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FOREWORD

.

On Kovember 3, 1361, the Advisory Committee on Civil De-
fenae of the National Academy af Sciences included the following
recommendation in a letter to the Assistant Secretary of Defense

for Civil Defense:

"With regard to the program as a whole, the Committee feels
very strongly that it should be based on realistic arnd de-
tailed planning assumptions for civil defense. We have, in
our specific comments, urged the development of such
assumptions. We believe that not only research, but all
¢ivil defense effort should be plarned ans carried out in
cenformance to the best possible premises concerning levels
and types of enemy attack, and their effects on all parts
of the nation. Planning assumptions would, furthermore, be
sizplified and made availadble to individuals and communi-
ties as §uidance to assist them in planning their protective
actions.

In the Department of Defense - Office of Civil Defense
officlal publication PALLOUT PROTECTICN, What to Know and Do

About Nuclear Attack, 1t was subsequently stated:

"Many of the spaces in the central areas of large population
centers would be exposed to destruction by blast and fire in
the event of a nuclear attack. But the pattern of attack
cannot be predicted, and existing shelter 1s more widely
distridbuted .in relation to population than appears to the
casual observer. Further, this space 1s immediately avail-
able, and the cost of identification, marking, and stocking
is less than $) per space.”

Afi2r reviewing the Civil Defense program, the Military Opera-
tions Subcommittee of the House Committee on Government Opera-
tions 1ssued a report on May 31, 1962, which reechoed the
earlier recommendation made by the Advisory Committee on Civii
Defense:

"Analyses of hazard proﬁabilities and damage should be
carried forward, not only on the basis of varying attack
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assumptions, dbut on assumptions of varying levels and kinds
of shelter protection--including protection against blast
and thermal as well as .allout effects--in order to deter-
mine an cptimum shelter program for the United States."”

In.Hafch, 1965, the Office of Civil Defense issued Techni-

cal Memorandurm 61-3 (Revieced) defining a fallout shelter as "a
structure, room, or space that protects its occupants from fall-
out gamma radiation, with a protection factor of at least 40".
The memorandum also states:

"Detalled DoD studies of the lifesaving potential of fall-
out shelters indicate that for the current time frame and
for the foreseeable future, shelters with a protection
factor of 40 could save over 90% of these persons who would

. otherwise dle if unprotected against potential lethal

radiation levels. . . . Computations indicate that de-
creasing returns in added lives saved per added dcllar
invested are obtained as PF's are increased significantly
above 40. On a nationwide basis, therefore, 1t would be
better life-saving potertial per dollar for the same dollar
experiditure, to obtalin more shelter space of lower PF than
only a few shelter spaces with a very high PF."

Guidance of the type suggested by the Academy Committee 135 still
not available, and there appears, at present, to be no plans for
making it avallable. ‘
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SUMMARY AND CONCLUSIONS

To design a shelter which offers its prospective occupants
a reasonable prospect of survival in the event of nuclear
attack, it is necessary tc make a quantitative estimate of the
levels of blast, therasl pulse, initial radiation, and fallout
to which the shelter location could reasonably be sudjected. To
this end, it 1s necessary to make an estimate of the numbers
~ and ylelds of weapons which would be detonated in the United
States, and to indicate where 1t 1s likely that they would be
detonated. Of particular importance to the urban population of
the United States -- which constitutes 70 percent of the total
population concentrated on 1 percent of the land area -- are
the number and ylelds of the weapons which might be deliberately
tiftetcd to maximize population kill, and the criteria adopted
by the attacker fcor determining how these weapons should be
allocated to and within areas of population concentration.

It 1s argued that a targeting criteria which might be
adopted by a potential enemy in assigning a portion of his
nuclear delivery force for the purpose of maximizing population
fatalities w~ould be to aim weapons in such a way as to include
the maximum number of persons within a blast level of at least
5 pounds per square inch (psi) overpressure. It 1s hypothesized
that the total cost of delivering a nuclear weapon over inter-
continental distances varles approximately as the 2/3 power of
its yleld. Since the area included within the 5 psi level for
an airburst or surfaceburst also varies as the 2/3 power of the
yield, the total area included within the 5 psi level for a
given total cost for delivered weapons does not depend on the
rield of the individual weapons delivered.




The area over which a single weapon exerts a blast level

of at least 5 psi is taken as the "lethal" area o the weapon.l

It 13 assumed that the level of attack which might be de-
livered against population targets in the United States would
lie between that characterized by 100 1-MT wespons and 1000 1-MT
seapons. The lethal areas assoclated with these two attack
levels are:

Surfacebursts , Airbursts
100 1-MT weapons 2,380 sq. mi. £,800 sq. mi.
1000 1-MT weapons 23,800 sq. mi. 58,000 sq. mi.

fhe total urbanized area of the ‘nited States covers approxi-
tetely 25,000 square miles, or approximately the lethal area
1ssociated with the airburst of 430 1-MT weapons. ‘

The lethal areaz associsted with an airburst of a given
r1ield is over twice that of a surfaceburst of the same yleld.
for attacks against urban population, it is 2n unsolved problem
18 to whether or not a larger number of fatalities would bde in-
wurred by ziroursts, with more fatalities from the initlal
iffcets of blast, heat, and initial nuclear radiation, or from
jurfacebursts with a smaller nuier of fatalities from the
mmediate effects, but with an uncertain number of casuailties

‘The "lethal area” associated with a nuclear weapon burst is
defined as the circular area, cent2ered on the ground zero of
the durst, of such radius that the total number of persons in
a uniformly dense population which are killed from the blast,
heat, and initial nuclear radiation of the burst 1s equal to
the number of persons within the circle. If P(r) 1is the
probatbility that a person will be killed by the immediate
weapon effects as a function of distance r from ground zero,
then

Lethal area -‘/; 2ar P(r) dr .

It 1s a consequence »f the definition that the total nusuer of
persons within the lethal area who are not kllled just equals
the total number outside who are killed.




due to fallout. Accordingly, the possibility of both airbursts
and surfacebursts nust be'takeniinto account when considering
shelter requirements in urtan centers subject to direct attack.

Given an attack on the popilatlon of the United States,
the maximum number of perscns wjuld be included within the
lethal arca of the weapons employed i1f the lethal area could be
allocated to those places in thj United States for which the
population density 1s equal to or greater than somz2 minimum
pqpulation density Dmin’ and t? no area for which population
density 18 less than Dmin‘ Dmiﬁ can be determined from the
total let_?l area of the attack, and from a graph (Figure 9)
which shows the area of the United States for which the popula-
tion den=sity is equal to or greater than any given density. The
portion of any given urbanized area targeted to the 5 psi level
may then be taken as the area within the local population
density contour on which the population density is Dmin The
number of weapons assigned to this area 1s then chosen so that
their combined lethal areas are épproximately those of the area
within thé'population density contour determined by Dmin'

Por a given population concéntration, there may be no
reason to. presume that weapons would be aimed at particular
. points within the area to be targeted (e.g., at speciric mili-
tary or industrial targets). In that case, the probability of
survival in a sheltsr which protgcts to the X psi level and
wihich is loceted at random withih the targeted area 1s approxi-
mately the ratio of the area covered by X psi from any given
weapons burst to the area covere@ by 5 psi from the same weapon
dburst. Under the targeting doctrine assumed, this probability
is independent of weapon yield, $r whether or not the weapon 1s
airburst or surfaceburst. Under}the assumptions of this
targeting model, a 30 psi aheltef will reduce the probadbility
of being killed in a targef.ed area tc 2bout 10 percent.

l
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For shelters subjected to blast levels greate> than 2
jout one and a half times the radius of the fireball), !
longer true that protection 2against tlast and nigh levels

i1dual radiation (fallout) automatically suarantees grosect
iinst initial nuclear radiation.

+
]
p £

on

L IS ]

Fallout deposition patierns are highly unpredictable. The
llout level at any point depends on the total, surfacehurst,
ision megatonage of all attacks against all targets wh.ch
itritute to the fallout at that point. The highest levels of
tddual radiaticn of cencerr to urban populations are likely
be experienced in and immedlately dcwnwind of large ursanized
sus subject to direct attack with multiple, high-yleld
»facebursts. Basasd on one of several fallout models currently
use, fallout centaminatiorn levels in the range of 5,020-

,000 roentgens/hcur at 1 hour, corresponding to maximun tilo-
tical dose levels of 15,000 to 32,000 roentgens, mizht
1sonably be anticipated In portions of an area attacked with
surfaceburst 10-M7 weépons, ear» deriving 50 percent c¢f their
éld from fission.

. Data are presented to enable, for any given l=vel of attacx
rected against pcpulations, a rough allocation of weapcns
mng each of the 213 principal urbanized areas in the United
ates. The mcdel and data indlcate that the Washingtcen (D.C. -
» = Md.) urbanized area, with 1.8 million persons and covering
) square miles, would be allocated 3 1-MT weapons in aa attack
ainst the populaticr of the United States cons!sting cf 109
1T weapons airburst at optimum altitude. The mndel and data
jicate this area would receive 12 1-MT weapons for an attack
ainst the United States consisting of 1000 1-MT surfacepursts.
each case the ehtire District cof Columbia, consisting of(62
uare miles at an average density of 12,400 persons/square mile
subjected to blast leve's of at least 5 psi. For an attack
ainst the U.S. population with 300 1-MT airbursts, or 1200




1-MT surfacebursts, the model indicates that the entire
Washington urbanized area, including Rockville, Maryland, could
anticipate blast levels of at least 5 psi.




PART | - TARGETING ASSUMPTIONS FOR ATTACKS AGAINST POPULATIONS

A. THE PROBLEM

To design a shelter which offers its prospective occupants
a reasonsble prospect of survival against fallout in the event
of thermonuclear war, it 1s necessary to make a quantitative.
estimate of the likely level of all weapon effects - blast,
thermal, initial radiation, and fallout -~ to which the shelter
location would dbe subjected in 2 nuclear attack. The reascn is
simple enough: both the shelter and its occupants must with-
stand those weapon effects which precede the fallout. The
prcblem 15 to anticipate for any proposed shelter location,
both the right magnitude of effects, and the right combination
of effects. More precisely, the basis for shelter design and
operation must be a prudent and practical assessment of the
probability that the proposed shelter will be subjected to
various combinations and levels of weapon effects.

It is far from obvious that it is possible to develop use-~
ful guidance of this type for every -- or even for any --
location in the United States. There are many strategles and
weapons avallable tc the enemy. Our knowledge of them is in-
complete, the problex=s change with time and with technological
developments, and much that nappens in war 1s nct in accord
with anybody's plan. Any place could de in the mile-across,
900-foot-deep hole created by the surfaceburst of a 30-MT war-
head, in which case no shelter would be of any avail. And, any
place could be largely untouched, even by fallout, in which
case no shelter would be needed.

i}'l'
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Neither of these latter assumptions would be a uselul
basis for civil defense planning. This follows from straight-
forward but not obvious computations on the areas of 'the
fallout, blast, and thermal effects of nuclear weapons, the
numbers o cities, towns, and military targets in the United
States, and the plausidle number of deliverable weapons
possessed by any potential enemy. It has been recognized for
some time that even remote, rural areas must concern themselves
with the possidbility of dangerous levels of falliout, and that
some cities could be subjected to direct attack, either decause
they contain or are near to priority military targets, or
simply because they are centers of population and industry. Two
authoritative statements of targeting doctrine which offer an
informed appraisal of the ultimate threat to civil poﬁulations
have been given by Secretary McNamara and Marshal Sokolovskil.

Secretary McNamara testifled before the Senate Armed
Services Committee:l

"The major mission of the strategic retallatory forces is
to deter war by their capability to destroy the enemy's
war making potential, including not only his nuclear
strike force and military 1nsta11ations, but also his
urban society, if necessary.”

Marshal Sokolovskii states in his book Soviet Military

Strategy:?

"What will be the charactéristic features of a war of the
future from the point of view of its military-strategic
goals and the means of waging 1it?

inear-ngs on the Department of Defense Appropriations fcr
FY 1964, U.S. House of Representatives, Part I, Page 110

(Schetary McNamara's statement given on February 7, 1963).
2

Military Strategy, edited by V. D. Sokolovskli (Voernaia
Strategila, V. D. Sckolovskil, Voennoe Izdatel'stvo
Ministerstva Oborony, SSR, Hoskva, 1962), translated by
Foreign Technology Division, Wright-Patterson Air Force base

(quote from Chapter IV).




"On the basis of the above considered political and mili-
tary goals of the two camps, it may be assumed that the
belligerents will use the most Jecisive means of waging
war with, above all, the mass use of nuclear weapons for :
the purpose of achievins *he annihilation or capitulation

of the enemy in the shcriest possible time. ’

"The question arises of what, under these cornditioas, con-
stitutes the main military-strategic goal o7 the war: the
defeuat of the enemy's armed forces as was %he case in the

past, or the annihilati:n and destruction of objectives in
the enemy gone of the Interior and the alsorganization of '

the latter?

"The theory of Soviet rilitary strategy gives the following
answer to this question: both of these goals should be
achieved simultaneously. The annihilation of the enery's
armed forces, the destr.ction of objectives in the zone of
the Interior, the disorsanization of the zone of the
Interior will be a sing.e continuous process of the war.

Two main factors-are at the root of this solution of the
problem: first, the need to decisively defeat the agressor
in the shortest possible time, for which it will be ne:zes-
sary to deprive him sirultaneously of his rmilitary, polit-
ical, and economic capatilities of waging war; second, the
real possibdbility of achleving these goals simultaneously :
with the aid of existing mesns of arned combat." i

Assuming that some fraction of the nuclear striking force
of & possible enemy might be employed for the unhappy purpose
of killing people in the most efficient manner, what assumptions
should be made as to just hos~ it would be used? 1In particular,
what criteria should the civil defense pianner use as a guide
for determining which cities could reasonably be candidates for
direct attack? How far into the suburbs of such cities would
it be prudent for the sheller designer to concern himself with
blast and heat in addition to fallout, and with what levels of
blast, heat, and fallout? Given crude guidance on how many
bomds of what sizes might be expected to fall where, it then
becomes possible to utilize the detailed and important technical
information on the fallout, radiation, and blast effects of
individual weapons given in such publications as The Effects of

Hugiegg Weapons for determining shelter requirements, and eval-
uating shelter proposals. Without such guidance, the 70 percent




of the U.S. population which presently lives in urban areas has
no dbasis for assessing the merits of alternative protective
measures.

' B. TARGETING FOR MAXIMUM POPULATION KILL

Determination of the burst locations of an attack designed
to maximize population fatalities depends on a number of condi-

tions and assumptions:

The number and yields of nuclear weapons allocated to the
destruction of urban targets,

 The definition of a fatality, or more correctly the combi-
nation of weapon effects assumed to give rise to fatalities
over some defined period of time,

The active and passive measures which have been taken to
counter the effects of a population attack,

.‘The distribution of population over the targeted area.

It is assumed here that population preparedness 1s the same as
currently exists in the United States, and that active defense
measures are not of such a character as to influence the
assumptions for passive defense planning. It is further assumed
that the actual assignment of weapons is done in a way (de-
scribed later) which maximizes blast fatalities. This 1s done
without attempting to answer the question of whether or not

more persons might in fact be killed during the first day or two
by fire (as was the case in Hiroshima and Hasasakl),l or within
60 days by radiation, or within the first year by the ccmbined
effects of blast, fire, fallout, starvation, disease, exposure,
and general chaos. The reason for the assumption 13 partly that
the effects of fallout, fire, and general chaos are both
uncertain and difficult to assess, and strongly dapendent upon

I;I'he Effects of Nuclear Weapons, paragraph 11.13-11.20, prepared
by the United States Department of Defense, published by the
United States Atomic Energy Commission, April 1362, Saruel
Glasstone, editor, U.S. Government Printing Office (weapon
effects-yield-distance relations, from Nuclear Bomb Effects
Computer accompanying publications).

10




wind and weather. Also, blast 1is more dependadble and decisive
against industry and military targets in populated areas than
are the other effects of airdbursts or surfacebursts.

The question then arises as to what likelihood of a blast
fatality should be assigned to a given level of blast over-
pressure. Here again simplifying assumptions are made which
may be better justified as an assurption for optimal targeting
than as & method of damage assessment. It is assumed that
everyone subjected to an overpressure 1eve1fof 5 psi (or
greater) is killed, and that everyone subjedted to less than 5
psi survives. ' 1

This assumption may be questioned on two counts: (1) the
selection of a model with a single overpressure criterion for
determining a fatality, and (2) the choice of 5 psi as the

dividing line. Each of these assumptions is examined briefly.

The 1949 edition of The Effects of Atomic 'deagons1 gave a

curve showing the percentage of survivors in Hiroshima as a
function of radial distance from ground zerc.” This curve is
reproduced as Figure 1, and redrawn in Figure 2 to show the
same phenomenon as a function of peak blast overpressure. It
is seen from Pigure 2 that in this particular unwarned popula-
tion, the airdburst of a 14-KT bombz caused casualties to begin
at an overpressure level of 3 psi, that at 5 psi there were 30
percent fatalities, and that even at 16 psi, 15 percent
evidently survived.

IThe Effects of Atomic Weapons, prepared for and in cooperation
with the U.S. Department of Defense and the U.S. Atomic Energy
Commission under the direction of the Los Alamos Scientifi.
Laboratory. Revised September 1950, Samuel Glaastone,

. Executive Editor, U.S. Government Printing Office.

2RM 4193 PR The Yield of the Hiroshima Bomb as Derived from
Pressure Records, H. L. Brode, September 19

11
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the same 48 states will have increased in population to about
210 million persons (an increase of adbout 32 million persons,
or almost 18 rercent). Whereas in 1960 almost 70 percent of
the population lived in urbanized~areas,1 by 1970 it is esti-
mated that this figure will increase to about'BO percent.

In 1960, the urban population was concentrated in slightly
more than 1 percent of the land area of the country (Table 4).
The population of urbanized areas, something more than one-half
of the total, occupled less than 1 percent of the total land 4
area. Among urban places, the number of inhabitants per square
mile decreased as size of place decreased. For places of
1,000,000 inhabitants or more, the aveiage density was 13,865
persons per square mile; for places betweer 100,000 and
1,000,000, average densities ranged between 4,000 and 6,000 per
square mile, and the average density for places of 2,500 to
5,000 was 1,346. In urban-fringe areas outside urban places,
the average density was 1,781 per square mile, and in rural

territory the density was 15. The average prpulation density for

the 48 conterminous states was about 60 Lersons/square mile.

Iiron 1960 Census, Vol. I, op. cit.:

"Urban and rural residence.--According to the definition
adopted for use in the 1360 Census, the urban population com-
prises all persons living in (a) places of 2,500 inhatitants
or more incorporated as cities, boroughs, villages, and towns
(except towns in New England, New York, and Wisconsin); (b)
the densely settled urban fringe, whether incorporated or unin-
corporated, of urbanized areas; (c) towns in New England and
townships in New Jersey and Pennsylvania which contain no
incorporated municipalities as subdivisions and have either
25,000 inhabitants or more or a population of 2,500 to 25,000
and a density of 1,500 persons or more per square mile; (d)
counties in States other than the New England States, New
Jersey, and Pennsylvania that have no incorporated municipal- -
ities within their boundaries and have a density of 1,500
persons per square mile; and (e) unincorporated places of 2,500
inhabitants or more. In other words, the urban population com-
prises all persons living in urbanized areas and in places of
2,500 inhadbitants or more outside urbanized areas. The popula-
tion not classified as urban constitutes the rural population.”

a7




Table N, POPU%ATIOlSi AND DEN?I’I’Y The discribution of the
IN GROUPS OF PLACES CLASSIFIED
ACCORDING TO SIZE: 1960 1960 U.S. population is shown in
. Figure 11. A tatulation of U.S3.

rtatiee  Urbanized areas, ranked according

1 [T o
aree sosststion | Porrer |1one sree 0 population, is shown ir Table

. 5. Detailed statistics on the

nited Staves 199,320,178 | 3,808,978 | " ‘ _
&

11000008 o @oos PP T S land areas, population, and pop~-
50,000 o0 1000000 | 11000081 l.m; 5.008 ulation densities zf the central
190,000 0 foedee | N800 20000 448 oty and urban fringes of the
100,008 % 199.008 11,662,828 2,708 . m
52,000 to 108,008 15,698,002 2809 . 3.0 213 urbanized areas shown in
23,000 to 50.008 e SRR L Table 5 are presented in Appendix
19.000 to 19.000 17,800,508 .9 2.1
e te hie o 179710 oes ! 1058 A. A summary of thez;e statistics
2.900 0 0,000 1omee) sz’ 14e 18 presented in the graphs of
S20or wrles Sorritery 19,508,060 $.9%7 1,789 Fisures 9 and 12.
Sere? Savvitery 94,004,428 | 3.900.7908 13

: The U.S. population data
UIehte rbentaed oress) $.040.447 M.s4 LM summarized above are not very

1600000 ov core aeen | T DM gatisfactory inputs to the tar-
300,300 to 1,080,900 11,018,900 1.008 .00% ) )
290.008 10 300,008 w000 | 2091 a0 geting model describved in this
100.000 to 290.000 11,088,824 - 2028 a.an .' p‘per. one 13 really interested
20.000 %5 100,008 13,998,902 3.4 3,910 )

: : in the population densities
19.000 to 35.000 0. 018,40 2,900 1.098 ) ]
10.008 te 19.008 saman! 24n 2w wWhich will pertain in 197C,
5,000 ¢s 10,000 1.062.000 | N 190 agther than those which existed

2.508 00 3,000 B ELH “ e
Bires nte taeritery | 10.340.081 so12 1 in 1960. Further, the definition

of urdanized areas, and the scale

. ]

Gutotey ostastred brees 00,4740, 3.032.038 *  on which densities were computed,
73.038 to 30.006 S0t ton 18 Lere not devised for the purpose
15.000 ts 29.900 9.297.889 4,368 .21
$.989 te 10,908 0,917,818 3817 17 for which they have been used
1,390 ¢ 5.0 $.39.009 | 4w 140 pepe. A treatment of U.S. census
Qgrs! tavritsey $6,094,428 ! 3.8330.79 "

statistics more directly oriented

- = to the needs of civil defense 1is
given in OCD-OEP National '.oca-

tion Code, but as yet without the presentation of land areas and

population densities in the central city and the urban fringe.
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FIGURE 3. Wood-Frome House Exposed to 1.7 psi Overpressure and About 9 cal/em>
Thermol Energy (7,500 feet from 16-KT Burst on 300-ft Tower)
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FIGURE 4. Strengthensd Wood-Frome House Exposed to 4 psi Overpressure and About 25
eoVanz Thermal Ensrgy (5, 500 feet from 29-XT Burst on o 300-f Tower)
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FIGURE 5. Unreinforced Brick House Expored 1o 5 psi Overprassure (4,700 feet from
29-KT Burst on g 500-f Tower)

FIGURE 6. Steel-Froming, Stes! Ponel Building Exposed to 3.1 psi Overpressure
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FIGURE 7. Themal Eff.cts on the Wood-Frome House immediately After Burst, but

- Bafore Arrival of Blast Wave. Therma!l Flux wos 25 eol/cmz. House
Destroyed by Blast Wave Which Followed. (3,500 feet from 16-KT
Buest on o 00~ft Tower)
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FIGURE 8. Themnal Effects on Wood-Frome House of Figure 7, Two Seconds Later
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Table 1. LETHAL RADII AND
PREAS POR THE AIRBURSTS AND

SURPACEBURSTS OF A 1-, 8- AND

64-MT WEAPON
e ] Lettal Beoe
m"'“ (uu:h.:i.::) (stetets sq.91.)
ettaesharaty

) .7 - 23.8

[ ] .9 ”».0
) 1n.ee m.e

. Aoeeasa

] [ ] ”.e

] .0 0.0

[ ] - 17.98 8.0

- attacked. One can, houevtr,
_ make some high and low es

SAERLIes Leths) redtes covrespends 99 08 SrerIretIsne

o8 m.
e, 't
Y

whore B, nd A, ore the Teras! raitus sed

0008 of 8 1-87 derst.

|

No one can know what frac-
tion of an enemy's total
deliverable megatonage would be
allotted to military and to
urdan targets. It could depend
on how the war started, and the
extent to which he believed the
civil population of his own
country had been deliberately

‘imatea
of the total weight of attack
intended for the destruction of
U.S. cities, and hypothesize
some rough relations governing
the total cost ~- and presumably
therefore the total military
effort -- of delivering weapons
of different yield to obtain
some approximate tradeo!fs be-
tween the number and yield of
weapons which might de uséd

againj: us if the U.S. were subjected to direct population
a:tacl . The assumption made here, and one which cannot be
Justified except by general arguments relating to the economies

of scale, is that the cost of a strategic weapon delivered cver
intercontinental distances varies approrimately as the 2/3

power of the yleld.

Suppcse now oné has three weights of attack target against
a set of (urban) targets corresponding respectively, tc the

delivery of
100 1-MT bomds,
300 1-MY bombds,
1000 1-MT bombe.
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How would these attack levels translate into numbers of weapons
and total deliverecd cegatonage if the same effort had been put
into 8-MT borbs or Z4-4T bomb3, if the total cost is held

constant? |
Let C(Y) = cost per strategic weapon delivered.

Then C(Y) = C112/3, where c1 is the cost of delivery of

a 1-MT weapon, and Y 1s the weapon yield in MT.
Let B = Strategic offensive budget for given level of
- population attack. '

' B__B 1
~Then total numder of weapons delivered s —— =
' ° &y &3

.

total yield delivered = Y x a-?n- = (g—) !1/3 .
) §

'I'hé equivalent nuzbers and

Table 2. SPECIFICATION OF yields of weapons for the threa

BUMBER OF WEAPONS AND TOTAL

YIELD POR THREE LEVELS attack levels indicated adbove
OP ATTACK . would then be shown in Table 2.
STTMCX LIVEL 9
Moot 00, 1 Mtocs . 2 Sttsce se. 3 There is an interesting

100107 wapess | 29 04T weerems | 6 447 weses  CONSequence of the assumptions
. VOB WY somel steld} 200 BT tatel siele; 204 NT tetal yiele
, i concerning the cost of deliver-
et able weapons as a function of
Mot e, & Mtock %9, § { Attect Be. &
300 1-07 weopons | 75 847 cossers | 19 06T weesees iNdividual wezpon yield, and the
O Rl yheia) S0 F et pete MO W w4l 19 manner in which the lethal area
Srince WL 3 of a weapon increases with
Sttach . ? Attoch Be. 8 ' Attech %e. §
U PESRp e oo yield. Namely, for a given
IO BT teist yiela|TU0 WT tetal yiete 32 ST tetel yield @xpenditure, the comdined lethal
THE T MG T 3 T Ve area of the weapons does not de-
e tem | Mg M5 ™' pend on individual weajon yield.
Sorfoceverst  2.00 sa.st. | T.140 se.et. | DR et Thet {5, the lethal area is the
O 17 1 5,000 se.0t. | 17,008 se.81. | 58.00¢ se.00.
Y “" same for each attack level shown
in Table 2.
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It remains to deternine how a given level of attack should
be targeted -- that is to say, the location of the ground
goros ~- for attacks against people designed to maximize blast
fatalities. The basic criteria, discussed above, is that the
maximum number of persons be included within the 5 psi over-
pressure level. ' '

The key element 1is recognition that the essential factor
governing the allocation of weapons is the density of popula-
. tion. It has teen shown that fcr a given level of attack with
airdursts or surfacebursts, a fixed amount of lethal area has
to be distridbuted over the United States. Suppose now one has
& curve, such as shown in Pigure 9, showing the area of the
United States for which the population density exceeds any
given density D. It may be noted that the maximum number of
persons could be covered with a given total lethal area if this
ares could dbe distributed in such a way as to cover all those
" areas in the United States for which the population density
1s greater than or equal to some minimum density Dgypn» @nd no
areas at all for which the density of population is less than
Dyy,- Further, the value of this D, would then be determined
from such a curve as that shown in Pigure 9, together with the
total lethal area availlable. If then one wished to know how
much of the total lethal area should be allocated to any given
metropolitan or urbanized area, it would suffice to determine
the population density contour around a'given city within which
the population density 1s always greater than or equal to
D-in’ and to compute the area within this contour. The area so
determined would be the optimum lethal area to allocate to any
- glven city. This lethal area could then be converted back,
froa & knowledge of the lethal area of individual weapons, to
provide a rule for calculating the optimum number of weapons to
allocate to that particular city or urvanized area.

To be a strictly valid optimization prbcedure, this rule
would require that the lethal area of a weapon be able to take
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any shape to fit, without overlaps or gaps, within any popula-
tion density contour for which the population density 1is equal
to or greater than D, . It would also be necessary to utilize
only a fraction of a weapon in the event the area of a concen-
tration of population for which the D is equal to or greater than
Dlun were less than a lethal area. For the concept of lethal
area to be applicable, however, the population density should
not'iary significantly over linear distances comparable to the
lethal radius. That this is the case for the weapon yields

" considered here (1, 8, 64 MT) can only be verified by a detailed
examination of population densities in U.S. urban areas. It
may also de noted, however, that since the cost per unit of
delivered lethal (blast) area is assumed not to vary with the
yield of the individual weapons, it 1is not unreasonable to
assume that for & given level of attack against population, the
yield of weapons for attack of a particular target would bde
selected to cover a given area as uniformly as possible. If

one places weapcns inside a contour where D 1s equal to or greater
than D-in in such a way that the circular lethal areas of indi-
- vidual weapons are just tangent to each other, then one may
argue that the gaps between the circular coverage are not too
serious inasmuch as the locations not covered by 5 psi from any
single weapon will be covered by an overpressure somewhat less
than 5 psi from several weapons. B3But, whatever the approxima-
tions involved, the important and essential result is that a
simple and direct criterion exists of dedacing an o;timum, or
near optimum, allocation of weapons to any particular target
among all the competing targets in the country from (1) one
curve showing the area of the U.S. for which the population
density exceeds any given amount, (2) a map of the particular
target of interest on which contours of constant population
density are indicated, and (3) a second curve showing the area
within the target area for which the population density exceeds
any given amount. '
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' It should be emphasized, of course, that'some cities, by
virtue of tﬁin colocatior. with important military targets or
-important gévernmental control or industrial centers have a
strategic térgeting importance for reasons other than pqpulation
per se. Sth cities might be attacked much more -—— or less --
heavily than indicated by the model. It 1is also possible that
arguments an be made that the best way to disrupt a country
and kill itd population is to spread the attack much more widely
than indicaéed by the method proposed here on the grounds that
the longer range effects of starvation, disease, and economic
chaos would take a larger toll if no urban areas were left
physically ;ntact. Further the model tells nothing about
whether or dot an enemy might decide to seek to avoid population

. fatalities Jr maximize them, or how much of his total military

_ effort would be allocated to the task of killing people if that
were one of his targeting objectives. But it does provide
erude but important quantitative guidance to urban and suburban
" populations per se as to magnitude of the various weapon effects
to which they could reasonably be subjected in the event the
eneny targets‘in the simplest way to assure maximum prompt

populatici: kill.
C. AQDITIOHAL CONSEQUENCES OF THE TARGETING MODEL

The model, as presented, leads to a number of interesting
side conclusions. First, the selection of ground zeros within
the minimum density contour is not directly important. All that
matters is that the weapons be lalid down in such & way that the
entire area 13 covered with a minimum of gaps or overlaps.

There may, course, dbe local reasons why particular points
within an ari; would be a more profitable aim point. Por
example, some might coincide with a higher concentration of
industry, or an important governmental seat, or a target of
direct military interest. Unless one assumes that a given metro-
politan area would be attacked with a single weapon whose
circular lethal area coincided approximately with the density
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. eontour to be targated, or unless there are local reasons for

assuming the selection of specific aim points, one might assume
for the purpose of designing and locating saelters that.any
point within the contour indicating the density of population

-to be targeted is as likely to be a ground zero as.any other

point. Under this assumption the model gives an indication of
the potentiel value of constructing a shelter which will with-
stand a given overpressure level, provided.the enemy targets
for maximum population kill on the assumption of an unsheltered
population. The value of the potential shelter protection so
afforded 1s, in fact, independent of the yield of the individual
weapons employed, or whether or not targeting (for blast kill)
1s done on the basis of an airburst or surfaceburst. For
suppcse the lethal radius of a single weapon corresponds to X
psi, and that a shelter is built to withstand Z psi. Then if
R , 1s the lethal radius of a 1-MT weapon, the lethal area of a
Y-HT weapon will be a(nmzl’ 32, 1¢ Ry, 1s the distance to
which an overpressure of Z psi 1s experienced from a 1-MT
weapon, then r(321!1/3)3 will be the area over which this
overpressure is experienced from a Y-MT bozdb. Thus the protec-
tion offered by the shelter capable of witistanding Z psi, and
locgted at random within the targeted area x11l1 be given by the
ratio : I )
2
o (ryr3) (f )’
] (RIJ!I; 3) RLI
and this holds for both airbursts or surfacebursts. Assuming,
as before, that RLI corresponds to 5 psi, cne can then plot
potential survival probability in a Z psi shelter provided that
targeting 1s done to achieve maximum population kill against an
unsheltared population. Such a curve 1s shown in Figure 10.
The value of achieving shelter protection in the range of 20-30
psl 1s immediately apparent. -
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FIGWE 10. Parcors Meosiclity in o Torgsted Area, Assuming Torgeting Optimized to
Cover the Maximum Numbar of Persons with an Overpressurs of 5 psi

Pinally, it may be noted that the targeting model herein
proposed can still be applied 1if the population of certain
densely settled areas 1s sheltered to”tny specified level of
blast protection provided the density ?r population in the
sheltered areas 1s first assumed to beireduced by the same
ratio as plotted in Figure 10. This means, for example, that
the effect of a 30 psi shelter, from the point of view of an
enemy targeteer trying to optimize fatalities in an unsheltered
population, 1s to reduce the density of population in a
specific area by a factor of 10. This would suggest that for a
given level of attack, some persons who would not be targeted
in an unsheltered populatiocn would then become loglcal targets
sor direct attack. The total national casualties would decrease,
however, depending (in a complex way) on how many persons in
what areas were sheltered, and to what level of protection.
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lele 3. POPULATION OF THE UNITED STATES AND OUTLYING
AREAS: 196C and 1950

| ! " lecrease, 1950 to 1960
§ 1960 1950 Resber | Percest
Tetad ; 103,285,000 ' 154,233,234 29,051,778 g 18.8
Usited Stetes {7,uvs.:zs.tvs 181,328,798 27,997,377 | 18.8
Conteraineus ¥aited States 176,068,236 150,697,361  27.766.875 - 10.4
Aeste 226,167 ‘ 128,643 © 97,524 15.0
Nawetd 632,172 489,794 132,978 ;. 26.6
Conmonuesith of Puerte Rics 2,349,544 l 2,219,703 - 138,841 'f 6.3
Outlying aress of severeigaty or | ‘o . '
Jerisdiction 237,869 | 215,188 22,681 10.8
Usited States pepuistien adrasd 1,376,421 ' 401,845 292,876 185.¢
| |
t

D. THE POPULATION OP THE UNITED STATES

The utility of the targeting model described -- or that of
any other model -- depends in part on the distribution of the
population of the United States over the land area of the United
States. The principal characteristics of this population dis-
tridution, as abstracted from rérerences,l are here summarized.
The data and conclusions given are all based on the 1960 census.
The principal factor to keep in mind when projecting these fig-
ures into the future are that the U.S. population is not only
growing, dbut, as described below, is becoming relatively more
concentrated. '

On April 1, 1960, the pépplntion of the A8 conterminous

states, with total land area of about 3 million square miles,
was 178, 464, 236 (see Table 3). By 1970 it is estimated that

IU.S. Department of Commerce, Bureau of the Census, 1960 Census,

Vof. I, Ch%racteristics of the alation, U.S. Government
rinting Office, Washington, D. C., 1961.

OCD-0OEP National Location Code, prepared by the Bureau of the

Census for the Office of Civil Defense, Department of Defense,

and the National Resource Evzluation Center, Office of Emer-

gency Planning, 1962 (in 8 volumes), Unclassified.
Bureau of the Budg2t, Executive Orrice of the President,

St gggggg Hetropolitan Statistical Areas, 1964,
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the same 48 states will have increased in population to about
210 million persons (an increase of about 32 million persons,
or almost 18 pesrcent). Whereas in 1960 almost 70 percent of
the population lived in urbanized areas,1 by 1970 1t 18 esti-
mated that this figure will increase to about 80 percent.

In 1960, the urban population was concentrated in slightly
more than 1 percent of the land area of the country (Table 4).
The population of urbanized areas, something more than one-half
of the total, occupied less than 1 percent of the total land
areg. Among urban places, the number of inhabitants per square
mile decreased as size of place decreased. PFor places of
. 1,000,000 inhabitants or more, the average density was 13,865
persons per square mile; for places between 100,000 and
1,000,000, average densities ranged between 4,000 and 6,00C per
square mile, and the average density for places of 2,500 to
5,000 was 1,836. In urban-fringe areas outside urban places,
the average density was 1,781 per square mile, and in rural
territory the density was 15. The average population density for
the A8 conteraincus states was adbout 60 persons/square nile.

lrru- 1960 Census, Vol. I, op. ecit.:

"Urdan and rural residence.--According to the definition
adopted for use in the 1960 Census, the urban population com-
prises all persons living in (a) plasces of 2,500 inhabitants
or more incorporated as cities, boroughs, villages, and towns
(except towns in New England, New York, and Wisconsin); (b) ,
the densely ssttled urdan fringe, whether incorporated or unin-
corporated, of urbanized areas; (c) towns in New England and
townships in New Jersey and Fennsylvania which contain no
incorporated municipalities as subdivisions and have either
25,000 inhabitants or more or a population of 2,500 to 25,000
and a dersity of 1,500 persons or more per square mile; (d)
counties in States other than the New England States, New
Jersey, and Pennsylvania that have no incorporated municipal-
ities within their boundaries znd have a density of 1,500
persons per square mile; and (e) unincorporated places of 2,500
inhabitants or more. In other words, the urban population com-
prises all persons living in urbanized areas and in places of
2,500 inhaditants or more outside urbdbanized areas. The popula-
tion not classified as urban constitutes the rural population.”
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ble ¥. POPULATION AND DENSITY

" GROUPS OP PLACES CLASSIFIED
ACCORDING TO SIZE: 1960

Poguistioe

Lend oveu |ser secsrs
113 gr.n alle of

[ ] Peselotion atles 1004 ores
seited States 179,523,179 | 3.840,.97¢ [ 1]
00,000 o oure 17,004,009 1. 13.088
2.530 e 1,000 006 17,119,000 1,080 1.008
5.000 to 000,000 19,789,000 1,000 [
5.000 to 290,000 Nt t. 788 o m
008 te 100,000 13,900,908 1.5 3.918
008 te 90,000 14,950,002 $.919 .M
000 te 29,900 17,688,308 (W}, ] .52
28 to 10,000 8,778,100 $.008 1,954
10 t» $.000 7,508,028 3,302 1,408
Sor wrden territery R 10,540,090 s.n? 194 L]
rel territery 94,084,228 {3.900,708 1]
thie wrdeuized sreas] 95.048.097 13.84¢ 1.782
150,009 ¢r sere 17,888,049 1,00° 13,048
5,008 to V,000,.000 11,019,900 .00 $.008
2.680 te 306,000 10,744, 000 -0 4,080
3,508 to I30.000 17,852,408 1.728 8,2
00 te 109.000 13,839,903 3.9 1.918
A8 t3 90,000 9.918, 4281 2,594 1.0
A08 to 15,090 0,330,838 1.073 2.90¢
N0 ts 19.000 2.002.090 1,488 1,023
%0 to 3.000 1,890, . 1,887
e r8sa Sevvitery 19,580,081 $.917 1,701
D00 sroaataed aress  $3,874,.008 3,823,400 24
F_N B N __J 6,998,191 .78 2,408
90 s 13,000 2.29.00 4,008 .272
108 19 10,008 0.997,818 . 1,902
0 te 3.000 6,329,009 $,300 1,882
) territaey 34,008,028 11.908.79 '3

The distribution of the
1960 U.S. population is shown in
Figure 11. A tabulation of U.S.
urbanized areas, ranked according
to population, is shown in Table
5. Detailed statistics on the
land areas, population, and pop-
ulation densities of the central
city and urban fringes of the
213 urbanized areas shown in

Table 5 are presented in Appendix

A. A summary of these statistics
is presented in the graphs of
Figureas 9 and 12.

The U.S. population data
summarized above are not very
satisfactory inputs to the tar-
geting model described in this
paper. One 1s really interested
in the population densities
which will pertain in 1970,
rather than those which existed
in 1960. Further, the definition

of urbanized areas, and the scale

onn which densities were computzd,
were not devised for the purpose
for which they have been used
here. A treatment of U.S. census
statistics more directly oriented
to the needs of civil defense 1s
given in OCD-OEP National Loca-

on Code, but as yet without the presentation of land areas and
pulation densities in the central city and the urban fringe.
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Tadble 5. RANK OF U.S. URBANIZED AREAS ACCORDING TO THE
' 1960 CESUS

Gest Srhentnes Ares ho-uuo-l [ P Jenerized bres Pepataties | Neor Broesized Ares Popuiation
1 | 2ow Yort-Oprthnettors N | ooy Mesees, 2. . . . 0,118 f 181] ead 1 13!
o-m. et LELE IR B m-uo:.. YR R R IR iirereedi-H S HHeH
] %ﬂo [~ % 73] Tecses, Aria . e 17,433 16 Macen, 80, . . .+ . . 114,161
Ve c 0 o v o o of G008, 798 »” ‘11100 184 togtee, 8y. . . . . 111,948
3 Sern feline, I-u-m. .o nr.ANE 148 teng, n:‘ e e 19,101
$.99.213 ” o IR 224,930 sertegtiate, 111, . . .| 1002
[ 3.853.218 7| sorcester, Mans. . . . .84 1471 sroccton, Mass. . . . 13009111
[] 837, 77| Sents Send, ise.Mich.. 210,023 188 ] Coiar 10, lows. . . 198,118
[} 78| Tocome. Wesd. . . . . . K 149 Posnte, Cole. . . . . . 03.358
’ :;:ﬁ::g z ;::‘u-. a'" e eoe.] 2138788 130] wataries, lews. . . . . .
H e, cove] 3R g1 ] wieatte Palls. Tesss. .| 102.104
At screnton, Po. . . .. ] 210600 afvens, s . . ..., ] 100072
’ 82 Cagrtette, 8.8, . . . . 209,98 133 | Colorady Springs, IR ™ 190,228
» 2 fgrrishery, Ps. itie. * 299,43 ::: Sow ::iuu. Cons, ‘ n'”:
Boupert Dows -tevy [ u.v . . .
n 9. . ...-00cs] monarel 19e] st0es clity, l:-:.l‘:r.- ve.08
‘:; 03] sarevepert, L2. . ... L] 88403 % $.00%. . ... 7,904
] mtu-ur. Tosa.<8s.. 194,142 1871 Springfinld, M. . . . 7.124
] slense, Flo. . . . . . 190.953 148 Grons Bay, Wis. . . . . 97.182
" 08 | Saton Bovge, L8. . . . N 199 | dohey e s e e 4,478
" 80 | etce-tems, 0.7, 1877790 160 Restee. Wis. .. . ..] a2
‘ﬂ’ H 90 ] Austin, Yesos . . . . . 1w 101 ] togenr. Sreg .008
144 91 | pemsne-turarte. Cattf..] 188807 162 se-usioper
82 ] L1ttle Begk-tertd nelpats, wien. . . . 390
2 Uittleteck, des. . ] 052170 6] meretes, nc. . . o -] s
3 s MY, .. ... 191,432 164 ] Lomcatter, P8. . . . . 93,088
g % wepes, 1ng.” . - ] 179511 F 168 neecrester, a0 . . . 81,404
ssferta. pa. . ... .- f 177.833) 18] Astiens, Tesss. . . . . 91,568
g 06 | Corvas Carists, Toses .| 177038 § 167] teringtiere, emeo . - . ".137
97 1 west Pglm Seece, Flo. . 172,438 168 ] Nemitton, Sade. . . . . 09.778
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E. THE TARGETING MODEL APPLIED TO A SPECIFIC URBAN AREA

The 1960 population, land area, and population‘denzity of’
the Washington (D.C., ¥d., Va.) urbanized area are listed in

Appendix A as follows:

Density of
Land Area Population2
Urbanized Area Population (M1.2) {Persons/mi.<)
Washington (D.C., .
Md., Va.) 1,808,823 3%0.0 5,308
\ Washington 763,956 61.4 12,4482
Urban fringe 1,044,367 279.3 3,740

! Purther details on the character of this area as a population
target are provided by the map of Filgure 13, the population data
of Table 6, and by an estimate of the amount of this urbanized
area for which the population density exceeds any given amount
(Pigure 14).
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Table 6. POPULATION STATISTICS FOGR THE WASHINGTON
(D.C., MD., VA.) URBANIZED AREA, 1960 CENSUS
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FIGURE 14. Estimated Areo of the Washington (DC, Md., Va.) Urbcnized Area for
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The total lethal areas(at the 5 psi level) of illustrative
Attack Levels 1, 2 and 3 were summarized in Table 2. These ,
areas may be translated into the minimum population density to
be targeted throughcut the whole United States through the
curve of FPigure 9, and thence into the area within the
Washington, D. C. urbanized area to be targeted through the
curve of Pigure 18. The results, together with the.number of
1-MT airbursts or surfacebursts allocated to the Washington area
for each attack level, assuming all weapons had a yield of 1 MT,
and all were either airburst or surfaceburst, are presented in
Tadble 7. :

Table 7 shows that for the three illustrative attack levels
of Tadble 2, a minimum of one-fourth, and a maximum of all the
Washington urbanized area -- always including all of the District
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Table 7. WEAPOHS ALLOCATION
T0 THE WASHINGTON URBANIZED
AREA FOR ATTACKS WITH

1-ET WEAPONS
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of Columbia -- might reasonably
be considered subjected to a
blast overpressure of at least

S psi (and theretore to a thermal
pulse of 50 cal/cm ). The total

" number of 1-MT weapons allocated

to this area is seen to lie be-
tween 3 and 12, depending on t.e
level of the attack and whether

“or not targeting was done on the
 basis of airbursts or surface-

buruts.‘vrhe sctual ground gero,
for any given type and level of

‘attack, could be selected in a

variety of ways and still subject
approximately the same number of
perscns to S pei.

It would be possidle to be
more precise as to the most de-

nirablo ground zepoa prcvided “there were population density
contour maps of the Washington urbanized area in which the
'dcnsity at any given point is defined as the number of persons
included within a weapon's lethal area centered on that point.
Use of the lethal area as the unit of area for density computa-
tional purposes would smooth out the substantial density
variations between neardy ccmmunities when a square mile is the
unit ares. This means that there would be different population
density contours for weapons of different yield, and for weapons
of the same yiell, depewnding on whether or not they were air-

burst or surfaceburst.

From the estimate of area to be targeted shown in Table 7
and the lethal areas of the 8- and 64-XT weapons shown in Talle
1, it could be concluded that from 1 to 3 8-MT weapons, or (for
Attack Level 3) even a single (surfaceburst) 64-MT weapcn would
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not be aq-uuroasonablé assignment of megatonage to the Washing-
ton urbenicged area. It also follows that a combination of 1-
ead E-MT weapons (with combined lethal area equal to the area of
the density of population to be targeted) or a combination of
airdursts and surfacebursts could reasonably be included in a
potential enemy's targeting for this area. Needless to say,
under the assurption of an attack on populations, these weapons
could de scheduled to arrive in many different ways, from many
different sources, and at varied intervals after the commence-
ment of hostilities. Under the conditions of war, all, or none,
or scme fraction of those scheduled to be delivered might in
fac? be delivered, and those that arrived might or might not

- arrive with sufficient warning for the immediate population

~ affected to take shelter. '

The most impdrtant result of the snalysis from the point of
view of shelter dzsign considerat ' ons 1s that an attack on popu-
lation does not necessarily result in a single bomd being
torgeted at the center of each metropolitan area with total pop-
ulation’dxceeding soms glven number of persons. Somg cities may
receive no bombs at all, and others may receive a great meny.
For example, for & surfaceburst attack on populations with 300
1-%7T bemds, approximately half the 213 urbanized areas listed in
Tedble 5 would dbe allocated no weapons st all, whereas Los Angeles
would be targeted with about 21. These assignments would change
as the attack level and weapon yield are varied. But the threat
to urban populations -- which by 1970 will include 80 percent of
the U.S. population -- 1s much greater than that to rural popu-
lation, and for some urban concentrations -- notably the larger
onss -- it 1s much ;reiter than others. For the Washington
(D.C., M4., Va.) urbanized area, viewed as a population target,
the effectivencss of fallout shelters is an attack designed to
saximige populaticn fatalities would likely depend on their
ability -- and thit of the people ir them -- to withstand blast
. 4n the range of 5 to 30 psi (see Figure 10) and the associated
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thermal effects as well as subsequent fallout. This does?not
necessarily mean, all things considered, that it 1s not ubrth-
while to locate and provisisn fallout shelters in large urban
areas. A full and excellent discussicn of the benefits aﬁd
limitsations of such a program has been recently given by
Secretary Hcﬂ&mara,l‘and is reprcduced in its entirety in
Appendix E. The present treatment 1llustrates some af th
impiications of the Secretary': remarxs when considered f1
the dirtering point of view of persons in the 213 largest
urbanized areas of the United Stath 1isted in Table S.

om

4“

i
il

%

Iﬁaaringa on the Department of Defense Appropriations for .
7Y 1964, U.S. House of Representatives, Part I, Pege 110
(Secretary McNamara's statement given on February 7, 1963).
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PART I1. THE INTENSITY AND DISTRIBUTION OF INITIAL
AND RESIDUAL RADIATION

A. GENERAL CONSIDERATIONS

In contrast to the blast and thernmal effects of nuclear
weapons, the initial gamma rays and neutrons from a nuclear
burst, and the delayed gamma and beta rays from fallout are a
threat to dbiological systems, but not to structures. The

. hasard 1s complex and subtle in that the potentially harmful

radiations are not_senued by the body and the many different

" blological effects are delayed in time from an hour or so to

Rmeny years following exposure. The individual fallout
particles, which contain the radioactive byproducts of the
fiscion and fusion processes imbedded in or on a mass of inert
materials, cover a wide range in size. Some are as big as
grains of sand, others as small as particles of dust. In highly
contaminated areas, the total bulk of fallout material deposited
from a surfaceburst would be clearly visible in daylight as long
as meteorological conditions permit the particles to settle and

.bc retained on follage or on smooth surfaces. It 1is very airry-

cult to predict when the fallout will come to earth, but it is
known that potentially lethal concentrations of radioactivity
can be deposited hundreds of miles from the point of detonation,
and that it can cover an area an order of magnitude greater than
the area where fatalities are produced by blast. The hazard

) poizistl in time. Although the immediate and greatest danger is

from gamma (X-ray like) radiations xirom the fallout particles,
these particles also emit beta rays (electrons) which can cause
burns if fresh fallout comes in contact with the skin and 1s not
prosptly washed off. There are several short- and long-lived
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radionuclides among the fission products -- notably I-131 (half- .
1ife 8 days), Sr 90 (half-1ife 28 years), and Cs-137 (half-life
30 years) -- which can prcduce an internal hazard via the rood

chain.

The type and amount of radiocactive material which may be
deposited in an area where shelters are to be constructed N
affects shelter design directly by indicatirns the amount of
shielding necessary to hold radiation exposure of the shelter
occupants to within specified 1imits, and indirectly by in-
fluencing the length of time the shelter must be occupied, con-
tinuously or partially, to hold dose levels within specified
limits. Shelter stay times are also affected by fallout levels
in other than the immediate area of the shelter; and by the
level of radiation exposure which is to be permitted over
various intervals of time. In fact, almost every way in which
fallout affects civil defense activities outside the shelter
has an influence on shelter stay times, and thus on the space
requirements within the shelter for fcod, supplies, and
equipment.

In developing estimates as to the levels of blast, thermal
pulse, and initial nuclear radiation that misht reasocnably te
anticipated at specific locations in the United States in the
event some fraction of a nuclear attack on thls country were
targeted in such a way as to maximize population fatalities,
the principal variables are the numbers and yields of the
yeapons employed, whether they are assumed to be burst in the
air or on the surface, and the targeting criteria.

Comparable estimates of the external gamma doses and dose
rates from the fallout involve additional irportant uncertainties:

e The speed and direction of the wind at all aititudes up to
the top of the mushroom cloud, and at all locations through-
out the United States,

o Precipitation patterns throughout the United States,
o The level and distribution of attack on military targets,

&0
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e The fraction of the total yield of each weapon due to
fisaicn, :

® A method of estimating the distribﬁtion and deposition
times of the radiocactivities from a single surfaceburst,
when all the factors listed above are specified precisely.

Large uncertainties and variations in estimates of fallout
doses and dose rates at specific locations are introduced by
each of these factors, in addition to the uncertainties present
in estimetes of the distribution and intensity of the immediate
effects.

B. RADIATION DOSE UNITS!

The effect of nuclear radiations on a biblogical system 1is

. expressed in terms of an "absorbed dose™. The yad is defined

as the absorbed dose of any nuclear radiation which 1is
accompanied by the liberation of 100 ergs of energy per gram of
absorbing material. Although all ilonizing radiation (gamma
rays, X rays, beta rays, neutrons, protons, alpha particles,
etc.) are capable of producing similar blological effects, the
absorbed dose measured Iin rads which will produce a certain
biological effect may vary appreclably from one type of radia-
tion to another. This difference 1rn behavior 1is expressed by
peans of the "relative blological effectiveness" (RBE) of a
particular nuclesr radiation. The REZ 1s defined as the ratio
of the absorbed dose in rads of gamma radiation to the absorted
dose in rads of the given radiation having the same blological
effect.

The value of the RBE for a particular type of nuclear radi-
ation denends on several factors, including the energy of the
radiation, the kind and degies of biological damage, and the
nature c¢f the organism or tissue under codzideratidn.

op cit., Paragraph 11.80 et seq;
and RAND R-425-PR A Review of Nuclear Explcsion Phenomenon
Pertinent to Protective Constructien, H. L. Brode, May 1964,
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The rem is defined as (dose in rads) x (ggg).

The roentgen is a measure of radlation exgcshre dose from
ta or X ra&s (a7 opposed to absorbed dcse), and 1s defined
the quantity of X or gamma radiation such that the assoclated
juscular emission per 0.001293 grams of air produces, 1n'a1r,
3 carrying one electrostatic unit of electricity. (The nass
me em3 of dry atmospheric air 1is 0.001293 grams at 0°C and

mm of mercury pressure.)

The RBE for gamma rays 1s approximately unity, by defini-
1, although 1t varies somewhat with the energy of the
lation. Because one roentgen exposure dose gives rise to
it one rad absorbed dose in tissue for photcns of inter-
late enerzy (0.3 to 3 mev), the absorbed dose for gamma (or
rays 1is often stated, somewhat loosely, in rcentgens.

The RBE for beta particles 1s close tc unity. The RBE for
12 particles from radicactlive sources nas been variously re-
sed to be from 10 to 20, but this may be too large. For
lear weapon neutrons, the RBEE for acute radiation injury 1s:
.taken as one, but it 1s apprecliably larger where the bic-
lcal effect considered 1s the formation of opacities of the

3 of the eye (cataracts).

IQUIVALENT RESIDUAL DCSE (BICLOGICALLY EFFECTIVE DOSE)

Human exposure to fallout radiatlions can lead to different

»s of blological damage;

a. Sickness or death within 2 hours to 6 monthsz, depending
on the total dose deliversd and the dose rate and time
interval over w..ich 1t is delivered,

b. Shortening of life and %he development of various kinds
of malignant neoplasms from 1 to 20 years following
exposure,

¢. Changes in the genetic material of tie iadiridual ex-
posed which may result in the genetlc death of a future
descendant -- perhaps many generations later -- and/cr in : _
some degree of physical disabllity to several descendants. 4




Damages of Typés b and ¢ are probably also dependent on the
dose rate and the time interval over which the dose 1s delivered,
but to a lesser extent than the type of injury listed under a.

The notion of biologiéal dcse or equivalent residual dose
(ERD) is an attempt to equate the clinical manifestations of
radiation injury of Type a resulting from a protracted dose
(1.¢., a dose delivered over a period greéter than about four
days) with a brief dose (a2 dose delivered over a period less
then four days). The assumptions made for computing the equiva-
lent residual dose may be described as foilows.' Any radiation
dose may be considered as consisting of two parts,'a reparable
doss, DB' and an irreparable (permangnt) dose, Dp. The irre-

' parable dose, D, consists of 10 percent of the total dose.

The reparable dose, DB’ is constantly being repaired by the body
at a rate of about 2-1/2 percent per day. Thus 1f r(t) is
the dose rate in roentgens/hour,

p DP'
X% " 0.1 r(t)
a DR

—a-t—-- 0.9 r(t) - 0.00104 DR

At'any time after irradiation stops, the dosage which has
been accumulated over a period of time is assumed to correspond,
in 1td clinical manifestations, to a bdrief dose = DP + DR'

The implications of this concept is that one-tenth of any
dose accumulated 1is permanent g&s regards damage of Type a
above, and thet the effect of the remaining nine-tenths of the
accumulated dose is constantly being repaired in such a way that
any time irradiation stops, only one-half of the reparasble dose
D, will remain after 30 days.

Ths decay rate from a given amount of fallout deposited on
the ground is such that the equivalent residual dose accumulated
at a point three feet above the ground from cne hour following
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etonation reaches a maximum at about four days following de-
onation and this maximum i1s approximately equal to the four-day
otal dose. If the equivalent residual dose 1s computed
tarting six hours after detonation, it reaches a maximum at
bout one week following detonation, and this maximum 1s approx-
mately equal to the total dose accumulated from six hours to

ne week., Since the total dose from six hours to four days 1is
bout 90 percent of the total dose from six hours to one week,
nd an even larger fraction of the one-week dose is accumulated
rom one hour to four days the maximum biological dose from any
allout deposited between one and six hours (or thereabouts)

111 be approximately equal to the total dose accumulated during

he firat week.

The clinical features of radiation injury of Type a
esulting from various levels of brief or equivalent residual

oses are descridbed in Appendix C.
o« INITIAL NUCLEAR RADIATION

The initial nuclear radiation tromla weapon burst is de-
ined as that emitted by a weapon burst and its radioactive by-
roducts within one minute from the instunt of detonation. As
. ¢ivil defense hazard, it consists of high-energy gamma photons
nd neutrons. For a 20-KT device, about 80 percent of the total
amma dose received i3 delivered within three seconds. Por a
~MT device, 80 percent is delivered in about eight seconds.
he neutrons are released essentially instantaneously.

Table 8. INITIAL DOSE VERSUS An estimate of the relative
DISTANCE -~ 1 MT2 contribution to the total dose

(in rads or rems) from the ini-

Mytesce | Gsmee-tay Sees | Mestree Sess | eevrenes  £1al gamma photons and neutrons
2.9 - .18 e is shown in Table 8.

1.8 «308 ~i1.99 28

1.8 «~16,.000 «1,008.00 8 '

8. ~860.000 bl diichhad e An important feature of the
‘;:0 ounprige?’ ;ﬂm‘rm SSNve wery recetved Trso

gliee ..':,l fm‘;«’:{,‘lﬁ':;’:iz':'&:ﬁ?:'.m initial gamma radiation as
: ’ opposed to the residusl gamma




radistion is the greater penetrability of the initial nuclear
radistion. The tenth-value thickness of earth for initial gamma
radiation 1s about 26 inches, whereas it 1s cnly 12 inches for
the residual gamma radiation. The overall radiation reduction
{protection) ractor for a given thickness of earth for each of
these two types or ‘radiation is shown in Figure 15.

_ Figure 16 shows the initial nuclear radiation and over-
pressure as a function of range and yield for a surfaceburst.
According to Pigure 16, the initial nuclear radiation from a
1-MT surfaceburst 1s less than one rem uhene‘fr the overpressure
is less than 5 psi. However an éﬁerpressureggf 30 psi (the
approximate radius of the fireball) corresponds to an initial
dose of 10. rem, and an overpressure of 100 psi to an initial
dose of about 2.6 x 10° rem, for a 1-MT burst.

1

These estimates are qualified in the Effects of Nuclear
Weanmons as follows (par. 8.27):

"The data are based on the assumption that the average
density of the air in the transmission path, between the
purst point and the target, is 0.9 of the normal sea level
density. Because of variations in weapons design and the
different characteristics of the gamma rays associated
with fission and fusion, as well as for other reasons (par.
8.85) the gamma ray dcses calculated from Figs. 8.27 a and
b - cannot be exact. For yields from about 1 to 100 kilo-
tons TNT equivalent, they are relisble within a factor of
two or so; from 100 kilotons to 1 megaton, within a factor
of 5§; and above 1 megaton, within & factor of about 10."

The data of Figures 15 and 16 illustrate an important con-
sideration for the design of blast shelters in the 30 to 100 psi
renge; namely, that protection against blast and residual radi-
ation does not automatically guarantee protection against initial
radiation. Suppose, for example, a 30 psi shelter has a PP of
1000 against residual radiation -- i.e., the protection equiva-
lent to about 36 inches of earth. The sane thickness of earth

!

l?ron Fig. 2.16, discussion p. 86, USAEC CEX-62.2 Nuclear Bomb
Effects Computer, Fletcher et al, February 1963.
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a protection factor of about 25 from the initial
A protection factor of 25, applied against a dose of
the 30 psi blast level, would result in a total in-

shelter dose of %00 rem. Similarly a 100 psi blast shelter with

a PF of 10

,000 (48" earth) against residusl radiation gammas

might offer a PP of only 70 against the initial gammas. -Since
160 psi corresponds to 2.6 x 10° rem for a 1-MT surfaceburst
(Figure 16), there 1s a possibility at the 100 psi level of an

in-shelter

dose of about 3700 rem. These estimates are very

rough decause no consideration has been given to the different
geometrical relationships between the radliation source and the
shielding material in the two cases, and because of the large

)




mcertainties in the initial radiation dose level noted above.
'urther, they are based on a 1-MT surfaceburst. They do 1llus-
;rate, however, the necessity to take initlal radiation into
iccount when designing blast shelters in the 30 to 100 psi
‘snge, and the very large amount of shielding that may be re-
‘juired to protect against initial nuclear radiation at these
evels of blast. ‘

»» RESIDUAL NUCLEAR RADIATION

Residual nuclear radiation is defined as that radiation
mitted from the radioactive byproducts of & nuclear explosion
.ater than one minute from the instant of the explosion. The
iources and characteristics of this radiation vary with the per-
'entage contritution of fission and fusion to the energy release
if the weapon. Those radioactivities induced by neutron capture
n earth and bomb materials are of immediate interest only in
rleapons whose fission fraction is less than about 10 percent.
therwise, as shown later, the gamma radiation they emit 1s
iominated by that from the fission products.

1

When uranium (or plutorium) undergoes fission, about'one-
enth of 1 percent of the mass of the fissioning atoms 1is con-
erted to energy. The rest 1s accounted for by over 200
4fferent isotopes of 36 different elements. Each fissioning
ranium atom gives rise to a pair of fission products whose nass
s almost that of the unsplit atom. For each klloton of energy

For some weapons, neptunium 239 (half-life 2.3 days, average
gamma photon energy = 0.27 mev) may be created in such
quantity as to constitute a significant hazard in addition to
the fission products. See Table 10.
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'rtlcased,l 56 grams of uranium = 1.45 x 1023 urantium atoms are
fissioned.

When & nuclear weapon is burst in the air, the mass of the
fallout particles consists of the weapon casing and the fission
fragments. The particle diameters lie largely in the range of 2
to 12 microns, and most of the particles take weeks or months to
reach the earth. Under these circumstances most of the radio-
activities which give rise to an external gamma radiaticn hazard
decay harmlessly in the air. However, long-lived internal

IBy definitions, 1 kiloton 1is 1012 calories = 8.2 x 101° ergs
e 1.15 x 10° kilowatt
hours

» 2.64 x 10°° mev
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emitters (strontium 90, half-life 28 years; cesium 137, h:lf-
1l1fe 30 years), 1f deposited in sufficient concentrationa,.can
still present an internal hazard via the food chain.

The approximate distribution of the radloactive materizl
from a surfaceburst on particles of different sizes and the time
required for these particles to fall from different altitudes are
shown oA Pigure 17.. The approximate height and radius of the
top of the mushroom cloud into which the fallout particles are
1ifted by rising alr currents before being scattered by the
winds are shown in Figure 18.

Hany different mathematical models of varying degrees of
cozplexity have been developed to predict when and where the
{

N
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particles of different sizes will be redeposited on the earth.
It 1s evident that the answer must depend on the speed and
direction of the winds, or more exactly, on the speeds and di-
rections of the wind at different altitudes and different
locations of the fallout pattern. Tne results of the various
models differ widely,l and no one is sure which model is more
correct or whether or not any of them are sufficlently accurate
to give a relisble estimate of what doses and dose rates will
actually be experienced at various locati-ns oa the ground at
various times following a nuclear detonation.

An 1llustration of the difference between a predicted and
an actual fallout pattern is shown in Figure 19.

. In spite of the great difference possible between pre-
dicted and actual fallout patterns, it is assumed that idealized
patterns are useful as an indicaticn cf the shapes and levels of
fallout deposition patterns which could reasonably be antici-
pated as a result of surfacebursts of different ylelds, under
different conditions of wind. It should be noted that currently
avaiiable fallcut models assume that no precipitation or
irregular wind conditions occur in the area where the fallout
particles are deposited.

r. ggSES AND DOSE RATES FROM A UNIFORM DISTRIBUTION OF FISSION
CN_THE GROUND

it 1s a common assumption of most fallout models that only
the fission product radioactivity will be directly considered
in the computations, and that the fission products will be
considered unfractionated -- that 1s, the relative ccncentra-
tions of the many different radionuclides present in any sample
of fallout are the same as for the radioactive debris takea as a

‘ whole.

1;1D-7632 Radioactive Fallout from Nuclear Weapoens Tests, pro-
ceedings of a conference held in Germantown, Maryland,

Eovember 15-17, 190 "SAEC.
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With this assumption, there exists a simple, time-invariant
scription of the fallcut contamination level at a given loca-
on, nasely the number of kilotons-equivalent of fission
oducts deposited per unit area. External gamma dose rates
d accumulated doses three feet above a smooth, infinite pl&ne
ntaminated to a ievel of 1 KT per square mile are shown in
tle 9.
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An aiternate, time-independent methcd of describing a
fallout contamination level 1is in terms of the roentgens/hour
infinite plane dose rate, nor—alized to one hour -- that is
assuming that all the fallout whickh is eventually deposited at
8 given location hasz in fact teen depositzed at one hour
following the detcnation. The relation between those two de-
scriptions 1s indicated in Table 9; 1.e., 1 KT/mi? = 3720 r/hr
at 1 hr.
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Table 10. APPROXIMATE CONTRIBUTIONS OF INDUCED ACTIVITIES
AND FI3SION PRODUCTS TO FALLQUT INFINITY DOSE

} Xareal Uocaoa.!lsiél"gg%£3}Li:g;::3.”s TTean Ycapon
: Average Mew/ Serfacobyrst Aichurst Syrfscedurst
Activity | Half.Life ;Disiategraiion Low| Typtcal | High | Lew AY,pical . Migh Typicel
v-200. | 14.2 ars. 0 9.34 Pael e | . 10’ ¢0 | 300
Na-2¢ | 1S wrs. 415 ' so| 250 . ' s 10
Rp-239 | 2.35 deys 0.27 e 250 200 ; 40 | 250 900
8-237 | 6.75 days 0.1 . as| 150 358 | 35 1s0 350
Fe-59 | 45.1 days e e ) 2 9 1 2
Co-S8 | 72 days c.97 I R | »n ) 2 20
Co-57 | 270 days 6.13 0 ' 113 0 T ! e
Ka-54 | 300 days |  0.08 P 3 » | SRR 1
Co-60 |S3yrs. 1 250 3l | | 3] 10! a2
Ma-S6 {2.6ars. ;  1.80 . 15| 188 90 ° o ' o
Total Induced | $ 837 o2 $00
Fissiea Products i 6098 s%0e i 00

BOYE: WNormal wadpon assumed 50 gr-cent fisston yield. Claan welpin stsemed S pevcent
fisston yield. Ffissionm products assumed unfractiszates. Infinity dosp * dese
from 1 hoyr te - hours.

SOURCE: USAEC Externs) Canme Coses and Dsse Rates from the Za'lout fros Wuclese E€xple-
siens, N, A. Knapp. Fallout Studies Brarch, Glv. Biology and WNedicixe, Kay 14,
TG, reprinted P. 527 3t s2q. MNearimys oe Clvil Defense bofore a Subcomxitten
of the (cmatites on (evernment Cperaliens, B3t Comgress, March 1989,

It 13 clear from Table 9 that the doses and dose rates
ixperienced at a given location at variocus times following a
uclear burst will depend very much >n how long 1%t takes for
211 the fallout which 1s going to be deposited at a particular
location to be deposited. Fallsut deposition times, as with
sther features of the fallout models, are subject to large un-
sertainties. At areas ciose to the point of detcnaticn (say
in areas of 30 psi overpressure or more) sc=e fallout (or
shrowout) will begin within minutes. At greater distances --
It 15 estimatedl that the time of fallout arrival is about 28
iinutes. One hundred milec from the pnint of detonation the
fallout may not begin for 3 to 6§ hours and 1t mey last for
leveral hours.

An estimate of the approximate contribtution of induced
ictivities to the infinity (spproximate 1 year) dose from clean
ind normal weapons 1is shown in Tadle 10.

Ege Effects of Nuclear Weapons, op cit., par. 9.8%,




G. CONTAMINATION LEVELS ANL. ACCUMULATED DOSES IN AN IDEALIZED
' FALLOUT FATTERN: SCALING WITH YZIEZLD AliD WIND

Fallout particles of a size larze enough tc be visible
against a white sheet or paper -- say those with diameters in
© excess of 50 micronsl -- are for the most part deposited within
24 hours from the time of detonation. They contribute the most
immediate and mos* predictatle threat from the fallout of a
single-weapon burst. That portioa of the fallout which occurs
within 24 hours is (somewhat arbitrarily) called early fallout,
as opposed to delayed railout which cccurs after 24 hours. It
1s the doses and dose rates from early fallout which one
attempts to define with an ideallzed fallout pattern. For land
surfacebursts in the megatcn range, it is estimated that from
50 percent to 70 percent of the radicactivity created by the
nuclear explosion will be deposited as early fallout.

Sample fallout patterns from the fallout model described
in The Effect of Nuclear Weapons ape shown in PFigures 20 and 21.
Figure 20 1llustrates how the tctal dose may accumulate during
the first 18 hours following detonation. Figure 21 shows the
time-invariant level of contaminaticn, and may be used in con-
Junction with Table 9 to obtain accumulated doses and dose rate:
once all the fallout at a given locatlon has been deposited.

The dose rates and doses shown in Figures 20 and 21 are
for a 1-MT surfacebu. 't of 100 percent fission yleld. They
must be scaled down by a factor equal to the fraction of the
total yield due to fission. This fraction 1s normally taken as
1/2 for illustrative purgcses, althcugh fractions as iow as 1/3,
and as high as 2/3 indicate the general range of uncertainty
introduced by this factcr. '

1 6

1 micron = 10° ; meter e 10~3 millimeter.
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An important factor to consider in connection with the

fallout contours given in Pigure 21 is how they scale with
yield and wind. This is described in The Effect of Nuclear

Weapons as follows:

"In order to obtain the idealized fallout pattern for a
fission yield of F megatons, the values of the various
centour 1lines in Fig. 9.73 =ay be multiplied by F. Thus,
for & weapon having a total yjield of M megatons with 50
percent of the energy derived from fission, the factor
would be 0.5M. This scaling procedure, although highly
simplified, gives reasorably good results for surface
bursts froum aboul 100 kilotons to 10 mesgateone fissicon
yield. However, the higher values of dose rate (and dose)
are probably overestimated for fission ylelds in excess of
1 megaton. Except for i1nclated points in the immediate
vicinity of ground zero, observations indicate that unit-
time reference dose rates greater than asbout 10,000
roentgens per hour are unlikely. A possible reason is

that as the weapon yleld increases so also does the initial
volume of the radioactive clcud; hence, the maximum ccncen-
tration of actlivity in the c¢cloud does not change very much
with the yield. The faliout contamination moderately near
grourid zero, where the dose rate is high, will thus not
increase in proportion to the yleld, as the sample scaling
law given here implies. At greater distances downwind the
law 18 much more relliable becaiuse as a result of spreading
by the wind, the 1initial cloud volume has relatively little
influence on the concentration of fallout on the ground.
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®*9.76 It should be noted that the procportional scal-
ing procedure makes no allowance for the effect of the
tntal 1.e., fission plus fusion, yleld; thus it predicts
ti.e same fallou! pattern for a l-megaton all-fission

detonration as for a 2-megatcn 50-percent {ission explosion.

Actually, the unit-time reference dose rate near ground
zero might be somewhat smaller in the latter case becausge
the same amount of radicactivity would be spread through a
larger volume of the initlal cloud. At greater distances
downwind from the burst point the effect of the initial

cloud concentration is small, as indicated above. PFurther-

more, at such locatiuns the dilution effect may be compen-
sated by the fact that the cloud from the c-megaton
explosion will probably rise higher, thus increasing the.
distances at which particles from the same relative
position in the cloud will ~each the ground.

"9.77 As stated in 9.65, the effective wind speed
and direction are the mean values from the ground up to a
certain level in the radlocactive cloud, depending on the
total yleld of the explosion. As a very rough approxima-
tion, the atmespheric layers over which the wind is to be
aversged as a function of the weapon yield, are as

‘follows:

Total yield Layer

Less than 1 MT Surface to 46,000 feet
1 MT to 5 MT Surface to 60,000 feet
More than 5 MT . Surface to 80,000 feet

These values should be adequate for the rough evaluation
of hypothetical fallout situations based on the idealized
patterns. More elaborate prediction schemes take into
consideration the winds at different levels instead of a
single average effective wind.

- "9.78 If there is no directional wind shear, then
doubling the wind speed would cause the particles of a
given size to reach the ground at twice the distance from
ground zero, so that they are spread over roughly twice
the area. Based on this conclusion the following scaling
laws ma; be used in connection with the 1dealized iallout
pattern: (a) the unit-time reference dose-rate value for
each contour in the 15-mile-per-hour wind velocity pattern
in FPig. 9.73 1s multiplied by 15/v where v 1is the actual
effective wind velocity in miles per hour and (b) the
downwind distances in FPig. 9.73 are multiplied by v/15.
Por a 30-mile-per-hour wind, for example, the contour
values would be halved and the distances doubled.

*9.79 It will be apparent that in scaling for either
yield or wind speed the values of the dose-rate contours
are changea. The scaled downwind extent for any given




contour valu: may readily be obtained by plotiing the
scaled dose rates versus the scaled downwind 2istances cn
logarithnic braph paper and reading downwind 2istances
correspondinsg to the desired contcur value fr:m the re-
sulting smoocth curve.

"3oth the 1dealized 15-mile-per-hour pattern In Fig. 9.73
- and the wind scalings procedure tend to maximize the down-
wind extent of the dose-rate contours since <rzey involve

the postulate that there 1s very little (or n3) wind
shear. This 1s not an unreasonable assumpti:n for the
continental United States, since the wind si.zar 1z Zsnsr-
ally small at altitudes of interes: from tre standpoint of
fallout. 1If there is considerable wind shear, e.g., 20°
or more in the lower half of the mushroom hezd, the fall-
out pattern would be wider and shorter than :hat based on
Fig. 9.73. The actual unit-time reference dcse rate at a
specified dosnwind distance from ground zero for a glven
effective wind speed would then be smaller t= .an predicted.
The crosswind values at certain distances miznat, however,
" be increased.

"It may be noted that the method for win i scaling de-
scribed in 9.78 may be approximated by another procedure;

-

the reference dcse-prate contour values are --.t unchanged
but the. distances in Fig. 9.73 are multiplies by (v/15)1/<,
If considerable wind shear exists, a better :aproxinatioq
may be obtained by using the factor (v/15)1/3. 'The results
of this approximation are not rellable for d-se rates
greater than about 1,000 roentgens per hour Ior reasons
similar to those given in 9.75."

The ENW mode‘ described above differs in a numnber of ways
with a more comprehensive and detailed model deve-aped by Pugzn
and Galiano1 and subsequently modified by Pugh in 1961 in con-
Junction with a Pallout Subcommittee of the Advis:cry Committee
on Civil Defense, National Academy of Sciences, f:r use by the
National Resources Evaluation Center.2 A tabulation of the
WSEG-NAS model results for a number of ylelds and winds of

interest 1is presented .in Appendix D.

IQSEG Research Memorandum No. 10, An Anaiytic Model of Close in

Dgposi*ion of Pallout for Use in Operational-Tyrz Studies,
George &. Pugh, Robert J. Galliano, October 1959.

zﬁerber, Gildbert J. and Heffter, J. L., A Compari:sn of Fallout
Model Predictious with a Consideration of Wind =lfects, p. 122,
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One difference betwcen the ZNW and WSEG-NAS models 1s that
the maximum Hél-hour d-:= rate In the wSEG-NAS model is not
T'%\twd bn §#yM0 B/N5 at 1 hr. For example, the WSEG-NAS .

.. v\ Viidlcates an H+i-hour contsur of 30,000 r/hr at 1 hr.
ov¢0 a TU2 square mile area for a 100-MT 100 percent fission
surfaceburst, a 10-knot wind, and an effective fallout shear of
0.1 knot per 1000-foot altitude.

H. METEOROLOGICAL DATA FOR USE wITH FALLOUT PREDICTION MODELS

The principal information rneeded to apply the models de-
soribed above to deternine the fallout at any d'oigna* 24 point
is: . n

oThe yleld, fission yleld, and burst points of the weapons
contributing fallout to that point,

eThe effective wind speed and direction (and for the WSEG-
NAS model, the effective fallout shear) at the points of
detonation of the weapons contributing fallout to that
point.

The wind speed and direction could, of course, be almost
anything- There are, however, seasonal regularities in wind
conditicns at given places throughout the countr§y. These are
described in some detail in Chapter S5 of DOD-CCD Federal Civil
Defense Gu_ide.1 The most important data and discussicn are
reproduced in Table 11 and in the follovwing parégraph:

"Daily Variability |

It should be noted that the data in Table XI, this report,
and Figures 9 through 13 represent mean or averaged data,
based upon five years of upper alr observations. On any
one day, the actual direction and speed may vary consider-
ably from the seasonal or annual mean. Table II shows the
ratios of the vector standard deviations to the average
wind speeds for winter and summer and the range of the

mean seasonal direction in degrees for each of the 52 rawin
locations. The former tabulations indicate the ratio of
the scatter to the scaler magnitude of the vector and thus,

150p-0cD, Pederal Civil Defense Guide, Part E, Chapter 5,

Appendix 6, Application of Meteorological Data to RADEPF,
December 15, 1963.




Table 11. CLIMATOLOGICAL MEAN WIND DIRECTION (D) AND AVERAGE
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are a measure of the r:sliabiiity of the mean as a predic-~
tion. The mean data in Table I are more representative of
the winds on any particular day where the ratio of V/S has
a low value, Tor example, the mean data for Washington in’
winter (089 degrees, 495 kncts) has a V/S value of .55
whereas the surmer mean data (112 degrees, 10 knots) has a
V/S value of 1.57. Therefore, the mean winter data for
‘Washington are more representative of the winds on any one
day during the winter than the mean summer data are repre-
sentative of the winds on any one summer day. Fur.her, at
Ft. Worth in summer when V/S equais 3.56 the mean summer
data (282 degr2es, 4 knots) would not be a very reliable
prediction for the winds on any one summer day."

I. DOSES AND DOSE RATES IN OVERLAPPING FALLOUT PATTERNS

Since no attempt has been made to estimate the possibie
level of attack on military targets, or the distribution of such
an attack throughcut the Uniied States, it 1s not possible to
give an example of the integrated fallout pattern throughout
this country for even one set of wind conditions. What will be
considered instead 1s an estimate of the maximum level of fall-
out which =ight reasonably be anticipated in and around a
reasonably large populated arcsa subjected t¢ a direct attack.
Specifically, it will be assumed that 3 10-MT, 50 percent
fission yield weapons havé been surfaceburst in such a way that
the 5 psi circles are just tangent to each other. The wind
speed selccted 1z 10 knots -- the average for the Washington,
D.C. area in the summer (see Table 11). The model used will be

the WSEG-NAS model, the effective wind shear 0.1 kt/100C-foot .

altitude. One wishes to examine how the H+i-hour contour
levels, and the first w2ek dose (maximum biologlcal dose) con-

tour levels can overlap under these conditions. The individual

patterns, with overlap indicated, are plotted in Figures 22
and 23.

It may be seen from Figure 22 that most of the area covered
by the 5 psi blast level has a contamination level of at least
1500 r/hr at 1 hr. About half the total 5 psi area and somewhat
more of the downwind area outside the 5 psi circles are
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contaminated to a level of at least 5000 r/hr at 1 hr.
Significant areas within the 5 psi blast level and dow :!ind of
it are contaminated to levels in the range of 5000 to 10,000
v/hr at 1 hr. The highest levels indicated by the patterns are
about 13,000 r/hr at 1 hr. Very extensive areas downwind are
overlapped by all 3 patterns, for a total contamination level
of at least 4500 r/hr at 1 hr. '

Prom Figure 23, 1t is seen that a maximum bicloglcal dose
(approximately equal to the total dose during the first week)
through most of the Srpsi area 1s'at.1east 5000 r, that it 1s
about 15,000 r over significant positions of the blast area
and beyond, and that it reaches about 26,000 r 1is the arcs of
greatest intensity.

. These results are for a fission yleld of 50 percent. They
should be increased by 1/3 1f the fission yleld is increased
from 1/2 to 2/3. They would increase if the effective wind
were less than 10 knots, or if there were heavy fallout from
other targets. They would decrease i1f the effective wind were
greater than 10 knocs, or if the fission yield were 1lsss than
50 percent. They would disappear altogether if the weapons |
were airburst. - ’

One cannot draw reliable general conclusiocns as to the |
level of rallout contamination against which protection should
be sought in and sround all urban areas by a single 1llustrati
example uaing one of several fallout models, und considering
only an area subject to heavy attack. For fallout, as with
blast and heat, each area requires speclal study, and each erea
must be considered in light of many postulated attacks on the
country as a whole. The-data and methods described in this
paper show one way of making such a study, ﬁrovided additionai
assumptions are made as to the weight and distribution of
attacks on military targets.
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There.is, perhaps, one <entative conclusion of some
importance which follcews frcm the %3E3-4AS moeel., Namely, that
in areas in and around a {arget sutJected to multiple attack
with high-yleld surfaceburst weapens, c:cntamination levels in
the range of 5007 to 10,302 r/hr at 1 iir, and first-weesk doses‘
in the range of 15,030 r tc 30,000 r are not unreasonable |
fallout levels tc consider -- along w#ith other factors such as
cost -- in the design of shelters and in planning recovery
operations. ' -
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Table 2. POPULATION, LAK REAS, AND DENSITY OF U.S. URBANIZED
AREAS (1960 CENSUS)
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Excerpt from Statement of Secretary of Defense
Robert S. McNamara before the House Armed
Services Ccmmittee ca the Piscal Year 19€2-70
Defense Program and 1366 Defense Budget,
February 18, 1965.

CAPARTLITIES OF THE PROGRAMED FORCES FOR DAMAGE LIMITATION

The ultimnte deterrent to a deliberate nuclear 2<tack on
the Unfited States and 1ts Allles 1s our clear and uncistakable
abllity %o destroy an aggressor as a viadble society, even after
cur forces have been attacked. But 1f deterrence falls, whether
by accident or miscalculation, it 13 essential that f:rces be
evalladble to limit the damage of such an attack to ourselves and

our Alllss.

The utility of the Strategic Offensive Forces 1ir. the Damage
Liniting role 13 critically dependent on the timing ¢£ the enemy
attack or U.S. urban targets. PFor example, 1f an en2=y missile
attack on U.S. cities were to be sufficlently delayed zfter an
attack on U.S. military targets (an unlikely contingen:cy) our
strateglic missiles (which can reach thelr targets in less than
one hour) could significantly reduice the welght of thz* attack
by @estroying, prior to launch, a large part of the eremy's
forceos withheld for use az2inst our clties.

I the urban attack were delayed still longer, cur bomber
force could also coniribute to the Dumage Limiting oblective.
Hovever, 1f the eneomy were to launch his attack agairnst our
urdan areas at the beginning of a general nuclear war, our
Strategle Offenslve Porces -- both missiles and bombers --
would have a greacly reduced value in the Damage Limi<ing role.
Their contridbution in that case would be linmited to tne de-

truction of enemy residusl forces -- unlaunched strztegic
elsslles and bembers, re-fire missiles, and any other strategic
forcez the enemy might withhold for subsequent strikes.

Since we have no way of knowing how the enemy wculd execute.
8 nuclear attack upon the United States, we must alsc inten-
slvely explore alternative "dzfensive” systems as means of
limiting damage to ourselves. The problem here 1s tc achieve
an cptimun Balance among all the elements of the general nuclear
war foreess, particularly in their Damage Limiting role. This
i3 what we mean by "balanced” defense.

Althouzh a deliberate nuclear attack upon the United States
moy seem 2 highly unlikely.contingency in view of our unmistak-
eble Assured Destructicn capabllity, 1t must receive 2 urgent
attontion because of the enormous consequences 1t woul.d have.

In thls rogord, I should make two pointe clear. Pirst, in order
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to preclude any possibility of miscalculation by others, I want
to reiterate that although the U.S. would itself suffer severely
in the event of a zeneral nuclear war, we are fully committed to
the defense of our Allies., ' Second, we do not view Damazge Limita-
tion as a question of concern only to the U.S. Cur offensive
forces cover strateglc enemy capabilities to inflict darmage on
our Allles in Europe Just as they cover enemy threats to the
continental U.S.

To appreciate fully the implications of an attack on cur
cities, it is useful to examine the Assurcd Destruction oblective
from the attacker's point of view, since our Damaze Limitirg
problem i3, in effect, his Assured Destruction problem.

Several points are evident from our spcliy=iz ¢f this problem.
First, it 1s clear that with limited fallout protecticn, an eneny
attack on our urban areas would cause great loss of life, chiefly
because of the heavy concentration of pepulation in our larse
cities, which I noted earlfer. Secoud, tae analysls clearly
demonstrates the distinet utlility of & nation-wide fallout shelter
program in reducing fatalities, at all levels of attack. Taird,
the analysis shows that the attack would destrey a large percent-
age of our industrial capacity. Each successive doubling cf
the number of delivered warheads would increase the destruction
of our populatiocn and industrial capaclty by proportionately
smaller amounts, since smaller and smaller cities would have to
be attacked.

.In order to assess the potentials of various Damage Liziting
programs we have examined & number of "balanced” defense pcstures
at different budget levels. These postures are desligned tec defend
agalinst the assumed threat in the early 1970s. To 1llustrate the
cricvical nature of the timing of the attack, we used two 1lizlting
cases. Flrst, we assumed that the enemy would initiate nuclear
war with a simultaneous attack against ocupr citles and mili-
tary targets. Second, we azsumed that the attack against our
citles would be delayed long enough for us to retzliate against
the aggressor's military targets with our missiles. In bota
caseg, we assumned that all new systems will perform essentially
as estimated since our mailn purpese here was to galn an insight
into the overall problem of limiting damage. The results
of this analysis are summarized in the table below.
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- Estimated Effect on U.S, Patalitles of Additicns to
the Approved Damage Linmitinz Program
(Based on 1970 population cf 210 miilion)

Additional Millions of U.S. .atalities
Investoent Early Urban Attack Delay.d Urban Attack
$ 0 billion 149 122
5 billion ' 120 . 90
15 billion | 96 | 59
25 biliton - - 78 b1

The $5 billion of additional investment (of which about $§2
hiillion would come from non-Federal sources) would provide a
full fallo.t sheiter program for the entire population. The
$15 billion level would add about $8-1/2 billion for a limited
d@ploymﬂnt :f a low cost configuration of a missile defense
system, pius about $1-1/2 billion for new menned bumber defenses.
The $25 tiilion level would provide an additionsl $8-1/2 billicn
for anti-zissile defenses (for a total of about $17 billion) and
another $1-1/2 billion for improved manned bomber defenses (for
a total of $3 biliion).

The number of strategic missiles reguired to take full
advantage of the possibility that the azggressor might delay his
attack on our cities 1is already included in thu forces programed
through 1970.

The high utility of 2 full nation-wide fallout shelter
program in the Damage Limiting role 1s apparent from the foregoinz
tadble ~- 1t would reduce fataiitles by about 30 million compared
with the present level of fallout protection. The following
table shews that a transfer of resources from fallout shelters to
other defensive systems would result in substantially less effec-
tive defense postures for any glven budgzet level.

Estimated Effect of Pallout Protection on U.S. Patality
Levels for Several Damaze Limitinz Prograns
(Based on 1970 total population of 2i0 miliion)

Hillions of U.S. Fatalities

i Early Urdan Actack Delayed Urban Atta
Additional artial Full “Partial Full
Investment Protection Protection Protection Protecti
$ 0 billion 149 149 122 122

5 billien 145 120 107 90
15 billion | 121 96 19 <9
25 billion 107 78 59 b1
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The figures indicate that in the case of an early attack on:
ur urban centers, for the same level of survivers, any Damage |
Amiting program which excludes a complete fallout shelter
ijystem would cost at least twlce as much as a program which in-
tludes such a system -- even under the favorable assumption that
:he enemy would not exploit our lack of fallout protection by
jurface bursting his weapons upwind of the fallout areas. In
dddition, fallout shelters should have the highest priority of
iny defencive gsystem because they decrease th2 vulnerabllity of
:he population to nuclear contamination under all types of
ittack. Since at the $15 and $25 billion budget levels, the
walk of the additional funds would go to miasile defense, a
ilgh confidence in the potentlal effectiveness of the system
iould have to be assured before cormmltment to such large
txpenditures would be Justified. PFurthermore, at these budget
ievela, missile defenses would: also have tb'be interlocked with
tither local or area bomber defenses in order ta avoid having
me type of threat undercut a defense against the other.

Although missiles clearly have a better chance than bombers
if destroying resldual enemy offensive forces because they can
wach them much sooner, we also examined the effectiveness of
ombers in the Damage Limliting role. In one such analysis we
ompared ¢ sirateslic alr urmft -- the AMSA -~ and two strateglce
iissiles -- MINUTENAN II and an improved missile for the 1970s.
This improved missile could ve do v&lcw&d and deployed within
he same time frame sz the RM3A). ﬁlthmugb there are many
meertainties with regard to both the assumptions and the planning
‘actors used in this comparison, it did demcnstrate clearly oue
mportant point, namely, that there are less costly ways of
lestroying residual enemy missiles and alrcrafi than by develop-
ng and deploying a new ANSA -- even ignoring the fact that enemy
dssile silos and bomber flelds are far more likely to be empty
g the time the bombers pass over than when the mlssiles arrive.

There 1s &lso the possibllity in the 1970s of a smail
mclear attack on the United States by a nation possessing only
, primitive nuclear force. Accordingly, we have undertaken a
umber of studies in this area. OQur preliminary conclusion is
hat a small, balanced defense program could, indeed, signifi-
antly rm&uc& fataiities from such an &ttmck. However, the
ead time for additional naticns to develop and deploy an
ffective ballistic missile system capable of reaching the
nited States 1s greater than we require to deploy the defense.

In summary, several tentative conclusions may be drawn from
ur ezaminatiocn of the Damage Limiting problem:
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(1) With no new U.S. defenses agalinst nuclear attack
in the early 19708, the strateglc offensive
forces likely to confront us could inflict a very
high level of fatalitles on the United States.

(2) A nation-wide civil defense program costing about
$5 billion could reduce fatalitles by about 30
zillion. :

(3) I? active defense systems operate as estimated,

8 lerce, balanced Damage Limiting program for

an additicnal $20 billion could reduce fatalitles
associated with an early urban attack by another
40 million.

'!‘ (4) Thore 13 no defense program within this general

! range or expenditures which would reduce fatalities
to & level much below 80 million unless the enemy
delayed his attack on our cities long enough for
our missile forces to play a major Damage Limiting
role.

Horeover, we have thus far nc% taken into account a factor
which I tcuched on at the teginning of this discussion, and
that 15 possidle reactions of potential agzressors which could
sarve to offset our Damage Limiting initiatives. ULet me i1llus-
trate this point with the following example. Suppose we had al-
roady spent an additional $15 billion for a balanced, Damage
Limiting posture of the type I described earller, expecting that
1¢ would 1imit fatalities to, say, 95 million in the event of
. @A first strike against our cities. We then decide to spend
enother $10 billion to reduce the fatalities to about 75 million.
If the ensmy chooses to offset thils increase in survivors, he
ahould be adble in the 2970s to do so by spending about $6 b111101
zore on his offensive forces, or 60 percent of our cost.

At each successively higher level of U.S. expenditures, the
ratio of our costs for Damage Limitation to the potential
agzressor's costs for Assured Destruction becomes less and less
favorable for us. Indeed, at the level of spending required to
1limit fatalities to about RO million in a large first strike
against onr cities, we would have to spend on Damage Limiting
programs about four times wnat the potential aggressor would
have to spend on damage creating forces, l.e., his Assured
Deatzructicn forces.

This argument 13 not conclusive against our undertaking a
msjor new Damage Limiting program. The resocurces avallablie to

the SGVQMt3 are more limited than our own and they may not actually
raact to our initlatives as we have assumed. But 1t doez underscore
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CLINICAL FEATURES OF RADIATION INJURY

All that is known about the quantitative immedlate effects
of varicus radiations on normal humans comes from analysis of
expepience with radiation therapy (sick humans), from studies
of accidental exposure, from the study of the Japanese who
survived the atomic bombing, and from controlled experiments
with animals. Even though much of the information i3 Indirect,
more 1s known about radistion than about any other agent cagable
of ecausing mus3 casualtlies. In an em@%w&ncy cdue to radioactive
fallout, the casuaslty rate fovr wnay group of people can be
predicted with considerable conlfidsnce, on th: basis elther of
rodicloglical exposure data or of medical evaluation of a
reprosentative ﬂﬁmpl@ of the group. A gysten of pm@@icticn'
conaists of a classificaticn of the variceties of radiation
injuries, the clinicel manifestations end prognoslis of each

iwmtiomml Committee on Radlation Protection and Heasurements
Report Ho. 29, Exposure to Rediation in an Emerseney,
January 1962, p. 59 et seq.

The Defense Atomic Support Agency made the following ecomment
on this. sentence during review cf this paper:

*The statement that in an emergency the c¢asuzlly rate can te
predicted with considerable confidence can be rather mis-
legding. Enough is known, 1f a certaln dose is given, to
pred.ct what would happen to an individual. However, in an
emergency situation, the dosages or conditions of exposure
will not be well enough known. Even 20 years after the
Japanese explosions thes? are not well known. A medical
evaluation will not completely seporate the groups because
there i3 too much overlapping betwoen the groups.®




variety, and the dose, or range of dose, or conditions of
exposure, responsible for each variety.

3. CLASSIFICATION OF RADIATION INJURY

Asyepterntie, or inapparent, or- undetectable radiation
injury cccurs when the brief exposure doée, or the ERD, or the
dose of internal (f-v) radiation 1s less than 50 r. The
effects of a single, brief dose botween about 15 and 50 r can
be detected whon statistical methods are applied to blood-count
data from g sufficiently large group of yeoplé. Presumably,
the same 1s true for the effects of an ERD less than about 50 r.
Except for the statistical chanze in blood count, no cne will
be avare of exposure in this range.

 Acute radiation sickress! (also called the "acute radiatlon

syndroze,” “whole-body radiation injury,"” etc.) is caused by
externcl or internnl y or X radiation. Clinical manifestations
inglude goneral "soxic” symgtomﬁ.z such as weakness, nauses,
€essy fﬁtigu@, ete., ond specific symptoms and signs caused by

_ damaze to the gastrointestinal tract, the blood-formirg orgars,
the central nervous system, etc. The signs of radlation sick-
ng3s includse aléerations of the blood count, excretion of ab-
norepal substances in the urine, loss of hair (epilation), a
tendency to bleed easily, etc. Radiation sickness may consise
of nothing more than a decrease in the white cell count and
slight fatigue, or it may te sou severe that death occurs with:n
_hours of the onset of exposure. Five clinical groups can be
distinguished on the dasis of severi’: which can be correlated
with the size of the dose. o '

1ﬁ&ﬁiatioh sickness 1s described as acute when clinical mani-
festations occur early and do not last longer than 6 months.

23ym9toms are what the patient complains adout, e.g., headache,
weakness, ete. Signs of radiation injury are observed by an
exanliner, e.g., hemorrhage, loss of hair, ete., or detected &ty
a laboratory test, e.g., low white cgll count, etc.
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@roup I: Less than hmlf this group vomlit within 24
hour3 after the onset of exposure. There arse cither no

subsequent symptoms or, at most, weakness and ensy fatigue.
There is & &@crwmﬂm in the white blood coll ceount (whieh

18 most marked in the case of the lymphocytes) and in the
pletelet count. Less than 5 percent (1 cut of 20) require
sedlical care. All others can perform fthneir customary tasxs.
Any deaths that occur are caused by complications. Sickness
of this typc has been scen after briefl, whole-body doses of
v énd X pradiation in the range of 50 to 200 r. An ERD of
wggmwm%l v radiation cf 50 to 200 p m&y bave & similar
effect.

the mwwmt mﬁ @m@mmmrm mmﬂ mww sick for w fmw doys. Thia
iz follouwed by & porlicd of 1 to 3 weells when there are few
6y no sycptoms. Durdng the latent pericd, typleal changes
occur in the blood count and can be used for dlasgnosis. At
the end of the latent period, epllation (loss of hailr) is
seen in more than halfl, and this is follawed by a moderately
gevere 1llness due pripaprily to the dzmage to the blood-
forning organs. lost of the pecple in this group require
pedical care. HMore tharn half will survive, with the chances
¢f gurvival beling better fop those who recelvad the smaller
ﬁmmmm. Sickoons of this tynoe %#g been goen alter briel,
le=body doses of vy or T ¥2dlztion on the crder of 200 to
% @ r. An END of ezternal vy radintion of tho sems size will
proebadly cause o cimilar illinegss.

s II3: Thiz 4is & pore serious versicn of the sicke

Gr
ness © wd”ﬁm@d as Sroup II. The initial periocd of illness

is loenger, the latent perlisd 13 shorter, and the malin

episode of illness 1s charucterized by extensive hepore
rhages and complicating infections. Psople in this group
mwwm nedical care and hegpltelization. Lesgs than half will
gsurvive, with the chances of survival belng poorest for those
vho recoived the largest doses. Sickness of this typ@ has
been scén after briefl whole-body v radiation with dose

in ezcess.of 450 r. It 45 possible-that an S8R of @vt@rnﬁl

v radiation of the same size will have a simllar effect.

Group IV: This is an accelsrated version of the sicke
ness descriced as Group III. All in this growp begin to
vomlt soon after the onset of exposure, and ¢this econtinues
for several days opr until dfeath. Damage to the gostrow
intastingl tract predoninates, m&nifm@%mﬁ by intractable
ddarrhea, which soon becomes bicody. Changes in the blocd
eount occur early, and within a few days the total white
cell count may be less than 500 per ma. Peath oceurs

alues cited are for brief, whols-body exposure to 250 kvp
X Poys.
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. before the end of the second week, and usually before the

- eppearance of hemorrhages or epllation. All in this group
need care, and 1¢f 13 unlikely that many will survive.
Sickness of this type has been seen after brief, whole-
body exposure to vy radiation in excess of 600 r. During
protracted exposure to external y ridiation, it 18 not
prodable that an 1llnees of this type would be the first
eviéance of injury.

Groun V: This iz an extrer»ly severe illness in which

-

ma52 to the brain and nervous system predominates,
Symptons, signs, and repid prostration corme on almost as
8con a3 the doze has been received. Death occurs within a
few hours or & few deys. Sickness of this type has been
‘seen after & brief whole-body exposure to y rays in excess
of several thousand r and to equivalent doses from neutrons.

Chronie radiation aickn@@ﬁ} There is almost no information

about the effects of protracted external exposure of man. Some
radium chomists and radliologists who worked with radiation before
the hazerds were recognized frequently developed a progressive
rofpoctory anemia and dled either from the anemis opr from
ecipliending infecticons. Animal experiments provide little
additional Informatien concerning the patterns of chronie
podiaticn sickness thot may oceur in man. At present, we cannot
tell the size of the END that will be lethal, when exposure is
protrazcted over a period of years. '

iThm clekn223. 18 described as chronis when the symptons and
sizn3 porsist beyond € months,
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7
ESTRUTID
ELLIPSE

a8175.57
26736.55
16607 .62
9285.93
&582,22
2128.91
799.16
23u.1
17.77

$2035.60
ko1 § |
2256% .95
12275.2%
3E09.57
2278.37
05,12
178.6%
12.33

7
EEFTTMATED
L8EM
BLrrsl

¢4292.38
37959.80
38923.19
15673.67
6353.33
3333.83
634,65
133.56

8
i hlbird
AN IR
L pherel

30523
255,00
195.0
155,25
105.25
$3.00
2%.25
8.00
3.00

] .
RANCT TO
o]

L2 teed

23%.25
185.08
363.00
108.29
r3.2%
%41.2%
19.2%
3.23




CAALILATTD PUOOUT COTTOURS
WA BI2LSTINML BOST

2.000 EESZI0N YETD 20, IT WLD
GILCIIVE PAAOTR &R L20 RNOTS PR 1000 T ALTITLDD

2 3 4 s 6 ? 8

Boost  EODEM L CUeSTD o mamin o ATNM RADUD R 1

GYED RUIVITI  @IIOED  gimy 4228 Raxmen
RaEITIoS &2 €2T5T v BLPEE  wom
1.68 .20 762 46,25 ST071.51 61819.49  $31.23
3.6 4.0 100 . 3580 39755.61  3730.60 44000
19.09 -2.63 6.45 26,13 21013.77 2253636 341,29
30,09 -3.22 3.6 1871 1201082 12379.37  235.00
155,00 -2.72 5.3 12.31 359197 554949  158.00
359,69 -2.18 4.33 8.19  2595.07 2437.83.  e0.00
1£20.60 3.2 498 0.2 e 350
1.0 2,88 1605  1s1.81- .25

VS WSLSUT SRB .20 RIS PIR 1029 BT ALTIIU

3 'Y s é 7 8
a5z PaTR &Wm ezt Yoamey 0T BT 2002 0
mw ER) o : 1 CROSSDND ARFA 4588 Harnom
BilSwInTH FLLIrIR winTR
L® 73.30  EB5133.3%%  $3391.%8 423,00
3.29 59.23 S1799.68  S9378.%% 399.00
0.0 41.48 2952060  3063%.9) 305.25
28.35  16755.6)  1%499.26 209.2>
«2.73 17.3%  6213.10  $311.82 142,00
«2.10 19.46  1801.98  23%3.%2 89.00
«1.48 8,35 634.6% 615.13 33.00
..” 3’.% : ‘.n 3.@3 m.” Ul.” 5.25
4%%.0 ,
wmrmmmmmmmmmwzamma
6 s 8 7 0
) Drarict flivsiF8 BITDUSED Ramcr o
ST BRI COIIIVLD  a22A &BZA BaRpan
m@ BISTAREZ & RITIF RySvinTH nirree 4 o]
N
L 4,37 664,39 .01 131,61 124810.57 130028.08  #40.00
b X - W] 327.4% 7.69 $5.73  73383.08 €5785.72  341.2%
10.69 «3.8% ue.02 6.52 €5.16  23033.39 49185.30 255 09
30.00 «3.29 216,29 6.18 42,55  17383.09 183%0.35  180.00
223,69 «2.6% 173.03 3.29 28,52 G129.60  6795.30  109.33
3,89 -3.13 109,85 4,52 13.61 ABN2 201 25,29
W.m ."‘a ‘7." ’.M 3.% 513.&1 mo% M.W
3885.09 A7 10.3% 1.68 3.18 97.11 $4.87 3.23
&%%‘m BCEZ  6039.50 A
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7T CONTOURS
ol DHSE

1 000 MESATON YIELD 40, KT WDND
ETELTIVE FALLOUY SUlR 10 IHOTS PER 1000 FT ALTITURE

1 | 2 3 'y 5 L ?
LOST RATE EANTIER | RaEDOM COnETUIRD  MAXDAM vl EOTIHATED
ENICENS /HR)  VIVLD BESAITED  BALPVIDTH  CROSSWIND  ANEA ARZA

FEBLTION YISTANCE L CRICIM MALER I BLIpse

1.9 S 8 1 156919 6.42 39,47 82658.3% 93762.%7

3.00 | «2.83 1224.04 5.93 29.99  53556.07  37794.%%

10.09 -2.52 930,60 5.39 21,21 1W0.24 31081.2%

30.00 i -2.19 635.39 ' -] 14,7 16370.8%  13917.47

100,00 D e1.79 &57,00 4.10 9,46 7138.60 583,47

00 T <1.3% 264.92 3.5 5,36 2760.17  2617,79
1WCy, 00 - N 103,76 2.8 3.0 636.64 662 .63
300C.00 T 25.63 N ] 1.76 63.06 71.68

oM DOSE  3593.20
_ ITECTIVE FalLOUT SHEAR L0 EEOTS PER 1000 £T oALTITLUZ

] 2 3 4 s s ?

DOSE RATE MANTINN iRk CEOSTUIND  HaNDAM KTUAL  ESTDMATED
DOMETTD RALTWINTH CAOSETND ARZA ARES
pISTaEE Al ORICLN maRwTOTH fnLIPsE

1.9 3,10 1329.50 5,64 85,75 1266465.48 137694.30

300 -3.83 33,19 5.97 &8 .57 757%6.27 83367.3s

10,60 -2.52 7768 5.60 32.175 37932.67 &0138.)s

30,09 a3.19 492 .08 4,83 21.5 18153.77 i87%2.6%

160.08 «1.72 34,02 199 § 1 . 12.62 6910 .80 68%3.27

300,00 -1,35 195,01 .33 7.30 260,72 2262.22
160060 .71 83.39 1.1 3.7 $32.73 496.93
300060 .35 22.19 .60 5.75 % .89 61.%6
grm 0T 3537.09

-

IYE PALLOUT SHEsR .40 NMUTS PIR 1000 T ALTITUDEZ

1 2 3 & s ) 7.
BOSZ RMATZ | MARTGN  RAYDAM  QROSIVDID  MAXDSM  ACTUAL  ESTTUTED
BTSEES /150 ) ) DOMWIND BALFWIDIN  CROSSWIND  AREA 4228

; DISTABCE AT CRICIN  HALFWIDTH Biesg

1.09 -3.10 . 1i3%.01 6.51 102,59 1789%1.38 197537.3¢

.69 -2.83 292.99 .03 77,48 99726.57 103022.71

19.09 -2.51 633.48 3.68 30.05  48272.91  $0004.10

.00 -2.19 429.76 5.80 3120 19933.80  21172.96
100,00 -1.78 252.07 6,19 16.95  6367.47  6776.33
309,69 -1.28 135.13 3.3 8.99 1960.78  1929.62
1609.03 T 37.75 . 6.1% 409,27 380.27
00,00 7 15.9% 08 1.72 49.19 &5.0%
EDSRI BUSE  3474.49
TE
4

RajCE 70
MARDIAM

960.00
18).60
375.00
349,00
2i5.00
110,00
26,00
3.29

8
RANCE TO
MARDTH
w1ty

Bnp, 28
673.00
a3, U0
352,25
195,00
9,00

29.2%

5.2%

RABCE 1O
HanTom
winTy

255.2%
$7%.00
359.00
271.2%
135,28
£0.00
29.2%
5.2%




10600 XE2/TI3 YIIID 0, B30T KD
EFETEVE TAL0TR SRR (10 EENTS FER 1000 7 LTRTie

| . | 3 ¢ ? [ ]
BEE3 RATD bt RARTIEDS Pl ELTIMATER RADTE TO
POIITIoN  BETTLTR o 3Ry gie ] vIDTH
] 28,08 20.93 n $588.39 8.3 .00
3.09 «37.%% 27.43 n $149.27  $193.8% .00
19.03 23,80 25.78 $3.13 $350.67 A353.88 .00
.60 -35.00 25,29 2. $2.7% 1»92.09  4012.60 .00
$£5.09 2244 z.x 48 .45 43.6%  3336.%4  3018.:8 .00
¥0.09 -23.%8 .47 44.69 &, o 2833.18  2578.12 .G0
1560.69 -16.12 ©18.23 »n.n .72 3175.93 223,10 .00
039.09 «13.99 15,39 »n.e 3.6 1710.30 1735.9% .00
10540.09 «12.97 12.8% 28.11 28,21 l13v.2® 113.38 .00
¥B30.00 9.5 9.2 0.5 .3 593.02 3%5.33 00
%m oIz $63769.93 '
(i}"b -
EVTITITR Py EER 1000 FT ATITINE
3 ¢ ? 8
28 mn'm T &5t BITIATED  RANSE O
EOTIIIRER) SN AnEa I o Py ria]
: BLT08 BipTH
1,99 28,35 23,23 303.8% 102.65  9117.0%  SIINLTS .00
.50 «25.23 26.72 97.57 97.57 £101.)7  $311.8% )0
30.09 «23.17 2%.08 81.43 91,48 2195.87  7217.88 .00
39.05- - C «23.53 23.48 8 .40 85.88 6297.45  6311.49 .08
120,09 -131.38 - 21.45 72.62 75.42  3192.67  $301.23 .00
380.09 <1044 19.60 73.37 71.37  4267.6%  A39D.9% .09
1550.09 ‘-17.27 17.14 62.73 62.7%  3183.93  3399.62 .G
30,29 ~158.77 15.7% 33.43 23.63  2679.63  5383.4) .00
e ~11.43 11.40 41.%2 41.37  1440.41 1430.9%% .60
39009.89 «7.11 6.99 25.08 25.89  508.73 $72.%2 .00
BTN DOI8 65215.90
RAYS '
VIS FALLOTT SERIR A0 EEOIT PR 1400 TP ALTITIOR
2 3 4 ] 6 1 8

g eon) SOVRERTTD HALTWIDTR COBETETD ARES

«37.47 27.33 i D 4 182.77  15235.95
-33.97 23.63 © 17849 170.49  14303.33
-2.23 25.23 155469 1549 12352.80
-32.52 .41 154,78 136.74  10793.68
«58.48 32.38 30,73 140.73 $30s. 88
~13.43 13.3% 123.52 136.461 72%8.26
-15.87 15.78 399.0% 109.0% 4326.99
-13.11 12.97 - 9.8 3.09 ¥i85.20

«2.10 2.08 03.23 63.0% 175%.7%

-3.03% 1.87 13.13 35.19 £3.3%

31737.23 ‘

105




CALOILATED Patlius COHTOURS
MWD BIOLOGILAL BOsE

10.000 MISLI00 YLD 16, RI0T WIKD
EPTOCTIVE FALLOUT SMRAR .10 K73 PER 1000 FT ALTIIURE

1 2 3 & ] ]
BOSR AATE RLBN Wl TN CROSTIND  HAYDM WSS
WG Ty HA CHWim oo 33D WALFETIY CEOSIWIND A2LA
postzTION SITTanCE & GRIGE WALTWIDTY

L. 13,71 Ti4.93 83.7% 111.63  119218.10
3.0 -13.77 618.82 .41 9.8, 86147.%0
10.09 -11.656 316.46 20.85 12.33 37766.93
3.0 ~11.58 %26.33 19.12 356.35 38221.0%
180.00 «10.27 332.32 17.4% &1.67 227646.72
300.20 -8.93 '231.93 15.83 30.47 1313111
100060 «7.29 171.41 13.29 1n.n 6377.23
3000.00 «3.47 104 .07 12.73 . 13.48 2765.43
30009,.00 -2.85 &£3.62 6.51 9.41 672.93
J0000.00 2.56 7.53 L0 1.80 11.29

‘,Wm LosE 2698%.8%
g -l .

EVPROTIVE FALLOUT SRR .20 MEGTS PR 1000 FT ALTITUOE

3 L] 3 é
i EMeiciind] CROSINTNT HoRLEUN ACTUAL
SOARWIND RalFUETHH CRO S IID ARESR

1
BCOE RATE
BGEWRENS /ER])

DISTASCE AT C2I0T5  MAlPVIDAH
1.00 656,57 26.23 195.53  18%34%.27
3.00 560,18 22,63 158.18  129619.45
10.00 460.16 21,79 121.47  82947.36
30.06 372.96 15,18 92.32  51937.23
100.60 283.13 18.28 $5.10  28593.3%
00,08 108.07 14.29 .93 £049.92
1650, 00 13270 13.85  28.15  6476.21
3669,00 80.53 .12 L .73 2684.77
10360, 60 -2.73 33,14 7.0 | 9.¢9 556.33
WATDEDS POST  25516.72
AATE EUYRCTIVE FPALLOUT SAEAR .40 FRUSS IR 1000 FY ALTITVES
|
1 2 3 4 l's ¢
P0SE RATT  MAZDEW  MDIM  CROSWNTSD  MAXDR ACTUAL
ROXETCINS , ER)  UENTED DOSNWIND  MALPWIDYN  CPOSSWDD  AREA
POSIRION  DISTANCE &2 ORTCLY  RALFWIDTH
1.00 -30.58 59486 8.7 31,76 292075.30
3.00 -13.29 $02.32 27.10 270,76 1973364~
. .00 -12.47 404,95 25.17 203,73 110610.51
.50 -11.37 326,86 23.26 156.37  71619.13
195,90 -10.06 235.67 10.99 105.85 3632190
390,00 -8.8% 166.268 16.26 67.03  17385.00
10%0.00 -6.98 102.20 15.73 9.0 6367.79
305000 -5.09 .76 12.47 22.32  2123.0%
1000000 -1.30 22.18 1.3 12.99 £26.59
MAXDEN TOST 20500.62
RAT,
100

7
IHATED
AREZA
ELLIpsE

127944513
91290.55
63116.233
34201.50
22623.16
126845.60

3%00.08
2713.18
687.1)
28.49

2
EoTRATID
AR
WLLPIE

203551, 31
16268330
96211.57
85734.94
L00L.09
15311.90
$318.090
2603.31
$27.77

7
EETTHATED
AREA
ELLIPSE

J27165.62
220211.0)
323565 .66
164672 .03
n3il.e4
18522.60
€28%.27
2165.49
422.77

]
RACE 1O
HAXDN

vInzs

461.28
3%.00
323.99
271.25
195.60
143.060
£5.00
29.23
11.25
3.25

&

PANCE IO

WIYTH

419.2%
360,00
288.00
239.2%
183.25
131.25
71.23
33.80
13.25

RUTE 10
MAXTTA

379.25%
323.60
235.00
209.23
155,00
99.60
35.29
19.33
8.4



& ﬂ‘m‘ﬂm Mw’»
22.03% mzm LD 0, B0 WD
BTN DSOS m .&9 BT MR W0 9P a7mns

1 | 8 . ?
BBE3 RATS B aemad, EwTe
{EBETIIS/AR)  WELD < . 3 s ~
TR M"""’ﬂ mm LTI

1.3 «13.48% 130968 0.0 $8.42 08523.28
3.65 -11.7% 3183.03 0.0 .0 $32078.99
£9.62 15,7 §i2.70 37464 €3.68 $3335.75

m.% .’o” 7&&371 “Gm ‘70:1 SRR -
¥5.00 8.4 $63.8% 26.59 3.8 i
LD «3.37 411.78 12.99 * 25.33 i 18314, 68
1903.89 -5.52% 235192 18.72 17.38 727, n I3 62
300,60 -3.03 142.36 8.23 11.59 2742.63 - I80A.DY
18000.00 «1.33 42.73 4.19 6.7 &43 .62 48547

TN COST  A7514.49
QFERCYIVE PALLOTZ GENA .20 EESTS PER 1090 FT ALTITOTR

1 2 [ 6 7
BO5E RAT R @OSTD KTl BRIDY m
(gommeorns/TR)  oFou® BALWETTR F5007. )
v & et
1.69 «12.63  1190.47 25,85 17048 293523.40
3.09 ~33.78  1505.48 19.3 133.35  103I0S.71
10.80 -19.77 210,28 17.69 1.7 1:2391.22 .
39.00 -9.73 §62.75 15.49 3522 707F.63  77013.17
160,09 -8.38 472,36 16,60 51.26  37711.52 2571062
355,60 7.8 233,39 1.9 36.12 12932.%2  18293.59
186929 -3.73 203,37 1063 10,79 7137.67  €206,08
I ¥30.60 -$.62 102,69 0.3 12.5% 238169 2235.8%
| : 15099.09 -1.29 35.44 4.69 6.7 M7.08 452,25
‘ | PICTTVS MuliOUT EEAR L0 DTS FIR 1000 P ALTITITS
} | 2 3 4 s 6 ?
| B0ER RATE  BEDEH K winne ORI KT 25T, EBTLLETD
‘ ( BETITIHR) WYTD DECNTID  EALTVDITD EOTSYED  AR%A 43R
‘ POSIEICI  DISTLNE 42 CANOTY WeIPVIOTH ELIP5R
1.0 °12.99  1073.42 21.69 296,72 433313.97 S02755.68
3.0 -11.73  232.78 0.1 139.%8  296035.03 2I5194.49
10.09 -18.72  703.% 19.68 167.46  171339.03 102093.%6
29,99 -9.73  $43.D) 17.38 119.78 9305060 105266.39
. 369,69 -2.52 - 384.65 15.53 T &5T25.73  &2015.31
329,69 -7.38  250.2% 13.7% 65.09  13351.82  20831.6%
e -3.70 149,09 1n.my 37,00 3%15.85 6373.32
563,09 -3.93 15.17 0.57 16,63 191543 1831.33
$£320,00 -1.11 ».62 3.99 7.93 973 $99.62
RUTON 8032 18123.92

)
LGS 20
IEse

M.%
723.69

T 373.¢0

651.25
341.25
209.25
71.23
41.25
8.00
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ID Feiinny o7

o0, WNOT UMD

3 é

it S T iid &CTL

| EOTRI S ER ) &I58
I B 3,81 2399.88 .47 86.10  3NCYN.DG
.62 9,10 205,95 15.3% §0.02  2:13085.83
10,00 «$,3% 1530.40 13.68 $2.19 1:2931.03
05.00 »7.99 1205.26 13.79 39.08 81305.25
105,69 «$.47 935.23 12.23 27 .45 43555.11
310,09 «3.49 649 .46 1.0 19.58 23481,3%
WS5.00 «&,0% 373.0% 8.67 13.43 0331.92
300,00 -2.35 156.42 s.08 8.62 2195.48
100490,00 oo 31.92 A8 3.98 179.39

l?ﬂﬁ%%ﬁmﬂm BOST  10134.37
a7 : '
. GEIRCIIVE PAIlOUR SVEsR .20 BNOTS PER 1000 FY ALTTIUDE

1 6
®0CT RATE aCTULS,
JrEX)

VBT /¥ R)

%7.63  &435218.77

1.60 2157.49
- 3.00 1755.30 136,99 391033.91
10,80 109,17 £5.09  1763356.3%
.03 1787.26 60.62  100216.59
30.00 753.16 39.61  43120.0
$16.73 25.20  23023.35
287.15 15.17 7327.9%
123.89 8.83 1932.08
9.16 00 3.96 163,75
RATE ‘
EEENTIVE PALLOUR GAN W60 DIDTS PIX 1000 BT ALTTTITS
T - 1 3 'y 5 3
BOSE paTE b BTN CRDOIVIND MATDEM &CYU5L
sormaoEs cHRY e DONGTED  MALUWIOUH  CROSSWIND 4%da
CHEN AT SEgTamcE & GAITER BALFUIDTI
192 9,99  -1918.78 17.2%% 251.63  630270.33
3.09 -9.16 §567.72 . - 16.72 132.68  4323:0.93
15,00 -8.33  1205.66 15.19 133,38  237816.57
30,60 «7.49 902 .40 16.57 83.62 524615.02
105,00 -8.5% §09.71 12,47 $7.8%  $3533,.%
355,03 -3,38 383.72 13.89 35,73 23183.31
1230.00 «3,95 03,53 <881 15.29 252,74
059,60 -2.32 25,33 $.5% 9.63 1575.63
1000000 .87 22.09 .. 3.8 127.01
VLEDODE D0SE D833.59
RATE
108

323408.79
238136.60
133128.32
79062.63
&3389.97
4015605
8045.93
3130.79
B.0F

&03523.73
3162746 .69
187245.87
183506.28
48202.30
E0319.85
6939.20
182687
x%.m

762331.51
&7%753.83
23836349
$4101.80
2168).%9
€55B.94
145 .56
1463.20

103,25
1133.6%
8%%.00
675.08
461.2%
288.09
1463.09
61,23
8.63

B

1232.2%
1023060
783.00
315.00
379.2%
225,69
105.23
£3.3%
8.20



* CALTMATID PALACET CONTOIRS

100.000 ESSATCH TISD T, LT VDO
PILTIVE TALLOUR SRZAR .10 KNOTS PER 1000 FT ALTITITE

-

2 3 & s ¢ ? ?
 E R L Fm ik CRU3SITID LM Gagibic] ACTUAL BiTatin BANGE TO
| égihnie - BEETD BALFWTTA CaOTSETD ARZA ARZA LA wiis |
FOSIUIUT BISTANTE A2 QRISTN BALYNITSH Bixrss VIDTH

" 1. 53,99 33.92 112.33 112,93 15121.92 19142.2) .00

3.49 «31.62 St.48 107.94 107,94  17450.84 17678.0% 20

£5.09 «£3.88 48,82 162.19 - 102,19 15624.24 1%5676.80 Ly

5,21 &6.11 $5.55 96,65 14000.38  14014.68 .00

| 43,13 43.0% ‘ $0.18 $0.18  12177.62 12208 ,02 .00

~£3.09° 40,01 83.83 8).35 10536.45  10%549,78 ‘.00

«36,48 35,39 76.31 76.31 8713.2% 8734.56 .00

«32.85 32,73 68.71 68.71 70649.23 7077.112 R

«28.3% 28,28 $.27 59.27 3260.29 | $240.68 .00

33500,00. 23.47 23.42 &2.09 42,09 308.47  3616.33 .00
ESEDA0 0208 33149711 R

RATZ
. R LRTEUS PALLOUT SREaR . 20 IOROTS PER 1000 FT ALTIICRE

2 3 4 s (7 7 -8
BATDIERS ) E v g | C2OITTT  * MATDEYH ACTUAL ESTTHATED RAXGE TO
WD - EEIWTD RALF-ITTM  CROSSYDD  agca A Maxnan
FOSTTZ0N  DISTANCT 4T (353N MAFRT BLrese &IDTH

1.0 53,23 $3.13 15511 159.11  293%6.80  28%81.%1 o0
.09 I3, 81 $0.59 151.87 151,87 Iaf=p.9r  26212.23 o0
12.09 «£3.01 45,03 3.52 183,52 2:1570.%)  21047.88 .00
30.00 «£5,32 45,19 135.35 135.45 18257052 10235.99 . ag
B20.60 -£2,15 42,10 124,21 128,01 829,15 18577.31 .00
009 -3%.03 35,94 215.7% 116,76 14286.55 14301.%9 )
1002.05 «35.3% J33.32 105.68 105,65 115%%.65 11725.63 00
3B38.00 =21.23 31.45 . 36.29 5. e331.71 9345.60 .00
6829.20 25,63 28.72 &.27 80,27 6245.,48 6734 82 00
BLe0.00 =231.68 21.92 6%.7¢ 6.7 £385.5%5 6i51.°0 .00

BETNZ IO 291649,18
RATZ KIFSSTIVE FALLOUT DR .40 IOXTS PER 1000 FT ALTTITTE

3 3 4 5 6 7 - 8
8383 PATE M CROS3VTD MAsTmem ALTTHL ESTIMATED RAMCE TO
LESTITS £HR) DN BRI CR03S 2D AIEA AZZA AT AN

DISTAYIZ © &3 ORIciw BAFTTA 2884104 ¥IOTH
.29 - 51.3% 371.:8 27118 LL220.40 24251.0% .00
.09 43.45 256.23 258.2% 40063.46  40153.60 .00
32.09 45.58 2%3.2 263.26  3559%5.10  35634.97 .00
.69 1.7 38,8 220.78  31453.82  31495.79 .00
180,08 40.57 211.7% 11.76  26961.8) 27001.84 .00
b R 37.26 13%.50 1956.90  22820.10 22833.70 .00
L5263 3. 174,39 T 11559 18318.47  18351.13 .00
3%03.03 29.57 153.73 133.73  16132.68  16237.0% L0
EooD.00 25,23 127.2 127.¢0 $£43.64 91713.2% .00
it .00

18.42 9%5.% 96.3% 5569.23 . 5581.42
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LTD FAILEUT CIITOURS

5 YIRS 10, EMUT WIED
iR JA0 ENDED PER 1000 FY aLTITUDR

) [ ?
totr BATE B ACTCAL BEETHATED
MOENTEIIE/ 1N ) £ mwwmm AEEA ARTR
. mmmm mmw 3 cmwm RALTMIDTH £LLIesT
.09 «35.57 930,40 &b, 2% §58.49  I0%420.68 I20U0S.70
3.09 «3b 47 ¢r2.99 63.08 189,32 234920.69 242953.7%
10.49 «33.02 7%3.80 $7.28 135,79 7 1711490.23 173849.82
b ] «I9.05 651.%% $3.58 115.39  134313.6% 1230444.90
163.05 - «35.61 B XY % # ] &9.23 $1.42 85073.18 ©€1008.13
03,60 «23.9% 420,49 &H.08 72.43 S6030.06  32400.29
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300000 ~16.9% 240,18 33.8% &35.9 18%40.5%  15403.47
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b VN -5.31 T $8.67 7.1 22.64 2535.156 2666.81
REIEED BOSE  €0587.94
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1 2 s [ ?
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399.00
71.25
71.25
48,00
15.¢0

8
RANGE T0
BT

Wizt

1121.25
960.00
611.25
675.00
528.00
399.00
255.00
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SLATED BILLCTD  COMUIRS ‘
TEIOGL0ML BOSR
SUTTIDNE 43 SuiIm
1.00 «23.35° ML 43.85 160,38 849210.7% @34046.76  2160.28
3.22 -25.7%  2940.10 43,15 133.90  30102.2¢ 629976.66  1838.00
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30.29 -32.63  2087.93 37.36 £6.67 303005.87 2I05636.36  1299.2%
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1660069 5,63 222.98 26.09 20.23 775,13 7250.4% 35.00
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ﬁﬁ{%ﬁm EOEE 33503.30
PRI O PAlhOorh AR 4D EDEDZS PER 1000 FT OALTITVER
1 2 3 'y S 6 ? s
02 nate HAZTYIES b il e i ST teangahic] ACTUAR ESTTMRTED BAECE IO
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50.63 02108.70

«3.62 208,51 .48 - 3B.58 18770.37
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».8r 9110593 9IIN.B
».J8  MWi111.23  Seodp.S2
0.3 13402.10 3P0
.40 MA408.63  MOMS.10

1.82 1277.96  4231.83

4.2 202.30  1330.18
" 1.97 65.3% 7%.78

mma

B85 .83 i) o) 8.2 85,72 1o6463,33  143022.27
- 3.5 -3.92 Wr3.43 3.4 §7 .37 70586.33 ¥ 4
©O0.ED T e i 1563.6% &.78 22,53 35038.%%
.09 1. 8.0 4,12 186.79 WEFI.ES 15300.25
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M50 3,08 a10.12 4.5 39007.78 42070.00
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m.m ‘mc n
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| iR «23.19
22.69 -21.29
m.% ‘“o u
%3.52 -18.9%
W0 oJA.0P
320889 -10.68
~5.33

CLEALTID PAlILTT COUTOURS
Erd BQS3 RATR COUTOUMS
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13.99
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6520.52
3893.71
A337.70
3783.36
17¢2.7%
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