
Civil defense in limited war
Have recent developments in strategic weapons

given us reason to look at civil defense in a new context?

Civil defense, once a hotly debated issue of
the 1960's, has again surfaced as a topic of
controversy. It reappears amid the
discussions of possible new strategies being
proposed by the Defense Department. In
January 1974, the then Secretary of Defense
James R. Schlesinger announced the
intention of the US to develop long-range
ballistic missiles of unprecedented accuracy.
Because such weapons would have a
relatively small error radius their yield would
not have to be as large to be effective against
military targets such as land-based offensive
missiles. Hence the Defense Department
has raised the possibility of a limited nuclear
war with counterforce strikes (that is, against
the opponent's offensive force) coupled with
a program of civil defense to ensure a
minimal level of civilian casualties.

We present here two different viewpoints
regarding civil defense in this context. Arthur
Broyles and Eugene Wigner will argue that
civil defense can be effective as a defense
against a nuclear attack. Sidney Drell will
argue that the price of civil defense is too
high in relation to the degree of
protection it buys.
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a debate
In favor:

Arthur A. Broyles and Eugene P. Wigner

Opposed:

Sidney D. Drell

Should the American people be protected from the effects of
nuclear war? Let us first narrow that intensely studied
question1 to one that lies within the realm of physics to an-
swer—namely, can such protection be effective? Evalua-
tions of various evacuation and shelter systems show that
they can greatly reduce the number of casualties in a nuclear
encounter. Our response thus agrees entirely with the state-
ment by V. Chuykov in the Civil Defense Handbook of the
USSR: "Although the discussed means of destruction are
called mass means, with knowledge and skillful use of mod-
ern protective measures, they will not destroy masses of peo-
ple, but only those who neglect the study, mastery and use of
these measures." 2

The question then broadens into one with psychological
and political aspects and cannot be answered precisely or
completely. Nevertheless we feel that our nation's civil-de-
fense preparations may determine the balance of power in
some future nuclear crisis. Civil defense is more important
than ever at a time when other nations have extensive civil-
defense plans and when the balance of terror that has
reigned to date is being upset by the development of new
types of weapons.

The protective measures against nuclear explosions and
their effectiveness can be evaluated on the basis of a wealth
of data gathered by the Atomic Energy Commission in its
nuclear testing program. Besides making quantitative mea-
surements of such phenomena as blast-wave pressures, fall-
out intensity patterns and heat-ray intensities, the AEC con-
structed buildings and other structures in the vicinity of nu-
clear explosions and observed the resulting damage.3 This
information has been used by the AEC (now ERDA) labora-
tories, Stanford Research Institute, RAND Corporation, the
Hudson Institute, the National Research Council and other
institutions to devise and determine the effectiveness of
methods for protecting people. Their results are in surpris-
ingly close agreement.

Unfortunately the general public is not well informed
about such studies, probably because a large fraction of the
physics community as a whole is not aware of them. And
yet so much physics is involved that physicists bear a re-
sponsibility to understand it themselves and to pass on the
information through the classroom and other contacts. A
clear presentation of the facts is essential because it is pos-
sible, as we shall see, that a nation's civil-defense prepared-
ness may determine the balance of power in some future
nuclear crisis.

continued on next page

The strategic doctrine of "limited nuclear counterforce
strikes" has been revived in the United States during the
past few years. This return to a policy that was discarded
more than a decade ago is accompanied by a renewed inter-
est in extensive and organized civil-defense programs, which
would require massive relocation and evacuation of popula-
tions during crises. Official government statements during
the past two years allege that this combination offers the
prospect of low levels of fatalities and casualties resulting
from the immediate blast, thermal, radiation and subse-
quent radioactive fallout effects. In particular the former
Secretary of Defense, James R. Schlesinger, in the Annual
Defense Department Report for FY 1976 stated that "Relo-
cation of the population from high risk areas near key mili-
tary installations and the protection of the rest of the popu-
lation against fallout could reduce nationwide fatalities due
to fallout from a limited Soviet counterforce attack to rela-
tively low levels well under 1 million—provided that the peo-
ple in the communities that would be most exposed by fall-
out from such an attack make effective use of the shelters
available."

The conclusion drawn from these claims and analyses is
that limited nuclear war may be palatable and need not esca-
late to the level of an all-out nuclear exchange, which would
cause unimaginable horror. In fact, on 11 September 1974,
Secretary Schlesinger testified8 to a subcommittee of the US
Senate Committee on Foreign Relations that "the likelihood
of limited nuclear attacks cannot be challenged on the as-
sumption that massive civilian fatalities and injuries would
result."

Because the basis for this change in strategic doctrine is
the relatively low fatality level, we must examine not only
the total civil-defense implications of this doctrine but also
the assumptions about the nature and effectiveness of the
weapons used in the attack.

Civil defense in the larger context of an all-out nuclear
strike against population centers will not concern us here,
not only because it is not being proposed at present but also
because most who have studied the financial and societal
costs, not to mention the technical challenges, of such a pro-
gram have concluded that it is not practical. But how prac-
tical and how effective is civil defense in a limited counter-
force context?

The resurgence of the doctrine of limited nuclear counter-
force has been spurred by progress in weapons technology—
in particular, the development of accurate and reliable

continued on page 52
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The principal sources of danger and
the most effective measures against
them are listed in the table on this page.
(Of course a far more convincing dis-
play of the data requires something like
the elaborate descriptions in the USSR
handbook.) Because of the short time
available for action to protect against
effects of nuclear weapons, survival de-
pends very heavily on previous planning
and preparation. The effectiveness of
all the protective measures would be
much increased if the population were
familiar with them well before the at-
tack. The stockpiling of relatively sim-
ple tools can also help in the long-term
recovery effort. Because this subject is
complicated and requires extensive con-
siderations, we shall limit our discus-
sion to the problems of survival of the
initial effects of the attack that are list-
ed in the table.

The most obvious way of protecting
against all these effects is to prevent the
bombs from exploding. For example,
the US might attack the enemy launch
site before the missile leaves it. Such

an attack is the purpose of the "smart
bombs" bemoaned by Bernard T. Feld
in the July 1975 issue of PHYSICS
TODAY. Or, the US might destroy the
incoming missile with its own missile—
the Anti-Ballistic Missile. Despite ex-
tensive debate over the ABM, it cannot
be generally implemented now. As a
result of the SALT I treaty, the ABM is
restricted, as far as nonmilitary defense
is concerned, to Moscow (with a popula-
tion of 4.5 million) and Washington,
D.C. (population of 1.5 million). Nev-
ertheless, even a small ABM system
could be very effective. By destroying
the first wave of incoming missiles, it
can give time to the people to enter
shelters or to protect themselves in
other, although less effective, ways.

Once a bomb does strike, the first ef-
fect is the electromagnetic pulse. This
pulse threatens electric power transmis-
sion rather than human lives, although
the disruption of radio transmission is
of concern during an emergency.

The protection against the other ef-
fects of nuclear explosions can be pro-

vided in two ways—evacuation and
shelter. Evacuation takes very much
longer than the missile flight time and
hence can not be considered to be a
truly defensive measure. If evacuation
is undertaken during a crisis, it will
greatly aggravate the situation. It can
be effected before provoking a show-
down and serve as an aggressive move.
Hence, since the advent of missiles, our
country did not seriously propose it
until the elaborate evacuation prepara-
tions of the USSR became known.
Now it is being seriously planned as a
"counterevacuation," that is, as a re-
sponse to a possible evacuation of the
cities of the USSR. The Ponast study,
which was organized by the National
Security Council,4 considered a nuclear
attack in which the USSR aimed two
thirds of its destructive force at civilian
targets. This attack would destroy 45%
of the US population under present cir-
cumstances. The preparation for the
"counterevacuation" would cost about
$500 million—one day's welfare expen-
diture—and would reduce the popula-

H-Bomb major immediate effects

EFFECT

ELECTROMAGNETIC
PULSE

PROMPT NUCLEAR
RADIATION

HEAT RADIATION

BLAST WAVE

FALLOUT

USE

Expanding charged particles
from bomb explosion

Nuclear reactions during
bomb explosion

Radiation from the hot
fireball generated by the
explosion

Expansion of hot bomb
material pushes air into
a wave of wind and high
pressure

Radioactive products of
nuclear fission mixed with
vaporized earth

Damage to electronic
equipment up to hundreds
of miles; power stations
at shorter ranges

Normally less than blast

Fires ignited a few tens of
miles but greatly reduced
by clouds or smog and
dampness

Destruction of buildings
as well as serious injuries
to people from flying objects
and falling buildings from
five to ten miles

Heavily wind dependent;
can be the order of one
hundred miles

Special protective
equipment
related to lightning
security devices; no effects
on humans

(Normally negligible
compared to blast)

Eliminating exposed
inflammable material;
shelters including
large public buildings

Evacuation
blast shelters;
reinforced public buildings

Sheltering by large public
buildings or special shelters
for a few days or weeks
until the radiation level
has died down
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Peking tunnel shelters double as storage vaults for vegetables (left) or
as conference halls (right). The authors argue that such shelters can

be effective in reducing US casualties in the event of a nuclear attack
to about 5.5% of the total population. Figure 1

tion loss to 11%. Because the USSR
population is less crowded into cities
than ours, their losses would be smaller
yet—less than 5% according to our cal-
culations.5 This loss is half of that ex-
perienced by the Soviets in World War
II.

Shelter design

The defense measure advocated in
the US, and installed by the Chinese, is
the provision of shelters. The technical
problem is to design a shelter with max-
imum blast resistance, minimum access
time and minimum cost. The Chinese
appear to have conquered the problem,
as shown in figure 1. US scientists,
during a 1970 study at the Oak Ridge
Civil Defense Project,6 estimated that
effective shelters could be built at a cost
of $23 billion. In similar conclusions
four years later, the Ponast study found
that a $35-billion investment—very
much larger than that needed for prep-
aration for counterevacuation and one
tenth of one year's federal expendi-
tures—would reduce the casualties
caused by an attack by the USSR to
5.5%.4 For this reason we can not pos-
sibly accept Feld's conclusion in PHYS-
ICS TODAY that "there is no defense
against nuclear weapons, now or in the
forseeable future." Actually, as we
have just described, the effectiveness of
shelters should not be surprising: If
shelters were ineffective, the expendi-
ture on their construction by the gov-
ernment of China, the government of a
nation much poorer than ours, would be
entirely unjustifiable.

A third intermediate arrangement for

Arthur A. Broyles is professor of physics and
physical science at the University of Florida,
Gainesville, and Eugene Wigner is professor
emeritus in the department of physics at
Princeton University.

defense, also indicated already in the
Soviet handbooks on civil defense,2 is to
move most city dwellers away from
densely populated areas but not as far
as the pure counterevacuation proposes.
Instead, the Soviets would build "expe-
dient shelters" using materials at hand.
Rather ingenious designs, which can be
built by untrained prospective occu-
pants, give a blast resistance of 30
pounds per square inch. A sample plan
is shown in figure 2. Such a system,
not significantly more expensive than
the simple evacuation plan (not much
over $500 million, according to the Po-
nast study) could reduce the fatalities
as well as does the elaborate and rather
expensive shelter system referred to
above. However neither one can pro-
vide protection against a sudden attack.

In the design of shelters, prompt nu-
clear radiation can generally be ignored
in comparison with the blast wave un-
less the blast protection is very good or
the weapon is very small. The reason is
that prompt-radiation effects decrease
much more rapidly with distance than
do blast effects. To see this, note that
the blast pressure in pounds per square
inch from a W kiloton explosion at a
distance r in kilometers is given ap-
proximately by

i6 vr/3

The intensity of the prompt radiation
decreases more rapidly than l/r2 be-
cause of the absorption by air. Thus,
according to the equation, blast shelters
designed for 100 psi will be effective
against a 1-megaton weapon for dis-
tances greater than about \lk km. The
area within which the pressure exceeds
a given amount is inversely proportion-
al to this pressure. Thus the area
where the pressure exceeds 5 psi—the
pressure often considered as the surviv-
al pressure for unprotected people—

is twenty times the area for 100 psi.
The effects of blast decrease more

rapidly with bomb yield than do those
from prompt nuclear radiation. For
very small nuclear weapons, prompt ra-
diation can be more harmful than the
blast. Thus for a 1-kiloton bomb, neu-
tron and gamma radiation at 750 meters
are 700 and 400 R if no protection is
provided. The blast pressure at that
distance is 5 psi—quite tolerable. In-
deed the mid-lethal blast pressure for a
well instructed person, who knows how
to protect himself from flying objects, is
well in excess of 30 psi.

Blast shelters are designed not only
to diminish the air pressure to which a
person is subject, but also to protect
him from flying objects. A properly de-
signed blast shelter will also place suffi-
cient mass between a person and the
outside fallout particles to shield him
adequately from the radiation. One
foot of earth cover reduces radiation
perpendicular to it by a factor around
ten, and more than that for slanting
rays. Shelters also provide cover
against heat radiation and external
fires. Two feet of earth will provide ad-
equate protection from actively burning
fire.

Global consequences

Worldwide effects from the detona-
tion of a nuclear explosion naturally de-
mand as much concern as the immedi-
ate effects. Many wonder whether the
global consequences such as fallout
might not be so severe as to deter any
nation from even precipitating an at-
tack. The most recent investigation of
this question, the Nier report by the
National Academy of Sciences,7 verified
previous conclusions that world-wide
fallout produced in a nuclear attack
would not be sufficient to deter the at-
tack. It found, however, that the de-
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ANNOUNCING
NUCLEAR DATA
SYSTEM 6600

Nuclear Data, first in technology, announces the first Multi-
Job and Multi-Task data acquisition and processing system.
Through distributed processing, multiple processors independently
and simultaneously perform system functions such as data acquisi-
t ion, display, and processing.

Full memory management, disk operating system, high speed
synchronus COMBUS, plug-in components and an innovative
terminal result in a system unmatched in expansion and perform-
ance capability. This capability is illustrated in the block diagram.
The system expands to 124 K, of 16-bit memory and up to three
display and acquisition sub-systems. Each subsystem supports up
to 8 ADC's; and can be controlled by a central or remote terminal.

The 6600 terminal includes display scope, dual keyboard, 4-
wide NIM enclosure, alpha/numeric parameter display, and linear/
logarithmic spectral data display. Systems are available with a
FORTRAN IV compiler, BASIC interpreter, editor, assembler, and
utilities. Application software is written in FORTRAN IV. Thus,
application software can be tailored to meet specific needs. Com-
pilation can take place while simultaneously acquiring data.

Compare SystfA PftOO with any other system available.



A Multi-Job and Multi-Task System
For On-Line Data Acquisition,
Display and Processing.

fe,;"

1Up to Four H
Magnetic H
Tape •
Transports H

M

1 1 Paper Tape •
L J Reader M

| I L,ne fl
1 | Printer J |

f 1 Paper T a p ^ l
1 § Punch J |

1 § RS-232 H
^ ^ C h a n n e l ^ H

1 I CRT ^H
L. ^ Terminal H

[1 One to Four
1 Hard or
1 Floppy
1 Disks
1L J

^ H Basic ND 6600
^ ^ | System Components

^ • H Basic Display and
^ ^ H Acquisition System
H i (DAS) Components

• H J Optional System
H ^ | Components, up to
• • 112K Memory, etc.

Teletype

Magnetic fl
Tape Intf. M

Micro H
Processor •

Dual- 1
Function 1
Keyboard 1
Control 1

I Low-speed
1 1-0
1 Control

•P «

1 DAS
1 Acquisition
1 Digiplex
1 Control

• j Disk m
• Intf. •
H Micro H
H Processor H

Synchronous Combus

| •
H General 1H
H Purpose 1H
H Display ] H
• Control ! •

16K 1
Memory 1
Module 1

J
16K 1
Memory 1
Module 1

• LSI-11

1 Memory
1 Mngt. Intf

m DAS

• Intf.

• LSI-11

1
Terminal 1
Function 1
Keyboard 1

1
Terminal 1
A/N 1
Keyboard 1

•
1 ADC

1——w.
1 ADC

1—
1 ADC1—Z
1 ADC

• J Terminal
• CRT

§BHBS9BSSS9£5»*&l£^

• X-Y
- B Plotter

I

NUCLEAR DATA INC

Golf & Meacham Roads
Schaumburg, IL60196
312/884-3625

Bonameser Strasse 44
6000 Frankfurt Main
Federal Republic of Germany
0611 /529952 Telex: 4-14696
Circle No. 29 on Reader Service Card



Hasty shelter plan of the Soviets is a dugout in dense soil with a ceiling of pine poles. The plan
shows the general view (a) and cross section (b). From reference 2. Figure 2

Soviet evacuation scheme illustrates their detailed planning. Safe zone is outside light colored
region surrounding populated district of city (dark color). Map shows districts for relocation of
workers of plants that do not stop their operation (dark colored squares) and for those that temporarily
suspend operation (light color). Also shown are relocation sites for evacuees (light gray) and for
plants and organizations (open squares). Black squares are existing communities. Colored lines
denote operational control limits. Figure 3

pletion of the ozone layer could be more
serious. Increased radiation might
force people to adopt special protection
against sunburn, and it would lead to an
increase in the skin-cancer rate by a
factor of almost two. The depletion of
ozone would also upset some ecological

systems in important ways. Although
this study calls for additional research
to answer some remaining questions re-
garding world-wide effects, Philip Han-
dler, President of the National Acade-
my, makes the following statement in
his letter accompanying the Nier report:

"At the same time, the governments
of the United States and of other
major nuclear powers should be alert
to the possibility that a geographical-
ly distant, populous other nation
might determine that the degree of
short-term damage to itself in this re-
port, would be 'acceptable' and that,
since long-term recovery would be
highly likely, might conclude that its
own self-interest is compatible with a
major nuclear exchange between
other powers."

In other words, we cannot count on glo-
bal effects in themselves as deterrents.

Even though civil-defense measures
can be effective as population protec-
tion, the US lags behind many nations
of the world in building such systems.
The Chinese have installed extensive
blast shelter systems; the Russians have
preferred an evacuation procedure that
removes the city population to outlying
areas where hasty shelters are to be
constructed from materials at hand. A
sample evacuation plan from the USSR
handbook is shown in figure 3. Admit-
tedly, this system would lose effective-
ness if another nation initiated the war:
It takes two or three days to evacuate
cities and to build emergency shelters.
However, if such time is available, the
USSR system is cheaper and probably
more effective than the Chinese blast
shelters. The Chinese, however, can
occupy their shelters in a very short
time and thus be prepared for an attack
with very little warning. Evidently the
Chinese are afraid that someone will at-
tack them with little notice, while the
Russians believe that they are in a posi-
tion to determine when the nuclear ex-
change will come and that they can
carry out their evacuation and construc-
tion in time.

Political aspects

The United States, on the other
hand, has essentially no civil-defense
system. This lack is deliberate, and the
reasoning behind it is clearly evident in
the hearings before Congress on mili-
tary matters.8-9 Our leaders recognize
that, if the nuclear powers have the ca-
pability of destroying the opposing nu-
clear attack forces, they will be tempted
to strike first. If they wait, their own
weapons may be destroyed first and
they would be defenseless. Thus the
US, until quite recently, carefully de-
signed its nuclear strike force to be ef-
fective against the population of an op-
ponent but ineffective against his weap-
ons. We also did not protect our peo-
ple. This inaction assured him that we
would not attack first and therefore,
that he need not strike a preventive
blow.

The trouble with our strategy was
that the Soviets, and more recently the
Chinese, have not accepted this "bal-
ance of terror." The Soviets' large mis-
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siles are effective against our land-
based missiles and their killer subma-
rines can attack our Polaris submarines.
In addition, our population is so ex-
posed that it is doubtful we would ac-
cept the casualties required to partici-
pate in any stage of nuclear war through
a second, third, or any strike with our
missiles. Perhaps such considerations
led Secretary of Defense James R.
Schlesinger to propose the addition to
our arsenal of missiles that would be ef-
fective against sheltered enemy

ICBM's.8 However we are disappoint-
ed that Washington has not given
strong support for measures that will
protect the US population from the ef-
fects of a nuclear war.

As a final remark we wish to add that
it disturbs us greatly that passionate
opponents of the protection of our own
civilians against nuclear attack do not
oppose, and do not even mention, the
elaborate preparations of the USSR in
this direction. The Soviet handbook on
civil defense is circulated in millions of

copies. (It has been carefully studied
at the Oak Ridge National Laboratory.)
The USSR gives instruction on civil de-
fense in the high schools, they carry out
exercises in their factories and, most
distressingly, they have made elaborate
preparation to evacuate their cities pre-
ceding a confrontation. If the oppo-
nents of the civil defense feel that these
preparation are not even worth men-
tioning, why do they consider the pro-
tection of our own civilians objection-
able and even provocative?

Drell: continued from page 45

MIRV's (multiple independently targe-
table reentry vehicles), which enable a
single missile to attack several different
targets with high accuracy. These
MIRV's can selectively attack hardened
military targets such as underground
silos containing the fixed land-based
ICBM forces and at the same time can
cause relatively low casualty levels. In-
deed this combination of factors forms
the basis for the military value and stra-
tegic credibility that are claimed for
such an attack.

Of course the effect of weapons
against both military targets and civil-
ians depends critically on such factors
as the numbers and yields of incoming
warheads, their height of burst and the
level and extent of civil-defense protec-
tion. One example described by Secre-
tary Schlesinger in his Senate testimony
envisioned an attack against all the
fixed ICBM's—1000 Minutemen and 54
Titan missiles—with a single one-mega-
ton warhead incident on each silo and
with the warhead fuzed to detonate in
air at the optimum height of burst.
The attack would result, he claimed, in
fewer than 800 000 dead and 800 000 in-
jured or ill from radioactive fallout.

The fatality levels for such an attack
are calculated by making certain as-
sumptions about the civil-defense pro-
tection provided in terms of the protec-
tion factors of various shelters. These
numbers are the reciprocals of the frac-
tion of radiation that penetrates the
shelter. Thus the existing civil-defense
program requires that, for a shelter
space to be identified as such and
stocked, it must have a protection fac-
tor of 50-100. That is, it must shield
against all but 1-2% of the radioactive
fallout. This factor is equivalent to a
dirt cover of approximately two feet or
a concrete wall of about 16 inches. By

Sidney D. Drell is deputy director of the Stanford
Linear Accelerator Center. This text is adapted
from his testimony presented on 18 September
1975 to the Subcommittee on Arms Control,
International Law and Organization of the US
Senate Foreign Relations Committee.

comparison,3 a single-story residence
has a protection factor of three, and a
residential basement, a factor of 25.

In the attack described by the Secre-
tary, the Department of Defense as-
sumed that for 30 days roughly 35% of
the US population remained in desig-
nated shelters with protection factors of
50-100, that 20% sought residential-
basement protection and that the re-
maining 45% were protected by the av-
erage residential protection factor of 3.
These calculations were stopped after
this thirty-day period and thus do not
include the final 6% of the fallout nor
the long-range effects.

However, the Secretary did not de-
scribe the military effects of this attack,
which was designed to cause such low
civilian casualty levels. Straightfor-
ward calculations show that the nuclear
attack assumed in the above calcula-
tions would destroy well under one half
of our fixed ICBM force if carried out
by missiles with the targeting accuracies
projected for the Soviet ICBM force.
This conclusion follows even if we as-
sume that the Soviet missile systems
have a perfect 100% reliability, which is
surely a gross overestimate, particularly
when you recall that we are talking of a
massive attack coordinated in time so
that all 1054 US ICBM silos are hit es-
sentially simultaneously. I can see no
practical military value to such an at-
tack. On the contrary it would surely
invite lethal retaliation.

In response to these and other DOD
calculations on collateral civilian dam-
age related to counterforce attacks, the
Senate Foreign Relations Committee in
September 1974 asked Congress's Office
of Technology Assessment to review the
DOD analyses. A panel convened by
OTA for this purpose raised questions
about the sensitivity of the DOD analy-
ses to various assumptions, including a
range of possible weather conditions, ci-
vilian protection factors and parameters
of the incoming attack.8 The DOD re-
sponded with more calculations, which
showed that the expected fatalities are
indeed very sensitive to the nature of

the attack and can vary by large factors.
In particular, the DOD now finds that
fatalities in the range of 10 to 20 million
will result from prompt effects and fall-
out alone if the attack is delivered by
the nuclear weaponry of today or of the
near future and is designed to destroy
the majority of the attacked ICBM
force.8 Figure 1, which is based on
DOD calculations, illustrates the fatali-
ties as a function of the percentage of
ICBM silos destroyed. (Note that the
DOD reduced the civil-defense protec-
tion factors assumed for the last two at-
tacks by 25% relative to that described
earlier; otherwise, with identical protec-
tion factors, one would expect the one-
megaton ground burst to cause more fa-
talities than two 550-kiloton bursts—
one in air and one on the ground.)
Even at the highest level in figure 1 a
healthy retaliatory force of some 210
ICBM's would remain as well as all the
SAC bombers and missile submarines.

Naturally the predictions of figure 1
are subject to such uncertainties as the
weather and winds at the time of at-
tack, and are sensitive to the degree of
civil-defense protection and to the abili-
ty to provide medical care to the ill or
injured. Nevertheless, one can clearly
not contemplate an effective strategic
attack designed to decimate our ICBM
force in terms of casualty levels of one
million civilians, but rather must con-
sider it in terms of upwards of tens of
millions, even assuming extensive pro-
tection of the population.

The price of civil defense

The most recent DOD reports also
make clear that civil defense would be a
central element of our policy of flexible
response, with emphasis on limited nu-
clear counterforce. Indeed the justifi-
cation for the civil-defense budget was
expressed in the report for FY 1976
largely in terms of its role as a necessary
adjunct of our policy emphasis on flexi-
ble response. The DOD report also
argues that we must have the same pop-
ulation-evacuation options as the Soviet
Union for two reasons:
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• "to be able to respond in kind if the
Soviet Union attempts to intimidate us
in time of crisis by evacuating popula-
tion from its cities," and
• "to reduce fatalities if an attack on
our cities appears imminent."

This position marks a major shift in
emphasis of the civil-defense program
since the 1974 Annual DOD Report,
when it was largely justified by Secre-
tary of Defense Elliott Richardson to
help recovery from peacetime disasters.
I personally endorse this previous ob-
jective and furthermore I support the
existing program of identifying and
stocking shelters as a prudent insurance
program against a wide range of inci-
dents, including the accidental launch
of nuclear weapons, a severe nuclear-
reactor accident or natural disasters
such as hurricanes. However, a com-
prehensive civil-defense program in-
volving both sheltering and evacuating
the population on a very large scale is a
different thing. Undoubtedly it can be
demonstrated to have a great lifesaving
potential in the event of a nuclear at-
tack against specific military targets.
But the issue is in essence an issue of
the price one has to pay for a civil-de-
fense program in relation to the degree
of protection one buys against specified
attacks: What price in our priorities,
values and style as a society? What
price in dollar costs?

Investment in a civil-defense pro-
gram could, as one function, protect the
population from the blast, thermal and
radiation effects in the immediate vi-
cinity of a nuclear explosion—roughly
within a radius of four miles for a blast
of one megaton. Such protection
against the close-in effects is either im-
possible or tremendously costly.

Another function of civil defense is to
reduce casualties from fallout generated
at distances well beyond several miles.
This effect of dangerous fallout levels,
extending many hundreds of miles
downwind from nuclear explosions, plus
the long-range effects of radioactive
contamination to extensive areas, dif-
ferentiates nuclear war from all other
previous experience. The range and
extent of the threat to life of radioactive
fallout depends critically on many fac-
tors including the height of burst (that
is, whether or not the fireball from an
explosion near Earth's surface scoops
up and spreads an enormous cloud of
radioactive debris); the fraction of fis-
sion yield in the bomb design and the
weather.

The biological effect of fallout is mea-
sured in terms of the standard dosage
unit of the roentgen-equivalent mam-
mal (the rem). Whole-body exposures
to less than 100 rems cause blood
changes but no disabling illness. Expe-
rience following the Hiroshima and Na-
gasaki blasts shows that doses of 100 to
200 rems cause a certain amount of ill-

ness including fatigue and perhaps
some nausea, but are rarely fatal.
However, levels of about 450 rems of
whole-body exposure can cause severe
illness and produce a 50% fatality rate.
This scale is the basis for assessing how
much protection must be provided for
an effective civil defense. As is shown
in figure 2, an unsheltered person as far
away as several thousand miles down-
wind from an attacked missile field or
military base would be exposed to an
expected 600 rems.

The time scale of the radioactive fall-
out is also of great importance in con-
sidering protection. For how long a pe-
riod of time after an explosion must one
be sheltered from fallout in order to
survive? For typical burst altitudes in
the atmosphere a human body totally
and completely shielded from fallout
during the first hour immediately fol-
lowing a nuclear explosion will still re-
ceive 45%, or almost half, of the total
fallout if exposed thereafter. Twenty
percent of the total dose is deposited
after the first day, and a person emerg-
ing after four weeks of complete protec-
tion from fallout will still be subject to
6% of the total dosage. The decrease in
rate of fallout follows a 1/T1-2 law, and
evidently the required time scale for
protection is measured in weeks.

This discussion of fallout effects
shows the required physical parameters
of civil-defense shelters. Few dispute
the technical facts concerning the
means to protect large populations for
one to four weeks after an attack from
the physical effects of blast, fire, radia-
tion and fallout. However, major social
parameters and costs are also involved
because identified shelter spaces and

evacuation plans do not by themselves
make an effective civil-defense pro-
gram, in my judgment. A total system
must be organized and interwoven ex-
tensively into civilian life through train-
ing programs, rehearsals, and volunteer
activities. The pre-attack shelter orga-
nization envisioned by the 1962 Office
of Civil Defense Guide planned that a
shelter accommodating 100 civilians
would require an operating cadre of 25,
of which 10-12 would need prior train-
ing. This number constitutes 10% of
the sheltered or 20% of the adult popu-
lation.

To recruit the required large cadre of
trained personnel the government
would have to look beyond existing
community safety personnel such as
policemen and firemen. Perhaps the
military reservists and National Guard
units could play a central role in organi-
zation and training, but they would still
have to rely on a large functioning orga-
nization involving a much larger num-
ber of trained civilians.

One task of trained personnel would
be to operate communications systems
over large distances in order to deal
with shortages of food, water and medi-
cal supplies. They would also have to
know how to use radiation dosimeters,
because in the immediate post-attack
period the fallout levels can vary greatly
from one locale to another. Like the
snow, radioactive debris accumulates
where driven, depending on wind and
weather conditions as well as on the
location and shadows of tall buildings.
Local pockets of relative safety may
exist amid areas with lethal levels of ra-
dioactivity. Finally the trained cadre
would have to provide leadership in the

18.3 million
Expected civilian fatalities caused by

prompt effects and radiative fallout only

5.6 million

itoyncl burst
nd air burst
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80% silo destruction 42% silo destruction < 50% silo destruction1 < 50% silo destruction"
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Casualty loll varies with the type of nuclear attack, among other parameters. All the calcula-
tions were done by the DOD in its analysis "Sensitivity of Collateral Damage Calculations to
Limited Nuclear Scenarios," sent to the Senate Foreign Relations Committee on 11 July 1975,
except for the two with asterisks, which are by the author. Figure 1
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long period of extreme social duress
after the attack and would have to rees-
tablish requisite services for a society
with a large proportion of ill and in-
jured citizens.

Beyond the training of these special
leaders, the plans for massive popula-
tion relocation and evacuation out of
high-risk areas near the possible coun-
terforce target system require a height-
ened level of public awareness and con-
cern, and a willingness to rehearse the
evacuation plans. Without them, sure-
ly a chaos spawned by panic will ensue
at the time of implementation. How
can one draw public attention, much
less commitment, to such plans without
"overselling" them by a sustained esca-
lation of apprehensions from the mood
of today uis-a-uis the dangers of nuclear
exchange between the US and the So-
viet Union? Is not such an escalation
of apprehensions more to be feared
than desired as the US and Soviet
Union move further from the brink of a
nuclear conflict due to misunderstand-
ing, misapprehension or mistake and
strive mutually at SALT for a more sta-
ble nuclear balance at lower levels of
nuclear armaments? Indeed one of the
lessons of the civil-defense shelter exer-
cises in 1961 and 1962 was that the
large expenditures for civil defense and
the general dislocations accompanying a
major shelter program could only be
sold to the American public by present-
ing the very real threat of nuclear war.

Strategy

Consideration of civil defense as an
element of strategy has been given re-
newed importance by the new emphasis
on fighting a limited nuclear war. This
policy changes our nuclear doctrine of
the past decade, which has been domi-
nated by the recognition that once a nu-
clear weapon is detonated on US or So-
viet territory there would be substantial
probability that nuclear exchanges
could not be terminated before both na-
tions were destroyed and the casualties
numbered hundreds of millions. The
new strategic doctrine raises the issue of
whether this unpleasant "balance of
terror" and mutual hostage relationship
might be changed by the adoption of
new tactics and the development and
purchase of new weapons for fighting
limited nuclear wars at acceptably low
casualty levels. I believe such a policy
would cause the following deleterious
effects:
• Harm to strategic stability. The de-
velopment of a new missile force de-
signed specifically as hard-silo killers
would fuel concern on both sides about
the vulnerability of the fixed ICBM's to
a preemptive first strike. It would em-
phasize the importance of striking first
and could thereby destabilize a crisis
situation. Furthermore the develop-
ment and rehearsal of civil-defense

Minotii" j

Grand Forks CZ'JZ-

Fallout patterns for an attack on US ICBM silos (black dots). Two inner contours show radiation
doses of 450 and 200 rems for a person with a protection factor of 3. In the lightest colored regions
strontium-90 contamination exceeds 2 microcuries/meter2. Data are for a winter day and will vary
with wind patterns. (From R. L. Garwin, reference 8.) Figure 2

plans involving evacuation and reloca-
tion of large populations could be
viewed with alarm by an opponent as
preparation for executing a first strike.
• Harm to SALT talks. The develop-
ment and testing of the required new
missiles will create pressures against
quantitative reductions in the numbers
of strategic forces and against such veri-
fiable qualitative restraints as missile
test-flight quotas and limits on the rate
of deployment of new systems that
would slow down the pace of progress in
the arms race.
• Waste of resources. The plans justi-
fied by this year's rhetoric may materi-
alize into the multibillion-dollar weap-
ons systems of the next decade unless
the rationale behind them is rejected.
• Shift of values. Implementation of
an extensive civil-defense system
through massive training will affect the
priorities of our society and will require
heightened concern about nuclear war,

which would counter the progress that
has been made toward reduced interna-
tional tensions.

Finally, what will prevent the eventu-
al escalation of an initially limited nu-
clear war to an all-out nuclear holo-
caust? Once nuclear weapons are used
in war at all it will be very difficult, if
not impossible, to verify yields, sizes,
numbers and types of the nuclear explo-
sions on both sides. However, the one
technically unambiguous fact is wheth-
er or not nuclear weapons have been
used at all. Therefore it is wisest for
the US to adopt as a national policy the
highest possible nuclear threshold. We
should maintain a gap between nuclear
and non-nuclear warfare that is as clear
and wide as possible, and resist the
temptation to develop doctrines and
civil-defense programs that understate,
on dubious technical and strategic
premises, the collateral damage and the
casualty levels of nuclear conflict.

Broyles and Wigner reply to Drell
Our own discussion is principally con-
cerned with the technical question of
whether defense against nuclear weap-
ons is possible. We feel that as physi-
cists we should be able to judge the ex-
tent to which such defense is possible
and we also feel that the physics com-
munity at large should have a degree of
familiarity with this problem. Sidney
Drell's article is less concerned with the
physical problem than with the more
important but less precisely ascertaina-
ble one concerning the political implica-
tions and consequences of a vigorous
civil-defense effort—a subject to which
only the last section of our own article

refers. Nevertheless, we would like to
comment, first, on a problem of physics
concerning which our opinions differ.

We differ with Drell in our estimation
of the radiation danger from fallout
after a reasonably long sojourn in shel-
ter, let us say two weeks. First of all we
calculate that the total radiation dose
from the fallout after two weeks
amounts to less than 7% of the total ra-
diation of the fission products from 1
minute on to infinity. In addition, the
radiation becomes softer as time goes
on, so that it becomes easier to protect
against it. More importantly, the ra-
diation after two weeks is stretched out
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over a rather long period—six months
or so. Although the damage done to
Man by 10% of this radiation is not re-
versible the damage done by the re-
maining 90% appears to decrease by
2%% per day. As a result, by the end of
the half year, the effect of the radiation
received in the early period after emer-
gence from the shelter has decreased to
11% of its initial magnitude. Altogeth-
er, the damage caused by the radiation
received after the two-week sheltering
period hardly exceeds 4% of the damage
that a person outside would receive in
the initial two-week period. Even more
importantly, because the radiation in-
tensity after two weeks is only one
thousandth of its intensity at one hour
after the explosion, after two weeks the
shelter can be abandoned for reason-
ably long periods. Thus survivors can
possibly clean up surroundings or, in
extreme cases, move to a less contami-
nated location. We conclude that the
danger from the fallout radiation can be
easily guarded against after a period of
two weeks from the time of the explo-
sion and that the emergence from the
shelter after that period produces much
less difficulty than indicated in Drell's
article. We do not wish to deny, of
course, that it is even better if no nucle-
ar explosion takes place.

The second, still somewhat technical,
point to which we wish to take excep-
tion is the statement that "Protection
against the close-in effects (blast and
heat) is either impossible or tremen-
dously costly." The gross national
product per person of China is a small
fraction of ours, yet most visitors to
their land return greatly impressed by
the very effective and easily accessible
civil-defense shelters that were proudly
shown to them. More concretely, the
implementation of the counter-evacua-
tion plan would cost $2.50 per person
and the Chinese-type shelters $175 per
person (or $35 per person per year, be-
cause their construction may take about
five years). Surely, neither of these fig-
ures can be called "tremendous;" yet
they would really buy each of us a great
deal of security and would discourage
attacks or threats of attacks—an equal-
ly important accomplishment. In fact,
the Swiss civil-defense book says that
the most important accomplishment of
civil-defense preparations is that they
will never have to be used.

On the other hand, we agree with
Drell that an unlimited nuclear ex-
change between the USSR and the US
would result in more than one million
casualties on both sides. But in our
opinion, we must strive for an approxi-

mately equal casualty rate—not 2 or 3%
in the USSR and about 45% here. We
also note that as Drell points out, the
US Secretary of Defense believes that
nuclear attacks on military targets may
be feasible. Unfortunately the Soviet
government may share this view.

Our last objection to Drell's state-
ment is nontechnical and is in the spirit
of his own article. He says "Further-
more, the development and rehearsing
of civil-defense plans involving evacua-
tion and relocation of large populations
could be viewed with alarm by an oppo-
nent as preparation for executing a first
strike." If that is so (and we believe it
is) we do not understand the failure of
his article to mention the USSR devel-
opment and rehearsal of civil-defense
plans involving evacuation and reloca-
tion of large populations. Evidently, he
is not concerned by these plans and
does not view them with alarm; he does
not even think that they are worth men-
tioning. What he sees with alarm is
that we may duplicate these efforts,
that we put an end to the situation in
which we may have to face an enemy
who can destroy fifteen times more citi-
zens in the US than we can destroy of
his. Frankly, this current situation is
what alarms us and is what we wish to
terminate.

Drell replies to Broyles and Wigner
Although Arthur Broyles and Eugene
Wigner frequently allege that the So-
viets have extensively interwoven a
civil-defense program into their society,
to the best of my information no evi-
dence exists that they have in fact exer-
cised a civil-defense system capable of
massive population relocation or evacu-
ation. A large number of emigres from
many parts of the Soviet Union have
been received in the West; had there
been any widespread civil-defense re-
hearsals in the Soviet Union we surely
would have heard about them by now.
The Soviets have indeed written much
on the subject and have given their pop-
ulation a more intensive exposure to
civil defense. Apparently they have
spent much more money on plans and
organizations and involved small num-
bers of people with key skills in exercis-
es. However, I believe that in view of
the unprecedently large scale of the na-
tionwide disaster we are considering, an
effective civil-defense program must
also include, as one of its essential com-
ponents, full-scale rehearsals and sur-
vival living exercises involving the pop-
ulation.

Selective quotations from civil-de-
fense manuals are not reliable guides to
the effectiveness of a civil-defense pro-
gram. If it were, we might cite from
their manuals the removal of anti-West-
ern'polemics in the 1974 edition. We

might also cite the fact that their civil-
defense manuals for 1970 and 1974 (see
reference 2 for the former and ORNL-
tr-2845, 1975, for the latter) contain ele-
mentary substantive errors such as the
translation, from US sources,3 of miles
directly to kilometers without the con-
version factor of 1.6 in giving ranges of
destruction from given bomb yields.
Furthermore, the Soviet analysis of

minimum requirement for air supply in
shelters has not changed from old man-
uals. Thus the US editor of the trans-
lation is led to comment, in the preface,
that "The Soviet Union has not con-
ducted mass shelter living experiments
or even simulated ones as has been done
in the US." The editor then comments
further: "We believe that this is the
most serious flaw in the whole Soviet
Civil Defense planning." In my judg-
ment, plans and manuals, on one hand,
and an effective operating system, on
the other, are very different things!

In referring to the Nier report
Broyles and Wigner stated that it "veri-
fied previous conclusions that world-
wide fallout produced in a nuclear at-
tack would not be sufficient to deter the
attack." In fact the report contains no
such conclusion, nor does it address
questions as to what will or will not
deter war. Its task was the much more
narrow one of considering the conse-
quences of a nuclear conflict "by exam-
ining, independently, possible effects
upon, respectively, the atmosphere and
climate, natural terrestrial ecosystems,
agriculture and animal husbandry, the
aquatic environment and both somatic
and genetic effects upon humans," as
remarked by Handler in his letter of
transmittal. In my reading of the Nier
report I was more impressed by how ex-
tensive are the unknowns that will de-
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termine the scale of the disaster result-
ing from a major nuclear conflict and by
how little can be predicted with confi-
dence.

I believe there is no basis in fact for the
statement by Broyles and Wigner that
"the Soviets' large missiles are effective
against our land-based missiles and their
killer submarines can attack our Polaris
submarines." This allegation is also at
variance with assessments given by our
civilian and military leaders. To quote
Secretary Schlesinger, for example, in the
Annual Defense Department Report for
FY 1976, "Our sea-launched ballistic-
missile force provides us, for the foresee-
able future, with a high confidence capa-
bility to withhold weapons in reserve."
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