Nuclear Civil Defence in South Aga:
IS |t Feagble?

While nuclear arsenals in India and Pakistan keep growing, there has been
some suggestion of them seeking to develop civil defence measures to protect their
populations from a nuclear war. This paper discusses the practicality of nuclear civil defence
in south Asia. It first outlines the nuclear weapons effects from which India and Pakistan
must seek to protect their citizens. It then describes briefly how other nuclear weapons states
have approached tasks such as protection of their citizens against blast, fire and fall-out,
and possible evacuation of populations from cities, as well as alerting and educating the
public to nuclear danger. The authors then assess the challenges that India and
Pakistan would confront if they seek to implement such measures. Finally, with these
constraints in mind, the paper offers simple proposals for civil defence
measures that might mitigate in some small way the great damage that would follow
from nuclear weapons use in the subcontinent.

R RaJarRAMAN, Z MiaN, A H NAYYAR

I
Introduction

ationswith nuclear weapons not only threaten others but
N unavoidably also have to cope with the danger of being

targeted by other nuclear weapon states. The threat of
nuclear blackmail goes hand in hand with the prospect of
nuclear war. In response, apart from preparing for war,
governments also attempt to protect their own population
against an enemy nuclear strike by seeking to establish civil
defence measures. The motives behind these attempts at civil
defence have been mixed. There is a genuine desire to save
lives—although it isironic that after first having endangered
millions of lives by choosing to go nuclear, governments
should then attempt to protect some small fraction of
those lives. However, civil defence plans have al so been used
as a political device to assuage public fears of nuclear
dangers by offering the possibility of surviving a nuclear
strike.

Asthe first countries to acquire nuclear arms, the US and the
USSRwereal sothefirsttopursuenuclear civil defenceand invested
enormousresourcesinthiseffort. TheUK and someother European
countries also worried about nuclear civil defence throughout the
cold war. Each country that has tried to ingtitute civil defence
has grappled with questions of the practicality of such steps.
While succeeding in finding what they consider to be adequate
ways of sheltering a handful of top military, bureaucratic and
political leaders against nuclear attack, each country even-
tually has ended up abandoning the goal of large-scale
civilian protection from direct nuclear attack. Summing up
some 30 years of nuclear civil defence planning experience,
a 1979 US government report noted that “On paper, civil
defence looks effective... However, no one thinks that the
US has an effective civil defence’.l

Despite this experience, India and Pakistan have been making
sporadic announcements of plans for civil defence since their
1998 nuclear tests. For example, it was reported that “the Delhi
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government has prepared a blueprint on how to go about things
in the event of anuclear attack on the capital ... keeping in mind
themeasures adopted by certainwestern countries” .2 Other cities
are concerned too. For example, in June 2002, the state govern-
ment of Karnataka was concerned about possible attacks on
Bangal ore, hometoseveral military facilities.3 For itspart, Pakistan
has announced that its Civil Defence Academy will begin to
educate government and private sector officials and the media
about coping with nuclear war, and to train school teachers to
impart civil defence lessons.

Given the decades of study and experience by other states that
led them to accept that there is no feasible meansto protect their
society from nuclear attack, it may seem obvious that India and
Pakistan’s efforts are bound to fail, and amount to no more than
flogging a dead horse. However, the consequences of nuclear
war are so grave that no possibility of saving some lives should
be dismissed out of hand. Rather, the feasibility of civil defence
in south Asia, as distinct from the west, needs to be determined
bearing in mind the very different characteristics of south Asian
nuclear arsenals, aswell asits geography, society and economy.
While many of the peopleliving in densely crowded south Asian
cities would be killed by a nuclear explosion, it is possible that
casualtiesmay besomewhat reduced with appropriateand effective
civil defence measures. In this paper, we seek to carry out this
analysis to determine if it is at al possible to mitigate in any
way the great damage that would follow from nuclear weapons
use in the subcontinent.

We first outline, in Section 11, the effects of atypical nuclear
attack by India and Pakistan on one another’s cities. It is these
effects that they must seek to protect their citizens from as part
of any civil defence measuresthey may consider. In Section 11,
we summarise briefly the civil defence experience of some other
countries to determine how they approached the problem of
protection against nuclear blast, fires, and radioactive fall-out.
In Section 1V, we assess the challenges that India and Pakistan
would confront if they seek to implement such measures. Finaly,
with these constraints in mind, we propose a few steps that, if
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Figure 1: Blast Pressure as a Function of Distance
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properly implemented and if circumstances permit, may serve
to help save some lives.

I
Nuclear Weapons Damage

Any nuclear civil defence plan must begin by assessing the
likely damage against which protection for the public is to be
sought. This section is devoted to such an assessment. Although
our assessment is based on technical analyses of the physical
and biological consequences of anuclear explosion, wewill omit
scientific details here in the interests of readability. The only
guantitativedatathat wepresent will beinsimplegraphical terms.
Some readers may till find the contents of this section too
technical. Butitisour view that an understanding of the problem
at least at thislevel of technicality isunavoidableand essential for
any informed debateand decision-making about civil defenceplans.

Theloss of human life, injury and suffering as well as damage
to property and nature expected from anuclear attack on atarget
city, or military targetsclosetocities, isdetermined by thenumber
andyield (explosivepower, generally measured by thetonnage of
itsconventional TNT equivalent) of the nuclear weaponsthat are
anticipatedtobeused.> Duringthecoldwar, theUSand the USSR
each had to seriously consider the possibility of being attacked
by the other with several thousand nuclear warheads of yield
going from hundreds of kilotons to megatons. The major nuclear
war damage assessments in both countries assumed such an
onslaught, which their civil defence plans had to address.® There
were similar expectations for states who expected to be on the
frontline in the superpower conflict. The Greater London Area
War Risk Sudy (GLAWARS) commissioned by thecity of London
in the 1980s looked at the effects of nuclear attacks of up to
90 megatonsontheUK, with 10 megatonsbeing used on London.”

In south Asia, by contrast, for the foreseeabl e future the most
likely possibility istheuse of oneor twoweaponsof muchsmaller
yield being used on a mgor city. The yield of the weapons
developed by India and Pakistan is usually taken to be similar
tothose used on Hiroshimaand Nagasaki, i e,inthe10-20kiloton
range. The current arsenals of the two countries are believed to
be many tens of such warheads each. It is possible that in the
future India and Pakistan may develop and deploy hydrogen
bombs, which can have much larger yields. Officia Indian
government sources claimed that among the weapons tested in
1998 was a hydrogen bomb with a design yield that was said
to be as high as 200 Kt.8 In our analysis, we will therefore
consider cases of asingle nuclear weapon of yields 10 Kt, 20 Kt
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Figure 2: Thermal Energy as a Function of Distance
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and 200 Kt respectively, dropped on a major metropolis like
Delhi, Mumbai, Lahore or Karachi.

The Effects of Nuclear Weapons

The enormous energy released by a nuclear weapon comes
out in the following major forms: (1) Blast and shock waves
(50 per cent of the total energy released) (2) Thermal radiation
(35 per cent) (3) Prompt nuclear radiation (5 per cent) and
(4) Residual long-termnuclear radiationor ‘fallout’ (10 per cent).

Detailed studies of each of these component effects has been
available for along time, from both theoretical derivations and
theexperienceof nuclear testsand thetragic attackson Hiroshima
and Nagasaki.? A more recent and extremely valuable resource
for applications to south Asiais M V Ramana' s work which
describes the consequences of a hypothetical nuclear attack on
Mumbai, India.1% For our purposes we only need to adapt results
from this literature to cases of our interest. However, we also
note here that for thermonuclear weapons of several hundred
kiloton yield the damage from mass fires ignited and sustained
by the explosion has been often underestimated and is in fact
an important effect that can be greater than damage from blast
and extend to much larger distances.1!

As a genera rule the physical parameters of the output of a
nuclear explosion, such as the amount of heat, pressure and
nuclear radiation produced by it, are available relatively accu-
rately. But the consequences of these different hazards on human
casualty rates are far less precisely predictable. The nature of
the terrain matters as does the cloudiness of the atmosphere, the
weather, the time of day, and of course the geography and
demography of the city that is attacked, the design and constru-
ction of buildingsetc. Estimating biol ogical and physical damage
from a nuclear attack is made even more of a complex matter
by a variety of chance factors that can end up protecting and
shielding people even when they are clearly in the danger zone,
and in other caseskilling them even when they arein safer zones.
Instances of both kinds happened in Hiroshima. There is dis-
crepancy between different sources in the literature, and some-
times between different sections in the same source. Empirical
evidence of nuclear casualties comes from (fortunately) only the
two bombings in Hiroshima and Nagasaki. Nuclear tests do not
yield much information on their impact on humans, except those
duetoradioactive hazardson theinhabitantsof the PacificIslands
where large H-bombs were tested.

For purposes of planning civil defence one must use conser-
vative estimates of human survivability. Obviously one cannot
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Figure 3: Total Gamma Plus Neutron Radiation
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invoke fortuitous factors that could save lives. Therefore, in the
graphs presented here that depict the release of blast, heat and
radiation from nuclear explosions of various yields, we mark
domains of human and structural damage on the assumption that
they are completely unshielded. We assume in our discussion
that the ground is level and the air is clear.

Blast and Shock Wave

The blast wave produces enormous pressure on al objectsin
its path. Thislasts for about 10 seconds up to distances of afew
kilometres, but can do great damage. It aso produces winds of
very high speed and strength. The pressure produced (in psi,
denoting pounds per square inch; normal atmospheric pressure
is 14.7 psi) increases with the tonnage of the weapon and falls
off aswe go away from the explosion centre (sometimesreferred
to as “ground zero” or just the “centre”’). As a rough rule
(assuming that the ground is flat), the distance at which any
given blast pressure is produced varies as cube-root of theyield
(W¥3).22 We show below a graphical representation of this data
for the cases of our interest (weapons of yield 10 Kt, 20 Kt and
200 Kt).

A pressure of 20 psi, sufficient to destroy reinforced concrete
buildings, will be accompanied by winds of about 800 km per
hour (500 miles per hour). At 5 psi pressures, able to knock down
wooden or poorly constructed houses, winds will be of the order
of 250 km per hour (150 miles per hour).

In cities like Mumbai or New Delhi, a large fraction of the
population lives in slums, housed in huts put together from
assorted combinations of tin sheets and mud walls. These will
all be completely demolished at a pressure of 2-3 psi or more,
which will prevail even at a radius of 2 km from the 10-20 Kt
bombs. The 200 Kt weapon will destroy such settlements as far
away as 4 km. People in these areas will be unsheltered and
exposed to the raw furies of the nuclear explosion and flying
debris in the ultra-hurricane winds that will prevail.

Most middle class homes and shops in Indian and Pakistani
cities have walls made of brick and cement. Most of these will
be destroyed by a pressure of 10 psi. People trapped in those
buildings have a serious chance of being killed by falling roofs
and debris. Theblast wavewill also send debrisand glassshrapnel
flyingat highvelocitiescausing grievousinjury. Asidefromthese
projectiles hitting them, people themselves will be sammed
against buildings. Only reinforced concrete structures (bridges,
multi-storey office buildings, etc) will survive up to 20 psi,
beyond which they too will begin to be destroyed. At these
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Figure 4: Radii of High Fatality Domains

4.5-

0.57

0~ blast heat nuclear

W 0kt 20KT [ 200kt

pressures, any human being out in the open will suffer lung and
ear injury.

Giventhat most of thepopulationisunlikely to beinreinforced
concrete buildings, and given the added hazard of injury due to
the furious winds, the above considerations indicate that people
in a zone where pressures are more than, say, 10 psi are very
likely to bekilled. Figure 1 tellsusthat such pressurewill prevail
up to about 1 km, 1.3 km and 2.5 km for the 10 Kt, 20 Kt and
200 Kt weapons respectively.

Thermal (Heat) Radiation

A nuclear explosion produces, within a fraction of a second,
temperatures of tens of millions of degrees in its core, as com-
pared to about 5,000 degrees in conventional chemical explo-
sions. Thisintense heat i sthen radiated outwardsfrom the centre.
Roughly a third of a nuclear bomb’'s energy is released in the
form of heat. The heat deposited on any exposed surface, as a
function of its distance from the centre is given in Figure 2.

The damage done by the heat comes about in two ways. One
is the direct impact on people of the electromagnetic radiation
(heat and light waves) from the nuclear explosion. These are
called ‘flash burns'. An unshielded exposure of over 10 calories/
cm? on ahuman being will cause third degree burns of sufficient
intensity to be fatal. Lesser exposures can lead to second and
first degree burns as shown. The other damage is through sec-
ondary burnsfrom thefirescaused by thisheat. Intherangewhere
7-10 calories/cm? are deposited, these spontaneous fires started
in combustible materials like dry grass, paper and cloth, etc, are
likely to coalesceinto larger super-fires. These are similar to the
firestorms created in the massive conventional bombings of
Tokyo and Hamburg during second world war. One can thus set
alimit of 10 calories’cm? for heat deposition which is likely to
befatal either through direct third degree flash burnsor the burns
and asphyxiation caused by the firestorm. One sees from Figure
2 that the heat deposition level of 10 calories’em? or more will
happenfor al0Kt, 20Kt and 200 Kt bombsuptoroughly 1.3 km,
1.9 km and 4.5 km distances respectively.

Prompt Nuclear Radiation

When the nuclear fission reaction takes place thereisemission
of neutrons and the energy released comes partly asgammarays.
The secondary fission products are unstable and emit more
gamma and beta rays as they decay. If plutonium is the fissile
material used in the weapon, a negligible amount of apha
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particles is aso emitted. Thus the significant initial nuclear
radiation consists of neutrons along with beta and gamma rays.
But the betas are not magjor sources of concern for the bulk of
the population not directly at the explosion point, since these
rays are rapidly absorbed by the air very near the explosion.
Thereforethe partsof the nuclear emissionsthat travel far enough
from the explosion centre that matter as hazards are the neutrons
and the gammarays. These two forms of radiation are extremely
harmful to the human body, causing avariety of horribleradiation
sicknesseswhich becomefatal when thedosageislargeenough.13
A dose of about 450 Rads or more will in all likelihood be fatal
for most people in the absence of intensive medical care. Even
very much smaller dosescan causelong-termillnesseslike cancer.

The combined dosage of gamma rays and neutrons received
a different distances form the explosion centre are shown in
Figure 3. We see that the fatal dosage of 450 Rads or more is
received at distances up to 1.2 km, 1.3 km and 2 km for the
weapons of 10 Kt, 20 Kt and 200 Kt respectively.

The Inner Zone

Before going on to long-term nuclear falout, let us collect
together from the discussion above the radii of the high fatality
regions caused by the immediate effects of the explosion, viz,
blast, heat, and prompt radiation. Thisis donein Figure 4. We see
that al the three radii are roughly of the same order, from about
1-2 km for the 10-20 Kt yield and about 2-4.5 km for the 200 Kt
yidd. Theheat andfirehazardsreach out alittlefurther ineach case.
We seethat for the 200 Kt case the heat fatality radius has become
nearly three times as large as the blast and radiation zone radii.

Since these hazards are fatal up to roughly the same distance
for a given weapon tonnage, people likely to be fatally injured
by the blast wave are likely aso to be badly burnt. They will
also receive afatal dose of radiation, but they would have died
beforeit canact. Somepeopleshelteredfromthethermal radiation
and who survived the blast and fire later succumbed to the
radiationdose. Thisiswhat theanalysisof thedeathsat Hiroshima
and Nagasaki shows.

Keeping al thisin mind let us define, for the purpose of our
civil defence discussion, an “inner zone” for anuclear explosion
of given tonnage, within which any unshielded person will be
killed, unless saved by fortuitous circumstances. For the 10-20
Kt weapons—thetypical strength of current weapons on the sub-
continent —we will take this zone to have aradius of 1.5 km. For
the 200 Kt weapon wewill take theinner zoneradiusto be 3.5 km.

In defining such an inner zone, we do not mean to imply either
that everyone outside will survive or that everyone inside that
zone will necessarily perish. As we cautioned earlier, the effect
that a nuclear explosion will have on any individual person is
a very complex issue that cannot be captured by just a few
parameters like the heat, pressure or radiation dosage expected
at his/her location.

A large number of unpredictable factors will govern the
survivability of any given person in the neighbourhood. Thus,
in Hiroshima which was attacked by a 12 Kt weapon almost
everyone died within 0.5 km of the blast centre. But 17 per cent
survived in the 0.5-1.0 km range and nearly half the people
survived in the 1.0-1.5 km range, both of which lie inside our
inner zone.14 Since the scientific prediction of the heat, pressure
and nuclear radiation at those distances, shown in our Figures
1-3 is unlikely to be wrong, the only explanation is that the
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survivorswere shielded from direct exposure to those hazards by
fortuitous circumstances. They could have been standing on the
other sideof awall or someother structurethat shielded them from
thedirectimpact of the heat waves. Or they may havebeen outside
in an open field or digging atrench, in which case the blast will
have hurt them less. Conversely, the Hiroshima data also shows
that 21.9 per cent of the people in the 1.5-2 km range died,
athough individually, the effect of the heat or the blast or the
initial radiation, whilecausing themgraveinjury, should not have
killed them. But having to cope with a combination of al three
hazards can be fatal even if they are not so individualy. It is
a soimportant toremember that all peoplearenot equally affected
by blast, heat and radiation. The old, the young, the infirm, and
the chronically undernourished may all be less resilient.
Despite these many uncertainties in predicting fatality pro-
babilitiesin different regions, it is nevertheless useful to estimate
the size of the fatality zone. It gives civil defence planners some
idea of the magnitude of the likely calamity, its area of impact
and the approximate number of people likely to be killed. This
is what our definition of an inner zone is intended to provide.

Radioactive Fallout

When a nuclear weapon explodes near or on the ground it
vaporises much of the earth and other material around the point
of explosion. All this vaporised debris rises up in the mushroom
cloud and will fuse into particles of various sizes, from 100
microns (the size of very fine sand) to marble-sized chunks. The
fused particles will be a mixture of soil, water and whatever
material wasat the bombsite along with the remnants of thebomb
itself. The latter will be composed of radioactive material, such
asthe un-fissioned part of the fuel, uranium or plutonium, along
with the fission products of the nuclear reaction as well as some
amount of unstable isotopes generated by the reaction of the
neutrons on the debris material.

It is the unstable nuclei in the fused radioactive dust that will
decay by betaand gammaraysand isthesourceof nuclear weapon
fallout (the emitted apharays are not a concern, unless inhaled
and sometimesif ingested). Unlike the primary nuclear radiation
which, although very intense, iscreated only during theexplosion
lasting only afraction of a second, the radioactive debrisin the
mushroom cloud will last for a very long time, slowly emitting
its deadly cocktail of radiation. This debris is contained in the
mushroom cloud, which even for a 10-20 Kt burst will hover
with its bottom at about 3.5 km and its top at about 6 km. From
these heights, this debris will slowly sink back to earth, within
aday. But during this period, if there are any prevailing winds
they will carry the falling debris far away from the blast centre.
There will also be some spread in other directions as well due
to normal diffusion and wind shear. Thus there will be some
spread near the centre even in the upwind direction. The result
will be a roughly elliptical or cigar-shaped area of ground on
which the radioactive debris will settle.

To give a more quantitative estimate of the fallout radiation
and its pattern, recall that the radiation comes from unstable
nuclei that decay.Different nuclei in the debris will decay at
different rates, but as the decays progress, the amount of parent
nuclei availablefor further radioactivity will decrease and so will
the radioactivity. The net radioactivity from this mixed source
is empirically found to decrease with time by the factor (ty=12
with t in hours.
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The fallout can extend to great distances for reasonably fast
winds. For a 20 Kt fission explosion with prevailing winds of
15 mph (about 24 kilometres per hour), the cigar-shaped contour
within which the radioactive dose is 100 Rad/hour or greater,
will have a length of about 55 km (34 miles or so) and a width
of 3.7 km (2.3 miles).15 The falout would reach these distances
in just over two hours, and the dose will decrease with distance
from the explosion. People within this region, if they are not
sheltered at all, will receiveatotal cumulative dose over two weeks
of amost 300 Rads. Thisis more than sufficient to cause the onset
of radiation sickness and in some cases death. Within this distance
(and beyond) people who happen to be within the cigar-shaped
fallout zone will have to find and stay in a shelter able to shield
them from this radioactivity, which will be carried by the air, for
long enough for the outside radioactivity to have dwindled down.

If the explosion were sufficiently high above the ground, then
the amount of debris stirred up by the explosion will be minimal
and there will not be much fallout. The height of the explosion
above which there will be no appreciable fallout is given by the
formula H = 180 W94 feet.16 For a 15 kiloton weapon this
maximum height for fallout is about 540 feet (165 m). In both
Hiroshima and Nagasaki, the explosions occurred above this
height and the effects of fallout were much less than the other
immediate hazards. But of course no civil defence plan can
assume that the attack will be a high airburst and so measures
to counter the worst possible fallout contamination, correspond-
ing to a ground burst, will have to be taken.

Finally, it must be mentioned that if therewereto berainwithin
a few hours of the explosion, it will tend to carry some of the
radioactive material down with it (what was called ‘black rain’
in the case of Hiroshima — the blackness is primarily because
of mixing with the soot produced by the firestorm). Such rain
is likely when the humidity is higher, as is often the case with
coastal cities, and could even be a source of radioactive fallout
even if the explosion is a a height such that fallout would
otherwise not be expected. If there is rain, the falout will not
travel as far as on arainless day, but people living in the rain
covered region will have larger radiation doses.

Il
The Experience of Past Nuclear
Civil Defence Measures

Therehavebeenmany effortstothink throughandinafew cases
to try to implement nuclear civil defence measures over the past
40years. Themost well known casesarethose of theUSand UK,
both because of their more open societies and the role of anti-
nuclear movements in these countries in challenging such civil
defenceplans.l’ Thereislessdetailedinformation available about
the efforts of the former USSR, and yet less about other nuclear
weaponsstates. M ost western European countries, asmembers of
NATO, had somekind of limited civil defence plans, while Sweden
and Switzerland (both non-nuclear weapons states that expected
to remain neutral) had more elaborate civil defence plans.18

There are two broad parts of civil defence plans. One dedls
with the protection or relief of the population in case of attack
and the other in preparing the public for a possible attack. The
former includes three basic measures. shelters against blast and
fallout, evacuation or relocation of the population, and provision
of emergency relief after an attack. The latter, and in some ways
more challenging, part of civil defence plans involves the
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effective communication to the public of warnings of attack, and
educating the public in how to understand and respond to a
possible attack.

Blast and Fallout Shelters

The US and the Soviet Union took different approachesto the
role of blast and fallout sheltersin civil defence. The US build
specia bunkers for its political and military leaders but did not
pursue seriously a programme of building blast shelters for the
public, while the Soviet Union sought to provide blast shelters
for both its leadership and up to a quarter of its workforce in
key industries.1® But it is clear even the Soviet Union did not
seek to protect more than a fraction of its total population. At
the same time, it is unclear how reliable the shelters that were
built would, in fact, have been.

Sweden’s civil defence plansinvolved extensive blast shelters
for the public; the goal inthe 1980s wasto shelter five million of
Sweden’ sover eight million peopleand eventually to of fer shelter
to thewhole population, both at work and at home.2% To meet the
cost of this programme, the government offered subsidies of
several hundred dollars per person sheltered. This was intended
however not to pay for building the shelter but only to meet the cost
of converting existing buildings (in schools and health clinics,
etc) suchthat they could serveassheltersif required. Theshelters
were supposed to offer protection against blast pressures of up
to about seven psi (i e at quite some distance from the explosion).

Switzerland had asimilar and even more expensiveblast shelter
system as part of itscivil defence plans. The average government
contribution to building shelters per person in the 1980s was
almost a thousand dollars.?! These plans sought to take advan-
tage of the many Swiss buildings with reinforced concrete
basements. The shelters were meant to be occupied for long
periods of time, reflecting the understanding that the population
needed to be protected from theradioactivefallout resulting from
a nuclear war involving the superpowers fought in Europe.

Most nuclear civil defence plans have focused on fallout
shelters rather than blast, since fallout is likely to travel much
further from the explosion and endanger far more people. Fallout
shelters are meant to protect the population that escaped or
survived the effects of the initial explosion from radiation. They
requirethepopulationtoremaininsidefor up totwoweeksor longer
to alow time for the radiation to decline; in the 1980s, the US
Defence Department civil defence plansassumed that peoplewould
need to remain in such shelters for 30 days.2? It was not clear
however how to provide adequate ventilation, water, food, sanitary
facilities, etc, to enable peopleto live in these shelters for so long.

In the early 1960s, the US began a shelter identification
programme, during which the government marked (with yellow
and black radiation signs) more than a quarter of a million
basements, corridors and caves that were supposed to offer
protection from nuclear fallout. Some were stocked with water,
food and medical equipment, but many lacked adequate venti-
lation for the large numbers of people who were supposed to
take shelter there. The food eventually began to spoil and by the
1970s some of what was left was given away as relief supplies
to third world countries, effectively ending the programme.23
Only the signs on some of the buildings seem to remain.

Recognising that peopledid not often liveclose by towhere the
buildings that had been marked as shelters might be, the US and
UK alsodistributedinformationonhow individual familiesmight
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makefallout sheltersat home. The Protect and Survive publication
published by the British government contained plansfor building
an outdoor-do-it-yourself shelter that involved digging aholein
theground, putting atent ontop of it, and piling dirt onthetent.24
Other such manual shad moredetailedinstructions, including how
tomake, at home, ashelter-ventilating pumpfrom 22 feet of wood,
12 squarefeet of plastic sheetsand pressure sensitive water-proof
tape, and there were even designs for a home-made radiation
meter.25 Similarly, Soviet plans suggested using abicycleconnect-
ed to afan to ventilate shelters.?6 It was such self-help measures
that in part made nuclear civil defence plans open to ridicule.

Evacuation

Evacuation involves moving people in high-risk areasto low-
risk areas before or after a nuclear explosion. In the early years
of thecold war, before the advent of long range ballistic missiles,
both the US and Soviet Union planned to take advantage of the
large, sparsely populated areas of these countries by evacuating
civilians from their large cities in the event of a nuclear crisis.

The US had plans where 145 million Americans in high-risk
areas would be evacuated using private vehicles to rural areas
and be lodged in schools, churches, etc. People were expected to
bring their own suppliesof food with them as part of the evacuation
and to build fallout shelters for themselves in the areas to which
they weremoved. Under themost optimistic assumptions, thisplan
was anticipated to take many days to execute. The US national
highways were part of making this plan more feasible.

Regardless of whether evacuation preceded or followed an
attack, such planswere widely seen as profoundly unrealistic by
many. US government studies admitted for examplethat “evacu-
ation from the densely populated Boston-to-Washington and
Sacramento-to. San Diego corridors, with their tens of millions
of people and limited relocation areas, may proveimpossible.” 2
It was hard to imagine or plan in detail for the chaos of such
mass movements of people in strained circumstances, or to
mobilise the policing resources to make evacuation manageable,
to say nothing of what would be involved in feeding and caring
for very large numbers of people perhaps indefinitely displaced
to remote areas with very limited infrastructure. Recognising these
problems, many loca and state governments in the US refused to
prepare evacuation plans. In 1985, the US Federa Emergency
Management Agency, which was mandated to prepare for and
carry out the evacuations, abandoned its plans for what it called
‘crisis relocation’.28 Soviet evacuation plans were similarly mas-
sive, involving moving out perhaps 100 million people or more
from cities believed to be at risk of nuclear attack. But there were
questions about the viability of such plans aso. It was estimated
that there were only about 10 million vehicles in the country and
apoor road network, while the railway lines clearly would not be
able to cope with the demands of such traffic. It was perhaps no
surprise that there were reports of “widespread apathy or outright
mockery” among Soviet citizens of such civil defence ambitions.2°

Other countries seem to have had little if any sustained faith
inthefeasibility of massevacuation. UK made plansinthe 1950s
to evacuate 45 per cent of its densely populated areas, which
after several years of debate became reduced to an option to
relocate just women and children from major cities. This too
eventually gave way by the early 1970s, as British government
civil defence plans urged people to ‘stay at home' because the
government would “not help you with accommodation or food
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or other essentials’.39 Sweden aso made detailed plans for
evacuating itscitiesin the 1950s and 1960s, but over time moved
towardsreliance on a system of sheltersand morelimited evacu-
ation. Switzerland did not consider evacuation at al, choosing
to rely instead on its shelter programme.

Warnings

Regardlessof whether civil defenceplanning reliesonasystem
of shelters or on mass evacuation, the population will need timely
warning that they are in danger and that the government isimple-
menting itscivil defence measures. Therearetwo kinds of warning
which are possible: short-term warning, measured in minutes, that
anuclear attack is on its way, and longer term warning, of hours
or days, to the effect that an attack may be possible or imminent.

The nature of the warning will limit what measures are prac-
tical. Prior tothedevel opment of intercontinental ballisticmissiles,
the USand Soviet Union assumed that there could be many hours
of warning of an attack under way. With missiles however, this
warning time was reduced to less than the 30-minute flight of
amissilefrom one country to the other. For nuclear missilesfired
from submarines, which could approach close to the coast, the
warning times were further reduced. In these latter cases, there
was no prospect of starting and completing an evacuation. It was
only in case of a growing sense of crisis, and a judgment that
it may worsen to the use of nuclear weapons within a few days,
that evacuation planshad any significance. Thereiscoursealways
the risk of misinterpreting a crisis situation and the danger of
ambiguous or false warnings. In some cases, warnings may
actually make the crisis worse and create public panic.

In the US, during the cold war, there was a national warning
system that was supposed to be able to transmit warningsto over
1,200 federal, state and local warning points, that are meant to
operate 24 hours a day. The local warning points were to use
sirens and other means to alert the public. It was estimated that
about only half the US population would be in areas where such
warnings could be received within 15 minutes of anational aert.3!
The public response among those who heard such sirenswasby no
meansreliable: sirensthat went off in 1955 in Oakland, California,
were apparently identified as an attack warning but were
nonethelessignored (rightly) by 80 per cent of the residents.3?

Britainhad afairly extensivewarning systemtowarnthepublic
about an incoming nuclear attack and about fallout patterns after
the explosion. The warning would be transmitted to major police
stations that would sound sirens. 8,000 sirens were to be used
meant towarn the publictotakecover; although, again, thepublic
response was far from certain — it is reported that the response
of most people in Coventry to a 1984 early morning siren was
to turn over and go back to sleep.33

Along with communicating the warning, the UK Warning and
Monitoring Organisation had the added responsibility of man-
aging a network of 870 stations to take readings of radioactivity
after an attack, and predict fallout patterns.3* However, it was
not clear how the communication and monitoring system would
itself withstand the effects of nuclear war.

Public Education

Civil defence inherently relies on popular participation and
support. If people do not know or trust the warning signals or
government plans concerning shelters and evacuation, or are
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unaware of how to protect themselves from fallout the whole
planispointless. It may even becounter-productive. The education
of thepublicabout of theeffectsof nuclear weaponsandthe nature
of fallout have been part of nuclear civil defence plans, but have
met with limited success asthe exampl es outlined above suggest.
The most famous civil defence education effort may well be
Britain’s 1980 brochure, ‘Protect and Survive'. The brochure
noted that “If the country were ever faced with an immediate
threat of nuclear war, acopy of this booklet would be distributed
to every household as part of a public information campaign
which would include announcements on television and radio and
in the press’.3%1t’'s goal was to tell people “how to make your
home and family as safe as possible under nuclear attack” by
informing them of the steps to take to protect themselves from
the blast and fallout of a nuclear explosion.

After a fairly cursory description of the effects of nuclear
weapons, the brochure contained instructions on what to do on
hearing an attack warning siren, an all-clear siren or a fallout
warning siren. A checklist was provided with each brochure such
that families could know whether they had the necessary in-
gredients for a survival kit, including foodstuffs (“which can be
eaten cold, which keep fresh, and which are tinned or well
wrapped”) and water for drinking and washing for 14 days, along
with a portable radio and spare batteries, and utensils.3¢ The
family withitssurvival kit wereto take shelter in thefallout room
that the brochure gave instructions on how to construct. The
‘Protect and Survive' report wasmet with derision. It served only
to fuel a massive anti-nuclear movement in Britain that called
for unilateral nuclear disarmament, arguing that the more certain
defence against nuclear attack wasfor Britain not to have nuclear
weapons of its own.3’

A final judgment may be had from the experience of the US.
Despite the bitterness of the cold war and many severe crises
betweenthe USand USSR, and the certai nty that nuclear weapons
would be used in any major conflict between them, a report for
theUSCongressconcludedthat “ Facedwithtechnol ogical change,
moral and philosophical questions about the desirability of civil
defence, and budgetary constraints, Federa plans have been
marked by vacillation, shiftsin direction, and endless reorgani-
sation.”38 |t seems neither people nor government seriously be-
lieved that any real protection against nuclear attack was possible.

v
Feasibility of Civil Defence in South Asia

For a number of reasons, efforts at civil defence in India and
Pakistan will likely be much more difficult to prepare and
implement than was the case in the US, Soviet Union, the UK
(that @l have nuclear arms) and non-nuclear countries such as
Swedenand Switzerland that expectedtobecaughtinthecrossfire
of a nuclear war involving other states. There is little detail
available about civil defence plansin India or Pakistan in case
of nuclear war. What little there is consists of well meant but
mild generalitiesmore appropriateto aconventional bomb attack.
There is for instance a list of “Do’s and Don’ts’ prepared by
theCivil DefenceDirectoratein Bangal ore.3% Among other things,
for people in the open, it advises:

(a) Lie flat into a fold in the ground, if available, or flat on
the ground face down; (b) plug earswith cotton or cloth; (c) keep
arolled-up handkerchief or cloth between your teeth (which can
be damaged in the impact); (d) avoid running for cover if there
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isno time. For those near abuilding it suggests: (€) run to nearest
shelter if time permits, otherwise act asif in the open; (f) avoid
leaning directly against awall. And for those inside buildings:
(i) stay near an inside wall, not outside wall; (j) never stand in
the direct line of a door or window.

Rather than engage with thislevel of planning, we look at the
basic elements of nuclear civil defence we have earlier described
in other states and see whether any of them could be feasible
in south Asia. We do not examine the costs of such possible
civil defence measures, but leave that to others.

Blast and Fallout Shelters

India has responded to the threat of nuclear war with plans
for sheltersfor senior officias. It isreported that India s Nuclear
Command Authority has decided to build two bunkersto protect
the union cabinet in the event of anuclear strike.*% Similar plans
in Pakistan are not known of, but may be likely.

Thereareaset of challenges uniqueto south Asiato overcome
in any nuclear shelter programme for the public. It seems there
are no current plans for the widespread provision of blast or
fallout shelters in many other major Indian or Pakistani cities
at thispoint.41 Maharashtra' s home secretary isreported to have
said that this would be “too expensive a proposition for a city
thesize of Mumbai.”42 However, it is claimed that underground
shops, parking lots, and warehousesin thecity could beconverted
into shelters in case of an attack.*3 As part of Delhi’s nuclear
civil defence plans for the public, it is reported that “the Delhi
government has issued instructions to the Delhi Metro Rail
Corporation that the underground tunnel being constructed in
the city be damage proof against any possible attack”.#4 But
Mumbai, Lahore, Chennai and Karachi have no subways as of
now. The Delhi subway, which is quite limited in extent, has
already cost $2.25 hillion and it may be along time before there
are funds to build similar systems in other cities, let alone to
have a dedicated underground shelter building programme.*®

In the US and some other countries, the basements of many
largeand small buildings could have served asecondary function
asshelters. Considering that most buildingsin Indiaand Pakistan
are not built with basements, this is not a major option. More
significant still isthat asubstantial proportion of the south Asian
urban population livesin slums, which tend to be far away from
the reinforced concrete and brick private and public buildings
where people could find some kind of shelter.*6 The slums
themselves offer no significant shelter: it is estimated that of the
homes there 70 per cent are made of cement or brick, 10 per
cent are made of mud, wood and thatch, while 20 per cent are
somewhere between the two.4”

There is also, of course, an acute shortage of urban housing,
leaving many with no shelter at all. Were shelters to be built
in places accessible to the poor, it is likely people would move
into them as their primary source of shelter. What would then
happen in a nuclear crisis? Would the government lock and
defend empty shelters from homeless people — only to let them
in if there is a nuclear attack?

Tobeuseful, afallout shelter must be prepared to sustain people
for perhaps two weeks or more. If the bare necessities of life
were not available in them, suffocation, lack of water and star-
vation would eventually kill the sheltered people anyway. The
best way to have uncontaminated food and water available in
afallout shelter during a crisis would be to have it stored there
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in advance. It is hard to see how, given large-scale hunger and
poverty in both Indiaand Pakistan, the government or individual
poorer citizens can create and maintain such stocks. Obviously
the millions of poor urban residents of India and Pakistan who
live on daily wages that can barely sustain their basic needs
cannot afford to stock up on non-perishable food and water for
safe-keeping in a shelter.

Evacuation — When, How and to Where?

If evacuation is to be a option, the government must decide
whento beginan evacuation. If thereisonly abuild-up of tensions
between countriesbeforeanuclear attack, should the government
cal for the evacuation of a city it believes may be in danger?
Or should it wait until there is evidence of an imminent attack?

I nterpreting and managing the course of military crisesisno easy
matter and thereisevidenceto suggest that Indiaand Pakistan have
done badly t this. It is well known that both the 1965 and 1971
India-Pakistan wars involved significant misapprehensions by
Pakistan on the likely course of events. Recent studies have found
severe misperceptionson the part of both Indiaand Pakistan during
the 1986-87 Brasstacks crisis.*8 A follow-up investigation found
a smilar set of “misperceptions of the adversary’s actions, and
migudgments of hisperceptions’ wasat work againin the nuclear
crisis involving the two states in 1990.49

Even when there is warning, things seem to go badly. There
issomeexperiencewith natural disastersthat suggestsgovernments
in India and Pakistan squander warning times before impending
disastersand arepoorly prepared. Every year, cyclonesaffect some
of the coastal Indian states such as Orissa, Gujarat and Andhra
Pradesh. The death toll from the 1999 Orissa ‘ super-cyclone’ was
unofficially estimated to be around 20,000.%0 It has been noted that
“The meteorological department had predicted the cyclone four
days before it hit coastal Orissa. But when the storm actualy hit
the people, the state government had just 21 concrete storm shelters
to protect the people’ 51 Pakistan's government does little better
a dedling with the floods that regularly afflict that country.

Evacuationto bepractical would haveto behighly coordinated
and require significant and well-functioning infrastructure. A
nuclear attack is certain to create mass panic and damage the
transportation infrastructure (train stations, tracks, roads, buses,
airports, petrol stations, etc) in the city that is attacked. The
problem is compounded by the low availability of transport in
India and Pakistan. The Delhi Transportation Corporation, for
example, hasonly 2,400 buses running every day for 13 million
people® Even if all buses were intact after a nuclear explosion,
there would not be enough for the millions that would need to
be evacuated quickly. These problemswould be exacerbated by
devastated roads making portionsof thecity unreachable, people
who would not be willing to leave their homes, and the chaos.

Wherewould peoplethey beevacuated to?Rural areasinindia
and Pakistan are much poorer than urban areas, have much less
infrastructure (housing and other kinds of shelter, water, elec-
tricity, health services). They would not be able to sustain the
massive influx of people from the cities.

Warnings

The warning times to activate civil defence measuresin India
and Pakistan may be very short. Indiaand Pakistan have aircrafts
or/and ballistic missiles that could be used to deliver nuclear
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weapons. Ballistic missilesmay takeasalittleasfive minutes
to travel the 600 km that separates possible launch points
close the border from major cities in the other country. The
time increases to about 13 minutes for a 2,000 km range flight
that would take a missile from Pakistan deep into India or from
a base deep in India to a city in Pakistan.>3

India and Pakistan seem to have recognised from their
previous wars that some kind of public warning system is
necessary to activate any civil defence plan, no matter how
limited and feeble it might be. Many Indian and Pakistani
cities have air raid sirens and in some cases warning plans
exist for nuclear attack. In Bangalore, for instance, the plans
are that: “The moment a raid begins, the 15 sirens located in
Bangalore will go off for a good two minutes. Warbling notes
or intermittent blasts on sirens or hooterswill denote the air raid
warning while two minutes of continuous hooting will signal
al clear”.%

It is worth noting that these 15 sirens are meant to service a
city with an area of over 482 square kilometres and a population
of about six million.5®

But even the limited the civil defence communication system
that existsisarchaicin placesand may not beableto evenreceive
or communicate instructionsto activate apublic warning system.
For instance, in the Indian city of Amritsar, close to the border
with Pakistan: “The civil defence wing, responsible for the
protection of civil installations and assistanceto civiliansin case
of exigency, has only one telephone connection in its office”.56

The sirens that exist are in a poor shape and some have not
been used in amost three decades.>” Again, in Amritsar:
“The reliability of the outdated hand-operated sirens, which
the [civil defence] wing claims to have distributed to 78 of its
employees, is also questionable. The wing has only one point-
to-point connection with the Air Force office which sends the
warning message so that sirens could be sounded to aert the
population” .58

There is also problem that even if the siren system works it
will be ignored. During an air raid siren test in Pune, severa
peoplemistook theair raid siren as“thenormal siren which anyway
is blown every day,” and many others did not hear it at all.>®

During a siren test in Delhi: “While the civil defence control
centre claimed it sounded sirens from 75 different places simul-
taneoudly, at 10 am over a period of 10 minutes, most people
this paper contacted seemed not to have taken the exercise
seriougly.” 60

Public Education

To be feasible, whatever warnings and plans exist must
depend on public awareness concerning the effects of nuclear
weapons: if people are not aware of these dangers, they may
not bewillingtogo alongwithwhatever civil defencemeasures
are put in place. It is hard to imagine that desperately poor
slum dwellers will be willing to abandon their meagre home
and few possessions to seek shelter in a building or accept
orders for evacuation unless they appreciate just how grave
and enduring isthe danger they would bein because of anuclear
attack.

In Indiaand Pakistan, most peoplelack even basic information
about nuclear dangers. In India, a November 1999 post-election
national opinion poll survey foundjust over half of the population
had not even heard of the May 1998 nuclear tests.51 In the 2002
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crisis, the BBC reported the level of awareness of the nuclear
risk among the Pakistani public was* abysmally low” .82 InIndia,
the BBC found that “for many, the terror of a nuclear conflict
is hard to imagine.”©3

Countries such as the US, Soviet Union, UK, Sweden and
Switzerland have populationsthat arefully literate and with amost
universal access to modern electronic media such as television
andradio. Thismakesitrelatively easy todisseminateinformation
on nuclear civil defence plans — although, as noted earlier,
such plans were not taken seriously. In marked contrast, a
significant portion of the population in India and Pakistan
is unable to read publications about emergency measures to
take before or after an attack or take instruction from television
or redio.

In summary, our discussion shows that none of the major
nuclear civil defence measures considered and partly put into
operation in Europe, the US and Soviet Union, such as citywide
evacuation or the provision of nuclear blast-proof or fallout
shelters are feasible in south Asia. Warning and communi-
cation systemssuchassirenswould haveto begreatly improved
beyond what is being contemplated in the few tentative
announcements we have heard of so far in the subcontinent. But
even if such limited nuclear attack warning measures were to
be put in place, it is hard to imagine that the public in Pakistani
and Indian cities would respond as civil defence planners might
wish.

V .
Conclusions

Having acquired nuclear weapons, governments in India and
Pakistan have started to consider civil defence plans, notwith-
standing that other nucl ear weapons stateshave given up on them.
Wehaveexaminedthespectrumof possiblecivil defencemeasures
to seeif any of them could be feasible given the circumstances
of the subcontinent. We have looked at the effects of typical
nuclear weapons believed to be in the arsenals of India and
Pakistan, if used against a city. We showed that there is a
combination of blast, thermal and prompt nuclear radiation that
creates an inner zone around the nuclear explosion, out to dis-
tances of 1.5 km for a 10-20 Kt weapon, and about 3.5 km for
a 200Kt weapon. Our analysis shows that for people unfortunate
enoughtobewithinthisinner circleand exposedtothefull impact
of the explosion, there is no defence.

The sort of civil defence measures that could possibly have
saved them, such as nuclear bomb proof shelters and evacuation
are simply not feasible in south Asia. Taking shelter in existing
homes and commercial building will not help as they probably
will be destroyed. Some people could surviveinthisinner region
but only through some fortuitous protection. Such protection
cannot be planned for.

Any civil defence plan can aim at best only at saving some
lives outside this region. At these larger distances from the
explosion, the direct weapon effects and the secondary dangers
of building collapse and fires inside buildings are reduced.
Seeking shelter in existing buildings may mitigate someinjuries
from blast and fire, and may offer some protection against
radioactive fallout (the prompt nuclear radiation coming directly
from the explosion decreases rapidly with distance and will not
be a factor outside the inner zone). This requires no large-scale
construction of nuclear shelters.
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But even in the regions outside the inner zone the strategy of
seeking shelter has limited value. It must be remembered that
one cannot know in advance where or when the bomb will fall,
or the pattern of prevailing winds and rainfall that will
determine the region affected by radioactive fallout —which
can extend up to many tens of kilometres. This means that
one cannot know the locations where taking shelter will help.
One can only make generic, citywide, recommendations for
civil defence measures that could mitigate some of the worst
effects. Some measures can be ruled out. The lack of adequate
transportation infrastructure and places to go to means that the
people in the cities cannot be evacuated. It is aso not feasible
to have people stay indoors for two weeks after a nuclear attack
to protect against fallout, for lack of basic needs such as food
and water.

Nevertheless, our analysis suggests that there may be possible
benefits from the following measures:

(1) Each city having areliable, recognisable warning system
that can alert the population.

(2) People promptly seeking shelter in a nearby building upon
receiving the warning.

(3) Each city having emergency radio stations scattered around
the city to instruct people who have taken shelter.

(4) Thesebroadcast stationsbeing designed to surviveanucl ear
attack and to serve as radiation monitoring centers.

(5) Stockpiling emergency medical suppliesat school sthrough-
out the city.

A few citiesin south Asia have sought to pursue some of these
measures, such as installing warning sirens. But these existing
efforts, aswe have seen, aretotally inadequate; sirensare neither
widely recognised nor marshal any publicresponse. Thissuggests
there is a basic lack of appreciation on the part of governments
and public of the magnitude of the consequences of a nuclear
attack. Nuclear civil defence requires unprecedented official
competence and public discipline in extremely adverse circum-
stances. This in turn calls for a shared knowledge of the
detailed, local consequencesof nuclear attacksamong govern-
ment officials, civil society organisations, and the public in
all magjor cities and surrounding areas. Such awareness can
only comeabout through open public discussion of thehazards
of nuclear war.

To make any civil defence possible, governments at the centre
and in each major city must engage directly with their people
about what would happen in case of a nuclear attack. Until now
official discussion of the nuclear issue in south Asia has rarely
moved beyond military and diplomatic strategies. This must
change. Itistimetofacetheawful reality of what thebomb can do.
Thiswill mean confronting the consequences of nuclear war, in
al itshorror. This must involve al those who would be respon-
siblefor civil defencein each city, e g, local officialsresponsible
for infrastructure, transportation, healthcare, law enforcement,
and education, as well as NGO groups. There are many studies
by independent scientists around the world of the destruction by
hypothetical nuclear attacks on specific cities that can be used
as a guideline to inform such efforts — in the case of the south
Asia, the pre-eminent exampleis the study Bombing Mumbai.%4

There is no doubt that these measures will not come to the
rescue of many people. But there may be some fortunate ones
for whom such measures may make the difference between life
and death. Even for such survivors, however, there may be little
solace. They may well recall Soviet premier NikitaKhrushchev's
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famous observation that after anuclear war “the living will envy
the dead.” But this is the best that civil defence can do. @Im
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