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I. FOREWORD

The Oak Ridge National Laboratory Civil Defensu Research Project,

jointly sponsored by the Department of Defense and the Atomic Energy

Commission during the past three and one-half years, consists of an

interdisciplinary study of the problems of advanced civil defense

systems which might be installed luring the 1970's. This is the fourth

in a series of progress reports--the first covered topics studied

during the first six months of the project and the second and third,

topics during the next two full years.

This fourth report and its classified supplement contain the

results of research in fifteen areas related to civil defense. The

summaries of the individual chapters and the chapters themselves can

perhaps be conveniently introduced aid related to each other by

fvilowing the format used in the last two years' reports, listing a

series of fifteen problems and comments or partial solutions related

to the effectiveness of advanced civil defense and following the

report's chapter sequence.

1. Problem: During this report period the Department of Defense

announced the beginning of its deployment of a light missile defense

system, possibly the single most important component of a total U.S.

strategic defense system. Does missile defense eliminate the need for

civil defense? If not, how does a light defense affect the feasibility

of advanced civil defense systems?

Comment: Although the interaction of missile defense and civil

defense is complex, ýt is probalble that missile defense enhances the

"capability of any civil defense system. We will asEoýne that the

Civil Defense Study Group Progress Report, September 1964-March 1965,
ORNL-TM-3-120 (Classified).

Annual Progress Report, Civil Defense Research Project, March 1965-
March 1966, ORIL-TM-1531, Part I, ORNL-TM-I531, Part II (Classifid)

Annual Prcgress Report, Civil Defense Research Project, March 1,96-
March 1967, ORL-4164, Part I, ORNL-41U4, Part II (Classified), ORNL-414,
Part III (Classified).ii
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attacker's response to oUr deployment of area defense is to overwhelm it

by refitting his boosters with many multiple warheads. Multiple warheads

more expensive and therefore increase the cost-effectiveness of

..iced civil defense systems. Quantitative studies of this and other

strategic defense interacticns are contained in Chapter 1.

2. The problem of the electromagnetic pulse (ENhP) accompanying a

nuclear detonation and its effect on civil systems is discussed in

Chapter 2, Part II (the classified supplement to this report) along with

possible counter-mearures.

3. Problem: Interconnected urban tunnels have been 4-escribed as

potentially effective blast shelters which offer the possibility of a

gradual reduction in the vuinerability of the occupants by movement

through the tunnels. However, all blast shelters may require rapid

response (less than a half hour) to a warning system in order to reduce

the initially high vulnerability of urban populations to nuclear attack.

Can present warning systems be improved sufficiently to meet this

requirement?

Comment: The value of the TEST (Tactical Evacuation to Shelters

through Turn, ) system is being studied quantitatively. As part of the

first stage of the sti.dy, the time required to reach a given tunnel

entrance is compared for preser.t and future warning systems in Chapter 3.

L. Problem: A syctc%•:tc ..tudy of civil dtfurise problems involves

consideration of many technical, economic and social factors which

influence the design and performance of alternative syrtems. Collect;.)

and retrieval of useful civil defense information across ao many discipline

boundaries is a formidable task. Can modern information systems be used

in such a diffuse subject area?

Comment: A small interdisciplinary program such as the ORNL Civil

Defense Research Project provides a scale model laboratory for testing

information retrieval methods. In Chapter 4 we report the status of an
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empirical approach to the establishment of a civil defense research

information center.

S. Problem: Interconnected urban tunncls seem, at least

V superficially, to offer many possible peace-time uses. In fact, will

there be many opportunities for the installation of new tunnel systemE

in the crowled portions of American cities in which civil defense fea-

tures can be incorporated inexpensively?

Comment: An entirely new tunnel system, such as a network of

city-owned utility tunnelc may provide the greatest opportunity for

dual-ure urLar tunnel construction. An example of sucii a system is

described in Chapttr ". However, c. .ntional transportation Eystems

L may te increasingly placed underground. A truck tunnel has been pro-

posed for the central business district of Dallas, Texas, and the

f-asibility of converting it to a dual-use shelter is examined in

Chapter ,. Finally, the status of the Washington subway, in which civil

defer, features liRý' those in the Mosccw and Rottendam subways might be.

includ.-d, is reported in Chapter Q.
L

C. Prohlem: Will not the co-t of equipment in a blast shelter be

much larger than similar equipment in a fallout shelter since Epecial

shock isolation and perhaps equipment ruggedization may be required for

blast res sfance?

CComment: As the blast resistance of a shelter is increased, an

overpressure regime will eventually be reached in which equipment costs

L are raised sharply due to shock problems. From the literature it is

U unclear whether standard equipment or con'entional mounting will be

satisfactory in the region 5C-I>' psi. A preliminary test of an electric

"[ generator in this regime is described in Chapter 7.

7. Prcblem: Might biological agents be used during a thermonuclear

attack to comp.ound passi've defense problems?

I%



Comment: One limitation on such a use of biological agents is

fratricide -- that is, the sterilization of a biological aerosol by

thermal radiation from a nuclear weapon. An experimental study of

such a possibility, using a laser as an intense radiation source, is

described in Chapter 8.

8. Problem: Assuming that shock wav,:s which may penetrate a

tunnel are attenuated by the contents of the tunnel, are engineering

methods available for predicting the rate of attenuation? Entrances

to the tunnel might often be placed at the base of a vertical wall.

Should large overpressures be expected at the wall and ground intersec-

tion due to multiple shock reflections and are they predictable?

Comment: An extensive experimental study of the attenuation of

shock waves in a four-inch shock tube has resulted in the development

of engineering design equations, based on the Fanning friction factor,

which are satisfactory for the piediction of shock attenuation in large

diameter tunnels. The results of this work are described in

Chapter 10. A theoretical method for nredicting the amplification of the

peak pressure at the base of a wall was compared and was found to be in

good agreement with experimental results obtained with the shock tube,

as described in Chapter .1.

9. Problem: The country is becoming increasingly dependent upon

nuclear power for electric energy. The reactor installations are

large and contain long-livea fission products. Might such reactors be

attractive targets for enemy missiles, both because of their importance

to the power industry and as a method of increasing the intensity of the

subsequent radioactive fallout?

Comment: A preliminary analysis presented in Chapter 12 suggests

that nuclear reactors are probably not attractive targets, due to their

inherent hardness and to the difficulty with which the fission products

in the core can be mixed with nuclear weapon fallout.

10. Problem: Are there quantitative methods available which would

allow political and psychological data on the probable responses of

foreign governments to new American defense systems to be considered

along with technical and economical factors as a basis for policy choices?



Comment: The content analysis of foreign comm-nications offers

a possible source of such data. A pilot study of editora]. studies from

the Chinese Communist People's Daily is presented in C',apter 13. The

results of this study suggest that an expanded analysis could be quite

useful for policy purposes.

-1. Problem: Public opinion polls are an important part of the

American political process and with rare exceptions have been able to

predict election results quite accurately. Polls have consistently

shown that sixty-plus percent of the American people favor civil

defense; and yet the attitude toward civil defense of the average American

public during the past several years could perhaps be described as

apathetic. Why this difference?

Comment: The attitudes of influential Americans affect the attitudes

of the average American, essentially by definition. It is probably true

that 'opinion makers" are more negative on the average, in their feelings

about civil defense than the general public. In an attempt to document

and to explain this important difference, a research project is underway
to measure the way influential Americans react to information about

nuclear war. The status of this project is described in Chapter 14.

Opinion analysts have noted a large increase in civil defense interest

during an international crisis, and some civil defense programs have

been proposed to take advantage of this phenomenon (by the construction

of hasty shelters, etc.). Public opinion survey results during the

1961 Berlin confrontation %ere examined to determine- the rate of change
of civil defense attitudes and behavior as a function of education

level. The results of the analysis are reported in Chapter 15. Finally,

recent indications of public apathy to civil defense has been attributed
to generational factors - the maturing of parts of the public who have

not experienced a time of severe threat to U.S. security. A longitucinal

(trend over time) examination of defense attitudes is reported in

Chapter 16.

12. Problem: Civil defense operating responsibilities were

assigned by President Kennedy in 1961 and 1962 to most e:. .cutive depart-

ments and agencies. A future increase in the national investment



in shelter or warning systems, which are the responsibility of the

Defense Department under the Office of Civil Defense, would probably

be accompanied by increases in other emergency programs, such as

emergency medical services. Disaster hospitals are stored in many

communities, but most of the medical profession has not taken an active

interest in planning for a nuclear emergency. How can disaster medical

care ever be adequate for civil defense purposes?

Comment: During the past several years the medical stock-pile

program of the Public Health Service, which is one of the important

parts of disaster medical care, has been considerably strengthened.

In Chapter 17 the program changes which led to this enhancement are

examined, and the implications for improvements in other emergency

programs are emphasized.

13. Problem: After a nuclear attack on the United States, food

production may be severely reduced and, in many sections of the country,

temporarily interrupted. Stored food, such as processed food, grain

and livestock, wouý have to supply the nation's food needs until adequate

production and imports could be reestablished. In view of the current

emphasis on world food problems and declining U.S. reserves, is there

enough food to meet our emergency requirements?

Comment: The total food supply in the United States appears to be

adequate, but its location is poorly matched with population distribution.

The importance of our grain reserves is discussed in Chapter 18. In

Chapter 19 the value of even low radiation protection for livestock

sur-;-ival is described. The special case of the Tennessee livestock

industry is examined, using the fallout patterns from the UNCLEX attack.

l. Problem: The location and quantity of our food reserve seems

to be the result of normal market forces rather than specific emergency

planning. What would be the cost of a food reserve program designed

specifically for civil defense?

Comment: In Chapter 20 an idealized program consisting of stored

conventional foods is examined to place an upper bound on cost. Such

a program would require an annual investment of almost seven billion

dollars. A more attractive plan, requirina aa-itiornal research, would



use stored whole grain (redistributed to match population, as the

primary component of a food reserve.

1:l. Problem: After a nuclea- attack, the demand for goods might

greatly exceed the supply. If severe inflation resulted, investments

in the rebuilding of damaged industries might be curtailed. Government

price controls are often circumvented by the black market. How might

the United States establish an emergency economic control policy which

would offer a better chance for promoting post-attack recoveryi

Comment: One alternative to wage and price control is the use of

blocked accounts which has the effect of requiring the saving of

surplus money. A preliminary investigation of such an economic recovery

program is contained in Chapter 21.

J. C. Bresee
Project Director

Note: Throughout this report a reference in the
text to a figure (e.g., Figure I', in any chapter
(e.g., Chapter 11) designates the number on the
actual drawing or photograph following the decimal

place with the number preceding the decimal place
being the chapter number (e.g., Figure 11.2).

I4
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CIVIL DEFENSE SYSTEMS ANALYSIS

Chapter 1. Blast Shelter Systems with a Light,

Area Ballistic Missile Defense

B. A. Uher

We report the progress of a study of the role of a blast shelter

system in strategic defense. First, we discuss blast shelter systems

which are not protected with ballistic missile defense. For the analy-

sis, we assume that an attacker launches 10 megaton weapons targeted

to destroy as mai•y people as possible. Blast shelter systems are

described which protect the maximum number of people against such

attbcKs. Finally, we discuss blast shelter systems protected by a

light, area-type ballistic missile defense.

There are two categories of blast shelter systems defended by area

defense. The first kind of system (referred to as non-optimum) has a

single shelter type and shelters people living in high population

density areas. Systems in the second or optimum category consist of

shelters whose protection level varies continuously with population

density. At any defense expenditure, the optimum zystems arc designed

to produce minimum fatalities against an attack designed to produce

maximum ratalities.

The r' sults show that non-optimum shelter systems save the most

people whei; their protection level lies between 80 and 120 psi. Opti-

mized attacks against non-optimum systems costing 10 billion dollars

produce fatalities 10-15% higher than against corresponding optimum

systems. At a 30 billion dollar defense expenditure, fatalities for

ncn-optimum systems run 20-4C4 higher than optimum systems.



Chapter S. The Effect of Electromagneti," Pulse.

on Civil Systems

D. B. Nelson

(Reported in Annual Progress Report. Civil Defense Research
Project, MarchFl' i-Xarch l1#2, ORNL-.2,*., Part II (Classified)

Chapter 3. Clvil D 'fense Systems Analysis

C. M. Haaland

Three preliminary investigations have been rmade as a part of a

general analysis of civil d sfense systems. One of the studies presents

an overview of civil def.ensie functions and syst.-ms by me.ans of Venn

diagrans.

Preliminary studies on the 17EST (Tactical Ivacuation to Shelters

through Tunnels) system are described. The tim,2 required to reach a

tii!Qnel .2ntrar:cc is the sum, of threat realization time in response to

th.* warning system, plus reaction time and time for movement. The

warning system is divided into the mechanical system and the human

system. A comparisor, is presented of the probable warning and response

characteristics for the present and future systems in the classified

supplement listed above.

The problem of the flow of people from theý evacuation area into

the tunnels is discussed, and a graphical solution to a simplified

situation is presented to obtain the linear density in the tunnels as

a function of time, position, and the density of people in the evac-

uated area.

A
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Chapter 4. Preparing for a Civil Defense Research

Information Center: An Empirical Approach

J. S. Levey

The purpose of this study is to prepare the way for an information

cempter on civil defense research information and to determine the shape

of the future center: its scope, purposes, services, and methods. The

approach has been: (1) to test methods of information handling, such

as using the KWIC (Key-Word-In-Context) computer program to provide

subject handles for retrieving reports, (2) to explore sources of civil

defense research information by seeking specific information in answer

to staff needs, (3) to get an indication of the scope of civil defense

research by analyzing the content of curcent research programs and

the rate of -- terature published as a result of this research, (4) to

gain insight into the information resources, information barriers, and

information requirements of civil defense researchers by conducting

in-depth interviews with the interdisciplinary staff of the Civil Defense

Research Project, and (5) on the basis of the results of the foregoing

to indicate the kind of research information center that could best serve

the needs of the civil defense resear'dh community.

In view of the nature of the civil defense research enterprise,

an information center would have to be broad in the scope of its cover-

age. The combined experiences of the CR1NL Civil Defense Research Pro-

ject - its report collection, information resources and research results -

can furnish a nucleus of information useful to other civil defense

researchers. The needs of the CIRNL Civil Defense staff point to a

center which would collect, analyze, evaluate, and retrieve the report

literature. The center would also provide abstracts of current litera-

ture, bibliographies, state-of-the-art reports, and a place to visit

with specialists. To serve the civil defense research community, a

mechanized retrieval capability is called for.
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CIVIL DEFENSE FROT&X•I\VE SYSTEMS

Chapter. Dual-Usc Utiiity T'unnel s

W. J. Foegly, Jr., W. L. Griffith, and K. F. DNc son

As a part of the engineering studies on dual-use o" various urban;

structures for blast shelters, the feasibility of providing utility

tunnels in urban areas is being assessed. Tie White Plains Cen.tral

Renewal Project was selected as the site for thesc studie-s. A tunnel

system for the area would require about ,.U feet of tunnels at a cost

"of approximately .a,'.tQ, U. Cost benefit studies indicate that if the"

tunnel is financed under urban renewal procedures, sufficient revenue

can be obtained to repay the city's cost. Conversion of the White

Plains tunnel to dual-use blast shelters would require an investment

o.) to .t 1 per inhabitant, depending on the lenith of time pro-

vided for isolation of the shelter from the outside air and the shelter

population to be protected. At least 'nalf the shelter investment is

postponable. At the time of the installation of a utility tunnel an

investment of S1C-$IhU per person to be sheltered would "buy an

option" for later conversion of the system to a high-grade shelter.

Chapter t. Dallas Dual-Use Truck Tunnels with Portable Columns

C. J. W'lliams and R. P. Kennedy

Portable colum-ns can . used to ,trengthen wide concrete spans at

a cost advantage compared wit!, an Lnsupported thicker span. Peacetime

uses requiring wide spans, such as tprnels, parking garages and below-

grade storage areas, can be retained wutn portable columns placed at

the time of an emergency.

Using a truck tunnel designed for Dallas, Texas, the comparative

cost of various levels of blast protecnion was evaluated with and

without columns. The results shiowed a significantly lower cost with
=cc clnms.

tT

I
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Portable col-.rrns could also be installed in existing buildings to

strengthec: Utlow-grade areas. The calculation of the resulting increase

in blast resistance is more difficult, since adequate steel in the rein-

forced concrete roof wouLId generally not be available at the column

bearing point. It is reco'rrinended that the accuracy of analytical pre-

diction methods be evaluated by experiments performed prior to demolition

of structures in an urban renewal test area.

Chapter ". Mechanical Equipment Shock Tolerance

C. J. Williams

Mechanical equipment in large blast shelters would be exposed to

a shock pulse as the shelter responds to the ground motion produc-d b-,

the air blast fromi an aboveground nuclear explosion. Motor genlerators,

air conditioning equipment and blowers represent typical mechanical

equipment in blast shelters, and it is necessary for shelter design to

have some measure of the response of this equipment to the shock.

A 10i KW generator might be required for a typical !DO; man shelter.

The purpose of the reported shock test was to determine if a standard

motor generator of this size mounted in a standard way tc the concrete

floor of a shelter can withstand the ground shock from an aboveground

explosion.

Results from this lindergroLnd nuclear explosion shock test showed

that direct mounting would not result in damage exposure to 1i psi over-

pressure from an aboveground nuclear explosion. But if the generator

were in a shelter exposed to 120 psi to 150 psi from an aboveground nuclear

explosion, either spring mounting or equipment strength(ning would be

needed to insure continuing operation.

Chapter 8. Radiant Sterilization of Biological Aerosols

C. V. Chester

To provide the exposure of 200'., L-watt min/cm4r of 240, A ultraviolet

light necessary to kill refractory spores even in a optimized reflective



ventilation duct wo. i oroduce a t-mpcrature r Ise of i.C if the air

qw,,re requireýd to carry ,off t.e h-at io' t!:he lacps. SIcl. a system woutia

be dtfficult to harden.

Very high altitude bursts of large yi'ld nuclcar weapons may It'( a

feasible way of sterilizing aerosols of tnv more delicate pathogens s-;c

as vegetative cells or viruses. Spores are marginal. For example, a

p nmegaton weapon burst at an altitude of tiO km will produce a thermal

fluence on the grou.d of only I0 cal/cm', but a thermal flux density of

25.0 cal/Isee, cm'. This flux density will he-at 1:0C emissivitv 1 micron

particles over "-CC an& 5 micron particles :s'QO0 C.

Lasers are theoretically a far more efficient means of killing bio-

logical aerosols due to the much shorter pulses of much higher power the.

they can deliver. For example, a Q-switched ruby laser delivering one

joule in 10 nanoseconds can deliver a thermal flux density of ?5,0G

cal/see, cm0 over a square foot. This should be capable of heating to

t Cone-micron particles with an emissivity of only 15. Exen an-

thrax spores should not survive this. Experimental verification of the

laser capabilities is planned.

Chapter u. Washington D. C. Subway

G. A. Cristy

The desigr phase of the Washington D. C. subway has taKen m:e n

longer than originally expected. Although final conclusions cannot

yet be drawn relative to the feasibility of using the subway as part

of a coordinated blast shelter system for the District, the tentative

conclusions reported in last years annual report are still valid.

Although beset by political and financial problems, the subway could

still be completed essentially on schedule.

=
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Chapter 10. Report of Shock Tube Research During the

Period March, 1967 - March, lc

L. Dresner and C. V. Chester

Studies of shock wave attenuation have been carried out in a four-

inch chock tube driven by the detonation of a 2 l,- 71 , propane-oxygen

mixtur.. The explosive yield is 6 g TNT per foot of driver length;

driver lengths up to 1i) feet are available. The shock tube produces

air shocks with peak overpressures up to about 450 psi. With these

overpressures and yields it is possible to model exposure of an eight-

foot tunnel to a lO-mega )n groundburst at the 40'•-psi circle or any

less severe exposure.

We have studied the attenuation of shock waves in long pipes by

orifice plates, rough walls, and cylindrical obstacles. The studies

indicate that the attea-ration factor C (the ratio of the static over-

pressure after attenuBtion to the pressure in a smooth pipe) may be

correlated with the ,anrning friction factor as follows

C - exp(-G.3fX/D)

where f is the Farning friction factor it the laffled section of pipe,

iX Is tne distaroc from the begirning of the baffled section to the

poi.,t of i:tfrest, and D i.• the diametr'r of the pipe. Such' _n equat,,,n

is entii-ely adequate for etginerr,1rig desiri porpneee.

Chapter 11. The Peak Overpressu:',' at th,, Foot of a

Vertical Wall Facing an Air bl•t

L. Drebiner

Ampllficatior of tL, pcak pressure at the base of a vertical wall

is trought abL.ut l y the bimultariecus reflection of the ir, cdent snook

from the wall and the growuij. We have coriatructed a simple theory for

calcLdlatirg the pt'ak overprt-ssure Lascd on combin.ig the kv•owr. "olu•ot.s

of the problems )f' the rrot,hleor of of,]lque and normal shock reflection.

We have checied this theory w th expcrimento carried o: in the shock
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tube for angles of incidence of 30 and 45° and incident overpressures

between 50 and 300 psi and found good agreement.
F

Chapter 12. Power Reactor Vulnerability to Nuclear Weapons

C. V. Chester and R. 0. Chester

A one-hundreth scale model of a nuclear power reactor was tested

with conventional explosives designed to gi-v'e a scaled pressure versus
time function equivalent to a 100 KT nuclear weapon detonated at various

distances from the reactor vessel.

The results of this preliminary study indicate that power reactors

are probably not exceptionally attractive targets for enemy nuclear

missile attack. First, the study indicates that power reactors are so

resistant to blast damage and delivery accuracy for nuclear weapons is

probably sufficiently low chat many tens of missiles must be targeted

on a reactor to give a . chance of rupturing the pressure vessel., and

releasing the fission products in the core into the weapon cloud. Second,

if the pressure vessel is not ruptured, the release of volatile fission

products will occur after the atmospheric effects of the weapon have sub-

"sideJ and hence will be distributed by local meteorological conditions.

Most of the radioactivity released from the core should therefore be

deposited in the area already badly damaged by nuclear wcapons effEcts

ard should cause no additional casualties.

SOCIAL A'PECTS OF CIVIL DEFENSE

Chaptt:r 1,. Strategic Interactions

Davis B. bobrow

A pilot study of' thc public covm•uziatlonc of the Chirices Comri•,ujst

Party war cor1AL1Ctt.d in . tvr~t tb' u - of cot,•.t ,.a•.,i s as a ,,,.l,.- of

mieasuring the images held by Chinrr,, elitt about othr countrics. From r

a future ,xpanded ar:al.i w(! hope to b,_ abl, to obtain politi•':al and

E
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psychological data which would be used with technological and economic

factors as a basis for defense policy choices.

The pilot study was conducted with the content of editorial sum-

maries in the People's Daily during fifteen weeks from 1960 through

19f4. Tne individual weeks were selected to represent different event

climates: ceremonial, international, and domestic. The resultc

suggested several tentativt conclusions. First, most countries in the

Middle East, Africa Latin America, Western Europe, the Old Common-

wealth, and Eastern Europe receive little attention from Chinese elites,

with the exception of the USSR, Algeria, Cuba, Albania, and Rumania.

The last, four countries may be viewed as those whose policies fragment

the sphere of influence of major competitors.

The Soviet Union, Japan and the United States are viewed as com-

petltors and thE latter two as enemies. Communist China tends to

view Japan as a country which "gets more than it gives" in the inter-

national relations, and the USSR and US as countries which engage in

more conflictful than cooperative interr:ntional relationships. It sees

itself as both reasonable and cooperative.

Considerable attention is paid by Chinese elites to countries which

were within the classic zones of Imperial Chinese interests, suggesting

that Commnurist China may view these nearby countries as potentially

within her suzerainty rather than under her direct rule.

Cnapter iP. Responses of Influentials to Negative Contingencics

Sue B. Bobrow

This year a questionnaire and a sample were developed as part of

a program to measure the way influential Americans react to a communi-

cation about he possibility of a nuclear attack on the United States

and alternate ways of handling this possibility. The people whose

attitudes will be investigated were selected from authors on nuclear

strategy and disarmament who are not now full-time government employee&,

former govcr111,nent executivEs in agencies with nuclear weapons policy
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responsibilities, and past members of scientific or analytic advisory

groups to the same agencies. Both a mailed questicnnaire and a three

nour taped interview will be used if resources for thr project are

adequate; otherwise, a larger number of questior'naires will be used

alone.

The questionnaire was pre-tested with fourteen individuals at

ORI4L to trly to eliminate confusing instructions, etc. After revision,

the response categories were formated for computer key-punching to

simplify the analysis of the results. The final questionnaire contains

fifty-seven questions, twenty-one of which are multi-item questions.

Examples of the questions are included in the body of the report.

Chapter 15. Public Responses During an International Crisis

Tom Atkinson

An analysis of six public opinion surveys conducted during the

1'. S. - Sovie confrontation over Berlin in 1961 yielded the follow-

ing conclusions:

4) Regardless of international tension level, education is

negatively correlated with expectation of war.

K) Rtgardless of international tension level, edu-% 'n, is

positively correlated with a tendency to engage in pers • vil

defense oriented behavior.

(3) During the early stages of a crisis, expectio! o: war is

positively correlated with civil defense behavior for high school

and college educated groups but the correlation is higher for grade

scI-ool education groups during the later stages of the crisis.

-. (.) Civil defense behavior changes resulting from increasing

ternsion levels occur much more quickly for high school and college

educated than for grade school educated groups but tnere are no

differences in the groups' expectation of war changes.

.u) Changes in civil defense behavior arK! xopectations of war

were ii, the same direction arnd of the saint magnituai, regardless of

the group education level.
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(6) Changes in civil defense behavior and expectations of war

induced by increases in international tension were more enduring the

higher the education level of group.

Chapter 16. Generational Trends in American Public Attitudes

Toward Active and Passive Defense

Neal E. Cutler

The research reported here represents the first longitudinal

efforts to emanate from the national security survey data bank

established by the Civil Defense Research Project. The primary

focus of the research is to determine the impact of generational

factors upon patterns of national security attitudes. The analysis

is based upon measurement of the attitudes of three generational

groups -- the World War I cohort, the Great Depression cohort, and

the Nuclear F dhort -- toward four national security policy

alternatives -- iintenance of American Military Capability, Non-

M.-.ilitary Extension, Military Extension, and Advocacy of War. The

national sample surveys involved in the analysis represent the

period l7.,-l..

The analysis demonstrates that the historical circumstances

surrounding the socialization of successive generational cohorts do

differentially affect the national security attitudes held by members

of the cohorts. Across all four question-sets, longitudinal increases

were four.d to have taken place in the support given to the policy

alternatives; that is, each alternative was given greater attitudinal

support ty the most recent generational crhort than by the earliest

cohort. Particularly dramatic monotonic increases in support are

found in the two "exttrnsion" qutc tionr-sets noted above. The trends

in public perceptions and endorsemment cf national security policies,

in other words, are in the direction &f in-creased extension of American

resources, both military and economic, to other parts of the world.

in terms of the classic isolationist-internationalist type of distinc-

tion , these data imply that the America. public has become increasingly

iternati.nallsti: over tie-1,_.-1 .. 1d.
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Chapter 1%'. Emergency Freparediess in the Federal

Executive Agencies

Claire Nader

The focus of this year's analysis of federal emergency programs

is the medical stockpile program. Eight factors accounted for the

characteristics of the program, during the period 1951-1i(7. The

were: (1) structural changes in the federal civil defense organiza-

tion, (2) a limited operational concept of emergency medical care,

(3) organizational isolation leading to inadequate comnunications,

() inadequate staffing, (5) lack of leadership, (,) legal con-

straints, (7) resistance to change, and (B) divided responsibility

for program surveillance. The program was changed and strengthened

by modifications during the period 1963-÷5. The most important fac-

tors which shaped the revised program were : first, an improved

system of budget review; second, program content analysis by the

Office of Science and Technology: third, the appointment of a task

forcte to help plan the program revisions: and fourth, the appoint-

ment of new leadership in the operating agency, the Public Health

Service.

Chapter i-. Vulnerability of Grain Stocks and Food Supplies

A. F. Shinn

Mid-year carryover stocks of grains have generally trended down-

wards since their peak of 19(1, but the available crops in the field

at mid-year 19i7 taken together with the carryover stocks are judged

to be an ample but poorly located supply for emergency use tunder Pre-

sent defense plans. The national food supply on July 1, 196l , was

estimated to be at least. 1" months at 3CX calories daily for the

total U.S. population. The estimate excluded farm crops in the field.
}

The geographic distribution of the stocks by states is grossly unequal

and shows at midyear only a few months supply for some state populations

whereas others have many ycars supply on hand. The concentration of

I



fool stocks in the grain states underscores our dependence upon reliable

transportation for their equitable distribution in a nuclear emergency.

The Natioiial Advisory Commission on Food and Fiber has recommended pro-

grams to ad'just carryover stocks of major farm commodities and to estab-

lish a strategi." rcser-,.v of farm comrnodities. Congressional bills to

meet these recorrn.endations arc quite naturally more concerned with

increasing thc farm income tharn with defense needs but the establish-

ment of such a strategic food reserve would be quite beneficial to

civil defense. Recent overseas experiences with foot-and-mouth disease

have demonstrated the extreme difficulty of coping with a severe bio-

logical threat to livestock. Because our livestock is vulnerable, and

since lysiihe-fortified grain would make a good alternate source of

protein, it is suggested that lysine logically belongs in a strategic

commodity reserve program.

Chapter 1-., Vulnerability of Livestock in the Livestock Industry

S. A. Griffin

As a part of a general study of food resources and vulnerability,

we are investigating the present radiation protection which would be

provided for livestock in existing farm structures. Few data are in

the litcratzre. A cooperative program was established with the

Tennessee Office of the Stati stical R. p-rting Service of the U.S.

Department of Agriculture, in which all farms normally visited

throughout the state to obtain livestock population data were surveyed

for livestock protection structure type and feed availability. Half

the barns had hay stored above the livestock area and one quarter rhad

inside water supplies. Food under cover during the survey period of

November 22 to December 2, 19-17 was sufficient for an average of lc0

days of livestock feed. Food storage at that time was probably at its

peak.

The protection factors presently available range from near unity

to 5.14 with an average of 1.6. Thus livestock in Tennessee and probably

throughout the U.S. is quite vulnerable to fallout radiation. However,



pro. _tion factors in the range of" ,- can be of sicn i;'If-nt i:np•o-

tahoe in areas where exposure levels (RBE) of "v to 1'.9_,_ woD :d tLi

encountered. Arn example of the importance of low pratctici a,

is presented using the Tenncssee fallout patterns r_-om the- "CLEX

attack.

Chapter 2.- Cost of Conventional Food as an Item in a

Food Reserve Program

C. D. Garland and J. A. Martin

A food rescrve program consisting of conventional foods would tt

a complex and expensive operation. Numerous problems would occur in

the production and maint,_nance of these stocks. Although the normal

channels of trade are capable of functioning as a limited rotational

outlet, the economic lossis sustained i4! rotating conventional foods

into animal feeds appear to be prohibitive.

A more attractive plan would consist of the use of unconventional

food with a possible supplementatior of certain conventional food

items. Unprocessed or partially rrocesscd food based on stored whole

grain has the advantages of increased shelf life, flexibility, and

reduced cost.

Chapter 21. Post-attack Economic Policies

D. A. Patterson and J. R. Moore

Assuming survival of a high proportion of people relative to the

carital stock the recovery of the economy becomes uncertain. Under

these assumed conditions the quality of preattack preparations for

survival and re-overy tccoius crucial and thc organizatioc) of tht

postattack economic system becomes an important part of these plans.

This latter aspect of the prohlem can be stated as now best to

r.'oc&.e postattack resourcs given a se;'ere sujnpl'y cornsftraint arid

a ri:, fo work i..centives. Alter ativ'y solutiorns to this allD-.ative-I

01",' ,.m axe discussed 9ad ac, irc ,v.*fitonal sciutior, tie ontrol 0i

cilia' ,aK:k iv.'-u , 4s .eorc.,,' • f.tr firtht-r i:;te r,•iv, analvs a, .

[ l
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Ill. CIVIL DvEFNSE SYSTDES ANALYSIS

I. i}LýST SHELTER SYST2,IS WITH A LIGIIT AREA

BALLISTIC MISSILE DEFENSE

R. A. Uher

.i INTIRODUCTION

Since a "ion has recently been made to deploy a light, area-

type baliisti tle defense, we have studied the effectiveness of

bliAst shelter sy-ems under the shield of area defense.- We used

two measures of effectiveness-

1. The nunber of survivors after the attack.

. 1. The def':use cost exchange rate.

We define the latter measuLre as the ratio of the cost of the defense

to the rnumber of additional offense weapons necessary to negate the

life-saving potential of the defense.

We considered two general categories of blast shelter systems.

The first category was called non-optimum, which consisted of systems

sheltering all people living in densely populAted areas to the same

blast pruLtectior. (Ln-vs or median lethal ove. pressure). We also assumed

that all people not in blast shelters had fallout and thermal protection

at no extra cost.

We called the second category of blast shelter systems optin.wrn

since at any defense expenditure they were designed to produce the

smallest nLumber of fatalities possible at a fixed attacK size. The

optimum systems are generally characterized by shelters whose blast

protection varies with population density with minimum protection being

a fallout shelter (assumed to be available at no cost). In both optimum

and non-optir,,m bist shelter system evaluation, we allow the attacks

full knowledgc of the si~itr system and we assume that he always

arranges his attack pattern to obtain maximum fatalities.



The next section deals with the descriptioný of the kinds of thireats

us~ed to evaluate the blast shlelter system~s- .,I Sec-tie' we discuss

the effectiv/eness of both opt-imum and rnon-c-pt imut. shelter soystems. Thi

major conclusions of the stady are outlined in the la~st section.

1.? THE Th2ýEAT

As a reCsul.t Of thle Uj. S. deployment of a lihirea ballisic--l

missile detenst., we assu-me thazt, the potential attack,,er reE. ords by

refitting his booster payloads with packages of many 3-Tweapons

i;order to overwhelm the defense. VWe assume all of his weapons are

1097.-' r.eliable and fusýed to burst near the surface. The attaciier ½

objective is the destruction of a maximum% nuamber of pe:ople which hie

* intends to achieve by targeting his weapons against populatu-' centers.

Immeýdiate attac,ýk warning is ample to- ob~tain full occupancy of' .

shelter system and at the tint- of the attace. the population: is ini a

re~sidential distribu-tion mole (nio evacuationj occurs'

WE assume that the onlrbeef~it of the area defenrse is to fLorce

theý attacker to miany siiallEr weapons in order to ac.iv sue ee

trationi. The area defense is -ausu'rcfd to he unable to destroy a

sufficient number of incomiýng te t to sigriificaiitly blunt the

attack.

We will discuscs tick non;'-Ue' 1hImie blas1t shelter systems first .

Figuires I and Uhw ,' i f 0' -i:c5 of' nori-opt-z.a--m sse for

attace, sizes of 1. a- and -K; wa:.poris, reýsp c-tive>y. Exosetcd

fatalities arf- plottt J1 u; -~~ yr o!f t.hie J o,'st psp'ulation, denisity
sheltered for se-veral v-il] u o' !LiS- oc iesnrýc tnIesytm

The fie ines inr 1- go S7 1 id an r C e 1 d, L4 fls

snelter systemrs c'osts. 151119 a i3I'

c I ti l
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,ýhere p rnis the MD-, overpree-su~re of the Elhelter and c ie the ccc-t

pL-r -.*. zq. ft. shtelter space in thw~dreds of doiliu: we iv upr

imposed cosr contoui-rs '0,euvy, lin~es) over the effe2ctiveines. carves.

As9 thlr LI.-,- overpressurc. of ýj fixed cost blAct cheivter sy~ttew icras

fewer people receiv e blast prot-ý,tior,. Eventually we re(ach [A poin~t

where providing fewe~r shelters and hardf-r-ing them more will result iný

mrorE fsAtalitiuE. Osriio of Figares 1 an~d .- hows that for expr':ndi-

tures betwcen 1' an~d -, il'-io.8 dollars, non-optimum shelter ryetecrnr

whos-E: LD--, overpre.ssurenr l4(r 1. the( -*l- psi range seum to recult.

in the lteast nwirr~b r 0f' f;italit.Ic- for hs attack Size:s.

in Figures 'ý and ',, we cho;: th' LD-'Vw overprcsEcurr' vairiation -41th

populi-tiort dvnsity rc.q,!rvj 101' OptlnUM.iat OLelter syt'i ttS(A

zseýveral attzxcr ziztcc ar~d two dt-c fr.2e L-dgetc, 1 tAnd t ,iEon. dý 'hrz.

Wet! e the cost forrmula giver, by EqwatIon 1. lhu- IlIgur- Oho-.. tIat

for larger attack sizes, higiý. ,cj Atlon deýncity arean ar' lceft

unzh':, Itercd. In a sesthis is a,, a-t o.f 0cprt~ .'. the j 1tr L

olf thec deferseu, hoin. orde.r tfo eave. tl-J nes-t preu'le at a g'i yen

i!V5 t'1e.t 1 rQ' d' o.lyfal lou. pr Cjttct c~r. 1.: CvrtarIT v'Ty df-IiL

a r ea , t La d m e t. ft i i du e t a r l i t i t tj i t yt O p 1 r n ' i 5 ~ c t . : t (e r t iy r s f l i P

the mos pkeopl( atao~ U 1)I*'-Uh-la d'1ers' t lg' ad ij:'&, !v(- :-,51':

Th- cyr t-L-' choEst. Oe '' .dpr rr1 v1 th' uttle,'. atIze I,

* .gs~c ., . * v w r" :' 'tr!ieryc'stcm utIi:

IOur a 1,7wie:±pot. att ce. sit a I lr I1liuon dollardene -

p- rd it La- F A-, a bul:, for s-oa~pý.ri CCI,, We alco rxow 11n the: Santejl lig~ur

the( perform-Anue of' cyr teq&u opr)!i zed tit *each[ attsr:e a ize for the. ru'!':

texf)c.iiji tuft's. We canr fl-e th it at v~wi 1 icr ulttace. S Ie- the-' 1ý .1 11 ' v

dollar' ::Yurt, Qptil ze;d fox 1I wetap--:r; is Iiieýffc~tivv cIrvne thc

ate.rcanlani un, att tace optimpizedoJ l~igulli thn pecople: it, l]'

hltrrs

lin ýIg.ure K, wt- hivt rho,.! tntý pcro-rmarc'e or' tCyite%.s optimIze-d

for ~;wiapons; z~a1 rt t1:l Utta;ý Pii. We Ue tat t?;'~'e

p,:rfo r is ivry wr-1 Iexu at -J~i -v',ry lIi ret- at tftck ulzenB
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In Figure ", we show tine results of optimized attacKs against

non-optimum blast shelter systerns (LD-':- overpressure -I, psi) at

l and _., billion dollars. In comparing the no".-optimum, systems wit!.

optimum systems, we see that the 1-) billion dollar non-optimum system

results in 1I-i;,V more fatalities, while the A billion dollr nor,-

optimum system results in 2 '1-.....' more fatalities.

The second measure of defense effectiveness used in this study

is the defense cost exchange rate. We can write it in the form

Cost of Defense
,umtbcr of Offense Weapons Needed to Keep

Pre-Defense Hostage Level

We also refer to this quantity as the defense cost per added offense

weapon. If the offense pays more for the weapon than the defense,

then we say that the advantage is with the defence. Such reasoning,

of course, presupposes that the offense will respond in such a way as

to keep the hostage level constant.

In Figure -, we show the defense cost exchange rate plotted as a

function of hostage level for several kinds of optim.,L and non-optimuim

systems. To .compute the exchange rates for optimurn systems, we assume

that we know the attacker's hostage level and design the shelter

system so that it i- optimum at the number of weapons he must use to

return the hostage level to the pre-defense value. We have also

included two points in the figure which show the effect of optimizing

a shelter system to the nuwmber of weapons at the pre-defense hostage

level and the attacker responds by bringing the level of hostages back

to the same value.

Utilization of the life-saving potential of optimum blast shelter
systems over non-optimum systems is not without problems. One problem

is the estimate of the attack size. A second proble,,' is keeping the

shelter system optimum. Changes in population density, attack size

and defernse strategies may quickly make an optimum system "non-optimum."
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I.. CONCLUSIOU

In the evaluation of the effectiveness of blast shelter systems

under the shield of area defense, we as' imed that the only effect of

the defense was to force the attacker to break his payloads into

smaller packages in order to penetrate it, which he could then do very

easily. We considered two categories of blast shelter systems; non-opti-

mum, in which all people living in high population density areas received

the same blast protection and optimum, which were the best systems

available in terms of life-saving potential for the defense budget and

attack size.

In the study of non-optimum systems, we found that LD-5O over-

pressures between S8 to 1Zt psi produced systems which had great

life-saving potential for budgets between 1P and 3 billion dollars.

When we compared the best non-optimum systems to optimum systems,

we found that fatalities were l?-12 higher for non-optimum systems

at budgets of 12 billion dollars to 2C-4O• higher at budgets of 32)

billion dollars. Althougl optimum systems _o perform better against

ainy given threat, we feel that the gain in life-saving potential may

be counteracted by the cost to make the system flexible enoigh to respond

to changing population density and changing offense and defense concepts.

If a decision to devl:y a blast shelter system is ever made, flexibility

should be considered along with system cost-effectiveness.
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CiViL DEFENSE SYSTLPYS AVNALYSIS

C. ?4. Haaland

•.lABSIRAC1'

Three preliminary investigati.ons have Utren made as a part of a

general analysis of civil defense systems. One of the studies presents

an overview of civil defense functions and systems by means of Venn

diagrams. Another study formulates the problem of' the nilaner of people

arriving at the shelter entranceways as a function of time in a tactical

nuclear attack situation. SeDarate disttribution functions are emplCyecd

for the warning acquisition time, for reaction time and for the velo-cit,

of movement. In qnother study, a method for calculating the time-

distance distribution of linear density of people in a tunnel evacuationr

system is develoced.

I INTRODU, CIO

A number of preliminary investigations have been made in the process

of analysi. of civil defense systems. These studies have progressed

from. a general overview of civil defense down to the specific considera-

tion of blast shelters. The purpose of these investigations has beenr

to find a natien.-.ido blast selter depl.yment achnrw whtici will result

in the least number of p,.opDiC killed at least cost to the U. S. for a

wide variety !if t•'tical ittacK situation.s agains., the U. S.

In the next section,, som,-e geueral classification cf civil defense

are made with the a.c of Venr, diagrams. Then the problem of the er, i-

mation of t:ie n-Lutm-r of people arriving at blast shelter entranceways

is formulated. Firnally, a method for calculating the linear denlsity as

a funcukc.n of time and distance is developed for an interconnected

blast shelter system.

.: CLASSIFiCATION OF CIVIL DEFENSE

This s.ction describes the construction of a set of Venn diagt

which are applied to the operational anaiysis of civil defense-



Civti 1 ,Jcfise a.:ti'. tics cat. '-- generally ,1 ' si fiz5 d i ",.rt f-ur"

ph-rases, narrly, preparation. crisis, att:,ck, and operatitonJal recc'er.',

"•'l, o0%'rleps hhen-;: th, different phases in pst. present and fcux-

as shown in Fig-ur-e: 1. In the past, federal civil d'-fenr• preparation has

been continuous, at least since World War Ii, with and without crisis,

indi,-ateJ by cate-gories annd - in Figu-re i. So-sw local civi defeCrse
actionr. has occurred during crisis in the past (e.g., Cuban hiissilr

Crisis) with little preparation, in, -cated by category T. In the fIture,

the possible activity c atreories ar•- indicated b' nimbers .. throasjt 1

in Figure 1. For example, category i:- ird'lcates a si tuationr in whi.h
all phasec of civil defense action are occu-ring, ie, it sore- cities

not vet attaceed, prepared crisis actioe, and somre routirfe r:on-,,ri s'i-

CD preparation aution continues, while in other cities, CD action uwder

attack occurs, and in still other cities, the attacr' has ocZcurred and

CD operaticnal recovery action is taking place.

Diagrams have teen considered for indicating the- detailcd kinds of

CD action, (such as fire-fighting, rescue, m. dical car etC.- and their

overlap during each. of the above phAses of general action. A completre

list of actions has been prepared by J.. Dev-ar ey,.

T".c elements which are defend.2 d t,-; the ration are people rad

property. During a cis is and attack stage, thee elements can be

f_.rth.e .s-ocdivid. d into six sub teLi- wli c inureract and overlap each

other. The six sutsets are listed as follows: 1) Threaternud property

and people; 2) killed people or destroyed property; warned pe'ople,

or property for which responsible people have been warned; -) people

who act defensively, or property for which immediate- defensive action

is taken; 5) people in) shelters, or hardened property; and C) actively

defended people or property (defended by missile defe-nse, etc. ).

The development of a diagram which indicates th't subse:ts arid

tfeir overlap is shown in Figure ". In, Fig-ure Pa, tb, square represents

the entire U.S. population and prop-rty -rr""" r..pre-

sents the U.S. population arnd property tlhruatf-red ut a'-y e' tt-c-k.

In an active strategic threat, the ent ire U.S. iS tlre'-tc- d. A tar tical
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thre.at covers ari area determined by the prcbabilitios involved in the accu-

racy ol prediction of the trajectory of an enierrny ICBM by U.S. radar and corn-

1puter:s the. prooability that theý ICBM has po~st-boost trajectory control and

multiple warheads, and thte estimrated r-liability of the ICBIM.

Ir. figure ibthe 'T" circlt: ij intersected by the warned ( 'W") circle.

Rfegiori I repres-ent:; people- arid property threatened but not warned, indicated

by trie symuols 'l-W. The area of intersection, Region 2, repre-sents people..

and propec-rty both thr'*atened anid waried, inidicated by theý symbols T r. W.

In Figure :1c, the "Y" circle: is added, reprcseriting people killed arid

property dfitro)ye.d by the threat. It must be curitained within th-e "T" cir-

cli Icas we. du riot con:ýilder pepekili-d c~r ;'rop.:rty de.-troyed by fac-

tor& Other tharn tht! threat, such as automobile accidents, for example. Th e-

"M." circle furr zucd r lnidaede.ftriive actior., IS addied Ini Figure: I'd,

andi th'- "S" ar-a fur !shelterk.d 1-ople or hardenerod property is ltddeýd in F'ig-

ure .. e f.;al diagramn including activ*:-ly defe-.nded prope-rty and pol

is shown ii, Figurc .'

111here; dre t:vr us, L for a diagrhm auch as Fieurv 3. The- most irnjor-

tarit use- 15, the lo~gical seaainand ovurlap of cate!gorie3 which it pru-

vi rI~ rei us;- J- tout oht thought atiout thoe actwL1 I popl- afid

p~roperty t, J1rE 'u orea;e who( are iri th' ,M-1o cate-gtory, I.

thrcs. who ta?''.'irdj'dee,- ac-tion without bngwurnid'? The. answe-r

Is:; ur.vori,: who IL; moving to a ý;iA:hr position it, th- usual courseL of actiorn

at t r. ii iT.e o! th reo-at . A lajrg, D.ih f pý upl- in, thi.- catcgory could

r':Jtd.ring tJ evnn uh -s a la te t Lý wiivii hr. -ireact of' thoýu-

sanid-, of'pol are: ir traffic movling out of th ceýnters' Cif cities- and -i1Ji'

doj riot have- acc'ssi to. ti radju or- doý not have. It turned on and carnno-t he~ar

the- warrilirg 31ignals through traffic noise:.

Another irmpo.rtanit ui;e, of a diagram such ar. Figur'1 ., Is to aid V.- con-

ut r~ctiori of' Qndce e~fectivreners for the. principal sub-systems of de-

lei".e, th'- warninfg System, the, shelter 6ystes.,, anid thoe AW.I syster..

Oite of th- m~a urs: of eftinesof a dl.fenbe( ;ryrturr, i3 the: riumt~cr of

isurvivor-6 rtlative to the number oif peoplte thre.aten':,d, or ('I-Y),T. 9h

roýmber of p iekil led is divide-d into It, categori'sr Ini Figure- I'-. An cxam-

p'.: of' th' ecffe-ctiv'ne1(Ss of the overall defenise syste~m might 'heni:ae

L. Y K ~.A) ,whiuch woul1d have: th- vulue. unity if' iiO oneý is kille,-d, and



44

Lk f AL

U S Populationl

4 Fig. Diagram of Soubsets of Property an(, Feople durinig crisis and
attgacX'.



zero if (KJ.-SA) = T. The latter condition would exist if K = T, and S"A

K, or, in other words, if all threatened p,,ople are killod, and if all

threatened people are defended by shelters and active defense.

Three principal threats may exist during the op.:ratiorial recovery p oriod,

namely starvation, disease, and anarchy, and th:y rmy overlap. For example,

people may be threatened with starvation and/or disease ana they may be pre-

vented from getting food and/or medical aid by roving marauders. Also people

mray be prevented from getting food because of disease, or from getting medi-

cal aid because of starvation. These overlaps are shown in Figure 0. Yor

each threat th.!re will be a corresponding warning, action, and attainment of

some degree of security from the threat, resulting in nine additional sets.

Each of thE nireteen categories of people in Figure 4 will overlap in '1ý

(P) ways with the nine sets n,-ntiozed above, making a total of , cate-

gories of p,:ople for this system of division for the period of operational

recovery. It is obvious that considurable simplification would be necessary

to provide_ overall effectiveness calculations, and the Vern diagram provides

a convenient checklist for this purpose.

i.O •,,.[ H-ELTER. IN
Y.LWAR iJ G , R EAy. T ICO -A O VD...... T T r E - A

TACTICAL SITUATIOi. (see classified supplement*)

P5U FLN OF FEOPLE r! TýNNELS

One blast-shelter syster, which is being considered for this study of

optimim nationwide d&ployment of blast shelters is an interconnected
U

system. We assume for this study that after warning, people first move to

the nearest shelter entrance on the surface and then move to the nearest

city oorder by way of t ~nrelz. Outside the city they may dwell in fallout

blast, shelters throughout the period of hazard.

The tunnels should be designed to pro'.ide room for everyone who

et.ters. No one should have to stand outside the entrance in an exposed

position waiting until the traffic in the tunnel thins enough to enter.

The number of parallel walkways in the tunnel must be adequate to handle

the peak flow density resulting from th, addition of people through

"Annual Frogress Peport, Civil Defense Research Project, March l-'47-

March 1F6o, ORNL- ,Ze., Fart II (Forr.erly Pestricted Data, Classified'.
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Ent r a wa-a zED ar exist trea. The syste. is ntot anar]logous to tae

flow of air i.; a duct or wlth water in a pipe or river witn contribu-

taries, brcause tht Vofocci 5 01 110w of peoplz isvi tually independent

of the "pressure ", ard iA I fac", may var,, w it the pressure to sor:e small

negative power.

In, orde.r to Luderstaznd these problems oe began our stuedies with a

simplified case. We assumed that the peopi- move want a single velocity

v ooth in and out of the tunnels, they main.tain constant spacing (fixed

linear den2ityj in the tunnels, and that entranueways are locaEd con-

tinuously along the tunnels. When the warning signal is given, ill

people simultaneously begin to move with velocity v, each on a line

perpendiciiar to the nearest tunnel. When a person arrives at. the tunnel

tc enters at that point, makes a tu .,.Tmo'.es along the tunnel

without interrupting the flow in any way. His velocity in the tunnel

r•mains constan~t until he arrives at the dwellirn, sne]zcr.

One of the simplest c.ases to consider is a sq..re city' with side

of lengt. :d, .ith uniform population density, and with I,.o North-South

and two East-West tunnels leading to dwelling shelters octIside the ,:ity

as snown in Figure 58. In Figure 31, the city is di4ided into rc-giurs

corresponJding to the d0rection people walk to reach the nearest tunnel

shelter, :hown Uc arrows. It is evident -froT examining. tr- durawing that

the city conzists of eieht similar evaucation. nttenr r l

triangles inside the corner squares, each with an, "L" shaped e-egrnxt of

tunnel. One of' thes-e patterns is extracted froT- th,, cit,' nd shown in

Figure La. The pattern in tiu is equivalent.

There are thr(e tbasic shapes of evacuattin are.:as ILI Figure 5b. Two

are right triangles, one with its vertex at the left, one with its vertex

at the rigt~t, ant the third is a square. The buildup of the linear sen-

sity in the tunnel as a fLunction of time can ce ot'tairrei "or any one of

these snap-Es by dividing the- area into strips of' infinitesimal width

parallel to the tunnel. When the people in the nL'h strip reach the

tunnel, the people in the n-i) strip have advinced sd down the tunnel,

where Ad is the infinitesi nal width of the strip, and the people in the

closest ,;trip have advanced fi,,d down the tunnel.
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Graphical solutions for the linear dei.sities in the tuwnnels for

the three evacuation area shapes arc shown in Figures 7-). A "Density

Generating Area" "'GA) is constructed by a topological transformati-on inl

which the evacuation area is first rotated I° around the tunnel as

the axis, and then each point is transformed in the (-x. direction by a

distance equal to itc :'-y) location. If the evacuation area and tunnel

velocities are different, i.e., if the average velocity it, the tunnel is

VTy a'nd the average velocity in the evacuation area is vE, the- the trans-

formation of each point in the (-x) direction is equal to v %,1 yV'. If

the DaA is now moved parallel to the line y = vrX/V such that the
I F

velocity in the x direction is v... then the linear density pL 'X)t) in "

the tunnel at any position x and tin:se t is given by the product of the

evacuation area population dcensity, p, and the width in the y direction.

at that time of the portion of the DGA which projects above the line

;, or

er:x,t) "c.5y->,x,t) - Hi~ v x I>.' ''

where H1'y is the Heaviside fution such that Il,-. - i for y >

and 'Iy - K for i s _,y is the upper .o•und of the P3A at x, t) and

y , is the lower.

ihe solution for lftr the r4iangular cvacuation cu-rt icr in F.gure

C is obtained by suoeroositior: of the three solutions in Figui-es 7-9,.,

with the result illu'trated in Figure 1K. Under the assumptions givei,

the rate at which pr-ople flow into any one of tne dwellng shelters of

the city in Figure 5 will be given by fL v, where co is the ordinate .of

the curve in Figure i-, at a Dosi tior, x, the location of the entrance

to the dwelling shelter, as the curve -io'+'es pasf that positiorn in the

positive x direction with velocity %'T1_
The ailest model reot. -ineur city which co"t'. u all nossitle

shapes of evacuation is a square city with side of l-nwth `;d, as Ciown

in Figutre 11. The three basic evacuation shap•s are the corners-, th-

center corridors and the interior cor-.'lors. '1he corners are identical

with the four squares in Figure 5b. The graphis of thE liie-ar drisit>es
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of Fig. 5.
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in the tunnels for center and interior corridors are shown in Fignres
-2 and 13, respctively. These graphs exhibit a transient at the front(right) end followed by a number of identical p9tterns. For a lirge
city (n Ž I2), the number of these patterns will far exceed the number
of transient patterns. The average linear density in the tunnels when
all people have reached them is then PT pd, where ý is the population
density of the city, and d is the spacing between tunnels.
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PREPARI14G FOR A CIVIL DEFEriSE RESEARCH IZFORMATiO:1
CEI!TER: AN EMYIRICAL APFFOACH

Joanne S. Levvy

. 1 If'4TRODUCTIOTJ

The purpose of this study is to prepare the waey for an information

center on civil defense research information and to determine the shape

of the future center: its scope, purposes, services and methods. The

approach has been:

(1) to test one method of information handling which would provide
S~1

subject handles for retrieving documents;

(2) to explore existing sources of civil defense research infor-

mation by seeking specific information in answer to the needs of

indivi.f-al staff members;

(3) to get an indication of the scope of civil defense research

by analyzing the content of current research programs and the rate of

literature published as a result of this research;

(.) to gain insight into the current information resources, infor-

mation barriers, and information requirements of civil defense researchers

by conducting in-depth interviews with the interdisciplinary staff of

the Civil Defense Research Project; and

(5) on the basis of the results of the foregoing, to indicate

the kind of research information center that could best serve the

needs of the civil defense research community.

4.2 INDEXES TO DOC'UvMITS ON CIVIL DEFE14SE

Three issues of Indexes to Documents on Civil Defense have been pub-

lished - two•' 5 to the unclassified reports and one to the classified

reports in the Civil Defense Research Library. Each issue contains four

indexes to approximately 7,' documents: (1) a Bibliographic Index, in

which the reports are listed according to the COSATI* subject fields and

groups, 5 (2) a Key Word Index (KRIC) which lists every report under each

Committee on Scientific and Technical Information of the Federal Council
on Science and Technolo'y.



significant word in the title and under each descriptor by which the

title has been extended, (3) a Corporate Author Index, and (4) an

Author Index. The secornd two issues of Indexes in the series are

provided with a fifth index, which lists th. documents in them by report

numbers. Of these five indexes it is the KWIC Index which shows at a

glance all the documents on a given subject in the Index and makes it

possible to select these reports from the shelves on request.

4.3. EXPLORATION OF EXISTING SOURCES OF CIVIL DEFENSE INFORMATION

4•.3.1 Introduction

Another way of preparing for a future center has been to explore

present sources of civil defense research information by seeking such

information in answer to specific needs of staff members. Three

principal routes of exploration were:

(1) asking bench questions by letter and/or telephone to some

existing information centers,

(2) requesting bibliographies on specific subjects for staff

members, and

(3) seeking contractual information on active research and

development in areas of interest pertinent to those of staff members.

Of the three information analysis centers queried (Shock and

Vibration Information Center, DASA Information and Analysis Center

(DASIAC), and National Center for Radiological Health), the Shock and

Vibration Center proved to be the most useful. It has furnished specific

references to data on shock isolation and has provided a valuable refer-

ence on pressure multiplication in re-entrant corners (the increase in

pressure at the bottom of a wall compared with the middle).

4.3.2 Bibliographies

Fifty bibliographies were requested from the Defense Documentation

Center. In each instance the requests were structured as explicitly as

possible so that as many relevant reports as were available would be
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including such; diversc topics as fond rtoragF lfe, ,hock, irolatic.n,

rapid Lxcav'ationi, ctlon-ic tomngnt ic pulse, pustult • deiogvupI, a nd

pctroicum industry v ulierabi lity. At this t.mine nict all bibliographies

have been received and evaluated. However, etnough hoave teen used to

indicate their pertineince and value. For *.xaimplu: oa the effects of

nuclear attack on food, 5. references were furnished ard I.* docu,:entz

ordered; on) the effects of nuc-_lear warfare on-, transportn'tioli, 1)

furnished, ýl ordered; orn methods of excavation, l! furnished, 7 ordered;

on electromagnetic pulse, Q'1 furnished, and 21 ordered. While there were

som.Q complaints - that the volu-ne of unevaluated information was oppressive

and that the document search could have been made with more explicit

search terms - the overall indications are that DDC bibliographies fur-

Snish very useful references to civil defense researchers in the engi-

neering, physics, and biological fields.

In addition to the fifty DXC bibliographies, fifteen bibliographies

weoe requested from the Atomic Energy CorLmission's Division of T(chnical

Information Extension (DTIE), where computer searches of Volumes 1)

through 21 of Nuclear Science Abstracts (14SA) can now be conducted. The

subject headings of "S' w.ere used as a guideline to the kinds of searches

that we could reasonaUL, expect to be productive. Some typical examples

of bi.lio-graphies rc.ýucsid wert. those on the erfects of ionizing

radiation on fish, crops, and insects (three separate requests), the

vulnerability of livestock to radioactive fallout, and the eff"ects of

laser radiation on bacteria.

Two machine searches were requested from the National Aeronautics

and Space Administration (NASA), based on the report literature abstracted

in its Scientific and Technical Aerospace Reports (STAR) and on the

published literature in the International Aerospace Abstracts (IAA).

The bibliographies requested were on shock isolation and on shock

attenuation in tubes, pipes, and tunnels. The NASA bibliographies •'e

pertinent and useful though less exhaustive than those from DDC on the

same subjects.

L|



Twenty-three letters to Science Information Exchange (SIE) were

written for resumes of active research and development contracts in

specific areas of interest to staff members. The results were varied.

We received, for e~amole, notices of 5"3 research projects on insect

pollination of plants, containing an excellent coverage of the current

,work being done in this field. On the other hand, wt rfccived only

6 notices on rapid excavation, much less than the ac _ve research in

this area would indicate. Seventy notices were sert on the vulnerability

of livestock to radioactive fallout, over "DC or, tht- effects of radia-

tion on the storage life of food, and 1l on container and packaging

material for food - all representing Excellent coverage of these areas

of interest. We received eleven notices on shock isolation, five on

electromagretic pulse, one on warning systems, and none on either shock

attenuation or the long-term social and psychological adjustments of

z irvivors of a nuclear attack. (It is quite possible that there is

'j- ( res-earch being conducted in these last two areas.) Contractual

inforaation of the same nature as that requested from SIE was also

sough, from DDC's now automated 1 Data Bank, which contains res.mes

received exclusively from DnD and NASA sources, Results of the lh4Q

search were not available at report time.

4 T7HE SCOPE C" CIVIL D'E1ESE RESEARCH

As an indication of the scope of civil defense research, it is

desirable to find out who is currently doing what research and the rate

of literature published. However, it is e~tremely difficult to make

such a determination. First, there is the problem of definition - what

civil defense research includes. One way of' delimit•i g the scope of

civil defense research is to begin with the civil defense functions

which are set forth principally in the Federal Civil Defense Act of 1950,

as amended. Executive Order 10952, issued July 20, 19#61, assigned

many major, but not all, civil defense functiona to the Secretary of

Defense. The Secretary of Defense delegated these civil defense functions



to the Secretary of the Army, who re-delegated them to the Director of

Civil. Defcnsc. These responsibilities include the formulation of a

national civil defense program which includes measures to warn the

population of attack, to protect it both during and after attack and to

provide for the recovery of society. Means of carrying out these

measures are reflected in the research program areas and projects of

the OCD - some undertaken by the OCD staff; most, through contracts

with outside research installations. While nine government executive

departments and twenty-one independent ag;encies have emergency prepared-

ness responsibilities, which include, in some casea, research programs,

it is the research program of OCD and its contractors that comprises the

centerpiece of civil defense research in the United States. Thus, the

research information generated by XOD and its research contractors and

the information sought by them to accomplish their research objectives

constitute the nucleus of civil defense research information.

The most up-to-date work unit listings of research and technology

resumes of OCD contractors used in this work were dated June 1Y 1

These 262 resumes show that 0OD research was carried on through contract

at approximately 35 installations. The locations of the most extensive

programs in 1IC6 were: Stanford Research Institute ,9 work units.,

U.S. Naval Radiological Defense Laboratory (15), Illinois Institute of

Technology Research Institute (1.), _, nited Research Services 1URK

Corporation (11), Institute for Defense Analysis (6), American Institutes

for Research ('Y), and Rcsearch Triangle Institute ,). Approximately

1'•,,> research reports were generated each year for the past several years

from OCD research programs. However, this report rate does not indicate

the real extent of the literature which is pertinent to civil defense

research. Another index of the number of civil-defense-related reports

produced under contracts other than those with OD is the rate of report

accession by the ORNL Civil Defense Research Project. We receive appro-

ximately 106 to 15'. reports a month, of which approximately 1i:: derive

from OCD contracts.

I.



There is reason to believc that the civil defense report literature

hds been increasing. Herzog and Jenkins in their Civil Defense Informa-

tion Systems Analysis have a table showing an "Analysis of Defense

Documentation Center Announcement of Civil Defense Related Unclassified

Reports" for the six-month period November 1, 19'3, through April 15,

lSh. Out of approximately 5:JuO listings, they found 75 unclassified

reports relevant to civil defense, of which were produced ander OCD

contract. That a library serving only about 25 civil defense researchers

receives twice as many research reports in one month as were found in TAB

in six months four years earlier suggests that the rate of literature

pertinent to civil defense research has increased substantially.

.} THE CURRENT INFORMATION RESOLRCES, BARRIERS ANT

RE.•'R-qURIENTS OF A SELECT GROUP OF CIVIL DEFENSE RESEARCHERS

:.5.l Introduction

To gain insight into the current information resources, information

barriers, and information requirements of civil defense researchers, an

in-depth interview consisting of 21 questions was conducted with 21

staff members of the Civil Def-nse Research Project. While the CDRP's

scope of interest does not cover the entire area of civil defense

research, it does have sufficient breadth tc be indicative of the

civil defer.nc rescarch community.

The educational level of the 21 interviewee:s is relatively high:

thirteen have PhD's; three are doctoral candidatsc; two have Master of

Science degrees; one, a Master of Arts and one, a Bachelor of Science.

Further, the disciplines that they represent are diversified. Five are

in physics, five in engineering (with two chemical engineers, one civil,

one electrical, and one sanitary), eight in the social sciences (with

one anthropologist, three economists, three political scientists, and

one social psychologist), and three in biological science (one in ecology,

one in animal husbandry, and one in agricultural economics). The diver-

sity of project research tasks is conveyed by a sample of key words

contributed by staff members to describe their research interests. Under
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"S", for example, appear SEWERS, SEX, SHEEP, SHELTERS, SHOCK ISOLATION,1,

SOCIETAL RECOVERY, SOCIOLOGY, SOYBEANlS, SURVIVAL, and SYSTMAS EGINEERIG.

The program areas represented by staff research include: Systems Analysis,

Social Science Research, Federal Emergen-y Preparedness, Engineering Studies,

Weapons Effects, and Postattack Recovery (Table I).

h.:.? Information Resources

Four questions were designed to get data on information resources

of Civil Defense Research staff members: the information centers and/or

social science data archives with which they have had previous experience

(question 3), the abstract bulletins that they use (question 5), the

journals and newspapers they read (question 6), and the specialists in

their fields with whom they are familiar (question 15). One question

was asked to determine the potential usefulness to civil defense researchers
of 111 federally-supported information analysis centers (question 4ý.

Project staff members had used six information analysis centers and

twelve social science date archives (TableII). It is significant that

when presented with COSATI's Preliminary Directory of Federally Supported
a

Information Analysis Centers,' staff members indicated 42 information

centers (Table M which would be of possible use to them in their work -

seven times as many as they were familiar with first-hand.

Prnject members cited a total of 33 Abstract Bulletins or Indexes

(Table IV) which they use regularly to keep abreast in their research

field. The inclusion, in the list, of agricultural, biological, chemical

engineering, economics, mathematics, physics, psychological, and socio-

logical abstracts underscores the interdisciplinary nature of the Project.

One hundred and sixty five (165) journals arid newspapers were cited

* as being used regularly by project members. That only two of these

"journals are read by as many as five people, while 105 journals &-e read

by only one person each, points up again the diversity of researca interests.

A selection of journals which illustrates this breadth is: Air/Water

"Pollution Report, Americari Anthropologist, American City, Aviation Weekly,

Beef Producer, Endocrinology, Feedstuffs, International Studies.
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Information resources for civil defense not covered by abstracts,

journals, and direct contact with information centers include (Table

V ) attendance at scientific meetings and other direct contact with

specialists; the Civil Defense Research Library; the Laboratory's Central

Research Library; Congressional materials; demand bibliographies; govern-

ment agencies, departments and bureaus; textbooks; the University of

Tennessee - Atomic Energy Commission Agricultural Research Laboratory;

special short courses at universities, and, of course, data from

experiments performed by the staff members themselves.

The collective information resources of the Project staff members

provide insight into how civil defense researchers keep abreast in their

field and communicate with one another. They also provide a valuable

nuclevs of sources of civil defense research information which could be

used to direct the newcomer in the field.

4.5.3 Dynamic Information Routes

One question (No. 11) was included to find out how each staff

member went about collecting research information for his last task.

The answers provided interesting data on the dynamic information routes

which some individual scientists follow when they must draw on their

customary resources and unearth new ones to begin work on a specific

problem. While the dynamic routes were individualistic, some basic

patterns did emerge. The following was a frequently cited one:

Abstracts - journals - articles - bibliographies (at end of

articles) - more articles (suggested by bibliographies) -

more bibliographies - still more articles.

This process - described as "pyramiding" - is a common one. A variation

is to begin with a specialist in the field and to follow his suggestion

as to reports to read and other authorities to visit.

Three project members, whose research responsibilities include

conducting experiments, begin their research with the card cataloguc of

the Laboratory's Central Research Library, where they locate basic text

books on the subject that they are interested in. Using the card
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catalogue as a guide, they carry on an extensive self-edication program,

progressing from the simple texts to the most comprehensive unes. After

mastering the texts, they go either directly to their experimental research

(for example, designing and using a shock tube) or to papers and journals

and then to their eyperiment. When asked about the most frequcnt first

source to whicn they turn in their quest for technical itifor.mation,

eleven staff members - more than half - answered "a colleague," often

a colleague in the broad sensc - that is, an a'thoritv -associated with

an out-of-town university or installation. The second most frequent

first source (cited by five staff members) was their files, and the

third, the Civil Defense Research Library 1four reLpondents).

4.3.i Contractual Information

*A question (No. ik) was asked Lo determine Project members aware-

ness of the active research and development contracts in their area of

interest and also the value of such contractual information. Fourteen

people indicated that they knew of contracts relevant to their work,

nine of these adding, "to some extent." Whether such information is

useful seems to be a subjective judgment. Of three social scientists

studying reactions of the American public to international events or to

alternate U.S. defense postures, one believes that cuntractual informa-

tion would be "very useful'; one, "tioderately useful," and one, "of

doubtful use." Similarly, a researcher on the feasibility of underground

utility tunnels and their potential use as blast shelters believes that

knowledge of active R *Y D in this area would be "very useful," while a

fellow staff member working on a similar task deems that such information

would be "of doubtful use." Thus while a thoroughgoing scoping study

for an information center on civil defense research should include the

gathering of contractual information in order to determine the extent of

active R & D pertinent to civil defense, a miniature study of twenty-one

researchers suggests that not all civil defense researchers would seek

this knowledge for their own purposes.
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4.5.5 Information Barriers

The parts of the intervlew-questionnaire discussed above pertain to

information resources, that is, to how civil defense researchers keep

abreast in their field and bring their knowledge to bear on a specific

task. Equally illu-minating were the responses to the question: What

specific problems or problem areas can you p.Jint to in your search for

information? The most frequently cited problem was the necessity of

sifting through enormous quantities of information, much of which is

irrelevant or of questionable quaiity. Again and again the same com-

plaint was voiced, "The utter avalanche of undigested information." To

be sure, the gold was in the ore, but right next to it was fool's gold,

which looked valuable and proved worthless, or copper, which indeed has

value but not when gold is the metal sought. Another barrier to mining

the gold was the poor quality of the tools: printed indexes are often

either too general or are inaccurate; the search terms in the mechanized

retrieval systems are sometimes too gross for civil defense needs, failing

to distinguish, for example, betwe *"crops," which are of agricultural

importance, and plants, which may or may aot be.

Still another frequently voiced complaint was that the lodes con-

taining the gold were too widely scattered, that researchers had to go

back and forth between different disciplines to get what they needed.

Further, while the research pertinent to their needs usually did exist,

it had not been conducted with their problem in mind. An anthropologist

finds, for example, that she must go back and forth between the sociolo-

gical literature and the psychological literature - that the interaction

between social and personal properties is not always handy. A specialist

in animal husbandry must pull together references from textbooks on

biology and agriculture and radiation to determine the vulnerability of

livestock to radiation; an agricultural economist finds the information

on storage costs organized according to minute categories - kinds of

jellies - instead of the bread categories he needs - "fruits," "meats,"

or "fats and oils."

K .,_ - ____
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The foregoing obstructions, though unfortunate, might he said to

cxist in nature - that is, they are not purposefull, c -ectcd by any

individual or group. Barriers exist, however, which are man-made. In

some irnstances prospectors stake out a claim and zealously guard their

holdings from outsiders: there are persons and agencies that have the

a information, even from government-sponsored research, but for various

reasons arc rcluctant to part with it.

54.5.6 Services Desired from an Information Center

Refore considering ways in which an information center might remove

the barriers and ease the flow of information, let us examine the atti-

tudes of the Civil Defense Research Project's staff members towards such

a center. To the question: Would you use a central source of information

and data on civil defense research if it were available to you, nineteen

answered "yes" and only two, "no."

When staff members were asked to rank from 1 to i. the possible

services that they would like a civil defense information center to

perform for them, "Periodic Abstracts of Current Literature" came first;

an "Information Center" and "State-of-toe-Art Reports" tied for second

and third places; and "Bibliographies" came fourth. Desire for these

services stood out well ahead of the other six services which were listed,

with eighteen respondents 'all but three) selecting "Abstracts" as one

of their four choices.

Each staff memner was asked to supply both a working question yone

he would like to have answered now) and a typical question that he

might ask of a civil defense research information center. A sample of

the working questions showed that their subject areas include attitudes,

vulnerability to blast, costs of building underground transportation

"systems, propagation of shock waves, packaging materials for foods,

emergency health services and plans for the management of resources.

A final question asked to all those interviewed was, "Would you

favor a mechanized retrieval system for our document coil. cti'rn" This

question was not tied to anm future in.formation centtr capability but



asked simply in terms of the usefulness of such a measure under our

present set-up. It is noteworthy that I), out of 21 answered affirma-

tively, four with various qualifications such as "if we have a coinci-

dence system to reduce false drops" or"if we use it for data only" or

if we have sufficient documents to justify the cost." Of the two who

answered "no," one thought our KWIC Indexes were wholly adequate if

sufficiently up-to-date, and one prefers browsing among the actual

documents and books to browsing among abstracts furnished by a computer.

4.6 A CIVIL DE;E:NSE RESEARCH INFORMATION CETER

Before considering the shape of a future center on civil defense

research information, it is instructive to quote the definition of an

information center provided by COSATI Panel No. 6:

An information analysis center is a formally structured

organizational unit specifically (but not necessarily

exclusively) established for the purpose of acquiring,

selecting, storing, retrieving, evaluating, analyzing,

and synthesizing a body of inforsaation and/or data in

a clearly defined specialized field or pertaining to a

specified mission with the intent of compiling, digesting,

repackaging, or otherwise organizing and presenting perti-

nent iniformation and/or data in a form most authoritative,

timely and useful to a society of peers and management.9

Keeping this definition in mind, on the basis of the operating

experiences of the Civil Defense Research Project and the requirements

of its staff for research information, what kind of center would be

desirable? It should be indicated at the outset that the establishment

of a high quality, fine-grained type of analysis center, such as the

kind defined by COSATI Panel No. 6, would be a formidable undertaking.

Thc breadth of civil defense research would seem to indicate not just

orie but two or three such centers. There could be one, for example,

on engineering studies, one on social science research, and one on

postattack recovery to include both food production and economic recovery.



in decidirip": tc slhapc of a civil dcL krirc re'scarch ir',.Drmnitio r, W r

it is necessary to takc cognizance of the naturt- of the c'vil dvfe usc

research C!nttrprisc. Its br-adth of' scope aco- t for ti.c divYjrCS ty Of

the civil dtofensce research, community, and its cortingen.rt quality I. nuclear

war rright rot occw*), for the fluidity of this coTmmanity. This is to

0 ._at cii efense is not so mush 8 disciplne ýis a -that

sptecialists froir a wide assortment of' disciplines enter- 't for an nefnt

perirod of time to perform a wide variety of researc-h tasrs and thu. go

on to something clqe. While they are a purt of this comtmunity, thert: arc

services which they can both provide and receive. The combined experience
o:ý the ORNL, Civil Dfenset~ Researc-h Froject mecmbekrr - th~e jour~nals, asros

and reports, they read; the specialrists and information ccenters with wh.ich

they have direct contact, and their own research re-Zults can furnish a

nucleus Of information which. can be useful to oth~er Civil defencze resear-

chers . At thr simne tilts, a c(;ntter can provide ti~cm with true servicce

for which they inidicated a desire irn the questionnaire-intterview: abstracts,

of current literature, 1bibliographies, ,tatc-of'-thc -art rcports, a dth!

e~xistence of a center itself where they can visit and confc-r with specialists

A center could also help to reduce the information 1barriers, which thke staff'

members mentioned, by collecting, analyzing, andj eva!iaatinp the report

literaturre for them, and by providing sophisticated anl sensitive retrie-val

tools which would pull out only that iriforrn,'tior. that i evdt u tihejr

nepeds-.

The operating experiences of the present Civil D-ffese Research

Project have equipped it with a certain. amo)unt of know-how. in initially

directing the civil defense researcher to the in~formation he need-,. It

can provide him with a subject inidex to over .,-of it,, own civil de~fense-

research reports; -it can acquaint himr with other information centers

* which might supply himr with data; it can paint cut re~ports, abstracts,

and journals of possible use to him; it cant show him ho,. to get contractual

information on current R ý, D in his field from Sn: and from DD:7.

P owever, while all these servicts are po.zcitliC, the, size Of' the

present staff arid the absenice of a computer retrieval :yfrtemr sc.vCrfly

limit the number of the researchers that the Project can h-r-dlc. 'I'
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cerve the civil defense res,:arch community, a mechanized retrieval

cupability is probably called fo". If available, this capability could

provide bibliographies to users of the Center by descriptor or combina-

tiouis of descriptors, by author, by installation, and by date. Further,

it would be possible for users of the Center to furnish their interest

profiles - a few paragraphs describing their specific area of research.

Then key words to match the vocabulary stored in the computer could be

assigned to each interest profile and the comnuter queried at regular

.ntervals so that users could be sent those reports pertinent to their

research which have been entered into the system since it was last

interrogated.

To prov•de the Cent r with mechanized retrieval capability might

require as long as six -nonths to a year programming timre. The Laboratory

already has similar computer programs for a number of its information

centers; so the programmer's initial job would be to fit our" input. into

an existing format. Hie could also devise a program which would read the

card-s that i..vc already been keypunched for the IWIC Indexes and put

the information they ux.tain on to the computer in compatible form.

1 ' w:e vanted to retain our capability for producing a KWIC lndex, the

programTer would have to write still another program, as at present

there is nonE availble at OR[;L which can produce a KWIC output from

the present mechanized retrieval systems used by the Laboratory infor-

mat ion centers.

A mechanized retrieval system would make it possible to provide

information for large numbers of civil defense r searchers; it could

not, of course, guarantee the quality of this ir.formation. In order to

avoid the complaint about the avalanche of undigested information, civil

defense researchers - here and possibly at other installations - would

have to regularly devote a fraction of their time to analyzing, evaluating,

and synthesizing the civil defense research literature. Reports which

are either out-of-date or of inferior quality would be removed from the

index. Only then could a truly effectivt information retrieval system

be offered to the community.
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i..7 TABLES

TABLF I

Program Areas and Projects of Civil Defense
Research Project

SYSTE4S ANALYSIS

Civil Defense Systems Analysis: Optimum Allocation of Funds for Blast
Shelters to Protect Against an Anti-population Attack

The Role of Blast Shelters In Strategic Defense

The Threat of Electroaagnetic Pulse from Nuclear Explosions to Civilian
Power Systems

Current State of Tactical Attack Warning Systems

SOCIAL SCIENCE RESEARCH

Reactions of Foreign Countries and the American Public to Alternative
U.S. Defense Posturcs and Determinants of their Responses

Responses of American Influentials to the Negitive Contingency of
Nuclear W-r

Cohort Analysis of National Security Attitudes (Attitudes of Different
Age Groups towards Foreign Policy)

American Public Reaction to International eients

FEDERAL EUERGEýCY PREPAREDNESS

Emergency Preparedness Organization and Activities of the Feder1l
Executive Agencies

EN:GiNEERING STbUDIES

Dual-Use Blast Shelters: Identification of Underground Transportation
Structures (Train, Highway, and Subway TuLnnels) which have Poten-
tial as Blast Shelters

Underground Utility Tunnels: Their Feasibility, Desirability and
Potential Use as Shclftrs

Cost/Benefit Analysis of Underground Utility Tunnels



Equipment Response to Ground Shock

Power Reactor Vulnerability

WEAPONS EFFECTS

Detection of and Protectiot. froam Biological Warfare Agents

The Attenuation of Shock Waves in Twnnels

POSTATTACK RECOVERY

Food Production

Grain Supplies and Vulnerabiiity

Vulnerability of Livestock and Salvage of Meat Products

Economic Alternatives in an Emergency Food Reserve Program

EconoTmic Recovery

Economic Requirements for Survival and Recovery

Postattack Economic Organization and Control

L.
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TABLE II

I r.FORIM'ATiOii ANALYSIS CR; EBTS A:-.D DATA ARCHI'VES
PFFEVIOUJSLY tSE BY STAFF -2141BES

Directory of Federally Supported
Information Analysis Centers

in~formation Analysis Center Numnber of Members
Who l-iave Used C,--ter

Batte-le-D-Qfernder Information Analysis
Center (EDIAC)1

Bureau of the Census 1

Military Entomology Information Service 1

Nucltear Safety Information Cen.

Research Materials Information Center1

Shock and Vibration Inforimation. Centcr 1

Social Science Data Archives ir, the United States
I

Comin.cil of Social Science Data Archives1

Roper Public Op-inion Research Center, Williamls College

nte-UnverityConsortium for Political Research,
University of Michigan 2

International Ddta Library an~d Reference Service,
Survey Research Center, University of C~jlifornia,
Berkeley

M.I.T. Sociall Science Data Bank,

National Opinion Research Center, University of Chicago 2

Bureau of Applied Social Research, Columbia University

Political Science Research Library, Yale University

Archive on Comparative Political Elites, Unvriyof

Ore gon1

Archive on Political Elites in Eastern Europe, University
of Pitt sburgh 1

i-{.rnar, R.-lations Area Files, Yale University 1

Council for inter-Societal Studi(es, Northwestern
University1
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TABLE II
(Continued)I
Contrnatid) 

Nuxmber of Members
Information Analysis Center Who Have Used Center .

Mi scellaneous

ORNL instrument Department Information Center 1

The Biosciences Information Exchange (Smithsonian) 1
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TABLE III

I',.:O.RATIO:. ANALYSIS CEi;TERS OF POSSIBLE
USE TO STAFF VK-.1B--S

Directory of Federally Supported
"IInformation Analysis Centers

Nwnber of Members

Informatior AndlysiJs Center Expressing Interest

Arctic, Desert, Tropic Information Center

Ballistic Missile Radiation Analysis Center 1

Battelle-DLfender Information Analysis Center (BDIAC) 2

Bureau of the Census

Criticality Data Center 1

Cultural Information Analysis Center 3

DASA Information and Analyzis Center (DASIAC)

Electronic Properties Information Center (EPIC )

Environmental Technical Applications Center, USAF 1

ERIC Clearinghouse on Adult Education 1

EIC Clearinghouse on Early Childhood Education 1

ERIC Clearinghouse on Educational Facilities 1

ERIC Clearinghouse on Educational Media and Technologj 1

ERIC Clearinghouse on the Teaching of Foreign Languages

Fused Silts Information Center 1

Geodesy Division, C&GS 1

High Temperature Behavior of Inorganic Salts 1

Isotopes Information Center 1

Laborat.•ry Animal Information Center 1

Liquid Metals Information Center 1

Military Entomology Information Service I

Molten Salts Data Center 1

National Ce'ter for Air Pollution Control

National Center for Educational Statistics

National Centei for Health Statistics

---- ~- - - ------ -------- - - -!
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TABLE III

(Continued)

Number of MembersInformation Analysis Center Expressing Interest

National Center for Radiological Health 3

National Center for Urban and Industrial Health 2

National Clearinghouse for Mental Health Information 1

Nuclear Data Project 1

Nuclear Desalination Information Center 1

Nuclear Fuel Technology Information Center 1

Nuclear Safety Information Center 2

Nuclear Science and Technology Information Service

Office of Economic Opportunity Information Center 2

Radiation Shielding Information Center

Reactor Physics Constants Center 1

Remote Area Conflict Information Center (RACIC) 2

Seisnolo&y Division, C.,,GS 1

Shock and Vibration Information Center 4

Shock Wave Data Center 2

Target Signature Analysis Center i

VELA Seismic Information Analysis Center (VESIAC) 1

Social Science Data Archives in the United States
1967

Council of Social Science Data Archives 1

Roper Public Opinion Research Center, Williams College 4

Inter -University Consortiu~m for Political Research,
University of Michigan 3

international Data Library and Reference Service, Survey
Research Center, University of California, Berkeley 3

M.I.T. Social Science Data Bank 2

National Opinion Research c'enter, University of Chicago 2
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TABLE III

( Con tirlued)

Number of MeTtbers
Information Analyis Center Expressing Interest

Bureau of Applied Social Research, Columbia
University 2

Political Science Research Library, Yale
University

Archive on Comparative Political Elites,
University of Oregon 1

Archive on Political Elites in Eastern Europe,
University of Pittsburgh 1

Human R-lations Area Fi!Es, Yale University 1

Council for Inter-Societal Studies, Northwestern
University 1

Miscellaneous

Ohio State Disaster Research Group
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TABLE IV

ABSTRACTS RDEULARLY USED BY STAFF MEMBERS

Abstract Number of Staff Members
Using Abstract

Agricultural Index 1

Animal Breeding Abstracts (British) 1

Apicultural Abstracts 1

Arms Control and Disarmament 1

Asia Foundation Library Notes 1

Battelle Abstract Bulletin 2

The Bibliography of Agriculture 1

Biological Abstracts 2

Biological and Agricultural Index 1

Chemical Abstracts 3

Disarmament and Arms Control 1

Doctoral Dissertation (Thesis) Abstracts 1

Engineering Index

Government-Sponsored Research, Department of State,
Bureau of Intelligence and Research, Office of
External Research 1

International Periodical Index 1

International Political Science Abstracts 4

Journal of Economic Abstracts 2

!AB Publications 1

Mathematical Abstracts 1

Nuclear Science Abstracts (United States Atomic
Energy Commission) 8

Nuitritiorn Abstracts and Reviews (British) 1.

Peace Research Abstracts 3

Physics Abstracts 2

Psychological Abstracts 4

The Public Affairs Information Index 1
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TABLE iTV

(Continued,

Abstract Number of Staff Members
Using Abstract

Public Health Abstracts 1.

Readers' Guide to Periojical Literature 1

Referotivni Zhurnal 1

Review of Applied Entomology 1

Sociological Abstracts 4

Solid State Physics

Technical Abstract Bulletin (Defense Documentation
Center) 11

Water Pollution Abstracts 1
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TABLE V

ibFORMATION RESOURCES NOT COVERED BY ABSTRACTS, JOURNALS, AND
DIRECT CO'NTACT WITH IVFORMATIOI; CENTERS

Attendance at neetings anJ direct contact with

1,1 other project members,
professionals outside of Project but at ORNL,

3) professionals in staff members' own field,
.) specialists outside of staff members' own usual field but

having knowledge pertinent to their current research tasks.

Central Research Library

Church of Jesus Christ of the Latter Day Saints (for information on
food storage)

Civil Dcfense Research Library

Card Catalogue
KWIC lIdexes
Accessions Lists

Con~gressional Material

Hearings
Staff Reports

Demand Bibliographies

Nuclear Science Abstracts (USAEC)
Tecrnical Abstract Bulletin (Defense Documentation Center)
Scientific and Technical Aerospace Reports (NASA)
By Project Library Aid

Experimental worX of the staff members

General Office of Accounting Reports

Government Agencies, Departments and Bureaus

United States Atomic Energy Convrnission (USAEC)
United States Department of Agriculture (USDA)
Office of Emergency Planning (OEP)
National Resources Analysis Center (NRAC)
Office of the Interior
Department of Housing and Urban Development
Government Highway Department
Bureau of Comnercial Fisheries
Federal Civil Defense Agency Annual Reports
Office of Civil Defense
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TABL!, V

(Continued)

Infor-,ation Center Listz wid Reportz

Irnstallations where activities pertinent to staff research, are carried o.n
ORNL Instrument Department Library

Special (Short) Courses at Universities

Textbooks

• rsrty of Tennessee - AEC Agricultural Research Laboratorv (UT-AEC-ARL)
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1. For a dctailcd dlscussion of the classification and indexing system
devised to provide subject handles to the civil defense research
reports, see Annual Progress Report, Civil Defense Research Project,
Mqrch 1 - March 1 -7, O.-1L--4lih, Part I (il,'-:7) pp. P~i-iT5.T

2. Joanne S. Levey, Ann S. Klein, and Joanne If. M1elson, Indexes to '

Unclassified Documents on Civil Defense, ORNL-CD-2 (January 19C3).

3. Joanne S. Levey, Ann S. Klein,, and Bobbie-Jean Hatcher, Indexes to
_j Unclassified Documents on Civil Defense, ORNL-CD-4 (April i>3)

Joanne S. Levey, Ann S. Klein, Joanne Ii. Nelson, and Bobbie-Jear.
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7. W. T. Herzog, and J. E. Jenkins, Civil Defense Information Systems
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(Vol. I), Research Triangle Institute, Durham, N'orth Carolina
(l175), Appendix B-17.

In preparing the questionnaire for the interview, a particularly
useful report was: E. M. Simons, A. W. LeTimon, Jr., R L. Darby.
and W. H Veazie, Jr., Rcport on a Liquid Metals Information Ctrnter
Scoping Study to United States Atonic Energy Commission Division of
Technical information, Battelle Memorial Institute, Columbus, Ohio

p tco e r.. l-,u3). This study includes a six-question interview form,
from which the following questions were included (after appropriate
adaptation to civil defense research) in my questionnaire: (1) Have
you had any previous .,xperience with information centers such as the
Radiation Effects Information Center, Defense Metals Information
Center, Advisory Group on Electronic Parts, or Plastics Technical
Evaluation Center? (2) Have you ured the MSAR Liquids Metals Techno-
logy Abstract Bulletin and/or the Brookhaven High-Temperature Liquid-
Metal Technology Review7 (4) Rate, from 1 - the most important to
4 - the least important. the possible services which the Liquid Metals
Information Center could provide; k5) Would you use a central source
of information and data on liquid metals if available to you? (6)
List typical questions which you might ask of the Liquid Metals
Information Center? pp. 3-12.

9. Preliminary Directory of Federally Supported Information Analysis
Centers (not yet ready for publication).

r
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IV. CrJIL DEFENSE PROTECTI7,E SYST',MS

5. DUAL-USE UTILITY T'JNIMLS

W. J. Boegly, Jr., W. L. Griffith and K. F. Nelson

5 • 1 INTRODUCTIOD

Results of the survey of present day utility tunnel Practices and

the preliminary design of a utility tunnel system for the White Plains

Central Renewal Area were reported last year.' Research this year

has been mainly concerned with refining the costs of' the White Plains

tunnel system, completing a cost-benefit analysis for this system,

determining the requirements and costs of auxiliaries for shelter use,

and studying new concepts for utility systems which could be included

in future tunnels.

5.` WHITE PLAIhS CENTRAL RE'EWAL PROJECT

Revisions have btn nr', in the estmated cost of a tunnel system

for the Central Renewal Project. Mure representative costs based on

data from White Plains have been u~ed tý estimate excavation and tunnel

construction costs. information from the local utility companies liis

been used to re-estimate utility installation costs by conventional

methods, including the cost of the cables and installation. Estimates

of the number of power and telephone cables installed in the tunnel for

use in the renewal area have also been refined based on information

from the utility companies. Costs of cables feeding areas outside the

renewal area have been excluded from the cost estimates; however,

trays were supplied to meet estimated needs. Based on these changes,

the revised cost of a tunnel system for White Plains qould be

$4, 30,r$ý00 for the 7,100 feet of tunnels. As reported last year, the

Ii

I
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major cost items in the White Plains utility tunnel system are

exc!,vtior, and backfill, and reinforced concrete.

Table I shows the estilmated costs of conventional utility

systems versus the cost of the equivalent utilities installed in
tunne!. The "savings" shown are basically the reduction in

excavation costs for the individual utility systems, since

excavation for the tunnel is included in its cost. Thus, it would

cost $3,550,000 more to install a complete utility tunnel system

instead of a direct burial system. Operating and maintenance cost _

for the Iu-nnel system has been estimated to be $19,000 per year.

Of this total, $16,o20 was chargeable to operating costs such as

power to sperate ventilation fans, heat for the tunnel in extremely

cold weather, etc. Heating of the tunnel would be performed with

hot water from the centraIl heating plant. Maintenance of the tunnel

consists mainly of routine checking and repair of the fans, sump

pumpz, gas detection system, etc.

5.3 WaHITE PLAINS TU".NEL: COST-BZITEFIT ANALYSIS

A cost-benefit study of the White Plfins system has essentially

been completed. Where research established that •-atistics to measure

reduced utility operation or maintenance cost and future social costs

and benefits were not availuble, ra.nges of such costs have been

estimated, C,_nzidcrati-on of z.uch irformation shows tlhaL, in the

absence of budget constraints, r tunnel system might appe-ir

economically desirable from the city's viewpoint.

In this study, costs and benefits of conventional underground

utility systems have been compared with similar installations in the

utility tunnel. The assumptions and capital cost estimates employed

in the development of the prototype White Plains tuninel were used

(See Table I). For purposes of comparison, capital values have beer

converted to their annual form (reduction) by assuming an interest

cost to the city of Ihf and n repayment schedule of 21; years. The

study also issumes that the tunnel wo.old be built as part of the
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TABLE I Cost Comparison of Utility Tunnel System Versus Equivalent
Conventional System for White Plains

CONVENTIONAL INSTALLED SAVING
ITEM UNDERGROUND IN TUNNEL (%)

POTABLE WATER 750,000 560,000 25

NATURAL GAS 160,000 70,000 56

HEATING & COOLING SYSTEM 2,650,000 2, 250,000 27

TELEPHONE SYSTEM* 380,000 250, 000 34

ELECTRICAL SYSTEM* 750, 000 730, 000 3

COSE OF TUNNEL - 4,380,000

TOTALS 4, 690, 000 8, 240, 000

"*INCLUDES SYSTEM FOR RENEWAL AREA ONLY.
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White Plains Central Renewal Project and thus that urban renewal

procedures apply. Annual estimates of operation and maintenance

costs and social benefits have been made .trom the available
d:• ti.

These data have been organized as described in the text and

summarized in Table II. To indicate the incidence of the various

costs and benefits and their relevance for decision-makirg, the

various producers and consumers affected by the tunnel system have

been listed. The cost and benefits accru.ng to them are shown in

their simplest terms. as the additional cost or benefit incurred

with the utility tunnel alternative over conventional burial. Only

the capital investment required in each of the two cases has been

listed to show tne magnitude of expenditure involved.

,-3.1 Producers

Item I. Redevelopment Agency. Under urban renewal procedures,

the agency acts as a transfer agent, building the tunrnel for the city,

and being reimbursed by government grants for its cost.

Item 3. City Services. A saving of $190,000 would be achieved

by installation of water lines in the tunnel. On an annual basis,

this is shown as a saving of $12,000 for the city, since the city

bond issue for water mains would be lower. A measurable benefit

to the water department from savin gs in mair.tenrnce, mi, would

probably be quite low, since water leaks requiring repairs appear

to occur at a rate of about 0.2 breaks per mile per year. Assuming

that city departments should pay rent, r1 indicates the amount of

rent the water department would pay per year for use of tunnel space.

Traffic lights, signals, and other city wires would also achieve

The method of presentation follows Nathaniel Lichfield, "Cozt-Benefit

Analysis in Urban Redevelopment," Berkeley: University of California
Center for Real Estate, 1962, 5% pp.

lased on statistics from Chicugo, Detroit, Philadelphia, and St. Louis.
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a measurable saving, m,., from easier maintenance. They will pay

rent, r_, as well.

A benefit, mi3 , is listed for roads, because of the access to

distribution lines provided by the tunnel. This means that there

should be fewer road cuts and thus less need for repaving. Although

measurable, no figure could be rssigned, but the benefit would

probably be small.

Assuming that the Department of Public Works will be responsible

for the operation and maintenance of the tunnel system, Table II

shows $19,00C in both the benefit and cost columns, reflecting the

yearly cost of operating the tunnel which would be recovered in full

from the department's share of utility rents.

Item 5. City of White Plains. The city's share of the cost of

the tunnel system under urban renewal, if the whole cost were judged

an eligible project expense would be $788,000, and is shown as a cost

of .$5,cC2 tnnually. The city however, from reduced capital

investment in the water system, also receives the equivalent of

1'2,01' yearly as a benefit against this cost. The remaining yearly

cost to the city of $38,00C is also entered as a benefit, since, if

the city is to regard the tunnel as desirable, the costs of the tunnel,

both annual charges and operation and maintenance, should be

recovered from the rents paid by the participating utilities.

Under the subheading of taxes, an ar.nal cost of $26,000

reflects the luss to the city of revenue from its franchise tax

of 4', on utility property, if the utilities in a tunnel spend

j�C'.,CC less in capital investment. On the benefit side is m,

representing a measurable additional real estate tax revenue to the

city, because the assessed value of the buildings in the area would

probably be greiter because of the presence of the tunnel and

associnted conveniences. it has been assumed that m, would roughly14

balance the loss in utility franchise tax revenue.

Item '7a. The New York State government, under urban renewal

procedures, would pay 4"(t,!fG toward the tunnel, which is shown in

p--rentheses in annual form.



Item 7b. The federal government, through an urban renewal grant,

would pay the bulk of the cost of the tunnel or T?,b3,C. On an

annual basis, this represents $179,CO0c.

The federal government would also lose approximately $13,ODO in

income taxes that would be paid by the private utilities on their

* additional investment in conventional burial.

Item 9. Private utilities. The cost columns for each of the four

participating utilities show the two capital costs for the alternative

means of installation, and the rent that would be paid to the city

for use of the utility tunnel. The benefit columns show first the

savirgs in annual charges due to the lower capital investment, and

second, estimates of mainten3nce savings possible in the tunnel. These

estimates, which were arrived at in part through consideration of

totnl maintenance expenditures for each utility, approximate the

savings that could be expected in this area.

a. Electric. Associated with the $2O,COC difference in capital

investment between conventional burial and the tunnel system would be

savings in annual charges - return on investment, taxes, depreciation,

etc. - of approximately , Yearly maintenance savings of €loC'O
*

were estimated from data on cable and joint failures. This assumes

that failures due to such causes -,s mechanical damage and corrosion

would be decreased in the tunnel system, and that the costs of repair

per failure would be less with easier access and no traffic control

problems.

b. Gas. Annual savings of 4$13,CCC result from the difference in

capital investment between the two systems. Maintenance savings, m.,

are measurable, but in the absence of any statistics about the

probability of leaks were not estimated. There is a possibility

that short-term maintenance costs might be greater since every leak

would be detected in the tunnel by the sensing system and would have

to be fixed, but there would probably be a long-term g-,in since

*Cble Operation, iJ9.&" Edison Electric Institute, New York, 1'.Y.,

196L4, 29 pp. [
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replacement could be on a scheduled basis.

c. Telephone. The telephone system would also show savings in

annual charges due to decreased capital investment. The savings in

maintenance were estimated by :issuming that the same factors would

apply as in the case of electric cables.

d. Heating and Cooling. Maintenance savings of $5,000 for this

system were estimated by comparing the maintenance cost of a conven-

tionally buried central heating-cooling systems with those for a

similar system in a tunnel. Since the systems were roughly comparable

in terms of age of system and load, it was assumed that 801. of the

difference in maintenance costs were due to the protection afforded by

the tunnel.

For each of the private utilities, as well as for the city-owned

utilities, a ri has been entered in the table as an annual cost. These

r. are the rents paid to the city for use of the tunnel space. Note

that they must at least equal `57,00., the sum of the tunnel's -II
operating and maintenance expense and the annual repayment costs for

the city's bonds, if the tunnel is to be judged economically feasible

from the city's point of view. Since the sum of the annual savings

to the private utilities and the city departments $101,000 + m1 + m +
1

m- + m., is greater than T5-,OC.C, it would appear that the city

could definitely recover its costs.

5.3.2 Consumers

Item L. City . A benefit to motorists, m6 , is listed to

signify that measurable benefits in terms of time saved, reduced

accident frequency, gasoline savings, etc., would accrue because

of less freauent traffic obstructions. For pedestrians, iI signifies

the intangible advantage of sidewalks and streets unimpeded by utility

repair crews and associated traffic congestion.

Since room for future expansion for Ali utilities is available

in the tunnel, i2 Is listed as a benefit for utilities. This benefit

must be considered intangible in the time scheme of this study since
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none of the utilities included was willing to predict !,r,' recessity

for major expansion of their lines within 20 year s. Although it is

true that for an urban renewal project i re-, prediction is e-,sier

than for the average city block, utility companies have underestim.ited

growth before, and may well again.

Item 6. City as a whole; new site occupiers. The table lists

two intangible benefits, i3 and i, which refer to the esthetic

advantages of a park-like setting that is not disturbed by utility
maintenance and repairs, and to the possible benefits for stores in

an area unhampered by street cuts and ensuing traffic jams. To a

certain degree, these benefits would be measurable, r•, as the

increased value of real estate in the area, which would accrue to the

owners of the real estate in the form of increased rents, and, as

mentioned above, to the city as increased tax revenue. The whole

city of White Plains would benefit from such advantiges to the intangible

extent that business, hotels, conventions, etc., were attracted to

the area.

Another intangible benefit that would -accrue alcng with, the

improved access and maintenance of utility lines, is the reduced

probability of gas leakage and explosion, i., however, a physic-l

cost, p wly included to represent the remote chance of a major gas

leak resulting in a major explosion.

Item .. Nation as -a whole. The nation would benefit to the

extent that information about the value of utility tunnels in them-

selves and as possible dual-use shelter systems were produced by this

project.

Item 1iO. Utility consumers. The meusur-ble excess of savings

afforded the utility companies by the tunnel over rent paid for use

of the turnel should, by law, be passed on to consumers.

The relevant point of view for this analysis gnd for the decision

about a utility tunnel in White Plains is that of the city of V.nite

Plains. If the Feder3l and State gr-nts 'Ire considered merely as

inputs, the tunnel would compare attractively with conventional

utility systems in the ceritr-al renew-l area,. As discussed ':bove, the
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s-,vings of the pirticipating utilities in capital and maintenance

charges would enible them to pay rent-31 charges th:it would pay off

the city's investment, and cover the operating and maintenance costs

of the tunnel. The utilities would in addition gain the advantages of

sheltered work spa.ce, free .iccess, protected environment, etc., th-t

many of them cite favorably but are unwilling to assign monetary

value.

However, this study has not considered possible alternate uses

of funds, nor would it be easy to determine an internal rate of
return for a tunn.el to compare it with other possible projects. To

cite only the most obvious fact, the projected cost of the total

urban renewal project has increased over 3r/).` in the 1' years since

it was fii'st proposed. This and the many other crying needs for most
*

cities today--schools, housing, transportation -- may well be

considered more urgent than utility tunnels.

It should also ue noted that the "savings" duv2 to reductions in

annual charges for the private utilities involve redistribution of

assets and the income therefrom rather than "real" savings. In a

turnnel, the utilities would operate equivalent :acilities with a lower

total investment. Because of rhe lower investment, payments to

goverrnments in the form of taxes and to bondholders in the form of

interest would be less. Thus the apparent savings, which could be

used to pay rent. The only real as opposed to redistribution

savings appear to be savings in utility operation and maintenance

expense and savings in traffic costs.

5.3.3 Possible Institutional Constraints

To round out the study some legal, institutional, and sociological

problems that might accompany municipal ownership of a tunnel constructed

with urban renewal funds where space is rented to several different

see, e.g. , State and. Local Public Facility Needs and Financing, Joint
Economic Committee, U.S. Congress, Washington: U.S. Government
Printing Office, 1966.



utilities have been considered.

I. New York state laws governing municipal ownership of utilities.

According the state laws, the City of White P'l9iris could legally own

'rnd operate such - tunnel. If constructed by the local Urb.,n :ienewal

Agency, a tunnel could be deeded to the city as ,) utility easement, and

it could be maintained Ind operated by a city department. Under its

charter and the state statutes, the city could issue either revenue

or general obligation bonds to pay for a tunnel if it so chose and the

city voters approved.

2. Federal Urban Renewal Regulations. No precedent exists since

no utility tunnel as such h:,s yet been built with urban renew,,l funds.

The most likely interpretation of existing statutes would be:

a. The tunnel would be a "publicly owned utility facility" ,rid

thus an "eligible project improvement." (Urban Renewal Manual, 11-1-1):.

Eligible project improvements may be charged to Gross Project Cost,

or if paid for by the city, offered as a non-cash local grant-in-aid.

b. The Local Project Agency may dedicate the land or easement

in land required for a project improvement, as well as the improvements

themselves, to the public entity that will be responsible for its

operation and maintenance. (Urban Renewal Manu-!l !l-3-31'

c. However, any land or easement for a public improvement thait

is in excess of requirements for the project itself ,hall be sold at

not less than fair value. (Value for the most suitable alternative

private use for the land.) This last qualification may be significant

in WJhite Plains because both the local Consolidated Edison substation

and the New York Telephone building are located in the urban renewal

area and large electric tr:rnsmission and telephone feeder lines that

do not serve the imediate area would be installed in the tunnel.

":Iowever, the fair value for this underground space may be low or

non-existent.

3. City-utility relations. Priv%te utilities, especi:ally

electric and gas, have different viewqpoints compared with public

utilities and authorities, and may resist the changes necess-!ry to

install a city-owned utility tu-nnel. The possibilities of rcsistsunce
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may be enhanced by a tunnel with many different utilities using the

some space and with monitoring anid inspection by the tunnel operator. e

Similar situations are found in three cities, Baltimore, Montreal,

and [•ew Britain, Conrn., in which the city owns u~nderground conduit

and rents sp.•ce to various utilities for power and communications lines.

The main continuing problems found in these cities are as follows:
a. "Free space". In 5:ltimore, the city has claimed that as

landlord it is entitled to use the conduits for its system without

charge. 'ihis means that the priva•te utilities, through their rental

payments, have paid most of the systems' opera•ting budget, even though

the city's lines use 1/5 of the occupied space.I

The utilities' position has been that they would not be in the

city system if the city were only a landlord-- that the city requires

them to use the system through legislation and thus the city should

pay its share. Last year the Baltimore city council adopted the

utilities' position, but discussion continues as to whether this

decision shao ld apply retroactively.

b. Liability.. i.n these city ow•ned systems, damage to the lines

of a utility, is paid for by the damage-causing agent, be it city or

utility. However, if damage were to be caused by a bankrupt

utility, as was the case in Saltimore when soon-to-be-discontinued

transit company cables were poorly rainta•ined, there is no way to

6-air: redress. Moreover, in tnese systems, liability for damage to

their system by non-negligent. failures has been assumed by the partici-

pating utilities, and the probability of such nor-negligent damage

occurring might be increased by a larger number of separate utilities

occupying• a tunnel.

c. Inspection. In general, utility companies did not favor the

requirement of a city inspector when work is done in the system,

hc'wever, inspectiorn and limited access would probably be necessary.

5.4 DUAL-USE OF 7}iE WHIlE PLAIr;S TUJ11LT1[S AS BLAST Sh]•LTEES

Use of the proposed utility tunnels as civil defense shelters

would require a, number of modifica:tions and additions to the tunnel
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system. These include: entrances, blast doors, air conditioning

systems, life support systems, storaige for food -,nd medicsl supplies,

and sainitary facilities. The cost of these items can be broken

down into time dependent and time independent costs. Time dependent

costs are those which should be incurred at the time original

"construction is initiated, and tLme independent costs nre those that

can be deferred until such time as the conversion to shelter may

be necessary. In the case of the utility tunnel, it was rssumed that

all additional excavation and construction for storage rooms, sanitary

fqcilities, air conditioning equipment, and entr-ances were time

dependent so that the city streets were not torn up it a later drate.

The equipment for these areas could be deferred.

It was estimated that the maiximum da)ylight population in the

Central Renewal Project would be about 20,'> people. Because the

exa.ct use of space in the Westchester Forum is not known at present, no

accurate estimate of nighttime populgtion is known but it is

probably less than 5,00G. In cilculating costs for civil defense,

design populations from to , people were used. Space and

floor area available for each shelter occupant in the ',hite Plains

tunnels are given in Table III for shelter populations from 3 .,02 to

20,..0. At higher population densities the floor area per person
consiuerably less than normally specified. However, even though the

floor area wou'd be small, because of the connections to building

basements and p-arking garages it would be possible to relieve crowded

conditions after an attack and prior to return to the surface by

moving part of the shelter occupa•nts to these areas.

Table III. Unit Areais and Volumes Available in the White Plains Tunýnels

Shelter Population

Unit Volume jft§,. erson, l•": 92, ,-

Unit Are- (ft' ;person' . 7 .,



I-. E:.vironmient!al ControlI System

Vent~ i !a, xor' and Air Go;Iti tio!nin

Emergeticv -:on i'ti--ns for Wjhite Plains were assLumed' to require

air -orsi t oning7 e qiiipment th~at woul-d opErate ii, a "button1-up"

Goriditlon for up to eight hours and for a conitinuous period of 3C'

Iays followingj the "Lut ton-up" period.

Ai.r c.onditioninrg requirements for the long period of occupancy

'after at, on~tial neri*od of two hours) were first considered. It

was assumedJ that 51 Suth is giver, off by each person (2: tuti

sen-sible. heat and 2!C Btah latent) and the dry bulb temrperature:

w,..uthe tunneil would! Ut: mairtýairned at I wiha e rl

te'npcratrure of '71 F. Th e effecti':.e tempeýrature wou-ld therefore Lt:

OhrsecircE of heat -orzilrid-rd we:re ligh-ts, CO- removal,

Tim pe1-r person, of outside air, and heat losses from mechanic-al

£ ý cm~. if a temve-raturcrr -:et ir,*ntetu-- ai-r of 2F were nc)r-

mitt ed, the quniyOf condit'ioned a~r re--qUires wcuii be- r!§ rf

r1, - Insl. The cofr.djit i ane air- to L. turnd was arý-ras d

na.ý : a d ,- ry Lii' , em.iv. rat orv o f aF and awt IulLr of 7 0 F. Arpp ciL-)

itl Žtel s of' air cdiirinE rou-I- U':, reqouired6 pe-r 1,. cpeo,,c.

Duri ng tie: -r.i] ti-at co wrier. tn ;j- o-epc are f. '.'Oý)iri ari-d c xci ted

tre r mtat' os -v r at wcrui V orr aitc i. V.irw'u- a~ A -z rjr' 'tn-. li't

-r od gc'r:rd..'s'hr, at lidgheýr, nrrr- Fly
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period to reach 3 percent carbon dioxide 43A1d ra nge from 1.C hours

to v H cours for shelter popuiations of 2, an 1 .!-. respettiv-l.v.y.

Different schemes for extracting carbon dioxide during the

button-uc oeync, nave been suggested.() The one selected utilizes

lithium hydroxide canisters place,! in a bank similar to a filter

bank located in the air stream in the equipment room of the system.

Carbon dioxide sampling instriumentati.on would be located in the return

duct system which wouild control dampers that would let the return

air flow through the canisters for extraction of the carbon dioxide.

The chemical process involved in this extraction is exothermic with

approximately 10D Btu being liberatec with the absorption of each

cubic fo-t of carbon dioxide.

Although a minimum oxygen concertration of It percent was used in

this study, it has been reported that concentrations as low as I--

percent could be tolerated for short intervals. () For a shelter

population of' ? the allowable oxygen concentration of I.-upercent

wousd be reached in ]. 1hours.

Two methoJs were considered for supplementing tihe air with

ox',;en during the button-up [crci; sodiu. colerate candles ano

bottled oxygen. Bottled oxygen was chosen because it appeared to be

the must econorical. Banks of oxygen cylinders would be stored in the

return air nlenuxT valved for automatic controlled feed into the air

supply. The valves would be zegulated by oxygen sampling instrumentation

in tho return air plenumn.

After the button-up period (during the next 3:, days) bu, cfKem

of outside air would be supplied to each system to meat the oxygen

ar.d carbon dioxide concentration recuirements. With 3 cfm per person

of outside air as makeup there would b, an adequate factor of safety

for carbon dioxide removal and oxygen supply. Also, the 3 cfm per

person of makeup air would help control the problem of odor.
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S5.4.2 Details of System

Different types of systems were considered for conditioning the

air for the tunnel. Because of the presence of the central heating

and cooling plant and the existing chilled water lines in the tunnels,
use of this system appeared to offer economic advantages. By

hardening a portion of the central plant cooling capacity at the time

of construction, this facility could be used as a chilled water supply

for the shelter.

Module Equipment

Twenty separate air handling modules appeared to be the most

feasible way of ,roviding the shelter requirements. These modules

would be installed adjacent to the tunnel at about 350 ft intervals.

Each module would meet the needs of approximately 1,000 people and

would have a cooling capacity of 65 tons. Each module would consist

of the following components:

a. Outside air intake - this would be provided with a blast valve

arnd would be "hardened" to withstand blast. The same intakes

and exhausts would be used for the shelter environmental

control system as those used for normal operation of the

utility tunnel.

b. Lithium hydroxide canisters - each canister is 10 inches long

arid 8 inches in diameter. Each contains 6.4 lb. of granular

anhydrous lithium hydroxide. One hundred canisters

would be required per system. The canister bank would have

dampers on the inward flow side to let the air flow through

when extraction of CO- was neaded. Also, dampers would be

installed so that the air flow could be directed around the

bank of canisters.

c. Oxygen Cylinders - Twenty-six oxygen cylinders of standard 244

cubic feet size would be needed per system.

d. Prefilters - provided to filter out the larger of the

particulates which could be in the returrn and makeup air as

well as any lithium hydroxide attrition.



e. Charcoal filtera - used to reduce the odor problem.

f. }LEIA filters - to remove smll prticles carrying rbdioactive

fallout that would be brought in with the outside air

makeup. They would also filter out any charcoal filter

attrition.

g. Fan - double width, double inlet fan that would supply and

return the air to the tunnel.

h. Ductwork - extends down the top of the tunnel in both directions

(approximately 1;0 feet in each direction) from the equipment

room so that some degree of temperature control could be

maintained.

i. Plenum - a plenum located at the side of the equipment room

which houses the air conditioning equipment would provide a

return air path for this system, an equipment access, and

a place for storage of oxygen cylinders.

j. Chilled water coils - coils in each module would be sized

to provide 72 tons of cooling capacity. Approximately 1-!,

gpm of chilled water would be required for each module.

Existing chilled water lines installed in the tunnel would

be used to supply the modules.

Central Plant

The proposed central cooling plant for the White Plains Central

Renewal Area would contain ten 2,200-ton chillers, two 150-million

Btu//hr. boilers, and an 602-kw emergency generator. Two of the proposed

chillers would be "hardened" underground so that a standby unit would

be available to operate the environmental control systems in the tunnel

during an emergency. The chillers would be required to furnish

approximately l,'14C tons of refrigeration, and would supply chilled
.0water at 40 F.

Approximately 6("0 gpm of makeup water would be supplied to the

existing cooling towers at the central plant by a drilled well. If

all cooling towers were destroyed, this makeup water could bt

supplied directly to the Londen.;ers of the hardened chillers.
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5...3 Water Storage

White Plains obtains its water supply from the New York City

aqueduct system. The availability of this water supply after attack

was not known and a water storage system has been provided for

shelter use. Use of the well at the central cooling plant as a source

of potable water was not considered because of a lack of data on

groundwater quality in the area. Table ri gives the assumptions used

in calculating water storage requirements.

Table IV. Water Storage Requirements

Use Gallon/Person/Day

Drinking and Food Preparation G.53

Sanitation .

Potable water mains would exist in the utility tunnel. If these

lines were intact and could be valved off, p.$ day's supply (6e,0Cc

gal.) would be available for domestic use. In the shelter design

this capacity was assumed to be available in addition to the water

stored for shelter use. In the case of sanitation water, storage for

a one day's supply was provided. The remainder of the water for this

purpose would be supplied by the well at the heating and cooling plant.

A flow of 2.1 gpm would be sufficient to supply all sanitation water

needs.

5.4.4 Sanitary Facilities

As described in the previous section on water storage, it was

assumed that minimum water would be available for sanitary purposes.

For this reason chemical toilets were provided. Waste from the

chemical toilets and sinks wou±d be pumped to the existing sewer

system by a pneumatic ejector. Minimum design requirements for the

sanitary facilities were one water closet for each 40 men, one water



closet for each 30 women, one urinal space for each 40 men, and

one wash b-isin for each t, people. In addition, large sinks were

provided in each module for washing of miscellaneous items.

A modular system was used, rrcoviding facilities for 1,2C" men

and 1,0w women per module. The chemical toilets and urinals have

comnon tanks which would be connected to the sludge ejector. *

Ventilation air (7 cftm/seat opening) would be drawn into the tank and

exhausted to the outside. Each module would contain 2'6 water closets

for men, 40 water closets for women, 4 urinal troughs for men, 36

w?.sh basins, and )o cubic feet of storage area for s-nitary supplies

and chemicals. Also each module would include a 3,0%0-gallon water

tank for s,nitary purposes (one day supply for 2,000 people), and

a 30,O0-gallon drinking water storage tank (30 days supply for

2,200 people).

5.-.< Food Storage

Storage space for standard OCD food packages (based on one food

package for five people for five days) would be provided. For a

reference population of 20,O22 people for 30 days this amounts to a

needed storage volume of' 3(,5C ft.' For modules of 5,000 people,

this would be r, space 1C ft. high by 1i ft. wide by 100 ft. long

including space for access.

5.-.6 First Aid .nd Medic-al Supplies

Storage volume for first aid supplies were oased on the use of

OCD Medical Kit C, which woutld supply the needs of about 300 people

3
for ila days. The volume of each kit is 5.? ft . For a shelter

population of 20,000, a storage volume of 750 ft 3 would be required.

Modules for 5,000 people would be so small that they could be included

in the space requirements for food storage. In this study this was

done.

The maximum tunnel population was not sufficient to justify a

packaged disaster hospital, and it was riot considered necessary to
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itemize the space requirements for less than one complete packaged

unit. Hospital space was estimated to be 1,502 ft3 for a shelter

population of 2C,000.

5.4.7 Miscellaneous Space

Space would also be required for limited food preparation areas,

office space for shelter managers, and miscellaneous supplies as tools,

spare parts, fire fighting equipment, etc. It was estimated that

2,30 ~ft of space should meet the needs of 20,CDO people.

5.4.8 Emergency Electrical System

Diesel emergency generators would be provided having a combined

capacity of 3300 kw. They would be located in hardened underground

structures near the central cooling plant. The existing lighting

system in the utility tunnel would be used for shelter lighting.

5-1.9 Shelter Entrances

There would be 16 spur connections from the main tunnel to

building basements or underground parking garages which would

normally be used for utility connections and maintenance access. The

spur tunnels would be 8-feet in diameter and would be equipped with

4-feet wide blast doors for use as shelter access facilities. Use

of these tunnels would allow people to enter the tunnel from the

building basements and parking garages without going out onto the

streets. Also, these turnels would allow the use of space in the

basements or parking garages for storage of emergency supplies.

It also would appear desirable to have at least two outside

entrances to the tunnel for people who are not inside the buildings.

These entrances would be located near tunnel intersections and would
be equipped with 8-foot wide blast doors.

This number of entrances would be sufficient to allow about

20,X,040 people to enter the shelter in 15 minutes. For shelter
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populations much less than 15,000 people, no outside entrances would

be required, however, it might be desirable to provide one or two.

It w-:; assumed that the 16 existing entrances to the tunnel would

reiuire blast doors for all cases.

5.q.10 Blast Protection

The utility tuwrnels as designed for White Plains have an
in-herent blast resistance of about 60 psi with proper design of the

reinforcing steel and the addition of small amounts of reinforcing

steel. Additior. of small amounts of reinforced concrete to the roof

slab could be used to increase the blast resistance to 100 psi, if

desired. For this study the 60 psi blast value was used.

5.4.11 Cost of Shelter Conversion

Support facilities required for sheller use were designed on

a modular basis. Modules for sanitary facilities and water storage

were based on 2,000 occupants, envirc,'mental control units for 1,G00

occup.ants, and storage areas for units of 5,-00 people. In estimating

costs for generators and water chillers, it was assumed that the

cost was proportional to required capacity. It was further assumed

that the water chillers in the central plant would be hardened for

use as the supply of chilled water and that the units installed

would be such size as to meet the desired shelter porAlation. The

only cost included for the chilled water supply was the cost

associted with hardening the required units, since the utility

tunnel would already contain the distribution lines.

All existing entrances into parking garages and building

basements would be prvvided with blast doors and would be available

for shelter use. however, for shelter populations of 15,000 and

oxer additional outside entrances were provided (see Section on

Shelter Entrances).

Costs were estimated for two cases: button-up times of C. hours,

and button-up times limited by the accumulation of carbcn dioxide
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from the shelter occupants. Carbon dioxide was selected because of the

high cost of removal and the short time to attain the maximum

allowable concentration. Inherent button-up times with no provision

for carbon dioxide removal vary from e 'o.urs for a population of

* 5,020 people to 2 hours for a 20,000 person shelter.

Both time-dependent and time-independent costs were estimated

for design populations from ','>' to 2.C..'ý' The costs associated with

converting the White Plains utility tunnels to dual-purpose blast

shelters are given in Table V for the two assumed cases. Noteworthy

was the fact that about 6C percent of the conversion cost wis

time-independent at all shelter populntions when carbon dioxide

removal was required. In cases where carbon dioxide removal w:!s not

required the deferable costs were about 52 percent of the total.

The environmental control system and the electric system

represented the largest deferable costs because the equipment

required for these systems cost much more thin the sp-ice required to

house it. In the case of entrance.;, stcraEe, and sanitrry facilities

the cost of supplying space was much more than the cost of equipment.

It should be noted that the costs reported in Table V do not

include the deferable costs associated with stocking the shelter. Such

items as food and medical supplies, chemicals for the sanitary

facilities, aind hammocks and other survival gear were rot cost

estimated.

Table VI shows tunnel and shelter costs on a dollars per person

basis. It can be seen that the unit cost of shelter conversion was

relatively insensitive to shelter population; however, the tunnel

cost on a unit cost basis decreased with increasing population.

.. 5 •LPTEF1ATTVE TUOMEL DESIGNS

Studies have been initiated on alternative tunnel shapes and

materials of construction. !Most of the tunnels studied for White

Plains were rectangular in cross sectior, bec:ause it appeared that

space utilization was better for rectangullar sh-apes than for circular
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cross sections. Circular sections provide greater blast resistance

for th-e s-Lme wall1 thrickness, and p-resent a possible advanrtage in thAt

they -Ire aviabevs3 ecs or prerrtie un-its.

Pýrecýast concrete sewer pipe has been proposed a-s a, possible

construc-tion. rwiterial for dual-,-purpose sh-elters.k' With this type0

of pip~e th~e:, would bLe : potenitial problem with water leakage a-t toe 9

"joints. Speci- sealing rings a;re -jvjilable to reduce this leakaýge.

Axthrtyp of' conckre'te pipe that scoLd be used is steel cylinrder

emibedded con~crete pressure pipe. This pipe is used mainly for water

tri~rfisi;r,, ad is- aesigned so un~it Joint lealkaýge in- negwLigilble.-

hz-'cf bricted -(orrugaýted met-.l sections •izre ilso tavaila~ble- it S

aniumber of sizes and waIll thicknesose~s. Sopeciail coatings a're

F ,vzlabieto eijt crsonon thec outside of tie,- pipe.

Costs aina ci;culite-d blas3t recA.tstrcQe o-f rep~resenntat!ivesze

fC thesemaeias r shcwn. ii. Table VII.

.fa-Ie VII. C'os Žst t teic.,,ce c-i riV t1yp~es of C'ircula-r Sci

Di meter I~- if, I.: Li "T(ter

Coast I on Mterli Just last esista:ce Cos BlstP:isa
ft. f)1/t. pi

oJr.cret~e Sewer Pipe 4ný-1

ArmoccMliit

'iecos-t- jreporteýd itnbl VII are 1'cny the cost (f the pi'pe onily

anid do niot iniclude installationr or trernchirg costs. It ctr't# b ýe ree

that greatest b;list ressictarice is pro~vided by the cozrier ate T:it:. The

multipiate pipe is z ie bu.t its-, blast reitneis loweýr. A 5u.n II
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premium must be paid to insure truly waterproof joints by using the

concrete pressure pipe. The cost of a rectangul.ir concrete section

to produce the same cross-sectional area as the )u-in. pipe would

be about $757 per foct (7ft. by 7 ft.', and would haive a blast resistarace

of less than &. psi.

5.C NT2 UTILITY CONCEPTS FOR INTF6 CITIE3

Installation of utility tunnels in new cities or urban renewal

areas would provide a potential solution to a number of problews rel-,ted

to the use of city streets by heavy trucks, in -oddJ.'Lon to their use

for conventional utilities or new utilities. These include:

1. Installation of pumped sewers instead of gravity flow sewers

as are currently used.

Use of tunnels for movement of solid wastes. These could

be moved through the tunnels by (I) comp.acting, packajging,

and hauling through the tunnels by narrow gage railroado

or rubber-tired vehicles; or (1,) by grinding and pumping

through special pipelines in the tunnels either pnetoititca1ly

or as an aqueous slurry.

3. Use of the tun~nels to transfer goods tc and from businesses

located within the area. Intracity goods could be unlo.aded

at a central facility and routed through the tunnels on

-mall rubb.r-tired vehicles or railways, and vice versa.

L. Use of the tunnels to transfer letter mail using pneumatic

methods (tube mail). Such a system could be provided

between a central post office and branch post offices, or

perhaps to individual buildings.

5. Transportation of large volumes of hot water from a nuclear

power plant to a central user and return. This water could

be used as a source of central heating and cooling.

5.6.1 Pumped Sewer Systems

With slight changes in technology, additional present-day utilities

could be included in utility turnels. One of the utilities excluded

L ---- ~ ~ -- -- - ---



110

frcm the Wvhite Plains study was the sanitary sewer system. All of the

sewers in the White Plains study area are gravity flow sewers and

must continue to slope downward for their operation. M-cst of the existing

sewers will remailn, arnd design of the White Plains tunnel system to the

required deptlhs --nd grades for the few new lines was not c-onsidered

w-arrinted.

However, if a new city is considered, it might be pocssible to

desýign a, plumped sewer system to replace the conventional gravity flow

system. As a- basis for analyzing a new city system, a cost comparison

was made of pumped versus gr-ivity flow sewers for a hypotheticali area

of , new city using the layout of the White Pirains Urb-rn Renewatl Are-,

and flat surfaice topography as r, brisis. Sewage flows were calculated

and corncep~u-Al designs of the gravity and pumped systems were

prephred baised on the dessign population of e-ich building. The designs

were based on the following issumptions:

1. The entire area is a level plane.

" ".'he frost linre does no;t extend below feet from the surface.

3. All buildings have baýsemer.t floor grades I' feet below the

ground siurf-;ce.

The discha.rge c.' the Sanritaýry siewer cystem is ,t the center

of Fisher Avenue :r.,d South Lexingto)n Avenue.

5.The veloc~ities in, the gravity sewer system are not less thain

3fe et per second arnd not greater thian '5 feet per second.

U.ivt s~~ r noI.-prez;L.u.-e Iranzoite scwcr pipc with

ring Joint couplings. The presouri.cd ys..j is Class 1-D-3

UTrarisite pressure pipe with ring joint couplings.

Y. All putnpir.g stations aire duplex pump installations with thc.

pwuips in dry pits and kre cominercially availible units with

alternators. iEach pump is capable of' handling the entire

flow of tlhe st,.tionz, and self -c3 erning strainers %re used on

%All pum=ps.

&.The maximum head requirement for the pumps is 10(. feet. The

maxim-um electrical pczwer for an individual pump is 15 hp.

Cost estimates were m-,de or, a graivity flow system, and pwr.rpcd
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sewers. Results of these estimates are shown in Table VIII.

Table VIII

Construction Costs of Sewers for the
Hypothetical New City Area

. Gravity Flow $650,00D
Pumped 359,000

It can be seen that a saving of about 35% in construction costs

c&n be obtained using pumped sewers over new direct burial-gravity

flow systems. This saving is produced by using smaller pipe sizes

in the pumped sewer system, and less excavation required because the

pumped sewers do not require a continual slope for their operation.

* However, operating costs in the form of pumping energy are involved

in pumped systems and are not in the gravity systems. Based on an

estimate of the sewage flows and their variation with time, the

electricity costs per year were calculated using a rate of $O.0l/kwh.

About :2,4OO per year would be required for the pumped system.

Maintenance costs were not estimated in detail, but it appears there

would be no significant difference between the two systems.

With a pumped system a power failure, such as the northeast

blackout, would require stand-by power generation of 100 kw at an

installed cost of 125,00f. This power would be readily available for

a civil defense shelter system. A possible way of avoiding the need

for stand-by electrical generators would be to provide an overflow

for individual building collection tanks to a gravity flow storm

sewer system, plus an alarm signaling its use. This would result

in the temporary pollution of the storm drainage system until power

was restored, or a portable generator was provided, but could

probably be tolerated in an emergency.

Based on this preliminary analysis of a pumped sewer system, it

appears to be quite feasible to consider using it in new cities.

Individual sections of the city would contain pumping systems, each

discharging to a common gravity flow system which would convey the

sewage to the treatment plant.
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5.6.2 Advanced Solid Waste Handling

Approximately 4.3 pounds of solid waste are currently produced

in the United States per person per day. ) Collection and disposal

of this material currently costs $3.2 billion per year or about

1.5 •per person per year. Of this figure, it is estimated that

07ý of the total cost of providing refuse service is in collection

costs.(ll) What effect slurry pumping instead of manual collection

might have on this cost is not k-nown, but studies are being initiated

to determine the feasibility and economics of such a system.

With all the interest currently being directed at the solid

waste problem, it is interesting to estimate what volumes and weights

of solid waste will be produced in future years to the year 2&D'). The

U.S. Public Health Service has estimated that the production of solid

waste per person in the United States will continue to rise. Extending

their data to the year 2&)' indicates that individual production. of

solid wastes will rise to about 6.8 pounds/capita/day in 203c, (see

Figure 1). Using these figures, the annual waste production and the

accumulated waste (since 1)6.) can be estimated.

Data reported for municipal solid waste disposal in the San

Francisco Bay area indicate that solid waste compactior. to a density

of 3b ibsift 3 is obtained in their sanitary landfill operations.(12)

They further estimate that solid waste production between 1963 and

2.YýC will require a landfill area (based on two, ten-foot lifts) of

ito,602 acres or about 25.) square miles for the Bay Area alone. If

we assume thar. all solid wastes produced in the United States were

handled by sanitary landfill methods using techniques similar to those

in the San Francisco Bay Area, the amount of land committed for solid

waste disposal in 2C.)? would be 1062.5 square miles (see Table IX). At

the reported cost of $l/ft- for sanitary landfill in Los Angeles,(!3)

this would be a total investment of about .5'1() x i10.
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Table Dý

Land Area Required if all Refuse Produced in the United States is
Disposed of by Sanitary Landfill

ACCUMULATED SQUARE MILES OF

SOLID LAND AT FINAL
YEAR WASTE DEPTHS OF(')

(109 TONS) 10 FT 15 FT 20 FT

1965 0 0 0 0

1970 0.85 187.5 140.6 93.8

1975 1.84 406.3 304.7 203.1

1980 2.99 671.9 515.6 343.8

1985 4.31 968.8 726.6 484.4

1990 5.82 1296.9 984.4 656.2

1995 7.55 1687.5 1265.6 843.8

2000 9.49 2125.0 1593.8 1062.5

(1) BASED ON FINAL COMPACTION TO DENSITY OF
'332 LBS/FT
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Not only does this analysis show that large land areas would be

committed for disposal operations, but it also can be used to indicate

the number of vehi- es required to collect the mnterial and haul it

to the final disposal area. In New York City in 19C6 ther2 were

2,C0D private and 1,800 municipal refusc trucks in operation. For

the entire United States it is estimated thLt there are ih,000 trucks

operating. If the volume of solid waste continues to increase (about

3 times the 1i65 proJuction in 2000), then about %50,000 refuse

trucks will be operating on city streets in the United States in the

year 2009.

At the present time the use of individual garbage grinders in

homes is quite common. These grinders released the garbage directly

to the sanitary sewer system. Only in rare cases where the sewers are

not large enough or the sewage flow is not sufficient to handle the

additional solids added are the use of grinders excluded.(I,) In

Los Angeles, studies have been conducted to determine if garbage

collected from individual homes can be transferred to central grinding

stations and discharged to the sewers.(15)

However, garbage is only about 10% of the total solid waste
* (16),generated. (See Table X) Use of individual household units

merely makes a small reduction in the volume of waste which must be

collected. Sizes and capacities of existing sewer systems rule out

their use for transporting the entire solid waste contribution. It

might be possible, however, to provide a separate system to handle

these wastes. This system could be either gravity flow or pumped.

In this case, instead of handling the waste in the sewage treatment

plant, the waste would be handled in a separate treatment plant.

A precedent does exist for grinding and slurry pumping non-

segregated solid wastes. A large office building in Philadelphia,

containing 1,C00 people, generates about 4,00O. pounds of waste

material each day.(l() Once a day this material is pulped, metal and
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Thble X

Ar Avernge Composition of Muniicipal Refuse (- by Weight)

RUBBISH (64 PER CENT)

PAPER, ALL KINDS 42
WOOD AND BARK 2.4
GRASS 4.0
BRUSH 1.5
CUTTINGS, GREEN 1.5
LEAVES, DRY 5.0
LEATHER GOODS 0.3
RUBBER 0.6
PLASTICS 0.7
OILS, PAINT 0.8
LI NOLEUM 0.1
RAGS 0.6
STREET REFUSE 3.0
DIRT, HOUSEHOLD 1 .0
UNCLASSIFIED 0.5

FOOD WASTES (12 PER CENT)

GARBAGE 10.0
FATS 2.0

NON COMBUSTIBLES (24 PER CENT)

METALS 8.0
GLASS AND CERAMICS 6.0
ASHES 10.0

100.0

-_= =-
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gla3s allow'ed to settle out, and the slurry pumped outside the building

for later collection. As a result of the pulping oceration the final

volume of rulped. waste is atoue _.< of the original bulk volame. The

pulped waste is dewatered and handled by conventional methods.

The complexity of providing grinders and jumps for eacl. individual

household would probably rule out their use for th;is application;

however, in high-rise apartment complexal, and office buildings the

method might prove feasible. Farther work on waste ctaracteristzcs

from these sources, types of gr-i!.ders requirea, and pumuing

characteristics of the slurry will be required.

One possible new disposal method for this slurried uaterlal would

be the wet-air oxidation process. In this process at high tezmperature

and pressure and with air bubbled through the slurry esse.ti.valC. ,

oxidation of the organic matter could be achieved. The resulting

effluent, after gravity settling of inorganics (such as metals.

jas., etc.) could be discharged into the sanitary sewer system or

reused as the slurry pumping media. The settled material could then

be packaged and handled by conventional means or by transport through

utility tunnels. A possible flow sheet for this approach is shown

in Figure 2.

Czompacting and packaging of solid wastes at the source is also

a a potential solution followed by transfer in tunnels. At the end

nf th ! t +nnel the packogod solid waste eauld be transferred directly

to the disposal un.it o.0 to trucks for hauling to the disposal site.

Specialized equipment for compacting and packaging is availab>e,

but the economics of the total system are not known. F-owever, this

system would be more compatible with present-day practice than the

slurry po.mping approach.

UCK' Goods Movement

Ce of the ,rajor users of city streets are ve --. es involved

ir ielivering goods; cither to stares, c. fIrom stores to purchasers.
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Intefuture, small vehicles could operate- in tunnels beneath the city

streets frti ups.I ol evs~li-elta od ol

be delivered to large warehoases on, the perimeter of the city,

where they would be sorted anid assigned for delivery to specific

stores. Vehicles in tunnels would then deliver directly from the

warehouse to the store basements. For delivery from the stores the

reverse could be true with truck delivery used only~ for the trip f'ro

the warehouse to the consumner.

5.6.-4 Tube Mail

Use of pneuimaticc tuabes for mail delivery has beer, used in Euro)pe

for many years. The system in Paris has tee!ý in cperrationi since

188. (9)Similar ,:ystems are repo:rted in. East and West Berlin, and

London, England.ý Accordin~w to Rieference 'C'. letlters can, be

delivered within 9)mntswithin the city, and within I- hours in tihe

suburban comzunities. An interestingý feature of the Plaris systemh

is the usc of se-wers as the righ't-cf-way. Thus the Paris sewer-s are

used as a form of utility tuiunel.

mu 5 Transmission of' Hot WaterI

Preliminary cost estimates for underground pipelines to conve-y

F large quantities of not water from .q nuclear reactor site to a user

and the return of water at reduced temperatures (PS)from theI
user to the reactor have been maade.- Optimum velociLties were calculated
for 8' Pipe sizes by minimizing the sume of' the fixed capital charges

plus the cost of pumping (capital cost of pumping stations. was not,

C) 0

included'. Parametricsilly, suppl~y temperatures from K to Uý, Fv

were investigzated.

Coniceptual design ofthe undergroun pip Iirneet sbe

patte-rned from a district heating sytecm, installed by Alleg~any Ceniter,

inte fuFittsburge, sl 'eihe casic differece is thnat steath was m

strets or tis urpse. t culd e vsuai;:e tht £ods oul

be dlivred o lrge areouss ontheperiete of he ity
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used as the heat transfer medium instead of hot water.

Principal design and cost assumptions were:

1. 20 year amortization at 4 perce~nt.

Pipeline operation 365 days per year.

3. Electricity costs 0.-5 per KWH.

4. Pump and motor efficiency 70 percent.

5. Pipeline is new, clean, steel (no roughness factor).

6. Pipeline invert 6 feet below surface.

7. Cost estimates include an allowanco for 35 percent indirect,

15 percent engineering, and 10 percent contingency.

8. Cost estimated for Oak Ridge area.

9. Niominal design pressure 3X0 psi.

10. Pipe sizes ranged from 4 to 36 in.

Results of the parametric study are shown in Table XI. The

optimam velocity for all sizes is abouL 15 ft/sec. Pressure drops,

amount of heat conveyed, and distribution cost for selected supply

velocities of 5, 10, and 15 ft/sec for the 8 pipe sizes are given.

The costs and press'ire drops in Table XI are for one mile of system

(one mile of supply and one mile of return), with a 3250 F supply

and a 2000F return.

The pipe lines considered do not operate at high pressure. If

water is to be moved over long distances, either multiple pumping

stations or higher design pressures would be required. What effect

either of these factors would have on the cost of the system has not

been assessed.
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u. DALLAS DUAL UE TRUCK TUNNEL WITH PORTABLE COLUMNS

C. J. Williams and R. P. Kennedy

b.1 INTRODUCTION

Last year's report on the potential dual use of a truck tunnel in
1

Dallas, Texas, determined the cost of p-'oviding blast protection ranging

from 2,0 psi to 100 psi. The tunnel incremental costs were estimated

using shelter occupancy ranging from 35,0.0 spaces to 70,000 spaces. It

was found that the incremental cost of the overhead structural system was

about ý55 of the total incremental cost. The criteria used for the design

of the structural components dictated that there be no major cracking of

the structural system when they received the design loads. This was a

conservative approach, for it is acceptable to have the overhead struc-

tural members crack, for civil defense purposes, as long as the shelter

occupants are riot injured.

For this report two new design criteria were used. The first allowed

cracking of the overhead structural system. The yield line method of

structural analysis allows members to form cracks for the design loads.

Taking advintage of this criteria, the overhead concrete slab thickness

could be reduced. Second, the slab thickness was further reduced by

designing for portable colurn placement at the crenter of the concrete

slab. Smaller concrete beams and columns can be used to obtain the same

ultimate strength when portable columns are available. By use of both

criteria a reduction of incremental cost was achieved.

This portable column concept was mentioned in a report 3 where it was

stated that a fourfold increase of basement ceiling strength is achieved

by adding new columns halfway between existing basement columns. Oku-

results show that strengths are increased by a factor of two using yield

line analysis.

Holmes and Narver, Inc., Los Angeles, California.

Incremental cost is the additional cost of a structure with both a
regular and an emergency use compared with regular use only. It is a
function of, among others, the level of protection afforded in an emer-
gency and in this report, the blast overpressure for which occupants are
not injured.
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6.2 CALCULATIONS

The approach used to design the two way slab, with a portable column

at its center, was to evaluate the slab's resistance by an energy conser-

vation method using yield line analysis. Figure 1 shows the yield pattern

"used. The effective depth of the slab is found to be

1

d MES -12= [_ .0105 f dý B

where subscript BS = Bottom steel of the short span
(FT-KIPS

M=Moment( )

* = Percent of steel

f = Tensile steel dynamic yield stress (KSI)

The value of MB is calculated from

M A 
2

BS CL C Vt
2

wa
whereA =2 122

B + (i÷ i5 ) + Lx (1 + iL)

C = (i + j +) (1 + j

with TL Tf

#BL

2TCS #TL

S - BL
4 BL a
#. B" a V

and w is the uniform load per unit area on the slab. The ratio ( is

the ratio of the short span to the long span. Calculations were made

to determine the location of the rectangular crack pattern outside of

the center portable column. Evaluation of problems associated with

shear were determined at all critical points. Figure 1 shows vertical

It
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steel bars, called stirrups, in the concrete slab. These are necessary

to combat shear problem in design, but this technical feature is normally

not seen in commercial slabs.

Detailed calculations of all the other structural members were not

carried out. However, the costs of the beams and columns in this system

are crudely evaluated by referring to the cost estimate of the previoas

study and allowing portable column placement to reduce beam span lengths.

This offers smaller loads to the permanent concrete columns when they

a, are designed for dual purpose. The Dallas truck tunnel rests on rock

so no special footings need to be placed to receive the loads from the

portable columns. Placement of a few additional reinforcing bars in the

concrete floor of the tunnel should be all that is needed.

6.3 RESULTS

In the overhead structural system of the Dallas truck tunnel, the

most expensive dual use structural item is the two-way slab with dimen-

sions of 49 feet by 36 feet. Figure 2 shows slab thickness from the

center of the reinforcing steel to the surface of the concrete for four

different slab designs. One design was accomplished by applying a

safety factor of 1.2 to a yield line evaluation of the two-way slab.

This yield line curve is shown just below the standard design curve.

It allows some reduction of thickness for the slab is allowed to crack

in yield line analysis. By placing a portable column at the center of

the slab and allowing slab cracking, the thickness is reduced about 50%

compared to the standard design. The steel percentage was increased for

the portable column concept. A yield line design of the slab with this

higher amount of steel and no portable column is shown above the portable

column curve. An example of thickness variation at 50 psi design load

for the four design methods is as follows:

Method d(Inches)

Standard (0.5% Steel) ..... .............. ... 36

"Yield line (0.5% Steel) ......... ............. 33

Yield line (0.5% and 1.0% Steel) .. ........ .. 27

Portable column ............ ................. 13
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Quite a range of resistance to overpressure load for a pgrticuaar

slab thickness is shown in the following listing for d 15 inches:

Method Rcsistance Cpsii

Standard (0.5% Steel) ............. .... 26

t Yield line (0.5% Steel)........... 2.

Yield line (0.5% and 1.0% Steel) .......... 42

Portable column .............. .... 92

t Figure 3 shows the total incremental cost for this dual use system.

A significant saving can be realized when portable columnn are incor-

porated in the design and when cracking is allowed. It was estimated

that the overhead structural system costs would be reduced by about

50%. For this study, it was estimated that a 52% cost saving could

also be realized by changing the design of the module structure. Blast

valves, ventilation and refrigeration, blast doors, and the electrical

expenses listed last year were not changed in Figure 3 for these values

are independent of the method used in the structural system.

Figure 4 is the cost per shelter space for various levels of over-

pressAre protection. These calculations are based on 35,000 and 7C,000

shelter spaces.

6.4 CONCLUSICN

There is a definite cost advantage in the use of portable

columns for the Dallas truck tunnel and other wide span concrete structures.

An advantage of this method is that the overhead structural system can be

designed so the portable columns can be placed at a later time. Potential
blast protection is built into the tunnel and for commercial purposes the

long spans necessary for trucks to maneuver are still retained. The

portable columns could be fabricated in advance of an emergency but placed

when necessary. More conveniently the portable columns could be fabri-

cated and stored in the tunnel or mounted on the ceiling and lowered into

position. The mechanical complexities of this final concept have not

been considered.
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The Dallas truck tunnel concept is a specific care which lends

itself to the use of portable columns for dual purpose blast shelter,

but the technique should be applicable in new construction of apartments,

department stores, schools, etc. Much shorter spans in commercial building

can be expected than in a truck tunnel. In the below grade portion of a

building with a reinforced concrete floor system some additional rein-

forcing bars could be placed, at very modest cost, in strategic locations

so the system at a later time could most efficiently accept portable

columns. These columns may be as lightweight as pipe columns which

could be easily handled by one or two men. By this scheme, new buildings

could be upgraded to allow higher blast protection.

The portable column approach could also be helpful in strengthening

below grade floor systems in existing buildings so some higher degree of

blast protection could be achieved. Calculation of the additional resist-

ance obtained for an existing floor system is possible, but the accuracy

of the calculation is difficult to assess. A test of this idea would be

helpful.

It is possible to do an experiment of this kind at the White Plains

Urban Renewal Area. This area is about 6 city blocks square and has

-many different types of buildings which are scheduled for demolition

within the next several ycars. There will be extensive experimentation

of these structures before they are torn down. One of the existing

buildings which has a reinforced concrete floor system could be tested

to appraise the load necessary to cause collapse, or near collapse. A

test of this type could compare the strength of the floors with and

without portable column support and evaluate thc accuracy of existing

methods of prediction.

The portable column approach appears to be a practical method

to achieve higher blast resistance in structures at a small increment of

the building cost. If a blast shelter system is ever deployed in the

United States, this scheme should be incorporated into the overall solu-

tion to the blast protection problem.
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7. MEI)HANICAL EqUII:MENT SHOCK TOLIRANCE

C. J. Williams

7.1 INTRODUCTION

In last year's annual report a theoretical method was used to

evaluate the response of a 106 kw diesel engine generator to a 100 psi

overpressure wave. Such equipment might be installed in blast shelters

for ventilation or other life support systems. At that time it was

predicted that the equipment would still function in this shock environ-

ment except in sandy soil, based on an assumed shock tolerance of the

equipment of 10 g. A shock response spectrum was used to make this

evaluation with the critical mode of movement being in the vertical

direction and a value of 19 cycles per second used as equipment vertical

natural frequency. Results obtained this year show that more realistic

evaluation would have been obtained if values of natural frequency

ranging from 1 cycles per second to IC, cycles per second had been

used.

On October 18, , the 10(. kw unit was shock tested at the

Nevada Test Site (NTS). The upward shock from an underground nuclear

explosion was used to model the downward shock from the overpressure

pulse of an aboveground nuclear explosion. With the theoretical equip-

ment vulnerability level at 10 g, for the first of a series of experiments,

the engine generator was placed at a distance from the underground nuclear

explosion which would give an estimated maximuam ground shock of from 3 g

to P g. The expected equipment response was to be in the lower values

needed to bracket the equipment response which would cause the equipment

to stop running.

For this test, the actual ground motion had a maximum upward acceler-

ation of j g as was predicted. However, a second pulse, which was not

predicted, occurred with a maximum load of 50 g. The 3 g upward ground

motion would be the same as the downward acceleration from a 15 psi

overpressure wave caused by an aboveground nuclear explosion. No
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apparent damage occurred to the equipment from the initial shock. When

the 50 g motion hit the generation the unit was damaged and stopped

running.

The failure was caused by a cracked support bracket. This shear

failure would be expected to be independent of the vertical direction

(up or down) in which the load is applied. The 50 g upward ground

motion is estimated to correlate to overpressures in the range of 100

psi to 150 psi from an aboveground burst. If this motor generator were

used in a civil defense blast shelter exposed to a 100 to 150 psi blast

wave, the equipment would have to be spring mounted or its components

ruggidized.

7.2 TEST AND RESULTS

The shock test of the engine generator was on October 18, 1967,

at the Nevada Test Site on Yucca Flat. Figure 1 is the general layout

of the area for the experiment. Figure 2 is the plan of the concrete

pad to which the motor generator set was attached during the test. The

details of the pad reinforcing and the pad thickness are shown in Figure

3. Figures 4 and 5 are preshot photographs of the generator. The large

tank shown on the right of the motor generator in Figure 5 is the reserve

fuel tank which was necessary in order to keep it running for the pre-

scribed amount of time. Gauges recorded the acceleration versus time

history of the unit during the shock test. Sandia Corporation also

furnished a monitor of the voltage output of the unit during the test

so it could be determined whether the unit was running before, during,

and after the ground motion shock.

The ground motion measurements were made fifty feet east of the

motor generator (see Figurte I). Gauges for these measurements were

buried at a depth of four feet. The combination of the data from the

ground motion station and the data which shows the equipment response

were necessary to determine equipment vulnerability.

* The site plan (Figure 1) shows three steel pins driven into the

ground near the equipment's concrete pad. They were used to determine

I.
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the relative movement between the concrete pad and the surrotLuding suil.

Measurements after the test showed no permanent gross relative movement

of the pad.

Figure 1 shows the location of acceleration gauges which were

buried four feet below ground surface and located fifty feet east of

the engine generator. It was assumed that data from these acceleration

gauges represented the ground movement at the site of the test equipment.

The acceleration versus time traces for these gauges are shown in Figure

6. They are identified as follows:

S4 Sandia station, gauges buried four feet deep

AV Vertical acceleration, positive signal is i up-
ward direction

Ali Horizontal radial acceleration, positive signal is
radially outward from surface zero

AT Horizontal tangential acceleration, positive signal
is 0Q clockwise from the horizontal radial acceler-
ation when viewed above.

There were two shocks from the underground detonation. The first could

be approximately predicted but the second shock was of a more severe

nature than was expected. This second shock was caused by a phenomenon

called "slapdown" and it is described in this manner. As the shock wave

approaches the surface of the earth, a layer of the earth's upper mantel

is parted from the lower layer of material, a slabbing effect near the

ground surface. This earth free falls back to the underlying solid sur-

face and hits it with an impact. This is the "slapdown" effect, or as

it is called in this report, the second pulse. Data of Figure 6 shows

a maximum ground acceleration of 50 g, occurring during the second pulse

and a lesser maximum ground acceleration of 3 g, which was during the

first pulse.

There were acceleration gauges mounted on top of the generator end

of the diesel generator set. Traces of these acceleration versus time

gauges are shown in Figure 7. They are identified as G4 gauges with

AV, AR, and AT connotations being the same as for the S4 gauges. The

high noise levels on the generator mounted gauges are due to the machine's
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vibration. With the generator turned off the noise levels were very

acceptable. The vertical maximum acceleration of the generator for

the first pulse is about 3 g. It is not possible to determine from

the graphs what the acceleration of the generator was during the second

shock pulse. As can be seen there is much interference at the time

of the second shock which occurred 0.6 seconds after the first shock.

The voltage output of the generator was monitored during the test.

Figure 8 is a trace of this output from zero time until the second pulse

hit the equipment. The equipment was functioning properly during the

first shock pulse but the voltage began to drop off when the second

pulse, labeled 'slapdown," struck. Voltage output was recorded for

about 25 seconds after slapdown, at which time the readings became

zero.

Damage to the test equipment is shown in Figures 9 through .1.

Primary damage was caused by cracking of the support to which the

generator was attached. This piece and its cracks are shown in Figure

9 and Figure 10. The failure of the support allowed the engine to

rotate vertically away from ground zero, causing more damage. Figure

1i shows this rotation of the equipment. (oil spilled on the concrete

pad before the shock test was made.) As can be seen in Figure 12 the

connection leading to the engine from the radiator was torn loose.

Rotation at this point was about 4 inches. The coupling between the

generator and the diesel engine was also damaged as can be seen in

Figure 13. Damage was also experienced by the fan blade as it hit the

fan blade guard housing which surrounds it.

A slow motion picture of this experiment was taken from a distance

of 6000 feet north of zero point. Figure 1 shows the location of the

camera relative to the engine generator. The movie showed the ground

wave passing the diesel generator. However, the camera was so far

from the test equipment and the light was so inadequate, it was not

possible to determine quantitatively how far the generator was

displaced or when the "slapdown" occurred.
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Fig. 7.9 Generator Support Crack on Side Away From Surface Zero
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Fig. 7.1- Engine Generator (Postshot) Showing Clock-dise Rotation
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Fig. 7.13Q Engine To Generator Coupling Damage
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7.3 INTERPRETATION I
The acceleration versus time charts developed from gauges buried

four feet below ground at the site of the engine generator are shown in

Figure 6. In order to get a clearer picture of the ground acceleration

in the vertical direction, the readings as shown on gauges S4AVLO and

S4AVH1 have been used to reconstruct the approximate acceleration motion

of the soil in Figure 14. From this acceleration data the free field

velocity and displacement have been constructed.

Values of a Vmax' and d are taken from the data shown inValus ofarex, Vax, max

Figtire 14. Calculated values of A, V, and D are used in construction

of the response spectra for the first pulse and the second pulse. Fig-

ure 15 shows these two spectra.

With the damage occurring to the motor generator being caused by

the vertical component of the shock, the value of the natural frequency

of the engine generator as established in last year's report, can be

taken as 19 CPS. However, this resonant condition is attributed to

the vibrations in the rubber mounts which are located at the generator
end of the unit. When damage occurred to the equipment it can be

assumed that these rubber mounts completely compressed and another

natural frequency in the vertical direction became primary. There is

no record of what this frequency might be, but knowing the transverse

frequency is 30 CPS, and visualizing physically the geometry of the

diesel generator, it can be assumed that this second vertical frequency

is greater than 30 CPS and possibly as high as 100 CPS.

The first pulse response spectrum shows that the 19 CPS to 103 CPS

natural frequency range gives a reading bounded by an acceleration of

Sg's. The second pulse response spectrum is primarily bounded by an

acceleration of 100 g's in the natural frequency range of the diesel

generator. For both the first and the second pulse it is assumed that

acceleration controls the response of the equipment to the ground motion.

It is possible to correlate the ground motion equipment response

from this underground nuclear explosion to an equivalent ground motion

equipment response caused by the overpressure wave of an aboveground
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nuclear explosion. The spectrum response to these two underground pulses

dictate that the equipment is acceleration sensitive. For this report

the prediction of the response of the generator due to an aboveground

burst is based on placing the diesel engine generator inside a civil

defense shelter buried 15 feet deep. Figure 16 is a plot of maximum

free-field soil particle acceleration for some soil variations and for

overpressures up to 200 psi from an aboveground nuclear explosion. The

a:celeration of 3 g's and 50 g's on Figure 16 correlate to the response

spectrurm acceleration 6 g for the first underground pulse and a response

spectrum acceleration of 100 g for the second underground pulse. A

horizontal line drawn on Figure 16 at 3 g and 50 g gives a method of

determining the overpressures, for various soil conditions, which give

the same shock environment as the diesel engine generator was exposed

to at NTS. We conclude that this 106 kw unit would not be damaged at

the 15 psi range from an aboveground nuclear explosion, but would be

damaged and stop running at overpressures in the range of 100 psi to

l5' psi.

7.4 CONCLUSIONS

Shock tests conducted at the Nevada Test Site can determine the

vulnerability of large pieces of equipment. For this shock test,

calculations show the first pulse to which the engine generator was

exposed was about the same shock environment as is produced by a 15

psi overpressure wave from an aboveground nuclear burst, The assurp-

tion is that the mechanical equipment is in a pipe with a diameter of

f feet buried with about 11 feet of cover. For this condition no

apparent damage would occur to the generating unit. The time dependent

record of the voltage output of the generator experienced no fluctua-

tion during the first shock. Calculations for the second pulse show

that the underground explosion created a shock environment similar to

overpressures ranging from 100 psi to 150. psi. Damage was extensive to

the equipment when it was exposed to this shock environment. The genera-

tor voltage output record shows this shock caused the generator to stop

running.
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This type of information will be helpful in the design of hardened

civil defense shelters. For example, this 106 kw engine generator will

not have to be shock isolated or ruggidized in a 15 psi shelter system.

However, if it were placed in a shelter deEigned to withstand overpressures

from 100 psi to 15-- psi, then the equipment will have to be shock isolated

or the equipment components will have to be strengthened so they can

resist the shock caused by ground motion.

The slapdown effect which occurred at the NTS during this experi-

ment magnified the maximum ground motion acceleration from 3 g's to

5C g's. With the main shock wave coming from the underground nuclear

explosion this phenomenon is possible in the soil at NTS. In civil

defense blast shelters the main shock force will very probably come

from above the shelter. For this reason the slapdown effect should

not occur in blast shelters.

tI

________________
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6. RADIANT STERILIZATION OF BIOLOGICAL AEROSOLS

C. V. Chester

1.1 INTRODUCTION

One possible approach to the protection of people from pathogenic

biological aerosols is to kill the organisms in the air by some form

of radiant energy in or near the visible part of the spectrum. Since

the particles of a biological aerosol absorb this energy much more

effectively than air, it should be possible to select an energy source

that, under the proper conditions, is capable of killing the organisms

with minimal heating or other effects on the air.

In order to be useful, any scheme proposed must be capable of

killing the most refractory organisms known, the spores of certain

pathogenic bacteria and fungi. This requirement demands exposures well

beyond the usual practice in the design of such commercial equipment

as ultraviolet sterilizers. Preliminary calculations are presented

for each radiation source to show the problems involved.

8.2 ENMGY REQjUIREbMTS

3.2.1 Ultraviolet

By extrapolating the data of Buttolph (2), the 2400 . to 30003

germicidal UV irradiation required to kill spores is about 2000 4-watt-
2 2min/cm , or about 0.05 cal/cm . Unfortunately for our purposes, this

radiation is absorbed very strongly by ozone in the upper atmosphere.

Were it not for this absorption, large-yield thermonuclear weapons

exploded at an appropriate high altitude would be a very convenient

method of sterilizing large areas with virtually no damage to the ground.

In clear weather, one would have a very effective defense against patho-

genic biological aerosols.
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As will be shown in Section B.A.2, even applied to ventilating

ducts, this exposure has an unacceptably large concomitant air tempera-

ture rise from present mercury vapor tubes. Irritating concentrations

of ozone would also be produced.

3.2.2 Thermal and Visible Radiation

Thermal and visible radiation kill by heating the spore enough to

bring about some denaturing chemical reaction such as protein co-agula-

tion, dehydration, or pyrolysis of some essential molecules in the spore.

The temperature required depends on the time of exposure.

Decker (1) reports effective sterilization (less than li" survival)

of B. globigii spores by exposure to 21e0C for 24 sec., 246°C for 10

sec., and 03K C for 3 sec. in an air sterilizer.

As will be shown subsequently, effective heating and cooling times

of less than LL. seconds can be achieved with a Q-switched laser.

Extrapolation of Decker's data on an Arrhenius plot (log time vs.

reciprocal absolute temperature, Figure 1) is not helpful, since the

reciprocal temperature goes past zero at about 3 x 10-5 seconds, a

physical absurdity. Obviously the simple first-order reaction implied

by this plot will no longer be applicable to such extremes of temperature.

One can only conclude that for such short times, energy corres-

pcnding to a temperature rise of several hundrcd degrccs centigrade will

be required. One might expect the temperature to be less than red heat,

0100 C, and more than 4-3-C. Mainly for the purpose of selecting experi-

mental equipment, we will assume that 50O0C is an interesting neighborhood

to investigate.

The energy fluence required to heit absorbing 1 micron particles in

a vacuum 502 C is 2.i`5 calicm , assuming the particles have the specific

heat of water. Unfortunately, the particles may not be perfectly absorb-

ing, and we afe interested in particles in air at about standard density.

Encrgy Absorption by Aerosol Particles

The process of light scattering and absorption by small particles

is complicated and beyond the scope of this discussion. Van de Hulct
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has written an authoritative text on the subject (3). Plass (4) has

calculactd the absorption efficiency, which is the same as absorbtivity,

for Mie absorption for small particles with a variety of values of the

complex index of refraction, n 1 -in 2 . His results are reproduced in

Figutre " for particles with nI 1.3), that of water.

For 1-micron particles and 7000 A, 27ia/i has a value about 4. The

value of n for water is very small. It will be much larger for a spore,

but so far no estimates have been found. For small values of n., s 1i-

the absorption efficiency is proportional to n,,. It is quite possible•-2

that an effective value of na can be found in the neighborhood 10-2
C:

Calculations of Mie scattering, and especially the notion of a

complex refractive index, apply rigorously to homogeneous particles.

Spores are not optically homogeneous, having much internal structure.

They also contain no free water, and hence the real component of the

index of refraction will be different, probably larger, than 1.33.

However, the general form of the dependence of absorption efficiency

on wavelength will not be much affected by these discrepancies. From

Figure ,1 we would expect an absorption efficiency of about 0.1 for 1-$&
spore 7, radiation. If the 1-.6 @ infrared from a CO2 laser

were used, the efficiency would be down one or two orders of magnitude,

and in a region very sensitive to particle size.

Heat Transfer between Aerosol Particles and Air

The principal difficulty in trying to heat aerosol particles in

air lies in the excellent thermal contact between the particles and a

muct. larger mass of air. The surface to volume ratio of particles is

very large, and the transfer is aided by the divergent geometry of the

heat path in air.

A fair approximation to the description of radiant heating of the

particles can be made by assuming them to be perfectly conducting spheres
of mass \ 1 , spcific heat C and radius a in contact with a medium of

density p, heat capacity C and conductivity K. The radiant energy input

is ass.uncd to be a heat source Q cal/sec in the sphere.
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The solution to this problem is given in Carslaw and Jaeger (5),

and for the temperature V. of the sphere is
[l

V1 . I {i2k e-Klt/a2 duý
1 47aK T" Le u-k)"-o

where k p C

M1 C1

K

The series approximation for long times t > is

Q { - a a3 2 -k

If the radiant flux density { is

_1 a

v -:-•-1- • + "
V =7K1 - 7`7 t -J

The term outside the bracket is the steady-state solution for this

geometry.

The relevant pnysical constants for water and air at 100°C are

""c0 ' c a a/gin, 0 C 2Cm r see

Water 1.50 x 1-1 - 1.0 .. 5C x iC"6

Air X., 1i 1.3 x 7/29.24

For 1-micron particles after 10- sec., V where is in cal/cm2,
sec. and V is in degrees centigrade.

•.3 STERILIZATION I DUCTS

3.3.1 Approximation of Illumination Intensity in a
Reflective-Wall Duct; [NI Sources

In connection with tht sterilization of air in a ventilating duct,

it is necessary to estimate the variation of intensity of the sterilizing

radiation when the walls are made highly reflective.



163

Single Line Source

Consider a volume enclosed between two planez of absori tivity E,

reflectivity l-E, and separation w. This spacc is to be illuminated

by a line source of intensity I measued at unit distance. A slice of
0

the duct parallel to the line source at a distance x and thickness Ax

will be illuminated by the sum of rays from the source which have under-

gone n reflections from the wall where n .... 1, :, 3, ---. Each of

these reflected rays may be "uLnfolded" at the reflecting planes to give

a diagram similar to Figure 3.

A giver, ray unidergoing n reflections and traveling a distance r

to rEach the duct elemert Ax arrives with an intensity 1.-- Fromr

the geometry of Figure i,

n _ - xTan,,
w

The total illwuination of the element Ax is the sum of all the

rays reaching it which is riin io ' -€)

For large values of n and x, we can approximate the stum by the

integral

./0• xTan(
I : 2/ "1 (-c) w r Cos-di (d A

X 0 w

C

if we let an _ rCosedd (1)w w

The reflectivity term can be expanded by the binomial series to

give

21 2 a

ix w w- l& sdek

*7
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x 0 s-

~~ X W"
x

SAn Array of Line Sources

If the single line source is replaced with a vertical array of m

line sources as in Figure 4,, a slight modification of the expression is

required. The problem can be reduced to that of part 1 by considering

each line source to be separated initially from the adjacent by a per-

fectly reflective wall. Since the light from each source does in fact

reflect from the real walls at some time their finite absorbtivity can

be distributed over the imaginary walls. Then the expressior for a

* single source can t-, uced, replacing e with & and w with w/11n

2T1I
- - - ( )

Reflective End Walls

If the extent of the duct is limited by reflective walls parallel

to the light source, they increase the flux in the duct. If the flux

,the open cas6e falls linearly with distance from the source as given

by Equations 7 and 6, and shown in Figure 5, the light flux reflected

from the end will continue to fall in the same way as it goes back

toward the source. The sum will be a constant, equal to twice the

incident intensity at the wall less the amount absorbed by the wall.

For a duct of distance h from the source array to a parallel wall,

I 
2m11

h,m w w

These calculations are directed toward a low-pressure mercury arc

as a source of ultraviolet radiation. This source is also an almost

perfect absorber" of [WV from an external source. Therefore, only two
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passes of the radiation through the duct are considered. Everything

"that gets back to the source is reabsorbed.

5.3.2 Design of a UV Sterilizer for a
Ventilation Duct. Economic Considerations

Figure 6a is a sketch of an array of UV tubes and reflectors in

an air duct. The intertube reflectors ",Figure 6b) prevent absorption

by adjacent tubes before radiation has made its transit of the duct.

The arrangement chosen is optimized for minimum heating of the air

given a 24" high duct with a wall emissivity of u.32. The optimum width

is 75 inches.

To obtain the 2202 4-watt-min/cm2 estimattd to give over 99ý, kill

of anthrax spores, the velocity in the duct must be kept to 7.65 ft/min

* with a single bank of G36T6 tubes. If usual ventilation practice were

followed, a duct this size would be carrying about :,JDD cfm, and would

require 30 banks of tubes serially down the center of 92 feet of duct.

In either case if the air were required to carry off the heat of the
0tubes, it would be heated l3.5°F or about 10.3 C.

Such heating would be completely unacceptable in the summer without

nmechanical refrigeration.

It is possible that some arrangement of LV-transparent windows

might ,--rmit the use of a separate strtan, of air to cool the tubes.

The walls could also be separately cooled. However, this would be

complicated and add to the already considerable expense of the installa-

tion.

This structure could be made a little more resistant to blast damage,

perhaps to 5 psi, than absolute filters by enclosing the tubes in trans-

parent pipes. However, exceeding the strength of the tubes would result

in a spray of mercury vapor and glass being blown into the structure.:

Absolute filters protected by f3ash-actuated blast values are a

much cheaper solution to the same problem.

I
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% .. Economics of a Laser Source as a Sterilizer

A pulsed laser in its normal mode may be considered to have a

pulse width of 1 millisecond. If an energy flux density of 15OC

cal/sec, cm2 is required over an area of 1 cmr, a _,O-Joule pulse will

be aLout the right size.

h Q-switched laser can have a pulse width under 21) nanoseconds.

For the same flux density, a pulse of 1.2 millijoules will be required.

The 61-joule laser above operating Q-switched will have an output pulse

of about 1 joule, and will be able to deliver the required power over

an area of about lQD(; cr. or 1 ft-,

All this assumes that the spores can be killed by heating to an

average temperature of 51• 0C, even if only for i1-I seconds. This is

real terra incognita on the time-temperature curve of Figure 1. The

volumetric energy densities and deposition rates are comparable to

those of detonating TNT. The kill mechanism may be some spalling or

fracture phenomenon, rather than protein coagulation or denaturation.

The experimental investigation of this aspect promises to be highly

educational.

At this embryonic stage of the study, an economic comparison of

laser sterilization with absolute filtration appears to favor filtration.

Given a sterilizing beam of 1 ft cross-sectional area, a ventilation

system could be designed using reflective ducts that might sterilize

as much as 50,00'. ft 3 /min. The installed cost of absolute filters to

do the same job is estimated at $3_2,5`0 ($250/IUC;G cfm). The purchase

price of the laser alone is $1.i,ODO. The additional ducting and optics

would probably run the cost up to about c5, ..... A filtration system

would be required to keep the reflective surfaces free of dust.

However, the sterilizing system could be made very blast resistant.

The laser can be installed behind a high-pressure window. The limiting

structure is probably the reflective surfaces. If deformed, they will

not permit the beam to evenly sweep the duct volume.
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The experimental investigation of flash sterilization of biological

aerosols is worthwhile to learn More aiout the properties of biological

aerosols. With the energy flax densities available from relatively in-

expensive (<$10' ) pulsed lasers, regions of the time-temperature steri-

lization curve can be explored that were physically impossible a few

years ago. The sensitivity of the more fragile organisms is completely

unknown. With the paucity of existing data, some surprises might be
expected.

8.> LARGE AREA STERILZATION Wldi NWEYA_ WEAPON'S

To heat 1 micron particles and minimize heating the rest of the

e .irronment, the radiant flux density rather than fluence must be maxi-

mized. At some acceptable value of the thermal fluence (cal/cm), high

values of radiant flax density can be achieved by either (1) bursting a

small-yield weapon close by or in) bursting a large-yield weapon at

altitudes above 15 miles. Jones et. al. ('6) give the following relations i
in an unclassified report:

Below 1- mi., the maximuim power or flux is

P f w megatons/sec
max 2.1 tma

where f is the fraction of yield emitted as thermal radiation, t-a..e. as

1/3, w is the yield and t the time of the second maximum. The con-
max

stant 2.!J7 is obtained by integrating the thermal pulse curve in Glasstone

(7) This constant approaches unity for bursts above about 20, miles.

The equation for t given by Jones et.al. is
max

S O. ;Z: -. 2
t a j. n2 w e - secmax

for w in megatons at.d h in miles. The flux can be converted to the

radiant flux density (cal,/sec, cm ) by dividing by the area and sub-

stituting for t :max
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XIfw

* W \ e -

" I= 1.'j/l•. (7 calirl Sec
x

The fluEnce, or total radiant ener;y' delivered to a unit area at

distance x is

fW r
- t megatons/km

If ý.t is, for example, ,- cal/cn a relation for the thermal flux

density as a function of burst altitude for a constant fluence of i<"

cal/cm on the grouted is obtained:

1:. cal : 'l. P .- ,-- cal, c.: sec
x

For values of x over ?,rrkm. the value of th. corstant snould increase

"to 12.3K with some sort of smooth transition between 11- km and -. km.

This will account for the constant of 2.77 that drops out of the power

term as the pulse shape changes from the low-altitude form with a minimuira

to the high altitude form without. As can be seen in Figure 7, the curve

of It is concave upward.

At low values of x, where the desired power levels are obtained

close to small bursts, the prompt nuclear radiation is very large. At

larger values (>I0&.-:) the intensity of the prompt gamma radiation can

be approximated by

i. w -1.77x
I = 1.2 x l-- e rem

where as before w is in megatons and x in kilor.eters. The expression

is obtained by replotting some of the data in Glasstone ( ).

4t the i. calicm thermal fluence level, a peak thermal flux

density of 1722 cal/cm2 , sec can be obtained 35 meters from a '-ton

yield. The gamma, level is cver rem at this point. If the thermal

radiation level is held at i.' cal/ce<, and the burst altitude and yield
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are increased, the gamma dose doesn't fall below 12 re., until one gets

"to a 1, kt yield at 1. ,5 km. Ten rem is reached at 2. km from a 2i kt

burst. In this region, the thermal flux density is telow &,O calicm,

sec. In addition to the nuclear radiation, the low-yield, close-in

region has the problem of very small areas with desirable ranges of

thermal fluence and thermal flux density. The level changes rapidly

with distance.

At the high end of the curve, the nuclear radiation disappears,

the blast pressure disappears, and the distances are sufficiently large

that, in theory, useful areas on the ground can be subjected to effective

levels of thermal flux density at acceptable levels of thermal fluence.

For example, ICCQ cal/c.r, sec can be obtained at 12' cal/cm2 total

about 11i k.- from 43 megatons. And this level will have fallen only

O1C per cent 35 km from ground zero. If anthrax spores with an absorb-

tivity of 2.1 are to be heated to J? C, 1.222 calicm , sec are required.

If 1. cal.'cm- fluence is to be maintained, extrapolation of the curves

indicates 1 3 megatons at 163 km. it is highly tzrlikely that this

extrapolation is valid.

The difficulty with the high and of the curve is that the data

are only good to about 5,C km, and very uncertain above.

If onE is forced to an t-0' km ceiling, to get 1022 calicm , sec,

I' caiicm will have to be accepted on the ground fro-m a 4-gigaton

burst. Such a fluence would be accepted very reluctantly7

If a more fragile organism, such as a virus, is to be attacked, or

the particle size is 5 microns, 25C cal/cm2, sec might suffice. This

can be achieved by 25- megatons at 13C' km, with only 10 cal/cm2 on the

ground, perhaps below a region of serious damage.

In summary, large-yield, high altitude nuclear bursts may be a way

of defeating biological aerosols, especially of the more fragile organisms.
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9. WASHINGTON D. C. SUBWAY

G. A. Cristy

A succession of delays in the design of the Washington D. C.

subway has postponed the scheduled evaluation of the subway as a

part of a comprehensive blast shelter system. The preliminary

conclusions reported last year7 are still valid.

Progress has been made by the Washington Metropolitan Area

Transportation Authority (WMATA) during the year. WMATA, a

regional agency which took over the responsibilities of the National

Capital Transportation Agency (NCTA) on October 1, 1967, has contracted

for design of several portions of the subway. The following

Architect-Engineering firms are working on designs by March 1, 1968:

I. Anna= and Whitney is designing the Judiciary Square Station,

the 8th and G Street Station, and the subway between. This contract

was let in August (1967) and is scheduled to be complete by July 1,

1968.
2. Kaiser Engineering is designing the DuPont Station and the

subway from the station to Rock Creek. This contract was signed in

October (1967) arl is scheduled to be complete by September, 1968.

3. Tibbets-Abbott-McCarthy-Stratton is designing a 2550 feet

section of twin tube subway extending from 15th and G Streets NWI

under Lafayette and Farragut Squares to Connecticut Avenue and K

Street NW. This contract was let in November (1967) and will be

complete by October, 1968.

4. Rummel, Klepper and Kahl consulting engineers in association

with Mills, Petticord, and Mills (A-E) is designing the Farragut

Square station and the 1800 feet section of tunnel connecting the

station with the DuPont Circle station. This contract was signed in

February 1968.

Much of the delay in starting the design was caused by the

complexity of obtaining approvals for the subway stations architectural
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design. The architectu-al consultant Harry Wiese proposed a nwumber

of designs before final approval was obtained from WNIATA, the

Rational Capital Planning Commission, and the Fine Arts Commission.

The stations (shrown in Figure 1'' will be "brightly lighted lofty vaults

of classic simplicity."" The structure will be a high arch varying

somewhat in shape from 27-5c.. feet high and nearly 9.>K feet wide.

Another delay was caused by fears raised by the Smithsonian

Institute that vibrations from the G Street turnel would damage the

new National Portrait Galleries Building (the newly restored Patent

Office Building). This was resolved by modifying the location of the

8th and G Street station and the connecting subway, requiring extensive

underpinning of adjacent buildings, and installing vibrationi

dampeners between the subway and adjacent structures.

'he 'W,.., has responsibility for planning and building a complete

rapid transit for the Washington ,Metropolitan Area. This includes

the suburbs in two counties of Virginia (Arlin.gton and Fairfax';

and two counties of 4aryland (Prince Georges and Montgomery). In

keeping with their planning responsibility WMIATA has developed a

proposal regional rapid transit plan shown in Figure 2. This plan

has been the subject of a number of hearings and public meetings in

the District and in the suburban county governments this year for

approval and fi.nancirng.

This proposed plan expands the authorized 25 mile syztem to

a 96 mile system. It would increase the route miles of subway from

12.4 to 42.9 and the number of subway stations from 19 to 19. The

expected completion date for the presently authorized system is

late in l172. The additions required by the proposed plan would be

scheduled to be complete before 1980. This plan, if approved would

provide ready access to a subway entrance for a much larger

percentage of the people within the metropolitan area. The increase

in tunnel length would boost the estimated emergency capacity from

one-half million to 1.8 million. This is sufficient capacity for

the 1)• projected population of the District plus a sizable

Ki
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flg. 9.1 Design for Washington's New Subway Stations
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percentage of the residents of Montgomery County, Maryland, and

Arlington County, Virginia. No subway is proposed in Fairfax

County, Virginia, and less than two miles is planned for Prince

Georges County, Maryland.

Although there have been delays in the progress of design of

the presently approved system, the scheduled completion has not

yet been very seriously delayed.
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V. WEAPONS EFFECTS

10. REPORT OF SHOCK TUBE RESEARCH DURING THEI PERIOD

MARCH, 1967 - MARCH, 1968

L. Dresner and C. V. Chester

"10.1 INTRODUCTION

This past year we have taken great strides forward in shock

tube research, inproving both the mechanical aspects of our shock

tube as well as our techniques of measurement. As a result of these

improvements, we have been able to achieve a unified description

of the attenuation of shocks in long tunne.s, both bare and

containing additional elements such as artificially roughened walls,

baffles, and scaled models of human figures.

Figure 1 shows an overall view of our shock tube, which

consists of pieces of four-inch ID pipe of various lengths. Each

piece of pipe now rides on a steel cart, permitting easy rearrangement

of the shock tube. The pieces of pipe are now joined to one another

by Grayloc flanges (Gray Tool Co.) rather than the screw connection! s

formerly used. The Grayloc flanges connect the various pieces of pipe

in a very simple and convenient manner. These mechanical improvements

have eliminated most of The problems of setting up and tearing down

experiments.

In the past, the s ock tube was driven by small amounts of condensed

explosive (Detasheet-DuPont). Owing to the possibility of structural

damage, we were limited to about 5 grams TNT equivalent. With this

low yield, we had to evacuate the shock tube to rather low pressures

(-10 mm Hg) in order to model the effects of megaton explosions on

shelter tunnels. To avoid the inconvenience of pumping down, we

abandoned condensed explosives in favor of exploding gases, which

because they spread the explosion over a large volume, do not damage

the shock tube. The gas mixture we use now is a 21, propane-79t
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oxygen mixture at a gauge pressure of 20 cm 11g. Before the explosion,

the gas mixture fills a driver section at the upstream end of the

pipe (the first two sections of pipe in Figure 1) A Dacron-reinforced

polyethylene membrane confines the explosive mixture before the shot.

The membrane is clamped in a special quicK-release flange. The

quick-release clamp is counterweighted, and when the membrane is

being changed it rides smoothly out of the way. The gases are admitted

to the dirver section through a valved connection in the end cap;

another valved connection goes to a mercury manometer. The gases

are detonated by a .",'-caliber blahk cartridge fired from a single-

shot rifle mounted in the end cap.

Piezoelectric transducers manufactured by the Kistler Instrument

Corporation are our measuring instiuments. in the past, we used them

to measure shock overpressures directly, but they were unsatisfactory

in two regards. In the first place, they are sensitive to acceleration

and therefore respond to the mechanical vibrations induced in the pipe

wall by the passage of the shock wave. These vibrations produce a

high-frequency background signal which makes it difficult to determine

the shock over-pressure. Furthermore, even in cases in which this

mechanical noise was not too bad, the reading of the transducer

seemed to vary with the conditions of service: we have observed

that simply removing a transducer from its mounting and returning it

again changes its reading, sometimes by as much as £t•L. Finaily,

when compared with overpressures determined from shock arrival times,

directly measured overpressures appear to be 25ý lower on the average.

For all these reasons, we decided not to use the transducers to measure

peak overpressures directly. Instead, we use them in pairs to time

the flight of the shock wave over a four-inch length cf pipe; the

shock velocities determined in these measurements are then converted

into shock overpressures using the Rankine-I{ugoniot relations.

Shock overpressures determined Jin this way show much lc- scatter

than directly measured values, and we believe them to be more accurate.

Occasionally, we are interested not juit in the sho ' overpressure



but. in the entire pressure-time history at a point. Then we do use the

transducers to measure the pressure directly. A slight technical

difficuIty arisej here owing to the transfer of heat from the hot

gases to the transducer. Heat transfer takes time, so the shock

cverpressure is unaffected, but after a few milliseconds the

pressure indicated by the transducers drops below zero and occasionally

goes negative by more than one atmosphere, an impossibility. Covering

the transducers with two layers of 7-mrl-thick plastic adhesive tape

inhibits heat transfer and avoids this difficulty.

With these improvements, we have continued our studies of the
attenuation of" shock waves in long tunnels. We have concentrated our]

efforts on attenuating elements of three kinds: artificially

roughened walls, baffles (orifice plates), and scale models of human

figures. We have found from our experiments that the attenuation

produced by these elements can be reliably ccrrelated with the friction

factor that would govern fully developed turbulent flow in the same

yipe. This '.ea!s that we are now in a position to predict the

attenuation that would be produced by elements for which the

friction factor for turbulent pipe flow is known.

it.2 RES3ULTS-BARE TUBE

To demonstrate the detonation of the gas mixture, we measured the

detonation -velocity in the driver section by timing the flight of the

detonationi fruct between ,airs of transducers separated by a measured

distance, usually of the order of 40 inches. According to measurements

cf preton quoted by Lewis and von Elbe, the detonation velocity of a
-i

21C.'- '9propane-oxygen mixture is 2.50 km sec at atmospheric pressure,

and is nearly independent of pressure. We carried out many P periments,

detonating the gases with L spark, with .22-caliber blank cartridges.

with #C. blasting caps, and with 5-gram explosive charges. Only the

spark failed to detonate the gases reliably. The average detonation

velocity ,measured in a large number of experiments employing the

other detonators was 2. kM socc-, rangiing from a low of 2.50C to a

high of 7.u tkn sec a spread of about .
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Once we know the detonation velocity and have some idea about

the energy released in the explosion, we can estimate the ratio of

the specific beats of Ut.- burnt gas. In fact, if the explosion is

strong, (i.e., if the detonation pressure is large compared witn the

initial gas pressure) these three quantities are simply related by the
equation

S = (1 + q~li2 (1)
2q'

where U is the detonation velocity, q is the energy released in the

explosion per gram of reactants, and 7 is the ratio of the specific

heats of the burnt gas. Taking U = 2.5 km sec-I and q = 1.83 kilocal

g (corresponding to the stoichiometric combustion of propane and

oxygen to carbon monoxide and water vapor), we find > = 1.19.

Knowing >, we can calculate the shock overpressure as a function

of shock position by the numerical method of von Neumann and

Richtmyer. In this calculation, the total explosive energy and the

length of the driver section are parameters. The initial data are

the pressure, density, and velocity distributions behind the

detonation front at the instant it reaches the membrane. The wave

diagram corresponding to this initial data (Figure 2) is that of a

Chapman-Jouguet detonation followed by a rarefaction wave. Because

the flow behind a Chapman-Jouguet detonation is sonic relative to

the front, the leading edge of the rarefaction coincides with the

detonation front. Behind the rarefaction is a region of stationary

burned gas of uniform pressure and density. The detailed computation

of the initial data is described in reference 3.

When the detonation front reaches the end of the driver section
* (point P), conditions change abruptly, combustion energy no longer

being supplied to the gas. The burned gas in the region x < L now

acts as the driver gas of a shock tube, while the air in the

* region x > L acts as the gas being driven. A shock, contact surface,
and rarefaction wave emanate from point P exactly as they do in an

L#
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ordinary shock tube. The contact surface separates the air that has

"passed through the shock front from the burned gas that has expanded

through the rarefaction. Because of the presence of the rarefaction1

emanating from the origin 0, the trajectories of the shock front

and the contact surface cannot be calculated as simply as they are

in the case of an ordinary shock tube (except in the immediate

neighborhood of point P). However, they can be calculated nimerically.

Figure 3 shows the result of two such calculations. Here, Lp is

the shock overpressure, L is the length of the driver section, X is

the position of the shock front measured from the closed end of the

driver section (and not from the membrane), E is the total energy

of the explosion divided by the cross-sectional area of the sbock

tube, and 7 is the ratio of the specific heats of air. In the upper

curve the ratio of the specific heats of the burned gas was taken to

be the same as that of air, namely, 1.4. In the lower curve the

° ratio of the specific heats of the burned gas was taken to be 1.2.

* The difference is considerable, showing the importance of accounting

for the charge in the thermodynamic properties of the burned gas with

temperature.

One very interesting feature of both of these curves is the

plateau in the neighborhood of X/L ý 4. This plateau is caused by

the forward expansion of the region of stationary gas behind the

rarefaction wave that follows the detonation front. This expansion

catches up with the shock front in the vicinity of X/L = 3 and

supports the shock front from about two driver lengths. This can be

seen clearly from a time sequence of pressure, density, and velocity

profiles given in reference 3.

Fig-are 4 shows shock overpressures measured by the flight-time

method plotted against distance down the shock tube measured in driver

"* lengths. The curve is the lower curve of Figure 3 normalized to a

total exp.-sive yield of 6 kilocal per foot of driver length. (In a

four-inch tube, the stoichiometric combustion of propane and oxygen at

a guage pressure of 20 cm Hg to carbon monoxide and water vapor would

release 8.3 kilocal per foot of driver length.) The normalized curve
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compares well with the measured points. Particularly gratifying

is the experimental verification of the plateau, which is clearly

evident, though somewhat wider than expected.

10. 3 RESULTS - BAFFLED TUBES

The purpose of the experiments reported below was to test the

effect of various elements inserted into the shock tube on trne

attenuation of shock waves. The elements were an artificially

roughened wall, orifice plates, and scale models of human figzares.

The additional attenuation they produced can be related to the friction

factor that would govern fully de,.eloped turbulent flow in the same

pipe with the following formula

C = exp(-0.3OfAX/D) (2)

where

C is the factor by which the overpressure at the point
of interest is reduced compared to what it would be
at the same point in the bare tube,

f is the Fanning friction factor that would apply to
the baffled section of pipe, i.e., the section of
pipe containing the attenuating elements,

LX is the distance from the beginning of the baffled

section to the point of interest, and

D is the pipe diameter.

Equation (2) is based on the tacit assumption that the friction

factor f is constant. In the pipes with artificially roughened

walls or the pipes containing orifice plates described below, the

friction factor becomes constant for Reynolds numbers greater than
4

about 3 x 10 . The Reynolds number of the flow behind a 100-psi

shock in a four-inch pipe is about 6 x 10 6; for a 10-psi shock, it is

about 1 x i0C. However, as we shall see later, the friction factor

of the scale models of the human figures may not be constant in the

range of Reynolds numbers covered in our experiments.
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Figure 5 shows overpressures measured in a section of pipe

containing orifice plates with a 3-1/8-inch I.D. Three different

spacings were used between the orifice plates, namely, 41", 8",

and 12". The length L of the driver section was 37" in these

experiments; the first orifice plate was located at 9'8". The pairs

of transducers were symmetrically placed around the points at

12'c", 14'll", 17'1l", and 21'2", with no orifice plates between the

members of a pair.

The orifice plates used above have an area blockage of 39%. F.

Arredi has published measurements of the Fanning friction factor

f for orifice plates with a 361 area blockage which cover fully the

range of separation of one to three diameters. According to data

of H. Mobius 5 , the friction factor varies roughly as the square of

the area blockage at constant spacing, so that Arredi's values need

to be increased by a factor of about 1.17 to apply to our orifice

* plates. Correcting Arredi's data, we find f = 0.21, 0.15, and 0.12,

respectively, according as the orifice plates are spaced 1, 2, or

3 diameters apart. Shown also in Figure 5, are curves referring to

those values of f which were obtained by applying the correction

calculated from Equation (2) to the curve given in Figure 4.

Agreement with the experiments is good.

In order to test the validity of the correlation (1) over a

wide range of friction factors, we performed an experiment in which

the friction factor was reduced by approximately one order of magnitude.

In this case, the wall of the shock tube was artificially roughened

by cutting a V-thread in it with an apex angle of 600 and a pitch

of 0.125". Thus the depth-to-pitch ratio is O.P66 and the depth-to-
6

diameter ratio in a four-inch pipe is 0.0211. Schiller has reported

values of f for various "Lowenherz" threads (metric threads with a

depth-to-pitch ratio of 0.75 and flats at top and bottom equal to

one-eigth of the pitch). In one of his experiments, the depth-to-

diameter ratio was 0.0286; the corresponding value of f was about

* 0.013. Shown in Figure 6 are experimental values of the overpressule.

The driver length was again 37"; the threaded section began at 9'8".

I
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Shown also is a curve calculated in the same way as before and based

on f 0.013. Agreement is again good.

The last set of experiments was conducted using scale models

of human beings in the shock tube. The models were aluminum dowels

1/2" in diameter and 2-1/2" long; in an eight-foot-diameter tunnel

these dowels would correspond to a five-foot-tall figure with a mean

diameter of one foot. The dowels were screwed permanently into a

base plate in a triangular array shown in Figure 7. Five different

patterns were used, all of which are also shown in Figure 7. The

full-density pattern contains 8 dowels per diameter, corresponding

to a shelter packing of approximately 5,000 people per mile of

eight-foot-diameter tunnel. Of the remaining four patterns, two

correspond to two-thirds density, and two to one-third density.

Shown in Figures 8 a-e are overpressures measured at various

positions down the tube for these five patterns. In all cases, the

dowel-filled section of pipe began at 10'C". Three curves are

drawn in each figure, but before we consider them, we can draw some

interesting conclusions by comparing the different sets of points.

The two sets of points corresponding to two-thirds density agree with

one another fairly well, although there appear to be some differences

in fine structure. The set of points corresponding to full density

also agrees with these two, in contradiction to the expectation that it

would be corrected by a factor C [See Equation (2)] equal to the

three-halves power of that applying to two-thirds density. Thus

it appears that the local flow perturbations introduced by the

presence of the pegs may interfere with one another (either

constructively or destructively), thus affecting the friction

factor. Such behavior has been observed by Schlichting in turbulent

pipe flow.7 Comparison Figures 8d and 8e both referring to one-third

density, shows further effects of such flow interference.

The same three curves are shown in each of Figures 8 a-e. These

curves have been calculated using Equation (2) with friction factors

arrived at in the following way. The Reynolds number of the flow

behind a 100-psi shock moving into air at STP is about 7.7 x 105 when
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computed with the half-inch diameter of the aluminum dowels; the

Reynolds nurber corresponding to a l0-psi shock is about 1.3 x i10.

This is the range of Reynolds numbers covered in the experiments
8

reported by Schli~hting. In this range, the skin friction

coefficient cf of cylinders falls from a plateau of about 1.15

to a valley of about 0.3. The three curves shown in Figure 8

are based on values of the skin friction coefficient of 1.15,

two-thirds this value (0.77), and one-third this value (0.38).

Since the skin friction coefficient is referred to the projected

area of the cylinders rather than the wetted surface of the pipe,

the value of f to be used in Equation (2) is relatce to cf by the

equation

f d hN-h (3)

cf

o where

d is the diameter of the cylinders,
h is their height,
N is their density (cylinders per unit length of pipe), and
D is the diameter of the pipe.

The three values of f are 0.23, 0.1•5, and C.77 respectively. The

three curves can also be used to estimate the theoretical difference

to be expected due to the different densities of packing used. The

estimates of attenuation based on Equation (2) roughly consistent

with the measurements, but without better values of the friction

factor no true test of the theory is possible.

10.4 CONCLUSIONS

The experiments reported here already supply valuable information

on situations of practical interest at a scale of 24:1. In addition,

they lend strong support to Equation (2), from which useful engineering

estimates of shock attenuation can be made. To further check

Equation (2), experiments are planned in which a configuration of



1/8-inch dowels with a precisely known friction factor is used.

Finally, the experiments will be extended to greater attenuations

to determine the limits of validity of Equation (2).

: i
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11. THE PEAK OVERPRESSURE AT THE FOOT OF A VERTICAL
WALL FACING AN AIR BLAST

Lawrence Dresner

11.1 INTRODUCTION

The peak overpressure at the foot of a vertical wall facing an

air blast is higher than the peak overpressure at the same point when

the wall is absent. Multiple reflections of the incident shock front

in the right angle between the wall And the ground cause the increase.

Generally speaking, multiple reflection of shock waves leads to com-

plicated flow fields that are impossible to analyze, but fortunately,

in the problem at hand, practical results car be obtained by studying

a few simple, analyzable flow fields.

11.2 ANALYSIS

FigurE 1 shows thc situation we shall study. The dimensions of

the wall have purposely been exaggerated in comparison with the burst

heights and ranges of nuclear explosions.

When a shock wave strikes a reflecting surface, two different

kinds of reflection can occur: regular reflection and Mach reflection.

Which one actually occurs depends on the shock strength and the angle

of incidence. It appears, then, that we have to analyze four different

situations according to whether regular or Mach reflection occurs at

the ground and at the wall. However, in the Mach region the incident

shock will not strike the wall at all if the Mach stem is higher than

the wall, as it will be except in a small region near the point where

Mach reflection begins. Thus, we shall consider only one situation in

the Mach region, that shown in Figure 2-1.

The reflection of the Mach stem at the wall is the same as the

reflection of any shock wave normally incident on a plane wall. Hence

we can find the peak pressure at the base of the wall, and indeed over
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its entire face, by combining the known solutions of the problems of

oblique and normal shock reflection.

When the reflection on the eround is regular, two situations, shown

in Figures 2-2 and 2-3, are possible. That shown in Figure 2-2 is of'

lesser importance, being possible only when the incident shock has a

peak overpressure less than 9.8 psi. This can easily be shown by con-

sidering Figure 54 of Section 125 of reference 1. This figure, repro-

duced here as Figure 3, shows the angles of incidence a and the0

pressure ratio po/pI = / of the incident shock for which regular

reflection is or is not possible. Here p0 is the pressure of the undis-

turbed air, and p1 the pressure (not overpressrure) of the air behind

the shock front. The curve marked E and the line aO = 45 intersect

at = 0.60. When po/p 1 - 0.60, if ' lies in the domain where

regular reflection is possible, a; = - %o, the angle of incidence

on the wall, must lie in the domain where no regular reflection exists,

which is what we wished to prove. Finally, p/po1 < - .6o implies Ap, t

9.3 psi.

The conclusion that the configuration shown in Figure 2-2 can only
occur for 6p, r 9.8 psi is based on the impossibility of satisfying the

conservation relations that must hold across shock fronts when 6p, > 9.8

psi. The experimental evidence, as summarized by Courant and Friedrichs,

seems to indicate that while the configuration is possible for weak

enough shocks, it does not actually occur. According to Courant and

Friedrichs, if we keep the strength of the incident shock wave fixed
0 0and change the angle of incidence gradually from 00 to 9- , the reflection

is regular until stationary Mach reflection is reached; from then on

Mach reflection occurs. Since the angle at which stationary Mach re-

flection appears is always less than 45° (See Figure 66 of Reference 1),

the configuration of Figure 2-2 will not occur. Thus the only configura-

tion of shocks possible when the incident shock undergoes regular reflection

on the ground is that shown in Figure 2-3. Normal reflection of the

• •downward-moving Mach stem on the ground produces the peak overpressure,
which can he calculated exactly as for the configuration of Figure 2-1.

V
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Figure J4 shows the peak overpressure at the foot of the wall as a

function of angle of incidence for five incident overpressures between

44.1 and 195.3 psi. The left-hand branch of each curve corresponds to

the configuration of Figure 2-3; the right-hand branch to that of

Figure 2-1. The discontinuity occurs at the angle of stationary Mach

reflection. The calculations were done with the aid of published graphs I
of the so-called "magnification factor" (the ratio of the pressure

behind the reflected shock to the pressure behind the incident &hock)

as a function of angle of incidence for various strengths of the

incident shock.3 I supplemented these published graphs with additional

graphs of my own.

The implications of Figure 4 are dramatic. Consider, for example,

a blast door mounted flat on the ground and exposed to a 44.1-psi shock

at an angle of incidence of 40. The reflected overpressure is then 13'?

psi. According to Figure 4, the same door mounted vertically would have

to withstand a peak oveipressure of 770 psi, more than 5.6 times as great

as in the horizontal position. This example has been chosen to be

dramatic, but the reflected overpressure on a horizontal blast door

is always less than or equal to that on a vertical blast door (the two

becoming equal ai. ground zero).

11..3 EXPERIMENTS

In order to check the theory outlined above, I performed some

experiments, described below, in the four-inch explosively driven shock

tube. 4  A cylinder with a right angle cut out of it (Figure 5) was

mounted in the shock tube with the two faces of the right angle inclined

300 and 600, respectively, to the axis of the shock tube. A schematic

diagram of the experimental setup is shown in Figure 6. Two transducers

"were mounted four inches apart just in front of the cylinder; by timing

the flight of the shock front between them, the shock velocity could be

obtained. The overpressure of the incident shock could then be calcu-

lated from the shock velocity. A single transducer located in the apex

of the right augle with its face parallel to the shorter leg measured

iI
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Fig- 11.5 Model for 30o/600 Reflection Experiments
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t'e reflected pressure. The incident pressure was varied by varying

"the distance of the cylinder from the driver end of the shock tube.

For incident overpressuLres less than 10 psi, the incident shocK

front suffers Mach reflection on the longer leg of the right angle and

regular reflection on the shorter leg, corresponding exactly to the

situation shown in Figure 2-.. For incident overprecsu'es greater

than 105 psi, Mach reflection occurs on both legs of the right angle

(Figure 7). When the incident overpressure is only slightly greate,

than 105 psi, the Mach reflection on the shorter leg is close to

stationary reflection, which is to say, the velocity of growth of the

Mach stem is small compared to the velocity at which it moves along

the shorter leg. This means t`-tt the instant the two Mach stems first

touch, that moving along the lung leg will be much longer than that

moving along the short leg. For example, when the incident overpressure

is ij2.3 psi ( 0 = 0.1), the two Mach stems are 2.3'" and C..Q&,l long,

respectively, at contact, a difference of almost a factor of 10.0. Even

when the incident overpressure is as high as 475.3 psi (6 = 2.03), the

two Mach stems differ by more than a factor of L?,i in size, the larger

one being about 0.56" long and the smaller 0.027" long. Since the

velocities of propagation of the two Mach stems are comparable, it is

clear that the foot of the Mach stem traveling along the long leg

of the right angle will collide normally with the short leg, free from

any perturbation caused by the Mach stem tr veling along the short leg.

Hence, the peak overpressure should again be due to the normal reflection

of the Mach stem traveling along the long leg.

Figure 15 shows the reflected overpressure at the vertex of the

right angle as a function of the incident overpressure for the 30°-6Qo

case. The curve has been calculated by assuming the Mach stem traveling

along the long leg to be normally reflected from the short leg. The

points are experimental. The agreement is very good for incident over-

pressures greater than about i00 psi, whereas for lower pressures the

theory gives a slight overestimate. On the whole, the comparison supports

the contention that the simple theory outlined above is substantially



214

ORNL-DWG 68-28q9

LINEAR DIMENSIONS
SHOWN TEN TIMES
ACTUAL SIZE

30o0

Fig. 11.7 Sketch showing the configuration of shocks when there is
Mach reflection on both faces of the 3`,0 /'Lif wedge. The angles
correspond to an incident shock overpressure of 475 psi; the Mach
stem moving along the shorter leg of the right angle has been shown
ten times its actual size.



21c5

ORNL-DWG 68-282010,O000• , •
- 4 -i-

I - ' - .

-- ' 30Y600 WEDGE

5000 -_i
iI /4,42 

-i! * -

2000 ~ 7- _ 1 2 ;I... I ' I ' ,-I. •

I " II ' :Iu-i 100 ,-$-- ; I -J - 1" ! i,

i !0, <

w I , I __•• / . i

2000 ,

U 1 i i

uji 1000 - - 4 - ' : ' , -
. . . .

1)I i _•__ . . . , I.
-- -I . ... I- . -- .I r -r r

20
__I I i I i; ,

o_~ ~~ 50 0-------------;---', -

400", i II

20 50 400 200 500 4000
INCIDENT OVERPRESSURE (psi)

Fi.11.8 The peak overpressure in the reentrant right angle of the30 /600 i-dge as a function of the incident overpressure.



21 L

correct. Of course, the Mach-Mach situations being considered here

are excluded in the theory on which Figure 4 is based by the assumption

that the Mach stem traveling alcng the ground is higher than the

wall.

The key point in the above discussion of the Mach-Mach situations

is the difference in the lengths of the two Mach stems. It is interesting

to ask what would happen if the right angle were symmetrically

oriented so that each of its legs made a 415° angle with the axis

of the shock tube. Since the angle of incidence on both legs is

now 450 the incident shock undergoes Mach reflection on both legs.

Furthermore, both Mach stems have exactly the same size at all times

owing to the symmetry of the situation. Hence the previous analysis

cannot be used.
0 0OTo aid in analyzing the 45 - 45 case, we shall make use of the

fact that the plane that bisects the right angle can be replaced by

a rigid wall and only half of the right angle considered. Now as

time passes, the Mach stem grows and eventually reaches the bisecting

plane. It is incident on that plane that an angle of 45°, and

undergoes another Mach reflection there. Of course, the reflected

shock from the first Mach reflection also is reflected at this

point and a rather complicated flow develops near this point. If

this process continues indefinitely, it would appear that the reflected

pressure in the vertex of the right argle becomes infinie, but it

is impossible to be certain of this because of the comrnplexity of the

flow field.

Before abandoning analysis of the situation, however, we should

examine the numerical values of the verious quantities involved. For

definiteness, let us consider an incident overpressure of 83.3 psi

0.15"). The trajectory of the top of the first Mach stem is a
0

straight line inclined only 3.1 to the leg of the right angle. Hence,

when the top finally reaches the bisector, the foot of the Mach stem

is only 0.4i" from the vertex, measured along the leg. The top of the

second Mach stem is inclined only 3.80 to the bisector; it reaches the

leg at a point only C.0141" from the -'r t ex, measured along the leg.
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Let us now examine conditions on the last quarter of an inch of the

leg before we reach the vertex. This is the region occupied by the

face of the transducer. Except for a very small region right near the

vertex, the transducer face sees only the passage of the first Mach

stem and experiences at first only the pressure of the air behind it.

Since the air behind the first Mach stem is moving into the right

angle, it must eventually come to re:t. Thus we expect that out of the

small region of multiple reflection right near the vertex, the reflected

shock will emerge, moving parallel to the leg, across which the shocked

air behind the first Mach stem will come to rest. The pressure behind

this rtflected shock front will be just that due to the normal

reflection of the first Mach stem. Because the transducer face is much

larger than the tiny region of multiple reflection, this is the

* pressure it will record. A much smaller transducer would presumably

record a much higher reflected pressure.

To test the above ideas, an experiment was performed with a

4 •5 - 450 cylinder. The results, together with a curve calculated

by assuming normal reflection of the first Mach stem, are shown in

Figure 9. The agreement of theory and experiment is about as good

as in Figure 8, again being better for higher incident overpressures

Sthan for lower.

11. 4 CONCLUSIONS

Practical results for the pressure amplification in the right

angle between two planes can be obtained by combining the known solutions

of the problems of oblique and normal shock reflection. Figure 4

shows the peak overpressure at the foot of a vertical wall as a function

of angle of incidence for several incident overpressures.

!I



218

__0_OOO__ORNL-OWG 68-282440,000 _--

5000 -- ,-'450/450 WEDGE -4 4I

"__ , __ i 1 'z i__ __ -4 ---4i- /___ ' I .
cr 2000 - 4

0 z I / i I ' ! iI

tI 4000_I 'T --

I -
_ II500-- 1 A iW ,-(,/3 ' i / !l-[n " -' I 4o. a / Ii - -t - I- I

___• II

20 50 400 200 500 4000
INCIDENT OVERPRESSURE (psi)

Fig. 11.9 The peak overpressure in the reentrant right angle of the 1450 /450
wed~ge as a function of the incident overpressure.



219

11.5 REFERENCES

1. "Supersonic Flow and Shock Waves," R. Courant and K. 0. Friedrichs,
Publishers, Inc., New York, 1948, p. 326.

2. Ibid., p. 342.

3. "Regular Reflection of Shocks in Ideal Gases," H. Polacheck and
R. J. Seeger, Navy Department Bureau of Ordance, Explosives
Research Report No. 13, February 12, 1944; "The Effects of Nuclear
Weapons," Samuel Glasstone (ed.), U.S. Government Printing Office,
February, 1964, p. 147.

4. "A Four-Inch Shock Tube Driven by an Explosive Gas Mixture,"
L. Dresner, C. V. Chester, ORNL-TM-2O94, March, 1968.

a

-5

I

I



ItI

12. POWER REACTOR VUI/ERABILTTY TO NUCLEAR WEAPONS

C. V. Chester and R. 0. Chester

12.1 INTRODUCTION

12.1.1 Power Reactors as Targets

A typical 100) MWe nuclear power reactor has a long-lived fission

product inventory in its core equivalent to the yield of a 29 megaton

weapon. If a smaller weapon, say 100 KT, can release this inventory,

a nuclear reactor might be deliberately targeted.

Figure 1 compares the activity from a 100 KT fission weapon after

detonation and from the total inventory of fission products in a 1023 MWe

reactor core after shut down. The fuel in the core is assumed to have L.

three year operating time and to be uniformly rotated so that fuel of all

ages between 0 and 3 years is equally represented. The reactor core

activity consists primarily of the longer lived isotopes and although

initially there is less activity in the reactor core than in the weapon,

in less than a day the activity levels are reversed. Now it takes the

reactor activity 2 1/2 years to decay to the level of the weapon activ-

ity at 2 weeks. After 10 years nearly 501 of the reactor activity is

28ygXSr and 29y Cs. In contrast, another biologically active element

with no long lived isotopes, iodine, has a total activity in the reactor

core comparable to that in a weapon. The iodine activity in both the

weapon and the reactor has essentially disappeared after 2 months.

Building several of these large reactors together on a single site,

as most power companies do, tends to make power reactors even more vul-

nerable. Brown's Ferry, Alabama for example, will have three 1002 bl'e

reactors arranged in a line 151 feet from reactor center line to reactor

center line.

Additionally, there is spent fuel storage adjacent to the reactors.

This spent fuel is usually less well protected from blast effects than



221

"ORNL-DWG 68-4470

"'4 4" 1 " " 4

III ill 1 I I l l t1i I i . , ' ' " 4 i

I " REACTOR, ROTATED CORE 4000MWe
9 3-yr LIFETIME

-It I , _ * •i.4

S- "4 1 1.. .
t R T C 4 -4 .4 .4 4

J 1 : , 'I' iI i '" 1 * * ! ' '

40

tot

5Ii' i !i I i . .I• i ',I l : i
I 4I 4 Y.t • 44, w'. 4 : 4: : ..

S4 4, .. . . 4 " , - 7% i. . . .

45hRE R Iwk .. .yr•4•4 y i 2by"
. I " I .II I I • • I j

t-5 h r 
-"' r 4 :-

10 105 ... . . .... ! i1

TIME (sec)

Fig. 22.1. Residual Activity from 10 MWe •ieactor arid a 100 KT

Weapons vs Time After Weapon Detonation or Reactor Shutdown.
L . . ..__ -, .. , i__ ,_, _i



the operating reactor core and could add substantially to the weapon

fallout. In some cases fuel recovery plants with fuel storage pits

capable of holding many years inventory of fuel will be built close to

the large reactors. The MFRP (Midwest Fuel Recovery Plant), for example,

is already approved for a site less than one mile from the Dresden power

plant containing three reactors. The overall object of this work is to

determine just how vulnerable to nuclear attack the large nuclear power

plants are.

1:?.1.? The Test Prototype

The Turkey Point reactor to be built south of Miami was selected

as the test prototype for this work. The Turkey Point reactor is a

72' MWe pressurized water reactor. The operating pressure is 2:40, psi

at 650 0 F. (See Figure 2.)

"The reactor pressure vessel shown in Figure 3 is a steel cylinder

,6 feet long with hemispherical ends. The vessel has an inside diameter

just wider 13 feet and a nine-inch thick wall. The top closure is a

hemisphere cornfcted to the cylinder by a bolted flange. The reactor

is surrounded by a biological shield of reinforced concrete approxi-

nately 6A inches thick. Coolant pumps and steam generators are situated

in chambers around the biological shield, and the pumps and generators

are surrounded in turn by another concrete wall about 12 inches thick.

Finally, the entire reactor is enclosed in a cylindrical containment

wall of prestressed concrete 120 feet in diameter and 42 inches thick.

The containment wall is designed to withstand a __ý mph wind and a 5 psi

differential pressure acting simultaneously, missiles consisting of a

car traveling at ,,- mph, 450 lb bolted wood decking traveling at 500 mph,

or 1i0 lb siding sheet traveling at 600 mph. Tornadoes in the Florida

environmen' are, in part, responsible for the substantial design of the

containment wall. A diagram of the principal structural elements of the

reactor is shown in Figure '.
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12 1.3 Criterion For Preferentially Targeting a Power Reactor

The criterion for preferentially targeting a .,ower reactor is the

p-eduction of a significant number of additional casualties due to the

presence of the reactor in the target area of a nuclear weapon. By this

criterion, damage to the reactor causing a loss-of-coolant meltdown and

simultaneous loss of containment would not be significant unless casual-

ties were produced. Nuclear weapons effects on power reactors can be

divided into 3 important cases.

The first case occurs when a weapon is detonated far enough from the
1

reactor that the containment wall is subjected to 5 psi or less. A

1-;b, KT weapon detonated 2 miles or more froc. the reactor falls into this

case as does a 10 MT weapon detonated at least v miles away. In this

case there will be no lcss of containment, no activity release, and

therefore zio additional casualties produced.

The second case ozccurs when the weapon detonatec is close enou4h to

the reactor to prodane overpressures sufficient to breach the reactor

containment and damage the primary coolant systerm but not sufficient to

rupture the pressure vesbel. If the vessel is not breached, except for

the coolant lines and minor damage to the integrity of the vessel, the

core wiLl erenirn in the vessel. The vessel itself could te thrown

several hundred feet by the explosion,. The mode of failure car, best be

predicted by riodel stuidies, repo.rted later. A I10, KT weapon, detunated

I to 'ItO feet from the reactor or a 10 MT detonated 20.0 feet to ,

midles away would be examples of this second case. It is assumed the

engineered reactor safeguards are also damaged and a core meltdown could

occur in 1/2 to 2 hoars with the consequent release of less volatile

fisasion products.

In order for t> fissiorn products in the core to produce signifi-

cant adoitional casualties, they must first be mcoved from the area of

imiediate weapons effects and then deposited in concentrations that

produce dangerous radiation levels. We argue that those fission product

vapors escaping from the are,. of a meltdown will not be deposited down-

wind in quantities significant compared with the weapon fallout. In
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order to be deposited in quantity, the fission products must be mixed

with the earth pulled up in the stem of the cloud, and hence must escape

from the reactor in large amounts within seconds of the burst. Since

minutes are required for the core to melt, the fission products from a

core meltdown will not be included in the weapon fallout. The atmos-

pheric effects of the nuclear weapon (except for any large and persis-

tent fires) have occured long before the meltdown, therefore, local

meteorological conditions determine the distribution of the radioactiv-

ity released from the core. It is highly improbable that the local

meteorological conditions will carry enough radioactivity from the

reactor core to create serious biological effects outside the region of

high-casualties from initial weapo.n effects. The high casualty regicn

is approximately one mile from ground zero for a 102' KT weapon and nine

miles from a 10 Mr.

The third case occurs when a nuclear weapon is detonated close

enough to the reactor that the impulse per unit area delivered to the

containment wall is greater than l.-20U psi-sec. In this case, the

reactor pressure vessel is broken open, the fragmented core is ejected

from the ruptured pres.sure vessel is broken open, the fragmented core

is ejected from the ruptured pressure vessel and entrained in the stem

of the cloud. Fission product release could be significant while the

core fragments are in the stem and a fraction of the reactor fission

products could be added to the weapon fallout. If this third case is

logistically and economically obtainable, a power reactor makes an

attractive target.

I?.l.L Weapon Effects

At the maxim= distance a nuclear weapon can be detonated and still

breach a reactor pressure vessel, the most destructive weapon effect is

the blast. Ionizing radiation will be essentially excluded from the core

by the shielding. Radiation from the thermal pulse will have diffused

only a few inches into the outer concrete shell before the arrival of a

multi-kilobar shock for detonation close to the reactor. When detonation
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takes place at larger distances, the phenomenon of "breakaway" will

have occured and the sho_,k wave arrives before the fireball.

The effects of the blast loading oni the outer shell have been

calculated using the procedures outlined it. Glasstone and weapon

effects calculated by Hillendahl' and are shown in Figure 5. Calcula-

tions are for yields and ranges producing impulses that scaled experi-

ments have shown to be in the neighborhood of those just breaching the

pressure vessel. Since typical reinforced concrete begins to fail at

O psi, the strength of the outer shell may be regarded as small cyn-

pared to the blast loading. The shell is accelerated to about 20,'-- ft/sec

and thrown against the biological shield of the reactor. A largely

inelastic collision occurs and the combined masses impact the pressure

vessel, accelerating the pressure vessel to 3 or 4 hundred feet per

second. As a result of the impact and depending upon the state of pres-

surization of the vessel, the bolts holding the top flange may shear

and the vessel may split lengthwise on the side opposite the impact.

12.1.5 Fission Product Release

Fission product release depends very strongly on whether or not the

reactor pressure vessel is throughly fragmented and the crushed and frag-

mented core is exposed to the atmosphere. There will be a maximuw re-

lease of fission products if the core fragments are exposed. These core

pieces could be pl cKed up with the other debris by the wcapon stem ,inds

and reactor fission products might be released and added to the weapon

fallout.

The exact fission product release is difficult to estimate. how-

ever some very rough estimates are given in "Emergency Core Cooling, 4

based on small scale release experiments conducted at ORNL.5 4c to

901i of the volatiles and "substantial fractions" of the nonvolatiles are

estimated to be released from a thoroughly fragmented core. The gaseous

fission products that collect in void spaces between fuel and cladding

will start escaping- as soon as the fuel claddinr_ is fractured by blast

effects. The activity of the noble gases and halogens is plotted in
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Figure 1. As the temperature of the fuel rises, other fission products

become volatile. Cc, Te and Ru, for example, are volatile at the melt-

ing point of the cladding. Release of the volatile oxides of ruthenium

will be inhibited if there is water present because there will be a

uater-metal reaction providing a reducing atmosphere which seems to

inhibit the Ru oxide release.

When the pieces of core or pressure vessel and core fall back to

the ground, any piece of core with enough fission product heating to be

molten, and hence a aizable inventory of fission products, will proceed

to bury itself by melting its way into the ground. A core contained in

the pressure vessel will bury itself after melting thru the pressure

vessel because it is heavier than the usual materials of the ground and

UO- has a melting point (5140 F) above that of ground materials (sand

•l0X°F, limestone

The comparison of the time sequence of weapons effects and reactor

blowdown in Table I. will illustrate the probable fission product re-

lease procedure.
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12.2 MODEL TEES

12., .1 Similitude

In experiments on the effects of shock and blast on strns'týures, it

is convenient to reduce the physical size of the test specimen while

keeping constant the physical properties of the materials of construc-

tion and the transmission medium (air). A physical size reduction of

100 to 1 was selected for convenience. If velocities created in the

model are kept the same as in the prototype while physical length is

reduced, it follows that velocity, stress, pressure, density, and

strain are invariant between model and prototype. As is shown in Table

II, time, momentum/unit area, impulse/unit area, and energy/unit area

are all reduced by the scale factor of iG0. Force and total mass are

reduced by the square and cube of the scale factor respectively. Accel-

eration and vibration frequency are increased by the scale factor.

12.2.2 Dissimilarities

Rate-of-strain is increased by a factor of 10- in the model. In

some stress regions, the response of concrete is sensitive to strain

rate. In these regions, special mixes of concrete would be required to

give the model the sa%e dynami- response to load as the prototype. In

the experiments at hand, the strength of the concrete is small compared

with the forces at work, and no special mix is required.

It was observed experimentally in this work that incident energy/u~nit

area from a chemical explosion charge was not the energy/unit area calcu-

lated fnoýo the scaling laws from full size nuclear weapon. This is not a

failure of the scaling procedure but is caused by the different way energy

is transmitted from the explosive charge to target in the full size and

scaled cases. In these experiments, a given amount of energy from high

explosive delivers a much larger impulse to a unit area target than would

be calculated from scaling a nuclear explosion. The discrepancy is due

to the very sm.all mass of air in the nuclear explusion, relative to the

mass of high explosive gaces ir thc chemical cxplosion, that is available
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TABLE II

Scale Factors for Reactor Model

Variable Dimension Mod el/Prototype Scale

Length L 1/100

Velocity L/T i/1

Time T 1/1O2

Total mass M a L, 1/106

Force F MLT- 2 2/i

Stress -2 - -2 1/1
FL ~ML T

Pressure

Density Il 1/1

Acceleration LT" 2  100/1

Momentuw/unit mass LT- 1  1/i

-l -lMomentum/unit area ML- 1'T 1/100

Impulse/unit area FTL-2 = ML -1 1/100

Vibration Frequency T- 10/A

Strain LL" I/i

Energy/unit area ML- T- 1/1i:0

Rate of Strain T-I i00/1

"I,

SI



to transmit the impulse from the explosion to the target. In a nuclear

explosion all the impulse per square centimeter must be delivered by

accelcrating a gram or two of air (plus a few milligrams of bomb debris)

to a very high velocities. In the chemical explosion, at the same

relative distances, there are hundreds of times as much explosion gas

to carry the momentum, so it must be accelerated to proportionally less

velocity, and requires proportionally less energy. Tw.N methods of pro-

ducing the scaled texplosive blast parameters were used.

The simplest method of doing the experiment depends on the assump-

tions that (1) the damage done to the contents of the containm-ent shell,

including the reactor, is by the moving contairiment shell or its frag-

ments, and (-) the strength of the containment shell is small compared

with the overpressure. If these assumptions are valid, the explosive

can be put directly on the outside wall of the containment shell.

Another method of doing the experiments was suggested from correla-

tions in the literature of the velocity imparted to a flying plate by a

sheet of explosive. A quantity of explosive can be selected to deliver

the same impulse to the plate as the air shock under consideration. In

actual practice. the explosive charge required to prodace the damage of

interest was determined experimentally, and then the impulse calculated.

At the impulse levels of interest, a nuclear explosive produces peak

pressures of a few kilobars. This can be reproduced in the model by

standing the sheet explosive off the target a calculated distance; of

the order of an inch in the model.

1•. 2.3 Experiments

The objective of the preliminary experiments was to find the irapulse

range where the Turkey Point pressure vessel would fail catastrophically,

and add its contents to the debris entrained in the stem of the cloud.

A first series of very rough approximation experiments was run, using

2-inch pipe nipples to sirmuilate the reactor Pressure vessel, a 4-inch ID

concrete drain tile to simulate the radiation shield around the reactor,

and a piece of 1ii-inch gypsuLm board to simulate the portion of the con-

tainment vessel betweci, the reactor and the explosion.
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A more careful model of the reactor pressure vessel fabricated from

a 1 1/2-inch s!h '3 pipe nipple with welded end caps was included in one

shot. The inner wall had been bored circular and then the outer wall

turned down to give a wall thickness of D.C9 inches, 1/lOn of the Turkey

Point dimension. From this series it was determined that the interface

between surv¢ival and failure of the welded model reactor vessel is at an

impualse of about 2 psi-seconds (corresponding to 200 psi-seconds in the

fall sized reactor) delivered to the containment wall.

A second series was run varying the thickness of the containment

shell, using both 2-inch pipe nipples and welded model targets. From

this series it was learned that damage to the target correlated well with

the kinetic energy per unit area acquired by the containment wall.

In the third series, a 1/10.- scale model of the concrete containment

shell and reactor shielding cast from plaster of paris was introduced.

The effect of pressurizing the reactor vessels and explosive stand-off

was explored.

1-2.2.4 Residts

A sizamary of the experiments run to date is compiled in Table III.

Under Target are listed the models used for the reactor pressure vessels.

The pressures listed in test series 3, indicated by Shot No. 3-0 through

-- 6, are the pressures in the model at the time of firing. In every test,

the vessel was filled with water. Under shielding are listed the materi-

als used to simulate the radiation shielding around the reactor, and the

sectional density in grams/inches2 in the direction of the blast.

Under shell in Table III are listed the various weights per unit

area of the materials used to simulate the outer containment shell. For

the majority of the tests these were 9-inch by 12-inch pieces of gypsLu

* board, using one to three layers to get the desired weight per unit area.

"Under Expl. in Table III is listed the Gm/square-inch and type of

explosive used. Gel denotes blasting gelatin, A is DuPont "Detasheet

type A," and C is DuPont "Detasheet type C". The explosive energy of

gelatin is taken at 1.42 Kcal/gm., "Detasheet type A" at 1.21 Kcal,/gm

and "Detasheet type C at 1.01 Kcal/gm. The notation "tamped" indicates
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that the charge was tamped with a mass equal to the shell mass.

The distances giver, in stries 5 are standoff distances between the-

charge and the shell. In these experiments the charge was placed in a

il -inch ID by 1 i/>-inch wail concrete tile, oriented to function as an

expendable shoc? tube and direct the shock against the shell.

Under a is tabulated the ratio of mass per unit area of explosive

to that of shell plus tamping. E is the frac'on of explosive energy

converted to kinetic energy of the shell and tamping, calculated from

literature correlations. This kinetic energy in Keal/inch is listed

for the shto1l in the next column. The momentu•m of the shell is given in

the next column.

Assuming conservation of momentum and a perfectly inelastic collision

of the shell with the shielding, the kinetic energy of the combined mass

wits calculated and is listed in the next column. This is the kinetic

energy of the mass impacting the reactor vessel near its centerline.

The numbers in parentheses in this and the previous two columns in

series 3 are upper limits, assuing no energy losses as the blast traveled

down the disintegrating concrete shock-tube to the target.

The damage produced on each specimen is listed in the last column.

The damage may te more clearly seen in Figures 6, 7, and 8, which are

?.utographs of the specimens after the shots.

12.2.5 Conclusions from Model Tests

1. A welded, unpressuLrized model vessel will be lightly damaged by

an impulse of I._ psi-seconds delivered to outside wall, moderately dam-

ages by 2.0 psi-seconds, and destroyed by 3.23 psi-seconds.

2. Pressurizing the vessel reduces the impulse required to rupture

the vessel. Rupture mechanism is tensile failure of the downwind side.

"* 3. The bolted closure may be the weakest part of' the vessel under

side-on impact. This will be difficult to assess quantitatively because

of the difficulty of constructing accurate small models of the closure.

Vunerabillty may be a very strong inverse function of bolt ductility.
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Fig. 12-.7 Models of the Reactor Vessel (See Table III).
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Fig. 12.8. M1odels of the Reactor Pressure Vessel (See Table iII).
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12.2.6 Recommendations for Future Tests

With the technology that has been developed it is possible to explore

a variety of overpressure regions on reactor models. It would be inter-

esting to determine the maximum overpressure that the primary loop could

survive. It would also be interesting to compare the rupture pressure

of the pressurized-water reactor vessel with that of the boiling-water

vessel and a prestressed concrete pressure vessel.

At lower overpressures, gravitational forces begin to become impor-

tant. These could be accurately simulated by subjecting the model to an

upward acceleration of 100 g's for a distance equal to the height of the

model, to commence when the shock reached the model. This might be done

by giving the model and explosive assembly a downward velocity of 80

ft/second, possibly by dropping it 100 feet, and then decelerating it

in one foot with a constant force, possibly by crushing an appropriately

sized pad of alumwinum honeycomb. For pressures in the neighborhood of

a few hundred psi. a shock tube would have to be used for this experi-

ment to reduce the overpressure to the right value. If the required

length of tube were much more than a meter, it would probably be easier

to design the experiment with a larger diameter tube which remained

stationary while the model was decelerated across its mouth.

12.2.7 Significance

The model tests indicate that impulses of the order of 100 psi-

seconds delivered to the containment shell will be survived by the

depressurized reactor pressure vessel. With minor modifications to

the vessel and containment structure this could easily be increased to

200 psi-seconds.

. Figure 9 shows the variation of impulse to a vertical wall with

" miss distance for 100 Kt and 35 Kt ground burst. The impulse decreases

very nearly linearly with miss distance. For 100 Kt surface burst, a

miss distance of 220 feet munt be achieved to deliver an impulse of
'20 psi-seconds. A distance of L50 feet will reduce the impulse to

100 psi-seconds.
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These distances are small compared with the order of magnitude of

* miss distances for ICBM's. If one assumes a Circle of Equal Probability,

or CEP, of 0.5 nautical mile for a system delivering weapons of any given

yield, the number of weapons required for a given probability of deliver-

ing a given impulse to the target can be calculated. Figurel)D is a plot

of the number of weapons required for a 5U7; probability of giving an

impulse of 2-0 psi-seconds to a target as a function of yield. From

this figure, 78 i00-Kt weapons are required for a 50% probability of

delivering 100 psi-seconds to the side of a target 12.0 feet in diameter.

This is very expensive to the strategic planner.

The situation of multiple weapons is mach more complicated than is

indicated by this simple calculation. Previous weapons can both blow

away the protective concrete, increasing the vulnerability of the vessel,

or can bury or eject the vessel from the target area, decreasing its

vulnerability.

Figure 11 is a drawing of the containment shell superimposed on a

drawing of a lCO-Kt crater, showing the position of the shell where it

would receive 2200 psi-seconds and providing a qualitative indication of

the -magnitude of the hardness of the pressure vessel.
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V-. SCCIAL ASPECTS OF CI'VIL DEFENSE

1> S TR A-E!3I C i .TITR AC TI 0

David B. Bobrow

l: -1 INTIRODOCTI C:;

Ti projec has two objectives. The 'first is to clarify the inter-

nationjil conisecuences oscit s'ýerernt AmeriAcan contineintal defense poDstures.

The second is to develop data, theory and technicues which will. improve

unider standing of t:.e present and, fubu-A~e national se-curity envi-._ron:r nt.

Wer use politicall andJ psychological analyses to pursue these objectives

tEtause we feel economiJc and technological analyses alone provide an-

in~sufficile;. - basis for defenise policy choices. This report: ( 1) sum-

'ra"r_~ns the rationale for andi the: natu~re of the data we- have ger.ýrated
fromý Chitnese Corarnunist public statements; (.-) gives examples of find ices

& ot es~se lit aterti r.to J.ifferer~t ac.tors in the internatio~a.

w stun;'ý gives exa-.ples of findings- 'out Chineseý elite imapces of I
priricirisi stratepls acos n nsu4gcst f-uture work invol-ving our

;ulesepadlec co-mmui-' -ationsE data.

2ý' RATIONATEH AND DATA -BASE

1be point ofC Amrerican nationial s-ecurity policies is to imrprove the

safa-ty of the Uniited States against threats from currently and pot,4er~t'allv

ha-stij. emer of the internatiunal system. Accordingly, if our policies

are- to aeieJve thei'r point, i.e., increase the security of this coutntryj,

reprt.- ,errot assu~me a professionall social scienice audientce,
and urpresentlation: aun inclusi~on decisions reflect t'lis.

"nIt rig, a szujra'r itIi residen~ce, Theodore Jaqiueney of Stanford Uirive-r-

.,ty dii !uri.A w''th* Cpr t.ý of" IL". ahnalysi s. H al , ard ilaCtlrrvid
adssi- itinCo Wi(T V;~ a~~ Emu comaputer rujis.



2 4

American officials need to know which members of the internaticnal

system represent a genuine threat -- as opposed to an irritation -- to

this country and what effects alternative policies will have or. the

behavior of these genuinely threatening states. That is, national

security decision-making is improved to the extent that we have refined

and manipulated data that let us describe what properties nations have,

observe what these nations are doing so we can chart alterations in

these properties (monitoring), and predict the effects of alternative

American policies on these properties. The data used for this report

were developed for these three purposes.

It seems useful to relate the work reported here to earlier parts

of the strategic interaction project. The first stage of the project,

a cualitative examination of Chinese Communist public communications,

showed that the CCP (Chinese Comunist Party) views the elements of

military power and the determinants of conflict between states very
1

differently from Western or Soviet strategic analysts. Accordingly,

the Chinese response to a super-power continental defense decision (e.g.,

U .F. A -M deployment) is calculated on the basis of a very different

strategic model. This initial research dealt only with the beliefs and

values of the Chinese elite, largely as they derived from the historical

experiences of the CCP. Clearly, such an analysis was undesirably

imprecise in its data and conclusions and undesirably restricted in the

variables used.

Accordingly, the second stage of the project re-analyzed quantita-

tive data collected in terms of "objective" economic, military, and

political variables and data derived from quantitative content analysis

of Chinese communications.- The re-analysis indicated that: (a) with-

out understanding the political psychology of Chinese elite decision

making, we could not arrive at an adequate understanding )f Chi.nas.•

national security behavior; and (b) Chinese elite decision-making could

not be validly described as dispositionally irrational, undifferentiated

or rigid in their responses, as these terms were defined in the i'e-analysis.

Accordingly, the third stage of the strategic interacticn project

has consisted of building and analyzing a data base which: (a) deals with



the political psychology of Chinese elite oecisiLon-rnaxing; anýd b) allows

us to distinguish different llevels, of rationality !:i.eQ. , means-ends*

corisisterncy) , di ffereintiatio'; andi flexibility. F'or 'he r ea son s s ta tecs

ltast year,- we used summaries prepared by the editor:; of People's Diy

and, after assembling a raw data set coverin-g the yearv l<. tthrou,. ±_ .

prepared fifteen wEeks for anallysis. The weeks were deliberately selected

to represent different event climatesi in; each of the fiveý ,ears for whichj

we had data. Because the daaare_ collected for several years, we ca:,

lock'& for over-ti-me trenids, i.e., we can treat the People's Daly s lira r ie s

as the equivalent of a respon-dent to whom onc returns several times andI

whose responses one comipares to ezzch other to assessý the impact of inter-

vening ev;ents. Beca-use the data are collected for se-veral events

c limat -es internatio7-al, dmtiand s:ermon~ial) we can look for dli ff-

rent standard sets of' responses on the part of CCP leaders. Deviation

from. the "standard" response in a particular event climate alerts us to

th.e possibility of policy actions different fromn the one~s we have observed

the Chinecse to take in. tlhe past.

Three li-mitations of t-he data. orepared Ifor analysis should be Kent

in mi:nd. First, bec-_ause of the._ xprrn~ ature, of ouir researron

strategy, wef urcpar~d onya smlolixrne of datta for analysis and did4
not, use sam.pling criteria whi-ch are compatible wi-th customary tests of

A. Cermoniwl:iNatijonal Day; 'Snp'_ through Oc-t. 5, lt;
National Day Stop through Q-t. I rar onal Day p
throughsý Oct. 5 ± ',> Nationall Day Sent brougzh Oct. 14-1
r.ational D'iy :Sept.', tnirough 0ct. 3,I4..

B. lntcrnationat: World F-caeration of Trade Unions Meetl ng ir
Peking E~nds (IJ-une mhrougn . Cease -'sre if: Laos M i., oh-ugh

7, Ž>),Sino Dndana Conflict Bt--n r~' ~rPtruh It.i Test-
Ban treaty Signed Wul L12 tb-.ro:ugh ±I Tond-n Gulf Crisis (nugus t

C. t 'o)metic: Writers Conferen~ce Ends ~August 1± through IV7, 1 7,
N~iinth Plenium retreat. fro-T the "Great Leap Forward') Ens Janu:.ary 1
througri 1-•4), Third Session, of thef I-nd Nationýal People'scnrs
Endts 'Aprill 1- througi-h LI),Regulations on]Pltcl oki h
People's Libaiin Army I-ýu (March / tog .,YU~
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significance. Second, we analyzed only statements by the Chinese e: ite,

"" not trheir cornmitment of economic or military resourccs. Third, we

analyzed only statement in public Chinese media. Of course, Chinese elite

-- or, for that matter, American elite -- statements in public media

differ from what is being said in restricted circulation documents. To

further complicate matters, the Chinese elite sees People's Daily as a

way Oc com0:Tu-icating with audiences that matter outside of as well as

within the People's Republic. These three limitations cannot be ignored.

However, they do not deprive the data of usefulness for generating hypo-

theses and th-ere are feasible ways of relaxing all tihree constraints

(see section 1.5 of this report). in the mearnti'ne, we have an accessible

arnd potentially valid indicator of Chinese elite perspectives on the CPR

and its international relationslhips, perspectives which the regime is

anxious to inculcate as a basis for policy support in the relatively

small and important group of citizens who read People's Dailx.

i-. ATTEN-TIOCN TO PARTS OF TiH INTERNATIOr4AL sYSTE4

in this an•d the next section we present and diszuss examples of

findings. In each section, we will present, first, a finding from the

data, second, hypotheses about the "reasons" for the finding, and, third,

soe ... f the implicatior.s of the finding for U. S. national security. In

both sections, we will restrict oiurs(ci'es to attributes of the full data

set, and not compare the different time periods which it contains.

The findings which follow deal with the relative amount of attention

which Chinese communications allot to different regions or countries of

the internatior. 1 system. What does amount of attention indicate? Several

rough rules of inference seem useful. Persistently high attention in.

public commu.nications suggests that the subject is seen by the cormnui-

cators as important and stable in the role (e.g., "enemy") which it plays

vis-a-vis China. Persistently low attention suggests that the subject is

seen as relatively unimportant (e.g., Jordan, in the case of our data).

W.akKed arid repeated fluctuations in attention suggest that the subject is

eeen as important and unstable in its behavior le.g., India, in our data).

Accordingly, the communicators find that their treatment of that actor must
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vary as does their policy toward it. Finally, marked but rare instances

of high attention suggest that the subject in particular is of no special

interest and is being used primarily as an example 'e.g., the Congo

(Brazzaville) ir1 our data>]. These rules have to be used discriminatingly,

i.e., the coder has to be sensitive to discrepancies in the data. One

sort of discrepancy is inattention to one member of a class of objects

when most of the other members receive a great deal of attention (e.g.,

the lack of attention in our data to Thailand relative to other Southeast

Asian nations). Cases of this sort suggest the rule that elites view

their relations witlh the discrepant class member as too complex and/or

too u•controllable to warrant sharing their perspectives with the public.

I. The deveioping areas of the Middle East, Africa, and Latin

America receive low attention. The two notable exceptions are Algeria

and Cuba. The data supporting this finding are reported in rows 1-,3 of

Table I. These data suggest the following hypotheses:

--- The Chinese elite views the Middle East, Latin America, and, to

only a slightly lesser extent, Africa as zones of secondary

rather than primary importance.

---- The exceptional (not demonstrated ty the data yet read" atten-

tion given to Algeria and Cula may indicate that the Chinese

elites: (a) limit their public commitments in the distant

developing areas of revolutions which have already secured

power (there were insurgent, i.e., not incumbent, revolutionary

moverm•ents in the relevant geographical areas which did not

receive similar attention); (b) see as stable actors (vis-a-

vis Chinese policy) only Middle Eastern, African, and Latin

American regimes co.a.itted to eroding the regional influencr

of major Western states and to exporting a national liberation

war model; (c) adopt such regimes in order to compensate for

limited Chinese resources to intervene in distant parts of the

world and to increase the relevance and local quality of the

liberation war approach to the international system.

If these hypotheses are valid, two predictions are warranted. First,

Chinese will not respond in a manner which is expensive for them to
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American defense pmlicies which bear primarily on the Middle East,

Africa, or Iatin America. Seconid, the C'hir.ese ;Mll be extrernoly

sensitive to U. S. polItical-military decisions which curtail the

autonomy" of milb tane of Cuba ;d Algeria ; however, any action rer:-:zlsc-

will probably not t, i!, thrt region.

2. Western Europe, the Old Comrmonwealti- a..ad Eastern Eurore w itwh

the excepI.a.cns of the U.S.S.i. a-ad Albaniau receive little &tteiof.

Relevant data appear in rows -> of Table I. 7This finding implies the

following hypothcses:

--- With the exeputior.s noted, the Chinese elite views Western

Europe, the Old Commonwealth, and Eastern Europe as zones of

sccozn'dar- r_--tner than zr.-imary importarf.c.

-.... Since the 'nattantion ,ces not vary witll current political

alignment, i-e., Warsaw Pact or NATO membership, we may be

able to account for the inAttenltien by common attribute - Sch

as these: a} itac fc': the CPR; tindustrialzat.icn

"c'! no recent expo.rien:'e as Western colony; and (d) Cauaasian

population.

We p'eict that Cfli:.v m .k . o ..- " . resos..k to Aericai

ns±.ional security policies whfi Dr*- Mar- ;y affect Europe, ttne Europe-

centered alliances or the 0l Cor.-icrwealth couytries. For example,

U. S. deployment of A•.'.-s inr tw,•cope will not intersect with, and there-

fore not defend us against, C.ie,•se ,.!eetivcs.

We now turn from regions as suhý:e-cts 01 artention to particular

countries: what countries are treated as tih corte elements of the CPR

international system? Table II presents the relevant data. The rows

in the table contain political units, primarily countries, which had:

(a) an attention score of more than a '.5 standard deviation above the

mean for at least two weeks; and (b) a mean atterj ion score of more than

a '.5 standard deviation above the mean for at least onie of our summary

analytic units (either a year or an event climate type). The table gives

the nu-.,ber of weeks in which an actor met the first criterion (column A)

and the mean Z score for each year (column B-F) and event climate

kcolurns G-I).
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The most persistently noticed actors in the international

sys tem are China herself and two countries which the Chinese define

as enemies' -- Japan anid the Un'•ited States. Attention to the Soviet
Illn..on fluctuates sharply, i.e., is no~t consisen] I igh. These findings
suggest that:

- he Chinese elite see the relationship between the C.P.R. and

Japan and the U.S. as relatively stable compared to that

between China and the U.S.S.R.

The CCP sees Japan as the major Asian competitor with China.

The findings and hypothese lead to two predictions. First, U. S.

national security planning should anticipate sizeable fluctuations in

Sino-Sov'iet relations, fluctuations much greater than those in Sino-

American or Sino-Japanese relations. Second, U. S. planners should

expect that the likelihood that our strategic decisions will lead the

CCP to alter its policies increases sharply as cur decisions affect

Japan's political-nilitary relation-ships with the international system,

e.g., a U. S. ABM, deployment in, Japan.

The core international system over-represents the traditional

or classic zones of Imperial Chinese interest.- Tile current territorial

domains of many of the aztors in Table II overlap with the tributary

sphere of Imperial China: Niorth Korea., North Vietnam, Laos, U.S.S.R.,

india, Soutr, Vietnam, Burma, :iepal, and Vi'anamL,1 .unclear zone referen2eL.

This finding suggests that:

-The Chninese elite accord great importance to tie territorial

priorities established by imperial tradition.

The presence of an "old geopolitics" models increase the prob-

ability that the CCP is using an old model of relationships with

these areas: that of suzerainty rather than direct rule.

We predict that if the United States implements strategic decisions which

seek to deny Co7Twmu;ist China the sphere of influence of Imperial China,

these decisions will reaffirm CCP beliefs that we are hostile and will

mobilize Chinese CozmLuiist strategies to decrease our general national
I

security and international position. The.t stLrategies will not neccs-

sarily be military irn natlure, aimed at the same region, nor explicitly

connected with these specifically offending decisions.
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i In addition to the major competitor ana traditonal elements in

the core international system, analysis of the co'rmunicationc data discrin;-_

nates four other actors from the Luniverse of nations: Cuba, Algeria,

Albania, and Rumania. Their presence suggests that:

--- The Chinese elite see as important those actors whose policies

fragment the sphere of influence of major competitors. ThIe notion

of subtracting from the resources of one's competitor by acting

through third parties has many precedents in the behavior of

states. The use of this strategy by Chinese elites, Imperial or

Cormunist, is not new; what is new is using the strategy in

territories so distant from the Chinese mainland.

We predict that American actions run counter to Ch-inese plans as they

increase the cohesion of either American or Soviet alliances and zones

- of influence; our strategic decisions are compatible with Chinese obiec-

"tives as they erode these international alignents.

l_.L IMAGES OF INTERNATIONAL ACTORS

This section deals with Chinese images of several of the actors

which we have determined to be members of the core international system.

To illustrate the use of our com-mnications data for analysis of the

content of attention, we discuss parts of the images which the Chinese

have of themselves, Japan. the United States: and the So-uiet Ut iinn The

relevant data appear in 7able III. For the following pairs of terms,

each row in Table III contains the number of units of the first term in

ratio to one unit of the second term: actions taken to action.s received

(row 1); opposition received from other actors to opposition given otherV
actors (row 2); support given other actors to support received from

other actors (row -); and involvement in cooperative interactions to

involvement in conflictful interactions :ro. :.)'. To arrive at the s-ores

in rows 2, Ž, and 4, we used the frequency or actions on each side of the

dichotomy times their intensity.

(.a. China, relative to the other nations in Table IIl, engages in

equal exchange relationships with thu external environiment. In other

words, the Chinese Cora]unists reccive an amount of opposition equal to
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that mhich thy mi toward the internati 01.1 systemn row ),a:dorij
nmate nd!i' t 01 ~!3Ij 3f nzkpprt aprxrti q~ual to Limi' 0a;: ohc I.he' rO.l

from! the,( int~ernational ýsystem row' . This laidinge irspli i t-these

intotal, Ch ineSe acti ens to-ward h nentoa syste~m

reciproc-ate the actions of the- syste-m toward China.

Chnai a ''reasornfitr, " evnnld and "frm" actor inthe

irltcrfotlo':al syjstemn.

Th receýding f'indi!,o arnd hy ' are cnrlsvstemr statements and

JD lot refer to Chine,ýse ren csa Uortc.Irntos owever, th'ey

do have longrun implicationIs f'or American- national security planning.

Thef irst or bt-alanice hypotheiis- szuggoeZSs tha Ci ac reaction!s to an.

American srticd-cision -,illl depenid on, the relationship wnion exists

btee.Ch~ina an the total cysteer at thatl Utime and thec effect of our,

dccision or, th'at. relationship*-,. Accordingly, we increase our ability to

antcipcttin Carrsere-sponse: to th- exten!t that .L increase ou- und'er-

£ta:.airig of: ti,thc total set of China's- rel-ationships with its core

intanatiri/r sysem;and :jii) theý secod--oroer tIf:ct~s of ou~rscson
on*~ir. or e-xample, what effect does an Americ-a: aeoasaons to deplo

*AB'M haeor. JaT~an.'C-e :ecuts to 'oT.mus.' cit Chiria' 'Ph' _,e-o.i hypoth-es:

s _-Eg2st I hajt nrAu_ý-ica.jpIa c ?rss1 :'! ii X' xec-,t '_ýth IC h ir-Ie'- f- toa crtooe

decisions o~r trniosc of' e t-''" W r' 'r de facto, C'[- "a fail enu2

ity. in he-r core ;ntemnati-q
1  rc' qu41ro uýI- -,,7, icL' 'ju

theec Chinese to rejiect proposals which would "eq' r.: Chinia to ace 'apt

PýEman-ntinfr.-oriy rý ,',,Ier ams wa~ver, weshuderolycn

sidesr thle po)ssibility thiat the Chinvese wo~uld enrter into 'anid albide by

4internaitional arrangeemenits whc olJnvolve nucleIar equality through

force reduction o5 the p-art oýf the super-powers.

tih. China, relative to) the- otror crjates in Table- TIT, e,-ga~ges r

cooc -rav rath~er than confIliotful relations) iips with the- ircternationia±

S yte m. Beforeý explorino.ý the implicatio~ns of this finding. -it senas

uszefull to clarify the diff--erencce between tie> index or, hich it is a

row 4; and thosc dscuse above in '.a.ro-w and .bo'ws alyu



deal with the direction in which actions flow (agent to target) for

particular aspects of international relations. Thus row 2 gives us

data on the flow of oppositional actions; row 3, of supportive actions.

The index we use to arrive at finding t.b. does not distinguish

the direction of action flows. What it does do is compare the

frequency and intensity of actions in which China and o ,.:r nations,

according to China, are supporting each other in ratio to •he total

set of actions in which China and other nations are opposing each other.

Accordingly, the left-hand cell in row 4 gives us tbp uvnits of coopera-

tive interaction in which China is involved for one unit of conflietful

interaction.

The Chinese see themselves as engaged primarily in cooperative

interactions with the interrational system. We can reasonably assume

that Americans see China as engaged primarily in conflictful inter-

actions. There are two possible reasons for this discrepancy. One

is that the Chinese are talking one game and acting out another. The

other is that th. Chinese are indeed more involved in cooperative than

conflictful relationships., but that the actors in these relationships

with China are in conflict with other nations (particularly the United

States) and political movements. In section 13.5 of this report, we

propose a research strategy to test the appropriateness of the first

reason. Here it seems useful to explore some of the implications of

the second. Let us restate a hypothesis based on it.

--- China does not directly enter into conflict with the

international system but cooperates with states and groups

which do engage in direct conflict.

If correct, this hypothesis has extremely important implications for

U. S. policy: American strategies to counter Chinese policies should

be aimed at the parties with which China cooperates rather than based

on direct conflict with the People's Republic. For example, with regard

to ABM deployment, the implication is that defense of the continental U. S.

against Chinese attack is largely irrelevant to probable Chinese actions.

S0 -*
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Ik
7.a. Japan, relative to the other nations in Table III, engage in

favorably unequal exchange relationships with the external environment.

Rows 2 and 3 reveal that th: Chinese Communists believe that Japan

receives less opposition from than it puts into the international system

and gives out less support to than it receives from the international

system. This finding implies that CCP elites assume the following about

Japan:

--- Japanese decision-makers have been and will continue to try to

be successful in relating "unfairly" to the international system.

To the extent that our hypothesis is correct, it becomes an important

input to American analyses of Chinese Communist national security esti-

mates. First, it implies that the Chinese Communists will react with

some bitterness, perhaps envy, to American policies which they think

contribute to Japan's welfare. (This would be a reaction analogous to

that of some European states to American aid to post-World War II Germany.

Dring World War II, of course, Japan was in a relationship to China

analogous to German's relationship to, e.g., Holland or Norway.) Second,

at the same time it implies that Chinese Communists will not anticipate

that American increments to Japan's defense posture will ever be used

to support American polities -- Japan always "gets more than it puts out."

Third, it implies a low probability of any significant and lasting

rapprochement between Japan and China. If the Chinese Communists feel

that the Japanese are this clever in securing one-sided bargains, prob-
ably the CCP elites would never accept terms from Japan that the Japanese
Government would find attractive.

7.b. Japan, relative to the United States and the Soviet Union,

engages in co-operative rather than conflictful relationships with the

international system. This finding depends on the data in the three

right-hand cells of row 4. It implies that Chinese decision-makers will

. see Japan as less likely to be a primary party in a conflict than to

support and receive thesupport of parties directly involved. Accordingly,

American analysts should expect that the Chinese will evaluatp changes

in Japan's defense posture, not for their direct effects on Japanese mili-

tary actions, but for their indirect effects on the ways in which Japan



helps proxies in conflicts. For example, with regard to ABM deploy-

ment in Japan, we would expect the Chinese to estimate what difference

this would make in Japanese assistance for anti-Chinese groups in

South and Southeast Asia.

_.a. The United States, relative to the other states in Table III,

engages in unequal and unrewarcing exchange relationships with the

international system. The data in rows 2 and 3 show that the Chinese

Communists think that the United States receives more hostility Urnom

the international system than it puts into it and that it originates

more support for the international system than it receives from it. In

other words, they feel that the "tide had turned against" the United

States. Given the Communist Chinese ideology, this is not a Larticularly

surprising finding. however, Americans still need to confront some very

reasonable implications of this finding. First, the Chinese Communists

will not believe that we can organize a "grand coalition" against them.

This suggests that they will not find us as threatening to them as we

would assume them to find us, given our formal alliance &.*rangements

around China. Second, they will see changes in American stratedic pos-

tures, e.g., ABM deployment, as temporary perturbations from our decline

in international status. Accordingly, they will not feel that they have

to make a major response.

d.b. The United States, relative to the other nations in Table III,

engages in primarily conf.ictful rather than co-operative relationships

withthe•irternationalsystem. This findirg derives from comparing the

entries in row 4. This hypothesis is implied:

--- Since the Chinese Communists believe that conflict is endemic in

any social system, this finding does not necessarily imply that

they see the United States as uniquely engaged in conflict. It

does imply that they see the United States as going out and

fighting its own conflicts directly, as opposed to the proxy

method which they and the Japanese use.

If this hypothesis is correct, we should expect that the Chinese Commu-

nists will expect us to oppose other parties directly rather than

through proxies. Since China prefers to carry out conflict through



proxie: (finding 6.b.), we should expect that the Chinese elites will

try to channel our conflict behavior against third parties.

9.a. The Soviet Union, relative to the other states in Table III,

acts on the external environment much more than it is thetarget of actions

from the external environment. The index for this finding (row 1) is one

of direction of action, without regard to its conflict-co-operation con-

tent. We hypothesize that what the Chinese Communists are seeing here

is that:

--- The Soviet Union tries to shape the international system to an

extent disproportionate to the international system's actions

toward the Soviet Union, i.e., it is an unjustifiably interven-

tionist power.

The implication here is that the Chinese Communists see Soviet activity

in the international system as a property of, or dispositional to, the

Soviet system, not as a response to situations in the international

environment. Accordingly, we should not expect them to try to deal with

the Soviets by moderating their or proxy behavior which is presumably

provoking to the Soviets.

9.b. Although less than the United States, the Soviet Union engages

more in conflictful than in co-operative relations with the international

syste (see row ý). Using the same logic as in finding 5.b. about the

United States, we suggest that the Chinese see the Soviet Union as more

likely to go out and fight its own confli-ts directly than tc use proxies.

Again, since the Communist Chinese prefer to pursue conflict through

proxies, they will try to channel Soviet conflictful activity toward

third parties. Accordingly, we can expect them to examine and exploit

American strategic decisions for their third party potential, i.e., to

see whether strategic decisions we make can be manipulated to make us

China's proxy i,, its handling of Soviet conflictful activity.

13.5 FUTURE WORK

The experimental pilot study we have been discussing seems suffi-

ciently useful to warrant four research tasks.
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First, the Chinese communications data already prepared for analysis

should be analyzed for shorter time periods (day by day aid week by week).

Such analysis would indicate the extent to which and the manner in which

Chinese communications are responsive to specific events or bound by

fixed conceptions.7 For example, the specific items we aggregated to

get the mean Z scores in Table II can help establish the manner in which

Chinese images of strategic actors vary or are co:stant. If we find

interesting forms of variation, we can seek to what extent variation is

explained (accounted for) by differences in international or domestic

event climates.

Second, the strategic system findings derived from one domain of

Chinese behavior (public communications) can be related to findings

based on other sets of actions by China and towards China. Available

data sets include: conflict behavior, trade, aid, diplomatic relations,
8

and U. N. voting on Peking's admission. This strategy should give us

much more powerful and efficient indicators of China's present and
9

future national security policy than we have now.

Third, we should expand our usable set of data on Chinese public

communications for the 1)K--6;4 period and extend it to more recent

years. We can then arrive at more precise relationships, based on

larger N's, and at explicit confidence levels through random sampling.

Fouxth, if the third direction is taken, it seems useful to

prepare for analysis the major body of restricted circulation Chinese

communications available in this country, i.e., the People's Libera-

tion Army "working papers.") We can compare these with our People's

Daily material to establish the extent to which and the manner in which

Chinese open messages differ or resemble those designed for at least one

elite group. The comparison can begin to define the differences and

similarities between the strategic perceptions which the Chinese elite

shares with the public and those it recommends to and debates with the

group which will implement its military strategies, i.e., the PLA

officer corps.
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14. RESPONSES OF NFLUEtWTIALS TO NEGATIVE CONTINGENCIES

Sue Berryman Bobrow

14.1 INTRODUCTION

1
As readers of last year's annual progress report will iecall,

the object of this project is to:

- map quantitatively the system or meanings of apprai-.j

- which influential persons or groups assign to communications

- about the possibility of nuclear attack on the United States and

alternative ways of handling this possibility

- so that their decisions about how to treat these communications

can be statistically accounted for by their appraisals of them.

The project is now completely organized for collecting the data.

This report is divided into sections that discuss these preparations:

(1) compiling the universe of respondents; (2) locating biographic

information on all members of the universe; (3) selecting alternative

samples from the universe; (4) constructing, pre-testing, and revising

the mail questionnaire; and ('-) constructing, pre-testing, and revising

the manual for the oral interview.

V.-.2 RESPCIDENT LUIVERSE

In sampling theory a universe is a set of objects (in our case,

groups of occupants of relevant positions within these), defined by

rules of what is included and excluded. The universe from which we

are selecting our sample is composed of three populations.

The first was compiled by R. E. Licklider and includes individuals

who have written in the unclassified literature on nuclear strategy

and disarmament between January, 1946, and December, 19i4, and are not

This report does not assume a professional social scientist audience,
and our presentation and inclusion decisions reflect this.



employed fulltime and directly by the federal government. Licklider

defined "nuclear strategy and disarmament" as nuclear weapons policy,

thus excluded subjects such as civil-military relations, cost-effective-

ness, government organization, military history, operations research,

simulation, civil defense, intelligence, and much of the material

labeled peace restarch or conflict theory, "unless work in these areas

was directly and explicitly linked to nuclear weapons policy."

(Licklider, p. 9) Individuals who had written on relevant topics

were included in the sample if they had written: (1) one or more

books, or (2) three or more articles in books, articles in periodicals,

papers reproduced and circulated by a large number of formal organizations

or institutes, or papers at a professional conference.' We added to

Licklider's population in two ways. First, we extended it from December,

1)64, to July, 1967, for individuals who had written on ballistic

missile defense: since so much of the public debate on this system

has occurred since Licklider's 1964 cut-off date, we felt we had to

o update the population for this one category. Except for lowering

Licklider's inclusion criteria to one or more books or two or more

articles, we used his same rules. Using his criteria, unmodified, we

also compiled a special sub-population of all individuals who had

written on civil defense from January, 1946, to July, 1967. Feaders

of last year's report will realize that this first population include.3

all individuals who have publically assumed responsibility for different

aspects of nuclear weapons policy, rather than being allocated it by

virtue of membership in particular organizations.

The second population is composed of occupants of relevant positions
in relevant federal agencies, as both of these are listed in one

source: United States Government Organization Manual, for the years Z
1 1)45/46 through 1967/68. First we judged which agencies have or

* have not had central or potential responsibility5 for nuclear weapons

policy and conflict management - for example, the U. S. Arms Control

and Disarmament Agency, Department of Defense, Department of Air

Force (see Appendix I for complete list). We included occupants of

all of the following positions within the relevant agencies:



(1) positions of general executive responsibility for the agency's

operations (e.g., Secretary, of Defense, Director of the Office of

Science and Technology); (2) positions of general executive responsi-

bility for the agency's research and development programs (e.g., Director

of Defense Research and Engineering, Director of Advanced Research

Projects Agency); (3) positions of general executive responsibility for

research and development of a major strategic system (e.g., Director

of Project Defender); and (4) positions of general executive

responsibility for the agency's planning (e.g., Chairman of the Policy

Planning Council of the State Department). These positions were

selected because they were assumed to be crucial either in the actual

policy-making for the agency (type 1 positions) or in determining the

policy alternatives available to the agency (type 2, 3, and 4 positions).

In compiling this population, we had problems, not of missing, but of

uncertain data: (1) the titles and organization of these four functions

in the different agencies changed over time; (2) the functional descrip-

tions for major positions in the Government Organization Manual were

usually vague; and (3) the number of positions included in the Manual

for each agency fluctuated over time. Although these problems did not

affect compiling type 1 positions and affected type 2 positions only

marginally, they did affect recording the type 3 and 4 positions. In

the case of the type 2 and 3 positions, we were able to eliminate the

first two data problems by checking our judgement against the Federal

Organization for Scientific Activities, 1962 (NSF62-37), Organization

of the Federal Government for Scientific Activities, 195C (NSF56-17),

and Advisory and Coordinating Mechanism for Research and Development

1956-57 (NSF57-13). These documents are all compiled by the National

Science Foundation, and classify groups within the federal agencies

according to whether they are not engaged in, partially engaged in,

primarily engaged in, or part-time advisory groups for scientific

activities. We were unable to eliminate the first two data problems

for the type 4 position. We were unable to control the third data

problem for any of the four position types.



The third population is composed of advisory groupo (see AppeidiJx iI

for complete list). We used four criteria in selecting tnese groups:

(1) the majority of the group are not direct em•ployees of the federal

government; (2) the group is part-time or is specifically

convened to prepare a study of a problem, short-term; (3) it is officially;

advisory to and financed by one of the agencies listed in Appendix 1

or relevant positions within the agency; ard (4) it has primarily a

scientific or analytic, rather than a political legitimation, fulnction.

The third criterion has particularly important implications, since it

excludes privately-financed study groups (e.g., the national security

part of the American at Mid-Century Series_, financed by the Rockefeller

Brothers Fund) and the government-financed groups which advise at state

and local levels (e.g., the group which prepared what has become known

as the Ruebhausen Report for the New York Governor's Office). We

included members of these advisory groups for as long as each group

has been in existence between January, 1)4b, and July, 1967. For

example, the General Advisory Committee to the AEC has been in existence

since 1946; the Defense Science Board, advisory to the Director of

Defense Research and Engineering, was only convened in 1956; the

Gaither Committee. Project East River, and the Natioual Academy of

Sciences Project Harbor Study were convened for specific studies and

disbanded when they concluded their reports. The data probl.cms for

the advisory population are missing data problems, particularly for

the very influential President's Science Advisory Committee panels

on various aspects of nuclear weapons policy. We know the membership

of some panels for the years when PSAC was considerably more active

in nuclear weapons policy than it is today. However, we do not know

the relationship of these panels to the total universe of relevant

* PSAC sub-committees.

14.3 BIOGRAPHIC DATA

After the universe had been compiled, we tried to prepare a card

of biographic information for each member of three populations.

I i__
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An example of such a card is:

Weinberg, A. V.

APr U 1615. 1. J L W ft IL rln W.
AR., U con 11S. A IM. 3m. fD . A:
D..tM i( L.... l'n ,t, of .- IWt•Ul. .m'"

msw1. D J , I. 1 44 .-4 ; hkd--, -DW .

Ilrhfw Knaa.h wo. mas. No~fll U Cho.IT" i t ab, 6". a ir .1 o IN?-
48, rme-Ie 41, 1. I"18-. u of l 10b. Im,-

Wem Pm . &I Ad* OW . 18"- 11boI&gt
Alta IN rFý' &&Wd 1"0, 9 0 LAWW" MO.
low " Ma t Ae4ld 911s Ipls net-].h AnI.
N.lWIW rat 41M It*-*i HeM: III IK~i"u

0ta I.. P Ias W. P. W iRAP.

This process yielded our operational universe for the time our

biographic sources were published, i.e., a universe of individuals

who were alive, were not currently fulltime and direct employees of

the federal government, and could be located. It also gave us the

data to select our sample.

14.4 SELECTING THE SAMPLE

The exact size of the sample will depend on the resources

available to the study. If more resources are available, we will

w-rk with a sample size of approximately 50 individuals. These

individuals will be given both the mail questionnaire and an intensive,

three-hour, taped personal interview. If we have fewer resources, we

will work with a considerably larger sample (perhaps 1,000) and send

out only the mail questionnaire. The mail questionnaire will allow

us to describe how each individual pel-eives nuclear weapons problems

and to compare his perceptions with those of other members of the

sample. However, we have to depend on personal interview data to

account for variations in these perceptions - 4.e., to isolate the

effects of personality, organizational membership, and sub-culture

membership on individual perceptions. For example, assume that Dr. Y

consistently sees international co-operation policies as more

effective in managing nuclear threats to the nation than building up
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assured destruction forces. What accounts for this preference?

* Is it personal habit, i.e., Dr. Y's customary way of handling all

inter-personal and inter-group conflict? (This basis approach to

human affairs could derive from being raised in a family that used

this model successfully - for example, valued "enlightenment" as a

way of resolving conflict and established an emotional atmosphere

sufficiently positive to allow the family to absorb a negative

episode as a temporary deviation from a positive norm.) Another

personality explanation might be that Dr. Y feels ineffective as a

human being in dealing with threats and can only try to "plead" his

way out of a dangerous situation. Or are his preferences best

accounted for by past organizational membership, e.g., by the fact

"that he was a member of the State Department, whose policies have

* traditionally been in the realm of international cooperation and

communication? Or can his preferences be explained by his mL.mbership

in a behavioral science sub-culture and consequently by his greater

kiowledge and imagination about what can be done with group and

inter-group social institutions? These are obviously grossly different

branches in explanation. They have grossly different implications for

how one evaluates Dr. Y's recommendations and for the type of social

engineering required to achieve certain policies.

Regardless of the final size of the sample, we intend to select a

stratified sample. Very simply, a stratified sample is composed of

sub-parts (strata), each of which is internally homogeneous with respect

to some criterion. Operationally, the universe is divided into strata

according to pre-determined criteria and a certain percent of individuals
selected from each stratum. The criteria or partitions we are using

are: (i) nature of responsibility (assumed; central - e.g., relevant

members of the Federal Civil Defense Administration, National Academy

of Sciences Advisory Committee on Civil Defense, Project Defender in

APPA, Office of Emergency Planning; potential); (2) discipline

(relations between objects - e.g., physical sciences, engineering,

operations research, mathematics; relations between people - e.g.,

I|
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behavioral sciences, law, history); (3) generation (individuals 25

years and older in August, 1945, individuals 24 years and younger in

August, 1)45); and (4) career (professional; military; civilian).

14.5 MAIL QUESTIONNAIRE

7
After constructing a useful draft of the questionnaire we

pre-tested it with 14 individuals at ORNL. Since the universe is a

highly specialized one, we did not use the pre-test to devise

statistically valid and independent items. We used it in the way one

"de-bugs" a computer program - for example, determining which questions

seemed redundant to respondents, which had confusing instructions

(either in the sense of respondents not knowing what to do or doing

something we did not want them to do), and which bored them. The

pre-test group consisted of four social scientists and ten physical

scientists and engineers. All fourteen had had research or

administrative experiences relevant to nuclear weapons problems; and

five had extensive knowledge about these problems. Four were in

administrative positions, and one of these had some contact with

the environment in which national security policy choices are made.

Personalities of the group varied in terms of the balance of positive

and negative emotion, the nature of the dominant emotions, and the

willingness to express emotion.

The questionnaire was revised in terms of the pre-test results

and the response categories formated for computer key-punching. The

final questionnaire is 57 questions losn,, and 20 of these 57 are

multi-item questions. Appendix III has examples of the questions.

114. 6 PERSONAL INTERVIEW

As we indicated in the section on sampling, the point of the

personal interview is to collect data that will let us account for

variations in respondent reactions to nuclear weapons policies. The

interview is based on an approximately 45 page interview manual and two
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sets of pictures. The manual consists of seven batteries of questions,

-e appropriate probes for each battery, and a brief statement for the

interviewer of the theoretical point of each question or set of

questions. The questions are all open-ended, i.e., the respondent
is not restricted to a limited number of alternative responses
between which he must choose. Before data of this kind can be

analyzed, they have to be coded in terms of variables derived out

of the interviews. This is a tedious process. However, we had to

resort to open-ended questions for these reasons: (1) in some cases,

we could not anticipate what the respondent might reply to a question -

in other words, we could not compile a reasonably complete set of

responses from which the subject could choose; and (2) in other cases,

even if we could anticipate the set of "first-round" responses, we

wanted to use the subject'b iiAitial response to inquire more deeply

into the subject. This situation represents an increasingly complex

branching tree and it is absurd and probably impossible to anticipate

the details of the different turns the respondent might make.

The seven batteries of the questions are about: (1) the interaction

between post-World War II nuclear weapons policy and the individual's

professional activities (history); (2) what the individual anticipates

will be the interaction between future nuclear weapons policy and his

future professional activities; (3) the individual's appraisal of the

social implications of the interaction between nuclear weapons policy

and his profession; (4) the individual's religious or philosophical

beliefs; (5) the deprivations which the individual has suffered;

(6) a set of pictures which should indicate the subject's ability to

express pleasure and positive emotion; and (7) a set of pictures

of the human effects of nuclear weapons.

* Excerpts from the personal interview manual are listed in

* Appendix F%.
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APPENDD( I: FEDERAL AGENCIES INCLUDED IN POPUlATION #2*

Executive Office of the President

Department of State

Department of Defense

Department of the Navy

Department of the Air Force

Department of the Army

Defense Atomic Support Agency

U. S. Arms Control and Disarmament Agency

Atomic Energy Comnission

* This is a list of just first-order divisions in the Executive Branch,
members of which were included in the population. For example, under
the Executive Office of the President alone, we picked up position
occupants in these groups: Office of Science and Technology, Office
of Emergency Plannirg, Office of Defense Mobilization, Federal Civil
Defense Administration, Office for Emergency Management, National
Security Resources Board, Office of Civilian and Defense Mobilization,
and 'white House Special Assistants for National Security Affairs and
Scientific Affairs. Another example is the Department of Defense:
Office of the Director of Defense Research and Engineering (and under
this office, Weapons Systems Evaluation Group, Advanced Research Projects
Agency), Office of the Assistant Secretary of Defense for International
Security Affairs, Office of the Assistant Secretary of Defense for
Systems Analysis, Office of the Assistant Secretary (comptroller) from
1961/62 - 1965/66, Joint Chiefs of Staff, and Staff to the Joint
Chiefs.
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APPENDIX II: ADVISORY GROUPS INCLUDED IN POPUIATION #3

Officials of the National Academy of Sciences - National Research Council

Officials of the National Academy of Engineering

Executive Board of the National Academy of Sciences - National ResearchCouncil

National Academy of Sciences Advisory Committee on Civil Defense

National Research Council Disaster Research Group

National Academy of Sciences-National Research Council Project harbor
Study

Project East River

* Gaither Comamittee

Defense Science Board

Project Jason

Naval Research Advisory Ccmmittee

Air Force Scientific Advisory Board

Army Scientific Advisory Panel

Research and Development Board for the Department of Defense

Science Advisory Committee of the Office of Defense Mobilization

Advisory Council of the Office of Emergency Management

National Defenise Research Committee of the Office of Emergency Management -

President's Science Advisory Conmittee
President's Science Advisory Committee panels on offensive and defensive j

weapons systems

General Advisory Committee to the Atomic Energy Commission I
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Begin Deck

APFFDh•ZY III: EXiE7PrS FRY THE MAIL QFSTIONAIPE
hxainple 1

i- Below is a list of quotations, some of which you may recogrize.
They rtv:-esent thoughts about the persistent problems of war anu
peace an. %bout the security relitionshir of our nation to other
nations. Ilease indicate how much you agree or disagree with
each quotation by circling the appropriate number on the scale
below it.

"We, born to freedom. anr2 believing in freedom, are willing to fight to
maintain freedom. We would rather die on our feet than live on our knees."

-I *1 I -- ; I
-3 - -i r. •I +3

5i/1- Disagree Disagree Disagree .:-ually Agree Agree Agree
etrongiy:' moderately slightly agroe and slightly moderately strongly

disagree

"Strength lies not in defense, but in attack."
! I I I I

-3 -1 C. +1 +3

Disagree Agi ee
s rorngiy strongly

"in this country we have come to rely upon a comfortable time lag of fifty
years or a century intervenitn between the perception that somethirng ouht
to be done and a serious attempt to do it."

tI I I I I
- + +i

7/1- Disagree Agree
strongly s trorngly

"There never was a good war or a bad peace."

-i - f -li i- +i +- ,

Disagree Agree
tr orngly strornglyj

"}huna. history becomes more and more a race between education and
cats strophe."

Disagree Agree
strongly strongly

"The only limit to cur reasization of tomorrow will be our doubts of today."

-~ .. ~ 1 C +1
iisagree Agree

strongly strongly

icontinued on next page)
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1. (cont.,

"There has never been any country at every moment so virtuous arid s.
wise that it has not sometimes needed to be saved .rom itself."" I I I " I

-. -,- -1 ÷.I ..Q",
11/1-7 Disagree Disagree Disagree Equa-ly Agree Agree Agree

strongly moderately slightly agree and zlightly moderately strorngly
disagree

Allegiance requires an enemy.

" 1- U +i +-+ +3

12/1-7 Disagree Agree
strongly strongly

"Mankind has grown stronE in eternal struggles, and it will only perish
thruogh eternal peace."

-3 -2 - +1 +
13/1-7 Disagree Agree

strongKy strongly

"Perfectionism, no less than militant enemies, may obstruct the raths to
international peace."

-3 -0 -i 0 .1 .2
1 4 /l-' 1  Disagree Agree

strongly strongly
---.................................................................................

'When you see someone poised to strike, you do not wait until he has
struck before you crush him."

• - - • I I [ • !i

15/1-7 Disagree Agree
strongly strongly

"The dangers of the world are extremely grave, and to achieve even r
tolerable amount of safety and security takes ceaseless effort and concern."

LI I I- -
-3 - -l Cc +1 +2*

16.1-7 Disagree Agree
strongly strongly

"The more extortions thus cheerfully accepted, the more unjustified does
IT seem to people finally to set about defending themselves."

I I I 1 I
-3 -2 -1 +1 +2 +

17/1-7 Disagree Agree
strongly st rongly

NOTE: THERE ARE 2 MORE ITEMS TO T•L' ýTJESTION WHtICH ARE NOT INCLJDh2 hERE..

t f

L

tI
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,xample e

'. or just a moment, try to imagine your persona] situation at the time
of a nuclear attack or' the United States. As you think about this,
are there any possible circumstances that particularl'y frighten you,
or that you particularly dread? This is a juestion not about what
you think are your most probable personal circumstances, but about
what you are most afraid they wi'l be. As you ca:n see below, people
like you have answered this question in various ways. By circling
a number to the right of each quote, could you please indicate how
much you share that person's reactionr,

'What I'm most afraid of is 1 3 5 [ "
iI-.' getting trapped cr crushed by Don't share Share

a frightened crowd of people." at all greatly

"this ma sound funny to you, I I t t I I
t.' ,,"I-. but I suppcse what frightens me 1 7 3 5 ,

the most is what I would be Don't share Share
forced to realize about human at all greatly
beings and what they can do to
each other."

"AltLcu, 1 may be afraid of I I [ I I I I
1 /l-. seie perscr•al cirsumstalice, the 1 .

important thing to me about a Pon't share Share
ncuclear attack is not fear but at all greatly
the problemb that have to be
sol ved." .•.• ,-•d." I I I I

'.hen I think about this, what 1 7 3 5 0 7

t:; -. " scares me the most is the fear, Don't share Share
mavye tih terror 1 thi;.k I'm at all greatly
girg to feel at that time."

'ie• ti.i 'j I dread is a faclineg ' t
S),1-. of of ineffective- Don't s'are Snare

hess." at all greatly

"by far the most frightenirn I
possibility to me is not being I ' 7 . 7
able to get to the people I Pon't shar Share
lov. -- being cut off from at all greatly
them.

".'hat scares me is the possibility I- I I I t ! I
7l 1-' of being caught ii- a zone whurc 1 143 4 5 U 7

i won't to kIlled, but will be Don't share Share
badly Dijed, or trappted in at all greatly
debris or surro,;uoed ty fire."

(continued or. next pAge)
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:hat I ritntes mu Is nlt
,I- having enough warririt time to 1:-oi t sl'&rc lhar,

get anyplace that Ligtt be at fil greatly

"' I dread is having to face
up ', wt.& this Is•going to rest, I "
for the childrer -- I don't 2
memnr ,ust My o0-, children. These uon't share Shnre
are tte ones who still have so at all greatli

muzi, le ahead of temi."

:here may -e r.,; quote here that debsrlbes what frightens you the .,ost -- lor
-- i;'ianK exaumple, it. teig• dark or your beirf, asleeF at thi time of attck. IfJ

there iL n., appropriate quote, would you please write or.e that would

decribe your reaction. _-_

vXaMple j

Z. If the 'nited States were to be attached with nuclear weaporn for the
reason you rated most likely in question- how much distance dc yoý

bthink there would be between you and the detoratin:. closest to you.
Please chec( trat distance listed below which is vlvst to what you

t tr.,nv di~tbn..e ojh.

irval
S~A very

Saistar~ce

l-- len

les le

r.ile( s,

i[

r-____
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Example

I. About haw much time do you think there is between you and a nuclear
attack on the United Statesi Elease check the box below that
represents the most probable amount Of time you think youi have.

Less than years

5 years

Soor, ir. your lifetime -- about 1,' years

At te end of your ratoral lifetime

In your chilaren's, hut not your lifetime

In your grandchildren's, but not ,our chlld.ren's lifetimes

In your great grandchildren's, but not your grandchildren's lifetimes

Will never happen
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Kxaiple
7 1). Below are , alternative ways of handling the threat of nuclear attack
-egin Deck o5 or, this country and 7 pairs of adjectives for describing these alternatives.

By using the numbers which preface the i'W alternatives, hl-, would ycýuo
relate them to each other in terms of each descriptive jAir? You chrn put

-(1-5) -- as many numbers as you want into a cell lor "box", within the row. Ycu
can also leave a cell empty If you wish.

For example, suppose you were rating the lýj alternatives according to the
third pair of adjectives -- "Rash-Cautlous.' You .ight end up arranging
the i1 alternatives in this patternt

Raab (. , autious

Very Moderately Slightly Equally Slightly Moderately Very

This would mean, for example, that you think k' (pre-emptive attack) and
#8 (unilateral disarmament by the U.S.) are very rash, equally so, 'nd more
rash than any of the other alternatives. You do not think any of the
alternatives are very cautious. Et cetera.

-0/i-7 (1) civil defense

ll-lL/l-1 (C) pre-emptive attack posture

""127/1"? (3) exchange of hostages

23-2U/i-7 (4) inspected, multi-lateral urms control and disarmament

""5 "people to people" programs

3 -L/il-' (u) active homeland defense

(7) developing areas of inter-dependence

'47-5/-?/ (/1) unilaterai disarmament by the U.S.

.$-5,.'i-, ) armed deterrence

Moral 7 7Immoral
Dull Very Moderately Slightly Equally Slightly Moderately Very

I I ~- - - 1-1 -

Very Moderately SlightlN, Equally Sligbtly Moderately Very

Rash T. I I I I I Cautious

Very Moderately Slightly Equally Slightly Moderately Very

Difficult Easy

Very Moderately Slightly Equally Slightly Moderately Very

Immediate Delayed payoff
Payoff

-Very Moderately Slightly Equally S14gbtly Moderately Very

Desirable T Undesirable

Very Moderately Slightly Equ~lly Slightly Moderately Very
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APPENDIX IV: EXCERPTS FROM v PERSOWLL ]KTERVI•eI

Example 1

(Note: Cuestions in Part I are about aspects of the individual's work on a
selected national security problem, preferably a continental defense
problem if he ever worked extensively in the area.)

Part I

B-. (Interviewer: listen for self-reports of controversy in which subject
was involved when he worked on the problem. If he mentions any instances
of interpersonal conflict, use the probes listed below. If he has not
mentioned any such instances, ask;

When you were working on (problem subject selected), did you
run into any situation where - initially, at least - others
seriously disagreed witb you about how something should be done?

If subjjot says yes, get a description of these situations and go to
the folloiing probes. If he says no, drop the subject until item__ .)

Probes:

- Who disagreed with you? Was this person (these persons) a superior
of yoursi A subordinate? (i.e., determine power relationships
between contestants)

- What was your view on this question? What was his (theirs)? (Probe
particularly for: problem-solving strategy if subject defines it as
a technical problem; political strategy if subject defizres it as a
political problem.)

- Wrhat in his (their) argument were you objecting to? What was he
(were they) objecting to in yours? (Probe particularly for:
problem-solving strategy if subject defines the conflict as technical;
political strategy if the subject defines the conflict as political;
confidenre in self; confidence in others; confidence in events/processes;
ego-defen.;iveneza,; rage.)

- How 1ld this cýnflicf get resolved? (Probe particularly for political
strategy; rage; hobtility; love; handling of power.)

- Do you still feel he was (they were) misguided in his (their) stance?

(Probe particularly for: dogmatism; confidence in others; ego 1 fensiveness;
hostility; love.)

- Did you change your views at all as a result of the conflict? If so,
how? (Probe particularly for: dogmatism; confidence in self; ego-
defensiveness.)

- If this conflict had been resolved in a way very disturbing to you, what
do you think you would have done? (Probe particularly for marketability,
i.e., subject's perceived freedom of professional movement and subJect's
willingness to exercise whatever freedom he thinks he has.)



283

Example 1 (cont.)

- Have you evolved any general rules or procedures for handlin%
conflicts or disagreements like this? (Probe for: political
strategy; handling cf power.)

Example 2

(Note: This example is taken from a battery of questions, all of which
follow from this initial question: You have probably had young men and
women come to you for advice about their future careers. If a young
man came to you and asked you about going into (strategic analysis, if
that is the respondent's field; or, the rational security side -Z
respondent's field), what do you think you would say to him? Would
you encourage him?)

Part III

A3. (Interviewer: respondent may have talked in some detail about his
preferred allocation ' resources in his discussion of the last
question. If not, a..:)

As we both know, the basis on which funds are allocated can vary,
according to . . . oh, the defense problem being considered or the
organization within which you work. In advising this young man, what
fund allocation arrangement would you encourage him to find, if he can?

On this card we have listed different funding arrangements. To what
extent would you advise him to seek each of these? (Hand respondent
Card A.)

(Interviewer: this question is the key one for member type.)

CARD A

1. "Resources should be allocated on tV2 basis of the record of the
organizations and departments whic' seek them."

2. "The best thing is to find the most crucial problem and then really
pour the money into it!"

3. "It's best to give funds to the really bright people, because no
matter what they do, they'll do something good for you."

4. "Even if the work is good, it's just not worth funding controversial
stuff."

5. "Resources are scarce. Accordingly, the responsible course is to
think about the whole range of domestic and defense benefits which
different uses promise to yield, and to fund on that basis."

i I
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Example 3

Part III

C. The members of most professions are exposed to impressions which
persons outside of their profession have of them. For example,
psychiatrists are sometimes told that they went into psychiatry
because they themselves are sick. Since President Eisenhower's
farewell warning to the American people about the misuse of power
by military, armaments industry, and scientific-technological
elite, we've heard many different views of persons concerned with
strategic and weapons analysis. You might look at some of
the more common ones on this card. (Hand respondent Card C.)

CARD C

1. "In the nuclear era, it is an obligation to work on the vital
problems of national security. The men who do so are socially
responsible."

2. "People go into defense research and anialysis for the buck. If
there's money in the project, whatever it is, they'll do it."

3. "These people are intent on advancing the frontiers of knowledge
and are making responsible use of opportunities to do so."

4. "They are callous about human suffering and are sometimes even

attracted to mass destri~ction."

5. "At best they are Eichmanns - they follow orders without considering

the consequences of their work."

(After respondent has a chance to read the card, ask:) Do you
thixnk any views on that card are valid?

(If respondent says none of these, ask:) In what ways dc you think
(1, 2, 3, 4, 5) is invalid, or incorrect? (Interviewer: as he
talks about each item on the card, ask:) How widely shared do you
think this view is? What kinds of people do you think would
voice such a view?

(If respondent says yes, ask:) Which ones do you think are valid?
Why do you think so? How widely shared do you think each of them
is? What kinds of people make the statements you selected as correct?
(Interviewer: unless respondent has selected all five items on the
card, ask:) You didn't mention , • Do you think that remark
(those remarks) is (are) not valid? (If yes, ask:) Why aren't
i*. Do you think they are widely shared? What kinds of people
ma remarks like these?

_ _ _ t__ _ _ _ _
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(Interviewer: use the respondent's reactions to the items on
Card C for getting at the respondent's: primary moral orientation;

' ego-defensiveness; anxiety; hostility; guilt; rage; love; dogmatism;
moral confidence in self, others, events/processes.)

(Interviewer: if you can't get the respondent to react to the card,

you might try one of the following probes to get at the variables
Just listed:)

Other defense experts with whom we have talked have told us that
their old classmates and children have attacked them for their
work. Has this ever happened to you?

Some physical scientists saX they will only work in "peace labs"
and some social scientists describe their work as "peace research."
What does the use of these labels signify to you? Would you describe
your work in terms anything like these?

Example 4

To the interviewer: the basic variables we are trying to measure with
Form A and Form B of the religious/philosophical belief questions are
these:

I. confidence in the self: the morality of one's action, the
predictability of one's action, and the effectiveness of one's
action.

2. confidence in others: the morality of others' actions; the
predictability of others' actions; and the effectiveness of
others' actions.

3. confidence in events, processes, states: morality of system
outputs (good, bad, neutral); predictabJi'ty of system outputs;
alterability of system outputs.

Use Form A for those who on the mail questionnaire felt that religion
played a slight to great part in their lives (i.e., if they circled
2, 3, 4, or 5 in question 35b). Use Form B for those who marked 1
in question 35b (i.e., religion plays no part in their lives).

FORM B
lI

I noticed on your mail questionnaire that you do not feel that religion
* plays a part in your life. However, you probably have _ome philosophical

or ethical views about the nature of the world, of man, and so forth.
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I. For example, how do you feel about man's basic nature? Do
you think that man is basically evil in nature?

YES (If P does) Do you think he is then capable of becoming good,
or do you think that he is evil throughout his life on earth
and can only try to keep himself from acting as his nature
would dictate?

NO (If P does not think that man's nature is basically evJi. Do
you think he is basically good in nature, and simply ne,:-s
help in realizirg his basic nature? Or do you feel that man's
nature is neutral -- in other words, that he is caable
of both good and evil, depending on the circumstances? (If P
thinks that man's nature is basical-y neutral, might try to
probe for nature of circumstances that "cause" a person to
act one way or the other.)

2. What do you feel about the world? Do you think the world is
basically a bad place?

YES (If he does think the world is basically bad) is it predictably
bad, or just sometimes bad? Are there any ways we can affect
it and make it better?

(If he does not think the world is basically bad) Is it
basically good? Or just neutral?

GOOD (thinks world basically good) What causes things to happen
that are not good? Are there ways of affecting these causes?

NEUTRAL (thinks world basically neutral) what do you mean by

neutral? Do you mean that things happen in the world that
are sometimes good and sometimes bad?

Y_ What is responsible for the good things? The bad ones?
at can we people do to assure the ood ones? Change

the bad ones?

NO Do you mean that things that ha4en in the world are not
to be explained or described ir. "moral" terms, like
"good" and "bad-?

3. Do you think that death ends everything for a person?

rO (If P does not think death ends everything) What do you think
happens to a person after death? Would people who had tried
to live a good life be rewarded in some way? Would people who
had led a bad life te punished?
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YES (If P thinks death ends everything) Do you think people,
after their deaths, "continue" in anyway? kprobe for various
"i7mortality" ideas -- children, nature, man's works, e.g.,
court decisions for a judge)

4. Do you think that the world will come to o'n end someday?

YES (If P does think it will) How do you think this will happen?
Will it be apocalyptic in nature, in other words; sudden,
violent?

5. Do you think that suffering is inevitable?

Y_ S (if P thinks it is inevitable) For all people? Wh, is it
inevitable? Is there anything we can do to affect it? Are
just some kinds of sufering inevitable?

NO (If P does not think suffering is inevitable) In what ways
is it not inevitable?

[Instruction to interviewer: Question 6 is really a transition question
between the religious-philosophical beliefs and suffering history. It
might be asked elsewhere to better effect, but I don't think it should ]
be asked in the course of eliciting the suffering history. This question
attempts to measure the respondent's compassion for human beings outside
of those for whom we would most expect him to have comnpassion.-

6. While we are on the philosophical question of suffering --

when you see a human being who has been hurt, what is your
very first impulse? I don't mean, what you actually end up
doing about it, but what is the very first thing you want
to do about it?

FALLBACK (Interviewer. use the following probes only if you aren't
PROBES getting any respcnse.)FOR

Well,_ for example, is your first reaction to get competent
medical help?

Do you want to turn away?

Do you want to run over to the person, although you aren't sure
what you would do once you got there?

Do you feel you shouldn't interfere? I

i



FALLBACK (Interviewer: if you aren't happy with the responses to the
QUESTION last question, you might cry the next one.)
FOR 67

Eave you ever run over an animal in the road? '

YES (If P has;) How did you feel? Did this bother ou particularly,
or did you feel that there was nothing you could have done to
prevent this without enday~ereng other people's lives?

NO (If P hasn't) When you see an animri that has been run, over
in the road, how do you feel? (If P feels badly) Are you
ashamed of this feeling in any way? (If P does not feel badly)
Why is this?
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15. PTLIC RFS3PONSES "UTFING AN AITT TIONAL CRISIS

Tom Atkinson

Investigations of public opinion toward various national and

personal civil defense postures have generally been of two types:

(a) analyses of single samples of respondents to determine the extent

of support for these postures and/or the correlates of that support,

and (b) trend studies comparing the response frequencies from several

samples drawn at different times. in thi6 latter case, the samples

are usually drawn at widely separated (at least one year) points in

time (NehnevaJsa, 1), 1)-t, 1)6-; Coleman l•&'). While both types

of studies have been helpful in establishing general propositions about

civil defense attitudes and behavior, they have failed to cast much

light on a central question facing policy formulators: "What steps

can the American public be expected to take to protect itself during an

international crisis which may escalate into a nuclear war?" This

report is an attempt to answer that question through an analysis of

public opinion changes during the confrontation between the United

States and the Soviet Union over Berlin in 1)U.

The importance of understanding public reactions during crisis

periods is magnified by the following factors:

(1) civilian protection in case of attack is currently largely

dependent on the public's own capacity to protect itself

since municipal, state, and federal civil defense programs

are small.

(') acceptance by the general public of civil defense precautionary

measures as an ongoing part of their lives has been minimal;

however, widespread acceptance of protective measures might

be acquired during a crisis but before an attack;

(3) it is generally agreed, at lease among planners, that a

nuclear attack will result from crisis cscalation rather than

be a sneak attack.

These considerations indicate the necessity of an adequate understanding
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of public responses in crisis situations in both pre- and post-attack

- planni ng.

The 1961 Berlin confrontation was chosen as the case for analysis

for the following reasons:

(1) It was a direct confrontation between the Soviet Union and

the United States with both sides possessing, or believed

to be possessing, massive delivery and destruction capabilities.

(2) The confrontation itself extended over a period of approximately

six months (June through November) allowing adequate time for

public reaction.

(3) The citizen was primarily responsible for his own and his

family protection in case of attack.

(4) During this period, the Kennedy administration placed a heavy

emphasis on civil defense in general and specifically on

private protective measures such as home shelters and stock-

piling food.

The June-November period of 1961 has been shown to be an extremely high

tension period by both Withey (1962) and Popkin (1966). With public

attention focused on the Berlin Crisis and on private civil defense

measures, that period provides an excellent opportunity for the analysis

of changes in civil defense attitudes and behavior.

15.1 METHODOLOGY

The lack of studies relevant to this question has been the result

of a lack of sufficient data for the appropriate analysis. Most

investigators assume that in order to conduct a study of change over

time a group of respondents must be selected and observed at various

points during the time span, a technique known as a panel study. Such

• studies are costly to carry out and involve some serious methodological

shortcomings; consequently, they have been avoided. There is, however,

another approach which does not involve the tracking of single

individuals. In place of single individuals, the investigator measures

or tracks groups for types of respondents over time. Instead of asking



the same question to the same individuals repeatedly, he asked the

same question to different individuals sharing certain characteristics

at different points in time. This technique is similar to that used by

Pool, Abelson, rind Poplin (1)64) and, for convenience will be referred

to as the comparable group method.

If the requirement of identical respondents is dropped in favor

of comparable groups, it becomes possible to make use of public opinion

survey data to study attitude and behavior change. The American Institute

of Public Opinion (AIPO), also known as the Gallup Poll, conducts

a national opinion survey each month. During the June-November, 1i61,

period, their surveys included questions about U. S. policy in Berlin,

expectations of war, and civil defense precautions taken by the responder's,

in addition to their usual political preference and demographic questions.

The demographic variables can be used to group the respndei.ts in such

a way as to form comparable groups and the repeated expectation of

war and civil defense behavior questions allow the derivation of an

index of change on those variables.

Since our interest is in the nature of the response of the

population, in general, and certain groups within that population in

particular, the grouping of respondents within each sample should be

made on the basis of a variable which has been shown to be related to

this reaction process. Studies by 5mith (1961), Rosi (1965), Hero

(1966), and Caspary (1967) have shown that education is aszociated with

differences in reaction to international events. The differences in

attitude change found by each investigator were not differences in the

direction of the change but in the extremity of the change and the

speed with which it followed the event. For example, if the event was

a new Soviet proposal for atmospheric test suspension, the high and

low education groups would not differ in that one would become more

pro-test suspension and the other less so but in that the high education

group would evidence an attitude change more quickly and more noticeably

than the low education group.

The factors responsible for the association of education and

responsivity to international events have not been isolated in most
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studies because measures of these intervening factors were not present.

The psychological literature suggests three factors which are highly

correlated with education and may be responsible for differential

re sponsivity:

(W) Education has been shown to be positively correlated with

awareness of, interest in, and knowledge about international

affairs. Educational differences In reaction could be due

to differences in exposure to the events.

(2) Education is negatively correlated with dogmatism or receptivity

to information differing from one's present conception of the

situation or object. Education may be correlated with response

differences because the lower the education the greater the

tendency to reject information inconsistent with one's

present attitude.

(3) Education is positively correlated with cognitive complexity

or the ability to understand and integrate the implications of

new information. The relationship between education and

responsiveness may be due to an inability on the part of the

lower education respondents to understand the implications

of the new information.

All three factors undoubtly contribute to the association of education

and responsiveness. The contribution of each is unknown but the

influence of educational differences is established.

To summarize, in order to discover the nature of public reactions

to international crisis, the data from six public opinion polls

conducted monthly during the Berlin Crisis of 1961 will be subdivided

on the basis of the educational level of the respondents and the

responses of those education groups to questions about the possibility

of war and civil defense postures will be traced during that six month

period.

15.2 HYPOTHESES

The hypotheses can be divided into two sets - the first dealing with

the nature of the reaction process and the second concerning the
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relationship between education, expectation of war, and civil defense

behavior.

l1) Reaction hypotheses

(a) Speed of reaction. Smith (1)61), Posi (!965), and Caspary

(1967) have found that the higher the educational level, the greater the

sensitivity to incoming information about international events. In all

three studies, high education groups evidenced a more rapid change in

attitude following major events than low education groups. This finding

is consistent with psychological research on the "two-step flow of

communication" (Lazarsfeld, Berelson, and Gaudet, 1948; Katz, 157;

Katz and Lazarsfeld, 1955; Klapper, 1961). This concept refers to the

process by which information is disseminated through a population.

Novel information is first picked up from various media by "opinion

leaders" and then passed through interpersonal contacts tc others In

the population. One characteristic of "opinion leaders" is tnat they

are better educated than those they pass the information to. This

leads us to the first hypothesis: The higher the education, the more

quickly the group will rerpond to the increasing tension of the Berlin

Crisis. This should be true for judgements of the possibility of war

and the tendency to adopt civil defense measures as protection from

such dangers.

(b) Direction of change. This line of reasor.inpj also leads to

the expectation that the direction of change will be the same

regardless of educational level. If the information must be transmitted

t~hrough a group, it will be repeated in a maider somewhat biased by the

orien*ation of the transmitting agent; consequently, the direction of

the change should be similiar to that of the first group. Our second

hrpothesis is: There should be no difference in the shape of the

cpinior and behavior change curves of the education groups other than

that resulting from the time lag specified in Hypothesis la.

(c) Extremity of response. Rosi (1965) found that the high

education group incurred greater opinion shifts toward suspension of

testing than did the low education group. Our hypothesis will reflect

his finding: With original attitude level "-ompensated for, the
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higher the educational level, the greater the extremity of opinion and

behavior changes.

(d) Longevity of change. Hero (1966) has found that greater

stability in attitudes toward the U.N. existed among high education

groups than among law education groups. Smith (1961) has also found the
same relationship in attitudes toward other international affairs issues.

Our hypothesis is: Changes in opinion and behavior will be longer lived

the higher the education level of the group.

(2) Variable relationship hypotheses

(a) Expectation of war and civil defense behavior. Although

several studies comparing home owners who had built shelters with those

who had not have indicated that there are no differences in their

perceived immence of war (Berrien, 1963; Ekman, Cohen, Moos, Schlesinger,

and Stone, 1963) analyses of more representative samples have indicated

that expectation of nuclear war is positively correlated with a tendency

to adopt civil defense measures (Rose, 1963; Withey, 1961). Our

hypothesis is: Increases in the perceived likelihood of nuclear war

will be associated with increases in the pro2ortion of the population

engaging in civil defense oriented behavior.

(b) Education and expectation of war. Education has often been

found to be negatively correlated with perceived probability of war

(Smith, 1961; Scott, 1965; Farris, 1960). Our hypothesis will be the

same: Regardless of the level of crisis, the higher the educational

level, the lower the expectation of war.

(c) Education and civil defense behavior. Education is generally

found to be positively correlated with civil defense behavior (Withey,

1961; Mast, 1966; Coleman, 1967; Berrien, Schulman and Amarel, 1963;

Rose, 1963). Again, our hypothesis is similiar: Regardless of crisis

level, the higher the education level, the higher the incidence of civil

- defense behavior.

(d) Expectation of war, civil defense behavior and education. Hero

(1959) reviews a number of studies which indicate that the higher the
education level, the greater the consistency between attitude and action. IApplied to our investigation, this association leads to the following

!
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hypothesis: The correlation between expectation of war and civil

defense behavior will be stronger, the higher the education level.

15.'3 OPFRATIONALIZATION

The hypotheses were tested by analysizing the data from six

national public opinion surveys conducted by the American Institute

for Public Opinion from June through November of 1961. A survey was

conducted at about the same time during each of those months. Each

survey involved the administration of a questionnaire to approximately

three thousand individuals.

Each questionnaire consisted of approximately twenty-five items.

Of those three types of items were of interest in our primary analysis:

(1) Surveys conducted in June, July, September, and October

included a war expectation question usually "Do you think the

Berlin conflict will lead to a fighting war?" The respondent

could answer affirmitively, negatively, or indicate that he

did not know whether it would or would not. For our

purposes, a "Yes" was scored as 1, a "Don't Know" as .5, and

a "No" as 0. A group's score was the average of its members

with high scores indicating high war expectation. This

question was asked to all those respondents who stated

that they were aware of the U. S. - Soviet confrontation over

Berlin.

(2) Surveys conducted in July, August, September, October, and

November included at least one question about steps the person

had taker, to protect himself and/or his family. Usually

there was one question about structural modifications of the

home and another about stockpiling food in case of attack.

The latter question was chosen as the civil defense behavior

index because:

(a) it did not discriminate against those who could not

afford to modify their home;

(b) it did not discriminate against those who did not own

their home;
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(c) stocking food can be much quickly done and hence

is more likely to be sensitive index of change, and;

(d) so few people (usually under 2%) modify their home that

measurement error too easily masks any fluctuations.

This question could only be answered "Yes" or "No", a "Yes"

being scored as 1 and a "No" as 0. The group score represents

the percent who said they had stored food. The higher the

score, the greater the number engaging in that civil defense
behavior. This question was asked of all respondents.

(3) Finally, each respondent was asked to indicate the extent of

his formal education. For the purposes of this study, all

those who had received only a grade school education or less

constituted the lowest education category, those receiving

some high school training but no college experience formed
the middle category and those who had some college work were in

the highest category. This division resulted in about 37%

of the sample falling into the lowest category, 46% into the

middle category, and 17% into the highest category.

15.4 RESULTS

Since the hypotheses about both the structure of change and the
relationships between the different variables can be tested by reference

to the same set of graphs, those graphs will be presented and

their implications will be explored.

Figure 1 represents the scores for the total samples on the

expectation of war and civil defense variables.

Figure 2 represents the scores for the lowest education group on

the expectation of war and civil defense variables.

Figure 3 represents the scores for the middle education group on

the expectation of war and civil defense variables.

Figure 4 represents the scores for the highest education group

on the expectation of war and civil defense variables.



298

ORNL DWG 68-43544
4.00,
II

TOTAL SAMPLE W64

, , - -0.80 .. . ,,

EXPECTATION OF WAR i

•o 0 .4 0 ... . .. ... . . . . . . . . ..

I04

4.CIVIL DEFENSE BEHAVIOR
0.20 - - -:

I j • -

0I
6/61 7/61 8/64 9/64 40/61 11/64 12/61

MONTH

Fig. 15.1. Proportion of National Samples Expecting War and Engaging
in Civil Defense Behavior During 1961 Berlin Crisis.



299

I

I o

SORNL DWG 68-4345
4.00

GRADE SCHOOL EDUCATION

0.80 ___ I- ' I

0.60 ---- K
I "EXPECTATION OF WAR

S0.40 _

0.20 --- _ CIVIL DEFENSE BEHAVIOR 4

6/64 7/64 8/64 9/64 40/64 44/61 42/61

Fig. 15.2. Proportion of Low Education Respondents Fxpecting War and
Engaging in Civil Defense Behavior During 19-5i Berlin Crisis.



ORNL DWG 68-43464.00 T

HIGH SCHOOL EDUCATION

0 .8 0 -- -- - ; ..

EXPECTATION OF WAR

R• 0.40 ""i -

CIVIL DEFENSE BEHAVIOR
0.20 -- ,-

0A II

6/64 7/64 8/64 9/64 40/61 14/61 42/64

Fig. 15.3. Proportion of M,1,oderate Education Respondents Expecting War

and Engaging in Civil Defense Behavior During 19(1 Berlin Crisis.



301

ORNL DWG 68-4347
4.00

COLLEGE EDUCATION

0.80 -- ___--

0 .60 -' 7

0.EXPECTATION OF WAR

,I CIVIL DEFENSE BEHAVIOR

0.20 -- - -
I ,

0 ___--- I- -

6/64 7/61 8/64 9/64 10/64 4/64 42/61

Fig. 15.4. Proportion of High Education Respondents Expecting War and
Engaging in Civil Defense Behavior During 1i061 Berlin Crisis.

I;



Figure 5 represents the scores of all three education groups on

the expectation of war variable.

Figure 6 represents the scores of all three education groups on

the civil defense variable.

Before discussiing the implications of these figures, a clarification

of Figure 6 is in order. The solid lines in that graph represent the

trend line for the actual data, the dashed lines represent projections

backward in time which will be discussed in full later.

Rather than considering the hypotheses in order, we will consider

the figures in order of presentation:

(1) Figure 1 indicates that there is little if any correspondence

between expectation of war and civil defense behavior. The civil defense

curve shows a steady decline even while the expectation of war curve

continues to rise. This is contrary to Hypothesis 2a which suggested

a positive correlation between the two variables. A conclusion cannot

be reached, however, because of the lack of data on the civil defense

variable for the sixth month of 1961. As shall be seen, the projection

of that data point will have a profound effect on several of our conclusions,

this one included.

(2) Figures 2, 3, and 4 show that the correspondence between

the trenad linie for -xpectation of war and civi defense behavior incrcases

as education decreases. Again, this is contrary to Hypothesis 2d which

states a positive not negative relationship. This conclusion is tenative

because of the missing data point.

(3) Figure 5 indicates that the higher the education level of the

group, the lower their expectation of war regardless of crisis level.

There is some indication that the difference may be minimal during

periods of crisis deescalation such as the latter stages of the

Berlin Crisis because of less rapid declines in the expectations of the

high education group. Nevertheless, the differences are consistant

and in the direction predicted in Hypothesis ?b.

(4) Figure 6 indicates that the higher the educational level of

the group, the greater the tendency to engage in civil defense oriented

behavior regardless of crisis level. The so.e exception was during the



303

ORNL- DWG 68- 4318

1.0 -- - -- -- -- -- --

* I I

0,8

0 rI

04

* A GRADE SCHOOL0 2_. . . . . . - -.. . . . .. . .
0 HIGH SCHOOL

0 COLLEGE

0 L

5/61 6/6, 7/61 8/61 9/61 10/61 11/61 12/61

MON n.

Fig. 15.5. Proportion of Education Groups Expecting War During 1":61
Berlin Crisis.



3e14

ORNL-DWG 68- 4519
0.5 7

SGRAME SCHOOL
I 0 HIGH SCHOOL

04 - COLLEGE ....

S 0 3 -• . . . . .. .. . . . .-4

03

- i I

00•T

4/6 5/6! 6/1 76 /1 9I r%6 6 26

Fig.15,"..Actual and projecteij Proportion of Education Groups Engaging i
In Ci ii Defenze Behavior During I-i Berlin Crisis.4,

i,__



305

ninth month of 1961 when the high school education group was somewhat

higher than the college group but other than that the differences are

consistent and in the direction predicted in Hypothesis 2c.

As was mentioned earlier, the absence of data on the civil defense

variable for the sixth month of 1961 greatly limits our ability to

iraw conclusions and in some cases may actually mislead the investigator

and reader. The shape of the trend lines for that data which we do

have in addition to some relevant data gathered before the crisis began

allow the projection of the civil defense trend line into the early

1-.rlin Crisis period. The data available indicates that in early 1961

the baseline response rates to questions about stored food were 1(4

for the college group, '(-M for the hil? schuol group, and 3J-4 ,% for the

grade school group. Using these as stating pointsq our curves can be

projected as they have been ii Figure C, - the dashed lines representing

the projection, the solid lines the actual data trend.

These projections force some modifications in the conclusions

already tentatively drawn. Those conclusions dealing with the

relationship between education and civil defense behavior or expectation

or war remain the same and are extended. The conclusions concerning

the relationship between expectation of war and civil defense must be

changed. It now appears that for the total population, sharp increases

in the expectation of war are paralleled by sharp increases in civil

defense behavior but the correlation between the two then decreases

because of the sharper decrease in civil defense behavior relative to

expectations of war. The correlation between expectation of war and

civil defense behavior is high during the early stages of a crisis for

the college and high school education groups but not the grade school

group. Conversely, the relationship is strong during the later crisis

stages of the crisis period for the grade school group but not for the

other two education groups.

(5) Figures 5 and E indicate that education level is related to

speed or reaction to events only in the case of civil defense behavior.

The response curves for the expectation of war are, for all practical

purposes, parallel during the early stages of the crisis. The projected
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civil defense responses indicate an early response by the college and

high school groups and a much slower response by the grade school

group. Thus, Hypothesis la is confirmed for thc civil defense behavior

variable but not for the expectation of war variable.

(6) Figures 5 and 6 show that the direction of the changes induced

by the events is the same for all education groups for both expectation

of war and civil defense behavior. The non-parallelness of the civil

defense behavior curves is accounted for in terms of speed or reaction,

the direction remains the same. Hypothesis lb is confirmed for both

variables.

(7) Figure 5 shows that the magnitude or extremity of the opinion

changes of the educational groups did not differ from the expectation of war

variable. Figure 6 indicates that although the high school and college

groups evidence maximum change in civil defense behavior early in the

crisis, the magnitude of the change iz approximately the same for all

three groups - 1L{ for tht grade school group, 17* for the high school

group, and 18* for the college group. Hypothesis lc is not confirmed.

(•) Figures 5 and 6 show that the changes induced by tne Berlin

Crisis ar- longer lived the higher the education level. The differences

between the high school and college groups are slight but both differ

significantly from the grade school group. This conclusion is warranted

for botn expectation of war and civil defense behavior. Hypothesis 1d

is confirmed.

15.5 DISCUSSION

The original set of hypotheses specified differential responsiveness

to events as a function of education level. The finding indicate that

such is the case for civil defense behavior but not for expectation of

war. It is possible that the difference resulted from an artifact. The

question about expectation of war resulting from the Berlin CrisJz was

asked oi those who were aware of the Berlin Crisis while the civil

defense question was asked of all respondents. It is possible that the

difference between the college or high school group and the grade school

group was based on differEntial awareness. This possibility can be
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checked by comparing the civil defense behavior curves for the grade

school group which was aware of the Berlin Crisis. Without reporting all

the data, it is sufficient to say that the response curve for the aware

portion of the group was essentially the same as the curve for the

entire grade school education group.

Having eliminated this rival explanation, the implications of this

finding are impressive. The lack of differentf-1 responsiveness of the

education groups indicates one of two things. First, with major

international events or major events in general, the "two-step flow

of communication" is not operative because of the massive dissemination

capabilities of television. This is probably true when the response to

such information is emotional, i.e., involving the anxiety, grief,

anger, rather than rational. The second possibility is that the two-

step process still operates but with much greater speed than can be

detected with a monthly measurement procedure. The speed could be

accounted for by making the television commentator the first step or

opinion leader. Since the commentetor often follows a reporting of the

news with an analysis and interpretation, the role of better educated

and informed community member is bypassed and information is spread

much more rapidly.

The civil defense behavior curves have three important implications:

(1) The time lag required for the low education group to adopt

p '- civil defense behavior levels indicates that even the simplest

civil defensc program such as stocking food must be regarded as a

technological innovation which has to be disseminated to some parts of

the population. This process of dissemination has been investigated

with medical and agricultural innovations by Coleman, Katz, and Menzel

(195,), Katz (1961), Rogers and Beal (1958), and Klapper (1961). To

be effective, civil defense campaigns will probably have to be channelled

t through local "opinion leaders."

(2) Even during time of serious international crisis, the

percentage of the population which will engage in any survival

oriented behavior is quite small. In the case of stocking food, the

maximum percentage for the total sample was 21t, for the high educational
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group it was 27. 5T. Thus the degree to which the public can be

expected to protect itself in times of crisis is quite limited.

(3) Maximum protection in terms of civil defense behavior for

a majority of the population (the high school and college education

groups) is obtained imnediately after a sharp rise in expectation of

war. After that the tendency to adopt such measures begins to drop

off even though estimates of the likelihood of war continue to increase.

Those sections of the public appear to adapt rather quickly to the

increased tension levels and the necessity of special protective measures

seems to fade. It is probably that if a crisis lasts more than two or

three months before escalating, the peak levels of what is already a

minimal public effort will have passed.
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1i. -GEýIRATICNAL TRIIT'S lI DRICAIJ PUBLIC ATl27TUDES

TOWARD NATIONAL SECURITY

Neal E. Cutler *

1<'. l INTRODUCTION

A compreihensive search for reliable empirical indicators of public

attitudes, beliefs and orientations concerning matters of public policy

requires the analysis and interpretation of a relatively large file of

public opinion data. To this end, a data bank containing over one

hundred national sample public opinion surveys, spanning the years

1).o-i•-e, has been established by the Civil Defense Research Project,

Oak Ridge National Laboratory. The present report contains some initial

analyses from the first longitudinal, multiple-survey research project
1

emr-rating from the establishment of the survey data bank.

11.1.i Some Questions Which Can Be Answered By Survey Research

There is no doubt that one of the most significant problem areas

of our times is the relationship between the nation and its external
environaent, namel"y, diplofnatic and foreign policies, acti-ve and

passive defense policies, and the mobilization of domestic resources

to evaluate and support these policies. policiesent report we shall

refer to this complex of issues as national security policy. Any

empirical investigation of national security policy must formulate a

. vncer of important questions. Among them shou].d include the following.

*Mr. Cutler is a doctoral. candidate and Woodrow Wilson Dissertation

Fk-llow in the Graduate Program of Training and Research in Political
Behavior, Department of Political Science, 1Iorthwestern University. The
research described in this report represents a preliminary analysis of
some of the data to appear in his dissertation, "The Alternative
Effects of Generations and Aging Upon Political Behavior: A Cohort
Analysis of American Attitudes Toward Foreign Policy, IOC0-l9&L,"
Ph.D. Dissertation, P partrent of Political Science, Northwestern
University, OFi$L-:. ', i'f.,". The results reported here should be
considered in thi.2 terntative context.
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What are the manifest policy attitudes shared by members of the public?

How does the public view specific national strategies in the area of

diplomacy and foreign affairs; in the area of military and defense planning

and programs? In addition to these kinds of manifest policy attitudes

concerning matters of national security, the scientist must consider

a number of background policy-relevant attitudes. How does the public

view national security problems in terms of priorities relative to

other kinds of problems? How does the public perceive threats from the

external environment, both in terms of crisis events and in terms of

other national actors?

When these initial descriptive questions are answered, a second

set of questions must be raised; namely, what are the relationships

between manifest policy attitudes and the perceptual, cognitive, and

other basic attitudes and beliefs? For example, does the public

tend to favor certain manifest defense policies only during times when

threatening crises appear, or are such attitudes generally held over

a long period of time. Does support for alternative national

security policies come from identifiable subgroups within the public,

subgroups which can be identified in term3 of the policy-relevant

background attitudes? Are there significant personal characteristics --

sociological, psychological, and political -- which share strong relation-

ships with manifest policy attitudes.

A final set of questions raises the problem of contingency. Under

what contingent conditions are we most likely to find (a) specified

levels of national security attitudes, (b) identifiable patterns of

policy-relevant background attitudes, and (c) particular sets of relation-

ships between these two? The important point raised by the question

of contingency, of course, is that of estimating the parameters of

future public support for the various kinds of attitudes and attitude

interrelationships described here. The planning of national security

policy in the context of public support of such policy demands reliable

empirical knowledge of the elements of stability in public attitudes,

as well as knowledge of the predictability of variance in conditions of

foreseeable contingencies.
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Of course a,.y one pie.e of research raises more questions than it

answers What we have attempted in the preceding paragraphs is an out-

"!ir.e of some important questions which not only should be answered, but

may well be answered by tihe program of survey research being conducted

by members of the Civil Defense Research Project.

it..1.2 A Multi-faced Program of Survey Research

The search for enipirical answers to the questions illustrated in

the preceding sectioýn demands both a long-term research program and a

multi-faceted research program. At least three separate approaches to

the secondary analysis of existing survey research data can be described.

Each of the following approaches has been or is being implemented by

meambers of the Civil Defense Research Project.-

A. Multivariate Analysis: It is co.mnon knowledge that many words

can stand for the same concept or idea. Similarly, many alternative

public opinion items can identify or measure the same attitude. An

im.ortant task in the attempt to -ocate reliable indicators of national

security attitudes is the search for clusters or sets of items which

all measure the same attitude, and then construct from the cluster a

sinale scale or factor which efficiently represents the attitude. The

work by Bobrow and vilcox, reported in the last Civil Defense Research

-r¢.jet AnnuuaJ ieport exemplified this approach.

B. Event Sensitivity.' Analysis: While the multivariate reduction

of a cluster of attitudinal measures to a single, hopefully stable,

factor is one way of representing attitudinal stability, a second

approach attempts to determine the seusitivity of attitudes to interna-

tional events and crises. It m.y be expected that certain kinds of

national security attitudes are more sensitive to the nature of the

external environur.ent, i.e., are more sensitive to events, than other

attitudes. Similarly, certain population groups within the public T.rcy

be more attentive and senritivc to such events. The empirical discovery

of these loci of attitudinal change demand a sexies of measurements,

before, during, and after the international crisis. The research by
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Atkirnson, described in Chapter 15 of the present Ano•ur lep)rt endod,

this approcich in analyzing the sensitivity of national securitY attitudes"

to the events of the Lerini crisis of I -.:

2. Longitudinal Analysis: A third approach to the ttujy of the

stability of national security attitudes is to observe the longitudinal

trends it, the attitudes over a fairly lengthy perioc of time. To what

extent, it nay be asked, are the "basic" attitudes which have been

located by way of multivariate analysis and studies over short-term

periods, held by a nationial population over a long time." Certain attitudes

relevant to national security policy, of course, will change as the

policies themselves charge. Yet it is also possible to locate -Iets of"

attitudes which are stable and predictable beyond the time-span of

particular policies, particular crises, particular presidential

administrations, and particular political debates. The p'esent

research into generational trends in national security attitudes is ar,

attempt to gauge the longitudinal pattern of several different attitudes

over the years i)46-1i66.
5

16.1.3 Scope of the Present Report

One of the most interesting longitudinal social phenomena is the

process of generational seccessiuon. Here is a perpetual process which

combines sociological and Psycholo-gic.al as well as bioiouical mechanisms

into a single process. Unlike generations of butterflies, each of which

dies off before the succeeding one arrives on the scene, human generations

cov'erlap, coexist, and communicate with one another. Herein lies the

excitement of the generational analysis of human behavior, for within

the structure of overlapping generations is contained the seeds of both

socio-political continuity as well as socio-political change.

* As will become apparent later in this report, there are a great

nxmber of different kinds of research directions which can be pursued

in using that form of gen.eration research we call cohort analysis. Not 1

all questions relevant to an understanding of public attitudes toward

matters of national security p,licy can be asked, let alone answered,

Jr a single study. The purpose of the present section, therefore, is
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background attitudes which may generate support for alternative new

policies. Similarly, we rrvay investigate the interrelationships

between manifest and latent attitudes and attempt to determine the

contingencies Lnder whiich the interrelationships hold. In the present

report we shall present only a portion of the data which have already

been analyzed, which in turn is but a snail portior of the investigatiu-'

now under way. More specifically, we will examine the attitudes of

three separate generations to four national secirity policy preferez.ce

attitudes; that is, attitudes which express a manifest preference for

a particular kind of action in the realin of national security planning,

as distinct from latent or background attitudes.

16.2 YHE RESEARCH PROBL124 SIATS Dh TEFRMS OF THE THEORY OF GHNFPATIONS

The basic research problem is to trace American attitudes toward

national security over the period i9'.-l)•i. The simplest approach to

such a problem wDuld be to merely plot the percentage of Americans who

have given favorable or unfavorable responses to various policies or

proposals over the years. This approach, however, would fail to

provide two of the most important products of any scientific investigatioln

of a problem: the understanding of the genesis of the trend lines,

and a reliable basis for predicting future states from the trends.

For these reasons, the research reportel here has beer, desigried Ln

the context of the theory of generations.

To what extent, it is asked, are attitudes toward problems of

national security related to the emergence of successive human

generations? Do historical events and circumstances provide a backgroind

for the establishment of attitudes and beliefs which the individual

holds even as he grows older and undergoes the various changes associatea

with the aging process? To what degree are beliefs concerning the use

of war as an instrument of national poliey, the extension of American

military forces to other Parts of the - the ex1cnd ture of :utiu::ai

resoirces in the LorT Df foreign aid -- to what degree can these kinds

of beliefs In accounted for in terms of a theory of generations?



Generational succession is a basic law of social existence with

woich social scientists must contend. Certainly each new

generation develops in an environment shaped by prior generations, and

is highly influenced hy the constraints and beliefs handed down

through the culture generally, and through parents specifically.

Yet ea .. generatiorn is confronted by a unique configuration of

historical and contemporary social, political, and international forces

which can cake that generation different from all previous ones. If

the co.niunity of social scientists car-i establish the linkages between

tne processes of generationai succession on the one hand, and the

proesses whicih shape patterns of social and political behavior on

the other, thet, a mode of explanation arid prediction will have beer,

discuvered which is most powerful

When analyzing behavioral patterns which are to be related to a

-cr as age. we must a.kno,;ledge ar. ulter;.ative model, one based upon.

the agin, roceSS of roan. '.mere are, according to the alternative,

cnaracteri:.Tic behavior patternjs of y%,outh and characteristic behavior

D' cider jTc>.I. Tn the political realm, for example,

it'. is een a_,s radical while tno elderly are seen as inherently

c. jserva1Ave. This alteriative may be called a "life-cycle" model of

-..-ma•. berar.or, since every" Jindividual in fact travels through such a

cycle, the lini~age between behavioral and 'biological proce- •scan

becoe- a sigriificant ex;lanatory tool for st ýder~ts of hun.. oehavior.

lt is importarr, to both theoretically and empirically distinguish

the life-cycle and generational explanations o0 h-umarn behavior si'nce

caci, impliez a severely differenit model of political change. If one

.3 intcrested in, the forces which promote or hinder changes in a

political system, then certainly the profile of behavior patterns possessed

by new groups of system members is a most important element fur stud>.

The life-cycle interpretation of the age variable implies a static

model of political system change. Yor example, if individuals change

in a "characteristic" fashion from youthful rauicalism to elderly

co!!__-i-vatism, thent one would exp.ect this same pattern to iterate with

each successive generation. While the life-cycle interpretation of
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age-correlated behavior results in a cyclical pattern over time, it

nonetheless implies a relatively static picture of the political

system in that each iteration of the cycle develops in the same

way as previous iterations.

The generational interpretation of observed age difference in

behavior provides a more dynamic model of political change. This

generational model implies that the unique complex of historical

circumstances under which a generational group is born and is socialized

will influence the political values and beliefs it holds to bei4
important. More importantly, the generational model implies that those

political postures which the generational group formulates early in its

own life history will be carried forward into time as that generaticnal

"group ages. Thus, as each generational group ages into that life-stage

* from which leaders are selected, it brings to leadership a set of

political orientations which may be different from those of previous

generations of leaders.12

16.3 COHORT ANALYSIS: A METHODOLOGY_ FOR STUDYING GENFRATIONAL TRENDS

The concept of the age cohort, most thoroughly developed by students

of demography, is defined as a group of persons who share some important

life-cycle event, usually the year of birth, although the event could

also be the year of entering military service, the year of first vote,

etc. Evan, in "Cohort Analysis of Survey Data: A Procedure for

Studying Long-Term Opinion Change," dpscribes a procedure whereby the

demographer's conception of cohort analysis can be adapted for use with
13

a large number of attitude surveys. If one wanted to study the

attitudes of a particular cohort in five year intervals over the period

1945 to 1965, for example, one could look at the twenty-five year-olds

S"•in a 1945 survey, the thirty year-olds in 1950, the thirty-five year-

olds in 1955, the forth year-olds in 1960, and the forty-five year-olds

'in 1965. Although the analyst does not have measures on the very

same individuals from year to year, as the demographers hac,:e in the form

of census records, he can assemble comparable samples of the same

cohort as that particular cohort ages over time.
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The secordary analysis of survey data by this cohort approach

allows the researcher to observe a single generational group in a

longitudinal perspective using a series of cross-sectional data.

Cohort analysis allows for the statement of inferences which are

not possible in the use of single cross-sectional studies. Although

collections of survey data have been in existence for a number of years,

there has been little work aimed at using these archives in the

location of longitudinal inferences. As Lipset has commented,

"Unfortunately there has been no attempt to study systematically the

effect of generation experience with modern survey research

techniques." l1 In a more recent synthesis of social research

focussing upon the various factors and agencies which affect the

development of social and political attitudes, Dennis says of the

generational model that "this is one of the areas of political socializa-

tion research where least is known."'I

The age variable, of course, has been used in a great many studies

of political attitudes, where the researcher "controls" for age; that

is, he can identify differences at a single point in time between

twenty year-olds and seventy year-olds. The inference is often

drawn to the effect that the process of aging accounts for the age

differences. Yet it is important to recognize that these two age

groups are members of different cohorts, age groups which have been

influenced by, perhaps, radically different socialization experiences

in their youth and early adulthood. For examplc, a cohort analysis

could reveal that present-day conservative seventy year-olds we1rc just

as conservative as when they were twenty years old. This socialization-

oriented inference is quite different from the life-cycle or

aging-oriented inference. Yet the error is quite easily made when the

study is based upon a single cross-sectional sample. One of the

primary contributions of the ongoing research project described in

this report, therefore, is the formulation of a set of procedures

wherein the errors of inference inherent in cross-sectional analyses

uaay be reduced.

Since the theoretical orientation of this research is generational
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and the analytic model is that of cohort analysis, the relationship

between "cohort" and "generation" should be made clear. As stated above,

a cohort may be arbitrarily designated by a researcher in terms of

(a) the number of years which constitute a cohort interval, and (b) the

event which defines a cohort, e.g., birth, entrance into military service,

etc. A generation, on the other hand, has usually been defined solely

in terms of birth, and usually encompassing a period of twenty-or-so

years. In historical discourse, for example, a generation has been

usually defined as "the average period from a male's birth until the

birth of his first male child. Nowadays a generation so defined is much

closer to twenty years in duration."16 In his essay titled "How Long

is a Generation?" Berger observed that in recent history the time

periods which in fact define separable generational groups have been
17

shrinking. The increased pace of technological change suggests that

researchers should look for qualitative generational differences at

intervals which are smaller than the traditional twenty year period.

By employing the concept of cohort, the researcher is in the

position to determine if in fact a generation-defining event has occurred

which substantially differentiates the behavior of those born and socialized

immediately following the event. In the present research, for example,

the events of World War I, the Depression, and the coming of the Nuclear

Era, althc-ugh less than twenty years apart, may in fact define distinct
generational groups. Addressing himself to the advantage of employing

the cohort concept in the analysis of social change, the demographer

Norman Ryder has .tated that "the proposed orientation to temporal
Sdifferentiation oi cohorts emphasizes the context prevpiling at the time

members of the cohort experience critical transitions."18 To the extent

that such critics] transitions coincide with major historical watersheds

which occur mare frequently than every twenty years, then cohort analysis

"will reveal differential patterns of human behavior at intervals less

than that defined by the traditional concept of "generation."

Table I may be called a "cohort analysis matrix" and represents
the generic form in which a series of national sample surveys must be

cast in order to construct cohort comparisons. Each column in the
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Table I: Cohort Analysis Matrix: Five-Year intervals

14 6 ' 191 -, .5L 1 D1 1P66

Nuclear Era ilU 12 12 2-2

Great Depression f , ý-

World War C -C

61 -7 71 -

ye E.aach column is represented by a sample survey taken in the given

ber
bThe cohort represernted by the uppermost p9ir of diagonal lines

vas .born in 1?21-25.` Thus the entries in this diagonal "row" may be
iead as follows: "The cohort, born in 19)21-25 was 21-.75 years old in
191.6-; it was 2-6-3'.. years old in 19561, 31-3ý5 years old in 1)56, etc-."
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table represents a national sample survey; five such sur-eys have been

"chosen at five year intervals representing a twenty year period. The

respondents in each of these surveys have thus been sorted into five-

year age groups. Using this format, the development of any given genera-

tional cohort can be traced by obF rving successive samples of the

cohort across the five sampling points. For example, observe that cohort

born in the 1)21-1925 interval: This cohort occupies the 21-25 age-

group cell in a l94L. sample; in 1951 all members of this cohort have

aged five years, and thus the cohort would now oucupy the 26-30 age-group

cell in a 1)51 sample. One can similarly "age" the cohort another five

years by looking at the 31-35 age-group cell in a 1i5C_ sample, and

continue the operation for as many sample-survey points for which

dqta are available.

In the actual cohort analysis of any specified aspect of political

behavior, the cei's in this cohort analysis matrix would be occupied by

measurements on that behavioral variab-e. In other words, a cross-

tabulation of age-by-variable is obtained for each of the sampling

points, and the resultant frequencies, precentages, or scores are

entered into the matrix. By scanning the matrix diagonally, the

pattern of these scores for a given cohort can be traced across time.

Assuming that the samples are in fact representative of generational

cohorts, several kinds of comparisons can then be constructed. One

nay merely want to observe the pattern of attitudes of one particular

cohort, looking at several different attitudes. The researcher may

want to focus upon a single attitude, and compare one generational

cohort with another.

Although the analytic technique described in this report is called

cohort analysis, information about the generational cohort is only

one aspect of the information which can be obtained. Cohort analysis

• can also provide information about the effects of the aging process.

Referring again to Table I, each row represents a particular stage

in the life-cycle. The top row, for example, -, .'esents the 21-25

year life-stage in each of the sampling points. The individuals

represented in the cells of the rows are not sampjes of the same



individuaIs. i-latkito, each' row represents a series of samplesý of.

individ'uals wh~o ocuvthe sa;.e satnee in the life-cycle. Orne may hypothes(;ýize,

for examn.'le, th-at therei-( is someth~ing iniherent irn youth which leads to

liberal poiia eif.if thie cells of tIhe cohort maqtrix rEu~resent

scores on a lerls Uethen this hy-po:thesis3 wouldi predict that

the ro,.; re.presenting "y-outh'l wou1 ld be mon:re liberal than rows representing

older lf-tgs

The techniique of cohort analysis, therefore, can be applied to

sur;vey da-ta. As long as th~e attitudin~al informuation for each individual

is accompanied by h~is a.ge, tie individuals represented in eachý sample

can be sorted into age groups. by doing this to a succession of samples,

the anialyst. can. trac'e attitud~inial patterns across both genetrat ional and

aorgprocess dimeicnsions. Sinc~e colhort analysis ii:~ factfilitates th~e

observation of boti. these effeý-ts of the agze varia tle. a long-tervm

research project is in a position to, investigate the relative impact

o'f each effec-t ocnýtPe data set,. Iere-se:,t re~port willfou

solely o,. indicators of the gen.era-tio-nal impact, upoýn deft-nsze polic)y

attitudesý.

1 . -. A CO>OYQ'ý AJ ALYI? Oý! nF m:A SLCU." , , AITI Td

This sectxon! will pres;ent the ata ren!ireser. ia..z d. e-.se rl

atti~tueees of thiree distinct geseratiornal cohorts-, as these attitudes

hae beer: re.-_nr~je1 by a succession of:a tional sepesurveys- covering-

tne yjears I 1i- '11 -te three c ohorts have been labell1ed ý-a s fol lows:
"..orld arIco rt Dersin colhort, and 'Iý.uclear E.ra ' cohort.

In each,- case the label represents that group of persons wh-ich was

approximately twenty years old at the beginning of the event inc luoea

in the label. it shioild be remembered, however, t- t the labels are

lry shorthand waYs of referring to these three colhorts. Although

th~ey cou,_ld have just as.- sl been referred to as ABand -,thle

1aoels chosen here do conlvey something of the generational influences

w;hich are being, investigated. Since the cohrort analysis o-f a

FLultiple-survey data collection requires a somewhat different set of
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this section will begin with a brief outline of the methodological

and statistical. F.cedures employed.

16.4.1 The Standardization of Response Distributions Across Time

From the public opinion files of the Civil Defense Research Project,

four general categories of attitudes relating to national security were

established: (1) "Maintain/Increase American 'Military Capability' --

questions giving the responrdent a situation in, which he would favor or

oppose such aspects of military capability as nuclear weapons testing,

the draft, and missile systems. (2) "Non-Military Extensions" --

questions which asked the respondent if he favored the extension of

American resources to other parts of the world as a way of maintaining

American national security; literally, these questions refer to various

forms of foreign aid. (3) "Military Extension" -- questions which

asked the respondent for his attitudes concerning the deployment of

American troops and other strategic resources to other parts of the

world. (-) "Advocacy of War" -- questions in which the respondent

was asked if the United States should declare war on its enemies.

In analyzing attitudes in each of the above sets, we cross-

tabulated the answers to each question with the age of the respondent.

For anoy given question-set, however, some variance may be introduced

mere!y; by the fact that the i)46 question was worded differently than

the 1)5.1 question. In order to eliminate this spurious source of

variation we performed a z-score transformation onr the percentage

data. Table II demonstrates how we applied the z-score formula

to out national security attitude data. Note that each of the "yes"

percentages corresponds to an x.. Thus, the z. for each age groupl 1

represents the percentage, as corrected for (a) its deviation from

the mean percentage and (b) the standard deviation of the vector of

percentages.
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16.4.2 Fesults

For purposes of analysis, the average z-score for each generationnl

cohort was computed for each of the attitude question-sets. By comparing

these mean z-scores, the reader is able to determine answers to a number

of interesting questions. For example, within a generational cohort,

which kind of national security attitude has the greatest endorsement

(i.e., which has the highest mean z-score)? How does the internal

structure of attitudes compare from cohort to cohort? What kinds of

longitudinal interrelationships exist among the various attitudes

(e.g., is a high level of support for foreign aid programs associated

with a high level of support for sending American troops to other parts

of the world)? In the analysis which follows, therefore, the data which

are presented represent the mean z-scores given by each of the three

generational cohorts, for each of the attitude question-sets.

Two modes of analysis for these data will be suggested here. First,

the preferential structuring of defense policy" choices of each cohort

can be ascertained by observing the rank-order of scores within each

column. Second, by scanning the rows, the reader can see the longitudinal

trends in each of the defense policy question-sets.

Initial inspection of Table III reveals that there are in fact

gcnerational differences in attitudes toward the four national security

question-sets.22 The most preferred policy of the cohort which was

approximately twenty years old at the time of World War I is to maintain

or increase American military capability, while the least preferred

policy is the extension of such military capability to other parts of

the world. For the Depression cohort, however, the most preferred

defense policy appears to be that of non-military extension. The

question-set here described as "non-military extension" contains items

* perteining to support for American foreign aid pirograms. At the same

time, the policy least preferred by this cohort is the advocacy of

war. That cohort which entered the pclitical system (pproximately age

twenty) at the beginning of the nuclear era gives its greatest support
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to a policy of military extension, and gives least support to the

non-military extension or foreign aid policy. It will also be observed

that- all of the mean z-score:; for this cohort are positive, as compared

to the earlier cohorts whose scores are mostly negative. This indicates

that the Nuclear Era cohort is, in historical perspective, mnore supportive

of these general policies, regardless of their specific n~ature, than

are earlier cohorts.

While observing the structure of the cohort columns indicates that

there are observable generational difference-s iný attitudes toward

national security, the rows of Table III give a more general pictu~re of

the longitýudinal' trendls for each of the four question-sets. It will be

noticed that the total picture 1.resei:teli by these data is one of

increased support for all four of the attitudes. For two of the

ouestion-sets, non-military extension and military extension, there

are in fact monotonic. increases in the levels of policy ezndorsementý

b~y each successive qeneratlionaJ. cohort. For the reraaining two policy

n~osit-ions, attitudinal s-upport increaseo as ono wcmpares th-e Woýrld War 1

cohort with the 1luclear Era cohort althous!h the 7T e;ression cohort gives

lower -levels of' support. Olne possible expl~anation fcor t nese latter

patt ems of policy endorsement mayv be .7-de in terms ef learniz-n, theory.-

The h~ige levls f pport giver; to question-sets one and four by

the W.or)d Wa1 and N c rE'jd Cuhl,:vts mlay Le a f-urctionl of thne

.q ct4 that the significant generation-de-firnirg event in each- of these

cases was a "successful1" militsary encouniter. The two events ria~y havE

served ~s positive reinforcement of the millitary r~olicies embodIied' Iy'

t'he -ý,uez;tion- sets; hence -in, each case there i:; evider.ce c!ý a ipoLsitive

so- italleellearning experience.

Although a number of in-terectirng fi ndings crn be isoldated. from

the generational trends described Lby Tab~le 1ll, twco In particular dezser-ý'e

further cc;-:rcerit. A predcminant generational trend is Ifound in the

military extenf ion quest ion-set. The-- ito-m" refer to) the~c exteijori.!

of American military coa'nitments to other pirts of th-e wo~rld in, the*

form of scndiýng troops to these otler ý "eas. Theý iorgitudii~aJ trend



of increased endorsement of this policy appears to mirror the development

of American defense and foreign policy during the perio: covered by

these data, i1-12w. The historically oldest cohort, socialized

in the years before the emergence of the U1 ed States as a major

world power, is least supportive of the crlle-tive security and

containment policies implied by question-set ttree. The Depression

cohort, while not strongly endo.'sing these policies, is less opposed

to them than the World War I cohort. The Nuclear Era cohort, that

group socialized at the beginning of the era in which the policies of

military extension were stimulated and formulated, gives the highest

level of policy support to question-set three; in fact, this level

is the highest to be found in all of Table III.

The final trend to be commented upon here concerns attitudes

toward the advocacy of war. It will be noted that of the three genera-

tional cohorts included in cur analysis, the Nuclear Era cohort is

most supportive of this particular approach to national security.

This may seem somewhat paradoxical since some commentators have argued

that the youngest generation, socialized as it was in the years which

saw the first use of nuclear weapons, is most antagonistic to the use

of such weaponry. We include comment on this aspect of our data to

point out the need for further longitudinal research into the complex

of belief systems which characterizes national security attitudes.

Other kinds of attitudes which provide the cognitive background to

more policy-oriented attitudes may provide keys to the interpretation

of such findings as the one pointed out here. For example, if it was

discovered that this mDst recent cohort expressed the belief that

nuclear weapons would never be used in a war, then advocacy of war

takes on a different meaning. Similarly, if the belief is held that

despite a nuclear war, one's personal safety would not be threatened,

then again, the policy which advocates war has a somewhat different

meaning.
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lb.5 SUMNARY AND CONCLUSION

On the basis of these data illustrating the generational analysis

of public attitudes toward problems and issues of national security, a

number of comments should be made and inferences drawn. Foremost among

these, of course, is to reiterate that the present analysis of the

attitudes of three generational cohorts toward four sets of attitudes

is but a small portion of the work which can be and is being planned

and carried out. A greater number of cohorts will be included in

future research, as will be a greater number of attitude sets relevant

to national security. Yet even the data presented here portray some

significant findings.

A first general implication of this research is of concern to both

policy-makers and social scientists alike. The establishment of a

large-scale data bank, containing public opinion surveys from previous

years, when exploited with innovative methodologies and expansive research

designs can provide reliable knowledge and insight concerning long-term

trends in human behavior, knowledge which would not otherwise become

available.

Substantively, our data provide tentative evidence that the

historical circumstances surrounding the socialization of successive

generational cohorts do affect, in differential patterns, the attitudes

held by members of the cohorts; that is, the cohort analysis of national

security attitudes reveals interpretable longitudinal trends. Perhaps

these trends can be more clearly seen from our summary of the data

appearing in Table III in graphic form. We have plotted each of the four

question-sets in succession, each plot containing the measurements for

each of three cohorts (World War I, Depression, and Nuclear Era,

* respectively). (see Figure 1)

"* One implication of these data is that there is, in general, an
increasing longitudinal acceptance of various forms of national security

policies by the members of successive generational groups. For each

of the four question-sets, the most recent coUort gives greater attitudinal
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endorsement of the policy than is given by the earliest cohort. Thus

while in 1950 Almond argued that Lhe public reacts to matters of

fo-eign and defense policy solely in terms of "moods," our data

indicate that there has been a fairly stable increase in public

consideration of such policy matters. The fact that this public

{ a support generally exists indicates that future planning in the area

& of rational secuarity must be made in this context of relative support25
and concern. 2 5

Although public support has in general been increasing, policy-

makers should remain attentive to the differences in levels of support

for the alternatives illustrated by our four question-sets. Thus,

while support for foreign aid programs is characterized by the general

trend, support for American military extension has increased much

more. The significance of• this general longitudinal trend is increased

as we observe that for the most recent cohort, mitary extensiun is

given the largest amount of support.

Finally, it should be noted that those two question-sets which have

been characterized by monotonic generational increases are both
"extension" attitudes. The trends in public perceptions and endorsement

of national security policies, in other words, are in the direction

of increased extension of American resources -- both military and

economic -- to other parts of the world. In terms of the classic

isolationist-internationalist type of distinction, our data imply

that the American public has become increasingly internationalist in

orientation. Approaches to national securtty planning which desire to

maintain public support should take these generational trends into

account. Future research of this generational nature, however, will be

able to locate more precisely those aspects of American involvement in

a the external environment which engender greater and lesser amounts of

public support. To the degree that the kind of research which we

have begun here is continued, decision-makers will be in a better position to

accurately and reliably estimate the parameters of future levels of

public support for alternative national security policies.

I j
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Text of survey questionnaire items includcd in each question-set

1. Maintain/Increase Military Capability

iD4U: The Selective Service draft law expires in May. Do you
think Congress should or should not vote to continue the

draft law for one year? (AIPO 31)

1951: If the Korean War is brought to an end soon, do you think
the United States should continue our defense program as
planned, or do you think the defense program should be

reduced? (AIPO 47•17).

1)61: Since November, 1958, the U. S. and Russia have been trying
to reach a permanent agreement on the control and inspection
of nuclear bomb tests. During this period each country
voluntarily agreed not to conduct any tests, but no
permanent agreement has been reached. Do you think the

United States should resume tests at this time, or not?
(AIPO 65?)

1)66: What is the desirability of the United States' having

anti-missile missiles so effective in shooting down enemy
missiles that no enemy would think of attacking us?

(NORC 876)

2. Advocacy of War

19+46: Do you think the United States should declare war on Russia
now? (AIPO 378)

1951: Do you think the United States should start an all-out war
with Cormaunist China, or not? (AIPO 4.l)

1)56: *

1)61: (If you have heard or read about the dispute between the
Allies and Russia over Berlin . . . ) If Communist East
Germany closes all roads to Berlin and does not permit
planes to land in Berlin, do you think the United States
and its allies should or should not try to fight their
way into Berlin? (AIPO 650)

190i6: *

_______________________ __________ __________



3. Military Extension

1,96: Churchill says that the U. S. and Great I-rittain should
make a permanent military alliance -- that is, agree
to come to each other's defense immediateiy if the other
is attacked? Do you approve or disapprove of this policy?
(AIPO 367)

1951. Some people say that another world war is more likely to
start is the United States sends additional soldiers to
Europe. Other people say that our sending additional
soldiers to Europe will more likely prevent another
world war. With which group do you, yourself, agree?
(AIPO 470)

1956:

1961: (If you know of the Berlin dispute . . ) Do you think
we should keep American forces in Berlin -- along with
British and French forces -- even at the risk of war?
(AIPO 648)

1966:

4. Non-Military Extension

1946: General Mark Clark believes that if we make a loan of 150
million dollars to Austria it may help to keep that
country from coming under the control of Russia. Do you
think we should make this loan to Austria? (AIPO 379)

1951: Do you think Congress should or should not vote about
8- 7/2 billion dollars to European countries for military
equipment and economic aid this coming year? (AIPO 477)

1956: During recent years, Congress has appropriated about 4
billion dollars each year for countries in other parts
of the world to help prevent their going Commu!nistic.
Should Contress appropriate the same amount this year,
or not? (AIPO 576)

1961: Do you think the interests of the United States have
actually been helped by the U. S. Foreign Aid program
during the last five years, or not? (AIPO 652)
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L),A;: Various national programs frequently compete before
Congress for financial support. I would like your
opinion about the following programs, but please keep
in mind that it is very unlikely that enough funds
will be available for all of them: Aid to Developing
Nations? (N••ORC o,

*An asterisk indicates that no data are available for this

sampling point, i.e., no question was asked in a national survey which
would serve as an indicator of the particular question-set.

11O'fr: AIPF = American Institute of Public Cpinion (Gallup)

NORC National Opinion Research Center



171. Emergency Preparedness in the Federal Executive Agencies

Claire Nader

17.1 INTRODUCTION

The focus of this work - discussed at some length in the Annual
Progress Report of March 1966-6( - is the nonmilitary defense activi-

ties of the Federal executive agencies with special reference to a

nuclear contingency. Its purpose is to examine the factors which

shape and explain their preparedness efforts in this regard.

17.2 THE MEDICAL STOCKPILE PROMAM

1
Analysis of the Federal civilian medical stockpile program

identifies (1) factors which shaped the practice and content of emer-

gency preparedness in this area from 1951 to 1633, and (2) those which

forced changes in the program. The work of the Task Force established
2in 1965 to evaluate the program and the conaequent changes resulted

from a series of actions which were set in motion by the request in the

fall of 1963, of the Assistant Director of the Bureau of the Budget

(BOB), handling civil defense programs, for a review of the Public

Health Service's emergency health program and for advice with refer-

ence to its 1965 budget.

It is noteworthy that in the two-year period from the time of the

initial request the Public Health Service's Division of Health Mobili-

zation did not complete the requested comprehensive review on which

hinged the future of the program. To speed the pr-ocess and to produce

such an evaluation, an interagency task force was established. This

move gave impetus to a thorough review and evaluation of the emergency

medical stockpile program and a new program in 1966.

The events surrounding and affecting the emergency medical stock-

pile program from the fall of 1963 to 1966, give some idea of what
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happened to move the program from routine administrative operations to

a new and clearer political policy resolution and mandate. As a result

of these, the issues were joined. Ir order to understand the kind of

interv-ention which was requlireJ for substantive change to occur, some-

thing must be said about obstacles to change, that is, the conditions

which created and then mainti mned the program's ineffective routine

before and even after the transfer of stockpile responsibilities in

l.b-S from the Office of Civil and Defense Mobilization (OCDM) to the

Daepartment of Health Education and Welfare-Public Health Service (DHEW-

PALS).

Several kinds of factors contributed to routine administrative

behavior and operations from ltl1 to li%-3 and prevented the develop-

ment of a continuously relevant program.

First, the program while in the Federal Civil Defense Admrinis-

tration (FCDA) from, 19C1 to 1733 suffered from oranizational in-

stability and discontinuity. During that time the Federal civil

defense organization experienced several structural changes and even

a breaKup cf its physical headquarters wherein from l%'3 to 19$? the

organization, was located partly in Washington and partly in Battle

Creek, Michigan. In this and' in various other ways, FCDA lost what-

ever status it had in that hierarchy of organizations zharged with

defense policy and operations. Under such circumastances, the emer-

gency medical stockpile program "got shuttled around," to use one

official's description.

Second, the emergency nealth problem was 2o,._eived and developed

not only in a limited organizational setting bU,. also in a limited

conceptual setting. The idea of emergency health was restricted to

casualty care by the model on which the emergency medical care concept

was patterned, the Mobile Ar.' Services Hospital unit. The concept of

continuing health was ignored in the organizational context of FODA

even though its importance was officially recognized in the early 1950's.3

Moreover, since the problem of casualty care was seen against the back-

ground of the evacuation concept, strategic stockpiling of medical

supplies and equipment became the accepted policy, persisting after

_______!



343

this concept was dropped. But strategic stockpiling was a limited

policy even in the context of the evacuation concept because casualty
,4

reserves were not ready for emergency use.

Third, organizational discontinuity and insecurity detracted from

strong FCDA relations with its closest neighbors in the defense area,

the Atomic Energy Commission (AEC) and the Department of Defense (DOD).

An inadequatly funded independent agency, its organizational links with

AEC and DOD, the agencies which possessed the knowledge basic to civil

defense planning, were insufficient. FCDA experienced an isolation which

damaged its ability to function as the public education branch of civil
5defense. This isolation was reflected in inadequate communication,

intensified by the distance of FCDA's main headquarters from the center

of national defense decision-making.

A combination of factors contributed to inadequate communication

and ultimately affected public education in civil defense planning and

operations. Among these were:

(1) the slowness of declassifying information for public consumption,

even though FCDA might have had immediate access to AIX-DOD classified
6

information;

(2) DOD and AEC uncertainty about the FCDA because of its public

information function on civil defense matters;7

(3) lack of scientifically competent personnel in FCDA in contrast

to the high level technical manpower in AEC and DOD;

(4) insufficient interpretation of technical information from AEC-

DOD so that FCDA could assimilate it and put it In useful form for pub-
0

lic consu;nption;'

(5) contradicti .is between information contained in FCDA bulletins

and statements made by FCDA officials. 1 0

In the setting of a low status organization of little influen(.:,

the emergency medical stockpile program did not have much visibility.
In fact, civil defense public relations programs did not allude to the

hospital operation. Thus, no information about emergency hospitals

got out in proper form to professional groups and to the communities.

Fourth, the program was plagued with inadequate staffing in terms
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of numbers and qualified personnel. As early as 1954, the Surgeon
ll

General identified this problem. As late as lJ,', the shortage of

medical persorinel and the high demand for medical talent are still a

problem. When it is available and allocated, emergency health tasks

do not occupy a high place in the hierarchy of medical needs and demands.

Fifth, the program suffered from lack of leadership inside govern-

ment and outside government. The liaison of the Federal civil defense

organization with professional associations, advisory groups, and in-

dustry did not produce an effective program over time. At the Federal

level of go-vernment, the organizational arrangements for emergency health,

as least until l9', did not reflect a division of labor appropriate to

the task. Its placement ir the Federal civil defense structure rather

than in puilic health hindered an integrative system of support needed

to sustain an emergency health program, although its transfer to PYHS

was not sufficient by itself. The program did not flourish in the

highly valued setting of health operations and rcmained deficient under

its auspices. The Division of Health Mobilization (D-IN), which was

established in response to the DHE'W's emergency preparedness Executive
12

Orders, did not appear to have much status in the departmental structure.

Urntil "1,:;-, the DMEv leadership paid little attention to the medical

stockpile program. For years the program was submerged by the inatten-

tion of top level leaders whose interest make a difference to a par-

ticular effort. Lacking in status and ineffective in conception and in

operation, it was isolated from the dynamic setting in which policies

and decisions are ma.le.

Sixth, legal restraints continue to hinder efficient operating

procedures. The Federal Property and Administrative Service Act of

presently defines excess property as any property under the control

of any Federal agency which is not required by its needs as determined

by the agency's head. The problem is that an antibiotic is still rineded

in the medical stockpile program at the same time that it requires

rotation: because of its limited life. The Act does not allow for short-

life items to be declared excess. Bills to amend it have been intro-

duced in both houses of Congress (S. i;'li and H.R. 645), such amendments
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permitting the redefinition of "excess property" to include short shelf-

life items. 1 3 Legislation to this effect is expected in the current

session of Congress.

A seventh factor obstructing change was the development of a set

of operating norms over the years, which guided both those responsible

for program coordination and efficient operations and those responsible

for watching over the public funds allocated. This coalition resulted

in the program's justification before Congress fundamentally as it was

for thirteen years, with insignificant adjustments. As long as funds

were appropriated, the situation was perpetuated. When the Bureau of

the Budget withheld procurement funds and did not approve additional

funds, the pretense was unmasked and something different had to happen.

But it did not happen immediately, as already noted. Resistance to

change was apparent and is not difficult to understand. For years

habits, attitudes and associations had been developed which were asso-

ciated with the then current program. Too ready an acceptance by the

program's personnel of the Office of Science and Technology's (OST)

negative evaluation - the review was made for the BOB - would have

amounted to an acknowledgment of fundamental inadequacy on their parts.

It was not easy for the responsible staff in the Office of Emergency

Planning (OEP), and in PHS to admit readily to the BOB-OST criticisms.

Even though the Bureau of the Budget could also be criticized for

inadequate survillance of the public funds expended in this program,

it had taken the initiative to correct the situation. At least the

superiors of the budget examiner for civil defense were now insisting

on accountability.

Eighth, this coalition of personnel from the BOB, PHS, and OEF

contributed to 9 confusion of three critical functions which made change

virtually impossible, namely, (a) watching over public funds, (b) oper-

* ating the program, and (c) overall coordination of it. The state of

disarray and ineffectiveness in which the program was found as a

result of the numerous reviews It underwent from 1963 to the end of

1965 appears to support this observation. Essenti 'ly many of the

same criticisms of the program could have been made almost a decade
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earlier if the surveillance function of the Bureau of the Budget and

the coordinating function of the Office of Emergency Planning and its

predecessor had been operative. Instead, a high degree of coordirnation

existed to sustain routine operations.

This coordination subverted the more positive effect that results

fro% a separation of the watchdog, operating and coordination functions.

It helps explain why a chang! ir the program's organizational setting

represented by th2 i-) transfer from OCDM to PHS was not sufficient

to have produced a complete evaluation at that time. The PHS inherited

not only program responsibility but habits, attitudes and associations

that had shaped it for a decade. Some of the same persons who had

been involved in the program when it was in FC\DA and 0CDM were still

involved in the PHS program and thus the same inadequacies persisted.

Some of these individuals had been on loan from the PiS to FCDA and

0CDM. The presence of a PHS officer on loan to OEP from l-)31o to 1C•,.

only served to mesh even further the coordinating and operating functions,

thus strengthening the routine maintenance of the program's activities.

In su.Tmary, all of these factors together created substantial ob-

stacles to change in the program. The old system of understandings

had to be fundamentally disturbed for change to occur. Several agents

of change provided such disturbance.

First, the system of accountability was broight into play when the

Bureau of the Budget requested the Office of Science and Technolory to

review the program and advise on the i9(5 budge. for it. With this one

action, the three functions - surveillance of public funds, operations,

and overall program integration - were separated and the provocative

process of checks and counterchecks reactivated. By its action the

BOB in fact exercised its watchdog function. Necessarily then OEP and

FiS-DN's response had to be in terms of their official functions which

the BOB action had made operative again. However, some time was

required for the adaptation to be made from the routine administrative

behavior which characterized the emergency medical stockpile program

to the new conditions being set by this action.

lt'u question which arises is what stimulated the interest of the
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Bureau of the Budget after years of tolerating the emergency medical

stockpile program at its unrealistic and unsafe level of performance

"standards. A key explanation concerns the Assistant Director of the

BOB who sparked the Bureau's interest and who had the civil defense

operation among his responsibilities. A personal preoccupation of his

with long-range planning and an earlier involvement with civil defense

matters served to lift the program out of its obscure setting into the

limelight for careful scrutiny in the Executive Office of the President

itself.

Second, change was facilitated by the entrance of the OST into the

action arena. In effect, a new actor was introduced into the program's

institutional setting with an acknowledged competent staff and with the

full backing and prestige of the President's office. Its participation

signalled to the responsible agencies that the criticism was to be

taken seriously by, that top level leadership was clearly ind-~ated. The

lag in their response stemmed more from the program's long-time inert-

ness than from a disregard for the source of simulation. Responsible

officials needed to adopt new procedures to extricate themselves from

a well-entrenched operating environment. Stress was a necessary but

not a sufficient condition fcr change. Staff members still had to find

for themselves a way of proceeding which would take them out of their

routine. This was not easy after many years of established administra-

tive practice.

A third agent of change was the Task Force which served a useful

purpose in that it helped clarify functions. This in turn helped to

clarify roles anew and allowed responsible persons to see a place for

themselves in the new program environment being created by the Task

Force of which they were working members. In effect, they were part

of the process of setting the new conditions for the program's operation.

The opportunity to define the situation anew in the context of I
the Task Force where all relevant functions were represented helped

release the frozen posture of officials responsible for the program.

Objectives could be explored and reviewed from the different perspec-

tive of the members of the interagency committee before positions got I'
I
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solidified and an emotional investment made in them. As one participant

who welcomed this arrangement expressed the point, "They :,the operating

officials- can try some of their ideas on for size as they are develop-

ing them."

In sum, for routine administrative behavior to change and new

directions to be mapped, new administrative procedures were necessary.

The Task Force represented such a procedure. Its 2reation in August

, coincided with a stage in the adaptation process of officials to

the changing situation. A readiness to Thange had had time to develop

in the two year period from the fail of 1#3 when the Bureau of the

Budget had requested the program evaluation until August 19. Marny

exclhanges among the principals and the withholding of funds and approval

of additional funds by BOB clearly pointed to the necessity for new

departures in the program.

A fourth factor which stimulated change was the appointment

of a new Surgeon General of the Pulic Health Service. Almos.t

simultaneous with the establishment of the Task Force in August,

the Surgeon General's appointment took effect in September _

At that time the deficiencies of the program werc brought to his

attention by a former respected associate. Upon his own review,

the Surgeon General decided that the criticisms were justified and

took steps to correct the situation. his clear orders to implemer.t

the Task Force's recommendations which came out in November l:ýI, and

his filling the vacant office of the chief of the Division of Health

Mobilization identified the leadership in PHS with favoring substan-

tive changes which would put the program on a sound footing. The new

chief of the DHM took over in the spring of 11C, to give operative

meaning to the T•,sk Force's recommendation, unencumbered by membership

in the old program.

1.'-3 OiER PRO3RAMS

Improved Federal leadership is vital in programs whose operative

effectiveness depends in great part on the voluntary cooperation of

State and local officials ond, in the medical stockpile cas,., on private



349

medical associations and operations.

Where the emergency preparedness operation is in the hands of' a

controlling group, performance standards are much easier to set and

Liintain. The leadership function is pot diffused among so many actors.

This is the case with planning and practice for the petroleum resource.

Although the responsibility for this resource lies with the Department

of Interior, the Federal government depends heavily on the organizational

productive, and distributive efficiency of the petroleum industry in an

emergency. A system of emergency responses has been developed by the

industry in conjunction with the Federal government from World War II

to the present. This has been exercised in peacetime especially by

oil crises generated by political difficolties in the Middle East and

stems understandably in part from the interest of the industry to ,main-

tain progress regarding the suitability of these responses under nuclear

attack conditions.

The role of the Atomic F.nergy Commission in emergency preparedness

presents yet another situation of centralized strength. Except for

planning and operations for its own facilities, its involvemfnt in

nonmilitary preparations is in the main a responsibility for providing

knowledge of nuclear weapons effects to the agencies with operating

responsibilities. The AM has a specific mandate for research and as

a supplier of technical information. Over this activity it has com-

plete authority and brings to bear its considerable power a., the cxpert

agency on atomic energy matters. In this sense, it is a "means" agency

in search of problems. Civil defense is one such problem, linked as it

is with AEC's legislative mandate to care for the public health and

welfare. Aside from its own facilities, the Conmission does not carry

responsibility for implementing the findings of research.

Data on the Atomic Energy Commiesion's emergency preparedness

* efforts have been collected and are presently being analyzed for

understanding the motivating factors for its nonmilitary activities.

________
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VII. POSTATTACK RECCOERY

lo. VUJI.EVABILITY OF GRAIN STODKS ATD FOOD SUPPLY

A. F. Shirn

16. 1 INTRODUCTIOI

Although raid-year carryover stocks of grains have generally trended

downwards sinice the peak of i•i, the available crops in the field at

mid-year i15[ taken together with the stocks constitute an apparently

ample supply for emergency use. The mid-15y national food supply if

at least I' months without counting the crops in the field. The geo-

graphic distribution of the stocks by states is grossly unequal, and

shows only a few months' supply for some state populations whereas

others have -anhy years' supply o7. hand.

The Nlational Advisory Commission on Food and Fiber has recommended

both a program for adjusting carryover stocks of major farm commodities

and a prograrm to estabiish a natine.la security or strategic reserve of
farm commodities. A spate of Congressional bills have appeared in the

wake of their recommendations. Genera2 comments are made on the bills

-:. a "•oiC.

Tht obviously unequal geographic distrib;ution of food stocks under-

scores our dependence upon reliable transportation for their equitable

distribution in a nuclear emergency. Inasmuch -s the bulk of agricul.-

tural cargo is moved by motor truck, o'" depnnuence cn adequate petroleum

supplies is equall,, evident. The locations of the major distributional

markets in large, probable-target cities suggest that alternative distri-

butional patterns might w.ell be delineated preattack for postattack use.

Previous presentations by members of this projcct have emphasized

the vulnerability of our livestock to nuclear and biological attack.

Recent overseas experiences with the viral foot-and-mouth disease of

livestock has demonstrated the extreme difficulty of coping with it.

Since lysine-fortlfied grsirt would make a good alternate source of protein,
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it is suggested that lysine logically belongs in a strategic commodity

, reserve protram.

* The role of the USDA Defense Boards is discussed with reference to

a nuclear attack, and several recommendations for research in civil de-

fense in agriculture are given.

18.2 THE NATIONAL FOOD SUPPLY

Food Stocks as of July 1, 1967

The food stocks of major commodities are diagramed in Fig. 1 simi-

larly to those in previous reports.2 MkRINE AND FRESHWATER FISH are

relatively ir*:•nificant contributors to the supply, and the 0.13 days

represents tht catch for one month. FARM ANIMALS represent 105 days of

food which calculation is based on the livestock inventory for January 1,

1967.- There are no statistics for mid-year livestock numbers, but this

figure is likely to be a close approximation. STOCKS consist mostly of

grains and the 405 days are 11% less than mid-year 1966 with a dramatic

shift from 661, in private ownership in 1.C6 to 83-, in 1967. The diagram

includes the estimates of the FARM CROPS IN THE FIELD (GRAINS ONLY).*

The composition of FARM ANIMALS, GRAIN STOCKS, and FARM CROPS is given in

Table I, page 364.

The enormous araount of 1230 days, or 3.3 years, in FARM CROPS includes

large amounts of food and f.ed grain which would normally be exported or

fed to livestock. Not all of the grain supply is mature on July 1st, and

even considerable harvesting of mature grains remains to be done. Results

from the NRAC UNCLM attack show that there is a 504- probability (base'd

on July eth weather data) that approximately 6c4 and 78% of the crop-

land will be available for use in 10 days and 30 days, respectively.

A 3600-megaton attack devised by the National Resource Analysis
Center, OEP, and directed against a combination military-population-
industrial target list.

Ii
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This suggests that the bulk of the grain crop could be successfully har-

vested after the fallout associated with this attack. The total estimated

national food supply is 585 days or 19 months, which is about 2 months and

months less than that of 2)66 and 1965, respectively, when comparably

calculated. The figure is a minimum one because the large amount of food

in FARM CROPS is not included in the total.

Table I. Estimated Days of Food in the Form of Farm Animals, Grain Stocks,
and Farm Crops in the Field (Grain Only) for July 1, 1967.

FARM AflI'•AIS GRAIN STOCKS> FARM CROPS

Cattle 73 [Wheat 63 232
Food

Fogs 29 Rye 2 j
Sheep 2 Corn 233 632

Poultry 1 Oats 15

Barley 8 26
Feel

Sorghum 47 111

L Soybeans 37 132

TOTALS 105 4q5  1230

18.3 CANADIAN GRAIN SURPLUS

The Canaitan wheat, oats, barley, and rye supplies considerably

exceed domestic use. It is likely that quantities usually destined for

export would be available for purchase by the U.S. in an emergency.

Indeed, it seems reasonable that the two countries would pool their grain

stocks to the best mutual advantage. Canada produces annually somewhat

more wheat than our domestic use. Their 1966-67 wheat exports were 513

million bushels (77 days for U.S. population, 3002, calories daily, 200

million population) and wheat, oats, barley, and rye together totaled

I

fI
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,• days.

I.L GEOGRAPHIC DISTRIBITIOi O7 FDOD STOCKS BY STATFS

A suLmmary of fool stocks by states at mid-ljY was estimated from

US DA sources.:''' Onlyv 3 categories were used: grains, livestock, and

processed food. The days of food in each category were calculated at

3-.,DJV calories daily for the present population of each state. The maxi-

m•r• and minimum figures in days for each category are listed in Trble Ib.

Table II. Maximum and Minimum Days of Food by States.

GRAINS LIVESTOCK FROC&SED FOOD TOTAL DAYS

Minimu= 0.3 (Maine, (E.I.) 3.u (onn., NM.
N.H., Nev.)
Vt.,
Mass.
P.1.,

Corn'. )

Maximur 7W44., (Nebr.) il)i, (S.D. I2d)l-, I Ia1h136 IN&Lr.)

Ratio 7:.:2f"
(Maximum to Miniaturm)

The geographic distribution of food stocks is shown on the map in

Fig. 2. The grain stocks are generally stored near the area of production

and hence large supplies of grain occur in the northern central states.

Likewise, much livestock is fed and ranged in these states and consequent-

ly large stocks of Xeed grains are on hand and yield large food stocks

relative to population. The processed food category is made up of home-

retail-wholesale stocks which are relatively similar on a per capita basis
X

in each state, and stocks which are ready to eat virtually as harvested,

Processed food stocks vary from 23 days in Maryland and New Mexico
to 3G days in North Dakota.

LI
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e.g., potatoes in Maine and Idaho, peanuts in Georgia, dried edible beans,

and cane and beet sugar and other sweetenings. The bar graphs in each

state clearly show the unequal distribution of food stocks across the

nation. The states of New England, the Northeast, Atlantic, Southeast,

Southwest, and far Northwest have less than one year of food stocks,

whereas the grain states from Montana to Indiana have more, usually much

more, than two years of food stocks. Nebraska, with 22 years of stocks,

has the largest amount for its population, closely followed by Iowa with

.,) years, and North and South Dakota each with 17 years of food stocks.

The per cent composition of the stocks by states is depicted in the

triangular graph of Fig. 3. The state of New York has 314 of its calories

in grains, l< in livestock, and 551 in processed foods. The balance is

closest of any state to that of the current U.S. food consumption pattern

marked by the star at _211 grains, 1.,f livestock, and 61, processed foods.

Zip code abbreviations are used for the states. Those states with solid

symbols have more than a year's food stocks, and those with line symbols

have less than a year's stocks.

From these two figures some obvious recommendations for emergency

food provisioning can be made. New Jersey, the Nlew England states,

Florida, and West Virginia have small supplies of food on hand concurrent

with a low per cent of stocks as grains. It would seem prudent to store

enough grain in non-target areas of these states to assure feed for live-

stock and humans. This would prevent the decimation of livestock herds

or allow use of the livestock and the stock feed in the event of lack of

transportation for distributing grains from areas of surplus to areas of

deficit.

18.5 STRATEGIC COmODITLY RESERVES

Food and Fiber for the Future

In July lk7, the long-awaited report of the President's National

Advisory Commission on Food and Fiber appeared. The commission made a

long-range appraisal of U.S. agricultural and foreign trade policies

and studied the effects of the policies on the U.S. econoVy and its
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foreign relations.

The portion of thL report which is important for its civil defense

implications is the 11 pages which deal with carryover and reserve poli-

cies for agricultural cormmodities. Two quotations set forth the concli-

sions of the majority of the Commission members: 1. "The Commission

recommends establishment of a national security or strategic reserve,

including emergency stocks for food aid. This reserve should be isolated

from the market except as offsetting sales and purchases are required to

maintain the quality of the reserve stocks."'I ' 2  2. "The majority

of the Commission recommends a program for adjusting carryover stocKs of

major storable farm commodities in order to maintain reasonable stability

of available supplies of those commodities."'l0' )

There has never been a specific emergency food reserve policy, for

past policies were income-oriented. The stocks acquired by the C-)mmodity

Credit Corporation of USDA "depended primarily on price stabilization

policies rather than on a carefully-defined set of requirements for emer-

gency use." I

Hearings on proposals for a strategic agricultural commodity reserve

program were held in August anJ October 1)(7 in the :-iouse of Representa-

tives with six bills under consideration.l1 In january 196S, hearings

were conducted on three Senate bills on commodity reserves. It was

brought out in these hearings that a study by Frederick V. Waigh of the

USDA at the Commission's request indicated that reasonable total carry-

over objectives would be: 550 to 650 million bushels of wheat, 35 to

V3 million tons of feed grains, 10 to 22 million hundred weight of rice,

and 5 to 6 million bales of cotton. r., p*lD The amounts approximate the

annual domestic use for wheat and 29- of annual domestic use of feed

grains.13 In February 1968, President Johnson strongly endorsed the

establishment of a commodity reserve, calling it a Security Commodity

Reserve or National Food Bank. He pointed out that legislation to

establish a Security Reserve of wheat, feed grains, and soybeans had been

introduced in 1,37.

Some legislators are enthusiastic about a Commodity Reserve because

its creation will raise prices for farmers who are much in need of such
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help now. Other legislators do not favor it because they see it as only

a temporary boost in price.

From the standpoint of civil defense it makes good sense to establish

carryover and reserve stocks and to decide their best locations on a sci-

entific basis according to reserve needs instead of price needs. Moreover,

such a program would likely have a salutary effect on price stability be-

cause the program would be explicit and known to all well in advance.

Although the appropriate levels for carryovers would best be set by the

government, it seems risky to have a carryover of less than a full year's

food supply on the bases used for Fig. 1. Soybeans should be included

in the Strategic Commodity Reserve because in combination with grain they

can provide a protein almost as good as meat in the event of a reduction

in livestock. 15

Senator Karl Mundt has introduced a wheat and soybean reserve bill

(S.3156) which would set the reserve levels at a specified percentage of

the estimated export and domestic utilization figures. For wheat, the

level would level would be 204; for feed grains, 151; for soybeans, 6%.16

Senator Ellender, chairman of the Senate Agriculture and Forestry Committee,

has recently announced his opposition to national reserve stocks of wheat,

feed grains, and soybeans as too costly and of no permanent help for far-

mers. 17

The ferment of activity and inquiry subsequent to the release of the

report of the NACFF appears useful to civil defense. The suggestions in

the report have initiated serious inquiry into the determination of what

carryover levels of commodities are actually needed. Civil defense needs

may be much more clearly defined as a result.

18.6 PCOT ATTACK TRANSPORTATION AND DISTRIBUTION OF FOOD

The geographic location of food stocks shown in Fig. 2 shows strik-

ingly how much we would be dependent upon postattack transportation for

their movement to areas of need. The rapidly moving change from farming -

an agricultural industry -4 an agri-business is much more than mere seman-

tics. Deeply involved in this change--and very possibly a prime mover in

it--is the ready availability of rapid transportation and new patterns of
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marketing and distribution which depend on it. Almost every trend in

distribution and marketing has male us more dependent on prompt, fast

transportation. The meat packing industry has emphasized this depen-

dency by pointing out that the average pound of meat travels - iJJ0

'iles between supplier and cons -er. Such developm-ents make postattack

distribution of food more vulnerable.

Published studies of the effects of nuclear attacks on truck trans-

portation, railroad transportation,I-) freight transportation systems,'

food processing and distribution, 21 and food availability and accessi-

bility,- suggest that adequate facilities remain for servicing the

su-viving population. But would such a conclusion hold true if millions

more people are saved by advanced strategic defense measure such as com-

bination fallout-blast shelters and antiballistic missile defense?

The proportional share of products moved by rail, truck, and water-

way has changed considerably since the _iatez; ot published data used for

the studies. With respect to agriculture, at least, the changes ' have

been sufficient to require an entirely different LUDA-develcped method to

estimate the cargo transportation tonnage by commodity and carrier.

In view of our extreme dependence on transportation for the post-

attack agricultural and food industries a thorough review of oui" needs--

including necessary petroleum products for transportatio-;--is in order.

18.7 VUl•F2ABILIf': OF PIE RIhMINAL GRAIN ELEVATORk SYSTEM

Terminal elevators play a key role in the grain marketing system.

harvested grain passes from farmer -# country elevator -+ terminal elevator

from which it is sold to processors, distillers, feed manufacturers,

exporters and others. The terminal elevators are in the principal grain-

marketing centers (e.g. Chicago, Duluth, Indianapolis, Kansas City,

Minneapolis, Omaha, St. Louis) and hence are more vulnerable than the

country elevators which are located among the grain-producing farms.

There were &5' terminal grain elevators and - 7C5C country elevators

in pp..,' P"The 1-),•7 storage capacity of a sample of 553 ter-

Tnlnal elevators in 35 states was 1,,355 million bushels or 33.7 of the

total. lc.7 off-farm storage capacity.
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Estimates of the losses of terminal grain stocks were made from the

3603 megaton NRAC UNCLE( attack and the 9003 megaton Martin-Latham

attack." A worst-case approach was taken, i.e., grain elevators at

targeted cities were assumed to be a complete loss. The locations of the

elevators in the sample are plotted in Fig. 4 and several elevators may

be represented at a symbol. Those elevators in target cities are shown

as black discs. A summary of the results of the two attacks is given in

Table III.

Table III. Results of the Unclex and the Martin-Latham Attacks for 533
Terminal Grain Elevators

UNC LaC ARTIN- LATHAM

No. elevators at risk 165 204

No. target cities in sample 61 79

Bushels capacity, !0& 674 6ý47

% sample terminal capacity at risk 36 46

' Popiia~on lOSS 51 >55

The relative invulnerability of the grain storage should be clear

from the following discussion. 'The 36* loss of sample terminal elevator

capacity is surely much higher than for country elevator capacity because

most of the latter are remote from targets. Even if this figure is used

as the loss for U.S. grain stocks in all positions in the UNCL( attack,

survival of grain stocks at - 64% is much in excess of population survival
* at 4c. Moreover, the heavy Martin-Latham attack does not change this las

" conclusion because - 54% of grain stocks would survive compared with a

population survival of < 45%.

* The attack was targeted for 303 cities which would be likely tar-
gets by reason of their population, industry, or military bases.
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The vulnerability of the population is, of course, basd cn present

protection (no Anti-Ballistic Missile defense, no advanced Civil Defense

such as underground blast shelters) and any optimism regarding the rela-

tive invulnerability of grain and the consequent adequacy of supply for

the surviving population is equivalent to pessimism regarding the present

defense system for survival of the population.

At midyear, the loss of food grains In an attack would be propor-

tionally higher than that :f feed grains because two-thirds of our wheat

and rye is in the more vulnerable off-farm storage whereas the reverse

is true for feed grains as shown in Table IV. 1

Table IV. Grain Storage, .July 1, lg;7

TOTAL FOOD GRAINS FEED GRAINS
(Wheat, Rye) (Corn, Oats, Barley

Sorghum, Soybean )

On Off On Off On Off
Farms Farms Farms Farms Farms Farms

4 3 5 7 3k' 6 b 66 3•L

Days 176 229 22 k4 422 115

I
19B.8 SOURCES OF PROTEIN ALTERNATE TO IJVESTOCK]

Our livestock is vulnerable to a biological attack. Although our

peace-time preparation to handle outbreaks of livestock disease is ade-
26

quate, it is doubtful that widespread disease could be controlled in

the period following nuclear attack.

The extreme difficulty of coping with the viral foot-and-mouth

disease has been accented by the recent outbreaks in England and
26,27

Botswana. An oral. report by a U.S. veterinarian called to help in
the outbreak in England pointed out that even with our experience in
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eliminating the disaac _n Mexico (1+6-li)) we have underestimated the

amount of equipment needed. " For exauwp-t, in only one of the :12 FND

control centers set up by the British, 70 bulldozers, 75' diggers, hW trucks,

and o fire engines were required for the operations.

From the foregoing it is obvious that plans for use of alternate

sources of protein, should be developed. I believe that lysine-fortified

grain would maKe a good alternate source of protein. For this reason,

lysine logically belongs in a strategic commodity reserve as a hedge

against a livestoct, shortage. The amount needed to fortify the

million-bushel domestic wheat consumption for food would cost nt million.

Put in a different frame, a fatily of four consumes about C. poulds of

floure and cereal products annually. They could purchase enough lysine to

enrich this annual cereal diet for less than three dollars.

13. -? T US'DA DI2'EiSE BOARDS

The UXSDA Defense board sistem is comprised of representatives of

those USDA aetncies wiaich have cefense emergency responsibilities. The

system is hierarchic with a national board, a regional boards, 5i/ state

boards, and ••- couwty boards. It would be their responsibility in

an erergency to assess the fcod situation and to implement the post-

attack food plans which have now been developed for each state. Since

the system reaches to our cownties, and is there composed of local

representatixes who are well acquainted with problems peculiar to their
area, it should frnction effectively.

State and County Defense Boards have their own Defense Operations

handbooks which they have used to complete five readiness exercises

dealing with nuclear attack effects on agriculture. The most recent

one was completed in March l1 . It used the CIVLOS-K., (Civilian

Logistics) attack of 14 5 megatons aimed mostly at midlitary targets.

Such an exercise requires familiarity with the termninology of nuclear
warfare and its effects and is an ex.cellent tral iing procedure. The

Coui, ty Defense Board reports of the CIV &3-0t, att•ct. were evaluated by

their respective State Defenrse boards for rural fire damage, the food

situation, agricultural prodr2tion and non-food requisities, and timber
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resources. Additionally, each State Defense Board prepared a report

of the main actions it would probably have taken during the first

month of the postattack period. Summaries of the reports will be made

later in 1968 and should reveal the potential effectiveness of the

boards in carrying out their missions.

18. 10 RECOMMENDATIO.

In view of the probable saving of lives because of advanced

strategic defense measures of the future, the following items are

recommended.

I. Adopt the recommendations of the National Advisory Commission

on Food and Fiber for establishing a strategic commodity reserve and

for adjusting carryover stocks of major farm commodities.

2. Include lysine amino acid in any strategic commodity reserve

program.

3. Develop criteria for locations of stocks of major food commodi-

ties in safe storage near population centers.

4. Develop estimates of consumer demand for use in determining the

adequacy of postattack fuel and transportation for the distribution of

food. Perhaps a joint effort of the departments of Commerce, Transpor-

tation and Agriculture would be possible.

5. The State and County Defense Boards should evaluate a high level

general nuclear attack somewhat like the NRAC UNCLE( attack for its effects

on agriculture with special attention to transportation and distribution.

Even a cursory evaluation might well point out difficulties for which

answers can be suggested.
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19. VULNERABILITY OF LIVESTOCK IN THE LIVESTOCK INDUSTRY

S. A. Griffin

This phase of the general study of food resources is concerned with

the vulnerability of livestock and the livestock industry to nuclear

attack. The importance of livestock products to the American diet, the

potential food reserve represented by livestock and the size of the

industry have been pointed out in previous reports. 1

In considering the vulnerability of livestock, it is necessary to

know what facilities are available on farms and ranches for the shelter-

ing and protection of livestock as well as livestock and livestock pro-

ducts in marketing channels. For minimum cost, protection programs

should be based on the maximum utilization of existing facilities

rather than the development of new facilities. Some degree of modi-

fication of facilities can be accomplished, especially in those situa-

tions where new facilities are being developed or existing facilities

are being remodeled.

Since very little data is available in the literature concerning

the protection available on farms for livestock a cooperative program

was developed with the Tennessee Office of the Statistical Reporting

Service (SRS) of the U.S. Department of Agriculture. This program

was designed to be carried out as a pilot study in Tennessee and to test

the questionnaires which could be used on a national basis at a later

date. The survey was taken in conjunction with the SRS annual enumera-

tive survey of livestock inventories between November 22 and December 2,

1967. The completed questionnaires were obtained by SRS and returned

to ORNL for summary and analysis.

The scope of the survey in terms of the number of questionaires

envolved, the numbers of livestock and the size of the farms is pre-

sented in Table I. The geographic distribution of the farms sampled

is shown in Figure 1. In reporting the results of the survey those

farms with less than ten head of livestock and/or less than ten acres

of land were not considered as a part of the commercial livestock

Associate Professor of Animal Husbandry, College of Agriculture, University
of Tennessee.
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Table I: Scope of' Survey

Total questionnaires 205

Questionnaires used ill
Questionnaires not used (less 94

than i0 head of livestock and/or
l0. acres land)

Average size of farm 173.3 acres

Range: 1,-l-, acres

Total number of barns

Total number cattle and calves all ages

Total nu:mber hogs and pigs all ages 1,791

Average number of livestock on farms 5'IRange: cattle 0-299

hogs _--4¾
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Fig. 19.1. Location of Farms in Sample.
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industry. The saroipli ng procedure followed in the T1ennessee suarvey

wýas the method feol'oed by the Statestical Reporting Service of thet

USAfor their eu ravesurveys. inis procedur-e is based on the

cooperation with the USDýA and t~'e Fuareai of th-e Census. In this pro-

gramr all states ano coun.ties were divided into un-i-ts based on- tIotal

lan-d area, acres of eropland and dol-lar value of agricultural pro-

dic t i on. These UnIts we'eý divid~ed intto two segments and two adjoining

u-tsweecbie to make a cluster of four segments.Onsemt

iru% a cluster is saimpled e-ach time and segments sampled within aH

ciuster are rotated every five years. A random sample of clusters is

usdfor survey purposes. The sample used for thiis surviey of pro-1 4
tection available for livestock in case of nuclear attack was tche -am:e

as the Sample uAsed Cor) jthe USDAi ernumeratdive suxrvey of; LlvxestoeýK numbTJers.

A u'-teltir IA'lbo 'or A :v-estocr:k stzmmararzed in. "Table II.

Protc- faictors *,or the-. hams. were calcul~ated accordirg to the pro-

cecuJres, and suapporti-q- data publ ishred in. the Ru~ral Sh~elte-r Vxdok

c Lc arnzs availaule on farm-s wzou1J !.,use perce.!t of the

bodeS and', rJ c (?acet o f t 1e c aste a-,dI -,:o ul!d pr ov ide an average por- i
tec ýi ao factor of 1. .. -levýit c'orotectiun would be in-adecýuate: in
case of ai m~o;.-ate to iaurie utrattack arains me .S Hwever, i fI

I -ains rane U.S. v o
weassume raciationi, does of a ro -- l' tj-A -teo

protectilon could mean the difference betwe-en lehland sub~lethal expo-

sure. This 1-, cI elo protection does leave live',soock in a vulnerable

Position.

7;ue fiata o- ta'-,ed in th~is suLrvey in.ýdicate that larger portions of

th. liet' L(-be shevltered tha;. was indicated by a USDJA su~rvey

taketn in f cronctmnin.- only dairy cattle. Thi~rty-f`our percent of

the dairy oat tic 'r. tihe southeastern. statses could; be shreltered asý corn-

pared to Pýpercent5 oi al, cattle ir:. this su~rvey.

These protection- factors wouflJ be_ considered -a worst case siltuationt

anthe*y an not conside-Jr grou,_nd rouwfricC and assumne ar. empty barn asI

asar an -im~als si onend.Ayry onte in groundi surface

which. wuuo;tliew falloutl pirticlieS to fall b)elow the surface would
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Table IT: Protection--Food and Water Available on Farms

Average number of livestock barns per farm 1.65

Range: 0-8

Average protection factor for barns 1.8
Range: 1.0•5.I4

Perccnt of livestock that could be sheltered
Cattle 66.7
Hogs 7,). 8

Percent of barns with hay stored above livestock 52.0

Percent of barns wit' water available
in the barn 24.0

Feed supply stored on farm, under cover (days) n8. 9
Range: 5-540



proviJe some mass thickness between the radiation field and the a,,irmals

and thus re.duce tie level of raiiatio, reaching ti.e animal. This

fac-tor. woula be variable from barn to barn. If the barns were filled

with animals thiey would provide mutual shielding for each other.

This would vary wit!; the size of the barn and the number of animals.

The supply of feed ard water available on farms is an important

factor in con.siderirng a post attack situation which would probably put

transportation of livestoAk feet'; at a low priority. The feed stored

on larms will vary with the time of year in relation n.o harvest season

and feeding periods with the greatezt supply available in late fall. In

the present survey taken in late November and early December the average

feed stored would take care of the animals on the farms for almost 1.--i

da-v. Tw'enty-four perceint of tVe barns in this study had water available
in, the bar:- but this water wouid be dependent on electric power for pxmp-

in, g. This iJ dicates that water may be a more acute problem in the immedj-

etc post attack situation than feed. Livestock can suz-,,ive for some time

without feed but they will not be able to sur'..•ve more than a few days

without water. Thus the livestoc'k that could be sheltered in an e-nwr-

gency might need to be released to obtain water while radiation lieels

we•re still too high for safe mov,,ement of huimans and animals. It is inter-

esti ng to note in this context that only one farm in those surveyed had

an, aucillary electric generator.

In. addition. to tho availability of shlliter the bmw% required to

miove llivestock. to shelter is also an important factor. The time, esti-

mated by the farmers, needed to move livestock to shelter is sumiarized in

Table Ill. About fifty percent of the livestock could be moved to

shelter in two hours and about seventy-five percent in three hours. The

nw-ner of livestoc-k on the farm did not appear to affect the time required

to move them to shelter as much as the organization of the farm.

The mnajority of livestock barns in Tennessee are of wood frame or

pole construction with w.ood or corrugated metal siding. The roofs are

mainly corrugated moctal with some asphalt rcoc.ni. Livestock fajifitirs

that art being built, ,t the present time are mainly of pole type cnn-

struction with corruated mral sidi.,,w •nd roof. These facilitiYs are
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designed for maxinimwn usu of equiipmentt for miaterials handling anid minimum

lab~or, wiii I. hay at crowzd levl and g~rai:: and sagi in-", bins and sillos

that can. bec miecl.aiiized.

IC ALVEl OF AVAILABLE PRC'TEQVIOL"

Tile value of a protection factor of 1. for cattle under an- ILCIZ7X

attac?. was next estiimated. Thef dettails of thiný 1VECLEX fallout patterns

in Tennessee are sh.own in Figure 2. Using a midlethal value of -;I,

roe;ttgens for the maximtm1n four-day dose values given, in Figure 2, it

was estimated that I,,: of Tennessee cattle 'the total cattle population

on Januýary 1, - was 1.3 ilion). wouLld die by tie en~d ofl thirty dayvs.

If the pro tec t ion, fac tor Were uniJty no prot.e c t i on 7i wouldd d ie. Since

hogs have a higher resistance to radiato thnctlfwrwUldi

in both cases.

The s avings of ((,1'cattle with such a low .1'. enc _ouraged uis

to examdne the value of low protection factura in gei:eraJ.. The resul ts

cf the study are shown in, Figure 3together With the lethality curveo

used fo~r the calculatlionis. I t c an beý seer- that uu toý n-inety per c-ent

of the cattle in, Ten~nessee could be saved by a protection factor near

IC with little value fr'om high'er P.F. 's), but that 3<of all cattle

th-at c-an. be saved by falloutc przýectior. allon-e are- saved b-y a protection.

factor of only.-

Inasmch as most barn~s available for sheltering 'Livestock inl case

of nuclear attack do not provide adequate protection some alternatives

that would be freasible to the farmer should be cons-idered.

Since the level of Protection fromf radIat.ion. is deoex~dent upoon

tne mass thicknýess of th-e material separating: thie anim-als from one

radiation field so-me addition~al protecti Oi can 10e ordtained bry placinir

a mound of dirt around the barn. If the moied .:as -feet in hegtand

reasonably uniform in thjickiiess aind the entra.,_-e protected cvy sand bars

th.e protection factor cou;ld be increased :'ro% auo 1.3_' for a pole ar

toabut- 1 An il1luouru-::tioný ofý this orceur 25 iven in- the follow-

zagý examples FigFures :. aind 3). Pl1ains iilurtrau ir tr.is p:-oceduLre havýe

beer, distribjuteýd by, 'USDA thro~ugýr. th.e Fede:ral xe.isService an~d thie

uriL~ Star ?, enir.Sz-.ice
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OR#4L-DWO 46-84412f

Fig. 19.2. Details of UNCLEX Isodose Contours for Tennessee (Numbers
Represent Four-Day Maximum Dose-Roentgens).
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20. COI O? CO07DEN",1I0ATAL FOOD AS Ali !TE• IN A FOOID RFFýSVE PRO3RAM1

C. D. Garland and J. A. Martin

22.1i Iu'r•ODLT2:ION[I

The required amount of protection against the risk of stax-¢ation

in the case of a national emergency is difficult to assess. It is both

and inseparably a moral and economic question facing the nation and every

member of our society. Any food reserve program will be governed to a

large extent by the cost factor. The cost of a food reserve program is

primaril3y a function of the typa of foods to be held in reserve stocks,

the amounts of food to be held per capita, and the geog-aphic concen-

tration or dispersion of these stocks.

This study is concerned with the economic alternatives of holding

emergency food stocks. Conventional and unconventional foods and the

location of these stocks are to be considered. hiowever, the purpose of
the initial phase of the study reported here is to investigate the cost

cf establishing ani aintaining a stockpile of the usual types of pro-

cessed foods. The next phase w-ill consist of an analysis of the use of

unconventional foods.

2..7 PR03RAM CO:.;TZ..;'1S

A diet composed of the usual food items which the American con-

su;Ler is accustomed to eating can be considered as an extreme on the

continuum of alternatives relating to the establishment of an emergency

food reserve program. In the event of an emergency this program requires

very little sacrifice in the food consumption habits of the populaticn.

The primary program restriction would be that highly perishable foods

must be canned or dehydrated for storage.

Cost estimatt.s of the food are based on 19- whoiesale prices.

Surveillance cost was calculated on the basis of a charge of 1.10 por lot

for each inspection. This estimate was approximated from fees coarged

by the Federal Consumer and Marketing Ser-ice. It was assxnied that short

(3raduate Student, Awricuitural Economic::, College of Agriculture.
ur, iversity of Tenrnessee.

Professor of Agricultural _conoý.'icz, College of Agriculture, University
of" Terriessee.
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shelf life foods would be inspected twice a year, while other food items

would receive one inspection per year. The storage stability or shelf

life of the food items was based upon studies conducted by the Georgia

Experiment Station, U.S. Department of Agriculture, technical reports,

and correspondence with private industries.i'' ' Storage and handling

charges are based on storage rates paid in ic•3 to commercial warehouses

by the Commodity Credit Corporation on processed food items held in its6
irventory.

A relatively rich and varied diet for emergency use is presented in

Table I. The food supplies included in this diet are capable of pruviding

one person 32-00 calories per day for one year. The supply of protein,

calcium, thiamine, riboflavin, and niacin meets the recommended allowances
'7

established by the National Academy of Sciences. However, the level of

vitamin A and ascorbic acid is less than the recommended allowances.

The total cost for the establishment 8',d maintenance of this program

for one year is approximately $i36 per person. Therefore, to launch a

program of this magnitude for a population of 200 million would require

expenditures in the excess of 131 billion dollars. The initial cost of

this program for a population of 202 million makes it unrealistic. How-

ever, adjustments to any lower level can be made according to food intake

level, the length of the expected emLergency, and the estimated number of

individuals to be fed.

One important variable in the maintenance cost of this program is the

rotational outlets available for the food taken out of storage (that is,

the value of tIhe food for re-sale). Consideration is given in the next

section to the possibility of rotating food items through the normal

channels of trade, into animal foods, and other outlets.
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%-.'. 1Normal C hanels of T1rade

A nationwidie sur-%-y conducted by the 11r,-itedý Statecs Department of

Agriculture in 1I:33 detlermidned that warehouses held sufficient stocks

to praviee lQý.3d1 days of foo-d per person at a consumption level of ~3
calories per day. The nc~rnal turnover rate of various types of food at

the wholesal-e level is given i-- Table II.

Table II. Norinal Turnover Rate of Various Types of Food at the Wholesale

Trade I.c-vel.

Food I tems Turnover Rate

Canne~d Fruits m.d Vegetatbles ~.moith.s

Flour mon th

Sizgar 3days

Coffee I month

Other Reverag7es Mon th5

E-;aporated Mdlik 1month

Canned Soups weeks

The role of the norm-al channels of trade as a device for stockpiling

food is visualized as a mechanism for increasing the amount ofl food in the

pipeline. in other words; the- warehcusemen would receive compensation for

maintaining above normal inventories of nonperisliable food -items. The

capacity of the norrmal chanrieIG of trade to function as a mechani4sm for tne

stockpiling of food is restricted by the amuuwnt of nonperishable food that

normally flows through the chantiels. Table 1.11 illustrates tne quantities

of processed or nonperishable food that normally flow t1hroughrj the mnark~et



Tahle IITI. Annnial Per Caipita C~n suisption, andj Chloric-s and Proteini Av1'a -lab-!

Frm oncris'-able Food G-rou~ps, ''

,Arinusl1' Perz Capi tj Calories Frotein- Pro-
cons-untion, Provide-d vided P,ýr Day.

Food Item~s Poud s Per Day COramis. j
Carined M',eat 16.w 1<

... F. Dry Milk 1-

Drici Eggýsa

Fats arid Oils F' '?h

Flou~r anid Othe,
Cereal Pirodu.ts u f 1I

Dried3 Beans Peas
arýd Nuts1.':-*

Pcutu-toes

Canned Fruits '*-

Sug6ar 1

Coffee, Tea,
and Cocoa1 lO.1

Totals 7f, ';.

aBased on prod-uctior.
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channels and is utilized by the consumer, and the food enerýý and protein

available from these supplies.

The "typical" American consumer utilized approximately "); pounds of

processed or nonperishable food in 1P27 which furnished sufficient calories

for 193 days of food. The protein available from these supplies is pri-

marily of plant origin and sufficient for 159 days. Consumption of these

supplies will vary by geographic areas and, over time, gradual changes

will occ'•r in the per capita consumption of these food items. If a 6

month turnover rate was assumed for the above supplies, they would provide

ample calories for 9(6.5 days of food. The value of the food items in-

eluded in this 96 days supply of food would be approximately $Li per per-

son. Thus, for a population of 200 million the value of these inventories

would be $7.97 billion dollars. Assuming a 6 month turnover rate, no

surveillance costs is charged against the inventories. However, the

storage and handling cost would amount to $1.22 per person. Given the

assumption that the ownership of the food items remains with the ware-

housemen and that he receives compensation for maintaining designated

levels of inventories, the cost per year of maintaining this program for

a population of 200 million would be approximately $722 million dollars,

with compensation on the investment of the warehousemen assumed at a rate

of 6, percent. Furthermore, it is assumed that the value of' the inventor-

ies rotated out of storage would be equivalent to their acquisition cost.

All warehousemen would not be capable of bearing the burden of making

the additional investment required to accommodate this program. However,

another alternative would be for the additional inventories to be owned

by the government or provide the capital in the form of a loan to the

warehouscmen. Furthermore, these calculations are for nonhardened ware-

house facilities. Additional incentive would be required for the ware-

housemen to relocate their facilities outside target areas and for the

warehouses to be constructed in such a manner that they possessed a de-

signated protection factor.

The relationship between the nonperishable food which normally flows

through the market channels and the previously proposed diet is shown an

Table In. Assuming a yearly turnover rate, the normal channels of trade

h -
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Table Pl1. Relationship Between the Diet Proposed in Table I and thie

Capacity of the Normal Channels of 'rE.le to Absorb Fool

items, 3-K-1 c/day One Person, One Year.

I
Designated N o0'mai Stocks To Be ||
Per Capita Per Capita Rotated into

Food items Consumption Consumption Other Outlets
PoLuds Pounds Poands

C anned Meat l,5 ! ; b6. ,2j

N.F. Dry Milk 93 5.•)2 37.10

Dried Eggs j
Fats and Oils 5 I
Flour and Other
Cereal Products 1 i

Dried Beans,
Peas and Nuts 1 ",I

L,?hydr..ited
P~tatoes 1. ' L

Canne d

Canned Fruits 17.cC

Sugar 101.

Coffee, Tea,
and Cocoa 9.7 i•.62

Totals 7v. Y . 2

!1
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are capable of absorbing •30.92 pounds per capita of the estimated 7'h.7

pounds of food per capita included in the proposed diet. Consequently,

supplies sufficient for 151 days of food can be rotated into the normal

channels of trade.

Assuming that the ownership of the reserve stocks rotated into the

normal channels of trade remains with the warehousemen, these stocks

sufficient for 151 days of food would have an initial value of $66.63

per capita. Thus, the total value of these stocks for a population of

200 million would be approximately $13.3 billion dollars. Maintenance

cost of this sector of the program would be approximately 1.23 billion

dollars per year. The warehousemen again is compensated at a rate of

6 percent on his investment and storage and handling and surveillance

charges are P2.15 per person.

Other rotational outlets would have to be utilized for this program

to provide sufficient food for the present U.S. population for one year.

Approximately 426 pounds of food must be rotated into other outlets.

Alternative outlets include export markets, foreign aid, and rotation

into animal feeds. These alternatives are considered in latter sections

of this report.

2C.3-.2 Rotation of Food Stocl. into Animal Feeds

Thc livestock feed industry is a :ubstantial and complex sector of

our economy. In 195 161 million tons of feed concentrates was fed to

livestock. Of this total 26.1.3 million tons were in the form of commer-
9cial feeds. Several conventional food products are presently available

for use in animal feeds. These products are primarily available due to

deterioration in quality or the failure of the product to sell on the

market. Some of the products which are available are: dried bakery

products, flaked cereals, cake mixes, candy, macaroni, potato chips, and

cream substitutes. The feed manufacturers normally do .•ot buy these pro-

ducts directly. They are purchased by intermediate companies which un-

package, screen, grind, and blend them together into a uniform product to

offer to the feed ruanufacturers.
1 1

Substantial ecoroaic losses are incurred in utilizing conventional
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foods in animal feeds. The present technology in the container and pack-

aging industry prevents the utilization of some of the presently available

food products in animai feeds. in several instances, due to handling cost,

food products in small packaging units are not presently used for animal

feed. Therefor-, technological progress in the packaging and container

industry can exert a tremendous influence upon the economics of converting

food products into a.imal feeds. It may become possible to handle food

"without any packaging at. all, or at most with a plastic wrapper.

If the assuzmption was made that the increased unpackaging cost could

be overcome, economic losses wouid still be incurred due to the prices of
other feed J ingrdients. The food products mast compete with traditional

feed ingredients in the formulation of animal feeds. In the following

analysis a value of one and one-half cents per pound was assumed for the

food products rotated out of storage into animal feeds, This estimate is

based on the present market and the price of other feed ingredients. For

example the average price of number I fine sun-cured alfalfa meal was 0

cents per po'und in 1it5, and the average price for rnu:ber ycllow corn

in the Kansas City market was 2.27' cents per pounid in 1<9.

Due to lower quality standards, one major ajvantare in -he rotation

of food sLocKs into animal feeds is the increased acceptable shelf life

of conventional foods, thus reducing the handling cost in the storage

process. The composition of tLis diet is identical to the one presented

in Table I. Table V shows the shelf life of the food items, replacement

stocks required to p,.vide one person 22K calorics por da¢y fc. one year

and the maintenance cost for the operation of this program.

The total cost for the establish7ment and maintenance of this program

for orc year for 2 ta million people would require experndituret in the

excess of $,7 billion dollars. Approximately J5. billion wo;]d be re-

quired to acquire the stocks, $ million for storage and handling char-

ges, and an additional tiP million for surveillance expenses. The cost

p[-r person is `1.i- , . .... and, for acquisition o-_f thý stocks

storage and hanidling charges, and surveillance cost, respectively.

After establishment, the yearly maintenance cost for the operation

of this program would be approximately $3 per person. Expenditures for
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Table V. Food Supplies, Shelf Life, and Maintenance Cost of Providing

3000 Calories per Day per Person for One Year.

Maintenance Operationc

Shelf Life Pounds Cost
Years Per Year Per Year

Canned 7 12.14 $C .3I

N.F. Dry Milk 5 1Ž3.6 5.18

Dried Eggs 5 1.4 1.27

Fats and Oils 5 3.2 1.66

Flour and Other 10 25.
Cereal Products

Dried Beans
and Peas 10 5.5 0.2

Nuts 7 1.63 OtiZ

Dehydrated
Potatoes 5 2. c'.97
Canned

Vegetables L i1.

Canned Fruits li.9-

Sugar indefinite C .14

Instant Coffee
and Tea 5 1.34 2.97

Cocoa Powder 3 •9.55

Totals 116.3 9 3.37



the replacement of stocks rotated out. of storage would amount to :J.KW:

per person, while storagte cost would be approximately .7 r person.

Thus, for a population of -'I-! million a yearly outlay of approximately

q½. t llioi dollars would ie required -o mairntain t;e stocks. Adjitoriai

expenditures would also be i.ncurred due to the expected premature spoilage

of sonie food items. Approximately llu pounds of food per capita wou•ld be

annually rotated out of storage in'to animal feeds. The value of these

stocks rotated into animal feeds is approximately $3i) million dollars

which is less than one-fouLrth of the first years interest on the original

investment, assuming an interest rate of i percent. This illustrates the

prohibitive nature of the economic losses sustained in rotating conventional

foods into animal feeds.

Other Outlets

It might appear that the federal food distribution programs would

be capable of funictioninrg as a rotational outlet for resev.'e stocffi. 0w-

ever, the mag4ritude of these programs is insignificianrt in t*rr-c of their

capacity to absorb stocks rotated out of storage. For exampt-p., in the

year teginning July 1, !• on the basis of a population of 1.-. iii .

people the school lun'ch program utilized only 3. ; pow±rids of food per

capita. Likewise, the food distribution programs setrving institutions

and needy persons would have proviided o-l!y, i, pouýnds of food oer capita.

Other outlets that cold be considerd jrnciude rotation of the food

items into export markets and the roordination of this program with the

foreign aid program. However, these reserve stocks would be distributed

throughout the United States resulting in a complex and expensive tran-

portation problem. Other types of food would appear to be more suitable

for the foreign aid program. Furthermore, in the donation of :oou caution

must be exercised so that the food aid does not reduce the incentives of

indigenous food producers.

I'!
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21, FL•.'•ING FOR DONVITC RDýJ!ERY FROM TIIERMON-LCLTXR ATTACK

D. A. Patterscn and J. R. Moore

21. 1 INTRODUCTION

21.1.1 Basic Assumptions

Planning for postattack econo~mic recovery must rely on assumptions

as to (1) the extent of attack damage anri (2) its effect. on the customary

social and economic institutions. We have not accepted the h~othesis

that the nuclear disaster merely represents one segment of a "disaster

continuam." This continuum concept., explicit in some of the surveys o:

p-ast disasters and implicit in other such studies, appears to us to sug-

gest that the differences between light, medjiun and heavyl nuclear attacks

can be conceived of in terms of differences in the time dimension of the

recovery period arnd/or in tLe soatial extent of the consequenýes. lnstcai

we believe toat different levels of attack may involve qualitative as well

as quanltitative variations and that different kin-ds of recovery nlan•s may

be ca lled for in each case.

From the point of i,.Jew of economic impacts it is usef- o establish

at least three attack cl°nsses or levels. One, a "light t,, ac eratet'

attack, can be defined as an attaca whic!h does nut thrcat* :.te vcabi lity

oil the economic system as we now it preattack. t i.: difficult to in-

dicate specifically toe magnitude of this t-pe of attack, but parhaps it

would fall in the 0-2,059 megaton range. This is the type of attack from I
which we can recover by "muddling throuL4h" with essentially our present

policies arid approaches. Good or bad planning may hasten or retard the

process, but recovery can be brought about without any fundamental chanigte

in our economic institutions.

A second level of attack we will call 'heavy". Such an attack might

range in megatonnage between 4,600 and ?_,."u; it is an attack of suffi- !
cient size to place recovery in doubt under present plans and policies.

b'y definition there will be little or rio margin for the sort of gross

planning errors that merely retarded the economic recovery of the Soviet

t. A. Patterson, Associate PFrofesse, J. E. Moore, P-rofe-ssor, of Econcmics,
College of usiness A-dministration, University of Tennessee.

-. 1
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Union after 1917, or of the United States after 1929t. Rater tnc quality

of preattack preparation and of postattack implementation and adjustment

will play a crucial role in determining wheth~ir or not recovery will take

place. To paraphrase some of Winter's work, in the "heavy" attacýk case

recovery will depend on the outcome of a race between the reestablishment

of output to subsistence levels and the depletion of our preattack stocks

of subsistence goods. Whether the race is won by growing output, result-

ing in recovery, or by the depletion of stocks and the ultimate d• sappear-

ance of a viable nation, is critically dependent on the quality of pre-

attack econo"ic plarnning.

A third level of attack might, for lack of a better phrase, be called

"ultimate." This is an attack of such a magnitude, perhaps involving

delivery of' 5,020 megatons, that national recovery is beyond hope. While

such an attack differs in megatonnage fýrom the "light to moderate" or

"heavy" attacks by a scale factor, the economic effects of these variations

are clearly discontinuous. While the "Jltimate" case appears to be ruled

out now and in the near future by technological consideration, we include

it in the discussion to complete the set of theoretical possibilities.

Neither the first nor the third level of attack has been extensively

considered by us in our approach to the recovery problem. For the "light

to moderate" attack it is our impression that present plans and prepara-

tions may be sufficient; for the "ultimate" attack preparations at any

level may save lives, but the restoration of a viable economic system within

,

Recovery is rather narrowly defined here to mean the attainment of
sustained economic growth, i.e. production in excess of current consump-
tion, within at least one generation, without an extensive loss of life
due to shortages in the interim.

It is also dependent on the survival of a strong central government
and on a set of' public attitudes compatible with recovery organization.
These are non-economic factors, but we have considered them where relevant
to economic planning.

An example of such an attack -might be many tens of thousands of
megatons of groundburst weapons which might deny access to land for so
long that evacuation of the survivors would be n#_cessary.
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where a major planning effort might be justified.

If fact, the focus of our study is narrower. Case VI, where re-

covery is only possible is of greatest interest, and we have confined

our attention to the situation in which a "heavy" attack results in a

decline in surviving capital wealth per capita. A solution of case VI

can be said to solve all problems which at prc: -t appear to be both

significant and solvable. Furthermore, the underlying assumptions of

the non-favorable recovery case is consistent with the focus of other

activities in the ORNL Civil Defense Resear-ch' Project aimed at the

preservation of lives in the event of a heavy attack. A system designed

to save lives must also be concerned with the reestablishment of an

economic system capable of supporting the survivors.

In summary, tien, the basic point of riew of our study is that

recJ.rery is "at risk" under present policies and with present prepara-

tions. This means all aspects of the economic system must be examined

for their possible reaction to attack and for the alternatives we may

reasonably expect to be available to assure that our economic institu-

tions will meet the requirements of the postattack environment.

21.1.2 Problems of Underdeveloped Areas as a Model

It is usually helpful in thinking about the unknown to relate it

as far as possible to what is known. Thus the literature dealing with

nuclear disaster contains a number of references to past disasters as

a frame of reference. Similarly the idea of a "disaster continuum"

represerts such an attempt. We believe it more fruitful, however, to

find a parallel between the problem of post attack recovery and the

problems faced by underdeveloped countries.

Economies facing development or redevelopment are confronted by

many of the same problems. In both situations, for example, primary

activity (agriculture and other extractive industries) is likely to

predominate, with the policy emphasis concentrated on establishing or

reestablishing secondary activity (manufacturing). A second parallel

involves the capital/labor ratio. In the "survival unfavorable" case
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on which our attention is focused 'his ratio is likely to be quite low,

as it is today in the unierdeveloped areas of the world.

A third similarity involves lack of spatial integration. In both

cases spatial "dualism" is likely to be characteristic Dependence on

the outside world may be another area of similari 4y. just as under-

developed areas are heavily dependent upon the developed world for

development imports, so may the redeveloping world be dependent upon

the surviving portion of the world economy.

A major characteristic of the underdeveloped world is lack of the

appropriate infrastructure--the melange of basic industries and facili-

ties such as transport and communications on which the entire industrial

superstructure depends. It is our feeling that establishing the appro-

priate infrastructure particularly in its institutional dimensions, may

be the most formidable task in planning for post attack recovery. Further-

more, infrastructure industries such as railroads, communications and

banking are likely to suffer more physical damage than other-industriesI

which are more widely diapered or less vulnerable.

Techniques of production which are suitable in one economic climate

are often unworkable in others. It pays many American farmers to use a

great deal of machinery, but the use of a tractor or a similar labor

saving device would be completely out of the question in mud of India.

Thus although "advanced technology" is available to the underdeveloped

economies it is often not adaptable to their situation. The appropriate

technology at any one time and in any place depends on the price ratios

for productive inputs (such as land, labor, capital and management skill)

which in turn reflect the relative scarcities of these resources. Distor-

tions in the C/L ratio as a result of nuclear attack would render many of

our production techniques just as useless at home as they are at present

in the backward areas of the world. Adjustment to a new pattern of

relative resource scarcity may be difficult since it may require operating

on a portion of the production surface with which we have had little or

no experience.

Extremes of wealth and proverty are characteristic of most under-

developed areas. Similar inequalities would no doubt exist in a

~ i
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postattack society due to unique initial positions and the uneven distri-
bution of prompt and residual attack effects. Some argue that in both

the development and reconstruction cases some measure *f income and wealth

equalization is prere uisite to further expansionary activities. Further

discussion of this problem is found in Part 3 of this chapter.

On the basis of these observations, we think the ancalyst can profit

from thinking about the recovery problem in the contcxL of the development

problem. At the same time we should be aware of the risk of pushing an

analogy too far. While there appear to be obvious parallels there are
also important differences. For exaruple, the postattack economy will

survive with some capital resources which are much more sophisticated

than those available in u-nderdeveloped countries. Furthermore the sur-

viving population will be one experienced in responding to the stimulus

of economic reward, a population accustomed to change and to adaptation

to change, a relatively well educated population, and a population with

a high skill level. Additional differences could be 4rdicatied, but the

important fact is that thinking in terms of underdevelopment, while by

no means the whole of the analysis of postattack economic recuperation,

does at least provide a desirable tie with a present reality and does at

least indicate a starting point in the specification of some of the prob-

lems. Such an approach, for example, brings out the probable need for

some important institutional changes if recovery activity is to be

quickly and effectively undertaken.

21.2 THE BASIC FROBLEM

The basic problem is how to provide preattack for the survival and

recovery of the nation's economy. The solution path involves detailed

studies of the industries somehow determined as essential in order to

establish their critical survival and recovery characteristics. Such

investigations would examine factors such as location, adaptability of

various production processes to input substitution, and the nature of

possible dependency relationships among and within these essential

industries.



However, a modern economic system involves more than physical

production. To function at all it requires complex supporting and fac-

ilitating institutions. These include systems for physical distribution,

communications, and finance, and, most important of all, an over-all

control mechanism. In the United States the latter is frequer'tly descri-
2

bed as "free market", although as Galbraith has noted our most important

economic activities are decreasingly left to the vargaries of the market

place as corporate planners and political administrations work to elimi-

nate economic uncertainty. At any rate it appears folly to ignore the

infrastructure by assuming it will function essentially unchanged follow-

ing an attack. Equally unsatisfactory, it seems to us, is the attitude

that certain preattack institutions are so sacred that their failure to

operate unchanged is equated with a failure of the entire political eco-

nomic system. Opposition to contingency planning for monetary reform

may fit this category.

The probable nuclear damage to our nation's economic infrastructure

is increased by the geographic concentration of its physical aspects.

Furthermore, the impact of nuclear attack on the infrastructure sectors

may differ substantially from that of the goods producing sectors where

the important dimension of damage is physical or quantitative. The

infrastructure may also suffer intangible or qualitative damage, probably

because of the physical losses, but also because of possible changes in

economic expectations resulting in a conflict between the short-run goals

of the individual and the long-run recovery goals of the society.

21.3 E!CO.OMC2C ORGANIZATION AND CONROL

The organization of an economic system might well be considered the

most important of economic resources--where economic organization is de-

fined as the _1ramework of laws and customs that direct and constrain in-

dividual and corporate behavior. In a "well organized" economic system

individual behavior will generally be in harmony with the overall goals

of society. Thus in our soci-ty the individual is directed, primarily by

economic incentive, to produce the goods and services society wants. The II



values of7 the r-Ociety partly determine the wants and therefore the kindz

of legitimate economnic activity.

Thus at a moment of time, a satisfactorily f~unctioning or equilibrium

econormic system is a melange of individual arid collective activities,

directed primarily by economic incentive, and constrained by the values

of the society. The equilibrium economic organizatioui for the postattack

econ~omy will be different to the degree that values are different and

perhaps also to the degree that there is perceived "slack" or "margin for

error" in the system. hence any attempt to plan the ideal postattank

economic system must make some assumnptionis with respect to values and to

slack. The usual assumption in the literature is that postattack values

will be the same as preattack. However it appears to us that the weights

assigned to particular values change according to the perceived slack.

For example economic, and to some extent political f'reedoms, received much

less emphasis during all-out war than in the normal peacetime environ-

ment. Given ouir assumption of "recovery at risk" we believe that exteni-

sive controls lesigned to assure the optimal alloc.ation of survival and

recovery resources will be acceptable as well as necessary.

We would not go so far as to characterize this state of affairs as

L3

"disaster socialism," a term. used in the Project Harbor report3 to
describe a complete postattack government takeover. While there may

be substantial intervenition by the Federal Government, we would expect

all zuch measures to be regarded as temporary. Once recovery has been

accomplished we have no reason to presume that the basic values of the

preattack society will not resume their normal weights.

What are the areas that may require a degree of government inter-

vention? In addition to the customary intrusion into the allocation of

essential productive resources and scarce consumer goods, a nuclear war

would bring new problems. One of these is the indemnity question. There

will also be a set of special problems facing the business sector. These

are management succession, asset owriership, and debt moritoria. Although

we have found some recognition of these problems in the literature there

are relatively few solutions suggested that fit our view of the post-

attack environment.



-4 05

21.3.1 Problems of O.nership, Succession and Debt Monitoria

An attack of the magnitude assumed here would probably wreck heavy

damage on many corporate headquarters and financial record centers. Would

the managers of branch plants located in the hinterlands be able to make

decisions if the home office has been wiped out? Who would have the

authority to make the necessary staff realignments and policy decisions?

One expedient would be the appointment of the senior man in each plant

so affected as a Federal agent for the duration of the emergency, author-

izing him to manage the plant in the same way that he might if he had

received complete authority from corporate headquarters, subject to any

additional constraints imposed by the recovery plan.
Several authors have discussed the special problem of debtor-

creditor relations It is their consensus, and ours, that some sort

of debt moratorium would bp necessary. However, present official plans

restrict moratoria to "hardship cases" perhaps to avoid what one official

study described as "paralysis and decay" and loss of "all economic mo-

mentum" 7 . For the sort of misfortune assumed here, paralysis, decay,

* and the failure to regain economic momentum are more likely to result

from an imposition of th- dead hand of debt than from the recognition by

both debtor and creditor that the fortunes of war had left them both fac-

ing a tabula rasa.

There is also the problem of ownership and control of assets un-

claimed by preattack owners or their immediate heirs. Normal legal pro-

cedures will be impossible in the immediate postattack period because of

the probable vast number of cases and the urgency of resuming production.

A reasonable suggestion requires the government to assume ownership until

the recovery has been accomplished and such property can be sold to the

public or returned to its legally determined owners.

21.3.2 Postattack Economic Controls
I

The recovery problem is to organize the surviving resources so that

V economic growth--recovery--can begin. The resource inputs include labor,

I

I
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the goods and services necessary to maintain labor (wage goods), the capi-

tal goods and materials nezessary to produce wage goods, and capital goods

for replacement and growth. During the early postattack period output

may be less thai current consumption with the differe'%. coming from

preattack stocks of wage and capital goods. But if recovery i5 to take

place at all, output must grow to equal and final!. to surpass mte

survival levels of consumption.

Recovery will be assured and spaeded to the *4g.ree that inputs and

stocks are allocated to their most efficient recovez- use. Yiy our assumvp-

tion there will be no slack in the economy--no possiu.lity of safely per-

mitting non-essential consumption. However, non-essential consumption,

and the production to support it, will take place, except iunder fairly

rigorous controls. This is because postattack wealth and income positions

will not be homogenous. Some individuals will be left with wealth or

provided with income sufficient to take care of their essential needs

and to permit them to demand non-essentials as well. In terms of minim.i-

ing the time required to reach the recovery take-off stage, this "excess"

demand, if satisfied out of current production or out of stocks of other-

wise essential goods, can be described as wasteful.

One solution of this problem simply calls for the confiscation of

all such "excess" income and wealth. This is not generally assumed to

be feasible becau.n;e (a) it contradicts flagrantly our traditional ideol-

ogy concerning wealth and income, (b) it woud probably have severe dis-

incentive effects, contributing to more waste than it would alleviate,

and (c) it would be very difficult to administer.

Thus we are left with the problem of allocating the postattack

resources to minimize recovery time (or to maximiz" survival and re-

covery output), subject to the constraints that everyone is provided

with esse._sials for living and working and that the disincentive effects

of the control system do not offset its theoretical gains.

Present official plans for postattack resource allocation are

largely of a conventional "tried and true" sort. As outlined in the

National Plan and other publications , these approaches rely on some

mixture of monetary and fiscal controls to prop up and regulate the



financial sectors while rationing and price controls are used to allo-

.1 cate consumer goods and services. A significant innovation over the World

War II system is the allocatior of material resources through a computer-

ized system (PARM) developed by the National Planning Association.

Assuming adequate information on stocks and flows, this system

should provide much better materials allocation than was heretofore

possible simply because the internal consistency of the allocative

system may be determined ex ante rather than ex post. A considerable
7

body of criticism of this approach already exists. Generally these

criticisms imply that the envisioned controls won't work because they

haven't worked in the past, or that they won't work because the damage

will be too severe for all but the most rigorous of controls. The

first criticism we believe to be wrong at worst and unfair at best. Con-

sidering the magnitude of the problem in a pre-computer, pre-input/out-

put matrix age, the control system of World War II worked very well in

the United States. At least production rose to meet record needs and

prices were held reasonably in line. If German or Italian postwar exper-

ience with these sorts of controls is taken as an indicator, the perfor-

mance appears muci worse. However, in neither of these countries is the

experience symmetric with what we might expect postattack. Thus we would

expect that for the attack effects hypothesized in cases I-IV and perhaps

even in Case V of Figure I the existing plans would bp satisfactory, al-

though perhaps not ideal for each case. Should results fail to bear this

out, official plans can be adjusted. For in none of these cases is re-

covery itself in doubt -- only the duration of the recovery period will

be affected by the quality of the economic control mechanism.

But as implied above we do not believe that the present official

plans are adequate for the case VI situation, with recovery in doubt.

And, by our definition of this postattack environment there will not be

enough time (resources) to allow for the luxury of adjusting the policies

as the need arises. Thus while it is conceivable that plans for currency

reform can safely be postponed until the actual need for such a drastic

step has become obvious, it should also be realized that 4 r 3given sit-

uation there may not be enough time to devise a proper lan. ving one



orn the shelf makes more sense.

This is not to deny a rational basis for refusing to develop alter-

native plans to fit different postattack situations. There is a fear,

not without historical precedent, that the imposition of an unfamiliar

control system would trigger a "crisis of confidence" which in turn

would lead to the abanidonment of money as a medium of exchange and

imw'ediate revision to a barter econoy. )Thus a "business as usual"

appro)ach, relying only on more familiar qualitiative controls, is sup-

posed to maintain economic momentum in the crucial days immediately

following a nuclear attack.

There are additional problems connected with any alternatives that

involie currency reform. It requires central bank control which in

turn implies some degree of central government survival. And, if there

are preattack expectations of postattack currency reform, a period of

rising international tensions could precipitate a monetary crisis as

people attempted to convert their more liquid assets into "hard goods"

that might be expected to maintain or increase in value postattack.

Each of these objections may have validity given certain circum-

stances. But for the rostattack situation we have assumed they may

not be overriding even if they are otherwise valid. Before describing

one possible variant of an alternative economic control mechanism we

will outline briefly our view of the above objections to non-traditional

control methods.

First of all, with respect to the crisis of confidence, wc believe

that the overall crisis is going to be such that particu.lar economic

measures which are in themselves workable cannot magnify the crisis.

The early days of the postattack period will hardly be a time to expect

any investment activity. Rather drastic economic policies that are

forthrightly advanced by the central government (or its surrcgate, the

Federal Reserve System) may be welcomed and inspire the sort of con-

fidence that will lead to an early contribution to recovery from the

private sector. On the other hand an unsuccessful attempt to maintain

familiar institutions may retard recovery and may also have undesirable

effects on expectations that carry over into any reform period.

L _
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A possibility of barter makes some sense in a nation of small shop-

keepers with an unspecialized agriculture. The highly specialized inter-

dependence of the U.S. economy seems to render this impossible today.
It is difficult to imagine the postattack housewife negotiating a barter

transaction with the manager of her local A&P, or treking to the country-

"side to trade for milk and eggs. Thus resort to barter no longer appeart

to be a reasonably possible alternativc for an otherwise unacceptable

monetary system.

The possible absence of centralized government influence during the

early days of recovery could be an important objection to the immediate

or early imposition of a non-traditional control system. However we are

fortunate in having a central banking system that could survive all but

the ultimate attacks. This is because of the geographic dispersion of

the twelve district banks and their branches. A further contribution to

the central banks survival potential could easily come from more pre-

attack preparation to provide for any one of the district banks to assume

full central bank authority to immediately implement the required policies

This could be accomplished in spite of a need to rely on state and local

government's response to meet other requirements in the absence of a well

organized federal government.

The last major objection is the most serious. It is quite possible

that preattack expectation of severe monetary controls would lead to a

preattack monetary crisis, if not a collapse, as people attempted to con-

vert their money and securities into assets that they expected to have

greater value postattack. The seriousness of this possibility depends

on the perception of the international crisis as one likely to lead to

a nuclear attack, on the duration of the international crisis, and on the

speed with which the monetary authority can counteract this speculative

activity with monetary controls.
t In spite of the seriousness of this objection we do not accept it

as overriding for two reasons. First this very reaction is possible any-

I way, without any prepublished plans for an "objectionable" postattack

iv •monetary control; i.e. the very nature of a preattack crisis would lead

to a revision of normal investment and saving criteria. Second, unless

I!
t _
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the monetary authority is somehow paralyzed, as a preattack money and

credit crisis develops it can be halted and/or its effects mitigated.

21.3.3 Alternatives to the Present Plan

A control system suitable for use in emergencies differs from those

desired in "normal" periods primarily because of the differences in toler-

ance. We can tolerate controls only because we cannot accept the effects

of their absence. In either case the goal is an efficient and equitable

allocation of resources; the difference derives from the abnormal scarity

of resources.

The traditional techniques for wartime or postwar resource allocation

have often been frustrated because the flows of spendable incomes and of

consLuer goods could not be equalized. Taxes and wage controls were re-

lied upon to regulate the bulk of consumer income. Price controls and

rationing schemes were to determine the allocation of final output to

consumers. However, since incentives are normally necessary to insure

maximum individual work effort, earnings will normally differ. This

means that some households, making allowance for differing needs accord-

ing to size and composition, will have disposable incomes in excess of

other households and that the sum of disposable incomes may exceed the

controlled market value of the available goods and services. Thus un-

less the vast bulk of bu'ers and sellers are willing to repress the

desire for increased consumption and profit, violations of rationing and

price control laws will significantly determine how wage goods are

distributed. If the available supply of these goods is close to minimal

an "excess" le-7el of consumption for some means deficiency for others

and presumably a retardation of the recovery effort. Furthermore, while

inflation is usually undesirable per se, (it is sometimes referred to as

a "cruel tax on those with relatively fixed incomes"), a severe inflation

might also retard recovery by redirecting private efforts into attempts

to take advantage of or to avoid the effects of rapidly rising prices.

Thus a system that places more effective control over the disposition of

incomes is needed.

Before the advent of computerized bank record-keeping it was probably
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fair to claim that many of the alternatives to price control-rationifng

able today when currency represents only about 22 per cent of the total

money supply.* The elimination of paper currency as a medium of exchange

would contribute to solving the control problem since check transactions

are relatively easy to trace. With all receipts and expenditures being

handled through the banking system, it then becomes technically possible

to control consumer and perhaps business expenditures by allocating in-

come between disposable and blocked accounts. This would permit equit-

able distribution of the available goods and services with current con-

sumption limited to the funds available in the disposable account.

Blocked account funds would be available to meet abnormal consump-

tion needs but would generally represent a form of forced savings.

Since the main function of the blocked accouit is to permit incentive

incomes while preventing important differences in per capita command

over consumer goods, an interest paid on these blocked accounts might

be desirable. A blocked account would thus be analogous to a savings

account, albeit "forced." As the recoverj effort progressed, blocked

account funds could be released to permit higher consumption levels.

Rationing and price control may or may not be required when cur-

rently disposable incomes are regulated. Without intensive investigation

it appears possible that these controls would be generally unnecessary,

thus allowing for individual differences in consumption and permitting

the price system to work in its most efficient role of providing signals

of shortage or surplus. Furthermore, flexible prices would ease the

task of the planners who must allocate resources for investment and

production, a much more difficult job if they have to w&it for com-

plaints and the growth of illegal markets to indicate a need for changes

in planning. The absence of general rationing would also reduce the

* bureaucratic work load and the problem of planning.

The money supply used here is currency held outside banks plus
demand deposits. Some economists have argued that time deposits at
commercial banks should be included. If this is done, the currency
fraction drops to 11.7 per cent for 1966.



As noted above, incentive wage and salary payments are an Important

cause of difficulty in a conventional control system. Would a system of

equalizing disposable income at minimum levels have disincentive effects?

We believe that so long as there was general confidence as to the eventual

recovery of the economy there would be a willingness to accumulate "sav-

ings" to support a higher level of consumption after recovery. The exper-

ience of the United States during World War II provides precedent for this
.

hypothesis.

Viewed from a preattack perspective, plans that call for the elimina-

tion of paper currency may seem too harsh and unlikely to receive a great

deal of preattack approbation. Yet the system outlined above, or some

variation of it, would appear to yield the least interference with the

normal market process and to permit the smoothest end to controls when-

ever that becomes possible.

Certainly these control plans need further study. In particular

these and any other proposed control systems need to be fitted to

current and known potential technological developments in banking. Con-

ceivably the entire problem of regulating aggregate demand and directing

output could be approached by adapting a system analogous to the methods

now under study by some major banks, where retail purchases would be

immediately deducted from the customer's account by his bank.

Any system devised should meet the following criteria as proposed

by EnkeT: (1) allow flexible production and consumption as needs and

capabilities change; (2) encourage the reallocation of resources to their

most important recovery usf .inimizing current consumption; (3) guaran-

tee that minimum consumption needs of all are met; (4) keep the administra-

tive cost as low as is consistent with the other criteria. An additional

necessity for a smoothly functioning control system is that it be largely

"self-enforcing." This means that individuals must generally find it

See Galbraith for an argument that high elasticity of expectations
on the part of the average worker prevented a disincentive effect as

savings accumulated to record levels during World War II.

_________________
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most profitable to function within the system, i.e., immediate self-

interest should encourage behavior consistent with the overall recovery

goals.*

The strengths and weaknesses of the present "official" plans for

resource allocation during the survival and recovery period are reason-

ably well known since they are revised versions of the World War II sys-

tems. Except for some early work by Scitovsky, et. al. and a brief
914article by Enke in 1958 there seems to have been little detailed study

of alternatives by an official body such as the Treasury, the Federal

Reserve or the Office of Emergency Planning. Considering the theoretical
It

potential that some variant of a dual account system would have, we

believe it is worthy of detailed study and considleration.

I

FI

|* 11
| George Katona, in a field study of price control and business

behavior, found that violations increased to the degree that the regula-
tions "didn't make sense" or seemed to threaten the firm's survival. The
mere opportunity for black market profits appeared less likely to attract
violation. See also Victor A. Thompson.12

jt i
II _______ __ __ ___:_
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