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SOVIET CAPABILITIES AND PROBABLE PROGRAMS
IN THE GUIDED MISSILE FIELD

THE PROBLEM

To estimate Soviet capabilities and probable programs in the fleld of guided mis-
siles, including earth satellites, through 1966.° :

FOREWORD

This estimate supersedes NIE 11-§-54, Soviet Capabilities and Probable Pro-
grams In the Guided Miszile Field, 5 October 1954, and its supplement, NIE 11-12-55,
Soviet Guided Missile Capabilities and Probable Programs, 20 Deecember 1965, Al-
though some new intelligence has strengthened our previous estimate that the USSR
has an extensive guided missile program, intelligence on specific guided missile sys-
terns continues to be deficient. In making this estimate in a field whers positive
intelligence is minimal, we have employed three interdependent approaches: rmili-
tary requirements, scientific and technical capabilities, and economic capabilities,
Throughout the entire estimative process, the fullest consideration has hesn taleen
of the available evidence of Soviet missile activity, US guided missile Bxperience,
and known and estimated Soviet capabilities in related falds.

This estimate iz based on previous judgments that the USSR does not now in-
tend to initiate general war deliberately and is not now preparing for general war as
of any particular future date,

Except where noted otherwise, the operational capability dates given in this
estimate are the earliest probable years during which one or more missiles could
have been serially produced and placed in the hands of trained personnel of one
operational unit, thus constituting a limited capability for operational employment.
These dates are based on our estimate that a concerted and continuous native So-
viet research and development program began in 1948.

Although considerable effort has been devoted to estimating a Soviet produe-
tlon and operational program for guided missile systems through 1966, the production
quantities and time-phasing presented in Annex A represent only a possible Soviet
program, but one which is considered both fessible and reasonahle, *

"Ungulded rockets are nobt ineluded In this estimate,
*See the Director of Intelligence, USAP, footnots to Annex A, paragraph 1.
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CONCLUSIONS

GEMERAL COMCLUSIONS

1. We estimate that the Soviet guided
misgile program is extensive and enjovs
a very high pricrity. (Paras. 17, 27, 20—
30, 50)

2. We believe that the USSR has the na-
tive scientific resources and capabilities
to develop during this period advanced
types of puided missile systems, in all
categories for which it has military re-
quirerments. (Paras. 20-38)

3. We estimate that the USSR has the
industrial base and related industrial ax-
perience to series produce the missile BYE-
tems it will develop during this peri-
od. However, in view of competing de-
mands, the limited availabliity of eleo-
tronic equipment will seriously restrict
the extent and variety of Soviet guid-
ed missile production until about 1958,
Thereafter, expanding electromics pro-
duction will probably make this restric-
tion muech less sevare. ¢Paras, 4548 )

¢ We estimate that the USSR has re-
quirements for warious sizes of nueclear,
high explosive (HE), and chemical (CW)
warheads, and has the capability to de-
velop them on time scales consistent with
the missiles in which they would be em-
ployed, In view of competing demands,
the availability of fissionable materials
will imposze limitations on the extent of
Soviet nuclear warhead production dur-
ing the period of this estimate. {Paras,
3942, 54, Annez 4)

SPECIFIC SOVIET CAPABILITIES AMD
PROGRAMS

' Surfa ce-to-Air Missiles

5. We estimate that surface-to-air mis-
sile systems have one of the hiphest pri-
orities among current Soviet military
programs. At Moscow, an extensive sys-
tem of surface-to-alr missile sites has
been constructed, and all sites are prob-
ably now operational. "This system can
probably direct a very hiph rate of fire
against muiltiple targets at maximum al-
titudes of about 60,000 feet and maxi-
rrur horizontal ranges of about 25 rLm.
(Paras. 27-28, 32, 56-60)

§. During the period 1958-1961, surface-
to-air systems with increased range and
altitude capabilities for static defensze of
eritical areas, and with low and high al-
titude capabilities for defense of stat-
fc targets, field forees, and naval ves-
sels, could probably become available for
operational employment. Sometime be-
tween 1863 and 1966, the USSR eould
probably have in operation s surface-to-
alr system of some capability against the
ICEM. [Paras. 61-67)

7. We estimate that series production of
surface-to-air guided missiles is now un-
der way in the USSE, and that it will
probably preduce such missiles in large
guantities. Nuclear warheads could now
be incorporated into a limited number of
surface-to-air missiles. We estimate that
some percentage of surface-to-air mis-
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siles will be so equipped during the pe-
riod of this estimate. (Paras. 19, 358-60,
Anner 4)

Adr-to-Air Missiles

B, Despite a lack of significant intelli-
gence, we estimate that the USSR has
pursued the development of air-to-air
missiles, and that it could now have in
operational use a 2-3 n.m. range missile
capable of tail-cone attacks In good
weather. It is probable that the USSR
could have a 5 n.m. all-weather missile
operational in 1958 and a 15-20 n.m. all-
weather missile, capable of employing a
nuclear warhead, in 1960,  [Paraes. 68-70)

Ajr-to-Surface Missiles

9. In 1555 the USSR could probably have
had & 20 n.m, subsonic air-to-surface mis-
sile available for operafional use. In
1956--1957 a 55 n.m. subsonic missile
could probably be avallable, and there iz
gome evidence that such = missile has
reached at least final flight test stage.
A 855 num. supersonic missile could prob-
ably be available in 1958, These misailes,
designed primarily as antiship weapons,
could also be employed against isolated
and well-defined radar targefs on land
In 1861, a 100 n.um. supersonic missile
could probably be available for employ-
ment by heavy bombers., BEach of these
missile types could employ nuclear war-
heads. (Poras, 7I-74)

Surface-fo-Surface Ballistic Missiles
{up to 350 n.m. rangs)

10. There iz considerable evidence of So-
viet development of short-range surface-
to-surface missiles, and we estimate that
the USSE could probably have had avail-
able for operational use in 1554 ballistic
missiles with the following maximum

ranges: 76 nm., 175200 n.um., and 350
n.m. These types could be equipped with
nuclear warheads. However, the TUS5R
would probably consider CW warheads
desirable for certain specific purposes, and
might employ HE in the two shorter-
range types. (Poras. 75-T5, 81, Annex A)

Surface-to-Surface Ballistie Missiles
(700 n.m. and 1,600 n.m. ranges)

11. Evidence on Soviet development pro-
grams leads us to estimate that the USSR
could probably have had a 700 n.m. mazxi-
mum range ballistic missile avallable for
cperational use in 1956, We have firm
evidence that in 1949 the TS8R was in-
terested im a 1,600 nom. intermediate
range ballistic missile (IRBM), and we
believe it is a logical step in the Soviet
development program, We estimate that
the USSR Is developing an IRBM, and
that it could probably have such a mis-
sile in operation in 1959. Both these mis-
zile fypes would require nuclear war-
heads, although we do nolb exclude the
possibility of CW use with the 700 n.m.
missile for occasional special missions.
We believe the USSR would rapidly ac-
guire o considerable number of both
the 700 n.am, and the 1,600 num. missiles.
{Paras. 80, 83, Annex A}

Intercontinental Ballistic AMissiles
(ICBM: 5,500 n.m. range)

12, We have no direct evidence that the
US3R iz developing an ICEM, but we
believe its development has probably
bteenn & high priority gos! of the Soviet
ballistic missile program. We estimate
that the TU3SRE could probably have 2
5,500 nm., ICBM ready for operational
use in 1880-1861. 7 We believe that the

*Date predieated on flrst operatlonal unit belng
equipped with prototype misslles,
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USSR will seek to acquire a considerable
number of ICEM's with nuclear war-
heads as rapidly as possible. [Para, 84,
Anner 4)

Submarine-Llaunched Surface-to-Surface
Missiles

13. We beliave the USSE would probably
have developed cruise-type missiles ini-
tially, and there is some evidence pointing
to the existence of Soviet submarines
equipped fo carry such missiles. The
USSH could probably have had in opera-
fion in 1955 a subsonic turbojet missile
capable of 2 maximum range of 500 .,
and a supersonic missile capable of this
range could probably be in operation in
1857. A supersonic cruise-type missile
capable of ranges up to 1,000 nom. could
probably be operational in 1962, These

missile types would require nuclear war-
heads. With a vigorous program, the
TTES5E might achieve an operational sub-
marine-launched IRBM system sometime
during the period 19641988, (Pares. 83,
8589, Anner A)

Earth Satellite

14, The USSR will probably make a major
effort to be the first country to orbit an
earth satellite. We believe that the USSR
has the capability of orbiting, in 1957, &
satellite vehicle which eould acquire sci-
entific information and data of limited
military value . A satellite vehicle posses-
sing substantial reconnaissance eapabili-
ties of military value could probably hbe
orbited in the period 1963-1985. (Paras.
80-91)

DISCUSSION

l. SOVIET MILITARY REQUIREMEMTS FOR
GUIDED MISSILES

15, The Soviet puided missile program Hecss-
sarily operates within the framework of cur-
rent and future military requirements laid
down by Soviet defense planners. While we
have no direct evidence ¢n the elements of
this framework as it applies to missiles, we
believe it would logically have been based on:
(a}) an appreciation of the USSR's present and
probable future strategic and tactical situa-
tions; (b) an estimate of the types of attack
that eould be launched against the 23R in
the foresesabie future; () operztional re-
guirements for which missile systems could be
employed to replace or augment other weap-
ons systems; and, Anally, (d) an evalualion of
the probable affectiveness of missiles versus
cther weapons systems to perform requiced
misslone.

18. The USSR has almost certainly been as.
sisted in determining the scope and priorities

of itz missile programes by information on
Western, Inecluding US, military programs,
This Information is probably complete enough
Lo enable the USSR fo judge approximately
the time phases in the develoment, effective-
ness, siee, and cormposition of U3 and Allied
offensive and defensive forees. Specifically,
the Soviet leaders can probably judge such
factors as the general size of nuclear sbock-
piles, the weapons systems into which nuclear
warheads have been incorporated, the general
progress of air defense programs, and the gen-
aral characterlstics and availabiliby dates of
offenslve and defensive misstles,

Strategic and Tactical Censiderctions

17. Certain considerations which have piayed
& role in Soviet military thinking in recent
years malke it plausible that the USSR should
have given a high pricrity to the development
of missiles. The Soviet leaders have heavily
emphasized the development of their nuelear
capability, and probably alzo betisve that mis-

TOoF—IECRET
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siles will ultimately become the primary -

means of delivery for nuclear weapons. So-
viet conecern over US and Allied capabilities
for strategic alr attack has compelled the
USSR to place high priority en development
of a modern air defense system, in which rmis-
siles are now an essential ingredient and will
ultimately become the primary weapon. Fi-
nally, the relative geographic disadvantages
faced by the USSR for purposes of strategic
attack, due to US possesslon of a forward base
strueture on the Sovlet periphery, could be
offset to sorme degree by development of long-
range missiles for delivery of nuclear weapons,
All these factors probably flpured in a Soviet
decislon, taken early in the postwar perlod,
to make a major effort in the development of
guided missiles,

Soviet Reguirements for Defensive
Missile Systems

18. In preparing their requirements for air
defense gulded missile systems, Soviet mili-
tary planners would probably have construct-
ed a pickure of the time-phased threat from
existing and foreseeable Western offensive
weapons syslems about as follows:

—Iit 1856: high and low altitude bemb-
ing attack by aircraft fiylng at subsonic
speeds and at altitudes up to 55,000 feet;
in peripheral areas, attack by short and
medinm range cruise-type missiles; where
ground forces would be in contact, at-
fack by short range ballistle missiles.

— By 18961; attack by alreraft employing
air-to-surface missiles; bombing attack
by alrcraft capable of supersonic “dash”
and altitudes up to 65,000 feet; attack
by long range eruise-type missiles capable
of high subsonic speeds and altitudes up
to 60,000 feet; attack by long range bal-
listic missiles,

— By 1088° attack by supersonic aircraft
and gruise-type missiles, capable of al-
Litudes on the order of 80,000 feet; at-
tack by long range ballistic missiles.

19, The USSE would have proceeded on the
assumption that high-yleld nuclear weapons
or warheeds could be inecorporated into any

of the Western weapons systems described
above, This assumnption would dictate a re-
quirement for air defense missile systerns with
a high Kill probability, and therefore the in-
clusion of a percentage of nuclear warheads
In Soviet air defense missile systems at an
early date,

20, Zcvlet defense planners would probably
have formulated generalized cperational re-
quirements for both surface-to-air and air-to-
air systems capable of countering the threat
outlined above. Surface-ta-air requirements
would probably have included static and
maobile systems for the defense of ecritical
gpovernmental and industrial centers, impor-
tant military centers and bases, major naval
forces afloat, and major units of the Soviet
army. Operatienal requirements for amir-to-
air missile systerms would probably have been
based an the need to increase the kill capabili-
Liez of existing and projected Soviet inter-
ceptors.

21 Qur intelligence on Soviet developrment
of surface-to-air missiles to date indieates that
time-phased Soviet operational requirements
probably began with a peint-defense system
capable of interdicting bomber aircraft at al-
titudes up to ebout 60,000 feet, Our estirmate
of the Soviet analysis of the foreseeable threat
indipates that Soviet requirements for air de-
fense rnissiles over the next few years would
become much more exacting, including langer
ranges, higher speeds, and more technical-
ly advanced puidance systems. Later in the
period, a high-priority reguirement would
emerge for a system capable of a high kil
probability against bailistic missiles,

Soviet Requirements for Offensive
Missile Systems

22, In preparing their requirements for of-
fensive missile systems, Soviet military plan-
ners probably would have developed general-
ized operationzl requirements for systems in
both the surface-to-surface and ale-to-surs
face categeries. Availzble [ntellizence sup-
ports our belief that the USSR has had con-
siderable interest in both these categories,
especially in & family of surface.to-surface
kallistic missiles,

— P B
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23. Boviet requirements for shorter range sur-
face-to-surface missiles would probably have
been derived from the military missions of at-
tacking targets in direet tactical support of
field forces, and of attacking other targets
of importance in a military campaign, Such
requirements would prebably hawve been de-
rived as follows:

a. Soviet requirements for surface-to-sur-
face missiles for tactical support of fleld forces
would have been derlved I general from the
missions of various echelons of the Soviet
Army. From current Soviet tactical doctrine
we deduce that aperational requirements
would probably have been developed for bal-
listie missiles of up to 75 num. range for sup-
port of division and corps operatlons, up to
200 nm. range for support of field armies,
and up Lo 350 n.m, range for support of army
“fronts," 4

b Similarly, Soviet requirements for thesze
shorter range surface-to-surface missiles for
the support of other operations and for the
neutralization of certain additional targets
of broad strategic significance would have
stemmmed from target sysiems inecluding a va-
riety of key installations of both tactical and
strategic significance. A family of 75,200, and
350 n.m. missiles would probahly hawve been
developed to provide coverage for these targets
systems.

¢. In addition, a requirement might have
been developed for a ballistic or cruise-type
inissile capable of a longer range, both for
support of eerlain army “front"™ operations
and for the neutralization of certain addition-
al targels.

24 Consgidering the ranges from possible
launching sites within the Blee to targets on
or near the Burasian land mass, Soviet plan-
ners would probably have developed require-
ments for longer range surface-to-surface mis-
gfles: {a) ballistic mizsiles of 600-800 n.m,
maximum range and of longer ranges up fo
100 nom. for peripheral attack missions, in-
cluding the neutralization of US and Alijed
bazes and attack on stratepic targets in non-

A Hovlet army “front” I3 roughly comparable to
& US army group.

Bloc nations on the Turasian periphery; and
(B} a ballistic missile capable of up to 5,500
n.m. range, for intercontinental attack., The
possibility exists Lhat interim Soviet surface-
to-surface missfle reguirements might have
Included cruise-type missiles in one or more
of the foregoing range categories. Heguire-
ments for specialized naval versions of both
cruise-type and ballistic missiles, suitable for
lavnehing by submarines or surface vessels,
would probably also have been developed.

25 It is reasonable to infer that the USSR
would have developed requirements for air-
to-surfzce missiles to overcome iforeseeable
improvements in the capabilities of land
and shipborne alr defense agalnst bombard-
ment aircraft. CGeneralized operational re-
quirements would probably have included a
missile of at least 100 nom. ranpe to augment
the capabilities of long-range bombers against
heavily-defended land targets and large naval
concentrations, as well as shorter range mis-
siles for employment against single ships or
opther izolated and well-defined radar targets,

26, Soviet military planners may also have
conzidered that a reguirement existed fo de-
velop certaln missiles for specific functions in
the field of countermeasures against Western
air defense systems, Such a regquirement cowld
include surface-te-surface cruise-type missiles
and alr-to-surface missiles, equipped with
ECM gear, to be employed as decoys to satu-
rate zir defense radar and confrol systems,
In addition, it could Include air-to-surface mis-
giles capable of homing on and destroying
ground radar installations.

Soviet Evaluation of Missiles Versus
Other Weapons Systems

2%, Soviet milifary planners, having estab-
lished generalized operaiional regquirements
for which guided missile systems could be
employed, would orobably then have evaluated
the effectivensss of missiles verfus ather weap-
cns systems to perform the missions af afr
defenze, tactieal support, peripheral atback,
and intercontinental attack, Based in part
on the lmited intelligence available on cur-
rent Soviet military programs, including the

“ToP—3FECRET
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migsile program, we believe that the Soviet
evaluation was as follows;

a, Air defense. The most immediate and
greatest Soviet military conecern Is the safe-
guarding of key Soviet strenpgths and cen-
ters of control. In the face of the grave
threat from Western, especially US, air-nu-
clear forces in being and programmed, Soviet
alr defense kill probabilities must be brought
to a much higher level at a very early dats,
Conventicnal antiaircraft artillery is a weap-
ons system of negligible value against high
performaneces, high altitude bombardment ale-
craft, although this system will continue ef-
fective for at least a few years against attack
by aireraft at lower altitudes. Fighter air-
craff with conventional armament will con-
tinue to be effective for a few years against
many of the likely forms of air attack on the
UE3E, but can achieve maximum effective-
ness against high-performance, high altitude
attack onty if fitted with air-to-air puided
missiles. As the period advances, improving
capabliities of both defending and attacking
alreraft, and of attacking cruise-type missiles,
will dictate more exacting operational reguire-
ments for air-toe-air missiles. When super-
zonie cruise-type or ballistie missiles consti-
tute the major threat, the gperational require-
ment for air-to-air missiles will tend to phase
out, Gulded missile systems offer the best
promoise of raising the effectivensss of Soviet
air defenses to an acceptable level

b. Tactical support. The Soviet Army
ground forces have been reorganized and mod-
ernized sinee the end of World War 11, and
for the past three years their unit organiza-
Hon has been undergoing further changes to
meet the requirements of modern warfare,
nuelear or non-nuclear, Current Soviet tac-
tical doctrine emphasizes allocation of nuelear
wWeapons for use against enemy defensive posi-
tions, air facilities, reserves, nuclear capabili-
ties, and encircled enemy units, This same
doctrine envisages the use of artillery, guided
missiles, and tactical aircraft as nuelear de.
Hvery means. Most Soviet requirements for
direct support of line divisions can now be
met satisfactorily with field artillery, un-
gulded rocket artillery, and aircraft. How-
ever, guided missiles offer cortain advantages

over tactical aireraft, and should be pro-
gramrmed to augment and to some extent
replace the latter.

¢, Peripheral ottack, Among the essential
elements in Soviet strategy for the initial
phase of a general war are the destructlon
or neutralizztion of Western nuclear eapabili-
Hez wherever deployed, destruction of ready
NATO forees, prevention of NATO' full mobil-
fzation, and isolation of the BEuropean the-
ater by interdieting U5 reinforcement af over-
seas forces. Soviet tactical and naval avia-
tion, augmented by units of long-range avia-
tion, will be suitable for some time for carry-
ing out attacks on the Eurasian periphery.
A submarine-lavnched guided missile could
be an important weapon system for this mis-
gion. Although conventional air attask will
remain effective for some time, a substantially
improved capability could be attained with
air-to-surface missiles. For peripheral attack
generally, and base neutralization in partico-
lar, ballistic missiles carrying nuclear war-
heads, by mpesing maximuem surprize and
difficulty of interception, could ultimately
present & greater threabt to Weslern targets
than any other Soviet weapons system.

d. Imterconiinantal afigek, To deter the
US from initiating general war against the
Bloc and to dght such a war suceessfully
anould it occur, the USSH requires a power-
ful intercontinental nuclear striking force.
This force should be capable of neutralizing
US nuclear delivery capabillties at the outset,
and of inflicting damage of a decisive nature
an other continental U8 targets. There will
be a period of years during which the USSEH
prabably will rely principally on the manned
bomber for adequate coverage of targets in
the continental US, although the Soviet geo-
graphic disadvantage, as well as sxisting U3
air defenses and foreseeable improvements,
will continue to handicap manned aireraft
in the sxecution of the infercontinental at-
tack mission. A deecrease In the vulnerability
of attacking aircraft can be effected by equip-
ping them with air-to-surface missiles. Sub-
marine-launched missiles could be an impor-
tanl weapon system for attacks against appro-
priate Largets in the 118, Nevertheless, in the
lang run, improving U8 early waming and
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defense capabilities could render even thess
attack capabilities insufficient. The Intercon-
tinental ballistic missile (ICBM), however,
eould enable the USSR to present an entirely

new type of threat, against which adequate.

defense, while seientifically possible, would be
mast diffieult,

Priorities within the Soviet Guided
Missile Program

26. In determining priorities for itz program
of missile development znd production the
USSE would have taken into account the fol-
lowing main factora: (a) priority of missions
to be ecarried out (e, first priosity to air
defense, second to peripheral and intercom-
tinental attack, third to tactical support);
(b} comparative value of missiles versus other
weapons systerms, and of one missile type
versus anather, in carrying out these missions;
(e} feasibility of developing a particular mis-
sile or mizsile system in time to mest require-
ments; {d} availability of resources to develop
and produce various types of missiles, includ-
ing associated equipment and warheads. Tak.
ing these factors into consideration, we esti-
mate that al some time in the past Soviet
milltary planners established priorities with-
in their guided missile program generally as
indleated helow., While we believe that such
& system of priorifies is probably governing
the Sovilet guided missile program at the pres-
ent time, we recognize that it will be subject
to continuing revision as Soviet programs for
the development of missiles and other weap-
ons systems advance, and as the USSR re-
appraises its military requirements,
High Priority
a. Mizsiles which can be developed in a
short thme:
1. Surface-to-alr, HE
2. Alr-to-alr, HE
b. Missiles which can be developed in a
longer tirme:
1, Burface-to-surface,
tack, nueclear
2. SBurface-to-air,
=
3. Air-to-surface, land targets, nuclear

peripheral at-

improved, nuclear/

¢. Missiles which can be develaped in a
very long time:
1. Burface-to-suriace, interconiinental
attack, nuclear
2. Surface-tg-air, antimissile missile,
nuclear

Loper Priority
. Mizsiles which can be developed in a
short time:

1. Surface-to-surface, tactical support,
nuclear/HE/OW

2. Surlace-to-surface, submarine
launched, nuclear .

3. Alr-to-surface, ship targets, nucleary
HE

b, Misgsiles which can be developed in 2
longer time: -
1. Afr-ig-air, improved, nuclear

3. Alr-to-surface, lmproved, ship far-
gets, nuelear

In addition, an earth satellite with limited
instrumentation for scientific purposes has
probably been assipned a high priority for
development in & short time, A satellite vehi-
cle possessing reconnaissance capabilities of
military walue has probably been assigned a
lawer priority for development in a very long
time,

Il. FACTORS AFFECTIMG SOVIET GUIDED
MISSILE CAPABILITIES

Scientific and Technical Copabilities

45, On the basis of considerable evidence, we
are confldent that the Soviet missile research
and development program s extensive and
enjoya a very high priority. Although the
USSE had no known gulded missile develop-
ment program during Werld War II, it inl-
tiated such a program at the close of the war
with 2 thorcugh and systematie expleitation
of German missile experience. A native So-
viel program has advanced rapidly since
about 1948, and =t present it embraces high
quality research institutes, design bureaus,
and plants, ncluding some of the best facili-
ties and equipment available in the USSE.
These resources are adequate to continue and
to expand the missile program. We believe
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that the USSR need not in the future depend
to any major extent upon Satellite support,
except possibly in certain narrow fields such as
precision optics and electronic instruments.?

30, The large number of Soviet activitles asso-
ciated with missile development, as well as
results known o have been achieved to date,
provide clear evidence of the Intensity of the
Pprogram, but there Is relatively little informa-
tion om itz details. Our assessment of Soviet
selentific and technicsl capabilities to develap
mizsila components {presented in this sectlon)
and to develop complete missile systems (pre-
sented in Section IIT} s based wherever pos-
sible on the limited intelligence avatlable, in-
cluding information obtained from returning
German missile speclalists. However, we have
alzo relied in large measure on known or esti-
mated Soviet capabilities in relevant techni-
cal fields, znd on US guided missile experience.

Missile Guidance and Controi

4L The foundation for current Soviet capa-
bilities in missile guidance is largely postwar
exploitztion of German personnel, facilities,
equipment, and documents, The reconstruc-
tion, design improvement, and, in some cases,
testing of German equipment by German spe-
cialists in the TSSR covered almost the entire
spectrum of guidance concepts in the surface-
to-surface missile category, Including radar
tracking-radio conirol, beam riding, inertial,
and celestial guidance systems. In the sur-
face-to-air  category, the USSR acquired
enoitgh German knowledge and equipment to
reconatruct the Rheintochter, Schmetterling,
and Wasserfeil missiles, each of which in-
cluded an optical track-radlo command sys-
tem. An air-to-air guidanee system for the
Jokol missile, utilizing the same prineiples,
was advocated by the Germsans in the USSEH.
The electronic analogue computer of the Was-
sevfall system was gubjected to further de-
tailed studies and deslgn improvements, The
Germans alse deslgned a surface-to-alr missile
gystem designated the R-113, The guldance

*Detailed information on Sovlet selentific amd
technleal resources for gulded mlsslle develop-
ment, Ineluding the swallability of teehnieal in-
formatlon Irom forsign sources, 13 presented In
Annex B.

proposed for this system was a two-radar,
ground based, command control type, capahle
of 360*% coverage in azimuth, One radar was
to acqguire and track the target, and informa-
tion from this radar was to be fed through a
computer to the second radar which was used
to track and position the missile A semi-
active radar homing head, also worked on by
German scientists, appears to have been de-
signed for uze in a Wasserfall or R-113 type
missile. The USSR exploited German World
War II infrered developments, including a
miszile homing head called Juno, In the air-
to-surface category, the Germans worked on
a guidance system desipniated Komed? which
was a combination beam rider and semiactive
noming system. Beginning in about 1948, the
USSR apparently reached the point where it
could largely disvense with German assist-
ance, except in the missile guidanes fleld.
We have no information on German activities
in the USSR subsequent to 1954,

32, Firm evidence has not been abtained to
indicate which of the many puidance systems
are belng utilized in Soviet missiles. In the
sarface-to-air and air-to-surface categories,
however, there are some fragmentary data:

. The air defense launching sites around
Moscow employ a unique puidance system of
native Soviet design, This system apparently
has the ability to track multiple targets while
scanning for new targets. It also apparently
has an z2bility simultanesusly to control mul-
tiple missiles against multiple targets. Recent
informatien indicates that a command guld-
ance system may be employed. However, the
possibility of a combination command-secker
system has not been ruled out, Several years'
work o a semiactive surface-to-alr homing
systemn, performed by & German group, might
have been intended to complement the ground
guidance sysiem associated with the Moscow
sites.

t. In the air-to-surface category, there is
some evidence that the USSR continued de-
velopment of an antishipping guidance sys-

' For purpeses of ldentification In U8 Inteligence,

the deslgnetion Hemet refers not only to this

puldance system, but also to the complets mils-

la systam employing [t
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tem closely regembling the German Komet,
Electronie signals emanating from the Black
Sea region were intercepted on many oceea-
sions in 1955 and again in late 1056, These
slgnals were guite similar in many techmnical
charaeteristics to the signals 2 Komet system
might have radiated.

33. In addltion to the fragmentary informa-
tion presented zhove, a strong inferential
measire of Soviet suecess in the puidance and
control ares is the large-scale ballistic mis-
sile test program which has been under way
at Kapustin Var.® Considering the above evi-
dence in conjunction with demaonstrated Sa-
viet eapabilities in other electronics applice-
tlons, we conclude that the USSR possesses
the necessary scientific knowledge and tech-
nical skills to develop advaneced guidance and
control systems for all caterories of puided
missiles. .

Misgile Propulsion

3t Asin the missile guidance area, the USSR
took energetic méasures after World War 11
to Improve itg knowledge of propulsion &ys-
tems for puided rmissiles Only in the fleld
of solid propsllants, where the USSR had
achieved a position of world leadership during
World War IT, was its interest in German Work
lmited. The USSR acquired large quantities
of pitlzejet and rockst engine parts, assem-
blies, and production tooling from Germany.
Both standard and improved versions of V-1
and V-2 engines were produced under Cer-
MAan supervisicn. Some reports indicate that
&3 many as 100 to 300 V-2 mators of 25 tons
thrust* were completed during the period
1947-50. The Germans also developed an
Impraved V-2 enpgine with & thrust of 35 tons,
This motor was placed in production in late
1048 and 100 to 250 had reportedly been pro-
duced by 1950, AL Soviet direction, two groups
of Cermans also worked en designs for two
Cifferent 100-ton thrusk motors, one of which
W45 to be gimballed for missile directional
eantrel.  Other evidence indicates that 2 100-
"For detalls of Soviet balllstle missile test firlng
Goblvities, see Annex © (Limited distribution
under separate cover),
"Sfeiric tons are used throvgheut thls estimate.

ton thrust motar could have been ready for
static test in 1952: thiz would represent an
vutstanding achievement in advanced tech-
nology. In the surface-to-air category, de.
sign improvements were made on the Wasser.
fall motor to increase its thrust from 17,000
pounds to approcimately 20,000 pounds, Wa
have some evidence of Soviet work in ramjet
engines, but we know of no Soviet application
of such engines to guided missiles,

45, Known Soviet achisvements in turbojets
and in both solld and ligquid rocket motors in.
dicate that the TUSSH iz well advanced in
propulsion systems applicable to guided mis-
siles. Evidence indicating the application of
turkojets to missile propulsion iz lacking,

s

Aerodyremics and Structurs

36, We have oo Information on aerodynamic
developments in the USSR which can be &E50-
clated directly with the rmissile program since
1050, Most of the German work dealt with
ballistic missiles. Many struetural design
modifications of the V-2 were made, including
light weight structure and pressurized, inte-
gral fuel tanks. Omne structural design {the
B-14 ballistic missile) differed radieally from
the V-2 T¢ had & long cone-shaped body
with no serodynamie sontral surfaces; control
was provided by a gimballed motor, MNew
body deslpns were alsg provided by the Ger-
mans in the surface-to-air category, inelud-
ing the R-113 missile, which was longer and
slimmer than the Wasserfall and had two
wings and three tall surfaces instead of &
cruciform configuration,

37. We do not know that any German de-
signs have besn developed fully by the USSR,
Native Soviet activity In the design feld is
indicated Ly a single German report of &
Soviet design for a subsonie alr-to-surface
Homet missila.

2B, The UESR iz known ta have a number of
the world's cutstanding aerodynamteists, par-
ticularly in the field of theorstical aready-
namics, supported by extensive research facil.
ities. Despite the dearth of information an
native Soviet missile air-frame design, we esti-
mate that the USSR has the knowledge of
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basic aerodynamics, as well a5 the personnel
and facilities, to suppert a program for devel-
opment of gulded missiles of transonic and
supersonic speeds,

Warheads and Fuzes®

39, The USSR did not intensively exploit Ger-
man World War II explosives experience, prob-
ably because a high level of native Compe-
tence in explesive and fuze technology had
already been achieved. To a limited extent,
however, the USER did acquire information
on German fusing technigues, equipment, and
data, exhibiting interest in the V-2 fusing
system and in electromagnetic fuzes for mis-
sile warhead application. We have extremely
limited knowledge concerning the native So-
viet program of warheads and fuzes, Impact,
time-delay, or proximity fuslng techniques
would not present any insurmountable tech-
nical problems to the USSR.

4. Although we have some evidence on the
details of the Soviet ehemical warfare [CW)
program, thers is no evidence of the appliea-
Hon of CW materials to puided missiles.
We epstimate, however, that the USSR is
currently capable of providing CW warheads
for &ny missile intended for antipersonmel
attacks. Our estimate of Soviet capabili-
Hes to develop and produce nerve agents
and an examination of the problems involved
in the diszemination of agents in missile war-
heads leads us to believe that the USSR could
have had tabun (GA) warheads in 1954, and
sarin (GB) warheads in 1956. We estimate
that the USSR could probably develop and em-
Play "V agents, more toxic than the "g»
series, in guided missiles by 1960. This date
iz predieated on Soviet solution of the prob-
lem of generating a proper aerosol for dis-
perszal of the “V" agent.

41. Az in the case of OW, we have some evi-
dence of 2 Soviet biological warfare (BW)
capability but no evidence of Soviet applica-
tior of BW rnaterials to guided missiles. We
estimate, however, that the USSR is capable

R
"Detalled estimates on Sowlet capabilities and
requirements for warheads are presented [n
Annexes A& and D {the latter [n Hmlted distribo-
ton undor separats covers),

of providing BW agents for antipersonnel,
antierap, or antilivestock use as soon 45 appro-
printe missiles are available.

42, We estimate that the USSR could now
have nuclear warheads for incorporation into
several types of gulded missiles.

Geodesy and Corfography

43, The accuracles ol Soviet long-range
guided missiles will depend in part upon the
USER's capabilities In geodesy and cartogra-
phy. The large, modern geodetic and earto-
graphic organization created by the USSR
since the days of Lenin is already notable
for its achievements, It has computed a new
ellipsoid, resurveyed and greatly extended the
first-order friangulation net, and complateiy
readjusted the Soviet survey system to a single
datum, Zuch achievement iz possible only by
maintenance af very high standards of acou-
racy. Mozt of the USSR is now covered hy
maps at the scale of 1:100,000 and maps of
larger sezles (1:25,000 or largper) are now be-
ing emphasized. The new Soviet geodesy
specifications emphasize the pursuit of still
greater refinement and acourasy.

4. We estimate that the USSR ean achieve
geadetic location of targets in the US celative
to launching sites in the USSR with errors of
300-500 fect, provided, as we belleve, a tie
has already been made covertly between So-
viet and North Ameriean trianpulation across
the Bering Stralt. If this connection has not
been made, the probable error in target loca-
tion would be abeut 1,000 feet, The location
error for BHuropean targets is estimated at
200-300 feet, We estimate that by 1965 these
errors can be reduced by aboutb half through
extension of the Soviet geodetic and mapping
system into Satellite areas and through the
use of improved intercontinental ties with
Burope and North America, The USSR iz also
working energetically in the study of geo-
detic gravimetry, wherein gravity measures
are used to reduce the error in caloulating the
relationship of two points on the earth's sur-
face. The high competence of Soviet gravim-
etrists and their enerpelic data eollection
Brogram, especially in the Arctic, may also
enable the USSR to make early advances in
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the study of the exient Lo which surface
gravity wvariations influence a ballistic mis-
sile during Aight. There iz evidence that the
USER is engaged in the study of the vertical
gradient, but information iz not avaliable on
the details and extent of suech work.

Soviet Industrial Capability to Produce
Guided Missiles

45, We pstimate that the USSR has the in-
dustrial base and related industrlal experience
to adapt and serfes produce developed proto-
type missile systems of all types. However,
we beligve that in view of competing demands,
the limited availability of electronic equip-
ment will seriously restrict the extent and
variety of Soviet pulded missile preduoction
until about 1858 Thereafter, expanding
electronics production will prebably make this
resiriction muach less zevers.

46, We estimate that approximately two-
thirds af the current ountput of Soviei elec-
tronics production (in value terms) s allo-
cated to military programs, and that the
remainder is shared approximately equally by
essential domestic telecommunication applica-
tion and civilian consumer gocds., Both the
announced plans for the Soviet econcmy and
our estimate of over-all Soviet military re-
guirements indicate an increasing demand for
electronics producticn during the next five
years.® The Soviet Sixth Five-Yezr Plan
(1956-80) calls for expansion of electronics
production by 1960 to three times the value
of 1955 production. This inecresse is one of
the larpest planned for a major induostrial
sector, but wa estirmate that the USSR is
capable of realizing this ambiticus goal.

&7, Other military demands upon electronics
output, as well a5 essentiz]l nonmilitary de-
mands, will probably restrict the rapid build-
up of missile production until new investment
in the electronics Industry scheduled under
the Sixth Five-Year Plan makes additional
output available. We estimate that signifi-
cant portions of the additional electronics
plant eapaeity will not be availakle until ahaut

"See also NIE 11-4-56, Soviet Capabilities and
Probable Courzes of Actlon Through 1861, 2 Au-
Eust 1854, Sectlona IIT-IV.

18958. In the interlm, the USSR could divert
electronics output to missiles from the size-
able residual of nonmitlitary electronics pro-
duetion or frorm other military electronics pro-
grams, but it prebably would not be willing
to accept the adverse consequences of such
a reallgeation. However, we estimate that
the Soviet program for expanding electronics
preduction will create by the later years of
the Sixth Five-Year Flan an jindustrial capa-
bility to support an extensive and warled
puided missile production program as pach of
2 balanced cver-zll milikary preogram.

28, Anpther potential botlleneck in the pro-
duction of guided missiles is the amouni of
time necessary to train productlon perscnnel
and to adapt prototype mechanisms to series
production, Thiz problem iz particularly
acute in the preduction of precision mecha-
nisms for missile systerm components, such as
gyros, stable platforms, mechanical comput-
ers, and certain velves. However, we estimate
that the USSR has the engineering ability to
overcome this potential botileneelk, and that
it should be &ble to produce precision mecha-
nismes in sufficient quantity to support an ex-
tensive missile production program.

. SOVIET GUIDED MISSILE DEVELOPMENT
PROGRAM ™

44, Current intelligence on the specific puided
missiles actually under development in the
USSR is almost nonexistent, except in a very
few Instaneces. In the sueceeding paragraphs,
therefore, we assess Soviet technical capabili-
ties to develop specific missiles types which,
among the vast number of {ypes the USSR
could develop, seem to us most Lkely to satisfy
the general requirements outlined in Section
I abowve, There is intelligence to indicate
that certain missiles are under development

“"While wa consider the deveélopment program as
a whole to be probable, the detalled character-
1sties represent a logleal growth or developmental
pattern within a partlcular family of missile
systems. We have high confdence In our esti-
mates on certain misslles currently In varlous
stages of development, test, or operatienal em-
ployment. However, In the light of Inadequake
evidence pertalning to other missils systems,
our estimates of detalied characteristles for such
systems are less certain,
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or in operation. In most instances, however,
and especially for those types estimmated for
late in the period, our chief guide is our esti-
mats of Soviet requirements and developrient
priorities. Within each broad category of mis-
siles (2.g., surface-to-alr), we have presented
what we believe iz a logical, step-hy-step de-
velopment program toward the more advanced
types.

80, Thiz assessment of Soviet capabilities to
develop specific missile types s predieated up-
on gur estimate that concerted and continu-
ing native Soviet research and develapment
in the puided missile field began in 1948.
The date given as the estimated Soviet opera-
tional capability for each missile type is the
earliest probable time at which one or mere
series produced missiles ecould have been
placed in the hands of trained personnel 2
in one operational unit, thus constituting a
Urpited capability for operational empleyment,
Wa estimate that the time interval between
the Boviet decision to produce in serles and
the zttainment of first operational capability
is probably between six and 18 months,
under average conditlons. For convenience,
in the succesding paragraphs we assume that
in general a Soviet decision to produce a par-
teutar missile in series has preceded the esti-
maled operational date by an average time of
cne year. However, in instances of very high
priority, the USSR could probably reduce this
time interval to zero if the frst operational
unit were equipped with prototype weapons
and if personnel training were begun early
enough. These instances are specifically noted
in the case of the surface-to-air missile (para.
G0} and the ICEM (para. 84).

§L. Based on our current knowledge of the
state of the gulded missile art and our esti-
mate of Sovict capabilities in parallel flalds,
we estimate that when a particular missile
syatem first hecomnes operational its system
reliability will be 40-60 percent. 1

42, Despite the obvious difficulties of estimat-
ing individual weapons types to be developed
over o period reazching 10 years inte the
future, we have sufficient confidencs in the
estimates made in this section of the paper
to characterize the development program in

the aggregate as "probable.” There are sev-
eral factors which contribute to this confid-
dence, including: (a) sufficient intellipence
to indicate at least the general nature af
some current Soviet missile programs, notahly
the surface-to-surface and surfacs-to-air pro-
grams; (b) foreseeable developments in US
offensive and defensive capabilities which the
USSR ean ascertaln and must atternpt to
counter; (¢} the probability that the ultimate
goal of the Soviet development program in
the surface-to-surface category iz an ICEDM,
and in the surface-lo-air category an anti-
ICEM; and (d) the probability that any de-
velopment program will be Hmited by foresee-
abie states of the art and will advance through
logical steps.  In addition, sufficient technical
differénces exist between the specific missiles
in this development program so thab cancel-
lation of one or several of the projects prob-
ably would not appreciably advance the opera-
tional dates of others.

53, Nevertheless, we recognize that Soviet re-
aquirements and priorities could change the
development program significantly as the peri-
od advances, and new goals, either more am-
bitious or mere restricted, may be set. This
would be particularly likely in the event of an

~unforeseen technelogical breakthrongh.

Wariead Selection 1+

G4. As a critical portion of our estimate of
the Soviel guided missile development pre-
gram, we have considered Soviet capabilities
to develop warheads for specific missile types.
We estimate that the USSR has reguirements
for warions sizes of nuelear, HE, and O war-
heads, and has the capabillty to develop them
on time scales consistent with the missiles in
which they would be emploved. Our selec-
tien of appropriate warheads for various mis-

“Miltary personnel or efvillan selentlsts and
techniclans.

wugyatern rellabllity” In this context means the
pereentage of missiles which functlon aescrding
to speclficatlons from missile takeoll Lo detona-
tlom In the target area. MalfuncHons prlor to
launching are not [neluded In this definitlon of
system rellabllity.

" For detalls, see Annexes A and D {the latler ln
Heited distribution under separate cower).

PO EEREE




B I s s T S T 14

sile types, presented in Table I following Sec-
tion ITI, is based on estimated Soviet warhead
design technology and on consideration of the
CEFP's, payload welghts and probable employ-
ment of the various misstles. In general, we
believe nuelear warheads would be preferable
in most missile types and mandatory in some,
The USSR would probably consider OW war-
hesds desirable in some missiles for certain
specifle missions. HE warheads would be sat-
isfactory in some missiles with refatively small
CEP's. We do not believe the USSR would
develep and produce BW warheads for gulded
mizsiles, since BW could be dizserminated more
effectively by a wide variety of other means,
ineluding clandestine delivery.

Surface-ta-Air Missile Systems

85, In 194546, the USSR exploited in Ger-
many all the imporfant German surtace-to-
2ir mizsiles under development, ineluding
Waszerfall, Schmetlerling, and Rheinfochter,
and caused a new design Fluse, to be under-
taken, Affer their {ransfer to the USSR, the
Cermans conkinued work on these missiles,
with the exception of the Fluze, Some work
was praobably done into 1951 to design & semi-
active homing head for the Wasserfall, and
four models are believed to have been con-
structed and taken over by the USSR in late
1950, Considerable intsrest was also evi-
deticed by the USSR in improving the capahil-
ity of the Wasserfoll computer. In 1950,
& group of Germans were ordered to prepare
2 study on an advanced surface-to-zic missils,
designated the R-113. Some of the Waosser-
fall features, such as the propulsion system,
were to be retalned and improved, while other
components, notably the airframe, were to be
redesigned. Operationally, the B-113 was to
be effective at altitudes of from 15,000 to 100~
000 feet with a 32 num. slant range and a burn-
out velocity of more than Mach 3. The So-
viet specifications for the R-113 were rigorous
and more closely supervised than were those
of other German design projects. The Ger-
man design study for this missile was sub-
mitted to the Russians in 1951, but its dis-
Position i= not knowrn.

36, The most significant current intellipence
in the surface-te-air category deals with
guided missile installations arcund Moscow,
Sightings of thess installations nave been
made since mid-1953; there have also been
& lew reports of similar sites being constructed
around Leningrad in 1955 and 1956

57. In the Moscow area, 24 sites have been
located with sufficient accuracy to indlcate
thelr arrangement In two concentric rings
with radii of approximately 25 and 45 n.m.
from the cenfter of the city. The clreum-
ferenitial distance between the sites is about
& nm. on the outer ring and about T num.
an the inner ring. Observation in all see-
tors around Moscow has not been possible,
but we calenlate that the Inner ring contains
23 zites and the outer ring 34 siles, for a
total of 57 sites. A typical slie measures ap-
proximately cne mile by cne-half mile, with
three longitudinal and about 11 fransverse
concrete ropds and approximately 60 launch-
ing positions. Assoclated building cormnplexes
are of sufficient size to house from 200 o 400
personnel at each site. The dimensions, con-
figuration, disposition, and guality of cone
structlon of these installations indicate that
they comprise a static puided missile air de-
fense system. **

58, Certain unique equipment, designated in
US intelligence a3 “"YOY0,” is located approxi-
miately one mile from each coperatlonal site,
on the Mescow side, and is generally allpned
with the center longitudinal road, ¥OYO is
& radar for use In the surface-ig-alr missile
guidance system. A recént report indicates
that in tests in 1952, this radar was employed
to track 5-6 tarpets simultaneously, and that
it may be intended to track as many as 25
targets simultaneously, Based on thiz intel-
lipence, and on the fact that provision has
apparently been made for the simultaneous
launching of an undetermined number of
missiles from each site, we estimate that this
systern has a high {rafic-handling capability.

30, Missile-like objects were obzerved in sub-
stantial numbers at one Moscow site in 1955,
They are estimated to be about 234 to 3 feet
in diameter and 25 to 35 feet in length.

*Sge map and diagrams on following pages.
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G, We believe that some sites In the surface-
to-air rmissile defense system around Moseow
have been operational since mid-1955, and
that all sites are probably now operatlonal
Based on the size and configuration of the
mizsile-like objects observed, and on technical
assesament of the capabilitise of the YO¥O,
we estimate that at present this system prob-
ably employs missiles capable of carrying a
G00-T00 pound payioad ™ to a maximum al-
titude of 60,000 feet, and a maximum horizon-
tal range of 25 num. 7 Itz guidance system is
probably of the command type, with 2 CEF at
maximum range of about 190 feet, or possibly
a comrnand and semiactive seeker with a CEP
of aboub 50 feet, 'We believe that in this in-
stance, the high priority requirement for im-
proved air defense capabilities probably dic-
tated the equipping of the first operztional
unit with pretotype missiles simultaneeusly
with the decision to begin serfes production.

G1. The U3SHE has an excellent capability for
the development of more advanced surface-
to-air systems, and a high priority will almest
certainly continue to be given to this program.
It iz praobable that the cuorrently operational
surface-lg-air missile system can and will be
improved. We estimate that in 1557 & com-
mand-type guidance system capable af 380°
traverse could be available for employment
with Moscow-type missiles, but that such a
system would have a lower trafflc-handling
capability than the current Moseow system.

82, The current Moseow system will probably
continue to have onty limited effectiveness at
very low aititudes. To overcome this defi-
clency, it is probable that the USSR will de-
velop and could have in eperation in 1953
& surface-to-alr system for low altitude cover-
age, effective to a maximum of 40,000 feet al-
titude and 15 n.m. range. ‘This system couid

*Paylead includes the explosive devles and Ik
assoclated fuzing and Arlng mechaniam. Foc the
estimated ylelds of nuclear payloads which could
be employed in these and other missiles see An-
nox D¢ (Limited distribublon under separate
cover),

"This range represents our estimate of Sovigt
eapabllities to extend the maxdmum horlzontal
range of the system. It probably had a maximum
horlzontal renge of 20 num. when it Arst became
operational In 14955,

probably employ missiles carrying 150 pound
payloads, and achieve a CEF of about 50 feet
with semiactive homing guidance,

B3, It is also probable that the USSR will de-
velop and could have in gperation in 1959 a
surface-to-air system capable of eartying a
G00-800 pound payload to a maximum of
80,000 feef altitude and 50 nm. range. Iis
guidaner would prabably be of the eommand
Lype ar a command-seexer combinalion. The
former could probably achisve o CEP of abaut
500 feet, the latter about 100 feet.

4. Although we have no firm evidence of So-
viet interest in surface-to-air missiles for ship-
borne defense, we belléve a requirement for
such missiles exists. We estimate that the
USSR could probably have a 40,000 f£/15 n.m.
missile systern in operation in 1953, and an
20,000 fL/50 n.m, missile svstern in operation
in 1860. We also estimate that the USSR
could modify either or both of these miszsiles
50 a5 to make them suitable for dual purpose
use as surface-to-surface missiles in appro-
priate naval roles. Recognizing that a high
degres of accuracy would be dependent upon
the ability of the launching ship to acguire
tarpets by radar, we estimate that the maxi-
murn effective range of the 30,000 fE/50 nm.
system against surface targets would be
roughly 30-50 n.m.

645, For improved range capahilities in defense
of eritical areas, it is probable that the USSR
will develop and eould have in epecatlon in
1981 one of two missile systems: (a) a ram-
jet propelled missile capable of carrying a
S00-pound payioad fo & maximum aliitude
of 60—£0,000 feet and a maximum of 100 .
Such a missile would have & spesd of about
Maeh 2.5 and a CEP of 100 feet with terminal
homing or 500 feet with command puidance;
(0} a rockef-propelled missile capable of the

“It Is the view of the Directer of Intelligence,
USAF, that the TS8R would be unlikely to have
an effective all-weather land based low altibude
surface-to-aly mlssile systern In operatlomal use
prior to 1980-61, There Is no evidence of So-
viet interest in., or develspment programs for
swch a system. Further, the advanced madar
technlques required for an operatlonal guidanes
and homdng system for such a4 missile are prob-
ably beyond the capabillty of Soviet elecironle
teehnology prior to 19460-81.
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same paylead capacity, aceuracy, and range,
but with an altitude ap to 30,000 feet and a
speed of about Mach 4. We estimate that the
latter would probably be the USSEH's selection,
although the development of such a system
would present more complex problems than
the development of a ramjet missile system.

66, The required performance characteristics
of a surfzce-to-air missile system which could
effectively engage both supersonic cruise-type
missiles and ICBMs are not fully ¥nown. Re-
guired engagement characteristics are esti-
mated as 75 n.mn. horizontal range and 300,000
feat altitude to opposze the ICEM, and 300 num.
horizontal range and 90,000 feet altitude to
appose crulse-type missiles. We do nof be-
lisve a single system effective against both
these targets at maximum range and maxi-
mum altitudes could be developed by the
USSE during the period of this estinate.

67. We estimate that anti-ICEM defense would
receive the higher priority, and that the USSR
could probably develop 2 missile system of
some capability against the ICBM for first
operational use during the period 1963466
We are unghble to estimate with confidence the
characteristics of such a system. I might
carry a 1,000-pound paylead to a horizontal
distance of about 40 num. and an altitude of
about 200,000 feet. An extension of these
range and altitude capabilities would reguire
advances in radar design which we believe
are not within Soviet capabilities during this
peried. Such an anti-ICBM systern might be
modified for use against aircraft and cruise-
type missiles up to altitudes of about 100,000
feet and to ranges of about 150 nm. Devel
cpment of antimissile defense systems will un-
doubtedly be continued beyond the period of
this estimate.

Ajr-ta-Air Missile Systems™

83, In late 1845 and 1946 the USSR acguired
several German air-to-air missiles and designs.
Although during this period German scientists
in the USSR successfully applisd Soviet solid
Propellants to German unguided rockets, we

"Unguided rockets are not included In this estl-
mats,

know of only one instance in which the Ger-
mans worked on a guided missile employing
these propellants. This design was the Ger-
men Falke, later given the Soviet designation
Sokal, The Sokol was designed to have a
solid-prapellant rocket motor of 2,800 pouruds
thrust, an optleal track-radio command guoid-
ance system, and an HE warhead of 106
pounds, to be detonated by either radio ar
acoustic proximity fuzing. The design study,
exciuding guidance, was completed by the
Germans in 1948, We have no evidence that
the USSR pursued any of the German work
to completion, but there is 2 small amount
of evidencs to indicate that the USSE now
has an air-to-air missile development program.

9. Despite the lack of sipnificant intelligence
in this fsld, we believe that Soviet air defense
requirements would have dictated that the
development of air-to-air missiles be glven an
initial high priority. This estimate iz sup-
parted by some indirect evidence, including
Soviet interest in infrared homing devices and
the fact that the girborne intereept radar
which has besn developed for the FLASH-
LIGHT fighter could be used in conjunction
with air-to-air missiles. We therefore believe
that the USSE continued development werl
after 1948, and that by 1955 it could probably
have had in operation a selid-propellant air-
to-air missile capable of carTying a 25-pound
payload to a range of 2-3 nm, with a CEF
of 30 feet. However, the passive Infrared
homing system probably employed in this mis-
sfle would lmit itz use to tail-cone attacks
under conditions of good weather at the en-
gagement altitude.

70. The probable limitations of the above mis-
sile would have dietated high-priority efforts
to develop an all-weather air-to-air missile,
and we belleve that in 18958 the USSR could
probably have such a misstle in operational
use, employing a semiactive homing system
and capable of carrying a 50-pound payload
to =z range of § rum., with a CEF of 40 feat,
In addition, the USSR will probably develop
a longer range all-weather missile, and could
probably have in operation in 1080 a missile
capable of cartying a 150-pound paylicad to
a range of 15-20 n.m., if launched at 60,000/
altitude. This missile could probably achieve
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a CEFP of 50 feet, employing semiactive hom-
ing guidance, or infrared homing for tail-cone
attacks.

Alr-to-Surface Missile Systems

T1. Complete desipn data on all German air-
to-surface mmisgiles were acquired by the
USSH, as were many completed German mis-
siles. The USSR also obtained information
on German air launchings of the V=1. One
German group at Deslgn Bureau 2, Moscow,
engaged in research and development work
from 1247 to 1551 on a guldance system for
a Soviet-desipned antiship missile designated
Homet., Detatls are not available on the de-
sign of its warhead, airframe, and propulsicn
gystem, although from information provided
by the Germans who worked on the guldance
system we have deducec generzl information
concerning the over-all sysiem performance.
The TU-4 (BULL) was designated as the
launching platform, and release of the mis-
gile was to be accormplished at about 10,000
feet altitude at a maximum range of 5§ nam.
from the target. Thea missile speed was esti-
mated to be zbout 485 knots, A radar in the
launching aircraft was to provide for beam-
riding during the first two-thirds of the mis-
sile’z fight and to illuminate the target for
radar homing during the remainder of the
flight. "We believe that a missile system of
the Komet type, or ofther air-to-surface sys-
tem with similar performance characteristics,
has reached at least final Aight test stage.®

TZ. We therefore estitnate that a subsonic ale-
to-surface missile, capable of delivering a
3,000-pound payload to a range of 55 n.m. fram
the launching alreraft, could probably be in
operational use in the USSR in 1956-57. This
missile, possibly emploving beam-riding with
semiactive terminal horning guaidance, could
achieve a CEP of 150 feet against ships or
other isglated and well-defined radar targels.
A supersonic missile to (ulfill this require-
ment could probably be operational in 18953

13, Altheugh we have no evidence on other
Soviet activities in the air-te-surface field,
our estivnate of Soviet military requirements

"= 8ga Annex C (Limited distributlon under sepa-
rata cover).

leads us to believe that the USSR has prob-
ably alzo developed a shorter-range missile
tor employment against ships. It probably
eould have had In eperation in 1956 a sub-
sonle air-to-surface missile capable of deliver-
ing a 3,000-pound payload to a range of 20
nm, A guidance system using television with
& radlo command link could probably achieve
a CEP af 300 feet, but such a system could be
employed only in good weather,

T4, It is also probable that, In order to im-
prove its long-range bomber attack eapapili-
ties against heavily defended land targets and
large naval concentrations, the USSR will de-
velop and eould have in cperationm in 1961 a
supersonic air-to-surface missile capable aof
carrying a 3,000-pound payload to a range of
100 mm. The CEP of such a missile would
vary with the type of guldance employed,
ranging from about 0.5 num. with homing on
a elandestine beacon to 1-2 num. with inertial
guidance (assuming in the latter case that
the launching aireraft could delermine its
own position within 0.25 nm.).

Surface-to-Surface Missile Systems
Ballistic Missiles

Ta. After World War II, the USSR acquired
from Germany a number of complets V-2
ballistic missiles, as well as component parts
and production facilities, V-3's were fesi-
firedd at Kapustln Yar as early as the fall of
1847, During the period up until about 1950,
several different groups of German missile
specialists and engineers in the USSR devoted
considerable effort to improve the V-2 sys-
tem, Increasing the thrust of its motor from
25 to 35 tons, and Improving its aceuraecy.
At the same time, a Soviet team attempted to
increase its maximum range of gbout 200 n.m.
to about 350 nom.

T6. German experts under Soviet direction
also perfarmed preliminary design studies for
other ballistic missiles. In December 1948
they completed & design study for a missile
designated R-10, to employ a 32-ton thrust
motor and desipned to carry a 2,150-pound
payicad to a range of 430 n.m.; this study
actually represented the consclidation of =2
number of proposals for further improvement
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of the V2. Beginning in the spring of 1949,
they worked on detailed designs for a missile
designated R-14, which was to be a single-
stage missile, to employ a 100-ten thrust mo-
tor and to carry a 6,600-pound warhead to
about 1,600 n.m. A series of teasibility studies
was made for an B-12 missile, to be a staged
missile carrying a 2,200-pound warhead ta
about 1,300 miles. The Soviet utilization of
these studies is not known.

T7. We believe that exploitation of the Ger-
mans, togelher with parallel and subsequent
native efforts, enabled the USSR to malke sig-
nifleant progress in the development of bal-
listic missiles of short and medium ranges
after 1948. In addition to the 25- and 35-ton
throst rocket motors which were available at
that time, we believe that 2 100-ton thrust mo-
tor was succassfully developed by 1953. Ag
indicated in Section II, we also believe the
USSR has high capabilities for development of
guidance systems, warheads, and probably air-
frames for ballistic missiles. These estimates
are supported by the extensive Soviet ballls-
tic missiie testing program which has been
under way at Kapustin Yar®

78. Based an the evidence cited above and in
Annex C, we believe that the USSR has pur-
sued the development of several surfage-to-
surface ballistic missile systems. A missile
of 175-200 n.m. maximum range has been
developed and could prebabiy have been aper-
ational in 1954. It is probable that this mis-
sile employs a 25-ton thrust motor and could
carry 2 2,000-pound payload.® Using a com-
bination of radar track-radio esmmand and
Inertial puidance, a CEP of 1-2 num. could
brobably be achieved, and this conld probably
be improved to about 2,000 feet by 1955-57.
& CEF of 1-2 n.m. could probably be achieved

—

"For further detalls, see Annex O (Limited dis-
tributlon under separata cover).

“The Z,000-pound payioad weights glven for the
75, 175-204, and 350 nm. balllstl; missiles de-
Zeribed In paragraphs T8, 79, and 81 represent gur
basle estlmates, However, we belleve that If Lhe
USSR Inesrperated cerlain technleally feasible
Fefinement in structural design, these missiles
Sould carry to thelr madlmum ranges payloads
welghlng 15 to 2 tlmes ax much as thase egil-
mated. We have ne evidence of such Soviek
developmenils,

with a pure Inertial guldance system by
195359, :

T8 In addition, a missile of about 350 n.m,
maximum range has been developed and prob-
ably could also have been aperational In 1954,
It Is probable that this missile employs a
d3%-ton thrust motor and could carry a 2,000-
pound payload. ® Using & guldance system
similar to that of the 175-200 nm. missile,
this missile could probably achieve & CEP of
1-2 nm., which could be improved to 3,000
feet by 1955-57. A CEP of 1-2 nm. could
probably be achieved with a pure Inertial
guidance system by 1953-39,

80. Development wark has alsa been in prog-
ress on & missile of about 700 nm. maximum
range, which could probably have been oper-
ational in 1956, It is probable that this mis-
slle employs & 100-ton thrust motor and could
earry & 6,000-pound payload. A guidance gys-
tem similar to those of the first two hallistic
missiles described couwld probably achieve a
CEP of 3 n.n., improvable to 1-2 n.m. by
1957-55. A CEP of 1-2 n.m, could probably
be achieved with & pure inertizl system by
1958-42.

8l. We have no firm evidence of Soviet devel-
opment of any ballistie missila of sharter
range than 175 num. We believe that a re-
quirement exists for a misslle with 75 n.m.
maximum range for tactical support of ground
forees, and for neutralizing certain additional
targets, and that its relative ease of develop-
ment would probably have led Soviet plan-
ners to include it in their program. We esti-
mate that such a missile could probably have
been in operation in 1954, Empioying a 10-
ton thrust moter, it could prabahly carry a
2,000-pound payload * and achieve a CEP of
1,200 feet, using a combination of radar track-
radio command and inertial guidance., This
CEFP could probably be achieved with a pura
inertial system by 1958-59.

82, Estimated Soviet requirements for ime
proved abtack capabilities against peripheral
Burasian targets and against the continentsl
Us lead us to believe that intermediate range
and intercontinental ballistic missiles are
probably under high priority development.
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These missiles are the logical goals of the
step-by-step Soviet ballistie missile develop-
ment program which was clearly under way
by 1948, The R-14 studies ordersd by the
USSR in early 1949, as well as the R-12 stud-
ies, confirm an early Soviet interest in at
least the IRBM, The significance of the B-14
studies is further increased by recent US ex-
perience, which indicates the feasibility of
achisving ranges up to 1,600 nm. with a single
100-ton thrust rocket motor, In view of prob-
able Soviet requirements and the Progress of
the Soviet program to date, we sstimate that
the USSR is probably developing and eould
probably have in operation in 1059 a single-
stage IRBM, capable of carTying a 1 650-
pound payload ta a maximum range of 1,60)
nm. A CEP of 34 num. could prabably be
achieved with a ecombination of radar track-
radio command and inertis! guidance, improv-
able to 1-2 num. in an additional ane to two
years, or in an additional thres years with a
pure inertial system.

83. In view of the potential capabilities of an
IRBM against the continental US as well as
overseas targets, if launched from a submea-
rine, we believe the USSR may attempt to
develop an IRBM for submarine employment,
However, the formidable problems  involved
{including the development of pure inertial
guidanee, precise navigational equipment, and
speclally configured submarines with the mee-
essary handling, fueling, and lsunching equip-
ment) lead us to estimate that with a vigor-
ous program the USSR might achieve an aper-
ational submarine-launched IRBM system
sorme time during the period 1984—86.

B4, There is no direct e¥idence that the UssSgR
ig developing an ICBM, but its development
has probably been a high priority goal of the
Soviet ballistic missila program. We estlmate
thal the USSE now possesses, or is rapidly
acquiring, the necessary data for attacking
the aerodynamic, structural, and guidance
problems of an ICBM. The solution of many
problems, including the re-entry problem, has
already been alded to some extent by the 700
nm. ballistic missile development program,
and should be further advanced by work on
IRBM and earth satellite programs. It is

therefore probable that the USSR could have
ready for operational use in 1960-61 a proto-
type ICEM capable of carrying a  1,500-
pound payload to a maximum range of 5,500
nm.  The high priority requirement for an
aperational ICEM would probably dietate the
equipping of the first operational unit with
prototype ICBMs. Such a missile would prob-
ably employ two 100-ton thrust motors for
first-stage propulsion and one 35-ton motor
for second-stage propulsion. With a combina-
tion of radar track-radio command and iner-
tial guidance, & CEP of about 5 nm, could
probably be achieved, but an additional twa
years would probably be required to achisve
this CEP with a pure inertial system,

Cruise-Type Missiles

85 Many German V-1 component parts and
considerable manufacturing equipment wore
shipped to the USSR after World War IL Es-
timates on the number of V-1 missiles assem-
bled in the USSR range from 50 to several
hundred, German V-1 experts were exploited
until about 1950; their work included proj-
eots to lmprove the V-1 guidance system and
itz pulsejet engine, The Cermang reparted
that Soviet scientists experimented with twin-
bulsejet V-1 type missiles in 1948 and 1940,
Also, & German group prepared a preliminary
design study lor & ramjet cruise-type rmissile
designated B-15, which was to be a 1,600 mm.
missile boosted to operating altitude and spead
by a jettizonable V-2, However, no German
ramjet experts were involved and there was
no evidence of any Saviet Interest in this proj-
ect after the completion of the design study
in Decemnbar 1949,

86. The postwar wark on pulsejet missiles,
while [ar less extensive than work in gther
guided missile Selds, could have permitted
Lhe USER o have Improved V-1 type missiles
in operational use by 1950 However, because
of the apparent lack of Soviet interest and
the limited speed and altitude papabilities and
high fuel consumption of pulsejet motars, we
believe that the USSR probably did not CAITY
development of such missiles Lo compietion,

87, The potentlal military value of subma-
rine-launched surface-to-surface misslles, to-
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gether with the diffleulty of employing ballis-
tie missiles with submarines, would probably
have led the TSSR to develop eruise-type mis-
siles initlally. There iz some evidence, a5 yet
inconclusive, of the existence of Soviet subma-
rines equipped o carry such missiles. Based
an estimated Soviet requirements and capa-
hilities, we believe that the USSR has probably
developed and probably eould have had in
operation in 1955 a submarine-launched tur-
bojet missile capable of carrying a 3,000-pound
payload at high subsonic speeds to a maxi-
mum range of 500 nm. The accdracy of this
missile would probably vary from 0.5 to 10
mam., depending upon the guldance system
employed and the accuracy with which the
guidance submarine could fix its position.

BE. A supersonic missile o Tulfill this require-
ment could probably be in cperation in 1957,
Guldance could probably be improved to ob-
tain a CEP of 1-2 num. at maximum missila
range in 1960, using an inertial guidance sys-
tem monitored by radar map-matehing.

89, The requirement for submarine-launched
mizsiles will probably lead the USSH to de-
velop a longer range crulse-type system. A
supersonic missile capable of carrying a 3,000-
pound payload to o maximum range of 1,000
nm. could probably be operational in 1582
As with the 500 nom, missile, CEP's would
vary considerably with the type of guidance
emploved,

Earth Sctellite

80, In April 1855, the TSSH anncunced the
fermation of the Permanent Interagency Com-
mizsion for Interplanetary Communications,
There is ather evidence indicating the exist-
ence of this commission at least as early as
the fall of 1954. The public announcement
was the first offfcial indication that the USSR
was actively engaged on problems assoeiated
with the launching and orbiting of earth sat.
eflite vehicles. The six commission members
named are among the leading Soviet sclen-
tists; their competence in such flelds as astro-
physics and nuclear research is internationally
Tecognized. One of the fAcst taslks of this come-

mission was stated {0 be the organization of
work far the creation of an "automatic™ lab-
oratory for scientific research of outer space.
Sinee late 1055, numerous unoffieial state-
ments have been attributed to Soviet sciens
tists concerning Soviet intentions to launch
satellites during the Internaticnal Geophys-
ieal Year (I July 1957 to 31 December 1958,
In September 1968, the Soviet IGY Commitios
anncunced its intention to participate in the
IGY rocket and earth satellite programs. No
detailed program was submitied, however.

91. The USSR will probably make & major
effart to be the first countiry to orbit an earth
satellite, On the basis of estimated Saviet
puided missile capahilities, we believe that
the USSER possesses the basic techndcal ca-
pabilities, skills, and other resources required
to develop, bulld, and orbit an unmanned
satellite vehicle, The sueccessful orbiting of
& satellitg vehicle requires selutions for many
of the selentifle and technleal problems
encountered in the development of long-
range balllstic missiles, except for the re-entry
problem, and with the added requirement for
& small, long-life power supply. We beligve
that the USSR has the capabllity of orbiting,
inn 1957, a satellite vehiele which could acguire
scientific information and data of limited mili-
tary value. A satellife vehicle possessing sub-
stantial reconnalssance capabilities of militery
value could probably be orbited in the period
1983—65.

Specialized Missiles

92, We consider that, during the period of
thizs estimate, it will be within Soviet capa-
bilities to develop speciallzed missiles for em-
ployment as decoys and antiradar weapons.
We have not estimated specific Soviet pro-
grams among the wide range of possibilities
in these flelds. However, we believe that some
of the air-to-surface misslles described in the
preceding paragraphs could be modified to
nome on ground radars, and that a pertion of
the air-to-surface missile production estimated
in Annex A might comprizse these antiradar
‘NEEF‘EIIB.
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ANMEX A

A POSSIBLE SOVIET GUIDED MISSILE OPERATIOMAL AND
PRODUCTION PROGRAM

1, The program ocutlined in this Annex can-
not be taken as the most likely or the prob-
able Soviet program. We present it as only
A passible program, bot one which is both
feasible and reasonable,t ;

l. POSSIELE PROGRAM

2. We have direct evidence of the series pro-
ducticn and operational deployment of only
one of the 24 missile types discussed in Sec-

it Is the view of the Director of Intelligence,
USAF, that the number of certaln shorter range
surface-to-surface and shorker range alr-to-sur-
face misgiles projected In this estlmate iz In ex-
cess of any reasopnable productlon In Ught of the
Lemlted avallabliity of nuclear warheads and the
Hinlted requirement for HE and CW warhends,
The number of missilex in these catsgories as
shown i AnfieX A hes been predloated malnly
o the assumptlon that, although the Soviels
recognize the desirability of having a high pre-
portion of nuelsar warheads (ea.§. paragraphs
35 and 37 of Annex A) they would:

(a) Produsge far more of thees missiles than
the number for whizh they could provide any
significant percentage of nuoclear warheads
{paragraph 40 of Anmex A and Table II,
Annex A}

(bt Preduce and use HE or OW warheads
for the bulle of this lapge nurmber of misslles
{eg., paragraphs 37T and 40 of Annex A)

(e} Plan for and be =illing to aceept the
high cost and relatve ineffectlveness of using
a misstle o dellver HE or OW on many mlill-
tary mizslons for which a nuclear warhead 15
hlghly destrable, 1f missiles are to produce
the effects desired.

The Director of Intelliigence, USAF, agress that
the USSR would Indesd satlsfy its requirements
far missiles with HE and OW warheads, Inclad-
Ing reserve stoclks, but beileves that o shortage
of nuelezr mateclals would then Umit the fur-
ther productlon of missiles In thess ocateporles
to the number for which nuzlear warheads eould
be provided.

tion III of the DISCUSSION. We have no
knowledge of the actual Soviel program for
production and employment of missiles during
the next 10 years, and we could reasonably ex-
pect little direct evidence bearing on the prob-
lern. The range of possibilities is wide. In at-
tempting to narrow this range, and to arrive
at & better-defined judgment of the dimen-
sions of the Soviet missile threat which will
canfront the US during the deeade, we pro-
ceeded gs follows: First, we estimated Soviet
military requirements for numbers of missiles
by type, making thiz estimate consistent with
the date at which we believe each type could
be available. These numbers wers then modi-
fied in the Hght of: {2) Ehe estimated avail-
ability of nuclear materiale for warheads,
() the estimated limitaticns of the Soviet
poonomy, &g, of the elestronies and con-
structlion industries; and (¢) an assumed So-
viet desire to plan a reasonably economical
program involving efficlent production and an
expenditure eurve which would not move too
sharply or irregulzarly and thus severely affect
expenditures for other military programs.

3. In considering the numbers of missiles to
be stockpiled, we have been unable to make
definitive estimates of the Soviet view as to
the effectiveness of missiles versus other weap-
ons systems. We have, however, exercized
judgment along the generzl lines indicated
in Section I of the DISCUSSION as to the rel-
ative welght Soviet planners would give to par-
ticular missile types wersus other available
weapans te perform various missions. We do
not believe that Soviet planners would at pres-
ent be capable of realistically evaluating the
effectiveness of their own as-yvet undeveloped
weapans systems. When such evaluations can
ne made, varisus aspects of any currentily
visualized Soviet program will be modified.
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4. This analysis iz predicated upon our basie
estimate that, barring unpredictable techno-
logical or political changes, there will be no
specific war readiness target-date in Soviet
military pregrams through this period. Wa
have therefore not attempted to postulate
what Soviet military planners would judge
necessary fo meet their full requirements for
war readiness, We assume that the USSR
will develop a missile farce in-being consistent
with Soviet judgments as to the effectiveness
of missiles versus other weapons systems, that
it will apportion its efforts according to the
priorities of the various missions, and that it
will stress the development and maintenanee
of production skills, experience, zand facilities
that can be expanded rapidly if necessary.
We have not attempted to define the force in-
being a5 optimum, maximum, or minimuem,
nor have wa attempted to arrive at precise
percentage regquirements for air defense af-
fectiveness or preclse numbers of targets to
be attzcked by missiles )

3, Clearly the following paragraphs cannot
be regarded as deflning the most probable
Soviet accomplishment over 10 years, Thers
~ are far too many doubtful factors entering
into the calculatlons; meoreaver, it is certain
that any 10-year program of missile produc-
tHon envisaged now, whether by the USSE or
by curselves, will be subject to extensive
change as the years go by, We believe, how-
ever, that these paragraphs set forth & pro-
gram which, in the light of our uneertain
knowledge at the present time, 5 not only
possible but is also feasible and reasonzhle

Warheads®

B We have not attempted to estimats pre.
clsely what proportion of the stockpiles of
various missiles would be provided with nu-
clear, HE, or OW warheads where such a
choice would be feasible, We recognize, how-
ever, that the availability of nuclear materizls
will impose limitations on the extent of Soviet
nueclear warhead production during the period
of thiz estimate. In those cases where CEP's
‘See Sectlon IT of thiz Annex, and Annex D (the
atter [n lmited distribution under separats
cdvarl),

and payloads make HE or OW warheads feasi-
ble, we believe the TSSH would preduce such
warheads In sufflclent guantity to meet jtg
requirements for certain specific missions,
without regard to the avallability of nuclear
materials. However, we are unable to deter.
mine whether shortages of nuclear materials
would in fact result in the production of fewear
missiles of eerfain types than estimated here-
in, or in the production of additional HE or
CW warheads, or both.

Surface-to-Air Program
Ground-Launched

T. We estimate that the high priority almost
certainly azsipned to air defenszes generally,
together with the necessity for air defense
weapons compatible with the requirements for
defense apainst high-performance alreraft
and mizsiles, probably pives surface-to-air mis-
sile defenses one of the highest priorities
amang current Seviet military programs.  Ob-
servance of construction of the first of an
estirnated 57 launching sites around Mossow
in 1953, sume five years after the initiation
al a native missila program, tends to confirm
this estimate., Constraction of the MMoscow
launching sites represented a major effort
during the years 1%53-36. On the basiz of
an estimated 80 launchers per site, and on
allocation of four missiles per launcher, the
missile stockpile requirement for the entire
Moscow systern would be about 14,000 mis-
siles. Our estimate that large-scale produc-
tlon of these missiles is under way is sup-
ported by observations in 1955 and 1956 of
four and possibly as many as six factory-type
facilities near the city. These unique and
almost identieal facilities, at present in dif-
ferent stages of completion, appear to be par-
tial fabrication and final assembly plants for
suriace-to-gir misstles. AL one of them, more
than 450 misslle-like obiects were observed in
Geptember 1955,

8. Aside from the information presented
abave, plus some evidence that launching sites
may be under construction near Leningrad,
we have no intelligence on Soviet programs
for the operational emplovment gr pmduc-
tion of surface-to-air mmissiles, We belisgve,
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hewever, that the surface-to-air program will
econtinue to enfoy high priority. We believe
that each surfacs-to-zir system developed by
the USSR will, with relatively minor improve-
menks, possess combat utility for some five
to seven years [ollowing the introduction of
the succeeding system. In this manner, new-
er systems can either supplement older sys-
tems or permit their allocation to less ecriti-
cal static targets or to mobile units for de-
fense of field forces.

9, Soviet military planners undoubtedly view
the defensze of Moscow as being of very high
priority and of critical importanes. They
probably recognize that the curment Moscow
surface-to-air system will satisly their require-
ments for only & few years. Available intelli-
gence indicates that although fhe Moscow
system has the advantage of a very high rate
of fire, it imposes limitations on the sector
covered by individual sites to about 60°,
and a large number of sites are reguired to
provide adeguate all-around coverage, He-
cause of these limitations and the great ex-
pense of the current installation in fixed facil-
ities, we believe the surfzce-to-air missile de-
fense as observed around Moscow to be & spe-
cial case dictated by the special importance
of Moscow Lo the USSR, We believe thal the
Moscow-type surface-to-air defenses as now
constituted and in terms of the level of defense
effort would nat be deployved in any additional
Soviet areas, except possibly Leningrad.

10. To provide surfzce-to-air missile defenses
for other criticzl aress, several alternatives
are open to Soviet planners, For example, a
single ring of sites, comparable to the inner
Moscow ring of 23 sites, could provide a rela-
tively high level of defense at most defended
areas. With the prezent YOYO guidance sys-
tem, we believe that 12 sites would be required
to pive 360° coverage with acceptable overlap.
Om the other hand, we estimate that in 1957
the current systermn could probably be modi-
fied to ineorparate a guidanee system capable
of 360° traverse. Such a system would have
a lower traffic-handling capability, but if
would have the advantage of permitting sub-
division of the large fire-units of 60 launchers
intg smaller units, each with its own guidance
system,

11. We have no intelligence to indieate wheth-
er the USSE will elect to defend a few critical
areas at a high level of defense or, alternative-
1y, a larger number of ateas at a lower level
of defense., In any case, we estimale that a
logical program for the 60,000 11./25 nm. mis-
sile might involve the activation of 150 units
by 1959. This would reguire a stockpile of
zhout 36,000 rnissiles, to be produced in the
period 1955-58.2 ’

12, The low altitude capability estimated for
the 40,000 ft./15 nm. system which could
probably become available in 1938 ¢ would
make it a valuable weapon for augmenting
the defenses of both critical areas and fleld
forces. This low-altitude coverage would prob-
ably be required to supplement the later, more
advanced high-altitude systems as well as the
eurrent 60,000 ft./25 nm. system, The USSE
might thus produce a stockplle of about 22,400
of these missiles in the period 1958-66, and
activate sbout 350 units for their employ-
ment.? A portion would prabably be assigned
to critical static target aress and the remaln-
der, employing mobile launchers, to feld
forces.

13. It is probable that the USSE would desire
to defend & relatively large number of eritical
military installations and industrial areas
with surface-to-nir systermns af the 30,000 £t/
50 nome and 90,000 {57100 nom. types. The
improved characteristics of these systems
wonld permit a reduction in the number of
units assigned to the defense of any given
critical area. We estimate that a total stock-
pile of ahout 80,000 missiles of these two types
might be produced between 1959 and 1963,
and that a total of about 250 units might be
activated * Beginning in about 1958, missiles
of the 60,000 [t./25 nom. type would probably

*Caleulation based on 80 launchers per unit, four
misslles per launcher,

fPea Director of Intelligence, USAF, faatnota Eo
paragraph &2 of the DISCUSSION,

*Caloulalion based on 16 launchers per unlt,
four missiles per launchers, with an allocablon
of 150 unlts to static defense and 200 unlts to
fleld forces.

*Caleulatlon bazed on 00 launchers per unlt, four
mudsstles per Imuncher,
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be phased out of the defenses of critleal areas
and be redeployed to less eritleal areas and
fleld force units.

I14. The numbers of interim antl-ICBM mis-
siles and units which the USSR might have
by 1966 iz conjectural, The USSE might elect
o stockpile several thousand as an ultimate
chjective, the exact number depending upon;
{a) its estimate of the number of US ICBMs
to be countered; (b) its estimate as to the net
effectiveness of the system against ICBM's;
{2) the number of nuclear warheads avall-
able for use in the anti-ICBM role; and (d) its
estimate of the effectiveness of thiz system,
as modified, against high performance hamb-
ers and cruise-type missiles, The uncertain-
ties as to when such a weapon might be
brought te first operational use (1963-66)
preciudes confident numerfeal estimates, On
& tentative basts, we estimate that a reason-
able number of missiles produced threugh
1966 might be 1,000 for use in the anti-ICEM
role, and the number of units about 15.

Shiphorne

15, While the defense of naval surface units
would probably have a lower priarity than the
defense of key land targels, Scoviet planners
would almost certainly recognize that ship-
borne surface-to-air missiles could provide
valuable protestion for the Soviet surface fleet
and decrease its dependence on shore-based
alreraft. Considering these factors together
with the economic cost of such a program,
we believe the USSR might sesk during the
Period of thizs estimate to equip about two-
thirds of its eruisers and about one-sixth of
its destroyer types with surface-to-air missiles.
On the basis of estimated Soviet naval
strength for 1981, and assuming a relatively
constant force after that date, about 24 cruis-
ers and 48 destroyer types might thus be
equipped with surtace-to-air missiles by 1968,
A logleal program mmight be as follows:
{2) equip six eruisers and eight destroyer
types with 40,000 ft./15 nom. shipborne misg-

"All caleulations based on four launchers per
criftser and bwo lzsunchess per destroyer type,
with an allowance of 30 missiles per launcher
and a small allowance for reserva,

siles, producing a stockpile of 1,500 such mis-
siles between 1958 and 1961; 7 (b later, equip
24 eruisers, including the six above, with
E0,000 1650 nm. shipborne missiles, pro-
ducing a stockpile of 3,000 such missiles be-
tween 1860 and 1968; (¢) equip an additional
40 destroyers with the 40,000 f£./15 r.m, mis-
siles (including those withdrawn from the
ariginal six eruisers), the convarsion of these
destroyers and production of an additional
2,500 missiles to be aceomplished by 1868,

16, Warheads., Nueclear warheads could be
employed in any of the surface-to-air missile
types estimated for the period except the
40,000 [£./15 nm. types. While the small
CEF's of most surface-to-air missile types
would make HE warheads satisfactory, we
estimate that the USSR would inelude nuclear
warheads in some of these missiles, Such war-
heads would be mandatory for anti-TCBMs.

17, Ceost. The ground-launched surface-to-
alr programs, involving the activation of
about 750 static and mobile units and produe-
tion of a stockpile of zome 120,000 missiles,
would cost an estimated 36 billion 1955 dollars
in Investment and operating expenditures
through 1966. This represents about one-half
of the dollar eost of the over-all missile pro-
gram set forth in this Annex, and itz dellar
allocation iz more than three times that of
any other single catepory of missiles. The
shipborne surface-to-air programs would en-
tail investment and operating costs amount-
ing to seven billion dollzrs, or about 10 per-
cent of the over-all mizgile program.®

Alr-to-Ajr Program

18. We have no evidence of any Soviet pro-
gram for the operational employment or pro-
duction of alr-to-air missiles, but we believe
that such a program has probably enjoyed a
high initial priority as part of the owver-all
Soviet air defense effort. The Soviet air-to-
alr missiles which we estimate will probably
be availabie during the first half of the period
have several advantages which tend to coun-
teract their guidance and payload limitations.

"For detalls of the estimated costz of the cntlre
mlzslle program, see Sectlon IIT of this Annex
All dollar cosls presented Inm this estimate are
In 1955 doilars.
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These include: (a) their relatively cheap unit
cost; (B) the availability of large numbers of
fighter aircraft as carriers; and (c) their abil-
ity Lo improve flghter kill eapabilities, Con-
current surface-to-ajr and air-to-air programs
are justified during much of the period be-
cause of their complementary relationships.
We believe, however, that late in the period
the contribution of air-to-zir missiles to the

over-all Soviet air defense effort will probably -

decreaze s the nature of the threat evolves.

15, We estimate that the USSR will continue
to maintain about 5300 fighter aircraft in
cperational units through at least 1961, As-
suming an initial program to equip about one-
fourth of these fighters with the corrently
available 2-3 num./good-weather air-fo-air
missile, 4 ztockpile of about 20,000 missiles
might be produced by 1958.* Soviel planners
would probably consider this ale-te-air sys-
tem az an interim measure only, to be sap-
plemented by the & n.m./all-weather air-to-air
system which we esiimaie could prebably be
available in 1958, A Soviet program for this
mizeile might involve full equipment of the
4,800 Soviet all-weather fighters estimated for
19831, Thus a stockpile of about 55,000 such
missiles might be produced between 1558 and
1561t

20, Soviet preduction of the 15-20 nom. air-
to-afr missile, which could probably first be
available in 1960, would probably be limited
by the actual or impending threat of attack
by cruise-type and ballistic missiles. How-
ever, sinee the 15-20 nom. missile could earry
& 130-pound payload, three times that of the
i num. air-to-air missile and capable of em-
ploying nuclear as well as HE warheads, we
belisve some production would probably be
underfaken. As a tentative figure only, we
estimate that some 7,000 such missiles might
be produced between 1260 and 1983,

21. Cogt. The air-to-air programs described
would entail an Investment and operating cost
amounting to about seven billion dollars, or 10

"= Calenlations based on four misslles per alreraft
per sortle, with suffcient 2-3 nen, misslles avall-
able for two sortles per alrcraft and sufclent
& n.m, missties for three sortles per alrerafl,

percent of the total cost. The entire alr de-
fense missile program, inecluding surface-to-
alir and sir-to-air missiles of all types, com-
prises approximately T0 percent of the deblar
cost of the over-all Sovicl missile program set
forth in this Annex.

Air-to-Surface Program

22, While there is considerable evidence to in-
dicate Soviet interest in air-to-surface missiles
and we believe that one type has reached at
least final fiight test stage, there iz no evi-
dence of Soviet series production in this mis-
sile category. Our belief that such a program
would probably be undertaken rests primarily
on two factors: (a) Soviel planners probalbly
pstimmate that they face a serions threat from
7S and Allied carrier task forces and that the
capabilities of these task forces to defend
themselves against close-in attacks by air-
craft are already high and will continue to
improve, and {b) they probably estimate that
as the perlod adwvances, the capabilities of
their own bombers to penetrate the defenses
of key Western land targets will materially
decrease.

23, Until 1961, the air-to-surfzce missiles
avaliable to the USSR will probably be thase
designed primarily s antiship weapons, A
Soviet program for thess missiles might be
as follows: (a) on an interim basis, produce
by 1958 a stockpile of about 1,000 ** subsonic
alr-to-surface missiles, of which the majority
might be 55 nm. missiles of 8-10,000 pounds
gross weight, and a portion might be 20 num.
mizsiles of 63,000 pounds gross weight]
{b) replace this stockpile with the supersonic
55 nun. missiles which eould probably be
available in 1958, producing a stockpile of
1,000 by 19680, Such a program eould pro-
vide air-to-surface missiles for employment by
300 or more aircraft,'® most of which would
be of medivm bomber or larger types. Some
55 n.m. missiles could be employed against

“The Director of Intelllgences, USAF, bellevwes thal
the nuombers of shorter range air-to-surface
missiles shown here are excesslye. See hls foot-
note to paragraph L of this Annex,

2 Caleulablon based on one mizlle per alrerail
per sortle, with suMielant misslles for three
sorkles per alrerafl,
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lznd targets, although the guidance system
estimated for these missiles would limit their
employment Lo isolated and well-defined radar
targets and the short range would also limit
thelr utilization. HE warheads would prob-
ably be satisfactory for emplovment against
single ships, but nuclear warheads would be
employed against land targets and ship con-
cenirations,

24. The supersonic 100 nm, missile of 11,000
pounds gross welght, which could probably
be available in 1961, would inerease the capa-
bilities of manned heavy bombers to attack
well-defended land targets, and eould decrease
the vulnerability of these aircraft. A Soviet
program for these missiles might invelve pro-
duetion of a stockpile of about 1,000 by 1966.
Because of their CEP's payloads and prob-
able cmployment, these missiles would require
nuelesr warheads,

Surface-to-Surface Program
Ground-Launched

25, Information from returned German per-
sonnel, as well as the large-scale testing of
ballistic missiles in the USSR, indicate that
at least experimental gr pilat-line production
has been under way for six to eight pears,
and that thers must be at least one major
assembly facility eommitted to such produc-
tion.®  Qther than this circumstantial evi-
dence, we have no knowledge of any Sovict
Program for the production or operational
employment of ground-launched surface-tg-
surface missiles,

26, In estimabing possible Soviet stockpiles
for ground-launched surface-to-surface mis-
siles, we have considered the different priori-
ties the USSR would probably assign to mis-
siles for augmenting or replacing other weap-
ons systems in the tactical support, peripheral
attack, anrd intercontinental attack roles, B
and welghed these priorities against the re-
quirement for economy in expenditure and
In utitization of nuclear materizls. While we
have generally equated the stockpiles of cer-
tain missiles to numbers of operational units

o See Annex © (Limited distribution woder sepa-
rate cover),

*aa zet focth in Sectlon [ of the DISCUSSION.

and targets to be attacked, the stockpiles
themselves were not derived by any precise
calculation of these factors. The stockplles
reprezent & time-phased program deslpned
ta achieve a reasonable degree of readiness
and an expandable production capability,
This we have done in the bellef that Sowviet
planners must make contingent decisions
when technology and doctrine are changing

~rapidly and comparative evaluation of com-

peting weapons systems is not clear-cut.

21. Short-Ranges Ballistic Missiles fup fo 350
ft.m, range)

a. Because of its relatively low priority
within the missile program, & produstion pro-
gram for 75 num. ballistic missiles would prob-
ably be phased ever a falrly long perled. A
stockpile of about 8,000 ** such misstles might
be produced between 1954 and 1080, with
siress on maintaining an expandable produc-
tion capability. This stockpile could equip
about 90 missiles units.?® The estimated
1200-fcot CEP of this riseile would permit
use of nuclear, HE, or CW warheads apainst
appropriate targets.

b On the same basis, a stoekpile of about
2,000 ** balllstic missiles of 175-200 num. range
might be produced bebween 1954 and 1960
This stockpile could support about 30 units.
A basic requirement exists for nuclear war-
heads. The estimated 1954 CEP of 1-2 nm.
wauld probably preciude the wuse of HE but
not CW warheads, and would limit employ-
ment of these missiles to static targets. With
a CEFP imgproved ta 2,000 feet by 195557,
the use of HE would be feasible for some
cperations.

c. To provide an improved capability for
attack against NATO eor other forces, the
USSR might have produced a stockpile of
about T00 * ballistic missiles of 350 nm. range
between 1954 and 1956 This stockpile could
support about 14 units, ¥ The same warhead

*The Dlrector af Intelligence, USAF, bellevwes that
the numbers of short range surface-to-surface
missiles shawn bhere are excessive, See hiz foat-
note o parsgraph 1 of thls Annex.

" Caleulatlon bazed oo 100 missiles per unib,
assumed by have four launchers each,

" Caleulation based on 54 missiles per upit. Units
assumed to have two launchers each,

Units
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and target limitations would apply as in the
175-200 n.m. missile, exeept that the use of
HE would not be practicable,

28, Ballistic Missiles of 700 nm. and 1,600
n.m- Ranges.  Ballistie missiles of 700 rm.
range could reach much of the Burasian land
mass, Japan, Alaska, and a portion of the
UK from launeching sites within the Sing-
Soviet Blos, IRBMs of 1,600 nm, range could
cover these same targets from more secure
launching sites and could extend the coverage
to include more distant target sreas. While
we have not [ully assessed the number of tar-
gets the USSR might elect to attack by this
means rather than by other weapons systems,
we estimate that the USSR might stockpile
abput 900 of thege missifes. We have as-
sumed that the advantages the USSR could
E2in by acquiring a missils capability in-being
for attack on Western Europe would probably
lead it to preduce the stockpile fairly rapidly,
We have thus alloeated the larger pertlon of
the stockpile to the 700 num. missile becanse
af itz earlier availability, and on this basis
we have assumed z stoekpile of 700 ballistic
missiles of 700 nom. range produced between
1956 and 1980 and a stockplle of 200 IRBMs
produced between 1859 and 1862, Wa Tecog-
nize, however, that the earlier program might
be cut back to allow some inereased prodie-
tion of IREBMs. The CEP's, payload weights,

and probable empleyment of both the 700 nm. |

mizsile and the IREM would require nuclear
warheads, although we de not exelude the
possibillty of OW use with the 700 num. mis-
sile for cccasional special missions,

29, Imtercontinental Ballistic Missiles (5,500
.M. range). We believe that the USSR will
seek to acguire a comsiderable number of
ICEMs with nuclear warheads as rapidly as
possible. In reaching this conclusion we have
considered: (a) the great potential military
value of the ICBEM as compared to competing
Soviet weapons systems, particularly for sur-
prise attack; (b) the military advantage the
USSE could gain if it could acquire a substan-
tial ICEM capability before the U8 had de-
veloped adequate countermersures or similar
forees in-being; (c) the potentlal sconomy
of the ICBM system as cormpared to compet-
Ing weapons systems; and (d) the probable

low initial system reliability and accuracy of
the ICEM. Omn these grounds, a Saviet ICBM
program might include production of a stock-
pile of about 1,000 missiles between 1960 and
1965, **  To provide aecurity and permit rapid
rztes of fre, but at the same time to conserve
investment in facilities, the USSH might em-
ploy about 100 widely dispersed ICEM launch-
ing sites, each with 10 missiles and two
launching pads, although many ather methods
of deployment would be possible,

Shipborne

30. Any of the present Soviet submarine types
could be equipped to carry one or two eruise-
type missiles in topside stowage, and conven-
ticnal-powered or nuclear-powered boats about
the size of the “Z" class could be converted or
constructed fo accommodate four missiles
ezch in internal stowage. While there iz no
evidence to Indicate how many guided missile
submarines the USSR intends to convert or
construct, we estimate that it could now have
about 10 submarines equipped to carry mis-
siles in topside stowage. Its future program
might call for the construction or conversion
of about 30 submarines with internal stowage
by aboutb 1068,

31. We estimate that production of surface-
to-surface crudse-type missiles is probably un-
der way, and that a Soviet produetion pro-
gram might be as follows: (a) to acquire an
mitlal eapabiiity rapidly, produce a stockpile
of 100 missiles with 5300 nm. /subsonic capa-
bilities between 1955 and mid-1857; (b) pro-
duce a stockpile of 150 rissiles with 500 nm./
supersonfe capabilities in the period 1957-
£0; () produce a stockpile of 300 missiles
with 1,000 nom./supersonie capabililiez in the
perlod 1262-64, in part to replace the sub-
sonic missiles and in part to equip submarines
econverted or constructed after 1960, The
CEF's, payload weights, and probable employ-
ment of these missiles would require nuelear
warheads.

*These dates assome flrst operational capablllty
of the ICEM at the earllest probable date (le,
the beginning of 18605, Within range of our
estlmate, however, & Soviet ICBM might not be
operatlonally avaliable until the end of 1981,
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33. The USSR might also adapt 80,000 ft/50
n.m. shipborme surface-to-air missiles to per-
mit their alternative use against surface tar-
gets in appropriate naval roles. The basic
numerical reguirement for sueh missiles is in-
cluded in the shipborme surface-to-alr pro-
gram (paragraph 15 of this Anmex), ’

33. Cost. The estimated Invesiment and oper-
atlonal cost of the entire surface-to-gurface
program iz about 20 billion dollars, or approxd-
mataly 27 percent of the dellar cost of the
over-all missile program,. The included ICBM
program represents about eight percent of the
over-all program. :

Table II, summarizing Section I of thiz An-
ner, baging on page 33.

ll. WARHEAD COMSIDERATIONS AFFECTING
POSSIBLE PROGRAM

Nuclear Warheads

34. The production and operztionzl program
for guided missiles described in Secticn I of
thiz Annex has been assessed in the light of
the estimated avaliabliify of nuclear materials
to the USSR during the peried. '* The aceu-
racy of the assessment is necessarily limited
by the element of uncertalnty in our estimates
af past and future Soviet production of fissfon-
able materials. ® It ls further Umited by cur
inability to determine with any validity the
planned Sovlet allecation of fissionable mate-
rials available for weapons.

35, From the standpoint of destructive effect
alone, a probable Soviet objective would be to
allocate nuclear warheads to a larpe percent-
age of all those missiles for which it is tech-
nically possible to desipn such warheads, It
is highly unlikely that sufficient nuclear mate-

" See NIE 11-2-58, The Soviet Atomie Energy Pro-
Breem, 8 June 1256 (Limited distribationy. This
estimate will be superseded by the forthcoming
HIE 11-2-57,

" The uncertalnty in our estimate of cumulative
Boviet production of U-235 up to the pressnt
probably does not exceed plus or minus 50 per-
cent of the estlmated walue and plutonlum plus
or mlnws 23 percent, The error in our estimates
of futyre productlon s less predletable.

rials will be available during the period of
this estimate to permit such an allocation.

36. We have not made an estimate of the
amount of flsslonable material which the
USSR would allocate to puided missile use.
Nor have we estimated the percentage alloca-
tionn of nuclear warheads to all the various
missiles. However, In order to assess the lim-
itation imposed by the availability of nuclear
materials, we have selected theose missiles
which, because of their probable employment
and/or CEF'S, we believe would be equipped
almost entirely with nuclear warheads, and
have assumed that they would be 100 percent
o equipped:

a. all submarine-launched surface-to-sur-
face misstles (total: 550);

b. all 700 nm. ballistic missiles, TREMs,
and ICBMs (total: 1,800);

¢. all surface-to-gir missiles employed as
anti-ICEMs (total: 1,000};

d. all 100 n.m. air-to-surface missiles {total;
1,000%,

Calculations based on Soviet weapons capa-
bilities show that the USSR eould egquip all
af these missiles with nuelear warheads, by
allocating Llo-the missile program about 55 per-
cent of the U=235 and about 30 percent of the
plutorium which has been estimated in NIE
11-2-56 to be avallable for weapons on a
cumulative basls through 1588, 2132

37, It is clear that If during this period the
USSR equipped with nuelear warheads the
long-range surface-to-surface ballistic missiles,
submarine-launched missiles, anti-ICBMs, and
long-range air-fo-surface missiles postulated
in thiz Annex, it would have to equip the large

= The Director of Naval Intelllgence did not con-
cur wlth the figures inm NIE 11-2-53 for the estl-
mated produetion of TU-235, and for the estl-
mated preductlon of plutonium after 1959, which
wore used as a basls for the caleulations In this
estlmate. The Director of Naval Intaliigence
belleves the figures to be too hlgh, and that for
plannlhg purposes a more practical magnlbude
of cumulative gquantities of U-236 would be in
a mange below that of the mines 50 percent lower
Umit af the estimales In NTE 11-2-58,

= For further defalls, see Annex D (Limited dls-
tribution under zeparabe coverl.
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majority of its other missiles with non-nuclear
warheads. However, it would he highly desir.
able and most probable that some percentage
of other missiles, partlcularly surface-to-air
and shorter range air-to-surface and surface-
to-surface missiles, would be provided with nu-
clear warneads. We are unahle to postulate
valid percentage allecatlons, and present the
following only for fllusiration: if an addi-
tional 10 percent of the fissionable material ac-
cumulated through 1966 were allocated to
these other missiles categories, about 700 sur-
face-to-air and 500 air-to-surface and surface-
to-surface missile warheads could be provided.
The desirability of providing larger numbers
of these missiles with nuclear warheads is
equally apparent, but thelr competing de-
mands could not be met without redusing the
amount of fissionable materials allocated to
somne other part of the program. For example,
the scale of the surface-to-air missile program
postulated in this Annex is such that the
USSR could not equip a major portion of these
missiles with nuelear warheads, even by utiliz-
ing all the fissionable material available for
WEADINS.

38. There are certain factors, however, which
tend to offset the stringency of nuclear mate-
rials:

d. The UESR could gain some fexdbility of
utilization by developing interchangeanle nu-
clear compenents far certaln weapons systems
employing these components.

b. Through technical advances after 1980
ft will probably Increase the explosive vield
attainable from a given welght of nuclear
materials and the economy of use of these
materlals in individual weapons.

¢. Some missile types could be effective with
ather than nuclear warheads. Moreover, cer-
tain mizstles for which we have assumed 100
percent nuclear warheads might for certain
specific missions achieve acceptable effects
with other types of warheads, or could emplay
nuclear warheads of lower yields than thess
we have assumed for the assessment in this
Annes,

d. Finally, the poasibility cannot be ex.
cluded that the USSR would deliberately plan
to restrict its wartime employment of nuclear

weapans under certain circumstances and in
certaln areas which it planned to gecupy or
exploit, in order to cause the minirmum
amount of physical darmage,

38. Nevertheless, the USSE would face many
difficulties in the alloeation of fssionable rma-
terials to its various weapons systems during
this period. It could mitigate these difficul-
tles by phasing the eguipping of certain mis-
siles with nuclear warheads over a longer
perlod of time, by producing smaller quanti-
Lies of certzin missiles during the pericd of
the estimate, or by deliberately planning on
the extensive use of non-nuclear warheads,
We cannot estimate with confldence what the
USSR will do in this respect, but we helieve
it might adopt some cembinaticn of these
three courses of action.

40, We have not undertaken to estimate the
probable basic Soviet allocation of nuclear
materials as bebtween the gulded missile pro-
gram and other uses, Howewer, we belisve
that within a plausible basic allooation — as-
gumed in this estimate as about 50 percent
for the missile program — the USSR would be
able to equip with nueclear warheads: (a) =
very high propertion of the postulated produc-
tion of missiles for which nuelear warheads
would be regarded a5 essentlal (ie., those fypes
named in paragraph 38 of this Annex); and
{b} 2 much smaller proportion of the postu-
lated production of selected other missile

types.

Chemical Warheads

41. There is no evidence of Soviet develop-
ment of CW warheads for guided missiles.
However, our estimate of Soviet capabilitles
to develop and produce agents and to solve
the problems of dissemination by guided mis-
slles leads us to believe that the USSR sauld
have had tabun (GA) warheads by 1954 and
could have had garin (GB) warheads by 1956,
Active Soviet military interest in CW is shown
by the extent of their CW organization, the
widespread issue of chemical defensive equip-
ment, the extent of their training pro-
gram for CW defense, and the statements of
Soviet leaders. The USER would probably
consider CW warheads desirable for ecertain
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specific purposes: for attack on personnel in
the open; for employment against personnel
in areas where the USSR would wish to hold
physical destruction to a minlmum; and pos-
sibly for psychological effect.

42. On the basis of our estimates of Soviet
CW agents available, missile warhead welghts,
and Soviet capability to develop the necessary
raunitions, we believe the USSR could achleve
with GB agents a 50 percent casualty effect
against unprotected persomne! in the open
aver the following areas: #

Warhead Clazs Area Radlus of Effects
2,000 b, 1.3 5q. ml, 3,300 18,
4,000 b, 3.0 s mb, 5,100 &,
6,000 Lk, 8.0 5. ml. B 400 15,

43, We estimate that the USSE eould prob-.

ably develop and emplay "V agents in guided
missiles by 1960, This date is predicated on
Soviet sclution of the problem of generating
& proper aerosol for dispersal of the “V* agent
Reeenit Intellipance Indicates that the Soviats
have made substantial progress in aerosol
generztion, although no evidence is available
to indicate its application te the dissemina-
tion of OW agents by puided missiles. Tse of
WV agents, far more foxic than the “G™ series,
would enable the USSR to obfaln area cover-
ages approximately three times as great as
those shown for the "G series.

Biological Worheads

44, We estimate that antipersonnel BW agents
which could now be available to the USSR are
bruecella, tularenss, anthracis, and pestis, The
reans emploved for CW disperszl by guided
missites could also be used for BW.

45, The use of antipersonnel BW agents would
be profitable only in situztions where delayed
casualties are acceptable, Other than this,
the advantages of using these agents in
guided missile warheads would be genercally
simflar to these of CW. However, greater

mEin determining area coverape, favorable con-

ditlonz fer agent disseminabtlon are assumed.
Soviel GA would be slightly less effectlve than
GH.

gquantities of BW agents could be dissemi-
nated over even wider areas by clandestine
delivery and other means than by guided
missiles.

46. We estimate that the USSHE could also
have certain antierop and antilivestock agents
which could be used in guided missiles.

. ECONOMIC IMPLICATIONS OF
POSSIBLE PROGRAM

Costing Methods and Limitations

47, The problem of estimating the costs of a
Soviet guided missile program for a peried
extending 10 years into the future has many
limitations, Because neither the US nor the
USSH has hed sufficient experience in the
production of these new weapons systems,
costs ealeulated at present cannot be con-
sidered a5 accurate estimates of the actual
fature coste of producing and operating the
puided missile systems postulated. They are,
however, adeguate for distinguishing the
economic differences bDetween one missile sys-
temm proposal and another. They ars the
type of estimates used by the US in plan-
ning its future missile programs and are sim-
flar in nature and reliability to those which
might be used by Soviet planners in making
decisions asbout their own future programs.

48, In the abssnce of frm data on Soviet mis-
sile characteristics, production metheds, and
cost of component parts, the program has
heen costed in dellars, using Kacwmn or esti-
mated production costs for the nearest US
countetparts of the missile systems under con-
sideration. Almost all the data employed re-
flect planning cests supplied by the US mill-
tary services responsible for the various TS
counterpart missiles. These data have been
applied to the stockpile levels and time sched-
ules stipulated in Section I of this Annex,
using analytical I!:Il'l:lttdl:ll‘ﬁ consistent with
standard weapons syslems cost analyses.
Ruble costs have been derived by applying
known or estimated ruble-doflar ratios, 3

® Bor purposes of analybleal canvenlence, all dalb-
lar costs used In this estimate are calewlated
Ln 12455 dollars; all cuble costs are In 1851 rubles.
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48, Beeause it is necessary to know the direc-
tion of any blas in the estimated costs of the
brogram, it was decided that where there was
& cholce of militarily acceptable approaches
with differing costs, the one with the lower
cost would be used. This type of choice was
made on economie grounds, without further
censideration of the relative military effective-
ness or vulnerability of the costed system as
opposed to others. Other decisions also made
the estimated costs somewhat lower than they
might astually be. Certain iterns necessary
to the operation of the various guided miesila
systems have not been included in the cost
caleulations because they were not eonsid-
ered exclusively guided missile items. Among
these exclusions are the costs of esrly warn-
Ing and ground control intercept systems and
the costs of aireraft and naval vessels which
carry missiles. The costs of nuclear warheads
were not ineluded.  Alse specifically excluded
from the estimated totals are investment in
Plants and industrizl equipment to preduce
missiles, and expenditures on research and
development. Al these factors tend to Eive
the over-all estimate of the cost of the postu-
lated missile program a severe downward bias,
and it should be considered a5 a minimum fig-
ure. Our best judgment of the degree of
downward bias for the items which were in-
cluded in the costs Is thal it s not greater
than 20 percent and more likely falls between
five and 15 percent.

Cost of Program

3. The program for the production and op-
erational employrnent of pulded missiles, as
deseribed in this Annex, would be a large and
costly one. ‘We estimate, however, that such
a program 15 within the economic capabili-
ties of the USSR, zlthough it would necessi-
tate an Increasingly heavy economic alloca-
tion through at least 1961, The pregram
would ineur an aggregate cost of aboub 73
billlon (1985) dollars, or about 400 billion
(1%51) rubles, during the lé-year period from
1853 through 19668, The aggregate dollar out-
lay for this program iz apportioned among
broad eategories of missiles approximately as
fallows: total alr defense program ({including
all surface-to-air and air-to-air systems), 70

percent; total ground-lavnched surface-to-sur-
face program, 25 percent; air-to-surface pro-
gram, 2 percent; submarine-launched surface-
to-surface program, 3 percent. The ground-
launched surface-to-air program would incur
by far the largest dollar outlay of any single
category, comprising about 50 percent of the
total. The ICEM program would comprise
about efght percent of the total dollar outlay,
{See Figure 1.) .

Sl. For purposes of analysis, the agpregate
costa of the program have beeh broken down
into broad areas termed “initial investrnent
costs”™ and “annual eperating costs. 2 Indol-
lars, Investment costs through the period rep-
resent about 44 percent of the aggrepate cost
of the program, with operating costs repre-
senting about 56 percent. (Ses Fipure 2.3

52, The pestulated program results in a fais-
ly smooth but rapldly rising eost curve. An-
nual gutlays in dollars rise from 0.5 hillion
in 1954 to 5.2 hillion in 1959, and then rise
snarply to about § billien in 1960, with
annual expenditures ranging between 7.4 and
9.4 billion for the remainder of the period.
Considering the entire peried, sbout 20 per-
cent of the total dollar cutlay waould be in-
curred through 1859 and absut 80 percent
netween 1960 end 1966, The nature of the
economic burden also shifts drastically from
investment to operating costs as the period
progresses. By 1968, nearly seven billicn dol-
lars per year are required to operate and maln-
tain the missile systems which have besn de-
veloped and produced during the period. (Ses
Figure 3.)

="Imitial Investment costs” are thase one-time
costs Incurred in preduclhg and activating a
partleular mlsstle system, ineludlng mlssilea, in-
stailations, guldanes and special equipment, or-
ganlzational eguipment, loltial personns! train-
Imp. and iransportation. “Annual operating
costs” are those additlonal recurring expenses
Ingurred In the gperation and maintenance of
the equipment and personnel, insludlng maln-
tenance of Ipstallabions and equipment, missiles
fired for proficlency and festr, porsomnesl pay,
allowances and subsstence, and support com-
mand. Nelther “Inltlal Iovestment eosts® nor
"annual aperating costs” talke Ints neeount those
excluded costs feotors dessribed In paragraph
4% of this Annex,
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83, The cost of the missiles themselves is
only a partial measure of the economic map-
nitude of the missile program. Missiles and
spare parts would account for only 25-30 per-
cent of the dollar outlay for ezch missile sys-
tem, while the major part of the outlay would
be for associated equipment, facilities, and
personnel. Therefore, changes in the organi-
zational structure and method of deployment
described in Section I of this Annex would
have a proportionally greater effect on the
total cost of the program than would changes
in the size of the missile stockplles to be pro-
duced. The ICEM program provides a strilk-
ing example of this phencmenon, We have
postulated a stockplle of 1,000 ICBMs de-
ployed an 100 sites (10 per gite). However, if
the same stockpile were deployed on the basis
of one ICEM per site, the presently estimated
cost would be increased by =z faclor of
gbout 10,

54, In conjunction with earlier estimates of
Soviet military expendifures through 1961,
presented in Appendix B of NIE 11-4-56, the
effects of the possible missile program on
tatal Soviet defense spending can be roughly
determined. Assuming that the total mili-
tary expenditures estimated in NIE 11-4-56
would not change, the missile program's share
would rise from some two pereent in 1954 ta
about 24 pereent in 1961, and would reguire
some reduetion in the nonmissile expendi-
tures. If, however, the nonmissile expendi-
tures remained as estimated, the addition of
this mizsile program would reguire nereases
in over-all milltary expenditures, reaching as
much as 17 percent in 1961,

Impact on Electronics Industry

88, While the demands of the missile program
o the Soviet electronics Industry would be
quite heavy, we estimate that the program is

within the prowing capabilities of that in-
dustry. As indicated In the DISCUSSION,
the estimated capaciiy of the Soviet electron-
fes Industry will probably Limit its ability to
support a varied and extensive missile pro-
gram and also meet the competing demands
of other Soviet military and essential non-
mititary programs until about 1858. The miz-
sile program deseribed in this Annex places
itz heaviest demands upon the electronics
industry im the years after 1859, For ex-
ample, roughly 20-25 percent of the estimated
dollar value of Soviet electronics output would
have had o be allocated to the missile pro-
gram in 1855 and Im 1856, This allocation
would rise to roughly 30-35 percent In 1560,
These percentages take Into account the large
increase in the total value of electronics out-
put czlled for in the 3ixth Five-Year Plan.
Assuming that approximately two-thirds of
the dollar valae of annual elestronics output
continues fto be allocated to military pro-
grams, the missile program would require
somewhat over hall the military electronics
zllpcation for 1960,

Research and Development Costs

§§. Limited data, baszed on TS experience, pro-
vides some measure of the research and de-
velopment costg which would be incurred in
a national missile program of the magnitude
estimated in Section ITT of the DISCUSSION.
We have not Included such costs in our aggre-
gate figures for the pericd becaunse we have
o basis for determining B and D costs charge-
able to the development of those miszsile sys-
termns which would not materialize until after
1966, As an indieation of probable R and D
costs in the early years, we estisnate that such
costs would have climbed from about one
billion dollars in 1933 to a peak of ahout L7
billion in 1957,
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FIGURE 1

‘Tofal Cost of Posslble Misslle Program, 1953-1000
By Category ol I‘rﬂaalfle

Billlons Billlens
of 1955 Per- of 1951 Per-
Dgllacs  eemt Rubles cant

Surface-to-alr, -
Oround-Launched 358 40.4 194.1 133

Surfaca-ta-ale,

Shipborna T4 102 42,4 10.8
Alr-to-Alr 73 10k 44.2 1Ll
Alr-to-Surface a4 i3 141 3.5
Surface-to-Surface, .

Ground-Launched

{up to and inelud-

Ing 700 nim.) 10,0 13.3 44.9 12.5
Burface~to-Surface,

Submarine-

Launcheed 11 3.0 111 2.8
IREM 13 1.3 5.9 LT
ICHM Al .4 3318 8.5

72,5 1na 398.3 1000

FIGURE 2
Total Imvestment and O tlevg Costa
of Pesslble Missile Program
19531980
By Category of Mlsslles
Inittal
B:'I'EB:— -
a
gn?u Coatsa Total
[Bflions of 1655 Doilara)
face-to-Alr,
S reund Launched 155 20.3 353
Surf to-Alr,
ah?;ﬁ:m . 1.8 3.8 T
Alr-to-Alr 32 4.1 T3
Alr=to-Surface La Lo 4

Surface-to-Suriace,
CGround-Lawnshed
(up to and inclad-

Ing 700 nra) az a3 bl ]

- urliace
B e Launthed 10 12 23
IRBM 04 0.9 13
ICEM 32 2.9 8.1
LT 40.8 25
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ANMMEX B

SOVIET SCIENTIFIC AND TECHNICAL RESOURCES
FOR THE DEVELOPMENT OF GUIDED MISSILES

L BASIC SCIENTIFIC CAPABILITIES
Seientiflc and Technical Persomnel !

1. The rising general level of Soviet technical
ability and the rapidly inereasing number of
Soviet scienkists and enginesers provide the
manpower potential necessary to stad a very
extensive guided missile program, Although
total Soviet seientifie resources remadn smaller
than those of the US, and assets of the Sino-
Soviet Bloe far smaller than those of the
West, the USSE has been able to achieve near
parity with the U8 in areas of eritical military
and industrial significance, We estimate that
the TS8R as of mid-1056 had about 1,550,000
university graduates in sclentifie and techni-
cal flelds, of which about 765,000 were actual-
ly emplayed in the physiczl sclences and en-
gineering. If present trends continue, by
1961 the USSR could have 1,240,000 graduates
employed In the physical sciences and engi-
neering. While we knew that in peneral the
Sovlet scientific effort has been foeussed pre-
ponderantly on the building of a strong in-
dustrial base and the development of moedern
weapons, to the relative neglect of other flelds,
we have no firm evidence of the number of
Soviet scientists and technlelans working in
the guided missile program.

2. The guality of Soviet scientiflc and tech-
nical personnel can be measured in flelds
other than pulded missiles by evidence indl-
cating striking progress over the past few
¥ears in such important fields as nuclear phys-
ies, geophysics, high-speed digltal computers,
high-temperature alloys, and the theory of
automation. In basic research in mathe-
maties and in many felds of physics and
chermistry, the gquality of the Soviet work is
judged to be about equal to that of the US,

'See NIE 11-8-58, Crpabilltles and Trends of So-
¥let Sclonee and Technelogy, 8 Cclober 1956,

In the missile feld itself, the quality of Soviet
personnel ls revealed not enty by known Soviet
successes in developing surface-to-surface and
surface-to-alr missiles, but also by indicetions
that by 1948 they were beginning to proceed
with native development of missile compo-
nents, independent of German missile experts,

3. Reseorch Egquipment. Although complex
research instruments throughout the Soviet
sclentific program are probably in shorter sup-
ply thax in the US, rezearch and development
pregrams of major Impertance, such as guided
misziles, will probably be hampered  only
slightly by shortages or nonavailability of sel-
entific instruments and equipment. Predict-
ed Soviet advances by 15961 in electromics,
which is basic to instrumentation, will prob-
ably permit the USSR to achieve near equality
with the U8 in research instruments at that
time.

4. Materials. We know of no shortage of basic
materials required by the missile development
program described in thiz estimate. Even
though our information iz practically non-
existent regarding speciflc applieation of ma-
terials to the guided missile program, the

-ebility demonstrated by the USSR in develop-

Ing unique materials for special application in
other programs of complex nature leads wus
to conelude that matertals for missiles will al-
most certainly not be unduly restrictive.

1. AVAILABILITY OF TECHMICAL KMOWL-
EDGE FROM FOREIGM SOURCES

9. Exploitation of the German Mispile Pro-
gram. At the close of World War II the USSR
initiated a thorough and systematic exploita-
tion of German puided missile personnel, fa-
cilities, and equipment. They obtained four
general results: (a) the acquisition of opera-
tional and prototype rnissiles, research and
production facilities and equipment, and ap-
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proximately 400 German mizsile specialists;
(b} completed studies of German achieve-
ments prior to 1946; (o) the familarization of
Sovlet personnel with German techniques of
research, development, testing, and predue-
tion of missiles and components; and (d) fur-
ther technical studies and Yirnited hardware
development performed by German selentlsts
We believe that the Soviet exploitztion pro-
gpram was an effort to acquire equipment and
techniques in which the USSR had little or
no experience. As a result of the foregoing
exploitation, the Soviet personnel apparently
acquired & thorough and valuable familiarity
with the German program, and we believe
that by 1948 the USSR had ralsed the level
of its guided missile knowledge to that which
had existed in Germany ai the cloge of Werld
War II. The repatriation ef the German mis-
sile speclalists began in 1950 and continned
through 1833, with the excepilon of about
100 guidance and control speclalists, some of
wham have recently been repatriated, We
believe, beczuse of the delinerate separation
of the Germans from the Soviet native ris-
sile program, that the German exploitzation
was utilized primarily for training, familizri-
zation, comparigon, and supplementary ex-
ploration.

G. Availabiify of US Data. A significant
amount of potentially valuzble knowledgs on
puided missiles and earth satellites has been,
and is continuing to be, made available to the
USSR in the form of unclassified Western
publications. A definitive assessment of its
value to the Soviet research and development
program cannot be made. We do mow, how-
ever, that enough unclassified Infarmation is
available to provide the USSR with a rela-
tively clear and accurate picture of the nature
and extent of the US guided missile program,
including relative priorities of systems and
categories, developmental status, certain per-
formance characteristics, and time schedules.
While we cannot determine the degres of So-
viet success in covert colleetion of informa-
tion on foreign gulded missile developments,
we know of numerous instances during the
past two years where the USSR has indicated
through covert activitles an interest in ac-
gquiring data on U2 missiles, particularly on

alr-to-alr missiles, and missile electrondes.
There are no known instances of Soviel tech-
nieal collection systems being specifieally di-
rected at, or developed for use against, US
guided missile installations or facilities, al-
thoeugh we believe that such surveillance iz
well within Soviet capabilities, Soviet interest
in foreign missile programs iz further atiested
by the fact that, in addition to their normat
selentifie transiation and disseminzation serv-
ices, the USSR in 1950 hegan publication of
the journal, *Problems of Rocket Techniques.”
This journal, publication of which has con-
tinued at least to mid-1%56, contains transla-
tions of non-Soviet articles on guided missiles,
earth satellites, and related subjects,

[ ORGAMIZATION AWND COMTROL OF THE
SOVIET GUIDED MISSILE PROGRAM

COver-All Coardination and Cantrol

T, The Soviet missile research and develap-
ment program is conducted within the exist-
ing framework of ministerial functions and
responsibiilties. In 1847, over-all supervislon
and administration of the program was re-
liably reported to have been vested in a Spe-
cial Committee of the Couneil of Ministers,
which made policy and planning decisions.
There iz insufficient evidence to detsrmine
whether this Special Committee has been
continued to the present. In addition, a
Selentific and Technical Council (NTS) was
described by = returned German selentlst as
the highest technical authority cn puided mis-
siles, with power to review Soviet-initiated
German missile desipn proposals and to deter-
mine whether they should be continued into
the development stage. The membership af
the NTS was composed of military personnel,
civilian research and development personnei,
and scientiflc personnel from the Academy of
Seiences, and was chaired by the Director of
MNII 88, the principal kmown guided missile
installetion under the Ministry of Defense
Industry. Whether the NTS was set up sole-
Iy to direct the German activity or whether
it also had an active part in the native pro-
gram iz not known, Information on the ae-
tivities of the NTS does not exist later than
1949,
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8. Despite the lack of current intelligence
identifying a top authorlty for the entire So-
viet missile program, we balieve a program of
such magnitude and complexity would require
high-level centralized control. Soviet de-
fectors have speeulated that any high-level
Soviet missile authority would inelude repre-
sentatives of the military, the government,
and the Party. Thus, such an anthority might
inelude representatives of the Ministry of De-
fense, the Couneil of Ministers (ineluding its
Academy of Sciences), and the military direc-
torate of the Party's Central Committes. Al-
though this speculation appears reasanable,
we have no direet evidence of the existence of
such an authaority.

9. We believe that within these ministrles en-
Baged In the missile program, ccordinating
and control groups probably exist at various
levels, For example, it was reliably reported
that at least until abaut 1950 a Seventh Chief
Directorate existed in the Ministry of Defenss
Industry, with over-all respensibility for sur-
face-to-surface and surface-to-air missile de-
velopment.

Crganizations, [nstallations, and
Facilities
1 The following summary ineludes impor-
tant organizations, installations, and facill-
ties known or estimated to be involved In the
Sovlet puided missile research and develop-
ment program, together with brief discussions
of their known or estimated centributions to
the program:

Council of Ministers

11, Special Comimiliee for Guided Mizsile Ac-
tivities: A knowledgesble Soviet defector has
reported on such 2 committes as it existed in
1848, A high-level German returnes has also
reported the existence of such 2 committee,
Mo information ecencerning its activities he-
yond 1949 is avatlabla,

Ministry of Defense Industry

1. Chief Directerate for Guided Mizsile de-
tivifies: A high-level German returnee has re-
ported that a Chief Directorate existed which
Was concerned with research and development

of surface-to-surface and surface-fo-air mis-
slles. No information exists beyond 1950, but
the continued existence of such a Chief Di-
rectorate within the Ministry of Defense In-
dustry to control its missile research, devel-
opment, and produetlon activity is considered
mast likely.

13. Scientific Technical Council (NTS) for
Guided Mispile Research and Development:
The existence during 1947-20 of an NTS con-
cerned with missile design projects worked an
at Scientifle Research Institute (NII) BS has
been reported by German returness. The
known Soviet practice of employing similar
techndeal councils at wvarious levels (Minis-
terial, Dvrectorate, Flant, Institute) for de-
velopments in other military flelds strength-
ens the belief that a missile NTS for the Min-
istry of Defense Industry probably still exdsts,

14, The “88 Complez,” Kaliningrad: This in-
stallation, comprising a plant and a ressarch
institute, is believed to be a major center for
surface-to-surface bhallistic missille ressarch
and development, an activity in which it was
engaged from 1948 to ab least 1954, Surface-
to-air missile research and development was
also conducted ab this installation from 1946
to at least 1250,

15, Branch 1 of Sclentific Ressarch Institute
{(MII} 88, Ostashkov: This large, well-equipped
installation was the major center for exploi-
tztion of some German puided missile special-
ists who were repafriated in 1953-53. Ger-
man efforts were concerned with desigpn stud-
ies of surface-to-surface and surface-to-air
missiles, Certain key faecilities, especially for
liguid rocket propulsion research, are believed
to be still engaged in the guided missile re-
search and development program.

16. Plant 436, Ehimki: Centsr for research
and development of large, liquid-fuel rocket
engines, stafled in part by Germans until
1930, Deslgn work on & 100-metric-ton thruost
engine was conducted here, as well as work
or 25- and 36-metric-ton thirust engines, This
installation is still acltive in the research and
development program.

17, Central Artillery Design Bureaw, Kalinin-

grad:; This installation is probably the lead-
ing Soviet design bureau for new artillery
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weapons. In addition o its rele in deskgn-
ing conventlonal artillery, it Iz believed to
play a central role in the design of surface-lo-
surfmee and surface-to-air missiles,

18, Naval driiliery Central Deszign Bureau,
Leningrad: Personnel of this orgenization
were active In the reconstruetion of German
surface-to-air missiles in Germany during
1545-46, We baolieve thiz buresu would be
the fecal point of any Soviet naval work in
missile developmerts.

19, Design Bureaw (EB) 2, Moscow: German
technicians were involved in the development
of an air-to-surface missile guidance system
from 15946 to mid-1950. Seviet contlnuation
of this project at KB-2 is indicated %o ab
Teast mid-1953, Beginning in 1951, one group
of German specialists warked on o high-pri-
ority Soviet project to develop o new trissdgal
stabilizing system, probably for = surface-to-
surface missile, and this system was flight
tested beiween 1552-53. By 1954 approx-
mately 40 complete gystems were manufae-
tured. In February 1951, another German
group was assigned to a surface-to-alr missile
guidence project. Information on the CGer-
man work on this project correlates with the
characteristics of the Mescow surfacs-to-air
misslle system, German work on this and all
classified projects was terminated by the end
of 1853, While working at KB-2, the Ger-
mans assisted Soviet work on an alr-to-alr
missile project, and reportedly discussed with
Soviet sclentlsts 2 surface-to-surface (shore-
to-ship) missile project.

20. KB-3, Putilovo: Research and develop
ment of an air-to-alr guided missile (Sokol)
was conducted here by German speclalists
from 1946-48. Unpguided solid rocket air-toe
air and surface-to-alr research and develap-
ment has slso been reported. This installa-
tion, believed still to be active in the guided
missile program, is closely associated with the
Sefring test range which adjoins it

21, "Dyatlov's” Institute — NII 24, Moscow:
This installation is reported to have conducted
native Soviet development of air-to-air missile
designs parallel to the Germnan activity at
EB-3. Dyatlov's Institute is possibly identi-
cal with NIT 24.

22, Plant 303, Krasnogorsk: Hesearch and
development activities here have ineluded
work on the German infrared missile homing
system, Juno, This installation has also in-
dicated a capability for the repair of clne-
theodaolites, essential to test range instrumen-
tation,

23, "Honopler's Institule,” Leningrad: A fa-
cility in Leningrad, assoclated with a selentist
named Henoplev, has reportedly conducted
development work cn ballistie missile guid-
ance systems. Konoplav attended ¥TS meet-
ings at the BE Complex, Kaliningrad, during
124748, when the R-10 design proposals were
reviewed, Konoplev was concerned with B-10
guidanes rmattars,

24, NIT 6, Moseow: Numerous awards o mem-
hers of the staf of this fnstitute indleate a
capability for researsh and development in
the field of solld propellants for rockets and/
or guided missiles. A Soviet scientist from
WII 6 was 2 member of a Commisslon of the
Academy of Avtillery Sciences which was es-
tablished to evoive better colloldal punpowders
for rocket artillery,

25, Plant 604, Moscow: In 1947, Germans re-
constructed V-2 fuzes at thiz plant. The
equipment used was then shipped to “Pishch-
ic’s Institute,” Leningrad, but a eapability for
continued missile fuze development is belleved
still to exist at Plant 604.

46, “Pishchil's I'nstitule,” Leningrad: In 1947,
V-2 fuze assembly equipment was shipped
from Plant 604 to an installation in Lenin-
grad associafed with an engineer named
Pishchik., Supplementary information sug-
gestz that this installation may be either
Flant 521 or a Branch of Central Design Bu-
reau 22 (possibly NIT 22). Centrzl Deslgn Bu-
rean 22 and Plant 521 were active In fuze re-
search and development during World War 11.

37, NIF 13, Leningrad: Mumercis awards to
and publications by members of the staff of
this institute indicate a capahility for research
and development in metallurgy applicable to
heat transfer problems in combustion cham-
bers, or to warhead re-entry problems. This
instituate is specifieally coneerned with metal-
lurgical research, notably in the felds of heat
treatment of metals and nonferrous zlioys.
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Mindstry of Defense

28, Chigf Artillery Directorats, Moscow: This
organization iz responsible for the over-all
supervision and ceardination of research, de-
velopment, and manufacture of artillery and
antiaireraft weapons systems for the Soviet
armed forces. In lis rele as point-of-contact
between the industrial ministries and the Min-
istry aof Defense, the dlrectorate probably
serves af lhe xey organization eocrdinating
military requirements and acceptance testing
with guided missile research and development,

29, Academy of Artillery Soiences, Mogsoouw:
The academy was established in 1946 to tm-
prove and promote artilfery and ordnanee re-
search and development. Its organization ls
similar to that of the Academy of Sciences,
USSR, and it has an unkmown number of
associated research institutes. We believe the
academy has an advisory role in the formula-
tlon of military requirements for guided mis-
slles.

30, Artillery Imstitute, Bolshevor This inst-
tute, possibly subordinate to the Academy
af Artillery Seciences, iz known to have been
concerned with missile puidance and control
research and development in the 1940.51
pericd. During that peried, the Institute was
asssciated with both NIT 88 and NIT 83§,

31. NII of the Afr Forces, Shchelkovo: This
institute is responsible for acceptanca testing
of all new afreraft. A high-lovel defector
has deseribed a directorate of this institute
which was responsible for air-to-alr rockets
and, presumably, missiles. In addition, there
are indications that the institute has conduct-
ed develepmental werk on varlous airborne
WeRDONs systams.

32. Aviation Technical Commission of the Air
Forees, Moseow:' This commission directs all
sclentific matters of eoncern to Soviet air
forces research establishments under the Chisf
Engineer of the air forees. In its role as sel-
entific adviser to the air forces, it examines
all new projects and indicates lines of research
on outstanding aeronautical problems. We
believe, therefore, that this commission par-
ticipates in the planning of research and de-
velopment for those guided missiles to be used
by the air forces.

33, Air Forees Engineering Academy {m. Zhu-
Eovskiy, Mosecw: This academy is the most
important center for the training of serenau-
tical engineers in the USSR, Several mem-
bers of the staff have been definitely associated
with guided missile research and development,
although not necessarily in their rele as pro-
fessors at the academy.

Academy af Sciences

34, Imteragency Commission for Imierplane-
tary Communications: This commiszsion is be-
lieved to be the focal point for research and
development pertinent to the Soviet earth
satellite program. Key members of the staff
are world-recognized anthorities In scientific
fields essential to such an activity,

33, Institute af Aulomatics end Telsmechian-
icg, Moseow: This Institute is the Soviet cen-
ter for fundamental and applied research in
the flelds of automatic regulation, remote con-
trol, telemetry, and nonlinear mechanies, and
lor the development of pneumatic, hydraulic,
and electrical serva systems. It has been
directly associated with missile gpuidance re-
search and development activity at Branch 1
of NII BE.

36, Imstitute of Precision Mechanies and Com-
puter Engineering, Moscow,; This institute is
a center for theorstical investipation and de-
velopment of electronte digital and analogue
computers, and has performed research and
development on electrical and mechanical in-
tegrators, and network and differential ana-
lyzers. In addition, the institute is responsi-
ble for general theoretieal problems of preei-
sion mechanical and electrical systems.

7. Imstituie of Chemical Physice, Moscew:
‘This institute, the eenter for combustion re-
search In the USSR, has condueted much
basle research directly applicable to the devel-
opment of both liguid and solid rocket en-
gines, Other work, as Indicated by open Iit-
erature publications, could have besn in the
theory and development of techniques of
shock-tube (hypersenic) experimentation,

38. Institute of General and Inorganic Chem-
istry, Moscow: This institute has conducted
research in metallurgy, specifically in heat-
resistant alloys, applicable to both rocket en-
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gine components and warhead materials.
Other research has been on oxidants and fuels,
particularly on nitrogen-contalning com-
pounds.

39, Institufe of Mathematics im. Staklov, Mos-
cow This institute s responsible for funda-
mental research in mathematics, It has stud-
fed problems in the statistical theory of fur-
bulent flow, which is directly applicable to the
development of hypersonic conflgurations.

40, Institute of Physics im. Lebedev, Moscog,
This institute, in addition to its work in acous-
ties and dielectries, has given particular atten-
tion to the study of the diffusion of electro-
magnetic radiztion.

Miniztry of Aviation Imdustry

41. Central Aerohydrodynamics Tnatifute
(TsAGI), Romenskoye: This iz the primary
Soviet center for aerodynamic research, This
institute is 2 known participant in the Soviet
gulded missile research and development pro-
gram.  Specifically, it has conduefed wind
tunne! experiments for NIT 33.

42, NIT I, Moscow: Numerous scientists and
enginesrs who were on the staff of this insti-
tute inn 1945 have since appeared in key posi-
tions in guided missile research and develop-
ment centers. Research and development in
the fleld of gas dynamies is believed to be the
major activity of the institute.

43, Flight Test Imstitute, Raménskope; This
installation iz responsible for a1l Minlstry of
Aviation Industry research and development
which requires fight testing. It is believed
that the Institute conduects tests of all air-
barne guided missile weapons systema prior
to their submission to the Ministry of Defense
«for acceptance testing.

44, Erperimental Plant I, Podberezhe: This
was a German exploitation center from 1046
to 1852, Research and development on ¥-1's,
air-to-surface, and possibly surface-to-air mis-
siles was conducted. In addition, this plant
has supplied NII 88 with cigar-shaped fuse-
lages, wings, accelerometers, altimeters, and
other egquipment.

45, Special Design Bureau ¥ of Plant 2, Kuy-
byshev; Germans at this installation conduet-
ed rescarch amd development on automatic
pilots, triaxial gyroscopes, and V-1 steering
mechanisms. During 1548, about 100 stand-
ard V-1 control systems were reportedly over-
hauled.

48, Cenfral Scientific Research Institule of
Aviztion Engines (Ts[AM), Moscow: This in-
stallation is concerned with research and de-
velopment of alreraft engines, Reported fa-
cilities include four rocket engine test stands
and sections dealing with new engine de-
sighs. Support could be provided in the re-
search and development of ramjet and pulse-
jet engines.

47, Central Scientific Research Insfifute of
Avigtion Fuels and Lubricants (TslATIM),
Aozeow: We belleve this institute would con-
tribute to the development of special fusls for
cruize-type missiles and also to the develop-
ment of special lubricants and hydravlie Au-
ids for all types of missiles.

Ministry of Radie-Technical Industry

&8, NIT 585, Navaya: At this installation, Ger-
ans worked on the resonstruction and de-
velopment of & ground guidance system, &
doppler-velocity measuring system and tele-
metering equipment for the ¥-2. A special
branch at Monino worked until 1850 on a
radar-homing head project for a surface-to-
alr missile. Both Soviet and German spe-
pialists from NIL 885 wers at Eapustin ¥ar
in 1947,

45, NII 20, Moscow: German specialists who
visited this installation in the 1946-43 period
have Teported that the Tonne felevision mis-
sile puidance system was under investigation.
A defector report covering the period 1948
to June 1949 indicates that the installation
may have been meved to Funtsevo, southwest
of Moscow, and transferred to the Ministry of
Defense Industiry.

50. NIT 380, Leningrad: This was a German
exploitation center from 1548 to 1952, The
installation is the primary Soviet television
development center. A secret depariment at
Lesnoy reportedly devoted considerable effort
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T-'D_the development of the Tonne television
Euidance systemm for air-to-surface missiles.

31, Unidentified Installation, Qdessa; Military
personnel from an unidentified installation in
Odessa frequently visited the Secret Depart-
ment of NIT 38, The Odessa installation re-
portedly had received one sef of the Tonne
equipment. Subordination of this installa-
tion to the Minisiry of Radio Technieal In-
dustry = conjectural.

52 NIT 108, Moscow:! This inztallation iz be-
lisved to be the major Soviet center for the
regearch and development of radar equip-
ment. On this basis alone, we believe it is
possibly invalved in the development of radar
for missile guldanee systems. The subordi-
nation of this installation has not been weri-
fled.

53. NII 180, Fryasine: This installabion is be-
lisved to be the major Soviet electron tube
design center. As such, it is probably lnvolved
in the developrment of missile electronic guid-
ance equipment.

Ministry of Chemical Industry

54, State Imetifute of Applied Chsmistry
[(GIPER), Leningrod: This installation has
conducted ressareh on propellants, with em-
phasis on amine compounds for uss in hyper-
golic fuels. HResearch on ignition properties
of liguid propellants has also been repocied.
The activitles of this installation have parai-
leled those of the Earpov Institute.

55. Physico-Chemical Imstituie im. Farpou,
Moscow, Germans at this installatlon from
- 1845 to 1243 worked on hypergoille roelket
fuels and hydrogen peroxide oxidizers. This
installation is believed to be part of a com-
plex Including the State Institute of Applied
Chemistry, Plant 94, and the OHA Chemical
Plant, all of which have conducted rockat fuel
research,

56, OKA Chemiecal Plant, Dzerzhinsk: Ger-
mans from the Karpov Institute were trans-
ferred to this installation in 1948 to ecntinue
their propellant research. A pilot plant for
hypergelic fuels, developed at the Karpov In-
stitute, was zent to OKA. Certain specialists

emplayed here were reportedly subordinate to
Plant 4.

57, Plani 84, Moscow, Hypergolic fuels devel-
oped at the Earpov Institute weare sent here
for festing. In addition, certain amines de-
veloped at the Karpov Institute were report-
edly put into pilot production here.

Miniztry of Maochineg and Insirument Bullding

6B, "Keompressor™ Plani, Moscow: Germans
whno were at this installation in 1947 have
reported the development of V-2 type ground
handling equipment.

Mindstry of Heavy Machine Building

89, “Pod'smnik” Plapni, Moscow: It has been
reported that V-2 transperters were under de-
velopment here. This installatiom iz well
equipped to develop such transperters.

Minisiry of Shipbuilding Imdustry

0. NII 49, Leningrad: This installation has
been engaged in the design and limited pro-
duction of conlrol devices, computers, gyro-
scopes, electronic test equipment, radar, and
nigh-frequency apparatus. German speclal-
iste warking here developed computers for
surface-to-air missiles and worked on gyro-
stabilized platforms for inertial putdanees sys-
tems. Wasserfall computers developed here
were tested, possibly at Kapustin Yar, in 1948,
‘This installation may have become one of the
largest Sovlet deslgn instituies when it was
enlarged in 1952

01, Husznelsow's Gyroscope Inslifite, Moseoin!
‘This installation appears to be a central agen-
cy lor gyroscope research and development.
The director, KEummetsov, was in Germany in
1945-46 and at Eapustin Yar in 1847, There
was cloge laisen between this installation and
NWII BB5.

Minisiry of Higher Education

62, Certain installations subordinate to this
ministry, although properly educational instl-
tutions, are believed to conduct limited puided
missile research at the graduate level, Sev-
#ral important puided missile specizlists iden-

tified at key installations in the program have
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glzo been identified with the staffs of cerfain
of these educational institutions,

63. Higher Technical School im. Bauman,
Mozeas: This institution 15 believed to be the
YROT™ of the Soviet Union. A furbine assem-
bly for the 100-metric-ton thrust engine de-
veloped st Plant 456 was reportedly sent here
for testing in 1950,

84, Power Engineering I'nstitute im. Moloton,
Moscow: Ancther large englneerlng school,
this institution possesses several faculties for
subjects pertinent to guided missile research
and development. At a 1950 conference, pa-
pers presented to the Instrument Building
Section of the schoo! were all of possible mis-
sile interest. Particularly, the paper present-
ed by L. I. Tkachev appeared to be a classified
version of his 1249 publication on an inertial
system for missile guidance based on the 84-
minute pendulum prineiple.

63, ftate University im. Lomonosov, Mescow:
Although there is no direct evidence of gulded
miszile activity at this institution, several key
gefentists and engineers of the guided missile
program have been identified on the faculty.

Enown Tes! Faedilies?

G6. Kapustin Yar CGuided Missile Test Range!
Established in 1947, as a missile test range,
Kapustin ¥Yar is the only Identifled surface-
to-surface missile test range in the USSR, It
iz now known to be actively engaged in the
testing of surface-to-surface ballistic misslies,
The sezale of effort involved indicates that HKa-
pustin ¥ar is a most important facility in the
Soviet program.,

Suspect Test Facilities ®

87. Spfrino Test Range (SNIF): This range,
located adjacent to Destgn Bureau 3, is known

to have actively supported the bureau in the
past. On the basis of its limited size and
generzl location, we belleve the range may be
eoneerned with the developmental testing of
surface-to-air gulded missiles only.

68. Barents Seq: There is some Inconclusive
evidence to indicate missile firings in this
area. The location of a range in this area
would be suitable for the shipboard testing of
all types of guided missiles assigned to the
Soviet Wevy and for both environmental and
aperatlonal testing of other raisslle typas.

69, Riga: A facility at Riga is known to have
received specimens of German naval air-to-
surface missiles following World War II. Oth-
er than 1956 reports of a restristed coastal
area in the Riga vieinify, there is no indication
of present missile testing.

T0. Zagorsk: German engineers at NIL 82 de-
signed a statie test facility for large liguid
rocket engines and surveyed a site in this
aren for its construction. Mo confirmation of
its existence s avallable.

Ti. Crimea (Hlaek Sea): Signals intercepted
from the Crimea (Black Sea) area belween
May 1955 and September 1955 and in October
1956 are similar to guidance signals of an air-
to-surface missile puidance system (Komet)
designed &t Design Bureau 2, Moscow. This
comparisan appears valid when considered
with the report that Germans from EB-2 at-
tended tests of this system in the Crimea at
the end of 1851, Testing of surface-to-air
missiles In the Crimea has also been Indicated
by the recent report that the surface-to-air
mmissile praject worked on at KB-2 was taken
to the Crimea for tests beginning in Movernber
1852,

P fucther Information, see Anmex O (Limlted
distribution under seporale coverl.
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