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Below is a 1list

AADS-TO

AMSA
ASW

AWACS

BAMBI

BMD

Cus (CSOV )

PL -
FFO

RAWK/EERCULES

HOB

I

ABBREVIATIONS

of abbreviations used in this study and their meanings:

- Advenced Air Defense System - 1970, a surface-to-air
missile system using NIKE - X - type technology

- Area Bomber Defense (by interceptors)

- Advenced Manned Strategic Alircraft

- Anti-Submarine Warfare

- Alrborne Warning and Contrecl System, a system for
controlling interceptors

- Space Based Boost-Fhase Intercept

- Ballistic Missile Defense, a terminal system for inter-
cepting missile payload objects

- Ballistic Missile Ship

- A 197x version of POLARIS, a successor to B-3

- Circular Error Probable A

- Counter-value, an attack against non-military targets

- Aircraft carrier designed for ASW use

- The total dollar ambunt allocated by the U.S., {Soviet) to
create population damage .

- Damage Limiting

= Full Fallout Shelter

- Combination of current high and low altitude surface-
to-air misslle defense units
- Height of Burst

- Improved Capabllity Minuteman
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mI - Improved Manned Interceptor

KP - Kilopounds, a thousand pounds of missile payload

Lys (Lggy). - The total dollar amount allocated by the U.S. (Soviet) to
limit damage “

MIRV - Multiple Independent Re-entry Vehicle, each R/V is

independently aimed

MM, MM II, MM-G - Minuteman and versions of Minuteman

MSL - Missile

MVa - Manufacturing Value Added, a measure of industrial
capacity which sums up the value that industry adds

to the value of raw materials--stated as an annual

rate
R/V - Re-entry Vehicle
SAMSA - Soviet Advanced Manned Strategic Aircraft
SAU - Surface (Ship) Attack Unit, employed in ASW
SBM - Small Ballistic Missile, a Navy designed missile using

197x technology
SLBEM '- Submarine Leunched Ballistic Missile
SMSA 2 Standard Metropolitan Statistical Area, & unit used

by U.S. Bureau of Census for the U.S.

SOF - Strategic Offensive Forces
S0SUS - Sound Surveillance System, an ocean survey system
used in ASW

SRAM - Short Range AttackAMissile, an alr-to-surface missile of




SSBN
SSPy
SSN

TEBD

WHDS

Nuclear-propelled submarine ermed with ballistic
missiles

Single-Shot Probability of Kill

Nuclear Attack Submarinesuh

Terminal Bomber Defense

A new interceptor (F-111)

Warheads
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INTRODUCTION

A study, "Damage Limiting - A Rationale for the Allocation of
Resources by the U.S. and the USSR" was prepared for the Director of
Defense Research and Engineering and was released 21 Januery 196k4.

One conseguence of this study was a decision by the Secretary of
Defense to amplify this type of study. The Deputy Secretary of Defense,
in a memorandum dated 12 March 1964k, requested that the Services conduct
studies during the next six months that would focus attention on the
objectives of "damage limiting"™ and "assured destruction.” The goal was
stated as "a much better understanding with regard to the following
guestions:

"a. For any proposed level of expenditures on 'damsge limiting'
forces, what ié the ‘optimum' allocation of the total among the various
means that contribute to this function: .civil defense; terminal ballistic
missile defense and terminal bomber defense; area bomber defense;
strategic offensive forces; and defense against Soviet missile-carrying
submarines.

"h. What are the possibilities available with regard to limiting
damage to tge U.S. and our Allies? For example, what is the 'Percent
Surviving' in.the U.S. as & function of the total expenditures on
damage limiting for various contingencies? From this cne can make a
judgement, taking into account present Soviet forces and possible

changes in them, of the appropriate level of expenditures on damage

limiting."
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In response to the aforementioned memorandum, each of the Services
and the Qffice of Civil Defense prepared a comprehensive study in depth
of the contribution of each respective means of accomplishing the above
defined obsectives. The Deputy Secretary of Defense memorandum also
requested the JCS to integrate and DDR&E to summarize the results of
the component studles. The JCS assigned to WSEG the integration task
(the report of which is hereinafter referred to as "the WSEG study").
WSEG was also assigned the tesk of providing standardiied damage assess-
ment runs.

This anelysls is based on the component studies and employed the
WSEG damage assessment data? ad justed for recent extrapolation of
Soviet populstion data to 1970. Where results of the component studies

could not be used directly, computations were made based on these studies

to derive utility graphs in the desired form for trade-off with other
ma jor systems.

The data and results selected for use from the Service studies, as
used in the DDR&E summary study;are at a fairly high level of aggregation.
This selection does not constitute a critical review or an endorsement
by DDRXE of all technical capabilities reported by tﬁe Services.

In summary then, this analysis examines the relative utility in
a 197x time frame-BEyéix means of limiting damage to population and
industry: (1) Civil Defense, (2) Ballistic Missile Defense, (3) Terminal

Bomber Defense, (L) Strategic Offensive Forces, (5) Area Bomber Defense and

(6) ASW Defense against the Submarine Launched Ballistic Missile,




METHOD OF ANALYSIS

The study is carried on in parametric fashion with emphasis
throughout on optimum solutions--solutions characterized by least
cost for a given outcome. The analysis consist; of determining
the proper allocation of dollar resources asmong the six means of
damage limiting, each of which acts in a different wey to negate
the effects of enemy counter-value attacks. In meking the allocsa-
tions, the common denominator of comparison was the marginal cost
to offset or negate the effects of an additional, relisble kilo-~
pound of misslile payload. The use of thils common denominator
presumes that the payload is utilized to produce meximm fatalities,
taking inte account the character of the target and the nature of
the defenses. In this connection bomber paylocad was expressed
as egulvalent missile payload on the basis of equal damage
potential against urban-industrial targets.

F;r both missiles and bombers 1t was necessary to take
account of the payload used to accommodate varlous penetration
aids such as re-entry decoys, multiple warheads, and air-to-
surface mi;siles. The term "virtual attrition™ will be used to
describe such.reductions in "lethal" payload. A more complicated
form of virtual attrition is alsc considered in connection with
varying the size of individual ICBMs to meximize, at constant

budget, the payload surviving a counterforce attack.




In a certain sense, the analysis 1s an extension of the DDR&RE
report of 21 January 1964. The gualitative results of the former
study were used when appropriate. Slightly different costing
ground rules, refinements of previously studied systems and the
later time frame of the present study have had a slight change
on some of the quantitative results. The addition of ASW, Area
Bomber Defense and variocus specific component subsystems have

produced major quantitative changes in some other. cases.

FOCUS OF STUDY

The single guideline of the DDR&E study group has been one
of providing illumination of the "Demage Limiting" and "Assured
Destruction” problems, de-~emphasizing specific weapon systems to
the maximm extent possible. The group has concentrated on the
questions finally to be answered: .If the Soviets spend x
dollsrs to create damage on the U.S., and the U.S. spends y
dollars to limit damage, what is the percentage U.S. population
and indust}y surviving? What are the results of the mirror
image probl;m? (Note: Soviet "damage limiting”™ is the same problem
as U.S. "assured destruction."”) What scele-independent factors,
if any,exist which-will simplify the understanding of the

objectives "Damage Limiting" and "Assured Destruction.”




This study focuses on an existence theorem for damsge
limiting--can the U.S. maintain a demege limiting posture (a
glven level of surviving'population) in the face of determined
efforts of the Soviets to overcome that postﬁre. This can
be expressed in terms of exchange rates--the cost for the U.S.
to maintain a given "% Surviving” per dollar of Soviet

expenditure to overcome it.
COSTING

Specific costing ground rules were provided to the component
study groups by OASD (Comptroller). All costs (except missile

costs) through FY 65 were considered "sunk.” All missile

procurement costs were to be included because, in the time
period of the study, 197x, present missiles would, for the
most part, have passed their useful operaticnal 1iife. Two
methods of costing were carried forward: .(1) Present Value--
i.e., totel RDTEE plus initial investment costs (subject to
"sunk" costs above) plus 5 years operating costs. This 1is
equivalent to total initial costs,plus 10 years of annual
operating costs discounted at 15% per year; (2) First 5-year

-

SR
fraction of long-lived, high-cost initial investments amortized

using the "sﬁﬁ-of;years" method plus other non-amortized initial
investment costs (e.g., RDT&E and spares ) plus S-year operating

costs (not discounted).




All costs displeyed in this study, unless otherwise noted,

are "Present Value," i.e., (1) above. In computing marginal

costs per Soviet units destroyed for the purpese of trade-off
with competing means of damage limiting, (2) above was used
to normalize over different lifetime systems.
In some cases component study costs had to be adjusted by
i . OASD (Comptroller) to conform to the above rules. The OASD
(Comptroller) also provided costs of Soviet weapon systems on
a8 comparable basis--that is, with U.8, dollars from U.S.

manufacturers.

CIVIL DEFENSE FOR U.S.

The analysls begins wi?h e re-exsmination of the utility of
Civil Defense. The results of the previous DDRAE study regarding
the high relative utility of a full fallout shelter (FFO) were
confirmed. Refined cost data indicates that 240 million spaces
can be constructed for $5.2 billion. l/ This figure was around
$5;8 billion in the previous study. An FFO posture for the
U.S5« was p&rchased first and used as the base case for subsequent

analysis., __. .

}/ The $5.2 billion is total GNP cost, $2.9 billion of which would
be federal government expenditures, with the remaining $2.3
billion to be provided by state end local governments and
private individuals.




The previous study demonstrated that the utility of blast
shelters (occupied by 90% of the population) and Ballistic Missile
Defense {BMD) were about equal in saving population. Because BMD
also saved industrial worth -- measured &s ﬁanufacturing Value
Added (MVA) -- it was selected over blast sh;iters. The situation
is essentially the same in the present study. Blast Shelters
(with a 90% occupancy) trade-off evenly with active defense at
attacks of about 8000 MT or higher (in sddition to a 2500 MT
military attack) while active defense has more value at lower
attack levels. Activeidefense was selected over blast shelters
and was used in the subsequent computatione for the following
reasons: (1) higher likelihood of lower attack, (2) un-
certainties regarding the achievement of an occupancy of 90%
from blast shelters, (3) uncertainties regarding the ability of
pecple to emerge from blast shelters in the post attack period
and (4) the added utility of EMD in preventing nuclear
detonations over the U.S.

BALLISTIC MISSILE DEFENSE AND TERMINAL BOMBER DEFENSE FOR U.S.

In %Pe previous study, BMD was interlocked with Terminal
Bomber De%ense (TED) by designing TED deployment so that the
Soviets woudd® slways find it their best option to use bombers
against undefended targets, independent of ares penetration
probability of bombers. It was observed that the cost of a TED
system, interlocked with BMD, was & small (5% - lO%) percentage

of the BMD expenditure.




Throughout the study, unless ctherwise stated, urban-industriel
damage for both the U.S. and the USSR includes collateral effects
from & nominal attack of about 2500 megatons on military targets.
These military attacks were used to take into account the possible
presence of collateral fatalities. In the course of examining
damage limiting on both sides the high relative utility of & very
good fallout shelter program for each country was determined
almost from the beginning of the analysis. Deployment of these
shelters reduced the cocllateral fatalities to a fairly smell part
of the total population. In the event of slzeable city attacks
the effect of the presence of collateral fatalities on overall out-

comes 1s reduced. A sizeable fraction of the people that would be

killed by the milltary attack are killed by the city atteck if only C%;
e counter-city sttack occurred. Once each side has fallout shelter

programs, the collateral damage from the military attack is thus a

second order effect. It is inecluded in the calculations ~-- but is

not necessarily provided (or costed) in the campasigns. Reprogram-

ming capability for known ﬁeapon failures (reliability) 1s assumed

for both sides. Blast is the most prominent means of inflicting

damage, especially, as will be later explained, since & full

fallout shelter program is chosen almost fram the beginning.




In this study a HAWK/HERCULES deployment at & total of 213
cities was initislly made in order to (1) prevent serial bombing
by Soviet bombers and (2) impose a virtusl payload attrition on
incoming bombers by forcing them to use smaliér "lethal" payloads
deployed in air-to-surface missiles compared with bombs.

As citiles are defended by BMD, more sophisticated TBD
(AADS-TO)}, interlocked as in the previous study, replaces the
HAHK/HERCUIES batteries. Thus at every level of BMD, AADS-TO
is deployed in the NIKE - X defended cities and HAWK/HERCUIES
elsewhere. More refined costing of both BMD and TBD in the
Army study shows that the cost of a balasnced and interlocked

terminal defense is now about 1.2 times that of BMD slone.

COMBINED BOMBER DEFENSE ¥CR U.S.

In order to obtein some estimate of the trade-off between ,
TBD and ABD, Area Bomber Defense (ABD) was examined for a pure
bomber attack in relation to a light deployment of HAWK/HERCUIES
to prevent serial bombing and then in relation to increasing

numbers of AADS-T0 defended cities--with HAWK/HERCULES else-

where. Bympgmparing the marginal costs per bomber payload
destroyed, an optimum mix of ABD and TBD was derived for a pure
bomber attack. It was determined that ABD was closely competitive
with TBD. Although 50% variations in cost (of either TBD or

ABD) or bomber paylosd are sufficient to drastically slter the

optimm percentage allocations between TBD and ABD, the total




combinéd cost--at optimum sllocation for & given outcome--
varies less than 20%.

. The insensitivity of combined ABD/TBD costs to the exact
allocation between ABD and TBD allows the TBD sllocation to
be chosen on the basis of placing AADS-T0 at BMD defended
cities and HAWK/EERCULES elsewhere. This interlocked TBD/EMD
terminel defense was used throughout the calculations, but one
is reminded that the combined cost of TBD/ABD would be quite
similar hed a more complicated allocation procedure been used.

For the case of Soviet second strike, the trade-off of

U.S. ABD versus Strategic Offensive Forces (SOF) was also
analyzed against the Soviet bomber threat. The optimum allocation
was determined to be one U,S5. relieble missile targeted against each
Soviet bomber base. The question of SOF utility against
Soviet bombers is thereby reduced to the wmetter of probability

of kill of a reliable U.S5. missile and occupancy.

AREA BCMBER DEFENSE FOR U.S.

The Air Force study compared the TFX (F-111) interceptor
and the Improved Manned Interceptor (IMI) both with the Airborne
Warning and Control System (AWACS). On the basis of equal U.S.
cost both Interceptors appear to perform about‘as well against

the subsonic bombers. Although both Iinterceptors do less well




against the Soviet Advanced Manned Strategic Aircraft (SAMSA),
the IMI does better than TFX. For this reason, and in order
to focus on 197x technology, 1t was declded to emphasize IMI
vs. SAMSA in the study of Area Bomber Defens;g. The IMI/SAMSA
results can be readily translested into eguivalent subsonic

bomber attacks.

STRATEGIC OFFENSIVE FORCES FOR U.S.

A general analysls was made of the optimm deployment of
the Soviet misslle force ageinst the threat of n reliable
U.S. SOF missiles of a given single-shot probability of kill

against a Soviet missile in a silo. The general answer was

derived to the question: "Given a U.S. threat and a constant
Soviet budget, how many ICEMs of what payload should the 2
Soviets deploy in order to achleve the maximum payload surviving

a U.S. attack?”™ The general result therefore yields the best

that the Soviets can do at a glven Soviet ICBM budget. In a

sense this maximum is not always attainsable becausé cf uncer-

tainties in estimates of the U.S. threat, n, and missile paylosd
repackaging‘problems. Excursions were made showlng the effects

of the Soviet; packaging the same payload per missile without

regard to the threat.
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The utility of U.S. SOF is computed (unless otherwise
nmted) on the baesis of the optimm Soviet deployment. This
utility is measured in terms of the marginal cost per kilo-
pound of Soviet ICHEMs destroyed.

The existence of U.S. SOF provides = "virtual" attrition
of Soviet KP even in Soviet first strike counter-velue where
U.S5. S0F does not have an opportunity to operate on Soviet
KP prior to its lmsunch ageinst U.S8. cities. Without the
threat of U.S. SOF the Soviets could deploy very large missiles.
With larger missiles, they could deploy more payload for =
given budget. Pigure 10 elaborates on this espect of "virtuel®

attrition.

J.5. ASW DEFERSE AGAIRST THE SOVIET SLEM

The exsmination of the utility of Antil-Submerine Warfare
(ASW) forces has focused on a steady-state, Soviet POLARIS-type
: ‘541\ cless
operation. A nominal Soviet SHER was used, having a[- ‘ SEceET (Tﬁ

noise level, with 1500 n.m. missiles, 12 missiles per bost

(18 KP/boat). Excursions to other cases were also made.
Types of ASW forces were sub-optimized.by the Ravy study

group against the totel Soviet RKucleer-powered Ballistic Missile

Submarine (SSEN) threst. These types of forces included:




(1) Surface Attack Units (SAU) for trailing plus SOSUS/CVS
"contact and localization" forces operating on those Soviet SSBNs-
on station upon receipt of the order to destroy Soviet SSBNs;
(2) carrier (CVS) forces operating on those Soviet SSBNs at sea
that attempt to transit to the launch area; (3) SOF and forward
area submarine (SSN) barriers that operate on those Soviéf SSHRs
in or near port that attempt to transit to open sea. The SSN
forces were sub-optimized between barrier and trailing operﬁtions.
The sub-optimized ASW utility curves were used In this

analysis.

FINAL TRADE-OFFS

The marginal costs to negate an equivalent missile kilo-
pound (considering all losses, such as loss to penetration
nids) by each of (1) ASW, (2) SOF, (3) ABD and (L) BEMD/TBD/FFO
were computed. For a given Soviet threat, at s fixed U.S.
marginal cost, dollar allocations were made to each qf the four
above-nemed categories of forces and the percent U.S. populstion i
surviving Las computed at this marginel cost. At this point,
an additioqq}ﬂggllar spent on any one of the types of forces brings
the same retu:g;,ﬂfhese allocgtions thus constitute a balanced
and optimmm defenae. It is to be noted that the merginsl costs

vary for different percent U.S. populaticn surviving. -The




final output yields grephs of: Percent U.S. Population Surviving,
for the given Soviet threet, as a function of cest to the U.S.,

spent optimally, on CD/BMD/SOF/TBD/ABD/ASW to limit damsge.

U.S. ASSURED DESTRUCTICKN

The U.S. "assured destruction” cbjective is equivalent to the
Soviet "damage limiting"” problem. The Soviet damsge limiting
possibilities ere snalyzed in the same manner, to the maximm
extent possible, as that of the U.S. 1In keeping with the notion
of "assured destruction," the analysis is focused on destruction
of major Soviet cities as well as simply maximizing Soviet
fatelitiles.

The WSEG damage assessment runs for 1.0 MT weapons omn the
Soviet Union were based on 1959 tract data and were carried out
up to 900 weapons on 306 cities of population greater than 50,000.
Tract data for later yearsare not available. However DIA shows
& definite shift from sbout 46% (of the totel) urban in 1959
to an estimated 56% urban (cities of 2000 and ab_ove) in 1970.

At the same time the Soviet population grows from about 209 M

in 1959 to an estimated 244 M in 1970.

Y




The WSEG damage assessment runs were adjusted to take
asccount for the rural-urban shift and, simultaneocusly, extended
to larger numbers of 1 MT weapons (targeted a? slightly more
than one wespon per town of less than 50,000) iﬁ order to examine

the full range of damage to Soviet urban populations.




Figure 1

% U.S. MVA, USSR Industrial Capacity and
% Soviet Population vs Number of Cities and
% U.S. Population vs Number of SMSA

Cumulative Percent of Total
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% U.S. MVA, USSR INDUSTRIAL CAPACITY AND % USSR POPUIATION vs.

NUMBER OF CITIES AND % U.S. POPULATION vs. NUMBER OF SMSAs

ose
l. To compare the distributions of value used in this study for the
U.5. and USSR.

Basis for Computation

2. U.S. data uses "Standard Metropolitan Statistical Arems™ (SMSA).
These areas generally include one city, but may include as many
as two or three cities located geographically close such as
Allentown, Bethlehem, and Easton, Pennsylvania; or Duluth,
Minnesota and Superior, Wisconsin. The Buresu of.Census

e Statistical Abstract of the U.S., 1963, lists 212 SMSAs which
include 255 cities.

3. ©SMSAs are used by Civil Defense in its blast shelter computa-
tions, but are called "cities" in the Civil Defense report.
The 1970 U.S. population projection is that given by the OCD
study. There is a 2% (of the total) increase in population

living in these SMSAs from 1960 to 1970. Basis for percentages

are:

. s




Forecast

1960 1970
212 SMSAs 112 M 138 M
Tctal Population 179 M 210 M
SMSAs 1-23 - 37% of Total
SMSAs 1-47 -- 5% of Total
SMSAs 1-100 - 57% of Total
SMSAs 1-212 -- 66% of Total

4. The 1959 USSR population curve was develoﬁed from the 1959
"Census. The 1964 curve is based on the DIA "Annual Review
of Demogrsphic Composition, USSR" PC 460/1-1-64 dated
1 January 1964. The 1970 USSR projection is based on the
same report, updated by factors provided by the auvthors of
the aforementioned report. 6?3

5. The U.S. MVA (Manufacturing Value Added) curve is based on
1958 U.S. Census of Manufacturers Report. USSR Industrisl
Capacity curve is a 1960 estimate based primarily on gross
industriel product.

6. It should be noted that only in Moscow and Leniﬁgrad does
the urban population cover ﬁore than 100 square miles. In
the U.S. 62 of the major urban areas cover in excess of 100
square“;aiéé. This ccampactrress of Soviet cities results in
populatioﬁ déﬁéities 2 - 3 times those in principal U.S.

urban aress.

T. The baslc USSR population data are:
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(in Millions)

Urban* as
Urben Rural Total 4 of Total

1959 100.0 108.8 208.8 _ k7.9
1964 118.k  10k.7  223.1 52.3
1970 - 138.2 106.0 24l 2 56.6

* Urban population is defined ms centers containing about 2000 or
more people (approximately 6000 centers in the USSR).

Basic Points

8. In 1970, more than 50% of the U.S. population will live in 53
SMSAs; in the USSR even 500 citles will contain less than hO%
of the total population.

9. The difference between the U.S. and Soviet population dlstribu-

tion is evident from the graph. This difference presents a

large asymmetry in the weapons required for "assured destruction"
with regard to total population.

10. The distribution of Soviet industriel wvalue 1s very close to
that of the U.S. However the induétrial value in the USSR is

locally more concentrated -- in cities of smaller areas (note

6 above) -- and thus takes fewer weapons to destroy & given

percentage.

- e—g

11.. The asymmefries in populaticn distribution and industrial

e

capacity concentration will produce asymmetries in the damage
limiting and assured destruction results for both sides,
12. The marked Soviet rural-urban shift is an important considera-

tion in future U.S. strategic decisions regarding assured

destruction.
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1.

Begsis for Computation

Figure 2

4 MVA SURVIVING vs % POPULATION SURVIVING

o€
This graph shows, for both the U.S. and the USSR, the relation-

ship between percent MVA and percent population surviving.

2.

within 2 - 3% of the curve given in the previous DDRXE study.

The previous DDR&E study showed the high correlation between
percent population and MVA surviving, given a full fallout
shelter, over a wide range of attack sizes and defenses.

¥Vhen the percent U.S. MVA surviving from the WSEG damage runs is

plotted against percent populetion surviving, the results fall

Thus the previous result 1s confirmed.

This graph shows the relationship between percent MVA and per-
cent population surviving for the U.S. and the USSR. In each
case a full fallout shelter is mssumed. Attacks are optimized

for blast fatalitles.

Basic Polnts

5.

The relative vulnersbility of the USSR MVA end relstive in-
vulnerability of the total Sovliet population is quite evident
from these turves. In the case of the U.S. the vulnerabilities
are more closely related.

The analysis will consider population surviving as & measure;

these correlations can be used to relate the percent surviving




popula?ion to percent surviving industrial capacity. NOTE: The
non-linearity of the USSRH curve makes the relation sensitive to
which people are surviving. (Going from 95% to 90% population
surviving, the industrial capacity surviving goes from 80% to
50%.‘ But & 5% decrease in population surviviﬂéufrom 80% means

only about 5% decresse in industrial capacity).
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Figﬁre 3

% U.S. Population Surviving
~ Vs
Number of Soviet Megatons Delivered against U.S. Cities
for Various Civil Defense Shelter Postures
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Figure 3

% U.S. POPULATION SURVIVING vs. MT DELIVERED AGAINST U.S. CITIES

FOR VARICUS CONSTANT BUDGET CIVIL DEFENSE POSTURES

Purpose

This graph displeys the utility of various Civil Defense (CD)

postures.

Basis for Computation

A1l curves were derived from the Office of Civil Defense (OCD)
study. The case of "No Special Shelters" (OCD Case "0A")
assumes that U.S. population is warned.

A1l weapons on U.S. cities are 10 MT each -- surface burst., If
the attack is made ﬁith lIMT weapons rather than 10 MI' weapons,
the percent U.S. population surviving is about 5% (of total
population) less at the same total delivered megatonnage. This
is with full fallout protection. The weight of the attack
delivered on U.S. cities is in eddition to 2500 MT delivered on
U.S5. military targets.

Attacks on cities are optimized for 10 psi overpressure, even
when thé U.5. has blast shelters. If the attacks were optimized
against 160 psi, the percent U.S. population surviving is about
5% less at~10,000 MT for 90% shelter occupancy. (Compare upper

two curves.) ‘The difference is less at lower attack levels and

at lower occupancy.

All U.S. blast shelters are constructed for 100 psi in the city




center and 30 psi in the suburbs. This is Case "5B" in the OCD
study. Of all the OCD Blast Shelter postures studied, this one
consistently gave the highest percent surviving for equal cost.
For the case where blast shelter protection is provided for 100

cities (U.S. cost -- $43.1 B), population is protected as

fellows:
Potential %
OCD Rated Mean Lethal Protection U.S. Population
Overpressure ;/ Overpressure g/ Factor 3/ Sheltered

Blast Shelters:
100 psi 136 psi 5000 229
30 psi 42 psi 1000 344
Fallout Shelters:

(& psi) 10 psi 250 31%

(4 psi) 10 psi 57 13%
Rated overpressure, as used in OCD study, is that overpressure
at which there is & 95% probability of a sheltered person's
surviving.

Mean Lethal overpressure is that overpressure at which there is
& 50% probability of surviving.
Protectioh factor 1s the ratio of the radiation level cutside

the shelter to the radiation level inside.

Basiec Points

T.

There is high utility in fallout shelter programs. Over a wide

range of attacks on cities (2000 - 10,000 MT in addition to




2500 MT on militery targets), the Full Fallout (¥FFO) Shelter
program saves about 24% of the total U.S. population.

After the FFO shelter program, Civil Defense shows strong
diminishing returns. For example in going from the case where
23 cities have blest shelters to the case where 100 cities have
blast shelters costs ebout $12 B and saves an additional 4 - 5%
of the U.5. population over a wide range of attacks.

An additional 10% U.S. population would survive if blast
shelters were occupied by 90% of the population as compared to
50% occupied. This holds over a wide range of attacks when 100
U.5. cities are protected. If the Soviets targeted on the
basis of shelter rated overpressure rather than 10 psi, there

would be about 5% less population surviving.
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Figure 4

% U.S. Population Saved by U.S. FFO Program
Vs
Soviet MT on U.S. Military Targets for Various
MT on U.S. Urban Targets (Population)
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Figure 4

% U.S. POPULATION SAVED BY FFO SHELTER PROGRAM vs SOVIET MT ON U.S.
MILITARY TARGETS

FOR VARTOUS MT ON U.S. URBAN (PdPUIATION TARGETS )

Purpose
1. To show the utility of the U.S5. Full Fallout Shelter program for

& wide range of military and urban attacks.

Basis for Computation

2. BSoviet weapons used on U.S. urban targets are 10 MT each, all
surface burst.

3. Soviet military attacks are designed for optimum height of burst
against each target being attacked. Restraint is used in the
sense of avoiding militery targets co-located with major -urban
areas.

k, Data used are damage runs of Figure 3 and supplementary
excursions.

Basic Points

5. Between 20% and 30% of the U.S. population (40 - 60 million
peoplé) are saved by the FF0O shelter program for a wide range
of Soviet.,attacks against military and/or population targets.

6. As an example, .20% of the U.S. population is saved by FFO for

the following combinations of Soviet attacks:




MT on MT on % Surviving

Military Targets Population Targets Total Population *
6400 0 90%
2500 1000 T0%
0 2000 6T%

* With FFO

:
E
E







Figure 5 SR

% U.S. Population Surviving
Vs
Cost of U.S. BMD/TBD/FFO

~ for
Three Levels of Soviet Missile Attack on U.S. Cities
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Figure 5
4 U.S. POPULATION SURVIVING vs. COST OF U.S. BMD/TBD/FFO

FOR THREE LEVELS OF SOVIET MISSILE ATTACK ON U.S. CITIES

oBe

1. The purpose of this graph is to display the relative utility of
combined U.S. Ballistic Missile Defense (BMD), Terminal Bomber
Defense (TBD) and a Full Fallout Shelter Program (FFO) in
saving U.S. population. This has been done for three Soviet
ettack sizes.

Bagis for Computation

2. The curves were derived from the Army and OCD studies.
3. U.S. TED Costs were computed by first deploying HERCULES/HAWK

batteries to prevent serial bombing of U.S. cities by Soviet

bombers. (This effect is shown later in Figure 1k.) As BEMD
’ was deployed sequentially, in (up to) 96 U.S. cities, the

HERCULES/HAWK batteries in the BMD defended cities were

replaced by the more sophisticated AADS-TO in order to prevent
bombers from undercutting the BMD-(NIKE-X).

k., Suffiéignt AADS-TO was deployed in NIKE-X defended cities so
that a ﬁ.s. city target was never more attractive to a Soviet
bomber thar to a Soviet missile. The Army study shows that
this "balanced irnterlocking” of TBD and BMD can be achieved by
expending an additional 20% -- additional over NIXE-X

expenditures -- on AADS-TC in the same cities:




8.

The flat portion of the curves begins when a full fallout
shelter program has been bought and ends when R&D costs for
BMD/TED and $1.0 B for HERCULES/HAWK batteries have been
éxpended. In a sense, then, these curves do not display the
optimum way of expending funds at every point on the curves.
For example, if the planner were to spend $7 B, he could attain
a2 slightly higher % U.S. surviving than shown, but he could
not, at the same time, accomplish the necesséry R&D to deploy
BMD.

Soviet missile payload is & kilopounds. A single 10 MT warhead
(surface burst) is used against undefended {(undefended by
NIKE-X) cities. five 200 KT warheads (surface burst) plus 22
indiscriminable decoys are used against defended cities.

The computations assume the Soviets have complete knowledge of
the defenses; by either a;oiding or attacking the defenses the
Soviets always target for maximum U.S. population killed.

The indicated attack is in addition to a 2500 MT Soviet attack

on U.S. military targets.

Basic Points

9.

10.

An expenditure of $25 B for EMD/TBD would increase the percent
U.S. popildtion surviving from about 52% to about T7% against a
constant threat of 40O Soviet missiles.

EMD/TBD/FFO utility shows strong diminishing marginel returns
in pgrms of incresse of percent surviving with increasing

expenditures.

Ll




11. The change in marginal U.S. cost per percent U.S. populetion
surviving is relatively independent of the size of the Soviet

missile attack (i.e., the utility curves are &lmost parallel).




Figure 6
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Figure 6
% U.S. POPULATION SURVIVING vs. COST OF U.S. BMD/TBD/FFC OR U.S.

BLAST/FFC FOR TWO LEVELS OF SOVIET ATTACK

Purpose
1. This graph compares the relative utility of U.S. active and U.S.
rassive defenses -- each in addition to FFC shelter program --
| in saving U.S. population for two cases of Soviet attacks.

Basis for Computation

2. 50% occupancy of U.S. blast shelter spaces were considered.
90% of the population was assumed to have fallout protection.

3. Soviet attack is by means of 4 KP missiles on cities. Against
BMD defended cities, the Soviet missile payload consists of

R five 200 KT (surface burst) warheads plus 22 indiscriminable

decoys. Against blast shelter defended cities, the Soviet
payload consists of one 10 MT warhead (surface burst).

4. The BMD/TRD/FFO curves are the same as those in Figure 5.

5. The flat portion of the Blast Shelter/FFO curve includes costs
for R&D, Warning, Command Control, and Support césts for the
Blast Shelter/FFO case. These cost breakdowns were obtained

from the OCD study.

ol

6. The indicated attack is superimposed on & Soviet 2500 MT attack
on U.S. military targets.
T. The effect of a higher oc¢cupancey rate for blast shelters is

displayed by the dashed curve. This curve represents the %




U.5. populetion surviving if blast sheltiers are deployed and if
the blest shelter spaces are 90% occupied.

Besic Points

T. Active defense with & FFO shelter program saves more U.S.
pepulation than purely passive defense syséems (Blast Shelters/
FFO) when blast shelters are occupied at a 50% rate.

8. When blast shelters are occupied at & 90% rate, BMD/FFO is less
effective st high Soviet attacks.

9. Data from the OCD study showed that, for a,wide range of attack
sizes, & mixed BMD/Blast Shelter Posture (e.g., first 23 cities
defended by NIKE-X, cities 24 - 100 having blast shelters) is
more effective, fo; a given cest, than blast shelters alone and
approximately the same effectiveness as for BMD alone.

1C. BSame preliminary analysis showed that some carefully tailcred
blast shelter designs mixed with BMD might be more effective than
BMD alone ~- this mix involves blast shelters in smaller cities
not necessarily defended by BMD. Sufficlent data was not

availaeble to pursue this analysis.







Figure 7
% U.S. MVA Surviving vs Cost of U.S.
BMD/TBD/FFO or Blast Shelters/FFO
for Two Levels of Soviet Attack
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% U.S. MVA SURVIVING vs. COST OF U.S. BMD/TED/FFO OR BLAST SHELTERS

FOR TWO LEVELS OF SOVIET ATTACK

ose
1. This graph shows the relative utility of active and passive
defenses in saving U.S. MVA.

Basis for Computation

2. Soviet missiles have payloads of k KP as described in paragreph 3
of Figure 6.

3. Percent MVA surviving is computed using Figure 5 and the
population/MVA correlation of Figure 2.

Bagic Points

_ 4, Passive defensive measures are not useful in saving U.S. MVA.

5. At high levels of U.S. defense and for expenditures of $10 B

or more above & FFO program, active defense can save from 20%
to over 30% of the U.S. MVA.

6. The initial rate of increase in U.S. MVA surviving is mch
steeper at lower levels of Soviet attacks. This stems frqm
the fac%_that the U.S. active defenses are deployed first in
the highér worth U.S. cities which contain a high percentage
of U.S. MVAT¥ But as the Soviet attack increases, the Soviets
are paying the price to attack these high worth, highly-
defended cities and the rate of increase in percent U.S5. MVA

surviving, for & given U.S. expenditure, is not as large.
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T. Active defense serves to destroy weapons before impact, while
passive defense (CD) negates their effects after impact. This
negation before impact aids U.5. recovery -- some cities may be
left intact and the post attack environment may be less severe.

NOTE: On the basis of this and the previous graph, it was concluded
that active defense together with the full fellout shelter
program is & more useful deployment for the U.S. than a program
of purely passive defense. Only computations involving

BMD/TBD/FFO are carried forward in the remainder of the study.







Figure 8
Reliable Soviet ICBM Payload (in KP) Surviving
VS
Number of Reliable R/V's in U.S. SOF
for a
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Figure 8

RELIABLE SOVIET ICEM PAYLOAD (IN KP) SURVIVING vs. NUMBER QF
RELIABLE RE-ENTRY VEHICLES IN U.S. STRATEGIC OFFENSIVE FORCES
FOR A $12 B SOVIET ICEM BUDGET AND FOR VARICUS SOVIET KP/MISSITE

PACKAGING

Purpose

1. This graph shows the posture of the Soviet fixed-bese ICEM
second strike capebility which survives a ﬁ.S. Strategic
Offensive Force (SOF) attack.

Basis for Computetion

2. Four payload deployments of the Soviet ICBMs were exmmined, 1.5,
h.%, 9.5 end 30 XP payloads corresponding epproximately to the

Soviet ICEMs, SS-X-1, SS-T/B, 58-9, and S5-10 respectively. One

U.S. SOF R/V was applied to each Soviet missile site, then a°

second on each site and then &8 third and so on.
: N
3. Each reliable U.S. SOF R/V hes a SSP, of 0.6. For example, this

corresponds to al
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4. The number of Soviet missiles surviving the U.S., SOF atteck are

reduced "t6 80% for reliability and then converted to KP at the
individual KP of the appropriate missile examined.
5. The Soviet budget is copstrained st $12 B throughout the

computation.




Basic Points

The envelope of all possible Soviet KP per missile deployments

is plotted and marked "optimum (payload varieble)". This curve
represents the maximum Soviet KP surviving if the Soviets
packaged KP per missile in the optimur way opposite & given
G.S. SOF threat. E

It was found that the cost of Sovlet ICBMs could be fit by

ANWE where A is $10 M per 1 KP missile in inventory ($12.5 M per
reliable missile), N i1s the number of Soviet missiles, W is the

payloed per missile in kilopounds (KP), and k = .L.

8.

10.

Opposite smell numbers of R/Vs in the U.S. SOF inventory, the
Soviets optimum tactic is to deploy large payload per missile

packages to maximize KP surviving a U.S. SOF attack. Opposite

large numbers of U.S. R/Vs the cptimum Scoviet tactic is to
deploy small payloads per package.

At other than optimum packaging, the Soviet ICEM KP surviving
will be less than is shown by the graph opposite a given U.S.
attack. For example, if the U.S. has about 1000 reliable R/Vs
in SOF and the Soviets spend $12 B, about T00 Soviét KP will
survive ‘a U.S. SOF attack if the Soviets are optimmlly packaged
(about 6 KP per miesile); whereas, for the same budget, if the
Soviets degioy in 30 KP per missile packages, only 400 KP will
survive the same U S. attack.

It turns out, for the planning assumptions used, thet when the

Soviet is optimally deployed, about 22% of his missiles will

56




..iiillllllliilll"

sufvive a U.S. SOF attack. Ssid another way, the Soviet

coptimal deployment provides enough aim points so that, for a
given U.S. SOF, the U.S. can epply about 1.6 R/V, on the average,
per Soviet aim point.

11. Mixtures of payloads (at the same total budget) generally fall
between the pure, single KP curves shown. It is important to
note that the single payload curve or mixed cases are close to
the optimum curve over a broaed range -- i.e. the payload surviv-
ing is not too sensitive to packaging over a broad range.
Therefore, the optimum solutions carried forward are a good
approximation to 8 variety of special ceses.

12. The results on thig chart are not sensitive to the choice of
U.S. 58Py in the following sense: An examination of warhead

. technology reveals that repackeging of a fixed total U.S. pay-
load into & smmller (larger) number of heavier (lighter) R/Vs --
vwith corresponding larger (smeller) SSP, -- has virtually no
effect on these results, so long as (1) the U.S. CEP and (2)
Soviet hardness are kept fixed and so long as (3) at least ome

reliablg U.S. R/V impacts on each Soviet &im peint.
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Figure 9

ALERT, RELIABLE KP OR "STANDARD 1 XP R/Vs" vs. U.S. COST

ose
1. To show the comparative costs of various SOF missile systems in
terms of XP or 1 KP standard R/Vs.

Basis for Computation

2. Systems data are from the Navy and Air Force studies.

3. Operational factors used are nominal values.

Nominal
Alert/Oon Alert Readiness Launch In-flight Operational
Station Reliability Reliebility Reliability Factor
MM, ICM .9 .95 .9 .9 .69
1 1
SLEM .6 .95 .9 .9 b6
TITAN .9 .95 .85 .8 .58

1 With Strategic Warning, increase Alert/On Station to 0.8, operational

factor to .61 (The case for No Strategic Warning wes used in
the graph).
4. To normelize systems to 197x technology, payload (KP) was used
as a systems measure.‘ The same packaginé and guidance technology
are available to all systems in this time period. This payload
may be divided en-route to targets (MIRVs), so that a standard
1 Xp B/V:Zggfﬁe used to comvert to nominal U.S. Cost/R/f. MM
and SEM pajloaﬁé“ﬁere normalized to 1 KP. Iater SSPy calcula-

ticns take into account actual CEP/payloads.

5. No attrition before lmunch is included.




6. Partly because of "sunk costs" (for example, 41 POLARIS boats

- Basic Points

glready bought) -- the curves (with the exception of the ICM)
for various systems tend tc cluster.
T. Above 500 standard R/Vs, the spread is greater. However, it

should be noted that:

a. If the exact KP/MM were put in, it would raise the MM
curves slightly above all but the ICM (lower cost per KP).

b. If shorter range were traded for increased payload or if
sea-based systems have strategic warnings, the curves for
the sea-based systems would be raised (lower cost per KP).

¢. If smortized costs had been used -- amortized costs are

used in this study for trade-off purposes -- the cost/B/V

of the various systems would be closer together. Eh;
d. Listed below are the relative survivabilities at which-

the cost/R/V of all systems are equal to the POLARIS

systems. Another factor in survivability (by prolifera-

tion), wﬁich drives the Soviet SOF budget, 1s. the number

of eim points presented the Soviets per KP deployed.

Figures for this sre also shown for each system.




Relative
Survivability Number U.S. Aim Points per

SYSTEM for Equal Cost 1000 "Standerd R/V's" Deployed
POLARIS B-n, SBM 1.0 0 (20)

TITAN IT .76 105

BMS .56 0 (20)

MM II .70 1000

MM-G .75 1000

ICM 7 133

(The numbers in parentheses are numbers of ship or boat targets
for Soviet ASW).
8. TFor the szbove reasons, the analysis of "standard" systems

(excluding very low CEPs which are treated separately) will

use MINUTEMAN II cost data as representative of this class

of SOF systems without specifically referring to competing
types of missiles (U.S. SCF in a general sense).

@. In Figure G ICM stands cut in the case of no Destruction
Before Iaunch (DBL). The cost difference between ICM and
MINUTEMAN at constant inventory KP is, in a sense, the
amount of money that could bhe spent on hard point defense
of IbM in order to reduce DBL. Data on hard point defense
of missile sites was not included in the Service Studies

and is omitted from this study.




'8OF Utility of Advanced Systems

CEP Reduction

11. It is predicted that CEPs as low as 1000' will be technicelly
feasible by the middle TO's. This technoloegy of low CEPs
permits one to achieve SSP,'s of .90 even for herd targets
(300 psi) with an R/V weight of 1000 pounds or less.

12. In examining the reletive utility of SOF with other means of
limiting damage, the cost to negate or destroy a kilopound of
Soviet payload is an appropriate measure of the (marginal)
utility. For SSPy - .90, this marginal cost is the cost per
reliable R/V .- Cr -- divided by the expected payload

destroyed by the R/V:

1st R/V/target 2nd R/V/target
Cost/KP negated: Cr Cr
.9 (KP) tgt* .09 (KP) tgt*

The Marginal Cost of destroying Soviet XP of the second
R/V target is thus lo.times that for the first. This
applies to weapon systems where it is not possible to
assess the results of the first weapon -- no
shogt-look-shoot (see Figure 11).

* (KP) jgﬁg%s simply the Soviet kilopounds deployed at each

aim point. . .
13. In most trade-offs this results in a feirly sharp break -- one
reliable R/V per target is very competitive with other means of

1limiting damage and the second R/V per target is not.
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Multiple Individually Targeted Re-entry Vehicle (MIRV)

1k,

15.

with & low enough CEP, kill more than one Soviet target.

The ability to break up a missile payloed into Multiple
Individually Targeted Re-entry Vehicles (MIRV) allows further
cepitalization on low CEP technology. If only & single re-
entry vehicle (R/V) were possible, theghdne U.S. missile in
inventory could, obvicusly, kill no more than one Soviet
target, no metter how small the CEP became. With MIRV

technology the U.S. missile payload may be split up and can,

Furthermore, MIRVs can be applied to large payload missiles,
ICM and B-n for example, in which payload can be deployed more
cheaﬁly than in smeller missiles. Thus the combination of low

CEP and MIRVe on large boosters allows the U.S. to deploy

significantly more R/Vs of a given kill probability for &
given U.s. budget.

Figure 8 discussed one Soviet second strike design that
responds to increasing numbers of U.S. R/Vs, namely, the
balanced proliferation of optimum payload ICBMs. There sre
othgr pos;ible responses: active defense of missile sites,
lend+mobile missiles and seafbaséd missiles. None of the
Service studies addressed the question of active defense of

- —

missile sites and, consequently, it is omitted from this study.

-The one iénd-ﬁobile missile reported by the Air Force study

was not coﬁpetitive vith balanced proliferation. Soviet




sea-based missiles will be considered explicitly.

16. For both the U.S. and Soviet, MIRVs weighing 1 KP are carried
forwvard for sea-based systems. large paylioad ICBMs with MIRVs
present a serious counterforce threat which, however, when un-
defended, are fairly vulnerable to attack. Because of this, and
because no data was available on active missile site defense,
large paylcad ICBMs with MIRVs were not carried forward for

{ either the U.S. or the Soviet.







Figure 10

Reliable Soviet ICBM KP Surviving
. Vs .
Cost of U.S. SOF for Various Soviet Budget ICBM Levels
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SOVIET ICBM KF SURVIVING ve. COST OF U.S, SOF

FOR VARIOUS SOVIET BUDGET ICBM BUDGET LEVELS

ose

1. The purpose of this graph is to display the maximum number of
Soviet ICBM KP surviving for a given Soviet ICBM budget vhen
faced with a given U.S. expenditure on SOF. On this graph, the
Soviets are optimally deployed in terms of the optimum size
package.

Basis for Computation

2. Optimum deployment curves have been derived for various Soviet
ICEM budgets in the manner described for the optimum curve of

Figure 8. (The same planning factors inherent.in Figure 8 are

used here). One Soviet missile per aim point is assumed. Cost
of U.S. S0F is the representative cost referred to in Figure 9.

Basic Points

3. For a given U.S. SOF expenditure and attack, there is a8 maximum
Soviet ICBM peyload surviving for each level of Soviet ICBM
'budg;:*!_;. For example, for & U.S. $16 B SOF deployment, the
maximm Soviet ICBEM KP that can survive, if they alsc expend
$18 B, 1s'about 500 KP if the Soviets have optimelly packaged
their KP/missile.

4. Opposite a given U.S. posture, any Soviet warhead packaging

other than optimum will result in less Soviet kilopounds




surviving.

5. The existence of U.S. SOF provides a "virtual" attrition of
Soviet KP even in Soviet first strike where U.S. SOF does not
have an opportunity to operate on Soviet KP prior to its launch
against U.S. cities. It turns out from the menner in which the
accompanying curves were derived thet the Soviet KP inventory is
about 4.5 times the Soviet XP surviving. If the U.S. spends
$2 B on SOF and the Soviets wanted 1000 KP surviving in second
strike, they would have to spend $6 B. They would have 4500 KP
in inventory for & cost rate of $1.33 M per KP deployed. With
this relatively smell U,S. SOF threat the Soviets can afford to
deploy very large ﬁissiles which have & lower cost per KP
deployed than smeller missiles. On the other hand, if the U.S.
spends $10 B on SOF, the Soviets must spend $18 B to have 1000
KP surviving. The cost per XP deployed is now $4 M per KP.
This is to be compared with $1.33 M for the previous case. Thus
there is a2 "virtual" attrition with increasing U.S. SOF -- even
in Soviet first strike ~- in that the Soviet cost per XP
deployéa is much higher if they consider their second strike

posture -- which they mst.
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Figure 11

MARGINAL COST PER REL KP DESTROYED
BY ICBM AND/OR AIRCRAFT ATTACK
ON USSR ICBM SITES
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MARGINAT, COST PER RELTABLE SOVIET XP DESTROYED BY ICBM

AND/OR AIRCRAFT ATTACK

ose

1. To compare ICBMs with aircraft carrying Short Range Attack
Missiles (SRAM) in & damage limiting role as a function of
the marginel cost per enemy unit payloed (KP) destroyed.

Basis for Computation

2. The comparison is made perametrically with respect to the
product of two factors. The first factor, the mean penetration,
accounts for aircraft attrition enroute to and between targets.
The mean penetration is defined as the ratio of (&) the SRAMs
fired ageinst either missile sites or terminal bomber defenses

.(but not air-to-air against interceptors) to (b) the number éf
SRAM erriving at the Soviet Ares Bomber Defenses that are
committed to the missile site mission. The second factbr is
the occupancy, at the time the bambers esrrive, of those missile
sites that vere not killed by the prior ICEM attsck.

3. Threé cases of Terminal Bomber Defense with Surface~-to-Air
Missiies (SAM) were examined. It is assumed that the SAM ,
sites are,located beyond the lethal rsdius of the ICBM attacking
the primary btarget. .

L, In case (&) there are no SAM defenses. The aircraft assesses

vhich missile sites are undamaged and delivers one reliable




SRAM (P, = .90) on each undamaged site.

5. In case (b) each missile site is defended by one HAWK-type
platoon, but the aircraft can assess the target without coming
within range of the SAM site. Based on the Army study, a HAWK
platoon can destroy one of two SRAMs launched simultaneously.
Thus in case (b) two SRAMs ere launched at each undameged
missile site. The SAM shoots down one SRAM and the other SRAM
strikes the missile site (P, = .9).

6. In case (c) each missile site is defended but the aircraft must
use two SRAM to suppress the SAM site in order to come within
range to assess the target. In case (c) the best aircraft tactic
is to avoid the defense and directly attack 2ll missile sites

with two SRAM each without ettempting to assess whether the site

is undamaged. As in case (b) one SRAM gets shot down but the \,; |
other strikes the térget.

7. The Soviet missiles have L4 KP payloed, are 80% reliable and
are deployed one misslle per site.

8. The U.S. ICBM is the MINUTEMAN II type with 60% single-shot kill
probability, 69% deliversble to target end completely re-
targetabie for non-deliverables. U.S. ICBM costs (amortized)
were based.on MINUTEMAN II force levels of 1000 ($3.5 B), 2000
($8.0 B) &nd 3000 ($12.5 B) missiles for programing ratios of

one, two and three reliable U.S. missiles per Soviet site,

respectively.
9. The U.S. sircraft are the AMSA and RS-52 (B-52 with SRAM and




10.

advanced avionics) types with 18 SRAMs, 85% relisble with a 90%
single-shot kill probability against the hard targets and are
retargetable for weapons failing to reach target. AMSA costis
(emortized) were based on a force of 200 ($9.0 B, 67% launched,
90% in-flight reliability); RS-52 costs o;ha force of 315
($7.76 B, 52% launched, 90% in-flight reliability).

The horizontel lines represent U.S. costs per kilopound of

Soviet payload destroyed for ICBM attacks with programming

ratios of one, two and three reliable missiles per target,

respectively.
The curves represent sircraft atteck; the spread caused by the
different costs and alert rates for the two types of aircraft.
A pure RS-52 force is shown on the lower curve and & pure AMSA
force on the upper curve. It is importent to note that for
the same aree bomber defense the AMSA has & higher mean
penetration than the RS-52. For the same situation different
values of the abscissa apply to the two aircraft. Aircraft
curves {a), (b) and {c) correspond to the different defense
assumptions described in paragraph 2 above. |
Aircraft curves (a) and (b) can be compared with all of the
three ICBM progremming ratlos. The results from defense
sy
assumption'(c) are shown only for the case where there has been

cne missile programmed against each target, and the comparison

is made between a second ICBM or follow-up alrcraft attack.
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13.

1k,

15.

16.

17.

Since, in case {c) the KP destroyed depends on the amount of
prior ICBM attack, separate aircraft curves are aessociated with
different ICBM programming ratios.

The cost to the enemy to defend an ICEM site(s) with a HAWK-
type pletoon would be about $7 million (amortized 5-year cost).
He could buy and support an additionasl, undefended, ICBM for
the cost to defend two sites.

On the basis of curve (a) for no SAM defense an initial
programming of one reliable U.S. ICBM per Soviet ICEM site
followed by locok-shoot aircraft has & lower marginal cost than
two U.S. ICBMs per site for vmlues of the abscissa (mean
penetration times occupancy of undamaged sites) above about
.2. For values of the abscissa above 0.6 aircraft are
preferred over initisl ICBM attacks.

On the basis of curve (b) for SAM defenses that did not
restrict target damage assessment, one ICBM followed by air-
craft has & lower marginel cost than two ICEMs for wvalues

of the &bscissa above about Ogl.

On the'basis of curve (c) for SAM defenses that restricted
target éamage assessment, one ICEM followed by aircraft hes

-1 higherﬁpg;ginal cost than two ICBMs except at values of

the abscisse approaching unity.

If the Soviet chose to defend ICBM sites against aircraft

attack it would have the virtual effect, for the same budget,

T4
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18.

19.

of reducing the Soviet deployed payload by about one-third.
However, this defense more than doubles the marginal cost of
the bomber attack if the bomber can assess the target without
engeging the defense, and mekes the aircreft non-competitive
with a2 second missile if it must engege the defense of each
site. In some semnse, the probability of high cccupancy is
related to the level of SAM defense.

It is importent to note that there exists some level of
defense, when it is no longer the bomber‘s'best option %o
engage the defense and employ look-shoot tactics. (See
paragraph 6 above).

Due to the uncertainties in occupancy of Soviet sites when
aircraft arrive, in the mean penetration, and in the nature
and deployment of defenses of Soviet missile sites, only
missile SOF will be carried forward in the analysis. The
results here show that there is & range of parameters for
which an aircraft follow-up attack would compete with the

second missile.
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Figure 12
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Figure Eg

SOVIET SILEM KP SURVIVING vs U.S, COST OF ASW

Purpose
1. To show the utility of combined ASW forces opereting egainst a
Soviet POLARIS-iype deployment.

Bzsis of Computation

2. DBasic data and system capabilities in the 197x time freme are
from the Nevy study. :

3. The Soviet SSEN is assumed to have é.'lnoise level*, 12
launch tubes each containing 1.5 KP ﬁissiles with & 1500 n.
mile range and 0.8 relisbility. ZExcursions on these parameters
will be treated in lster sectiomns.

k. This greph results from & series of sub-optimizations of
various types of forces operating agrinst the total potential
SLBEM threast. These types of forces ere:

a. TForces deployed on & steady-state besis in the launch area
operating ageinst Soviet POLARIS-type submerines on statlon.
These ere Ravy study's "Condition III" forces --

essentlally destroyer attack units, with SOSUS. These

forces trail on-stetion Soviet submarines, fire on




emerging missiles, and sink the boat which launched them.
Navy air forces are used tc establish (and regesin, if lost, )
contacts for trailing.

b. Forces which are deployed (which include part of those in 2.)
to meet additional submarines that attempt transit to the
launch area after the war begins. These are Navy study's
"Condition I" forces -- essentiaslly Navy air forces which
fellow-up SOSUS contacts and destroy subma;ines in a
"defended area" (barrier) outside the launch area.

c. Forces (SSNs) deployed in forward barriers to destroy Soviet
submarines exiting from port areas. Some of these forces
also trail Soviet submarines across the ocean.

d. Forces (SOF) operating on Soviet SSENs in overhaul or still
in port.

Two Soviet force levels are considered with the same steady-

state deployment scheme. Curve A represents 50 SSBEWs in the

Soviet inventory and Curve B 100 SSBNs. The appropriate deploy-

ment for Soviet steady-state was estimated to be 15% in
overhaul, 45% in port or local operating areas, lE% in transit,
and 25% on-station. About 20% of the inventory is assumed
destroyeleyrSOF operations.

Equal pumbers o?.gubmarines and equal allocations ageinst them
were made for the Atlantic and Pacific Oceans.. Because of

geographical asymmetries in the operation and cost of ASW

between the two oceans, the U.S5. could do somewhat better




allocating egainst particular known divisions of the threat to
population and comparing the return per doller in each ocean.

In this respect, the results shown here are somewhat conservative
with regard to the utility of ASW in dsmage limiting.

Basic Points

7. The first large decrease in Soviet SIBM KP surviving results from the
increased tempo of oOperations of exixting ASW fdrces - - surfece, air and the
SSN barrier. .Though the Soviet submerines attrited 1n this
area constitute a threat that develops later in time than those
Soviet SSBNs already on-station, the sub-optimization is made
against the total threat. The fact that most of the U.S. SSHs
operating the b&rrier have already been funded in pre-FY 66

budgets affects this result.

8. The behavior of the curve at higher U.S. expenditures shows
the complex behavior of various "entry-prices" -- such as
buying encugh SOSUS.

9. The curves show that for about $1k billion allocated to ASW,
the major part of the SIBM threat from a Soviet POLARIS-type
operatign can be negated and that this budget is somewhat
indepen&ent of Soviet force size.

10. Excursions™to other deployments and scenariocs were made but
not included here. Depending on which situations the U.S.
‘prepared for, -sub-allocatlons to individual ASW forces would
chenge. However, total ASW budgets in support of dammge
limiting would not alter appreciably. A limiting case for

"perfect” Soviet submarines -- no utility for ASW .-- is

treated on Figure 27.




Figure 13
% Soviet Bombers Killed by Area Bomber Defense
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Figure ;i
% SOVIET BOMBERS KILLED EY AREA BOMBER DEFENSE vs. INVENTORY OF

INTERCEPTOR ATRCRAFT (IMI)

ose
1. To show utility of interceptors used egainst various Soviet
bombers and etteck levels.

Basis for Computation

2. Basic Data is Prom Air Force study and wes derived by the Alr
Force by war game techniques.

3. Defense Suppression consisted of:
a. TO Soviet ICEMs launched simultanecusly with Soviet bombers,

and

b. 30 long range ASMs cerried by Bombers.

L. 504 of iuterceptors are flushed on tacticel warning, recovered, .

and then recycled from surviving base structure. The other 50%
are destroyed by defense suppressicn.

5. Ground Environment is BUIC (Back-up Interceptor Control) plus
approximately 15 AWACS (Airborne Warning and Control System)
aircraft on station. | |

6. Number of Soviet bombers refers to mumber arriving at U.S. Areas
Bomber Defense. Number of bombers killed refers to number killed
prior to entering U.S. terminal defense area. SAMSA is a Soviet

bomber similar in type to a U.S. AMSA (Advanced Mamned Strategic

Aircraft).

81
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Basic Peoints

Best SAMSA tactic is to fly high &t maxirmum speed, i.e., SAMSA
are not subject to simultanecus SAM and interceptor ettack.
(Ncﬁe: This would not necessarily be the best tactic if there
were a deployment of long range SAMS along_northern U.s.

border).

8.

Percent attrition is determined by ratio of inventory inter-
ceptors to arriving bombers. For exemple, according to the
curve, if the U.S. inventory of IMI is one-half the number of
Subsonic Soviet bombers arriving at U.S. area air defense, then
about 85% of these bombers will be destroyed prior to the time
they reach the U.3. terminel defenses, If the number of IMI

were one-half the number of SAMSA, then about 65% of the

Soviet bombers would be killed prior to reasching terminal

defenses.
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Figure 13a
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Figure 13a

% SOVIET BOMBERS SURVIVING vs. COST OF INTERCEPTORS PER SOVIET BOMBER

ARRTIVING AREA BOMBER DEFENSE

IMIpoée
1. To show the relative utility of two U.S. interceptors against
Soviet subsonic bombers and Soviet AMSA.

Basis for Computation

2. Basic data from Air Force study; see also Figﬁre 13.

3. Atteck sizes range from 100 to 300 incoming bombers.

4, The spread reflects the chenge in average interceptor cost with
varying budget level. There is very little spread when percent
surviving is plotted versus the ratio:

. (number of inventory interceptors)

S (number of bombers of given type)

See Figure 13.

Basic Points

5. Both interceptors perform sbout as well for the same cost
against Soviet subsonic threat.
6. Both interceptors do less well ageinst the Soviet SMSA; the IMI,

; : *
for the same cost, does better than TFX.

R S

" . bt
NOTE: Since the focus of the study is on 197x technology, only

IMI vs. SAMSA was carried forward.




Figure 14

% U.S. Population Surviving
Vs
Number of Soviet Bombers Entering TBD Area
for Various TBD Costs
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% U.S. POPULATION SURVIVING vs. NUMBER OF SOVIET BOMBERS ENTERTNG
TERMINAL DEFENSE AREA

FOR VARTIOQOUS EXFPENDITURES ON TERMINAL BOMBER DEFENSE

ose
1. To display utility of pure Terminsl Bomber Defense against
various bomber threat levels.

Basis for Computation

2. Various levels of bomber sttack on population are accoupanied by
2500 MI military attack. Full faellout shelter program was used
in damege mssessment but costs not included in this graph.

Basic TED data is.frOm the Army study.

3. The zero U.S. expenditure level refers to "seriel” bombing

using 1 MI wespons carried 10 (relieble) per eircraft. Bombers
visit as mmny cities as necessary to target weapons for meximun
U.S. fatalities. |

k., The 1.5 B expenditure level and higher provides sufficient
HAWK/HERCULES units to deny seriml bombing for the first 213 U.S.
cit;eéﬂ With this level of TED the assumed best Soviet tactie
for opérating bombers is to use 300 KT SRAM (Short Renge Attack
Missiles; Mach 2, low level, 50 mile range) and avoid direct

engagement of bombers by TBD. The SRAM are carried 10

(relieble) per aircraft and fired in salvo at each city. The

fatalities per salvo are equivalent to fatalities from & single




10 MT weapon. The Army study credited this salvo with the damage
potential of a single 10 MT weapon for & 200 KT SRAM yield. It
was determined that & 300 KT yleld provided a better eguivalence
te & single 10 MT weapon. With the salve of ten 300 KT SRAM it
takes twice as many bombers to produce the same % U.S. population
surviving as vhen "serial" bombing with 1 MT weapons is
permitted.

5. Higher U.S. cost levels refer to the following deployments of

AADS-TO:

HAWK/HERCULES AADS-T0
TED Cost 1/ Cities  Cost 2/  Cities # of Batteries Cost 3/

$1.5 B 1-213 . $1.5 B 0 0 0

$3.1 B 29-213 $1.2 B 1-28 62 $1.9 B

$3.7 B 48-213  $1.0 B 1-47 96 $2.7 B 6
$5.5 B 97-213  $0.8 B 1-96 177 $4.7 B

}/ Total cost of HAWK/HERCULES plus AADS-T0, see g/ and §/.

g/ Estimated on basis of re-deployment of HAWK from overseas @

$4.25 M/Piatoon.

g/ Includes Cost of 1/3 (R&D) + Investment + 5 year annual

operating costs,

6. Bombers attack AADS-TO defenses in simltaneous attack with

enough salvos of 10 SRAM to saturate defenses. Average number
of SRAMs killed per battery is approximately 13.

T. Bombers targeted on first 213 cities to maximize fatalities.

8. As allocations are made to U.S. TBD in Figure 1k, it can be




seen that additional Soviet bombers ere needed to hold the p:r-
cent U.S. population surviving at & fixed level. Or, put the
other way, as the number of bombers arriving increase then the
TED allocation must increase in order to mmintain the same
percent U.S. population surviving. That is, the additional
TED allocation "negates" the effect of the additional number
of bombers erriving. The ratio (added $ on TED)/(Bombers
negeted) (at constent percent surviving) is the merginal cost
of TED. The inverse ratic (Bombers negated)/(added $ on TED)

is the merginal utility.

Besic Points

9.

10.

From the data in Figure 14, the marginal cost of TED is found
to vary strongly with percent surviving but to remain-
relatively constant as the TED budget is increased at constant
percent surviving. The following values were obtained:

¢ U.S. Population Bombers Negated Million $ Per

Surviving Per Million § * Bomber Negated %%
60% .091 1
T0% .050 20
804 .026 38
90% -009%6 10k

* Marginal utility At a given "% Surviving", these margins
‘ are fairly constant over a wide range
** Marginal "cost of ettack sizes.
A similar dependence was found for the marginal cost of BMD;
see Figure 17. The cost per SRAM negated by AADS-T0 is $2 M

which is the same a&s the cost per re-entry object shot down.




W Figure 15

% U.S. Population Surviving
VS
Cost U.S. FFO/TBD/ABD for
Two Levels of Soviet Bomber Attack
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1.

% U.S. POPULATION SURVIVING vs. U.S, COST IN TBD/ABD

FOR TWO LEVELS OF SOVIET BOMBER ATTACK

(o]0

To show the utility of & combined Terminal Bomber Defense and

Area Bomber Defense against & pure bomber attack on cities,

superimposed on & 2500 MI' military attack.

Basis for Computation

2-

The utility of the four Terminal Bomber Defense deployments
outlined in Figure 14 was traded-off with Areas Bomber Defense
attrition derived from Figure 13 to produce minimum cost
combinations &t various % U.S. population surviving. (See
Figure 15a).

Bomber attack on population ls accompanied by a 2500 MT
military attack. TFull fallout shelter progrem is provided
and funded first.

The number of bombers refers to number entering Area Bomber
Defense. The SAMSA are loaded with ten 1 MT b&mbs for $0
TED and ten 0.3 MT SRAM for greater than $1 B on TED. The
subsonichombers each carry half the SAMSA peyload in each
case kfivé 1 MT bombs or five 0.3 MI' SRAM). Thus the total
payload i; the.same for either 200 SAMSAs pr hOO_subBonic
bombers (2000 - 1 MP bombs or 2000 SRAM) and the same for

40O SAMSAs or 800 subsonic bombers (4000 - 1 MI' bombs or

LOOO SRAM).







Figure 15a

Cost of TBD/ABD
VS
% Allocation to TBD and ABD with Variations in Costs
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Figure 15
COST OF TED/AED vs. % ALLOCATED TO TED AND AED WITH VARIATIONS IN

cosTS

OBE

1. To show the insensitivity of total TED/ARD.costs for variations

2.

in allocations between the two systems.
To show the senslitivity of allocations between TED and ARD on

variations in cost (for & given effectiveness) of either system.

Basis for Computation

3.

This displeys the calculation behind the point at 80% U.S.
populstion surviving for 200 SAMSA (or 400 subsonic bombers)
arriving in Figure 15,

Since trade-offs are involved in this graph, only emortized
costs are displayed.

The solid line labeled "THD mnd ABD" represents the range of
combinations of ABD and TBD using the cost and effectiveness
data supplied by the Air Force study and Army study
re.spectively. All points on the solid curve result in 80%
U.S. population surviﬁng -for .200 SAMSA arriving at the outer
edge :Df the ABD region. The sharp peak on the right side
resulfs from the AWACS entry p&-ice for ABD The least cost, or
optimum "§6ldtion, (indicated by the middle arrow) is $5.6 B,

allocated gs FTollows:




TED 59% $3.3 B

ARD g $2.3 B
100% $5.6 B

The pure system costs to do the same job (indicated by the left

and right arrows)} are not very much higher than the optimum:

100% TED $6.3 B
100% ABD $6.8 B
Optimum mix $5.6 B

This limits the sensitivity of combined cost of AED/TED to
variations in the allocation between TED and ARD.

In order to study the effect of uncertzinties in technical
effectiveness and‘degradation due to defense suppressicn
tactics, two excursions were made. In the first the costs of
TED (for the same effectiveness) were increased 50%. This case
is labeled "1.5 x TED + ABD" in Figure 158 and shows that now
the 100% AED allocation is the opfimum allocation. In the
second excursion the ABD costs (for the same effectiveness)
were increased 50%. This case is labeled "TED + 1.5 x AED" in
Figure' 15a &and shows that now the 100% TBD allocation is the
optimumiallocation.

Similer results obtain for most camblnations of percent U.S.
population surviving and number of aircraft arriving.

In the calculations the TBD defenses acted against SRAM
missiles -- not the bombers directly as did the ABD., As 8

consequence, incressing the bomber payload (over the 10 reliable




SRAMs per bomber used) raises the utility of AED relative to TED

(see Figure 19c for & simllar effect in ASW). In the example
shown in Figure 15a raising the bomber payload by 50% (15 SRAMs
per bomber) results in & 100% ABD allocation; lowering the
payload by 50% (5 SRAMs per bomber) results in a 100% TED
allocation.

Basic Points

? 10. ABD and TRED are closely competitive.

. 11. Although variations in cost or bomber paylcad of 50% are
sufficient to drastically mlter percentage sllccations between
TED and ABD, the total cost for a given ocutcome -- at optimmum
allocation -- veries less than 20%.

12. This insensitivity in totel costs allows the following

€§3 prescription to be used in defending against mixed Soviet

bomber and missile attacks.

a. Interlock sufficient TED (AADS-TO) at those cities with EMD
(NIKE-X) to prevent Soviet bombers from undercutting BMD.
This amounts to 20% of EMD cost.

b. Provide a light cover of HAWKJHERCULES or Aréa Bomber
Defense in the target aren sufficient to deny serial bombing.

¢. Add Arema Bomber Defense up to the peint where the marginal

- emtsyf

cost to destroy an "equivalent"* KP of bomber payload by ABD

is equal to the marginal cost to destroy one KP of missile




payload by ASW, SOF or BMD.

* Note: Bomber payload can be equated to missile KP on the basis of
the damage that can be inflicted taking, into account pay-
load expended on ASM rockets, missile decoys and R/V
structure. In particular, sufficient AADS-TO was provided
to force Soviet bombers to attack cities not defended by

~BMD. Against undefended cities Boviet missiles are 10 MT,
4 xp wéapons. Agninst these same cities the SAMSA salvoed
their entire relisble payload of ten SRAM with 300 KT
apiece. The ten SRAM produce about the same fatalities as
the 10 MT missile warhead so that one SAMSA payload is
equivalent to 4 KP of missile payload. Alternatively, one.
can equate bomber payload to missile KP on the basis of the
missile KP needed for the same number and yield of
miltiple R/Vs as SRAMs. In this example, a 300 KT R/V
wveighs about 0.4 KP so that ten 300 KT R/Vs weigh 4 KP.

Thus the same equivalence 1s reached on both bases.
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Figure 16

Cost per Soviet Missile Killed by Space.Boost Phase
[ntercept (Bambi) vs Duration of Soviet Missile
Launchings for various BAMB! Performance Levels

Soviet Launch Rate Constant Over tL Minutes
U.S. Cost ($ Millions)

Per Soviet MSL Killed 3 Interceptors per Satellite |
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Figure ;é
COST PER SOVIET MISSILE KITLIED BY SPACE BASED BCOST PHASE INTERCEPT

(BAMBI) vs. DURATION OF SOVIET MISSILE LAUNCHINGS FOR VARIOUS BAMBI

PERFORMANCE LEVELS

ose
1. To show under what conditions Boost Phase Intercept could con-
tribute to U.S. damage limiting.

Basis for Computation

2. Basic cost and performance data is taken from Alir Force study.
3. Soviet launch sites are assumed to be distributed evenly over the
launch region which extends from about 40° N. lat. to 50° N. 1lat.

between 30° E. long. and 120° E. long. With &n assumed inter-

ceptor range of 200 nauticel miles it takes 10 satellites on

station to cover the entire launch region. To provide these 10 b

on station on the average requires 270 satellltes in orbit. Five

year cost for mainteining 270 satellites in orbit is approximately
$5 B. Thus, with 3 interceptors per satellite, there are
appro%imately 30 interceptors within range of Soviet launch

sites for each $5 B U.S. cost.

k. The cost data is intended to reflect the nominal value .f

B = tiﬁtérceptors SSP, x Reliability) x (mean years before
failure)
= (.6) 1) = .6

Cost per Soviet missile killed is halved if B doﬁbles apd vice

versa.




Soviet launch rate is uniform (in space) over the leunch region
and uniform (in time) over t; minutes. The firing doctrine is
one interceptor per detected booster. It is assumed that the
offense launches more than enough missiles in time, iy, to
exhaust all the effective satellites that can come over the
leunch region during time, t;. This is the optimum offense
tactic consistent with a uniform launch rate if, as assumed,
BAMBT launches interceptors only at bena fide ICBM boosters.
Although each launch site is covered by a different satellite
every two minutes, most of the time the newly arriving satellite
will heve already expended its interceptors at missiles launched
from cother launch sites, Taking the orbital trace and the
lasunch region geogrephy into account gives a mean replacement
time for fresh satellites of about 13 minutes.

Typical U.S. cost to negate Soviet missiles (i.e., to offset
the deployment of one additional Soviet missile) by SOF and

BMD are given below for a Soviet deployment optimized for
Soviet second strike (Figure 8) at $12 billion Soviet budget.

These can be compared with BPI costs shown on the accompanying

graph.




U.5. BMD cost to
negate one Soviet

U.S. SOF cost optimum peyload

U.S. SOF to negnte one Soviet optimum missile at 80%
Budget Soviet missile KP/missile surviving
$ 3.0B $27 M 30.0 $600 M
$ 4.6 B $27 M 9.5 ) $190 M
$ 7.28 $38 M L.0 $ 80M
$14.1 B $38 M 2.0 $ 4o M

For the optimum Soviet deploymeﬂt described in Figure 8 the U.S.
SOF cost to negate one missile depends only upon the U.S. cost
per R/V and R/V SSP,. The change from $27 M to $38 M in the
SOF column reflects the increase in cost per U.S. R/V cost at
higher U.S. SOF budgets (new buys without sunk costs). For

non-optimum Soviet deployments the U.S. SOF cost per missile

negated is less than shown. Also given is the U.S. BMD costs Ry
to negate a missile at 80% U.S. population surviving (see
paragraph 8 of Figure 17). This cost is directly proportional
to the payload of & Soviet missile and {slightly) dependent
upon the total Soviet kilopounds arriving at BMD.

Basic Points

8. BAMBI‘utility 1s sensitive to Soviet launch tactics.

9. Comparison of Figure 16 with the above table shows that BAMBI

L

does not cdmpete favorably with SOF in Sowviiet second strike.

10. If the Soviets deploy large missiles -- either in response to
low U.S. B0F budgets or to maximize Soviet first strike payload

for & glven budget -- then BAMBI appears to compete with

103




BRD.* However, large payloads imply few missiles which need

only & few gaps in the BAMBI coverage to sneak through.

* NOTE:

Because of the technical uncertainties {discrimination of
boosters, reliabilities and costs) and the limited
circumstances of utility, BAMBI was not used &s & damsge

limiting measure in the remainder of the study.
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SOVIET KP ARRIVING AT TERMINAL DEFENSE vs U.S. TD COST

FOR CONSTANT % SURVIVING U.S. POPULATION

ose
To show the effectiveness of active terminsl defense (BMD/TBD)
added to FFO, in negating the effects of incoming payload.

To indicate how this method of analysis, expressing effective-
ness in terms of the cost of negating KP, leads to a procedure
for integreting the various means of limiting damage. This

cost varies strongly with the level of population surviving.

Basis for Computation

3.
L.

Computations are based on the Army study.

For given expenditures on active Terminal Defense (TD), a graph
of % population surviving vs. size of attack can be computed
(for example see Figure 14). As allocations are made to TD, the
attack size necessary to reduce the surviving populstion to a
given level increases over the zero TD case. In this sense, the

defense’at that level of survivors can "gecomodate™ or

"negate" the increase in attack size. If the attacker
restructures his attack to maximize fatalities, he will minimize
the amé&ggiéhe defense can accommodate. This is the basis for
the format ofﬂfﬁe graph shown here. This graph then summarizes
the effects of TD expenditures. |

Included in this chart is the first $5.2 billion spent on the




Basic Points

ks

FFO program; its utility was demonstrated eerlier (Figures 3

and 4). The expenditure from $5.2 to gbout $3.2 billion is the
"entry price" for BMD/TRD -- R&D and other fixed costs before

ectual deployment (see Figure 5).

T.

The curves show the payload of Soviet missiles "accommodated"
or "negated" by TD &s a function of TD cost and the level of
U.S. population surviving. For example, witb & FFO there will
be 70% U.S. population surviving for about 500 KP arriving.

An additional $19 B on TD will accommodate an sdditionsl 1500
KP or 8 total of 2000 KP arriving at the terminal areas.

The slopes of these curves give the marginal utility of TD --

"KP accommodated" per "dollar expended". The curves are

essentially straight lines over & wide range of expenditure,
so that the margloal utility is approximately constant. It
doee, however, vary strongly with the level of population

surviving:
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% Population Surviving  KP Negated/$ Million™ $ Millions/KP Negated "

50% .28 3.6

60% .15 6.7 -

T0% 1 3.5

80% .05 20.0

85% .03 33.0

90% .015 67.0
; * Marginal Utility

** Marginal Cost
9. The above type of analysis on Marginal Cost/KP negated was
performed for the utility vs. cost curves for all means of
limiting damage. The nature-of the optimization calculations

shown in subsequent figures is to equate the Marginal Cost --

i the marginal cost divided by the marginal KP negrted -- over all
means of limiting damage. (With various entry-prices in
different systems, it is necessary to check that the marginal
cost optimm is & true minimum total-cost optimum). This
corresponds to minimizing the U.5. cost of resources allocated

against.a given Soviet threat to achieve a particular level of

U.S. popilation surviving. This constitutes a "balanced

defense™. ‘ég additional dollar allocated, in turn, to any one

of the means ofh;imiting_damage will bring the same return.




Figure 18

A TABUILATION OF THE BASIC CASES OF SOVIET DAMAGE CREATING
ALLOCATIONS STUDIED AND ASSOCIATED COST OF OPTIMUM U.S.

MEANS OF DAMAGE LIMITING

Note: All ceses are for Soviet and U.S5. designs for Soviet second
strike counter-value. Other cases and excursions are treated

in later figures.

$B $B
Soviet Alliocations to Cost US Lus Ratio Lus
Csov T0% 5% Csov
ICBMs SLBMs Bombers Total Surv  Surv 70% 85%

6 0 0 6 6.2 10.3 1.03 1.7

12 0 o a2 13.1  25.7 1.09 2.1
1/

6 9 6 21 16.7 32.5 8o 1.5
2k 0 0 2k 31.2 52.0 1.30 2.2
12 16 0 28 23.6 41.0 8k 1.5
30 0 0 30 L5.0 2/ 1.52 2/

6 16 9 31 23.2 38.3 75 1.2
24 0 9 33 36.4  60.0 .1.09 1.8

, Y
12 16 9 37 31.4  51.6 85 1.k
2k 16 0 Lo 38.2 65.2 9% 1.6
12 16 - 16 Ly 34.8 57.0 790 1.3
24 16 - -9 49 y7.%  77.0 .97 1.6

}/ Nominal cases cerried forward

2/ Data points not available
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Figure ;é
BASTIC CASES OF SQVIET DAMAGE CREATING ALLOCATIONS STUDIED

AND ASSOCIATED COST OF OPTIMUM U.S. MEANS OF DAMAGE

LIMITING

ose
1. To-show the range of Soviet threats considered and the effect on
the U.S. costs of dasmage limiting.

Basis for Computation

2. The table illustrates the range of various Soviet threats

considered in the intervals indicated below

Soviet Range of
_Force _ Soviet Expenditures
ICEM $ B - $30 B
SLEM $0 B -~ $16 B
Bombers $0 B - $16 B

3. Totel Soviet damage creating budgets ranged from $6 B to $49 B.
4. No attempt was made to optimize the Soviet expenditures againsf
& given U.S. defense. (learly, given a U.S. defense, a pure
strategy on the part of the Soviets will always be better --
on an ¢xpectea value basis -- from their point of view. How-
ever the case of pure strategy could only be a transient one aﬁd
not & £é§13§tic case, OQOpposite & pure strategy, the U.5. would

ré-désign'ifs défenses to oppose this strategy so that a mixed
strategy vould appear better to the Soviets in any event.

5. The tables show, for the basis threats studied, outcomes
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derived assuming that both the Soviets and the U.3. designed for
Sov;et second strike counter-value and that the Soviets did
indeed strike second against U.5. population. Other designs,
scenarios, and excursions were made using these threats, as
will be discussed in later figures.

All costs shown in the eccompanying table ere tctal investment

costs plus five year operating costs.

Basiec Points

T.

Over & wide range of attacks, the ratic of the cost of U.S.
dgmage limiting to the cost of Soviei damage creating varies
between about .75 and 1.5 at T70% U.S. populetion surviving.
This ratio varies from 1.2 to about 2.2 at 85% U.S. population
surviving.

From the asccompanying table & higher proportion of the Soviet
expenditures on ICBMs make the above ratio higher. This
résponse to the proportion spent on ICBMs would change. for
example, i1f the Soviet submarine carried more kilopounds pay-
load or were made quieter. When the allocations to Soviet
ICBMs and SLEMs are besed on amortized costs instesd of total
costs, ;he effectivenesé of SLBMs to the Soviets is closer to
that of ICHMs.

A mixed Soviet strategy of $12.0 allocated to ICEMs together
with 100 SSENs in inventory and with 100 bombers arriving at

the U.S. area bomber defenses is carried forward as & nonminal

case, Another example of one-half of these Soviet force levels




is also carried forward. Several excursions in the utility of

each of the U.S. damage limiting meens were also calculated and

appear in later figures.




Figure 18¢
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Figure léi
% U.S. POPULATION SURVIVING vs. U.S. COST DAMAGE LIMITING (OPTIMIZED)

SOVIET SECOND STRIKE COUNTER-VALUE (CV)

cse

1. To show, for two Soviet threats, the level of surviving U.S.
population vs. U.S. costs when optimum allocations -- within these
costs -- are made to &1l means of limiting damage.

2. This case was chosen to illustrate some (nominal) mixed Soviet
forces -- to bring into play all types of dsmage limiting
forces.

Basis for Computation

3. As described in Figure 17, optimum allocations were made at each
level of population surviving on the basis of equating marginal
costs for all means of limiting demage. The marginal costs were
computed from the utility graphs for each type of force wity
careful attention paid to entry price phenomena..

4, Two Soviet force levels are shéwn:

Curve A:
$6 billion on ICEMs, optimally deployed to maximize KP

surviving (2 boundary case -- the best the Soviets could do).

$8.8 B --50 S8BNs’in inventory, deployed in a steady-state POLARIS-
type operstivn as described in Figure 12.

$5.7 B --50 SAMSAs arriving at CONUS after 33% attrition by SOF.
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Curve B:
| The second Soviet threat is Jjust double the inventory force

levels in (A) above, mainteining the same relative
composition. (Soviet Costs: $12 B on ICBMs, $16.4 B for
100 inventory SSBNs, and $9.2 B for ib@ SAMSAs arriving at
CONUS ),

Campaign consists of U.S. counterforce strike: (1) on Soviet

ICBMs (100% occupancy); (2) on submarines in port or overhsul

(about 20% of submarines); and (3) on Soviet bomber home bases

(33% inventory aircraft not on alert). Soviet forces that

survive are directed against U.S. and targeted for maximum

U.S. population f%talities. By not considering that Soviets

can reprogram his force this (conservatively) gives an upper

bound on U.S. cost of damage limiting to achieve a given percent

U.S. surviving.

Tbe calculations are based on fixed Soviet threats and do not

attempt to meximize fatalities by changing the mix of forces

depending on U.S. allocations. (See Figure 18).

Basice Points

Tc

Againsfia given threat, the more money the U.S. allocates to
demage limiting, the higher the level of surviving population,
and at slowly diminsihing marginal returns. (Utility per dollar
expended for & constant threat).

As the Soviets increase the threat, the margiﬁal cost (increase

in damage limiting cost per unit increase in Soviet threat) for




s

constant utility) to meintain & given level of surviving popula-

ticn depends on the level surviving. Said another way, the
ratio of U.S. costs to limit damage to Soviet costs to create
damage is defined by the level of U.S. populetion surviving.
further this ratio 15 fairly insensitive to the size of the
Soviet attack. (See table below). If the Soviets double their
inventory (preserving the same relative mixture) the U.S. damage
i limiting (DL) costs to maintain the same percent surviving

increase by the factor shown below:

% Surviving Ratio: Cost U.S. Cost U.S. Curve B
U.S5. Population Cost Soviet Cost U.S5. Curve A

Curve A Curve B

50 .3 A 2.1
60 i .6 2.k
70 .8 .8 1.8
8o 1.2 1.2 1.8
85 1.4 1.4 1.6

U.S. costs approximately double for double the Soviet threat.

the reason the U.S. costs are less than double at higher

levels‘qf surviving population is that doubling the threat

and pre;erving the mixture is not an optimum increase in

threat for—the Soviets.. At higher levels of U.S. expenditures
the ratioc of KP arriving at terminasl defenses per XKP in inventory
is low for Soviet SAMSA and SSBN and does n@t increase much if

the Soviets double their inventories of these forces. Additional

17
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SSBNs and SAMSAs do not drive up U.S. costs as much as addi-
tional ICEMs.

8. The mixed threat shown in Curve B will be used in a number of
excursions and sensitivity calculations since it involves all
types of damage limiting forces. h

Excursicns on Curve B

9. 1If the Soviets had deployed only b <P missiles (ICEMs ) instead
of optimum peyloads for these missiles, the overall result is
almost the same as Curve B (within $1 B) up to 75% surviving.
This is because 4 XP is not far from optimum over this range.
At higher levels surviving, it becomes about $5 B cheaper for
the U.8. Four KP payloads bécome further from optimum Soviet
deployment and Soviet ICEM KP surviving is approaching
negligible proportions.

10. The OIEP ICBM threat for 1975 (High threat estimate in the Air
Force study) includes a mixture of soft missiles, soft and hard
missiles several to a site, and hardened and dispersed 1.5 KP
missiles. If this threat is used in place of the "nominal”™
ICBM threat of Curve B, the results by coincidence are very

close to fhe same result as Curve B. However, the cost to the

Soviets of that ICBM threat in terms of this study is roughly
$20 B instead of $12 B for the more or less optimal Soviet
deployment of Curve B. This is & messure of how far off

optimum (second strike) the Soviets could be in their deployment.
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11. The SAMSA bomber forces may be related to eguivalent subsonic

Bison or Bear bomber fcrces as follows: (Soviet bomber costs

from Air Force study)

Number Arriving ARD Cost

Curve A Curve B Curve A Curve B
SAMSA 50 100 $5.7 B $9.2 B
Bear 100 200 $2.0 B $3.6 B
Bison 100 200 $2.5 B $4.2 B

12. Curves A and B refer to mixed Soviet forces. The U.S. damage
limiting costs would be approximately the same as Curve A for a
Soviet pure ICBM force (optimum payload) costing $15 B as
opposed to $21 B for the mixed force. Correspondingly,

.Curve B is approximately the result for a pure ICEM force of

$25 B as opposed to $37 B for the mixed force.
13. Further excursions will be treated on separate graphs. .

MVA Surviving

1L. The % U.S. MVA surviving a Soviet attack corfesponding to

Curve B is shown at four pcints marked with "X's".




& Figure 19
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Figure 19

TYPICAL ALLOCATION AMONG U.S. DAMAGE LIMITING FORCES

Purpocse

1. To exhibit the varying allocation of resources among U.S. damage

limiting forces at increasing percent U.S. population surviving.

Basis for Computation

2. The allocations refer to Curve B of Figure 18 -- the U.S.

designs for Soviet second strike Counter-Value. No priority is

associated with the order of individual allocations on the bar

graph.

The allocations are not sharply defined, as will be

discussed below and in subsequent Figures. The allccation at

each % U.S. population surviving is the end point of a

particular force build-up. It is entirely inappropriate and

misleeding to associate any time-order of the allocation with

% surviving.

3. The U.S. damage limiting forces are grouped as follows:

FFO -

g B
*xf
' C

2

Full Fallout Shelter program (see Figure 3)
Ballistic Missile Defense (see Figure 5)
Strategic Offensive Forces (see Figures 8, ¢ and 10)

Anti-Submarine Warfare forces agesinst Soviet SLEM (seé

TTFgure 12)

g

Area Bomber Defense including interceptors and AWACS

airéraft cambined with Terminal Bomber Defense (see

Figure 13 and 13a)




Soviet Forces are the same as Curve B of Figure 18a):

$12 B - ICEM in optimum payload deployment {see Figure 8)

$16 B - SLBM to provide 100 inventory submarines (12 KP
missile payload per boat) deployed in a steady-state
PCLARIS-type operation

$9 B - BSAMSA to provide 100 aircraft arriving at Areaz Bcmber
Defense

The campaign consists of U.S. counterforce strike: (1) on

Soviet ICBMs (100% occupancy); (2) on submarines in port or

overhaul (about 20% of submarines); and (3) on bomber home bases

(33% inventory aircraft not on alert). Soviet forces that

survive &re direcfed against U.S. and targeted for maximum

U.S. pocpulation fatalities.

Basic Points

6.
7.

FFO shelter is always bought -- $5.2 B.

BMD receives between $6 and $16 B except at 50% U.S. population
surviving where the BMD fixed cost buy-in ($2.4 B) forces a
total cost optimum (see Figure 17, paragraph 3) that has a zero
BMD allocation. SOF and ASW allocations are raised to
compens;te. The strict marginal cost solution has $6 B in BMD
and results-in a total cost that is $2 B higher than shown in
Figure 19 for 50% surviving.

SOF receives a steadily increasing (with % surviving) alloca-
tion except for a decrease between the 50% surviving point and

the 60% point (see paragraph T above). The SOF allocation is




10.

12.

always between 20% and 30% of the total.
ASW has two general levels of allocation. A low level {about

$2.0 B) allocation up to 75% U.S. population surviving and a .

‘high level (about $15 B) above 75% surviving. This large

shift occurs when ASW forces beyond existiﬁg ASW forces (see
Figure 12) become competitive with BMD (whose marginal costs
rise steadily with percent U.S. population surviving -- see
Figure 17). As can be seen in Figure 19, the increased ASW
allocation comes at the expense of BMD. The percent U.S.

surviving at which the ASW shift {of allocation from low to
high) occurs depends, sensitively, upon the missile payload

of each submarine; see Figure 19c.

The combined budget to negate bombers (ABD/TBD) is about 20%
of the combined budget to negete missiles (SOF/ASW/BMD) at
most % surviving.

The internel allocations are more sensitive to changes in force

effectiveness and cost than is the total cost. If the large

ASW entry or ABD entry were arbitrarily shifted up or down by
10% (in percent population surviving), the total costs would be
increased less than 5%.

Figures 19 ? and b will show that these specific aliocations are

not sharply unique -- there is a range of very nearly optimum

solutions around the specific allocations shown here.
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Figure 198
COST OF SOF vs. COST ASW FOR CONSTANT TOTAL KP SURVIVING

Purpose
l.' To show an example of the broad optima found in sub-optimizing

between types of forces. (This is a particularly broad one).

Basis for Computation

2.

Computations are based on utility curves for the various systems
eddressed.

The nominal case, Curve B, Figure 18a, is used here.

Amortized costs, used in making trade-offs, are shown here.

The dashed line displays all combinations of ASW and SOF

hudgets that add up to $15 B.

Basic Points

5.

For & combined U.S. cost of $15.0 billion on ASW and SOF, 750
reliable Soviet (ICBM plus SLBM) KP are surviving and arrive
over CONUS. This is for a total Soviet cost of $20 billion.
One can have the same utility for very nearly the same combined
U.S. budget by allocating $6.4 B to ASW and $8.8 B to SOF (a
totai‘of $15.2 B) or $10 B to ASW and $5.4 B to SOF (a total of
$15.h.B) or any combination in between.

This indiecates that the allocations within & given combined
budget are.only mathematically unique -- there is often a broad
region of near optimum choices., The specific allocations used

in the study (actusl minimum point of total cost) are then




representations of the "ball-park" of optimum allocations. Fur-
ther criteria for specific allocations can be brought to bear:

(a) judgment, (b) hedges against uncertainty, (c) hedges ageinst
off-design cases, (d) general purpose vs. single purpcse forces,

and so on.
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Figure 19b
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Figure 19b
COST ASW vs. COST TD for CONSTANT % U.S. POFULATIOR SURVIVING

Purpose
1. Same as Figure 19a but for ASW vs. TD (EMD/TBD/FFO).

Basis for Computation

2. Conditlions same as Flgure 19=.
J 3. Amortized costs, used in making trade-off's are shown here.

Basic Points

4, This trade-off reflects more clearly the entry price
phenomena of ASW (various "buy-ins,” like SOSUS). There
are essentlally three reglons on the 75% surviving curve
that ere very close to minimum combined costs that represent

$1.5, $6.5 and $9 billion allocations to ASW respectively.

Between these points the total costs increase somewhat

representing entry prices of new forces needed to get the

higher ASW utility at the next (pear) minimnm. At 80%
sﬁrviving, even with the entry prices, ASW can accommodate,
or negate, the SLBM XP more economically than can TD up

to gbout $9 B allocation to ASW.
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Figure 19
$ U.S5. OPTIMALLY ALIOCATES TO ASW vs. RUMBER KPP PER SOVIET SSBRK

for VARIOUS CONSTANT % U.S. POPULATION SURVIVING

Purpose
1. The purpose of this graph is to display the sensitivity of
allocations to ASW on the more important parameters.

Besis for Computations

2. The utility of ASW does not show continuously @iminishing
marginal returns becsuse of the complex entry prices as
explained in Figure 12,

3. In the computations for this figure, the number of KP per
Soviet SSEN wes veried continuously and the optimm
ellocation recomputed at the merginel cost corresponding
to each percent U.S. populstion surviving.

Basic Polnts

4. The allocation to ASW is very sensitive to Soviet missile
range, Soviet SSBN level of quieting and EKP per SSBER. The
nominal ASW case was computed for a 1500 n.m. range Soviet

T T

missile)

R land 18 KP per SSBN. Below are .
tebplated numerical factors by which the costs of ASW in
the nominal cese can be mitiplied to obtain approximate

ASW costs in cother cases. These factors were computed
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roir the Navy study and sre considered "ballpark” only.

% Soviet SSBN New Missile Renge (n.g.)/
Destroyed \ —_—
i B :Ih'"ll B -7
2000t \ 1500, eooo)
Lot 1.25 2.00 2.75
604 1.25 3.50 4.50
80% 1.25 %.00 5.50

5. Using the above factors, the nominzl cese is zpplicable to
steady-state deployment of the following Soviet SLBM/SSBN
‘designs at 80% Soviet SSBN killed:

Design I°  Design II  Design IIT  Design IV

Fjissile Re.ng.e

[

. KP/SSER T TTTTTTITT T ey T O oot T T T 9y

1500 - 2000 1500 2000
- - = -—— . .

*nominal
Rote: Allocations to verious means of limiting damsge are ma._d.e
at the marginal cost for negating a EP; doubling the mumber
of KP/SSBN vhile at the same time doubling the cost because
of an increased threat (range orll- L r_- leaves the
marginal cost unchanged. - o

6. The discontinuities in the graph occur at $2.0 B because, as
can be seen in the_: upper curve of Figure 12, the marginal cost
per KP negated (about $15 M/EKP at $2.0 B) is elweys higher and
does not compete with terminsl defense until an ASW expenditure

of $14.2 B is reached.
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168 SLBMs
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$378 Total
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B - Active TD x 2
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Figure 20
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Figure 20
% U.S5. POPULATION SURVIVING vs. U.S. COST DAMAGE LIMITIRNG

SOVIET SECOND STRIKE COUNTER-VALDE

EXCURSIOR

1. To show sensitivity of a nominel cese (Curve B, Figure 18a)

to doubling the cost to get = given utility for each type

of force, in turn.

Basls for Computation

2. Seme as Figure 18a, except re-allocation of forces besed on

doubling costs of each type of force, in turn.

CURVE

A

B

C

D

DOUBLES COST OF:

None (Nominal Case, "Normal" Costs)
BMD/TBD

ASW

SOF

ABD excursion is not included as it showed the smallest

deviation.

b

ABD and TBD excursions have been trested

separately in Figure 15a.

Basic Polnts

3. The spread over all devietions lowers the percent surviving

by as mach as 6%. For maintaining & given percent surviving

the costs to achleve a given level increases the cost by up

to 25% in the worst cases.




The most sensitive change is doubling the cost of SOF.
Doubling the costs of BMD/TBD results in almost the same
increase in cost for 8 given percent surviving as is caused
by doubling the cost of S0F. The ASW effect is fairly
insensitive except above 75% surviving where larger ASW
expenditures are made.

With many types of forces operating, an increase in cost

(to get a given utility) of one type of force can in most

cases be accommodated (at smaller changes in total cost)

by lncreasing the allocations to the other types of forces.

Signifilcant treﬁds in allocations in this excursion:

a. Doubling the cost of BMD/TBD to achieve a8 glven utility
results in its not mixing with other forces (thet is,
zero allocation to EMD/TBD) until the T0% surviving
level instead of 55% as in the base case.

b. Doubling the cost of ASW forces results in almost the
same allocation of money (but fewer forces). as in the
ubase case until one reaches 85% surviving when one "pays
fhe price” and buys almost as many forces as before.

¢. Doubling the SOF costs results in ellocating about 50%

more money to SOF forces (but about T75% a8 many forces

as in the base case).
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Figure 21

% U.S. Population Surviving
VS
Cost U.S. Damage Limiting for Various Forces not Operating
Soviet Second Strike Counter-Value
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Basis for Computation

Figure 21
¢ U.S. POPULATION SURVIVING vs. U.S. COST DAMAGE LIMITING

SOVIET SECOND STRIXE COUNTER-VALUE

EXCURSION

ose

To show sensitivity of results if optimum ellocations are
made (in the "nominal cease," Curve B, Figure 18a) but each
type of damage limiting force, in turnm, does not get to

operate.

Optimum allocations are those of Figure 19.
CURVE FORCE ROQT OPERATING
A None (All operate--nominal case)
B ABD
C | BMD/TBD
D ASW
E SOF

Case E, SOF not operating, also corresponds to Soviet's first
strike counter-value, if the Soviets use their entire inventory

force in & counter-velue atteck and the U.S. designs for Soviet
L
second strike counter-value.

LR




Basic Points

5. If area bomber defense (ABD) does not operate, the level of
population surviving drops as much as 5% at high U.S. budget
ievels. TBD partially offsets the effect of the 100 bombers
which get through the area defense in this case.

6. If ASW does not operate, the loss in survivors is smzll

i (up to 4%) until U.S. budgets reach $36 B where the
allocation shifts to large ASW budgets (Figure 19). In
that region the loss is about 15% of the population.

7. If active terminal defense (BMD/TBD) does not operate, the
losses increase from about 4% to 20% up to $36 B U.S. budgets

and decrease to about 15% thereafter. This is again the result

of the ASW-BMD/TBD allocation shift at higher budgets.
8. If SOF does not operate (as in Soviet first strike counter- ;

value), the U.S. population surviving i1s reduced by about 10%

at lower budget levels and about 15% at higher budgets.

(Soviet first strike counter-value will be treated in more

detail.on the following graph.) '
9. As shown in Figure 192 and b, the region around an optimm

ellocation contains a spectrum of near o?timum cases. The

allocationsucén thus bé altered (for very small changes in total

costs) to hedge against uncertainties--such as the limiting cases

shown in this chart--and reduce off-design losses.

1ko







Figure 22

% U.S. Population Surviving
Vs
Cost of U.S. Damage Limiting for
Various Soviet - U.S. Designs and Scenarios

Curve Soviet Designs U.S. Designs  Soviet Strikes

for for
I 2nd Strike - CV Sov2nd - CV  2nd - CV
]; 2nd Strike - CV Sov 2nd - CV Ist - CV
I 4 KP/MSL-CV Sov 2nd - CV Ist - CV
% U.S. Population Il a 4KP/MSL-CV  Sovist -CV st -CV
Surviving (No SOF) (2nd CV)
100%
80%
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40%
20%
4]
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Cost of U.S. Damage Limiting
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Figure 22
% U.S. POPULATION SURVIVING vs. U.S. COST DAMAGE LIMITING

for VARIOUS SOVIET-U.S. DESIGNS AKND STRIKE STRATEGIES

ose

1. This graph illustrates several variations of Soviet-U.S.
designs of counter-value and damage limiting forces
respectively and what happens if & strategy is used other
than that for which allocations have been designed.

Basis for Computstion

2. For Curve I and II the Soviets ICEMs are designed from
Figure 8. Soviet second strike design is from the optimal
curve. Also shown in Curves III end ITIa are examples of

Soviets deploying 4 KP missiles--independent of considerations

of U.S5. SCF. ICEM cost of SBoviet attack 1s the same for each
case. BSoviet design for first strike counter-value will be
treated on Figure 22s.

3. U.S. allocates optimally. For Curves I and II the allocations
are those of Figure 19. For Curve III the allocations are

A

similar to those of Figure 19. When U.S. is designed for E
Soviet first strike counter-value, Curve IIIa, the U.S. E

damage limiting forces do not contain SOF. :
k. Case I {8 the nominal case and is the same as in Figure 18a,

Curve B,




5. Case II gives the percent U.S. population surviving in the
case that the Soviets have designed for second strike ag in
paragraph 2 above, but then use all of the inventory kilo-
pounds in first strike counter-value (a limiting case).

If the Soviets use part of their forces on counter-military
tergets in first strike (but not in second strike), the first
l strike/second strike differences would be less.

6. Case III gives the percent U.S. populstion surviving if the
Soviets essentially ignore the influence of U.3. SOF on their
packaging and use Ut KP/missiles. The U.S. 1is still designed
for Soviet second strike.

T. Case IIIa is the same as Case III, except that U.S. is

designed optimally for Soviet first strike and dces not
allocate funds to SOF. Since no forces are allocated to
SOF, this curve applies to Soviet first or second strike.

Basic Points

8. It is recalled that in the Soviet second strike design,

only sbout 22% of the Soviet ICEM kilopounds survive (a

result of*the optimm solution). Therefore, for Case I

the Soviets have 1/.22 or sbout 4.5 as many kilopounds
avallable for éounter-value in first strike a&s in second strike.
The attack results in 14% less U.S. population surviving

than in the nominal case (second strike) over a wide range.

The curve for Case II flattens out at about $38 B U.S.

14




expenditure because the U.S5. 1s not optimized against this
attack. A substantial part of U.S. funds have been expended
on SOF which have no utility in this case.

9. A similar computation in the case of a $24 B (ICEM), $16 B
(SLEM) and $9 B (BOMBER) Soviet budget shows:

$ U.S. Demage Limiting Outcome, U.S. Population Surviving

) Case I _ Case IT
$54.5 B 80% 56%
$65.0 B 85% 66%

10. Case IIla, U.S. design for Soviet first strike counter-value,
is sbout 5% to '12% higher than for Case IL or Case III (which-

ever 1s lower).

11. The U.S. can do considerably better (around 5% to 12%) by

designing for Soviet first strike if the Soviets strike first.

In doing so--designing for Soviet first strike--the U.S. .
would give up the opportunity of doing about 14% better for

the case of Soviet second strike.

B
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Figure 22a

U.S. Cost Damage Limiting
Vs
Reliable Soviet ICBM KP Allocated to U.S. Population Targets
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1.

Figure 22a
RELIABIE SOVIET ICEM KP NEGATED vs. U.S. COST DAMAGE LIMITING

for CONSTANT % U.S. POPULATION SURVIVING

SCVIET FIRST STRIKE COUNTER-VAIUE

ose
To show the relationship--for U.S. alloceticns designed for
Soviet first strike counter-value (CV)--between the cost of
U.S. demage limiting (to achieve a given_le%el surviving)

and the number of forces (KP) the Soviets allocate to counter-

value targets.

Basis for Computatiocn

2.

In this case, some portion of the Soviet inventory of nuclear
delivery vehlcles could be expected to be allocated to military
(non-CV) targets. The dominant variable in U.S. damage
limiting allocations 1s then the absoclute amount of KP used
against-clties, independent of the size of Soviet inventories.
For Soviet design for first strike, this payload could be
deployed in iarge packages, soft sites--more KP/Soviet dollar
than in Soviet second strike designs.. _

The Soviet threat used for this graph 1s composed of (1) 100
SAMSAs;riving at "ORUS, (2) 100 SSER in inventory (deployed
in a “norﬁal:uééeady-state POLARIS~type operation) and (3) a
varigble ambunt of ICBM KP ellocated to couﬁter-value targets.
(To simplify this case Soviet SSBN and aircraft are all allocated
counter-value.)
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Basic Points

The allocations to CD, ABD and ASW are the same as in Figure 19--
second strike case. However, the Soviet (inventory) cost

to, generate 100 SAMSA over CONUS is less for flrst strike.

Soviet ICBMs are negated by BMD only. (The utility of SOF

in this case is discussed below.)

For zero Soviet ICBM KF allocated to U.S. cities, the U.S.

costs are divided optimslly between ABD/ASW/TD/FFO to negate

the effects of Soviet SSBN and SAMSA. As Soviet ICEM KP

are added to the atteck, the U.S. negates these additional

KP by buying additional TD; {that is, no SOF).

6.

On this greph, the U.S. allocates optimally against the

Soviet threast with knowledge of how many ICBM KP are used
counter-value. If & different number of ICEM KP arrive than
the U.S. allocated for, the percent U.S5. population surviving
would change from the "design value." This off-design

behavior can be approximated--using this graph--by holding

the U.S. budget level fixed at a "design point” and inter-
polﬂting'ﬁetween curves to get the percent surviving
corresponding to the KP arriving. For example, if the U.S.
designs for T70% U.S. population surviving egainst an expected
T50 relisble ICEM KP, but the Soviets actually use 2050 KP,

the percent U.S. population surviving would be approximately

60%.




For larger attacks than shown on this graph, the U.S. costs
would increase at the margins shown on Figure 17 (BMD only
accommodating the larger atteck).

The utility of SOF in this case depends upon the residual
occupancy of Soviet ICEM sites (Soviet withheld reserve, or
missiles that did not get off before U.S. SOF arrived) and

on the (relisble) XP deployed per Soviet aim point. For

SOF to mix with other damage limiting forces shown on this
graph, there 1s & minimum residual occupency of Soviet sites.
Mixing alsoc depends on the level of surviving U.S. population:

4 U,S. Population Minimum .
Surviving Occupancy for SOF to Mix

L XP/Aim Point 10 KP/Aim Point

50% .72 .29
609 k1 .16
T0% .26 .10
80% .12 .05
. 85% .07 .03

*1f the residusl occupancy of Soviets sites 1s greater than or
equal to the number shown, SOF mixes and the U.S. allocates 1
= ey

reliable missile rer Soviet site, covering all gsites--no know-

ledge is assumed about which sites are occupied These values

presume no atirition of U.S. SOF.
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Figure 23

% Soviet Population Surviving
Vs

MT Delivered Against Soviet Cities
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% SOVIET POPULATION SURVIVING vs. MTI' DELIVERED

AGATNST SOVIET CITIES

Purpose

1.

To show the effect of fallout shelters and rurel-urban population
shift on vulnerability of Soviet population to attacks on Soviet

cities (in addition to a 2500 MT military ettack).

Basis for Computation

2.

Basic data from WSEG report.

Weapons for both military attack and city attack are 50%
fission. All weapons are surface burst.

Military attack is targeted to avoid collateral population
fatalities. City attack is targeted to maximize fatalities.
Curves A, B and C are based on 1959 population distribution
surmarized in Figure 1. The WSEG counter-city attack targeted
the first 306 cities from this distribution. These 306 cities
contain 58 million people or 28% of the total population.
Curve D is based on Curve B (1 MI' weapons, full fallout
shelteniprogram) but modified in two ways. First, Curve B
was adjuéted to sccount for population and area browth of
Soviet éf%géé predicted for 1970, as shown in Figure 1.

This adjusﬁﬁeﬂi'yielded the portion of Curve D up to about

1000 1 MT weapons. ©Second, Curve D was extended to cities
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of less then 50,000 population by applying an everage of
one and a quarter 1 MT weapons to each city. Comparison
of weapon effects radius and city size indicates that this
targeting will result in 90% fetalities in each city so
targeted. A small number of fallout casulaties from these
additional weapons was estimated from various WSEG runs and
included.

T. The folliowing table relates the percent Soviet totel population
surviving to the percent Soviel urban population surviving

at the indicated number of MT delivered sgainst Soviet citiles

(Curve D):
% Total Population 4 Urban Population
MT Surviving Surviving
50 90% 85%
325 80% 67%
790 T0% 50%
1625 60% 32%
~5500 50% 15%
- Basic Points ~

8. The Soviet Full Fallout Shelter program allows sbout 22%
more of the totel Soviet population to survive. This holds

approximately for all U.S. military and city attacks considered.

Compare CurvesA and B.




9. Adjustment of damage curves for the urban-rural shift results
in approximately 25% fewer megatons required at T75% Soviet .
population surviving. Compare Curves B &nd D.

10. In order to achleve a percent Soviet population surviving
of less than T0%, one must target small cities. See Curve D

beyond 1000 MT ‘delivered.

I




Figure 230
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J.S5. KP ARRIVING AT TERMINAL DEFENSE vs. SOVIET TD COST FOR

CONSTANT % SOVIET POPULATION SURVIVING

ose

l. To show the utility of active terminal defense, (BMD/TBD) with
FFO, in negating the effects of incoming payload for constant
levels of populetion surviving. This figure is %o be compared
with Figure 17 for the U.S. case.

Basis for Computation

2. The Soviet is given a NIKE-X BMD system. 3Basic data on NIKE-X
is from the Army study.

3. NIKE-X cost is $2.4 B plus $2.0 million per object shot down.

Soviet deployment is designed for interceptor exhaustion against

a U.S. attack structured for maxirmum Soviet population }

fatalities. The minimum size battery is somewhat smaller than

U.S. case and shoots down 25 objects.

L. TBD is interlocked at 20% of BMD cost just as in the U.S. case,
see Figure 15a. TFFO for Soviet was costed by OCD at $8.7 B for
270 million spaces. -

5. U.S. attack is structured in rank order of population. U.S.

missiles-use 1 MT weapons (average (.73 KP per weapon) on

undefended cities and 0.1 MT multiple warheads (average 0.20 KP
per warhead) on defended targets. Although the optimum size

miltiple warhead vaeries with the total BMD budget, the multiple




warhead chosen is close to the optimum over most of the range of
BMD deployments presented.

6. Below 60% Soviet population surviving the data on Figure 23 a
is also applicable to a U.S5. attack structu;ed for maximum
fatalities. The dotted line shows & typical }esult for & U.G.
attack structured for maximum fatalities at 75% Soviet popula-
tion surviving.

Basic Points

7. For U.S. attack sizes and Soviet BMD/TED/FFO costs corresponding
to the curved portion of the curves on the graph, the U.S. rank
order attack does not target all of the defended cities.

8. For rank order attacks that target all defended cities the
Soviet marginal cost (investment plus 5 year operation) per U.S.
kilopound negated is $11.4 M including the cost of TBD interlock
and $9.6 M for BMD alone. These costs refer to the straight line
portion of the curves on the graph.

9. To achieve 75% Soviet population surviving at Soviet BMD/TBD/FFO

costs above $35 B requires about 1000 KP more for a rank order

attack than for a maximum fatality attack.







Figure 24
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Figure 24
% SOVIET POPULATION SURVIVING vs. SOVIET COST

FOR DAMAGE LIMTTING (OPTIMIZED)

U.S. SECOND STRIKE CCUNTER-VAIUE

ose

1. To show, for & fixed U.S. force, the level of Soviet population
surviving vs. Soviets cost for optimm Soviet sllocations to all
available means of limiting damsge. The c¢alculations are shown
for different types of attack by U.S. -A case where there are
no U.S. bombers is also shown.

2. This case was chosen to illustrate some nominsl, mixed U.S.

forces--to bring into play all types of damage limiting forces.

Basis for Computation

3. As described in Figure 17 (for the corresponding U.S. case),
optimm asllocations were made at each level of populstion

surviving on the basis of equating marginsl costs for all

means of limitlng damage. .The marginal costs were computed

from the utility graphs for each type of force with careful

attention peld to entry price phencmena. -
4. The U.S. Force I is as follows:
L Relieble kilopounds

System “Cost Inventory Arriving Soviet Defenses
MM TII .$ 3.9B 1000 900
POLARIS $ 4.T B Ll boats - 1200
(B-n missiles) (16 missiles/boat)
B-52 $5.8B 315 600*
(with SRAM) (18 SRaM/bomber)

TOTAL $14.4. B 2700

*Equivalent kilopounds at the rate of 4 kilopounds per bomber.




Operational factors ere given in Figure 9 for missiles end in
the Alr Force study for the B-52. The choice of B-n over A-3
missiles for POLARIS is based on the following considerstion:
A L1 boat POLARIS (B-n) force costs only about $1.5 B more
then & 41 boat POLARIS (A-3) force but hes 800 more relisble
EP arriving st the Soviet Defenses. The Soviet BMD cost to
offset these additional 800 KP is spproximately $8 B if the
percent Soviet population is less than 70% or if the U.S.
tergets in renk order. For other cases the Soviet BMD cost
is more than $8 B.
The calculations afe based on fixed U.S..forces and do not
atiempt to minimize percent Soviet population swrviving by
changing the mix of U.S. forces depending upon Soviet
ellocations.
Soviet forces avallsble for damage limiting consist of
&. the SS-small (essentially a Soviet version of Minuteman)
with en essumed SSPy of'r S - _ leaving
eside miltiple, individu-ally guided R/Vs, this is the i
best Soviet choice for esttecking the U.S. ICEMs.
b. =& Soviet version of RIKE-X, costed identical to U.S.
RIXE-X, namely $2.4 billion plus $2 million per object

shot down. These costs were derived directly from the

Army study.




¢. Terminal Bomber Defense (AADS-T0) interlocked with
Ballistic Missile Defense plus additional batteries
(BAWK) in smaller cities to force use.of SRAM missiles
by bombers.

d. Area Bomber Defense based on Alr Force study but with
costs for a given attrition reduced to 1/3 to account
for costs to defend only that portion of Soviet Union
conteining 90% of its population.

e. No Soviet ASW forces.

f. Full Fallout Shelter, OCD estimate of $8.7 B for 272
million spacés. As in the U.S. case, this was

provided first.

h T. The campalgn consists of a Soviet missile strike: on U.S.
ICBMs (100% occupancy); on POLARIS in port (20% of submarines);
and on bomber bases (50% of B-52 bombers not on alert).

U.S5. forces that survive are directed against Soviet Unlon

population centers. There is & concurrent 2500 MT U.S.
attaék_against Soviet military targets.

8. U.S..Q;ssiles use multiple warheaﬁs (0.1 M1, 0.2 kilopoﬁads)
on defended targets and 1 MT warheads (average 0.73 kilopounds
per 1 MT') on-undefended targets. For assured destruction
mltiple warheads are used rather than decoys which might

not work. Note: It was determined that the optimm multiple




warhead yleld varies with the Sovlet BMD budget. The multiple
warhead that was used is near optimum over the range of Soviet
"BMD deployments considered.

9. U.S. bombers carry 15 reliable Short Range Attack Missiles
(0.20 MT yield each). One bomber payload of this type is the
equivalent (in producing fatalities) of about 4 kilopounds
of missile payload (with 1 MT weapons).

10. For Curve A all forces listed in paragraph 4 are targeted
Jointly to produce meximum fatalities. For Curve B the
bombers were omitted and the POLARIS and ICBM forces targeted
against Soviet cities in renk order of population. For
Curve B' the bombers were added to the rank order attack
of Curve B.

11. For Curve C one-half of the forces listed in paragraph 4

were targeted for maximum fatalitles.

Basic Points

12. Soviet damage limiting against the full U.S. force attacking

for ﬁa;imum fatalitles, Curve A, required large expenditures.

% Soviet Population Soviet Ratio of Soviet Cost
Surviving Cost to U.S. Cost
60% $28 B 2.0 : 1
T0% $45 B 3.2 : 1
80% $82 B 5.9 :1

This will be discussed further in Figures 26 and 27.
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13.

1k,

15.

For Curve B' the missiles are targeted in rank order of popula-
tion and the bombers ere targeted for maximum fatalities
against the undefended region. Curve B' gives the same results
as targeting for maximum fatalities, Curve A, up to $50 B
Soviet costs. Abo&e that expenditure the rank order attack
results in fewer Soviet fatalities. This implies that, for
Curve A, some of the BMD/TBD defended region is not being
targeted when the Soviets spend more than $50 B.

Constraining the attack to rank crder with missiles only,

Curve B, results in an increase (over the full force targeted
for maximum fatalities, Curve A) of 10% in percent Soviet
population surviving over most of the range of Soviet costs.
Reduction by one-half in U.S. forces arriving at Soviet urban-
industrial targets, Curve C, results in & reduction in Soviet
costs from Curve A by slightly less than one-half for the same

level of damsge.

¢ Soviet Population Soviet Cost Soviet Cost
Surviving Full UJ.S. Porce I One-half U.S. Force I
Curve A -Curve C
659 $35 B 198
T0% : $45 B $23 B
-~ T5%: $57 B $31 B

80% - -~ - $82 B $47 B




Figure 25
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Figure 25
% SOVIET POPULATION SURVIVING vs. SOVIET COST

FOR DAMAGE LIMITING

U.S. SECOND STRIKE COURTER-VALUE

Purpose
1. To show the relative utility of increasing the level of various
U.8. forces allocated to counter-value targets.

Basls for Computation

2. Basic method and data outlined in Figure 2h.

3. For Curve II the $5.3 billion was used to augment the missile
forces of paragraph U4 of Figure 24. This produced the following
alternative forces:

Force IT A

Reliable Kilopounds

System Cost Inventory Arriving at Sovlet Defenses E
MINUTEMAR II $19.2 B 2000 MSLS 1800
POLARIS (B-n) $ 4.7B 41 Boats 1200
B-52 (SRAM) $ 5.8B 315 A/C 600*

TOTAL Q'T—B 3600

FORCE II B

MINUTEMAN II $ 3.9 B 1000 MSLS 900
POLARIS (B:p) $10.0 B 67 Boats 1950
B-52 (SRAM)  $ 5.8 B 315 A/C 600"

romL  $19.7B 30

*Equivalent kilopounds et 4 kilopounds per bomber.
Force II A and II B resulted in essentially identical results,

Curve II.
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L. For Curve III the B-52s were replaced by AMSAs. The $5.3 B,
together with the $5.8 B-52 budget--a totael of $11.1 B-- wes

used to buy AMSA bombers. This produced the following force:

Force IIT
Reliasble Kilopounds
System Cost Inventory Arriving at Soviet Defenses
MINUTEMAR II $ 3.9 B 1000 MSLS 900
POLARIS (B-n) $ L.7 B 41 Boats 1200
AMSA (SRAM) $11.1 B 230 A/C 600*
TOTAL $19.7 B 2700

*Equivalent kilopounds et 4 kilopounds per bomber.
The ratic of equivélent reliable kilopounds arriving at Soviet

defenses per inventory aircraft is higher for AMSA than for

B-52. This results primarily from higher dispersal and alert
rate (33% non-alert). The higher penetration probability of
AMSA results in such high Soviet Area Bomber Defense marginal
costs that no Soviet ABD was purchased within the limits of
Soviet budgets examined.

Basic Points

~

5. An incréése in U.S. forces for ccunter-value may be made
equally well with POLARIS (B-n) or MINUTEMAR II. (Due to
lack of inputs from Service component studles ICM defended
with hard point defense was not considered.)

6. An increase in the U.S. allocation to bombers, applied to AMSA

with SRAM, does not give as high a utility for counter-value as

the same Increase applied to missiles., The curve for Force III

.




($11 B on AMSA) lies only slightly below Curve A of Figure 24

‘for Force I ($6 B on B-52 with SRAM). This stems from the large

"entry" price for AMSA compared to B-52s. Only O&M costs are
cherged to B-52s whose investment costs are sunk.

A rank order attack wifh.ﬁeltiplerwarheads can be locked at as
foliows. The Soviet cost to negate a kilopound of missile pay-
load is approximately $10 million, ($2 million per object shot
down) x (5 multiple warheads per U.S. missile kilopound). The
U.S. cost per reliable kilopound deployed in new POLARIS (B-n)
is sbout $7 million/KP. Thus, the U.S. can track Soviet BMD
expenditures (an@ meirtain & given level of assured
destruction) at aﬁout the ratio of (0.7 : 1.0), for additional
(incremental) U.S. costs to additional Soviet costs.

Curve A of Figure 2k and Curve III of Figure 25 refer to mixed
U.S5., foreces. The Soviet damege limiting costs would be
approximately the same a&s Curve A for a U.S. pure missile force
costing the same, $14 B, as the mixed force. Correspondingly,
Curve III is approximately the result for a U.S5. pure missile
force\eosting $15 B as opposed to $20 B for the mixed'foree.

A better SRAM or, equivalently, & higher Soviet cost to prevent
bombers” Trom undercutting Soviet BMD would relise the relative
utility of these: mixed forces A

Curve II also represents the damage infllcted by a $20 B U.S.
force consisting of 1000 . MINUTEMAN II, 5 SSEN, 315 B-52 and
48 Ballistic Missile Ships (B-n) using the Navy study results

for counter-action against BMS ships.




Figure 26
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4% U.S. OR SOVIET POPULATION SURVIVING vs. RATIO OF
$ COST U.S. (SOVIET) FOR DAMAGE LIMITING TO

$ COST SOVIET (OR U.S.) FOR DAMAGE CREATING

ose

1. This graph shows the results of eggregeting into one ratio
the costs of damage limiting for :the "defender” and the
assoclated costs of damage creating for the-attacker, and the
outcome in percent population surviving.

Bagis for Computation

2. For the U.S.,--Curve A represents a Soviet second strike
_ JOVLEL Becolld BuIlnt

counter-value. It is computed from Figure 18a by dividing

——

—r s e

the cost of U.S, damsge limiting by the appropriate total cost
of the Soviet threat. Curve B represents a case of Soviet
first strike counter-value. It is computed from Figure 22a,
with ICBM KP costed as 85-Ts (L KP). -

3. Additional cases for which optimized solutions were calculated

ranged over combinatioﬁs'of the followlng Soviet threats:

:  Number. of Nugber of
Soviet ICEM Budget POLARIS-type SSBN SAMSA/SUBSONIC
$5 - $30.billion 0 - 100 0 - 200/0 - 40O

These cases represent points lying mainly between or very close

to Curves A and B.




For the Soviet Union--Curve C represents & U.S. second strike.
It was computed by aggregating data from Figure 24 and 25
(Curves A and II respectively). .

Soviet costs are essentially computed as U.S5. dollar costs
for systems bought from U.S. manufacturers. The ratics are
thus representative, in these terms, and do not represent

the reletive strain on the two economies.

Basle Points

6.

This graph aggregates the results of demege limiting calculetions
using the observat;on that the ratio of expendltures--damage
limiting to damage creating--represents outcomes (percent
surviving) over wide veriations of the threat. This is
especially true for a given relstive mix of attacking forces
under & given scensario.

The ratio, at a given "% Surviving," does depend on (1) the
scenario--e.g., the occupancy of SOF targets, first or second
strike counter-value attacks--(2) the situstions each side
designs for--and (3) the mix of damage creating forces.
For the type and mixes of Soviet forces consldered in this
study, a pﬁfé Soviet ICBM force would produce the largest
ratio I, /Cgoy for the U.S. for & given percent U.S.
surviving. If Soviet POLARIS-type submarines increase

their payload, or decrease their noise level from the




nominal case consldered, the Soviet submarine. threast would
be competitive with missliles in making the ratlc higher.
Subsonic Soviet bombers would produce the. same utility at less
cost than SAMSAs for the U.S. air defenses considered here.

9. Over most of the range, the cost ratlio to achleve & given
percent surviving is lower for the U.S. than for the Soviet
Union. This asymmetry will be examined on the next graph.

10. This analysis does not take into acccunt poor Soviet planning
(except for the relative mixture of types of offensive forces--
see paragraph 8). Poor planning on the part of the Soviets

would lower the fatio, Iﬁs/c for a given percent U.S.

s0v?

.population surviving.

L




Figure 27
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Figure 27
¢ U.S. OR SOVIET POPFULATION SURVIVING vs. RATIO

OF § COST U.S. (OR SOVIET) DAMAGE LIMITING

T0 $ COST SOVIET (OR U.S.)} DAMAGE CREATING

ose
Same as Figure 26, but to explore U.S.-Soviet assymmetries.

This graph shows the results of aggregating the costs ;f

damage limiting for the defender (one nation) and the assoclated
costs of damage creating for the attacker (the other nation)

end the outcome in percent populstion surviving.

Basis for Computetion

Curve I A was cdmputed from Figure 18a (same as Curve A on
Figure 26).

Curve I B represents the results of (1) removing ASW from

the means of damage limiting, (2) re-alloecating--optimally--
damage limiting resources to the other means of damsge limiting .
and (3) including FY 65 and prior costs. This calculation--
and that described in paragraph % below--was made in order'to
ccmpare the U.S. and Soviet damage limiting cases on the same
basis--that is, without ASW and using all costs (both pre-FY 65
and post-FY: 65) for SOF, ABD cud EMD/TED/FFO.

Curve II A was computed from Figures 24 and 25 (Curves A and II
respectively) by dividing the post-FY 65 cost of Soviet damage

limiting by the post-FY 65 cost of U.S. damage creating.
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5.

Curve II B was caleculated from Curve II A by re-costing the
U.S. damage creating forces a&s 1f they were to be procured
in the future (new buy). This re-costing applies to 41 SSBNs

and 1000 MM II. B-52s were replaced by 230 AMSAs.

Basic Points

6.

From the U.S. demage limiting/assured destruction posture as
derived from the end FY 65 funded forces, the U.S. has
significant sdvantages over the Soviets both in damage
limiting end assured destruction. (Note: assured destruction
of the Soviets by the U.S. is egulvalent to Sovliet dzmage
limiting.) For example, if both the U.S. and the Soviets

spend (post-FY 65)--to limit damage--1.5 times the amount

-the other spends to create damage, then about 84% of the

U.S. populstion would survive {(Curve I A) and only about

57% of the Soviet population would survive (Curve II A).

The asymmetry in the sbove outcome stems from: (1) & large
part of the U.S. forces have been funded through FY 65 and
these costs are not included; (2) the U.S. uses ASW against

a relatively unsophisticated Soviet submarine while the
Soviets do-not conduct ASW against U.S. SSBRs; (3) esymmetries

in population densities and distributions.

17k




8. When U.S, ASW. is excluded and all remaining U.S. forces are
costed on the basis of & new buy, the large asymmetry disappe;rs
but the U.S. still is somewhat better off.. In this case,
if each nation spends 1.5 times--to 1limit demage--as much as
the other does to create damage, then about 78% of the U.S.
population énd 67% of the Soviet population survives.

9. At low values of the ratio of the abscissa, the larger Soviet
rural populstion gives the Soviels the advantage over the U.S.

in terms of total population surviving.

)
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Summary

This study demonstrates that the U.S. can, within reasonable
costs and with appropriate choices, maintain a significant potentiml
to limit damage to the U.S. while retaining a capability for assured
destruction cf the Soviet Unlon. The study is essentially time
independent and does not address such problems as the time sequence
of allocations necessary to reach given postures. The study mainiy
focuses on the total potential counter-value threat &s seen by both
sides.

Balanced Defenses

While this study illustrates that there does not exist a unique
balanced posture for damage limiting, it does focus attention on
those judgments and considerations which affect both the ocutcomes and
the allocations made. Given the non-economic judgments and con:
siderations, 1t is possible to construct balanced allocations. A
balanced defense, in the context of this study, is one where an
additional unit of effort or expenditure on any one of several damage
limiting forces would bring the same return -- at each overall level
of effectiﬁeness That is, at & given percent U.S. population
surviving, an additional dollar allocated to one damage llmitlng
force will bring:ﬁhe same decrease in damage - or increase in
survivors -- as that same dollar sllocaeted to any of the other

forces. Conversely, &n unbalanced defense implies that there is some

force (or forces) for which an additional dollar would bring a large
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'}eturn compared to the return geined by adding it to the others. For
every balanced allocation there is a fairly broad range of '"near
balanced" or "near optimum" allocations over which it is possible to
apply -other criteria: Jjudgments, hedging againsplperformance or
outcome uncertainties, and against coff-design cases.

Deslgns of Balanced Defenses

The fundamental cheoice in the design of balanced defense is the
selection of those situations for which the country is to prepare
itself. The study considers large-scale counterforce and counter-
velue campaigns, first and second strike, and the appropriate
preparations for them.

For these campaigns the analysis reduces the problem of
allocations to the following set of considerations:

(1) The level of surviving value (i.e. population) designed
for or planned for (how well you do). This level Getermines:

() The ratio of the cost to limit damage to the cost to
the attacker to create damage. This ratio is the relative cost to
maintain a given level of survivors. In general, the ratio is
approximatéiy independent of the size of the threat. It does depend
on the attacger's relative force mixture end thé gquality of hi;
planning. SR

(b) The level surviving also determines the marginal

cost at which the defender is operating -- the additional cost to the

defense per additional unit of threat, to maintain that level of

Burvivors.




(2) The marginal cost of the defense (1lb above) determines

'ﬁhich demage limiting forces mix in constructing a balanced defense.
It essentially sets the effort or expenditure per unit threat for each
of the forces. Basically, the marginal cost of each of the damage
limiting forces depends on its characteristics éﬁd technology and on
the characteristics and technology of the damage creating forces.

(3) The size of the alloca@ion made to a given damage limiting
forece, if it mixes, is determined by the size of the opposing damage
creeting force.

The strong influences on allccations, then, are those factors
which drive the marginal costs, and the size of the threet which
faces a particular type of demage limiting force. The factors

driving the marginal costs of various damage limiting forces are

discussed below. The characteristics of potential damage creating

forces that are identified as driving the merginal costs of U.S.
damage limiting forces are importent factors in intelligence inputs
for planning purposes.

U.S5. Damage Limiting

U.5. Civil D?fense

There is.high utility in fallout shelter programs -- between
20% and 30% of the U.S. population are saved by a full fallout
shelter prograﬁmfgszost of $5.2 B) for a very wide range of attacks
against military éﬁdyéf popuwlation targets., This allocation is
always included, except for designs for very low le%els of surviving

population or for very low levels of attack.




The specific blast shelter progrems exemined did not compete
favoraebly with ective terminal defense, from the standpoint of saving
people and industry. However, specially designed programs mixing
blast shelters and active defense may show higher utility than active
termine} defense alone. This problem remeins open at this time. The
utility of blast shelters (and hence their marginal cost) depends on
their occupency -- the fraction of the people who make use of avail-
able shelter space. There are further uncertainties regarding post-
attack emergence from shelters in blast damaged areas (the rubble
problem).

U.5. Ballistic Missile Defense

A chafacteristic bbserved for terminal defense is that its
marginal cost -- that is, the sdditional cost to negate the effects
of an additicnal unit of incoming payload -- is approximately
constant over & wide range of attacks or expenditures, keeping the
level of survivors constant. (See Figure 17 and Figure 23=). The
marginel cost varies with the level of surviving population. This
behavior operates in the following way: (1) The level of surviving
populationt?eing examined or designed for determines & marginasl |
cost; (2) BﬁD can accommodate attacks et this margin; (3) this
marginal cost'paces”, in most cases, the margins at which other
forces operate when "balanced". Because the marginael cost of
Ballistic Missile Defense is a constant over & wide range of

incoming threats, it does not determine -- as it does for other

means of damsge limiting -- the amount allocated to terminal
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_defense. The amount allcocated to Ballistic Missile Defense is determined
by the size of the threat erriving at the terminal defenses after other
damage limiting forces operate.

The utility of Ballistic Missile Defense_includes 8 virtual
attrition effect -- the "lethal" payload per m;ésile is reduced for
missiles shot at the defense. For example, the attacker, in optimizing
missile paylcads for use against the defense, repleces & large single
R/V with & mixture of smeller R/Vs and decoys. (In fact, the attacker's
optimum packaging depends on the size of the BMD deployment).

The BMD deployments considered were designed for well-coordinated
ettacks maximizing overall fatalities -- the attacker either avoiding
or penetrating the defenses, whichever gives the greatest kill. If

the attack were carried out in renk-order of city population -- paying

the "price” charged by the defense ~- the utility of Ballistic Missile
Defense would be greater. Deployments hedging against "ragged”*
attacks would have more interceptors per radar and would show greater
utility against such attacks than the deployments used in the study.

The utility and hence the marginal costs 'of BMD depend on the
nature of .the attacks the defender plans for and are ﬁot necessarily
those of the campaign. (See Figure 23a). B

U.S. Bomber Defense

Bomber defenses in damage limiting play two important roles --
reducing damage by attrition of aircraft or aircraft delivered
weapons, and preventing the undercutting of a large investment in

ballistic missile defense.




It was observed thai for Area Bomber Defense, the percent
gttrition is determined by ithe ratio of invenitory interceptors to
arriving bombers. This retioc is related to the number of inter-
ceptor pesses made on each incoming bomber. The marginal cost of
Area Bomber Defense depends on (1) the cost and technology of the
bomber defense system; (2) the characteristics of the incoming
bombers; and (3) the equivalent lethal payload of the bombers. Also,
the marginal cost is inversely proportional to the fraction cf bombers
targeted counter-value. Area Bomber Defense has the bonus effect of
protecting all targets. The utility of Ares Bomber Defense is
sensitive to whether or not Soviet bombers heve an air-to-eir missile
capability against interceptors. The marginal cost sets the ratio
(above) of interceptors to bombers; the size of the threat drives the -
size of the total allocation to Area Bomber Defense.

Terminel bomber defense displays the same generel marginal cost
characteristics described above for Ballistic Missile Defense -- i.e.,
for a given level of survivors, the marginal cost is constant for &
wide range of attack sizes. Like Ballistic Missile Defense, the
utility of Terminal Bomber Defense includes a virtuel attrition
effect. The a£tacker, in optimizing payloﬁd ageinst defended ta;éets,'
replaces bombs with air-to-surface missiles. A large part of the
bomber payload then consists of rocket motors, et al, and the "lethal
payload" is considerably reduced. The marginal éost-is dependent on
the number of missiles per bomber. This is particularly true in the

sense that for advanced terminel defense technology the "price" of
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"~ the target is measured by exhaustion of the defenses.

A thin terminal bomber defense deployment over many cities shows
good utility in preventing serial bombing (many targets attacked by
one bomber carrying many bombs) and in achieving the sizeable
virtual attrition effect noted above. Aree Bomber Defense and
Terminal Bomber Defense are closely competitive. For a given
effectiveness the combined Area end Terminal Bomber Defense cost
is not very sensitive to the mix of the two types of forces. An
expenditure of 20% of the cost of Ballistic Missile Defense
deployments on Terminal Bomber Defense was used itc interiock
Terminal Bomber Defense and Ballistic Missile Defense -- i.e. to
prevent undercutting of Ballistic Missile Pefenses by bombers.
Because of the lack of sensitivity, the additional allocations to
combined Bomber Defenses were made on the basis of balancing the
defenses with other types of damege limiting forces.

U.5. Anti-Submarine Warfare

The analysis focused on Anti-Submarine Warfare (ASW) agesinst
a Soviet steady-state POLARIS-type operation. The utility of ASW
in negatihg the effects of SLEMs was perhaps the most complex
problem sthdied. This complexity resulted from the fact the ASW
forces include a highly mixed set of forces -- surface ships,
submarines, land and sea-based air forces, and passive, underwater
sound surveillance systems (SOSUS). The shape of ASW utility
graph (Figure 12) -- the result of sub-optimizations among these

mixed forces -- reflects the complex behavior.
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Qo= G Py (2

In = sense this behevior depends on the initiesl force condi-
tions -- what mix of forces ere aveilsble with prior FY 66 funds. Tae
initiel forces are not "balanced” for the demsge limiting objective in
the sense of this sumszery study. Therefore, &s the subsequent sub-
optimizations progress,.more S0SUS, for exemple, must be procured.

The immediste effect of 2 new SCSUS buy-in is to fletten ocut the
utility curve. As & result the merginel utility does not progressive-
ly decreese, but decreeses end then increeses agein as "entry prices"”
are peid for eech of the mix of ASW forces., ‘This behavior destroys
the concavity of the utility curve. As time goes on and if ASW
Torces sre procured in e manned optimized for the damege limiting
objective, the initial férce mix will tend to be more "balenced" in
the sense of this study. The utility curve would then show -- on
subsequent exmemination -- & more concave benavior.

There are three importent parameters which affect the reletive
utility of ASW as a means for damege limiting (i.e. drive the
marginal costs): (1) Soviet SLBM rmenge; (2) Soviet SSEN level of
quieting; (3) Soviet SSEN loeding -- the number of kilopounds of
payload per sﬁpmarine. The effect of inc;easing miésile‘range from

-~

1500 n.mi. -- the nominal cese -~ to 2000 miles is to reise the

costs of ASW about- 25% to achieve the seme effectiveness.

Higher Soviet SSEN loading

tends to decrease this mrginel cost simce ASW forces kill

submerines and, the more kilopounds per submerine the more
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kilopounds of payload destroyed for the same cost. Improved noise
cheracteristics and increased loading should be expected con-
currently since both stem from advanced technclogy.

It should also be noted (Figures 1%9a and 19b) that ASW trades
off closely with SOF and EMD over wide ranges of expenditures. Only
mathematically optimum expenditures are carried forward. Cther
Judgment factors such as utility of ASW in limited wer or utility of
surface ships in Anti-Submarine Warfare {ASW) were not examined in
this study.

Strategic Offensive Forces

Missiles show & high demage limiting utilify in destroying non-
alert bombers and submafines in port, but no utility ageinst
submarines at sea or bombers that are on slert and can be flushed
on warning.

In considering the duel of U.S. missiles against Soviet lafd based
missiles 8 design concept was developed for balanced proliferation
of the missiles being attacked. This concept maximizes the
surviving Soviet misslile payload for a fixed U.S. missile attack
and a.fixed:§oviet budget, by choosing the size of the Soviet
missile and the number of such missiles. Although & different ;ize
is optimum for™edch U.S. threet and Soviet budget, & single fixed

size is near optimum over a wide range of threats and budgets.

There are other weys that the Soviet can attempt to maxdmize the

surviving payload; active defense of missile sites, land-mobile




missiles end sea-based missiles. None of the Service studies

addressed the question of active defense of missile sites and, conse-

quently, it was omitted from this study. The lapd-mobile system
presented by the Air Force study was not competi%ive vith balanced
proliferation. For some ceses Soviet sea-based missiles are
competitive. This is discussed further in the Anti-Submarine War-
fare section.

Soviet adoption of balanced proliferation in order to optimize
second-strike payload has the effect of reducing Soviet first-
strike payload for a given budget. This is because smaller, less
efficient missiles must be deployed.

The marginal cost of SOF is influenced by the (1) size of
Soviet missiles (KP/site); (2) occupancy of Soviet missile sites
when U.S.S0F arrives; and (3) the survivability of U.S. missiles.

For a fixed Soviet missile size one reliable U.S. re-entry
vehicle (of high SSPK) per Soviet site is very competitive with
other means of limiting demege while a second re-entry vehicle
against the. same target is not always competitive. In‘particular,
a follow-on aircraft ettack is competitive with & second re-entry

vehicle under some circumstances.

For typical Soviet offensive force mixes U.S. Strategilc
Offensive Forces receive about 20% to 30% of the total U.S. Damage
Limiting budget when the U.S. designs for Soviet second-strike

counter-value.




Assured Destruction of the Soviet Union (or conversely: Damage
Iimiting for the Soviet Union)

The mirror image problem of deamage lianiting for the Soviet Union
was analyzed, using the same techniques, on the basis of giving the
Soviets the same state of technology and the seme cosis for
comparable systems. Damage limiting waes found more costly to the
Soviets to achieve the same level of surviving populetion. A large
part of this esymmetry stems from: (1) the fact thet pre-FY 66 U.S.
expenditures (sunk costs) provided forces useful in limiting demage
to the U.5., whereas the best Soviet choices involved new systems;
(2) the Soviets were not given an ASW capability; and (3) the
geographical asymmetries of the two countries. (Against U.S.
POLARIS submarines, aﬁd without & large ASW base to build on (sunk
costs for U.S.), ASW would not be as attractive for the Soviets).

Soviet Civil Defense

A full fallout shelter program shows high utility for the
Soviets -- this is especially true for reducing fatalities in
their large dispersed rural population. Sufficient date was not
gvalilable to examine the utility of blast shelters for the Soviet
Union. -

Soviet Ballistic Missile Defense

For 197x the Soviet was given credit for NIKE-X technology and
a series of deployments based on U.S. costs and effectiveness were
examined. These costs are $2.4 B plus $2 M per object shot down.

In the context of assured destruction sgainst this defense the U.S,
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missiles used pure muifiple wvarheads rather than decoys which might not
vork. Although the optimum multiple warhead size was found to depend
upon the size ¢f the Soviet Ballistic Missile Defense budget, & single
design of 100 KT, 200 lb. warheads was used. Th;g design is near-
optimum over most of the range of Soviet deploymen£s considered.

It is pertinent to examine the situation where the U.S. posture
"assures" some level of destruction for the Soviet Union before the
Soviets deploy a ballistic missile defense. If the Soviets now
deployed & ballistic missile defense, the U.5. could maintain that
level of damage by providing one kilopound of {surviving) payload
for every $10 million the Soviets spend on a NIKE-X type system.

This is on the basis that the U.S. utilizes five 200 1b., 100 KT

R/Vs per kilopound of payload. In terms of "new buy" POLARIS (B-n)
missiles, this would be & U.S. cost of about $7 million for every

$10 million of Soviet expenditure on BMD. This assumes the U.S.
attacks and destroys all defended cities -- &s well as the
undefended cities -- that were targeted before the Soviet RMD
deployment. (A rank-order attack). Use of maximm fatality
attacks and lnclusion of other missile systems could reduce the
ratio of U.S.*to Soviet costs.

Soviet Strategic Offensive Forces

Soviet missiles are always applied to U.S. bomber bases and
submarine ports and, for a smaell cost, destroy essentially all non-

alert bombers and submarines there present. For Soviet designs for

U.5. second-strike counter-value, Soviet missiles are always




applied against the large U.S. ICBMs -~ TITAK and ICM. However,
targeting of MINUTEMAN tends to be competitive with Soviet Ballistic
Missile Defense only if the Soviets (a) are designing for a high %
Soviet population surviving, and (b) can individually target a kilo-
pound or less, with good kill probability, on ;ach MINUTEMAN site.
The Soviets always have an incentive to target enough U.S5. ICEMs to
reise the U.S. cost per surviving ICBM kilopound up to the
corresponding cost for an alert kilopound of peyload in POLARIS.

Soviet Bomber Defenses

Scviet Terminsl Bomber Defenses were deployed similerly teo the
U.S. deployment: (a) a light cover of HAWK/HERCULES type defenses
to deny serial bombing and force the use of Short Range Air-to-
Surface Missiles (SRAM) and (b) interlocking, in cities defended
against missiles, with AADS-TO type units whose technology is
similar to NIKE-X. The cost for these units to shoot down a SRAM
is about the same as for NIKE-X to shoct down a re-entry vehicle,
namely $2 million. It is not clear whether the SRAM presented by
the Air Force is the best that can be done against this type of
terminal*defense., That is, with "non-leaky" defenses that are
postulate& for AADS-T0, the onus is oh the offense to generé%e a
lerger number of SRAMs -- and thus & smaller SRAM -- even at the
expense of yleld.

Soviet Area Bomber Defense competed favorably with these
terminal defenses against subsonic U.S. bombers but not against

supersonic U.S. bombers.




Soviet Anti-Submarine Werfare

With the limited amount of data available, but given the
characteristics of U.S. POLARIS submarines, and the fact that the
Soviets have no large base of ASW forces to build on, ASW was not
included as an attractive alternative to BMD for the Soviets.

Overall U.S. - Soviet Comparisons

In the analysis the results of damage limiting celculations
could be eggregated, using the observation that the ratio of
expenditures -- damage limiting by cne side to damage creating by
the other -- represents outcomes, in terms of percent surviving,
over wide wvariations of the threat. For example, if the Soviets
spend $10 billion to create damage, and the U.S. spends abAut
$10 pillion dollers to limit damage, & ratio of one-to-one, then
the percent U.S. population surviving a Soviet second-strike is
about TO-75%. This holds over a wide range of Soviet threats.
If the Soviets spend at the same ratio, ebout 55% of the Soviet
population would survive a U.S. second-strike.

The ratios, at a given "% Surviving", depend on {1) the
situations for which each side designs; (2) the scenario -- e.g.
first or second-strike counter-value campaigns, the occupancy of
SOF targets; and (3) the relative composition (missiles, bombers,
submarines) of d;ﬁage creating forces.

Other aggregations are possible. The tables below show
outcomes as & function of the ratio of the total amount the U.S.

spends to limit damage and assure destruction to the amount the




Soviet spends for the same objectives. The fraction of the amount
the Soviet spends to limit damage is held constant in each table.

The percents surviving are second-strike counter-value outcomes as

viewed by both sides.
Y

Lus + Cus Cutcome
Lsov + Csov % U.S. Pop., Surv. % Sov. Pop. Surv.
Lsov = .p

Lsov + Csov

.5 50% T0%

T T0% T0%
1.0 80% T0%
1.2 85% T0%
1.7 {approx) 90% 70%
‘fn Lsov = .6

Lsov + Csov

R - 60% 70%
-5 T0% T0%
T 80% _ 70%
.8 85% T0%
1.0 (approx) 90% | 7%

ey

1/ Ius (Lsov) is $ U.S. (Sov) spends on damsge limiting

Cus (Csov) is $ U.S. (Sov) spends on damege creating
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Appendix

Kilopounds As A Memsure of Effectiveness

Throughout the study the common denominator of ceomparison between
damage limiting forces was the cost to offset or negate the effects of
a kilopound of missile payload. To see how this is a valid and useful
method of comparison consider the following:

The probability of a point target surviving e single shot attack
by a warhead with a lethal radius of L feet is given by

.L2
“CEP?

ssPg = (.5) vhere CEP expresses the expected accuracy of delivery.

The probability of surviving n identical, independent attecks is then
: nL2
n CEP?
given by Py = (ssPg) = (.5) . An analysis of nuclear weapons
effects shows, to a good approximation, that the lethal radius f7r
1/3
blast damage, L, is related to the warhead yield, ¥, by L=k Y *
where k expresses the hardness or vulnerability of the target.

Combining this expression for L and Pg we obtain

(X )7 4?3

Py = (.5)(CEP) . Thus for a given hardness, k, and delivery

accuracy, CEP, the probability of survival, Pg, depends upon the
2/3 .

parameter, n Y-“wi

For attacks on area targets the lethal ares covered by a single
varhead is proporticnael to L2 so that the area covered by n warheads

is proportional to n Y2/3. Comfarisoﬁs of detailed damage runs




.ggainst population distributions verify that n YE 3 is a good measure
of damage so long as the yields are small enough so that the lethsl
radius, L, is small compared with the radius of the individual
cities.

A comparison of nucleer werhead yleld and wegght over a range
of yields (for a fixed warhead technology) shows that the totel
weight of n re-entry vehicles having warheads of yield, Y, is, to a
good approximetion for yields above 100 KT, also proportional to

2
nyY /3. Thus the damage created by n warheads of yield Y is

2/3

determined by n Y which in turn is proportional to the total
weight of the warheads.

If yields below & few hundred KT are used then the relationship
does not hold exactly. In this study the reduced damage potential
of small warheads was taken into account. Paylcad used for decoys,
rocket motors and other penetration aids was also taken into account.

Bomber payload can be equated to missile payload on ithe basis
of the damage that can be infiicted. Alternatively, one can equate
bomber paylcad to missile payload on the basis of the missile pay-
load needed‘'to deliver the same number of warheads of the same yield.
Because the missile payload is a good measure of missile damage
potential it follows that the seme bomber to missile equivalence is
reached on either basis.

If two delivery systems, A and B, have different delivery

accuracies, then the above relationships show that the payload of

system A to do a given job is related to the payload of system B to




| .
. CEP for A
do th? same job by Payload A =§EEE?E§EfE;2 Payload B

For this study all systems that were compared on & payload basis

were attributed comparable CEPs for the time period 19T7x.




