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THE SOVIET ATOMIC
ENERGY PROGRAM

THE PROBLEM

To estimate the current status and probable future course of the
Sovret atomic energy program over the next five to ten years..

_' CONCLUSIONS

(AL, In a nuclear test program of more than 15 years duratlon the

USSR has developed nuclear weapons ina variety of desrgns and sizes

‘which we believe have yre]ds ranging from fractions of a kiloton up to
100 megatons.

the US in certain respects. .
have emphasized the development of mulbmeaaton devices rather

than relatively . small, - lrghtweraht lower vield weapons, and have:

achieved high thermonuclear perfonnance in the multimegaton range.
(Paras. 10- 14) .

'B. In fission weapons the Soviet procrram has been directed toward
dev elopmem of reliable, efficient, and economical devices. Our evi-
dence is insufficient to determine whether the Soviets demded not
to pursue development of lightweight fission w eapons or whether the
apparent lack of_development in this area is because of our failure to
detect the evidence of such a program. However, there have been
a number of Soviet tests on which we have little or no data and the
Soviets have probably developed and stockpiled a number of fission
weapons which we have not identified. (Paras. 16, 17}

C. e have detected 11 Soviet underground tests since the test
ban treaty took effect in 1963. We beheve that most of these were
related to thermonuclear rather than fission weapons, possibly directed
toward deve]ﬁment ofE

Analvsis of one test wlnch vented indicates that the

\
.

-

Soviet weapons technology bas differed from that of :
In thermonucléar, weapons, the Soviets
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@ © tdst device was a relatively clean design with a yield of about 250
KT. Considered in the light of other evidénce; this may indicate
the existence of a Soviet program to develop clean thermonuclear
explosives for both military and peaceful uses. The rate of under-
'gxound testing detected to date does not indicate that the Soviets
have made an extensive efort to improve their ﬁssnon weanon tech-

nology. (Paras. 15, 18)

D. The Soviets are continuing an active weapon development
-program which is almost certainly creating new test requirements.
This, together with the active US program of underground testing is
i3 probably generating considerable pressures for a vigorous test program.
f_:’ - The pace of Soviet underground testing will probably increase. How-
‘*‘: _ "~ ever, we do not believe that research, deveiopment and military re-
ié_r} quirements will become so pressing as to ‘cause the Sov:ets to with-
draw from the treaty in the near term. (Para. 26)" Ay

"E In thermonuc]ear weapon technology, an area in which the =
Soviets could make significant advances—the submegaton and low
megaton yield range—is suscepnble to improvement by underground
test:ng Future improvement in fission devices could be in the direc-
tion of further development of small dlametexE gt - . Ywar-

. heads. The Soviets could also obtain a limited amount of dFfa on
weapons effects by underground testing, but one of their strongest
requirements in this area—effects data on high-altitude nuclear e;.plo-
sions—could be met only by atmospherxc testmg. (Paras. 27-31)

F. The Soviets are continuing to expand their facilities for the
production of fissionable materials. Our estimates indicate that by
1975 Soviet T
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U-235 production will. increase by more
| . than one-third, resulting in nearly a four-fold increase in cumulative
% " production by that date. These estimates are subject to wide margins
' " of error.  Nevertheless, a significant expansion of these facilities has

continued despite Khrushchev's statement to the _contrary in April

‘ .1964‘ (Paras. 1-9, Tables I and II)

G. In industrial and militarv applications of power and propulsion
reactors, the Soviet program has been characterized by certain tech-
',nolomcal weaknesses. Inadequate developmental testm" has tended

Y For the views nf the Assistant Chicf of Naval Operations (Intelligence), Dqs wiment of
- the-Navy, see the fostuote to parageph 4, page 5. :
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grade upe1at10nal 1el|ab1hty, c.hem:cal engmeeung has l‘lrfrfed
and capabilities in stainless steel technology has been notably weaL
_As a result, the Soviets encountered major problems with their frst
marine propulsion system. This. system has been considerably modi-
fied and improved and probably will give satisfactory performance in
the newer ships and submarines. But the Soviets are still several years
behind the US in marine propulsion technology. Technological “diff-
culties, together with economic constraints, have also slowed the Soviet
nuclear electric power program. The Soviets are now embarked upon
a program of expansion which incorporates many of the power reactor
concepts under development in the West, but we doubt that they will
achieve their planned expansion to a 2,000 megawatt generating ca-
pac1tv by 1970. (Paras. 34-40)

H. Soviet research reactors appear to be adequate in quality and
‘quantity to meet the needs of the atomic energy program, although
nuclear research has probably been hampered somewhat by deficien-

to deg

.cies in instrumentation and by the-limited availability of large fast
-computers. . Reactor research seems directed toward power and pro-

pulsmn apphcatmn with emphasis on containment materials; coolants,
'moderators, and fuels capable of thhstandmd hwh lrradxatxon levels
and temperatu.res. (Paras. 32, 33) :

I. More advanced research in. thermoelectncxty and thenmomcs-

will probably find application in space power supplies, which will
eventually permit the use of electric propulsion systems in space. The
 Soviet program of research on controlled thermonuclear reactions is
'the world's largest, and Soviet scientists have made major advances,
.in plasma physxcs. We do not believe, however, that the USSR will
achieve a controlled fusion reactor in the next Sen years. (Paras.

43-46)
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L DISCUSSION

I. SOVIET PRODUCTION OF NUCLEAR MATERIALS

Uranium Ore ond Feed'Mcterials

. For 2 number of years, our evidenes P\ae indicated that Soviet procurement
of uranium ore and concentrates has exceceded the amounts believed to be
required by the atomic energy program. But as the result of continued expan-
sion of fissionable materials production, requirements may be rising to a level
approaching our estimates of ore procurement. We estimate that, in terms of
equivalent uranium metal, total procurement of ore and concentrates had ex-
ceeded 200,000 tons by the end of 1964, and that the current procurement rate
'is over 20,000 tons per year. More than half of this comes from Eastern Europe,
East Germany being the major supplier. During 1964, there was . probably
.some expansion of mining and processing famhtles w:thm the USSR and in 2
few ‘of the East European countrxes ) o j =

-

3 oyt

Al Tininaes]

T'ﬂ;

and other feed materials: at Elektrostal, near Moscow; at Clazov, just -west of
the Urals; and at Novosibirsk. These mstallatmns probably ‘have sufficient
capac:ty to have processed: the ore and concentrates procured by the -USSR.
‘We believe that the Soviets have ample uranium metal produiction mpacxty to
‘meet their estimated needs over the next ten years. Supplies of other materials
‘essential to the Soviet weapons and reactor programs also appear adequate.

U-235 Production

3. The Soviet capacity for U-235 production has grown steadily since the
inception of the program. There are now four large gaseous diffusion com-
plexes in operation: Verkh-Neyvinsk in the Urals, Tomsk in western Siberia, and
Angarsk and Zaozerniy,in central Siberia. Annual production capacity prob-
abl\' now totals about 42,000 kgs., and we believe that expansion and modem-
ization of production fac:lxtle.s is - continuing. Thus, toward the end of the
decade, total annual capacity will probably increase to about 57,000 kgs. (These

* figures are all in termns of production of uranium enriched to 93 percent U-235
content\ Our estimates of total cumulative production through 1975 (Table 1)
assume that all plants are run at full capacity.

. 4. Estimated production capacities of Soviet gascous difiusion plants are
based primarily upon estimates of electric power usage and of plant. efficiencies.
We consider.the estimates of electric power inputs for production to date to be
reasonably accurate, but considerable uncertainty attaches to the estimates of
plant eficiencies. Our judgments on the-latter have, in large measure, been
i . extrapolated from information provided by German returnees in tlu‘; carly 19505,

2. We have 1denhﬁed threc fac:htles for thc producuon of uram;xrn metal,

g s
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Plutonium-Equivalent Production

5. There arc three plutonium production complexes in the USSR located at
Kyshtym in the Urals and near Tomsk and Krasnoyarsk in central Siberia,

S \
2 :

3 . - j

-2 , : 6. The Soviets have continued to expand plutonium production facilities even
?: = ' G though Khrushchev in April 1964 indicated that such expansion would be cur-
'.' . . tailed. We believe that there are two large new reactors under construction
bl I . at Tomsk which will become operational in the 1967-1968 period. In addition,
w2 other new production and processing facilities will probably be brought in
L7 B _ .- within .the next few ‘years. | sow e B,k BTy
o : ' .
-n-’ i . N i ~
| ¢ " e A
> ' . ¢ .

%Y. b : : o ,

%’ "  Fissionable Materials Available for Weapons Use

= i i v R : .

;: . : 7. The principal non-weapons use for fissionable material is as fuel for re-
ol - : ) | actors, but the quantities involved are relatively small. We believe that use of
7 ; . . e 5

thiN . * The Assistant Chief of Naval Operationis-{Intellizence), Department of the Navy, believes
’»_ ; with respect to cumulative U.235 production that there is insufficient evidence to support
=< ; .., the production efficiency which would be required by the ficures in the estimate. Moreover,
; . i .in order to arrive at such production firures, he would have to postulate, without supporting
& evidznce, Soviet employment of axial-flow compressors and a new improved barrier in gaseous
b 4 . diflusion plants. His fgures are therefore lower. He estimates the total cumulative Soviet
15 . ‘ - production of U-235 as of mid-1965 to be between 100,000 and 200,000 kilograms, with the
£ . < most probable value about 150,000 kilograms. Even this value assumes incorporation by the
;f - 3 _ Soviets of all possible improvements within the gascous diffusion techiwlogy that is known
"_ oo to have béen employed, but excludes the employment of axial flow compressors and new
3 ';Ié - improved barriers, .

7= - *This term includes both plutonivm and titivm {with twelve grams of tritium equivalent
3: . toone ke of plutonium).  We have no evidence as te the proportion of plutonium-cquivalent
o= I production represented by tritium, :

RYIZS : . gy = *

‘r“_‘ \ '
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ity 4 U-235 in propulsion, power, and rescarch reactors has involved less than five
Gt F\q 4 P - - -

% percent of cumulative production to date. The only significant non-weapons

use that we can foresee for plutonitum is in fast breeder reactors, but the Sovicts
apparently plan, at-least initially, to use U-235 for this purpose. Future non-
weapons use of U-235 -will grow considerably, primarily as the result of an
‘expected increase in the nuclear submarise faorce, but it is likely to remain a
small fraction of cumulative production., '

. 8. Other quantities of .ﬁssio:mble materials which are in pipeline or which
are in weapons withdrawn from stockpile for quality control or reworking are
not considered available for weapons use. In estimating the fissionable material
available for weapons use, we have assumed that about 10 percent of total cumu-
7 lative production will be involved in pipeline, reworking, and quality control
- " checks at any given time. . -

9. We cannot determine ‘whether the estimated rates of production of plu-
tonium and U-235 are in'a ratio’compatible with Soviet military requirements.

tee fei0h P e L

SR ' -;:'. e TABLE,I Chen el -;-'.;.‘:r'_! wn , kT B
ESTIMATED FISSIONABLE MATERIALS PRODUCTION %
e . DMd-1962 to Mid-1975 © ¢, §"x § 7
'('Cumlulativg_I_’r_odu;tiqn"i{l.l(‘j].og}gm) ¥ gt (e

S, v

" Mop-Yeam s 0 7 U.2350 Y PrutosTae EQUIVALENT ¢ ¢
1962 .ovnnnnnns S —— . 93,000 - - | I |
, T RN 123,000 o -
Ao ' TO6Y comraeonsommamss ninsen Snon b 158,000
UL T conemmmmnt A AR A A 200,000
SRk b1 R 246,000
4 i 1 297,000
ESIEIPE 1968 v eeiereeeee e iaaneaaaas 350,000
Fhnial : 01 J T 406,000
el . L S —— OR— 463,000
Ol 14 ' ) -1 | (R S ST 521,000
Ay I AT S . 1 578,000 °
A 2 R — 636,000
AT s L R feeie.. 693,000 .
tRstied s TR i R ... 750,000 ¢ L l
9% 3 N *In terms of uraniun enriched to 93 percent U-233 content. As noted in
& ﬁ?ﬂi . paragraph 4, these estimates involve wide margins of erro -

.«
“Er'j
G5

*The Assistant Chiel of Naval Operations (Intelligence). Department of the
3 ; Nawy, believes there is a lower total amount of U-235 (see footnote to para-
graph 4, page 5). A
“Includes both plutonium and tritium (1 kilogram of Pu is cquivalent to
12 grams of tritium).[ . . ¥ - A v
; ; . ‘
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. " " TABLE II

FISSIONABLE MATERIAL ESTIMATED AVAILABLE FOR
WEAPONS USE
Mid-1962 to Mid-1975°

(Cumulative Totals in Kilograms)

Mip-Yean 3 11.235 e Prurc:nea SquivaLest ¢
1962 i 79,000 - ‘
1963 uvwvan vpvmvs peierssesnes 105,700

* These estimates are based on estimated cumulative production” (Table 1);

- they take account of the non-weapons uses of Bssionable materials and of the

quantities of materials mvolvcd in p:pclmc in rcworl:mg. and in qualnty conl:ol
checks (see Paras, 7-8) L el L ST
walls MIn terms of uranjum ennched o 93 percent .U ?.30 contcnt e Z‘h:..'.; int.
2.1 *The Assistant Chief of Naval Operations (Intelligence), Departmcnt of the .
Navy, believes that there is 2 lower total amount of U-235 (see footnote to
paragraph 4). For the amount of U-235 available for weapons use for mid-
1965, for example, he would use a base of 150,000 kilograms and apply the 15%
factor for non-weapons use, thereby arriving at a Sgure of 127,000 kilograms.

““Includes both plutonium and tritium (one kilogram of Pu'is equivalent to
12 grams of t:n'tium).

The current expansion of productxon facilities indicates that, in the Soviet view,
present production of both materials is inadequate. In our estimates of future
production, the present ratio is substantially unchanged, but considering the

uncertainties involved in those projections, the actual ratio several years hence
mnav be significantly different.

1l THE- NUCLEAR. WEAPONS PROGRAM

Nuclzar Weapons Development

-10. From 1949 to the signing of the test ban treaty in 1963, the USAEDS
detected 186 Soviet nuclear tests, most of which were conducted at the Semi-
patatinsk and Novaya Zemlya proving grounds. The devices used in about
20 percont of these tests could not bc 1mlvzed£_

In addltmn to those tests whlch were dctected we believe that there
were n_numbcr of tests in the 1949-1963 period which
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Since the signing of the treaty, 11 probable under-
r ground nuclear cxplosions have been detected in the USSR.t
. ' Our cstimates of Sovict nuclear weapon technology, there-
*fore, are based™alinost entirely upon analysis gf the tests through 1962
' j:\nd “upon cxtrapolation from
that analysis.

Thermonuclear Weapons

1L Between August 1933, when the Soviets detonated their first thermo-
nuclear device, and the end of 1962, about 75 thermonuclear tests were de-
"tected. The devices tested ranged in yicld from about 150 KT to 55 MT.
- Their performance demonstrated that the Soviets had developed a highly com-
petent thermonuclear weapon technology, which in some areas differs from that
of the US., The Soviets have emphasized the development of multimegaton
devices rather than small, lightweight, submegaton weapons, and have achieved
high thermonuclear performance in the multimegaton class.

12.

13. In the 19611962 tests, the Soviets tested devices in the 3-6 MT range, -
and.in yields of about'12, 18, and 24 MT. ' In addition, the Soviets conducted
‘two tests at even higher yields of clean thermonuclear designs. The highly
‘publicized 100 MT weapon would probably be a larger version of the device
tested at 33 MT. ' '

t

15. Thermonucleer Device Development, 1963-1965. Since the test ban took
effect.] .

- J15 January 1965. E L

. B f]tesl device, which was a

-relatively elean design with a yield of about. 250 KTT We do not believe that

this_test involved a stockpile weapon or a device, which lmd been previously

* This estimated viekl assumes that the tested device was fully tzped in gravite, 10 the
Cevice win decoupled the actual vield would have been greater. )

‘
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tEStl’d_ - ‘When considered in the light of at least three caclier clean tests, this test
may indicate the existence of a program to develop clean thermonuclear explo-

sives with o varicty of yiclds for both military and peaceful uses.

Fission Weapon Development

16. By the end of 1962, the Sovicts had developed fission weapons enconi-
passing a variety of yiclds and their program appears to have been directed
toward . reliabie, eficient and economical devices; considerations of size and
weight have evidently been secondary. There are gaps in our knowledge of
the Sovict devclopment program. We do not know whether the Sovicts decided
not to pursue certain lines of development or whether our lack of information
is attributable to our failure to detect a number of Soviet testsf’ ’

| A significant gap in our nowledge is

in the area of small, lightweight fission weapons. We believe that the Soviets
have developed and stockpiled a number of fission devices which we have not
identified. ) . ‘ :

17. The 1961-1962 test series provided the Soviets with improved fission weapon* -+~
: capabilities. Significant improvements,.embodying reductions in size and;diam-;
' ' eter were apparent.” Some devices resembled others tested earlier, indicating™ -

they may have been proof tests of weaponized nuclear systems.| ”

. 18. Fission Device Development 1963-1965. Only four tests detected after
1962 have been at yields of 10 KT or less. - Two of these, conducted at Novaya
Zemlya, were probably not related to weapon development. The other higher
yield tests detected since 1962 were probably related to thermonuclear rather
than to fission: weapon development. Additional tests _could have occurred
' } ‘ \ The rate of underground testing

g:tectcd to date, however, does not indicate that the Soviets have made an

i
-“ = - i . - - -
;5-;.%1 extensive effort to improve their fission weapon technology since the test ban
ey .
5 treaty took effect. \ -
A g :
‘ {;; 19. Uncertaintics in Fission Weapons Analyses. The analyses of the Soviet
Faiin fission weapon capability_have been severely handicapped by uncertainties in

53
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'Weapon Typcs in Stockpile

21. We have only limited diveet cvidence to indicate which llu.rmonudcnr'
“and fission devices are stockpiled.  We believe that the majority of the nuclear
weapons in the current Soviet stockpile are based on designs sul)]t.clcd to proto-
type testing in 1938 or earlier.

Soviet Knowledge, of Weapon Effects

22. Analysis of Soviet pubhcahons and classified” effects manuals shows that
they have acquired effects data of sufficient scope and quality on air, surface,
underwater and underground bursts to be adequate for planning and exccuting
most military operations. From a.few airburst weapons in the yield range of
1-3 MT tested at Semipalatinsk in 1955-1957, the Soviets obtained direct in-
formation on the effects of high-yield weapons on emplaced military equip-

" ment and structures. Since September 1957, they have conducted a large num-

ber of airburst tests with yields up to 55 MT at Novaya Zemlya, from which
they probably obtained measurements adequate to sca!c up the lower yield
effects data obtained at Sem:p’xlatmsk & 4 B o A0 R

ra

23. In 1961 and 1962 the Soviets ccmducted seven - nuclear tests* at: hlgh

" altitudes. These tests ranged in yield from about one XT to'1.8 MT and in -

burst altitude from about 15 kilometers to 323 kilometers. Two of these events
were. probably vertical launches from the Kapustin Yar range-head; the others
involved cornplex multiple-missile launchings from Kapustin Yar into the Sary

" Shagan area. Analysis of the multiple-missile tests indicates that' they - weére,

duectly related to development of an anti-missile system. Ve do not believe
that they were designed to obtain information on nuclear kill mechanisms on

' nosecones under condmons of re-entry; rather, the location of the various missiles

relative to the nuclear. detonations suggests that they were intended primarily
to obtain data on the effects of the fire-ball and. nuclear debris cloud blackout
on radar systems. The Soviets probably also collected data on other high-
altitude nuclear effects, including some information applicable to nuclear Lxll

mechanisms.

24. In the 1938-1939 period. the Soviets published unclassified :u'ticles which
revealed some understanding of the electromagnetic pulse {EMP) phenomena
produced by nuclear explosions. In their 1961-1962 test series, the Soviets may’
have instrumented a number of low-vield surface tests to measure the EMP
effect on mmtar\- sy stems and cummunications eqmpment hut it appears doubt-
ful that their h,«h vield tests were so instrumented.

25. Although the Soviets have pubhshcd very little information on construc-
tion tcchmques to harden underground structures ad'\mst ground shock, they
are undoubtedly concerned about the \u!nerab:hty of l!\csr missile Jaunch
complexes to this effect. There is some evidence that the Sovicts are interested
in the cratering and throw-out phenomena for peaceful purposes as well as for’

military applications. and thev have conducted a number of nuclear and chemi-
\
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cal explosives tests which would have provided data on the elfects of cratering
cexplosions. ’

Fulure Wedpon Development and Testing’

96. The Soviets arc continuing an active weapon development program.
Their weapons laboratorics have remained active and almost certainly are
«creating new test requirements. There are undoubtedly a variety of usefu!
tests the Soviets could now conduct underground both for research and develop-
ment and for military purposes. This fact together with the active program
_of US underground testing, (86 tests between 1 August 1963 and 15 May. 1965
as compared to only 11 Soviet underground tests detected during the same
period) is probably generating considerable pressures on the Soviet leadership
for a vigorous test program, and we believe that the pace of Soviet underground
testing will increase. However, we do not belicve that rescarch, development,
and military requirements will become so pressing as to cause the Soviets to
withdraw from the Limited Test Ban Treaty in the ‘near term. S

27. Under Present, Treaty Restrictions. 1f the Soviets havea requiremé’nt for- -
high performance ‘submegaton’ thermonuclear ‘weapons, ‘a few tests at yields .
higher than those conducted to date would be.required. Significant.improve-
ments in thermonuclear weapons having yields greater than a few megatons
could probably .not be achieved through underground testing. However,,
underground testing could provide information relatiog to higher yield- weapons -~
developments that could ‘become useful if unrestricted - testing were to be -
resumed. : ' it ol '

28. In fission devices the Soviets may have a requirement-for small diameter
e warheads and if they have not already done so, they may
pursue development of weapons in the sub-kiloton or low kiloton yield range.

29, With underground testing the Soviets could attain a limited amount of
data on the effect of ground shock upon hardened underground structures, the
effects of nuclear radiation upon materials or system components, and the

A ~

.30.'_“’:':!1 Unrestricted Testing. A resumption of unrestricted tésting would
enable the Soviets to fill gaps in their knowledge of weapons effects and improve
their weapons technology.. One of the strongest Soviet requirements for atmos-

»pheric testing is in the area of high-altitude effects cf nuclear weapons. Pre-
vious Soviet high-'allilude tests, while highly sophisticated in their missile in-
volvement and probably well instrumented, lacked some of the characteristics
of tests designed to give detailed information on warhead kill mechanisms and
on communications-blackout effects. The Soviets also probably have a need
for more information about the effccts of ground shock and the electromagnetic

_pulse from high vield ncar-surface shots. l' ) o~ S
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¢ -~ 3L Under a Total Test Ban. Even without nuclear testing, the Soviets could

‘ imake¥some modest improvements in , /¢

I'However, the Soviets would be unlikely to stockpile aesigas that differed greally
from those tested in the past.  Only a limited amount of nuclear weapon cffcets
data could be acquired by non-nuclear experiments.

o

"Il THE NUCLEAR REACTOR PROGRAM

Rzsasich ond Test Reactors :

J32. Soviet research reactors are, in general, simple in concept, safc in opera-
tion, and relatively inexpensive. They are numerous enough to meet present
and near future needs of the atomic energy program. The bulk of Soviet research
reactors are variants of the same basic design utilizing water moderation. These
reactors are used for a wide range of research in the fields of physics, chemistry,

radio biology, and medicine. Soviet nuclear research, however, has probably . A
been hampered by deficiencies in instrumentation and by the limited -availability.

_of large, fast computers. ' ' '

. . 'y

o . Way cET T weeats s perd et 80 veivied 2N
33.-The Soviets have constructed pulsed and fast neutron reactors of original
design which have proved to be valuable research tools, However, in at léast
three areas—gas-cooled reactors, organic moderated reactors, and molten salt
reactors—the Soviets are several years behind the West. The investigations
at the known research reactor facilities seem directed at pewer and propulsion
reactor development with emphasis on fuels capable of withstanding high burnup,
containment materials, coolants, and-moderating “materials. A R

" Reactor Engineering

34. In induistrial and military applications of power and propulsion reactors,

the Soviet program has been characterized by certain technological weaknesses.
Inadequate developmental testing of components has tended to degrade opera-
s ' tional reliability. Chemical engineering has lagged both in its fundamental
and applied aspects; the problem of corrosion which has plagued the Soviet
program has been due in large measure to inadequate chemical treatment of .
water. Soviet capabilities in welding and associated quality control are adequate
. to meet most requirements, but are far from unifora and have been notably
weak in stainless steel technology. '

-3

Nuclear Electric Power : ' =

33. The Soviet nuclear power program announced in 1956 called for the

generation of 2,000 megawatts of electricity by 1960. . Progress toward this goal
was very slow, however, and as a result of slow technological development and i
. economic considerations, the plan has been revised severa! times. The Soviets
. arc now implementing a nuclear power program which incorporates many of
ok - the power reactor concepts under development in the West. Emphasis has
2t been given to the fast-breeder type, the pressure-tube superheat type, and. .
‘_g pressurized-water type reactors. The Soviet program does not include the
& . fir 5 mx
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,,-—51 - : sodium-cooled graphite-moderated reactor, the high temperature gas-cooled

3:;‘ ¥ reactor, or the heavy-water moderated and cooled reactor. They are assisting
r;i{gz f Czechoslovakia in the design and construction of a hybrid of the latter two types, -
] . J o s . .

e . i.c, a carbon dioxide-cooled, heavy water-moderated reactor, but this project

V0T . ..has experienced considerable delay. i

N l ¢ . 3. Future Plans for Elcctric Power. The Soviets claimed that nuclear power

ef::'"'.- generating capacity tomiing more than 900 megawalts was in operation as of
Ll i g “ 5 .

s carly 1965, but we believe that the actual figure was somzwhat lower. 1 all

5 R current expansion plans were executed on schedule, the total generating capacity

Rl would be about 2,000 MWe by 1970, We have evidence, however, that the :
P . ; y " ®

ok Sovicts have encountered engincering problems and_ unexpectedly high costs

§iis in their nuclear power program, and we doubt that they will attain this capacity

by 1970.

37. In mid-1964 construction began on a fast reactor with a capability of
generating 350 megawatts of electric power (MWe). This reactor will be used
for desalination of sea water and generation of electric power at Shevchenko
on the eastern shore of the Caspian Sea. The Soviets claim that this nuclear

i

o

.;' unit for the desalination facility will be completed in 1969 and \'t;'ill_ 'Pél:l‘i'!i't a
“;i_.ﬁ ¢ production of about 25 million gallons of water per day to supply the new city
; | and petroleum enterprises now under construction there. The state of Soviet

3,

fast reactor technology is such that they probably will not be able to meet
their construction deadline. Even so, they are conducting initial design studies
for still larger fast reactors, including 2 very large reactor of 1,000 MWe, .which
will be cooled by super-critical steam. This type of reactor will probably not
be developed before the mid-1970s. '

i

Nuclear Reactors for Marine Propulsion:

38. The Soviets encountered major problems with their first marine propulsion
svstem incorporating a pressurized water reactor. Three such reactors were
installed in the icebreaker Lenin which was plagued with difficulties, including
corrosion of the zirconium-niobium cladding of the fuel elements, collection of
corrosion products in the steam pressurizers, stress corrosion in the steam gen-,
erators, and the need for additional shielding. Soviet nuclear-powercd sub-
marines constructed prior, to 1963. which used a version of the _Lenig propulsion -

system, evidently encountered similar problems. <

P ]

39. These earlier nuclearipo\\'ercd ships have undergone considerable médifica-
tion, and subsequent improvements have almost certainly been incorporated - .
in the nuclear submarines constructed in recent years. An improvement in
performance and reliability of Soviet nuclear propulsion plants is indicated by
the operations of the Lenin in the past two vears and by some increase in the
number of vovages by Soviet nuelear submarines away from home waters. The
available evidence. however, indicates that the Soviets are still several: years :
Lehind the US in marine nuclear propulsion teclnology. o

\
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40. The Soviets have indicaled some interest in other types of reactors adapt-

- able* to marine propulsion such as liquid-metal cooled and gas cooled reactors,
t but they have apparently done little research and development in these areas.

We belicve that they will continue to use pressurized water reactors in their
ships and submarines for the next several years.  With some modification, such -
as the substitution of all stainless steel eladding for zirconium-niobium cladding,
these should give satisfactory performance. The Soviet capability to fabricate
reactors does not appear to be a limiting factor in the nuclear submarine con-
struction progiam. : ’ ) ;

Air, Missile, and Space - Applications

41. Aircraft Nuclear Propulsion (ANP). There is-some evidence that in the
early 1950s there may have been a program to develop a nuclear propelled s
aircraft. The Soviets have done research in areas, such as materials develop-
' ment, which could relate to an ANP program, but “which would also be applicable
"to other prob]ems. No installations concerned with an ANP program have been .
identified in the USSR, and there is no evidence that an experimental flying test i oo
bed has been constructed. We cannot exclude the’ possibility that the Soviets +, .- . -
have an achve program underway aimed at development of a nuclea.r powered
aireraft, but 'we consider it unlikely. Research in relevaat areas will probably
‘continue, but, considering the cost and complexity of the task, we believe that

B
b S

£ it would be a number of years before the Soviets could achjeve an operatxonal
23 nuclear powered aircraft.? . . , o

2. 'Nutlear Rocket. No Soviet nuclear rocket program has been :dent:ﬁed

& to date. Research is underway on materials and technologies which would

) ) be applicable to such an advanced reactor system. We have, however, no

; = evidence, such as construction of suitable test facilities, which would clearly .

aho point in this direction. We believe that, if the Soviets have an active develop- E

JER: ~ment program undenway, they.could static test'a nuclear rocket engine before

'{f% the end of the decade. - : : 3 o 4
‘j; 43. Nuclear Auulmry Power Supphe:. The Soviets are conducting research ;

f . fundamental to the dev e]opment of nuclear auxiliary power supply systems for )

s use in space. Soviet thermoelectric research and development has been at - - .
R a hiﬂh level of achievement for severnl years, This eﬁort . together with extens'_ive*,ﬂ; o gl

om oA e %

o * .

*The -\ssmaut Clucf of Smﬁ' I'hel I“C'\tt‘, USAF, considers ‘aviilable evidence does not el
“support a judgment that existence of an active Soviet ANP program is “unlikely.” - There - |
“are indications that an ANP program may have existed in the USSR since the eaﬂ\' 1930s, ST, .

although its status and scope are not Lno.\n Studies have been conducted in areas” which' ="
-+ could relate to' such a program, mcludm" liquid metal coolants and their containment, and . o o
materials development. The known studies cculd apply to the direct or indircet-cycle principle -7 .
for air-breatking vehicles. * Within the presently estimated level of Soviet !echnolor.\, a broad
. program for de\elopmml of nuclear powered air-breathing vehicles, both aireraft and missiles
could be undertaken. Concrete evidence of such a program is not available but detailed in-
: ‘ formation is lacking on the cortent of much of the Sovict R&D program. - The ACS/Intelli- -
B F gcncc "USAF,. believes that if the program’ eloa-s exist,” a n':hhnh uscful nuclear :nrcnfl
could bccome opcnuon.ll .:bout 1970. : gl
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. ., semiconductor research indicates that the Soviets have a high priority program
3 aimed at the production of thermoclectric power conversion systems using

[ nuclear reactors and semiconductor thermoclectric elements. - Sovict thermionic

v converter rescarch and development has also been’ pursued on a broad basis
and is probably now about on a level with that in the US.

-

44. The Sovicts” have designed and comtructcd cxpcrtmcntal radtouolopc.
power supplies and nuclear reactor systems with thermoelectric and thermicnic -
converters, but there is no evicence that they have built 2n operating system.
In 1964 at Cencva, they displayed a model of a nuclear. reactor-thermoelectric
converter system with a capacity of 500-800 watts. They could probably achieve
an operational space power supply of this type in 2-3.years. We do not believe
that they will have an operational thermionic generator before the end of this
decade. - ,

45. There is.evidence that the Soviets are expiormg the use of an mdxrect
liquid sodium turbo-conversion system as a space nuclear power source. How-

' - ever, the Soviets would have to appreciably extend the temperature range of
theu— liquid metal technolow to take advantage of the greater eﬂicmncxes of a--
direct turbo-conversion system. On the basis of-their previous’ experience, the -
Soviets could flight test an indirect turbo-conversion system by the end of the
‘decade. With the advent of a high power nuclear power supply, either direct
or indirect cycle, the Soviets would be capable of using electric propulsion
systems for primary propulsion in space.

o3 _ ooa ‘ Other Advunced Reseurch

46. ContraHed Thcrmonuclcar Reactmn. The Soviet effort.in controlled
thermonuclear reactions {CTR) research and in plasma physics is the world’s
largest, and is continuing to expand.. The hlch priority which the Soviets have
altached to this program has attracted the top talent of the USSR. Soviet .
theoreticians are currently putting great emphasis upon the area of plasma

i turbulence, and probably have an excellent understanding of basic plasma phe-
nomena. Developments in this field could have app‘ncahons related to nuclear .

' ‘effects at high altitudes, high powered radars and re-entry blackout, as well

as to nmgnetohvdrodvn'tmnc potver generators.: In the CTR program, the Soviets

-are actively exploring, the pOSSIbl]Ih’ of producing an operational: controlled -

fusion reactor. We do not behe\e howe\'cr that the\' will achleve such A

reactor in the nest ten years.” ¥ sl e e SRR o o

' A \Iu"ucfohudrodulmmrc ( MHDY Pou,er Com.ers:ou The Sowcts In\'c -
also made a co:ms:denbla e{fort in research on, \[HD systems. Open cvcle \IHD
.,_..,.-:‘ G o e =2
THY thermoelectnc "cncr‘ltor ol' clrct-:cn\ is a ‘conversion device “luclt pmducc: eIr:clnm\'f
-durccth from lheat b\ using a t:mpernlure gradient to create. a voluage difference across a -~ .- )
: .\-cnn—conduclmﬂ thermoelectric element. A thcm\tomc cenerator of elcctnat\' is a conversion
= ’ device which produm clectricity directly from heat by thennal emission of electrons !'rom
‘ a cathode which, in slreammf' to an :mod;, produce an electric current. ’
* A technique for the conversion of heat to direct-current c‘ednnh bv p.usm" an jonized -
{:md hence clcctnr:-n!l\' condutme) gas throur'h A m1r'nclu- ‘irld
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¢ ‘gencrators are being developed for use with conventional steam turbine gen-

eratorsy but some work is being donc on the closed cycle type which could

fuse a nuclear reactor heat source. We do not belicve that the Soviets will

dcvclop such a closed eycle MHD system before 1970.. -

By

;
IV INTERNATIONAL ACTIV!TIES : @ - % -.'--?;l : v w ' |

48. The USSR has recently played a more cooperative role in the work ot_
- the International Atommic Energy Agency (IAEA) and regularly attends IAEA.
spensored confercnces, meetings, ana symposia. The quahty of the staff sup-
plied by the USSR to IAEA has improved; this is probably explained in part
by the Soviet desire to enhance the quality of the scientific information they
“obtain. There has been a striking shift in the Soviet position on IAEA safe-
guards—a position that has moved from outright obstructionism to full approval
both of the principle and the proposed IAEA safeguard system. . However, the
Soviets have not agreed to subject any of their nuclear mstallahons to IAEA
inspection.

49.. The Soviets. have r:oncludcd bllateral atomic” ene:gy arrangemcnts Wl
the United Arab Repubhc, Finland, Iraq, Indonesia, Chana, India, Yugoslavia,”
and Afghamstan They have gwen technical- assistance . and. training to these

- countries in varying degrees and in a few cases have prov:ded re.scarch reactors,
but they have provided no power reactors. R

50. There have also been exchanges of sc:enhﬁc and tech.mcal delegahons \
w:lh a number of countries mdudmg the US, the UK, France, and ot}lers ’

Chdaras o b =

51, Only Commumst China received Soviet a:d toward the e.stabhshment of
an mdependent nuclear program. This assistance, which was ended in 1960,
apparently extended to all phases of the program including basic nuclear re- :
search, ore prospecting, mining and processing, fissionable matenals production, o ' i
and possibly planning for weapon testing. To other Communist countries the
USSR has provided, under bilateral agreements, assistance in reactor construc-
tion, the exploration for and exploitation of uranium, the supply of laboratory
equipment, and the training of students _E . - :

52. Apart from the special case of Cluna Sowct pohcv has been duected
toward limiting and controlling the nuclear programs of other Communist coun- )
tries. In 1960 the Standing Committee for the Peaceful Uses of Atomic Energy

" was created under the Counc:l of Mutual Economlc Axd (CEMA). The plan. . i
of this Committee was to have a single atomic energy prorrmm with the alloca- *
“ tion of a particular task to each member nation.” In addition, the USSR estal- : -
lished the Joint Institute for, '\‘uc]ear Research, JINR, at. Dubm With the . . - . ¢
: e\ceptlun of Yugoslavia, all As:at:c and’ Europcnn Communist Countrics are L

4_' . _ . members of jl\‘R and_ contnbulc proportionately tmmrds its cost, . - n

.
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ANNEX - .

L dRGANIZATION OF THE SOVIET ATOMIC ENERGY PROGRAM

1. The two -principal organizaticns dealing with the Soviel atowmiic encrgy
program are: The All-Union Ministry for Medium Machine Building (MSM)

. and the State Committee for the Utilization of Atomic Energy (CKAE). The
MSM is responsible for the overall direction of the atomic energy program, in-
cluding the production of fssionable materials and nuclear weapons. The
CKAE is responsible for the non-military uses and industrial applications of the
program, scientific research and development in certaiq areas of applied nuclear
.energy, and official contacts with the atomic energy programs of foreign countries.

2. The weapons research and development centers are probably under the

administrative control of the MSM, but there is undOubted!y military participa-

tion at these centers.. The nuclear weapons proving grounds and the national -
+ nuclear weapons stockpile are probab[y under military operational control, with

technical direction provided by the MSM. . The Mmlshy of Defense is believed
to be solely responsible for operational and regional weapons storage facilities

located at m:htary bases for du'ect support of rmhtary operatzon.

' \ithin ‘the USSR and also with cooperation between the USSR aad other coun-
tries in the non-military uses of atomic energy. Itis concerned with the produc-
tion and supply of radioactive isotopes, the transportation of radioactive materials,

“and the problems of radioactive waste disposal. The GKAE controls and co-
ordinates research and development of nuclear reactors and the associated tech-
nology, high-energy physics and its research devices (particle accelerators), and
contmllcd thermonuclear research (plasma) and its equipment. Since 1960, the
CKAE has gradually assumed administrative control over 2 dozen or more insti-
tutes of the Academies of Scwnces which conduct resc1rch in these areas of

. nuclear energy. There is very " close’ coordination between the \ISM "and the

. CKAE. The formcr _appears to exercise some measure of control over the insti-

“™ tutes of the latter The mtcrloc]unﬂ relahonshlp e\nstmﬂ between . the two
~ atomic ene.rr'\ authorities  is endent in “the lmnzonhl movement® of pcrsonnel
.at alt le\'els . ; 2 :

PP -\lthon«h we beheve that ‘a Sovaet PLOWSH\RE* prowr‘lm eusts. the
e respons:ble orﬂ'lmz'\t:on lns not been xdentlﬁed. We \\ould expect MSM to
“* [ “develop the devices and conduet the tests with some Ministry of Defense assist-

~ ance. The GKAE is probably responsible for future :\pphmnons of test results
-md for coordnnhn" wﬂh oter or"‘lmzahons -

TR ...'-a

- *AUS team for the use of mn:lcar c:q:l_usin‘s for peacelul vses.

3. fhe GKAE is concemed with nonrmhtax"y apphcabons of atomic energy
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1. COMMAND AND CONTROL OF NUCLEAR WEAPONS

Ak 5 The Presidium of the Central Committee, CPSU, is the source of and the
: '»_;r, I final authority for decisions on overall: deployment and use of Soviet nuclear
SR h weapons, - - Classified Sovict documents indicated that Khrushehev would exer-
?P(;":’ { cise command of the nuclear forces through the Supreme High Command.  The
;ﬁ?’;ﬁ present evidence is not sulficient to indicate whether the Presidium, or ]ust its
t{_rg’»f‘ : new Chairman, has assumed this role. The decisions of the Presidium aad the
'i’ﬂ:}:' Supreme High Command are l'nulcmcntcd by tha Mmlstry of Defense. The
2o Ministry probably is responsible for the supervision of the organizations which
s run the storage and logistics systems for nuclear weapons. It also would im-
plement high level decisions to release nuclear weapons to operational military
units and to authorize the use of such weapons; the order to release and the
authorization for use would probably be transmitted through separate channels.
There is no indication in available evidence that the role of the KGB in the
command and control systems for nuclear wedpons is other than that of fur-
nishing guards units to prov:de physical security at storage sites.
6. Nuclear weapons allocated to the ground forces are stored in Ministry ot - -
Defense depots, which in many cases are located at considerable distances from - -
the operational units. When these units require nuclear weapons, the depots
probably receive authorization for releasc.of the weapons from the Ministry of
Defense. A similar pattern of control probably exists for the air forces and for
the Strategic Rocket Forces, although in these cases the operational storage
facilities of the Ministry of Defense are part of the air base or of the missile
& ; . ]aurlchlng complex. We have no information on the control of nuclear. weapons
; L 7 ' in Soviet naval forces which probably have nuclear weapons on sh:ps at sea as
; ,% well as in shore storage.
_!: vy ; .
4,3;,% | - .
B )
R AT p ‘
e ) " "Jthe USSR has
Frek . been seriously concerned with the problem_of improving its command and con-
.,__; T ' trol procedures for nuclear weapons. An alert posture would require the Soviets
B2 : to keep the bulk of their nuclear warheads allocated to Strategic Rocket Forces
-!,,1 ‘ . mated to the missiles, thereby forcing them to forego the use of one of the major
gREN 0 LT means of control in the, past—the concentration of nuclear weapons in storage )
2 1 LT aee . SieS under the control of the Ministrv of Defense. There are at least three pos-
,4 o ~ - .. _sible methods of control still available to the Soviets for wse with these forces:
ol . _ -an authentication svstem, aSsignment of KGB units to act as a check up0n the
:i"“ wiiitary, or the installation of permissive links in the weapons to minimize “the Y w
77 | R e human problem. We h'l\'e no evidence as to which, if- sy, of these metl\ods t '
s ¢ ‘are cmpim ed. o3 . ) T PR
:j ' i, NUCLEAR WEAPONS PRODUCTSON STORAGE, AND LOGISTICS
2 2N . S. We have identified two major nuclear weapon fabrication complexes, located y B )
"?%' S s .. at Nizhbnava Tura and Yurvuzan in the Urals. .\ch of these mcludc large '
.:_ e . . “ ‘ .
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puclear weapons stockpile facilities. In addition, the Xasli R and D facility
[ probably produces some nuclear weapon components, and there is a possible
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nuelear weapons or component fabrication installation necar Penza.

9. The Soviet nuclear weapon logistic system includes two general classes
of storage sites: national reserve s!ocl.pt!c facilitics, and operational and regional
slorage sites at military bases in direct support of military operations. The
Soviet stocknile program has developed in Unce well defined stages. Expan-
sion has continued in each class of sxisting rites and addition of new sites Ly
‘occurred. In its initial program between 1951 and 1955, the USSR activated

' a total of about six stockpile sites of all classes, indicating a fairly limited
nuclear capability. In the second stage, covering approximately the next three
years, at least 18 additional stockpile sites of all classes were activated bnnglng
the total to about 24 at the end of 1958. This expansion was primarily in
support of a substantial increase in the nuclear capability of the Soviet strategic
bomber force which was then rapidly converting to jet aircraft. Since 1958,
a third stage of rapidly accelerated construction has been evident. It has

;.- coincided with the deployment of strategic and tactical missiles and with a.

- wider dlstrlbutwn ‘of nuclear. weapons among Soviet military- forces.. . Duung

- this perzod the USSR-also substantially increased the capacity of existing 'sites.

As the result of these developmeits the USSR has a comprehensive 'system of

hardened stockpile facilities extending back in successive echelons from forward

o operational storage sites at military bases to national reserve facilities at remote

Tt Yo interior locations, * We still have no firm evidence of nuclear warhead storage .-
ahd  facilities outside the USSR in Eastern Europe, slthough persistent. reports of -

the presence of nuclear weapons, particularly in East Cermany, have been
received. Such storage would be commensurate with the factors of stockpile
gro“th systems deplovment and readiness requirements.
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10. The Soviet nuclear weapons logistic system appears to be largely dependent
on rail movement. However, since 1959 they have shown an increasing interest :
in developing an air logistics system.. Helicopter pads are provided at most ;
of the storage sites, and helicopter transport to advanced positions of simulated
- nuclear weapons for tactical svstems has OQCui'red in Soviet military maneuvers.
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