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PROBLBM

Assuming some prior warning, to evaluate the feasibility, effectiveness, and costs of
several courses of preattack civil defense action: maw evacuation, seeking ordinarily
existing shelter, seeking shelter in towns, villages, and farms, and seeking underground
public or private shelter.

FACTS

Weapons systems cost-effectiveness studies indicate high probability now and for the
next several years of target penetration by attacking aircraft. At no time do such etudies
envisage an airtight defensive system. No system now exists capable of attacking and
destroying intercontinental ballistic missiles (ICBM).

In spite of the fact that passive measures can do much to attenuate the effects of the
damage that current and proposed active defense systems must perfit, the us h~ fo~owed Ise

r

a wavering and ineffective passive defense policy that has never won the support of Congress ‘
or the public. This study examines passive measures that might be essential ingredients of $
a balanced paasive-active air defense system.

DISCUSSION

Six urban centers — Washington (studied in detail), Boston, Dayton, Milwaukee,
St. Louis, and San Francisco — were chosen as targets, and the feasibility, effectiveness,
and costs of various courses” of preattack civil defense action for these cities were investi-
gated.

Feasibility

An examination of the capacities of the radial road nets leading out of the target cities
indicated that for only one, Dayton, waa mass radial evacuation feasible within the most
probable warning time that the cities would receive. This was true even though the model
did not allow for losses in starting time, panic, failure to follow the plan, vehicle break-
downs, etc. A suwey of the national highway program and possible new radial routes to

speed evacuation indicated that these roads could not be made available within the time
period when mass evacuation may be effective (prior to the ICBM). The feasibility of evacu-

ating urban targets to smaller towns and villages was examined, using Washington and
Baltimore as targets, and Frederick and Hagerstown, Md., and Fredericksburg, Vs., as
the host towns. This tactic required many times the most probable warning times ex-

pected and had the effect of creating three new highly concentrated population targets.
Legislative apathy and public lack of knowledge of weapons effects seem to be the principal
barriers to shelter programs — technical know-how exists and adequate shelter designs have
been built and tested at atomic weapon test sites.

ORO-R-17 (App B) 1
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Effectiveness

e

Attacks with one to four 10-Mt ground-burst weapons aimed at the population centers
of the target cities with circular probable errors (cEP) ranging from 4000 to 12,000 m were
made, and the proportions of the target population killed were computed when the civil
defense tactic was: seeking the best shelter now available, evacuating radially outward for
a period of time equal to 1956 and 1959 expected warning times, and seeking underground
private or public shelter.

Resulte indicated that mass evacuation is not as effective in reducing casualties as under-
ground shelter when multiweapon attacks, large inaccuracies in delivery, or fallout from
nearby targets are taken into account. Msse ndial evacuation, if the population is un-
shielded, precludes the use of atomic warheads in antiaircraft guided missiles.

The use of best existing shelter, attenuating radiation by 0.9, is the Iexwtdesirable course
of action, resulting in higher proportions of target population killed than either masa radial
evacuation or underground shelter. Deaths in this case are due principally to blast and
thermal effects and to the fact that lethal radiation doses are received by Bhelter occupants
before rescue workers — impeded by debris and high radiation — can reach them.

Public and private shelters appear to provide the best protection from all effects and to
give military forces the greatest flexibility to meet the attack with any warhead at any
altitude. The effectiveness of shelter close to the population need not be dependent on the
successful functioning of the distant-early-warning network (as is the case with evacuation
tactics).

If the us and USSRhave equal capabilities in air offense and defense, a decided advantage
will go to the nation with the best passive defense system. In this regard it appears that
the nation that can place its population in shelter possesses a basic advantage — an ag-’
gressor may be greatly deterred if he cannot be sure of striking a truly crippling blow. A
shelter program would be particularly effective in this connection if it were accompanied
by a gradual reduction in urban vulnerability.

costs

Compared to an estimated $50 million in direct costs for an evacuation program for
170 major cities, the range for shelter systems may be from $6 billion to $30 billion, but
shelter construction costs need be sustained only once and maintenance costs are negligible.
Also, shelter systems can contribute to the area’s economy and welfare by serving dual
purposes, e.g., for subways and below-grade parkhg areas, without losing appreciable value
as shelter.

CONCLUSIONS

Feasibility
fl

1. The feasibHity of mass evacuation has not been proven by actual test in any large
city. There are serious difficulties facing realistic practice on the necessary scale. Current
survival plan projects in a number of large cities may find ways of overcoming the diffi-
culties.

2. Mass evacuation
expected warning times.

2

of large cities to smaller villages and towns is not feasible within

ORO-R-17 (App B)
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3. ~al roads to Permit mu evacuation of major cities could not be built in time
for this tactic to have any value.

4. The feasibility of an underground shelter cotimction prowm has not been proven
to the point of Aimubtfig con- to provide public funds. The technical how-how
for large shelter construction exist% although one of the most protig and inexpensive

designs has not been tAed.

~ectiveness

5. In the Washington area, wfiti attack with one to four 10-Mt ground-burst
weapons all aimed at the population centir with a 4(K10-mCEP, ~lti were as follows:

a. Use of underground shelter, evacuation with 1959 wa~ time, and evacuation
with 1956 warning time are all mom effective ci~ defense measures than use of eti~g
shelter.

b. Use of underground sheltir and evacuation with 1959 Wafig time are more
effective than evacuation with 1956 warning time.

c. Use of underground shelter is more effective againat several weapons than evacua-

tion with 1959 warning time, and iSm effective as such evacuation ag~n~ a single weapon.
6. In the Boston area, against attick with KMVItground-burnt weapons aimed at the

population center, use of underground shelter is more effective than any other civil defense
measure for all weights of attack frOm one to four weapons and for all cEP from @ to
12,000 m, even when effects of fallout are completely ignored; the mperiority of under-
ground shelter is further incremed when fallout is considered.

7. In the Milwaukee and St. Louis areas, against attick With lo-Mt ground-burst
weapons, when effects of fallout are ignored, evacuation with 1959 Warting time ia the most
effective measure for a CEPof 4000 m, and underground shelter is the most effective measure
for a CEP of 12,000 m. When fallout is considered, the superiority of evacuation with 1959
warning time for a CEP of 4000 rn is reduced and perhaps elirni~~, depending on the local
and regional fallout pattern, and the ~periority of underground shelter for a CEPof 12,000 m
is further increased.

8. In the Dayton area, against attack with 10-Mt ground-burst weapons, when effects

of fallout are ignored, evacuation with 1959 warning time is the mut effective measure for
all CEP from 4000 to 12,000 m. when fallout iS considered, the ~periority of evacuation
is reduced and perhaps eliminated, depending on the local and regional fallout pattern.

9. Any increase in radiation effects resulting from attach on other nearby targetm
will increase the effectiveness of underground shelter relative to the other possible civil
defense tactics. This relative superiority will be moat drmtic when the total fallout in-
tensity reaches a level where the 0.9 protection factor of beat shelter now available permiti
occupants to receive a lethal dose.

10. Shelter that will attenuate radiation effects by 0.9 (ordinary basement shelter) k
not adequate in urban targeta:

a. At 2 to 4 miles from ground zero, individuals in b~ment shelters would receive
an LDSOdose in 3 hr; at 4 to 5 miles, in 6 hr. At these distances fallen trees and other
debris in a high radiation field would make rescue operations impossible within the hour~
of life left to occupants of basement shelters.

b. At distances that might be relatively debris-free (7 to g miles), LDW doaea would
be received by occupants of basement shelters after 24 hr. Evacuation by shielded vehicle
would be imperative to preserve life.

ORO-R-17 (App B) a
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11. Since immediate postattack rescue and evacuation efforts may be impossible be-
cause of high radiation levels, public and private shelters need to be deeigned and stocked
to permit survival within the shelter for periods as long as 10 days.

12. With widespread attack on many targets, mass evacuation tactics could result
in 100 percent lethality among the evacuated population. This could be true even if the
evacuated city were not itself successfully attacked.

GMts

13. The cost of an evacuation program for 170 major cities should not exceed $50
million in direct coats for plans, maps, and traffic signs and for recruiting, training, and
equipping traf%c control personnel. Indirect costs due to 10ssof wagea, output, and profits
are not considered in this estimate and could be very high, especially if the enemy should
adopt “spoofing” tactics.

14. The coat of combination publhprivate shelter programs is largely dependent on
the degree of protection desired. Two programs considered in this appendix are estimated
at $6 billion and S33 billion each, for 170 major cities.

RECOMMENDATION

1. The Army should support the following activities:
a. A start should be made on a reduction-of-vulnerability plan and an under-

ground shelter plan for each metropolitan target area, looking toward reduction of target
values in the core area and a spacing of underground shelters to match future population
distribution at the expected date of ultrashort warning for ICBM.

b. Construction of underground shelters should be started as soon as firm long-
range shelter needs in any geographical subdivision of the metropolitan target area can be
determined. The current” survival studies” being undertaken by various cities with federal
funds should be utilized to determine local shelter needs rather than to designate evacua-
tion routes.

c. The entire civil defense concept of poatattack operations should be reexamined
in light of probable high radiation levels that may render traditional rescue, medical, fire
fighting, and other services at or near the site of the attack impossible.

d. Intensive R&D effort should be expended on testing existing shelter designs
and on the design of multipurpose and improvised shelter.

4 ORO-R-17 (App B)
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INTRODUCTION

Thk study attempts to evaluate the effectiveness of alternative civil defense measures
that can be taken between the first warning of attack and the attack itself in reducing
deaths in urban targets from immediate effects. It doea not attempt to investigate the
problems of social control, feeding, housing, and medical care in the months following
attack that might result in additional casualties. Long-range programs d=igned to re-
duce urban vulnerability, such as blast-resistant-building design and dispersion, are treated
separately in Annex B of this appendix.

The importance of the present study may be summarized as follows:
(a) Passive and active defenses interact to reduce or enhance one another’s effectiv-

ness, For example, a civil defense policy of mass radial preattack evacuation of urban
targets might reduce active defense effectiveness by precluding the use of nuclear warheads
in surface-to-air missiles against bombers attacking at low altitudes. Conversely, a civil
defense policy of deep shelter for occupants of urban targets would provide the ground
commander with great flexibility to meet the attack with a weapon of any likely yield at
any altitude.

c

-13.?o;;\Q

(b) In some cases passive measures can be wholly or partly substituted for active S ‘z”,
measures. Critical facilities might be duplicated at a second location, equipment or the end ‘a ~
product stockpiled, or the installation placed underground, and thereby serve as an altema- J

,.
\.,

tive to point defenses for the facility.
(c) Passive measures change the nature of the target to be defended. Dispersal pro-

grams for industry, for example, alter the value of the target relative to its initial value and
to the value of other targets in the system, and hence alter the number of batteries required
to defend it. As a second example, populationa in deep shelter can tolerate high radiation
levels, and thus present different targets to be defended than an exposed population —
populations in shelter may reduce the need for killing at great distances the bomb that if
not killed would result in radiation conditions that could be lethal to an unsheltered
population.

(d) Active defenses are probabilistic in their effectiveness (App G), and the problem
of enemy electronic countermeasure capabilities is a grave one (App D). Passive defenses
can offer a chance for survival should the active defenses not be completed at the time of
the attack or not perform as envisioned.

(e) The kind of civil defense plans that exist, and their effectiveness, crucially affect
the Army’s preattack and postattack role. Lack of passive defense plans, or passive plans
that lead to chaos or personnel losses of unmanageable proportions, may require the use
of so many Army resources that it will be impossible for the Army to carry out its primary
mission.

(f) Recent events have highlighted the role the military forces may have to play in
civil defense. The declaration of martial law by the President in Operation Alert, 1955,
has been subject to a wide variety of interpretationa. At one extreme this move W=

ORO-R-17 (App B) 7



I ~

1 interpreted. to mean that civil defense had failed in its mission: ‘(It [the declaration]
suggested finitely that the Civil Defense organization would be overcome with paralysis
within 36 hours. The simulated situation deteriorated so rapidly that the President, who
apparently recognized the approaching paralysis, was forced to declare a state of nation-

~

wide Martial Law. ” 1 At the other extreme, Dr. Charles Fairman, Professor of Law at
Harvard University, testifying before a Congressional committee, described the declaration

j, as “unstudied,” “ hashed up” for the occasion, and “falls apart upon examination.” He

i went on to 8tate: “Operation Alert bungled into crude compulsion where insight, adminis-
;. trative skill, and inspiring leadership were needed.” 2 However the move is interpreted, the

[
declaration of martial law emphasized the fact that the Army would be called on to play

~

a larger role in the postattack period than had hitherto been made explicit.*
Adequate passive defenses, like adequate active -defenses, strengthen our general

rx posture for war. If the us and the Soviet Union have equal capabilities in air defense and
offense, a decided advantage will go to the nation with the best-developed passive defense
system. In this regard the nation that can place its population in shelters possesses a basict
advantage. An aggressor may be greatly deterred if he cannot be sure of striking a truly
crippling blow.

Public funds must be apportioned between the various active and passive programs
constituting the air defense system; this study summarizes OROfindings on the feasibility,
effectiveness, and costs of some ingredients of an effective passive defense 8ystem.

CHOICE OF TARGETS

It was felt advisable to make a detailed study of a single urban target (Washington)
and generalize from this study to the degree indicated by more cursory studies of five other
urban centers: Boston, Dayton, Milwaukee, St. Louis, and San Francisco.

The Washington metropolitan area was chosen as a primary test subject because, as
the national capital, it was considered to have high priority aa a target; its geographical
features presented difficult, but not insurmountable, problems for solution; its proximity
to OROmade it an economical subject for study; and a high degree of interest and coopera-
tion from civil officials and other citizens promised to promote ease of study.

The other five cities were chosen to represent a variety of conditions that might in-
fluence civil defense actions. Boston was chosen because of its relatively large size and
because water and adjacent targets imposed limitations on preattack movement. Dayton
represents a smaller city where there is comparative freedom to move in any direction, and
as an inland city it has a greater probability of receiving longer warning periods of im-
pending attack. Milwaukee and St. Louis were chosen as larger inland cities, the former
being limited in possible movement by Lake Michigan. Since both cities have been objects
of FCDA studies, it wsa thought that further comparisons might be possible. San Francisco
was chosen because, unlike the other targets studied, it is situated on the West Coast.

*ProjectLINEUP] isanexhaustivestudyof therolesthe militaryforcesmightplay in thecivil defense
effort. Recognizingthat the existingcivil defensestructuremay well collapse,it recommendsa strong
nationalcivil defensecommandstructure(aaopposedto the presentadvisoryfunctionsof FederalCivil
Defense). Supportingthishierarchywouldbe mobilesupportuniti composedof mennot suitedfor active
military training becauseof physicaldisabilities,family responsibilities,religiousscruples,etc. These
unitswould reducethe drainon Army resources(whichwouldnot be adequa@to meet the effectsof the
widespreadattack postulatedinLINEUPin anyevent)and releaselargenumbersof Army personnelto per-
form theirprimarymission.

8 ORO-R-17 (App B)
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Table 1 summarizes some aspects of the target cities. It is apparent that choice of
these targets affords a rather general representation;. Three are coastal cities and three are

inland. The cities vary in size from 350,000 to 2,200,000. Two cities have relative freedom
to move in any direction. Two are limited to 180-deg movement, and two (for different

reasons) are limited to leas than 180deg possible movement. The principal activities of

the cities also are varied.

TABLE 1

CHARACTERISTICSOF TARGET CITXES

Pop&d#on, Movement
City Location limitations Predominant activity

Boston East Coast 2200 ;71Jeg Port, diversified industry
Dayton Inland Manufacturing
Milwaukee Inland R 180 deg
St. Louis

Port, food processing
Inland 1400 180 deg Manufacturing

San Francisco west coast Peninsular
Washington

Port, petroleum, food processing
East Coast 1700 None Government

●

URBAN COMPLEX AS A TARG~

General Populatwn

Of the six targets studied, all but one, the San Francisco Bay area, have a single center
of population, a point at which the explosion of a single weapon could produce more m+sual-
ties than an explosion at any other point. In the case of Washington at least, there is no
shift in the location of this point from day to night,* although there is a marked increase in
density of population around this point during the working day (see Fig. 1). Figure 2
shows by concentric 4mile bands ~designed to correspond to Federal Civil Defense Ad-
ministration (FCDA)zones of A, B, C, and D damage for a 10-Mt weapon with a ground zero
(GZ) at the Ellipse, near the White House’] the distribution of day and night populations
superimposed on the target area under consideration. This figure also shows the number of
trafiic lanes leaving each zone.

The nighttime (resident) population distributions of the other target areas (Boston,
Dayton, Milwaukee, St. Louis, and San Francisco) are shown in Figs. 3 to 7. The numbers
in the squares represent thousands of residents within units 2000 by 2000 m each. For
each target the centroid of population is indicated. Since the San Francisco Bay area has
two population clusters (Oakland and San Francisco), which are separated by water, two
population centroids are indicated for this target.

Special Popufutions

Because of the importance of physicians in the postattack situation, the distribution
of greater Washington area physicians during the day and night was plotted. It was found
that although the density of physicians at the center of the city markedly increased during
the day, this increase was proportional to the general increase in population density, and
as in the population as a whole, there was no shift in the point of highest density from day
to night.

●Daytime population figures were not available to permit similar comparisons within the other targets.
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It waa thought that heads of government might provide a desirable target for the
enemy under some attack conditions. In order to discover whether or not there might be
some separate aiming point if such people were the target, the nighttime location of Senators,
Representatives, and heads of executive agencies was plotted. It wss found that this
special group waa di&ributed among the population at large, although there was a greater
tendency to live closer to the center of population. No separate aiming point emerged.

INDUSTRY AS A TARGET

Figures 3 to 7 also ahow the point at which a 10-Mt attack could inflict maximum dam-
age on “manufacturing value added” in the five targets containing appreciable industry
(see App A of this report): In all except San Francisco the aiming point for the destruction
of industry and that for inflicting maximum casualties on population tend to coincide.
San Francisco, in addition to a separate center of nianufactunng, haa two population
“beat aiming points.” Washington contains no appreciable industry; however, the center
of population and the center of the governmenbbuilding group nearly coincide.

AIMING POINTS WITHIN URBAN COMPLEXES

On the basis of the information gathered, only one of the six targets considered, San
Francisco, exhibita more than one optimum aiming point as a function of enemy intentions
to destroy nighttime or daytime populations, special groups within the population, or
industry.
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Fig. 8 — Percentage Developed, Wooded, and Cleared Land in Washington Target

LAND USE

Figure 8 shows, for Washington, radially outward from the Ellipse by 2-mile zones,
the percentage of land that is developed, cleared, and wooded. It is clear that developed
areas that could provide shelter from both the initial and fallout hazards of atomic weapons
begin to drop off sharply at about 8 miles.
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The types of buikl.ings in these areas are also important because of the shelter they
might afford from both immediate effects and fallout. In Washington, although the survey
by the District of Columbia is incomplete, there would seem to be adequate shelter space
in reinforced-concrete and steel-frame buildings m-thin 4 miles of the Ellipse, based on the
fact that recent civil defense tests have revealed no overcrowding in the designated shelter
areas. Ou&”dethis 4-mile circle the amount of shelter space in buildings of these types is
clearly inadequate. Table 2 lists the number of people who could be accommodated in
existing approved shelter between the 4mile circle and the District line in the four quadrants
of the city. In every case there is a deficiency of space for the numbers of persons in the
area both during the day and night. The deficiency is somewhat less severe in the north-
west quadrant, with its many multistoried steel-frame and reinforced-concrete apartment
buildings. No shelter survey has been completed in adjacent suburban areas.

TABm 2

SHELTER.CAPACITYNow AVNLABLE BETWEEN4 MIIJIS FROM
TEE CENTER OF WASHINGTONAND TEE DISTRICr LINE

Population
Quadrant

Shelter deficiency
Shelter capacity’

Day I Night Day Night

Nw 62,471 83,391 45,376 17,095 38,015
37,370 62,489

:$
6,462 30,908 56,027

35,795 75,968 1,391 34,404
Sw 3,031

74,577
7,325 400 2,631 6,925

‘Based on FCDAstandards for Category I and II shelter.

On the basis of the study of land use and the existing shelter surveys, it would seem that
in the Washington target shelter of all grades diminishes aa distance from the city’s center
increases. Similar studies have not been made of the other target cities. However, aerial
photographs of these cities indicate that multistoried buildings tend to be clustered near
the population center of the city, with construction of all kinds giving way to forested
and cleared areas as distance from the city’s center increases.

ROAD NETWORK

Figure 2 shows the number of traffic lanes leaving the 4-, S-, 12-, and 16-mile circles in
the Washington target. Not only does the number of lanes diminish (from 149 to 101)
but the quality of the roads (in terms of width, alignment, etc.) also diminishes as dis-
tance from the city’s center increases. This tendency for the number of traffic lanes to
diminish as distance from the center of population increases holds true for all the other
targets studied except San Francisco.* There are, however, marked differences from one
target to another in the ratio of available traffic lanes to the population that they must

●The Bay area does not conform to the other city patterns in many respects. The road network b+
tween the two population centers of San Francisco and Oakland, although sevelely limited in numbers
of lanes, is constant.
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serve. Table 3 shows the ratio of the number of lanes leaving the target area to the popula-
tion of the area. It can be seen that Washington and Dayton have twice the road capacity
of Milwaukee and St. Louis and sliihtly more than twice that of Boston.

TABLE 3

TRAFPICLANESSERVING POPULATIONSOF
FIVE URBAN TARGETS

Perwms Ratio,
Lanes enclosed, lanes/thous

Target leaving target thous of persons

Boston 60 2200 0.025
Dayton 22 350 0.06
Milwaukee 26 0.03
St. Lcmlis 45 1% 0.03
Waahh@on 101 1700 0.06

●

The urban complex as a target seems to be. characterized by a single center that con-
tains the best shelter, the best road network, and the most value to the economy. People
ebb and flow from this point by night and day but the location of the point doea not shift.
The cities under consideration seem to differ moat markedly in the extent of their road nel+
work and in their geographical locations, which affect the relative freedom of their popu-
lations to leave the target area.
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THE ENEMY A’ITACK

For the purposea of this study a massed attack of high-altitude bombers is assumed.
It is assumed that the attack may come over Canada and also approach both coasts directly.
The raid size is asaumed to be sufficient to successfully explode from one to four 10-Mt
weapons on the targets under consideration.

LETHAL RANGE

The mortality coeflicienta vs distance of a 10-Mt weapon as used in this study are
presented in Fig. 9. For comparison, mortality vs distance curves as used’by the FCDA*
and Ed are also presented. All three curves arc baeed essentially on Hiroshima-Nagasaki
data and have been modiiied to account for the longer positive-pulse phase associated with

100, \ l\ \l I I I I I I I
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\
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i, \* \ LMortality far 10-Mt weapon

\\ with undorgraund shelter

SRI 10-Mt weapon

FCDA 10-Mt weapon

I

““\**
I >’”,-
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DISTANCE FROM GZ, MILES

F]g, 9 — Population Lethality Contours for 10-Mt Ground Burst

high-yield weapons. The curve used in this study was the best approximation to Hiro-
shima data that would meet the purposes of the study; like the SRI curve it has a region of
100 percent mortality to meet the requirements of cratering associated with ground bursts.

Figure 9 also gives the mortality coefficients for populations in shelters with 3 ft of
earth cover. The 100 percent mortality “plateau” extends to the limits of the crater
and lip that would be created by a 10-Mt ground burst and then drops off at the same rate
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as for populations exposed above ground. None of the mortality cuNes presented here in-
clude the probabilities of death from indirect ionizing radiation (fallout). The mortality

i ;

rates associated with various patterns of fallout are discussed in the ~ection ‘(Effectiveness 1 ;
of Civil Defense Actions.”

I

* ACCURACY

Delivery accuracy of the enemy attack is of extreme importance to civil defense. plan-
ning, especially if movement of the population away from some assumed aiming point is
one of the passive maneuvers under consideration. Since thii is one of the most debatable

aspects of the attack, this study uses a range of circular probable errors (CEP) from 4000 to
12,000 m (CEP of O were also computed for comparison. purposes but are not cited in this
appendix since they do not differ appreciably in their effects from CEP of 4000 m).

Many factors enter into the accuracy with which a high-altitude bomber can attack
some point in a metropolitan complex. The random fall of the weapon and inaccuracies

of the bombsighting mechanisms are probably minor, although these aye the bases for the
usual computations of cm. Other factors, large] y unexplored, may contribute to CEP of

many miles as opposed to the few hundred feet that practiced crews over friendly territory
can sometimes achieve. Some of these factons may be as follows.

Ej7ect of Deferukr Action. Local point defenses may destroy the aircraft but not the
bomb. This might result in a ground burst many miles from the desired ground zero (DGZ).*

Failure To Identify Aiming Point. Although it is presumed that enemy crews will be
well briefed on their mission, it is also true that they have not had the advantage of seeing
the actual target on radarscopes until the time of the attack. At l-t one studys indicaw
that it may be important to distinguish between aiming-point misidentification and being
“lost.” The latter behavior is typified by incomplete orientation in which the operator
apparently feels compelled to find some point that at least resembles the desired aiming
point. As the pattern deteriorates, the operator chooses another point further ahead. In
one cue cited, a ‘f lost” operator made four different selections of target area in the course
of one bomb run.

Ini?elligenw Errors. An FCDA report states that: “By analysis of population and in-

dustrial concentrations within any target area, we are able to assume what we believe to
be a logical aiming point for enemy attack. However, we do not know how complete the
enemy’s information may be or whether his attack assumptions are the same as ours.” e

This is but a partial list of the factors that may contribute to very large aiming errors.
An OR07study concerned with predicting safe distances of friendly troops from DGZsug-
gests the term “tactical CEP (TCEP)” to describe more realistically the dispersion of aimed

weapons around a point.
This paper does not propose to answer the question of how accurately high-altitude

bombers can deliver thermonuclear weapons on defended targets. It is suggested, however,
that the TCEP, as opposed to the CEP attained by friendly crews on practice runs, may be
very large.t

WARNING TIME

The amount of warning time of enemy attack places severe restrictions on possible civil
defense maneuvers. Table 4 summarizes the warning times that the six targets under

●AppendL~ H of this report discusses the possibility of destroying the bomb as well as the carrier.
Should thk tactic be adopted, this factor would not contribute to CEP.

tAn Air Force press release of 15 June 1956 indicates that a bomber in the Pacific Proving Grounds
Tests missed the DGZby “ less than four miles.”

,!
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consideration may expect in the years 1956-1959 (see App D of this report).8 These times
are based on the expected completion dates of the McGill, Pinetree, and distanfiarly-warn-
ing (DEW) networka and the seaward extensions; flying speeds of enemy aircraft are as-
sumed to be 550 mph by 1959. These figures are not firm but serve to indicate that targeti
face varying warning conditions depending on their location. The possibility of complete
surprise, for coastal cities at least, may always remain high.

+

TABLE 4

WARNINGTIME OF BObtBERA~ACK

Warning time, hr
City

1956 1957 I 195s [ 1959

Boston 0.5 0.5 1.0 1.0
Washington, D.C. 0.5 0.5 1.0 1.0
St. Louis 2.0 2.54.0 2.54.0
Dayton 1.5-2.0 2.$;.5 2.0-4.0 2.54.0
San Francisco 0.5 0.5 1.0 1.0
Milwaukee 1.0-2.0 2.0-2.5 2.54.0 2.5-4.0

1

In order to compare the effects of alternative civil defense actions, this study has
assumed a massed attack by bomber-type aircraft. However, it should be pointed out that
attack from ballistic missiles launched from submarines affords no warning before the first
missile, and little warning before any remaining missiles. The maximum warning time
from attack by ICBMShas been estimated at 15 min.

It should also be pointed out that the time span of the attack has important civil defense
implications; depending on the success of the initial attack and other factors, urban popu-
lations could be subjected to subsequent attacks from ballistic missiles or aircraft over
periods of days or weeks. Some civil defense actions may leave them more vulnerable to
follow-up attacks than others.
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POSSIBLE CIVIL DEFENSE ACTIONS AND FEASIBILITY

Opposing the enemy attack are a variety of civil defense actions cities can take. These
may be broadly categorized as changing the population configuration or changing the
population vulnerability or combinations of these.

The population configuration can be changed by mass evacuation of the city aa a whole
from some aasumed aiming point to beyond the assumed lethal radius of a thermonuclear
weapon; evacuation of the congested core of t~e city (partial evacuation); selective
evacuation of the aged, infirm, children, etc., prior to warning of actual attack; or reduction
of population vulnerability through long-range d@ersal programs.

The population Vulnerability may be changed by a policy of seeking the best shelter
now available in the target; seeking shelter in public or private underground shelters;
preparing improvised shelter; designing and constructing blast-resistant buildings; or
constructing underground installations.

A combination of these two methods may call for mass evacuation of the city to public
shelters in the periphery; evacuation of the congested core of the city to shelter elsewhere

within the target; or evacuation of the city population to smaller towns and villages.
In this study the alternatives of mass radial evacuation, seeking the best shelter now

available, seeking underground shelter, and seeking shelter in surrounding towns and
villages are considered. Dispersal programs, blast-resistant designs, and underground
installations are treated separately in Annex B of this appendix.

)

MASS EVACUATION

Determining Feasibility

Ideally the feasibility of evacuating large
practice evacuations. Although there have been

urban targets could be determined by
practice evacuations of some cities, such

& Spokane,s Mobi)e, g Erie, Pa. tloand Portland, Ore.,11the results have had little bearing

on the problem of the feasibility of this tactic. In every case a relatively small portion
of the target was evacuated, and in every case a relatively small proportion of the population
in the evacuated area participated in the exercise. It may be reasonable to conclude that
those persons who did choose to participate represent the population that would create
the fewest problems in evacuation; perhaps those who did not participate were the aged,
infirm, mothers with small children, and noncooperative persons, who might create special
problems.

In any event, in the tests conducted so far the size of the areas being evacuated has
been too small and the number of participants too few to permit any conclusions regarding
the feasibility of this civil defense maneuver.

in the absence of valid experiential data, an evacuation model was designed, based
on the assumption that the number of trafiic lanes leading out of the target would be a prime

ORO–R–17 (APp B)

-—

21



limiting factor to carrying out a msss evacuation within a given period of time. The
Washington area was used as a model. As described in Fig. 2, the number of traffic lanes
diminishes from 149 at 4 miles from the city’s center to 101 at 16 miles from the city’s
center. The model is designed to set an upper limit on evacuation feasibility, and assumes
that immediately on warning of attack all vehicles will start moving radially outward at
a rate of 1000 vehicles per lane per hour. * It is further assumed that all vehicles will be
used to optimum advantage (the population of each ring distributed evenly throughout the
number of vehicles in the ring), and that each vehicle will contain five passengers.

Table 5 shows how the population is distributed after 1, 2, 3, and 4 hr of evacuation.
At the end of 4.5 hr the target is empty. Figure 10 shows the same data in terms of ring
density after 1, 2, and 3 hr of evacuation. For comparison this figure assumes that evacuees
might be held in the 16-to 20-mile ring; it will be noted that under these conditions density
is optimally uniform after about 3 hr of evacuation.

TABLE 5

POPULATIONDISTRIBUTIONOF WASHINGTONFOR VARIOUSEVACUATIONTnmm

FCDA Population, thous
damage Zone radius, Traffic lanes

miles leaving city ~ov~:ent l-hr %hr 3-hr 4-hr
zone evac evac evac evac

A o-4 149 647 0 0

B 4-8 120 748 99: 57: 0

c 8-12 112 218 239 286 & O
D 12-16 101 64 136 236 200

Outside 16-20 — — iz 678 1013 1477

The approximate times required to empty the six remaining targets under considera-
tion (based on the number of traffic lanes leaving the target area) are as follows: Boston,
8.0 hr; Dayton, 3.3 hr; Milwaukee, 6.7 hr; St. Louis, 6.0 hr; and San Francisco, 11+ hr.

A comparison of the times required to evacuate totally the six urban targets assuming
the probable warning times expected for them through 1959 (Table 4) reveals that only
one, Dayton, can complete mass evacuation within the expected period of warning. Against
attack with ballistic missiles, with perhaps 15-rein warnings, such a tactic is completely
impossible,

It should be further emphasized that these figures represent the minimum times re-
quired. The figures given would have to be degraded by many factors, including the fol-
lowing.

(a) There is some lass in starting time, e.g., losses in making the warning public
(probably 12 rnin), 11 or more min to empty large office buildings under normal well-practiced
circumstances (recent air-raid drills), and 20 min and upward to empty parking lots, de-
pending on their size. The time required to reunite fathera, mothers, and school-age
children for evacuation purposes would also degrade this figure by some large factor, and
additional starting losses would be created as prospective evacuees loaded their automobiles
with needed supplies. t

●Lane capacities as high as 2300 vehicles per lane per hour have been measured on some limited-entry-
egre= highways; other highwayshave capacities as low as 603 vehicles per lane per hour. A capacity of
1000 was chosen aa an all-road, all-season, day-night average.

tAn SRI study” of three California floods indicated that 70 percent of the population had left their
homes wittin 30 min of the warning. After the first 30 rein, the remaining population responded slowly;
at 4 hr from the warning only an additional 15 percent had evacuated.
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(b) Egress from evacuation routes to relocation sites would slow the evacuation rate.
If open fields were used under muddy conditions, egress from evacuation routes might be
impwsible.

( ) Behavioral factors would further degrade the rate: elevator operators and parking-
lot attendants might flee their posts. Drivers might collide and create roadblocks. Some
cars may be without su5cient gasoline, etc.

(d) The times based on 1000 vehicles per lane per hour presume a well-practiced plan,
with well-marked routes, adequate trafiic controls, and some all-over control system for
the maneuver. None of these conditions now exist.

A mass evacuation plan cannot be considered feasible unless realistic, widespread,
and frequent practice of the plan is feasible. Some additional points limiting the feasibility
of such practice are as follows.

I I I I I I I I I

No ●vacuation

l-hr ●vacuation

~

2-hr evacuation

Mu ●vacuation

2 4 6 8 10 12 14 16 18 20

DISTANCE FROM CENTER OF CITY, MILES

Fig. 10 — Population Density of Washington Target w Function of Diitanee
from Center of CN,yfor Three Evacuation Times

(a) Practice evacuations are very costly. Indirect losses to the economy through 10ss
of production and consumption of fuel and materiel are difficult to asaeas, but in the Wash-
ington target would probably not be less than $1 million per practice, with perhaps two
practices per year required. In addition there might be widespread damage to real @NMe,
crops, vehicles, etc.

(b) In many targeta there is no legal basis for ordering a practice evacuation.
(c) Social problems might arise that although undoubtedly minor in time of war might

limit the possibility of continuing practice drills in time of peace. In the Washington
target such problems might arise when predominantly Negro populations were evacuated
to predominantly whiti areas.

(d) As mentioned previously, practice evacuations have shown that large numbers of
people do not participate anyway, and that these may be the people who most need the
practice if they are to carry out such a maneuver under threat of attack.

.
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Limitations to Evacuatwn Movement

As pointed out previously in this paper, shelter of all kinds diminishes rapidly as one

moves outward from the center of the city. Shelter is imperative due to dangers from

immediate blast and thermal effects, fallout radiation, and debris of all kinds from defender
action. In the Washington target 8 radial miles seems to be the limit of adequate shelter.
In addition to shelter, the public air-raid alert system that could warn evacuees to take
shelter is rapidly outrun.

A third factor limiting evacuation is the presence of physical barriers, such as coasts
and mountains and the proximity of other targets. Figure 11 indicates evacuation limitat-
ions for 25 critical target areas along the Eastern Seaboard.la The solid lines indicate the
point half way between one target and the next adjacent target, or the point at which an
evacuee from one city would be in equal jeopardy from a weapon aimed at an adjacent
city. This device would not be useful for planning purposes, since it assumes equal value
for targets and weapons of equal lethality, but it does serve to indicate that the targets

24 ORO-R-17 (App B)
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I
face varying restrictions on maximum evacuation distances. Boston, for example, is
limited to about 20 miles of movement to the east, south, and west by the proximity of
the seacoast and the Worcester, Providence, and Fall River targets, whereas Washington
is relatively unlimited, being bounded for all practical purposes only by the proximity of
Baltimore and the coast.

The proximity of other targets and physical barriers also set upper limits on the amount
of dispersion that can take place. For example, although population density along the
East Coast averages about 370 persons per square mile, many of the targets, limited by
the afore-mentioned barriers, would still have concentrations many times that figure even
if the population within the target could be evenly dispersed in the area allotted to it. New
York, for example, would have concentrations of 2500 and Philadelphia 1500 persons per
square mile.

Evacuation Roads and the Natwnal Highway Program

The feeling has been expressed by civil defense planners that the recently enacted
public roads program would make mass evacuation possible or that the program could be
modified to make such a tactic feasible. * Figure 12 8hows the proposed highway system.
It is clear that this 40,000-mile system is designed to connect major cities and is not a system
of radial routes emanating from congested urban areas into the surrounding countryside.
It is not considered desirable to substitute radial routes for the intercity system. The
latter routes were selected in cooperation with the military as being of first importance to
the national defense, and are vital to the successful operation of plans for mutual aid in
the postattack period that have been developed by the various cities.

It has been estimated that an expenditure of $10 billion is needed to provide for the
evacuation of every person in the 23 largest target areas to beyond a 15-rnile radius in
1?.4hr.

An evacuation-highway program would in no way substantially reduce the requirement
for a shelter program to protect evacuees from fallout, and the cost of the entire evacuation-
highway-t~shel~r program might be of the order of $18 billion.

Should Congress consider a program to constmct evacuation highways, the earliest
year they could consider it would be 1957. Congressional action in 1957 would probably
occur too late for enactment of cooperative state legislation that year so it would normally
be carried over until the 1959 session. ‘If states were urged to call special sessions, state
legislation could probably be speeded up by 1 yr. Regardless, it is evident that enactment
of legislation affecting highways requires several years.

Getting highway construction under way after legislation is enacted takes additional
time. Routes must be selected, surveys made, land and property condemned, structures
built, and pavements laid. This process normally takes at least 3 yr for each section of
highway.

By the time highway legislative and construction processes are completed and high-
ways are made available for evacuation, the US might well be into the intercontinental
ballistic missile (ICBM) era.

f:
Feasibility

I In view of the probable short warning times of attack, the long times required for
evacuation of targets, additional hazards that may further slow evacuation routes, the
limitations on realistic practice of mass evacuations, dispersion limitations due to geographic

*See, for example, the testimony of Governor Peterson in hearings before the Senate Committee on
Armed Services.14
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barriers, and the small likelihood that the highway system can be measurably improved
‘:

during the time period considered in this appendix, it would seem that the feasibility of
mass evacuation of large targets is highly questionable. Some small inland cities, such
as Dayton, may be in a position to consider this tactic along with the other passive moves
open to them. 1

,
I MASS EVACUATION TO EXISTING SHELTER IN SMALLER TOWNS AND FARMS

I Determining Feasibility

It has been suggested that residents of critical targets might evacuate and seek shelter
in the basements and cellars of houses well outside the target area. To test the feasibtity
of such a tactic an area of approximately 8400 sq miles, including Washington and Balti-
more, was inspected. This area was bounded on the north by the Pennsylvania state line,

f on the east by Chesapeake Bay, on the west by a straight line drawn to include Hagers-
town, Md., and Warrenton, Vs., and on the south by a straight line extending west from

( Smith Point, about 20 miles north of Richmond. The area northeast of Baltimore was
not included, owing to the proximity of the Wilmington, Lancaster, and York targets.

The population of this area is 3.3 million, of whom 2.7 million live in the two critical
targets. Of the remaining 0.6 million, 134,000 live in small towns that are not part of the
target complex, an estimated 157,000 live on farms, and the rest live in suburbs adjacent
to the targets.

Below-Grade Melter Available. In the absence of an actual survey it is assumed that

I 50 percent of the dwellings might have below-grade shelter equivalent to 750 sq ft.* On
this basis the towns alone could provide approximately 5%sq ft of shelter for each inhabitant

I of the two critical targets. t The towns and farm buildings together could perhaps provide
10.7 sq ft of below-grade shelter for each evacuee. These figures exceed the minimum of
5 sq ft per person recommended by the FCDA.

t Times Required. The number of traffic lanes leading from Baltimore and Washington
I

to open country or smaller towns is 28 and 26 respectively. (These numbers do not include
the lanes that lead only from Baltimore to Washington, the lanes that go from Baltimore
northeast, or the lanes that lead only to the cities’ suburbs.) Using the figure of 1000
vehicles per lane per hour, at least 9.5 and 13 hr, respectively, would be required to empty

I

o

keo

the target areas. An additional 2 hr would be required for the last vehicle to reach the =2 ‘*

median town, 70 miles distant. These times are well in excess of the 0.5 to 1.0 hr of warning ~
*.

time predicted for the two targets.
~.,

* ~.&\
The three largest towns in the evacuation area were considered in detail. Table 6

J

shows their population, the below-grade shelter space available after the needs of the local
residents have been subtracted, the number of evacuees who could be sheltered at the rate

*Along the Bay and in the Eastern Shore region below-grade shelter is negligible because of the high
water table. It is estimated that in older inland towns and on farms up to 75 percent of the dwellings may
have cellars, but many of these would be “root cellars”
have “bank barns,”

with far less than 750 sq ft. However, many farms
where one-half the structure is partly below grade. Many newer dwellings (up to

SOpercent in some areas) are built on concreteslabsand have no available shelter. As a reasonablygood
over-all estimate,50percentwasselected. (Information provided theauthorby the Maryland Civil Defense
Administration.)

tThis figure includestotal basementspace. it is presumedthat in theevent of emergencyany base-
ment spacepresentlyusedfor storagewould be cleared.
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of 5% aq ft per person, the times required to enter the host town area, and the new popula-
tion created. Since the times required to enter these towns are less than those required
to leave the critical target areas, it seems clear that they would not constitute a further
bottleneck.

TABLE6

SOME EFFECTSDF EVACUATINGMAJOR TARGETPOPULAmONSTO SMALLERTowNs

Basement shelter Time required New popu-
Popu- available to evacuees, Evacuees who to enter host lation of

Town lation thous of sq ft could be sheltered town, hr host town

Frederick 18,142 349,(/00 7.(I 367,000
Hagsrstown 36,260 ;E 698,000 7.8 734,000
Fredericksburg 12,156 1300 234,000 5.9 246,000

Feasibility

The claim of feasibility of such a scheme is more vulnerable when one considers the
traffic problem a town with normal provision for 5000 cars would have in trying to provide
egress and storage for 70,000 additional vehicles. Bumper-to-bumper parking could be
provided for this number of vehicles on approximately 350 acres of land (needless to say,
these acres would have to be dry and unblocked by fences, ditches, etc.). The control
and practice required to make such a scheme workable is probably beyond capability.

An even more serious problem is constituted by the new targets presented. Any civil
defense plan must be public to be effective, and hence known in advance to the enemy.
These three towns, beyond the range of present point defenses, would have new popula-
tions — 367,000, 734,000, and 246,000, respectively — concentrations worthy of the at-
tention of enemy target analysts. Furthermore these populations are now so highly con-
centrated that a single 10-Mt weapon can place the entire sheltered population in the
crater or lip, with resulting 100 percent lethality.

In view of the times required to carry out this tactic (11.5 to 15 hr), the magnitude of
the planning and practice required, and the high vulnerability of the new configurations
created, the tactic of evacuating critical targets to satellite towns is not considered feasible.

On receipt of a strategic alert of perhaps 24 hr such a plan might be carried out, if only
time is considered. This would not alter the fact that new, highly vulnerable targets have
been created. It should further be pointed out that people in shelters for a long period
of time require many times the .5to 10 sq ft of space allotted them in this study. It does
not seem advisable to attempt to augment existing space with sheds, tents, barns, etc.,
or any structure that will attenuate less than 0.9 of the radiation effects. Figure 13 shows
fallout conditions created by 10-Mt ground bursts on all the FcDA-designated critical
targets within a 300-mile radius of Washington. The method of computation is described
later in this paper. At least sometime during the 36-day sample of fallout conditions,
Hagerstown and Frederick were exposed to 500 to 1600 r, and Fredericksburg to 100 to
500 r.

It seems clear that only below-grade shelter could be used. On the basis that at least
20 Bq ft per occupant would be necessary, only approximately one-fourth of the evacuees
that this study estimates the towns could shelter could actually stay there for extended
periods, and then only after advance preparation of supplies, toilet facilities, etc.

28 ORO-R–17 (App B)
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Fig. 13 — Possible Fallout Conditions in Host Towns

PRIVATE AND PUBLIC SHELTERS

The feasibility of constructing both family and public shelters capable of withstanding
blast overpressures up to 100 psi has been adequately demonstrated at atomic test sites
under the auspices of FCDAand others. ‘K The serious problems relating to the feasibility

of this tactic are largely in the field of motivation. To date, efforts on the part of FCDA

and other civil defense organizations to motivate the public to build home shelters have
been met with apathy. Efforts to promote the construction of public underground shelters
have likewise been unsuccessful. The effect of a consistent program of public education

along these lines is problematical.

ORO-R–17 (App B) 29



A second problem related to shelter construction is the shortage of land in those areas
of the city where the population is most concentrated. Apartment dwellers and day workers
in the heart of the city must rely on public shelters. In the Washington target, land for
such purposes would have to be acquired by condemnation procedures or by the use of
space now devoted to public parks. The use of parks for any purpose other than recreation
haa been bitterly contested; condemnation is a very expensive and tim~consuming pro-
cedure.

It is probable, however, that with continuing deterioration of international relations,
motivation to take protective action may increase to the point where both the problem of
public apathy and unwillingness to use public land for shelter construction may disappear,
as was the case in WWII in Europe. In any event there seems to be insufficient evidence

at this time for ruling out public and private shelters as one possible civil defense action.

I

I
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EFFECTIVENESS OF CIVIL DEFENSE ACTIONS

In this section the desirability of one civil defense action over another is considered
through comparing the proportions of the target populations that would be killed by
enemy attacks with various numbers of 10-Mt ground-burst weapona delivered with various
CEPwhen the civil defense action is (a) to seek the best shelter now available, (b) to seek
shelter with 3 ft .of earth cover, and (c) mass evacuation.

DEATHS FROM IMMEDIATE EFFJNXS

Method of Study

IbAdent population data for 1950 were distributed into cells 2000 by 2000 m each and
variances were computed for the cities as binormal surfaces. These data are shown for
Boston, Dayton, Milwaukee, St. Louis, and San Francisco in Figs. 3 to 7. For the Wash-
ington target, 1955 population data were obtained and were arrayed in cells 2 by 2 miles
each. Weapons with the population lethality rates shown in Fig. 9 were then aimed at
the centers of population * and cumulative deaths were computed. Where mass evacua-
tion was the civil defense action the variances were increased at the rates indicated by
the Washington evacuation model (Table 5 and Fig. 10), and for Boston, Dayton, Mil-
waukee, and St. Louis were modified on the basis of the number of lanes leaving the target
areas (Table 3). Since evacuation was not considered feasible for San Francisco (evacu-
ation model indicated that 11+ hr would be required to carry out this tactic), that area
is not given further consideration. The minimum times assumed to be spent in evacuating
the target were taken as equal to the warning times expected now, and the maximum as
equal to the warning times expected by the end of 1959 (Table 4) .t Further methodological
details are given in Annex A.

Results

The results of these comparisons are given in Table 7 and Figs. 14 to 28. Figures 14
to 18 compare deaths from immediate effects from a single 10-Mt weapon for different
courses of civil defense action when the CEPof the attack varies to 12,000 m; Figa. 19 to
28 compare the deaths resulting from different courses of action for 4000- and 12,000-m
CEPattacks when one to four 10-Mt weapons are employed.

●Although this study is limited to single aiming points, it should be pointed out that for all practical
purposes an attack with CEP aa large aa 12,000 m can be considered an attack with random aiming points
throughout the target.

tEven though no warning time or 0.5-hr warning time is indicated now for coastal citi~, 1 hr waa granted
them in this study, on the basis that evacuation would not be considered with only a 0.5-hr warning avail-
able. In addltionj for Washington and Boston 3 hr waa used for comparative purposea, even though it k
unlikely that such times will be available.
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Several patterns emerge from inspection of these data.
(a) In every case, increased CEP of the attack favors the defender; this may be a func-

tion of the decreasing probability of hitting the highly concentrated city center plus the
probability of the weapon landing outside the target.

(b) With increased CEP of the attack the difference in immediate deaths as a function
of taking one civil defense action or another is markedly reduced.

TARLE7

PERCENTAGETARGET POPIJIATIONKILLED IN AmACKS OF VARIOUS
SXZEAND CEP FORVARIOUSCIVILDEFENSEACI’IONS

Deaths, percent

Target and defender action 10-Mt WellpOnS, 10-Mt WeRpOXIS,lW#t;e&o~,
mP4000m CEP8000 m 9,

II 1 213 ]4] 11213141 1121314

Boston
Best available shelter 365566732746606919% 4758
Underground shelter 1017232861218X 481216
Minimum evacuation (1 hr) 31475864244154631732 4353
Maximum evacuation (3 hr) 193037421628374413 233240

Dayton
Beat available shelter 6692——406683942544 5971
Underground shelter 2443566711213038611 1722
Minimum evacuation (1.5 hr) 132026291120273310 182531
Maximum evacuation [4 hr) 69121459131559 1317. .

Milwaukee
Best available shelter
Underground shelter
Minimum evacuation (1 hr)
Maximum evacuation (4 hr)

62 87 99 — 39 65 81 92 24 43 58 70
22 39 52 62 11 20 29 36 6 11 16 21
274352592237495816 294050
10 17 21 24 91722278152126

St. Louis
Best available shelter 54 78 91 98 35 59 75 86 23 41 55 67
Underground shelter 17 30 41 49 91826335101520
Minimum evacuation (2 hr) 16 26 32 37 14 25 33 40 11 21 30 37
Maximum evacuation (4 hr) 10 16 20 23 9 16 21 26 10 15 21 26

Washington
Best available shelter 48 71 84 92 33 56 71 82 21 39 53 64
Underground shelter 14 26 35 42 81623295101419
Minimum evacuation (1 hr) 13 22 28 32 12 20 28 34 10 18 25 32
Maximum evacuation (3 hr) 61013156101417 5 10 14 18

(c) Increaseclcmof theattack favors shelter policies rather than apolicyof evacua-
tion; in every case where shelter is not preferable to evacuation regardless of cEP there is
some critical CEPwhere a “stay put” policy results in fewer casualties than thearnouut of
evacuation available for the next few yeare. Thus for Boston, even seeking the best
shelter now available is preferable to evacuation when the CEPreaches 10,000 m (Fig. 14).
For the Dayton target, evacuation is less effective than underground shelter at CEP above
8000 m (Fig. 15). The same situation exists for St. Louis after 5000 m (Fig. 17) and for
Washington above 6000 m (Fig. 18).

(d) When the CEPreaches 12,000 m, evacuation is preferable to underground shelter
‘,
Ii for only one target, Dayton (Fig. 22), and even then only for the maximum warning time.
{ (e) Increasing the number of weapons used in the attack exaggerates the difference in

numbers of persons killed as a function of taking different civil defense actions. Thus for

1’
Boston the difference in the percentage of population killed as a result of taking the least

,,
,’
1’
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or most desirable course of action is about 25 percent for a single weapon but about 50

percent when four weapons are employed (for a 4000-m CEP, Fig. 19). When the CEP is
i2,000 m (Fig. 20) the- differences are 15 percent for one bomb but 45 percent for four
bombs.

(f) Perhaps t~e most outstanding finding from these comparisons is th~t cities differ
in the optimum civil defense action they can take. The relative effectiveness of these
actions varies with their size, population distribution, road net, and probable warning time.
Thus for Boston underground shelter results in fewer casualties under all conditions of CEP
and attack size (Figs. 19 and 20), whereas for Dayton minimum or maximum evacuation
is preferable for small CEP, and 4-hr (but not 1.5-hr) evacuation for large CEP (Figs. 21
and 22). For the remaining targets, evacuation seems preferable when the CEPis small,
and underground shelter best when the CEPis large; however, the magnitude of differences

due to taking one or another civil defense action is by no means uniform.
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Fig. 28 — Percentage Washin@m Resident Population Killed
by One to Four 10-Mt Weapons, CEP 12,000 m

DEATHS FROM FALLOUT

Method of Study

It should be emphasized that none of the preceding comparisons consider the probabili-
ties of additional deaths from indirect radiation (fallout). To afford some insight into the
dimensions of this threat a model attack was developed that delivered from two to four
10-Mt weapons on the Washington-Baltimore targets.

A sample of 137 upper wind readings was drawn at random from 1955 us Weather
Bureau teletype information. The sample composed about three-fifths of the available
readings. These were separated into summer and winter readings and into low-, medium-,
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or high-speed winds according to a system developed by Technical Operations Incorpo-
rated, as describedin another orto study.lG

Briefly, this system considers the distance to which a 100-p particle will travel from
a height of 60,000 ft. A “low” wind-speed pattern results from the particle traveling 30
miles or less; a “medium” pattern, 31 to 150 miles; and a “high” pattern, 150 or more
miles.

Tabulation of readings by season, wind speed, and bearing (see Table 8) indicated that
in the winter months high wind patterns could be expected 63 percent of the time, and that
40 percent of the time the most likely bearing would be 80 deg. During the summer
months the modal pattern was moderate winds (67 percent of the time), 26 percent of the
time with a bearing of 110 deg. There was considerably more variability both as to speed
and bearing of upper winds during summer months. During summer months the lW-N
particle could be expected to fall to the west of GZ (between 180 and 360 deg) 21 percent
of the time, whereas in the winter sample this occurred only 3 percent of the time.

TABLE 8

WIND PAWERN AND BEARINGAS FDNmION OF SEASON

I Distributionof wind Pat*rns

Bearing, June through September Octuber through March
deg

Low Moderate High Low Moderate High

0-30 2
3140 3 6 ;
61-90 5 ; 2 21
91-120 2 :; 2 7 11
121-150 4 5 1 4 1
151-180 2 5
181-210 5
211-240 3 1 1
241-270 2
271-300 2 1 1
301-330
331-360 ;

Total 20 54 6 21 36

Four GZ for weapons aimed at the center of Washington and three GZ for weapons
aimed at the population center of Baltimore were selected on a probability basis for at-
tacks with CEP of”4000, 8000, and 12,000 m. Fallout contours were then drawn over a
population map and the number of expected deaths for the corrected 48-hr cumulative
dose * were computed by multiplying the population enclosed by the mortality coefficients
shown in Fig. 29.17

*It wm assumed that on the Eaatern Shore shelter would be available that would attenuate radiation
by a factor of 0.5 and on the mainland by a factor of 0.9 (the high water table on the Eastern Shore pre-
cludes most below-grade construction). Overlapping fallout contours were considered to be directly addi-
tive. Deaths due to close-in or stem fallout around QZare not included in these comparisons. (The limits
of collapse to wood-frame dwellings extend nearly to the 500-rlimit. Deaths in thismea arepresumedto
be from blast and thermal injury and from the combined effects of radiation, fractures, lacerations, and
burns.)
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Two attacks were postulated — a winter attack using a high wind pattern and a bear-
ing of 80 deg and a summer attack with a moderate wind pattern and a bearing of 110 deg.
Fallout contours for attacks with CEP of 4000 and 12,000 m are illustrated in Figs. 30
and 31.

I I I

20 -Io~
o 100 200 300 400 Soo

CUMULATIVE 2-DAY RADIATION DOSE, r

Fig. 29 — Percentage Deaths as Function of Cumulative 2-Day Radiation DOW

Results

Table 9 shows the expected deaths from these attacks. Several points emerge.
(;) It can be Been that although the number of deaths increases with the number of

weapons, the increase is by no means linear. When the GZare concentrated (CEP4000 m),
the greatest increase occurs as a function of dropping two weapons rather than one on each
target, resulting in an increase for most of the target from a corrected dose (dose received
in shelter with 0.9 attenuation) of 250 r, which kills only 5 percent of the population, to a
corrected dose of 500 r, which can be expected to kill 88 percent. The smaller increase
in the number of deaths resulting from dropping a total of seven weapons rather than four
can be attributed to the fact that few new populations are encountered and the increase
can come only from the remaining 12 percent of the population not killed by the previous
attack. When the CEP is large (12,000 m), the increase in deaths with increase in number
of bursts tends to be more uniform, since fallout occurs over larger areas and new popu-
lations are encountered.

(b) Although the winter fallout pattern is of less intensity and smaller area than the
summer pattern, more people are killed by the winter pattern when the number of bursts is
large enough to create lethal concentrations. This seems to be almost entirely due to the
winter bearing of 90 deg, which carries the fallout over the more densely populated north-
ern peninsula, including the Atlantic City area.
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(c) Although the proportion of deaths from fallout increases slightly with the cEP
of the attack, the deaths from fallout alone are a very small proportion of the deaths from
the attack as a whole. This finding is borne out also in App C of this report.

It should be emphasized that, the figures cited here assume no evacuees from urban
targets, but are based on the relatively sparse rural and small town populations residing in
the area.

TABLE 9

D~ATm mo~ FALLOUTAS FUNmION OF .kI-rAC~
SIZE, CEP, AN-DSEASON

Deaths, thous

Bombs CE~ CEP CEP

4000 m 8000 m 12,000 m

Summer
73 72

: 220 22 103
7 262 261 246

Winter
2 76
4 4; 138 2::
7 470 282 323

Additional from blast and thermal effects, any season
2 2361 1742 510
4 3001 2574 1056
7 3401 3438 1214

FALLOUT AND EVACUATION

It is now possible to estimate the number of tiditional deaths from fallout that can
be expected as a function of 1- or 3-hr evacuation rdlating outward from the city.

Figure 27 indicates that for a 4000-m CEPattack 12 percent of Washington’s popu-
lation would be killed by a sipgle weapon when the civil defense tactic was l-hr evacuation,
and 9 percent when the tactic was 3-hr evacuation. Figures 30, 32, and 33 show actual
GZfor a 4000-m CEPsummer attack of one, two, and four bombs on the Washington target.
Using Fig. 10 as a guide to the new population concentrations created by l-hr evacuation,
it is apparent that approximately 33 percent of the city’s population who were not killed
by blast and thermal effects would be exposed to a dose of 500 r. Allowing a~ attenuation
factor of 0.5 for shelter equivalent to an automobile or shed-type building, and applying
a mortality coefficient of 0.05 for the corrected dose of 25o r, a new estimate of at least
14 percent instead of 12 percent is appropriate when l-hr evacuation is the civil defense
tactic.

The disadvantages of evacuation become striking when the number of bombs increases.
Figure 33 indicates that for two bombs per target approximately the same percentage of
the evacuating population would be exposed to 500 r as for one bomb, resulting in a revised
estimate — 51 percent mortalities instead of the 22 percent computed when fallout was not
considered. With four 10-Mt ground bursts, as indimted in Fig. 30, all but perhaps 15
percent of the population of Washington is destroyed by either blast or thermal effects or
lethal degrees of radiation.
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Similarly, with 3-hr evacuation it is found that approximately 37 percent of the
population who are not killed by blast and thermal effects would be exposed to 250 r (0.05
lethality) and a few more than that exposed to 500 r (0.88 lethality).

Figure 31 shows some actual GZfor an attack with a CEPof 12,000 m. The main Popu-
lation centers of Baltimore and Washington happen to remain almost untouched by primary
effects in this particular attack, but the areas in which large numbers of evacuees would
be located have radiation levels up to 3000 r in addition to suffering heavy damage from
primary blast and thermal effects. It would seem clear that under these conditions (large
CEP) up to 50 percent lethalities in the evacuated population could be expected.

Figure 34 summarizes the revised estimates for an attack with a CEPof 4000 m. It is
clear that for realistic attack assumptions (multiweapon large-cEP attacks involving fall-
out) underground shelter is the preferable civil defense tactic.

Best available shelter

l-hr evacuotio

o~ I I I I
1 2 3 4

IO-MT WEAPONS

Fig. 34 — Percentage Washington Resident Population Killed by Direct Effects
plus Fallout from One ta Four 10-Mt Weapons, CEP 4000 m

It is possible for a target population to evacuate from anticipated attack only to find
itself in the path of fallout from an adjacent target. Figure 35 shows fallout-contaminated
areas for a mock attack on 5 Aug 55 in which no weapons were actually exploded on
the Washington target but were on a large number of nearby targets. It will be noted that
a fallout-free proposed reception area exists only toward the southwest, 25 miles distant;
most of the proposed reception areas received a cumulative 24ay dose ranging up to 2200 r.

EFFECT OF WIDESPREAD ATTACK ~

Since an attack on Washington and Baltimore alone markedly reduced the effective-
ness of mass evacuation, the effactiveness of mass evacuation under a widespread attack

on many targets was considered.
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Fig. 35 — Fallout (kmMions Following Attack on 5 Aug W

A random sample of 36 days (3 days per month) was selected from available upper

wind fallout (uF) readings. These data were used to select appropriate fallout contours

and bearings as described in the section on deaths from fallout. Ten-Mt ground bursts
were exploded on all the FCDAd=ignated critical targets within 300 miles of the Washington

target. The weapon was exploded over the center of population in each target except

Washington and Baltimore, where expected GZ for a CEP of 4000 m were used. The targets

and the number of weapons assigned (roughly on a population basis) are given in Table 10.
The area shown in Fig. 36 was then examined for the cumulative 2-day radiation dose

received on each of the 36 days of the attack. Contour lines were drawn for radiation con-

ditions that existed 100 percent of the time, 70 percent of the time, and 50 percent of the

ORO-R-17 (App B)
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I time in the sample; the results appear in Figs. 36 to 38. Thus Fig. 36 would be read as
l! follows: at no time in the sample did the areas outside the zero contour receive fallout;,f

at no time did the area between zero and the 500-r contour receive more than 500 r, etc.

~j~ ‘Figure 37 would be interpreted in the same manner: for 70 percent of the days in the sample

the area outside the zero contour was fallout free; for 70 percent of the days in the sample

Ii the area between O and 500 r received less than 500 r (conversely, 30 percent of the time it
~1
;1

{
TABLE 10

I,, TARGETSANDNUMBEROF WEAPONSII

~
XNMOCK WIDESPREADATTACK

I Target weapons

~

Allentown-Bethlehem-Esston
Baltimore :
Harrisburg-Lancaster-York 3
Johnstmvn-Altoona 2
New York-NE New Jersey 7

! Norfolk-Portsmouth-Newport News4 1
Philadelphia
Pittsburgh :
Reading 1.
Scranton-Wilkes-Barre
Trenton ;
Washington, D.C. 2
Wilmington 1
Wheeling-steubenville 1

received more than 500 r), etc. Figure 38 would be similarly read, and, since it shows
the conditions that would exist 50 percent of the time, represents the median case. These
findings hold several implications for selection of a civil defense tactic:

(a) If planning is to be done at the 100 percent confidence level (no possibility of a
given level of radiation being exceeded baaed on the present sample), movement to the north
and east and short movement to the south is precluded, since these areas at sometime
receive cumulative 2-day radiation doses in excess of 2300 r. Movement of approximately
25 miles to the west places evacuees in relative safety (50 to 250 r, 0.5 attenuation) and
movement to the south and west of 125 and 225 miles, respectively, places them in fallout-
free areas. However, due to limitations in direction of movement and because of the
distances involved, the number of available lanes is reduced, and it now requires 20 hr
to move into the 100- to 500-r zone and 25 to 30 hr to move to fallout-free areas — hours
many times in excess of the warning periods anticipated.

(b) Limited movement of the type planned in the Washington area (3-hr mass radial
evacuation) could result in 100 percent lethality in the evacuated population.

(c) If civil defense planners are willing to accept a 70 percent level of risk, movement
in an eastward direction (20 to 120 deg) is still precluded by high indirect radiation condi-
tions, but shorter movements to the west and south of 15 and 30 miles, respectively, may
be indicated. From 8 to 12 hr would be required to carry out this tactic — times still in
excess of expected warning times.

(d) If civil defense planners are willing to take a 50-50 chance (one-half the time the
radiation level will exceed that shown for a given area in Fig. 38, one-half the time it will
be less), the situation is not appreciatively changed from the 70 percent confidence situa-
tion. An appreciable sector east of Washington receives 500 to 1000 r; 15 to 20 miles of
movement west and south, and to a limited degree toward the northwest, is necessary.
The times required would still exceed expected warning times by a factor of 6 or 8.

,
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FALLOUT AND TRADITIONAL CIVIL DEFENSE

To gain better insight into the civil defense problem, 1 day from the 36diy sample
was drawn at random and the local radiation picture examined in more detail. From data
supplied to the Washington Survival Plan Committee by the AEC, close-in fallout (pre-
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I

sumably very heavy particles from the stem and cloud) was superimposed on the previously
i
I

commted fallout contours. Figure 39 shows the results of this calculation. The solid
I

line; indicate the number of hou~ a person can be in shelter attenuating 0.9 radiation before
acquiring an LDw dose. These times range from 3 hr at 2 to 3 miles from Gz to 48 hr at

7 miles from GZ, and do not include any direct radiation that may have been received.
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Seven miles is roughly the outer edge of the Civil Defense B (severe) damage ring, a ring
in which civil defense traditionally expects to conduct rescue, fire fighting, and other post-
attack services.

Figure 39 also shows the distance at which some trees would be blown down and the
distance at which all trees will be blown down. It is clear that to reach people who will
die in 48 hr rescue teams will have to clear their way through 6 miles of downed trees and
rubble. Furthermore the debris problem is most severe where the radiation dme rates
are highest.

40

20

2

1

I I

Worker accepting 100 r

in one hour

o 2,000 4,000 6,000 8,000 10,000 12,000 14,000
2-DAY CUMULATIVE DOSE, r

I I I
7: k 4 3

MILES FROM GZ
●

Fig. 40 — Hours of Ifife in ordinary Shelter and Waiting Time for Rescue
m Function of Distance/Dose

Figure 40 shows the hour after H+l at which a shelter occupant will receive an LDm
dose plotted against the 2day accumulated dose for the area in which the shelter is located.
This figure also shows the area (in terms of 2-day dose) in which a rescue worker can work
for 1 hr receiving 100 r in that hour (perhaps the maximum permissible one-shot emergency
dose). Since the two curves intersect at 12 hr, any shelter occupant who is located in an
area in which he will receive an LDM dose in less than 12 hr (cumulative 2-daY dose of
5500 r) cannot be rescued (by these standards). In this particular attack, th~ would be
within 4 to 6 miles of GZ.

This radus, however, does not take into account the debris-clearance problem, nor
does it allow for the radiation received by a worker in the course of entering and leaving
the area. It could represent the minimum distance from GZat which a rescue worker could
work if transported by air or possibly by a shielded vehicle along a debris-clear freeway,
such as the Shirley Highway. The dotted line in Fig. 39 represents the limit of pene-
tration of the area by rescue workers on the ground.* Over most of the attacked area it

●The data comprising this line consist of the best estimate of an urban planner familiar with the road
system and potential debris near the roadways.
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Fig. 41 — Altitudes at Which Friendly Commander Could Use Nuclear Warheads
of Various Yields for Various Ixwels of Population Protectio]l

exceeds the distance at which people in shelter will exceed an LD50 dose in 48 hr (about
40f)o-r cumulative 2-day doae, ata&stancefrom Gz ranging to8 miles).

It seems clear that basement shelter attenuating r~dl~tion by 0.9 is not enough pro-
tection for urban dwellers, since they can receive LDW doses before rescue workers, impeded
by debris and high radiation dose rates, can reach them. It also seems clear that the tradi-
tional civil defense postattack services will not be possible over most of the attacked area.

Since preattack evacuation is neither feasible nor desirable in view of faLlout, the only
alternative would seem to be large shelters capable of sustaining life for days or weeks and
attenuating all radiation effects. In a shelter system postattack measures would consist
of working from the inside out (once radiation levels had fallen to tolerable limits) rather
than the present civil defense practice of attempting to clear roads into the damaged area.
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E#ect of Passive Measures on Active Defenses

If the bomb carrier is killed but not the weapon itself, there is a strong likelihood that
intolerable levels of fallout might result (App H). One solution to killing the bomb is the
use of nuclear warheads in the defending missiles. Figure 41 indicates that there is a safe
corridor of altitudes for attacking aircraft. At these altitudes or below, the use of high-
yield warheads is denied the ground commander because of the danger of inflicting death or
injury to personnel in best shelter available on the ground. This corridor is b~ed on the
assumption that l-psi overpressure on the ground would constitute a “safe” limit, and that
2 psi would be the absolute maximum peak overpreasure that could be sustained by the
population.

For personnel in shelter capable of withstanding 30 and 100 psi the size of this corridor
is reduced to academic proportions (Fig. 41); 10-kt warheads could be used at practically
any altitude feasible for the attacking aircraft. The corridor for any likely yield in the de-
fending missile is less than 1000 ft. Thus a program of shelter construction could be utilized
to deny the attacking aircraft a corridor in which he could have assumed that nuclear war-
heads could not be used against him.
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CIVIL DEFENSE COSTS

CURRENT COST

Costs of the present civil defense policy (seeking the best shelter now available) are
probably of the order of $200 million per year; one-half of this amount is appropriated by

the Federal government.

EVACUATION PROGRAM

The cost of “an evacuation program for 170 major cities would be of the order of $50
million in direct costs for plans, maps, and traffic signs and for recruiting, training, and
equipping traffic control personnel. Indirect costs due to the loss of wages, output, and
profits are not included in this estimate. Civil defense officials feel that two practice alerts
per year would be a minimum requirement for a workable plan. The cost to the economy
of each practice alert for the District of Columbia has been estimated at not less than $1
million. The cost of two practice alerts per year for each of the 170 major metropolitan

areas has been estimated to be of the order of $400 million a year, or, cumulated for the
8-yr period through 1965, $3 billion. If the cost of a road-building program (which would
be necessary to make evacuation feasible with a 2.5-hr warning) is added to this figure, the
cost might be upward of $23 billion. Should the enemy adopt “spoofing” tactics the cost
to the economy would be inestimable.

SHELTER PROGRAM

The type and size of shelter and shelter” mix” (proportion of public shelters to family
shelters) will vary from target to target, depending on density of population, available
sites, and anticipated urban growth. This section describes the types and costs of shelters
currently available that could constitute the ingredients of the shelter program.

Table 11 lists some public and private shelter types and estimates the cost of sheltering
the residents of 170 major metropolitan areas. With respect to public shelters, some of the
differences in cost estimates reflect differences in construction techniques. The community
redoubt is the most expensive since it is designed to afford protection even in the crater
and lip. The difference in the cost between the 40-person and 100-person shelters reflects
a general savings in moving machinery onto the site, etc.

The public shelter of the American Machine and Foundry Co. is less costly, by a fact or
of 2, than any of the others. This is partly a function of its large size and partly because
the poured-in-place concrete dome offers more resistance to shock waves than an equivalent
amount of concrete in some other form. This reinforced-concrete arched-dome shelter
is 250 ft in diameter and has 3 ft of earth cover at the apex of the dome. The shelter area
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TABLE 11

Come oc PUBLICAND FAMXLTSHELTEBS

I cost
I

Occupants Space per Facilities Psi Shelter,
Occ,sq ft thouo Per OCC,

dollareof dollare

25 major 170 metro
cities, Remarke

billions ::;1%’8
of dollare of dollars

Shelter type

1 1 1 ,

10
,

9 12100

100

100

100

10-15

6-1o

300

15-16

25-30

875

.9

.5

.15

1

10,OOO

varieE

150

375-400

250-300

62.50

150

35

127.00

500-625

Actually built and in
use

Pubfic,
below grade

2000

40

100

Toilets, eelf-
contained power,
forced 61tered air
Ventilation,
eelf-contained
power, eand-filled
escape paseage

6 22-24 32-34 Only public shelter
subjected to provin -

f-
%r%%ai%ikn;;.s
radiation while still
providing emergency
egre8e !

FCDA(Fig. 42) Public,
below grade

6 Ventilation,
self-contained
power
Ventilation,
self-contained
power,
crude toilets
Power,
crude toilet
Toilet facilities

15-18 22-26

3.6 5.3

Ammann and
Whitney Co.

Public,
below grade

Public,
dome type,
below grade

Family,
underground
Family,
bathroom

—
i!

Company estimates
entire urban populw
tlon could be shel-
tered for $8 billion !

American Machine
and Foundry Co.

Lehigh University

Portland Cement
Aeeociation

F(7DA

Portland Cement
Aeeociation

—

14,000 10
(long stay)

6 6

6-1o Varies

9 12

3-5 4-7

2.1 3.0

Tested at given over-
presaures
R&dorced concretq
provided during con-
struction of home
Overpreeeurea built
up ineide shelter dur-
ing teste, dummies
damaged

Family,
underground,
90-ii. pipe

Reinforced-

4-5 Sitting or None
standing
apace only

150 10 None

5

.7 1.6

30-39 43-53

2.4-3.6 3.45.1

Can be provided only
in new construction

5-1o

1o111

22

concrete firet-
Etory floor
community 20,000 10 Ventilation,
redoubt eelf-contained

—

power, toilets

stanford
Research Inetitute metal archz

Corrugated Variea 10 None —
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within the dome is on three tiers that can be compartmentalized to reduce panic potential.
Eighteen entryways equipped with sliding doors permit entry of the population within
10 min. Figure 43 shows a dome-type shelter design.

The American Machine and Foundry Co. has estimated that the entire targekarea
population of Milwaukee could be sheltered in 150 dome-type shelters varying in size
(according to available land sites) up to 250 ft at a cost of $65 million, or about $65 per

inhabitant, exclusive of land cmts.* No shelter was farther than a 30-min walk from

7?

Fig. 42 — MDA 40-Peraorl Shelter

the location of any inhabitant. It is of interest to compare this figure with the estimate of

$78 million required to improve Milwaukee’s road net so ss to allow evacuation within
1.5 hr.lg To reduce the time of walking to shelter to 20 min would require twice as many

shelters, or about $130 million. These costs rise markedly if enough shelterw are provided
to enable everyone to be within a 15-min walk; four times as many shelters would be

required, a cost of $260 million. Admittedly the shelters could be smaller and hence less

expensive (if one planned ahead to this extent), but tending to balance this factor would be

increased land costs as the supply of less expensive sites became exhausted.
It should be pointed out that this type of shelter does not exist even in prototype and

has never been exposed to tests, although it is scheduled for testing in the 1957 Nevada
series. The Chief of Protective Construction Branch, Office of Chief of Engineers, us Army,

testifying before a House Committee, questioned the cost estimates and had reservations
about the available air supply and the ability of the structure to maintain a tolerable heat
level without expensive refrigeration equipment.20

Figure 44 shows another relatively inexpemivc public shelter designed to resist 22-psi

overmeasures. Essentially a buried corrugated metal arch erected on a concrete slab, it.
should cost $40 to $60 per occupant, allowing each

*FCDAhaaestimatedthe cost of thk shelterat $100 pw

60

10 ft of shelter space.2’

occupant.
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One other public shelter design that has been given serious consideration by research
agencies is the deep underground community redoubt, described as:

. . . built at a depth of 200 to 400 ft in a network or honeycomb fashion so as to provide a
capacity of on the order of 20,000 each. They will almost necessarily be built on a large
scale to spread the heavy initial cost involved in penetrating to such depths. These

1

sheltmawill be assumedto be capableof supportinglife for a period of a weekor 10days in
almost complete isolation from the surface,beiig provided with food, water,air, sanitation,

I

and fuel. They would be constmcted by mining techniques,and either interconnectedor
provided with multiple entrances and exits. They are assumed to be vulnerable only
within 1.5 crater radii of QZ. For the deep sheltersgeological conditions may sometimes
createproblems,but it is believed that the freedomto select, withincertainlimits, both site
and depth may minimize these (as compared with,e.g., mining or subway tunneling,which
are in the nature of the we more constrainedas to 10CUS).The chief problems that may .
ariseare excessive wetness, weak soil structure in certain strata (sand, mud, or fill), and
rock pressure. Remedies for all these etist, but of course may seriously increase costs of
construction.=

I

Fig. 44 — SRIPublic Shelter (Showing Vertical section)

The cost of such a shelter system is estimated at $500 per occupant where the number
of occupant spaces is in excess of 20,000 and $625 per occupant where the number of spaces
is less than 20,000.n

For sheltering the entire population this would be the most expensive shelter program
of all. Furthermore such a shelter system would have little or no auxiliary value, such as
the large dome-type shelters could have (as auditoriums, skating rinks, public garages,
etc.). The community redoubt, however, does offer maximum protection, and included in
its total cost are the costs of entryways serving every ~ sq mile, which means that this
shelter might be accessible during the ICBMperiod.

The shelter of the Cleveland Twist Drill Company is of special interest since it has
actually been built and is completely stocked. Hence its cost, $300,000, is based o; ex-,
perience rather than builders’ estimates. The only other public shelter that has been
constructed in this country (by the Cincinnati Milling Machine Co.) was built above
grade at relatively high cost ($425 per occupant). It is believed the cost of the below-grade
shelter may be more applicable in estimating the costs of the shelter types considered here.

Among home-type shelters (discounthg the below-grade 90-in. pipe shelter, which
did not seem to offer good protection in Nevada tests), one type seems to offer unusually
cheap protection. The Portland Cement Association has designed a house with a rein-
forced-concrete floor that is designed to prevent the wood-frame structure from collapsing
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into the basement. This concrete floor should also protect people in the baaement from
secondary fires. If contractors could be persuaded to build some new houses of this type,
each house could offer protection from low overpressures to 20 families. At the present
home-building rate of approximatiiy a million units a year, this could provide relatively
cheap protection for people in suburban areas (where most new building is taking place).
Among the disadvantages to this and to the bathroom-type home shelter shown in Fig. 45
are that they are limited to new construction (hence” only certain newer sections of cities)
and have not been subjected to proving-ground tests.

I

I

Fig. 45 — Reinforced-Room Shelter

A mixed shelter program is probably necessary, since people near the center of the city
have no land for family shelters. One possible mix would be shelter for one-half the popu-
lation in dome-type shelters at the center of the city, % in family underground shelters
(Fig. 46), and % in buildings with reinforced-room or reinforced-concrete-floor construction.
Such a mix for the 25 major targets would cost $3.3 billion, and for all 170 major cities
S4.7 billion. However, since shelter space cannot be optimally used because of the day-
night ebb and flow of the cities’ population to and from the center, these costs have to be
increased by about %, or to $4.4 billion for the 25 cities and $6.3 billion for the 170, These
costs do not include land costs, which vary greatly.

Another possible mix might be one-half community redoubts, one-eighth family under-
ground shelters, one-eighth reinforced-room or reinforced-floor shelters, and the remaining
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one-fourth the foxhole device discussed subsequently (for cities where mass evacuation is
proven feasible). Such a mix, after allowing for the day-night ebb and flow, would cost
$24 billion for the 25 cities and $33 billion for the 170. Many other combinations are
possible, and a shelter program should be undertaken only after careful consideration of
local needs.

Subways, modified so as to permit quick entry and so as to permit closing entryways,
not only provide good shelter but can provide protected movement away from the target

area. The initial cost of subway systems would be greater than that for other types of
shelters, but might well be offset by operating revenue.

Fig. 46 — Family Outdoor Shelt,cr

Improvised Shelter

Should Congress and the public remain apathetic to shelter programs, the Engineer
Research and Development Laboratory, Ft Belvoir, has in prototype stage a device that
could be adapted to civil defense needs with relatively little difficulty, according to the de-
signer. This device (Fig. 47) was originally developed for digging foxholes quickly to protect
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Fig. 47 — Improvised Family Shelter
Above, sketch of foxholedigging
device; below, vertical section of
foxholeshelter.
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I> troops under threat of atomic attack. A miniature mortar drives a propelling charge into
>

1

the earth, where an excavating charge blasts out the foxhole. The entire device weighs
less than 5 lb, and the cost is estimated at less than $10.

i
3 For civil defense purpos~ somewhat larger devices based on this principle could be
~ stored in advance of attack in neighborhoods and communities. On receipt of a yellow or

I strategic alert these devices could be distributed quickly and the householder could excavate
1’ a family shelter, roof it with doora, etc., and spread the excavated earth over the improvised

roof. This type of improvised shelter should provide nearly perfect protection from primary
thermal and secondary blast effects. The extent to which it attenuated radiation would
be determined by the amount of earth cover, but could be close to unity. For cities where
evacuation may be feasible (such as Dayton in this study) such a device could provide a
means for providing fallout cover in the reception areas. The cost of enough devices to
shield the entire us population would be of the order of $700 million.

I

TIME REQUIRED AND AVAILABILITY OF MATERIAL I

Mass evacuation plans could perhaps be developed in 6 months, but as yet no city has
completed satisfactory plans, and many have been working on them for up to 3 yr. An
additional 12 months would probably be required to implement and practice a. city’s plan
to the point at which it could be considered adequate.

To construct shelters for a large-scale shelter program would require at least 12
months — up to 24 months if land had to be acquired through condemnation procedures.
The Cincinnati Milling Machine Co. shelters, however, were completed in 7 months. There
is no shortage of concrete or reinforcing steel (the major materials used in shelter con-
struction), but the shelter program and the proposed road programs might find themselves
in competition for these materials.

IMPLEMENTING THE SHELTER PROGRAM

It is true that each community will have varying shelter needs, but some general
principles can be stated:

(a) The first shelters should be constructed outside the congested urban core but
within walking distance. This distance will vary. For coastal cities this might be within
a walking time of ~ hr. Inland cities may be able to disperse their sheltera even more.

(b) Planning must ultimately look forward to having a shelter entrance within a
lo-rnin walking distance of each inhabitant.

(c) The shelter program must be accompanied by a program of reduction in urban
vulnerability through dispersal. Shelters built to conform to present population distribu-
tions would still mult in very large numbers of people being in the crater or lip in a daytime
attack.

Problems of implementation are treated in detail in Annex B of this appendix.
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CONCLUSIONS AND RECOMMENDATION

CONCLU51ONS

Feasibility

1. The feasibility of mass evacuation has not been proven by actual test in any large
city. There are serious difficulties facing realistic practice on the necessary scale. Current
survival plan projects in a number of large cities may find ways of overcoming the difficul-
ties.

2. Mass evacuation of large cities to smaller villages and towns is not feasible within
expected warning times of air attack.

3, Radial roads to permit the mass evacuation of major cities could not be built in
time for this tactic to have any value.

4. The feasibility of an underground shelter construction program haa not been proven
to the point of stimulating Congress to provide public funds. The technical know-how
for large shelter construction exists, although one of the most promising and inexpensive
designs hae not been tested.

~ectiueness

5. In the Washington area, against attack with one to four 10-Mt grou;d-burst weap-
ons all aimed at the population center with a 4000-m CEP,results were as follows:

a. Use of underground shelter, evacuation with 1959 warning time, and evacuation
with 1956 warning time are all more effective civil defense measures than use of existing
shelter.

b. Use of underground shelter and evacuation with 1959 warning time are more
effective than evacuation with 1956 warning time.

c. Use of underground shelter is more effective against several weapona than evacua-
tion with 1959 warning time, and is as effective as such evacuation against a single weapon.

6. In the Boston area, against attack with 10-Mt ground-burst weapons aimed at
the population center, use of underground shelter is more effective than any other civil
defense measure for all weights of attack from one to four weapons and for all CEPfrom
4000 to 12,000 m, even when effects of fajlout are completely ignored; the superiority of
underground shelter is further increased when fa]louti is considered.

7. In the Milwaukee and St. Louis areas, against attack with 10-Mt ground-burst
weapons, when effects.of fallout are ignored, evacuation with 1959 warning time is the most
effective measure for a CEPof 4000 m, and underground shelter is the most effective measure
for a CEPof 12,000 m. When fallout is considered, the superiority of evacuation with 1959
warning time for a CEPof 4000 m is reduced and perhaps eliminated, depending on the local
and regional fallout pattern, and the superiority of underground shelter for a CEPof 12,000 m
is further increased.

8. In the Dayton area, against attack with 10-Mt ground-burst weapons, when effects
of fallout are ignored, evacuation with 1959 warning time is the most effective measure for
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all CEP from 4000 to 12,000 m. When fallout is considered, the superiority of evacuation is
reduced and perhaps eliminated, depending on the local and regional fallout pattern.

9. Any increase in radiation effects resulting from attacks on other nearby targets

will increase the effectiveness of underground shelter relative to the other possible civil
defense tactics. This relative superiority will be most drastic when the total fallout in-

tensity reaches a level where the 0.9 protection factor of best shelter now available permits
occupants to receive a lethal dose.

10. Shelter that will attenuate radiation effects by 0.9 (ordinary basement shelter)
is not adequate in urban targets:

a. At 2 to 4 miles from ground zero, individuals in basement shelters would receive
an LDW dose in 3 hr, at 4 to 5 miles, in 6 hr. At these distances fallen trees and other debris
in a high radiation field would make rescue operations impossible within the hours of life
left to occupants of basement shelters.

b. At distances that might be relatively debris-free (7 to 8 miles), LDm doses would
be received by occupants of basement shelters after 24 hr. Evacuation by shielded vehicles
would be imperative to preserve life.

11. Since immediate postattack rescue and evacuation efforts may be impossible be-
cause of high radiation levels, public and private sheltem need to be designed and stocked
to permit survival within the shelter for periods as long as 10 days.

12. With widespread attack on many targets, mass evacuation tactics could result in
100 percent lethality among the evacuated population. This could be true even if the
evacuated city were not itself successfully attacked.

costs

13. The cost of an evacuation program for 170 major cities should not exceed $50
million in direct costs for plans, maps, and traflic signs and recruiting, training, and equip

ping traffic con$rol personnel. Indirect costs due to loss of wages, output, and profits are
not considered in this estimate and would be very high, especially if the enemy developed
“spoofing” tactics.

14. The cost of combination public-private shelter programs is largely dependent
on the degree of protection desired. Two programs considered in this appendix are esti-
mated at $6 billion and $33 billion each for 170 major cities.

RECOMMENDATION

1. The Army should support the following activities:
a. A start should be made on a reduction-of-vulnerability plan and an underground

shelter plan for each metropolitan target area, looking toward reduction of target values
in the core area and a spacing of underground shelters to match future population dis-
tribution at the expected date of ultrashort warning for ICBM.

b. Construction of underground shelters should be started as soon as firm long-
range shelter needs in any geographical subdivision of the metropolitan target area can
be determined. The current “survival studies” being undertaken by various cities with
federal funds should be utilized to determine local shelter needs rather than to designate
evacuation routes,

c. The entire civil defense concept of postattack operations should be reexamined
in light of probable high radiation levels that may render traditional rescue, medical,
fire fighting, and other services at or near the site of the attack impossible.

d. Intensive R&D effort should be expended on testing existing shelter designs and
on the design of multipurpose and improvised shelter.
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INTRODUCTION

In order to estimate the proportion of a city’s population that will be casualties of a
thermonuclear weapon it is necessary to construct a model of the bombing of a city. With
the resultant casualties as a measure, the effectiveness of various courses of action open

to the belligerents can be examined and assigned numerical values, so that the desirability
of one course over another can be determined.

There are three independent components of the problem: the aiming point or points
selected by the aggressor, together with the errors inherent in his aim — in short, the
frequency distribution according to which the bombs are laid down; the proportion of
casualties as a function of distance from GZ for any given bomb — in other words, the per-

formance of the individual bombs; and the geographical distribution of the population of
the city. The last factor contains time as one of its parameters when evacuation is con-

sidered.
A mathematical model of this problem should extract from each of the components

some characteristic or characteristics, preferably numbers (rather than graphs, for example),

and afford a way of combining these to obtain the measure of effectiveness. In this way
each of the components can be varied separately, and the interactions of the components
can be determined without resetting every component every time.

The formulas and approach should be as simple and time-saving as is consistent with a
realistic analysis. Here a word is in order about the statistical milieu of the problem.

The expected level of casualties that an air raid will inflict on a city is determined in

the following manner: if the same raid, under precisely the same conditions, were mounted
a very large number of times, then on the average a certain proportion of the population
would prove casualties; this proportion is called “the expected level.” It would be en-
lightening to know the likeliest level of casualties as well, and even more to know the
function by which the cs.sualty levels are distributed; but if a single number is required,
the expected level is the most natural one to take.

This expected value is obviously an idealization. The raid, if it occurs at all, will only
occur once. Suppose the expected level of casualties has been dekmined to be 40 percent,
yet the actual raid kills 50 percent of the population. This fluctuation would not be sur-
prising, since 40 percent is only a mean value and it is reasonable to expect a certain amount
of fluctuation (although a fluctuation to 10 percent or 90 percent might be cause for alarm).

In brief, the situation being investigated here is one in which no more than a rough
index of what may happen can be asked for. In light of this it would be pointless to develop
tedious and laborious equations or to calculate to very great accuracy.

It is felt that the method presented here fulfills the requirements of both flexibility
and simplicity. The most time-consuming step in the process is the reduction of the popu-
lation data, but once the prerequisite map study has been made, the reduction can be
performed on an ordinary desk calculator in a few hours at the most, and of course need
not be redone until the population distribution undergoes a marked change.

The formulas developed can be quickly evaluated on a slide rule equipped with a scale
of negative exponential. It is hoped that these features will recommend the approach
developed here to both local civil defense authorities and SAC.
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The treatment k meant to be indicative rather than exhaustive. It should perhaps be
stated explicitly that the annex aims to be clear enough to be applied by those who are not
particularly interested in the details and detailed enough to be of interest to those who are

not specifically concerned with the applications.

BOMB DISTRIBUTION

It is commonly assumed that bombing errors follow a binormal distribution; i.e.,
that in a suitably chosen coordinate system the number of bombs falling in a rectangle
dx by dy situated at (x, y) is proportional to

(1/2muB~~) exp [- (z’/2a~) - (yz/2~~)], (Al)

where ~B and ?E are the standard deviations, the distribution has been rotated to remove
the cross-product term, and the origin has been taken at the mean. If, as seems very likely,
the errors are the resultants of a great number of independent causes, then Eq. Al is in
fact a consequence of the Central Limit Theorem. Of course there may be several dis-
tributions corresponding to Eq. Al and having different means; e.g., the various aircraft
on a bombing mission might be given their own aiming points in an attempt not to over-
kill at the center of the city. There is no need to consider a covariance term in these dis-

tributions unless it is anticipated that an attack might be mounted against the city from
several directions simultaneously, a situation that for simplicity will be disallowed in this

discussion. Similarly there is no a priori resson for supposing that the attacker’s accuracy
of aim would vary from point to point in a msssed attack. It is therefore assumed that
aB and ?13remain constant from distribution to distribution. Indeed, later in the analysis,
it will be further assumed that ~E = ~E, and ~B will be suppressed in later equations.

BOMB EFFECTIVENESS

Examination of any atomic-weapon curve showing proportion of people killed or
injured at “ground r” (i.e., distance r from GZ), indicates that the curve might be ade-

quately approximated by a suitably scaled normal distribution. Suppose in fact that the
curve were really given by

c . exp [– (A/2)r~]. (A2)

Here c is a scalar; the proportion of casualties at GZ, and ~ is measured in inverse square feet
and is in fact the reciprocal of the variance. Thus a small value for A represents a spread-
out distribution and indicates a bomb effective out to a large radius; large h indicates an
ineffective bomb. Perhaps the clearest way of characterizing these parameters is through
the concept of lethal area. The lethal area of the weapon described by Eq. A2 is

H2= ~“ c . exp [– (A/2)r2]r dr d$ = 27rc/Lo (A3)

What remains is to fit the empirical curve by a curve of the form of Eq. A2. This is
done by the method of moments. Indeed, for Eq. A2

f
~~ o“c . exp [– (A/2)r2] dr = W . (c/A~),

p~ =
/o“ c . exp [– (A/2)r2]# dr = <(7r/2) . (c/A~),

and solving for c and A gives Result 1.

72 ORO-R-17 (App B)



I

cmKMMwmw L

Result 1. To determine the parameters c and A, which characterize the bomb, com-
pute the zeroeth and second moments of the empirical distribution and set

c = m . (pm+, A = ).lo/p2.

Before considering the joint implications of Eqs. Al and A2 it is instructive to note a
possible improvement of the latter in the case of a ground burst. Owing to the so-called
‘(crater effect” the observed curve of bomb effectiveness will be very flat at the origin.
Now exp [– (X/2) r’] = 1 + O(r’), but

[1/(A - ~)][h exp (- Kr’) - K exp (- k’)] (A4)

= 1 + O(P) is flatter at the origin and should in this case give a better fit. If the curve is
fitted by the first and third moments, a particularly simple expression results:

so that

2P, – 3P!= ~ [(1/~’) – (2/h)+ (l/K’)],

and from the first and last of these equations,

o

ise~
04

~,K = 1/(~1 + ~2P, – ~P~). (A5) j ~
o

By making the coefficients in Eq. A4 independent parameters, instead of having them de- ●4 @’
penal on the exponents, a better fit yet may be realized, at the expense of a more compli-
cated analysis. Equation A2 rather than Eq. A4 will be used throughout the sequel, since
it results in simpler expressions. Any results based on Eq. A2 may easily be extended to
the analogous expression for Eq. A4.

Suppose now that a bomb of the form Eq. A2 is delivered according to the distribu-
tion Eq. Al. If the bomb lands at (x, y) the proportion of casualties at another point
($, u) will be

c . exp {– (X/2) [(z – i)2 + (y – U)21);

however, the probability of this occurring is given by Eq. Al, and hence the expected level
of casualties at ((, U) is

This is typical of the sort of expression that must be evaluated repeatedly in the
course of the problem: the definite integral of the negative exponential of an inhomogene-

ous quadratic form in several variables. l’ortunately a single calculation can be done.

Write the integral as

J.: fw (- XAX’ – 2LX’) dX, (A7)

/ ‘*dx‘cansJ-v“~“i: “ “““d’”)A ‘sa‘Ymmetricwhere X = (z,, z2, . . .. z.), _~

positive definite matrix, and L is a (row) vector. It is well known that for such A there ex-
ists a real nonsingular matrix P such that A = PP’ and hence A-’ = P’-’P-’ and IPI = ~~.
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Equation A7 can now be evaluated by completing the square in n-space. Write

Y = XP + LP’-l ;

this represents an affine transformation, with Jacobian I P 1. Also,

YY’ = (XP + LP’-’) (P’X’ + P-’L’)
= XPP’X’ + XL’ + LX’ + LP’–lP_lL’
= XAX’ + 2LX’ + LA–IL’,

and Eq. A7 becomes

~~ w (- YY’ + LA-lL’)dY/l P I

/~ f=p (- XAX’ – 2LX’) dX = (mn/2/~) exp LA-lL’. (A8)
)

Application of Eq. A8 to Eq. A6 leads to Result 2.
Result 2. If a bomb characterized by Eq. A2 is delivered according to the distribution

Eq. Al the expected level of casualties at a point with coordinates (~, u) with respect to the
axes of Eq. Al is given by

[c//(l + Au;)(1 + Ar;)] exp (–(A/2) {[~/(1 + Au;)] + [U2/(1 + ~~~)])).

It may be noted that when u~ = r~ this becomes a function of the radius - alone;
and when ~B = TB = O, which represents pin-point bombing, this result reduces to Eq. A2.

POPULATION DISTRIBUTION

Suppose, for concreteness, that a square 20 by 20 miles that contains most of the popu-
lation of the city has been divided into 100 squares 2 by 2 miles each, and that the nighttime
population within each of these squares has been determined to the nearest thousand.
One might compute the expected level of casualties as follows. Take the center of any
one of these squares and find its coordinates (~, v) with respect to the assumed bomb pattern,
Eq. Al; then from Result 2 compute the expected level of casualties in that square; finally, 1
multiply by the number of people in the square. Complete the same processes for each
square, and sum over all 100 squares, to arrive at the total number of casualties expected.
The problem of several bombs dropped at different points could be treated in like manner. (

Such numerical integrations are, however, lengthy and tedious. It would seem natural
to assume normal distributions here in order to eliminate these integrations, but the impli-

cations of such a step should be considered.

In the first place such a step does not testify to any sort of conviction about the true
nature of the distribution of the population. It is merely an analytic device that experi-
ence suggests may prove applicable within certain wide limits, although results so obtained
could be as bad as the point of worst fit of the city by the surface. It is only necessary to
choose that point as the aiming point and set ~, uB, and ~~ = O; the bomb will always
land at that point and its effect will be felt only at that point — in short, that worst point
will be the only one to enter into consideration. Thus if the fitted surface assigns twice
as many people to that point as are actually there, the formulas will “kill” twice as many
people as they should.
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The difficulties here lie in the fact that the surfaces of population distribution and dis-
t~bution of bomb damage have not been made to mesh properly. For example, in the case
of one bomb drop the ideal fit for the population of the city would be best at the aiming
point and so weighted as to give diminishing importance to points farther out, in accordance
with kesult 2. To this extent, then, the three components of the problem discussed at the
outset are not independent. They will of course be treated as if they were, and the city

will be fitted only once with a binormal surface; thus circumspection must be exercised in
the use of the formulas if they are not to be pushed beyond their proper range of validlty.

Since the expected level of casualties springs from integrating Result 2 over the entire
city, inaccuracies of tit should be smoothed out in the process. The numerical details in-
volved in getting the fit to the city are postponed until the next section; assume now that
it has been obtained and that the map has been rotated so that the principal axes of the
city are aligned E-w and N-s, i.e., the city is the frame of reference. If its standard devia-

tions are a. and TCits distribution function is

(1/2mrcTc) exp [– (z’/2@ - (y’/2~?)]. (A9)

Assume for simplicity that a bomb is aimed at its center, with standard deviations flB

and ~B, and tilted through an angle ~ with respect to the urban population (see Fig. Al).
Determining the effectiveness of this attack, although a straightforward application of
Eq. A8, involves some ra$her lengthy algebra; only the answer is given) here.

n

Fig. Al — Relation of Bomb Pattern to City Pattern when Bomb
Is Aimed at Center of City

Result 3. If one bomb characterized by Eq. A2 is delivered according to the setup
pictured in Fig. Al the expected level of casualties is

c “ {[1 + A(ai + cr:)][l + A(T3 + 7:)] + X2(U3– 73) (u: – r!). sinz a )‘H.

It is perhaps worth noting that when u~ > ~B and u, > 7Cthis result is greater than

c o {[1 + A(U3 + 7:)][1 + A(T2 + u:)]]–~ (A1O)

and less than

c “ {[1 + X(UA+ m:)][l + A(7; + Tal}-fi (All)

)
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Equation A lO corresponds to the case in which the city and bomb patterns are completely
out of phase (u = 90 deg); Eq. Al 1 to the case in which they are completely in phase

(u = O deg). By letting A and the different standard deviations assume va~ous special
values, e.g., O and w, it is es.sy to see that Result 3 and Eqs. A1O and Al 1 withstand in-
spection.

When the center of the bomb pattern is not coincident with the center of the cityI
the effect is to degrade Result 3 by a certain negative exponential: the exponent is a homo-
geneous quadratic form in the coordinates of the aiming point with respect to the frame
of reference determined by the city. Consequently the locus of points such that a bomb
aimed at them under these conditions gives rise to a fixed expected level of casualties — in
brief, the equicasualty contours — is an ellipse. This too is an observation that agrees

with experience, at any rate toward the center of a city. Away from the center of the city

the bomb begins to pick out casualties in neighboring cities; hence the contours for the
lower casualty levels wander about, enclosing more than one center of population.

PROCEDURE FOR OBTAINING BINORMAL FIT TO CITY

A hypothetical population breakdown of a city into squares 2 by 2 miles each is shown
in Fig. A2 (O to 9 columns and rows). Any standard work on statistics may be consulted
on the question of computing the means, variances, and covariance. The interest in such

x—

0 1 2 3 4 5 6 7 6 9 A s c

Yo 1 2 1 3 0 3 5 1 0 2 la 83 101

1

1 1 1 5 4 6 13 18 14 6 1 69 375 444

2 0 3 15 21 17 29 27 22 15 3 152 77’2 924

3 1 11 30 43 35 54 61 19 11 6 271 1251 1522

4 2 12 28 60 45 112 31 7 5 4 306 1299 1605

5 0 10 25 41 72 80 64 27 13 1 333 1557 1890

6 2 0 16 27 51 65 30 15 9 0 215 W9 1214

7 3 5 13 20 29 33 24 10 6 2 145 652 797

8 6 2 6 8 11 18 14 11 8 5 89 442 531

9 1 1 0 2 3 5 9 6 1 3 31 175 206

a 17 47 139 229 269 412 283 132 74 27 1629 7EJ35 40847 57686

b 102 198 597 1004 1309 1891 1240 580 323 127 7371 34322

c I 19 245 736 1233 1578 2303 1523 712 397 154 39389

55760

Fig. A2 — Hypothetical Distribution of Urban Population
Thousands of persons per 4 sq miles.

works, however, usually extends to further quantities that are of no concern here, and the
effect may be somewhat confusing. Consequently the method developed and employed
for this study is given here in full, and the results are shown in the A, B, C columns and
a, b, c rows of Fig. A2. One of the advantages of the method is that there is a check on
every computation immediately after it is made. The following instructions were given
with no further comment to computers without previous experience in this work; the re-
sults were quite satisfactory.

I
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1) Compute the sum of all the entries in each row and enter it in column A (1 + 2 + 1
+3+. . +0 + 2 = 18, etc.).

2) Do the same for each column (1 + 1 + .-. + 6 + 1 = 17,etc.).

3) Sum column A and row a; these should be equal (18 + 6’J + ~ “ “ + 31 = 1629 = 17

+47+. ~ + 27). Enter total.

A) In the firstrow, computi the cumulativesum of each entry multipliedby the correspond-
ingz-value (l-0 +2”1+1’2+3 .3+04 +.. .+2” 9=83). Enter incolumn B.

5) In the first row, compute the cumulative sum of each entry multiplied by the next
higher z-value (l”l+2.2+1” 3+3” 4+”” ”+2’ 10=101). Enter incO1umnc”
Should be equal to sum of correspondingvalues in columns A and B (101 = 83 + 18).

6) Do the same for each of the rows and each of the columns. Note that the figur= in
column C are just check-sums,and are not used furtherin the work. They need not even
be written down once they check.

7) Compute the sum of column B (83 + 375 + “ “ + 175 = 7605).

8) In row a, compuk the cumulative sum of each entry multiplied by the corresponding
z-value (17. 0+471 +””” +27 “9= 7605). This should equal the number computed
in the previous step. Enter totil.

9) timpute the sum of row% (102 + 198 +” -” + 127 = 7371) and check that it is the

same as the cumulative sum of each entry in column A multiplied by the corresponding
y-value (18.0+69.1+.. . + 31.9 = 7371). Enter total.

10) In mlumn A, compute the cumulative sum of each ent~ multiplied by the square of
the corresponding y-value (18 .0 + 69.1 + 152.4 + 271.9 + . c . + 31.81 = 39389).
Enter total.

7

b

Ge”h.

11) In column A, compute the cumulative sum of each entry multiplied by the square of Q 0%

the next higher y-value (18. 1 + 69 “4 + 152”9 + 271 “ 16 + ~ + 31 “ 100 = 55760). ~ z
?

This should equal the figure in CA plus twice the figure in bA plus the figure in aA .-
(55760 = 39389+2. 7371 + 1629). It is just a check-figure and is not used again.

e
1 b?

12) In row a, compute the cumulative sum of each entry multiplied by the square of the
corresponding z-value (17” O + 47.1 + 139 4 + “ + 27 ~81 = 40847) and enter
total; compute the sum with each entry multiplied by the square of the next higher
z-value (17.1+47.4+139.9 +.. . +27 100 = 57686). As a check: 57686 = 40847
+ 2.7605 + 1629.

13) In column B, compute the cumulative sum of each entry multiplied by the correspond-
ingy-value (83-0+375.1+772 .2+. +175”9 =34322).

14) In row b, compute the cumulative sym of each entry multiplied by the corresponding
z-value (102.0+198.1+597 “2+ ”.” + 127 ~9 = 34322). Thk should be equal to
the value obtained in the last step. Enter total.

15) Of the values so far computed we retain only the triangular array in the lower right-
hand corner:

1629 7605 40847
7371 34322

39389

From these the parameters of the population fire computed according tm the scheme:

z = 7605/1629 ij = 7371/1629

u: = (40847/1629) — F C; = (39389/1629) — jZ

g= = (34322/1 629) — z g

p = u.ll/uzu”

Thus, in this case, z = 4.67, ~ = 4.52, u. = 1.81, u, = 1.93, u,” = —0.054, and P = —.015.

It should be recalled that z and y are assumed to be measured in units of 2 miles, and these
are therefore the units in the results (i.e., actually a. = 3.62 miles).
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16) The transformation to the principal axes, u, and r., is accomplished by means of the
equations

(Uc + r,)’ = u:+ u; + zaxu,~l – P’,

(Uc– T.)’ = u:+ u; – 2r7=u”til – p’.

In solving for u, and T., take u. – r. >0 when p >0 and UC– r, <0 when p <0.
17) The angle a through which the principal axes are inclined is given by

tan 2a = [2pa=uM/(crl — Uj)](u= # au)

and a = 45° (a= = UY).I

It is to be noted that 90° — a is also a solution of thk equation; i.e., the equation alone
does not tell which of the axes the angle is measured toward.

This procedure tacitly assumes that the city is not markedly bimodal. If it is, it is
probably safe to assume that it is because of some geographical barrier — twin cities sepa-
rated by a river, or a city like San Francisco, on opposite sides of a bay — since otherwise .
reasons of commerce and convenience would tend to make the halves coalesce. This
barrier can then be used to dissect the city into a pair of unimodal subcities, each of which
may be fitted according to the method used here.

BOMBS AIMED AT CENTER OF CITY

For the sake of simplicity it is assumed from now on that the bombs are circularly
normally distributed, i.e., that uB = 78. When n bombs of the same characteristics are
aimed at the center of the city, the expected level of casualties is given by

which works out to be:

Result 4. For n bombs aimed at the center of the city, the expected level of casualties
is given by

.

j (-)’-’~)[m + W)’-’I{I3 + NfJii+ W31D + Md + MI1-H.
p-l

This is relatively easy to compute from, although the increasing number of terms as n
increases is unfortunate. A rather rough one-term approximation can be made as follows.
If expected levels of survival rather than casualties are considered, the curve tends to O

as n ~ m, and moments of all orders exist. From Eq. .412 the zeroeth moment is simply

(A13)
(1 + AU;)’

= Cti[l + A(U3 – a:)][l + A(U2 – T:)] “

Now fit this by exp(– an), whose zeroeth moment is 1,/[1 – exp (– a)], by equating these
moments. Thus

exp (– a) = 1 – {c/l + X(a& – u2)][1 + A(al – 7Z)]/(1 + Xuk)z}, (A14)

so that the expected level of survival of n bombs is approximately

{ 1 – [c/(l + kr~)’]v[l + A(cr; – a:)][l + X(U2 – 7:)]}”. (A15)
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It is not difficult to show that the survival probability is really asymptotically proportional

to

(l/n) exp [– cn/(1 + Aui)] (n ~ ~). (A16)

BOMBS AIMED AT DJFFERENT POINTS

Suppose that at each of the points (xl, VI), . . .) (z., y.), the bomb of Result 2 is aimed

(with UE = 7B). This does not rule out the possibility that certain of these points may
coincide; thus the discussion really includes the case of several bombs at each of several
points and in particular the case of n bombs aimed at the center of the city. The expected
level of casualties is clearly given by

[

– A (g – z,)’ + (u – Y2)2~ l–a exp ~ 1 (A17)
1 + Auk 1 + AfJ;

[ 1–~.(f–‘;):A$2–‘“)2(ifdu.x . ..X I–& _
1 + xc; ‘Xp 2

When this expression is expanded and integrated, there result 2“ – 1 terms, of which the

first n are of the form

c

ISanho
–A

–[

x; Y;

ti[l + A(U2 + Cd;][l + A(U3 + d)] ‘Xp 2 1 + A(U3 + u:) + 1 + A(ui + 7;)1,(A18) ; ‘:i
$1~..,,

0
d Y

the next )fn(n – 1) of the form

and so on, the terms growing progressively more complicated. If, however, only two
or three aiming points are considered, the resultant formulas are still practicable. It is
interesting to remark that the terms in Eq. A18 are what would result if the casualties
from one bomb might be compounded with those of another by simple addition; the terms
in Eq. A19 may be considered “first-order corrections, ” and so on.

EVACUATION

It would be well to close with a brief examination of the effect of evacuation efforts.
Many cities have detailed plans about where they will transfer their populations and how
long they will need to do so. From the point of view of this annex such reallocations of
population constitute new cities for which a new bivariate analysis must be performed in

order to arrive at casualty estimates.
In this annex it is not a controlled evacuation, but rather a more or less unsupervised

exodus, that is of interest. Certainly there is no overwhelmingly compelling evidence that

this will not be the case, however good the intentions may be.
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Assume, then, that there is a uniform outward flow of population governed by the
diffusion equation

(1/k) (df/&) = (d’f/dZ’) + (&f/dy’) (A20)

and subject to the initial condition that at t = O the population distribution is given by
Eq. A9. Fourier’s solution is simply

j = (l/T)~_~~q” ew (–F – u’)”(1/27ra,rJ exp {– [(z+ 2k&fi)’/2u~J

– [(u+ 2kuti)2/2&J) U du,
(A21)

which evaluates at once as

[1/27r~(uZ + 2kt)(r: + 2kt)] exp {- [&/2(r~ + 2M)] – [y2/2(rZ + 2kt)] ~. (A22)

This leads to Result 5.
Result 6. Under a uniform outward flux of population the distribution remains bi-

normal but the variances become linear functions of time. That is, the relative position
and orientation of the city do not change; the distribution surface simply becomes flatter
and flatter.

The constant k is found from the network of roads and streets the city possesses.
Actually there are more traffic lanes near the center of the city than in the outskmts and
therefore the center should drain out relatively quickly. Rather than a flattening hummock,
the population distribution would probably resemble an expanding doughnut.

If concentric circles are taken about the center of population and people are periodi-
cally displaced outward through the available traffic lanes, a series of “snapshots” of the
diffusing population can be obtained. These can be plotted radially and fitted by

{
(r/u~) exp (– r2/2u~). (A23)

A simple application of Fisher’s Method of Maximum Likelihood indicates that the best
value to take for cr~is half the second moment. If these variances are plotted against
time it may be seen that Result 5 is an adequate approximation to the truth, unless the
road network is very spotty.
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INTRODUCTION

The body of this appendix indicates that the most effective method of minimizing

urban population casualties under thermonuclear attack is the use of underground shelters
providing a high level of resistance to peak blast overpressure and adequate shielding against
idial and residual radiation. The long-range inferiority of alternative passive defense

meaaures is due to some special characteristic of each. Best existing shelter offers very

poor protection against blast and would supply only a few hours of life under local fallout
from megaton weapons. Mass evacuation is time-consuming at best and may result in

panic at wo~t; in the caae of missile attacks this measure cannot be undertaken, owing
- to short warning time.

Under most conditions of airborne attack, use of underground shelters would yield
more survivors than use of best existing shelter or evacuation. The relative superiority of
underground shelter increases as the number of weapons per target increases and as aiming
accuracy deteriorates. Furthermore underground shelter is undoubtedly the best passive

defense measure under the conditions of short warning time associated with missiles, whether
submarine-launched or ICBM, and against the widespread high-intensity fallout from a
mass attack.

LIMITATIONS OF UNDERGROUND SHELTER

To be usable under the short warning of missile attack, underground shelter must be

located close to where people are, both by day and by night. Construction of a system of
underground shelters on a geographical pattern matching the present distribution of day-
time and nighttime populations would result in a concentration of shelters itself vulnerable

to the cratenng effects of megaton weapons and the very high blast pressures just beyond
the crater and lip. If the accuracy of enemy bombing were poor, some concentrations of

shelters would escape; however, the possibility of a high CEP cannot be relied on to remove
the hazard of direct hits on shelter concentrations, and cannot be established by national
policy as a passive defense measure. Thus the prime limitation of an underground shelter

program is the necessity to spread out the pattern of shelter sites and at the same time keep
people close to their shelters.

The second major limitation is cost. Previously proposed shelter programs, such as

those recommended to Congress by FCD.4during past years, have been summarily rejected
by Congressional committees on the grounds of cost. The possibilities of favorable Con-

, gressional action are improving and it is entirely possible that the cost of a national program

of shelters able to withstand 30 to 100 psi and giving adequate radiation attenuation
may soon be acceptable to Congress.

The concentration of shelters in potential crater areas may create a new stumbling

block. This limitation might be ameliorated by sinking shelters so deep through use of

shafts and tunnels that they would be below any surface-burst crater or lethal underground
shock. But again, Congressional appropriations leaders might shy at the cost of this shelter
program, which would obviously be much higher than that for shelters just below ground
level.

I
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A final limitation of a national underground shelter scheme is construction time. The
new highway program will add heavy requirements for steel and cement to already high
boom-period demands. During the time required to construct underground shelters on a
wide scale, reliance must necessarily be placed on alternative measures.

.

ESSENTIAL CHARACTERISTICS OF AN UNDERGROUND SHELTER PLAN

It would appear that a detailed study of reduction of vulnerability such as that recently
prepared for the Milwaukee Metropolitan area2S might provide a general framework for

the description or detailing of a metropolitan shelter plan. The Milwaukee study was
divided into three major parts: preventing further increase in the vulnerability of the
central area, aiding new growth to locate in the suburbs, and reducing existing vulnerability
in the central area. The problem in a program of construction of new underground shelters,
however, is not one of reducing the vulnerability of an existing and growing target but
rather one of designing from the ground up a new target system that will have the lowest
possible vulnerability to air attack. Thus the most important single aspect of a metropoli-
tan shelter plan is the new target system it proposes. How can this target system be made

least vulnerable within the bounds of economic, physical, and political feasibility?
The design objective is of course maximum survival at minimum cost. Considered

as a theoretical design problem, assuming raw land, this objective would require finding
the most efficient size, shape, design, mechanical equipment, and materials and methods
of construction for a single shelter structure, and then spacing duplicates of such a structure
at uniform intervals throughout the target area.

The problem is reduced to a practical basis by adding the requirement that working
and living places be located near the shelters and then proceeding to analyze the degree
to which working and living spaces can be moved, over the period of years needed to carry
out the shelter program, to conform to desirable spacing of shelters. This is primarily a
matter of economic feasibility, tested within the framework of a comprehensive regional
plan for future physical development of the metropolitan target area.

A metropolitan shelter plan should be based on a geographical pattern of shelters
incorporating the maximum dispersion possible. Since shelter location must be controlled
by the location of daily activities, the maximum dispersion will depend on the degree of
dispersion economically feasible for daily activities. This factor should be expressed in
terms of the minimum level of activity or concentration that must be maintained in the
central area to preserve the essential nature and inherent advantages of a metropolitan
complex. It should also be expressed in terms of the maximum level of activity or conges-
tion for which shelters will be provided, both in the central area and in outlying areas.

Local and perhaps federal agencies must decide which of the existing activities in the
concentrated central area will be provided underground shelter under the national program.
All activities in the congested area should be officially informed as to whether they will
receive underground shelter within the congested area or in a less congested outlying area.

Next it should be decided whether activities requiring central locations and due to
be provided central shelter are suitably distributed within the central area, or whether
some shifts, perhaps into buildings to be vacated by activities not requiring central loca-
tions, would be desirable. Concurrently, work should be underway to determine general
locations in the outer portions of the metropolitan target zone where activities eventually
to be displaced from the center could settle. Where” needed, new high-speed freeways
should be planned to connect the proposed dispersed development locations with one an-
other and with the central city.
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Only after dispersion of activities has been planned is the designer ready to establish
construction priorities for specific underground shelter projects. First priority should go
to shelters located at dispersed development sites near existing high-speed radial freeways.
These shelters should be assigned to central-area activites not due to be furnished shelters
in the central area, and movement priorities established by a metropolitan survival plan
or nonmilitary defense plan should be assigned to these activities.

I Second priority should go to construction of shelters for those activities allotted shelter

i
space in the central area. Those activities whose shelters will be located in the most prob-
able crater area should be. so informed. At this point, if it has not been done previously,
decision must be made concerning the depth at which shelters in the most probable crater
area will be constructed.

Third priority for construction should go to the large zones between the congested
central area and the planned dkperaed development sites. In this intermediate territory
there may be much private activity in strengthening or hardening best existing shelter
during the time interval required to reach third-priority underground shelter construction.

i Fourth priority for underground shelter construction should go to dispemed develop-
ment sites that are to be made readily accessible for peacetime intercourse with the central

I area through construction of new freeways. Shelter construction here should be timed to
coincide with freeway construction.

Since the possibility of submarine-launched missile attack with very short warning
exists today for coastal cities, it is obvious that first-priority dispersed development site
shelters for personnel in central-area activities would not be accessible within the warning
time. Therefore for coastal cities central-area shelters should be given equal priority
with diapersed development site sheltera. This procedure is advocated with reluctance,
however, since land for central-area shelters, if purchased, would have to be acquired at
prices representing capitalization of income based on existing congestion in the central
area, while the national shelter program itself would be operating to spread land values
in any metropolitan area over a wider and larger territory, thus tending to reduce present
peak land values in the central area. There would be a serious danger that low-value land
might be bought at high prices to the detriment of the shelter program as a whole.

1

UNDERGROUND SHELTER PLAN AS PART OF
A METROPOLITAN REGIONAL PLAN

It may be felt that too much trouble and complexity are wrapped up in the proposed
shelter plan, and that the problem is a relatively minor one. Are air-raid shelters important
enough to justify this much disruption of peacetime economic activity? So much govern-
ment control would be required to accomplish the plan that the country might lose before
a war the very freedom it planned to defend by the war itself. This is indeed a powerful
argument. Project EAST RIVER, which has gone furthest in exploring the possibility of
reducing vulnerability through use of space, reported opposition to its recommendations:

8. In terms of what had been hoped for in the way of progress in carrying out our 1952
Project EAST RIVER recommendations, it may be useful to state certain of our disap-
pointments as of 1955. They can be listed as

a. While Project EAST RIVER placed great stress and considerable emphasis on the
reduction of urban vulnerability (Part II–B — Federal Leadership to Reduce Urban
Vulnerability, and Part V — Reduction of Urban Vulnerability), it is disappointing
to observe that such little progress has been made. It is fair to state that the political
and economic obstacles to any such program were underestimated by Project EAST
RIVER.24
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Yet when all the objections have been aired and duly recorded, the hard facts remain.
A 10-Mt weapon u’ill inflict A-ring damage out to a radius of 4 miles from GZ with peak
overpressures of 19 psi at 4 miles and 6.6 psi at 8 miles. Shelters built to withstand 30 psi

might survive at 32 miles, and shelters built to withstand 100 psi might survive at 2% miles.
These figures are rough estimates given in the absence of authoritative data. The crater
of a 10-Mt ground burst would have a radius of l% miles. Any unusual concentration of
shelters in a potential crater or in a potential shelter destruction zone will surely draw
enemy fire as a target of above average reward. If an attack is successful and accuracy of

delivery is high, large numbers of people and a very costly investment. in shelters will be
lost in spite of the expense of a national shelter program. This fact maybe a prime argu.

ment for regional planning for reduction of urban vulnerability through dispersal.

The heart of a plan for reduction of vulnerability should be a metropolitan regional

plan for future development on a dispersed basis. Before a commehensive plan can be

drawn up, a number of staff studies should be made. Many such ~tudies already exist —
routine products of city, county, and regional planning commissions; those of recent date
need only be reexamined in-terms of the general goal of a broader distribution of densities.

Preliminary Sta# Studies

For that part of a regional dispersal plan related to spacing of underground shelters
certain preliminary staff studies should be made. These studies should include an appraisal
and analysis of existing economic activity, with projections and estimates of the future total
economic activity and its major components. The size, distribution, and composition of
ihe future population of the metropolitan region at selected time intervals should be esti-
mated, The relative strength of various interrelations among activities in the region
should be analyzed to serve as a measure of the feasibility of geographically separating
various groups of activities,

Staff studies should als~ include an analysis of certain physical aspects of the metro-
politan area. Existing.and potential service zones of the metropolitan center, as bounded
or limited by comparable service zones of other metropolitan centers, should be studied.
Major physiographic features that would exert influences on future development withh
the selected dispersed development district should also be studied. The major element is
topography, which affects routes and ease of movement, suitability of ground for building
sites, possibility of underground construction with access through horizontal as opposed to
vertical shafts, possibilities of gravity distribution of raw and treated water, possibilities
and economics of developing sewer systems, possibilities of developing water-reservoir
sites, etc. Other major elements are size and flow characteristics of waterways; location,
capacity, and quality of underground water supplies; soil characteristics, including fer-
tility for crops, porosity for septic-tank sewage disposal, and load-bearing capacity for
heavy-building construction; and existing ground cover, particularly forests, rainfall, etc.

A preliminary identification should be made of areas that should be reserved for open
space or very-low-density development. Typical low-density land uses would be public
or private forests; national, state, or local parks; watersheds; agricultural or residential
estates; and summer cottages.

Preliminary identification, later modified by concurrent reappraisal of all area studies,
should be made of general areas for location of nuclei of future dispersed development. The
basic consideration here must be geographical separation sufficient to remove underground
shelters of one nucleus from the potential crater area and high overpressure area of another
nucleus.

Potential high-speed transportation routes connecting dispersed nuclei with one an-
other and with the central part of the city should be selected. These routes will be pri-
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marily for freeways, but will probably include existing rail routes. Consideration should
be given to operating factors affecting scheduled helicopter operations, including air traffic
patterns.

Potential sources of water supply, the effect on other potential sources of developing

one source of supply, and the effects of various alternative sewer systems on the different
water-supply sources should be analyzed. Competition with other metropolitan centers

for distant sources of supply must be considered. If more than one system appears de-

sirable, the study should cover possibilities of interconnecting the systems to permit by-
passing enemy damage.

Possible methods of sewering the various nuclei and those of their surroundings planned
for close development should be studied. Existing sewer systems and existing and planned
water-supply systems must be given adequate consideration. Dispersion of treatment

facilities through use of package plants might provide ameliorating safeguards against the
heavy contamination that could result from successful attack on a single integrated system.
Package plants would probably be more economical, too, if a full-bodied pattern of pro-
tected open spaces were developed.

Although most communications lie in the sphere of private enterprise, the vital im-
portance of good transportation and communications to any dispersed pattern of activity
is so great that special studies might be undertaken in conjunction with private utilities

to make certain that needless handicaps are not imposed on the development of communi-
cations. Reservation of selected hilltops for public-utility television relay stations is not
an impossibility. Image-carrying telephone devices exist now in prototype stage; newer
inventions to speed communication are a strong possibility y.

A classification and evaluation of the activities in the central (core) area should be made
to determine those for which a central location is so clearly in the public interest that
central underground shelter should be provided them. These evaluations will involve
estimates of target value, alternative facilities, recuperability, economic and physical ties
to other core activities, and comparable factors relating to the need for a central location

as opposed to the need for continuity of operation during and after attack. At the present
time in the Washington area decisions of this kind are actually being made by the heads of
federal departments and agencies about to construct new buildings. The first decisions to

move to dispersed sites were those of the National Security Agency and the Atomic Energy
Commission. The Central Intelligence Agency, the weather Bureau, the Coast and
Geodetic Survey, and the Bu~d suit. The Stite Department
and the Court of Claims plan to build in the oore area. Congress is now alerted to the pos-

9sible need for some check on the digcretlon oi mchvidual agencies. A Washington area
regional plan for metropolitan dktribution of key federal activities should probably be de-
cided on by the Congress, with some voice given to agency heads and the District Com-
missioners, and with preliminary staff studies conducted by the Office of Defense Mobili-
zation, the Area Development Division of the Department of Commerce, the National
Capital Regional Planning Council, and the National Capital Planning Commission.
However, the area of jurisdiction of the National Capital Regional Planning Council, as
established at present by the Congress, is not large enough to cover an appropriate dis-
persed development district for Washington, nor are the presently constituted planning
agencies closely conversant with problems of nonmilitary defense and reduction of urban
vulnerability.

When existing core activities have been grouped into those that might move outward
and those that should remain, a general allocation study should be made to determine
location and dwtribution of the moved agencies throughout the dispersed development
district. Something of this kind has already been started by the Office of Defense Mobili-
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zation in allocating sectors of territory around Washington to federal agencies for their
continuity-of-government activities.

! The kinds and general quantities of minor basic employment and secondary or support-
ing economic activities around suburban nuclei and in the central city should be estimated.

t These generalized data are needed for broad design decisions in the fields of water supplY,I
sewerage, highway capacity, and areas of land to be devoted to various uses.

A study should be made of methods of preventing excessive concentration of those
essential activities planned for long-time retention in the central area. Some shifts to more
satisfactory sites or buildings are likely to occur over the years even among permanent in-
town activities. For example, in Washington the crater areas of weapons in the single
megaton range are so great in relation to the Mall, the Federal Triangle, and the Federal
Rectangle that some moves outside this core into other parts of the District of Columbia
would be advisable. The Bureau of Standards’ current site, which will become available
when the Bureau moves, would be safer for an important agency than a new building
downtown, and an underground shelter there might survive a weapon that cratered out all
shelters in the downtown area.

Shelter needs should be calculated on the basis of planned ultimate redwtribution of
primary and secondary activities of the metropolitan area. The results of this study should
be used in the search for suitable sites for underground shelters. There should be some
opening up of land in the central area due to departure of less essential activities, which
should reduce costs of land acquisition for the shelter program.

Shelter construction priorities should also be studied. If a massive program were
undertaken, some shelters would probably be built in all three zones immediately — central
area, suburban nuclei, and intermediate zone. Local priorities would probably be related
to importance of persons and activities to a war effort.

Key Plans for Dispersal

The series of staff studies recommended here should produce material from which offi-

cial plans can be prepared. These plans would be similar to presently used comprehensive
or master plans but would be based on an expanded distance scale.

A plan for land use should be established to distinguish between open and close develop-
ment throughout the dispersed development district. Close development areas should be
subdivided into industrial, commercial, and residential areas, with residential further sub-
divided into principal density categories.

For nonmilitary defense purposes a population distribution plan should be set up for
both daytime and nighttime d~tribution. Nighttime d~tribution should be a restatement
of data on use of residential land, with the data converted to population figures. Daytime
distribution should reflect intensity of development planned in industrial and commercial
areas, plus residual nonworking population in residential areas.

The backbone of a transportation plan will be a metropolitan system of freeways,
composed of existing and proposed routes, extending throughout the d~persed develop-
ment district. Routes included in the national system of interstate highways will usually
form the framework on which freeway spurs and circumferential reaching the suburban
nuclei can be hung. Helicopter routes and major uncontrolled-access highways will prob-
ably also be shown. Commuter rail service may survive in some metropolitan areas.

A water supply plan should be drawn up to show impounding, transmission, treatment,
storage, and major distribution facilities for the various water-supply systems in the dE-
persed development district. A sewerage plan is also needed, to show service areas, inter-
ceptor and trunk lines, and sewage treatment facilities throughout the dispersed develop-
ment district.
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‘i A shelter plan for the area should show the locations, size, and service area of com-
munal underground shelters, and the areas in which family underground shelters will be1’

Ii
used. The latter may be limited to rural areas, owing to the need for mechanical services
in shelters that may have to be occupied for many days under conditions of heavy fallout
from multiple sources.

b A communications plan should show alternate routinge available for wire communica-
tions in the dispersed development district, together with protected or underground sites

1
for telephone exchanges and radio transmitters.

,!
/

Administrative Controls
;#
~ In addition to the various plans there must be appropriate administrative tools for

holdlng development in line with plane. New techniques in zoning must be developed

! to ensure uniform application of density restrictions over the entire metropolitan area.
1: This might be accomplished by adoption of urban defense zoning regulations at the state
\ level, with interstate uniformity achieved by compact. Another impotinttoolinm~-

taining standards in areas of new development is the local ordinance regulating subdivision

f of land. Standards flowing from urban defense requirements might be applied locally
under state coordination or might be established directly at the state level.

Major public expenditures are required to stimulate. rapid development of dispersed
areas. Costs are most burdensome in the fields of highways, water supply, and sewerage.
Underground shelters would be a new addition to this list. The physical development
plans must be accompanied by a public works construction priority schedule. It is obvious
that water and sewer service must be provided flret to the nuclei that are first served by
freeways. The public works program is usually planned on a 3-, 5-, or O-yr basis. For a
major effort such as dispersal of new underground shelters the period might be extended to
10 yr, or to 13 yr, as for the new national highway program.

Adherence to construction priorities is maintained through the capital budget that
covers annually the current year’s public works program..

‘?

;

OTHER COMPONENTS OF A METROPOLITAN REGIONAL PLAN

TKE section briefly treats topics other than those directly connected with shelter that
would normally be included in a well-rounded reduction-of-vulnerability program. These
topics fall into two broad categories: structural protection, and advance planning by
management and government.

Structural protection may be applied to buildhgs, process equipment, and utilities.
A typical field is in hardening buildlngs to minimize building losses and preserve usable
floor space in the face of enemy attack. This aim is distinct from that of preserving life
through construction of shelters, but may be related to the latter.

One method of obtaining hardening, probably maximum hardening, is to place instal-
lations underground. The Office of the Chief of Engineers, Department of the Army, in
recommending that underground construction should at least be planned now has stated:

The study of the need for underground plants must of course take into account the
possibility of dispersion, camouflage, duplication of facilities, stockpiling, and transporta-
tion.

However, when all is said and done, nothing affords better protection [of production
and production personnel] than a plant located underground in a sound rock formation. A
minimum of 50 feet of overhead cover will provide a reasonable degree of protection against
all known weapons.2s
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Exhaustive 8tudies of the psychological and morale effects of working in windowless
structures, tunnels, bank vaults, underground installations in Sweden, etc., indicate that
no work decrement need be expected.~6

Estimates have been made of the comparative above-grade and underground initial
and operating costs for three types of installations: a precision manufacturing plant, a
chemical plant, and a storage depot.%l Consideration was given both to excavating new
sites and utilizing existing mines. These costs, expressed as percentages of above-grade
casts, appear in Table B 1.

TABLE B1

COMPARATIVECONSTRUCTIONAND OPERATINGCOSTS
FOR ABOVE-GRADEAND UNDERGROUNDINSTALLATIONS

(Expressed as percentages of above-grade costs)

Precision Chemical Storage
Costs and site plant plant depot

Construction
Above grade 100 100
Existing mine M 134 78
New excavation 144 160

Operating
151

Above grade 100 100 100
Existing mine 102 104 98
New excavation 103 106 99

It would appear that this type of hardening could provide relatively inexpensive pro-
tection. In at least many situations (where the underground installation is located near
population centers, or where part of the factory is above grade), and given some warning
time of the attack, an additional benefit would be that the underground installation could
serve as a shelter area. .

Another method of obtaining hardening would be to require that all new st~ctures
provide strength adequate to resist blast throughout a portion of their floor area, so that
postattack emergency operations could be resumed or continued in a fraction of the floor
space available prior to attack. Local building codes might be revised to require that
10 percent of the floor area of any new building within a metropolitan target zone be
constructed to withstand some given peak blast overpressure, perhaps 30 psi or more.
This 10 percent might be put underground, with a bla.stproof ceiling, Alternatively it

might be a highly reinforced core of the building, with the outer and top portions of the

building more fragile. If the entire building had a steel or reinforced-concreti frame the

strengthened core would then be braced by the outrigger portions of the frame even though

the walls and perhaps the floors of the outer portions were demolished.

Although this requirement for a strengthened portion of each new building would not

extend to provision of fallout protection, some building owners might want to combhe a

strengthened iloor area with a shelter area. If blast and radiation protection equivalent

to that provided under a federal underground shelter program were designed, federal shelter

money might be included in the construction funds. This scheme, in fact, might provide

the mechanism so long sought for obtaining dual-purpose shelter areas.

Damage to buildings would also be lessened by general dispersal. In addition to the

broad effects that could be achieved by planning a dispersed development district, new

zoning standards should be applied to the spacing of new builcikgs in and around suburban

nuclei. These standards might include a maximum percentage of lot occupancy (say,
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20 percent) to prevent the kind and degree of coverage of land that is prerequisite to the
development of fire storms. Off-street parking should be required on each lot to meet
100 percent of needs. This would provide ter”minal parking facilities commensurate with
the freeway network in the dispersed development district and would prevent overcrowding
and congestion of buildings in suburban nuclei, with accompanying concentration of target
value.

A maximum floor-area ratio would prevent excessive bulk of building on any given lot
and thus maintain standards of relatively low density of population and floor space in
newi y developed dlsperaed areas. The floor-area ratio would vary with the land-use zone,
but might not rise higher than 0.4 or 0.5.

To reduce building debris in the streets after damage or destruction by blast, a mini-
mum depth of front yard, minimum width of side yard abutting a street, and minimum
depth of rear yard abutting a street could be established at some figure, such as one and
one-half or two times the height of the building. Also to lessen the blocking of streets,
local zoning ordinances could require that no trees be planted or retained and no utility
poles be installed or used within some specified distance of the centerline of pavement of
any public roadway except a local residential street or an alley. This setback requirement

would then apply to freeways, primary and secondary uncontrolled-access highways,

primary and secondary urban thoroughfares, and residential collector streets. Since these

two restrictions serve the particular needs of rescue teams as well as the general needs

of civil defense for accomplishing emergency clearance and restoration of streets and

roads, decontamination, fire fighting, and emergency restoration of. essential activities, they

might be grouped with measures relating to an underground shelter program.

The second broad category of nonshelter measures relates to maintaining continuity

of vital functions of society: industrial, governmental, financial, and economic. Advance

planning for continuity of industrial pr~uction relates to stockpiling of materials and

equipment, preparation of federal standby programs for allocating scarce materials and

equipment, and individual plant, company, and industry programs for dispersion, protective
construction, alternative so~rces of supply, alternative plants and facilities, and advance
plans for repair and reconstruction of damaged plants. Advance planning for continuity
of government relates to duplication and dispersed storage of vital records, provision
of alternative locations for governmental administration, dispersion of supplies and equip-
ment, protective constmction for vital utilities, plans for personnel shelters and evacu-
ation, etc. Advance planning for continuity of financial and economic institutions and
activities includes maintenance of the supply of money and credit, maintenance of indi-
vidual and family incomes, establishment of rationing and of controls on prices, rents,
and wages, and compensation for losses due to enemy attack. Since many of these measures
must be applied on a uniform national basis, they cannot be initiated by the designers of
a metropolitan plan for reduction of vulnerability. When established nationally, however,
they could be incorporated into local plans.

4

‘/
.

ORO-R-17(App B) 91

!

I



LIST OF MATERIALS TO BE r~uiuwr~w ,-—–-. ....

kme of Researcher ~ No. Page Number
~ .

I
I
I

I

—

i
\


