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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 field of guided mis-
siles.

FOREWORD

In preparing this estimate we have had available conclusive evidence of a great
postwar Soviet interest in pulded missiles and indications that the USSR has a large
and active research and development program. However, we have no firm cur-
rent intelligence on what particular guided missiles the USSR is presently developing
or may now have In operational use. Therefore, in order to estimate specific Soviet
missile capabilities we have been forced to reason from: (a) the available evidence
of Soviet missile activity, including exploitation of German missile experience; (b)
our own guided missile experience; and (¢) estimated Soviet capabilities In related
fields, In addition, we have analyzed such factors as: (&) Soviet industrial resources
and economic capabilities; (b) Soviet nuclear capabilities in relation to guided mis-
siles; (c) the estimated reliability of missile systems; (d) various logistic and train-
ing factors; and (e) Soviet capabilities in geodesy and cartography. Finally, in the
absence of current evidence on specific Soviet missile projects, we have estimated Sa-
viet intentlons on the basis of probable Soviet military requirements, within the con-
text of probable Soviet capabilities in this and other weapons fields. Therefore our
estimates of missile characteristics and of dates of missile availability must be con-
gidered as only tentative, and as representing our best assessment in the Yight of in-
adequate evidence and In a new and largely unexplored field

CONCLUSIONS

GEMERAL COMCLUSIONS

1. We believe that the slrategic require-
ments of the USSE would dictate a major
effort in the field of guided missiles, and
the evidence which we bave concerning
large number of personalities and activi-
ties believed to be involved in the current
aoviet missile propram leads us to the
conclusion that it is an extensive one.

However, our evidence iz insuffcient to -
permit & more precise estimate as to the
magnitude of this program,

2. On the basis of our extensive knowl-
edge of Soviet exploitation of the wartime
German missile experience and our esti-
mate of Soviet capabilities in related
fields, we believe that the USSR has the
basic sclentific and technieal eapabilities

“T-OrP--E-e R B 1




“oP—aa-aH R 2

to support a comprehensive missile re-
search and development program.

3. The USSR also has an adequate eco-
nomic base for & sizeable missile produe-
tion program. However, because of the
limited capabilities of the Soviet elec-
tronics and precision mechanisms indus-
{ries and other competing demands-for
their output, the USSR will almost cer-
tainly be unable to preduce in the desired
quantities all of the missiles for which it
has an estimated military reguirement,
except over an extended period of years.
Consequently, the USSR will probably
concentrate over the next few years on
those missiles for which it has the most
urpent military requirements,

4. Over the next several years the in-
creasing size of the Soviet nuclear stock-
pile and the larger yields estimated to be
available from nuclear warheads will
make missiles an inereasingly practicable
means of nuclear attack, despite their
limitations in reliability and accuracy.
Mevertheless, because of these limitations
we believe that the Soviets will place pri-
mary relinnce on aircraft delivery of nu-
clear weapons so long as the Soviet stock-
pile remains limited and Allied air de-
fenzes can be penetrated without unac-
ceptable losses. We recognlze, however,
that these considerations would not pre-
clude earlier employment of nuelear mis-
giles when the advantages of surprise or
other factors so dictate.

5. Although we have no evidence to con-
firm or deny current Soviet missile pro-
duction, we believe that the Allies will
face a growing Soviet guided missile
threat within the next several years.
This threat will probably appear first in

" See Annex C, Besiricled Dala, for estimates of
Hme-phased warhead ylelds.
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increased Soviel air defense capabilities,
together with or followed by improved
Soviet capabilities against US and Allied
coastal areas and sea lines of communiea-
tion and in tactical operations. Later the
threat will probably extend to all Allied
base areas in Eurasia, and ultimately to

- the entire US. The following dates for

specific missile eapabilities give the earli-
est probable dates when we estimate the
threat could begin, but it should be rec-
ognized that an additional varying period
of time would be required for these mis-
siles to be available in larpe quantities,

SPECIFIC MISSILE CAPABILITIES

8. Surface-to-Afr Missiles., The Soviels
will probably devote highest priority to
producing surface-to-air missiles to over-
come their serious air defense deficiencies,
We estimate that they could now have an
all-weather improved Wasserfall design
and in 1955" a further improved version

The estimated dates glven In this estimate are
the earllest probable years durlng which small
quantlties of missles could hawve been produced
nnd placed in the hands of tralned personnel of
one operational ualt, thus constituting a Lmited
capabllity for operntional employment. Thess
dates are bated on the assumpllon that & con-
certed end continuous effoct began In 1648, If no
major delays of any sort were encountered and
an Intendve effort of the highest order of poiority
were underinken, the earllest posslblo dates of
avallabllity could be on the order of one to two
years earller, or &8 much ss three years In the
caze of the “Intercontinental ballistie missile.”
The above dates are those around which the mis-

slle could have been operationally tested and be

ready for serles production. However, an addi-
tlonal perlod (which would vary aceording to
misslle fyped would be required before miselles
could be produced In quantity and the necessary
wnits tralned and deployed. Wea estimate thot at
least an additional 8x months would nocmally be
requieed for ahift or conversion from pllob plant
to serles production, and an additional period Lo
reach the planned productlon rale. Bome 18
months ba two years would probably be required
for Individual and unit training of each opera-
tlenal unit, althouwgh this perlod eould to & con-
sldernble extent overlap the produstion parlod.
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with semiactive homing, In 1957-1958
they should be capable of having a much
better mizsile with terminal homing and
50,000 yards slant range at 60,000 fect al-
titude. The low yield nuclear warhead
probably available for this missile in 1958
would greatly increase the kill probabili-
ty. .

7. Air-to-Air Missiles, Because of its air
defense weaknesses, the USSR will prob-
ably also assign a very high priority to
air-to-air missiles. We estimate that it
could develop in 1955 a puided rocket with
infrared homing and in 1955-1958 an im-
proved version with greater range. How-
ever, their guidance system would permit
only tail cone attacks under generally fair
weather conditions at the engagement al-
titude, In 1958-1960 the USSR could
probably have a new all-weather missjle,

B. Air-fo-Surface Missiles, The USSR
also would almost certainly seek to pro-
duce in quantity any precision weapon
available for effective HE antiship at-
tacks. For this purpose it could now have
available and would probably produce a
rocket-propetled plide bomb, although
limited to good visibility conditions. In
view of its extensive bomber capabilitics,
we do not belleve that the USSR would
produce a long-range air-to-surface mis-
sile for attacks on Allied ports and bases
over the next soveral years, In 1960, on
the other hand, when we estimate that an
all-weather air-to-surface missile with
nuelear warhead could be ready for serfes
production, there will probably be a high
priority Soviet requirement for a weapon
of this type because of the increased ef-
fectiveness of Allied air defense around
key target areas,

9. Sulvnarine-Launched Missiles. The
TSSR will almost certainly have a re-

quirement for submarine-launched mis-
siles for nuclear attacks on US and Allfed
coastal areas. It could already have avail-
able improved V-1 types with nuclear
warheads. In 1855 the USSR could have
ready for series production a turbo-fet
pilotless aiveraft' with improved range,
speed, and accuracy, and by 1958 its nu-
clear warhead yleld could approach com-
patibility with its estimated accuracy and
greatly increase its effectiveness,

10, Ground-Launched Surface-to-Surface
Missiles, The USSR could also use the
above pilotless afrcraft from ground-
launchers, However, we believe that it
would favor ballistic missiles because of
their relative immunity to presently
known countermeasures and their greater
capability for achieving surprise. The
USSR probably could have availahle: (&}
in 1954 an elongated V-2 type with 350
nautical miles range and a CEP of two
nautical miles' or an alternative V.2 type
or native design with less range but a
larger warhead and a smaller CEP; (b) in
1955 an elongated V-2 type with 500 miles
range and a CEF of 2.5 miles; in 1957 (or
al the earliest possible date in 1955) a
single stage ballistic missile with 900
miles range and a CEP of thres-four

‘The Assistant Clief of Staft, -2, Department of
the Army, the Director of Haval Intelligence, and
the Deputy Director for Intelllgence, The Jolnt
Htafl, bellove that use of the term “plictiess aie-
crafl” to define tha broad ealegory al gulded

rrisslles which are nob baltsile in principle 15 |

mizleading In that It gives the Impression that
all such missiles are conventonal afrers(t which
hawve beon modified to the extent that the human
fllol hes been replaced by the guldnnce equip-
ment and which are Intended ta relurn to thelr
bases and Iand. They bolleve that the lerm
“nenballistle guided mlsslle™ would more pde-
quately describe this category of missiles and
should be used In Men of “pllotless alreraft”
wherever thatl term ooours,
Y CEP {Clreular Probable Brror) means 50 percent
hits within the stated radins. All CEPs and
mnges are glven In nautieal miles.
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milesy and (d) in 1959 {or at the earliest
possible date in 1957) a two stage missile
with 1,300 miles range and a CEP of
three—four miles,' However, the ACCUrACY
of all these missiles would probably be
markedly inferior to that obtainable by
either visual or radar bombing, and their
range Is inferior to that of Soviet bombers,
Therefore, until Allied air defenses im-
Prove greatly, we believe that the USSR
will rely primarily on high performance
bombers, except for all-weather use in the
ground battle,

11. In view of growing Allied tactical nu-
clear capabilities in FEurope, the USSR will
probably give high priority to a ballistic
missile for support of its fleld forces,
Aside from this missile, Soviet efforts over
the next several years will probably be
concentrated more on ballistic missile de-
velopment than upon quantity preduc-
tion. When the USSR estimates that im-
proved Allied air defenses will soon pose
a 'mafor threat to suecessful delivery by
alreraft, it will probably underfake a
heavy investment in these missiles, How-
ever, the limited nuclear yields now avail-
able from such warheads and the limited
accuracy and reliability of these missiles
point toward use of aireraft as a betier

means of delivery at least until 1958,
Moreover, by this time estimated In-
creases in the Soviet nuclear stockpile
and In nuclear warhead yields should
have greatly reduced the sipnificance of
the limitations of missile BCCUTACY OF re-
liahility,

12. Infercontinental Ballistic Missile
(IBM). We believe that the USSR, look-
ing forward to a period, possibly in the
next few years, when long-range bombers
may no longer be a feasible means of at-
tacking heavily defended US targets, will
make a concerted effart to produce an
IBM. In this event it probably could have
ready for series production in about 1963
(or at the carliest possible date in 1950)
an IBM witha high yield nuclear warkead

and a CEP of roughly five nautical miles.®
Advent of the IEM would creats an en-
tirely new type of threat to the US. At-
tacks upon the launching sites are the
only countermeasures now known or in
prospect. If the USSR should develop
such a missile and produce it in consider-
able numbers before the US developed
adequate counterweapons or counter
measures, the USSR would acquire such
& military advantage as to constitute an
extremely grave threat to US security,

BISCUSSION

I. SOVIET SCIEMTIFIC AND TECHMICAL
RESCURCES

Basic Soviet Scientific and Technical
Capabilitias

13. Trained Manpower. The rising general

level of technical ability In the USSR and the

Inereasing number of sclentists and engineers

&vallable provide the manpower potential nee-

essary to stafl a large guided missile program.

"&ee Ioolnots to parsgraph 8,

Atﬂm:ndanurIdW&rﬂ,meUESRhadm_
acute shorlage of trained manpower and to
help alleviate this condition brought about
3,500 German sclentists and tachnlelans to
the USSR, Beglnning at the same  time,
graduations from Soviet selenes and an-
Elneering institubions were Ereatly fncreased,

*See footaole to Paragraph 8, but nots that in the
case of ihe IBM, operatonal firing of Hmnlted
numbees might be sondusted by factory tech-
ilclans ab the assembly #lta, and the full 18
months to {wo-year balnlng period for mlssile
units would not be requiced, L
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and returned Germans report that by the
thme they left the USSR the quallty and
guantity of Soviet sclentists had markedly Im-
proved. At present the USSR has some 1,035,
000 sclence and engineering graduates work-
ing in their specialities, nearly s many as
the U3, and s increasing this pool at a greater
rate than the U8,

14. Research Equipment, In the immediate
postwar perlod lack of adeguate research
equipment was & handicap to any Soviet
guided missiles program, but from 1047 to
1950 there was also reported to be a substan-
tial Improvement in this respect. In view of
the demonstrated Soviet ability to equip re-
search programs In electronics, sireraft, and
nuclear energy, we believe that the USSR
could now have equipped laberatory and test
facllities for a large scale gulded missile re-
search program.

15. Materialy, Including Propellants. Analy-
ses of materlals taken from operational Soviet
aircralt, clectronie, and other equipment dem-
onstrate Soviet abllity to produce unique
materials for special application of a quality
generally comparable to their US counter-
parts, Currently published Soviet literature
reveals advanced research in such fields as
metallurgy and chemistry, We have no
knowledge of special materials developed spe-
cifieally for guided missiles but we believe that
the Sovicts can develop the materials neces-
sary to carry on a successful program.  For
example, the Soviets are cognizant of German
mizsile propellants through thelr exploitation
of German scientlsts, facilities, and specialized
equipment. Besed on this knowledge, com-
bined with demonstrated pative capabilities,
the Soviets appear capable of developing those
propellants reqguired.

16. Availability of US Data. The unclassified
information available to the USSR on the US
guided missile program discloses In conslider-
able detrll the extensive US program in this
field, the relative emphasis accorded various
types of US misstles, and many of the techni-
eal cheracteristics of the misstle systems belng
developed. Both Tass and the Four Con-
*g_ tHnent Book Corporation have acquired & vast
~number of U3 publications for transmittal to

the USSR, Soviet officlals In this country
have gvertly obtalned Information on the US
migsfle program  Including, for example,
motlon pleturez of the Matador and Mike
taken In May 1954. While we cannot pssess
the degree of success obtalned by Soviet covert
activities in this fleld, we do know that con-
siderable material was available In the early
postwar years. A Soviet defestor, whose in-
formation has proven generally relinble, stated
that in 1947 he presented a lecture on the
Intest US missile developments lncluding de-
tails of the TS Gorgon IT misslle (which was
classified confidential In the US). The Jullus
Rosenberg spy ring Is belleved to have trans-
mitted gome gulded missile Information to the
USSR,

17. Therefore, proper evaluatlon of the US
puided misslle information available to the
USSR could Indicate the course, nature, and
many of the detalls of our guided missile re-
search and development efforts, provide an in-
dication of our successes and faflure, save the
USSR considerable time and money, and as-
sist it In establishing {ts military require-
ments,

Soviet Exploitation of the German
Program

18, The USSR had no known guided missile
program at the close of World II.  However,
the Soviets then Initiated a thorough and sys-
tematie exploitation of German guided missile '
personnel, facilities, and equipment. They ob-
tained four general results: (a) the acqulsi-
Ltion of operational and prototype missiles, re-
search and production faclities and equip-
menk, and approximately 400 mlssfle speclal-
Ists; (b) completed studles of German achleve-
ments prior to 1946; (¢) the famlliarfzation
of Sovlet personnel with German techniques
of research, development, testing, and produc-
Ltion of missiles and thelr components; and (d)
further technical studies and limited hard-
ward development performed by German sci-
entlste.  We belleve that the Soviet explolta-
tlon program was an effort to acquire equip-
ment and technigues pecullar to the gulded
missile Aleld In which the Sovlets haxl little or
no experlence, - .

oG- EeRRE—
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18, Indications are that as a result of Lhe fore-
going exploitation the Soviets acquired a
thorough famillarty with the German pro-
gram by 1948, and were capable of conducting
some Independent guided missile development.
By 1850 they were phasing out the Germans
and apparently feit themselves capable of con-
ducting a native program, with the exception
of some advanced guldance and control sys-
tems. Of the roughly 400 known German
puided missile specialists used by the Soviets,
only about 50, malnly puldance and eontrol
specialists, still remain in the USSR,

Organizations and Facilities in the Soviet
Program

20. In addition to our knowledpge of Soviet ex-
ploitation of Gurman resources, we have con-
siderzble Intelligence leading to the coneclusion
that numerous Soviet facilities and personnel
are probably engaped in a missile progrem.
These facilities are spread through seven all-
union ministries, and thelr work fs supported
by certzin personnel and departments of the
Academy of Selences, USSR (see chart).,! We
betieve that the USSR would tend to pursue
a centrally controlled and supervised program,
with emphasis on a small number of missile
projects. Suvch an emphasis would tend to
conserve technical and scientific résources, al-
though at the expense of increasing the seri-
ousness of errors in judgment,

21. The controlling authority of the Sowviet
missile program was, and probably still is, a
Specisl Committee of the Council of Minis-
ters. This conclusion is based on the known
existence of such & commitiee In 1948 and
1847, and on the frct that the Counclt of Min-
Isters mormally charges commitiees of this
nature with the responsibility for the develop-
ment of special weapons, Stalin reporfedly
participated in & meeting of the Speclal Com-
mittee in 1946 which discussed a proposal for
an intercontinental rocket bomber as set forth
during the war by CGerman sclentist Eugen
Singer (U5 sclentlsts and German engineers
in the USSR evaluated this proposal as tech-
nically unsound and the USSR probably ceme

"Avallable Intelligence on these Facllithes s Mated
I Annex AL

to the same concheston, but it Is significant
that such & proposal apparently recelved
carly high-level consideration).

22. Responsibdlity for conducting and coor-
dinating at least A part of the program has
been delegated to the Minlstry of Defense In-
dustry. It has subordinate to It the largest
number of the Installationz known to have
been involved In missile activitles. In addi-
tion, a Seientific Technleal Councll (NTS) has
been described by a returned Cerman sclen-
tist as the highest technlesl authority on
pulded missiles. Its locatlon In the organiza-
tional structure and its continued existence
after 1949 are not firmly established. The
chairman was the Director of NII 88, the prin-
cipal known guided missile Installation under
the Minisiry of Defense Industry, Whether
the NTS was set up solely to direct the Ger-
man activity (the US handled its German
seientistz in such & manner), or whether it
also hes an active part in the native pro-
gram (s not known, It was composed of about
40 members from the military, various con-
tributing ministries, universities, and various
institutes of the Academy of Sclences; 1ts fune-
tion was to discuss specific projects before ex-
Lensive development was undertaken, and to
allocele funds.

23, Kapustin ¥ar Test Range, We alzo have
considerable intelligence on what we believe
to be the principal Soviet guided missile test
range, located southesst of Stallngrad. Sever-
al Germans, some of whom visited the range
in 1947, described eguipment either located
there or Intended for such use, Although the
range head was then only in the early stages
af  construction, the Soviels apparently
planned an extensive permanent Installation,
Firm intelligence on the present status of
Eapustin Yar Is lacking, but we belleve that
it is now probably a modern, well-equipped
range. Yhile it is belleved to have extended
only about 200 miles eastward in 1947, it could
be extended roughly 2,000 milles eastward or
roghly 1,600 miles to the southeast, Opera-
tions have been condueted here since 1947
and it s believed to be currently in active mis-
sile operation,
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24, Summary, In the light of the above in-
telligence as to basle Soviet sclentific and tech-
nical capabllities, the systematis Soviet ex-
ploitation of German missile experience, and
the numerous personnel and facilities engaged
in missile activitles, together with probable
Soviet military requirements, we conclude
that the USSR has an actlve and extensive
guided missile program, at least in the re-
search and development phase.

Il SOVIET CAPABILITIES TO DEVELOP
GUIDED MISSILES

25. In contrast to the amount of avallable
evidence indicating the existence and general
scope of a Soviet missile program, current In-
tellipence on the particular missiles under de-
velopment is almost nonexdstent. Therefore,
the following descriptlons of missiles which
may be avallable to the TS8R have had to be
based on: {a) the svailable evidence on Ger-
man work for the Sovlets; (b) our own guided
missile experlence; (e} Soviet capabilities In
related fields; (d) probable Soviet mllitary
requirements; and (e) a few seattered bits of
specific date, 'We recognize that the USSR
would not necessarily base fts missiles on any
German or other forelgn deslpns. It iz also
Important to note that the missiles hereafter
described are typlcal of those which we be-
lieve the USSR is capable of developing, not
necessarily those which i€ will in fact develop.

26, The estimated dates glven for missile
availability ere the earllest probable years
during which small quantitles of mizssiles
could have been produced and placed in the
hands of trained personnel of one oparational
unit, thus constituting a limited capability for
operational employment. These dates are
bazed on the assumption that a concerted and
continuous effort began in 1948,  If no major
delays of any sort were encountered and an
intensive effort of the highest order of prior-
ity were undertaken, the earllest possible dates
of avallability could be on the order of one to
two years earller, or 85 much as thres years
in the case of the IBM.R

*Gee foolnote to paragraph &

Soviet Capabilities in Surface-ta-Air
Missiles

27. During 1945-1046 the Soviets explolted in
Germany all the Important German surface-
to-alr misslles under development during
World War II. A group of Germans was as-
slgned to reconstruct Wasserfall, Schmetter-
ling, and Rheintochter, and in one Instance to
undertake & new design, Fluse, Upon trans-
fer to the USSR In October 1048, they were
directed to contlnue work on the first three
missiles but to drop Fluse. Work on Schmet-
terling and Rheintochter appears to have been
continued by the Soviets, but the Germans
were graduelly phased-out except for one
group whe continued to work on pround
guldance system computers antil about 1952,
The capabilities of Schmetterling and Rhein-
tochter would prebably limit thelr use to a
guidance test or as training vehicles, but the
computers and, in general, thelr control and
guldance systems could have sorved as the
basis for continuing advances;

28. Returned Germans report cohtlnuing de-
velopment of Wasserfall up to the time of thelr
rermoval from classified work In 1951, Among
the projects undertaken by one German group
was a semizctive homing head design, re-
portedly for Wasserfall. It operated in the
10-centimeter wavelength region, had a reflee-
tor diameter of 35 eentimeters, and utillzed
conleal scan techniques. It was to have a
slant range on the order of 15 nautical miles,
Laboratory tracking tests utllizing an alreraft
target, & ground based SCR-584 radar for
tracking and Nlumination purpases, and a
protolype of the homing head, are reported to
have been conducted during 1940-1950, and
tracked successfully only to seven to eight

nauticel miles. Four laboratory medels were

actually constructed and taken over by the
Soviets In late 1950,

29. At that time another group of Germans
was sel to designing a new missile based on
experience galned from Wasserfall, This proj-
cct  (designated R-113 by the Germans)
sought to overcome some of Wasserfall's weak-
nesses and to Introduce some new concepts.
The R-113 was equipped with two midwings

FOP-O RO R




TOP-S4ECRET- g

and thres Lail control surfaces and was to per-
form coordinated turns as in ploted afreraft.
Its deslgn envisaged a 1,100 pound warhead
located in the nose, It utllized the standard
Wasserfall englne with a slight Increase In
thrust. The Germen work on R-113 did not
progress beyond the paper-deslgn stage. How-
ever, the Soviet specifications for it wers more
rigorous and more closely supervized than
were thase for other German design projects.

30. Present Soviet Capabilitles. Although we
have no evidence of any Soviet operational
mizsiles, assuming that the Soviets would
make use of the German work we can estimats
the availability of these deslgns. Whers pos-
sible the estimated performance characteris-
tles are based on recalculations of the fixed
parameters supplied by the Germans, Taking
into account Soviet exploitition of the Wasser-
fall pabssile guidance, propulsion and hyper-
bolic fuels, and the general status of Soviet
elsctronics, the USSR could now have an im-
proved all-weather version of Wasserfall The
chief Improvements could include a 1,000-
pound fncreass in motor thrust and wese of &
ground puidance system utilf=ing two radars
and & computer. We doubt that a homing
head ecould be available at this Hme which
would permit otilizatfon of the maxdmwm
range capabilities (30,000-35,000 yards) of the
missile, Assuming the use of conleal sean
radars of an Improved S8CR-584 type and un-
der optimum conditlons, an over-all system

accuracy of one to two mils could be obtalned, -

resulting in an effective slant range of 20,000
to 25,000 yards at 50,000 feet altlbude with a
warhead of approximately 600 pounds. A
radar command technique or proxmity fuse
could be employed to detonate the warhead

31. Puture Capabilitiss. The projects under-
taken by the Germans while In the USSR alzo
offer the only firm basis for extrapolating Into
fhe future. The Soviets will probably strive
to Increase the effectivencss of Wasserfall and
could have an impreved missile by 1955, The
semlactive homing head under development
by the Germans could be employed to provide
effective accuracles at |ts 30,000-35,000 yards
maximum range. Warhead welght might be
teduced to make room for the homing head,

but Lthis would be compensated for by the in-
crease In accuracy.

3% By 1957-1958 we estimate that & rew mis-
slle, possibly Including some features of the
F-113 design study, could be ready for serfes
production. It could Incorporate terminal
homing, have & maximum effective Tange of
50,000 yards at 60,000 feet altitude, and have
& warhead on the order of 500 pounds, Ey
18958 the USSR could develop low yield, fm-
plosion nuelear warheads suitable for this mis-
sile.

33. Although the sbove surface-to-alr missiles
are the only ones for which we have some bass
in existing Intelligence or on kmown compe-
nents, we believe that the Soviets will endesvar
to develop Improved missiles with ranges in
the order of 100 nautical miles. However, due
to the many technicnl diffieuities involved, it
iz highly unlikely that the USSR could develop
such missiles untll some time after 1950,

Soviet Capabilities in Air-to-Air Missiles

34. The Soviets acquired such German alr-to-
alr milssiles ns the ¥4, Hsl1TH, and Hs20s,
A group of German scientists was also em-
ployed in the USSR on reconstruction and ex.
tension of zome of the German World War IT
solld propelled rocket deslgns, Ineluding &
number of the more promising Rhelnmetall-
Borslg unguided rockets snd at lsast one
guided rocket, deslgnated Sokol, This Eroup
worked on the puided rocket project only
through the paper deslgn stage, at which
polnt the work was twned over to the Sovlats
In 1948. Its design called for a solld propetlant
rocket motor of conventional design and an
optleal track redlo command guldance By 5=
tem.

35, Although there is conslderable evidence of

Soviet Interest In Infrared devices, we have ng
firm evidence of its appleation ts missils
guldance systems.  The Soviets exploited Ger-
marn World War IT Infrared developments, in-
cluding a missile homing head called Juno,
One source reports that work on this hoeming
head wis continued In the USSR &t a locatlon
known to have been engaged In other Infrared
activitles, However, there Is other contradie-
tory Information concerning the exact nature
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of these activities. Nevertheless, we belleve
that the USSR has sufficlent capability In the
Infrared fAeld for the development of infrared
guldance systems.

36. Present Soviet Capabilities. Consldering
the limited effectiveness of Sokol and the Ger-
man World War II air-to-alr missiles, these
probably could have served only as test vehi-
cles. 'We have no reliable Information of fur-
ther Soviet activitles or Interest, but if the
Soviets had decided by 1948 to put an air-to-
alr gufded missfle into operatlonal use, & gu-
personie, solld propellant missile probably
could now be avallable, It could utilize an fn-
frared homing head and achieve a range of
approximately 5,000 yards at 30,000 feet alfl-
tude with a 25 to 30 pound warhead and an
aver-all weight of about 176 pounds. The
range would vary somewhat according to the
altitude at which fired. Buch a missile would
be limited to a tall cone attack under general-
Iy fair weather conditions at the engagement
altitude.

37. Future Soviet Capabilities. Despite the
lack of any rellable evidence on Soviet inten-
tions, we believe that sometlme during 1955-
1958 the renge of the above missile could be
increased to approximately 10,600 yards, and
it might not be Umited to tall cone attacks,
By 1958-1960 a completely new supersonle alr-
to-alr guided missile could be ready for serles
production.  This missile could have an effec-
tive range of approximately 10,000 yards, an
over-all welght of approximately 300 to 400
pounds and a warhead welght of sbout 50
pounds. The guidance system would probably
Ineorporate a semlactive radar homing hesd.
If the missite does not appear until the latter
part of the 19581560 perlod, the likellhood of
Incorporation of an active homing head will
Increase.

Soviet Capabilities in Air-to-Surface
Missiles

38. In 1945 the Soviets required many com-
pleted German ale-to-surface misslles and de-
slgn data on all German aie-to-surface types,
Among these were the FE-1400 gulded glide-
bomb and the Hs-263 and Hs-294 serles pow-
ered glide-bombs., Information was slso ob-

talned on German alr launching of the V-1.
The Sovlet Navy and Army Alr Forees followed
the wsurl pattern of exploitation of these
gulded missiles during 1945-1048; German
sclentists were employed In the reconstruction
of missing data and assembly of rmissiles.
Both Soviet services reportedly continued to
follow alr-to-surface developments after the
Germans were taken to the USSR In October
1646, One group of Germans, formerly con-
corned with the Soviet exploltation of alr-to-
surface missiles {n Germany, arrived In Lenin-
grad by late 1946. However, thelr known work
in Leningrad conslsted largely of lmprove-
ments on surface-to-alr computers. Rige wes
identified by a Soviet defector In 1847 as the
probable locatlon for naval testing of afr-to-
surface missiles. He also reported that both
the Navy and Army Alr Forees were responsi-
ble for this class of missiles.

39, We have evidence that research Institute
EEB-2 In Moscow, predominantly staffed by So-
¥iet parsonnel, until recently employed a small
group of German engineers to do research on
guidance components for an antiship missile,
Among thelr tasks was the development of an
X-band guldance gystern which was to use
mideourse beam riding and a semiactive hom-
Ing head. The Germans were once told that
4 winged missile, which they saw from 2 con-
siderable distance suspended from the wing
of & four-engined plane, was the misslle on
which they were working, and that it was to
have a range of about 80 miles and fiy at about
500 miles per hour,

40. We have fragmentary evidence of Soviet
work on the German television homing system
Tonne, which the Germans originally tested
with the Hs-293 mizsile during World Wer 1T,

Soviet exploitation of this system took place

In Germany In 1945-1846, and sbout 10 to 15
sets are reported to have been shipped to the
USSR in Decemnber 1945, Development work
Is believed to have been continued by the So-
viels in NI 380, Leningrad. However, we
have no evidence which would connect this
work with a specific gulded missile system.

41. Present Soviel Capabilities. There Iz no
evidence of Soviet operational employment of
the German World War IT missites Hs-293 and
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FX~1400, whose effective range would be com-
paratively short. On the basis of a probable
Soviet requirement for additional ranpe and
greater warhead welght and known Sovlet ex-
ploftation of the Hs—293, we balleve that the
USSR could now have ready for serles pro-
duction an improved rocket-propelled glide-
bomb. Tts estimated characteristics would
be: range of 20 nautical miles; speed of Mach
0.9; gross weight of 8,000 pounds; and & nu-
clear or HE warhead, The guldance system
could utilize television target presentation
with a radio-corunand lnk and be capabls of
a CEP of roughly 100 yards agalnst a readily
identifiable target. Such a system would be
Hmited to good visibility conditions

42, Future Soviet Capabiliffes. We estimate
that & pliotless alreraft could be ready for
series productlon In 1956-1957, with ranges
up to 50 nautical miles, & speed of Mach 0.8,
& gross welght of approximately 8,000 to 10,000
pounds, and a 3000 pound warhead. The
guldance system could be either: (&) telewi-
slon homing with a radie command Iink and a
CEF of roughly 200 yards; (b) a passive hom-
ing head for uwse with clandestine beacons
and a CEF of roughly 100 yards; or {¢) & mid-
coursé X-band beam-riding systeam with semi-
actlve terminal heming and a CEP of roughly
50 yards agalnst a ship target, By 18956-1957
an acouslic homing torpedo sultable for uss
In this missile might be avallable,

43, We also estimate that, if the Soviels zo
desired, they could have ready for series pro-
duction by 1960 a supersonic mizsfle weighing
about 11,000 pounds capable of carrying a nu-
clear warhead under all wealher conditions
to land targets within a range of 100 nautical
miles. The guidance system probably would
be a mideourse radar-track radio-command
system capable of CEPs on the order of one
to two nautieal miles, Clandestine bescons
would increase thls accuracy.

Surface-to-Surface Pilotless Aireraft

44, Except for Soviet inprovement of the war-
tHme German V-1, we have almaost no reliable
Information on Soviet work on pllotless alr-
craff. The major portion of the known So-
viet-controtled German misslle research work

wag devoled to ballistie types. However, the
53R could have been pursulng slmultaneous-
ly a substantlal pilotless slreraft program
which escaped German detection. German
speclallsts prepared a prellminary design
study, the R-15 project, for & ram-jel super-
sonlc pilotless alreraft to carry a 6,600 pound
warhead approximately 1,600 nautical miles,
A Boviet alr force officer who defected In 1950
reported, as second-hand information, that
work on a radic-controlled pllotless aircraft
roughly of C-47 slze was Inlt{ated In 1039, but
ceased when the alreraft crashed in 1940, We
also have & report of questionable rellability
that Soviet experlments were conducted with
a remotely controlled TU-4. Advancements
in the Soviet alreraft Industry since World
War II Indicate an over-all eapabllity of sup-
porting a comprehensive program for pliotless
alrcrafl research, development, and fabrica-
tion,

45. German V-1 production facilitles, mis-
siles, components, and sclentists and tech-
niglans were moved from Germany to the
USSR In 1945-1948. One German reported
that several hundred V-1's were assembled
at Hhimld in 1946-1947, but that series pro-
duction was not attempted. Other Germans
reported seelng between 10 and 30 miselles
belng assembled at one time. In 1948, four
or flve sets of bools, jigs, and manufacturing
machinery for the V-1 were shipped from
Khimkl to an unknown destination, while at
least one complete sot was retalned ot
Hhimki, ‘The Germans also worked on an
Improved V-1 control system elsewhers in the
USSR. It Is reported that six units were
bullt in 1949,

46, Work on improvement of the puise-jet
englne was also conducted. The Germang
observed Soviet work on & verslon of the V-1
using two pulse-fet engines. One Germen
reports that sbout 30 to 35 missile bodies
having twin pulse-Jels were assembled at
Podberezye during 1948 and early 1949, An-
other German reported seelng a different
twin pulse-Jet V-1 at Ehimid, Whether any
of these developments eulminated In opera-
tional models Is not known. Mo Indicatlons
of production of the twin pulse-Jet missile

“TOoPr—3ECRET—




“TOFP SECRET— ) 12

have been detected, and there Is no evidence
that eny V=1 type iz In operatlonal use,

47, A low-frequency, ground-based, hyper-
bolie type navipation system has been de-
veloped by the Soviets (deslpnated “Moon"
by Allled intellipence). While no connectlon
of "Moan"” with missiles has been detected, It
could be adapted for use with winged types

48. Present Soviel Capabilities. While we
have no intellgence that any pllotless alr-
craft are In operational wse, we estimate that
the USSR s presently capable of having:

a. A Pilofless Turbo-fef Alrcraff. A MIG-
15 could be modified for use as a gulded mis-
sile and would provide a declded speed, alid-
tude, and range advantage over a pulse-jet
missile, A modified MIG-15 type missile
could have approximately o range of G600
nautleal miles; a speed of Mach 0.3; a fiight
altitude of 40,000 to 45,000 feet; and & pay-
load of 3,000 pounds. For guidance It could
use “Moon” or a similar radio-controlled sys-
tam. The CEP could vary from less than one
Lo as much as 10 nautical miles. An Inertial
guldance system cowld achleve accuracy of
approsclmately 10 nautical miles at a 500
nautleal mile range, thus providing sufficient
accuracy to bring the missile within range of
a clandestine beacon® Within the range of
radar tracking, up to about 200-250 nautical
miles, a CEP on the order of ome nautlcal
mile sould be achioved.

b. 4 VI Type Missfle. Although the per-
formance of a pulse-jet missile is considerahly
below that of a turbo-jet missile and 1t iz an
essentlally obsolete weapon, its simplicity of
construction and lght welght may have ap-
pealed to the Soviets, It Is believed well
within Sovict capabilities to have had opera-
tonal V-1 type missiles by 1950, They conld
have an over-all welght of 5400 pounds, a
warhead of 2,000 pounds, a speed of Mach
0.8, a fllght altitede of 5,000 feet, and & range
of 200 nautlcal mites, With an Inertial guid-
ance system they could achleve a CEP of
roughly three nautical miles. With a radar-

"A elandestingly placed jow power beacon in the
barget mrea, If efectively coordinebed with the
attack, could materdally Improve the aecuracy of
this and other pllotless slrernft. g

tracking redio-command range of 80 nautical
miles (limited by fight altitude), they could
gchieve a CEP of roughly 0.5 nautical miles
i ground-launched, and roughly one to two
miles I launched from submarines {depend-
ing on the navigational alds and techniques
used to fix the submarine’s position).

. A Twin Pulse-fef V-1 Type. I the So-
viets go desired, they probably could have
hed such f missile by 1851, It could hawve
approximately a welght of 8,000 pounds; a
warhead of 3,000 pounds; a fight aliitude of
10,000 feet; o speed of Mach 0.85; & range of
200 nautical miles; and a range of radio com-
mand of 100 nautical miles (lmited by filght
altitude}. Tha guldance system envizsioned
would be a ground based system that tracked
the missile and transmitted radio commands.
At 100 nautical miles the estimated CEP of
such & system would be on the order of 0.5
nautieal miles from land bases and cne to
two nautieal miles from submarines (depend-
ing uwpon the navigatfonal alds and tech-
niques used to fix the submarine's position).

d. 4 Submarine-Launched V-I Type. We
estimate that the USSR could at present be
capable of launching elther of the above V-1
types from submarines. The feasibility of
launching techniques has been demonstrated
by the U5, However, po modifications or ex-
ternal changes In the confipuration of Soviet
submarines which might indlcate prepara-
tions for launching puided mizsslles have been
obsarved. ’

49, Fulure Soviet Copabilifies, Despita the
absence of Intelligence on Soviet development
of pilotless alreraft other than the V-1 type,
the Soviets nevertheless appear capable of de-
veloping advanced alreraft type misslles if
they so deslre.  Thelr principal problem would
ba that of guidance, since development of
Inertlal components sultable for the time of
filght iInvolved probably has not reached the
stage required for Inciuslon In pilotless air-
eraft having more than about 30 minutes
filght duration. However, use of high yleld
nuclear warheads would tend to compensata
for the lnaccuracy of Inertial guldance sys-
tems on flghts of longer duration.
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50, Soviet Intercst In low frequency develop-
ments has been conslderable, and the “Moon™
navigation system demonstrates thelr eapa-
bility in this fleld, “Moon" or a slmilar sys-
tem if designed for missile use could be used
for winged missiles for ranges up to 1,500
nautical miles. Accuracy would depend pri-
marlly upon azimuthal orientation of the tar-
get with respect to the base ling, and the CEP
could vory from less than one to as much as
10 naubical miles. However, missiles using
such navigation systems would be especially
vulnerable to eountermeasures,

51. There Iz little Information concerning
Bovlet development efforts on ram-fets. The
Germans did some work on the ram-jet prin-
ciple for the Soviets, bub Ittle Soviet interest
has been detected. We assume that the So-
viets are conducting such research abt & mod-
erate rate,

53. Short-Range  Pilotless  Aircraft, The
USER could develop a subsonde, turbo-jet pliot-
less alreraft sultable for launching from sub-
marines in 1955, It eould be In the Mach 0.9
class, welgh In the order of 12,000 pounds,
and ecarry a 3,000 pound warhead approxd-
mately 500 nautical miles. A radar-track
radis-eommand pguldanes system could be
used only up to ranges of 200 miles. How-
eviar, by employing advanced puldance sta-
tions within 200 nautical miles of target, this
missile could be launched from as far as 500
miles away and stlll achieve from Jand bases
a CEF of roughly one nautical mile at a range
of 200 miles, rnd 0.5 nautical miles at a range
of 100 miles, From submerines these CEPs
would be somewhat preater, depending on the
accuracy of navigation. An inertlal guldance
gyelern could also be used, but ils accuracy
would be much less.

B83. Medium Range. If the Soviels so desired,
we estlmate that a subsonle pilotless alreraft
could now be in the prototype testing stage.
It could have a 1,500 nautleal mile range, a
speed of about Mach 0.9 at 45000 to 50,000
feet crulse eltitude and carry 8,000 to 10,000
pounds payload. Such a missile could be
ready for serles production by 1957, Guid-
ance could be provided by a low frequency
hyperbolic system; its CEP at 1,500 nautical

miles could vary from less than one to as
much as 10 nautieal miles,

§4. Intercontinental Pldotless Afrcraft. In
our view, Lthere Is lttle lkelihood that the
U35R would devote the required amount of
effort to developlng such missiles. Howewver,
the US programs for Snark and Navaho indi-
cate the types which could be developed.
Highly speculstive estimates of avallabllity
for serfes production would be approxdmately
1958-1960 for & Snark type and 1062 for a
Mavaho type. Soviet capabilities for develop-
Ing adequate guidance systems by these dates
are questionable, An inertial system for mid-
course and & terminal system for homing on
& clandestine bercon could possibly be used.

Surface-to-Surface Ballistic Missiles

55. While extenslve Informatlon ls available
on German work done for the USSR on ballls-
tie missiles, it does not neceszarlly charae-
terize the actual Soviet program. However,
a Soviet defector whose information has
proved highly reliable reported that In 1947
the USSR planned a development program
aimed at making such Improvements In acou-
racy and range of the V-1 and V-2 as would
be possible In & relatively short time, rather
than to walt for greatly improved deslgns
which could not be ready for many years, A
long-term research program was to be con-
ducted concurrently, but the source belleved
that it would suffer from the urgency nt-
tached to the short-term work.

§6. In the fall of 1947, the Soviets test-fired
10-15 V-2 misslles. Reports Indleate that
possibly six of these used a radio beem method
for azhnuth eontrol. They used the German-
developed Leltstrahl system, which was ex-
ploited by the Soviels during 1946-1949. One
significant Improvement accomplished hy the
Cermans for the Soviets was the meodification
of the V-2 engine which Increased 1ts thrust
rating from 25 to 35 tons by 1848.¢ We be-
lleve that: (a) approximately 150 to 200 en-
glnes of 35 ton thrust were produced at
Khlmli during 1948-1850; (b) about 200 en-
gines of 25 ton thrust were produced there In

= AN thrust ratings in this estimate ere glven in
metre tons. .
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1947-1%48; and (c} up to 20 missiles were as-
sembled af Kaliningrad during 1947,

67. BSoviet-dlrected Germans applled consid-
erable effort to improving the V-2 ballistle
missile. Projects worked on concerned Im-
proved aceuracy, Increased range, and better
performance of components, A threegyro
stabilized platform uslng alr bearlng was un-
der development by the CGermans during
1947-1950, and an experlmental model was
submitted to the Soviets by the end of 1950,
The Soviets told one of the German specialists
that they had budlt an experbmental model
of the same type in ap attempt to Imprave
the accuracy of the origlnal V-2 guldance
system.

58. German reports on thelr work on & guid-
ance systemn which used radar tracking and
radio command to eontrol azimuth and ele-
vation and doppler radar to control fuel cut-
off, reveal that the work was based on sound
principles, and that some limited test flights
using alreraft were conducted In 1949, ° Tow-
ever, numergus engineering difeulties werse
encountered. The Soviets tock over the de-
velopment of this system in late 1950 and are
reported to have continued work for at least
three years. '

§9. In December 1048, the CGermans sub-

" mitted to the Soviets a preliminary design

study (designated R-10) for a balllstic mis-
slle using a 32-ton thrust engine. It repre-
sented a consolidation of proposals for im-
provement of the V-2 mizsile, ineluding n
furblne fuel pump driven by bled exhaust
Eazes and the guldance system described In

" the above paragraph. Disposition of the

study 1z unkmown, but the Seviets are known
to have continued work on the guldanes and
turbine drive systems after the Germans were
progrummed out. Ansther project worked
on by the Soviets without German particlpa-
ton concerned elongating the V-2, The Gar-
mans had starled this development during
World War IT and the Soviets continued it by
themselves after 1847 at Kalinlngrad, near

- Moscow. A key German missile speclallst be-
‘Ueved the missile could have been ready for

flght festing In 1949, Elongated raflroad

cars, belleved to be missile cardlers, first ap-
peared at Kallnlngrad in 1050,

60. Present Soviet Capabilities. We have no
evidence of any balllstle misslles avaflable for
operational use. Nevertheless, based on the
above Intellipence and our analysls of baslc
Soviet capabilities, we belleve that the USSR
could tow have operational shortrange sur-
face-to-surface misslles of the Tollowing meaxd-
mum performancs eh.amuterkﬂz*

. A missile of approximately .'500 pounds

gross welght that eould earry a 2,000 poruncl*-
warhead a distanee of 350 nautical miles with .

a CEP of two nautica] miles, These chirac-
teristics are based on improvements that eould
be made to a standard V-3, Inecluding use of a
35-ton thrust engine, increasing the length
to provide additlonal fuel capacity, and use
of an improved Inertfal and radly controlled
guidance system.

b. A shorter-range missile capable of car-
rylng larger warheads. Such a mbssile could
have a somewhat smaller CEP than the one
tbove, and could use nitele acld or Hguid
oxygen ag the oxidizer. Use of nftrle acld
would reduce the loglstic problems for a tac-
tical vehlele. Some reports indicate Soviet
interest In short-range tactical misshles, eg,,
ong report specifled s 60 nautical mile bal-
listic missiie, '

81. Pulure Soviet Capabidities. Soviet intar.
est In the development of long-ranpe Weapon
systems Is Indleated by: (a) early high-level
Soviel Interest In the 8inger proposal for in-
tercontinental rocket bombers; (b) develop-
ment of highthrost recket enplnes and cor-
responding propellants; (c) studies of heat
transfer In boundary layers; (d) research on
bailistic missile guidance system components;
(2) upper atmosphers researchy; and (f) re-
search on geodetle mapping,

62, Guldance systems sultable for balllstiz
misslles were under development by German
speclalists In the USSR durlng 1947-1951
These inertlal and radar/radlo-command fuel
cutedT type gpuldrnee systems are potentially
capable of Improving the accuracies of hal-
listlc misslles over the original V-2 guldance
system and have been uzed In the following
cstimates. Development of control  toch.
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niques, servomechanisms, airframe strue-
tures, aervdynamlcs configurations, high tem-
perature materinls, and other necessary ad-
vancements for continuation of a long-range
guided missile research and development pro-
gram are alse belleved to be within Soviet
capabilities,

G3. German wartlme development of the 25-
ton thrust V-2 rocket engine and subsequent
modifications and improvements in the USSR
which produced by 1947 & 35 ton thrust rat-
Ing have provided the USSR with an adequate
rocket power plant for ballistlc missiles of
ranges In the order of 300 to 500 nautical
miles. For greater range, larger engines or
clusters of the 35-ton thrust engines would
be required, and the Sovlels apparently have
chosen to develop larger engines for this pur-
pose. German speclalists al two locations
within the USSR worked Independently on
deslgns for rockel engines with thrusts on

the order of 100 tons. We know that the -

Soviets continued work on at least one of
these designs; we belleve that In 1952, when
a static test stand was to have been available,
they could have commenced static testing of
a 100-ton thrust engine,

G4. Although other lines of development are
possible, our estimates are based on the fol-
lowing conceptlon of an orderly, step-by-step
program involving optimum utlization of
these enpgines as a likely course of further
development: (a) utillzation of the 35-ton
thrust engine In & single stage missile; (b)
utillzation of the 100-ton thrust enpine in &
larger single stage missile; and (c) utilization
of eombinations of the above englnes into two
stage missiles of medlum and long ranges.
The range of any speeifle missile would vary
with tha warhead welght chosen,

65. Medivm-Range Missiles, Continued de-
velopment of the elongated V-2 design for
opthmum utlization of the 35-ton thrust en-
Eine could result In a balllstle missile with
approximately 50,000 pounds over-all welght;
a warhead of 3,000 pounds; A range of 500
nautical miles; and a CEP of 2.5 nautleal miles
using an inertial and radar-tracking radie-
command guldance system. We estimate

that thiz missile could be ready for serles
production in 1955,

G6. If gulded misslle design studles were in-
Itdated at the time the 100-ton thrust engine
was belng deslgned, it is concelvable that a
Soviet single stage missile using this engine
eould now be in the Alght test stage. Such
a missile could have a range of approximately
900 nautical miles, a gross welght of &pproxd-
roately 110,000 pounds carrying a 3,000 pound
warhead, and a CEP of three to four nautical
miles. Dependent upon reasonahle success of
component developments and on early filght
tests, the earliest probable date at which this
missile could be ready for series. production
would be 1857, although It is possible that
this missile could appear as early as 1955 {see
paragraph 26),

67. The Soviet-directed "German ressarch
activities disclose some Interest In missiles
with ranges on the order of 1,500 nautieal
miles. Two proposals, the B-12 and the R-
14, were made by the Germans at the request
af the Soviets. The B-12 profect was a serles
of feasibllity studies for & two stage balllstie
missile of approximately 1,300 mile range,
carrying a warhead of about 2,200 pounds.
The R-14 project, which was carrled to o de-
talled desipn stape, was to be & sngle stapge
missile carrying a 6,600 pound warhead ap-
proximately 1,600 nautical miles, Soviet dis-
position of these design studles Is unknown,
At the most, they represented prellminary
design sludles with practically no experl-
mental work accomplished to support the the-
oretical data. However, these studies

zent a logleal step In & ballistle missile
program. - .

68. A two slage missile utillzlng the 100-ton
engine as the booster and the 35-ton thrust
engine could provide a gulded mlssite with a
range in the order of 1,300 nautlcal miles.
We estimate that such a misslle would welgh
approximately 140,000 pounds, could CLITY A
3,000 pound warhead, and have & CEP of
three to four nautical miles Assuming devel-
opment was Initlated In 1948, we estimate that
the earliest probable date at which this mis-
stle could be ready for serles production would
be sometime In 1959, although It is possible
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that such & missile could be ready as early &s
1657 f{zes paragraph 26). Such a misslle
could also provide a research vehicle for
obtalning stage separatlon, high-speed and
high-temperature, and other data pertinent to
an intercontinental balllstic missile.

69. Infercontinental Missiles. Soviet interest
in a 100-ton thrust engine probably indicates
thelr interest in longer-range missiles, We
belleve a long-range, Intercontinental ballistic
messile (IBM} would be within Soviet eapa-
bilitics. It could wtilize a booster Incorporat-
Ing two or more 100-ton thrust engines, and
g second stage utilizing elther the 100-ton
thrust englne or two or more 35-ton engines.
Such a missile would have an estimated range
on the order of 5500 nautical miles, a gross
welght of 200,000-400,000 pounds, carry a
3,000 pound warhead, and have a CEP of
roughly five nautieal miles.  However, even if
the USSR decided by 1948 to devote a con-
certed effort leading to this type, the first
operational model probably could not be ready
for series production before 1963, although 1t
s possible that it could be ready as early as
1260 (sce parzgraph 26).

lll. OTHER FACTORS AFFECTING SOVIET
MISSILE CAFABILITIES

Soviet Capabilities to Produce Guided
Missiles

10, Lack of Evidence on Current Series Fro-
duction, A survey of the avallable cconomic
indientors reveals no firm evidence to either
establish or deny Soviet series production of
any gulded missile at this time. The few in-
dicators avallable could apply to productlon
for experimental and test purposes or, alter-
natively, to production for other weapons sys-
tems, We have evidence that in 1948 the So-
viets might have been planndng series V-1
production (sce paragraph 45). Simllarly,
tooling for the standard V-2 propulsion unit
was reported to have been sent from Hhimld to
Kuybyshev, Soviet Lechnicians being tralned
at Plant #4568 In Khimki intimated that they
expected to set up series preduction at Kuy-
byshev, but we have no confirmatory evidence.
- Btatio testing of propulsion units near Kelin-
Ingrad has also been reported, Liguid exygen

units and speclal transportation equipment
were sighted.

1. The Sovlet eleclironies Industry 13 pro-
ducing speciatized items which are essentlal
to gulded missiles, but because such {tems
have applications In other electronic systems
they cannot be regarded ns In themselves
indicating misgile productjon. Examples of
Sovilet products employing these specialized
Items Inelude: (o) microwave alrborne-lnter-
cept radar; (b) microwave alrborme blind-
bombing radar; (c¢) milerowave radar altime-
ters; (d) microwave ground and shipbomme
fire-control radar; (e} microwave ground and
shipborne  early-warning/ground-control-in-
tercept radar; (f) microwave communications
systems; (p) long and short range pulse type
radio navigational systems; and (h) airborne
automatie direction-finding equipment.

T2. Most of the above examples have appeared
in guantity, although nene of these products
or the speclalized ltems Involved have been
specifically connected with mizsile production.
Recent trends In production show Increased
atlention to severe operating conditions as
would be particularly Important in airborne
and guided missile applecations, such rs in-
creased minfaturlzation, rupgedization, and
tolerance for high temperatures.

T3, There are also a few possible indicators in
the preclslon mechanism fleld. Durng 1851
and 1953 the Zeiss Plant at Jena produced
Schlleren Instroments, some of which were re-
ported shipped to the USSR, At least one Iot
of cinetheodolites was sent to the USSR from
the Meopta Natlonal Corporation, Frague
Musle, Czechoslovakia. Both the above instru-
ments are used primarily In research but conld
also be used for production testing.

&, Indusirigl Resources Avallable. We have
surveyed the evidence concerning several hun-
dred plants in the Soviet Bloc because thoy are
of & type which could contribute to a missile
progrant. The resulls of this survey were:
confirmed productlon — 0; pessible contribu-
tors — 37; unconfirmed or unlkely — 20; and
no evidence — cirea 200,  However, the num-

“The Indleallons at many of these plants are
lsted In Annex A, o
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ESTIMATED BOVIET CAPABILITIES TO DEVELOP QUIDED MISSILES®

Enrtlest Probabls Date
Description Ranga Groas Welght CEP of Avallability*

EURFACE-TO-SURFACE (8SGM)
Ballistle mizsiis

(psn pare, 37) 250 om 40,000 Tbs, i nm 1654
Ballistic missile .

{sea para 37) 500 nm 50,000 Tha, 45 nm 1855
Balllrtle misslle

(e para, 3 $00 nm 110,000 1ba. L 3tadnm 1057
Balllstic HH_.-B.._..«

(sen para. 40) 1300 nmy 140,000 1ha, 3to 4 nm 1959
IBM (sea pars. 41) 5,500 nm E00,0:00-400,000 Tha, 5 pm . 1083
Filotimes sireraft . Lesy than 1 &0 as

{zee parn, 45) 500 nm much a3 10 nm 1954
Vel type (seo pars. 48) . 200 mm 5400 Ihe, Lo 2 am 1850
Twin pulse-jat V-1 type

(s para. 48) 200 om 3,000 1ba, A ts 3 nm 1g51
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Deseripton

Range
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T Grosa Walght

Earilest Prebable Date

CEP of Avallability
SURFACE-TO-SURFACE [S30M) (Cont)
Fllotless sircrmft
{see para, 500 500 nm 12,000 Jbs, StoZnom 1956
Filotless alveraft )
(see pura. 61) _,..Snbuu 810,000 Iha. Lasy than 1 3 as
mysh as 10 nm 1857
BURFACE-TO-ATR (BAGLL)
Wassarfall type 2025000 wda,
(sen para. &f) " slant rangs 175 Iba, 1 to 2 mils scesiracy 1854
Improved Wasserfall typa 3025000 yds,
(3¢ para, 57) slant rango 1955
B-113 type (see parn. 88) 50,000 yda,
slant range 18571948
ATR-TO-ATR (AAGH)
Guided rocket
(eee para. 82) 5,000 yda 176 lba. 1954
Buperpsnic type
(820 pare. §2) 10,000 yda. 00400 [bs. 1758 to 1980
ATR-TO-EURFACE (ABGH)
Rocket propelled glids
bomb (ses para, 87) 20 nm BOGD 1ba, 100 yd=, 1654
Pliotless mireraft
(8ee parn. &8) 50 nm B-10,000 The, 50 or 200 yds, 1p58-1957
Bupemonie type
(ees para, 85) 100 nm 11,000 Tha, 1% 2nm 1980
“Tor—aEcRps
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ber of facllitles surveyed suggests the general
magnitude of the Industrial resources which
might be used to support a missile program,

T75. Of the 37 plonts possibly developing and/
or producing missile components, there are
gome In most of the industries which would
normally contribute to a missile program'
These plants indicate the existence of an In-
dustrial complex capable of engaging In re-
search and development or missile produc-
tlon. Twenty-one plants are believed to be
manufacturing electronle items which might
be used for missile guldance, There is some
evidence that the other plents might be pro-
ducing other guildance and econtrel compo-
nents, Uguld oxygen or oxygen generating
equipment, launching and transportation
equipment, propulsion units, and missile alr-
frames.

T6. Some 20 other plants have been reported,
usuzlly by repatriated prisoners, to be engaged
in missile or component production, but in-
vestigation has indicated either that these re-
ports were baseless or that missile activity s
no longer belng carrled out there. In some
instances, missile production has been re-
ported only by geographic area; all such areas
were studled with nepative results, Around
200 additional installations, belleved suited to
production of missile alrframes, propulsion
units, equlpment, or components were also
surveyed, and are apparently not assoclated
with the missile program. In addition,. sl
ammunitlon loading, underwater ordnance,
shipbullding, battery, iron and steel, chemical,
petrolenm-refining, explosive, locomotive and
car, automotive, tractor, and heavy equipment
plants and research, development, or testing
facilities were surveyed.

7. Fmports. There 1s little evidence that So-
vlet mlscile activity currently utilizes any ap-
preciable guantity of Imports, either from the
Batellites or from the weslern natlons. How-
ever, the USSR, which imports about one-third
of Satellite electronic output, must rely on
these sources for some test equipment and pre-
clsfon instruments, There are also reports
that the USSH has been recelving Nquid oxy-

‘gen penerators from Satelllte countries, but

we have no evidence that these imporis sup-
port missile activitles,

T8, Analysis of Soviet Beonomic Capabilities.
To provide some measure of Soviet capabllities
for serles misslle production and possible pro-
duction rates we have set up & hypothetical
Boviet misstle program. Although the pro-
grem hypothesized took into account the
"general state of the art’ It was based only
on estimated milltary requirements, sithout
conslderation of research, development, or pro-
ductlon Umitations. We analyzed: (n) the
rate at which these missiles could be turmed
out at capacity production; (b} the labor and
materials Input required; and () the aggre-
gate cost of such a program (see Annex B).
The results of this llustrative study, while not
to be taken as providing estimates of actual
Soviet production rates or stockpile goals, do
indicate In broad terms what the USSE could
do.

18, Cur analysls leads to the conclusion that
in general the USSHE is rather well endowed
with the skilled labor, raw materials, and
plant eapacity regquired for an extensive
gulded mizssile program, except possibly In the
fields of precislon mechanisms and alectronie
equipment. Indeed our analysls polnts up
the abzolute smallness of over-all missile ma-
terials requirements, except possibly for Hguld
oxidizers. However, & declded quality prob-
lem would nlso exdst. In aggregative terms
as well, a sleeable missile program would be
well within Soviet capabllities, For example,
In the three vear perlod 1954-1956 our llustra-
tive missile program would represent about 10
percent of estimated Soviet defense outlays.

80, The chief bottlenecks In any extensive
Soviet production program would almost cer-
talnly He in the preclsion mechanizms and -
clectronics Industries.  Although our estimate
does nol permit a preclse measurement, it
sugpgests that if our Dlustrative program were
pursued ms rapldly as possible, It might re-
gquire & large share of Bloo electronfes output
over an extended perlod. This share cowld be
reduced somewhat by greater capltal invest-
ment. The problem would be most diffieult
In the early years {1852-1956) when an esti-
mated one-half of the Soviet electronics out-
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put might be required for the lllustrative pro-
gram. Although the alr defense reguire-
ments of the Satellites were not specifically
consldered in establlshing our hypothetical alr
defense requlrements (the surface-to-alr miz.
slle aceounts for three-quarters of the total
program in the early years), it 1z belleved that
they would in fact contrlbute appreciably to
any missile program, particularly In the eleo-
tronles field, The Mustrative program would
require about two-fifths of the estimated com-
bined electronics output of the USSR and the
Eurcpean Satellites during 1054-1958,

81. If this guided missile electronies require-
ment were to be met, avallability for other
uses would have to be sharply cut, although
all other programs would probably not be
equally curtalied. Nevertheless, In view of
the importance of many of the competing de-
mands for Soviet electronle output (nonmili-
tary electronles, alreraft, early warning radar,
fire control, alrborne navigation, bombing,
and Intercept equipment) it seems unlikely
that the USSE would allocate such a high
proportion to actual missile pregrams,

82, A mere serous Umilatlon to satlstylng the
gulded missile requlirements may well exist In
the precision mechanism sector in view of the
tolerances Involved and the skilled labor re-
quired. For example, the average annual
missile requirement for gyroscopes In the early
years of our Hustrative program may be ap-
proximately two-thirds of the Eyroscopes

allocated by the USSR to new military equip- °

ment during 1953 (we have no estimate of
total 1953 Soviet production of E¥TOSCOpes).,

Effect of Soviet Nuclear Capabilities on
Missile Use

83. We have Indications of & possible associa-
ton between the Soviet misslle propram and
the Soviet nuclear program. Almost all the
missiles which we estimate the USSR Is capa-
ble of devoloping could be Atted with nuclear
warheads. However, our estimates of the So-
viet nuclear stockpile indleate that for the

“8ee Annex G, Restriefed Datn, for an estimata
of Soviet stockplles and Hme-phased werhead
yields,

next several years It will ba Inadegquate tg
meet probable military requirements and that
rellabllity and aeccuracy of will be
primary factors In the Soviet choloa of delly-
ery vehleles. The yleld of the nuclear ware
heads which we estimate would be available
at present for Soviet missiles would not be
sufficlent to compensate for the lnck of aceu-
racy which we estlmate these missiles would
have. The yields avallable from such war-
heads will progressively Inerease, but the rela-
Honship between estlmated warhead yield
and estimated missile aceuracy Is such that
the effectiveness of nuclear dellvery by guided
misslles, In terms of levels of target destrie-
Hon, will not approach that obtainable by
alrcraft delivery for the next several Yearg 13
This factor obviously does not preclude earller
employment of nuclear missiles where other
considerations so dietate, but It does suggest
primary Soviet rellance on afreraft delivery
of nuclear weapons so long as the Soviet
stockpile remalns Umited and Allled air de-
fenses can be penetrated without unaceepta-
ble losses,

Probable Missile Reliabilifies

4. Another mafor factor affectlng the Soviet
choles belwesn gulded missiles and other
wenpons systems, partieularly for nueclear de.
lvery, will be misslla rellabliity, Le, the de-
gree of likellhood that e missile Ared will
ectunlly reach the target ares. We do not
belleve that missile reliability for unopposed
dellvery will for the foreseeable future ap-
proach that of alreraft. US experlence sug-
gests that the "state of the art” of missile
development 15 such that a aystem rellability
factor of the order of 40-5) percent might
presently be expanted i

Soviet Capabilities in Geodesy and
Cartography

85, The USSR has succeeded in establizhing

a modern effective geodetic orgatization

whose sclentlfie and technleal personnel are

capable of dependable and adequate support

In all espects of gepdesy and cartography re-

“TUSAF resarvation,
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guired by & gulded missile program. The
high level of Soviet peodesy has resulted from
early recognition of the baslc Importance of
geodesy and cariopraphy to Soviet economle
development and military operations, which
Ted to a geodetle and cartographic develop-
ment program on an anprecedented scale.

86, We estimate that the Soviets can now
achleve relative geodetic positioning of targets
from fixed predetermined launching sltes In
the USSR with a clreular probable error
of 300 to 500 feet for most targets in
the US, provided they have connected thilp
triangulation across the Berlng Strait with
the North American datum. In the ahsenee
of such connectlon, the CEP for US targels
would le closer to 1,000 feet. The error for
targets in Western Europe Is estimated at 200
to 300 feet. Apgainst coastal targets, & missile-
launehing Soviet submarine out of slght of
land could deterinine itz positlon by celestial
observations, day or night, within one to twa
miles. By using other navigational afds and
techniques, posltions sccurate fo within 0.5
miles could be abteined.

87. The USSR can be expected to mprove its
geodetic positioning capabllities during the
perlod 1954-1965 through extensive adjust-
ments and connections with the geodetic sys-
tems of adfoining areas, By 1965, lugar and
electronle methods of conneeting the con-
tinents will reduce the geodetle CEP of posl-
tloning at 5,000 miles to nob more than 500
fest. This anticipated improvement in geo-
detie acouracy may result elther from Soviet
geodetie, astronomde, or gravimetric programs,
or more likely from Western programs, If re-
sults of these programs continue to be made
avallable to the Sovlets through open publica-

tion.

Logistic, Persannel, and Training
Requirements

88, Logistie Requirements. We estlmate that
for each missfle In the basle allowance of &
fleld unlt, an additlonal bwo to three missiles
would have to be produced for testing, train-
ing, replacement of defective units In the
stockplle, and pipeline requirements. If U3
experlence Is any guide, Soviet vehicular re-

quirements for the support of mobile missile
units will alse be considerable, For example,
o Corporal battalion requires an Impresstve
number of very heavy trucks, traflers, and
other vehieles. Misslles In excess of 50,000
pounds gross welght would create major trans-
port problems. Such long-range mlssiles asg
the IBM probably would have no mobility but
would have to be launched at or near the as-
sembly slte. However, In general we belleve
that transport would not be a serlous lmlting
factor on &ny Sovlet missile program, al-
though this program would naturally eompete
with other Soviet transport requirements,

89, Personnel, The complexity of guided mis-
slles and related test and guidance equipment
places a high premium on technleally trained
personnel in operational units. The Hustra-
tive program envisloned In Annex B, for ex-
ample, might require In the early Years 8 'T/0
strength of as many as 100,000, and ultimataly
170,000 relatively highly trained speclalists to
test, maintain, end operate the varions mls-
slle systems. We belleve, however, that as
with other complex programs the Soviets
could train personmel of the required callbre
to support & missile program, although meat-
Ing such personnel needs would Involve a
major effort and would naturally compete
wilth other personnel demands,

80, Training, On the basls of US experence,
we estimate that roughly one year would be
required for the Individual training of certaln’
kay misslle personnel.  Subsequent unit acti-
vatlon and training would require from six
months to & year. In some cases the USSR
ralght find 1t difficult to fraln and activate
such units as rapidly as it could produce the
missiles, in which case trafning would become
8 lmiting factor on Soviet missile capabilities. .
On the other hand, once mizsile Personnel
were trained, the fransitlon from early to later
missile types would be facllitated by the basie
slmilarity of guided missile gystoms,

I¥. FROBABLE SOVIET IMTENTIONS IN THE
GUIDED MISSILE FIELD
51. Becaunse of the Iack of Intellipence con-

cerning what specifle missiles may be fn the
cuwrrent Soviet missila program, our estimats

“FOP-SRERBE—




T OP—3ECRET 23

of probable Soviet Intentions is based primari-
ly upon an assessment of probable Soviet mill-
tary requirements within the context of estl-
mated Soviel capabilities In this field, We
have assessed the probable military effective.
ness of the various gulded missiles which we
have estimated the USSR Is capable of de-
veloplng, and compared them with other
weapons systems which 1t could develop In the
same perled. In our view the USSR will seck
Lo develop these missile systems which provide
or promise to provide & better means of meet-
Ing Soviet military requirements than other
weapons systems available to it, and will pro-
duce in quantity at least some of these mils-

slles, 14

Surface-to-Air Missiles (SAGMs)

92, A vital Boviet sirategle abjective in event
of general war will be the defense of the USSR
against strateglc altack. The USSR has al-
ready given a very high postwar priority to air

“The estimated dates given for missile Evaila-
Blilty are the earliest probable years dirlng
which small guantities of mizslles eould have
been produced and placed In the bands of
Lralned pecsonnel of one operational unit, thus
constithbing o Umited capabllity for operntlonal
employment, These dates are bassd on the
mssumption that & concerted and contlngons ef-
fort began by 1948, If no major delays of any
B0t were encountered and an intenslve offort of
the highest order of priority were undertaken,
the earlicst posstble dates of avallablity could
be en the order of one to two years earlier, or
8% much as three Fears In the case of the IEp
The above datos are those around which the
mnlssile could have been operationally festsd and
be ready for serles production, However, an
additional perlod {which would TAry sccording
te milssile typo) would be requlred before mis-
slles could be produced In quentity and the
necessary unlts trdned and deployed. Wa estl-
mate thet nt least slx months would normally
be regulred for shift or conversion from pllot
plant to eerles productlon, and an rdditional
period to reach the planned produoction raba,
Some 18 months ta two years would probably be
Fegulred for Individual and wnit training of each
operational unlt, although this pedod could to &
constdernble extent overlap the produstion pe-
rlod. Thus, depending on the mizsile type and
the priority glven to it, & varping perlod beyond
the dates glven In this estimate would ba re-
quired for the development of & slzeable Soviek
thraat, \

defense. However, the estimated Urnited pf-
fecliveness of present Sovlet pir defenses
Bpalnst high performance bombers and undar
poar visibility conditions constitutes n serfous
alr defense deficiency, Thus, the most urgent
Soviel defensive need is for g weapon which
will provide an effective defense against high
performance bomber attacks under conditions
of poor visibility,

93, We have estimated that the USSR is capa-
ble of having ready for serjes production in
1554 an all-weather improved Wasserfall de-
sign with an effective slant range of 20,000-
25,000 yards, and in 1955 an improved version
with semlactive homing and 30,000-45,000
yards effestive slant range. We belleve that
the USSR will make every effort to develop
such missiles because of thelr early avallability
and the fact that even the first, i employed
In quantity, would radically Improve Soviet
all-weather air defenses, However, ts short
range would limit its vse to a point defense,
and numerous peripheral law slteg
would be required for effectively defending
major target areas. This weapon would prob-
ably also have sharply limited eapabilities
against multiple or low altitude targets, The
Improved wersion would be less limited In
range and its homing head would be more ¢f-
fective againgt multiple targets,

94 In 1958 the USSR shoutd be capable of
having a new surfoce-to-air missile with ter-
minal homing, a larger warhead, and st
greater range, Ils Increased rangs would per-
mit the use of & smaller number of units in
point defense.  Moreover, the low ¥ield nu-
clear warhead probably avaliable for this mis-
gile in 1958 would Ereatly Increase the ki
probability,

95. Pofentinl Military Threaf, Should the
USSR fully exerclse its capabilitfes in this
field {(mnd allowing for the lead time reguired
for serfes production, training, and other fag-
tors), we belleve that Soviet Eill capabilities
against Allied bombers even in bad weather
would be significantly and Pbrogressively in-
creased beginnlng around 1955, The appear-
ance in 1958 of nuelear warheads might die-
tate greater separation of attncquﬁni_rwm_
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and thus also lmprove the effectiveness of alr
defenses generally, Including airborne Inter-
ception.

Air-fo-Air Missiles (AAGMs)

46. Because of {ts air defense weaknesses, the
USER probably also has a high priority re-
quirement for AAGMs.  As Boviet interceptor
performance Improves and as thi speed and
altitude of attacking bombers also increase,
improved weapons will be nes becnuse
of the Hmitatlens of conventlonal aircraft
armarment.

7. We have estimated thet the USSR could
have ready for serles production in 1954 a
solid propellant rocket with Infrared homing
and & 5,000 yard range, and during 19551058
an improved version with 10,000 yards range.
These two designs have the advantage of prob-
ably being readily adaptable o existing Soviet
Interceptors. However, owing to thelr guld-
ance system they could only be used for tail
cone attacks. Nevertheless, use of this mis-
sile would considerably enhance Soviet inter-
eeplor capabilities against jet bombers. There-
fore we belleve that the USSR would assign
high prierily to its production as a valuable
Interim missile,

88. The mew AAGM with semisctive radar
homing which we estimate the USSR counld
develop by 1958-1960 would have an all-weath-
er capability and be an essential supplement
to the expected Soviet all-weather fighter,
Therefore, such a missile would. almost cer-
talnly be assigned a very high priority. In
1960, the USSR could probably have a mlssile
with an active radar homing head. By this
time missiles will probably be the primary So-
viet Interceptor armmament.

88, Potential Military Threat. If beginning
around 1955 the solid propellant rocket began
coming inke general use In Soviet Interceptors,
their kill probablilty against jet bombers un-
der fair weather conditlons would probably be
substantially increased. The AAGMs with
which most Soviet interceptors could probably
be equipped after 1960 would greatly enhance
Bovlet all-weather defenss,

Aiir-to-Surface Missiles (ASGMs)

100, The formidable and growlng Soviet sub-
marine feet and surface navy Indicate Soviet
strategle emphasls on interdicting the sea
lnes of communleation on which the Allies
depend. As Allled capabilitfes for defense of
ships and ports prow, the USSR will require
Improved weapons for this purpose. Frogres-
slve Improvements in the alr defenses of naval
task forces will probably make elreraft tor-
pedo abtacks Increasingly hazardous, and
Soviet conventional bomb dellvery techniques
lack the accuracy necessary for use against
shipe. Therefore, we belleve that the USSR
would almost certainly produce In quantity
any preelslon weapon avallable for effectively
attacking ships with high explosive (HE),

101. We estimate that the USSR could now
have available an 8,000 pound recket-propelled
glide bomb with 20 nautical mile range and a
3,000 pound HE or nuclear warhead (see An-
nex C, Restricted Data). 8inee this weapon
would afford a means of dellvering accurate
HE attacks against point targets such as ships,
it would probably be adopted, even though its
TV tracking would Umit it to good visibllity
conditions. However, since the range of this
missile would st be so short as to afford only
lmited security to the parent afrcraft, the So-
viels probably would continue to consider that
nuclear weapons might be more effectively de-
Hivered directly by afreraft, and would not
equip thiz missile with & nuclear warhead,
The probable avallabllity in 1956-1957 of o
sultable acoustic homing torpeds eould fur-
ther increase the effectiveness of this weapon,

102. We also believe that for the next several
years the USSR will rely primarlly on its
growing high performance homber eapabili-
tles for attacks on key Allled bases and fnstals
latlons, However, at some time in the future
the growing effectivencss of Allled air defenses
will create & growing Soviel requirement for
an lmproved wespon {0 penetrate these de-
fenses without excessive bomber lossmes. At
this time the USSR will probably seek to pro-
duce an alr-to-surface missile with g nuclear
warhead for atfacking Allled nuclear bases
and facilities and other heavily defended in-
stallations.
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103, In 1956-1957 the USSR probably could
have ready Tor serfes productlon an 8,000-
10,000 pound subgonic pilofless afrcrafi with
50 nautieal mile range and a nuclear warhead,
However, except In case of clandestine place-
ment of a homing beacon In the target area,
it would be limited to use In fair weather or
apainst ship targets. While Its range might
enable parent alreraft to stay beyond the
range of Allled defenslve missiles, the pllot-
less abreraft liself would be vulnerable to in-
terception. Tts size and weight would also
restrict the performance of the parent alr-
eraft, and it could be cartied only by heavy
and medlum bomber types. For these rea-
sons, and because direct bomber dellvery will
probably still be effective, we do not belleve
that the USSR would prodoce this weapon
In guantity, If at all

104. However, In 1960, when we estimate that
a supersonic all-weeather ASGM with 100 nau-
tlenl mile range and a nuclear warhead could
be aveilable, the USSR would probably expect
Allied defenses around key targets to he such
as pravely to limit effective direct bomber
dellvery of nuelear weapons. Any limitation
on the relizbility of this ASGM would prob-
ably be more than offset by the Improved
likelilhood of penetrating target defenses.
After 1960, moreover, the size of the Sovlet
nueclear stockpile iz likely to be such as to
justify sllocation of nuclear material for this
weapon despite the rellabllity factor. By this
time, progress in Soviet nuclear technology
eould also be such as to permit & high yield
warhead, In which case the weight of the
missile and the limitations on its accuracy
would be of less significance (see Annex C, Re-
fricted Data). Therefors, we belleve that the
UsSHR would undertake guantity preductlon
af such o missite, if available, for use by heavy
and medium bombers against “well defended
targetl areas.

105, Polential Military Threat, Should the
USSR put Into use an antiship weapon like
the rocket-propelled glide bomb, it would sig-
nificantly strengthen the Soviet challenge to
Allled seapower in Eurasian waters. If an
all-weather superzonle ASGM began coming
into use around 1960-1961, it would greatly

Inercase the Allled alr defenss problem and
probably dictate primery rellance upon long
range Interception of the parent alreraft.

Submarine-Launched Surface-to-Surfaca
Missiles [S5GMs)

106. The USSR, with [ts growlng submarine
fleet, will almost certalnly develop the capa-
bility for using submarine-launched S3GMs
to attack Allled ports and bases In eoastal
areas, Ineluding those In the U8. The USSR
might consider such misslles to have partie-
ular value agalnst key industrial areas and
military bases along the U3 seaboard.

107, We have estimated that in 1850 the USSR
could have hed avallable an impreved V-I
type with & high expiosive warhead, and in
1951 a larger twin pulse-jet V-1 type. By
1954 both missiles could have a nuclear war-
head (see Annex C, Resiricted Data). These
weapons would provide a capability for sub-
marine-launched atiacks on US comstal tar-
gets to supplement Soviet nuclear alr attacks.
Thelr accurscy would probably be sufficient
for tse agalnst larpe citles and base areas,

168, The improved range, speed, and secu-
racy of the subsonic pilofless aircraft S3GM
which could be ready for serles production in
1555 would greatly inerease the number of
good targets for submarine-leunched attack,
In about 1952 the estimnted nuclear warhead
yleld will approach compatibility with the
estimated accuracy of the weapon system and
wouwld greatly increase the Hkellhood of its
uvse agalnst such targets as alr bases and
coastal ports facilities.

109, Potential Military Threat. A Soviet
capabllity for submarine-launched nuclear
milasile attacks which the Soviets could now
hawve, would constitute a substantial threat to
the US and Its global security Interests.  After
1958, when higher nuclear warhead yields gp-
pear lkely, all BAC overseas bases and some
within the US itself would be within range
of effective surprise attack. The chief ad-
vantage of submarine-launched missiles is
that the Hkelihood of Interception s remole,
Primary defensive reliance would have to be
placed on antisubmarine measures.
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Ground-Lounched Surface-fo-Surface
Missiles

110. In the light of probable Soviet strategie
objectives, the USSK probably has e series of
requirements for improved weapons to: (&)
neutrallze Allled nuclear delivery capabilitles
at thelr launching sites (alr bases, carriers,
milssile launchers); (b) provide an all-weather
tactical nueclear capabllity in battle areas,
particularly in view of growing Allled capa-
bilitles In this fleld; (¢} atiack Allled poris
and vital centers, and neutralize such key
Allted base areas as the UK and Japan, These
requirements might be met by misslle sys-
tems, but major deterrents to thelr use during
the next few years would be the factors of
reliability. accuracy, and yleld, which might
lead the TS3R to conslder alreraft a better
means of dellvering its Hmited miclear stock-
pile.

111, The USSR could wuse from ground-
launchers, with somewhat Improved accuracy,
the three pilotless aircraft whose use from
submarines was discussed In paragraphs 107
and 108 above. Sinee they would be of Im-
ited accuracy and thelr yulnerabllity would
approach that of piloted alreraft, however, wa
believe it unlikely that the USSR would choose
to develop any slgnlficant operatfonal capa-
bility of this type. We belleve that the So-
viets would favor balllstic missiles because of
thelr relative Immunity to presently kmown
countermessures. '

112, We have also estirmated that the USSR
could have ready for serfes production the fol-
lowing ballistie S3CGMs: (a) In 1854 an
elongated V-2 fype with & 2,000 pound HE
warhead and 350 nautieal mile range; (b}
alternatively, in 1954 an improved V=2 or na-
tive design with much less range but a 3,000
pound warhead and greater accuracy; (o) In
1955 an elongaeled V-2 type with 4 3,000 pound
warhead and 500 nautleal mile range; (d) In
1957 (or &t the earliest possible date In 1955)
& 100-ten thrust SECGM with 900 mile range
and a nuclear warhead: and (e) in 1958 (or
at the earliest possible date In 1957) an 85GM
with 1,300 nautlcal mile range (see para-
graph 26). However, the accuracy of these
misslles would be markedly Inferior to that

which the Boviets could probably obtain by
elther visual or blind bombing, Moreover, all
targets within range of tha first three missfles
would be within the combat radlus of Soviet
Jjet lpht as well as medlom bombers ‘The
last two mlsslles would be markediy fnferlor
In range in the new Jet medium bomber. The
chief advantages which these balllstlc mis-
siles appear to offer I3 thelr relative imvul-
nerabliity to Interception and thelr capabili-
tles for surprise attack,

113, To counter growing Allled all-weather
nuclear eapabllities In Burope, the USSR will
probably give high priority to a missile sys-
tem for support of its feld forces. The im-
proved ¥-2 or native desipn estimated to be
now available would satis{y this requirement,
if considerably improved accuracy could be
attained. In this case, conslderable effort
might be devoted to itz production.

114. However, aside from this missile, we be-
lieve that the Soviets would seek to produce
ballistic 25GMs in quantity only if they ex-
pected the kil probabllity of Allled alr de-
fenses to be so high that such missiles would
provide more certaln delivery than piloted afr-
craft, We believe that over the next several
years the Soviets will rely primarily on high
performance bombers a8 & more assured
means of delivery. Therefore, for the next
several years the Soviet surface-to-surface
mizsile effort will probably be concentrated
more upon development of Improved ballistic
misstles than upon guantity production of In-
terim types. When the USSH estimatas that
improved Alled alr defenses will soon pose &
mejor threat to successful alreraff dellvery, it
will probably undsrteke a heavy Investment
In S88GM's. By 1958-1060 the estimated
growth of the Soviet nuclear stockplle and .
the larger warhead ylelds probably available
would have reduced the significance of any
Umltations which the accuracy or relfability
of such missiles systems might have placed
upon Ltheir parlier use (see Annex C, Resiricted
Datay,

115. Potential Military Threat. Thus the
chicef Soviet balllstie missile threat In the next
several years s Ukely to arlse from a consld-
erable Soviet effort to produce a short-range
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missile to counter Allled tactical all-weather
nuclear cdpabilities In Europe. Later, the
USSR might develop & ballistlec misslle eapa-
bility for neutrallzing Allled bases on the Eu-
rasian perlphery. For example, the 1,300
mile ballistic missile which could prebably be
ready for serles produetion in 1959 could reach
#ll present US alr bases In Europe, the Phillp-
pines, Alaska, Iceland, Japan, and North
Afriea, with the exception of those In Morocoo,

Intercontinental Ballistic Missile (IBM}

116, A major wartime objective of the USSR
would undoubtedly be to effect the maximum
practicable disruption of the war effort of the
US. The tly estimated szeale of the
Soviet jet heavy bomber program supgests
that the USSR intends to rely on this weapon
and considers that it will remaln a wseful
means of dellvery for several years to come,
However, In view of US amphasis on cont-
nental air defense, the Soviets must foresee &
period when long-range bombers may no
longer be & feasible means of attacking heay-
ily defended UE targets. They may also be
aware of the possibllity of evenfual Allled
capabilities to attack the USSR with an Inter-
continental ballistle missile, apainst which
there iz na presently knowmn defense, There-
fore, we estimate that the TESR will almost
certainly wndertake, if it has not done so
already, a concerted high priority effort to
acquire an intercontinental ballistle missile,
Az with nuclear weapons, the USSR will prob-
ably estimate that Its securify will depend
upon having such weapons to counterbalance
any capability on the part of the US,

117. We have estimated that in this event,
the USSR could have ready for serles produc-
tion In about 1963 (or at the earilest possible
date about 1960) an IBM with & high yield
nueclear warhead (see Annex O, Resirlcted
Data) and & CEP of roughly five nautical
miles,'®* Such a Soviet missile could be wused

“Hee foolnobs to paragraph 91, but note that In
the case of the [BM, operational fArdog In lim-
Itedd nrumbers might be conducted by Inctory
technlelans at the pssembly siies and the full 18-
month to two-year tralniog perclod for miasils
units would not be required.

against large Industris! complexes. However,
its effectivencss against such point targets as
alrflelds or US misslle launching sltes might be
marginal, Glven the likely growth of the So-
viet nuelear stockpile by the 1980%, a con-
slderable degres of unreliabliity might be ac-
cepkable to the USSR,

118, Potential Threat to the US, Advent of
the IBM would cresle an entirely new type
of threat to the US. Attacks upon the launch-
ing sites are the only possible countermeasures
now known or In prospect. If the USSR
should develop such & misslle and produce it
In conslderable numbers before the US de-
veloped adequate counterweapons or counter-
measures, the USSR would soquire such a
military advantage as to constitute an ex-
tremely grave threat to US security.

Allocation of Priorities Within the Saviet
Missile Program

118, Our knowledge of current Sovlet missile
activities 15 so meager a5 to provide Hitle basis
for any firm estimate of the nature, scale — or
even existence —of an actual Soviet produc-
tlon program. However, we belleve that from
the standpolnt of currently urgent military re-
quirements and estimated early operational
availability, the USSR will give highest pri-
ority in the perfod roughly 1954-1960 to the
development and production of surface-to-alr
and air-to-alr mi=siles to meet urgent alr de-
fense needs.  Inour view 1t would give a high
priority to producing a submarine-launched
83GM, o short-range tactical ballistle mizsile,
and a short-range air-to-gurface antiship mis-
sile in that order, although prioritles might
vary according to when designs became oper-
stlonally eveilable. Other types probably

would not be produced In guantity over the

next scversl years.

120. Meanwhlle, further research and devel-
opment in the above misglle eateporles, as
well as of a long-range ASGHM and varfous
ballistic missiles (especially the IBEM), would
probably go forward under high prorify. The
Interdependence of development work on all
these missiles Is such that {6 §s not feasible
to differentiate among the prioritles they
would receive At some time around 1980

FOTGECRET—




FOP—EECRET &7

production of the lonpg-range ASGM, If avall-
able, would probably be undertaken under
highest priority, followed by the medium-
range hallistle 85GM's. Production of the
IBM would probably be undertaken at the
earliest practicable date.

121. The relative production emphasls and
quantities of the above missile produced could
vary widely, depending on such factors as
Bovlet strategle planning concepis, the dates
of avallabllity of varlous missiles, Sovlet nu-
clear technology and stockpiles, Soviet eco-
nomie capabllitles, and the competing de-
mands of other Sovlel weapons systems. As
noted, the capabilities of the Bloe electronies

and precision mechanism Industries appear to
be a mafor lmiting factor on any extensive
missile program.  With respeet to Soviet stra-
teglc concepts, primary emphasis on afr de-
fense would supgest an all-out effort on
BAGMs and AAGMs at the expense of other
catepories, while primary empheasis on Lsolat-
Ing the U3 from itz allies would point to em-
phasls on mizsiles having a high pofential
against shipping or port areas. A Soviet de-
clsion on & definite time-table for-war might
lead to a cutting down of effort on all missiles
whose operatlonsl aveilability In quantity
cowld not be antelpated by the presumed
D-Day.




R i i 28

AMMNEX A

ORGAMNIZATIONS AND FACILITIES IN THE SOVIET MISSILE PROGRAM

Ministry of the Aircraft Industry

1. Central Aerg-Hydrodynamic Institute {Ts-
AGL), Moscoe, One of the most lmportant
Soviet acronsutical research Institutes, TeAGT
does research in all basie and applied selences
assoclated with seronsutics and is probably &
major source of sercdynamie data for the
missile program. For example, TsAGI sup-
plied wind tunnel data fo KB-3, a design
bureau in Putllove known to have been con-
cernied with missile activitles (see paragraph
23). NII 88 and ifs Branch 1 at Ostashkov
(see paragraph 14) are known'fto have sent
models to TsAGI for asrodynamie tests
TsAGI also had representatives at NTS meet-
ings at NIT B4,

2. Experimental Faclory I, Podberez'ye, This
factory is knmown to have been utillzed for
exploiting German  acronautical sclentists,
engineers, and techniclans. The work in-
volved meinly research and development on
new aireraft but during 1048-1049 some work
was devoted to perodynsmic test vehicles
designated ag the M-sarles. The results of
such work could be applicable to deslpn of
missiles as well as alreraft.  Although the re-
search work here was not princlpally con-
cerned with propellants, some developmental
work was done on PENA (a propellant em-
ploying metallle sodlum suspended In a hy-
drocarbon fuel), and on combinations of
hydrogen peroxide/hydrazine hydrate and
petroleum/whits fuming nitrle acld, While
apparently for rocket powered Interceplors,
this work could also be applicable to missile
power plants.

3. Improvements lo the pulse-jet, started In
Germany In 1945, were continued at Faclory
1, and by 1049 apparently resulted in a pulse-
Jet engine with an estimated thrust of 770
pounds smaller than the German Argus-014,
There are also reports of work on a twin pulse-
Jet V-1 type missile During 1950, thiz fae-
tory acted as a subeontractor for NII 88, a

known missile installation (see paragraph 14).
Equlpment delivered conslsted of dgar-shaped
fuselages, wings (approxmately 1.2 meters
long with a chord of 0.4 meters) sccelerome-
ters, altimeters, dynamie pressure recorders,
deflection recorders, and angle of attack in-
dieators

4, Factory 2, Euybyshen, The princlpal work
of this factory Is the fabrication, assembly,
and experimental testing of new and modified
et engine desigms, but there are Indicatlons
that & small part has also been engaged in
the research and development on certain come-
ponents used n missiles, The Askania group
of Germans assigned here continued develop-
ments on the Patin automatic pilot, trinxial
gyroseopes, and V-1 control mechantsms
which they hed worked on In Germany, Dur-
Ing 1948 this group reportedly overhauled
about 100 standard V-1 control systems and
medified six systems for electrle instead of
pnewmatic controls.  In the fall of 1950, most
of the group joined other German missile FA
clalists at Post Box 908, Moscow (see para-
graph 21).

5. Flight Test Institute ¢LIT), Ramenskoye,
This institute, located at Ramenskoye airfield,
probably handles most of the fiight research
and testing for the Minkstry of Afreraft In-
dustry. Beginning In 1849, German prisoners
of war reporled seelng winged obiects attached
under the wings of TU-4 bombers. The most
recent abservatlon was made during late 1951
to 1953 by German electronde speclallsts who,
as prisoners of war, were forced to work at Post
Box 808, Moscow (see parapraph 21). One
source was told that the “mlssiles” attached
to the TU-4's wers an alr-to-surface type for
which the Germans at Post Box 908 were de-
veloplng o puldance gystem.

68, Selentific Research Institule (NIF) 1, Mos-
cowe. In 1847 two membors of this Institate
wrote an artlele en detarminaton of the
temperature and coeficlent of complete eom-
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bustion in the chamber of & ZhRD (Hguid fuel
rocket engltie). Two other persons affiliated
with this institute were reportedly interested
in the German Binger project for & long-range
rocket bomber. Other sclentists, formerly as-
soclated with this institute, hove appeared at
Factory 456 at Khimki, & known mlssile in-
stallation. One of these men, Glushko, was
interested in the development of the 100 ton
thrust propulsion system as early as 1947,
and became head of this project when work
was started in mid-1948,

Ministry of Chemical Industry

T. Bhysiochemical Institufe dmeni Harpov,
Moscow, This Institute’s main funetion iz to
conduct, supervize, and/or serve as a consult-
ing ageney on techideal ehemical ressarch of
tndustrial Inferest. It s reported to have
been enpaged In research on hyperbolle fuels,
Small scale {gnition lag tests by fhe drep
methed were conducted. By 1950 two rocket
fuels, triethylamine and acetomine, had been
developed to the pilot plant stage.

8. State Institufe of Applled Chemistry
(GIPHER), Leningrad. The chief function of
this institule iz the study of the problems in-
volved In the most efficient utllizatlon of natu-
ral resources, Propellant rescarch was carried
out, with particular emphasiz on amine com-
pounds for use In hyperbolic fuels. This re-
search appears to be related to that carried
out at the Earpov Instituts.

8, OKA Chemical Plant, Dzerghinsk. In the
sumimer of 1048 a group of six Germans from
the Earpov Institute were transferred here
and concentrated on developing rocket pro-
pellants based on amines with nitrie acid as
the oxddizing rpent, The adjoining Plant 96
iz the only known producer of hydrogen par-
oxdde In the USSH, Heports indleate that T0
percent hydrogen perowdde was avallable at
Plant 96,

10, Plant 24, Moscots. This factory has two
pllot plants, one for acctonlne and one for
triethylamine. Hyperbolic fuel mixtures were
sent here from the Karpov Institute and the
JEA chemleal plant for extensive combustion
wsting, Bobyshev, the manaper, was for-

merly supervisor of a German beam worklng
on hyperbolic fuels at Leuns, Germany, He
has also been identified at both the Karpov
Institute and the OKA chemical plant.

Ministry of Defense

11, Academy of Artillery Selences, Moscow,
This Academy was established on 11 October
1946 to further the development of artillery
weapons. Voronmov, Chief Marshal of Ar-
tillery Sclence and honorary president of the
scademy, wos the commander of the Special
Purpose Rocket Brigade formed in 1846 from
the Berka V-2 tralning unit in Germany, and
reported to have gone to a pulded missile test
range In the USSR, Although the institute
was under the Sovlet Army and had a com-
mand stefl of artillery offlcors, officers of the
Army Alr Forees and the Navy were attached
toit. A commission on rocket techniques was
alzo established by the academy,

12, The Bolsheve Artillary Institute near Mos-
cow 1= thought to be subordinate to the acade-
my. InJanuary 1947,41 loads of unidentified
“speclal machines” were presumably dis-
patched to this institute from Lehesten, Ger-
many, the site of the V-2 combustion chamber
statie test facilitbes. Tikhonravov, sald to
be assoclated with this Institute, was & mem-
ber of the Scleatific Technical Council (NTS).
In early 1948, representatives from this insti-
tute oblained 20 sets of the Cerman mlssile-
borne recelver, Strassburg, fram NII 885 (see
paragraph 26). Barly in 1851 o Bovlel commls-
slon allegedly from the Bolsheva Institute
went to Ostashlkoy o select a group of German
engineers In the fleld of puidance and control
devices. This proup of CGermans was later
moved to Post Box 908, Moscow (see para-

graph 21).

13. Zhukovskiy Academy, Mogoow, This acad-
emy trelns alreraft designers and enginesers,
and iz probably the most Important Soviet
school of Its type. Several high level members
of the ncademy have been reported to be work-
ing on gpulded missile problems, epg., & deslpn
study of wings for supersomic long-range
E50GM's In 1947, misslle trajectories, guldance,

_ond stabliization. .4

FTEPSECRET—




FOP-EECRET- 30

Ministry of_the Defense Industry

14. Scierbific Research Instifute (NII) 88 and
Factory B8 (the 88 Compler), Haliningrad,
The &8 Complex 15 the most Important Soviet
facility known fo heve been Ilnvolved In mils-
sile development,  TIts inltlsl task was assem-
bly of standard German A—4's for test firing at
the Kapustin Yar test range [n late 1947, The
88 Complex worked on improving the A-4
and was also Involved In work on Wasserfall
and Schmetterling.

15. Other indications of s Importance are as
follows: (o) in 19848 it recelved puldance and
control equipment from Gema Haus in Berlin,
when this organleation was dissolved; (b) 25
and 35 ton thrust propulsion units were
shipped here from Factory 456, Ehimki; (c)
the Divector of NII B was chalrman of the
KT&, which held its meatings here; (d) dight
simulators were sent here from Ostashkov In
1549 and 1350; (e} existence of & wind funnel
has been reported, and Branch 1 below con-
tributed to the design of several components of
this tunnel; () clongated boxcars have been
observed here beginning in 1850 snd &s late
a5 1954; (g} results of 1947 Arlng trials held
at Kapustin Yar were evaluated here in the
spring of 1948; (h} representatives of NII 88
have appeared at other instellations known
to be involved in missile activitles; (1) A4
control actuators were reportediy produced
here at the rate of 20 per month by 1951; (])
in 1948 eonstruetion of a speclal building was
begun, which the Germens reported was to
be used for verlical tests of the V-2 (photos
confirm completion of this buliding during
1949); (k) another new bullding, approxi-
mately 200 feet In length and three stories
high, was erected sometlme In 1951; and (1)
static propulslon tesis have taken place at the
complex since 15947, with the last reporied lest
in March 1954.

16. Bramch ! of NIT 88, Ostashkoy was the
destination of the German sclentists who were
transferred from the 88 Complex [n 1947-
1948, Approximetely 175 German sclentists
were assigned here, the largest number known
to be Iocated &b any Soviet lnstallation in-
volved In misstle research, Members of Lhis
group have supplied considerable Information,

as Indicaled by the following list of principal
projecls proposed by them to the Soviets:
{e) R-10 profect —a deslgn study for & bal-
listlc missile system with & renge of approx-
mately 500 nautical miles and a warhead of
2,160 pounds; (b) R-12 project —a sories of
investigations of two-stage ballistic misslle de-
signs with a range of approximately 1,300
nautical miles and & warhead of 2,200 pounds;
(e} R-14 project — a prellminary deslgn study
for & ballistic mizsile system with a range of
approxdmately 1,600 nautical miles Ing a
warhead of 6,600 pounds; (d) R—15 profect —
a preliminary design proposal for an alreraft
type, supersonie ram-{et mizsile gystom with &
range of 1,600 nautleal miles carrying & wor-
head of 6,600 pounds; (a) R-113 project —a
pre]liminary design study for & surface-to-alr
mizsile system of 65,000 yards slant range and
a warhead of possibly 1,100 pounds; (f) an
ultrahigh frequency radlo eammand guldance
system for ballistle type misslles; (g) & sys-
tem for bleeding combustion chamber gases
Irom Hguid rocket engines to run the fuel
purap burbines; (h) Investigation of the for-
mation of colloddsl suspensfon of metals In
fuels which could be applied to puided mis-
siles; (i) deslgn, construction, and operation
of & supersoniec wind tunnel; and (J) con-
struction of analogue compriters to be used as
flight path simulators for determining ballis-
tie and aercdynamic data applicable to guided
rmissile designs,

17. There appears to be another branch of
the B8 Complex at Bolshevo, although no con-
nectlon with the Bolshevo Artillery Institute
I5 known. One Cerman worked at this
branch for 2 month in 1946, and other Ger-
mans have stated thelr bellef that NIT 88 had
such & branch. '

18. Fectory 456, Ehimki This factory, be-
Ueved Lo be subordinate (since May 1953) to
the Ministry of Defense Industry, Includes a
developments] plant (OKB), and & production
plant. OKB was charged with: (a) indoe-
trinating Soviet technlcians In the manufre-
ture, assembly, testing, and operation of v—2
combustlon chamber snd propulsion eom-
ponents; (b) Increasing the thrust of the V-2
from 25 to 35 ton thrust; {c) deslgn of a 100

Tty
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ton thrust propulslon unit; and (d) deslgn of
& 250 ton dtatie test stand. The productlon
plant was charged with: (a) assembly and
production of V-1's {(reported total production
estimates run as high as several hundred);
(b} preparation for pillot production of V-2
combustion chambers; and (¢) manufacture
of eertain consumer goods,

18. Propellant research was also conducted
here, and had two basic trends, namely, tests
for ethyl aleohol and lquid oxygen, and tests
of & nitric acld oxidizer, The latler Included
small scale experimental engine tests. This
factory s known to have a test facllity for
the 25/35 ton thrust propulston unlts (test
stand, observation bunker, underground fuel
storage dump, and a liquld oxygen plant),
storage facillties for hydrogen peroxide, a hy-
draulle test stand, and equipment for dynamic
balaneing of turbopumps. It was reperted
that In mid-1950 sll V-2 type propulsion units,
ligs, and fools were packed and shipped out,
possibly to Kuybyshey,

20, Kapustin Yar Test Range, This rango is
located about 5T mlles east-southeast of Stal-
ingrad. Germans, some of whom visited the
range . in 1847, described equipment elther
located at the range or intended for use there,
The basle telemetering egquipment wsed was
the German Messina, The range was also
equipped with Askania cinetheodolites, radar
{inctuding the American SCR 584 radar), a
statfe test stand, gnd = rather elaborate horl-
zontal fest check ocub stand. Other fest
equipment which could now be in use Includes
& second felemetering systern, called Messina
IN, developed by the Germans after World
War II as part of the Soviet exploftation
program. It was a pulse transmlsslon sys-
tem uslng 16 channels. It Is known that, In
1949, a Stalin Prize wasz awarded to Soviet
engineers for the further development of this
equipment. The Soviels were also Interested
In developlng a doppler radar system for
range instrementation. Work was started as
early as 1945, and continued by the Germans
ak NII B85 untll 1947, At this time all com-
ponents were shipped out to an unknown
destination, and the Germans were assigned
other projects. From brief descriptions, It fs

believed that the system wounld conslst of
rangehead bransmitters and both rangehead
and down-range recelving stations,

21, Design Bureau 2 (EB-2), Post Box 908
Moscow. This organization has also been re-
ferred to as an electrondes research Institute,
Az parly ms 1M7, German prisoner of war
technielans worked here on a guldance sys-
tem for an ASGM with a range of around 99
nautieal miles. It s belleved that the main
part of the German guldance and control
group, the only German group still In the
USSR worldng on mlssiles, are involved in the
work of this Installatlon, while another part
iz belleved to be working on a esmplete BAGM
system at an unidentified Installation near
Khimki, The main body of the group is
known es the Buschbeck/Eitzenberger group
and was formerly at NII 885, and its branch at
Monine (see paragraph 25). Germans from
Branch 1 of NII 88 at Ostashkow, from Fac-
tory 2 in Kuybyshey, and from prisoner of war
camps Were also merged Into the group.
While a complete plclure of the activity at
EB-2 Iz not avallable, the Soviets were ap-
parently very Interested in a radar guldance
system, described as a mideourse beam-rider
with semlactive homing, belng developed
there. Inasmuch as this system would be
adaptable in whole or In part to varfous types
of missiles, KB-2 could be of conslderable fm-
portance in the Sovlet program.

22, Factory 203, Hrasnogorsk. Two phases
of the activities of this factory appear to be -
applicable to misslle research and develop-
ment: (a) the repalr and limited production
of varlous types of theodolites (Including the
Askania KT 40 cinetheodolites, the type used
ab U3 mizslle ranges); and (b) experlmental
wark with PbS photoconductive eells applea-
ble to Infrared detectors, This latter work is
belleved to be related to the development of
the “Juno® misslieseeker head developsd In
Germany during the war, Additlonal Infra-
red research here conslsted of: (a) research
and prodiection of PES photosonductive cells:
(b} work on ERS-5% oystals, Including
“* A combinatlen of thallum bremide and lodide
developed by Zelss durlng Warld War IT. It has
o low atbonuation In the fwo to approxdmately

35 micron band,
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growth of the crystals and the grinding of
lenses and-‘windows (the only known use for
these crystals 15 as & superlor Infrared trans-
parent materlal); (¢) the use and fabdextion
of black bedles for research; and (d) work
on Infrared fllters (probably for photographle
purpases). The appearance of representa-
tives of NII 88 and the Faclory 393 In con-
nection with repalrs being made on theodolites
also Indicates probable missile worlk,

23, Design Bureaw 8 (KB-3), Putilovo. 'This
installation is known to have worked ¢n the
development of an AAGM referred to asg
“Sokol" It and the nearby Sofrine Proving
Ground appesr to function as a unit, A group
of Germans worked at KB-3 from 1946 to 1952
on development of powder-propelled ungulded
reckets for alr-to-air, air-to-surface, and sur-
face-to-alr use, and on ankitank rocket devel-
opments, There appears to have been a So-
viet Institute in Moscow working on projects
related to the German work at KB-3. A So-
viet surface-fo-alr gulded missile engineer
from NII 88 Iz known to have visited the
Sofrino Proving Ground several times during
1943-1951, The Instrumentation at Putilova
is known fo Include an intermittent supersonie
wind tunnel (Mach 3), a static fest stand
(horizontal), launching rails, and a small
weather statlon. Measurements were re-
stricled to range and disperslon patterns.
There were no facilitfes for trafectory data.

Ministry of the Heavy Machine Building
Industry

24. Podemmnik Pacfory, Moscow, Numerous
POW reports indicate that spectal vehicles
were belng produced here up to 1949, The de-
scriptions Indicate that the wvehleles were
slmilar to the Mellerwagens, special trallers
used by the Germans to transport V-2's to the
launching site. This faclory specializes fn
building moblle cranes and is therefore well
equlpped to produce missile fransporting and
handling equipment,

Ministry of the Radio Technical Industry

25, Scienfiflc Research Institufe (NIT) 285,
Moscows, Thiz institute's activitles included
the reconstruction and Sovietizing of the

Leltstrahl azimuth guide beam system, the
Messina IN telemelering equipment, doppler
voloclty and position messuring equipment,
the V-2 electrical syslem, and an electrical
checkout stand and frlng console. Tn addi-
tion, reports Indicate some work on a celestizl
guldance system. A branch of this institute,
Speclal Bureau 1 at Monlnoe, worked on design
and development of a semlactive radar homing
head for a SAGM.

28. NII 885' relationshlp with other missile
Installations is indicated by the fact that re-
quests for library books not available at NIT
885 end/or requests for consultatlon with
members of the Academy of Sciences, USSR,
hiad to be submitted through NIT 88, It is also
known to have furnished about 20 Strassburg
recelvers to the Bolshevo Artillery Institute,
At least one German from NIT 855 was pras-
ent at the 1947 firink trials at Eapustin Yar.
In 1950 German personnel, principally those
connected with the homing head project, were
transferred to Post Box 908, Moseow,

27. Sclentifle Rerearch Institute (NII) 380,
Leningrad., An electronles institute enpamad
In the development of civilian and military
television equipment, NI 380 is composed of
two branches. Its Secret Department was re-
portedly concerned with developmental work
baszed on Tonne A, a TO centimeter wave-
length television apparatus desigmed by the
Germans during World War IT as & guidance
system for the German Hs 203D adr-to-ship
missile. There [5 as yet no evidence of a di-
rect connection between the activitfes of the
Secret Department and the activities of other
mlssile Installations. There are reports that
an unspecified fnstitute at Odessa has done
work similar to that of NIT 380, and englneers
from Cdessa are known to have visited NI
380.

Ministry of the Shipbuilding Industry

28. Scientific Research Institute (NII) dg,
Leningrad. Activities of thiz institute from
mid-1345 to early 1953 Included development
of ground computers for SAGM:s and of a
Eyrostabilized platform for Inertial guidance
systems, If reportediy had a department con-
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eerned with development of radar equipment.
Cur informatfon is scant, but radar wave-
lengths of three and 10 centimeters have been
indicated, The reconsiruction and Sovietiz-
Ing of the Wasser{all computer wos completed
sometime In 1948, and the resultlng computar
was reportedly sent to a range for testing in
1%49. The NII 49 laboratories, whose research
apparently paralleled the work of the Ger-
mans, also constructed a eomputer for the
Wasserfall reported to have been tested at the
same time as the German model. -

Academy of Sciences, USSR

29. Department of Technical Sciences, Mos-
cow, "This deparbment contributes to the So-
viet missile program by providing basle theo-
retical research in aercdynamles, propellants,
communieations systems, computer deslgn,
servomechanlsms, mechanleal components,
and fundamental mathematical investgations
of external ballisties, It contributed to the
development of components In the field of
"modelling computers” (probably Sight slmu-
lators, although sources atate that this devel-
epment was in its Infancy In 1951-1952), elec-
tronie regulating mechanlsms, and gyroscople

stabillzers. Indlviduals and groups from this
department have been assoclated with other
missile aotivities.

30. Imstitute of Automatics and Telemechan-
icg, Mozeow. This institute develops regula-
tory devices such as servomechanisms, gyro-
scople stabillzers, and electronfe control de-
vices. It Investigetes theoretical phases of
mechanies such as nonlinear oscillations, as
well as pulse modulation, automatie frequency
cotrection systems, and medium high end ul-
trahigh frequency generators. One member
has published research papers on mmhuaﬁm:
chambers, propulsion units, and

fes of liquld Aow through pipes. This nrgnnm
tion Is reported to have designed & servodrive
systemn for the direction finding antennas of
the UHF radio guidance system developed at
Branch 1 of NIT 83, Itis also reported to have
copled and supplied this Branch with small
Muarkgraf gyroscopes to be used in the missila
E~-10 (a8 standard length A4 with improve-
ments), and In missile trajectory slmulators.
A Soviet physicist of this instltute, 4. A, An-
dranov, who died In November 1952, was
declared by the Soviets to have been the lead-
Ing guided missile expert in the USSR,
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AMNEX B

SOVIET ECONMOMIC CAFABILITIES FOR MISSILE PRODUCTION

1. In order fo estlmate the rough order of
magnitude of Soviel econcmic capabilities for
series missiles production end the economic
“impact of & major Soviet misslle program
we have set up an Mlustrative Soviet pro-
gram and analyzed Soviet capabllities to carry
It out. Our Musfrative program iz wholly
hypothetical; it is based upon a set of theo-
retleal Soviet military reguirements which are
not necessarily indicative of an actual Soviet
program, although we have atfempled to
make them reallstic.

2. Our analyses of Soviel production eapahbili-
tles are admittedly imprecize. They are based
on estimetes of production eapacity, compa-
rable estimated US costs, ruble conversion
ratios, and other factors which are subfect
to a conslderable margin of error. However,
even though our estimates do not permit pre-
cise measurements, they do permit some broad
concluslons as to what the USSR could do 1f
it chose.

. HYPOTHETICAL SOVIET MISSILE
REGIUIREMENTS

3. Qur flret step was to construet & set of
hypothetical Soviet misslle requirements For
each missila type which we estimated the
USSR would desire to produce, we have esti-
mated fhe number which It would need to
meet Inftlal wartime stockplle requirements.
Although the program hypothesized took into
aceount the “general state of the art,” it was
based only on estimated military require-
ments, without consideration of research, de-
velopment, or production lmitations. The
program 15 a generous one, deslgned to meet
the offenslve and defensive missile require-
ments of the Soviet Unfon, but ¢ deez mot
specifically provide for the alr defense of the
Satellites or the equipping of Satellite forces,

4. We belleve that these Mlustrative require-
ments serve as a reasonable baslzs for ana-
lyzing what sort of productlon program the

USSR could undertake. For costing purposes,
sinee we have no Soviet misslle costs, we have
transiated into rubles the estimated costs of
roughly counterpart US misslles. For timing,
we have taken the earllest probable date at
which it has been estimated that each missile
of the above type could be eperationally tested
and ready for series production. In lne with
U5 expericnce we belleve that it would take on
the average, an additional sl months between
this time and the time at which toollng up for
series production would be completed and
production models would begin comlng of
the lnel? Therefore, we sslected the eal-
endar year following as the one In which the
US3R could begln serfes production. The
selection, Including reference to discussion of
the classification of these mizsfles In Section
II of this estimate, was as Indicated In Table T,

TABLE I
Clasest U8 Assumed Assumed
Counterpart Bovlet Production
Mlzstle For Cost Stockplie Starting
Type Purposes  Reguirement — Date
AAGM par, 83 Feloon 20,000 1459
BAGM = 06 (scaled
Hike) 30,000 1954
SAGM " 53 Bomare §,000 1961
ASOM = 67 Petrel 5,500 1854
ASOM = B) Rascal 600 1861
S5GM = 50 Regulus Tod 1854
8308 = 32 (scaled
Corporal) 2,000 1554
BESOM * 38 (scaled
Corporal) ol igsg ..
ImM = 41 Atlgs E00 1504

I, ECOMOMIC REGQUIREMENTS FOR HYPO-
THETICAL SOVIET MISSILE PROGRAM
3. In estimating the production eapacity that

the above missile program might requlre, we
have assumed that no serles produstion oe-

" See paragraph 28 and ity footnots,
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TABLE 11

ABJUMED PRODUCTION OF MISSILE AND MISSILE SPARES
FOR HYFOTHETICAL FPROGRAM

(Humber of Miasileg)

1654 1985 1958 1957 1858 1658 1660 1581 1682 1063 1984 1045 1088 1§87  TOTAL
E8GM 1-1 10 B35 - 597 288 205 288 e 268 268 288 288 bt 3,014
EEGM 1-2 450 1350 1078 350 380 50 250 250 50 350 50 350 250 2150 6728
faoma .. L. Ll L. 228 573 108 1648 168 108 108 108 108 108 1,862
Tossans ... Lo . . T TP 100 400 28 ] &02
BAGM~1 5000 0000 18000 1600 BO4T 5400 BACD  BADD  BAOD 400 5400 5400 5400 BADD 887
TBAGM-2 ... L., L. - 290 870 1,450 2,030 28 " 820 820 8,208
AMGM-L L0 L L L 13370 40010 60920 20000 20000 20000 20000 0000 20000 234400
ABGM-1-2 975 2425 3812 1) g90 = g60 950 910 260 250 b4 ] g80 a8 gm0z
ABaM-2 ... L. L. 1m 240 153 120 120 120 120 1,830

WOTE: In sddition to stockpils missiles, productlen seheduls includss tralning missiles and missils spares expressed as aﬂ.E#.nnﬂ missdles,
% a5
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curred earller than {n 1854, The fact that we
have no inteligence on serles production Iends
some credibllity to this sssumption. Tabls 1T
presents an estimated tlme pabtern in which
the missiles could be produced to satlsfy re-
quirements. These production estimates have
been derived from US data by assuming that:
(a) the Soviet misslles would be produced in
plants roughly equivalent in slze to the plants
producing the US counterparts: (b} they
would be produced at rates compatible with
these plant slzes; and (¢) the USSHE would em-
ploy capacity eperation, Le, multiple shifts,
If one shift operation were used the time
pattern would naturally be substantially
changed and extended. Mo attempt was made
to adjust the US data for differences in US
and Soviet production technlgques because the
size of such faclors sre unknown and because
most of tie US data are based, not on actual
productlon experience, but on preduction
plans.

. SOVIET CAPABILITIES TO SUPPORT THE
ASSUMED PRODUCTION PROGRAM

6. Available Imdustrinl Facilifies, A SUrVEY
of available Intellipence of Soviet Industrial
facilities avaflable to fulfil missile require-
ments revealed no lkely restrictions on the
assumed program, except in preclsion Instni-
ments and electronies (see paragraphs 18-
19). Some capacity In the alrframe industry
{now devoted to consumer goods and other
ltems) could be used ln the missile program.
Muoreaver, since misslle frame production is
not restricted to alrframe facilities, the un-
derutilized plants of the Ministries of Defense
“Industry or Automotive, Tractor, and Agricul-
ture Machine Building probably could readily
be used; partleularly for the smaller misslles,
Similarly, 1t Is estlmated that during 1953
Soviet fet engine factories operated at only
about 30-15 percent capacity producing over
15,000 VE-1 type turbojet engines No in-
formation §s avaflable on the production of
Hguid rocket engines, but Uguid rocket faefll-
tles are not peeullar Lo any one type of In-
dustry. Launching and handling equipment
and packaging are not speclallzed, and would
represent ne foreseeable production problem
to the USSH,

T. Labor and Material Inpuf Regquirements,
The Input requirements necessary to meet the
assumed production schedules were deter-
mined, where possible, on the basis of input
data for the counterpart US misslles. Where
such data was not avaflable, as for esrtaln
assumed Soviet surface-boe-surface missiles, In-
puts were determined by scallng the Cor-
poral Inputs by the ratio of the welght of
the esllinated Soviet misslle component to
thiat of the respective Corporal eomponent.
Slmilarly, Nike was scaled by welght for the
Goviet BAGH,

8. If the USSE followed the assumed produc-
ton schedule, the program at capaelty seala
of effort would require some 67,000 people by
the third year. The peak requirement of
110,000 would be reached in sbout 12 years.
This peak Isbor requirement would inelude
18,000 technical workers and 6,500 managerial
personnel.  In the lght of the growth of pop-
wlation, skilled Iabor, and en and
technieal manpower In the Soviet Unlon be-
tween 1947 and 1953, manpower lmitations
seem unlikely to place any general constric-
tion on the assumed program.  Some qualita~
tive problems, however, might develop.

9, A similar determination of basle materinls
requirements polnts up thelr smallness, ex-
cept possibly for Uguid oxddlzer. Materials as
a bulk problem clearly would not be & matter
of major concern. Our examination of the
qualitative aspects of lhe materfals problem
Indicates thab for the most part materlals
satisfactory for missiles are avaflable to the
Foviets,

IV, AGGREGATE ECOMOMIC REQUIRE-
MEMTS AMD CAPABILITIES

10. Up to this peint our ealeulations have
been based on assumed Sovlet requirements
for missiles themselves, However, the azsocl-
ated system requirements must be added to
the missile needs or Soviet capabilities would
be seriously overestimated. In view of the
complexity of an over-all missile zystem and
the great variely of individual elements In the
systemn, this problem was spproached In
appregative money lerms. (We recopmize
that money calculations are an Imprecise
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method of assessing Soviet production costs
and capabitities, but It does pennit a general
order of magnitude)}

11. Qur caleulation of system costs s Inere-
mental. It inecludes such requirements as:
{a) speclal equipment, construetion, and plat-
form modificatlons: (b) the initial wartime
stockplle missiles; and (¢) tralnlng missiles,
missile and special equipment spares, and
drone alreraft modifications, We have con-
sldered that certaln other regquirements are
not properly chargeable to the missile pro-
Eram, of, more accurately, are part of other
programs and can therefore be eliminated
from our caleulations. These include the in-
itlat and handling costs for the warhead,
organizational equipment, and *“inherited"
Items such as ships, submarines, and opera-
tional support and drone afreraft. Nor have
we included such “common use"” items as the
early warning network and alrbases, The in-
termediate and superlor command structure,
and the cost of providing and maintaining
troop housing, subsistence, ete, are alss ex-
cluded.

12. The entire progeam from 1554 through
1966, under our assumplion, would require
cumulative outlays of about 215 billlon 1951
rubles* or somewhat under 17 billion rubles

“In the absence of Inbcllfgence, we have been
compelled to calculate Soviet missile costs i
torme of the dollnr costs of US counterparts with
approprlate modlfleations, which were then con-
verted b rubles by applying & ruble-dollar ratio,
We recognize that the US dollar eosts used are
themselves based on US estimates of planned
production costs which might themsaives be sab-
Jeot Lo a pubstantial margln of eccor. The bal-
ance of the system costs were slmllarly derived
ofi the assumptlion that the Soviets conld nob cut
rny conslderable “esrmers™ without relaxing per-
formance characteristics, An examlnabtlon of
the economle sector orlgin of the bulk of the
misslle components revealed thal: (a) the see-
tors concerned are thoss In which the ruble-
dollar retlos approxdmate that which deseribes
the over-all relationshlp belween Sovlet pnd US
prices; and (b) the pattern of cosls In the com-
blnatlon of these sectors seems to be sbout the
same as in the U3, For these reasons it was
possible to select the netlopal ruble-dollar ratia
{10 rubles o the dollar) and epply It genernlly
withoutb risking a serlous milsstatement of dlf-
ferential costs,

8 year and an annual carrylng cost thereafter
of about 12 billion rubles & year (zee Table
IIT). The inftial rapld bulldup reflects the
USSR's estimated present capability to em-
bark upon eertain programs, partleularly in
the shorter range surface-to-alr and surfoce-
ta-surfnce missiles,

13. The estlmated Incremental easts of our
hypothetleal missile program were con-
structed from four cost categorles, Time
patterns for research and development costs
were developed for each system category and
phased In prior to the year it was estimated
thiz activity would have been completed.  The
costs of missiles produced was then caleulated
on the basiz of rnultiple shift operstions,
Costs of each category of missiles and mis-
slles spares were caleunlated, giving constdera-
tion to the cost reduction effects of applicable
labor progress (learning) curves. It was
assumed that treined operating units wers
the goal of the program. As soon, therefore,
as suflicient missiles became available from
production, an operating unit was scheduled
for activatlon and provided with its comple-
ment of stockpile missiles and Initlal missile
spares and supplied thereafter with tralning
missiles and malntenance spares.

14. This activation schedula became the basls
for phasing the initial system cosfs Into a
tlme patlern. It was assurmed that the in-
itfal costs of & given unit would be Incurred
during the year prior to the unit's recelpt of
its complement of misslles and spares. To
obtaln the system operating cosfs, the cumu-
lative activation schedule was used as the
basls for a unit operaton scheduls for each
missile category.

15. Soviet Capabilities fo Meet Above Reguitre-

ments. In value terms the above program

would be & substantlal but not lmpossible
burden upon the Soviet economy. It would
represent a tolal burden near two percent of
estimated GNP from 1954 to 1966, The an-
nual expenditures neeessary prior to 1054
would consist primarily of research and de-
velopment outlays and, if charged to the
defense budget, would equal only about two
percent of 1951 and 1852 and four percent of
1353 estimated defense expendltpres, As-
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TABLE I
TOTAL COSTE OF ILLUSTRATIVE PROGRAM
(Milllon of 1851 Rubles)
Research, Milssiles Inltial Grystem Cumulative
Development, and Misslle EBystem Operating Bystem
Wear and Testing Epares Coat Cost Tokal * Costs
1945 190 e wears aaaes 160 180
1846 230 - v e 200 410
1547 aan - wrmrn wiwaa 180 EBSO
1548 450 - wan . 450 1300
1049 G50 P TITT] renea 650 1,850
1650 1,000 - R 1,000 2,850
1851 1,500 eed 1,600 4,550
1952 2400 P wasss aieda 2,400 5,050
1983 2400 R 2,800 arana 5200 12,150
1954 2,300 2,004 8400 300 13,000 25,160
15955 2200 3,100 8,600 1200 15,500 20,950
1958 3,000 4300 4,700 2,000 13,500 54,050
1057 3,200 3300 E.BOD 2,400 17,700 T3550
1658 i 3,060 2,800 6,100 2,000 17,800 2,350
1958 2400 3,500 2300 3,500 12200 102,550
1960 2000 BTed - 3,500 4,000 15,108 117,850
1961 2500 8,100 3,800 4,500 20,109 137,750
1562 2,900 10,100 1,600 §,200 10,200 157,550
1963 31200 5,800 2,000 £,300 18,800 174,450
1064 ; 8,000 4300 5600 17,500 182,350
1985 . 12,000 2,000 5,070 20,600 213,250
1984 8,000 8,000 14,000 22T 250
gsT Ll 5,800 G000 11,800 239,050

* Total docs not necessarily add, dus ta rounding.
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sumed missile oublays beginning ln 1954 would
be considerably greater. In the three year
perlod 1954-1956 they would equal about 10
percent of cstimated dofense outlays, Sinee
1953 Boviel defense expendliures (In 1951
rubles) are estlmated fo have Included 16
billlon rubles for alreraft procurement, 11
billlon rubles for armored vehlelss, and @
billien rubles for noval vessels, & missile pro-
gram of the assutmed magnltude would on the
basis of total cost by no means be impossible,
However, the impaet of & program of this
magnltude would be conslderable; efther other
military outlays or eonsumption would have
to be reduced, or the rate of investment, and
correspondingly the rate of cconomie growth,
wowld be retarded.

16. Electronic Egquipment and Precision
Mechanism Costs. One Important aspect of
any missile program cost not revealed In the
above over-all analysls s its substantial im.
pact upon the electronie and precision mech-
anism Industries. In all phases of the pro-
gram the requirements from these Industries
were heavy, and they accounted for about
50 percent of the total cost af the Program,
Using a procedure parallel to that used far
deriving total costs, we have estimated the
value of electronle equipmant and precision
mechanizms invelved in our Mustrative So-
viet missile program (see Table IV), The re-
qulrements against these two interrelated sec-
tors of the program could nok readily be sep-
arated, and we have no estimate of Soviet
production eapabilitles In the preclsion mech-
anlsm feld. However, some notion of the
magnitude of such demands on the Soviet
electronics industry can be gained by assum-
ing, as & first approximation, that the entire
requirement is for electronle equipment. On
thiz basls, the requirement would amount to
about 38 percent of USSR electronles output
for the entire period of the program (1554-
1967) or 27 percent of the combined Ussk
and FEurcpean Satellfte productlon for the
same pericd. Durlng the years 1054-1g5¢
about two-thirds of tolal estimated USSR elec-
tronles production would he required, or about
half of the comblned production of the UssR
and the Satellites (surface-to-alr missilles ae.

count for three-fourths of the total program
in these years).,

17. To arrive at an approximation of the else-
tronics equipment requirement alone, wo esti-
mate very roughly that it constitutes betwesn
three-fourths and seven-elghths of the com--
bined electronics and preciston mechanisms
requirements. On this basls the illustrative
Soviet missfle program would consume about
two-fifths of the electronies output of the
USSR and Satellites during 1954-1956,

18, Such bheavy demands on the avallable
electronic supply In 1954 to 1956 would have
to compete with other millitary and nonmill-
tary demands, One possible allocation of
avallable eleclronies might involve cuiting
back military requirements other than for
guided missiles to the 1950-1854 average and
leaving the nonmilitary allocations at planned
and projected levels, Under an alternative
allocation of avallable electronles the military
requirements other than guided missiles
might be cut back Lo & mindmum, ' leaving
the nonmilitary allocations at planned and
brofected levels, In efther case, It Iz clear
that the puided missle electronies and pre-
eision mechanisi requirements viewad &8 an
electronies requirement could be met, but
consumption for other porpesss would have
Lo be sharply cut,

18. A more serfous limltation to satlslying the
guided mizslle requirements may well exizt in
the precision mechanism sector In view of the
Lolerances Involved and the skilled lsbor re-
quired. For example the estimated number
of gyroscopes required for new equipment in
1953 was between 68,000 and 82,000, of which
approximately 80 percent were for aiperaft
use, Moreover, few of thess EFTOscopes are
of the degres of preclsion and miniaturization
necossary for use In pulded missiles. By
tomparison the assumed missile program re.
quires 16,000 gyros in 1954, 49,000 in 1958,
and 74,000 in 1056, fsing to peak of 270,000

“This minlmum for mililary electronies other
than golded mlsslles invalves substantial cuts In
the production of all military radlo, early wam-
Ing, ground contred Intsrcopt, mawal end alr
bombing radar but also a slgnificnnt Increase In
alcborne Intercept mdar,

TOP U EeREE—




EIRE— 40
TABLE IV
ELECTRONIC AND PHECISION MECHANIEM OOSTS OF THE
DIIUSTRATIVE PROCSRAM
(Millons of 1951 Rubles)
Research, Missiles Tnitial System Cumulative
Developenent,  and Missile Gystam Opernting Bystem
Yoar and Teslng Bpares Cost Cost Tatal * Costa
1945 g0 . ihmes B0 B0
1546 W . . 1I0 150
1947 150 . waa . 150 340
1948 my L . T 180 520
1949 ;s - viiis 260 TED
1950 00 0 L, reraw . 400 = 1,180
1951 a0 .. amas aiaa 350 1,340
1852 = 980 2800
1953 L 13, .. 2,300 5100
1654 20 LE 3,900 110 5,900 11,8660
1955 a5l 1,600 3,800 440 1000 18,000
1658 1,200 2200 4000 TED 8208 24,200
1857 1,300 L 400 B30 7300 31,000
1658 1,200 1,500 3,700 1,200 5600 39,100
1558 980 2,600 1,000 1,600 200 45,300
1960 B0 4,300 1,500 1,800 8,500 53,300
19561 1,000 6,500 1,700 2,200 11400 85,204
1982 1,200 8,900 800 2,500 11400 18,600
1963 1,300 3,500 1,390 2,600 9,600 85,800
1064 veres 4,500 1,600 2,700 200 04,800
1985 - T.100 T30 2,800 10,600 105,400
1084 panas 5,200 - 2,900 8,100 113,500
1967 PR 4,500 v 2500 700 120,800

* Total does not necsssarlly add, due to rounding,
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In 1961 and then falling to 110,000 for the
remainder of the period. In addition, the
qualitative differences between ordinery elee-
tronle equipment and equipment of satistac-
tory tolerances for a gulded missile program
might retard the rate at which expansion
could oceur below the rate applicable to the
eleetronle equipment Industry in peneral,
The problem Is essentially one of dealing with
super tolerances. The relaxation of CEP re-
quirements permitted by use of nuclear war-
heads will mitigate this problem In some
cases, but will not ellminate it

20. Possible Associated Costs.  While we have
confined our analysis to Incremental costs
(see paragraph 11), any program Mke that
assumed might Involve additional costs. For
exemple, while In general the assumed missile
program could be accommodated In, existing
capacity hy displacing lower order utilizatlon
of this capacity, it cannot be assumed that
all the tooling, figs, and fixtures would be on
hand. It s difficult to estimate how much in-
vestment outlay would be required for this
purpase, but not all of the assumed 1954 ca-
pacity would necessardly be available In 1954
However, In relatlon to the probable total
planned Soviet Investrnent In any plven year
the investment required seems negliglble

21. We have also excluded malntenance costs
for the basie units, vessels, and planes using
misslles and thelr Intermediate (tactleal) and
superlor egmmand strueture, Including facili-
ties, housing, malntenance, pay, subsistence,
and allowances. In sddition, the program
will require & considerable number of relative-
ly highly tralned speclallsts to service, test,

malntain, repalr, and operate the wvarlous
systems. We estimate that in broad terms
the assumed program might require about
170,000 such specialists. Moreover, the bulk
of thls requirement would arlse early in the
program. The requirements for 1054 and
1955 came Lo over 100,000 men, which eould
aggravate the possible qualitative manpower
problems noted In paragraph & above,

22, Drone afreraft costs have beéen excluded
on the assumption that obsolete planes would
be used for targets. Only the modification
costs to convert alreraft to drones were In-
cluded. However, the requirements for drone
afrcraft rise steadily under the assumed pro-
gram fram 20 in 1954 o 900 In 1956, 1,000 in
19569, 2,100 in 1881, and over 2,800 for 1065
and each year thereafter.

23. The fuel cost of primary importance seems
to be the oxidizer. We have no estlmate of
the oxidlzer the Soviets are lkely to wuse.
Muoreover, each oxddizer seems to have unfgiie
economic problems essoclated with It Thus,
we cannot provide an estimate of these costs
or thelr import, but we belfeve that the ood-
dizer problem may prove another botfleneck
In any Soviet missile program.

24. Considerable motor fransport will prob-
ably be required as organle equipment to most
units, In additfon some units will reguire
mobllity. Conservative requirements for the
assumed program might be on the order of
approximately 30,000 stendard trucks, and an
equal amount of special trucks and traflers,
These requirernents are roughly equivalent to
the organle motor transport of some 30 Se-
viet ground divislons.
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CENTRAL

NIE 11-6-5k:; SOVIET CAPABILITIES AND FROMABLE FPROGRAMS IN THE

INTELLIGENCE

GIED MISSILE FIELD

AGENCY

1. In the teble on "Estimated Soviet Capebilities to

Develop Guided Missiles," pages 17-18, the paragraph references *
in the first eolumn should a1l be changed as follows:
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2. In the same teble on pege 18 io the coluon on "Wesger-
fall type" delete "175 pounds" which is given as the grogs welght.

3. In Pahle I of fAnnex D on page 3%, the paragraph
references in the firet colurm should all be changsd as followes
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