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I. FOREWORD

The Oak Ridge National Laboravory Civil Defense Research Project,
jointly sponsored by the Department of Defense and the Atomic Energy
Comm:ssion, has been in existence fcr approximately eighteen morths.

It consists of an interdiscinlinary study of the problems of advanced

civil defense syctems which might be chosen for installation during the
1970's. During the first nine months of the project, the research was
?irected tcward three objectives: the feasibility of urban blast shelters;
the interaction of active and passive defense; and the sociological prob-
lems associated with substantially expanded civil and ballistic-missile
defense systems. A progress report containing the results of these initial

*
studies was preparea by the then project director, Eugene P. Wigner.

The research program was reoriented in July 1965 toward the study
in more det~il of nine topics, eight of which are described in this re-
port and its classified supplement. These subject categories, in order
of their appearance in the progress report, are an investigation cf post-
attack food production (Chapters 1 and 2); a study of the special problems
of ventilation using warm humid air (Chaptere 3 and 4); the possible
effectiveness of biolcgical sgents against a sheltered population (Chapter 5);
the social and psychological constraints on expanded civil defense pro-
grams (Chapters 6, 7, 8, and 9); the interaction of blast waves with
tunnels and entrancevays {Chapter 10): the effects of mass fires on blast
shelters (Chapter 11); the feasibility of advanced protective systems
with dual use in crowded urban areas, with a special emphasis on eccnamic
factors (Chapter 12); and the comparative effectiveness of active and
passive defense and the ststus of active defense system désign (Chapters
15 and 14). ‘ | |

ene P. Wigner, Civil Def Study Group Progress Report--September

106k -March 1965, ORNi-TH-1120 (April 20, 1965) (Confidenttal)-

=




The ninth subject, the special warning and communications requiremencs
of a tunnel-grid shelter system, is under joint study by members of the
ORNL Civil Defense Research Project and the System Development Corporation,
Sants Monica, California. Since intensive study ci the requirements for

a 25-square-mile area of Detroit was begun in Pebruary 1966, a progress
report is not being included at this time in anticipation c¢f a topical
report in September 1966.

The eight topics reported here form parts cf a broad framework de-
fining a complete advanced civil defense systen. They represent a portion
of the area of uncerteinty in the design of such a system. To illustrate
their relationship to the shole, a series of problems and comments or
partial solutions related to the effectivercss of advanced civil defense
is 1listed below, following the arrangement of the chapters in this report.

1. Problem: By mears of advanced civil defense systems, the government
may choose to provide shelter for all citizens, with the greatest protection
in the areas of greatest risk (i.e., in ‘target" areas). Admittedly, many
more lives could be saved at a given attack level than by the present system.
But would not the extra survivors merely compete for the inadequate food,
increasing the probsbility of widespread starvation and ansrchy?

| Comment: Adejuacy of poststtack food depends on three factors:
the ratic of food survival to human survival, the location of surviving
food resources, and the rate of resumsption of food production. The de-
sign of protective systems increasing human survival must be accompanied
by the examination of the size and location of present food stocks and
the trends in accumulation or derletion under preseat policies, as a
first step toward the establishrent of the requirements for s consistent
federal defense poiicy. (Note that "defense” here means emergency pre-
paredness activities ty all federal sgencles, not just the Defense Depart-
ment.) The beginning of such an examination is contained in Thapters 1
and 2. ’

2. Problem: If a program of national shelter construction were

undertaken on a gradual bagis (perhaps over a ten-year period), there
would obviously be a shelter deficit during this extended pericd which
could result in the emergency use of overcrowded ur poorly ventilated

e e = e
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greces.  Are ther inexpensive ways to provide large flows of ventilatin
wir for chelters? And can these large flows be used to cool shelters
without mechualeal refrigeration when the outside air is warm and humid?
C:mment: As described in Chapters 3 and h, ventilation flows as
large as 30 efm per person may provide adequate cooling even when effective
temperatures exceed G5°F. Such flow rates can be established at low human

"horsepower” requirements by the use of a new “"punkah" air pump.

4. Problem: Improvements in the protection of pecple against the
cffects of nuclear weapons might induce an enemy to shift to different
weanpens of mass destruction, perhaps biological. Wouldn't such a shift
negste civil defense?

Comment: Binlogical weapons can be formidable, but, as described
in Chapter 5 in the classified supplement to this report, defense pro-

cedures are availablie which can substantially reduce their effectiveness.

L., Problem: If the United 3tates were to install new strategic de-
fense systems (ballistic missile and/or advanced civil defense), might not
the reaction of foreign governments be to build up Ltheir offensive capa-
bility 2nd maintain the same offense/defense disparity which exists today?

Comment: Although political response is obviously not as pre-
dictable as the response of structures, many sociological factors can ana
should be taken into consideration to minimize the probability of adverse
foreign reactions to new defense programs. Such factors are discussed in

Chapter 6.

5. Problem: It is easy to recall periods during which civil defense
was 1 topic of interest, but now it is rarely discussed in the papers or
in ordinary conversation. Aren't Americans opposed to civil defense and
isn't research on it a waste of time?

Comment: Public opinion polls have shown a generally favorable
U. S. public opinion toward civil defense for many years, but little is
known about the relationship between defense attitudes and such factors
as world eventr, educational level, specific knowledge concerning defense
capubilities and level of threat, and attitudes on other issues. The
werk described in Chapter 7 1s aimed at an improved understanding of
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putliic opinion on national security issues from which may emerge improve-
ments in the cvaluation, selection, and implementation of civil defense
policies.

6. Problem: Most of us do net spend much time worrying about situ-
stions described in movies like "Dr. Strangelove." How can we expect
public officials at all levels of government to dilute their efforts in
their main areas of responsibility and place much emphasis or. emergency
planning? -

Comment: A gignificant change in the priorities of top govern-
ment officials may be one requirement before many local officials take
civil defense planning seriously. A theoretical discussion cf the re-
sponse of officials to future threat and a recently completed case study,
both desighed tc improve our understanding of the emergency planning ":1‘?,’f1

prceess, ars presented in Chapters 8 and 9.

»7. Problem: Most present civil defense shelters are for protection “34 -«
from fallout radiation rather than blast and fire. Are the properties of

blast waves from megaton weapons well enough understood to allow for

blast shelter design? Anc if tunnels were used for blast shelters, T 3
wouldn't a fail-se at any point expose the entire tunnel to lzthal blast .
waves? .
Comment: Date in the unclassified report "The Effects of Kuclear .
Weapons" are sufficient to permit the design of blast shelters, although . ':3 -3
certain improvements in the data may be made. The specisl blast trans- F
mission problems introduced by tunnels can be solved by, among others, ‘ “«if;.l
»he methods descrited in Chapter 10. O

8. Prcblen: Even if blast protection is adeguate, mass fires may
form over large urban sreuc. louldn't the heat and carbon monoxide of
these fires make blast shelters uninhabitable? 3
Comment: Although the question is difficult and has by no means
been completely answered, experimental eviilence and actual experience with
mass urban fires suvggest that satisfactory air can genersally be obtained,
provided metabolic heat can be removed during the fire. Chapter 11 dis-

cusses this pronlem.




3. Problem: Won't the pressure to reunite familiss prevent separated
members from taking shelier st the time of a threatened attack?

Comment: One possible answer to this question is to provide an
interconnected system which will allow immediate shelter-taking followed
by slower reunicn. Another sdvantage of the system is the potential dual
use of urban tunnels. Chapter 12 first explores the feasibility of a single-
use tunnel-grid shelter in a section of Detroit and then discusses the
potential of zimilar systems ror peacetime as well as emergency use.

10. Problem: Can ballistic missile defense eliminate the neesd for
civil defense?

Comment: According to Secretary McNamara in his Congressional
testimony on February 4, 1966, a decision to install ballistic missile
defense must be accompanied by a decision o provide at 1e§st faliout
protection for all U. S. citizens. The connection between the two systems
is brsed on the assumption that a city protected by bailistic missile de-
fense could be indirectly attacked from upwind by fallout created by a
ground -burst nuclear weapon. Advanced civil defense systems which offer
significant protection from the direct as well as indirect effects of
nuclear weapons would of course answer these same requirements and several
others. For example, the nresence of an active defense may encourage
eriemy airbursts as éontrasﬁed with groundbursts within the defended area,
since a decrease in engagement time proba.,ly also decreases intercept
probability. Such bursts would increase the relative hazard of direct
versus indirect weapon effects but would offer the opportunity for s very
high degrce of passive protection even at the center of a target. By way
of illustreation, a 1-MT weapon exploded above 5000 feet or a 10-MT weapon
above 11,000 feet produces peak blast pressures of 100 psi at ground zero,
for which satisfactory urban shelter designs can probably be achieved.
Certain classified aspects of the comparative and combined effectiveness
of active and passive defense are discussed in the final two chaptérs.
(These chapters are contained in the classified supplement-)

J. C. Bresee
Project Director




II. BSUMMARIES

BIOMEDICAL ASPECTS OF CIVIL DEFENSE
NS - Chapter 1. United States Food Supplies--Livestock
‘ | M. C. Bell

~ An assesement of present and postattack food resources shows that
| , livestock is our most important source of protein, supplying 2/3 of that
-.fi o presently consumed in the United States. While livestock normally have
lese prctection from nuclear attack than humans, their location, generally

away from densely populated areas, gives them a greater likelihood of
survival in a mixed attack against militery targets and industrial areas
under present civil defense protection systems. Yet an expanded shelter
programchuld reverse the situation, especially with the current trend
of concenﬁrating livestock during feeding and marketing. Transportation
by truck and rsil plays an important role in moving both livestock prcducts
to consumers and livestock feed into deficit areas. Though vulnerable
to radiocactivity, livestock are good protectors against fallout radio-
nuclides in human food. While varying amounts of the radionuclides of
iodine, strontium, and cesium may be present in animal products, there
are effective technigues for removing these from fcod.

Chapter 2. United States Food Supplies--Grains
A. F. Shinn

The national grain situation with respect to food stocks, agricultural
production, and present consumption is being explored. Réeearch includes:
a delineation of current trends in agriculture and their implications
for civil defense; estimates of the vulnersbility of food stocks and crops
and methods and means of producing and processing them; assessment of
damage to these resources from postulated attacks; and determination of
the timing for resumption of normal food production and processing fol-
lowing attack. Conclusions from previous studies indicate: (1) that a
severe shortage of either foodstuffs or processed foods is unlikely since
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frod will survive roughly in propvortion to the population; (2) that the
probable bottleneck in supplying food is transportation, which depends in
turn on petroleum (although the size of this problem depends on the average
distance between stored food and the consumer, which could probably be sub-
stantially modified from the present situastion without greatly increasing
the vulnerability of the food); and (3) that a relatively greater percentage
of the rural than of the urban population will survive. Since Congress has
not granted legal authority to the USDA to establish a stockpile of food,
the stocks acquired uader price support by Consumer Credit Corporation have
in essence served as the U. S. food reserves. The geographic location of
stccks has been determined largely by the economy of storage with little
consideration of defense needs. Grain storage in 1959 was widely dispersed
and therefore relatively invulnerable to attack. However, with the current
trend toward a steadily decreasing number of grain elevators, if cur largest
storage facilities become the mejor points of storage, our food vulnersbility
will increase. Since livestock, which provides about 66% of the protein in
our diet, is vulnerable to attack, alternate sources of protein are being
considered. A mixture of soy beans and grains (or the culture of fresh

water fish) offers the most promise to date.

Chapter 3. Physiology of Heat Stress
C. H. Kearny

Physiological experiments were conducted at the University of Indlana
to determine the effectiveness of (1) different combinations of high
temperatures, relative humidities, and air velocities in maintaining a
habitable shelter environment; and (2) a manually operated three-foot
punkah-type overhead fan in producing these air velocities. Effective-~
ness, in turn, was determined by recording rectal and skin temperatures,
respiratory volume, and water losses of the subjects. Results of the
tests indicate that fanning a shelter occupant is of secondary importance
to cooling a shelter occupant as long as a minimum requirement for air
makeup and drinking water are met and as long as air is circulated suf-
ficiently within the shelter so as essentially to equalize effective
temperatures throughout, with the effective temperatures not rising much
above ET 85°F; however, the punkah fan incresses comfort and reduces




temperature layering, thereby reducing the temperature stresses on in-
d4ividuals in upper bunks. At ET 85°F evaporative water consumption per
person was at a rate of about four quarts a day without fanning as compared
to about six quarts s day with fanning at a velocity of 75 fpm and with
hotter air brought down from near the ceiling. The fall and rise in sweating
rate was directly associated with sleeping and wakefulness. Only with an

ET of 85°F was the beneficial effect of fanning shelter occupants obvious.

In contrast, at 104° dry bulb temperature and RH 70% (ET 96°F) within the
shelter, increased air velocities produced by fanning were disadvantageous

because the convective heat gains were greater than the increased evapor-
ative heat losses resulting from the higher air velocities.

The Appendix illustrates how fundamental principles of heat and mass
transfer can be used to estimate the cooling characteristics of wet
cylinders and thereby to provide a besis for studying the ventilation
requirements for cooling people in blast shelters. The importance of the
wet bulb temperature of the ambient air in the case of forced convection
is demonstrated.

Chapter 4. Status of Punkah-Pump Tests at Fort Belvoir
C. H. Kearny

In connection with shelter habitability studies, punkah-pump tests
were conducted at the Protective Structures Development Center with two
objectives: (1) to observe the performance of a six-foot punkah-pump
used as the prime air-moving device for a shelter, moving outside air
through the shelter, and (2) to test other punkah-pumps as means of dis-
tributing air within and through a shelter and thus reducing longitudinal
temperature gradients. A six-foot punkah-pump was placed in one of two
doorways of a basement shelter and powered by a mechanical drive which

simulated etfidient manual operation of a phnkah-pump used as on exhaust
pump. The design of the punkah-pump, in contrast to that of conventional
fans and blowers, takes advantage of the large aveilable openings (such
as doorways and stairways) found in typical fallout shelters. When side
baffles or "wings" are fixed close to the lateral sides of the punkah-
pump frame and parallei to them, they increase the pump's delivery capa-
biliiy but usually are not essential for adequate ventilation. With side




baffles on hoth inlet and exhaust sides, the punkah requires less than
0.05 horsepower to pump 4600 cfm; this is only a small fraction of the
horsepower needed by conventional fans to pump an equal volume of air
through the shelter. To make the punkah-pump adaptable to changes in
wind direction outside the shelter, it is recommended that it be made
operable by both push-poles and pull-cords so that the direction in which
it moves the air can be reversed in situ. From the standpoint both of
economy and of amount of air that one man can force through a shelter by
use of a punkah-pump, this type ventilating device appesrs to be superior
to a manually powered rotary ventilating pump.

Chapter 5. The Biological Warfare Tnreat to a
Sheltered Population

C. V. Chester

*
(Reported in Part II)

SOCIOLOGICAL ASPECTS OF CIVIL DEFENSE

Chapter 6. Strategic Interaction
Davis B. Bobrow

Political and psychological variables, as well as technical and
economic consideraticns, enter into viewpoints about continental defense
systems, the adoption process of such systems, and cost/effectivenese
analyses of them. Different foreclgn elites =nd clements of the Amciic«n
public do not react identically to possible U. S. defense decisions.
Further, the political and psychological factors vhick influence their
responses have not been expressed with sufficient precision to be handled
analylically. This project seeks to make explicit the politicui and
psychological assumptions which operate implicitly to affect the attitudes
toward continental defense systems of important foreign elites and of the
American public. While the initial resesrch involves alternate theories

*Annual Progress Report, Civil Deferse Research Project, March _Qéﬁfﬂnrch
§§§; Part II, ORNL-TM-1531 (Secret).
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and approaches, it has been conducted according to a common set of cri-
teria: (a) explicit relevance to ‘he adoption grocesses of defense systems;
(v) testedbility of findings; and (c) narrowing as soon as possible the
number of specific inguiries to those with the most promise. Two important
relationships central to this study are (1) the relation between the need
for passive defense systemz and the credibility of our deterrence poliey,
and (2) the relationship between the American public response to passive
defense systems and the credidility of such systems. The research team

of social sclentists attempts to compare the psychological and political
implications of four hypothetical active/passiva defense postures (ranging
from unilateral public freeze and arms reduction to massive active and
passive defensze buildup) at two points in time--adoption announcement and

operational deployment.

Chapter 7. Dynamics of American National Security Attitudee
Davis B. Bobrow

The dyhamics of American security attitudes are investigated through
secondary analysis of over 100 national surveys conducled since the use

of atomic weapons asainsti.‘lapm. (By "dynamics of American security atti-
tudes," we mean (1) the components and relationships of national security
beliefs of a cross section of the American population at one point in
time and over the period 1945-1964; (2) the factors associated with and
inferred to be respon-ible for (1); and (3) the projections of the com-

_ponents and relationskips of security beliefs into the future.] This
chapter deals with the reasons for th'e_ project and the tasks completed in
transforming the old surveys into a data collection capable of analysis.
The fruitfulness of the project depends on the sssumptions that (1) Ameri-
can naticnal security attitudes are re.evant to U. 5. defense policy:

(2) certain types of analyses of U. 5. mational security attitudes sre
puticularly povertul for evaluating, ulecting, and mplemntina defense
policies; (3) previous public opinion surveys are appropriate data sources

for these analyses. The survey material (questionnaires, codebooks, and

response data) was assembled and a system designed to implement and manage
it. This system, labeled RAPID, allows for the retention of the complete
gues! .on text and response categories and compiles survey volumes and

i
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indexes. The application of RAPID necessitated five tasks, which involved
113 surveys contcining over TOUO yuestion-answer units administered to
well over 100,000 respondents. These tasks included producing a question
package, a data package, and & support package; integrating these three
packages; and assembling the master output. To handle this enormous quan-
tity of data involved extensive and innovative use of computers. A compu-
ter manipuleble events chronology for the period covered by the survey was
assembled so that attitude sensitivity to different domestic and inter-
national contexts could be studied. The chronology contains all events
listed in the World Almanac volume for each year, abstracted and placed
in 26 categories. The categorized chronology was compared with the summary
section of the New York Times "Year in Review" to check on the inclusion

of major events.

Chapter 8. Determinants of Influentials' Responses to
Communications About a Regative Contingency

Sue Berryman Bobrow

The purpose of this study is to describe and explain the responses of
influentials to possible nuclear threat within the context of their usual
respcngses to possible future catastrophes which come to their attention.

This chapter is primarily concerxied with progress toward an analytic system
through which data may be esconomically and fruitfully gathered and analyzed.
Since the events admisasible for the study are restricted to that class called
negative contingencies, the attributes which an event must bave to fall into
this category are delineated. In order to consider an influenti‘l’.frelponhe
to such an event it is necessary to know (1) how the threat is verbalised to
the decision maker (the independent varisble); (2) why he responds the way
he does (the intervening variable); and (3) what responses he makes (the
dependent varicble). These three variables are explained in detail with

a list of the pdssible kinds of responses which are to be considered ind

a list of the possidle reasons for these responses. An example is given

to show how these variables are being dealt with. .Hhiie tpecific'intér-
viev schedules, imnovative "games,” and scales for collecting data bave

not yet been devised, the kinds of questions n-cessary to elicit adequate
knowledge of individusi and group bebavior are indicated.. ‘
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Chapter 9. Bmergency Planning and Urban Problems
Claire Rader

An urban community engaged in emergency planning with the federal
govermment was selected and its officials and influential citizens inter-
viewed. This city of some 400,000 persons is beset with severe social

and economic problsas, including unemployment, juvenile delinguency, and
deteriorating race relations. This study discusses these problems, the

reactions of city officials and other leading citizens to them, and the

factors vhich dete'rﬁine vhich problems receive attention and in what

L order. Limitations on the choice of problems to be tackled (e.g., lack .
i of regources, competition for those resources that are available, and the

drain of leading segments of the population to the suburbs) are explored. ]
The main points that emerge are that (1) civil defense constitutes but
one strand in a complex network of problems competing for the attention

of govermment officials and influential citizens--a problem that does not

have a high priority within the network; (2) emergency planning is one

of the growing number of national problems which require local, state,

and federal cooperation and points to the need for appropriate organi-
zational arrangements to Le handled effectively; and (3) while local
officials recognize that they will have to shoulder a major share of the

responsibility for a viable civil defense program, they lock for an en-

during national commitment to civil defense through policy, comprehensive R ]
planning, and’throudl adeguate funding by_ thn federal govermment. ’

'CIVIL DEFENSE PROTECTIVE SYSTEMS

Chapter 10. Blast and Shock Waves
Lavrence Dresn-er '

This chapter summarizes theoretical work on blast and shock waves
carried out between May 1965 and March 1956. Propagation of plane,
cylindrieal, and spherical blast waves in homogeneour isotropic media.
is explored. To understand the blast effects of nuclear explosions
one needs to know the pressure, density, and material velocity as functions
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cf time and position. Since Brode's numerical calculations supply this
information only for spherical blast waves in air--not for ~ther geouetries
or other materials--the older method of piecing tcogether a solution from
the analytic solutions known to apply very near and very far irom the
explcsion is used. The similarity theory of Taylor, von Neumann, and

Sedov can be used to provide a solution near the explosicn. It compares
well with experimental data reported by Holzer on the time of arrival of
the shock front at various positions. Par from the explosion, the fact
that the shock wave is weak can be used to obtain the law of its propagation.
Two practical anplications are made of the theory develcped, cne to the
decay of blast waves in tunnels, and one to the decay of blast waves from
underground nuclear explosions in alluvium. The distribution of reflected
pressure on the ground following an air burst is calculated and plotted.
Some gquestions regarding the operation of blast doors, including the con-
ditions under which steel blast doors of varying thicknesses fail, are
examined; and some of the theory developed (discussed above) is applied

to analyzing the operation of blast-activated blast doors.

Chapter 11. The Thermal Threat to Sheltered Populations
J. W. Strohecker

The thermal threat to a sheltered population which comes from the
secondary fire effects of nuclear weapons is examined. Dangers from
fire to people in shelters are heat, toxic gases, exceseive carbon di-
oxide, and insufficient oxygen. Also, the air above a shelter may
become too hot for either the operation of power generation ecuipment or
the removal of heat from the shelter. Although considerable effort has .
been expended on predicticn of fire spread, cesualties, and damage assess-
ment, knowledge in the field is qualitative and rather uncertain. Threats
to blast shelters are ditcussed_in some detail along with possible vays
of meeting them. Fire threats to fallout shelters are considered inde- .
pendently with emphasis on preventing fires of major proportions from
getting started by removal of sufficient combustibles from the adjacent
areas shead cf time. The question of determining the optimum iocation
for ar air cupply adequste for sursival in & blact shelter is explored
vithin the frsmewcrk of historical fires in Cerm~ny and Hiroshims during
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World War II. Areas indicated for further study include (1) continuatior
of experimental mass fires to provide desigr inforuation for ventilation
systems, (2) re-evaluation of data from major fires with emphasis on sur-
vival data, (2) eveluation of experience in bturning buildings in the U. S.
and (k) investigation of the feasibility of using special mctor-generator
sets and refrigeration systems rejecting heat to boiling water to reduce
the dependence of shelters on large air and wster supplies.

Chapter 12. Protected City Studies
George A. Cristy
Clifford J. Williams

The protected city concept has been expanded t¢ include several types
of protective systems applied to a pumber of specific cities- The single-
purpose shelter approach (the tunnel-grid concept), based on the present-
day design of a 25-square-mile section in Detroit, was studied and de-
veloped in detail. This concept uses a network of reinforced concrete
pipee installed uunder city streets. Advantages of a tunnel-grid shelter
include: (1) the resistance to blast dsmage of cylindrical structures;
(2) the provision for resssembling femily units in shelter; (3) the
capability of sheltered moverent to reduce crowding; (%) the ease with
which support facilities can ve dupliceted; (5) the possidbility of pro-

tected evacuation cf a city: and (6) potential peacetime use ror the

tunnels. Disadvantages include possible costliness and possidble vulnera-
biiily to biologica)l agents and to blast damage shculd the system be
bresched. The dual-purpose spproach has been applied in the design of
six lanes of traffic under midtown Manhattan, comnecting the Lincoln and
Queens Tunnele and having adjoining parking facilities for 30,000 cars.
Dual-use applications are also being considered for the subvay pertion

of the new Washington Rapid Transit System and a proposed underground
truck tunnel and connecting underground pedestrianvays in Dallas.




Chapter 1%. Active and Passive Defense Cost Ratios
for Populaticn Protection

C. M. Haaland

_; :
; (Repcrted in Part II )

Chapter 1l4. Status of Development of Ballistic
Missile Defense

J. H. Gibbons

*
(Reported in Part II )

* .
Annual Progress Report, Civil Defense Research Project, Harch 1X:5-March
19CC, Part II, ORNL-TM-1531 (Secret). ‘
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II. BIOMEDICAL ASPECTS OF CIVIL DEFENSE

1.  UNITED STATES FOOD SUPPLIES - LIVESTOCK

M. C. Bell

1.1 INTRODUCTION

Ag pert of a general investigation of present and postattack food
resources, studiéi have been in prog:ress to assess the role of livestock. ‘ ‘
Areas considered tu date include: (1) the importance of livestock pro- u'; 'vf“.-
dusts for human nutrition, (2) the distribution and possible vulner- :
ability of livestock;,(3) internal and external contamination problems, | y; .
ané (4) possible livestock salvage proceures. ‘

1.2 LIVESTOCK AS A FOOD SOURCE

Each year vhe U. S. farmers, representing less than 1% of the world
population, produce approximately 27% of the meat, 30% of the eggs, and
424 of the fluid milk in the world. Recently, 54% of agrizultural cash
receiprus in the U. S. have coxe from the following five principal scurces
ranked in order of importance: cattle (21%), dairy products, hogs, cotton, ‘
and corn. Thus, the top three money crops are livestock and livestock . .

products. However, demand exceeds supply, and the United States is & net

importer of animal-based food. »
Livestock products supply approximately 1/3 of the calories and 2/3 ’

of the protein conaumed in the United States. Additionally, cattle in

particular consume many sources of nutyrients which are not of direct value

to man as food. Over 40% of our agricultural land is economically un-

suited for anything except forage for ruminants such as cattle and sheep.

The bacteria, protozoa, and yeasts living in the "fermentation vat" (rumen
and reticulum) of cattle and sheep break down celluluse and other complex
carbohydrates into forms which can then be utilized. These symbiotic




o«

e

17

microorganisms can also utilize nonprotein fixed nitrogen svch as urea

to synthesize bacterial amino acids and protein which are subsequently
digested and utilized by the host animal. The ruminant esnimal thus be-
comes an important protein factory for man, supplying all of the essential
amino acids to supplement other important foods such as cereals, fruits,
and vegetables.

Livestock also consume agricultural by-products such as tallows,
greases, tankage, meat and bone scraps, low grade wheat, wheat bran, and
flour middlings, as well as other grains and grain products.

The unique importance of animal protein in the human diet was recently
emphesized by the discovery of serious zinc deficiencies in people in North
Africa consuming nutrients from plants only. In addition to supplying
certain trace elements, livestock can effectively filter out certain others
such as strontium and cesium and products in or on vegetable food. This

factor will be discussed in more detsil later.

1.2.1 Species and Distribution

Beef Cattle

During 1964, annual meat consumption per capita in the U. S. averaged
174 1bs and poultry consumption, 39 lbs. Beef was the largest contributor

"with an all time record average of 100 lbs per person.

Most of the cattle herds are located on the Western range area with
other areas of the country contributing much smaller nunbers. Since the
center of U. S. population is east of the Mississippi, on the average,
beef travels 1,000 miles from the producer to the consumer. In the fall
of each year, feeder calves and yearling calves are moved into feedlots
vhich traditionally are concentrated in areas of the country where grain
is most abundant. This trend is being altered by the development of new
feedlots in areas near markets. An example is the concentration of feed-
lots in California, many fully automated and containing tens of thousands
of cattle. Even with a deficit of feed grains, cattle feeding in California
is a sizeable enterprise, with 950 thousand head on heavy feed in January
1366. Since a mature beef aninal supplies an average of 400 1bs of meat
efter slaughter, this quantity represents 20 lba per Californian.




The number of cattle in the U. S. reached sn all time high of 107
million in Janumry 1965 (Fig. 1.1)-1 Even 80, & record number of 900,000
feeder calves wore expected to be imported during 1965, principally from
 Kexico snd Canada.

Dairy Cattle
" " Numbers of dairy cows are declining (Fig. 1.1) while milk production

per cow is increasing, with a 1965 average of 8,080 1bs of fluid milk
per cow. The pet result is an increase in total production of milk and
a reduction in per capita consumption. Dairy cattle are distributed
throughout the U. S. A. near centers of population except for a heavy
concentration in Wisconsin and adjacent states-

Dairy products rank second in the prineipal a.gricultural cash
commodities of the U. S. and rank first in 14 states. All of these 1l
states except Minnesota are east of the Mississippi River and none are
in the South.

Swine

The annual U. S. per capita pork consumptiocn hes been from 60 to
70 lbs for the last 60 years. Yearly pork production has been variable
but not nearly so variable as the prices (Fig. 1.2). Swine are much more
efficient converters of energy into food for man than are cattle and
sheep. However, they must be fed cereal graing or similar energy sources,
a higher percent of protein balanced in essential amino acids, and addi-
tional vitamins, most of which could in an emergency be used directly for
human food.

Most of the swine are concentrated in the corn bolt stutes with Iowa,
I1lirois, and Indiana producing almost half of the pork in the U. S.
Producers in grain deficit areas ship feeder pigs into the corn-producing
states for the final 3-to-4-month finishing period.

Poultry and Turkeys®

Per capita consumption of chicken and turkey has almost doubled in
the U. §. during the past 2C years up to a broilcr consumption of 31 1bs
in 1965 and turkey consumption of 7 lbs. Broiler production ia concen-
trated in 8 Southern states, Maine, and California; these 10 states
produce 82% of the U. 8. total. Most of the production increase has
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f occurred in the South. Production has increased ir. face of declining

S prices and narrowing profit margins primarily due to gains in efficiency

Ce of production and marketing. In 1948 broilers required 4.0 lbs of feed

per 1b of gain; this was reduced to 2.5 by 1364.

g Turkey production has also been expanding Lut somewhat more erratically

, -’ than broilers. Turkey consumption is highly seasonal with peaks at Thanks-
§
i

R

giving and Christmas.
Egg production has increased but only sbout half as fast as population

over the past two decades. Per capita consumption averaged 393 eggs in
1951 and is expected to drop to 307 in 1965. Tke total number of layers
’ in the U. S. in 1965 was the same as in 1940 while the production per layer
has increased ty 60% (Fig. 1-3)-2

Poultry are the most efficient coaverters of feed to meat (see Table 1.1)
but require the most expensive feed, most »f which is potentially directly

usable as human food.

Table 1.1. Tons of Fzed Consumed by Livestocﬁ in 1964
and Average Feed Conversion Values

Dairy .attle  Beef Cattle Swine

Concentrates

High protein = k.8 | ‘6.h 7.0 11.2
. Total 30.5 3.4 53.7 36-2
, Roughages 6. b 119.0 2.4 0T

Feed/1b gain fcr

meat production 5.5 - ‘ )

1.3 VULNERABILITY OF LIVESTOCK

In general our livestock have much less protection in any given arew
from thermonuclear attack than our population. On the other hand, s
discussed earlier in this report, livestock are more evenly distributed
throughout the U. S. than people and, in general, are away from the centers

of population. :
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This means that with present civil defense protection systems an
antipopulation attack on the U. S. would probably result in more live-
stock survival than population survival. With a full-fallout-shelter
program and a population-avoidance military attack, the reverse would
probably be true. An advanced civil defense system to protect urbaa pop-
ulationz {as described in Chapter 12) might perform well enough against
a future city attack to ensure more humen than animal survival. Vulner-
ability studies are planned of at least these three cases.

Our most vulnerable and most used source of protein is in our beef
cattle. Moat cattle live their lives with no protection from fallout or
from the elements of nature. A gcod example of the sub-lethal effects
of fallout on cattle was furnished by the group of cattle exposed near
Alamogordo, New Mexico, in July 1345. Scar tissue, greying of hair, and,

after many years, carcinoma of the skin was evident.s Beef cattle on

pasture would also be subjected to internal beta and gamma radiation from
ingested forages.

The gize of feedlots for finishing cattle is increasing with up to
50,000 head in one unit in Greely, Colorado. Marketing of livestock is
also being increasingly concentrated with over 504 of the total cattle
markei.ed in the six markets of Omaha, Chicago, Sioux City, South St. Paul,
Kansas City, and St. Joseph.

Transportation, both truck and rail, plays an important role in
moving livestock products to the consumer as well as in moving livestock
feeds into feed deficit areas. Many beef ind swine producers grow and
store grain and roughages sufficient for the entire year, buying only
supplements of protein, vitamins, and minerals. On the other hand, many
broiler producers buy all their feed as a complete mix delivered from
one to three times each weex, maintaining only a fev days' supply of
feed. Dairy animals around large cities depend on shipment of hay and
dairy feed into the area throughout most of the year. o

Poultry can survive almost twice as much gamma irradistion as other
meat producers, but they are more vulnerable to a temporery luck of feed
and vater. The life cycle in broiler production is very short with a
chick becoming & market bird in only 8 weeks compared with a pig re-
quiring 5 months and beef steer 12 to 18 months to usual market weight.




On the other hand, cattle and sheep require less expensive feed,
which in an emergency could de entirely from roughages and other products
vot used for human consumption. As was mentioned earlier, ruminants are
generally less sfficient converters of fsed grain into meat than are hogs
and poultry, but the demand for beef in the present U. 8. diet is so
greet that slmost half of the neat consumed is from beef and much of this
beef 15 grain fed.

1.4 ANIMAL METABOLISM OF RADIONUCLIDES

l.4k.1 Introduction

Of the over 200 radioisotopes from nuclear fission and from inducad
redioactivity in surface bursts, there are only three which are signifi-
cant internal hazards to postattack food production from livestock.
These are radioisotopes of iodine, strontium, and cesium. Radioactive
iodine is absorbed and concentrated in the thyroid gland. Strontium-83
and -90 are metabolized like calcium, deposited in bone, and secreted
in i1k, Cesium-l3k and -137 react like potassium and are generally
distributed in tissue, especially in mm:le.6

1.4.2 Iodine

Of the three hazardous redionuclides, iodine is the only element
which is an essential nutrient required for animala. It is especially
important for reproduction and far growth of young animala.

Radiociodine is one of the most abundant redionuclides in early
fallout; it is absorbed and concentrated in the thyroid gland with only
& trace found in meat. Fortunately, )1 (the most important redio-
isctcpe of fodine after 12 days following & nuclesr explosion) decays
rapidly with an 8-day half-life into a nonradiocactive product. Around
15% of the suluble dietary redioiodine is deposited in the thyroid, from
which a portion is secreted in the hormone thyroxine which regulates
body metadbolizm. The fetus and growing younz animals are much more sus-
captible tc radiotoxicity from radioiodine than are mature animals.

-
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Growth is retarded in young, whiie older animals show little effect of
overexposure except lethargy. Milk production may be resumed in a dairy
animai by feeding the synthetic hormone protamone or by giving thyroxine.
In any case, Aairy animals could be useful for meat even if the thyroid

were destroyed and supplemental hormones were not avatlable.

1.4.3 Radiostrontium

Strontium-87 and -20 are deposited along with calcium and phosphorus
in bone. These beta emitiers are more difficult to detect in an animal
than are iodine and cesium, but they may be assumed present if the other
two are. They react more like calcium than phosphorus and are deposited
in the apatite bone crystals. Tracer erperiments show that a greater
percentage of calcium is absorbed from food than strontium and mcre
absorbed strontium is re-excreted than calcium, giving a discrimination
factor of four for calcium versus strontium in bones and eight for calcium
versus strontium in milk.

Strontium-89 has a physical half-life of 43 days with a biclogical
half-life" of 18 days when deposited on forage.7 Strontium-30 has a
physical half-life of 28 years. Although ingestion of mmssive doses of
radiostrontium (bup to 70 millicuries in cattle) by even a large beef
animal can cause death in a few weeks, a fresh fallout field containing
sufficient strontium activity to allow sucl ingestiaon would be accompanied
by lethal gamma fields. Aged fallout could theoretiull& have lethal
quantities of ®“Sr witbout lethal gumma, but veathering could be expected
to remove most of the fallout particles [rom forage. Thus, prompt live-
stock deaths from rediostrontium ingestion alone should not be expected.

From the standpoint of the postattack food problem, the principal
radiostrontiua hazard is from the ingestion by young humans of the radio-
activity in milk. Purification methods are described later. Since
strontium in meat animals is concentrated in the boue, normal slaughtering
and meat cutting methods produce human food adequate for emergency use.

*The biological balf-life of an isctope is the messure of the disappearance
rate from an organism based on both physical decay and biological
excretion.
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l.4b.4 Radiocesium

Cesium-137 and -134 are readily absorbed by livestock and are
g distributed throughout the muscle tiwusue of animals as is potassium.
é‘* : The physical half-lives for *37Cs and }3%Cs are 28 years and 2 years,

; respectively. Biological half-lives vary with the diet and species, but
are usually between 20 and 100 days.?

As wvas the case with stromtium, fresh fallout which would provide
lethal internal contamination of radiocesium to a grezing animal would
also be accompanied by a iethal penctrating external radiaticn field;
thus the princijsl harard iv postattack food is uniform contamination
of meat.

1.5 TREATMENT OF CONTAMINATED ANIMAL PRODUCTS

1.5.1 Meat

Meat from animals given tracer levels of '*!I contains negligible
radioactivity. As weas nentioned earlier, meat from animals fed large
doses of radiostrontium and sleughtered by usual meihods contains little
strontiua. \

Redioactive cesium reacts quite differently from strontium aince
sore ihan half abeordbed by enimals is distributed throughout mscle
tissue. Some radioactive cesium is released in cooking moat, and more
than 5Ci is released into juices from stew meat.? A more effective
method of getting rid of it is by soaking meat in water. Water flowing
#lovly over l-inch cubes of beef contaminated with redioces’im remcved
H1Y of cesium in 12 hours and 9% in €0 hours. Considersble losz of
color was evident siong with a ioss of &% nitrogen, but teste tests have
shown that the meat wks still edible and palatable..’

1.5.2 Nilk

Milk ia the main source in our diet of *°Sr and }37Cs from previous
nucliear weapons tests. Removal of these ions and 21 can be effected
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by use of ion-excharge resins as was shown by early test tube experimcnts.l )1

i These procedures have now been adapted to a full-scale milk processing
] plant.l3 Tests show that milk treated with ion-exchange resins is not al-
tered in nutritive value and is an acceptable food for man and animais.

1.5.3 Fggs

Removal of 311 from eggs is easiest by cold storage and radioactive
decay. Over 9% of “°Sr in eggs is deposited in the shell and is not re-
| leased into the edibie pcrtion even with boiling. No dats are available e

in the literature on techniques for '*7Cs removal from eggs. .

1.6 SUMMARY B

Livestock products provide most of the farm income in the U. S. and ‘
production efficiency is continually increasing. Livestock are good pro- o %i
tectors against radicauclides from fallout in human food since most radio- -F
nuclides ere not absorbed by animals. However, livestock are sensitive to
raaiation and are our most vulnerable food source. The most hazardcus
radionuclides in livestock products are icdine, strontium and cesiun.

3 Procedures are avajlable for removing dangercus quantities of radic-
}* activity from most animal producta.
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2. UNITED STATES FOOD SUPPLIES - GRAINS

A. F. Shinn

2.1 INTRODUCTION

2.1.1 Purpose of the Study

The mission of the agricultural team, whose work was initiated in
the sutamn of 1965, is fivefold: ’

1. Eveluation of the present-day nationel food situation with
respect to food stocks, agricultural production; and currait
consumption.

2. Delineation of current trends in agriculture and their

. implications for civil defense. '

"j' 3. Estimations of the vulnerability of food stocks, zsrops, food

1 production, and processing capacities.

L. Assessment of damage to food stocks, crops, and foou-producing
and processing capacities from postulated attacks.

5. Determination of the timing for resumption of normal food
production and processing following attack.

2.1.2 Status of the Study

1" The literature and statistica.. data requisgite for our first two
goals above have been assembled arnl analyzed and currently are being pre-
pared for an ORNL Techni¢al Memorandum. Highlights from this T report
are contained in this chapter.

Work on goals three and four is in progress, having started with a

briefing by government officiais in charge of vulnerebility and damage
assessment studies of agriculture. These computer studies were carried
out Jjointly by the National Resource Evaluation Center and the ASCS
(Agricultural Stabilization and Conservation Service) agency of the U. S.
Department cf Agriculture. No work has been done on the.fifth goal.
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2.1.3 Orgenization of the Data

The important literature dealing with nuclear attack and sgriculture
is first cited, then statistics on present stocks of food and production
and consumption of food are given in graphical and tabular form. Finslly,
the civil defense implications of the reduction in our food reserves, the
vuinerability of our livestock to attack, and certain alternate sources of
..otein in a postattack period are discussed.

2.1.4 Previous Studies

Stanford Research Institute has published studies on postattack S
survival. of food atocks and food production capacity ,1 postattack farm i e

pro.ulens ,2’ 3,4 and postattack food processing and clisi'.lt'ibm;i.on.5

J'tou.tcl‘:«el.‘l.6 has explored ecological problems in postattack agriculture,

ané tae Postattack Recovery Panel of Project Harbor has recommended mea-
sures in agriculture to facilitate recovery from en.tt;a.ck.;7 Other studies

in the field include that of Ayres on the effect of nuclear wars on special
aspects of sgriculture 8 and the engincering study of the vulnerability

and posvattack repair of eight major segments of the food industry by

Advance Research, Inc.” Extensive, detailed studies on vulnersbility and

damage assessment in the agricultural industry have been carried out

Jointly by the Nat.iona.i Resource Evaluation Center of the Office of Emer-

gency Pl&miing end the Agricultursl Stabilization and Conservation Service

cf the U. S. Depertment of Agriculture.'® Pettee has estimated the need

for a U. S. emergency stockpile of processed food.l:L ’
Some conciusions from these previous studies are listed below:

1. Under past and cuxrrent civil defense programs, a severe
shortage of both rew and processed food stuffs is unlikely

. because food menufacturers are both numerous and well
dispersed. 9,10
2. The probable bottlenenk in supplying food is transportation

which dapends. in turn, on petroleum supplies.9

3¢ Food vill survive in spproximate proportion to the population -
which will consume it (under current defense programs) although J

temporary deficits will occur in asome areas.lo’ll . F o




A relatively greater percente ge of rural population will survive
than urban population.lo
There is no prospect for a nationwide deficit of processed food

because the mreattack stockpile, necessary for bringing the

nation as a whole through the first postattack year,ll already

exists. However, local deficit areas will likely occur.

The conclusions are based on data from the Censuses of Agriculture for
1954 and 1959 and the existence of large yearly carry-overs of food in
the'50's and early '60's. An extensive blast shelter program would be

expected to modify all five conclusions.

2.2 THE NATIONAL FOOD SUPPLY

2.2.1 Commodity Carry-over, Reserve, and Surplus

The three terms carry-over, reserve, and surplus have been used
more or less interchangeably with respect to the amounts of commodities
on hand. Carry-over has an unequivocal mearing and is the amount of a
farm commodity remaining after a marketing year is completed and before
sizesble amounts of the new crop are marketable. Both "reserve" and
"surplus” have been used imprecisely. A commodity reserve is supposed
to be that amount of carry-over necessary to supply the usual continuous
demand (food processing, exports, etc.) until the next crop is available
and fé hedge against potential inadequate crop production. Unfortunately,
there is no general agreement on the crop quantities which should be
jidentified es "reserve." A commodity surplus is the amount by which stocks
exceed the hypothetical commodity reserve level. Customarily, the entire
commodity stocks are called ‘'reserves" when they are equal to or less
than this ill-defined commodity reserve level; and the entire stocks are

called "surpluses" when they exceed the commodity reserve level.

2.2.2 Commodity Reserve Levels

In 1964, the Subcommittee on Food and Fiber Reserves for National
Security, National Agricultural Advisory Commission, suggested tentative
figures for use in solving the "reserve definition" problem mentioned in
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the pr.sious section and developing realistic present-day commodity

reserve levels (see Table 2.1.). These figures were derived from an earlier
study by an agricultural committee hemded by Senator Allen J. Ellender of
Louisiana. President Johnson reccmmended in his message to Congress of
Februaxy 10, 1966, that legislation be framed to establish appropriate
cammodity reserve 1evela.12 On February 14, 1966, Representative Harold

D. Cooley (North Cerolina), Chairman of the House Committee on Agriculture, 3
introduced a bill (H.R. 12784) to authorize the Commodity Credit Corpcration
(CCC) to establish and maintain reserves of agricultural cowmodities to +
protact consumera and for other purposes. The Senate companion bill is

§.2932.13 Neither bill mentions civil defense. -1
2.2.3 Commodity Credit Corporation '
Functiomlh

The Cammodity Credit Corporation is an agency of the United States
assigned to the Department of Agriculture. Its programs are administered
by the Agricultural Stabilization and Conservation Service which supplies
both .ersonnel and facilities for this purpose. Its major activities in-

clude price support and production stabilization for commodities such as
cereal and feed greins, cotton, soybeans, milk, and tobacco. The CCC
may encourage production adjustments and maintain farm income by making
payments for diverting cropland from the production of feed greins and -G
wheat to conservation uses. Commodities acquired under the price support

program are stored in commercial or CCC facilities pendirg their dispo- -

sition through domestic and export sales, transfers to othcr government
agencies, donations for welfare use, and the Food fur Peace program,
Public Law 480.

Stocks

Congress has never granted legal authority to the U. S. D. A. to
establish a stockpile of food. Hence, the stocks acquired under price
support by CCC have in essence served as our food reserves.

The fluctuations in quantities of ten major foods held by the CCC
from 1954 to 1966 are shown in Figure 2.1.19 »16 The graph shows &
general décline in CCC holdings during the last few years. Trends at
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this writing indicate further drops in CCC holdings of grains and dairy
products during 1966. In Table 2.1 the peak quantities of ten major

food commodities held by i.ie CCC are compared with quantities held as

of March 31, 1966,17 and with those suggested by the National Agricultural
Advisory Commission18 for discussion purposes in development of commodity

reserve levels.

Geographic Location of Stocks
The geographic location of stocks has been largely determined by the
economy of storage without regard to defense considerations. Fortuitously,

grain storage was in 1959 widely dispersed at some 20,000 1ocationslo and

was, thus, relatively invulnerable. Cbuntry elevators for grain storage
have steadily decreased in number since the Census of Agriculture for
1959.19 If this trend continues, and if our largest storage facilities
become the major points of storage as stocks decline, then stored reserves
obviously would be much mcre vulnerable than studies based upon the 1959
data would indicate.

Figure 2.2 shows the locaticns ol each of the thirty U. S. grain
elevators with a storage capacity of more then ten million buahels.37
Only two of them~--those in Enid, Oklahoma, and Hutchinson, Kansas--are
‘4 not listed as targets in the approximately 9,000-megaton attack on 303

cities given by Martin and Latham.20 The total storage capacity of these
. elevators is 1,36L4,000,000 bushels, or about the size of our annual wheat
_ production. The two granaries not targeted have a capacity of 118,125,000
- bushels, or 8.7% of the total. The total off-farm capacity for grain

21

storage in the U. S. as of January 1, 1966, was 5,463,160,000 bushels.

2.3 FOOD STOCKS AS OF JULY 1, 1965

The major sources of food are diagramed in Fig. 2.3. The size of
these sources ie estimated in number of days of food for each person of
the population as of July 1, 1965, basad on a daily consumption of 3000
ctloriea.* The stetistics on the food supply came from official govern-

ment sources.

*The daily per capita consumption in 1964 was 3170 calories (U. S. D. A.,
Economic Research Service, National Food Situation, NFS-114, p. 22,
November 1365).
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JULY {, 1965

AQUATIC

MARINE AND_FRESHWATER FISH
COMMERCIAL SPORT

060 doys 0.45 doys

TERRESTRIAL

ESTIMATED NATIONAL FOOD SUPPLY "

OfL-DWS 68 - 7900

3days Lo MANUFUCTURERS

PRWATEJSTORAGE

-

260 days

FARM ANIMALS | f_  _ _ STOCKS

CCC INVENTORY
254 doys

_FARM CHOPS
IN THE FiELD
? doys

!

FOO0 PROCESSORS
COLD STORAGE WAREWOUSES
WHOLESALERS

KETAILERS

MiN)

£ p
€30 doyr
[+ ]

29 monthy

® BASES. 3000 CALS. PER PERSOMN
195 MILLION POPUL ATION

"% 316 GAME ONLY

QALY

Fig. 2.3. Estimated National Food Supply, July 3, 1965,




 the time when food processing is res.med.

Iy - v . -
LR o L i G e

38

e

-The days of food were calculated fcr raw commodities after taking
into account factors necessary for their conversion to consumable rom22
and datas on their caloric cmtent‘?a in combination with the two bases
given in Fig. 2.3.

MARIME AND FRESH WATER PISH supply 0.75 Gtys, or half the annusl
catch by caamercisl and sport z‘iuhemn.ah It 1a somewn:t surprising to
see that sport fishing yields about 20% of our edible fish. WILDLIFE,
as big game alone, can supply more than three days cf food and could well
be an important suppiement ia an enezgeney-25 Thirty-¢lght daye of food
(one-helf the 1965 slaughbier) is supplied by FAM ANIMALS, primayily
cattle (15 days), hogs (15 days), end poultry (' deys). STOCKS were
calculated from CCC figures”® and USDA dats’! and consist mostly of
corn (263 days), wheat (125 days), and sorghum (35 days). Studies by
the USDA provided the baser for estimates given for FOOD PRCCESSSRS, -
COLD STORAGE WAREHOUSES, WHOLESALERS, RETAILERS, and HOU, Huwses. o

The estimate of the tot:l focd supply is a minimur onc becaute no
figure is included for the sulstantial amount cf FARM CROPS in tne ©leld. .
Approximately 2-1/2 menths of the total supply are In ihe furm of pro-
cessed, ready-to-eat food. This quantity is conczidsred adequate tu iide

the country over the period of industrial repai» fcllowing attack until
ll .

2.4 PROTEIN PRODUCTION IN A VWTATIACK FERICD

2.4.1 Intvoduction

Livestock provides sbout 664 of the protein in ihe Azerican diet
and is our most vulnerable source of protein {rec Cuspter 1}. Two
studies have concluded that 60% or more of our livestock would survive
varicus muclear attacks. 20 It 14 lively that survival froa poraidle
biological attack might be lower than ihat, but nc studies on this have
been published in unclascified litersiuse. DBecausc of the importance of
good quality protein in the diet, it susss appropriate to ronsider

alternate sourcea.
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2.4.2 A.ternate Protein Sources

Ideally, alternate protein sources should meet several critesria:
(1) familiarity tc con;umera, (#) production possible with current tech-
nology, (3) high total production vossible, (4) productien widely dispersad,
(5) vulnerability to attack--mirimal, (6) processing simple and minimsl,
and (7) costs lower than livestock. By these criteria, grains, scvieasns,
and freshwater fish are good candidates. The only unorthodox scurze of
protein that scores reasonably well is algai culture. ’

Grains

Wheat, corn, and sorghum comprise our major grain reserves. Tae
protein of no one of them alone is a satiafactory substitute for meat o
protein. But if a swall percentage of the amino acid lysine is added to _ : .

: vheat flour, the value of the protein will be greatly enhanced and essen-
"3; tially comparable tu that found in meat. However, the cost <7 doing 1
:_}' this may be tco high to be practical. Properly proportioned blends of , #i
1 these three grains might give a mixture with protein almost as valusble : :
as that of meat, but nutritionists have been able to achieve beiter aminc E’Li
acid balances with blends of grains and oilseed cake or greins and legn- o
rinous bHeans. Incaparina, developed by Lr. Nevin Scrimshaw, iz such a
olend, ané its formula is shown in Takle 2.2.27
1. : . Tabl: 2. Formula of Incaparina, !
A Blend of Greins with Proper Amino Acid Balance :
] Incaparing
{vegetabie Mixture 7 B)
nize 2%
Sorghum | 29% .
Cotionseed . 3% 8
P Torula Yeast ¥ .
CaCO, ‘ 13
Vitamin A L300 T per 100 gms b
o e st : - i
. i$aae commercial bread contains O.iS% added lysire, based on the weight ;;;
. &f wheat flours used in the bread, which more tiwn doubles the nutritional P
value of the protein.

A A U g ) St o - 3 e
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Soybeans
A mixture of three parts of a cersal grain with one part of a

processed, leguminous bean (peanut, chick pea, lima, scybesn, etc.) flowr
will give s nutritionally ad=quate protein mixture.30 The beans suiply
the lysine which is inadequate in the cereal, and the cereal supplies
the methionine which is inadequate in thc beans. Soybeans are the ouly
beans which could be produced in sufficient quantity for mixture with
our grain reserves. Both General Mills and the Meals far Millicns
Foundetion already produce cheap, scybean-Lased Multi-Purpose Food.3l’32
Six ouncea of it supply the daily requirements of protein, minerals, anc
vitamine necensary for & 154-~pound man.33

There is not sufficient carry-over of soybeans to be rixed with our
caryy-over of vheat. The 1565-66 carry-overs of soybeans3h and wheat
are predicted to he about 48 miilion bushels ard 500 million busghels,
respectively. Thus, about a four-fold increase in suybean carry-over
would be necessary to match the whea* carry-over.

It is intereeting to compare the 1965-66 carry-over of scybeans and
wheat with the annuw+l production. The 48 million bushels of soybeans
represent about 1/16 of the 1965 annual production of 840 million bushels,
while the 500 million bushels of wheat represent almost 1/2 of the annuel
production of 1300 million bushels. Cbvicusly the "rescrve" of soybeans
is quite low and does not represent much protection against normal crop
failure. One would hope thai future defined commodity reserve levels
would promote the establishment of an adequate soybeun crop raserve.

Freshwater Fish

The production of freshwater fish in inland waters could give a
small but relatively invulnerable source of excellent protein. An annusl
production of two billion pounds* of catfish is possible if these or
similar fish are ralsed in the nearly itwo miliion acres of rice lands**
in the five major rice-producing States.35 The 1.75 million acres36 of
farm ponds in the U. S. might yield another one billion pounds of fish.
These two gources alone exreed the annual commerciel harvest of edible
fish. The additional great potential of raising fish in lakes and
reservoirs hes not yet been estimated.

*
One billion pounds of whole, raw fish supplies 0.52 days of food
(3000 calories daily comsumption for 195 million people).22,23

Assuming rice and fish raised alternately.
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3. PHYSIOLOGY OF HEAT STRESS®

C. H. Kearny

3.1 PURPOSE

Almost every shelter test, as weil as most current shelter physio-
logical research, has involved the determination of heat stresses to
which persons living under essentially still-air shelter conditions are
subject-** Furthermore, there exists considerable difference of opinion
regarding the importance of high local air velocities, both as regaris
the survival of shelter occupants under severe temperature cornditions
and as regards their well-being. Therefore to obtain more data con-
cerning the necessary air movement over the body surface of a shelter
occupant for prolonged survival in conditions of high temperatures and
relative humidities, the Osk Ridge National Laboratory entered into a
contract with a physiological laboratory with many years of experience
in the field of hot-weather%nmental recearch, the Department of
Anctomy-Physiology of Indiana University.

The air velocities maintained over the test subjects were primarily |

those produced by a manually operated three-foot punkah-pump used as an
overhead fan. Testing the effectiveness of this air-mdvigg device from
a physiological point of view was an objective of this study.

The quite complex details of this investigation are contained in
the final report by Drs. Mukul R. Banerjee and Robert W. Bullard of
Indiana University. The following summary includes only those results
vhich appear most relevant to the development of minimum-cost solutions

to current shelter environmental problems.

*
Review of work performed under subcontract number 2544 with Indiana
Universi+ty, Bloomington, Indiana.

That is, the net ventilation rates through shelters, combined with the
ero3s sectional areas for flow, result in very low local velocities.

An evaluation of the importance of fanning shelter occupants (as dis-
tinguished from quite uniformly distributing the air within the shelter)
is the sublect of this report.

*




5.2 TEST PROCEDURES

The experiments were carried out in an uninsulated climatic chamber.
In these tests the preheated chamber was occupied by only one test sub-
ject at a time, each for a k-hr period. The instrumentation of the 8-1/2-
by-5-3/b-by-10-ft (length/width/height) test chamber is shown in Fig. 3.1l.

In order to minimize the tempersture increase of air passing through
the test chamber, a constant flow of 30 cfm was used. A flow of 3C cfm
limits to about 2°F the rise in effective temperature of the alr in the
shelter, as compared to the effective temperature of the outside air,
provided the air is well distributed within the shelter.

When the punksh-pump was not fanning the subject, air velocities
in the central part of the room were too slow for the Hastings Air Meter
to measure and were recorded as less than 5 fpm.

Four healthy young men served as test subjects. They were dressed
only in cotton underwear shorts and rested on a 1/4-x-1/4-in. nylon net
reclining chair which was 10-1/2 in. above the floor. Thermocouples
attached to the tost subject recorded rectal, tympanic membrane, and
skin temperatures from the forehead, arm, and calf. A 6-cu-ft spirometer
was used to determine respiratory volume, and water losses were determined
every hour by weighing the subject.

The experiments were conducted in two phases:

A. First phase--designed to determine the effectiveness of 4if-
ferent combinations of temperatures, humidities, and air velocities over
the test subjects' skins in maintaining habitable shelter environments.

'This phase consisted of four experiments, each involving four test sub-

Jjects.
Experiment Dry Bulb Effective
Number Temperature (°F) R.H. (%) Temperature (°F)
1 9 50 85.0
2 9% 70 89.5
3 104 50 90.5
" 104 70 96.0

N e g+ o oot
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Fig. 3.1. Schematic Drawing of the Experimental Setup.
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During the first hour of each of these tests, the subject did not
pull the fan (punkah) and the air velocity wes less than 5 fpm. During
the seccnd, third, and fourth hour, air velocities recorded were 25, 50,
and 75 fpm, respectively.

For control comparisons, additional data on physiological responses
were also obtain 4 under each of the first four experimental conditions
when the punkah was not pulled for the entire four-hour period.

B. Second phase--cesigned further to elucidate the interrelation-
ships between the physiological responses and the above-mentioned climatic
variables, but with all experiments carried out at effective temperature
of 85.0°F (DB 96°F, RH 50%).

Six four-hour experiments were conducted with each subject. These

experiments involved alternating an hour of still-air conditions witn
an hour during which the air velocities were either 25, 50, or 75 fpm.
Also included were various combinations of the punkah being operated by

the experimenter or by the subject.

3.3 RESULTS AND CONCLUSIONS

A. From the standpoint of civil defense rec~archers uttempting to
satisfy at minimum cost the survival needs of pecy.te in shelters cooled
only by outside air, even under summer heat conditions, the most sig-
nificant result of this study is additional evidence that man's heat-
adaptive mechanisms are remarkably efficient. Provided that essential
minimum requirements for sufficient and well-distributed air and for
drinking water are met (See c, below) and also provided that effective
temperatures do not rise much above ET 85°F, persons can adjust to heat. .
In the words of the experimenters, Drs. Banerjee and Bullard: "We have
been impressed by the versatile thermoregulatory system of the human
body. This system from the evidence presented herein can adjust its
function to meet the demands. Sweating or evaporative cooling is con-
trolled perhaps by changing the surface alea wetted with sweat so that
thermal regulation is not greatly altered with marked changes in alr
velocity and temperature." Figure 3.2, one of 15 pages of graphs in
the complete report, illustrates the smell influence which widely differing
air velocities have on mesn body temperaggre with the shelter air at
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Fig. 3.2. Effect of Intermittent Use of the Punksah on Mean Body
Tempersture Changes During the Second Phase.
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ET 85°F. This statement does not negate at ET 8,°F the ravorable influence

of increased air velocities for improving comfort, for decreasing the per-

centage of body area wetted by sweat, and for increasing the affic.ency of
the evaporative process.

As a result of this fortunate adaptability of man, the present evi-
dence indicates that fanning a person in a shelter is of secondary impor-
tance to providing him with sufficient well-circulated air so that he

. . . P ©
remains in an environment not much higher than ET 85 F.

B. The punkah was found to be an effective means of reducing (with
air velocities at 25 and 50 fpm) or eliminatir_ (at 7Y fpm) temperature
stratification of 3.6°F within the test room (measured at two points
Lo in. apart vertically) when the air flow through this small room was
30 cfm. "The present investigation was conducted with only one subject
at a time in the hot room, who was lying on a bed 10-1/2 in. alove the
floor. With the pulling of the fan, the hot air oI upper layer: was
brought down to the subject. Thus, punkah utilization would change the

location of individuals within a shelter. Occupants of upper *' ks

could be provided with major protection from heat stress by reducing

stratification.” In other words, by reducing the temperature layering

in the shelter, the temperature stresses on individuals in upper bunks

would be reduced to a significant degree.

C. At ET 85°F, it was found thaut evaporative water consump.ion per
. person wes at a rate of' .bout four quirts per 24 hours witheut tannine,
as compared to approximately six guarts per day with fanning at 7% fpm.
It follows that in a shelter in which (i) =1l persons are ~n the flcor,

: (2) the ET is high, nd (3) water is in short suoply, the ventilating air

should be well distributed but should not be fanned so 1s to force down
to the floor hotter stratified air from above--esen though such fanning
would lower body temperatures slightly and improve comfort as long ac

people were not partially dehydrated.

D. Another condition of these teste which caused the opsration of
the punkah fan to appear less ndvantageou: than might be the case i~ many .

renl sheiter situationz was that during the hours when a test cubject was

O A N0 AR S MV, ¢ g 0 P
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not pulling the punkah, he tended to go to sleep. In the words of the
experimenters: "With sudden exposure to hot and humid atmosphere of

the experiments the subjects showed a strong tendency to go to sleep when
they were not pulling the. fan. They had to wake up to pull the fan, an
activity not preferred by our subjects. "‘In'a~reir1'experiments vhere the
sweat loss of the subjects was c@ntinixoualy recorded from local skin areas
by the resistance hygrometry method, the fall and rise in sveating rate
were directly associated with sleep and wakefulness. Minute vilume® ﬁaa
lower when the subjects awakened for the respiratory gas collections.

- Average values of energy metabolism of a TO-kg nude man with a 1.85 a®

surface area as given by Hertig and Belding are 63 Xeal/hr (260 Btu/hr)
during sleep and 101 Kcal/hr (400 Btu/hr) while sitting quietly.

E. "Only in Experiment No. 1 with an ET of 85.0°F was the beneficial
effect of the use of punkah obvious. There was a progressive decrease
in body temperature and heat storage with time as the air velocity in-
creaged."

"The body surface temperature was always above the air temperature
80 that both evaporative and convective losses were taking place." ...
"However, except for Experiment No. 4 (Z: 96°F) vody temperatures were
lower under experimental conditiona when the fan was pulled as compared
to those of control conditions..."

In contrast, in Experiment No. 4, with 104%°F ary bulb temperature
and RH 70% (ET 96°F), the higher the air velocities were raised by fanning,
the worse became the dlsadvantages cauaed by the resultant increased con-
vective heat gains being greater than the increased evaporative heat
losses produced by the higher alr velocities.

Drs. Banerjee's and Bullard's largely problem-defining experiments
did not involve any effective temperatures in the very important range
betwean ET 85.0°F and ET 89.5°F. Nor 4id their experimentation include
test subjects taking off and putting on surmer clothing--as Americans in
hot wartime shelters no doubt would do--so as better to meet the different

*Mirmte volume 18 the litera of oxygen consumed per minuteé--a weasure
of metaholiam. ’
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stresses of hot-dry and hot-humid air. Even within the same shelier such
differences may exist, due to the evaporation of sweat lowering the dry
bulb air temperature while raising the relative humidity and effective
temperature of the air as it moves through the shelter. Nor did these
Indiana University experiments involve other than young healthy men as
subjects. (The shelter environment requirements of the old, the young,
and the handicapped are being investigated by a number of projects sup-
ported by the Office of Civil Defense.)

Additional research is desirable to find and test minimum-cost
solutions to these and other environmental problems of all types of
shelters from improvised basement shelters to complex blast shelters.

For example, occupants of the tunnel-grid system (as at present designed)
would experience air movement too slow to be perceptible in one end of

an air-circulation section, whereas in the other end of this same section
the occupants would live in air moving at abnormally high velocities of

about 100 fpm.




52

3.4 APPENDIX A. EVAPORATIVE COOLING OF CYLINDERS

John S. Newman and Conrad V. Chester

The puwrpose of this appendix is to i1llustrate how well-founded
principles of heat and mass transfer can be used to estimate the cooling
~ characteristics of wet cyfinders and thereby provide a basis for the
study of the cooling of people as this problem might be related to the
ventilation requirements of blast shelters. This work is thus related
to that on the physiological response of people and to that 6n the heat
cnpacity of shelter walls. |

This section shows the Importance of the wet bulb temperature of
the ambient air in the case of forced convection. Account shkould
possibly also be taken of the heat transfer by radiatior from people
to the shelter walla. The commonly used "effective temperature" could
probably be elucidated by consideration of the total heat transfer by
radiation and natural convection for a given skin temperature.

3.4.1 Forced Convection

Consider a cylinder of diameter D and length L oriented perpen-
dicular to a uniform stream of air having a speed v_ far from the
cylinder. The air is further charactérized by its dry bulb temperature
T, and its wet bulb temperature T . The surface of the cylinder is
assumed to be wet‘with water at the temperature TB- As,g consequence
of these conditions, there will be a coivective heat transfer rate Q,
from the cylinder to the air due to the temperature difference * - T,
and a rate of evaporation W due to the fact that the concentration of
water vapor in the air very near the cylinder is higher than that in
the approaching air. These processes will require a heat transfer rate
Qs from the interior of the cylinder to the surface:

-

Qe = Q +AW, - | . (A-1)

where A is the heat of vaporization. It is the heat Q4 which represents
the energy dissipation of a man.
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The quantities Q; and W can be related to the driving forces for
hent nand mass transfer and to the velocity v, (see, for example, Bird,
Stewart, and Lightfoot, Transport Phenomena, 1960, pp 408 and 646). By
inserting numerical values for the Prandtl number of air, the Schmidt
number for an air-water mixture, the latent heat of vaporization of
water, and the heat capacity of air and by making use of vapor pressnre

data for water, one obtains

Qa = BeDLv, O (T - T)(v/Dv,)0 4% (a-2)
~ where
p = the density of air,
ap = the heat capacity of air per unit mass,
V = the kinematic viscosity of air,
B = a dimensionless coefficient which depends on To - Qw as follows:
7 - T, (°F) B

=5 10.95

0 10.25

10 9.17

20 8.30

30 Te51

In calculating the mole fraction of water vapor from the vapor pres-

o

sures, it was assumed that the atmospheric pressure was 760 - Hg.
Piguve A-1 expresses the résults of. Iozmulu;@A-2) fo;x{he-fo;lou:ng~wm~F»m??

conditions: RO P
p = 0.0712 1b/1t> p - 0.2 Btu/lb', S
D= 1.2 ft Ve 0. 17 om /bec k v,i$ : ,
L=5ft R U ”f?s@#¥~‘

The horizontal lines indicate the approximate rate of heat loss by
natural convection alone (see below). Figure A-2 theilttateafthe eon-
version of relative humidities to wet bulb temperaturea. S

3
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20 50 100 300
Veo (ft/min)

Fig. A-l. Heat loss from a Cylinder by Evaporation and Convection
(Cylinder 5 £t long by 1.2 £t diam).
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3.4.2 Velocity Distribution Near a Cylinder

The question of the velocity distribution near a man'’s skin arises
vhen talking about cooling people by forced convection. If we approxi-
mate a man by'a series of cylindrical sections of diameters eguasl to
thogse of arms, legs, and»torso; and assume that the skin is smooth and
Tree of hair, hydrodynamic theory can provide a description of the
velocity profiles near tﬁe skin.

If the free stream velocity at some distance from a cylinder is v, .1:
the velocity just ou§si§9 §he boundary layer is given by |

Wx) = ov sin% ,

where x is the distance parallel to the wind direction, and R is the 3
radiusof tlie cylinder.

The boundary layerris & film of air close to the skin retarded by
viscous friction with the skin. It is usually less than 1/10 of an
"’incﬁ”fhiéi for velocities of interest around humsn-sized objects. The
velocity distribution in this layer is shown in Fig. A-3. It can be
seen that at distances of the order of twice the radius divided by the
aguare root of the Reynoids number, the velocity is very close to the

potential flow velocity.

For this reason, it is recormended that flow measurements in the _ .
boundary layer not be attempted, and that all data be correlated with
the free stream valocity measured two or three radii from the cylindrical .

portion of {nterest of the test subject.  The potential velocity can be
measured just outside the boundary layer, and the corresponding free
stream valocity can be calculated for use in the'correlations.

343 Free Conveetion

For free eonvoction the driving fbrce for atr motion is the difference
in density betwean the air near the cylinder.und the ambient sir. This
density difference is due to the combined effect of a temperature,difrer4
ence and a differcnce in the amount of water vapor in tha air. For free
convection to horizontal eylinaerl, one obtains (sec, for example, Bird,
Stewart, snd Lightfoot, p m) L




v = KINEMATIC VISCOSITY

—
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Fige A3 Veloeity msmbunon Around s cynxmr.
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Qg = oo&&zsnk(r -'r)(%'ﬁ)/.ln(r -'r)+198('r -TW‘
(A-3)
where k is the thermal conductivity of eir, and g is the . ravitational
acceleration.

In Pig. A-4, Qg i3 plotted against T, - T, with To - T, a8 &
parameter. For this graph k = 0.0154 Btu/nr-ft-°F, g = 980 cm/sec®, and
the other parameters have their previous values. The dip in the curve
for To -T, = -5°P corresponds to the point at which the density of
the air near the cylinder is equal Zo the density of the ambient air.

3.4.4 Bvaporation Rate

The evaporation rate is

W o= (Q -Q)A

~ ¥or forced convection
Qs _1.625 a 0.4853
LEEE i wad A (T, - )(v/ov,) .

If Qg -VhOO"Btu/h'r and v, = 50 ft/min, then T, - T, ™ 7°F according to
 - Plg.’ AL, If '1' cTy= 5%y, then Q= 51 Btu/hr, u.nd evaporation accounts
. for 3k9 vtu/m-. 'If, on the other hand, T, = To™ -5 °F, then Q, = -51 Btu/
~ hr, and evaporation needs to acoount for k51 Btu/hr
An evwomtibu ‘.;..3. ar ;..: e wO Btu/hr corresponds to Wom b, h qt/day.
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3.5 APPENDIX B. TEMPERATURE RISE IN SHELTERS

John S. Newman

The accompanying psychrometric chart (Fig. B-1) shows the relation-
ship between the temperatures of the air entering and leaving a shelter.
In order to distinguish these lines, their end points are recorded as

follows:

Inlet Out let
Temperatures Temperatures

Line Vet Dry Vet Dry
Designation Bulb Bulb Bulb Bulb

A 31.9 49.1 65 65
39 61.2 85 85
5042 84.3 85 90
57.6 102.8 85 95
63 117.1 85 100
13 149 90 100

Rotice that tor lines D, E, and F the air is cooled by the evaporation
of water from the inhabitants. Under these conditions, heat flows bowh
“from the air and from within the shelterees to the water film.

The inlat and outlet air conditions for a shelter should lie along
one of these lines, The distance betveen these points along such a line
is dotemined by the heat load. If this is expressed as Qs/pV, vhere
Qs 13 the total mtsbonc heat load, P is the density of air, and V is
the volule flow rcte of air, then one can use the entbnpy nnes alrew
on the pcychrcutric chart. It, for example, _

‘ Qg = M0O Btu/hr-person, -
# = 0.0712 1v/1t?,
- , V=15 rt‘/mn-peuon,
ythcnthnhutmodtotheurub '
5 - ot % - eamn .
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If the inlet conditions Zor thias shelter were 80°F dry bulb and 60%

~relative bumidity, one would estimai. the cutlet conditions to be 82.8°F

dry bulb and 769 relative hum,duy.

The lines on the chart &«re_based on the following assumptions.

1. Ko heat is transferred to the wall of the shelter,

2. The diatributim of the heat load between evaporative cooling
and eonvective heat transfer s the same g3 that for wet cylinders under
conditions of forced convection (see Appendix 4),
3+« The outlet c:__cxnditione prevail throughout the shelter,

h. The skin temperature is 92°F. '
The second ase aption, that the people are wet, should be in error

st low temperatures where the physiological response reduces the perspir-

ation rate. The slope of the lines should then be less.



k.1 INTROD'ICTION

As part of the coutinuing studies of shelter habitability of the
Office of Civil vefense and the U. S. Army Corps of Engineeis, during
1065 tests of punkah-pumps’ vere conducted at the Protective Structures
Development Center (PSDC), Fort Belvoir, Virginia. Most models of the
PSDC punksh-pump tested were made at ORNL.. The performance figures from
sore of these Belvoir tests illustrate the opersting characteristics of
punkah-punps used as the “ru.c y means of supplying air to a shelter.
This chapter contains a suumary .f preliminary data on several significant
test results (rerroduced here thru.gh the courtes’;} of J. 0. Buchanan, »
Office of Civil Defensej; final results, which may alter the preliminary
data described heve, will be contained in the sm&ry document being '
prepared ty PSDC. A comprehensive OCD report shows the apere.ting charac-
 teristics of punkah-pumps used as an efficient means for distributing

air within & sholter.

4.2 SUMMARY OF THE FORT BEIVOIR TESTS

These PSDC tests had two ob,jéctives: (_1') to measure the character-
istics of a 6-ft punksh-pump used as the prime air-moving device for a
shelter, moving outside air through the shelter; and (2) to test other
 punkeh-pumps (mainly 3-ft models) as means of distributing the air
throughout a shelter and reducing 1ongitudin_al temperature gradients,
especially in sidercoms which have only one opening. » ‘

4.2.1 The Punksh-Puxp As a Prime Air Mover

A T2-x-29-1n. vooden~-frame punksh-pump was swung 8O as to operate as
an exhaust pump in one of the two doorways of a basement shelter within
the 1000-space shelier at PSDC. The pump wss powered by a mechanicel
drive, which closely abpmihé.ted the timing and amplitude of efficient '
manual operation. It was yulled at 25 cpm with a mimrm angle of auing
from the verticul of approximately h5°




if.’.mmmmkm
l “At very low presem, it was found tha.t the punkah-pmp functioned
~1ike a positive chph;emnt pump, denvering approximately 4400 ofm
U7 {vhen ueed with. bafﬂes on both aidez) over the pressure Arop range of
70 t0 0.2 in. of vater (1 in. water gauge = 0. 036 psi). The flow rate

B _»vdroppea rapidly for m@er pressure drops and reached zero at about 0.06

—_—

" 0. Vege (see Pig. 8.1,
‘ A cmacteristic of mst shelters in buildinge is the large cross-
aectimal areas (vith resultant vary low resistances tc lurge eir flows)
of the ava.ila.ble openings such as doorways, stairwells, elevator shafts,
and vindws. As an example, a 30-x-T2-in. passagewsy, 100 ft long, offers
a pgaistance of less than 0.0l in. of water to a flow of 5000 cfu. A
punkah-pump is deSigned to take advantage of these large asailable
openings In contrast, the designs of convent jorel fans and blowers
. cause these devices to force air through much smaller openings. An -
illustration of the mgnitude of +his alvantage of puukah-~pumps is the
- fact (ealeula’eea in ORNL-TM-115k)° that the power required to pump a
given volume of air with a 100% eff‘ciert six-ft punksh-pump is only s
of the pover required to pump the same volume of air with a 100% efficlent
fan two ft in diameter.

To test the effect of several different resistances to air flow through
the shelter at PSDC, the available opening provided in the air-inlet doorway
was varied. As illustrated by Fig. 4.2, these tests showed that even ‘
vhen this air-inlet dodrway was only one-third open (about 6.7 sq.ft. of
opening), some 3000 cfm was forced through the shelter by the punkah-
pup, vith AP being 0.03 in. Vege

Prior tests of tnis s.x~ft pmucah-pamp--wuen used a8 an intake
pump to ventilate the entire )000-3q~ft. basement shelter at PSDC--ghowed
that it can pump 3400 cfn +hroagh 25 4 sq.ft. of l-in. fiberglass filter.
This filter had a -ated reaistamce of about 0.02 ia. of wat-r o a flow
of 3400 cfm.

The Utility of Baffles

The pump was -test{ed with and without vertical plywood s.de baffles
(or "wings") fixed close to the lateral sides of the swinging punkah-
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pump frame and parallel to them. Side baffles on the outlet side of the
pump are shown in Fi:. 4.3. Such side baffles increased the pump's de-
livery capability but are not essential for many smaller shelters. The
following flow rate data indicate the effectiveness of side baffles.

Pressure Drop Across Pump

0-01'—in- Weg. 0.02-1n-w-g. O.OI&-in- Welo

cfm without any baffles 3800 3000 0

e¢fin with baffles only on '
inlet side Loo0 3400 1200

cfm with baffles on both
inlet and outlet sides 4400 4400 1600

Baffles become quite important in the pressure drop range of 0.02
to 0.0k in. of water. However, for many shelters in buildings adequate
ventilation can be provided without baffles.

Horsepower Requirements

With side baffles on both inlet and exhaus! sides, through the'use
of a special electronic load-sensing device developed at PSDC, it was
determined that slightly less than 0.05 hp was reguired to pump about
L4LOO cfm. This is but a small fraction of the horsepower that would be
required to pump an equal volume of air through this shelter using any
type of conventional manugl fan or blower.

Although the mechanical efficiency of a punkah-pump is of very
secondary importance in evaluating its relative effectiveness for venti-
lating typical shelters in buildings, nevertheless it is interésfing'tb
note from the following calculation that the mechanical efficieney of
the wooden-framed model tested 13 adeqguate.

theoretical horsepover = 0.02 in. HeO x w——  x 4100 ﬂ*‘—“—'—

in H,O - -min -
X 33,000 f% 1b7m'i'n = 0.0l hp

o.g;h x100 ¥ 308,

actual'mechani¢al efficiency of pump =
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PHOTO €84089%A

Fig. 4.3. A Six-Foot Eunkah-Pump Undergoing a Successful 1000-hr

Mechanical Durability Test,
Return Swing.

Showing the Flap-Valves Open During the



The Effect of Natura: Alr Flow on Punkah-Pump Utilization

If a low-pressure pump were inflexibly installed, changes in natural
air flow d'rections such as those caused by a change in outside wind
directicn or a chimney effect could decrease pump effectiveness. Two
possible solutions exist for such problems. If the pump were used to
move air into s shelter, it could be disconnected and reconiected to
an exhaust opening if a wind direction change made the exhaust point a
preferable supply point. More practically, the pump could be reversed
at its original site and used to move the ventilation air in the opposite
direction. A special problem may be encountered in such a change. If
the operator must remain in the original position (for example, if air
were to be exhausted to an elevator shaft), the original pull-cord would
have to te replaced by a 1ight_push-pole or stick. A strap and cord
lashing similar to that used on sleds seems to be the most promising
improvised connection. With such a push-pole, the pump can easily be
operated by pushing on the power stroke and pulling ¢ the return stroke,
with the operator's hands holding the fvee end of thc stick.

4.3 CONCLUSIONS AND RECOMMENDATIONS

1. These recent PSDC performance tests of a punkah-pump used as
the primary pump t¢ supply alr to a shelter show that one man operating
this simple device can force several times as much air through u typical

basement shelter as can one man using any conventional manually powered

ventilating pump

2. It appears very likely that a production model punkah-pump vould
cost much less than any conventional manually powered ventiluting pumg
capable of delivering as much air.

5. Therefore, it appesrs desirable to conduct practlcal telts of
production model punkah-pumps desizned to be operated by push-poles as
veli as by pull-cords. Such tests advantageously could involve average
citizens using punkah-pumps to ventilate typical-bdsement shelters, while
during the same tests they also would use other promising shelter-
ventilating devices capable of being enployed either as intnke or as
exhaust pumps.
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III. SOCIOLOGICAL ASPECTS OF CIVIL DEFENSE

6. BSTRATEGIC INTERACTION

Davis B. Bobrow
6.1 INTRODUCTION

The project deals with the use of political and psychological vari-
ables to estimate the differences in the strategic impact of alternative
American continental defense postures. The members of a working group
drawn from a nunber of behavioral science specialties have applied their
knowledge to arrive at conclusions based on current knowledge, to isolate
information gaps, and to assign priorities to future reuarch'pouibilities. o

6.2 PROBIEM HISTORY

This project derives from a number of observations about the evalu-
ation, selection,and presentation of American weapons systems. The first
was that these steps in the weapons adoption process are not mede solely
on the basis of technological performance and dollar cost sxpectations.
'l'hey also involve expectations about the responses of foreun elites and
the American public--anticipations often derived from mpueit, printe
models of the nature of foreign elite and American public perccptim nnd
mterpreutiom of American elite actions and words. The ucond obum-

tion was that the cost-effectiveness tn.llyua currently central to utpona o |
system evaluation are extremely semitin to the ponu,cu and p!ycho].o':l.en

assumptions involved in many of their perameters. It follows thet nny of

the analyses provide ussful information only to the extent that these ptru-
eters approximate ranty. The third observation was that ditfcront toreig\
elites and elements of the Americsn public do not percelvo or process the
stimuli of U.S. weapons decisions identically. For example, they differ
inthnextcnttovhichthcyviao\rmumuhlpmdrhutmmm
the historical uporienec on vhich they drcv to chri.fy m:mt phm
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Thase differences involve political and psychological factors, even if
t0o no greater extent than assigring utilities to different levels of
technologiocal performance and currency cost.

The fourth observation was that currently evailable information on
the political and psycbological facturs germane to weapons system evalu-
ation, selection, and preseniaticna tends to be expressed with sufficient
looseness to make its analytic manipulation difficult and, given the ab-
sence of testable modsls, predictions and solid dats, tends to be treated
as if lacking in credibility. That is, political and psychological inputs
to the weapons system decision procesa tend to be viewed as matters of
"judgment” or “experience" in which one seasoned man's word is no better
than that of ancther. Our fifth and final observation was that there is
no clear agreemwnt in the behavioral sciences on what is the most useful
theory, method, or data to use in evaluating the political and psychological
factors germane for decisions on U. 8. defense postures.

These cbservations led to a series of sssumptions about policy research
requirements. The first and second observations led us to conclude that
Tesearch was seriously needed to begin comstructing explicit and systematic
public models of the nature of major rmim governments, the American
public, the American defense commmity, and international relations. The
important policy implication of such models i3 to confront public and
private models and to rake explicit the political and psychological ss-
sumptions involved in the perameters of cost-effectiveness analyses. This -
“d0es DOt meAn that the bsbavioral sclences sust or can now generste algo-
rithus to isprove the weapons acquisition process. It does mean that |
they should and can now work tanrd acre explicit and fruitful hcuruticl
for tm.s Ancess. ;

' mwmmumuautommmtum-uw
: mm.tmmormammmummu for U. 8. weapons
»mmw umt,nmmmW
.mﬂmmmmmmormimmm systems
decisions. Siuce the time futures involved in modern wespons systems
" are long, it was clesr thet research would have to be in terms of eu-
dience attributes germsne throughout the period from adoption decision
to deployae t. The fourth observatica led us to conclude that iuputs
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about political and psychological factors would have policy utility to
the extent that they were more than matters of opinion, i.e., could be
tested and confirmed or disconfirmed. This conclusion does not confine
the realm of useful work to quantified analyses; it also includes psycho-
logic paradigns which can be tested.

We can summarize the pclicy research needs stated thus far as an
ansver to one of the four questions which Alain Enthoven places in the
province of the defense analyst. His question is: "What does the
decision-maker need to know?” Our answer is that he reeds, among others,
to understand his own political ard psycnclogical processes and those of
his different audiences which are germane to the evaluation, selection,
and presentation of weaspons systems. The second part of this ansver is
that he needs to know about these factors in forme subject to maniru-
lation and confirmation.

Our fifth observation led us to two conclusions. First, in_cially
the research would have to involve aiternative theories, methods, and
data. sgcond,' for the utility of these 1lternative approaches to be
evaluated and for their findings to satiafy the requirement derived
from the fourth observation, they would have to be conducted according
to s common set of criteria. We selected the criteria of: (1) explicit
relevance to the weapons system evaluatiun, selection, and presentation -
issues under consideraticn; (2) testability of findings; and (3) fore-
closure of the largest possible number of specific inquiries. The sénu_
of the latter criterion is similar to the concept of “strong inference”
stated by John Platt.} | o R

Three attributes of sctive/passive defense hardware implicd research
directicns supplementary to those above. First, on purely techmological
dimensions, members of this hardware chu differ from mmjor current -
deterrence systems in thne they operate to prevent damage to self rather
than to inflict damage on others. BSecond, passive defense is unique among
nuclear war systems in the extent to which it impinges on the public. R
Third, the military need for these systems dep ids on the extent to which o
ﬁunisr,m-nt systems dre or arc not a:iticipated to detar nucliear ctuek', in - ot
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-  saries of situstione through time. These attributes implied research
requirements, but ones more specifie than m@ned by the first set of
‘obasrvations. :
Mthong& ascellent work (e.gn , Project mchelcon) hag been done ¢n
the pontieal end puchological characteristics of deterrence by means of
punishaant rystems, the firss stiribute of act: ve/psaaive defense systems
implied thl.t we could not sutomclically upply this wark to damage-limiting
systens. ‘The exhes and Liture of symmetry between the two hardware
clusses 1s unknowm c.nd a8 critical 1nqn1r} zrea. The second attribute im- -5
plied that the Anerican public respcense significantly affects the credi- '
bility of any U. 8. passive defense herdware to American and foreign elites.
'Thus, the American public cannot be treated as a relatively minor actor in
the evaluation, selection, and presentaticn of passive defense systems
even if these comprise a relatively small part of our total continentel
defense invent.ury. The third attribute implied that active/passive de-
fensge systems cannot be evaluated independently of determining the extent
to which “~reign govemmcnta are adeq,ﬁately deterred by U. 8. offensive

weapan' .

6.3 PROBLEM FROGRESS

The woriing group haa consisted of individuals whcse disciplinary
affiliations include anthropnlogy, political science, psychiatry and
social psychology, ani whose technical skills include content analysis, .
simulation, survey interview analysis, area studies and non-directive
interviewing. It was assumed that: (1) each group member would use his
~ particular theoretical, methodological, and/or regional skills to prepare
& paper; (2) the project resources would confine the authors to reanalysis
of' available data and theory or to spin-offs from work in which they were
already engaged; 3) the group would work within the perspective summarized
in the praceding -ection of this report; and(4) to the extent possible,
the members would try to compare the political and psychologicul implica-
tions of four bypothetical a.ctive/puaive defense postures at two points
in time--adoptic = announcement and operational deployment. The postures,
sumnarized in the Appendix, were basically those of: unilateral public
freece and arms reduction proposals (I); de facto freeze (II); moderate
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ADM increments without civilian involvement in passive defense {III);
and masgive active and passive defense buildup, including extensive
civilian involvement (IV).

The rest of this report states examples of research conclusions snd
implications, organized in analytic rather than individual paper units.”
As this organization suggests, the following examples derive from the
papers but are not direct statements of individual authors or statements
submitted for group approval. To a degree which specific papers make ex-
plicit, the policy implications represent inferences which have yet to be
tested. The following examples are crganized in terms of: (1) rules,
vhich are not country, weapons system, or situation-specific, about the
effects of rasic variabie positions on policy responses; (2) reviews of
analogous historical aud artificial universes; (3) work on establishing
the political and psychological parameters of important strategic actor
responfus to altersnative postures; and (4) lists of research priorities
and research design ideas.

6.3.1 General Rules

6.3.1.1 The extent to which an increase in defensive weapons
‘will be perceived and responded to as different from
an increase in offensive (i.e., punishing) weapons by
American and foreign elites is a function of differ-

ences in context, time, source, and cued response.

This rule states that foreign and American governments will perceiQé U. 8.
continental protection decisions as distinct from strategic offensive and
limited-war forces to the extent that they are (a) adopted and deployed
in situations different from those in which we have tended to acquire the
latter two types of military capability; (b) distinect in time from acquiring
and using offensive military capabilities; (¢) distinct in organizational
location from organizations which control offensive defense systems, espe-
cially attack missiles; and (d) distinct in responses cued by the American
government for foreign governments from those frequently cued for offensive
increments. An example of this last point is: to the extent that the
American government tends to suggest responses for foreign governments

)
The individual papers ani a compendium of major ccaclusions and polley
implications will be publicly available in the near future.




O‘M than compensatory force increases or accapting increased military
intiﬂotny; the foreign government will tend to perceive a continental
, protecﬁm mermnt a8 distinct in meaning from an offensive increment.

Mmly, lu of the above distinctiuns operate only to the extent that
',thqy nre~pnrce£vsd by the tareisn audience.

" 6.3. 1.2 A decrme or freeze in defensive capabilities vill be
: ruyondcd %o or interpreted as indicative of positive,
or neutral, intent to the extent that it is reinforced
| sufficiently to counteract established beliefs about
hostile intent.

The implications of rule 6.3.1.1 refer to continental protection postures
IXI and IV; those of rule 6.3.1.2, to postures I and II. If an active/
pasdive defense cutback or freeze is to have tension-reducing or stabilizing
consequences, thigs rule implies that it should occur in a context of: (a) a
set of salient policies which indicate friendly or neutral intent to spe-
cific governments; (b) authoritative communications that indicate that the
freeze or cuthack involves cbntinental defense systems of real value; and
(c) decisions to maintain the posture for a period of time sufficient to
imply ccmmeitment to it.

These three t&pes of behaviors, as positive reinforcements for the
initial stizulus, are essential if the stimulus is to be received by usu-
ally suspicious foreign governments as genuinely friendly or ne_utra.l in
intent.

6.3.2 Analogous Universes

6.3.2.1 The adverse effects which were predicted for active/
passive defense increments in the firat forty years of

.

tkis century were not realized and resemble thoee
effects predicted for currently envisioned increments.

S S

8everal implications of this statement are too complicuted to develop
properly in a report of this 1engtl;. The obvious one which can be easily
stated is that current predictions about effects (adverse or positive) of
continental protection syatems may not be a function of attributes of the
hardware or contemporary sirategic situation. During this historical
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period, different attitudes about antive/passive defense seemed to corre-
late with different general attitudes about war and peace, which suggests
that the source of anticipated consequences of continental protection may
bear little relation to continental protection per se.

6.3.2.2 8Since city-walls were almost universally present in
civilized, but preindustrial, societies, this indicator
of passive defense is not appropriate for determining
historical relationships between level of passive de-
fense and domestic or external attributes and events.

Presence of passive defense hardware (primerily city-walls for this his-
torical universe) does not explain variation in either domestic attributes,
e.g., information flows, or external events, e.g., aggression against hos-
tile powers. The orientation of the political unit's national security
posture (relative emphasis on defense or offense) seems to be a more
promising avenue for clarifying variations of these kinds. This tentative
result does not demonstrate that currently proposed active/passive defense
hardware would not observably affect our domestic climate and international
success. However, it does suggest that evaluaticns of these weapons system
effects which abstract them from possible policy environments artifically
magnify their consequences for our daﬁestic and international affairs.

6.3.2.3 Inter-nation simulations suggest that: (a) gradual
increments in defensive systems do not increase the
incidence of war; (b) rapid increments are correlated
with increased number of wars in 50% of the cases and
not correlated in 50%; and (c) the level of active/
passive defense is positively correlated with esca~
lation of wars that do occur.

These conclusions are particularly germane to postures III and IV. The
variance in result (b) could not be explained. 8ince it relates to an
important question, it would be fruitful to rursue the problem. Con-
clusions (a) and (c) imply: since gradual defense increments do not in
themselves increase the probabilities of war, any adopticn and deployment
programs should be staged over considerable time periods; and rapid
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'%ﬁﬁ?’_ﬂﬂﬁi in continental protection should be associated with controls
‘% demp escalation.

6.3.3 Current Actors

f6.3.3;1 Soviet leaders are unwilling to bargain for or par-
ticipate in a cutback or freeze on active/passive
homeland defense. They do not seem to regard passive
defense or a few-city deployment of active defense as
threaatening, and they perceive U. S. continental defense.
increments as significantly less threatening than in-

crements in dffenatve systems.

The first sentence is germane to postures I and II; the second sentence,
to postures III and IV. The implications of these conclusions for these
postures are (a) postures I and 1I will probably not be reciprocated
by the Soviets; (b) posture III probably will not affect Soviet military
policy significantliy; and (c) the Soviets may view even posture IV posi-
tively if the funds for it are diverted fram offensive systems. These
implicatlions assume that any of the continental protection postures are
not announced or deployed in a tense international period.

" o SR A y ‘2 % o ikt 4 R 55,
N f ) ’ ‘ . ’ ' . .

6.3.3.2 Chinese Communist leaders perceive U. S. continental
protection alternatives as essentially irrelevant to
their strategy of "people's wars of liberation" and
to the uses to which they plan to put their nuclear
capability in the next decade.

Thus, American officials should not evaluate continental defense postures
in terms of altering "the challenge" which Communist China will pose or of
intersecting military actions which the Chinese will tend to take. Active/
passive defense of our territory cannot effectively counter the Chinese
support of sub-limited and mobile warfare by proxies and the use of CPR

nuclear weapons for regional leverage.
6.3.3.3 French elite attitudes indicate that American defensive

increments would not basically affect French support for
"an Atlantic alliance or commitments to nuclear autonomy.
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This conclusion suggests that the relationship of Americen continentsal
vulnerability to the "credibility" of the American nuclear umbrelle is
a paper issue, that our continental defense posture will not directly
affect our relations with France, and that the costs and gains of alter-
native postures should thus be determined exciusive of France.

6.3.4 Future Research

6.3.4.1 Research priorities. The following list of priorities
does not specify the more promising m2thodologies:

(a) more refined analyses of Soviet and Chinese re-
sponses .1n situations of different international
tension levels and sets of actors;

{b) analyses of the responses of major friendly European
(particularly British and German) and Asian (particu-
Jarly Indian and Japanese) governments to:

(1) unilateral increments in U.8. continental
defense;

(11) military assistance in the form of defensive
systems;

(¢) developing replicable quantitative procedures to
monitor changes in foreign elite perceptions of
U. 8. continental protection decisions between the
time of announcing the decision and operational
deployment;
exploring the intersections between the probable
damage-limiting effects of different lctive/pnnive
defense postures and the utility of conflict curves B
employed by American officials; and , '
analyses which clarify tae relationships betwesn
American public criticism of alternative continental
 protection postures and the sources lnd costs of
these alternatives.

6.3.4.2 Example of 1deu for future proaectn, ouwstcd by mnu&-
ual authors. The following bricf example 1is an Mu fou- ‘
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researching the last (e) research priority. The study

would be concerned with selected groups of influentials

and opinion leaders to determine:

(a) the extent to which they respond to source rsther
than content of cosmunications about continental
defense;

(b) how and the extent to which differences in attitudes
tovard and information about personal, national, and
international affairs affect their responsges to these
communications; and

(c) their tendencies to respond to communications with a
variety of gublic behaviors.

Such a study should begin to clarify: the extent to which the nongovern-
mental response is a function of the identity of authorities who support
and oppose the policies; the nature and influence of other attitudes and
information which affect reactions to policies; and the probable pattern
of nongovernmental actions, which obviously affect the credibility of the
policy to foreign governments and its costs and gains for American officiels.

6.4 FORTHCOMING PAPERS

The following papers will become available in the next few montha.
The first paper states the policy implications of the others.

1. D. B. Bobrow - Consequences of Alternative Active/Passive
Defense Postures: First-Order Conclusions

, General Rules . _
2. P. Ratoosh - Defome-beéinion;lhkig: Cost-Bffectiveness
3. R. North - A Partial Theory and Hypotheses Concerning Active

and Passive Defense Systems md the Types of Response They
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Analagous Universes

4. G. Quester - Historical Analogies to the Problem of Active
and Passive Defense

5. R. Naroll - A Possible Cross-Historical Survey of Active and
Passive Defense

6. J. Raser - Studying Effects of Continental Defense Through

Simiation

Major Current Actors
7. E. Hartley - Prediction of American Public Response to a Damage-
Limiting Program

8. M. Gorden - A Cost/Benefit Analysis of French Blite Attitudinal
Response To American Active and Passive Defense Systems

9. D. Bobrow - Chinese Communist Response to Alternative U. 8.
Active and Passive Defense Postures

J. Thomas - Soviet Perspectives on Active and Passive Defense
11. R. White - The Genu_inenm of Soviet Elite Fear of American

Meaaion
12. B. Wedge - Estimation of Soviet Response to Alternative U. 8.

- R Defense Postures




6.5 APPENDIX

6.5 +1 Rypothetical Alternative Active
m hniﬂ Defense Postures

m M postures are in order of increasing technological
cqnbmﬁ and dollar colt.}

€6.5.1.1 m Reduction Toward Complete Vulnerability

The U. 8. government undertakes to freese its active and passive
defense dut to continue resesrch on such systems. We offer to participate
in a staged reduction cf existing active defense (the SAGR system, airplane
interceptors, radar warning networks and antisubmarine patrols) and passive
dafense (remove shelter signs, stockpiles, warning sirens, etc.). The
freeze is unilateral; the reduction, multilateral. Inapection is a con-
dition for reduction. This posture tends to decrease expenditures on
active and passive defense.

6.5.1.2 Status quo
Without fonjl announcement, the U.8. government in effect stands

‘pat and maintains the present system of def : e against bomber and sub-
marine delivered attack with no significant .atimissile capability. Pas-

~ sive defense continues along presert lines vhich means, in effect, fallout

shelters concchtéatgd at the center of major cities (countervalue targets).
Rural areas bave few shelters as do areas near counterforce targets which
are also countervalue targets. The population does not ergage in passive
defense 4drills nor do the obelterl contain more than sustere two-week
supply kits. h:pemnturn are on tht order of $2 billion per year.

6512 mmggtw'um'umn

_ m active and pusin defense are upnndod with the bulk of increased
- expenditure going into an ares ‘defense system of antimissile missiles. The

nissiles would prinrny be of & huh-alutmh character. The ran.out

sheiter mm would be expanded to conform to national popuhum distri-

butions, largely ﬂn'ouh nMitiou of small :bcltcﬂ with low radiation

,protocuannctoutn suburbs and rural arees. The population ‘oes not
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engage in passive defense drills nor do the ghelters contain more than
austere two-week supply kits. Expenditures would be on the order of
$25 biilion over a five-year period.

R R R e g et e

6.5.1.3 Build Up for Maximum Protection

Extensive and expensive changes are scheduled in both active and
passive defenge hardware. In the former, existing air defense is up-
graded through improvements in command and control; area defense anti-
missile missiles are accompanied by Nike-X protection for fifty of our
most important cities {i.e., high-.altitude and low-altitude missiles),
antisubmarine detection systems are strengthened and accompanied by a
continuous air surveillance of nearby waters and a capability to deal
with low trajectory submarine-launched missiles. The full-fallout-shelter
program mentioned in the previous posture is accompanied by a connected
system of blast shelters in fifty of our most important cities. The
population becomes familiar with these blast shelters through peacetime
ugse and occasional drills. The shelters are stocked for 30-day occupency

QRENPTS R OWEE T T RS AR

and with some supplies fur immediate recovery activities. Expenditures
would be on the order of $50 billion over a five-year period.
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7. DYNAMICS OF AMERICAN NATIONAL SECURITY A!l'I'I‘l‘UI)ES‘lL

Davis B. Botrow

“m, St A i a1 .
' .

7.1 INTRODUCTION

% This project inv:stigates the dynamics of American national security
attitudes by means of secondary analysis of over one hundred national svr-
veys conducted since the use of atomic weapons against Japan. This regort
deals with the reasons for the project and the tasks completed in transform-
ing the old surveys into a working data base. The analysis we nlan for the
future will implement and test the reescning presented in the problem his-

L. g
tory section of this report.
7.2 PROBLEM HISTORY

The fruitfulness of this project depends on the assumptions that:
(1) American national security attitudes are relevant to U.S. defense
policy; (2) certain types of analyses of U.S. national security attitudes
are particularly powerful for evaluating, selecting, and implementing de-
fense policies; and (3) previous public opinion surveys are appropriate
data sources for these analyses. Buch assumption is discussed in more
detall in the fcliiowing sections.

American national security attitudes are relevant to U.S. defense

¢ DR c e ot
st . BN

public, not to those of grvernment officials or influentials outside the
nationsi government. we assume that general public attitudes are germane
to defense policy in those situations when:

*For a more extensive discussion of ‘he points mede in this report and
a bidbliography of especially relevant technical literature, see my
“International Interactions, Surveys and Computers,” pr sented at the

- Computers and the Policy-Making Commnity Institute, Lavrence Radiaticn
laboratory, Livermore, April 4-15, 1966. ’

“*rme work beported here vas done by +3e following in addition to *he

_author: Douglas Bvy, Allen and Pamela Wilcox, apd Eric Nordheim during
the summer or 1965; Sue Berryman Bobrow and Patricia Defenderfer during
the whole period covered by this report.

. policy. In this project "American” attitudes refer to those of the general _
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%i,

'.Ehe éeﬁn« pclicy under discussion cannot be implemented

c without public ‘cooperation; :

U 2, Piblic-attitudes significantly affect the domestic political
E eoatl and rauurda of alternative defense policles and defense
g wmun_cgment policies;

3.  Public attitudes significantly affect international costs
;ihd'revards of alternaiive defense policies and defense
lnnaunéenent policies, in cases when foreign governments
evaluate U.S. intentions and capabilities partly on the
bagls of U.8 pudblic responses to U.S. defense policy; and

k., Public attitudes are used as indicators of how and the ex-
tent to which physicnl measures to preserve the nation affect
tke quality of the society which they are designed to defend.
Certain types of analyses of attitudes are particularily poweriul for

evaluati gelecti and implementing defense policies. Even if we
EValuaLing, ng, mple g ¢ ,

ascume that public rational security attitudes are relevant to defense
policy in the above gituations, we still have to make another set of
s8sumptions (decisions) about what we need to kncw about these attitudes
to realize their explanatory power.

The first assumption is that interviewees respond to specific national
security questiuns partly in terms of primitive (in the sense of fundamental)
beliefs and feelings about the world and the actors in it. This assumption
derives from two logically previous assumptions:

1. The concept of natic.ul security invelves possibilities of de-

privation and loss of control, and thinking sbout it thus tends
to produce more emotion in the individual than some other types
of national policy; and

2. Mkntional security involves actioas which are quite unrelated to

the persopal exverience, substantive knowledge, and daily con-

cerns of muny meahers of the public.
Thede two usswmptions seem particularly tenable for the posgt-World wWar II
decades, characterized as they are by lmmensely destructive possibilities,
complex and rapidly changing military techuologies, and world-wide American
- secwrity involvements. They imply that specific questionas, which seek speci-
fic opinions ard are useful ror researching voting and some forms of consumer
behaviors, may not necsssarily elicit for national security issues what

A R Ry

.
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casual inspection of the responses would indicate they are eliciting.

When an interviewee responds to questions about issuas which tend to be
relatively emotion-arousing, sbout whkich he has little information, and
to which he does not pay prolonged attention, it seemz reasonsble to sug-
gest that his responses are less in terms of the specific question and
more in terms of his primitive beliefs and feelings about the world, e.g.,
feelings of personal security/insecurity; efficacy/lack of efficacy. Lo-
cating the germane basic belief-emotion structures requires a generic kind
of analysis, known as latent structure analysis, for which tools such as
factor analysis are appropriate.

The second assumption is that interviewees respond to specific national
security questions partly in terms of opinions about other specific ques-
tions not obviously germane to national security questions. For example,

a 68-year-old, male respondent is asked whether he thinks his city should be
ringed with anti-ballistic missiles. He responds "No, I sure don't." He
may respond thus not because he feels that all individuals are without ef-
ficacy (i.e., can do nothing to control their fate--a primitive belief), or
because he feels that missiles are technically not worth the cost (a situ-
ation-specific belief), but because he thinks that ¢aough money is going
into defense and more should go into Medicare {a belief about a specific
question not automatically included in the national security domain). In
this case, then, the specific national security question elicited & re-
sponse, not in terms of primitive beliefs or knowledge about the specific
situation involved in the question, but in terms of opinions about how the
federal government should spend its money. To determine the meaning of re-
sponses of this type requires analysis of clusters , or syndromes, of speci-
fic opinions in which national security cpinions might be imbedded, i.e.,
with which they correlate highly. Techniques appropriate to this kind of
analysis are correlational ir rature.

The third assumption is that many of the important relationships of
public national security attitudes to the evaluation, selection, and im-
plementation of defense policies involve questions about the stability
end change of attitudes, i.e., questions about if and how different national
security policies make a difference in public attitudes. Queations of this
nature require two types of anaiyses: trend analysis of pudblic attitudes
at different pointa in time and sensitivity smalysis of public attitudes in
different contexts of international and domestic events.
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The fourth assumption is that all groups of the American public, and
thus their attitudes, are not equally reclevant to all national security
problems and policies. For example, the success of a specific national
security policy may depend partly on the contribution of certain skill i
or sex/age groups in the population. Thus, it is the attitudes of €heée,
and not other, groups which are germane to the policy. We need an ex-
tremely large and varied pool of respondents if we are to isolate groups
of respondents according to a variety of criteria without losing statistical
significance.

Previous public opinion surveys are appropriate data sources for ‘these

analyses. Essentlally, this assumption involves assumptions about the
fruitfulness of survey data and of data from large numbers of old surveys

conducted over a significant period of time.
Fruitfulness of survey data:
1. If we are interested in the national security attitudes of

the general American public, national cross-section surveys
(1.e., surveys whose sampling enables their results to be
extrapolated to the American population as a whole) represent
the least interpreted and statistically least distorted source
of public attitudes.

2. National cross-section surveys ask questions about a large
variety of topics presumed relevant to the American public
and thus have data appropriate for elucidating the primitive
belief and opinion syndrome response sets.

Data fruitfulness of large numbers of old surveys, conducted over
time and comparable in sampling frame and types of questions:
1. Although distorting artifacts of the survey method cannot
be completely controlled in any single survey, these arti-
facts are reasonably constant across a series of surveys.
Differences revealed by analyses of the series are thus
probably less a function of survey artifacts than of'génuine

difference;

2. More complex and varied latent structure and syndrome frameworks
can be constructed Lecause of the greater range of questions
and larger respondent pool provided by a series of surveys;
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3. Analysis of attitude trends and of the sensitivity of aiti-
tudes to different contiguous domestic ana foreign events
can be conducted on a series of surveys;

k. A large range of statistically significant groups can be
located in the large respondent pcol of a survey series;

9. Predictions and models derived from po.rt“ of the survey
series can be tested on other parts; and

6. Re-analysis of a series of old surveys costs considerably
less than a new national cross-section survey.

Obviously, a more sophisticated description of American national
security attitude dynamics does not in itself provide more help to pro-
ponents than to opponents of a specific policy, to public officials than
to private citizens. It is also obvious that analyses of old surveys are
not sufficient to construct and validate predictive models of U.8. national
security attitudes. However, we suggest that these analyses will represent
significant progress in constructing such models and w’.l locate those
questions which have to be angwered by other means, including those of new
. 2 survey using innovative techniques.

| f 7.3 PROBLEM PROGRESS

§ During the period covered by this report, we assembled the survey
material (questionnaires, code books, and response data) and designed and
| implemented & system to manage it. During the Spring of 1965, we contacted
1 the following survey data repositories: the Research Office of Sociology
of the University of Pittsburgh, the Roper Public Opinion Research Center,
and the Survey Research Center of the University of Michigsn. The surveys
which we obtained are listed in chronological order in Aypondix A.

We designed the data management system accurding to the following
criteria:

1. Accuracy (unedited representation of survey content);

B o

2. Routiniged input and output (standard, econonical,nud up:ld
setup of survey data for the mtu),



3. ‘Manipulation (input and output formats which the analyst
_can use easily);

b. Flexidility (multiple use of the data); and

S

e 5. lrncimcy of mearch and retrieval (ready location and
extraction of all and only relevant material).

labelled system RAPID, nur asystem is in the same tradition as work
: mduw at the Inter-University Consortium for Political Research and

N.I.T. We 4o believe that the retention of the complete question text
and response categories and the survey volumes and indexes give RAPID
sdvantages over other aystems on criteria 1, 3, 4, and 5 (above). B8ince
the field of survey data management is changing rapidly, these advantages
may well be temporary.

The application of RAPID involved five tasks which are now complete.
To have some idea of the effort required to complete these tasks, the
reader should realige that these operations were performed on 113 surveys,
which contained over 7,000 question-answer units administered to well over
100,000 respondents.

1. The question package. The question package consists of:

a. Descriptive information about the question (techniques
+ of eliciting the response and dependence of the question
on other questions), and

Literal text of the question and its response category
code.

To produce the packags, we had, first, to prepare the over 7,000 questions
and response codes for typists and keypunchers uid, - second, place the key-
punched material in our data base. In Pig. 7.1, the background is a typical
survey schedule page. The insert indicates how we have integrated and
clarified the material from the schedule and the accampanying code book

as input for keypunching.

2. The data package. The data pachco. consists of:

a. Responses given by mtemm-,
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. Response frequencies for different answers to a partic-
u.‘w.- question, and

e A set of statistical measures of the distribution and
Mﬁm of the retponses.
To péodnco the package, nev nominal statistics were developed and programs
prepared to apply existing statistics for ordinal and interval data. De-
sigued to measure the distridution of response frequencies, the nominal
statistics are applicable to response codes unsuitable for scaling.
Mgure 7.2 prosents an exsmple of such a question and the nominal statistics
package beneath the data tadble. PFigure 7.3 presents an ordinal question, and
the crdinal statistics package appears below the data table. Because most
of the surveys were not prepared for computer manipulation, the pattern
in which the data were punched posed a large variety of difficult problems.
Instead of the one-punch.per.card column of modern data processing mores,
we confronted instances where several answers to a question were punched
in a perticular column, wvhere a column was divided between two questions,
wvhere a quastion occupied more than one but less than two columms. These
all imposed significant programming problems which had to be overcome.

3. The support package. The support package consisis of the
following information for each question-data universe:

a. Date of the survey,
S. Name of survey organi.ntion,
. Survey identification nvwber,
d. B8cope of the sample, (e.g., -ilttion_nl) ‘
e l\-hcrof the question, and |
£. Card -dx_d column mn'on of data for the qg;eman.
Préee&n'u, were Mclo’od Indtppliad for machine preparation of most of

b Integrauving guestion, date and s . The purpose

 of this aﬁmwmpthcqmntion, data and support
_packager for & particulsr question-answer unit. Obvicusly,
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a number of control and checking devices had to be developed
ard applied to insure that the correct three packages were
merged.

Marter output. The master output consists of:

a. Burvey data books which present the merged material
for each question-answer unit in the lurvey. Pigures 7.2
wd7.3illustrate éata book pages. With these data-books,
the researcher can immediately plot the co-occurrence of
response frequencies within a survey and trends across
gurvey for the total set of respondents.

Key-Word-In-Context indexes of the question and answer
text. Illustrated in Fig. 7.4, the KWIC indexes provide
a flexible and efficient search and retrieval tool.

7.4 EVENT CHRONOLOGY

To enable us to study attitude sensitivity to different domestic and
internatioral contexts, we developed a computer manipulable events clronol-
ogy for the period covered by the survey data (1945-1964). The chronology

containz all the events listed in the World Almansc volume for that year
abstracted and placed in one of the foilowing categories:

a. Technology - U.8.

b. Technology - foreign.

¢. Military - U.B.

d. Military - foreign.

e. Treaties, pacts, bana, foreign ald - U.8. involved.

f. Treaties, pacts, bans, foreign aid - U.8. not involved.
g Visits - U.B. to foreign. R
b. Visits - foreign to U.8.

1. Visits - foreign to foreign.

j. Subversion - everywhere.

k. BScandals - U.8.

1. Race - U.8.

m. labor and economic - U.S.
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n. Electione - U.S.
o. Elections - foreigr.

p. Malor speeches, congressional hearings and debates,
announcerzents of policy, bills, executive orders, etc.
- Uu 8-

q.- Major speeches, policy announcements, etc. - foreign.
r. Verbal and political exchanges - between U.8. and foreign.

s. Verbal and political exchanges - between foreign and
foreign.

t. Violence, wars, coups, incidents - South American
u. Violence, wars, coups, incidents - elsewhere.

v. Meetings - United Nations, big 2 (3,4), disarmament,
and test ban.

w. Meetings - NATO, CAS, SEATO, aud other "alliance.”
x. Meetings - Soviet bloc.

y. Meetings - other where U.8. not involved.

z. Other - everywhere.

To check on the inclusion of major events, the categorized chronology vas
' compared with the summary section of the New York Times "Year iz Review.”
Figure 7.5 presents a page of events chronology computer output.
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7.5 APPENDIX A

7.5.1 Burveys in the Data Base

Key:

NORC ~-« National Opinion Reseurch Center (University of Chicago)
SRC --- Survey Research Center (University of Michigan)
Gallup --- American Institute of Public Opinion

Roper  --- Elmo Roper, Inc.

SURVEY ORGANIZATION

NORC 133
NORC 237
Gallup 367
NCRC 140
ROPER 53
ROPER 2
NCRC 143
Gallup 375
Gallup 378
Gallup 379
NORC 1Lk
NORC 146
NORC 1b49
NORC 150
ROPER 60
NORC 151
NORC 152
ROPER 59

~ NORC 155
NCRC 156
ROPER 5k

- KORC 0%9
NCRC 158
NORC 160
ROPER 67

MONTH

Avgust
September
March
March
April
May

June
July
September
September

September

November
April
April
May

June
October
November
February
March
March
May
June
July
July




Gallup 470
| NORC 298
Gallup 471
Gallup 472
NORC 300
'NORC 302
NORC 307
NORC 303
Galiup 477
SRC 102

NORC 295

AR

October
Octover

January

. Jehuary

March
April
June
September
October
Jenuary
March
Juie
July
August
September
October
October
November
November
November
December
December
January
January
February
March
March
April
May
June
July
August

1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1951

1951 -

1951
1951
1951
1951
1951
1951
1951
1951




SURVEY CRGANIZATION

Gallup 480
NORC 31k
NORC 315
NORC 317
NORC 320
SRC 136
NORC 323
NORC 325
NORC 327
NORC 332
NORC 333
Gallup 514
NORC 339
NORC 3Ll
Gallup 517
Gallup 519
NORC 347
NORC 348
Gallup 521
NORC 349
SRC 408
Gallup 529
NORC 355
Gallup 531
NORC 363
NORC 365
NORC 366
Gallup Shb
NORC 370
NORC 372
Gallup 552
NORC 374
NORC 376

01

MONTH

September
November
December
February
March
March
April
May

June
October
November
April
April
June
August
August
August
September
October
November
March
April
April
May
September
November
January
March
March

June
August




e

woac 378
BC 379
BORC 386
BRC %18
Gallup 566
Gallup 622
Gellup 576
Gallup 582
NORC LO4
Gallup 532
Gallup 598
Gallup 612
Gallup 617
Gallup 639
Gallup 64k
Gallup 647

Gallup 648

Gallup 649
Gal up 650
Gallup 651
SRC Lk
Gallup 652
Gallup 662
Gallup 666
NORC 110
NORC 330
NORC 640

March
August
December
May
June
July
August
September
October
October
November
August
December
June
December
June
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8. DETERMINANTS OF INFLUENTIALS' RESPONSES TO
*
COMMUNICATIONS ABOUT A NEGATIVE CONTINGENCY

Sue Berryman Bobrow

8.1 PROBLEM HISTORY

The project originated in obscrvations of discrepancies between a
certain kind of negative contingency and the nature of action in relation
to it. We are using the idea of discrepancy as it is used in psychology:
for those cases where an objective observer looks at behaviors and cannot
see how they make "sense,” in terms of any cultural criteria of intelligi-
bility.

The discrepancy of concern to us is that between the negative con-
tingency of deterrence failure and our continental protection (active
and passive defense) a.ctions.** This particular discrepancy implies the
following question: if certain individuals in a society anticipate that
a bad thing might happen (i.e., deterrence failure), why are members of
the society not taking coping actions ccmmensurate with the nature of
the bad thing (e.g., arms reduction actions, developing and implementing

*Represents contributions by Drs. Davis Bobrow (political sociology,
Director's Division, Oak Ridge National Laboratory), Keith Davis (social
psychology, Institute of Behavioral Sciences, University of Colorado)
and Lewis Dexter (sociology, Political Science Department, Massachusetts
Institute of Technology) and Sue Berryman Bobrcw (psychological anthro-
pology, Director's Division, Oak Ridge National Laboratory).

**The idea of discrepancy which seems to exist between the possibilities
of deterrence failure and our continental defense actions is appropriate
to other national and regional problems: for example, natural disasters,
air pollution, social disorganization. This is relevant because it has
been assumed in this project that: (1) the specific discrepancy of con-
cern to us cannot be explained only by properties of the individual case;
(2) properties of the class to which the case belongs may provide reasons
for the specific discrepancy which propertiss of the case cannot provide;
~and (3) 1t is thus necessary to look at analogous instances of discrepancy
to locate the class and class properties of which these discrepancies are

examples.




;'rmtvo uﬂ/& pessive defense options)? We assume that all human beings

£ h‘n rmou m types of action and inaction. The problem then becomes

%o deteraine those reasons for action versus inaction and for one type of
© sction/imstion ratber tban ancther. It is not sssumed that the discre-

v MMWMU be corrected. Rven when the reasons for the
discrepancy are satisfyingly axplained, it may be agreed that there are
more good reasons to contimue the discrepancy than to correct it. How-
ever, it is assumed that the reasons for the discrepancy should be under-
stood.

Tor social acience readers the project may be seen as a study of
decision-making in a certain class of situations, i.e., negative con-
tingency situations. Negative contingencies (bad things that might
happen in the future) mey be seen as conceptually related to crises
(bad things that will almost inevitably happen) and to disasters (bad
things that have happened), and thus the study of the first type as
related to studies of the second and third types. This project is par-
ticularly in the tradition of recent studies of decision-making in crises,
such as the Stanford Studies on Conflict and Integration, 1960-1966, and
somg inter-nation simulations such as C. Hermann, 1965.

*ChauMng reasons as either "rational” or "irrational" is not helpful
in any objective analysis of human behavior. From one perspective be-
havior may be irraticnal, but from another it is completely rational.
Given his motives, what he kriows, and what he knows how to do, an in-
dividual always has reason enough to do what he is doing. For example,
an individual may be unable to participate in social practices (means

of coping) which are associated with being guilty, anxious, or ashamed,
either becavse: (1) he is a member of a culture which has never devel-
oped these coping means, or (2) he was never taught these. If he is
exposed to the affect of guilt, anxiety, or shame, if the affect is
powerful, and if he has no means of coping with the affect, a very sen-
sible and reasonable course is tou defend against the affect by using ego
defense mechanisma. All of this says nothing sbout ¢he possibility that,
for the health of the individusl or group, it would be wise for him to
do something other than what he is now doing.
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8.2 PROBLEM STATUS
8.2.1 Introduction

Pieces of heurigtics or analytic system,* not necessarily fruitful,
exist in the social sclence literature for handling questions about the
determinants of influentials' responses to crises (bad things that will
almost inevitably happen) and to disas.ers (bad things that have happened).
None, fruitful or otherwise, exists for handling questions about the de-
terminants of influentials' responses to negative contingencies (bad things
that might happen in the future), although the literature includes inves-
tigations of several single variables probably relevant to the questions.

Thus, this report iz primarily concerned with progress toward an
analytic system or heuristic, in terms of which data may be economically
and fruitfully gathered and analyzed. The need for developing such a
system should be self-evident: the question to which we are addressing
ourselves is not unmanageable, but it is large, and an analytic system
is essentially a means by which to limit search for solutions in large
problem spaces (Levy, 1956; Davis, 1965; Feigenbaum and Feldman, 1963).M
For those familiar with the distinction between a heuristic and algorithm
in computer programming, mathematics, or logic, the costs and gains of a
heuristic approach are known: the important advantage is greatly reduced
search, and thus economy of effort. The possible, not necessary, dis-
advantage is that the begt, and sometimes any or all, solutions may be
overloocked. The means by which the advantages are maximized, disadvan-
tages minimized, are frequently intuitive in nature and the least expli-
cit steps in the whole investigation process.

The events admissible for study in this project are restricted to
that class called "negative contingencies,” although the one of over-
whelming concern to us is nuclear attack on the homeland. An event

*Levy (1956, p. 13) notes that a system of analysis may be defined as

a generalized description of germane phencmena which states the compo-
nent parts of the phenomena and some of the relationships among those
parts considered particularly ::levant ror the treatment to be attempted.
It is thus equivalent to a "model" or "paradigm" but not to a theory.

e
Refer to Bibliography for complete references.
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mm an instance of the negative contingency class when it manifests
o 1. the probability of the event'socmurring is less than one (less

than certainty) but grester than zero.. (This attribute excludes
events not veen as gemuine possidilities--e.g., the Martians'
conquest of the U.8.--or are seen as inevitable-~e.g., the physi-
cal death of the human being.)

if the event occurs, it is anticipated to advance through stages
recognized as instances of crisis and disaster/catastrophe, the
former stage implying imminent, significant deprivetion of valued
experiences; the latter, that the deprivation has occurred. (This
excludes events seen, if they occur, as problems or nuisances,
i.e., as not involving significant deprivation, such as a steve-
dore atrike at East Coast ports.)

if the event occurs, it is possible to anticipate that it will
occur sufficlently in the future to allow influentials to select
responses that takxe time, e.g., the development and execution of

- complicated plans. (This cxcludes events which, it they occur,

are anticipated to occur shortly, thus makirg long-term responses
inappropriate. )

if coping action is taken with i1sgaxd to the event, it is seen
to require collective or group, as weli as personal, action.

If an event falls in the negative contingency ~lams isolated above,
three initiacl conceptual tasks have to be managed befor: we can begin to
talk about the nmature of responses to the event and reasona for them.
These tasks involve eladorating the nature of the: (1) independent vari-
sble, i.e., hov the contingency is communicated to the decision-waker;
(2) intervening varisbles, i.e., why ha responds the way he does; and
(3) dependent varisdble or outcome, i.e., vhat response(s) he makes.

The status of these tasks is descrided dbelow in order of independent,
dependent, and intervening variables.
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8.2.2 Independent Variable

Wher an influential (message receiver) is exposed to a communication
about a negative contingency, whether a verbal statement or newspaper head-
line, he is in fact exposed not to a eingle stimulus, but to several types
of stimuli. The purpose of the following stimulus typ..ogy is simply to
specify types of stimuli which can be present in such a communication and
thus to specify the initial set cf stimuli to which an influential can be
responding at time zero (T ) At least two empirical questions have to be
answered when this typology 1s used in collecting data: (1) what stimuli,
out of the set listed below, are actually present in the particular comsuni-
cation to the particular individual or group; and (2) can the individual's
or group's response or responses be explained as recpéuea to some or all
of the below stimulus types, or are they better explained as responses to
stimuli cued by tvhe stimulus types present at To, e.g., to emotions such
as anxiety or to objects assocliated with one or more of the initial in-

it R VAR R A . e, e

puts?
An analysis of a sample of assertions (cc-micatiom) about a nega-
tive contingency (e.g., "Said Hortemse to Cellini: 'Y'know, those Mongols

may declare war on Brooklyn--would you look at all those missiles they've
got--and that'll be the end of your corner dalicatessen unless you cover
it up with & geodesic dome.'") suggests that assertions about & negative
contingency can be categorized in terms of the folloving types of stimuldl:
1. Threat verbalizer (Hortense). This is an optional stimulus com-
~ pousnt since the threat. verbalizer is in some cases thc same as
the threat agent.
Threat agent (Mongols).
Threatening event (declare var on Brooklyn).
Threat indicator (missiles).
Deprivation (loss of corner delicatessen).
Suggested solution (cover with geodesic dome).
This typology should make explicit what should be, but frequently.
18 not, the cbvious point that even & simple statemernt about a bad thing
that might happen in the future involves stimuli other than the bad thing
itaelf (declare war on orooklyn). Isplicitly we accept this, as, for ax-
ample, in children's Mry' tales where the messenger who brings bed news
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) to ﬂn un; loses his head fo: him act. .An historical example is Stalin's
W of amalogous messcug?is ismedlaiely hefove the German invasion

ot Nlth-) Even childrer walorsiand that the mecsenger loat his head not

‘ -_mmmmmm but because he verbalized it. Why the king
o chose tﬂ, mm,& to the threat verbslizer instead of to the threat
i1tself is sa interesting question and of interest to us, but %o bring in-
RMM*M‘; it is essentiai to include the threat ver-
balizer in the set of stimuli to which the king could be responding.

8.2.3 Dependent Variable

The following typology of "responses" represen-: - 'ii.éft'nf the i~
portant different kinds of responses which influeptials can be dbserved
to select when they are presemted with some communication aboue & negativa
contingency. This list, then, represents the iyies of behaviors we are
trying to explain. Why do some influentials eassntially ignore the exis-
tence of the negativa contingency?! Why do otbhurs spend littie enexgy in
actually trying to cope with the continaency. put o great deal in getting
others to agres with them that it can be ham}.ad? ¥Why do still cthers
take actions which are presumed to r riribute to coping with the contin-
gency, but in fact are mlogtmn to h:s;liz\.g out 3 sinking ship «ith a
Dixie cup? Obviously, wembers of & gmap or ah individual at different
polnu in time can manifect more than one type of reaponse. I.r*ividuala
or groups whichi select the mmme recponse mey also be selanting it for
very different reasons.

The reader must remewber Lhat none of the rollowmg rexpenaes is
either necesgarily sensible or foolish. Assessing the response in these
terms requires determining the tircumstances under vhich the response was
chosen. Initially, we thought of tus problem ea vhy influentials plan or
- don't plan for a negative contingemey. Aside from the fact that the di- -
chotomous plan-don't plan blurred izgportant differences in responge, the
original orientation of the problem was bissed in favor of "planning.”
Planning, vhich for us is closest to response 12 beluvy, is not neces-
sarily the optimal response to a negati.-e contingency, evex though rels-
t.ive to other cultures Americmns place a high value cn ideas cuch as
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"plans" and "planning."
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For example, not enough may be known about the

properties of the contingency to meke sensible plans, or the projperties

may be known, but the group may not posssss the abiiities to frams sen-

sible plans.

As previously indicated, the fol'owing responge typology iists wh ™

seem to be the important different ¥inds of responses, not all thorc log-
ically possible. It can obviously be restructured at different levcls of
gensralization: for example, the 12 outcome types can be dividca inte

an action class and non-action class, if action is defined as allocation

of regources.

Response Typology

1.

2.

SN

8.

& (A = actor = individual or group) is not aware (f S

(S = Stimulus, n = type of S for physical reasons.

A is not aware of § . for perceptual reasons. ,

A is aware of § o but acts as though he is not (does
not admit S J.

&. depisl [cognitive and af.ective ignoring).

b. isolation of affect cnd belief (effective ignoring).
A 1s sware of amd admits §, sffectively and cognitively,

wul censiders himszif adequstely "programmed” (March and
‘Eiron, 1958) to handle S,*
- A is aware of and adeits S, but has little or no feeling

ef his or 2's {0 = other=pargon, group, thing, or ides
without specific cbject referent) efficacy ir relatiom to it.
A is aware of and sdimits Sn andd has little or no feeling of
hig efficacy or appropriateness with regard to Sn, but be-
ileves that perhaps O does/should have efficacy.

A is aware of and admits Sn and hasg littlie or no feeling of
his efficacy or appropriateness with regard tc Sn, but te-
lieves that perhaps O does/should bave e{ficacy, amd seeks

| discriainant or indiscriminant vaiidation for his belisf.

A is avare of and sdmits S, Lut decides that in relstion to
other S's, Sn does not require resource allocations at the
tims {“priority" concept--2  may be negative, but not that
negative, and/or Sn #ay be possible, but not that possible).
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9. A is aware of and admits Sa and allccates minimal resources to
&y in order to maintein response flexibility (comcept of "maddling
through,” e.g., Lindblom, 1959, a response frequertly resorted to
vhen individuals feel that the situation is not sufficiently clear
and certain on any of several dimensions to warrant responses that
sesx to involve more commitaent).

10. A is aware of and admits sn, allocates resources to cope with Sn’
but the resourcez allocated are manifestly disparate with the Sn
as A publicly defines it, and A acts as though he is unaware of

the discrepaucy.

11. A ic aware of and admits Sn and allocates sdequate resourres to
remove (eliminate, demolish) it. A& does this without regard for
the effect of this act fcr other goals, as he would define these
if he were in another staie (usually unemotional).

12. A is aware of and admits Sn and allocates rescurces to reduce
Sn system.tically, witk regard for the conseguences cf this
response for other goals.

Figure 8.1, below, is a type of flow-chart which diagrams outcomes
in terms of péychological requisites, i.e., it locates those branches
which have to be taken for subsequent outcomes to te posasible. For
example, if a person wants ancther individual to come out at any of the
responses 4-12, rather than 1, he has to ascertain not only that the
other person is physically aware of the stimuilus but also that he is
perceptually and emotionally aware of it. The figure also begins to
clarify what kinds of concepts are relevant for understanding the rea-
song for one rather than another outcome. Por example, to understand
individuais who chose response 4 {routine already exists for handling
problem), the figure tells us we would not need to use concepts germane

to differentiating types of reacurces asllocation responses.

3.2.4 TIntervening Variables

! The task here hes been to mostulate those intervening variables
which most setisfyingly explain why influentials respend tuv one rather
than another stimulus ani choose one rather than another response to
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8.1 Logical Structure of Response Typology
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‘the contingency of muclear attack (see Bibliography for the literature
search involved in this task). Some variables are anticipated to be
apacific to the miclear attack case, such as the valu2 an individual
pleces on com'tgc ard the acts which he thinks manifest courage or
cwiﬂiee. Other variables are anticipated. to relate tc the class of
negative contingencies, as defined esrlier in this report, es well as
¢o the perticular case. An example here is how comfortable an indi-
vidual is with fairly unstructured, uncertain situations, such as
events that night happen gometime in the future seem to be. This
second set of variables is emerging as very impcrtant for explaining
the discrepancy in the gpecific case simply because some of the reasorns
individusls seem to chooseone response rather than another have ncthing
to do with nuclear war on the homeland but a zreat deal to do with those
properties of the case which are common to the class of negative con-
tingencies. "

The conceptual problems involved in the intervening variables are
enormous relative to those of the independent and dependent variables.
Thus, most of our effort has gone into the intervening variables and
our progress here has been slowest. The following list represents
examples of verlables which we think identify powerful explanatory
phenomena. Although we are still in the process of defining the logic
of these variables, their referents stated below identify them roughly.
Most of theae variables derive from the psycholcgical literature, which
simply means that 3o fer we have gpent more time on that rather than
the social science literature.

1. future time perspective: nature of orientation toward the
future, as measured by the loccation of individuals on the
following dimensions:

a. extension: the length of future time apan conceptualized.

b. coherence: the degree of organization of events in that
future time span {concept of synthesis ability). Statis-
tically, this variasble is highly related to a dimension
labelled "inclination to explore and organize future
possibilities when the immediate situation is minimally
structured" (Kastenbaum, 1961).
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¢. density: number of distinct events and experiences which
the individual or group populates the future.

d. directionality: temporal realm (past, present, future) in
vhich the individusl or group is most confcrtiable.

e. movement: degree of sense of moving forward in time.

2. desire to achieve success: a motive lmputed to an individual
who is observed on a series of occasions to possess a capacity
for taking pride in accomplishment when a performance is success-
ful.

Z. desire to avold failure: a motive imputed to an individual who
is observed on a series of occasions to have a capacity for re-
acting with shame and embarrassment when s performance fails.

4. intolerance for ambiguity: a trait imputed to an individual who
is observed on a series of occasions to desire visual or con-
crete feedback from the enviromment which allows him and others

to evaluate his perTormance.
: 5. inability to delay gratification (inability to control the self):
¥ a trait attributed to an individual on a series of occasions
1 when he is known to desire long-term rewards and is unable to
sustain whatever effor may be needed to attain them. It is
assumed that he would be able to secure the reward if he were
¥ able to control the self.
: ‘:\ ) 6. dispositional self-cornfidence: a trait attributed to an indi-
‘ vidual who is observed in a series of different kindg of situa-

ticus to anticlpate success as & result of his own actions.

T. situational self-confidence: a tralt attributed to an indi-
vidual who 1s observed in a series of the same type of situa-
tion to anticipate success as a result of his own actions.

8. ego-defensiveneas: a trait attributed to an individual who is
observed on & series of occasions to try to maintain an image
of & personally desirable nature.

A brief example, using some of these variables, should give a feel-

ing for, if not an understanding of, now we are working with these and
other variables not listed above. Presume that an influential interprets
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& communication dbout'thg poseibility of nuclear attack as a challenge
%0 cope with a potentially threatening sifuation. One of the considera-

~ tions that may very possibly affect his decision (response) to try to
solve it, to try to get others to solve it, or not to try to solve it,
is: wbat are his or omhcra; chancéi of succeeding or failing to cope
vith it. A success assessment is not unimportdnt, particularly in this
culture where rany of the rewards are distributed on the basis of the
individual's ability to do, to achieve. It is not difficult *o record
comments by influentials such as "I like to work on problems I can solve."
Nor is it difficult to observe the wensitivity of influentials, particu-
larly vulnerable public figures, to failure.

McClelland et al. (1953), Atkinson (1964), and others have devel-
oped separate models of the tendencies of individuals to seek success
and to avold failure. Individuals who register strong tendencies to
approach success on the measures of the model have been observed to
enjoy coping with problems and tend to select those assoclated with
intermediate risk of failure. I.dividuals who reglster strong ten-
dencies to avoid failure on measures of the model have been observed
to dislike coping with problems, to avoid acting, or if they are con-
strained to act, to select problems associated with either very high
or very low rigks of failure. The very low risk situation lhas low
probabilities of failure, while the high risk situation absolves
them of blame if they fail. Several factors seem involved in de-
termining an individual's tendency to seek success or to avoid failure.
These and their relationships can be stated in crude, but initially
useful, function statements for the tendency to seek success:

T‘ @ Ma b4 Ps x Is

where '1‘8 = tendency to try to succeed.
M.s = dispositional motive to try to succeed
(same variasble as our desire to achieve
success. OQur variable of dispositional
self-confidence is conceptually related
to, but not the same as, the desire to
achieve. Dispositional self confidence
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seems to involve generalized beliefs that I

can do. The desire to achieve seems to in-

volve generalized beliefs that I want to do.)

probability of success, or anticipation that

engaging in this activity will resuit in suc-

cess (same variable as our situational self-

confidence).

incentive of success, or attractiveness of

success at this activity. It is assumed in

the model that Is =1 - Ps' Thus this vari-

able does not involve external incentives to

perform the action, such as McNamara asking

the Secretary of the Army to do scmething.

The model assumes that external incertive

is held constant, although this would have

to be measured in real-life predictions.
Atkinson (1964, p. 242) assumes two different values for the motive
to achieve and demonstrates how these differences affect an individ-
ual's tendency to seek success in five tasks with different probabil-
ities of success.

Table 8.1
Tendency to achieve success (T ) as & joint function

of Motive to achieve (Ms), Expectancy of success (Ps)’

and Incentive value of success (IS) for indivicGuals
in whom M_ = 8. It is assumed that Is =1-P,.

(Ts =M xP_ x Is)
When M, = 1 When M = 8
.09 .72
.21 1.68
' 25 2.00
.21 1.68
.09 .72




- higher dispositional motive to achieve will tend to approach tasks in

116

H i 31

fie . Mt

The obvious implication of the table is that the individual with the

A

order to achieve success and will tend to select that task of intermedi-
ate risk. If all other varisbles are held constant (e.g., external grants
of prestige), and if it is assumed that the problem of civil defense tends
to be perceived generally as an exceedingly difficult one (i.e., one with
relatively low probability of success), the implication is: those individ-
uals vho are most disposed to &ct; to work on problems with the intentica
of succeeding with them, will not tend to spend their personsl and group
resources on & problem such as ciril defense.

The model of thes tendency to avoid fallure is similar, the major
implications being that the tendency to avoid fallure, i.e., not to per-
form the task, 1s greateat when the dispos.tional motive to avoid failire
is high and the risks are intermediate. Since it is usually assumed that
individuels are motivated both to approach succe 8 and to avoid failure,
both tendencies have to be calculated and added to determine (within the
assumptions of the models) an individual's tendency to approach success
or avoid fallure in a particular situation.

T
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8.2.5 Data Collection Strategy
Although data collected in terma of our analytic system will be
collegted primarily in the field, not in the laboratory, we have not yet
selected or designed specific interview schedules, innovat_ve "games"

and scales.

Those readers with training in the behav16r31 sciences may be
interested in our philosophical assumptions about what constitutes
adequate knowledge. Ossorio and Davis (1967) specify these assumptions
for social psychology, and these are basically the same as those used by
anthropologists known as the "new" ethnographers, such as Goodenough,
Frake, D'Andrade, Conklin, Hymes. This strategy assumes that com-
plete description of individual and group behaviors involves unswering
two basic questions:

1. what act wag that, or what did he (they) do?

2. what place does that action have in that individual's

life or that growp's history?
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In answering the first question it is assumed that the behavior,
individual or collective, is intentional and thet descriptions of action
can be carried out in terms of structural concepts involved in the con-
cept of intentionality. These structural concepts are: want, know of,
know how, and overt attempt. When an action (behavior) is analyzed in
terms of each of these structural concepts, i.e., when content is fure
nished for each concept, then we have a complete description of what act

that was, i.e., we have answered the first question. In other words, we
know what motivated the individual (group) to attempt the action, we know
what the individual (group) had to know to act thus, we know what skills
or abilities he {they) had to possess to act thus, and we know what action
he is (they are) doing or seems to be accomplishing (neutral behavior des-

cription).

Answering the second question involves redescriptions of intentional
action which allow us to ask and answer new and different questions. X
and Y may perform exactly the same action, i.e., descriptions of what acts
they performed may be identical. However, the place of that action in the
life of X can be very different than in the life of Y. Let us assume that
both X and Y are observed to hit a child. For X this aggressive act may
be simply one in a series of such acts that lead us to conceive of him as
an aggressive person--we attribute a trait which we call aggressivenesgs to
X. TFor Y this act mey simply have been an unusual outburst--we attribute
a state which we call, for example, tiredness to Y, thus indicating a
lapse in normal performance. As suggested above, answers to the second
question are carried out in terms of structural concepts such as abilities,
states, traits, values, etc.

‘The basic questions which must be asked to explain what we have des-
crived are these:

1. why did he (they) perform that act?

2. how did he (they) get to that particular place in his life

(in their history)?
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9. EMERGENCY PLANNING AND URBAN PROBLEMS

Claire Nader

9.1 SUMMARY

The focus of this discussion is the relation between emergency
planning and urban problems in a particular city. The main point which
emerges is that civil defense, or emergency planning, conatitutes but
one strand in a complex network of urban problems competing for the
attention of government officials and leading citizens. Moreover, it
does not have a high priority in this network.

The specific conditions described draw on the situation in an urban
community actually engaged in emergency planning with the federal govern-
ment. A city of some 400,000 persons was selected and a number of its
officials and influential citizens interviewed. Suffering from the
effects of serious disorganizing forces, this city faces a substantial

loss of its collective and recuperative powers. Thus, the prime concern
of its 1eader§ is to restore some equilibriuvm in the city's geueral
health.

In this context, several realities affecting the establishmert of

an effective civil defense program became apparent: (1) social and
economic disorder makes it difficult to undertake any program not directly

related Lo the fundamental objective of ameliorating situations of urban
streas, strain, or runavay social disorganization; (2) when the main re-
sonsbility for a program is regarded primarily as a federal rather tnan
& local one, local problems take precedence; (3) deficiencies in emer-

- gency plnnhing‘tend to be further aggravated by the absence of & long-
range pational civil defense commitment, particulsrly when the quality
of the existing federsl progran is questioned by responsible officers.

The critical dilemma, however, is provided by destabilizing social
conditions which critically determine the city's order of priorities.
The selection of these priorifieu is affected by what needs the city
recognizes, by the resources at its disposal to meet these needs, and by
what it defines as primary responsibilities, that is, "local” protlems.
Even local prodblems are sometimes more than the city can handle.




Althougl baced largely on interviews in & particular city (hereafter
to be referred to simply as "the City"), the observations to be made are
not unique to it. Recent discussions in another city and examination of
cases where cities have verminated emergency planning arrangements suggest
that other urban areas may well share some of the same problems. This
report will discuss the kinds of urban problems that City officials face,
which ones they give priority to, and what factors guide their choices.

9.2 URBAN PROBLEMS: HOW URGENCY DETERMINES PRIORITY

The kinds of situations which concern the officials in the City are
similar to those in other so-called central cities. Severe economic and
social problems which cause critical deprivaticns and tensions occupy the
forefront. These pose a further threat to urban stability if not ade-
quately met in time. Thus, problems of unemployment resulting from ob-
solescent training, lack of jobs, problems of juvenile delinquency, and
problems accompanying the presence of a large and growing minority group
ere not only important, but urgent. These difficulties are compounded by
the loss of the purchasing power of a middle class, the deterioration of
the downtown shopping area, departing industry and lagging industrial
development, inadequate housing and educational resources and other
facilities. Further problems are those created by urban renewal and re-
habilitation, urban sprawl, and the severe dearth of leadership elements,

- the letter being a key part of the general trained manpower problem.

City offiecials appreciate the dynamic character of these primary

social and econamic problems as well as their interrelationship. They

know that the unfortunate conditions responsible for these problems are

not new; but experience has outlined the dire consequences {0 the City's
survival capacity if the fullest resources of government and other public
organizations are not applied to meeting them. Still generally positive -
in outlook as to what can be accomplished but knowing well the hazards
of lagging efforts, these governmeni officials and other leaders are
focusing serious, sustained, and concentrated attention on the impending
dangers of continued social disturbances and diaéquilibrium. They seek
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cooperative means to reduce the resulting tensions and have both used
existing organizational resources and developed new responses when
necessary. A case in point is a munlcipal department to develop human
resources, a notable hallmark of innovation, emphasizing the importance
of the human as well as the material resource.

Yet, despite such demonstrated resourcefulness the framework of
gevere limlitations within which City officials must act is painfully
evident. The expenditure of time, money, and skills in one hardship
area suhtracts from the total store of energies available to another.

The necessity of choice immediately becomes apparent. Ranking first in
importance among municipal concerns are the primary urban needs mentioned
above and comronly referred to as "people problems." Because of their
number, size, and character, they demand the immediate attention of the
local authorities. The incentive to act here is, of course, rooted in
the City's responsibility to ins're the public safety and health of its
citizens. Since City officials cannot cover every contingency or need,
priority 1s given to a situation that constitutes a clear threat in the
present as opposed to some vague threat in the future. This future
threat is hard put to compete for attention with existing serious problems,
especially in the face of constant reminders of imminent crises such as
the ¥Watts racial riots in Los Angeles and the Rochester disturbances.

Thus, problems which raise basic questions of civilized survival
itself of necessity take precedence over all others, even those of ajir
and wales puiluliui. in 3 -eglor where theot are pressing difficulties.

A lelding citizen, when asked about the City's role in clean air, granted
the seriousness of the hazards of environmental pollution. Indeed, he
said, they are likely to match in impact the major local issues--the
Negro and the whole related complex of concern, the marked shortage of
leaders, and the question (on which there is disagreement) of what con-
stitutes a viable region and how to pull together its various communities
on common probléns. Andkyet, he argued, if these social issues are not
resolved, the ability of the City to serve its people will decline even
more and the disorganizing forces ultimately infect the entire region

as if by chain reaction. Such an adverse contingency, he pointed out,
must have priority even over environmental danger. Although he recognized

.
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the seriousness and immediacy of pollutions problems, in his view the nmore

fundamental concern of the moment was the develupment of the urban economy
ke and its rescurces. An extension of his line of reasoning could include

federally designated potential emergencies in the same class as environ-

5 Ty ST

mental hazards. In short, the problems that catch the nfficial eye are

largely those that threaten to undermine the City itself il overiocked.
Under such ~ircnmgtances, it is not easy for a City administrator to ‘ }

assume direct policy responsibility in a program described by the federal

p————

government unless local needs are embraced by the program. This difficulty : ?
applies to civil defense. But, should civil defense come to rank in im-

portance and urgency with the current issues in the minds of officials,

the questicn of responsibility would become, in the finel analysis,
accountable to and dependent on the people, their resources and their
order of priorities.

In the event of an attack on substantially heightened or sustained

? international tension, the City will attempt to respond to this problem

.\ ——— —

without federal prodding. For example, in the Cuban missile crisis special
measures to strengthen the local civil defense arrangements were instituted !
by the Chief of Police who was the responsible operations officer, reporting :
ultimately to the Mayor cf the City. . 35

The central point of this extended discussion igs that the City will -

not plan ahead for the nuclear attack contingency dve to present, locelly
rooted emergency needs which draw heavily on resources. The result is

that civil d~fense protective measures reczive inadequate attention and
plans remain minimal. The City is not able to cope with this problem area.
Such & situation could logically lead to the regional approach in emergency
planning since the precedent is set. Metropolitun regional districts cxist
to deal with air and vater pollution control TIlcod control, rapid transit,
runicipal utilities and sewage disposal. Yet, no similar district exists
for civil defenze. In iun, then, recognized immediate needs help establiah
urban priorities.

RS

7.3 URBAN PROBLEMS: HOW RESOURCES DETERMINE PRIORITY

lack of resources vonstitutes a further linitttioh on what probleas
get attended to. Urban leaders, well aware of the threat to community

s g e
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o ﬁ%ll-bging,bnre highly cognizant of the insufficiency of resources at
band with which to counter i%t. Meanwhile these resources, scarce in
themsalves, are actually diminishing as attracticn of new industry falls
to keep pace with the departure of estallirhed industry and ae leaders
and’ potential lecdars leave the City for the suburbs. Such a drain on
tne financitl and leadership resources would be hard for a flourishing
~ity to sustain; it leaves a declining one in severe straits.

Fffective action is limited not only by -in insufficiency of rescurces
but alszo by the kinds of resources available. Coampetition for the same
resource is keen; choice is further complicated because usually one has
to choose between egually desirable cbjectives. In other words, resources
as well as needs determine urban priorities. ‘ R

The kind of human and material resources available to & city or a
region can contract responses and shape expectations. It can ilmit the
areas of substantive action. Among these restraints are: (1) lack of
financial resources, (2) inadequate specialized skills and leadership
elements, and (3) organizational limitations. Administrative vision is
bounded, as Geoffrey Vickers has noted} by'the spatial area and time
span over which an organization can -plan, by its own past experience
which affects how it will respond to its .aew problems, and by'ité presént
activities. Attention itself then must be considered aksc&rce'rggpurcéi_;
because a focus of attention on any one activity ;éstricts qitenﬁibn to.
other activities. ‘ FE R

While the drain of citizens to the suburbs hﬁs been mentionea, the
citizenship of the commuter deserves attention, particularly since 1t
was pointed up by numerous individnals. In the words of a leading o
official, "a commuter population in the power structure” creates a -
vacuum in civic leadsrship and results in a "desperate situation.” That
group which could contribute critically to the improvement of urban health

_ lives mostly in the pleasant surrounding suburbs which attampt to insulate‘
themgelves from the City's problems. The absence ¢f 1arge>eleﬁenta of
this leadership group contributes significantly to the disintegration of
the urban center. ' ‘
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9.4 CIVIL DEFENSE: A PROBLEM REQUIRING LOCAL ’
STATE, AND FEDERAL COOPERATION

Current urban problems absorb the time and energy of local government,
heavily taxing itz creativity and its political crganization &nd limiting
iis focus largely to the present and the possible. In the context of tkis
environment, civil defense is not an important issue. Defense planning,
of which civil defense is a compouent, is perceived as a national probleh
and therefore bpeycnd the perimeter of mere wban concern. While it is
recognized that the cooperation of urban leadershlp is required in emer-
gency plamning, the desi~ responsibility for protecting the nation sgainst
attack belongs to the federal government. This perception of local
leaders raises funjamental ard recurring questions of intergovernmental
relations, especiglly for v -lems which by their substence, impact, and
congequence affect t-: whole soriety. Many serious problems besides

c¢ivil defense require the close ~woperation of federal, state, and local

governments for rasclution. The volume of these problems snd their im-

‘portance to the common welfarz suggest and mandate a major role for
agenc.ies. ofﬂgo\ver_ment. How will govemment organize to ha'ndlé them?

‘ It has never been easy to srrive at a proper division of labor in
the American federal‘ system for lack of cbxisénsus on guiding nrinciples

and their specific spplication. The administrative and political problens

&SbOCl&ted with al.;ocating functions’ have by no. means been resol'V‘ed. 3

Méz eover, the rate and nature of cha.nges in humn socxetv mrther dis-

- -courage any idea of fixed or satisfactory. a_.nswers ‘on this question. A
facile division of Mction'sfnea.tly\betyeen local, sta.f.e,' and national
éovermnentﬁ is neither practical nor likely; complex problems require
collaborative governmental action on the basis of shured furctions.
Although the mix of responsibilities will vary according to the prevailing
conditions in society and the requirements of specific problems, the com-

tined energies of the three levels of government are joined in increasing
instances. These circumstances led Morton Grodzin32 to observe that the
marble cake more appropriately symbolizes the Ame_ricln syastem of govetn-
ment than the layer cake, denoting & clean aeparation of functions. This
is an apt analogy for the City's view of c¢ivil defense preperations.

Although the City officials would allocate to the federal government the




responsibility for primery policy and comprehensive planning for civil
dafense, they are prepared to participate cooperatively ir carefully
. @efined programs funded basically from nonmunicipsl asources. Xational
‘leudersbip must not only provide funds but also some evidence of a
realistic plan of protection against the impact anu subsequent effects
of a nuclear attack.

Thua far, in their view, the nation's civil defense program has had
insdequate suthority and guidance at the highest levels. Historically,
they point out, policy guide lines have often been ambivalent and unclear,
and prograxs unimpressive. This esituation has not served to give the
program in the City much credence in official and nonofficisl circles.
One former City official, who had performed high management functions in
two cities, summed up his twenty-year experience with civil defensze. He
noted deficiencies in: (1) nationel and state leadership, (2) effective
federal and state legislation, (3) appropristions, and (4) county and
City: council interest. Also, he mentioneG the aqvice of the local tax-
payers assoclation tc aboli_sh the existing program on zrounds of in-

adequacy. He concluded thé.t without definitive Depa.rtment of Defense
. leadership in ci\fil defense, the Citr rarnnot be exp~cted to respond
gignificantly. It can ill-afford to pien or finarce aay lerge-scale
gshelter construction program. Thié overali viewpoint is shared by

several other local government officials who are still on the job.

A leading participant in coraunity affairs made the following related
point: he observed that tnere are simply toco many immediate and proximate
community problems which occupy his attention. Moreover, these are prob-
lems that he can affect way beyond any of those of modern warfare. For -
an effective protection pelicy against nuclear war, he will depend on
federal leadership. .

In general, urban leaders look for serious axpnsalbna of an enduring
national commitment to civil defense. Without sustained Presidential
md/or Congressionsl support, they-do not believ; progress can * e made
on the problem. Such a comnitment must be reflacted iu policy, in a
comprehensive plan, and in adequate ﬁmding. That the various functions
for making any plan operative will have to be shared is appreciated.
Officials who would be involved in implementaticn sxpress the belief
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that local persomsiel will h&ve to shoulder a major responsidility if &
vieble civil defense program is to be carried out. They recognize that

an efficient system depends on continﬂng attention to irteractive tech-

nical, administrative, and socio-politlca.l factors. Such a civil defense
gystem, they maintained, requires stfcm‘ lbcs.l leadership, as does the
orderly use of state and faderal a.id. Yongtheless s these officials remsin
pragmatic. In their view, a viable na,:.omi. plan supported at the highest
levels of governmerrt is an absolute prerequiéiﬁe for realistic action by
the City. ” |
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IV. CIVIL DEFENSE PROTECTIVE SYSTEMS

10. BLAST AND SHOCK WAVES

Lawrence Dresner

‘ '~ 10.1 INTRODUCTION

- This chapter surmarizes theoretical work on blast and shock waves
carried out between May 1965 and March 1966. Part of the work deals with
propagation of plane, cylindrical, and spherical blast waves in homogeneous,
isotropic media (Sect. 10.2). Two practical applications have been made

of the theory developed, one to the decay of blast waves in tunnels, and
the other toc the decay of blast waves from underground nuclear explosions
in alluvium. The rest of the work deals with the distribution of re-
flected pressure on the ground following an air burst (Sect.10.3) and the

action of blast doors (Sect. 10.4).

10.2 BLAST WAVES IN HOMOGENEOUS, ISOTROPIC MEDIA

To understand the blast effects of nuclear explosions one needs to

1- know the pressure, density, and material velocit& as functions of time
- and position. Brode's detailed numerical calculationsl supply this infor-
. | mation for spherical blast waves in air, but for other geometries and

for other materials (e.g., solids) no comparable calculations exist. 1In
these latter cases, we can resort to the older method of plecing together
a solution from the analytic solutions known to apply very near and very
far from the explosion.

Very near an explosion in a polytropic gas, the varlation of pressure,
density, and material velocity is described by the well-known similarity
gsolution of Taylor, von Neumann, and Sedov.2 This solution also applies
to point explosions in solids in the region where the solid is vapotized-
What is of more practical value is that the similarity solution sometimes
also applies in the high-pressure region just beyond the boundary of the




va,por:lzed region. This is the case with the alluvium found at the Nevada
-Tesat Site, as briefly indicated below.

I‘[olze!'3 has reportcd % scries of experimentally determined points on
- the Hugot:iot curve of alluvium in the pressure range 25-500 kilobars.
These points are well fitted by the curve p = %0 v® (p in kilobars, v in
mm psec”'), where p is the pressure just behind the shock front and v is
the corresponding material velocity.’ Now according to the Rankine-

-,

Hugoniot equatids Tor st¥ofig shocks; ps/p = 1L = pove/p, where-p and go
are the respective densities of the shocked and undisturbed matter; thus
in the pressure range 25-500 kilobars, p/po is constant (and equals 2.1).
If we define a constant 7 such that p/po = (7 + 1)/(7 - 1), the Rankine-
Hugoniot equations for strong shocks imply that the internal energy e per
unit mass of the shocked solid is e = p/('r - 1)p. 1If this expression de-
scribes the matter behind the shock front. the adiabatic equation of
state of this matter is pp'7 = consta.ntf ‘Formally, therefore, we should
be able to describe shock waves from an explosion in alluvium in the 25-500
kilobar range as though the explosion occurred in a polytropic gas with
an adiabatic exponent 7 ( = 2.8). |

We can test this idea by comparing the results on the similarity

theory with experimental data reported by Holzex} on the time of arrival -

of the shock front at various positions. For a self-similar shock wave,
the time of arrival t of the shock at a given radius R is

Us
@F)ee o

where Y is the yield of the explosion and & {s 3 number related to 7. .
For alluvium, O = 0.15.  The agrmnt’betwean Eq. (1) and the» experi-
mental results is good. ' | | B

The similarity solution loses its volidity for from t.he explosion.
But far from the explosion, we can use the fact that the shock wave is weak
to obtain the law of its pmpcption. To see how this is done, let us
begin by conaidering a voak plane disturbance propagoting 1n the positive
x-direction.

1et the air behind the diaturbonce have the same prolsure and density
as the unaiaturbodnir. » The_ tail of the disturbance then travels with the




sound velocity co of the undisturbed air. The head of the disturbance
travels faster with a velocity U given in terms of the peak overpressure P
behind the shock front by the Rankine-Hugoniot equations:

is ~
- Z._t.L_P;) , L1321 P
o (Lrigtr)  m ot ey (2)
The length | of the disturbance increases at a rate given by

- (3)

We can eliminate 1 on the left-hand side of Eq. (3) in favor of P by
using the condition of conservation of energy. For a weak disturbénce_,

P Pt o
E'j7_1 '2(7_1;’ B . (h)

where P' is the overpressure at any point at a fixed time. The aecdnd
equality has been obtained by using the raet that the pressure proﬁ].e
asymptotically becomes linear. If we nov use Eg. (&) to elimirate 1 on
the left-nand side of Bq. (3), ve cbtain the differential equstion

,:'ﬁ‘dt " 27;-1 B, © (5)

- The solution of this dirferential aqmtion gives the uyuptotie bchlvi.or |
- of the werprenm ror long tlma- L

n g Jo e e
| ;E - (“ 7 T 1 B X ) @
N vhere X hu now repuced cot. nm re;ult vas t:lrst obtainod by Mhe.s
mmarmmarf ard langsu.!

- Similar resnlts m be obtained tor the umbotic dom of lmeriul
zhoek \nms, but thty are not as easily nomlned vy une of the hv of
conurnuon of energy as in the case ot phne uns., tluk upherical nhock
\mros decay accoming to thn m




R 4 1
b ~ RAWRRY T (7)
where _llo is an undetermined constant.

In the introduction, twe applications of the theory outlined above
were mentioned. The first was to the attenuation of blast waves in tunnels.
_ Blast waves are attenuated in tunnels because thcre is a rarefaction behind
thc shock front and because a boundary layer builds up at the wall. The
- effacts of LLi rarefaction behind the blast front can be accounted for using
the theory alreod.v described. I-et us consider a plane blast wave created
by the instantaneous liberation at time t = O of an energy 2E per unit
area in the plane x = 0. At any later time t, shock fronts reach the .
planes |xj = X. When the overpressure P is large compared to the pressure
P, of the undisturbed air, it is given by the similarity solution in
‘ phna gemetrya as '

P o E v
.--»:n-O;GQSQ—x | (8)

P

x\'lhzn P «'p K. (6) describes the variation of overpressure with distance.
Shown in !‘i.g. 10.1 are MB. (b) and (8) along with a curve that Joins

;’then uoothly. o

'n:e effeet of boundary-layer vuildup nt the wall has been studied

- experinntauy- mrieh and Hheelerg conclude that owing to wall friction

. vchoek waves in a tubc are attanunted exponentially with distunce, falling
-’by a factorof e (2.718...) in about 500 diameters (D). Thus, the over-

' P lll tttcmnt.ion of thoek nves 1n tubes might be deacrtbed by the equation ‘

o px\ S )
3—- r\g oxp m | - (9)

- \nm f(p /2 is the curve shown 1n Fig. 10.1.

o m uemd tpplicstion mntioned in the introductlon ot the theory is
B B to tbn decay of bhlt vavu from \mdorground nuclear exploaions in anwimn.
L - 'Hcm 10.2 shcu up-rhntn roint:’ on the prucm-distanee curve of
. alluvius. _ It also shovs as tho Mgh-prenure nmtote ttu fououng
'Z.quuon of the smmm th.ozy- :
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3 ) 4
R (o)

where @ has the same value as it does in Eq. (1). Egquation (7) (with the
logarithmic factor on the right-hand side henceforth assumed constant) gives
the low-pressure asymptote except for ucinallizatica. It hae keen normalized
using some datu reported by Sauer et g.m on the ground motion induced by
an underground nuclear explosion. Shown also is a curve smootkly Jjoining
these asymptotes. It passes through the string of experimental points and
also agrlies well with the results of a much mcre detailed numerical calcu-
lation.

10.3 DISTRIBUTION OF REFLECTED PRESSURE ON THE GROUND
FOLLOWING AN AIR BIAST

The chart given in "The Effects of Nuclear Weapons"“2 for calculating
peak reflacted pressure on the ground following an air burst extehds to
overpressures up to 200 pei. The accompanying figure (Fig. 10.3) gives
this distribution in the ultra-high i)reuure region above 200 pai.

Plotted vertically is the reflected pressure in psi. Plotted hori-
zontally is the distance from surface zero in units of the burst ﬁeight
The numbers labeling the various solid curves are the free-field (mcident)
pressures at surface zero.

The calculations are based on the following assumptions:

1. The atmosphere is homogeneous and composed of a polytropic gas |

'sith [ rax.io of specitic heats of 1.h.
2. The pressure behind a spherical bl.ut front fuh off vit.h rcdins
' in the manner ct‘l.culated by Broda Close to the uplocion, the
‘pressure falls off with the third power of the muu, s m.a
from the sinimity solution. -

3. Only weak regular reflection snd weak direct Mach nfloetim oceur.

_‘¥hen both Mach and regular renamon are pouibl.e, Mach ntueuon
LT husmdtooccur.n_ v : o
| Yor the upper five curves (incidmt pressurss at smﬂm zero ot 100,
150, 200, 300, and 500 pci). the loci representing regular and lheh reflec-
tion intersect on the weak branch of the regular reflections. The M

T T T g—
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from reguiar to Mach reflection therefore produces at most a discontinuity

in slope in the curvc of reflected pressure vs distance from surfece gzers.
The coarse dotted curve is the locus of these discontinuities and separates
“the region of regular reflection from the region of Mach reflection. In
the lowest curve (incident pressure at surface zero of 50 psi), the loci
representing regular and Mach reflection intersect on the strong branch

of the regular reflections. Thereforé, the change from regular tc Mach
reflection is marked by a discontinuity in value in thre curve of reflected:
pressure gg!disfanée from surface zero. This discontinuity is shown in
the figure as a fine dotted line. | ’

The calculations were done with t.e aid of published\graphslu of the
so-called "magnification factor"™ as a Punction of argle of incidence for
various strengths of the incident shock wave. Since the information in
these published graphs was scanty, they were supplemented‘with'additional
graphs.

10.4 BIAST DOCRS

The work to be reported here on the action of blast doors is'purely,
exploratory in nature. Its purpose is to study in an "order-of -magnitude"
way some of the obvious guestions regarding the operation of‘blast doors.

The first question that one thinks of in connection with any blast
door is, "How strong is it?" When an elastic-plastic solid, such as
steel, fails, the strain it has undergone has largely occurred in the
plastic range of behavior. In the plastic range, stress is roughly
constant and independent of strain, allowing us to approximate steel
blast doors as elastic membranes of constant surface tension. (This
approximation is of course valid only for monotonically increasing strain;
should the strain decrease, the stress would drop sharply to zero, and a
large residual strain would remain.) N \

Let us imagine s membrane of constant surface tension gealing the
end of a right circular cylinder of radius Ro' Let the cylinder contain
a gas at pressure p. The membrane accommodates itself to the prassure
of the gas by ballooning out in the shape of sphericel cap. The radius R
of the cap is related tc the pressure and surface tension by the equation




w6

0

24 -
\:P - ‘-R"‘- : 7 v (11)\

- m atrsin q in the membrane can be calculated from the change in its
: surfacc ma

-%- « —*)z | (12)

If T is the thickness of the steel blast door and 6‘1s the constant
stress it sustains in the plastic range, the surface tension A equals of. 7
Iet U8 now conaider, for example, a blast door two in thick and eight £t
in diameter made of T-1 steel® (such as might be appropriate to the tunnel-;
grid system under consideration at ORNL). The constant stress in the plas-
tic range is about 1.1 x 10% psi and the strain at failure is about 10%.
From Egs. (11) and (12) we see that this door can support a static stress
of about 6900 psi. L

The maximm strain produced by a load suddenly applied to a door is
larger than the strain produced by an equal load applied slowly. When
the strain is small, ‘the motion of the memhrane iz governed by the wave

\ "0y

equation |
a‘Ys‘ . +A(§}- + %.a.!) ,  (13)

where p-1is the mass per unit area of the membrane, Y is the displ&cement
of a point on the membrane out of its original piane, r is the radius
nmeasured from the center of the membrane, snd t is the time after the
sudden application of the pressure p. The relevant boundary and initial

conditions are

Yr,0) = o, BLO L o, yr,t) « 0 . (14)

——

*United States Steel T-1 steel.
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The solution determined by these conditions is

PR 2 o J (o r/Ro)@I t/aR )
Y(r,t) = ,;7?- (-%:—) .8‘; ) ka:Ji(aJ o |,

(15)

vhere a® = p/A ’ Jo and J; are the Bessel fﬁnctions of order zero and ohg,
respectively; and(!k is the kth This‘solution is only appli-
cable to describing the motion of the blast door during its first outward
passage. The door does not, of course, move in again. Thg first term on-
the right-hand side is the static solution.

The center of the membrane reaches its first maximum disblacément
when t = 1.18 aR (sbout 4.7 msec for the door made of T-1 steel); the
displacement at thls time is 2.21 pRa/h/\ , i.e., 2.21 times the static
displacement. If the strain at failure is small, the blast door can
support a suddenly applied pressure 2.21 times smaller than the static
pressure it can support. The door made of T-1 steel can support a suddenly
applied pressure of about 6900/2.21 = 3100 psi; a 3100-psi pressure re-
sults from the normal reflection of a 450-psi incident shock wave. Its
energy absorption capaéity, based on an energy absorption of T-1 steel
of 9400 in.-1b/in.®, is about 7.8 1b-TNT. For comparison, the linear
energy density of a 450-psi shock wave in an 8-ft tunnel is about 10 1b-
TNT/ft. Since a shock wave with a 450-psi peak overpressure and a
duration of several tenths of a second is of the order of 1000 ft long,
it is clear that energy absorption by doors that fail will probably
not attenuate a long-dufation blast wave from a megaton weapon by more

root of Jo-‘

than a fraction of a percent.

Some of the theory developed in the preceding sections may be
applied to analyzing the operation of blast-activated blast doors. . A
blast-activated blast door is a door that is closed by the reflected
pressure of an incident blast wave. Because of its inertia, a blast-
activated door requires a finite amount of time to clbsé; during this
time, a portion of the highly compressed air behind it iaykleak'past it
and creste a shock wave on the protected side of the door. B

~What is the pressure behind this secondary shock frout? We can find
the answer to this guestion by noting that the situation 1s not unlike
that in a shock tube. The reflection of the incident shock vave producea




v urosion of highly c..jressed, stationary alr in fromt of the reflecting
Mace. The. expansion of this compressed "driver" air around the door
prm: a ahock front that advances into the atationar‘v air beyond the
door‘-f"«' - - : ~ .

% preasnre P behind the shock front in a shock tube is related to
the pressure p" of the driver gas by the so-called Taub equation.l’ This
aqmtien tam tha f‘olloving Zorm when the driver gas and the driven gas
are the nﬂe ' |

‘ ,". p"t[x - Lt  p.y /()

‘Here both p and p" are expressed in units of the pressure of the ambient
air; e" is the sound velocity of the compressed driver gas expressed in
units of the sound velocity of the ambient air; and 7 is the ratio of the
specific heats of air (1.4).

By hypothesis, p" and c" characterize air that has been compressed
by reflection of a shock the pressure behind which is p' in units of the
presaure of the gmbient air; p" and c" are related to p' as indicated
below [..s = (y-1)/(y+1) = 1/6]

" (2p® +1)p' -4 (17)

p o= p - HLﬂp.“ )

_\/ En'*;%s?: . | (18)

P

Once a value of p' has been chosen, p" and c" may be readily calculated
from Bgs. (17) and (18). Eguation (16) may then be solved for p by
iteration. A good initial trial value for p is p'. The trial value

is inserted in the right-hand side of Eg. (16) and a first iterate ob-
tained. The method converges rapidly when the average of the trial value
and the first iterste is choaen for the next trial value. Given below
is a short table of p vs p'.

p' 1.5 3.00  6.00  12.00  2h.00 »1
P 1.5  3.00  6.007 12.10  2W39  1.0306 p'

| 4

*‘&»&ﬁiﬂ*‘ag{w_ ,‘;: X
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Thus for all practical purposes, the secondary shock wave has thc same
characteristicn as the incident shock wave. For this reason, it is-
probably an adequ.te approximation to assume that the shock wave leaking
past a blast-activoted blast door is simply the truncated head of the
incident shcck wave. | o

The length of time it takes a blast door to close determines its
effectiveness. Although this time depends on the design of the door,
its order of magnitude may be estimated as follows. The door must be
strong enough to withstand the reflected pressure p" of the shock wave
efter it has closed. Thus, given the material of which the door is made,
its mass per unit area p is determined by its strength. The quotibnt
of the reflected pressure of the shock wave and the mass pet—unit~gre&’..
determined by it equrls the acceleration & of the door. The accelération
and the stroke s through which the door travels determine the time t it

takes to close. Quantitatively,

t = (= =

By allowing the door to fail plastically, p can be made small. In
the plastic range, the mass per unit area necessary to withstand a given
pressure p" varies directly with p", as is evident from the preceding
discussion of plastic failure. Thus, we expect the minimum ratio w/p"
to be independent of p", i.e., that the maximum attainab1e>acceleration
will be the same for all doors no matter what overpressure they are de-
signed to withstand. It'takes about 8.2 mm of T-1 steel to withstand
a suddenly applied pressure of 500 psi. Thus p = 0.82 em x 7.75 ¢ cn-? =
6.35 g em=2, and a = p"/p = 5.25 x 10° cm sec=® = 5360 g, where g is
the acceleration of gravity. If the stroke s of the door is one meter,
which is surely a lower bound, the time t it takes the door to close is
6.15 msec. - | : |
In this paper, it is sssumed that all blast doors close in 10 msec
when activated by the meximum pressure p" they are designed to withstand.
Naturally, they close more aldwly when they are activated by a lower pres-

sure.
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- Iet ue now eonsider a blast-activated blest door designed to pro-

. tect inhabitants of an 8+f%-diam shelter tunnel up to but not beyond
100 psi. At the IOO-psi radius, the blast door will close in 10 msec.
» The lho& speed of s 100-psi shock wave is U = 2910 £t sec~'. In 10 msec,
a8 umnt of the shock 29.1 £t long will leak past the blast door. The
'wmlm P in this segment is 100 psi; the dynsmic pressure q is
125 pai. The emrgy density of this moving compressed air p/(» - 1) +
q =375 pel = 2.5 x 107 ergs cm=®. The energy density per unit area E
‘of the compressed moving air is 2.18 x 10'° ergs ecm=*, and its total energy
is 95?.85 X 10“ ergs = 23.5 'kg TNT. Since the total energy of the initial
shockwqums 750 kg TRT, this truncation process can be considered as an
energy "filter." I? the 23.5 kg of TNT were spread uniformly over the
inside of the blast door and exploded there, the overpressure of the re-
sulting blast wave would reach 5 psi 1900 £t from the blast door, according
to Eg. (9).

~ The foregoing considerations can be applied to anslyzing the perfor-
mance of a tunnel shelter containing periodically spaced blast doors.
Shown below in the table are the overpressures at the first few blast
doors that do not fail. The doors are spaced every 1000 ft in the tunnel,
which is 8 £t in diameter.

— Peak Overpressure at the First Few Blast Doors
That Do Not Fail

(Doors spaced every 1000 £t in 8-ft tunnel)

Maximum Incident Overpressure That Can Be Withstood

Door - 1000 - 300 100
First 1000 300 © 100
Second 2 %9
Thira = R 5 T . -
Tourth - S’ e e

As an example or the use of theu ﬁ.guru, let us consider the case
of a 1-MT surtsce burst. - '!ho _udi:l of the 10005 300+, 100-, and 30-psi
circles are 1300, 2100, 3&00, and 5800 ft, respectively. If 1000-pai -
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blast doors are installed, the 10-psi radius extends to slightly more
than 4300 ft. For 300-psi doors, it extends to slightly less than k100 ft,
vhile for 100-psi doors, it extends to slightly less than 4h00 ft. Por
30-psi doors, it extends beyond 5800 ft. It appears, then, from this
example that there is little advantage in using blast-activated b].ut
doors designed to withstand very high pressures. ' _
Of course, the foregoing analysis is based on the assumption that
the truncated head of the incident shock wave continues to propagate
down the tunnel. Designs have been suggested that avoid this feature of
simple blast-activated blast doors. In a sense, the foregoing analysis
discloses the advantage obtained for the add:ltional cost of these more

complex doors.
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11. THE THERMAL THREAT TO SHELTERED POPUIATICNS

A F I D i v

J. W. Strohecker

11.1 NUCLEAR WEAPONS EFFECTS

The thermal threat to sheltered populations comes entirely from the
secondary fire effects of nuclear weapons. (Shelters here are defined
as spaces shielded, up to design competence, from the direct effects of
nuclear weapons.) The effect of direct thermal radiation from the fire-
ball on the unshielded population will not be discussed here. The pri-
mary ignitions caused by thermal radiation and the secondary ignitions
caused by blast effects will combine to cause fires in rural and urban
areas. Under certain circumstances the magnitude of these conflagrations
can be very large. It is these fires vhich pose the major threat to the

surviving sheltered population. »
The main threats of fire are heat, toxic gases, -n excess of carbdbon

dioxide, and the absence of oxygen. To a sheltered population, these -
threats may take the folloving forms: k

1. Direct heat transmission into the shelter
2. Air too hot to allow proper ventilation of the 'shelter

3. Air inimical to lire because of the prennce of dtngerous guu
or the absence of necessary gases a : '

L. Afr too hot to provide a :uitable nchmin ror the n-onl of'
heatfmtheabelter‘ » e

It ahoul.d be noted thnt air brought imo . ahal.ter to opontc m
internal conbu:tion engine ror auxilisry pover ni@t ﬁnt hln to u

- cooled (to the bolling point of water for exuph), m air nnm

" taken near the ground in wass ﬁus indicate that enginl operation e

 would: probm.y be feuible with only dccruud officimcy u m h :

’ ’depleted- i - :



~~ To a deeply buried blast shelter or other underground shelter, the
dirc"et." transmission of heat into the shelter should present no serious
R pxb'bin,_. dbut fallout shelters located in basements or upper floors of
o bu‘ud&m mbe much more vulnerable. Air which is too hot or otherwise
_unfit for ventilation will affect both types of shelters, while the
" absence of air suitable for heat removal will primarily affect blast
shelters in areas vithdut useful ground water supplies.

11.2 IGNITIONS VERSUB BIAST EFFECTS

Considerable field, laboratory, and theoretical work has been done
on the ignition thresholds of materials, the thermal radiation of nuclear
weapons, and models for the expected number of ignitions (both primary and
secondary) from the weapons. Figure 11.1 gives approximate slant ranges for
ignition of several typical kindling fuels for various weapons yie]’.ds.1
" Whilz atmospheric conditidna may decrease the ranges shown, preparatory
efforts at cleanup or removal of ignition sources can do little more than
decreue ‘the m-ber of fires that will be started. While these efforts
ny be significant in reducing the overall damage to an urban area, the _
" shelters in fire areas that are affected by fire still fac: the same prot- -
_lems listed earlier. Surveys of urban areas have shown the frequency of
possible external ignition points to be n»on 3 to 30 per acre, with
‘{nternal ignition points somevhat mmr. On the basis of data from
Hiroshime and Nagasaki, secondary 1gn1tions have been eatimated to be
- about 0 +006 per 1000 square feet of floor area in the areas of major
- blast aung.."i Although such secondary ignition points are less than the
' possible primry ignition points, they can add significantly to the we-
sib?.c mnber of ﬂrel, partieuhrl,y in mltlttory buudinp. :

n.a PIB amn, rIRe smns. AND CM‘I'IGS

AltM ccmidcnble effort ‘has been expended on models for the
punmon.ot fire spread, casualties, and demage assessment, the knovledge
in the fleld is uncertain and highly dmitat.ive. At beit, tbo present
: undcn m give & general pictm only of overall damage and euultin- '
 the smme local situstions rematn difficalt to lect- se-. of the -
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‘foblews imvolved are determining the probability of igiition, the number
: iéﬁtim that will develop sustaining fires, the probability of spread
_ and werging of these fires, and the possibility of the development of a
fire ltom or mejor conflagration. Prediction of the occurrence of a fire
~ storh, such as those in Hiroshima and Hemburg, is even more difficult than
tiie prediction of the damage which would be caused by it. These unknowns
make the apseific situation at any given shelter extremely hard to assess,
nsnecially in the major blast damage zone (in the pressure regions above

S pei).

11.4 BIAST SHELTERS

Mogt blast shelters for the civilian population would guite naturally
he built in areas with a strong probability of heavy damage or complete
destruction by blast. Consequently, it is in these areas where a fire
stom or conflagration is likely to occur, since most of the normal or
inherent fire-resistant features of the buildings wiil be destroyed.

Most blast shelters would also be built underground to simplify design
and to ﬁnd room in crowded urban areas. As was mentioned earlier, putting
the structure underground will essentially remove the threat of direct heat
transmission through ithe earth into the shelter.

- The rondition of the air above ground would conetitute a threat to
the sheltered population from three major standpoints. Air must generally

'be_ available for breathing, heat removal, and comoustion (cperation of
pover generation equipment). The heat balance shown in Figure 11.2 (a 'typical
design for average conditions) gives approximate heat transfer requirements,
neglecting transfer thfough the shelter walls. These requiremenis are '
operative only under normal circumstances. In an emergency, conditions
could be changed, especially by an increase in the human metabolism rate
due to stress. ]

‘ :  The normal bresthing requirement of 5 ctm of outside air per person
will rea\';lt in a carbon dioxide level in the shelter of about 0.3%. If
tris makeup rate were cut to 0.5 ¢fm, the carbon dioxide concentration
wonld rise to 2.7%, which . iq .accepteble under emergency conditions. B8ince
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O the beat content of air is smsll, the simple expedient of turning off the
" 1ights (see Fig.112)would allow the entry of 0.5 cfm per person st 150°F
iithaut adding to the normal heat load of the shelter.

If the air is completely shut off, the normal szhelter volume of 50 to
100 cubie ft per person will be adequate for 3 to 6 hours before the
carbon dioxide rises to 5%. Adding equipment for the addition of oxygen
and the removal of carbon dioxide would make it possible to survive in-
definitely with no outside air. However, the expense of this equipment
is not the only consideration. The normal systems for carbon dioxigde
removal sud the supply of oxygen would add approximately 200 Btu per
person per hour to the heat load, necessitating an increase in the ca-
pacity of the refrigeration and power systems.

The combustion air requirement for the power generation equipment

will be about 0.22 c¢fm per person. A decrease in the oxygen and an in-
crease in the temperature of the inlet air will reduce the efficiency of
the motor but will not necessarily preveat operation; nor will toxic gases
such as carbon monoxide appreciably affect the operation of the motor.
If cost were no object, a standard motor could be operated on a "closed
cycle" by the addition of bottled uxygen and the recycle and purging of
exhaust gases. For most power uses, an air supply must be maintained to
the motor.

The heat removal from the refrigeration equipment and the power
generation eguipment is the greatest problem for blast shelter operation
in a burning city. As shown in Fig. 11.2,if normal air cooling is used
it could require as much as 66 cfm per person. In general, air cooling
is quite expensive in most blast shelters because large ducts are costly
and difficult to make blast-proof. When large quantities of water are
available, air cooling way be eliminated and the problem disappeara. In

: mny urban areas, however, sufficient water is not available and some .
compren:lse is required. The but mathod commercially available for the
power generation equipment 'nould be the combination of 3 cfm per person
of cooling air for the radiation losses from the motor to the. umoundim
and 2.7 x 107 gpm per pernon of water diachtrged as steam tron the coonng
system of the motor. A pon_s-i.ble further step-~insulating the -;t_or and
operating the equipment room st about 150°F--might make possible the

W e
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removal of all of the waste heat as steam from this system with 5.0 x 1074
gpm of water per person. The steam could be exhausted into almost any
external environment. Such power equipment is not available commercially,

and an experimental study is planned to test the concept.

For the refrigeration system, the use of an evaporative-type condenser
may cut the air requirement by a factor of 3 to 5 with the addition of
1x107° gpm per person of water. This carrier air would have, of course,

no oxygen or toxic gas requirements. A possible compound refrigeration
system using water as the refrigerant in the second stage appears feasible.
This system could allow rejection of heat to boiling water and could be of
use in eliminating the carrier air stream in areas of limited water supply.
Combined with the water-cooled power equipment, a single steam heat-
rejection stream would be possible. Again the concept will need experi-~
mental verification and an economic analysis.

Another possibility would be to shut down completely the power and
refrigeration systems and allow the shelter to be heated by human
metabolism. The time limit for survival under this condition would then
depend on heat removal through the walls of the shelter and could be
extremely short. It is possible that from 1 to 3 hours would be available
for complete shutdown, depending on initial wall temperatures, before
conditions became intolerable. If the walls were thick concrete and were
warm (>80°F) before shutdown, less than an hour would be available.

In summary, it is possible that a complete blast shelter ventilaticn
system could be shut down for periods up to 1 to 3 tiours in extreme emer-
gencies with no air from outside. Longer periods could result in many o
‘casualties. Two approaches to the problem of providing an air supply in
a hostile fire environment seem promising. The first would be to supply
air regeneration equipment and sufficient vater stocks for heat removal
for an extended (many hours) button-up perlod. The high costs of this
method mean reduced shelter spaces per availnble dollar. The ceeond |
‘approach vould be to prwide multiple air intnkes to increase the prcb-

ability that an air supply woum rmin ulequntc in lpite of a hontih
fire environment. 'l'he ﬁrst of these appmcbu is tcehniun: feasible
‘now and merely requtrea space, time, and money to cecoupnsh. The ueonﬂ
approach is probtbly feuible, but thau doen not yet uist su'rﬁcicnt
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informtion to give a high degree of reliability for designs in crowded
urban areas. Some experimental verification of the multiple inlet con-

cept is needed.

11.5 FALLOUT SHELTERS

Pallout shelters face many of the same fire problems as blast shelters.
Direct convective and radiation heat transmission from nearby fires poses
a severe threat to falloul shelters located in basements and upper floors.
To assess effects from large yield weapons, fallout shelters may be divided
into three areas according to their distance from the blast: <first, the
area beyond major structural damage from the blast where there are thermal
ignitions but the major active and passive fire protection systems remain
intact and there are very few shelter casualties; second, the area of minor
structural blast damage where fire protection systems are largely destroyed
and there are moderate cé.sualties; and third, the area of major structural
damage to frame bulldings shere casualties are high but there are still
fallout shelter survivors.

An example of the areas involved in the three regions is given below
for a one’-aegaton weapon exploded at optimum height for each level of damage.

Table 11.1. Annular Areas of Destruction from 1 lﬂ'*

Radius, Area, Percent

‘Miles  Sq. Mi.  of Total b

'mgion m--theml imitions, L , o . :
minor casualties w6 - 200 64 gt

" Region. M--mmortoudorduags T T S
© major casualties 5.2,5,. - 95 30 §
_negi.on Three--major to total dmge, ST o oy
ndar to 1oo$ cuulttu 0 2.54L2 . 15 . h,.a\ g
‘;c;n Cumltiu boud on fallout protection in ralnrorcod concrete 5
ltmctnus.; *

:
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The first of these areas has comparativel: minor problems and will
not be considered further. The second and third a:-eas pose more extreme
problems and seem to require the approaches rnentioned for blast shelters--
making provisions for survival in spite of & hostile fire enviromment. The
aiz problem is similar to that of the blant shelters. Yet the direct trans-
mission of heat through shelter walls, which does not affect underground
blast shelters, does affect fallout sheliers. It is difficult to visuslize
many basement fallout shelters surviviig heat transmission from a major fire
on the first floor. The only design upproach would seem to be to eliminate
the probability of a fire of major proportions in an area adjacent to the
walls, roof, or floor of a fallout, shelter. A practical method in time of
crisis may be the removal of sufficient combustibles from the adjacent
areas to prevent a major fire close to the shelter. '

11.6 ADEQUATE AIR SUPPLIES IN A MAJOR FIRE AREA

Are adequate air surplies available in a major fire area? On first
glance, the answer to tris quegti'm is no. Typical quotes from the liter-

ature say:

1. "Such an area would very likely be uninhabitable because of
oxyssn deficiency and toxic mu."s

"7} ere was no escape for shelter occupants in the firestorm

. mt-

3. "sheltcrl amrod no protection in the conﬂncuticn in
o T:‘hm a7 )

ba "A m:.tor uould bo an upomin ucnteu\n.’fa_

‘[mm«mb.pmmeommemummntnmbmarmu
bctm m,mmumom«mt pwphm:odin»_
”ib"‘j"»ﬂnctomwmmuaa- coaflagrations. smin;mﬂun
© air supply adequate for survival existed. mmmmuummo
*mmxymeoummmmmnmmmmm
‘ormltm,bm&mhnrwmwaummmmmm
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g w of bunkers in Germany including the ones located in the fire
m ares of Hasburg revealed that "From the standpoint of protection
:_ Minc large city ﬁrn, no evidence was found of a single death in a
 _unker during these fires."”
| These bunkoﬂ, mt]q sbove ground, were heavy concrete structures
MM with mechanical ventilation systems. Witnesses have stated
that 1n meny cases the quality of air was almost unbearable--sometimes
hot and often clouded with dust and smoke --but still adequate for sur-
vival. None of these bunkers were under combustible buildings, but Earp'®
describes one in Hamburg in a narrow courtyard that required a water curtain
to enadle people to evacuate after a raid.
In the Brunswick raid of October 15, lth,n & medium strength fire
lforl was created. About two and one-half hours after the raid; during
the height of the fire storm, a "water-alley" was established into the
center of the fire storm area to rescue over 20,000 people trapped in

bunkers. These people, all alive when reached four and one-half hours
after the raid, were led out through the "water alley.” Along with the
firemen manning the "water-alley,” they survived in the fire storm area
for hourq without casualty.

Den‘criptich_l of the Dresden fire storn,n one of the largest known,
indicate that there were a numder of survivors in the center of the fire
storm who were not rescued until several days after the attack. Unfortu-
n&tely, the circmtancel which made survival possible are not described.
in most cases. However, one survivor in the boiler room of the railroad

..ltltial didllnue to describe how & small hole in the ceinng prevented
luffoeation for a rev, when thounmh in m.cent areas of tha buenent
'mckulcd. S : : : : :

Bimlnn l\wvm colleetod by I-borl of the usm, mdictte that
quitnouu mia unul mmm veu vithin the fire atoru area at
»1mtmmm-wmsmmwmmmawm , .

‘ Stcuuofnmimntrumofthcmmfwtﬁrumm |

United Gtates’™ indlcate that survival was possidle in fields, streams,
nmothcopcnmu nmotthnmmu, proteettmnuurect
rwmmmmmmmmumm Inonocuo
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several people survived for hours under a wetted blanket while another
person without this protection died in minutes at the game place.

ihe few cases cited above together with many similar ones in the
literature seem to lead directly to the conclusion that, even in the
midst of the most severe fires, there exists air that is adequate for
survival for long periods of time. The high fatality rates in the larger
conflagrations and fire storms have also proved that conditions exist in
many places which do not allow survival. The challenge remains for the
engineer to design and place shelter ventilation systems in such a way
as to increase the probability of survival in spite of fire.

For people in the open in fires, the major problem is apparently
radiation from nearby flames, blasts of flame, and blasts of hot gases
driven by the high winds rather than the cxygen content of the air. For
people in basement or underground shelters, however, direct heat trans-
mission from a fire directly above, toxic gases, and oxygen deficiency
constitute the main threats. , :

Yet there are rays of hope in the midst of a difficult picture. Nost
blast shelters will be immune to the direct effects of the fires lnd will
be dependent only on an adequate air supply. Most present r;umb Mteu,
located in buildings of fire-resistant construction, will be conl:l.du'ably
more effective against internal fire problems than the basement. lhelterl
in the Hamburg and Dresden fires. The location of these German lheltm ,
under buildings of combustible interior construction alloved colhpce wa
buming to take phce direct].y over the aheltcr spccc. : L

ez 8 A -

1.1.7 mmnmnm

_ ca.n e pin»oint nore accuutely the phcn ut ihS.ch n mqult- m
vgoupplyforblutcndrmoutlheltanvlnbcmtnhl.ytooecurina
','nuﬁrer Cmndntornnevhyonemtnulﬁthmmm
me. another -umu.nnm ummmmmnm of & fire?
Considersble upeﬂ.nnm work by Mﬁc MM l‘orut md Ranp _
‘Bxperiment Station™ has throw some 1ight on the first questica. Further
mm'orhvxthhr«ﬁruhumdhfmmmhwm-w
_-,,rmun 1s evailsdle. The second. mumenhumutnomnum
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nma tare. The tendency in most reporting is to describe the conditions
‘which led to fatalities rather than the conditicas conducive to survivel.
Such knowledge is vital ond may be obtainable from the cxperience of fire-

11.8 mmmxmmmmmmm

»‘-lmum fo~ future research include the foliowing:

Gontimlttim and explulion of experimental mass fires to

" provide design information for ventilation systems.
'Re-evalustion of data from pact conflsgrations and fire

storns with esphasis on data about conditions of survival
rather than death.

Mmﬁm'ot» experience in burning tnii.lding’a in the

 United States with enphasis on survival conditions under

the fire. Continued collection of dats in major cities
mnnincrmcmwminthuuu.

Imutmucn of the tmibinty of uung -otor-generator

sets to reject heat to boinng ‘water and rerrigention

'fmtm to reduce the dqnndnnce of ahcluu on large
o dr luml:lu. y
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12. FPROTECTED CTTY STUDIES

George A. Cristy and Clifford J. Williams

12.1 INRTRGDUCTION

The "rrotected city" concept has been expanded to include several
typea of protect.ive systems applied to a number of specific cities. The
single-purpose shelter approach (the so-called "tunnel-grid" system),
based upon the present-day decign of a 25-square-mile secticn in Detroit,
Hichigan, wss studied and developed in considerable detail. The dual-
purpose épproc'ch has been applied to the island of Manhattan, and studies
of its application hnve been started in Washingten, D. C., and Dmllas,
Texas.

12.2 SINGLE-PURPOSE SYSTEM

12.2.1 Detroit Tunnel Grid

T

The tunnel-grid concept uses a sirgle-purpose network of reinforced
.cgnér‘ete'pipe\imtaned under city streets. This concept was first pro-
posed by Professor Howard Harrenstisn of the University of hsizona.'

~ Professor Mh&tigﬂ first conceived of the pipes as merely 'tnnspot-
_ tation corridors tbr the protected evacuation of shelterees from very

o badly contseinated aress rououing an sttsck. However, the capacity of

 the pipes vas_s0 grest that the need for additionsl shelter areas shrank
_to.,uro by the ‘t.iu sdequats trmportationk routes had been pruvided.
The nueuon‘or‘tho criterion for hardness of the shelter system

.- wes based upon information sumerized in Fig. 12.1. The 80114 1ines
L indiute the nme, «nd the duhod Mnes indicate the area over which
’pmsmn in umn of the hboled ‘valuas extend from nuclear wespons in
) - the megaton rnm As an empl.c, the ten-ngnten yleld curve shows t.hut

’?tea-pti-or-mator blut wvu extend six siles and cover wore than 100
aqmm wiles. m the other hun, the 1@0«1 blast vaves cover only

.-seven nqunn Iil.l- This dceruu in ufhcud area of a f\ctor of six-

mn idoks uttnctin from & cost emctivmu nta“ aint since pro-
viding the u.lﬁtloml mtocuoa wild pmb-bl,y 1m1u hu than a factor
» ‘of tcn m coat.
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The possible advantages of s tunnel-grid shelter concept are listed
belou.

1. Cylindrical structure is very resistant to tlast damage. This
general property of cylinders helps to minimize the cost of the shelter.

2. The entire urban shelter system is interconnected

a. Menmbers o a family in various parts of the city can enter
the shelter at the nearest point and then be reunited in safety by walking
to a predesignated location.

b. Critical personnel and facilities can be made accessible to
the entire population. «

¢. localized overcrowding cen be rapidly and safely reduced.
Thus, the shelter is less sensitive to rapid population density shifts
(i.e., daytime vs nighttime) than are isolated shelters. Further, popu-
lation vulnerability to blast effects can continuously be reduced even
after shelter entry.

3. Supporting facilities can be easily duplicated. Such modular
installations provide rapid emergency availability of all services. Loss
of any one unit does not jeopardize the inhabitants of the shelter to
the extent that it would in an isolated shelter. As an example, external
alr supply points can be shifted tc avoid fire or rubble problems.

k. Protected city evacuation becomes possible, using multiple
& exit routes which are insensitive to local damage or contamination.

Evacuation can be accomplished in any direction that the situstion re-
guires. '

5. Interconnected tunnels have potential dusl use (i.e., use

during peacetime). |
The tunnel-grid shelter system does have some disadvantages which
must be considered. These include:
l. Possible higher cost in scme pressure ranges; ,
2. DPossible greater vulnerability to contagious biological agents;
5. Greater vulnerability to blast damage once the system is breached.

Possible solutionr to the biological agent vulnerabiliiy are dis-
cussed in Part II (Secret).

Studies of methods of reducing the vulnerability to blast demage
vhen part of the system is breached are continuing. These methods include
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segmentation of the grid using air locks,'installation.of blast doors at
frequent intervals, or installation‘of.blast attenustion devices throughout
the system (see Chapter 10). ‘H\ ‘

The Detroit study provides a cbﬁééptual design and cost estimate of .
a complete network of tummels with all necessary life support services to
shelter the population within the selected test area--a 25-square-mile '
section of Detroit lying on either side of Grand River Avenue in the
no;thmestern section of the city. The location and the laybut of the
grid are shown in Fig. 12.2. The identified streets are on one-mile
centers. Thue, no point in the test area is more than 1/2 mile or about
10 rinutes walk from the tunnel. Entrances are located spproximately
every 1000 ft depending on the maximm local population density. The
exact locations would be dependent upon certain presently unresolved
factors, i.e., warning system effectiveness, initial reaction of resi.
dents, and stress-induced inefficiencies. Studies of these factorénﬁre

continuing. . ) ;

The conceptual design provides for bunks on the wall to increase
the capacity and livability of the tubes.-'Although the bunks limit the L
width of ths paqsageway, they stiil allow rapid foot movement throughout

the system (Fig. 12.3).

The design includes use of an a1rlock~system for the entryways¢
The airlock concept prov1des cqntinaous (actually batch-continuous)
access to the shelter and continucus protection against blast weves for
thoge who have already éhﬁered‘the’shelter. Although Fig. 12.4 shows a
two-cell airlock, a three-cell airlock 1s often desirable to assure ade-
quate entry provisions for completely continuous loading..

The insert in Fig. 12.2 also shows other modular appendages off the -
main tunnel. Two examples of important life support systems ere shown
in Fig. 12.5. These equipment modules provide the ventilation, refriger-
ation, and power generation units as well as fuel and water tanks. The
entire shelter system is providedlyith‘aif conditioning and a self-contained
pover supply. Other modulesbprovidéisupplies,'fest rooms, and medical
facilities. : o -

The grid system was located under the streets in order to preclude
the necessity for and the cost of privaté land acquisition. The depth
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. ’of burial, which varied from five ft on the north-south tunnels to 30 ft
~on the east-vest tunnels, vas based on the location of existing utilities

" under the Detroit streets.

" The construction cost of the systen vas estimated to be betveen

thoo and tsoo per person in 1965 dollars, depending on the tunneling method.>

12 +3 DWAL-USE SYSTEMS

; European countries have developed many dual-purpose systems for civil
defense shelters. Sweden, Germany, and Switgerland in particular have
ploneered in this area. Civil defense ghelter capability has been incor-
pbnted in the design and construction of public garages, transportation
systems, and public buildings at a fraction of the cost of shelters de-
signed only for defense. |
About three years ago, Gwrge Hoffman of the RAND Corporation pre-
sented the plot shown in Fig. 12.6 and suggested that the time was approaching
~in many areas of the country vhen urban tummels and surface highways would
cost approximately the same. Tunneliag costs are being reduced by increased
mechanization, while surface highway costs are soaring due to land ac-
quisition coats, melud"\g the loss of revenue accompanying conversion of
tax- pnm pmperty to highway right-of-w
“An opposite conclusion regarding tunnenng coct trends came fronm a;x
. MIT study’ s part of the High Spesd Grount Transport Project. In bis
-_report Hirlchrem points out that vu-ht.iom in geology can Flay sueh '
.tn uportmt cont-dctemiuing role that time tmiu may be coupletaly
svuped ‘He presento data for sdditional tunnels through the same for-
 wations, vhich show an increase in tunneung coctl with th\e from 193&
- to 196h. ‘e data are presented on the mnmdng puge
Hirschfeld agrees with Hoffwan that the greatest potenthl for
tunnel cost reduction lies in tha use of tunneling uchinn or moles 1n _
.' “hard rock or under adverse coologiul conditions. He outlines a Gevelop-
ment program in tunneling machine technology and stresses the importaace
of standardizstion of tunnel sizes ®o that the high _"c.pttul cost of}nchinu,
can be written off over more than one project. His report cites an stmos-
phere of optwn that nwhim tmcum will becoms more attractive in the
near future.
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HOLLAND TUNNEL

181 soumce: “Ursan UNDERGROUND HIGHWAYS AND -
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The optimism is borne out by an article in the Engineering Néws-Recordh
which describes the last four contracts awarded by the Metropolitgn Sanitary
District of Greater Chicago for sewer tunnels in the 8-to-22-ft-diam size
range. The contractors all use mechanical tunneling machines and were "far
and away the lowest bidders."

Cost per
Completion Date = Lane-Mile
($million)
TI. Lincoln Tunnel, N. Y.
First Tube 1937 16.3
Second Tube 1940 12.7
Third Tube 1957 32.8
II. Sumner and Callahan Tunnels, Boston
Sumner 1934 12.2
Callahan 1960 14.0
III. Broadway Tunnel, Oskland
First and Second Bores 1953 4.2
Third Bore 1964 8.0

1273.1 Manhattan Parking Garages

Hoffman's suggestion stimulated an investigation of a dual-use high-
way and parking garage deep under the streets of midtown Manhattan, shown
in Flgs. 12.7 and 12.8.

The economic incentive for such a project arises from a number of
closely related problems. The midtown area of the island of Manhattan
has the preatest daytime population density in the world. During the
daytime, Manhattan Island has approximately 1.7 million persons and a
peak density greanter than 400,000 persons per square mile (compared with
a residential population density of 10,000 for Detroit and 6000 for Los
Angeles). The dnily influx presents many transportation problems, par-
ticularly since all of the incoming Lraffic must cross one of the rivers.
Further, there is a serious shortage of parking spaces available within
the city for the daytime storage of passenger vehicles which New Yorkers
now use in addition to the public transportation services (subway, bus,
nnd commuter train). New York City planners have long recognized a need
for an improved grade separated-link between the Lincoln and Queens
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Midtown Tunnels. A six-lane tunnel linking the two under-river tunnels
was used as the basic element in the study. The proposed garage provides
30,000 parking spaces lying under crosstown streets between f3rd and 13th
Streets, connected to the crosstown tunnel by access tunnels under the
nine north-south avenues. The ~tudy yielded trensportation-related

costs separately and incremental costs of sheltering 0.6 million, 1.2.
million, and 1.8 million per ons in : paces caﬁable of withstanding an’
overpressure up to 100 psi.

The cost estimate indicates that the basic transportation system
would cost about 1/2 billion dollars (1965 construction costs). Incre-
mental shelter costs range between $300 and $400 per person. These figures
are encouraging since they show that the same quality sprue as vas pro-
vided in Detroit can be provided in midtown Manhattan at about $100 less
per person through dual-use design with cost sharing. |

One of the most importasnt vost items involved was the escalator and
airlock entrances shown in Fig. 12.9. Enough additional_stairway
«ntrances were added %o the basic transportation requirements to provide
a 15-ninute filling time»for the shelter..

12.2.2 WHachington, D. C., Subway

After ten year: bt study and éé?elopment by various government agencies,
the Washington Rapid Trassit Systew wag approved by Congress in August 19(5.
™he en&bliﬁg legislatiy provider 1or 4 25-mile system shown in Fig., 12.10.
ﬁaif-ﬁfffhc'syatem»(aearly 13 miles) is undear-ound, including 20 subway
stations. The Van Nesz Sation at ihe end of the Connecticut Avenue line
is sbowh ‘n.Fig; 13.115 _Tﬁﬁ’nftaén;»élans call rér pedzstrianrtuﬁnels
connecting the station vith the psrking ares across the street. Cimilar
tunnels will probably‘bc’provided.bgtwgen subway atatichs and adjecent or
nearby gouvernment and public buildings along most of the trace of the
sébisg, ' -

A study has been initiated to explore the feasfbtility and costs
using the subwvay as a Qual-purpose shelter, providing various levels of
‘protection in the tubes and in the stations. This study will seek to
determine incrementsl cotts for a completc shelter system as well as those
ainimum invesiments at the tiﬁe of construction vhich would facilitate con-
vereion of the subway to = dual-use system at some future date.
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12.3.5 Dallas Central Business Distriet Study

The city of Dallas, Texas, has a problem in its Central Business
District (CBD) which is by no means unique. The CBD has many main
street.s but it has no alleys or service ways from which trucks can unload
their merchandise to the commercial buildings. For this reason, the
main arteries are sometimes clogged with large trucks which are in the
process of unloading. To determine the possibility of alleviating tnis
undesirable condition, a conceptual study6 has heen completed for Dallas
which investigates the feasibility of having truck unloading tunnels
below the CBD (see Figs. 12 and 13).

A study has been initiated at ORNL to investigate the possibility of
a civil defense protection plan for the CBD interconnecting underground
passagevays using (a) the proposed network of truck tunnels; (b) a proposed
and existing network of pedestrian underpasses interconnecting building
basements; and (c) a possible rearrangement of building basements.

This study will determine and compare the costs of this system for
fallout protection and also for blast protection levels between 30 psi
and 100 psi. |
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