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exempt from disclosure under Title 5 U.S.C. § 552(b)(1)}, (b)(3), and (b}(6).

FOIA Exemption | protects from disclosure information which is currently and
properly classified. The classified information removed from the attached documents are
defined in Executive Order (E.O.) 12958, as amended, Section 1.4 (a), (e), (f), and (g)
because it describes or pertains to military weapons, weapon systems or operations;
scientific, technological, or economical matters relating to national security; United
States Government programs for safeguarding nuclear material or facilities, or plans
relating to the national security.

FOIA Exemption 3 pertains to information specifically exempted by statute from
disclosure, provided that such statute (A) requires that the matters be withheld from the
public in such a manner as to leave no discretion on the issue or (B) establishes particular
criteria for withholding or refers to particular types of matters to be withheld.

The Atomic Energy Act of 1954, as amended, 42 U.S5.C. § 2011-2296, is an Exemption 3
statute, which prohibits the disclosure of information about nuclear weapons that 1s
classified as Restricted Data (RD) and Formerly Restricted Data (FRD), 42 U.5.C. §
2162(a) and 2168(a)(1)(C). The CIA Act of 1949, as amended, 50 U.S.C. § 403 (g), 1s an
Exemption 3 statute, which prohibits the disclosure of information about CIA functions
and information. The National Security Act of 1947, 50 U.S.C. § 403-3(c)(6), is an
Exemption 3 statute, which protects the information pertaining to intelligence sources and
methods.




Our withholding portions of this document may be considered an adverse finding.
This determination is made on behalf of William R. Faircloth, Chief of Staff, DTRA, the
Imitial Dental Authority. If you disagree with this decision, you may file an appeal by
submitting a written notice to Major General Trudy H. Clark, USAF, Deputy Director,
DTRA, so that 1t reaches her within 60 calendar days of the date of this letter. The appeal
should contain the FOIA case number as listed in the first paragraph, a concise statement
of the grounds upon which the appeal is brought and a description of the relief sought. A
copy of this letter should also accompany your appeal. Both the envelope and vour letter
should clearly identify that a Freedom of Information Act Appeal is being made. 1T other
agencies have denied information within this response, the Defense Threat Reduction
Agency will coordinate the appeal with those agencies,

Since the assessable costs for processing this request did not exceed $15.00, you
were not charged any fees.

[f you need further assistance regarding this request, please contact me at (703)
325-7095,
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Freedom of Information Act/
Privacy Act Officer
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—=defense on the effectiveness af population targeting, thus permitting the

T, ~ABSTRACT (Continued)

reader to make his own judgment as to whether the Soviels might consider
trat their civil defence program would offer a significant advantage in
either crisis or in a nuclear conflict,

(U] "~ Throughout this effort, Soviet civil defemse practices were 5imu-
lated as faithfullyjfas circumstances would permit using the Soviet (1]
Manual as a guide. The initial work dealt with indivicual cities [Kiev
and Moscow) . national-scale assessments followed. The effects af
chelters [hoth deliberate and hasty) and evacuation were examined para-
metricaliy in order to determine the upper bound of effectiveness of
this hypothetical approach to targeting in which population 15 the
primary objective. Weapons reguirements and fatality levels are the
grimary dependent variables; sheltering and evacuation are the :ndepen-
dent variables of interest. © Evacuation is examined fn considerable de-
tail for Soviet cities of population greater tham 100,000; a nesting
ratio of 2:1 [evacuees per hodt) 15 used. The results suggest that,
given timely intelligence and ketargeting capability, the U.5. cauld
inflict substantial fatalities §n the Soviet Uniom, even tf shellering
and evacuation are accomplished.' Howewer, such targeting could have
significant effects on weapons reguirementis and levels af imdustrial
damage.
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{U] PREFALE

This study was sponsared by the Directer, Deferse Nuclear
Agency, under Project VI9QAXN, Task Aceas H30Z anc G302, Work Units
Ol and 0% "The Feasibility of Population Targeting”. The work was
perforied by Science Applications, Incorporated {SAL} urder DNA Zon-
rract 001-7B-C-0061. This is the final report of that work.

The report incorporates pertinent results of work dzaling
with uncertainties in fallout casualty calculations as well as popula-
tipn targeting. The majority of effort was in the latter subject area,
and the principal emphasis of ihe report reflects that fact, with the
material on uncertainties being treated in appendices. A very consic-
erable amount of additional work on uncertainties in casualty calcula-
tions may be found in DHA 47347, An Interim Report on Collateral Oamage.

The cantract monitors were Mr. M. Rubenstein, Lieutenant
Calone] R. Edwards, and Major D. Williamson of ONA, The detaiieq SAL
population data base was developed using the Eurasian Target Data Tn-
ventary [T00) provided by the Defense Intelligence Adency as well as J
other studies oy the Command and Control Technical Lenter TCCTC: for-
merly the National Military Comrand Systam Support Center or HMC55C)
of the Defense Communications Agency, the Stamford Research Institute,
and RAND. [Data pertaining to Scviet civil defense, fatalities and
weapons requirements were researched and/or developed by SAL during

the course pf the study.

-

The principal author of the report was fir. ko F. Craver. Mr.
1. F. Schneider performed most of the analytical work in the populatign
targeting area, and prepared Section 3, Methodology. Messrs. E. R e
and . Parker also made considerable contributions ta tne analytical
affgrr . Jr. J. T. tcGahan and Mr. E. Swick respectively wrote appen-
dices A and §. Other contributors include Messrs. P Kazemenak, =
krayitz, J. Gilroy, and F. Hoeber. Or. . Layson orovided Doth angiy-
sira! contributions and averall direction af the effort.
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SRR ECUTIVE SUMMARY (U]

(U} The broag objective of this effort was to determine whether,
in the Tight of Sovie*t civil defense programs, population *argeting
could be a feasible option for U.5. si=ategic forces. Mo attempt was
made to address the question of whether the United Siatas should or
should not adopt such an option. Rather, the emphasis was cn the
feasibility of population targeting, since the Sovists presumatly
are able to make their gwn determination of U.5. capapilities and
thus may be deterred from initiating nuclear conflict by virtue of
their recognition of the U.5. capability to inflict unacceptable lav-
els of fatalities irrespective of whether or not the United States
actually plans suci an -gption., Examination of this guestion derives
its motivation grimariiy from our observation of the continuing Sov-
ist civil defense (D) program and the concern that the Sgviets might
be led to beligve that thefr (0 posture could offer a significant
ar decisive advantage gither in criszis gr in conflict, thereby induc-
ing them to take more politically aggressive actions ar creater risks
with respect to nuclear war.

? Tnree basic questions were addressed in groer Lo examine
the feasibility of the pepulation fargeting approach:

¢ How does Soviet civil defense-affect fatality
estimates?

o [s retargeting effective in restoring fatalizy
Tevels?

¢ How much does retargeting degrade damage ex-
pactancy against industrial tar-eting?

=4 The principal steps of the approach used to examine the
questians cited abave were as follows:

- R i W il
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Teveloz a gata zate reflectiing -ear-szic
fov el shelterirg and evaguation fatesi-
TTTES.

Target zooaiation as the primary soiecitve.

Terform 2 peraTelric amaliysis of sheiler ng
and egacuation Tevels &% they z77est faizl-
ities and woapers requiremnanis.

Examing tna effecrs of retargeting weECCr:
away Trom inoustry o COMpEnsata “or Tatdl-
ity reduLcticns resuliing from evacuel-on,

W™ The key assumDiions were thRat

Examination of the shelterirg ind evacua-
+ipn of Scviet cities having populatian
grezter than 100,000 woula be comstciens

with Sovietr £0 zlans and sutficiert fZ
sdéress the three fundamental stucy questions
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DiTIAG FAL1C OF & L0 L, 1.8., TWO SVaCuess
per hos: i3 a plausible estimate Tor use
im evaiuatiag the syaguation cises, .

SoFtion af fatatibtes [oromabl

80-90 percent) wiil ke InflicIea Dy oronet

nucieir effests ang for this study, 17 «#30CH

copulation cepters are atfacksd directiy 2t

tne arimary chiective, the amissian af a3 l-

out ralzulatians will mot intrcduce 3 SiENT-

Fieant bias im svaluating the feasit-lizy aof
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were in fact necessary t0 avoid biaeing the study at the autsen, 1.

“F tpe United States chose to target population as an gaiective, 4
J=— B rp— =

Mevartrg="
e - ey | —— C m—gT T T T e m - -Jl .
Yeis ] THEY aFs whoT1v consistent with the oojective of the suucy, znc

g
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Ta;0r guestion wou'd be’
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——1-itially, €iev was selected as a representative CTY In

terms of the conditions one tysically would encounter in Sovret cit

Tes

naving population greatsr than 100,000, Some would contend Inat tnere

1% Zome guestion &s to whether or not Kiev 15 representative e.c.,

— =

n% Mpooow hecause of its unigue characteristics, ©inally, The anal

jSimﬂar a55eSEmeNts were nade latar

-

5 s was broagened ta address the strateqic ‘molicaticns gf the Sowiss

°T program (2.9., sheltering and evaciation] for all Sovies cteiac
kaving populatiaon greater than 100,000, In the process, 3% Sovaet
posulation centers were cansidered, efther as nastinc fites, JOTENT
targets, or both. Very detailed procedures were used o simyiate

syacuation. The populaticn data base, for exaﬂpﬂe, cantained some
= T T

B

._ 0 L] 1 1
Cvacuation procedures were consistent with published Soviet oo sl 2
cedures and accountec for the actual demcorapnic facigrs [cistance,
ngsting space, and iocation of hosting sites a1th respect Lo evii-

pates cities,.
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# Very sabstanttal recuction in fatal:ties
may accur as a resylt ef Soviet [T actiors .-
certatn combinations of sheltering ang evac-
guagion might reduce fatalities to ievels
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s Retargeting excursions done for ©iev sug-

857 f tality 1Ev 1 rFec 4G
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Prompt effects were by far the primary Zause

L]
of fatalities -- Talfout waz a mingr facicr
only

9 in the rases sxamtnec, ‘rnjuries ecguallied ar
neariy eoualled fatalities, and oocoasionaily
axceeded then
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THTROOUCTION [U)

1.1 {UiPROBLEM

This study addresses the guestiom af wnetner, in light of
the Sowiet civil defense program, pepulation targeting iy a feasible
gption for U.5. strategic ruclear forces.

1.2 e SACKGROUND (U]
1.2.1 (u) U.5, Strategic Doctrine

The cornerstone of current U.S. strategic dactrineg is deter-
rance of nuclear war througn maintenance of an assured destruction <a-
nability. In practicai terms, this requires that we maintain the capa-
bility ta absart a first strike by the enemy and retaliate with an un-
accaptable Jevel of damage an the Sayviet Union. The guestion of what
would constitute ap Jnacceptable level of damage in the ayes of the
Sovist leacership 1s less than clear. le do recagnize now Derhaps more
than at anytime in our past, that Soviet views related i3 nuclear con-
Fiict are not entirely similar to our own. Mareower, 1t has become
inereasingly clear that while it may not he necessary o emulate Soviet
doctrine, it i3 essential that we he aware of 1%s naturs and take 1t ‘r-
ro acesunt in structuring our own doctrine and the forces tg carry it
aut. The Secretary af Defense’s Annual Repert for Fiscal Year 1973 ex-
presses the assured destructian tiask as follows: "It is pssential that
we retain the capability at 311 =imes ta inflict an unaccentable level
of damage on the Spviet Union, including destruction of a minimum af
200 majcr Soviet cities.” Tne report further spel’s out the need L0
maintain 3 condirtign af essential squivalence =ith the Soviet inion,
wnich raguires that:

¢ 'Sgwiet strategic nuclear forces do not become

ysable instruments of pulir-=al leverage, dip-
Tomaric cpercign, or militar; advantage;

L3
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o nuclear stability, especially in a crisis, is
maiptained;

e any advantages in force characteristics en-
joyed by the Soviets are offset by U.5. ad-
vantages in other characteristics: ard

¢ the UJ.5. posture is rmot in fact, and 15 nat

seen as, inferigr in performance to the strat-

egic Torces af the 3oviet Union.”
These conditiuns for essential sguiva.ance make it gbvious that U.5.
strategic doctrine 5 not ore of ‘minimum deterrence’, i.e., one which
relies upon the assumption that the Soviets would be deterred salely
by tne knowledge that we can inflict a specified level of fatalities
and industrial damage irrespective of the capabilities of their offen-
sive forces. FEssential equivalence recognizes the importance of Soviet
serceptions of pur capabilities versus theirs, which impiicitly means
that counterfarce considerations are an important element of the policy.
‘n point of fact, the YU.5. has pursued counterfarce tirgeting since the
early days of its nuclear force development, and there is Tittle Jougt
that the Scviets are aware of 1L,

-

1.2.7  Lee=The Muclear Targetring Palicy Study (L)

* The current administration first spelied out its irtantian
ts sursue sssential eguivalence in documents issued jate in 1977, wnicn
also commissioned a number of strategic studies to fe accomolisned
within tne Decartment of Defense. {One of those stucies was the Nuc.ear
Targeting Policy Study, directed by Mr. Leon 3lgss’ cecision to axamine
8 number of alternative targeting concepts. Cne of trose concepts was
punitive n nature and orientes on the assured destiruction mission,
tpecifically. 9% was the concept of targeting populatica,  This as-
sassment was performed in support af that particular aspect of the
Muclear Targeting Policy Study. The ratignale for esamining popu-
lation targeting has at Jeast part of its roots in tne ascured gestruc-
«icn criteria se:t fortn by farmer Secretary of [Defense Zobert “clamara,




At one point during the 50's he specified that assured destructiion re-
gquirements were met if the United States could, in & retaliatory attack,
ki1l roughly ane-third of the Soviet populatiom and destroy approximate-
iy one-half of their industry. There remains today some students of
nuciear strategy who believe that McHamara's criteria still are adequate
for deterrence. Further, there are others who beiieve that although
these criteria are not in themselves sufficient for deterrence, they are
sither highly desirable or necessary to it. Thus, population targeting
as a concept continues to be of interest, and the review of nuclear tar-
geting policy would not have been complete without it. The relevance

of the population targeting concept becomes even mores interasting when
coupled to increasingly obvious Soviet efforts to improve their civil

~ defense. Aut civi] defense is anly a part of overall Soviet strategic

doctrina, and it is appropriate to address the broad aspects of that
doctrine hefore narrowing the view to civil defense.

1.2.3 (U] Soviet Strategic Doctrine

The Soviets nave made it known that they da not Jelieve
in assured destruction in terms af aconomic and population resQurces
being the key to wictory. They nave told us that tney place the nighest
prigrity an the destruction of military forces, botn nuclear and con-
ventional, They have stated these views repeatedly since the 155073,
Unlike many western scholars of nuclear strategy, they do net seliave
that the advent of nuclear weapons has wrought a wnolly fundamentz]
cha.ge in the nature of warfare. They do not regard riuclear conflicT
as unwinnable. This approach to nuclear strategy has led some Lo de-
scribe it as a “warfighting” strategy. The flavor of Soviet views in
comnection with this description can be gleaned from 2 few quotations:
“The Soviet concept, in the thermonuclear era as befors, 1S founded
an the oelief that the orimary ofjective of military operations is the
destruction of hostile military forces, and not the annihilation of
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the econemic pepulation resaurces of the ene.rn;,r.“i “dars are wWon gnly
wnen the enemy's will to resist 15 hroken and that can anly be hroken,
25 the experience of history shows, when the armed forces of the aremy
are Jdestroyed. Therefgore, the pbjective af combat operations mus* be
the destruction of the armed forces, and not strategic borbine af
térgets in the rear.“z The Soviets have castigacted our syrategqic boma-
ing effort of Yorld War 11, saving that reliance an siratecic bombing

of the enemy’s ecomomy 5 & strateg: "defactive inm izs founcaticn®

and that the American strategic bomting experience in zhe war bore wit-
ness to "the complete f2ilure of the theory of winnino the war oy means
of economic exhaustion of the enemv bty aerial bnmbing,"J Hevertheless,
this 15 not to say that the Soviets ijnore the value af sconomic-
industrial targets, for as Sokolcvskiv points out,"... the war may arag
onoand this will demand protracted amd all-out exertion of arey and
people. Therefore, we must also be ready for a protricted war and cet
wne Juman and material resgurces intp 3 state of readiness for tnis oven-
tUﬂthE-”4 He qoes on to elaborate on this peint, saying tnat "the
protaction of the rear area of the country and grouss of armec forzos
Yrom enemy attacks has the aim of preserving the vital func=ions of

the government, ov assuring the uninte-rupted fipetioning A7 tae ecorary
and transportation, and oreserving “he combat readiness af the armed
fnrces.”F “he relevance of this stanc2 to the currently evolving civil
cefense pragram in the Soviet Union is abvious, and indesd i< apsears
that the stiratagy has been pursued systematically over a period =f years.
smal? wonder then, that there shauld te interest in the impact of Sovie-
civi: defensa upon the feasibi'izy of panulation targeting.

lﬁaymﬁnd Garthoff, Spviet Stratepgy in the Nuclear Age, Fredarick A
Frasger, H.¥,, 1388, p. 71,

Sipid, mn. 72-73
3ibig, 9. 71,

“Soviat Milizary Strateagy, V. 0. SokoTowskiy, MarsnaTi of tne Sgwter
Unigs, ez teo oy Aarriet Fast Scott, {rame, Russak & Co., Inc., %7,
37 p. 211

Thid, p. 708,
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1.3 (U, TARGETING IMPLICATIONS

A detailed discussion of the Soviet civil defense program
will be presented in Section 2 of this repert. At chis juncture, now-
ever, it is appropriate to provide a general description of what the
Soviets are doing and the resultant implications for tarceting policy.
In basic terms, the Soviets are building shelters to protect thair
populace from tne effects of a nuclear attack, anc they zre developing
highly detailed pians to accomplish evacuaticn of maiar segments of
their urban population. High priority is being accorded to the profec-
tign of their essential workers in key industries. The policy far new
construction provides for shelters and dispersion of the industrial
structures themselves. Steps are being taken to irain personnel to re-
duce the vulnerability of industrial equipment by expedient sandbagging
technigues. Training in the methods of comstructing expedient shelters
is being carried out. Clearly, these actions have the potential for
reducing the effectiveness of a concept invalving population targeting.
Moreaver, if this concept is to be purrued in the face of evacuation,
i.e., if evacuated peaple are to be located and targeted, there are sig-
nificant implications for command, control, communications and intelii-
gence [EJI]. the possible degradation of damage expectancy {0OE) against
urban industrial targets (if weapons initially assiqgned to them are
retargeted against evacuated pecplel, and the impact upon weapons re=
auirements <hat could result after traceaffs in yrban-industriai OE and
fatality levels have been considered. In a broader sense, there 5 a
negd, in tne face of the civil defense asymmetry that is developing
metween the United States and the Soviet Umion, to determine wnetner
there is any basis for believing that Soviet civil defense capabilities
might encourage them deliberately to expose the USSR fo a higher risk
af nuclear attack. While this study does not aspire to address fully
this broader question, it does contribute infarmation useful in reach-
ing an informed judgment.

17
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1.4 (LY AMALYTICAL APPEOACH

The Soviet city of Kiev was szlected for initial evaluation
of the targeting concept with subsequent expansion tc a nationwide ba-
515. Intellicence was ohtained to epsure that sheltar space and hardness,
evacuation and hosting capabilities were r-alistically representad.
Recognizing that uncertainties do exisy in these areas, 3 parametric
anproach was chosen so that a range of combinations of sneltering and
evacuation could e assessed as to their effectivensess. The wark was
structured o provice direct measures of the impact of population car-
jeting upon weapons requirements and to determine the cistribution af
fatalities by city class {size) for selected combirations of sheltering
and evacuation. Fopulation was the primary attack objective, and be-
cause Tt was desirable to determine a plausible upper bound for the af-
fectiveness of theis approach to targeting, it was assumed *hat shel-
ters and hosting site Tocatiorns could be determined in a manner permit-
ting retargeting by U.5. forces where necessary. While it is aspro-
priate to the purpose of the stugy, this is a significant assumpSion and
the reader should recognize it as such. Finally, arovisions wers mage
tD enable 3 rougn evaluation of the relative potentizl of sheltering
and evacuation to affect weapons requirements, to identify significant
caveats pertzining to the study, and to identify the majer implica-
tions pertaining to nuclear targeting policy.

13
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+onb= SECTION 2
SOVIET CIVIL DEFENSE (U}

2.1 fu} BACKGROUMD

The Soviet experience of World War II was vastly different
from gur own. Their homeland, unlike ours, was a princisel battle-
sreund of that conflict and as a consequence, Soviet attitudes toward
civi] defensa are likely to be scmewhat differest. This s not Lo
suggest that the Soviets have been inclined to engage in crash proarans
to upgrade civil defense, for they have not. The Director of Central
Intelligence® estimated in July of 1978 that during 1976, the Soviets
soent sgmething on the order of 400 million rubles on three major
clements of their C0 program: full time CD personnel, operation af
military CO units, and blast shelter construction. Allhough the LIA has
not been zhle to estimata the total annual costs of the Soviet civil
defense program, they do suggest that the 200aiilion ruble figure repiresents
something less than 1 percent of their estinate of total Soviet defense
spending. [ thzt estimate i3 reasonably correct (and =mere 13 NG reascn
ta think ntherwise), “hen the Sgwiet D program camrmct De regarded as
a crash orogram.  ‘levertheless, one must recognize ithat the relative
magnituge of their program with resgect Lo ours is something to e
carefully considered. The U.5. equivaient of the 200 milifon rubles
spent by the Scviats in 1978 would be approximately 2 pillion --- 2
figure considerably greater than that which we spent in 1976 -=--
about 586 mi1I1ﬁn.F Since the jate 1960°s the Soviets have devoted im-
creased attention to civil defense, but their (0 offfcials nevertheless
appear to experience many of the same problems that aqurs dg --- such
a5 the conflict witr Righer priorities in the defense budget and
a fair measure of apathy on the part of the public. Evem so, few

SSouier fiyil Cefense, ¥I78-10003, July 1978.
! Nefense "eport, U.5. Department of Defense, FY 75,

19
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would cantest the assertion that they have been ¢ble tc accomplish

more in the way of protecting thneir oopulation than we have (shelter
canstruction, evacuation planning, attention to expedient means of
hardening key industrial facilities, and mandatory training). The
resule i5 a distinct asymmetry in the civi]l defense capabilities af

the Urited States and the Zoviet Upion --=- ap asymmetry whnich calls

into questizn whether the Spviets believe they could have a decisive ad-
vantaqe in a nuclear crisis and thus be encouraged o take groater risks.
In lhis study, 1% is intended that Soviet ¢ivil defense capabilities
wnich have 2 bearing an population targeting be representes as realis-
tically as possible so that the results shed 25 much tight as possible
an thay question,

2.2 ~gA  SCNPE AND MAGNITUCE OF THE SOVIET CIVIL DETENSE PROGRAM (U]

2.0.1 0 {U) Qverview

The CIA, in reference 5 estimates that more than 100,000 full
ime personnel are engaged in the Soviet CD program, and that a ful’d
ime ¢civil defense staff exists "at each echelon of the Loviet acmin-

igtrative structure: natiomal, reputblic, oblast, city, and region, as
well as 2t all signtficant ecomomic inctitutions and enterprises.”

The entire structure is controlled by the military under Geperal of the
Army A0 T, ATtunin, who is also a Deputy Minister of Defense. Soviet
actions inm <ivil defense appear to .e consistent with their decliratory
policy. Their oublications s+ate that their objectives in the (J area
are (1) protection of he people --- the leadership, key warke—s, 2nd
tne yeneral population; (2] protection of economic rescurces To ensure
conrtinyity of wartime productivity and pastwar recovery: and [1) sus-
tenance of the survivors of 2 nuclear attack so that postwar racavery
can proceed. 3last shelter construction, evacuation olanning. pre-
paration for hasty hardering of industrial equipment, training in res-
cue and recovery operaticns and the stockpiling of food and mzdical
supplies, a5 observed in the Saviet Union hy vartous Teans, suggest that

20
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these crated chjectives nave been brzcen down inte component parts,
arigritizec, and are being carried out systematically. The Sgviets
spparent’y do npt share the atiitude of some Western anaiysis who

fear that substantive improvements n civil defemse might lead 2 in-
stabiliTy by virtue of makinc nuslear war more acceptable.  Instead,
they appear b2 be intent on convincing potential adverszaries that their
civil defange pwooram, taken i cortext with their averali defense pyo-
grarm, =akes it highly unlikely that ther car be cefeated in 2 nuCiear
war, They 4a nct aopear 2 subscribe to the theery that the agvent

of nuclear weapons has made waw unthinkzbls or umirnabie. Their an-
qua’ budcets for eivil deferse, though relatively modest (approximately
the gguivalent of 52 hillian ir terms of .5, standarcs during 1976]
sra siracted toword specific leng-term alans whigh, aver 2 cerigd of

years, could result im substantive imCrovements.

220D i el tar Presram ol

e Tho Soviels are EsTfmatEdE ta have nuilt more than 15,000 blast-
~agic4ans ghaitors 2t a part 0 their program fer orotecting the poju-
Tat<om.  frizrity is accordec 1z otoD national leagership anc <8y WOFEETS ,
apc Thers appears to be no compunction about oroviding These peoole
Setter (kardert zheltsrs than those available to the general nogoulation,
=atle P.1 oresepss the hardpess description of sheiters used Tor vartous
sgorents of the peoulation az used r this study.

Tanle 2-1, wmem Snelter Tyzes and WNTYT Descrigtions P )

-

:T;:nca'l Lirtan ' wp-<ered Ircan | Zars! Single Typical Rurzl Hasty Fursl i
lasements Enetters |

gasernti ; Cheliers | Siury But'aings

T * he Jhysicz! Vulnerability Mumbar Systee, reference d

=
fv R feyiae Tigr] Gefanse, M) OTE-10003, 2CI, July 1578,
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Treso nrapdrecses were selected cy Science Apolications, Ircorporataz
D oafter reyiewing the avaiiabie “afrrmaticn on the sup ect at ine
cu*set of the study. TLRer dgRACIES Ray CONCIUCE Tmit Qtner har -

nesses are mMOre aporopriate, especially as betler inTormalicn Leccmes
avaitetle. The harzness of the last catecory, hasiy rural shelife-S. . _

wa$ a matier of some disagreerent at the time of study ini:jatinc.f 5 z}iii)

p— —_ = ——— i —
1
1

_i-iémzhnsa-.

*o use *he upner end of this latter estimate Hecause we Thaught iT

10FE COnSistEnt with the czpanilicy To be expesiec Cf gviguaied Jerscn-

nel working under anticipatad time constraintz. The ¢iter sneiter u”
major interest in_this study s the hardesed rban sheiter. o
. . - S S - - - - - I.| I_;' ';
'i 5" |_-"'_‘I
W = ma e, L - . e o - . __“___,_'-
- _,Mffndditianal dats pertaining o shelter posture and popu-

o e

P HY

lation dis=riuusion by city size is provided in Zeciior 3, MetROCe Gy -
Referonso © ctazes that <he Soviets have a suffizfert rumber of narz-
sned urtan shelzers =3 accomedate from 10 to 20 percant of the T0tal
aceulz*ion $n eities of more than 200,000 depencing zn wnether he
she'tsr sccunancy factor iF 0.5 or 1.0 sguare meters Der persin. Tiner
ouLtimates suggest that this ficyre micht be reviscd upwars T2 a5 TLCD
3z 50 serzert of tne total populatian im cities over 157,000, DJur 2o
proacn o rzndiing these differing estimates was Lo trest shelterin:
rarametrizalliy, so that a range of estimates cauld be accomocated ans
she sens tivi<y of weaocn reguirsments and fataiity Jevels o shelar-
ing assumpTions sould be considered.
$.2.3 (U1 Disparsal And Evacuaticn

Soviet civi defense osublications distinguish Detween Cis-
sargal arai evacuaticn, aoplying the former tarm Lo pssertial workers
at key industrial instaliations amd the latier o the remaining povu-
Tation a3t Carae, Theie alans call for speltertng one sn-f* within the

]
(]
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city and dispersing 2 second shift cutside the city proper and

rotating so that a rearly continuous gperation can ce maintainec. J1s-
persal of these assential workers 1% cantrolled so thet trarsportation
fac: lities can be used for shift mtation. Evacyation procedurss zall
Far the establishment af a “LefEar rone” around ezch maior Soviet city.
1t ig an annular-shaped ared aporoximately 8 nautical miles (15 kila-
meters] in thickness whose irner poundary is located alang R aSerignery
of the city propsr. [U 15 intended to ensure thal peacle evicuated
seyond zhis zone will not de subjected to more than 1.4 psi (9.1 kgfem )
from yields of a megaton Or 1egs detanating along the ctty perigphery.
Escential industrial workers disperse to locations beyond the piffar
zome, but close enough o nolé travel time to oity work sites +ithin
practical limits. Urban populaticns other than essential worksrs who
are directed to evacuate 3150 nove to sites outs’fe the buffer zone.
‘Distances traveled by this seument of the urdan sopulation vary ac-
cording to the availability 3f hosting sites - usually other cities

af limited population apd not containing targets haying 3 Righ proba-
nility of being struck in the attack. [n this study, hasting ratics
{e.9., the Jumbar af evACUEes per nost) were limited T3 7 ta 1 and as
withn sheltering posture, & narametric approach was a.opted With respect
vn ayacuation i =ls. The percentage level of avacuatian refers Lo that
percentage af tng uroan population in cities greater than 100,200 who
ayacuate to areas peyond the nuffer zune. Aaditional information on the
simylatien of Soviet gvacuation i3 contained in Section I, Metnodology .
sgyviet palicies regarding evacuation indicate that the necessary orcers
for axecution will De given during 2 neriod of tersion. The decision %2
avacuate is likely to be a difficult one, for it flies in the face of
qeyiet nuclear doctring, which advocates preesption 2f the adversary's
attack when the outbreak of war is imminent. large scale evacuations
would be difficuit to ~onceal . Time estimates far evacuations vary depending
an *ne level of eyacuation and availability of transport assumed., Ha-
jor evacuations gecomplished without the benefit of motar sransport
mighc take more than i weak, whereis raximum use af transport couid

23
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shorten the time to a period of several days. Fefsrence 5 states that
“on an average, twWwo or three days would pratably be required to svacuate
the major portion of the Soviet pepulation. ™ despite elakorate planning
far evacuation, there remains considerable doubt as to the efficiency

of execution, Major gvacuations are undertakings of great complaxity,
and there 75 no hard evidence of large-scale exarcises so actualiy prac-
tice the procedures reguired to atrain the desired areficiency. Weathar
cenditions, command and centrel, and adequata arovicioning of zhe’ters
for evacuated personnel could Pose serigus obstacles to rapic and affec-
tive evacuation. Fallout protection must be nrovided fap gvacueses, 3f
course, and Soviet CO0 nlans provide for the modification and upgrading

of existing structures as well a5 the comstruction of hasty rural
shelters. Given 2 period of tension Tasting I to 2 wesks, the degree

of srotection avaflable to the population could ne imoroved significantly,
and fatalities could be markedly decreased. Sever:l stydies have as-
timated that n the absence of a ;. 5. capability to retzroet evacuated
zapulation, the Soviets could limit their fatalities ta a fizure in *he
low tens of millions as opposed o the estimated 100 millian they wouid
suffer if (D measures were minimal, This goses 3 4ilemma in decisiaon-
making for the Sgviets: if, on the one hand, they do initiate an ma-
Jor 2vdcuatian, they run the risk of Tosing the apooriunity <ar affer-
tive preemption. On the other hand, 1f they
talities could be increasaed by 2 factor of 4 gr 3, witn the *ota| ang-
proaching 100 million. Some students of Sgviet civil defense noto rma+
recent versions of their CD manual ippear ta place greater emphasis

an sheltering than an evacuation, whereas in carlisr varsions, the cone-
VETSE wWas true. This could be a reflection of am efore Lo solve the
dilemma described above, or it could be simpiy 2 consecuence of cive"
defense being accorded Jower prierities {anc herce 3 smallar buaget !

in the earlier eriod when the Soviats clearly were working ¥ery hard
to improve their offensive strategic forces wis-a-vis the Unitad -tatas,
If indeed the Soviets haope *o use this approacn ta address the avac-
dation decision dilemma, they wiTl have o increase =heir snaltar-
suilding orogran “fgnificantly. for the arewth of wrman oopulat-an

0 roT avaguata, *hefpr *a-

(=8
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3lgne increases the total numbers of people to be

arotected by either
sheltering or evacuation.

The parametric approach to cnaltaring and

evacuation assumptions ssed in this study enables cansizeration of 2

nroad range of circumstances tnaz could obtain in the

suture develop-
ment of the C0 progrims.
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ISREmSECTION 3
HETHODOLOGY (L)

i1 (U] CVERVIEW

1.1.1 Key Variables

The description af Soviet civil defenze presenterd in the
preceding section makes it clear that any evaluation of the feasitility
af pooulation targeting must take into account both shel*ering and avac-
uation. The uncertainties surrounding such factors as The numher and
hardness of shelters, the ability to evacuate according to plan, and the
availability of hosting sites for evacuees suggests very strangly that
the approach should be 2 parametric one. In particular it s Righlx
desirable to examine not only different Jevels of sheltering and avac-
uation, but different combimaticors of sheltering anc evacuation. Past
assessments of the potential impact of Soviet civil defense nawe hean
criticized for their simolistic approach. For sxample, hefore defing-
tive tnformation was availatle on the detaiis of the Soviet =iwil
defense ([3] program, a common practice for estimating the impac* of
evacuation (wnich received far mpre attention initial’y thar 2id she’-
tering] was to reduca the urbam nopulation by some sefec<ad gercantace
and assume that those “evacuees” were uniformiy distributed throuchour
the rural population. Mechamically, this meant that tne urban 2opuls-
tion of the dati 5ase was reduced and the rural “cell” asopulation was
increased. This was acceptable as a first approxiration, but it was
recognized immediately that the reliability and realism of the aporpach
were at Jeast in guestion and perhaos miileading. Since thers was no
detailed svaluation of whether urban evacuess caulc in “3act be hostad
at reaiwertd locations at reascranle distarces from tne evaclatern
cities, thore understamcibly was zoncern for the Jossisilits =hat Soviar
carabtlitioe were befng gverestimated. [ecognizing this snartcoming,
wr tecided at the gutset of the study that 3 cregible <imulation af

2
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sovien evacuation weuld be essentizl, The technicuec adopted far thic
simyiation are detailed latsr in this report, as is <he cezorizstion
of the treatment of sheltering.

Lad

.1.2 Jeher Factars

The total population of the Saviet Union resresented in
the data base used for the study is 246 million. Soviet L3 litersture
states that protection of the copulatior from weapons of mass destrucs
tion can be achieved by dispericl of labor and service snterpriscs of
large cities into ocutlying areas and evacuation from cities to rural
areas of people, Approximatelvy %4 million peocple reside in Sovier
cities having population grezter than 109,000 and this was zicsen as
the cutoff for svacuation, i.e., only zities greatsr ‘han 100,000
were evacuatad for purposes of the apalysis. The rationale for this
decision is presented in paragrapn 2.2.3 of Section 7. Further, since
tne sensitivity of weapons requirements to popuidtion targeting was
known to be of interest, 1t was convenient o determire some goal in
terms of a Ffatality Tevel that would develpp adequately the relatinn-
shio between weapons reguirements and fatalities 25 a functian ~f var-
ious levels of shelier and evacuation. The 60 miilicn lavael was seiec-
ted for this purpose, and the choice admittedly was somewhal arbitrary.
A natghner Jevel would have served just as well, but it was known thast
the key relationships of sensitivity of weapors requirements as 3 fupc-
tion af shelter and evacuation would be adeguately developed oy use of
the &0 mi1lign fatality geoal, as will be apparent in the resulis  sec-
tion, The use af that goal 27fd not bias the assessment in any wa'.

The initial work on assessing the impact af Zivil defense
on the fesasibility o7 population targeting was confined to 3 single
city --- Kiev. Additional work was then done on 'oscow. The resulis
for both zities appear later in the regort. Kiev was salected Decause
it aopeared to e 3 representative city for Jurposes of the assessment.
The work was then e:ipanded %0 2 natiomwide Basis so that the broader
irplications of populatiaon targeting could be evaiuated,

27
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3.2,1 e Coesiem rarmulation (U

The basic purpese in examining am ipdivicuel c'ty War %o osire

£

the ftargeting aroblem in terms of an urkan complez fhat was congicere
reoresentative nf Sowietr citfes havipng population greate- <ran 192,000
Cefore goirs or to a country-wiZe 25spssment.  Antwers wess feinc
scught to tnrea guestions:

How does Sewiet civi] defense affect farai oy

eetimates?

# .5 retaroeting effective in restoring fatalizy
LEvE s T

» How much does retargeting degrade damane ex-
pectangcy against incustrial targets?

3.7.7  qem fnoenacn (1]

wewee T2 initial azpoproact was o develoa a sufficoent amcunt o
Ze*tail gn 3 reprasartative area, describe the ciwil deferce Dostare o
terms 27 sheitering and evacuaticn wsing a micn resglution oopulation
Jistribution, and then perform the targering and daTage 2s5255M8MtS
~egquired 13 defermine hoth incuszrial damage and Taraiities,
Targeting orpcedures wers 10 emulate those of the so-nt Strategic Tar-
et Flapnninmg Seaf® (JSTPS) as much as pessihle.  Airburst and surfacs

burst optiors were2 o he caomared, and where retargeting was “ound
- - - - R o ._-—I-I

MECESSArY ' :
k

Ty, )
r o i . Wigw wWas tre

- ————
ctty selected for analysis 2n thne fasis of the size facoroximately

e

mr lign!, tne ~2tis af urkan T2 non-urban popuiatian in Tne cblast,
the variety of 13l tary and ecopomic tarqgets, and 2ther faciirs.  AS
*he initfal vesu.ts for the Xtev analysis took shase, 11 Tefame ao-
parent that idditional variatiors were cesirable not zriy far ¥iev, Tt
foroa larser City 35 well --- angd thuE Mpsoow wdi o ielecTsd foroaway-
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1.2.3  d] Follow-on Assessments of Kiev and Moscow

Additional assessments of Kiev were ariented an refine-
ments in targeting, identifying the numbers of fatalities accruing
due to prompt versus fallout effects, and the impact of warying de-
drees of retargeting in attempting to compensate for evacuation, Again,
the resulis of air and surface burst attacks wers compared. Details
af the results of all of the simulated attacks an Xiev and Moscow are
proviged in Saction 4.

3.3 ST PROCEDOURE FOR COUNTRYWIDE ASSESSMENTS (Y]

3.3.1 (U) O/A Parameters for Population Attacks

fesearch of existing assessment technioues revezled that
in the esarly 1970's the Department of Defepse National Military Command
iysiem Support Center (now the Command and Contral Tecnnical Center)
had conducted 2 parametric anaiysis of urban populatisn fatalities
using weapons of varying yields, accuracy and reliagi’ity targeted
d0ainst a numger of countries including the Sovist Upiam. A total of
1532 USSR population centers representing a projectes 1381 popuiatian
of 144 million pesple were depicted by 10 city classes. Each city was
defined 5y a number of population centers {P-95's! which wariag from
} to 32 Yn numper, depending upen the size of the fnoivicual city.
Ragii of these P-55's varied from 0.25 to 1.0 nautical miles {mm),
cnd the cistribution of population within the P-55 was assumed to be
fircular normal. Weapons were allocated »gaimst this data hase so as
to maximize the effectiveness of each successive weapon consigering
the damage expectancy of all preceding weapons. The rasults of these
nypothetical attacks orovided the necessary data which, when subjectsd
to curve-fitting and other amaiytical techniques, vieided two para-
meters, J and A, for each combination of weapen yield, accuracy, and

reliability.

2%
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Theze garameters are used in the formula
A

D,(n) =1 -0a; , (3-1a)
where D, is the fraction of population of city class i killed by n wea-
pons of the type for which the Q/A parameters were calculated. Qi is
equal to one minus the single-saot kill probability (1-S57K) of 2 single
weapon, and A 15 a factor which modifies the exponent n to account For
the monuniform distribution of population and the overlapping Cover-
age of successive weapons. [In effect, the formula is a wartaticn of the
eXpTession

nEcum =1 - {1-DEI} {1-DE2] ..... {l-DEn] . (3-1b)

which is used to calculate the cumulative damage expectancy (DE_ | to
2 single target resulting from the application of saveral different (n}
weapans.  The 074 formula simply uses a modified version of this basic
axgressinm to represent the cumulative damage to the sevaral P-85'c

of a given city from n weapons having identical characteristics.

3.3.2 (U] Associated Assumptions

several important assumpticns were empbodied inm the griginal
development of the original /A approach. First, the entire populaticn
was assumed to o located in multistory concrete buildings =nd in aa un-
warned nighttime posture. The weapons height of burst was aptimizes
for the muitistory structure. HNext, the fatality czlculations copsid-
ered only blast and prompt radiation effects. Finally, the aimpoint
af the 1" weaoon was cptimized given the fatalities expecied from the
preceding n-] weapons.

3.3.3  [li}y Advantages of §/A

Dezpite the limitations descrived above, there are several
very attractive features in the techmique. [n addition tc the fact
that the basic procedure is already in being, the zamputer resgurces

39
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required are minimai, thus permitting a large memher aof attack alterna=
tives to be analyzed economically. Further, the data base contains &
laroe portion of the Soviet sppulation. Hevertheless, certain modi-
fications to the original (/A data base were required before it could
address the key issue of the study, namely the impact of natian-

wide, updated shelter posture and evacuation capabiliities upon the
feasibility of population targeting. These modi fications are giscussed

in the foiloeing sections.

3.3.4  (owe Modification of the Population Data Zase (U]

3.3.4.1 (1) City Classes

The ariginal Q/A data base consisted of 1532 population cen-
ters, BOO of which had a population of 20,000 or more and 732 additian-
a1 locations chosen because of their proximity to efther military or
industrial installations having 2 high potential for targeting. These
complexes accounted for aporoximately 50 percent of the total Soviet
soputation. The additions to tne data base made Tar this study re-
culted in 2 total of 52,879 population canters, accounting for more
shan 30 percent of the total soviet populatioa. The additianal soou-
latian centars ranged from 200 1o 20,000 in size and necessitated the
creation of 3 new city classes and 3 change in the griginal class 0
lsee Table 3-1]. City classes 1.5 contain the same number of cities
a5 the ariginal data base. City class 10, representing papulations fram
15,000-23,000, contains fewer cities than the orininal data base
since at .ut 500 of the ariginal class 10 cities are moved to classes
11-13 urder the new class definitions. Table 3-1 indicates the aver-
age population for each city class and the average numner of P-357s
per ciiy 25 listed in the Tarcet Data [nventory (T01). The radius for
5 single equivalent P-3% was computed using the equation

Radius {P-05) = 0.5125 Tn (1.3 + 0.20}), (1-2)

whers the radius 13 in nautical mwiles and the population (A] in the

|
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cemplex 75 in thousands. This algorithm was developed by the RAND
Corporation based on statistical analysis of demograshic data far the
Eurgpean continent. Jse of this single equivalent P-95 offered cer-
Tain advantages in the countrywide evacuation assessment as will he
tovious in the descriotion of the POPEYE code presented later in the
report. Fatality calculations done using the mere detailed CIVIC code,
of course, used the actual P-95's of the cities fn the data base.

1.3.4.2 (y) Density Categories

Earlier work by the Stanford Research I[nstitute {SRI) indicated
that the types of construction in an urban area {and hence the type of
sheitering available] depend not only upon the total papulation of a
city but also upon the density of P-95's which comprise <he city complex.
The density categories developed by SRI are given in Table 3-7.

Table 3-2. Density Categories By City Size
P-95 Density* {Panuiatinnffnm}z}
City Population Rural Small Urbanm Large Urban
200,000 > - ——— ANl
100,000 to 199,399 < 2,500 2,500 to 4,393 > 5,000
50,000 to 99,000 < 5,000 5,000 to 5,959 ilﬂ.ﬂﬂﬂ
20,000 to 43,999 < 7,500 7,500 to 14,79¢ =15,000

10,000 to 19,999 <1J,000 10,000 to 15,000 >20,000
2,000 to 5,999 <12,000 12,500 to 24,399 23,500
= 2,000 AT o -

*The p95 radius 1s used to determine the area,

Thesa data were ysed to nrenare the weighted 2ts.. 1hutions of urhan
opulation by city class as shown in Table 3-1. Thote distributions
then were used to develop sheliter postures as discussed in paragraph

4 5 g

i .
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ww he Dpacelire sreltering cistributior for Countrvwide anals-
$13 13 giver at Table Z-3. It %5 ddertiza) tg that which was used
in the {0Vl cace Tor the cetailed civy calculatizns zesoribed in
Secticn 32, when the sneiter types given ay Zdensity cateqory im
vable I-7 zre correlated witn tne Zensity distrihution for each city
ciess in Table 3-1, 9t 13 possible ta develon a shelter 2fstributicon hy
CL¥ Class such o as 15 given at Table -4, Earlier it was menaticned
that & pararetric apprcach to shelter and evacuation levels was adopt-
ed. AU ihis point t 95 @oropriate ta explain the meaning of a given
‘evel of snelzering, f.e., the specific conditions associatsd wit
IC percent, 20 percent ar S0 percent sheltering. s the conters of
this stucy the percent sheiter refers to portion 27 the urban aoopula-

tion lacated in the . shelters. Shelter variations in Lj.!.>
- —— i

wnfs study “nvolved only mod:ification of the distrisution of lzrge
Jroan populatizn between the harc shelters and existing hasepents
he sheiter pasture of small urker and rura? popuiatons was heig

constant,

4

£ mpee The Touiyaient Yiaid Adactation (L)

Led

[

wiiae My 4inle thelter zatezorfes involving 3 range of Raro-
nesses ware npt 2 part o tne ariginal G4 formulaticr === "% nad

a ziacie catecory. 2ince a meanimgful assessment requires tha
452 o7 TUiizie snelter categoriss, 3 concept st oecutvalent yiald
wes inTraducsEs 12 bricge the gsas. In thizs study, the tert Tacuivalen:
yieid” Y0 2efined as that yield [in kilotons] wnich ngs the same wea-
oon or2dius 222inst the single snetter nardmess of the orizipal G/A
233 Zase 25 tne yield of current “nterest has acainst 2 onew sheltor
tazegory of -nterest.  {n dasic I2rms, the sguivaient vie'z cConcept was
an absira<iion «hich Tertitlec use of the arigina’l J/A data wnile
t2king inta accourt the fhange:s v sheitering assumitsignms tnat were

ararocriate for this stucy. |
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meapcn radius ‘s 3 function of yie'd, height of Burs® and tarset nard-

ress. 0 this study, 201 weapons emoloyed against Tarse urban areas,
.8, tre nardened snelters were surface burst, wnile ail weaport
emzigyed against small urdban ang rural copulat ons were tgrst at the
helgnt wrich optimized the weapon radius for gromat effects.  The

ha rdened shelters i{n urban areas require a relatively 1gw height of
Eurst fc maximize damage, ana it was decided that a surface durst chouicz
be used tc take advantage of the additignal fataiities that mignhi ac-
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Tions of this report explain ne manner in wnich thess varicus
asuivalent yields are traated 1n i55e557ng atiick effectivenest, 1.8,
e tecnnicud uysec 0 evaluatz the use of Severa: DSenco-weanons in
simuiating wnat would e only 4 sinmgle weapon in fhe actual atzack.
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redistributing the urban popuiation. 1t was necassary to identify
Which sities were to be evacuated, the distance tne evacuees were 0
move and the resulting population densities in the hosting cities.

4s with sheltering, the percentage of the ity population evacuatad

was treated parametricaliy. The methodology ampioyed was selected

aftap review of Soviet (D literature and was done at & level of aggre-
gation appropriate to the magnitude of the task and the desired level

of confidence in the results. The specifics af %nis procedure are given

below.

3.3.7.2 The Mechanics of Evacuation

As was mentioned earlier it was decided that cities of
100,000 and greater would be evacuated. Thers were 267 Soviet cities
in this category and the total population in those cities was approx-
imataly 34 million. In terms of city classes, these 267 cities ac-
count for all of classes 1-7, and the first 120 cities in class 319
An annular-shaged buffer zome having a thickness B nautical miles
{approximately 15 kilometers) was placed around sacn City. Jafinition
of this zone is consistent with the pract +icas gescribed in Soviet L0
manuals and 15 intended to ensure that areas beyond the buffar zong are
nat subiected to overpressures exceeding 1.4 nei (G.1 kgfcm 1 From
weapons of 2 meqatun or less which detonate along tne peripnery of the
city proper, i.e., the inner soundary of the bufter Ione. The radius
of the city proper was taken as the squivalent P-35 racius shown in
Tahle 3-1. The aggregate population of the buffer zones around the
267 cities was 23 million. The buffer zanes were avacuated entirely for
avery level of city evacuation used in the amalysis. This may De somes
what unrealistic for low levels of evacuation, 2.4.. 10 percent, Sut
it was a convenient criterion which could be applied conmsistently
throughout the calculztions without inoroducing a serious bias, A
modified version of the SAL ESCAPE code [Appendix Al was used to accom-
plish the redistribution of pupu1at1un. Concentric annuiar rings naving

frhere were 7 subciasses in class 8 -- one of 10 sities of population
greater than 100,000 (average size 137,050) ard the other with 35 cities
of less than 100,000 (averane 34 230} .
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3 thickness af 5 nautical miles were created outside the buffer zone
(Figure 3-la; and a count made of the number of potential hosting
cities by city class showing the total population within each ring.
Using Soviet {0 literature at a guide, only cities naving populations
less than 28,000 were designated as potential hosting cities. [In
terms of the countrywide data base, this corresponds to zpproximately
52,000 eities in classes 10-13. Lities were flagged fo aveid double-
counting as calcularions proceeded (Figure 3-1b). The results of this
procedure are summarized in Table 3-7 which shows the number of host
£i1%ies by class at varigus distances beyond the buffer zone and the
associated aggregate population. The table indicates that there is

a2 hgst population of 30.3 million within 15 mm of the buffer zones
{8.6 million at 0-5 nm and 20.7 at 5-15 am). Thus if a host ratio

af 2:1 (2 evacuees per host) s assimed, 80 millicn evacuees could be
accompdated at distances ng more than 15 ma from the buffer zones.
Table 3-8 shows the number of perple to be eyacuated as 2 function of
the percentage of evacuation of cities over 100,000. The number to
be evacuatsd includes the constant increment of 23.1 @i 77on associatad
wizh the buffer zone, for as was pointed out sariier, it 13 always
avacuated regardiess of the level gof evacyation in the city praoper.

.t follows that aonce the population to be evacuated nas been geter-
mined and the hest ratio has been selected, the required number of Rosq
cittes (from classes I0-i3) can be calculated.

3.3.7.3 Faotential Hosting Capability

Figure 3-2 is the cumulative hoiting population as a
function af distance Seyond the buffer zons {ciiy centers 2re gen-
eraliy 10-12 nm inside the huffer zone). The curve shows that with a
?:1 host ratio, 50 percent of the large urban pepulation [i.e., in
cities of 100,000 and larger) cap os accomodated within 20 nm of the
edne of the Suffer zones, and 30 percent within 10 miles. This some-

what surprising and rather significant relationship i3 4 consegquence
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Table 31-7 Distribution of Host Cities With Hstance From Evacuated Cities
| , g o Number of Cities . ]
Class | Buffer I [
City Class Total lane 0-5 NH* S5-15 NH 15-50 T 30-%0 HM S0-100 NM
z —— - - - - . o - — — . - - - . - T —— ——— e —— ] =
o 10 257 30 20 41 49 5 49 -
; . bl 1,169 63 1?6 165 220 158 93 ]
.‘ g; - 12 20,326 | 2,793 1,563 3,321 4,617 4,100 3,799 E
='-."| i3 30,3348 3,157 2,201 H,348 7042 5.7249 4,488 7,
L —— ) o - - . " [
§ Populatiaon -
b (M) 12).9 23.1¢+ 9.6 20.7 27.1 22,5 18.2 J g

* Distance Beyond Buffer Zope
Voincludes Population of Class B ang 9 Citdes in Nuffer Zone
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Table 3-8 Population To Be Relocated d4s A

cunction of Percentage Urban Evacuaticn

' Percent Number of PEﬂplE":

] Evacuation® {Mi11ions; i

Y | 32.5

I 20 ; 42.0 |
0 51.4 ,

! 40 ! 5G.3 !

! 50 - 70.3

i B0 73.7

! 70 39.2

20 | 385

| 30 108.7

| o0 117.5

*percentaqe of total population in cities greater than

100,000 population

**[ncludes buffer zone population gf 23.1 mi1lion

id
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of the large number of smal) cities identified in the dara base as
being in relatively close proximity to the large cities.

3.3.8 *WIWET™ The POPEYE Code (u)

3.3.8.1 () Structure of the Calculation Process

The existing Q/A data set was incorporated ints an indepen-
dent optimal allocation dubbed FOPEYE {Population Optimized Equivaient
field Evaluation}. The code was structured tg accomodat: up to five
equivalent yields, each associated with a particular shelter hardness
3s described earlier in this section. Q/A parameters were calculated
for each equivalent yield for city classes 1-3. Since classes 10-13
were developed specifically for this study. new /A parameters hagd to
be gefined for application to those classes. This was a relatively
simple process because the cities wers small, representad by a single
P-35 in the data base, and never required more than cne weapon in a
laydown. Therefore, in the eyuation

0{n)=1-00 ", [3-3a)
A owas sat egual ta 1.0 and the BXDrEss1on
Q= {1-35PK} (PGAl £ 3-3b)

was uied for the ( parameter, where the POA (Probapility of Arrivall qs
taken as the system reliabflity and the SSPK was caiculated From
the formulas

ina | 0.28WR | 2
55 = 1 - 7'M CEP, | (3-4)
and
e, «V rcer) v 0221 (po95)2 (1-5)
a5

UNCLASSIFIED
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In equation (3-4) on the preceding page, WR is the weapon radius cai-
culated using the Defense [ntelligence Agency's Physical Vulnerability
Handbook, and CEF‘a is the circular error probable adjusted for the
jpint distribution of area target elements and delivery error, allow-
ing the use o7 t.e simpler form of the 55PK calculation.

(U}  I» equation {3-3) CEP is the actual circular error prab-
abie of the sys=em and P-95 is the radius of the P-95 cirzle comprising
the araz Larget.

(U} Table 3-5 presents the weapon radii for yields and shelter
types used in the study. The P-95 radii are given at Tabie 3-1. The
vaiues of the parameter O for city classes 10-13 were calculated using
these data. The effects of the varicus equivalent yield weapans are
combined in accordance with the formulas

A, .
H, i3) [
F ={1-0.7 Jeuf 1-5)
RERNE J i :
- A, .\
il ! r
] = _ :_"1
FRLE .E -9y )P1 i3 x

yhere Fij represents the number of people in city class 1 ang sheiter
category j killed by N weapons of 3 given eguivalent yield. uij and
Aij are the aporopriate Q/4 parametaers, Pi is the average pooulation

af a ity in class 1 and Fi‘ is the fraction of the population in city
class i inm shelter category j. Equation {3-7) is tne expressiocn for
the total number 7. of peopie in city class 1 killed oy all the varigus
equivalent yiglds up to 2 maximum of five. Table 3-9 provides 2 tyzi-
cal set of fii valtues by city class. Figure 3-3 i5 a simolifieg Flow
diagram of the POPEYE code. Specified values of shelter haraness and
weapon yield enable calculation of equivalent yields. These, cambined
Wwith weapon accuracy, weapon reliability and imput of the Sgviet shaelter
apsture, grrmit the calgulation of /A parameters. The marginal re-
surn of the next weapon is determined against each city class using

46
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the eapressicn

:- _ ﬁ:i {Hi‘ = F1. Wt oo T {u: - 11, [3-8]

whETE %1 [Hi} is the marginal return [in terms of people killed)
resultinc from the y= weapon against ¢ity class 1, anz Fi ih-]

andg Fi [xi = 1) are tne numbers of people killed inm city :1a5£ T by N and
¥ - 1 wearons respectively, ke purpose of the calculaticon iz ta zeter-
mine the ootiTa’ weapon a7iccation, and hemce eact succeeding weioon

‘e targered against the city zlass yieldine the greatest marginai

return. To*als of weapons excended and the assaciated number of fatai-
ities are maintaimed dynamically, and the process cantinues until 3
predetarnined 1imit on either the numcer of weapons ar the numcer of
fatalities 15 reached, T run termination, the TLEVAONIX “lptler

'R

grapns fatalities 2s a functicn of number of targeted warheads.

T.3.R.7 e Uncerlying Assumptions ()

bk There are zeverz] important assumptions empoctec in INE pro-
I safyre secc=ibhad zhove whizh the reader should recognize. -7rst, since
“he warizus scuivaient yields are anly surrogates for 2 single yieid
weanon, the ecuivalent vield weapons must of necessity nave the iame
- desi=ea ground zers (3GI). Further, the pepulation centars Zorves-
ﬁ : ponding to each of the various sneltering catedorfes 211 are assumed
to mave circular normal distribution and a common center. Rere are
i instances where thic is not entirely true —- for example, for inter-
medizte-cized cities {e.3., classes 8 and 9}, the sheltering disIribu-
tions wers derives from i mix of P-35's comsisting ot laroe urban,
small urzan, ane r~ural desigratisns.  Amcther asgect of the sneiiering ]
S — et

sistribution assumption relates to target definition. I L
PRI - B o m— A

5
L] F - [T R

F
e TH Ly TR
e .

. a=r ... L3 N
. r— g —

Tnine rarget represantations -equire specific Tocatians, however, anc
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thate wers rot availanle witnin the < meframe -f the stucy. More-
gver, 1t 15 ~easonat.e 0 assume that since the wWeillT 2irUointi o wgusd
ofien be ocffset toward the centers of waiue of ine narc saelter 29i-
tributicrs in 3 detatlied targeting orccess aro Ihe soffEr Targets

would not ce very sensitive to aimopint offcets the Soes associatec -i1te

the assumpsion 2f common centers for the various disteioyutions wou:d
noct be siznifizZant.

2,30E.T ol Verification of POPYYE Vitn CIVID U

—

wi®®  The develgpers of FOPEYE recogrizec the desirabiiizy of wal-

-
e |

idating its reiiapility. Te this end, twt attacxs
the city af {iev were assessed: 2ore as develcoed by FLPFEYE, the gther,
a2 more detailed laydown, by CIVIC. The magnizude of the attack was

detenm1ned by cbserving that in a base case countrrwice actack!

of achieving 60 miliion fatalities -- the estzbi‘snes cutofr.

zare JEvdown wWay Then “iggEsed us1nﬂ E H C. ﬁr:"“ cziguiated The
fi=377=%ag pesyiting from zrompi effests only and from Srompl Dlus
F217aut (2IPEVE does not have the capabil ity fo assess the eTfects of
_faiam :;. The CIVIC recuizs are displaved as a verzizal! ine zbove Ine

‘moint on the abscissa located (us® unogw the POFEYE curve.

ities ~esul+ing from orompr Jius fz2ilgout efferis) he lower lf@f; sor-

rezaands to arompt effacts onilyv.  The CUVID runs zssgsses the

targeted against the largest 2-95°: in <fev. The ctsirtDuToc o
i
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iectiyes. Adgtoral work was done on Moscow because o 13 unidue onar-
acter 33 tne lardest city n the Sovtet Lnjen. As was cescrobed oo

Tartoop 3. Kizy was selectad cecause 1T was conmsidersg reoTeienlative
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af =ne canditicns of interest in Soviet civil gdeferze, 1.2, Thel-
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Yalnerzbs ity criteria for fatality astimates ptes as zaco

For o ThE BYVACUATAD ANC UNBVACLATES [ATED were as follows

e nereanility Criteria U

LR

Table 2-

.o

Tout calculations yeripe 2ocorcing <o oona
Zersity 2istribution classificat-or large urban, srall urban 3ns fur-
210 10 paragrapn Z.5.5.2 If Zestianm I

The assyTTmtions uses for ]
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These results fﬂr £1gv suggesT that evacustion mignt reducs fatalities

-~ approximatel ©op .:-
r.:_:_.ff._ﬂ-mu gy
However, f
! Ao e 2 T T ST T e e - _|:I .
guch retarget.ng can o exnected to r&dhte gggace ﬁn'inEustr1a1 farit-
i:ieﬂfi__’ddﬂpx-ﬂ-'-ﬂ o o o
. N - ' N . . JIII
1 ‘J' P | _.ll
;
H t it aupears fat lEﬂSu Fur R1eu] th&t the negn1 +ude of ad-
[
ditipnai weapon:i requ1rement5 io camuensate for mak nr evacuaticn might sy
be on the order af' tarueted y zj
againzt Kiay in the has c 1ayduﬂn. i.e,, the "no evacuasl’ nn L
This dnes not imcly that tne increase of weapans wauld D€ in The
oo - _ .
ranoe’ . for in such attacks it é{_f)

P — e T

iz Tikely that anly 3 frag+ion af the total weapons wouic be Tars

geted igainst groan-indusirial targets.
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1.1.7.7 e Second ¥iev Assessment - Fgrantia., Dhomants

(Gw Aoditicnal Work was done on £igy TnoIne fater ST30es of Tnis

aTuoy 1r arger o examing the 5Eﬂ§"f1v1iy gf =esLizs Tz Zertain Jara- iﬁtf?\

s vofine certain Zgte 2er-

”EfE"Si o B

taining to chelter nardnesses and protection “acIors, toodetarmine
r

+he relasive aumbers of fatalities versus sctal casualties (B..,
farati=ies plus injurec) and to discover the aqutcome of certsin sgeci-
Sic comninatians of sneiterinc ang evacuation Teve'ls wWnign oroved Lo
be of ipterest during the course of oriefirgs sresented I waricLs
affisials in the Depariment of Dafsnga, &g w110 oe saen, the Tocus
of <his secgnd Kigy assessment was on population as orogsed I3 indus-
spizl samage. As in the first assessment, varigus Teveis of re-

geting were accamplisped with the aim of 1WCTEES'“E fatality |ev9|5.
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Yulperabilizy criteria for this assessment were mocified somewnat
from whe initial data to examine the impact af imgrowved sheiter Slast
hardnesses anc faiiout protection, incluging tme effect ar hasty shel-

ter construction Ty evacuating population.
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me Figures below pottray the resuiss Inoall lases,
Tne Dercert sneliering refers too the nroporticn =f nopulatian in

hardened underground snelters jocated wi
of the cCity.

-
LhE
b

«kin tne "Targe ursen’ areas
Surface Sursts were used im tne evacuated fases in an
at*empt to recaup Tatality losses.

‘nCremencal leveis of retarzesting
g% avacuatad poculation were examined

T

Sy
ol ! b A
::I -;I
.13 s ThHe Moscow Aszassment (U]
A

.l Fszential Elements (U]

I
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2.1 [ Swmmary of the Fiev-Moscow Assessments

1y
LA

Fi
]

e NE PESULITS OF the Kiev-Mosiow sfIessments sLIgest Tnat
wery fucstantial reductiope in fatelities may QCour 25 3 rasu
sowiet L3 actions. Assumctions recargding leveis of evecuatign, she'l-

tering and retaryeting ovoviously play an<impgrtant role, LCertaln

coTeinatigns of sheltering znc evacuation might reduge F2tz2l:%:05 =g

Levels varving from

f‘ﬁestﬂratiun uf_?étal1ty 1evels, of éburﬂe,

_— ==

berames more GifFicyit as the nardress and iotal numpers o7 snei-

ters increases, In many of the variations examined, infuries nearly

=]
1

equaled fatalities apd in some instances exceeded thesm, Fvomet
ferts were Dy far the primary cause of fatzlities, particulariy
tne higher lavels cof shelterng. There is Jittle queztiar Ihat The
onited States couid inflicet substantial rumbers of faralities and

[0

casyalties despite significant Sovier CJ measures. f |

3.2.1 ™™ Tne Potential impoact af Sheltering (4]

3.2,1, 1" Consitivity to Weapon Yield (4l

/mmmem The Cingle Intecrzted Jperational Plap [ZICF) -5 the rezlwerlc
clzm for the employment of U 5. strategic weapeons. [t <5 Jeve.noed Ty
tne Soint Strategic Target Planning 3taff gt OFFfutl ar3, Yeorzs«a

Ut ivg a prgac rance of wecapon yieids, accuracies ang reiianiiiiies.
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L EmE
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af the “arge urban deoculation not Gn onard snelters were sssumed o A
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# .dentify potential nost Clties 25 4 func-
sien of Costance Trom evacuated cities

s At selected jewvels of evacuation, asiign
svacuess o host rities using estabiisnec
guidelines:

- Hes* citisr to hawe oopulation les:s
than 22,500

- iUse & ?:! hosting ratie, i.e.. 2
PyaCUESS TS5 1 nost

- Assyume no increases in the numoer or
cepacity af karg urdan shelters sver
those used in tae foregoing aralysis
of skelzering

- Mzintain the same distributions of
sheitering for small urdan ang rurza)
iocales zs were used in the foregoing
sheltering anzlysis

» Jse Jptimum alipcstion of weapons against

population assuming knowledoe af snw tov
and nost city Tocations

2.2.2.7 g Attack Cifectiveress as @ fumgrior zF Ivacuazion  fo

wmiw  THe tansitiviiy of attack effectivensess T9 2VACLATTOT ZOa-

Figuras d4-%a and 4-7h, whe=g the 1NOoSCENIENT

yariable 5 Tne persant evocuation.  AS was e Case wWisn The sariier

sora i3 oresgnted in

£iguras sertaining ta sheltering, the dpnendant wariis 8s are 1ng
numhers of sarseten warneads znd fatalities, The Je-cant a¥ gvacua-
siop refers =g the feaction a7 the urban popuiation in 2TTIEL over
100,000 thmat ars evacuated. The combined pf¥act of sheifaring ang

+ A - B . 1 .'l_
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;_: I Thers s another interesting relationsric embedoad in
these graphs. For egual fractions of the populaticn pratecied by

cambingticns of sheitering and evacuation, the nurters of wEADonS

enc Tatalities are 2pproximately squal. For examm e, on Figure 2-£a
3 5he1her1nn3evqc"atunn combinzation of 10/5C requires
fta J-ozuce 80 million fatalities -— and a'sheihEringfevéEl

©ouation combimation of E [aga1n 8 total of 20 peruent protected,
The same rela-

FOO i RS abnut _ '

ticnship Ex:ats x1*h respect tu fatals tuez. leading T2 the conciusicn
that, at izost for tne conditions assumed in this study, sheltering
ENC evacuation are roughly 2oual in ability fo affoct weasons re-
fuLirements ang fatality levels.

1.I.2.% e [ictreibution of Fatalities by City fTazs 7))

)

wieb Cour separate copbimations of sheltzring anpg evasiation
are axamingd in Figures 4-73 and 4-7h in tarms 5% +ha sistributien aof
Tatalities. The zrdinate af theca plots 75 tre “raction |zerzentace’
ef 40 7117 {on fatai*:iEE inflicted in the attack: =he apsiszas ic city
clacs. & wotal of 50 percent of the urdan Jeouiation 1% protectec
‘N otne Two cases of Figure £-7a using sheitering/avacuation comzina-
tions of 2070 ang 13740, A1T of the urman gooalaticn is crotectes
G/EC

arc 10720, Im 2! four czses, & tatal of 60 millign fatalities were

Lr

r Figure 4-7% whers the sneitering/evacuaiton corbinations zre

; achievez. A signi¥icint aspect of these results e the g stinct
: shi7iing of faralities toward the smaller ‘higher numhered] cit
classes in tne two cases involving nigher leveis of evaguatian, .z,
the Z0/30 2nd 10/90 cates. The reason for this sifiing is that
4% grester numbers of people evacuated, host cit19% Serame noro *#munv
erat’ve targets than the citiss af origin./ R 'h*ﬁl

o
o
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slative Effectiveness af Sheliering and Cwardation

R
= -
Foagtyres L

Mmgms 4 somewnat iTferent yiew of the aptentszl impact of sheltering

and evacuation is obtained by examining the relationshio between fa-

valities an¢ nurpers of targeted warneads for savera. plausible com-

wimations of sheltering and evacuaticn, This relationship 95 Dro-

yided at Figure 4-3. Weapons regulrements jncrease snarcly as the

percentage-ov ~stat-ursan-population protected is jncreased.’
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5.1 = ':'.."..HF.TE SEECCIATED WiTH REEUMPTIONS And ANALYTICAL
S.1.. e pcomoticns U

e The -nflictian of fatalities was the saie targeting objective

-r This study, Jnly thosé Sowiert Cits E5 with aqpu]c,.un excescing

+Dﬂ JDD NEFE evathateﬂ, :ﬂdl o -—-._J

—d

Thesp

e ] e

b -

—_— T R ST e S

—3TTumations, altnouch apsropriate to the shiective of the study ..e.,

~ne detsrmination of <ne “zasibility of populatizn fzroeting! imfose
certain Temitations on the use of the results. TairsT, T i uniieely
That the farseting poiigy f2r ULS. strategic nucledr Torces will aver
resTeict targeting obiectives fo puopulation zicme.  MTiZary nstalla-
net onal Teadewsnia,and industrial capabit Tiies clearly rz2quire

nians,

attention ‘n otne targeting orocess and it is Rigrivy unltkely Tnat they

w17 2e neclectec n oany future employment poiicy.  The use af Tne

sssemptians »f this siudy simply provides a usefyl means of ASSE551M3

Tie TRasiol 10ty of population targetd ‘ng, .. Loe ghjeciive 0F ine STucy.

Il_.-.-...-..-.a-:-.-'... . T T e """'-‘—

—

. = rm— iy b e iy

}‘§e1ec*1un of tre 100,000 cutaff fo- uroan

ewaCJaf-nn al tﬂﬂurr cansistent w1in 1me availapie information on Lavoel

02, 5 agt the only cutaff one mighT wisn £0 examine,  Saome beileve
+nat SO %00 mignt be a mare dpproproate choice, and that there shot 3

-

me 3 soecial attemnt o assess our ability to target thne xey Tnousirtal

whrkEeS wnp Sisperse away from the city proper in times of ovisis,

F-onally, cre recogrizes that 1t may te desirable I 2o 2 Tore
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discriminating analysis of potantial targets in idemtifying host cities

50 that evacuees are not located in cities which contain inviting stra-
tegic targets, Time and resource limitations simpfy did not permit
exiémination af all of theze various facets of the arablem.

R.1.2 (U} Analytical Toois

Except for the CIVIC runs on Kiev and Mascow, the computer
codes used in this study provided onmly fatalizies resulting from
prompt effects --- no casualties were calculated, nor were the af-
fects of fallgut taken into account in the ccuntrywide analyses.
Prompt erfects clearly would be the major cause of fatalities in popu-
lation attacks, but certainly some additional fatalities woula
result from failout in those cases where surface bursts are emploved.
Depending on the weapons used, 2nd the magnitude of the attack and the
burs® neights we estimate that inclusion of failout fataiities might
increase total fatalities by 10-20 sercenat. The Q/A4 approach to copu-
latign tzrgeting limits one to weapons of 2 single yield for a given
attack, and as was mentioned eariier, this 75 not the nature of real-
world attacks. One can compensate for this shortcoming by examining
several different attacks using variations in yield [as was done in tnis
study), Gut 3 mixed weapop 2ttack is not within the capabilities af the
G/A methodology. If 2 single “best estimate” of sopulation fatalities
is cesired [as opposed to 2 probable range), 2 Mixed-weapon attack is

clearly desirable.

5.1.3 (U] Uncertainty Perspective

Ideally, one would like to examine *he agtential effects of
the more obvious uncertainiiss as they pertain o the fatality Zalcu-
lTatigns. ‘lhat a-e che implications of Sowiet shelfering and evacuatian
in the absenr: of adequace intelligence and 3 retarneting capagility?
What is *he impact on tarqeting effectiveness if our esiimates oF favals
3f shoitering and evacuation are not accurare’ decoanizing the emormaus

c malexity of executing such a large-sca'e 0 plan (espacially major

F
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evacuations), how effectively would Soviet cammand and control, transpor-
tation, provisigning, and gther logistical activities be carried gut?
These gquestions adgrest oniy those uncertainties associatad with Soviet

CD and .3, targeting capabiltiies. Quite apart Trom these are addition-
3l guestions relating to weapons effects ang personnel response to them.
It was not possible to examine adequately all of these guestions during
the course of the study, and the r2sults should be evaluated in recog-
niticn of the fact that significant uncertainties do exist. Specificaliy,
it should be kept in mind that the study resuits are tied to the assumo-
tion of adeguate Cji to locate and retsrget sheltered and evacuated ur-

han popuiatian.

g3

UNCLASSIFIED




.rl

-

SECRE—

i & ECTION £
SUMMARRY )

CANT RESULTES (UG

[ ]

d-a

. Nl < 1o
Al Tho cpiective of the study was o determing wnether, in
ligrt 2f the Soviet {0 program, population targetirc s a feasizie k-

-

<iap Fzr tme lUnited States, The resylts of tnis stucy ingicatE that
the Ur teq States has the canability to inflict sLostantial Tataii-
ries if popuiation is & targeting objective, -owever, retargeting
maximize fatalittes in a sheltered wnd evacuated Sgviat population could
rocylt in reduced levels of industrial damace as weil @5 significant

increases in weazons requirements. 1 .i}{ft)
| B

1

| : ME -Teusibiiity of evacud-

tion 95 supported Sy the determinatfion mace in The sTucy that most 2%

she Sewiet groan oeoutatior in cities excesding 100,000 Couic be nost-

ed witein I0-30 mactical miies of those cities wiihoul exceecing 3 host-

ing ratio af 2 to L (Figure £-1;. This s not an srrealistic hosting

vas=iz, nor Ere the sistances io great that they coulc niot e traversed

in =mp spaca af a day ar two, 5iven adeguate advarcs pianning.  Rever-
tneises, canclusione recarcing the effectiveness of gwier ciwsl oce- .
fense mus: be tempered by recogniticn of the remaining unepreasniies

a5 discusced ‘n the arevicus section, Large scaie evacuatior in par-

cicular would be an enormaus’y complex undertaring, and it woull surery

cwaate 3 crisis in itgelf [4F 9t were done syt 2 the =lug' ', 2

marked]; deegen any existing ¢risis, creating ing reed for 30Me ery

s
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difficult decisions by the .5, leadershiz. HopeTully, this study has
Provized some insight ints the possible alternatives and consequences
that should be examined before such a crigis arrives .

B.2 (U7 COMMENTS ON TwE IMPLICATIONS

The principal implications of the results are associatad
with {31 capapilities, weapons requirements, and ‘he fRasibility of ;3
large-scale evacuation of soviet cities. [t anpears that targetirg
Population could be a feasinle targeting cbjective, but not without
stgnificant comsaquences in EEI investments and probable increases in
the tetal number of weapons required to accompiisn all of the strite-
GiC targeting objectives cas forth in national palicy. A hetter
estimate of the impact of population targeting on weapons requirement.
fan Se made given criteria far gther objectives such as the damage
exdectancy goals for economic largets. Estimating the casts of ac-
quiring adeguate EEI cépanilities tp accomplish timely and accurate
rei3rgeting is a more complizated task, but not an insurmountable one.
The surorising degree of relarive Proximity of host cities to accoma-
Zate lzroe scale evacuations Suggests that it is not unrealistic
T0 comsider at this ooint wnas U.5. alternatives would be if we Were
“0 observe such an evacuation in Frogress.  some beiiswe Sgvies 0D
activities call into questian the adequacy of our own civi] defense
Brogram. Uthers insist that major improvemsncs in civil defensa oy
the .nitec 3tates ame the Soviet Union wauld anly make nuclear war
more accentable, thus eroding what atl dgreg 15 the key objective ===
ceterrence. At this point, there does not agpear ‘o be z basis far ag-
S2rting that Soviet advantaces gver the U5 in civi] defense are such
that in themselves, they would encourage the Soviers o risk starting
a nuclear war. Pernaps 4n impartant distinetion to make here i5 the
cifference that Soviet civil cafense measures could nave on the outcome
of 2 nuclear war as Ipposed to the effect it couia have an the inftiation
af ane. Most aralysts would igree that despite *he existence of
the 21vi® defense asymmetry, the nitiation af 3 auc’ear war it at

85
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present a law probability event. On the other hand, one must recognize
that secause of their better preparation, the Sovier CD program prob-
ably would be more effective than our own in an actual conflict, and

it 15 uncertain as fo just how critical this difference might be.

This stuay has addressed anly one facet of that very difficult ques-
tion --- the potential impact of Soviet CO an the feasibility of poou-
latiin targeting.
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(U] APPENDIX A

FALLOUT UNCERTAINTIES

This appendix is concerned with many of the important uncer-
tainties related to fallout as it affects the estimation of casualities.
The specific areas to be addressed include fallgus models, shelter
parameters, wind variations and finally, latent effects which are pas -
sibly associated with exposure levels Tower than thas required for
acute effects. There are other factors which will not be discuscad
here such as dependence on height-of-burst and fractionation of activity
with particle size. These have been addressed in sarlier investiga-

1
tions ™.

An important limitation of the analysis presentad hers 5
that uncertainties were assessed for either a single burst or a lacal-
ized cluster of bursts and not for a nationwide attack. Consequently
the results must be regarded nore as trends than s definitive or rom-

arehensiye,

e

MODEL COMPSRISON &Y SAL

e

An EvaluatfnnE of the SIDAC {Single [nzegrated Oamage
Assessment Code) model used by CCTC pointed out wnat appeared to be sig-
nifizant variations in the prediction of fallout between codes. The
codes considered were DELFIC, SEER and the version of WSEG-10 in
SIDAC. DELFIC 1s considered the most comprehensive model ang as
such should serve to calibrate the ather two modeis which are des igned
for systems application such as damage assessment. The two principal
results of that variation were that

licGaaan et. al. Semsitivity of Fallout Predictions to Initial Zondi-
t1ons and Model Assumotions, ONA 3439 F, December [§/4.

Ezrake~ nt, al., Evaluation of the 3ingle Intearated “nalysis Capabil-
(SIDAC} "Mogel, Final Aeport oy science Appiications far DNA, Spri)
1577,
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l. SEER tended to overpredict the area enciosed
by a specified dose rate and that this aver-
prediction occurred consistently for mast
yields and dose rate levels. [t was recom-
mended that SEER-predicted dose rates be re-
duced by 3% percent as a quick-fix.

2. WSEG-10 tended to underpredict the area for

a given dose rate and that this underpredic-

tion got worse with increasing dose r2te and/

or decreasing yield. A simple renormaliza-

tion would not e a suffigient corractive

action.
This comparison of models was conducted for a single wind field which
though presumably representative, might pessibly have influenced unduly
the gutcome. Fortunately, thers has been a more recent coampariscn
that cansidered 3 dozen different wind fields. The results support the
above conclusions, in particular the evident bias in the WIEG-10 code.
An sxample of this is shown for a 1 MT surface burst (21l fission) in
Figure A.l. For each of the twelve cases, the dependence of enclosed

area pn the ane hour dose rate was plotted. The Figure shows the envel-

S

coes of the resulting curves for both WSEG-10 and DELFIC. At low dose
rates le.g., 300 A/hr) *here is overlap between the two models. At
nighar Teyels, howewvar, the DELFIC area is greater., For exanple at
1000 R/hr, the DELFIC srediction is 410 = 170 Ke® compared with tne
WSEG-10 calculation of 30 t%ﬂ ﬁmz- In eight of the twelve cases,
WSEG-10 predicted zers area. The choice of a dose rate level at wnich
comparisons should be made clearly depends on the scenario.  But
1000 R/nr from a signle 1 MT (a1l fission) burst correspongs to a mia-
lethal level of 450 rads over 30 days for the Tollowing conditions:

1. 31 HT [al} fissign) bursts with closaly

spaced aim points so that _ne individual
patterns mastly overiap

2. a2 shelter protection factor of 20

-

-

“Serment, 4. G., Analysis and Comparison_of Faliout Prectiztion Models,
ONA 4569F, March L577.
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3. am fnitjal stay time of 3 days followed by a
period of 27 days whers B hours % spent gut-
side the shelter each day
This 1s not a uniquely suitable set of conditfons; it §s merely illus-
trative. However, it does indicate, nore substantially than previous
examination, that there is a problem in the use of WSEG-10 for damage
dESBSSment .

A.2 SHELTER PARAMETER VARIATION

As in the scenarig example used in the preyigys cection,
there are several parameters whose variations and uncertainties need to
be examined. Specifically, they are:

L]

L. the protection factor far the shelter +p
which people would 90 On warning of an
dtiack; this can be called the primary
shelter,

2. stay time in this primary shelter, whicn
depends on storage capabiTity of fpga
stocks and water, 2, plumbing and venril-
ation, etg.

3. the protection afforded by residential
shel*ers such as Dasements, to whicn peq-
ple would return after their stday in the
primary shelter

4. the number of hours per day spent sytside
th1s secondary snaelter

In the following it is assumed that 2 hours per day is spent sutside
the secondary shelter, The first three parameters are then varied tp
examineg their sensitivities. The d55essment was performed in terms nf
the lethal area (450 v aver 10 days) following a single 1 MT syrface
burst with 30 percent fission. The DELFIC cpga was used far the pre-
dictions with the set of wing arofiles discyssag in he arevigus sgc-
tion. Table A.1 shows the resyl+s far the srimary protes+inn factor,
PE, having coding values of 00, 20 and 3; the carrespending stay tima,
*1. being 1 days, 7 days and 2 weeks and the secordary orotection

A=l
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factor, PFE, having values of 20 ar 3. These latter right correspond

respectively to the basement and upper leve]l of a residence.

Several phservations can bhe noted. For example, with
F’F1 = Z0, a factor of two increase in T, leads to a S0 perlent reduc-

tiogn in area while at #F. = 200, a similar increase in the Irimary

shelter stay time regu]t; tn gniy a 20 percent reductian. In other
words, the higher the primary protection factor, the less the sersit, v-
ity on stay time. The sensitivity to variations in tha secondary pro-
tection factor 15 2lso evident in Table AL, Increasing it from J to
20 teads to a 30 to S0 percent reduction in area. [n general, however,
the biggest sensitivity can be found in the primary protection factor.
[ncreasing it from 20 to 200 causes large variations and mighe result

in lethal areas that are insignificant.

One might ask which sets of walues for the parameters i-
Table A1 can be considered significamt. For a 1 1T surfage burst,
the area for which the minimum awverpressure is 6 psi is 35 kmE. in
this anaiysis, this level is taken to be comparable in effects Lo
450 r pwer 30 days from fallout. The latter i{s defined to be signifi-
cant when its area exceeds the blast area. The cases of stgnivicance
are given in Table A.2. For sxample, with PFl = 20, the primary stay
time must be no more than 3 days for the failput lethal area to ae
qreater than the blast area. [t should be remembered :that this conclu-
sion pertains only for a single 1 MT blast. The results are liable
to 5e different when there are clustered aim points as will be seen

in the next section.

A3 EFFECTS OF CLUSTERED BURSTS

tany of the observations noted in the previous sec.lons
are dependent an the degree to wnich adjacent fullout patterns overiap
and also an the distribution of urban areas with high population den-
sity. o examine this 3 hypothetical attack was constructed involving
14 clustered targets. A Mk 11 3V {surface burst] was empigyed at =ach

-4
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aim point. One hundred wind profile samples were selectod usino the
nearest reporting station. In the same Fegian a5 the atmpgints are
nine urban areas which wiil be termed monitocr paints. Their lgcatipns
43 well a5 thase for the targets are shown in Figure A.2. The free-
Field dose {over 30 days) was determined for each moritor point taking
211 bursts into arcount. The CIVIC code with its built-in SEER fall-
out medel, was used in this assessment. The resulls are stateq i;
terms of risk, This is definea as the probabt ity that 450 rads gver
I days would bz recieved by +he populace at a ngiven monitar point.
It sheuld be pofnted cut gver 37 days the mid-Tethal dose would te
730 rads provided susportive care was provided.} Sheltering para-
Teters were allowed the same variation a5 discussed 10 3ection A.7.

One initial guestion is what iz tne srobapility at each
moniter point for complete fallous avoidance. This is shown in Fig-
ure 4.3 along with the prevailing wind directian for *re regigr of
interest, HNote that for monitar point I, which 135 downwind [with re-
SPECT L3 the grevailing wind directiaon,) af <he Targer cluster, thers it
about 2 50 percent chapce of complete fallact aveidance. Tanversely for
mOMor point 5, which is ahout 40 deqrees ¢if the arev:iling wing vec-
tar, 4nd hence, might be expectad o infrequentl, receiyo faliout,
the probability for fallout avoidance is cnay S0 zercent., dhvicus!y
0n & Qiven day with a4 wind patiern that 1s fairiy uniforn over =ra
entire rcqign, monitor points 2 and & woyulen't Joth raceive nign in-

temsity fallout.

hown in Figure A.3 it the risk, ac defined zbcve, for
2ach of the monizor points wnen the primary and seconcary orotec*ion
factors are hoth egral "o 20 and the orimary stay <ime ig 3 J2y5 .
qote that monitor point & which had a 50 percent chance of avoidance
has a risk of about 20 percent whije TERI1LOr Z0int 7 which had the
same avaidance chance has a larger risk o7 30 Fercent. Manitcr oaint
3 has a surarisingly high risk, abput the 3ame a5 7or menitor point &,

The risk determined #ar sach soniser agint cver the =acce of gheltar
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parameters 13 given in Table A.3. The grder of monitor points is
according to an fntuitive assessment of risk based on the prevailing
wind direction. By and large, this is supported by the calculations
as shown in the last column. An important result 1s that only for 3
of the manitor points did the shelter parameter extremes result in
mare tham a 9 percent absolute change in risk with the maximum varia-

tion being anly 10 percent.

I} 7Jeneral, one would have assumed that monitcor points
i, 4 and 7 would have very high (~100 percent) risk. The imoact of
wind varfability is to essentially distribute the risk ovar more moni-
tor points. The aggregate risk (i.2., risk summed over the nine moni-
tor peints) appears to be about the same. The assessment conducted
here, though, would tend to suggest that wind effects should be treat-
ad statistically where uniform population distributions camnot be as-
sumed (i.e., where the populaticn varies widely between monitor points).

A.d LATENT EFFECTS

There is presently much interest in the effects of low
radiation exposures. Latent effects include radiation-induced cancers
rhat occLr over a lifetime; included are leukemia and cancers of the
lung, GI track, bone, pancreas and breast. Genetic effects will not
he discussad here. The incidence of post-@xposure cancer typically
occurs during a plateau period of time (i.e., with an equaliy likely
chance in any year) which is subsegquent to & latent period of many years.
Soth the latent and plateau period vary with each type of cancer
‘Table A.4)}. The calculations performed for this study are based on
the HAEH-I#DD* methodology used by the Nuclear Rzgulatory Commission
for predicting the consequences of reactor accidents. (The radic-
nuclide inventary in the fallout was determined with the DELFIC cade. |

A

“WASH 1400 (HUREG-75,/014), Reactor Safety Study, An Assessment of
Accident Risks in U.5. Commercial Huclear Power Plants, U.5. Suclear
Wegqulataor Commission, October 1573,
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The population is taken to have the average U.5. age distribution.

A younger population would have greater chance for latent affects from
the same exposure while an older population would have less. The dose
pathways include:

1. external exposure to contaminated ground
2. inkalation of resuspended radionuclides

3. ingestion of contaminated food such as
milk and fresh vegetables

The cancer incidence due to extermal exposure and inhalation is calcu-
lated in terms of total cancers per person per unit dose rate of the
fallout intenzity at ¥+l hour. The incidence due to ingestion is
given in terms of total cancers resulting from consumption af food pro-
duced per hmE cf land and per umit dose rate at a given location. [t
was assumed that the agricultural land use fraction and productivity
were equal to the U.5. average.

Typical results are presented in Table A.S using the
laydown discussed in Section A.3. The shelter conditions assumed were
that the grimary and secondary shelter protection factors were sgual to
20 and that the primary shelter stiv time was 7 days. The risk is
based on the wind varfation as defined previously. Mote that the risk
for 10 percent incidence of latent cancer is essentially the same as
the risk for a 50 percent incidence of early mortality. The risk for
30 percant incidence of latent cancer 15 some what lower Dut certa1n1y'

not negligible.

ALz CONCLUSIONS

Based or the above analysis, several conclusions apoear

t0 be warranted. They are 2s follows:
l. W5g£G=10 i3 serifously biasea in situations
where there {5 moderate to good sheltering.

This bias may not be evident in situations
where many bursts are clustered.

A-7
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There 15 significant sensitivity .o skelter-
ing conditions when the population is fair-
1y uniformly distributed over large areas.
The sensitivity is much less when the pecple
are located in discrete regions small in
size to the total contaminated area

and there are many owerlapping Dursts.

wind wvariability causes a redistribution of
ricsk [cefined as tme probability of receiv-
ing a lethal dose). This effact should Ze
considered in situations where the gopulation
distribution is frreguiar,

For limited laydowns, it appears that the
risk for 10 percent incidence of iatent can-
cer s about the same as for a 51 percent
incidence of early mortality. The corres-
ponding risk for 50 percent incidence of
latent cancer is zbout cne-third less.

A-d

UNCLASSIFIED




it st i, (T T T T

4 |
10 ] [ r— T T I T T
1 Mt, All Fission
! « SO0LID - DELFIC
; = DASHED - WSEG-10 I
i < 3.0 F : |
| het :
; & g
| a
B e = 4
: = rf_' L Spread Due to N l :
E' ™3 i:'_l Wind Variation g I
I E T 5 T T T - i
| 7. 3 2 T T ——— [ |
ol i.10° R - _ 2

- 5
|| rm - v
| ™ Sy i 1,
i e = I
B 102 1 | N 1 ] o - ., f;
| | ] 3 10 3.10! 10° 3. 102 o3 1103 104 .

Area Hithin Contour :KHZJ

Figure A1 Comparison of DELFIC and WSEG-10 Over a Variety of Wind
Conditions,

L

P -

'——M




G314ISSYIINN

ude

catit

Degrees |

Lk B

500 4

=1V A

50,1

49.4d

T T [ 1 T N ] - | |
(B (4
e *° I?:. o
* aay, .
(1) e o )
[ (1) :
‘*j ®
. .
LEGEND
L Bim Point
. (1) - . -
- , ko
, l ] j , k_} - wonitor I"r;|1f|Ls
jo.n in. 2 i0.4 10.6 .8 i1.0 3.2 31.4

Figure A 2

Longitude (Degrees)

Locatiton of Atwm Points and Population Centers

3.6

G314ISSYIONN




G3I4ISSVISRA

I-¥

-

L

0.6 ] | I T [ |
. (3) PREVAILING WIHD
H(}“]J 1 4 DIRECTION
e ] (24)
s ® Te, ®

— 50.4 }- A -1
o (e o @
;lg* 50.2 - @j N
b (B4)
= 3 @®

s0.0f " 6)  _

LEGERD
. Atm Polint
19.8 |- (1) -
C i 4 L , )  Monitor Points
.0 30.2 Ji. 4 . b 0.8 1.0 1.2 31.4 il.6
Longitude (Degrees)
Figure A3  Probability (2} for Fallout Avoidance
(Farenthelical numbers are the probabilities
for the monitor poinls)

T |

a3HISSYTINI

e smatla

R

ey ——
o PRl S

I————




a314ISSYIINN

el-v

50.6 : : [ , | r
{i} (#5) {f} FFI = FFE = 20
{19) . 0° Ir . * (46) T, = 3 Days
— 50.4 |- * ee, 8
.@ 1) e 4 @
& {28) (29}
E
?§ 50.2 |- (E} -
.E . (2)
h () {%
20.0 - -
LEGERD
, ] Alm Point
49.8 - . ;f? 1 l 1 | () | Monitor P?iuts B
30.0 3.2 Jo.4 3. 6 3j0.8 31.0 i1.2 t.4

Longitude {Degrees)

Figure A 4 Risk (Frobability (&) for Excecuing 450H)

(Parenthetical nunbers are the probalailities

for the monitor points)

i P | s, R .

03AISSYIONN

RN

—_——ma

A n




UNCLASSIFIED

Tazle A.1  Lethai Area for a 1 Mt (50% Fission) Burst.
PE, PF, T drea (kn?)
200 20 30 0.5 - &}

70 g - 12

2 Wks a
2 JD 12 = 200
70 0.3 - 40
Z nks d-1.0
20 20 S g - 200
D 1 - 100
2 akz 2.3 - 20
3 a0 0 - 400
EH 12 - 200
2 Wks 3 - 180
3 3 iD 200 - 600
D 200 - 400
g Wks 200 - 500

b=13
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Table A.2 tensitivities in 3helter Farameters
CASES OF SIGNIFICANCE® |
FFy PFs T, (Days}
200 31-20 <3
20 20 <10
20 3 <Z1
3 3 ALL

*Nafined as fallout lethal area exceeding
tne & psi area (35 €m2)
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Table A3 Summary of Risk Dependence on
shelter Variations

Monitor* Frobability (3} | Risk (Probability (%) Jrder of
Hoint of Fallout af 0 > 453 R™) Risk
7 a7 82 - 91 ;
' & 75 4 - 47 i
: 3 a1 24 - 29 3
g 49 24 - 33 4
= R3 4 - 20 5
: g l& 2 7
5 24 7 - 17 5
; ; 3 1 3
b I 3 D -1 g
:5:
¥ *Ordered according to intuitive assessment of rick.
- "Range is over varicus shelter conditions.
;
‘
i
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Table A4 Upper Bound Risk Coctficients for Latent Cancey

Fatalities

Age at : , . Risk Coefiicient
Type of Cancer Time of Lat?nza?qgaad Fluieazaﬁgglud (duaths/
[rradiat ion ¥ N VY lﬂﬁf}rjrem}
Leukemia In wtero 0 101 15
-9, 49 Fa Fids] i
10+ 2 25 i
Lung 10+ 15 a0 I.3
Gastrointestinal
bract:
. stomach L0 15 30 0.6
é: Rest of alimen- 1 (it 15 a0 0.2
tary canal
Pancreas 1 15 30 0.2
Breast 10+ 15 30 1.5t
Bone 0-19.9 10 30 0.4
201 10 30 0,7
ATl other In utero (] 10 lﬁ{b]
0-9.9 15 30 D.EE'H
G 15 i Pt
E;ilnfludea males amd an assumed 50 nercent cure rate,
:c}“n11 other” includes all cancers except leukemia,
{{I}"M! alher'" includes all cancers except leukemia and hone.

"ATT other” includes all cancers except those specifiecd in table.
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Tahle A.5 Risk Comparison
Monitor Risk
Point * -
L0sg C10 s
2 23 28 15
4 35 40 30
h 18 18 13
7 B9 89 65
: 50 sercent eariy somatic mortality.
; +1D and 50 percent latent cancer,
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(U} APPENDIX B

FOPULATION DATA BASE GEMERATION AMD THE
SIMULATION OF EVACUATICN BY THE ESCAPE CODE

Census Population Cata Base [Unevacuated)

The development of the unevacuated population data #-le
s based on procedurss developed under SAI's TANDEM upgrage program,
fn this procegure, operational maps are employed in conjunction witn
& graphics tablet (digitizine tablet), a Tektrunix terminal and disalay
screen, and a computer. '

Using the Operational Graphics Maps [Scale 1:2%0,000),
each map is placed on the digitizing tablet and a saftware routine is
used to estaolish the coordinate reference scale “or the map. For each
non-TOLl olace of significance [determined by visual inspection of the
places shown on the map), the gigitzing pen is employed to mark the
ocuter extremeties of the place {two points alang 2 diameter). Soft-
ware routines then compute the center between the two zoints whicn is
used as the center of the P-97 zircle and half the distance between
the two points 15 used as the P-95 radius.

If population dat2 for the particular place is available,
which for the most part comes from a population listing provided by
CIA {originally generated by OMA], this data is used. Otherwise cap-
ulation s based on a RAND-develgped algorithm which relates P-9%
radius to popuiation. This algorithm was based on examination of dem-
ographic Zata for Eastern European countries and is as follows:

P-95 Radius {nm} = 0.5125 Ln (1.3 + 0.7F!
P = populacien in thousands

Because all the 2lzces shown on the maps canrot be 2igi-
tiz2d, {*the =ize of the data base would be sa Targe as %o areclude
useful emplcoyment of casualty assessment codes), ang becauss popula-
tion data for all the very small places is not available, a tailving
procedure bDased an known Oblast data is used.

B-1
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The ESCAPE Code

ESCAPE 15 a code developed by SAl for the purpases of develop-
ing an evacuated population data base from an unevacuated {cemsus) pop-
ulation data file under preset, user specified, civil defense parameters.
The code is intended for application against a cemsus dat: “ase in
which all the population places are represented by discrete P-35 circles,

The basic operation of the code is described below.

Input to the code is a list of cities [includirg coordin-
ates] to be evacuated. For each city to be evacuated, the code accesses
the census population data file and sums the population rom each of
the F-95 circles belonging to the same city. From this population total

a s5ingle F-95 radius is computed from the sguation

Pag inm) = 0.5125 in (1.3 + 0.2 7)
where F = population in thousands

This algorithm was developed by the RAND Corporation hased
an statistical analysis of demographic and map data for the European
“TLpinent,

From the arez contained within this large P-S3 circle, 3
seiected percentige af the population 15 assumed tn remain inm the city
to carry out wvital functions, an additional percentage [also setlled
laborers) 75 assumed to be Jispersed into 2 zone which Is within 3 Five
nour round trip commuting distance from the certer of the city, and
the remainder 15 2ssumed to be evacuated beyond the dispersal zone into
the evacuated zone.

A weapons effects radius of 2.1 nm 15 added to radius of
the P-85 circle. This radius acts as a buffer to 1.4 psi (0.1 kqf:mz}
blast effects for a2 ! Ml wealon and also accounts for some irreqular-
1ties that may be present in the areal shape of the city being evacuat-
ad. The populatiaon in this buffer zone 15 also assumed to he evacuated

neyond the disperszal z2one.

g8-2
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The digitizing work 15 done by Oblast because this 15 the
smallest enlity for which year-by-year data is published by the USSR
(In their statistical handbcok). The population from all the digitized
population places in the Oblast 13 summed, and added to the TD] data
(which s used in its entirety) for the Oblast. This is then compared
to the total Chlast population given im the 1576 statistical handbook.
[f the populations differ, the population places where the algorithm
nas been used are uniformly adjusted until the tpotal population data
15 1n agreement with the 5:iatistical nandbook data.

The resulting population data base is thus 2 combination
of TOl places plus the smaller digitized places that have been adjusted
to account for the extremely small rural places that have not been
digitized,

[t should Be notad that when each map has been digitized,
a copy is made fon same scale as map) and gverlayed on the map to ver-
ify the digitizing procedure

Evacuated Population Dara Basze

“wo methods of gemerating avacuated population data
hases have been emoloyed. The first is based on 2 hamd anaiwsis which
examines avacuation factors in fine detail. In this crocedure, availl-
able transportatiaon and transportation routes are taken intg account
and usad im canjunction with material contained in Scviet civii defense

manyals to arrive at an evacuated popuiation representation.

Secause this procedure is extremely time consuming  and
cannot be reatistically employed for ail major cities in the U3ER,
an alternate automated procecdure has been deveioped. This pracedure
empodied in the “ESCAPE CODE™ (a2 description of which 1s included)
has been cross-checked with the detatled hand apalysis procadures.
Wnile some differences in the resulting data Sase do oczur imost of
them minmcr in nature), these differences become insignificant in tne
overal’ damage assessment analysis procedures.  Thus, we Celieve the

B-3
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lutomated procedure provides as valid a representation as the detailed
procedures and even further provides the Jpportunity %o easily change
the evacuation parameters or factors for parametric analyses.

For the city of ¥iev , two evacuated populatien represen-
tations were then developed. The first was basad on a 90 percant

evacuation of Kiev whnile the second was based on 50 percent evacuatian.

These were believed to be realistic bounds on the degree of eyvacuation
that might be considered by the Soviets taking into account the poten-
tial spread in blast snelters believed to be available in the city of
Kigw.

For the Mescow area, anly ome evacuated representation
was developed and this was based upon a 50 percent evacuation of
Mascow.

Analvsis Tagls

The LIVIC code was employed tp determine detailed sopu-
latfon fatalities and casualties resulting from the weapon laydowns
erployed,

This casualty assessment rode (which includes fallou: ae-
sessment} categorizes each pooulation place {P-95 circle} as large
Jrttan, small urban, or rural based ugon pepulation density [Population
divided by 7-93 c¢ircle areal. The user can then input at run time a
distribution of shelter types in each P-3% circle (u to four *ypes!
according to this catecorization. Inputs assceciated with each struc-
ture type are VNTK values for blast fatalities and casualties [aiong
Wwith damage sigma;, failout protectien factors, and gamma and neutron
trznsmission factors for the prompt radiation environment.

For the purposes of these analyses, distribution of 2ap-
ulation inta four shelter types was made. These {ncluded single story
residences, basements, hasty rural faliout shelters, and hardensed ur-
ban blast shelters. Variatians in the shelter distributions were also
included in the anmalysis ‘as a function of the deqres cf avacuation) ta
determine the influence of this parameter on fatality estimates.

B-2
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In concentric rings of five nm increments: from the inner
boundary of the rispersal region [P-95% radfus + 8.1 nm), all population
places contained within the arnulus are accessed from the census popu-
lation data file and assumed to sustain a hosting ratio of two [fwo
negple hosted for every person in the hosting lecation). As each pop-
ulation place is hosted, a running summation of the hosted population
iz maintained so that when the desired propartian af the population
to be disperszed is reached, further hosting for the dispersal region
will nat be accomplished by the code, [n this hosting procedures, no
town larger than 28,000 in population i3 hosted because aof the assumption

that these may also contain targets against which weazpons wil) be assigned.

[f the particular five nm annulus cannot host all the population to be
dispersed, the next annulus of five nm is incremented and the process
continued until all the population to be dispersed is accounted for.
This then establishes the inner boundary of the eévacuation zone.

The code now continues fo access and host pupulation alaces
in terms of a 0 rm annulus to accoumt for 211 population to be evac-
uated (from the city proper plus the puffer zone]. A running total of
‘he hosted gopuiation s maintaimed until all avacuated personnel have
been accounted for at wnich time the evacuated population file for the
ity s comoplete, Each ity designated for evacuation is completed in

the same manner.

Im the hostirg process (dispersal and evacuatec zones),
every town for wnich hosting has been accemolished i flagged to pre-
vent double hosting for those cases wnere there may be overlaoping
evacuation or dispersal regions due to closely spacad cities designated

for avacuation.

it should be noted that the specifi¢ civil aefense para-
meters, i.e., huffer zone radius, percentages of populations to Se dis-
persed and evacuated, and hosiing ratigcs are builf ints the code Dased
on data from Saviet zivil defense manuals. These parameters can be
changes quite easily within the code structure, and if desired, the
code =an be changed to handle this data in the form of ingut varfables.
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As stated earlier, the code is griented toward a spacific
type of population representation (all P-35 circles) such as contained
in the TAMDEM data bases maintaired by SAl for the Defense Nuclear
Agency. Thus, the READ, WRITE format statements in the code are spe-
ci¥ically oriented toward the T/NDEM population place recorg Tormat.
These can readily be changed if other similar tynes o7 data bases are
ta be employed.

The development of this code was initiated by AL be-
cause af the highly time-consuming task of generating refined evacuated
data bases which account for such details as the availabiTity of ewvac-
vation routes, etc. {such as was accomplished by SAI for the city af
Kiev). A comparison of data for the ¢ity of Kiev by the detat,ec pro-
cess and by the automated procedure, showed some variations in tne dis-
tributicn of the oopulation, but not enough to make significamt oiffar-
ences occur in fatality and casualty estimates.
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(U APPENDIX C

ABBREVIATIONS

Air Force Base

Comnand and Comtrol Techrical Center
Civil Defense

Circular Error Probable

Central Intelligence Agency

Command, Control, Communications &
[ntelligence

Directsr of Central [ntzlligence
Damage Expectancy

Desired Ground Zers

Defense Intelligence Agency
Joint Strategic Target Plasning Stafyf
Xilofoot

Kiloton

Kilograms per square centimetar
NHatural Lagarithm

Megaton

nautical mile

Natipnal Military Command System
Support Center

Protection Factor
Frogability of Arrival
Pounds per sguare ingh

Population circle as definec by the
radius [in nautical mites) which en-
compass 95 oercent of *he Built-up
urban structures in the area

Mumerical parameters usag in calcou-
lating fatalities [fse Zection I
Radiation Absorbed Dose

Science Appifcations, [re.

single Inteqrated Operaticnai Plan
Short Range Attack Missile

L=1
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SRI
35PK
TDI
TF
YNTK
HE
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Stanford Research Institute

3ingle Shot Probability of Kill
Target Data Inventory

Transmission Factor

Yulnerability Number Target K-factor
Weapon Hadius
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