; 3

RN YO

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 fallout protec- é

Ltion Tur operating personnei. Aithough comprehensive and detailed, this
study dealt .1th the effects of a specific attack rather than with the
development of a general vulnerability evaluation procedure. In addition,
no consideration was given to the systemic effects of a nuclear attack.

In 1963 the National Engineering Science Company proposed a step-
by-step method for predicting electric power availability following a
nuclear attack (NESC, 1963). Basically, the proposed method involved
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

g
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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 Cetailed 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 (DEPA, 1963a). The
investigation concentrated on a nine state region, and the conclusjons
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, DEPA published a report which was aimed at aiding the
electric power industry in the area of civil defense preparedness (DEPA,
1966). One section of the report addresses the problem of vulnerability
-and the attendant evaluation of facilities ard services. The report
provides management with checklists which provide a framework for
specific tasks within six major objectives. The major objectives cover: !
(1) corporate continuity, (2) continuance of generation, transmission,
and distribution, (3) reduced vulnerability of physical properties,

(4) personnel protection and survival, (5) civil defense training and
operation, and (5) relations with other organizations.

One of the first studies intended to develop a general methodology

for assessing electric power system vulnerability was conducted by

Stanford Research Institute (SRI, 1966). Three a 1ytica? technidues

: 7+ 0T and LeCnfniiques

were developed for assessing the effecis of nuclear weapons on eiectric
power availability at the transmission level. One method 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 model to assess the relationship of

supply and demand and to provide an optimum solution for delivering

power in a disrupted system. The third method prevides for determining

the amount of deiiverable power and the size and iccition of the demand

that can receive power. The study also includeu tna 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 effort 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

orqanization, 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 attempt
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), Albuquerque, New Mexico (DEPA, 1969), and
Detroit, Michigan (DFPA, 1970). These studies were highly detailed in
nature and dealt primarily witr the determination of the physical
damage tc various components of the electric power system of & 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 demage 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

various resourc

e systams. This program was conceived and implemented by
the Systems Evaluation Division (Research) under the direction of

Mr. George F. Divine. A princ.pal objective of this program was to
overcome the lack of comorehensive system interaction analyses common to

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

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 utiiized for electric power systemns of any size
ranging from a local level to a national 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 linear 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 system.

In addition to total systems analyses of the type conducted by
Lambert and Minor, research is being conducted in the area of power
system vulnerability to electro-magretic pulse. One study conducted
at Oak Ridge National Laboratory was concerned with assessing 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 cainage
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, incliuding antennas, telephones, power
equipment, and cortrols.

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 techniquec, The nex
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 pewer 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),

o+
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II1. GENERAL ANALYSIS PLAN AND THE ROLE OF ELECTRIC POWEK SYSTEMS

A. Genergl Systems Structure and Mulnerability Methodology

Considerable research on the vulnerability of resource systems has
baen completed (See List of References entries under Minor, Lambert,
Boseman, Checchi, DEPA, Grigsby, Hamburg, Pryor, Stephens). Basically,
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 cntire 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 cof 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} electric
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 purpose of the vesearch reported herein is to determine
the vulnerability of electric power systems in a context which recognizes
that the manufacturing, electric power, 0il and gas, water supply and
sewerage, and transportation systems act together 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.

R

|
|
|
ié
]

I T O T T L R T T P TP T T L Y S e

Y. I LY. P Nt



M s

i Lt e

YT T T e A

Rt b R

SIN3NOJWOD W3LSAS 32un0S3y "L 2¥nsi4

uoIINgIL;sIg Buljedry |
Buluray 13D |
uotipiiodsupay Aomybry | co:%:e:w_o
3bDmMag UO14oNpoIy 1oy | UOISSIWSUDI |
J3{DM Uoijpio|dx 3 l._l_m,l uoljplauag
N
307INIS 3 || Wals N3LSAS N3LSAS
AlddNS YH3lwvm mqw 3 70 NOILVLSOdSNYY. | d3MOd 21810313
g

|

SWaskg mc_tona:&

/
-

Kbisug

Kauopw

uor{ Do u;

SiDIJBJDW

[9UUOSIag

’l’l
$3141190 4

W3LSAS
ONIENLOVINNYIN

‘

HMEmB\Am buronpoiy

_

W3LSAS 324n0s3y

10




NG

i. General Terminoloqy and Methodology

A general method for evaluating systems has been proposed by
FitzSimons (FitzSimons, 1972) and involves the use of triads. A triad is
defined as the smallest functionable csystem and consists of three com-
ponents: 1input, thruput, ana 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 manufacturing plants,
or specific functions identified with electric power systems. The
series of operations required 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 FitzSimons, there may be tlow into the
thruput which is not transformed into output and, therefore, is not
input; this type of flow is called crossflow. Examples of crossflow --
described in the context of an electric power system -- include fuel,

[ S,

rain

k-

portation service anc, where spare paris are concerned,

w

Vi doas
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manufacturing.

2. General Resource Systems Model

The first step in the vulnerability evaluation process involves
structuring of a general model which can, in turn, be utilized in the
evaluation of specivic systems of interest. The general model structure
advanced in this section of the repcrt incorporates pertinent concepts

and components of models previously advanced by FitzSimone (1072, n.d.)
and by several DCPA contractors. Previously completed research efforts
which 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 perturbation) by
using a data base and three major analysis stens: (1) disruption
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imposition, {2) crossflow and thruput analyses, and (3) dctermination of
manufacturing system status.

The nanufacturing resource data base includes pertireat information
regarding the manufacturing system for the particular region being
considered. This information ceonsists of identification of all $I0 coded
industries within the region, the number and size of such industries, the
lozation of the industries, and major input requiremgnts.

The crossflow and thruput analyses are concerued with the impact of
a disruption on human resources, production and supporting equipment,
and facilities. These analyses include examiration of electric power,
fuel, water supply and sewerage, and transportation systems.

Given the location and maanitude of & disruption, analyses of the
inputs, thruputs, crossflows, and outputs of & particuier SIC industry
group results in @ detazruwination of the status of that industry in the
imvediate postattack period. By performing the same analysis on ail SIC
coded industry groups within the study region, and by aggregating the
results, the status o7 the regqional manufacturing systen can be
determined (Lambert and Minor,1974}.

This general rethodology -- deveioped initially for resource systems
vulnerability evaluations -- car be applied to any one of the component
systems. In the case of electricpower system vulnerability evaluations,
the principal system is the electric power network itself, with cross-
flows now consisting of fucl, witer, and, to a certain extent,
manufacturing. This electric power system model structure is described
in detail in Section 1il.B.

B. Electric Power System Structure

The electric power system plays & supperting role in the general
centext of resource system operation (Ref. Fig. 1). To make a detailed
evaluation of this role, it is necessary to lcok at the electric power
system as the principal system, and to depict systems which interface
with electric power as peripheral systems. This revised pverspective is
presented in terms of triads in Figure 4. Here, it may be seen that
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input is Yuel energy and output is electrical enerqgy, crossfliows 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 crossflow and manufactured products are outputs (Lambert and
Minor, 1974; Fig. 4).

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

of 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) Vinks, and (3) demand nodes. Generating

nodes in the area scale model are generating stations, links are actual
transmission lines, and demand nodes are substations. To provide a
manageable model in the regional evaluatior (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, principally, the comhining of
adjacent substaticns into a single demand node.

16
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IV. ELECTRIC POWEK SYSTEM VULNERABILITY é

The general procedure for evaluating the vulnerability of resource
systems and the place of electric powar in such evaluations was describead
in Section IILl. 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 systens (such as a group of counties or a
state). In addition, the method can be used to evaluate & 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 a flow diagram which outlines the procedure utilized in
the vulnerability evaluation of an electric power system. The input data
includes the intact (pre-disruption) generating capacity, the locations
ot 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

electric power system is functional. This decision 1is determined for
the generating stations by knowing the location of the dicruntion 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 station are adjusted to

show this reduction.

17
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The next step in the procedure is an evéluation 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 loca-
tion and magnitude of the disruption, a transmission subsys tem damag:
analysis, and a network analysis. 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 analysis 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 cn 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 followirg paragraphs

present more deldiled descriptions of the vulnerability model 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 system 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
given node, the nearest urban nede, a vulnerability rating of the
generating node, and a criticality 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
in Section IV.B.

The transmission network input data includes the capacity of each
Tine and the nodes connected by the line. Additional usefuyl information
might include the type of structure of the line (e.g. steel tower, wood H
structures). Each line may be identified by a 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) manufacturing demand (SIC code groups 19 through 39), (2) residential
or population demand, and (3) other demand. The latter classification
consists of commercial energy use, municipal uses, agricultural demands
and ail other demards other than for manufacturing or residential
purposes. By classifying demands in this manner more flexibility is
possible 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 deiand, 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
gamage assessnent procedures which are integral parts of the evaiuation
proceduve. )

2. Generating System Node Damage Analysis

The initial step in the vulnerability evaluation procedure is %o
detertine the functional level of the generating component of the electrig
po~er system under study. One of the factors in finding the output
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 model.

Ascessment of damage to a generating station can be performed at
vericu: levels of detail. A very simple assessment method requires only
the 1ocation of the weapon, the size of the weapon, and the type of
burst. This simple method assumes that at an overpressure of 5 psi or

20
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greatc:r the system component is unoperable and at levels of less than 5 psi
the mjor system components are assumed to be 100 percent functional,
This simple assessment method is used herein for illustrative purposes
only; much more refined damage assessment techniques are used in actual
vulnerability 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):

Weapon 5 psi Radii -
Size E
(MT) Surface Optimum Burst Height

1 2.7 mi 4.3 mi .
5 4.7 mi 7.3 mi :
10 5.9 mi 9.2 mj )

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

considr=ahle 1mnn tance in assessing the vulnerahility of the generatin

'43

component of electric power systems. The fuel materia: can be coal,
fuel 01!, 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 alternative fuel and the days of operation that are possible by
using the alternate fuel must be known.

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

4. Personnel Analysis

Another factor to be considered in determining the functinnal level
of the generating component is the availability of operating personnel.
ror example, a 175 MW generating station has the personnel shown in
Table 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 subport 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. Network Analysis

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 vulinerability evaluation
is to assess the condition of the transmission system.

22
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TABLE I.

175 MW GENERATING STATION PERSONNEL

(From: DEPA, 1969)

Skill

Superintendent
Operators
Apprentice

Sr. Aux. Operator
Aux. Operator

Jdr. Aux., Operator

Utility Helper

Mechanic Working Foreman

Mechanic

Mechanic Helper

Electrician Working Foreman
Apprentice Electrician

Control Instrument Working Foreman
Control Instrument Maintenance Man
Laborer

Clerk

Total Personnel

23

Nurmver of Persons

w
[ &%) I -— —_— ) e el et e e SN % SRS LR N B @ o S & o QR




S

e e s vaa o L

First, a transmission damage analysis is performed to identify those
Tinks which have been eliminated or damaged. A simplified procedure such
as the one presented in the discussion 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 a 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
nudes, demand noedes, and transmission Tines. 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 system following a disruption must be available if post disruption
system effectiveness is to be assessed.

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

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

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

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

function as a generation or demand node. The general form for such a
constraint is given by:
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Transmission Yines between nodes require two constraints in order

to keep power transmission from exceeding line capacity. Both constraints

arc necessary because the direction of flow is unknown unti] the final
solution for a given disruption is known.

For example, the constraints
for a Tink would be expressed as:

=x. + x. <
x] xJ <C

where C represents line capacity.

For each demand node, a constraint is needed so that the inflow

minus the outflow is less than or equal to the demand for that node.

Such a constraint will also allow the demand node to act a

S a transhipper
if necessary.

ireiienis ai the node might

| L
ki o

R T

il e sl O i

i
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be eliminated it is Possible that the node can act as a ¢

between links. The general format for a demand node constraint is given
by:
n
Lox; <D
i=1 !
Where D is the nodal demand.
Several prossihilitiec exist for th

function to assess system performance under v

node cunsumptions and node priorities.
quantity which can be

arious disruptions.
methad is to use a function which maximizes the sum of the products of

onnectiqn

nd Lonsiruction of an objective

A node priority 1s a flexible
adjusted according to the needs of the analysis.

Priorities can be based on total demand requirements, manufacturing

sector requirements, military demand,
an objective function would appear as:

n
Maximize 2 = I ¢
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where Ci is the consumption at the ith node and Pi is the priority index
at the i 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 combination of real ard ar‘ificial power. The objective then
becomes the minimization of the use of artificial power. To accomplish
this objective a penalty cost is assigned for the use ot 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.

7. System Evaluation

The eiectric power system model described can be used to evaluate
the vulnerability of the system to disruptions in any individyal 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 system.

Disruptions in the electric power Sysi2m can occur in many ways,
both directly and indirectly. Direct disruptions include actual
physical damage to any of the electric power system components:
generating stations, substations, cr transmission lines. Indirect
disruptions include such items as fuel supply damage, lack of communications
or control, inadequate operating personnel, etc. The evaluation procedure
described in previous paragraphe is capable of nandiing nignly Tocalized
disruptions or widespread dizaster. Also, total or partia) disruption
of a functioning node or link is possible.

The initial step in the evaluation procedure is to determine the
value 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 is not intact due to disruptions.

The next step in the vulnerability evaluation is to impose disruptions
On the system in order to determine the net effect on the total electric

27
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power system and thus evaluate the relative importances ot certain 4
sysiem components and combinations of companents,

B. Evalualion of Regional Pawer System

The region which was selected to demonstrate the use of the vulner- _"é
ability evaluation model described in the previous section is the 7
Louisiana-Southern Mississippi region. The characteristics of this |
regional system are described fully in a previous report (Lambert and
Minor, 1973) and are briefly summarized in the following paragraphs. %';Y

1. System Description

The study region, shown in Figure 7 with county codes given in 7
Table II, consists of Office of Business Economic Areas 132, 133, 138, -
and 139, and contaius all 64 parishes in Louisiana and 13 counties =
Mississippi. Louisiana and a portion of Mississippi are contained in t; l
Defense Electric Power Administration (DEPA) Area 10; however, two of ﬁ "o

3 Migccicasnnd dmnliidad 3. +ha edidy wmamins avma dn NCDA - R =
i l'll))!:)lppl (R RFEV]E [N ] LT .)LUUJ IC:’IUII wue i [T RS Y -

3

Area 4. The State of Louisiana is contained in the Southwest Power Pool } x5
(SPP) which is one of nine National Electric Reliability Council Regions. {r“-}
Not all of the member systems o7 the SPP are directly involved in the F
study area. The member systems which are included in the regional study f i
are: (1) Central Louisiana [lectric Company, (2) Gulf States Utilities .
Company, (3) Louisiana Power and Light Company, (4) Mississippi Power
and Light Company, and (5) New Crle>ns Public Service. The study region ]
also centains several municipally owned systems and generating plants \ 
owned by industrial firms. Figure 8 is 3 schematic diagram of the region, '
including generating stations, major substations, and transmission lires
of 115 Kv and larger.

The regional generating capacity is presented in Table III. System
capacity is presenied as a computer printout of generating staticns in L o
the region. Those stations listed in the printout have a gererating :
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

TABLE III.

IN LOUISIANA-SOUTHERN MISSISSIPPI

TTUN NAMF CAP  LATNM.ONAG*TYPE pAZ2[S4  2SAC TTUN
1 LITTIE GYPSY 242 3UCl 9001 1 CRLEANS Y242 36
2 ALEX 1 37.5 3119 9228 1 CADIDES 5241 4G
3 ARSENAL HILL 170 2221 9345 1 CAdNN 5252 9
4 R{RWICK 1 2960 9120 3 ST MARY 5251 51
5 CNUSHLIN 483.,3 3050 9215 1 AVIYELLES H52K1 5
6 CRDWLFY 1.7 3020 9125 3 ACADTA 5251 1
7 L= ANKLIN 7.1 2945 913C 3 ST "ARY 52500 51
3 GAAMD ESCAILLE  Te& 2922 8947 13 PLAQUFMINM 5211 38
2 HIMER 6.7 3247 9305 3 JACKSON 52R8 25

1D HIUMA: 22.7 2935 9943 12 TERREBONE 62TC 55
11 JUNESVILLF 1.7 3155 917% 2 CATAHOULA 52R3 13
2 PINHNOW 43,5 3013 920C 13 I AFAYETTE 3259 228
13 L.CHARLLS PP5 62 3013 $317 1 CALCASIEU 5221 10
L.CHAKILES CC  49.2 3010 $319 1 CALCASIEU 5221 10
15 L.PRCVIUENCE 3.8 3247 9111 3 E.CARRULL 52ké6 lé
lo LISACRMAN 277.3 3242 9257 1 CcadDN 5252 6
17 LtUlSIANA 201.6 3019 9114 1 EL3ATON 2 5211 17
13 MASKET lo6.3 2595 9004 | CRLEANS 5242 36
13 MELVILLF 1 3080 9175 3 D ,COUPPE 5254 39
20 MICHNUD 959.3 3)0J 8956 1 CRLEANS 3242 36
21 BOGALUSA MILL 49 3547 8952 1 WASHING 527D 59
2?7 MIMDEN 3.8 3235 9317 3 WEBSTER 52G4 60
23 MONROE 182 3231 9207 12 QUACHITA 5231 37
27 Nt wWw IREWIA 4.i 3)00 918C 3 [8ER[A 5256 23
23 MEAd PTACS 7.5 3042 G126 3 SFELICIAN S2TF 63
> NINF MILE 1101 2956 guca 1 S CHARPLES 32Tt 45
37 MPELNUSAS 25.4 3032 5205 1 S LANDRY 652SB 49
31 PLAOUFMINF 12.8 32030 213C 3 [SERVILLE 5257 24
30 POAER HOUSE 2 67 2960 9020 1 GRLEANS 5242 36
33 RAYNE 7 3014 921¢ 3 ACADTA 5251 |
34 RAYVILLE 10.8 3240 9175 3 WICHLAND S2PE 42
15 RLA , 6.1 3057 92i1 3 AVOYELLES 52K1 5
35 RIVFOS[OE l66.2 3013 931€ 1 CALCASIFU 5221 10
37 FuSToM 14.5 3232 923¢ 1 LINCOLN S2RA 31
33 SPRINGHILL 4G5 3253 9321 1 CANDN 5252 9
39 STERLINGTNN 351.5 3241 9205 1 JUACHITA  523)1 37
49 TECHE 79.4 2949 9132 1 1R{RIA 5286 23
41 THISMAUX 1 3.1 2547 SN48 2 LA FOURCE 52T4 29
42 CHALMETTYT 394 2956 8953 1 STRERNAKD 5243 44
43 FUTZAZETH 13.5 3052 9248 3 RAPIDES 52J1 40
4% LITTLF GYPSY 1229 3000 9228 1 SJOHNKADL, 52TG 4§
45 WILLOW GLEN 974 3016 S107 1 ERATON R 5211 17
46 ALFEX 2 97.5 3119 9228 1 GRANT 52H1 22
&7 MCDNMALD AV “le4 3231 9235 1 LINCOLN 52RA 31
4n HOC DONMIN 143.3 3614 9202 1 LAFAYETTZ 5259 28
40 THIRNDLAUX 2 24.5 2945 90417 3 LAFNUKCE 5274 29
50 ALLIFD CHFM 70.6 2029 2111 2 ASSUMPTIONS2T2 4
S1 212 AS 17.5 33C0 9028 < PLAQUE. 5211 35
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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 combustion 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 the post-disruption period.

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

Regional demand characteristics can be classified into Laree major
types: (1) manufacturing, (2) residential or population, and (3) other.
The latter category includes commercial energy use, agricultural uses, and
all other demands other than for manufacturing and residential 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 constraints. 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 regicnal electric power system intc 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
Minor (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) detemination of transmission links, and

{6) identification of interconnections where transmission lines

intersect outside of nodal 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

ation but provided a nelwork modei of manageabie size.

The next phase ¢f the procedure was the conversion of the network
model tc @ linewr 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 linear programming problem has 145 constraints and 102 flow
variabies. The problen was programmed in Fortran IV for use on an IBM
370/14% computer. The program is contained in Appendix B. The model is
highly iiexible and can be used for single node or single link elimination
or elimination of any combination of links and nodes. Also, any

34

it bl e O

» PRV I

eoomboal




o

g

e R

e TR

AL FY

o

PR L 0 Ot SVRUGHIN e N AT e 1

1300W %Y0ML3N TYNOI93Y

"6 3dN9I4

UG1,D4SGRS uﬂ

apoN puowaq -

3PON UOHDIBURY - O

= ¢
06! \\,1/1

053;

OO@ oS! ° L

(30 ]

/
Og;




—
BRI s
}

TABLE 1IV.
REGIONAL NODE IDENTIFICATION
Constituent Parishes
Node Number (Ref. Table Ip Demand (Mw) Generatior (Mw)

1 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 5,15,20,49,65 37C 485
8 10 282 697
9 1,27,57 243 0
10 28 190 192
n 23,24,39,50,51 378 0
2 17 535 1196
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
17 36 121 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 described includes single node
analysis, single link analysis, and combination analysis (Lambert and
Minor, 1973). The results of the single node analysis are presented in
Table V. The analysis involved complete removal 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 1irks in the network was removed individually and the system response
was found. In all cases the removal of only one link between nodes had
no effect on the total system response. Due to the high degree of nodal
interconnection the r-jional electric power system was able to respond
completely when only a single link was climinated.

Trne 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 results of the analyses are presented in Lambert and Minor (1973).

b. Area Aggregation Method

Severai vuinerabiiity evaiuaiions have bee
the condensed network model summarized in the previous paragraphs
(Lambert an¢ Minor, 1973). The method has proven useful in evaluating
regional scale e¢lectric power systems. However, due to the condensation
procedures utiiized in this methcd, some degree of detail was necessarily

sacrificed. Coniequently, an additional procedure for vulnerability

ain a1 abkad L S -
1 QGULARIpP T I]ITU

2ing

oo NPRP R
be by utiing

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 evaluyation) followed by an aggregation procedure was
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TABLE V.

SINGLE NODE ANALYSIS

Objective Function

% Change

Node Value (System In Objective
No. * Type Intact = 320.25) Function Value
1 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 2.25
6 Demand (213 Mw) 315.71 1.42
7 Generation (489 Mw) 320.25 0
8 Generation (697 Mw) 320.25 0
9 Demand (243 Mw) 314.32 1.85
10 Generation (192 Mw) 320.25 0
11 Demand (378 Mw) 305.96 4.46
12 Generation (1196 Mw) 320.25 0
13 Demand (295 Mw) 311.565 2.72
14 Demand {283 My) 312.24 Z.9)
15 Generation (2330 Mw) 320.25 0
16 Demand (632 Mw) 280.31 12.47
17 Generation (1435 Mw) 316.78 1.08
18 Demand (272 Mw) 312.85 2.31
19 Generation (398 Mw) 320.25 0
TAX* Demand (446 Mw) 300.36 6.21
3A Demand (229 Mw) 315.01 1.63
7A Demand (370 Mw) 306.56 3.27
8A Demand (282 Mw) 312.30 2.48
10A Demand (190 Mw) 316.64 1.13
12A Demand (535 Mw) 297.683 g.04
15A Demand (241 Mw) 314.44 1.81
17A Demand (1121 Mw) 194.59 39.24
1A Cemand (146 Mw) 318.12 .66

andg location.

**Demand portion only.

38
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considered advantageous because cf the size of the total regional
problem. Here, a region refers to a relatively large electric power
system such as Louisiana-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 complex as that of the study
region, consideration of every generation and substation node and every
transmission line connecting them produces a huge number of flow
variables and constraint equations. Even if enough computer capacity
were available to handle such a large problem, analysis of a system of
such magnitude to a fine degree of detail would be very difficult. A
more realistic approach to the problem is to evalyate 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 tevels of detail are considered.
r £

[ Aant £
'

o the spec rea being studied the generating capacity of each sta-

a2 ol
[V v

(413
w
-

[

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 final 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 analysis. 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 to 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 gencrating 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
o7 single generation and demand nodes as needed. As a result, demands
for an area can be supplied by generation within the area of by importing
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 method, an example
utilizing the New Orleans area subsystem is -resented.

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

A systems map 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 a 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 1inear program model (computer program given in Appendix B)
resulted in a system intact objective function value of 110.3. This value
pravides 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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TABLE VI.
NEW ORLEANS AREA FLGW MODEL CODE }
i
§
Node No, _ Facility * Nede No. Facility !
i
2 Norco (5S) 13 Derbigquy (S§). !
Arabi (55) :
3 Destrehan (SS) i
14 Poritchartrair Ph. (5S), §
4 Luling (5SS}, Pauger (SS) i
Amer. Cyan. {5%) |
15 Market Street (G) i
5 Kenner (SS), :
Snake Farm (35) 16 Claiborne (5S), y
Delta (SS)
6 " Ponchartrain (SS), g
Lakeshore (SS), 17 Almonaster (SS) ;
Cleary (SS), §
LaBarre (SS) 18 A. B. Paiterson () :
q ’ 7 © Harahan (SS), 19 Kaiser {SS), ;
Avondaie (33) Chalmetie {(S55), f
Gretna {55}, :
8 Ninemile Point {G) Holiday (SS) ?
9 Westwego (SS), Z0 Shkerwood Forest (SS) E
Harvey {SS) :
2] rlorida (SS) :
10 Paris (SS), ;
Ave. C. (S3) 22 NASA West (SS), :
Gentilly Road {SS), :
1 Dublin (SS), Gulf Outiet (SS)
Vaience (S35},
Midtown ($S) 23 Michoud (G) ;
1
12 Peters Rd. (SS). *
Behrman (SS),
Packenham (SS),
Lower Coast (SS) :
S5 - Substation : :
1 G - Generation :
F
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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 ”if
to the location of the Market Street generating station. Such a detonation ‘
resutts 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, perscnnel availability, and supporting systems -- result in the
damage shown in Table VII. These disruptions were inputed to the tranship-
ment computer program in order to perform the necessary network analysis.

The results of the network analysis indicate that the area subsystam
can no longer function as a total system. Even though the remaining
generating capacity slightly exceeds the surving demand, the widespread
destruction of transmission capacity prohibits power movement (o certain
demand nodes. However, some of the remaining demand nodes can receive
power from outside the area. For example, Demand Nodes 2, 2, 4, 5, 6, 7,
and 10 could conceivably obtain sufficient power supply from the Little
Gypsy plant located in St. Bernard Parish.

Th

~ S By 4
e

next anaiysis involves determining the effecis of ihe

P}

[¢}]
)

zvel of

disruption on the total regional electric power system. By taking the ‘

results of the area subsystem analysis as input to the regisnal model,  §?

and be performing the network analysis, a drop in the cbjective function .

value to 255.68 (compared to a system intact value of 320.25) is s.en.

This corresponds to a 20.16 percent decrease in the objective function 8

value. Thus, the total regional system cannot return to its "system

intact" level of operation after the disruption to Node 17 (Orleans Parish). X
This procedure can be repeated for as many nodes in the region as

desired. That is, area network flow models could be daveloped for each

county size area, disruptions could be impnsed, and the resulting area

evaluation outputs wauld provide the input to the regional electric power

system model. Thus, not only would the response of small electric power

systems {such as counties) be known, but also the resuiting effects on

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

DISRUPTION EFFECTS ON ORLEANS PARISH:
GENERATION, TRANSMISSION, DEMAND

Generation Transmission
Node 15 - Market Street: Destroyed Link 15 - 11: Destroyed i 3
Node 8 - Nine Mile Point: Destroyed Link 15 - 16: Destroyed E
Node 18 - Patterson: Destroyed Link 15 - 13: Destroyed
Node 23 - Michoud: Reduced by 25% Link 8 - 7: Destroyed :

Link 8 - 17: Destroyed

L

Link 8- 9: Destroyed i

Link 8 - 12: Destrcyed : -
Link 18 - 14: Destroyed . -
Link 18 - 17: Destroyed P

Demand

Node 11: Destroyed
Node 13: Destroyed
Node 17: ODestroyed
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 DEFENSE ACTIONS

3
£
&]
3
2
b

A. Vulnerability of Electric Power Systems

The two levels of vulnerability assessment whicn are made in the
regional report (Lambert and Minor, 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 Minor, 1973) indicated that the regional
electric power system could continue to function following a major
disruption in one or more county size nodes within the system. This

conclusion was also reached herein, but it is also noted that the
eiectric power network within the affected node (the area system) may
cease to function as a system. Thus, the previous report indicated that
the "region" would continue to function as a self supporting entity,
while this report indicates that the affected "area" would be dependent
upon the region feor 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 evaluate the roles of possible civil defense (CD)
activities in reducing this vulnerability. Two general CD policies could
be aduptled, singly or in combination, if vuinerabiiity reduciion wiinin
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 evajuate the effectiveness of these
alternative policies.

47
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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 network, Furthermore, planning steps should be taken to igen-
tify the demand nedes (substations) in each area sized unit which should
be reconnected first to the regional net in the event that generation

and transmicsion in the area are destroyed. This latter planning effort
is one which is the primary responsibility of the State and Tocal govern- 3
ment officials as stated in DMO Order 8500.1A (a copy of which is in- .
cluded as Appendix D.) The local CD planner is ane who can assist in :
interpreting the established criteria for reconnection priorities. In
this regard, it is noted that the CD planner is guided in this function
by the results of manufacturing system vilnerabiiity evaiuations (Lam-
bert and Minor, 1973a) and other resear<h studies pertaining to critical
services and emergency operations.

2. Crisis Relocation Planning as a Civil Defanse Action

Ve e ma o

£ 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 vilnerability of the popula- :
tion, in general, ac 2 deterrent to 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 4
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 model and procedures outlined herein could be used
effectively to evaluate the effects of CRP on the operation of electric
power systems during the relocation pericd. Reductions in the number of
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 the procedures outlined herein concerns the dearee to which CRP
operaticnsy would disrupt electric power production, or, 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.

Implications 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 immediate post-
attack period. The imposition of CD actions could mitigate this situation,
if appropriate steps were taken in the preattack time period. Direct CD
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. C0 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

- ai L

adjacent areas.
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APPENDIX B

COMPUTER PROGRAM FOR NETWORK ANALYSIS OF REGIONAL AND
AREA CLECTRIC POWER SYSTEMS

THIS TS THE MALN PENGRAN
VARTAPLE Cut INITIUNGSE
Al =ARRAY C(UNTAINING THE RHS LF COASTRAINTS
A1=ARRAY CONTAINING ¥nf SIGHN (F THL CUNSTRALNT
ICCL=ARRAY CUNTAINING THE JTH SUBSCRIPE INIHE T 14 CUNSTRALINT
1CC2=ARRAY CCNTAINING THE SURSCRIEPT 0OF THE JTE SUBSCRIPT ABUVYEL
NODEARRAY OLF INING THE SUBSCRIPTS CORKRESPURD ING TC ACDE CCNSTRAINIS
ARQAY OEFSINING THE SURSCRIPTS CURRESPONUING Tt GENERATION NUDEL S
INTEGER®2 JCCY 1CC2
DIMENS ION ALCISD31015C),ICCLI15C 1001 ,7CC2{15C,100) ,1 (150}
CIMENSICN NOCEA52 ) o NOCLG(Z0)
REAL NULMRTR OF CONSTRAINTS  VARFADBLESy TACEX
REAL(S, 1321 INCYL,NV L INDXS
1321 FCRMAT{3II4)
NC IA=NC L ¢l
REAC CONSTRAINTS ub CRYECTIVE FUNCTIUN®e o2
DCe 13%1 1=1,hC1A
READ(S,12722) LLeATUE) o 2CL) 10Tt o) o ICC20T 4 Jd v d=l L))
1322 FLRMAT(I2,F8 .0, Fludelola/ (20X 504))
tiidr=ti
1351 CONT INUL
REAC NCDE DEFINITICON AKKAY
READLIS, 12231016 ,iNODELT) oI =14 N1G)
1323 FORMAT {14,191472014)
KEAD GENEFRATILAN AKRAYS #®RGBGR&ER
REACLS, 12231 I6EN, INJUDIGIT)Y 121 1GEN)
CLIMINATE NODES ONE RY DONLeostd st st dtanet
DO 1347 K=1,NIG
JL=NOQCE (K}
TEVYPS <AL {J1)
TEAP E=R1(1J1)
WRITE(64,1324)J1
1324 FORMAT(IHL o TAL ANCOE ELIMINATECD 1S:'y 14, % THE PESULTS AREG*!
Al(J1)=0.0
lL(JL1)=0.0
CALCULATE PCST ATTACK CENERATING CAPACITY
CALL CRT L{(NJDEG, IGEN,AL,LRTY
PUY THE CATA N CISK tCR USE WITH THE L= ALGURITHM
RFwinD 3
WRITE(I) CRTZNCT,NV1, INOXS
ENJDFLLE 3
THF AOVE INFORPMATICN IS AVAILARBLE CN LCGIC FILE THREE
QfwINC 2
0 1358 1 =1,ACl2A
S
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RWRITEC2] L he AT BLOT)CICCIIT 4 0) 20CC 20T v d 1 d=14L1) .
1358 CCNTIAVE ¥
ENDFILE 2 £
c VHE PREVICUS INFORMATION IS AVAILABLE ON LJGIC FILE ThO i
LALL OtPA .
ALLILI=TEMPS E
81 (J1 )=T ENPO
1287 CONTIMNUE
CALL EXIY
END

e a—

SURROUYINSE GRTIINUUDEG, IGEN,AL,GR T}
DIMENSICN NCDECH(20), AL(150) 2
SUM=0, 0 k.
CO 1 Y=1, IGFN .
JL=NLLEG (L)
SLM=SIM+ATILJ]) {
VOCONT [NJE
GET=5LM =
RETURN } -
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C

1200

30

42

44

46

SURRODLTIME DLPA

INTEGER*Z [NC, 1V AL
DIMENSIUN A(150,115) 42026001 ,1Y1260) 4T1260),INC{LIO0Y), IVAL(L100Q])
DIMENSION AVAL (LCC),UF(260)
CCMMCN ICs1R,INCX

REwWIND 3

REAC(3IGRT, IRyN,N}

Nv=[ K+ A

IPO=N+13

[C=1R+]

INDX=1C+1

pxdnatdned  INITIALIZATION ®kenkdsxp kb bk rhusve st shhn

0C 10 J=1,NV

xtJ)=C.Q

IviJi=1

CUNTINUF

DY 18 1 = INGINDX

pe 15 J = 1,3

A(T4d) = Do

IR R R R R R FCAD AtL DA TA (S SEREEEEEEISSRR R EERESE S R
CC 1000 1=1,10
DC 100) J=4,41PC
K=J—-3

LF (K} =GRTY
A{l.J)=0.C
REWINC 2

DC Y20 1=1,1CG
READTZIL oA T 937 JATTE 220 9 LI RD
00 1200 J=1,1L
JIND=IND(J)+3
AVAL(Jl=IvVAL(J)
AL JIND)=AV AL (J)
PO 30 J=4,1PC
ALINCXgd }=0-3

VU 50 I=1,1IR
NS=N+I

[riAi 19020042y 44%,46
LPINS) =39999.
YINSI=AL T, 3)
A(I,1)=NS

GO 12 5C

UP (NS )=0 .0
X{NS)=A{1,3)

At T.1)=NE

CO TO 50

LP{NS) 99999,
X{NS)=~A{1],13)

OC 47 J=3,1pPC
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69
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82
a3

84

e
Hu

G2
94
96
98

100

120

137

140

AMl,d)=-56(1,9)
afl QIJ:f\S

CONT INUF

LR N3 CHANGE STIGN OF X~-C RQOW R A AR R RS YRS I
DO 6C U=4,1pP0)

Al lﬂ.J)=~hi l‘J'J)

Eed vk kE wWR]TE THL TARLCE AY ###nnn##*t#tott#tnetotnnt#t
ITA8=]

GO TL 80

IF(N1)8),30,75

CALL OU]PUTIITAB,IPUeNVle'X-A)

e xixed (HLCK FOR PR IMAL ####Qt#‘tn#@&tﬁ##t#**#»###t
fCHECK=]

Cib 160 J=4, IPU

IF‘A( lC'J),d?vl()OvlCU
IF(ABS(A(lU.J))-C.OOCl)lbO,83,83
JEC=Y

ICHECK=)

TMIN=S5965¢6,

CC 100 1=1,1R8
[F(A(l.JLCP*A(I.B))EQ.B&.Q«
Tti)=59955,

GC TC 96

]F(AII.JIC})BR,BR.Uz

F{l1)=54$96G6¢6,

GU TC 96

Wir=c.o

GCU T 96

TEIY =A(L 43V /7001, JEC)
iF(TMIN—?(I))iCC;lOC,SE

TMIN=T (1)

e R=]

CUNT INUF

1F AES(TMIN—QQ?QQ.)-O.JI)lZO.lZJ.lku
catt PlVCT(A.!LR:JEC;IPC,K.UP!
ITAP=JTAR+]

L 1C 70

JUP=A( INDX,JEC)
IF(UP(JUP)~QOUOO.)IBO,160,160

00 14C §=!,IkK

Al T,JEC)Y==-8(1,4EC)
A(I'B):A(l.3)t(UP!JUP)‘d(l.JEC)§
IBAS=A({] ,1)

X{IBAS)Y=A(],3)

ACTC,JEC)=-A( 10, JEC)
A(IU.3)=A([C.3i*(LP(JLP)#A(!C,J(C))
Y (JUP)= IY{JuP )4}

GGt 1C 70
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P ITARE

gt

16)
200

210

30C

3i0

320

35C

3§63
400

4C5
410

420
430

45C
455

458

CORKTIANUE

IFCICHECK) 20C,2CC4CC
CC 300 1=1,1IR
IT.CA(1,32)210,21¢,300
IER =

TMIN=99G999

DO 27C 2=4,iPC
IFCALTER,J)) 220,250,2¢¢
TFUALIC,4))250,7230,23)
TCIV=-AL 10} /ALIER, J)
CG 10 255

T(J)=99999,
IECTMIN-T(J))27C,270,25E
TMIN=T(J)

JoC =4

CUN 7V INUE

IF( AFS(THIN—QQQQQ.)*O.OI)300-3)01280
ITAB=1TAR+]

GC 1C 70

CONTINLE

00 350 I=1, IR
I8AS=a(1 ,1)
JF(DP(IHAS)“QQQQC.)E[C'35C035C
ACT o3 0=A(1,3)-UP(IRAS}
0C 22¢C y=3,1pC
AlIyJi=-Ai1,4)
X{I1e2S)=A(1,2)
X(RAS)=A(],3)

Iy { IRAS )= [Y( [BAS }¢]

GO TC 7¢

CUONTINLE

GC TC 9999

11=1

DU S5C0 I=1,1r
[FLALT,3))405,500,507
IF(ABS(A(1'3)3-0900011500'4101410
IER= 1

TMIN=5999399,

DO 47C J=4,1Pn
[F(ﬁ(lER,JJ)420.4509450
TECATIC,J1)4%),423),43)
7(J)=—A( [U'J’/A([ER'J’
GC TC 455

T(J)=6G6G56¢g

TE(TMIN-T(J) ’470147(;"'55
THIN=T(J)

JEC=J
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DA v AL b
I PESTTMIN-99999.)-0,00)9996, 655G, 480 2
BTG FIVET AL E Ry JEC TP, K, UP ) ;
hag=11aine] b .
FEANLI390, 390, 445 E-
AT TALD TLIPLULLTAB L IPC G AV LY X A)
cYOGU Vg 19y
rol LT IALE
U %40 =1 ,IR
IRAS= AL, 1)
CoAVIEAST P CIPAN ) )Y 4) 4540 ,9 1y
SHC AL L5 AL, )-LP(IHAS)
GUon 20 J=3, 100
Ll AL )
Y{ieAs) oA (T, 1)
P e ES Y s hy ([EAS )]
B i o
ShAd oy GNUYE
T tsLYoUL M DT ap -
CReE o s MARULC G/ WX r ks SCLUTECN CPTIMUM# v 2 &® (65X, ¢ NUMBER 3F TARL o)
LAUS= Y, 22, 14}

DR I TN 1 IS Q
e iytd )22 v r0U)) eCCy 580, %9508 :
SHU XA -UPTS X () ‘ E
O I AN A PR I I S
Yot cn MATL DUAy T XYy LY 9, e, 1208
wik E Te (6,3 505 32010,
e s AT 2, /2y Y OPTIMULY VALUE (F ToE CESECTIVE FUNCTION =¢,F15.6)
Ki [ (;"i
B N A A B SRR |
3V FOAMATL v yx, T4 SOCLUTTON IS InFEALIBL EY)
Pen s LU RS LD AR, 100, N, [Y¥y Xy A)
St U eN
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SUBRUUT INE PIVOT (A, LERJEC, 1P, X, UP )
DIMENSION A{150,115) 4X(260),UP(260) R
COMMON 10, IR, INDX
CR=ALIER,JEC)
DO 1CC L =2,10
[FLI-TER)IC, 100,10
10 OC 10G t=3,1pPn
IF(J-JEC 120,1CC,2C
20 ACTsJ)= (ALL,J)#CR-A(TL,JECI®A(IER,JD) /CR
Lud CONTIAUE
0O 120 =3,1P0
120 ALIER,JI=ACIER,J)}/CR .
DO 13C 1=1,IC g
130 A{1,JEC)I=~A(],JEC)/CR :
ALLFR,JEC)=1 ./CR
ITEMP=A(TER,1) s
ALTER, L)=A( INOX; JEC) R
ALINCXJEC)=ITLMP Yy
XU TEMP ) =0.0 3
CO 200 I=1, IR " 3
JI=A(L 4 1)
200 X{JJr=A(1, 3)
- TEQUPCLITEMPY - Ul 130,404,420 ' sl
5 3¢S IPO-1PD- | 3l
TFLIEC-1PO)330,330, 403 >
33 06 35C J=JLC,1RC
N0 260 I=1,I1NDY
350 AT,y J)=AL1T,0+1)
400 KE TULRA
END

e WY R0 il o7, B

SURROUT INE OQUTPUT (ITAB, IPO, NV, 1Y, Xy4)
OIMERNSICM AQLSO,LLS) ¢X(26U) 1Y (260)
CCMMUN 10, IR, INGX
WRITE(6,2001 )T AR
FLRMATIIHO 9 TARLEAL ALNRERY (14)
00 100 1I=1, INOX
I1CY WRITE(6s3002 )8 (1,1 ) 1,23, A01,30,0A11,d),J=4,IPO)
2002 FORMAT(LIHC 205 Q. ColX) yF15.342Xy10(FB.2,y1Xi/ (27X, 10F9.2))
CC 200 J=1,NV
IFELYD ) 72%2~-1Y(J})150,180,180
159 WRITE( S, 30034, x(J)
3002 FCRMAY (1OX " X' 413, = *yF12.51
GG 10 2CC
189 WRITEL6,3004)Jyx01S)
3JC" f'CRMA'(lJX'?FX"[3.4X"=',F12.Sl
ZCC CONTINUF
RETURN
END
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APPENDIX €
SELECTED ANNOTATED BIBLIOGRAPHY

The following annotated bibliography contains only those referencec
which are considered to be the most pertinent and timely with respect to
resource systems vulnerability analysis. Additional annotzted hibliug-
raphies may be found in Minor, Lambert, and Smith (1972), Larbert and
Minor (1973), Lambert and Minor (1973a}, and Lambert and Minor {1274},

Ayers, R. W., "Methodology for Postattack Research," Hudson Instituis,
HI-647-RR, New York, OCD Work Unit 3522 A (AD 639 751) (19663,

Annotation Statement: Discussions of the use of models for nostatizck
research as contrasted to scenarios, games, case histories, and metephors.

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

Annotation Statement: State-of-the-art summary of current progvams rziated
to postattack economy.

%

Bear, D. B. T. and Clark, P. G., "The Importance of Individual Industrics
for Defense Planning," Rank P-2093, Santa Monica, California {1260},
Annotation Statement: Analysis of individual industries intended 23 sz
guide to peacetime defense preparations, plausible supplies, ard dimands
in the U. S. Economy after a nuclear war.

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

Annotation Statement: Industries classified at the 4 digit 3i7 Tevel and
individual plants identified by city Tocation. Number of persons emnloyed
used as a measure of industrial activity. Study indicates potentizily
vulnerable concentrations within manufacturing industries.

Bickley, Leonard J., The Spectruin of Characteristics of the Manufacturing
Industry and Derivation of Industrial Family Groupings, Research Peport
for OCD Contract # PS-66-113, Subtask 4115A.

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

£

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

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

Hass of

[

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

Annotation Statement: Assessment of productive capacity considered in =
steps: (1) damage assessment, (2) repair effort estimation, {3) estima~
tion of potential productive capacity.
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Boesman, W. C., Grigsby, J. and Manly, R., Vulnerability of the Petroleum
Distribution System Detroit, Michigan, Checchl and Company, Report 7023,
Juily 1970.

Annotation Statement: Study covers vulnerability of Petroleum distri-
oution system in Detroit including gasoline, diesel fuel, liquified
peiroieun gas and other petroleum products. Results give estimated
vaices of post attack capacities.

Boesman, William C., Robert P. Manley and Richard A. E11is, Tols] Resource
System Vulnerability: Development and Application of a Geneval Model,
OCFA Work Unit 43427, Checchi and Co., Washington D, C., 1972.

&nnotation Statement: Develops a total economic resource system vulnera-
bility riodel for CD problens.

Brown, S. L., "Indus:rial Recovery Techniques," SRI MU-4949-350, Mealo
Park, California. OC0 Work Unit 3331 B (AD 636 947) (1966).

Anrocation Statement: Generalized concepts concerning industrial models,
industiial vulrerability to nuclear attack, industrial recovery require-
mant, anag industrial recovery procedures,

Carter, Anne P., "The Economics of Technological Change," Scientific
Prerican, Vol. 214, Ne. 4 (Abril 1966).

Arrotition Steierent: Use of input-outout methodology to determine the
27Tacts oF tertncloaical change on the economy.

Chencweth, J. M., ei. ai., A Method for Predicting Electrical Power
Availabiiqty Foi

30777, TTaE3,

i a Nuclear Attack, National Engincering Science Co

IR
LW

‘npcielinn Statemeny: Considers a detailed procedure for estimating
avaiieble electric power following a nuclear attack.

el 0T i et 2 o il

Clark, ®. 4., "Vulnerability and Recuparation of a Regional Economy,”

Raind RM-7809, Santa Monica, Califarnia (AG 123 549) (195¢).

Annotation Statement: Methodological contribution to analysis of conse-
Guiences of bombing attacks on a region of the nation. Report notes that
"it is not easy to construct a scheme of assumptions that will reveal the
existerze of potential bottlenecks."

YO ST T

OCPA, EMP Protection for Emergency Operating Centers, Defense Civil Pre- ]
peredress Agency, Publication # TR-GIA, July 1972.

Arnotatior Statement: A description of a nuclear electromagneiic pulse
ard crevices an unclassified guide for incorporating EMP protection into
Emergepcy dperation Centers.

b bl il

GC2A, EMP Protective Systems, Defense Civil Preparedness Agency, Publication # 3
V-61-B, Luly 1977,

Arotatior 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 Electric Power Industy, Defense
Electric Power Administration, March 1966. i

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 Operation 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 determine the
ability of power companies to survive the attack and continue operation,
Reconmendations for improving ability to survive and operate.

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

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

DLPA, Vuinerabilitly Analysis of Electric Power Distribution Systens 3
Detroit, Michigan. U. S. Dept. of Interior DEPA, Research Report tor 0CD
work order # PS-66-92, Work Unit 4334-B.

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

DEPA, Vulnerability of Electric Power Systems to Nuclear Weapons, U. S.

Dept. of Interior DEFA. Research Report for OCD Work Order # 05-63-53. r
Annotation Statement: An analysis of the effects of an assumed full- ﬁ
scale nuclear attack on the nation's electric power industry. ’

DEPA, Engineering Study - “Vuinerability of Eiectric Utiiities v RNuciear
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.

Doll, John P., et. al., Method for Evaluating the Effects of Nuclear Attack .
on the Ability of Power Systems to Meet Estimated Postattack Demands, §
Stantord Research Institue, Sept., 1966. 3
Annotation Statement: Development of three methods for assessing vulnera- 1
bility including a rapid, qualitative technique, a linear programming
method, and a non-computer method for determining amount of deliverable
power and size and location of demand.
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Dynes, Russell R., [. L. Quarantelli, and Gary A. Kreps, A Perspective

%ngisaster 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.
Directed at natural disasters.

- b R 8 PR et i, oAl o e 5 it

Fauceli Associates. Applications of Network Analysis to Civil Defense
Operations. Przpared for Office of Civil Defense, Work Unit 4114,
August 1971,

Annotation Statement: Application of mathemetical programming and net-

work thecry to the allocation of resources to meet post-disaster needs.

e B K A

il B Bl s

Faucett, Jack and Grace J. Kelleher, Economic Relationships in the New
Orleans Metropolitan Area. Research Report for OCE Contract PS-66-113.
Subtask 4137A.

Annotation Statement: Presents 1963 interindustry transaction data for
analysis of results derived for New Orleans using input-output data for
CD planning.

Lo

Ca e ek

FitzSimons, Neal, A Geographic Framework for Systems Evaluation, Office
of Civil Defense, 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 1o Model Systens, Research
Directorate, 0CD, 1972. '

Annotation Statement: A quide to researchers working under Systenms
Evaluations Division, Research Directorate, OCD in the modeling of
systems for studies involving survival and recovery in event of a nuclear
war.

Foget, Carl R. and William H. Van Horn, Availability and Use of Lmeraency
Power Sources in the tarly Postattack Period, URS Research Company, URS
710-4, OCD Work Unite 3311L, August T969,

Annotation Statement: Study concerned with identification an
cmergency power sources, both conventional and unconventional,
early postattack period.

A+
3
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Grisby, J. W., R. P. Manly, W. C. Boesman and J. M. Johnson, Vulnerability
of the Local Petroleum Distribution system--Albuquerque, New Mexica.
Checchi and Company, OCO Work Unit 4361 A, June, 1968,

Annotation Statement: Examines vulnerability of petroleum distribution

system including product storage facilities.

Grimm, Bruce T., Estimation of CES Production Functions for U. S. 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 equilibrium condition for
labor demand. Results indicate that there exists a Timited but signifi-
cant ability to substitute capital and labor for one another in manufactur-
ing.
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Hall, R. W., Vulnerability of Local Transportation Systems--Albuquer ue,
New Mexico. Stanford Research Tnstitute, OCE Work Unit 4334 A, guly 1969.
Annotation Statement: Developes an inventory of resources by quantity
and location 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., Transportation Vulnerability Research: Review and
Appraisal 1959~1969,3tanford Research Institue, Jan. 1960,

Annotation Statement: Review of past research in transportation systems.
Includes a summary of data requirements 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.

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

Hirshleifer, J., "Economic Recovery." Rand, Santa Monica, California
(AD 626 605) (1968), :
Annotation Statement: A general dic  ,5ion 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,
Annotation Statement: Bibliography of input-output techniques and
applications.

Isard, Walter, Methods of Regional Analysis: An Introduction to Regional
Science. M. I. 7. 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. Department of Regional Science, University of Pennsylvania ,

and Regional Science Research Institute, 1971. i
Annotation Statement: A detailed description of the application of the

l theoretical "input-output" concept to the economy of metropolitan
Philadelphia.

Isard, W., Schooler and Vietorisz, Industrial Complex Analysis and Regional i
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 Minor, J. L.y Vuinerability of Regional Electric
Power Systems to Nuclear Weapons Effects, DEPA, May 1973,

Annotation Statement; Tescribes 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 DCPAY.

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

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

Leontief, W. W., "The Economic Effects of Disarmament," Sc. 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 sales and jobs of the
reallocation of the funds now expended for military purposes.

Leontief, Wassily, "The Structure of Development" Scientific American,
Sept ., 10/3 i )

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

Leontief, W. W., "The Structure of the U. S. Economy," Scien. Amer.,

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

Annotation Statement: The input-output tables divide the economy into 81
sectors and list the transactions among them. The numbers are the constants
of the technological relations among the sectors (11 pages).

McGraw-Hi1i, "Plant Census: S-1 Format and L-1 Format" Hightstown,

New Jersey (31967).

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

McFadden, Fred R. and Charles D, Bigelow, Development of Rapid Shutdown
Techniques for Critical Industries. Stanford Research Institute, OCD

Work Unit 2321A, January 1966.

Annotation Statement: A study of preblems of rapid shutdown in the petro-
Teum 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
Checchy and Co., Washington, D. C., Oct. 1970.

Annotation Statement: Principal attention given to four areas of analysis;
gross national product analysis, national needs analysis, spatial inter-
action analysis and network boundary flow analyses.
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Minor, Joseph E., Brian K. Lambert, and Milton L. Smith, Vulnerability

of Regional Manufacturing Systems to Nuclear Weapons Effects, Texas

Tech University, 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.

Minor, J. E., A. J. Pryor, G. L. Commerford, and R. . Dehart, Evaluation
of Industrial Systems Interrelationships and Vulnerability to Nuclear
Attack, Southwest Research Institute, August 1969. :
nnotation Statement: General methodology developed for defining and
evaluating manuf:.: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
s specifically concerned with the Detroit SMSA.

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

Annotation Statement: Estimated 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,

Annotation Statement: Probable damage to facilities and personnel are
considered as well as possible loss of support from interrelated systems.
Post-attack capabilities estimated as nil

Nevin, R. L. and Pickering, E. E., Water, Sewerage, and Storm Drainage
systems Staff Vulnerability--San Jose, California, Stanford Research
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 city following nuclear attack.

0CD, A Framework for Evaluation of Survival and Recovery Systems, Trans-
actions of an OCD Research Symposium, March 1970.
Annotation Statement: Of interest are the following papers: (1) Vulner-

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

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

Annotation Statement: A description of nuclear electromagnetic pulse
effect on AM broadcast stations.
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0CD, EMP Threat and Protective Measures, Department of Defense/Office of
Civil Defense, Publication # TR-&V, Aug. 1970.

Annotation Statement: A technical 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-PE 80-8, October 1963,
Professional Guide Series.

Annotation Statement: Guide to assist architects and engineers in develop-
ing constructive measures for protection of industrial plants against the
effects of nuclear attack.

Orcutt, G. H., "Simulation of Cconomic Systems," American Economic Review,
Vol. 50, # 5.
Annotation Statement: Discusses 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 Availabilities for
Postattack Counter Measure Systems," Human Science Research Inc., (AD
637 833) June 1966.

Annotatior 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. S. Population by
Urban and Rural Geometrical Clusters. Institute for [efense Analyses,
Paper P-706, Sept. 1970.

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

Pryor, A. J., G. E. Comerford, and J. E. Minor, Vulnerability of Industries
Critical to Natjonal Survival in a Postattack Environment, Southwest
Research Institute, January 1968.

Annotation Statement: Assesses national needs in postattack environment

and deveiopes critical industry selection criteria. Delailed analysis
performed on & plant in San Josc, California.

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

Redmond, John H., "Industry Planring for Contiruity of Production," Pub. #
L57-121 Industrial College of the Armed Forces, Washington D. C., 1957.
Annotation Statement: Speech discussing status of industrial planning for
continuity ot production to the Industrial College of the Armed forces.

Reliability and Adequacy of Electric Power Within Southwest Power Pool
1970-1980, A Report to the Federal Pow~r Commission, September 1, 1970.
Annotation Statement: Study showing additional capacity planned 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 4
Canadian Director General of Uimergency Measures Organization, October E
1969. i
Annotation Statement: Summaries of papers. Of interest are the follow- ]
ing: (1) Development of » Structure for Evaluating CE Systems, (2) Sec- E
tor Analysis, (35 Networ! ralysis, (4) Dynamic Evaluation of CE opera-

tional systems.

Richford, M. A, and Davis, W. [., Vulnerability of Gas Utilities to Nuclear
Attack--Detroit, Michigan, U. S. Department of Interior, Office of 031

and Gas, July Y577,

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

P g et

Rockett, F. C. and Brown, W. M., "Crisis Preparation for Postattack
Economy Recovery," Hudson Institute 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 U, S. Using )
the County as a Functional Base, Institute for Detense Analyses, Research ]
Paper P-511, April 1969. :
Annotation Statement: Presents resource data using the county as the

geagraphic unit, Ecormomic measures inciude value adved, number of plants,

employment, sales, and others.

Schmidt, L. A., A Study of National Travel Requirements for Strategic
Evacuation. Institute for Defense Analyses, Paper P~702, March 1970,
Annotation Statement: Calculations were made of travel requirements from
large urban centers to rural arcas.

Smith, Caleb A., Methods Used in Developing Input-Output Tables for the
Providence Stardard Statistical Area, 1963. Research Report for OCD
work order 7 P5-66-113, by the Department of Economics, Brown University.
Annotalion Statement: Describes methods used in developing the input-
output tables for the Providence, Rhode Island, Metropolitan Area.

Smith, Caleb and Dale L. Moody, [conomic Relationships in the Providence, 0
Rhode Island, Metropolitan Area.” Research report for OCD work order ¥ :
P5-66-113, Subtask 413TA. '

Annctation Statement: Presents interindustry transaction data and

Coefficients for the Providence, Rhode Island, Standard Metropolitan

Statistical Area.

Stephens, Maynard M., Minimizing Damage tc Refineries from Nuclear Attack,
Natural and Other Disasters. Rasearch Report for OCD work order DAHC 20-
68-C-0097, by The Office of 0il and Gas, The Dept. of Interior, 13970.
Arnotaticn 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 Blast Effects on a Metropelitan Economy,"

10A 5-209 Arlington, Virginia (AD 631 0256), OCD Work Unit 4113C (1965).
Annotation Statement: Study ot weapons effects on Houston, Texas, SMSA
in terms of econumic output, proverty values, and population character-
istics.

U. 5. Technical Committee on Industrial (lassification: (1) Standard
industrial Classification Manual (1957), (2) Supplement to 1957 £dition,
Standard Industrial Classification Manval (1958?, {2) Supplement to 1957
Edition, Standard Industrial Classification Manual (1963): Executive

A
K
3
3

Oftice «f the President, Bureau of the Budget. . %
Apnctation Statement: Basic manual governing SIC coded industry §
izentification. §
[
Wetzler. Eiliot, The Structure of the IDA Civil Defense Economic Model, ;
Institute for Defense Analyses, Paper P-G74, August 1970. ) !
Annotation Steterent: Cevelopment of an I/0 modei with CES production :
funciions to assess viability of the postattack economy given a variety g
of alterrave CD vlans.
Vinter, 5. G.. "[conomic Viability after Thermonuclear War: The Limits of |
Feasible Production," Rand RM-343€-PR. Santa Monica, California (AD 426 ;
9G6) (1963). ;
Annotation Statement: A study of the tecimological features of the problem j
of ackieving viability. Surviving resources, scarcities, and alternate 3
paths are considered. ;
Yamada I., Theory «nd Application of Inter-lndustry Analysis, Kinokuniya 1
Bookstore, Tokyo, 1967. |
Annotation Statement: Mathematical treatment of input-output analysis. ‘ i
Portions of this work ¢n regicnal input-output may be applicable. \ 3
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EXECUTIVE OFFICE OF THE PRESIDENT

APPENDIX D

Defense Mobilization Order 8500. 1A
Nevember 4,

1964

B T ST SN ———

OFFICE OF EMERGENCY FLAN NING

DMO 8500.1A—GUIDANCE ON PRI.
ORITY USE OF RESOURCES IN IM-
MEDIATE POSTATTACK PERIOD

1 FPurpose. ‘This Order (1) states the
policy of the Federa) Government on usc
of resources in the period immediately
following & nuclear attack on the United
3lales, (2) provides general guidance for
Federal, Stete, and loca! goverament
ofliclals on activities to pe accorded pri-
ority in the use of postattack resources,
and (31 hists those llems essential to na-
tlonal survival in the immediate post-
attack perjod.

2. Cancellation. Delense Motillzation
Order 8500 1, Gutdance on Priarity Use
ol Resources In I' mediate Postattyck
Ferlod, dated Apriii,, 1964 (29 F R 57961
Ls et ruy superseded,

4 General pobey. In an immedlate
raostatiack period all decisions regaraing
the use of resour ce- will be direeted to the
ovjective of nativnal survive! and re-
covery. In order to achieve thds objec-
tive, postattnch 1esources will be assigned
W arthvities concerncd with the mainte-
nance and saving of hves, immediate
military defense and relalintory opera-
tions, and ccavomic activities essential to
contited survivaland 1o avery,

This suldance bs desikned to aehieve s
deyree of national eqQuity In the use of
Fesoutees knd Lo msslin and conserve re-
sources effcctively inthe 1naped ate post -
altack period  Until more spercifie in-
structions are available, these are the
general padelines within which mana-
geral yudymer and common scnse must
be used to s feve national oL, rlives
ur.der widely differing emergency con-
ditinns.,

4 Respunsibilities.  As stated in The
Nailonal Plan for Emergency Prepared-

Less, the direction af 1esout ces mobiliza-
tion iv 8 Federnl responsibility. How-
evei, in the perlod immedintely {ollow.
g an attack. certain gengranhicel ayoas
mey be temporarily isolated, and State
an:d Jocal povernments will mssume re.
spensibibity for the use of resources re-
maming i such areas untll eflective Fed-
era’ authority can be restored. State
and locel governments will not assurmne
resporiLihty for tescurces under the
Jurindiction of & Federal agency where
the Federal agency 1s able to function.

Washington, D. C, 20504

AS soon as possible after en aitack and
until  specific national direclion and
guldance on the use of resources s pro-
vided, Federal, State. and Jocal officials
vill determine what 1esources Ble avall-
able. to what needs they can be applied,
how they are to be used, and the extent
to which rescuices are deficient or in
excess of survival needs. They will base
determinations as to the velative urgency
for use of resources primarily upon the
importance of specific needs of defense,
survival, and rc covery,

S. Priority activities in immediate poS( -
attack period. The fcllowing activitles
are to be accorded prior ity over all other
claims for resouices. There is no sig-
nificance In the order of the listing —all
are Important  The order in which and
the extent to which they are supported
lacally may vary with local conditions
and cncumstances  If Jocal conditions
necessiiate the establishment of an Q1der
of priotity wmnong these kctivitles, that
order shall be based on determinations
of relative ur.ency Aamong the activities
listed, the availability of resources for
achleving the actions required, and the
feasibility und timeliness of the activities
in making the most rapid and effective
contribution to national suivival.

& The immediate defense and retalia-
wry combat operations of Lhe Armed
Forces of the United States, and its Allies:
Thus ancludes support of miltary per-
sonnel anc¢ the production and distribuy-
tion of mdilitary and atomnic weapons,
mauterials and (quipment required to
calry out these aunmediate defense and
1ctallatory combat operations.

b Mantenance or reestablishment of
Government authority and control to
iestore and preserve order and to assure
direction of COICIKeNCY operations es-
sential for the safery and protection of
the people. Tl.s includes:

1) Police proteetion and movement
direction;

{2} Fire detense, rescue and debis
c.earance;

(3) Warnjngs:

4) Fmergency information and in-
structions;

(5) Rarliological detection, monjtor-
ing and decontamination.

¢ Production and distribution of sur-
vival items and provision of services es-
senlial to continund garvival and rapid

recovery. (For list of swvival I:ems, see
Appendix 1 to this order) These in-
clude:

(11 Expedient shelter:

(2» Food, including NCCESSATY Process.
ing and storage;

31 Feeding, clothing. lodging, and
other welfare services;

4> Emergcncy housing and commu-
nity services;

(5 Emergency health SEIVICes, -
cluding medica) care. pubhc health and
sanitatwen,

(6) Water, fuel, and powel supply:

(T Emercency repair and 1estoration
of damaged vital faehigies

d Fssential comunumeations &nd
transportation services needed to cairy
out the above activit,es

e. Provinion of supplies, equipment,
ANd repair parts to produce and dist;ib-
ute poods needed for the above activities

6 Assignment of respurces Rescuices
required for essentinl usee mcluding
manpover, will be assened to meet the
emergert y o equirements of the prionity
activities indicateo above  The prmel
pal objectives are to use avallable re
seurces 1o serve conciibual necds promptly
aind tffectively, and 1o

8 Protect and to preven! waste or dis-
sipation of 1esource piior to then as-
sinment Lo plivtity aclivities:

b Support production  of escential
foods  Other proeduction will be ve -
mitted 15 continue only from mventy; sos
on hand and when thicre s 1o CIL I gency
tequitement for the jesouicss vital to
this producton

¢ Support constryction fa cIne fency
Tepair and restoration, constiuchion of
facihities needed for su1vival o1 the con-
version of facilities Lo survival use, wherc
this can be accomplished quickly  Other
construction sheady under way should
be stopped. and no new consiruction
starwed unjess 1t can be nsed immediately
for essential burposes upon cumpletion

Dated: November 4, 1y64.
Efectine date. This o1der s eflective
the date of issuanee

Ebwarp A McDikmorr,
Ihurectyr.
Office o] Emergency Plan ning
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