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FOREWORD

This report includes estimates of the amount of electric power
consumed by the Angarsk Gaseous Diffusion Plant and by production
of an unknown nuclear product in the Angarsk Synthetic Fuels' Com-
bine 16. Inputs of electric power to facilities for production of nu-
clear materials form one of the most important considerations in
.making estimatés of production of nuclear materials. The report
utilizes information on production of electric power in Irkutskaya
Oblast and on consumption of electric power by nonnuclear 1n_s1:a11a-
-tions to estimate as.a residual the amount of electric power utilized
in production of nuclear materials. Although estimates obtained in
.this fashion are subject to substantial margins of error, perhaps as
much as 15 percent, it is believed that the quantities are sufficiently
‘accurate to provide useful measures of the electric power consumed
by the nuclear materials industry at Angarsk.
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- CONSUMPTION : OF -ELECTRIC POWER -
BY THE NUCLEAR MATERIALS INDUSTRY
IN_ ANGARSK, IRKUTSKAYA OBLAST, USSR*

, T1954-65 . RERERS

Summary.and Conclusions -

During the last decade a well-integrated power system has been
developed in Irkutskaya Oblast primarily to serve the rapidly grow-
ing demands for electric power of a_'r_mclear materials industry in
.Angarsk. It is estimated that an unidentified section of Angarsk :
Synthetic: Fuels Combme 16 started. cnnsum1ng electric power.in 1954.
. Although the evidence is not conclusive, this section is believed .to be
producing nuclear materials. . Consumption of electric power by this
section had grown. to 0. 8 billion kilowatt-hours (kwh) by 1957."

The largest consumer of electric power in Irkutskaya Oblast,
“however,.is:the:Angarsk Gaseous: Diffusion Plant, which is: estimated
te.have:started consuming.power .in: the fall of 1957, when power was -
first sent over 220-kilovolt (kv) -transmission:lines from the Irkutsk .-
GES#*#* to the diffusion plant.. The supply of power to the diffusion
plant increased in the fall of 1959, when the on-site Angarsk TETs%#%%10
went into operation. Further 1ncreases in the supply of power to the
diffusion plant occurred in 1962, when new transmission lines were
constructed from Bratsk to Angarsk. It is estimated that in mid-1963.
the load drawn by the diffusion plant reached about 1, 790 megawatts
(mw) and that it has remained“ft this:level since that time. The fitm
supply T of electric power to th}‘ diffusion plant, estimated to be about
2,500 mw in mid-1964, is more than adequate to cover this load.
About 1,040 mw of the load is currently met by the Bratsk GES and
750 mw by TETs 10.

% The estimates and conclusions.in this report represent the best
Judgment of this Office as of 15 September 1964.

*% Gidroelektricheskaya stantsiya (hydroelectric powerplant).
*%¥% Teploelektrotsentral' (heating and powerplant).

T Firm supply is the amount of electric power that would be avail-
able to cover peak load even if the largest single source of power
were out of commission.
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The consumption of electric power by the Angarsk Gaseous Dif-
fusion Plant for the calendar years 1957-65, the: peak:load: at the..:
beginning of the year, and the power for cascade pumping for the year
ending 30 June, are estimated as shown in the following tabulation:

Peak Ioad Power for Cascade Pumping
Consumption - (MW as of . (Thousa.nd Megawatt-Days. for
Year  (Billion KWH) 1 January) theiYear:Erding 30:Juné)
<1957 - 0.2 0 : _
1958 2.3 120 - 4l
1959 3.3 360 : 119
1960 | 5.4 525 182
L1961 A 690~ 252
1962 0 9.8 1,035 355
19637 -t - 14,0 1,365 : ' 4o
= 196k - 1k.9" - 1,790 ‘ T 62h
1965 k.9 - < 1,790 . 62l

The estimates of consumption indicate peak load and amounts of power
for cascade pumping in excess of those used in deriving existing est1-
mates of productlon at.the Angarsk Gaseous Diffusion Plant.
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. I. - Introduction -

.In-1952, Irkutskaya Oblast was still an undeveloped region. Rela-
tively small local industries relied on local powerplants, and there
was.no transmission network. Only the cities of Irkutsk, Cheremkovo,
Angarsk, -and Usol'ye were significant consumers of electric power.
Amongthesies: thelargestidonsumer was thig cityof Trkutsk,twhich-contained
machine building and aircraft plants and most of the food and light in-
‘dustries of the oblast. - Cheremkovo was the center of the coal mining
_industry. Angarsk did not exist until 1948 and first became important
.when:Synthetic Fuels. Combine .16 was placed in operation in1952.
Usol'ye contained only a small chemical industry. Apart from these
towns, ‘smaller centers of production and consumption of powerwwere :
‘scattered throughout the oblast, each with its own small powerplant
_'serving motor’ veh1c1e and raulroad repalr shops, sawmills, and other
: local industry R

Smce 1952 a well—lntegrated power system has developed in Irkut--
skaya Oblast, primarily to serve the rapid growth of a nuclear mate -
~rials 1ndus.try at Angarsk.” Some small inefficient powerplants. still -
-"’ex1$t in ‘Irkutskaya Oblast-outside the power system, but their- relatlve
1mporta.nce will continue-to decliné as radial transmission lines.are
-extended. to outlying areas. The first stage of the development of the

' _tnuclea.r materials industry in Angarsk was a power-intensive section

_~.of Angarsk Synthetic: Fuels. Combine 16 that may produce heavy water.

- The .principal nuclear materlals ‘enterprise. in Angarsk, and the- largest
_consumer of electric. power,. is the Angarsk Gaseous Diffusion Plant,
“which: probably is the:largest. consumer of power among the four plants

‘ Cin the USSR for the separatlon.nf U- 235

I "“GrOW‘th of the I’rkutsk PoWei‘ System
.A'. g :Ca".pa’ci‘ty'i“

* The development of power-generating facilities in Irkutskaya
Oblast has been miore rapid than in any other region in the USSR.
- This, rapid development was necessary to keep pace with growing in-
" dustrial demands, principally  those of the nuclear materials industry.
Most of this development has taken place within the Irkutsk Power
System and has been concentrated in a few large powerplants - Of the
more than 1, 100 powerplants.scattered throughout the oblast at the
end of 1963, nine plants in the Irkutsk Power System had a combined
capacity of about 5, 800 mw -- approximately 95 percent of the total

-3 -
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installed generating capacity of 6,100 mw in the oblast. Expansion

of existing powerplants and the startup of three new thermal electric
powerplants will bring the total capacity of the Irkutsk Power System
to about 6,600 mw by the end of 1965. Connected to the Irkutsk Power
System, but administratively not a part of it, are powerplants that
primarily serve local industries and provide some backup for the
transmission network. These powerplants have a' combined capacity
of about 60 mw. In addition, there exists in the oblast about 240 mw-
of capacity in powerplants, not connected to the Irkutsk Power System,
-that serve diverse activities such as agriculture, mining, and timber
camps. ' The capacity of these plants may increase to about 250 mw by

1965, %

o The Bratsk GES w1th an 1nsta11ed capac1ty of 3 600 mw, L
and Angarsk:TETs 10, with an installed capacity of 1, 000 mw, are
the two principal sources of power for the Angarsk Gaseous D1£fusro_n
Plant. In the next 2 years the capacity of the Bratsk GES will be in-
Creased.to.a level of 4,050 mw. Two.other large powerplants --
Angarsk - TETs 1, with a capacity. of about 300-mw, and the Irkutsk |
GES, .with a capacity of 660 mw -- supplied most.of the electric power
for:the Irkutsk Power System and for the nuclear materials enter-
prlses untilk Angarsk TETs 10.became an 1mporta.nt suppher in 1960

o B f' Productmn

iy o7 Production. of electric power in Irkutskaya" Oblast grew from
: 36‘69»’m1111on ‘kwh in-1951, before the start of significant development_
of ‘power in'the oblast, to 22.6 billion kwh in 1963. ‘It is estimated
“'that:production of electric power w111 Teach 28 b1111on kwh in- 1965 gk
-.

In 1963 the Bratsk GESs reported to have produced 7.9 b11-
lion kwh and the Irkutsk GES, 4.0 billion kwh. It is estimated that -
production at Angarsk TETs 1 was about 1. 9 billion kwh and at An-
garsk TETs 10 about 7. 0 billion kwh. Other powerplants of the

Irkutsk Power System produced another 1.1 billion kwh, and power-
Pplants outside the power system produced 0.7 billion kwh. The most
significant increase in production in 1_964 and 1965 will be at the -

f
i
i

*%.. For estimates of the end-of-the-year capacity of powerplants
connected to the Irkutsk Power System and the total capacity.of
Irkutskaya Oblast for each year of the period 1950-65, see Table, 1,
Append1x A.:

-For estimates of the annual production of electr1c power in power-
pla_nts in the Irkutsk Power System and in Irkutskaya Oblast for each
year of the period 1950-65, see Table 2, Appendix A.

-4 -
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Bratsk GES, expected by the: USSR to produce 11 b1111on to: 12 bllhon S

‘kwh in each of ‘these: years

C. - Transmmmon‘Network' i

-Power transm1ss1on lines.have been constructed in Irkutskaya
Oblast during the past decade to:connect the major powerplants of the
Irkutsk Power System with the principal power-consuming centers.
Transmission lines have expanded from a single-circuit-110- k1lovolt
(kv) line, 50 kilometers (km) long in 1952, to a complex network of
110-kv, 220-kv, and 500-kv:linés: traversing about 800 km in the
southern part of Irkutskaya Oblast in 1964. -The lines generally are
parallel to the Trans-Siberian Railroad, with 1mportant connect1ons
extenchng north to Bratsk. - s - ELIEIE I T A s

L o

Constructwn of the transmls sion network ha.s progressed in

a sequence that allows most of the production: of the three largest power-,_ -
plants to be channeled to the Angarsk Gaseous Diffusion Plant. * ‘Signif-- -

- icantiamounts of poweribegan: to be: supplied to the-diffusion plant late.
in 1957, when.two 220-kv lines were placed in- ‘operation betwéenithe:
‘Irkutsk-GES and Substation 1:of the diffusion plant:::For-a-couple of _
years these lines.were supplemeéntéd- only by-110-Kv:conhections to-the
Irkutsk ‘GES-and Angarsk:TETs l. -Angarsk TETs-10; built: specifically
to-supply:-the diffusion plant, -began to:supply power to Substation:2: of
the diffusion plant.over a -new set of 110-kv linesin the:fall of: 1959.: -

Beginning:in- 1962 the: Bratsk GES: began to: supply most of the powed: rt o

generated to Substation 1 of the diffusion plant over two 500-k¥:- 11nes
‘One 500-kv line from the Bratsk GES to Substation 1 was ‘placed in .
operation in-January-1962, a.nd*}he second line in December 1962. The
first of these lines operated: at.220.kv until it was .converted to 500:kv
‘in February 1963. -The second line was being converted to 500 kv-in:
December 1963. Additional power also.can be- ‘supplied to:the .diffusion
- plant over.220- kv transmission lines from‘the Bratsk GES and from.
Usol'ye TETs 11. I S AR R r AP
Add1t1ona.1 transmlssmn 11nes have been ‘built in- Irkutskaya
Oblast to supply other consumers. A double 110-kv line has been con-
structed along the Trans-Siberian Railroad from Slyudyankatothe
border of Krasnoyarskiy Kray. A 220-kv line has been built from

% "For the general alignment and capacity of main transmission lines
serving ‘Angarsk and Irkutsk as of the end of 1964, see the map, - follow -
ing p. 6. . ' e
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Substation 1 of the Angarsk Gaseous Diffusion Plant to the Irkutsk, .
‘Aluminum Plant. Another 220-kv line has been built from the Irkutsk
GES to the Irkutsk Aluminum Plant and is being extended along the
Trans-Siberian Railroad to Ulan-Ude in Buryatskaya ASSR. This line
and the recently completed 500-kv line from Bratsk to the Krasnoyarsk
Power System will permit significant amounts: ofpower to be: exported
from Irkutskaya Oblast start1ng in 1964 - ' '

II1. Consumptlon of Electric Power

A. By Nonindustrial .Sectors_ of the Economy* :

The amount of electric power tha.t could be supphed over-
transmission lines to the Angarsk Gaseous Diffusion Plant is far.in
excess of the actual supply. Actual consumption of electric power
by the diffusion plant has been estimated as a residual by deductlng
estlma.ted consumptlon by other consumers from total productwn

All the electrlc power produced in Irkutskaya Oblast was-con-
sumed in the oblast until 1962." In.that year an estimated total of 100
million kwh was sent over 110-kv lines :to. Krasnoyarskiy Kray for use
by the electrified Trans-Siberian Railroad.. Late in:1963 a 500-kv. -
transmission line was placed in operation at 220 kv betweeén- Bratsk
and the Kamala substation in Krasnoyarskiy Kray. This line extends
through Krasnoyarskiy Kray to Keme rovskaya Oblast and will. permlt i
- exports of electric power from Irkutskaya Oblast to. 1ncrease to:a- :
level of about 1. 6 billion kwh in 1964 . : TR
. The largest nonlndusts\%al consumer of electr1c power:in the._
oblast is the electrified Trans-Siberian Railroad, which in:1963 used
about 1: 3 billion kwh. It is estimated that.all other nonindustrial con-
-sumers of electric power in the oblast (construction, transportation’:
other than the electrified Trans-Siberian Railroad,; communal and liv-
ing needs of urban centers, and the rural economy) used about 0.8 bil-
lion kwh in 1963. Consumption of electric power per capita in these
categorles -in the Irkutskaya Oblast is about average -for the USSR

% For estimates of consumptlon of electrlc power by various categorles
of consumers in Irkutskaya Oblast for each year of the period.1950-65,
see Table 3, Appendix' A. For an explanation of the methodology used
to estimate consumption, see Appendix B. :
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.. The electric power-industry in Irkutskaya Oblast-is itself
a large consumer of electric power. Itis estimated that in 1963 the
industry used close to 0.9 billion kwh in its own powerplants and
sufféred losses of: 1.5 billion kwh in moving electric. power over the
transmls sion lines. ; :

- vAB.. ~_Angarsk;Synthetic Fuels Combine 16 . .

_ ) Durmg the. years 1952 57 the largest consumer of electnc
-_power in Irkutskaya Oblast was Angarsk Synthetic Fuels Combine 16,
originally designed -as a synthetic fuels plant using equipment res. .
moved after World War II from a German coal hydrogenation plant. :
'TETs 1 was built to supply the combine with electric power. Although
‘the first section of the combine probably was constructed. according to
- original -desgigins, it has been greatly mod1f1ed since 1954,. and a sec-
‘ond.section has been built... The combine now. uses’ prlmarlly crude :
-petroleum as raw material and emphasizes productlon of. petrochem-
icals Father. than synthetlc gasoline. .It-is estimated that the combine
i-was.using about 90 million kwh for production of an assortment of
petroleum and chemical.products by 1956 and that thls consumptxon
had grown to about 340 million kwh by 1960, & Because mvestment in
the combine has continued since that time, consumptmn may grow to
' __800 m11110n kwh in. 1965 : .

Starting in 1954, a special section of Combine 16 began to
consume large amounts of electric power. The exact nature of this
special section is not known, but because séme “part of Cotnbine 16
was subordinate. to. the Ministry for .Medium, Machine. Building (Wthh
is. responsible .for nuclear. ma.'!serlals), it has been estimated .that the -
'spe01al section is engaged in ﬁroduc1ng nuclear ma.tema.l The nuclear
material sinvolved may’ be heavy water, . although. there is no d1rect
.evidence for this conclusion. - Consumption of. electrlc power.by. the
special section is.estimated to have reached 440 m11110n kwh in 1955
and to have been double”tlhat» amount by 195_7_

Ce It is estlmated tha.t Comblne 16 as a whole is: u31ng all the -
electrlc power made avalla.ble by TETs 1, so that the TETs is not a.
51gn1f1cant supplier of power to other consumers.

* For estimates of the annual consumptlon of electric power by Com-
bme 16 durmg the years 1950 65, see Table 3, Appendle .

-7 -
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- C: Industrial Consumers of Electric Power Not Connected w1th
' Producuon of Nuclear Materials - : -

Industrial consumers of electric power not connected with the
nuclear materials industry in Irkutskaya Oblast have increased con- "
sumption of electric power steadily:throughout the entire pe riod. Major
new consumers of electric power, and theiir initial years of operation,
have been as follows: the Angarsk Cement Plant, 1958; the Angarsk
Petroléeum Refmery, 1960 a new Section of the Usol'ye Chemical Com-
bine, 1961; and the Irkutsk Aluminum Plant, 1962. It is estimated that

- the'latter plant will consume 1.8 billion kwh in 1964, ‘which is more
than w111 be consumed by Combme 16. '

In splte of the rapid growth of consumption of electric power
_-in Irkutskaya Oblast by various nonindustrial sectors of the economy,
' by all“sections of ‘Combine 16, and by:-industrial consumers not as’- ~
'sociated with the nuclear materials-industry, a residual of electric
’power, not. accounted for by these consumers, has been growing rapidly
since. 1957. This reésidual, which had reached more than 5% percent of
the power producéd in the oblast in 1964, is the power consumed by the
-Angarsk GaseOus D1ffus1on Plant oo

S IV. Consumptl_on of Electric Power by the Angarsk Gaseous Diffusion

Plant

A Rapld Growth of Consmnpt1on

_ By far the largest consumer of electrlc power in Irkutskaya
Oblast and-in the entire USSR 1§‘,the Angarsk Gaseous Diffusion Plant. -

St is estlmat:ed that this plant started operation at about the time that

the first 220-kv transmission line was' placed in operation from the *
Irkutsk GES to- Substatlon I of the diffusion plant in October-1957. An
‘estimated’ power balance of Irkutskaya Oblast indicates that the plant
used about 0. 2 billion kwh in the remainder of 1957, 2.3 billion kwh
'in 1958, and increased consumption rapidly thereafter until it used
about 14 billion kwh in 1963 andriéarly L5bhillion kwh in;1964.1:Itis.esti-
mated that consumption will remiiin at about this level through 1965. %

* For estlmates of the consurnptlon of electrlc power by the Angarsk :
Gaseous lefu51on Plant for each year of the period 1957 65, see
Table 3, Appendlx A.
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This rapid growth of COnSumpthn has been: accompanled by
an even more rapid growth of the firm supply of power. Itis esti-
mated that firm supply always has been substantially in excess of the
peak load, as is shown by the following comparisons: of peak load* -
and firmsupply*#¥ at times- when successive stages-of growth in pewer
consumptlon were completed : :

A Megawatts _.: SN

o " ,M | Firm Supply -

End‘of 195'8" S — ‘350 L ulo
"'Mld-1960 o o 600 . 770 _

Mia-1g62 10 L6
Mid-1963 T 1,790 7 196

. d.

’ Flrm power supply as of mid-1964 and 1965 is est1mated at abéut’
2, 500 mw -- 40 percent hlgher than the estlmated peak loadn“of 1, 790
mw.’

It is estimated that electric power for cascade _pumping at

the Angarsk Gaseous D1ffus1on Plant has grown from 42,000 megawatt-

- days in"thé year endlng 30 June '1958 to 624 OOO megawatt -days in the -
year end1ng 30" June 1964 and that 1t w111 rema1n at thlS level at least
through 1965 *** _' ' C :

\. N

% For estirnates of the rnonthly load and consumption of -electric
power By the Angarsk Gaseous Diffusion Plant, see Table 4, Appendlx
A These estimates are derived from and are consistent with the est1-
matés of annual consumption. “They are presented notas exact esti<-
‘mates but as orders of magnitude that can be compared with estimated
firm supply at successive points in time. Comparison of estimates of
peak load and firm supply in this fashion offers the best check on the
accuracy of the estimates of consumption.

** For estimates of the firm supply of electric power to the Angarsk
Gaseous Diffusion Plant from various sources for each year of the pe-
riod 1957-65, see Table 5, Appendix A.

*¥% For estimates of the amounts of electric power used each year for
diffusiom cascade pumping, see Table 4, Appendix A.
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B." Three Main Sources.of Supply

: Dur1ng the first 2 years of operatmn -- that is, through
August 1959 -~ the Angarsk Gaseous Diffusion Plant rec_e1ved-,it$-. L
power supply over two 220-kv lines from the Irkutsk GES, with
110-kv ties to the Irkutsk GES and to TETs 1 as backup. From
mid-1958 to mid-1962 about 3 billion kwh a year were drawn by the
diffusion plant from the Irkutsk GES. This amount of power con-
stituted roughly three-fourths of the power produced by the GES.
The peak load drawn from the GES is estimated to have reached
360 mw in August 1958 and to have continued at this level through
mid-1962. After this date, supply from the Irkutsk GES to the dif-
fusion plant declined as more power from the GES was consumed -
by the new Irkutsk Aluminum Plant. Power from the Bra.tsk GES
made up the difference in the supply of the diffusion planf:'. It is’
estimated that by mid-1964 the diffusion plant no longer was. draw-
ing 81gn1f1cant amounts of power from the Irkutsk GES.

In September 1959, TETs 10 began to supply power to the
diffusion plant. By April 1962 the supply of power from this source,
amounted to 6. 2 billion kwh. The peak load drawn by the: d1ffus1on
plant from TETs 10 reached an estimated total of 750 mw by '
April 1962 and has rema.med at this level since that time.

In May 1962 the d1ffus1on plant began to dra.w 51gn1£1cant s

_amonnts of electrlc power from the Bratsk GES. It is estlmated

that the load drawn by the diffusion plant from the Bra.tsk GES reached
300 mw in December 1962 and 750 mw by mid-1963. At that tlme the
diffusion plant also was drawm about 290 mw from the Irkutsk ‘GES and
750.mw, from TETs 10. In m1d -1964 the diffusion plant was drawing’

< close to 1, 040 mw. from the Bratsk GES and 750 mw from TETs 10.
:Consumption of electric power.in. 1964 is estlmated to be at a rate of

14.-9 billion kwh a year, 8.7 b1111on kwh of which are suppl1ed by. the
Bratsk GES and-6. 2 billion kwh by TETs 10 .

- 10 -
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APPENDIX B =~ . : N

METHODOLOGY

I. . Production

‘A.  Total in Irkutskaya Oblast

Data on production of electric power in Irkutskaya Oblast in
the years 1950-58 are based on reported production.in 1955 1/%.and-
1957 2/ and on a reported index of production 1955-58.(1950 = 100):. 3/ v
Estimates of production in Irkutskaya Oblast in 1951-54 were.derived
by subtracting estimates of annual production in all other oblasts of
East Siberia from the reported total -annual production in East Slbena‘.
The estimates for other oblasts represented published data for- some .
years and interpolations for other years. Production in Irkutskaya
Oblast in 1959 was reported to be 2.5 times that in 1957 (probably
excluding Angarsk TETs 10);. 4/ Estimates of production in’1960-65 are
the summation of estimated productlon at individual powerplants. : The
estimates of production at individual powerplants were based on esti-

. mated average installed capacity and estimated average hours of oper-

‘ation. . Planned production in Irkutskaya Oblast in 1965 was set at
38 billion to 43 billion kwh in the original Seven Year Plan, 5/ but.on.
the basis of estimated production at individual powerplants. it appears
probable that productlon will be only about 28 billion kwh.

The margin of error on estimates of total productlon durmg
the years 1950-57 is approximat¥ly plus or minus 50 million kwh. :
The margin of error increases for subsequent years, as the estimates:
are based on (1) estimates of production at individual powerplants and
(2) a residual of reported production in East Siberia in 1960-62. The
possible margin of error increases from 200 million kwh dunng the -
years 1958-59 to'1, 000 million kwh in .1965. :

B. Individual Powerplants

- Estimates of production of electric.power at individual power-
plants were based, unless otherwise indicated, on the estimated average
installed capacity and the estimated average -hours of operation.

* For serially numbered soirce references, see Appendix C.
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Estimates of production 'at Angarsk TETs 1 were derived
by subtracting known or estimated production at other powerplants
from the total annual production in Irkutskaya Oblast in 1952-58.
During 1959 and 1960, growth in demand for power in the oblast,
especially at the gaseous diffusion plant, necessitated increased
utilization of powerplant capacity. Production at TETs 1 in 1959
was "'more than twice'' the amount produced in 1957 6/ and probably
continued at approximately the same level in 1960. Thereafter an
increasing share of the demand was satisfied by efficient new power-
plants, especially TETs 10 and the Bratsk GES, and utilization of =
capacity at TETs 1 returned to a.lower level.' It is estimated that -
production in 1961 was according to plan -= 1, 975 million kwh ) --
and .that production in subsequent years has been at a level sllghtly
below the 1961 plan o - el

Estimates of production of electric . power:at the Irkutsk -
GES were based on Soviet statements. that cumulative production -
reached 1, 000 million kwh by 5 February 1958, 8/ 1, 360 million-
kwh by 15 April 1958, 9/ 2,000 million kwh by'1- July 1958, 1o/
over 14, 000 million kwh by-24 December 1961, 11/ ‘and.22, 000
million kwh by the end of 1963. 12/ The plan for T 1961 was 3, 600
million kwh, 13/ but this was fulfilled on 28 November 1961, 14/
-and probably 300 million additional kwh were produced in Dec;nber.v
Production in 1964 and 1965 is assumed to be at the des1gned level
of 4, ‘100 million kwh a.nnually 15/

Estimates of p’roduct-lon of electric power at Angarsk - '
TETs 10 were based on a previous study of installation of generat-
ing equipment at this plant. 16/ The assumption was made that in
1959-60 when there was a powe} shortage, ‘equipment at TETs 10
was operated at an average of 8, 000 hours a year and that. ut111zat10n’
was reduced to about 7, 000 hours after the Bratsk GES carhe: into
operation. Observers in 1962-63 reported all four smokestacks
smoking heavily; so it is unlikely that the plant was operating at
much less than the 80 percent plant factor indicated by 7, 000 hours.

‘The Bratsk GES was planned to produce 80 million kwh in
1961, 17/ and had produced a cumulative total of 2, 960 million kwh
by the end of 1962 18/ and about"10, 860 million kwh by the end of
1963. 19/ 1tis expected to produce an annual total of .11 billion to
12 b11110n kwh in 1964'and 1965. 20/ ~
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C. Groups of Powerplants

Productlon of electnc power in the Irkutsk Power System

'~ was calculated as a residual by subtracting production at plants out-
side the system from total annual production in the Irkutskaya Oblast
in 1950-58. In 1959, production in the system, excluding Angarsk
:TETs ‘10, was 25.percent greater than in 1958. 21/ TETs 10 was
.not 1ncluded in the planning for the Irkutsk Power ! System in 1961, . 22/
and it is likely that this powerplant, which serves. only the Angarsk
Gaseous Diffusion Plant, is notincluded in reporting on the Irkutsk
" Power System for other years. Production of electric power in the
Irkutsk Power System in 1960, .1962, and later years was estimated
by addlng together estimates of production at individual powerplants
in the system. The estimate -for 1961 represents planned production 23/
by plants of the system plus estimated production at TETs 10.

- Block stations in the Irkutsk Power System include factory
- powerplants physically connected to the system but not included in
" it for .accounting purposes. - The powerplants are at the Kuybyshev
-.Machine -Building Plant, -at Aircraft Plant 39, at Cheremkovo, at
Usol'ye, -and at Makaryevo. Production has been estimated on the
basis. of capacity and a reasonable utilization factor.

The estimated production of electrlc power in small isolated
powerplants. is based on the estimated consumption needs of areas
and towns located in Irkutskaya Oblast but not connected to. the Irkutsk -
Power System. : :

IL. - Consnmption. o

Consumption of electric power by the nuclear materials industry
in Irkutskaya Oblast was derived as a residual by subtracting con-.
-sumption of power: by all other users from the total production of .
power in the Oblast. . ~Subtraction from production was appropriate .
because production. and consumption of power occur simultaneously;
therefore,: :inférmation:on: total production can be equated to total
.consumption, .including exports. Estimates.of consumption of electric

-~ power by sector of the economy were derived in a variety of ways,
-depend1ng on available information.

A,‘ Consumptmn by Consumers Not Connected w1th Productlon
of Nuclear Materials

Consumption of electric power for construction of the Irkutsk
and Bratsk Hydroelectric Powerplants -~ which has been reported 24/ --
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makes up most of the consumption by construction enterprises.. Esti-
mates of additional consumption by construction enterprises were
based on annual expenditures for construction and national averages

of consumptmn of electric power per ruble of construction-installation
work. :

Estlmates of consumptlon of electric power by the transport
-v'-sector, pr1nc1pa11y by the electrified railroads, have been calculated
from gross ton-kilometers hauled and consumption of electric power
per t'on'-kilomet'er. - Both of these magnitudes have been reported'.

 Estimates of consumption of electrlc power for urban living
uses were based on population of towns and consumption per person.
Consumption per person was based on natlonal ‘norms and averages
for towns of approprlate sizes. : :

Est1mated consumption of electric power by agriculture is
-based ‘on’the’ reported. capacity of motors used in agriculture in Irkut-
skaya Oblast in 1950-57. 25/ It was assumed that in these years
consumption was in the same relation to capacity in Irkutskaya Oblast
~as in the RSFSR. Planned consumption of electric power by agricul-
ture in 1965 is 202 billion kwh. 26/ Consumption in other years was
estimated by interpolation. T

Losses of electric power in transmission networks were

' “'calculated ‘at a reported average of approxunately 7 percent. 27/

Electric power used by powerplants was calculated at 8 percent for
thermal electric powerplants and 0. 3 percent for hydroelectric power-
plants -- average figures for these kinds of powerplants. :

. ) -

- Estimates of electric power sent out as exports during 1962-63
represent a part of the consumption of the Tayshet- -Klyukvennaya sector
of the Trans-Siberian Railroad in Krasnoyarskiy Kray. When the
Bratsk-Tayshet 500-kv transmission line was completed at the end of
1963, it furnished additional power over the already existing 500-kv
line from'Tayshet to Kamala, increasing the transmission of power

to KreiSn'oya'rskiY Kray by seven to eight times. 28/ Both of these lines
operated’at 220 kv'in 1964 and probably will continue to do so in 1965.
Starting in 1965, an estimated 100 million kwh will be transmitted to
the Buryatskaya ASSR primarily for electrification of the Trans-
Siberian Railroad from Slyudyanka to Ula.n Ude.

- 24 -

TOP S E1]




- TOP SEQRET:

- Estimates of the total annual consumption of electric power -
by industry, .including consumption by the nuclear materials. -industry,
were derived by subtracting the estimated amounts of power allocated
to-all other uses from the total production of powerin Irkutskaya -
Oblast. Estimates of consumption of electric power by various i« .
branches of industry not connected with production of nuclear ma-
terials - were derived by multiplying the reported output of branches
of industry by appropriate factors for consumption of electric power -
per unit of output -- for example, consumption of electric power per.
ton:of coal, cement, or other product produced. In some .cases, out-
put by branch of industry was derived on a plant-by-plant basis. Esti-
. mates of the output of petroleum and chemical products derived in
‘this fashion did not include output of such products at Combine -16.

The. category "other' includes some industrial production, .such as
-mining and processing of mica that is not included elsewhere. A
variety of other types of 1nformat10n, including fragmentary data on
_planned or actual consumptlon, roof cover, and labor force, also -
was used. - ' .

Summatmn of consumptlon by all sectors of. the economy, .
1nc1ud1ng consumption by conventional industries, did not account -
for-all of the electric power produced in the oblast. Analysis of the:
geographic distribution of consumption of power in the oblast -indi-
cated that the residual was concentrated in the vicinity of Angarsk
and that it probably represents the amount of power consumed by the
Angarsk Gaseous. Diffusion Plant and Angarsk Synthetlc Fuels Com-. -
bine 16 ~ : T

Consumptlon by the Angarsk Synthetlc Fuels Comblne 16
. [N 4

Consumptlon of electric power by Angarsk Synthetlc Fuels
- Combine: 16.consists of power allocated to production of petroleum
and chemical products and of power probably allocated to production.
of nuclear materials. - Through 1956 -- that is, .prior to the operation
of the Angarsk Gaseous Diffusion Plant -- the total consumption of -
electric'power at Combine 16 could be calculated as a residual by
subtracting the sum of estimates of consumption by other users .of.
power from the total production of power in Irkutskaya Oblast. This
‘residual consumption of electric power was divided into consumption
for conventional industrial production and consumption for production
of nuclear materials in the following manner. ’
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Consumption of electric power by industry in the USSR as
a whole during the "yéars 1951 through 1960 grew ata rate only
slightly more rapid than-that associated with growth in-the gross
value of output of industry. Consequently, it was assumed that con-. -
sumption. of electric power for conventional industrial -produ'cfionin_: v
Irkutskaya Oblast grew at approximately the same rate-as conven-
tional industrial: production. It was. assumed. further that in Irkut- . -
skaya Oblast the index of industrial production did -not include any
allowance for output of the nuclear materials industry. (This as-
sumption appeared to be reasonable, as it is doubtful that such pro- -
duction would be .subordinated to the Irkutsk Sovnarkhoz.) On the
basis of these assumptions, an index of consumption of electric power
by conventional industry (not including nuclear materials production)
was derived from the officially published index of industrial produc-
tion in Irkutskaya Oblast for the years 1950-60. 29/ . The:index of
consumption of electric power by conventional_,inaastry ‘was then
converted. to consumption measured in kilowatt-hours on the basis _
of an estimated consumption of 370 million kwh in 1950. (This esti-.
mate of consumption in the base year 1950 was derived from a re-
gional power balance for that year.) The estimates of consumption
by conventional industry thus obtained were reasonable for 1954-60.
In 1951 and 1952 the figures thus derived were slightly larger, and
in 1953 slightly.smaller, than the previously derived estimates of
total ‘consumption by-industry. -The discrepancies were surprlsingly

. small, probably-resulting from inaccuracies in compilation of the -

-indexes and estimates involved, and the estimates derived for total
consumption by industry were selected for use as ''consumption by
conventional industry' in these three years. By subtracting from

the estimates of total consumptlon by conventional 1ndustry ‘the esti-
mates previously derived for a,?mual consumption by convent10na.1
industrial consumers other than Combine 16 (see Table 3%), esti-
mates. of-annual consumption of electric power.at Combine 16 for
conventional industrial purposes were obtained for the years 1950-60.
The figure-derived from the index of industrial production for con- -
sumption by conventional industry in 1955 -- 650 million kwh --
implied an improbable drop in consumption of power for production::.
of petroleum and.chemical products at Combine 16 in that year.
Therefore, the figure was adjusted upward to 680 million kwh to hold
the estimate of consumption for conventional industrial production at.
Combine 16 at the level of the previous year. (In the years 1954-56
the difference between the estimates of consumption of power for con-
ventional industrial production at Combine 16 and the estimates of '

* Appendix A, p. 15, above.
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total consumption of electric power at Combine 16 probably. was:the;
consumption of electric power for production of nuclear: materla.ls )
Consumptlon by conventional industry in the years 1961 65 was:
estimated by adding consurnption for such production at: Comblne 16 :
to consumption by industry not including Combine '16:or the A_ngarsk:-
Gaseous Diffusion Plant (see Table 3). Cooera e el

Total consumpt'ion at Combine 16 in the years 1957 and fol'—v
lowing could not be derived as a. residual by subtractmg from total
production the sum of estimatés of consumption by other consumers
not connécted with the nuclear materials 1ndustry. The residual -
thus obtained (1, 090 million kwh in 1957) ialso included ‘the’ rapldly
growing consumptmn of power at the new Angarsk Gaseous "‘lefusmn :
Plant. On the basis of assumptions concerning reasonable” develop-'
ment ‘of the monthly load at the diffusion plant as it was phased into”
operation, and an assumed 95 percent load factor, it'was ‘estimated -
that the diffusion plant’consuied a total of 170 m11110n kwh durxng the
last 4-months of 1957 (see Table 4%). This left a- re51dua1 0f 920 ' mil-
lion kwh as total consumption of power at Combine 16 in: 1957.. Ap--
plication of the same technique used to allocate consumpt1on of electnc
power at Combine 16 in the years 1954-56, which becameé. posmble
once consumption-at the Angarsk Gaseous D1fqu1on Plant was €limi-
nated, indicated that in 1957 at Combine 16 approx1mate1y 150° imillion
kwh were used for’ éonventional productlon and 770 m11110n kwh for

i

production of nuclea.r materials.

Apphcatmn of the same technlque for the years 1958 60 re-
. sulted in estimates of consumﬁﬁon of power at Comblne 16 for con-
ventional 1ndustr1al productlon and a residual that repre; sented total
annual consumptmn of electric power for production of nuclear ma -
‘terials. This res1dua.1 was allocated on:the basis of an assumed ‘con -
sumption of about 800 million kwh per year for production of nuclear
materials at Combme 16. -This as sumption was ‘based on the absence
of any evidence, even of an indirect nature, that the consumption of.
electric power for. productlon of nuclear materials at Combine 16 has
increased since 1957. The lack of growth in such consumpt1on at
Combine 16 after 1957 seéems reasonable in view of the rapid expan-
sion known to have occurred after that date at the Angarsk Gaseous
Diffusion Plant. :

‘Although consumptmn of electric power for productlon of
nuclear materials at Combine 16 probably continued to be at about
the same annual level in the years after 1960, consumption of power

* Appendix A, p. 17, above.
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for production of pefioleum and chemical pfoducté“‘ﬁrbbebly continued

‘to increase. The estimate of about :340 million kwh consumed for con-

ventional ‘industrial production:in 1960 was :'?r.ou'nde'd-.upW;a;:l_;'dz,a:Ifbitr;a.,rily
to 400 million kwh:in-1961: Planned investment for installation work
in 196130/ ‘indicated that consumption of power would. incrgase by -
about 300 million kwh,. -probably over the next 2 to.3.years.: On-this
basis it was.estimated. that .consumption.for conventlonal industrial .
production would increase at a.rate -of about 100 million; kwh a.nnually
after 1961 :

- Cx Consumptlon by the Angarsk Gaseous lefusmn Plant

P ConSumptmn‘of electnc power by"the'A,ngar'sk Gas'e'ous -Dif-
fusion Plant:in 1957 was estimated.on the ‘basis  of: reasonable as< .
sumption's :concerning. the development of the monthly: loa.d;" ‘, :
the plant as it.was phased into operation.:. .The estimates: of: consump-

. tion.in subsequent years.were.derived as a-: nemdual”.,b.yzsub__t,rae.tlng_,_

annual consumption by all ‘other users from:total -_a_r.bnnual; :production.in
Irkutskaya.Oblast.: :These estimates are shown:.in.Table:3:as they. :

-wereé derived, but the-number of digits carried ‘should: not:be:regarded

as an indication of the degree of aceuracy.;ascribed to:.them. .. The pos-

- sible ,error in the estimated amounts of electric. power: consumed by-

the diffusion plant may be as much as. 15 percent.: This:margin of -
error is derived from possible errors in.estimates. of production,: con-

»sumptlon by: Comblne 16, and consumptlon by other:users. . .-

..\‘
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