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PRETFACE

This is Volume II of a two-volume report of the National
Petroleum Council. On November 28, 1961, the Assistant Secretary
of the Interior, the Hon. John M. Kelly, wrote to Walter S.
Hallanan, then Chairman of the National Petroleum Council, as
follows:

"The Department of the Interior views with concern
the growing shipments of petroleum from the Soviet
Bloc to the Free World. Because of the varied but
widespread impact of these shipments upon Free
World nations and upon international relationships
between the United States and other nations, it is
greatly in the interest of national security for
this situation to be better understood.

Accordingly, the National Petroleum Council is
requested to make a factual study of the effects
on the Free World of the exports of petroleum from
the Soviet Bloc, together with such comments and
conclusions as are deemed appropriate.”

Pursuant to this request, the National Petroleum Council
established the Committee on the Impact of 0il Exports from the
Soviet Bloc, and the Working Subcommittee thereof. The Sub-
committee gathered and studied a vast number of facts and data
related to oil exports from the Soviet Bloc. The comprehensive
detail obtained and examined by the Subcommittee comprises this
Volume II. In Volume I the Subcommittee presents its comments
and conclusions, based upon an analysis of the detailed data
contained in Volume II, as well as a concise summary of Volume II.
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T.A BLE OF CONVERSION

MULTIPLIED BY EQUALS
Meters 3.28L Feet
Kilometers 0.621 Miles
Cubic Meters 35.314 Cubic Feet
Metric Ton 1.102 Short Tons
Metric Ton 7.3 Barrels
Metric Tons Per Year 0.02 Barrels Per Day
Barrels Per Day 50 . Metric Tons Per Year
Hectare 2.471 Acres
Square Kilometer 0.386 Square Miles
Square Meter 10.764 Square Feet

A metric ton of standard fuel has a calorific value of 7,000,000 kilocalories, or the equivalent
of 27,780,000 British thermal units. For the USSR, to convert the following types of fuel from units of
natural measure to units of standard fuel, apply these factors:

TYPE OF FUEL - 1950 1958 1959 1960 1961 1962 1965 1970 1975 1980
Coal#* 0.7878 0.7299 0.7304 0.7270 0.7300  0.7400 0.7500 0.7800  0.7800 0.7800
Crude Oil* 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43
Natural Gas*¥ 1.267 1.207 1.201 1.201 1.201 1.2 1.2 1.2 1.2 1.2
Peat* 0.411 0.396 0.380 0.381 0.380 0.380 0.380 - - -
Shale* 0.2757 0.3412 0.3362 0.3393  0.340 0.340 0.3488 - - -
Hydroelectric

Power**#* 0.590 0.485 0.477 0.468 0.459 0.450 0.396 0.360 0.325 0.290

Nuclear Electric
Power*** - - - - - - 0.455 - - -

* Given factor times quantity expressed in metric tons yields metric tons of standard fuel.
*% Given factor times quantity expressed in thousand cubic meters yields metric tons of standard fuel.
*%% Given factor times quantity expressed in thousand kilowatt-hours yields metric tons of standard fuel.

Conversion factors for the various fuels as regards the.European Satellite countries are given in
Table 4-3, p. 278

Prior to January 1, 1961, the official exchange rate set the value of the ruble at 25¢ or 4 rubles to
$U.S. 1. The tourist exchange rate provided 10 rubles for each $U.S. 1, or 10¢ for each ruble. The ruble
reform, which took place at the beginning of 1961, represented a ‘devaluation of that currency. The new ruble,
equal to 10 old rubles, was then declared to be worth $U.S. l.1l. There are 100 kopecks to 1l ruble; hence the
value of 1 kopeck is 1l.1l¢.

All of the ruble quotations in this report are in new rubles. In addition, all conversions of rubles
to $U.S. made by the Committee have been made at the existing official exchange rate.

All tons in this volume of the report are given in metric toms.
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LISTING OF REPUBLICS AND

ECONOMIC REGIONS OF THE SOVIET UNION

NAME OF REPUBLIC

Russian Soviet Federated
Socialist Republic (RSFSR)

Estonia
Latvia
Lithuania

Belorussia (White Russia)

Ukraine
Moldavia
Georgia
Armenia
Azerbaydzhan
Kazakhstan
Uzbek
Tadzhik
Kirgiz
Turkmen

.

—

ECONOMIC REGION*

NAME NUMERICAL DESIGNATION
Northwest Ia
North Ib
Transcaucasus Iv
Volga VI
Center (Central) VI
Urals VIII
West Siberia IX
East Siberia XTI
Far East XII
Baltic IIa
West IIb

I1I
south
Transcaucasus v
Kazakhstan Xa
Xb

Central Asia

* For purposes of economic planning, the USSR is divided into a total
of 15 geographically defined economic regions. This definition
serves no other purpose and has no political or administrative
significance.

DEFINITION OF SINO-SOVIET BLOC

As used in this report the term Soviet Bloc or Sino-Soviet Bloc
is defined as including the following countries:

Albania
Bulgaria
Communist China
Czechoslovakia
East Germany
Hungary

North Korea

North Vietnam

Outer Mongdlia

Poland

Rumania

Union of Soviet Socialist
Republics (USSR)

®xix
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FOREWORD

For this report it was necessary for the Committee to
rely heavily on USSR published statistics and comments. This
involved sifting of a large amount of data in an attempt to
find that which was most authoritative, accurate, and reasonable.
The data that your Committee chose to use and evaluate are
included in this Volume. Some information was collected that
did not, when the study was completed, seem to have a direct
bearing on the results of the study. It was nevertheless _
included if it appeared that it might be of benefit to those
using this Volume for supplementary studies. Numerous refer-
ences are given throughout so the original source may be
consulted if desired.

The Committee believes it should be obvious which
facts are from reports of the USSR and other Bloc nations,
and which are calculations and conclusions of the Committee.
Nevertheless it might be well to point out that the Committee
has tried to consistently use the word "planned" to denote an
official plan of the USSR (or other Bloc nations), and the
word "estimate" to refer to a calculation made by the Committee.

One final word of caution: Some of the statistics
(particularly cost data) may appear questionable in the light
of difficulties in arriving at comparable data for the U, S.
However, it must be recognized that in some cases certain
data may be more readily fixed in planned and arbitrary econ-
omy. Obviously the Committee had no way of checking Soviet
statistics except to judge them on the basis of consistency
within Soviet publications.

Where there are known significant omissions in the
USSR cost allocations these have been pointed out.

The Committee wishes to emphasize that even though
it recognizes inaccuracies in some of the cost data reported
by the USSR, a very important aspect is that these data are
apparently used by official planners and operators in decision
making. In many ways it is the data they use, rather than
what is actually true, which is more significant. Furthermore,
it should be noted that the actual cost of production or the
Soviet estimates thereof, is not the true factor in the selling




price of petroleum to the Free Wdrld, The Soviet economic
system permits the establishment of selling prices at any level
believed desirable to meet economic and political requirements.

The cut-off date for most of the data included in this
Volume was June 1, 1962, except for Section 50--Soviet Bloc
Marine Activities--where the data have been brought up to
September 1, 1962 because such data were readily available and
reflected significant changes. Since June 1, 1962, the USSR
has published various statistics, particularly its official
trade statistics for 1961, which have not been included in this
report. The Committee has reviewed the newly acquired data and
believes that they do not alter its conclusions.

xxi
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CHAPTER 1

ENERGY IN THE SOVIET UNION

SECTION I

PRODUCTION OF ENERGY

A. Historical and Planned

For the past several years, the Soviet Union has been
in the process of executing a dramatic, forced shift in the
structure of the primary energy balance of the country. Within
this shift, emphasis is being placed on the expanded production
of the more economical liquid and gaseous fuels. At the same
time the more expensive and less satisfactory solid fuels have
been allocated declining shares in the fuel balance, although
in absolute terms, productlon of these fuels--coal, shale and
peat--will continue to increase. This shift is shown on Table
1-1, which presents the reported production of energy in the
USSR for 1950 and 1960, and compares this with the Committee's
estimate of production for 1965 and with that planned by the
USSR for 1970 and 1980. It will be noted that crude oil and
natural gas supplied only 19 percent of the energy in the USSR
in 1950, but by 1960 this share increased to 37.1 percent.
Further, the USSR is forecasting that the participation in the
overall energy picture of crude o0il and natural gas will increase
to 60.6 percent in 1970 and to 62.8 percent in 1980.

The reason for this shift is primarily economic in
nature, although the strategic implications are obvious as
well. The strategic value lies in the fact that the fuel-
consuming economy of the Soviet Union will no longer be heavily
dependent upon a single source of fuel. Expanded transportation
facilities, particularly pipelines, will be concomitant with
production increases. Thus no single carrier will be given the
task of fuel distribution. A degree of flexibility, within
limits, will be achieved, as large consumers of energy, for
example certain of the electric power stations, will be
equipped to burn either natural gas or residual fuel oil.




TABLE 1-1

REPORTED, ESTIMATED AND PLANNED SHIFTS AMONG THE MAJOR SOURCES OF PRIMARY ENERGY IN THE USSR
1950, 1960, 1965 ESTIMATE AND PLANS FOR 1970 AND 1980

UNIT OF 1950 1960 1965 COMMITTEE ESTIMATE 1970 PLAN 1980 PLAN
SOURCE OF NATURAL NATURAL . PERCENT NATURAL PERCENT NATURAL PERCENT’ NATURAL PERCENT NATURAL PERCENT
ENERGY ° MEASURE* UNITS 3/ MMTSF**  OF TOTAL UNITS &/ MMTSF** OF TOTAL UNITS 3/ _MMTSF** OF TOTAL unITS &/ MMTSF** OF TOTAL unzts &/ MMTSF** OF TOTAL
coal MMT 261.1 205.7 64.6 513.2 373.1 52.1 565.0 423.8 39.6 686-700 540.5 34.9 1,180-1,200 928.2 31.6
Crude 01l MmT 37.9 54.2 17.0 147.9 211.5 29.5 265.0 379.0 35.5 390 557.7 36.0 690-710 1,001.0 34.2
Natural Gas BCM 5.8 7.3 2.3 45.3 54.4 7.6 135.0 162.0 15,2 310-325 381.0 24.6 680-720 840.0 28.6
Hydroelectric BKWH 12.7 7.3 2.3 50.9 23.9 3.3 20.0 41.0 3.8 190 68.4 4.5 570 165.3 5.6
Nuclear BKWH -y - _ - Negl. ¥/ Negql. - 6.6 &/ 3.0 0.3 Y -c - </ </
SUB-TOTAL 274.5 86.2 662.9 92.5 1,008.8 24.4 1,547.6 100.0 2,934.5 100.0
Peat MMT 36.0 Y 14.8 4.6 53.6- &/ 20.4 2.8 % 27.0 2.5 Y NA wA NA NA A
shale MM 4.7 & 1.3 0.4 14.1 &/ 4.8 0.7 e/ 7.5 0.7 NA NA NA NA NA NA
Fuelwood BCM ¥ 27.9% 8.8 £ 281 Y 4.0 £ 25.7 2.4 NA NA NA NA §A _NA
TOTAL 318.5 100.0 716.8 100.0 1,069.0 100.0 NA - A -

NA = Data not available.
*MMT = Million Metric Tons.
BCM = Billion Cubic Meters.

BKWH = Billion Kilowatt-Hours.

**MMTSF = Million Metric Tons of Standard Fuel. One metric ton of standard fuel has a calorific value
of 7,000,000 kilocalories or 27,780,000 BTU's. -

Except where noted, data have been derived from Soviet statistics and Committee estimates given in the

appropriate sections of this report dealing with production of the fuels in question.

Committee estimate.

Not available, but as a percent of the total may be considered as insignificant.

v

Based on 1965 plan.

Not calculated.
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Pe:haps of equal importance to the Soviet Union are
the economic benefits which are to accrue from this shift.
The Committee believes these benefits may include, ‘among others:

(a) Reduced labor input per unit of standard
fuel produced; '

(b) Reduced capital investment per unit of
new producing capacity added;

(c¢) Lower transportation costs per unit of
standard fuel incurred in the movement from
the place of production to the consumer;

(d) Comparatively more producing capacity to
be added in a shorter period of time;

(e) Opportunity for introduction of automation
on a wider scale in the energy economy;

(f) Reduced cost of production per unit of
output of standard fuel;

(g) Higher heat content per unit of fuel

produced and probably greater burning
efficiency.

B. Labor Input

The reduction in the input of labor per unit of
standard fuel produced apparently is of considerable importance
to the Soviet planners and much attention has:been given to
the ultimate benefits the shift in the energy balance will
produce in this direction. During the Seven Year Plan (1959~
65), labor input per one ton of standard fuel produced is to
decline by 0.284 man-days, which is to result in a savings
in 1965 alone of about 291 million man-days. Derivation of
this savings is illustrated in Table 1-2.




TABLE 1-2

WEIGHTED AVERAGE MAN-DAYS PER ONE TON OF
STANDARD FUEL PRODUCED IN THE USSR* - 1958 AND 1965

1958 1965
MAN-DAYS WEIGHTED | WEIGHTED

PER TON OF SHARE OF - MAN-DAYS PER SHARE OF MAN-DAYS PER

SOURCE OF STANDARD ~ ENERGY BALANCE TON OF STANDARD ENERGY BALANCE  TON OF STANDARD
ENERGY _FUEL**3/ (PERCENT) 2 FUEL** (PERCENT) &/ FUEL**
Coal 0.917 58.7 0.538 41.3 0.379
Crude 0il 0.234 26.3 0.062 37.0 0.087
Natural Gas  0.066 5.5 0.004 15.8 0.010
Peat 2.237 3.4 0.076 2.6 0.058
Shale 1.559 0.7 0.011 0.7 0.011
Fuelwood 5.000 5.4 0.263 2.6 0.125
TOTAL 100.0 0.954 100.0 0.670

* Excluding hydroelectric power and nuclear power.

*¥* One metric ton of standard fuel has a calorific wvalue of 7,000,000 kilocalories
or 27,780,000 BTU's. ’

3/

Derived from Table 1l-1.
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The approximate number of'workers engaged in 1958 in
producing petroleum, coal, peat and wood were:

Crude 0il 69, 200*
Natural Gas 4,250%*
Coal 1,000,000
Peat 100,000
Wood 600,000

* Excludes those workers in exploration and drilling.

C. Cost Of Enerqgy

The shift from the expensive solid fuels to the
relatively cheap crude oil and natural gas will effect a
decline of considerable significance in the weighted average
cost of production of primary energy in the Soviet Union.

As shown in Table 1-3, it is estimated that the
weighted average cost of production of primary energy in the
Soviet Union in 1965 will be about 5.47 rubles per ton of
standard fuel, compared with 8.66 rubles per ton of standard
fuel in 1958, or a decline of more than one-third. This
decline, if achieved, will represent a savings of more than
3.5 billion rubles in terms of cost of production alone in
1965.

D. Past Perfprmance Compared With Plan

When the original theses of the Seven Year Plan were
published, planned annual production goals for each of these
fuels during the years 1959-65 were not given; the statement
limited itself to the announced ranges of production for 1965.

Following publication of these theses, information
became available on planned coal production for each of the
years 1959-65 and on so-called production control figures for

‘crude oil for 1959-61. For natural gas, only those production

goals for the coming year have been published.

Of the three major sources of energy in the Soviet
Union--coal, crude oil and natural gas--only crude oil has




TABLE 1-3

COMPARISON OF WEIGHTED AVERAGE COSTS OF
PRIMARY ENERGY* IN THE USSR - 1958 AND 1965

1958 | 1965
WEIGHTED WEIGHTED
| AVERAGE AVERAGE
COST OF SHARE OF COST OF COST OF SHARE OF COST OF
PRODUCTION  ENERGY PRODUCTION  PRODUCTION  ENERGY PRODUCTION
PRIMARY (RUBLES/ BALANCE 2/ (RUBLES/ (RUBLES/ BALANCE &/ (RUBLES/
ENERGY MTSF#**) (PERCENT) MTSF**) _MTSF#**) . (PERCENT) MTSF**)
Coal 10.74 ¥/ 58.7 6.30 9.20 41.3 3.80
Crude 0il 2.42 &/ 26.3 0.64 1.88 37.0 0.70
Natural Gas 0.60 &/ 5.5 0.03 0.23 15.8 0.04
Peat 8.65 &/ 3.4 0.29 8.65 &/ 2.6 0.22
Shale 14.83 &/ 0.7 0.10 14.83 &/ 0.7 0.10
Fuelwood 24.50 &/ 5.4 1.30 24.50 &/ 2.6 0.61
TOTAL - 100.0 8.66 - 100.0 5.47

* Excluding hydroelectric and nuclear power.

%% MTSF = Metric Tons of Standard Fuel. One metric ton of standard fuel
has a calorific value of 7,000,000 kilocalories or 27,780,000 BTU's.

a/ Derived from Table 1-1l.

b/ Derived from Table 2-7.

¢/ Derived from Table 3-25.

d/ Derived from Table 3-37.
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been produced in quantities sufficient to meet the annual
goals during the first three years of the Seven Year Plan,
as shown in the following tabulation:

SOURCE UNIT
OF OF 1959 1960 1961

ENERGY MEASURE PLAN ACTUAL PLAN ACTUAL PLAN ACTUAL

Coal Million
Tons 500.5* 506.,5*% 515,22 513.0 511.7 510.0

Crude Million

0il Tons 128.0** 129,6 144.3** 147.9 161.0** 166,0
Natural Billion
Gas Cubic

Meters 39.3 35.4 51.1 45,3 6l.3 59.0

* Although coal production in 1959 was 6 million tons in
excess of the revised goal for that year, the revised goal
called for 12 million tons less of coal than originally v

~ had been planned for the first year of the Seven Year Plan.
Therefore, the 1959 level of coal production must be con-
sidered as plan under fulfillment in terms of meeting the
1965 goal.

** So-called control figures as part of the Seven Year Plan
and as such are not necessarily the accepted plan goal for
the year in question. Rather, these were provisional goals
established as part of the program to achieve a production
level of 230-240 million tons by 1965.

Cumulative below-plan production of coal and natural
gas during 1959-61 totalled 22 million tons of standard fuel,
At the same time, cumulative above-plan production of crude
0il totalled 14.6 million tons of standard fuel, sufficient
to offset about two-thirds of the shortfall in coal and natural
gas. Thus, by the end of 1961, cumulative production of coal,
crude oil and natural gas was 7.4 million tons of standard
fuel less than what had been planned for the first three years
(1959-61) of the Seven Year Plan.




E. Estimate of Production for 1965

‘The original goals for production of coal, crude oil
and natural gas for 1965 were established by the Seven Year
Plan as follows:

SOURCE UNIT OF MEASURE GOAL
Coal Million Metric Tons 606-612
Crude 0Oil Million Metric Tons 230-240
Natural Gas Billion Cubic Meters 148.3

Of these original goals, only that for crude oil has been
revised. The accepted official goal for production of crude
0il in 1965 is now 240 million tons. Despite the inability

of both the coal and natural gas industries to meet any of the
production goals for the first three years of the Seven Year
Plan, Soviet authorities, publicly at least, have not deemed
it necessary to make any official downward revisions in the
1965 production goals for these fuels.

Nevertheless, it seems unlikely that production of
coal and natural gas in 1965 will be sufficient to reach the
original planned levels. The Committee estimates that the
production of coal in 1965 will be on the order of 565 million
tons (about 92 percent of plan) and the .output of natural gas
will reach to no more than 135 billion cubic meters (91 percent
of plan). ' '

On the other hand, the production of crude o0il in 1965
may reach to as much as 265 million tons, or 25 million tons
(10 percent) in excess of plan.

Thus, the amount of primary energy provided by coal,
crude oil and natural gas in 1965, as estimated by the Commit-
tee, will represent a deficit of about 15 million tons of
standard fuel, as compared with the planned level of output:

(MILLION METRIC TONS STANDARD FUEL)

COMMITTEE SOVIET
SOURCE OF ENERGY ESTIMATE PLAN
Coal 423.8 459.0
Crude 0il 379.0 343.2
Natural Gas 162.0 178.0
TOTAL 964.8 980.2

10




The Committee further believes that this deficiency, which is
equivalent to about 1.5 percent of the planned pProduction in
1965, will be of no consequence to the Soviet economy, except
that certain isolated geographic areas of the USSR may be
provided with less fuel than originally planned.

11




TN

SECTION 2

CONSUMPTION OF ENERGY

A. Soviet Published Data

Other than for only a very generalized description of
consumption of primary energy in the USSR by consumer, little
satisfaction can be obtained in an attempt to develop consump-
tion data by means of reviewing current Soviet literature. It
has been the approach of Soviet planners to exclude light
petroleum products--gasoline, kerosine, light diesel fuel and
lubricants--from the energy consumption balances. The reasons
for this exclusion are not clear and although the deficiencies
in this approach are quite obvious to the Soviet authorities,
there presently is no indication that in the future the
consumption balances will embrace all petroleum products. The
light petroleum products are considered independently in a
separate fuel balance. This balance is not published in the
open literature. In addition, in the consumption balance,
only those quantities of natural gas which are consumed in so-
called productive-exploitational processes, which exclude use
as a raw material in the chemical industry, are included.

The consumption balances presentéd in Table 1-4 are
typical of those published in the Soviet literature. These
balances, by virtue of exclusion of light petroleum products,
over—emphasize the role of coal in the energy-consuming economy
of the country and, conversely, underplay the importance -of
petroleum products.

Soviet authorities have estimated that the total
consumption of primary and secondary energy in 1965 would
reach 830 million tons of standard fuel for an increase of
63.9 percent compared with 1958. Of this total, 775 million
tons would be provided by primary energy, but again light
petroleum products were excluded. Such secondary energy
sources as coke-oven gasg, blast furnace gas, refinery gas and
coke fines would provide an additional 50 to 55 million tons,
for a total of 830 million tons. (Such secondary sources
provided 42.8 million tons of energy in 1958.)

The distribution of the consumption of all energy by

economic regions of the Soviet Union in 1958 and 1965 is given
in Table 1-5.

12




TABLE 1-4

CONSUMPTION OF PRIMARY ENERGY IN THE USSR,
AS PRESENTED BY SOVIET PUBLICATIONS &
1958 AND 1965

1958 1 965
MILLION METRIC PERCENT MILLION METRIC PERCENT
TONS OF OF TONS OF OF

TYPE OF FUEL STANDARD . FUEL TOTAL STANDARD FUEL TOTAL

Coal 362.2 74 .4 446 .4 57.6
Petroleuin

Fuel 2/ 49.8 10.2 113.7 14.7
Natural Gas &/ 30.3 6.2 166.0 21.4
Peat 19.1 3.9 22.8 2.9
Shale 3.9 0.8 7.4 1.0
Fuelwood &/ 21.9 4.5 18.7 2.4

TOTAL 487.2 &/ 100.0 775.0 &  100.0

a/ 1/
b/ Excludes light petroleum products.
¢/ Excludes those volumes of natural gas used as a raw material

by the chemical industry.

Excludes those quantities of fuelwood gathered by the pop-
ulation and those quantities consumed for non-fuel needs.
Use of secondary fuels-energy resources of industry added
42.8 million tons to this total in 1958 and will add about
55 million tons in 1965 2/. These sources include, among
others: Coke-oven gas, blast furnace gas, refinery gas and
coke fines. Of the latter quantity, about 40 to 45 million
tons will be used for the generation of steam, hot water and
electric power.

e e
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TABLE 1-5

REGIONAL GROWTH IN THE CONSUMPTION OF ALL ENERGY
IN THE USSR, AS PLANNED BY SOVIET AUTHORITIES &/
(EXCLUDING LIGHT PETROLEUM PRODUCTS)

1958 AND 1965

ECONOMIC REGION 1958 1965
: PERCENT PERCENT
NUMBER . NAME PERCENT MMTSF? NATIONAL PERCENT MMTSF* NATIONAL
I Soviet North 10.1 34.3 6.5 10.5 51.4 6.2
IT West 5.0 17.0 3.2 4.9 24 .0 2.9
III South 36.9 125.5 23.7 36.7 179.8 21.7
v North Caucasus 5.4 18.4 3.5 5.4 26.5 3.2
v Transcaucasus 4.0 13.6 2.6 5.3 26.0 3.1
VI Volga 7.1 24.1 4.5 6.8 33.3 4.0
VII Center 31.5 . 107.1 20.2 30.4 149.0 18.0
TOTAL EUROPEAN USSR** 100.0 340.0 64.1 100.0 490.0 59.0
Xa Kazakhstan 17.0 17.0 3.2 18.9 37.8 4.6
Xb Central Asian Republics. 10.1 10.1 1.9 12.3 24.6 3.0
IX West Siberia 30.9 30.9 5.8 29.5 59.0 7.1
X1 East Siberia 23.4 23.4 4.4 25.8 51.6 6.2
XITI Far East 18.6 18.6 3.5 13.5 27.0 3.3
TOTAL EASTERN REGIONS** 100.0 100.0 18.9 100.0 200.0 24.1
VIII Urals - 90.0 17.0 - 140.0 16.9
NATTONATL, TOTAL - 530.0 100.0 - 830.0 100.0

*# MMTSF = Million Metric Tons of Standard Fuel.
*% Totals derived independently and may not always agree with the sum of the components.

&/ 3/




Although the consumption balances which have been
described are lacking in certain respects, they do present
within limits a generalization of the regional distribution
of consumption of energy in the USSR in 1965, as envisaged
by Soviet planning experts and, therefore, are of value as
aids in permitting some basis for analysis of inter-regional
energy production and consumption.

It will be noted that by 1965 the eastern regions
(Kazakhstan and Central Asia, Siberia, and the Far East)
will consume a significantly greater percentage of the entire
Soviet total and European USSR will consume a lesser part
than in 1958, reflecting the results of planned industrial
development in this area. ‘

These projections show that the area comprising the
Ukrainian and Moldavian Republics accounts for more consumption
of fuel-~an estimated 21.7 percent in 1965--than any other area.
The second most important consuming area is the so-called
"Center" or Economic Region VII, with the Moscow industrial
complex as its focal point. This area accounts for about one-
fifth of total fuel consumed in the Soviet Union. The Urals is
the third most important area; it consumes about one-sixth of
the nation's total energy, and its share is to remain constant
during the Seven Year Plan. Together, the Ukraine, the Center
and the Urals are to account for almost 57 percent of total
fuel consumed in 1965.

As a matter of interest, the several economic regions
of the USSR are grouped into three major geographic areas and
the consumption of fuel in these areas has been broken down
according to type of fuel. These consumption patterns,
shown in Table 1-6, highlight the anticipated growth in the
use of natural gas, particularly in the European USSR and i
the Urals.

One striking aspect of the above balances is the very
low projected consumption of petroleum fuel (primarily
residual fuel oil and heavy diesel fuel) in the eastern
regions of the country, which in essence covers all of the
land mass east of the Ural Mountains. Requirements for
petroleum fuel in the eastern regions in 1965, converted
to natural units, are in the order of about 14 million tons.
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REGION AND
FUEL

EUROPEAN USSR

‘Coal _
Petroleum Fuelb/

Natural Gas’
Other

TOTAL
URALS
Coal
Petroleum Fuelb/
Natural Gas
Other

TOTAL

EASTERN REGIONS

Coal

Petroleum Fuelb/
Natural Gas
Other

TOTAL

GRAND TOTAL

TABLE

1-6

CONSUMPTION OF FUEL IN THE USSR,
BY MAJOR GEOGRAPHIC AREA AND BY
- 1958 AND 1965

TYPE OF FUEL 2/

1958

a/ &

b/ Excludes light

MILLION METRIC PERCENT MILLION METRIC

TONS OF

STANDARD FUEL

231.8
37.1
32.3
38.8

340.0

16

1965
PERCENT
OoF TONS OF OF

TOTAL STANDARD FUEL TOTAL
68.2 250. 4 51.1
10.9 74.1 15.1
9.5 122.5 25.0
11.4 43.0 8.8
100.0 490.0 100.0
80.8 64.4 46.0
11.3 31.4 22.4
0.8 38.2 27.3
7.1 6.0 4.3
100.0 140.0 100.0
86.3 157.0 78.5
7.8 19,4 9.7
5.0 7.6 3.8
100.0 200.0 100.0
- 830.0 -

petroleum products.




B. Estimates of Total Soviet Energy Consumption

As previously stated, the above energy consumption
figures as reported by the USSR do not include all primary
energy. Table 1-7 gives complete energy production, con-
sumption and export balances for the years 1958-62, and
revised projections for 1965 based on latest information.
These figures now include light petroleum products, which
were excluded in the Soviet planned figures previously
discussed. :

The estimated energy consumption pattern for the USSR
in 1965 as given in Table 1-7 was constructed from the best
current predictions of 1965 energy production, an estimate of
petroleum consumption in that year, and certain reasonable
assumptions which can be made concerning the exports of other
energy sources. Thus, estimates for 1965 in this table were
obtained as follows:

(a) Estimated enérgy production is that shown
previously in Table 1-1.

(b) Consumption of hydroelectric, nuclear, peat,
shale and firewood energies is equated to
production.

(c) On the basis of recent trends, the relatively
small net exports of coal and natural gas are
assumed to be 14.9 million tons and 300 million
cubic meters respectively.

(d) Consumption of petroleum (including refinery gas
and loss) is estimated to be 200 million tons in
1965. This estimate is derived from the recent
trend of growth in petroleum consumption with
industrial production, as discussed elsewhere in
this report.

The total energy demand is a function of the industrial
output of the country and of the efficiency of energy utiliza-
tion to achieve this output. The total 1965 energy demand
shown in Table 1-7 has been checked for consistency within the
framework of announced Soviet industrial plans. Figure No. 1
shows the historical relationship between apparent energy
consumption and an Index of Industrial Production in the USSR
for the years 1950 through 1961. The Index used on this graph
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TABLE 1-7

PRTMARY ENERGY: ESTIMATED PRODUCTION, NET TRADE AND APPARENT CONSUMPTION IN THE USSR
1958-1962 AND 1965
(Million Metric Tons)

PRODUCTION 2/ NET TRADE B/ ¢/ APPARENT CoNSUMPTION &/
(STANDARD (PERCENT ( STANDARD (PERCENT (STANDARD {PERCENT
SOURCE OF ENERGY FUEL oF TOTAL) FUEL OF TOQTAL) FUEL) OF TOTAL
coal 362.1 56.7 -6.2 23.2 355.9 58.2
Ligquid Petroleum 161.9 25.3 -20.3 76.0 141.6 23.1
Natural Gas 33.9 5.3 -0.2 0.8 33.7 5.5
Peat 21.1 3.3 0 o] 21.1 3.4
Shale 4.5 0.7 0 o] 4.5 0.7
Fuelwood 32.9 5.2 0 0 32.9 5.4
Hydroelectric Power 22.3 3.5 o] 0 22.3 3.7
Nuclear Electric Power Negl. e/ Negl. (] 0 Negl. Negl.
TOTAL 638.7 100.0 -26.7 100.0 612.0 100.0
Coal . 370.0 54.3 -6.7 18.9 363.3 56.3
Liguid Petroleum 185.3 27.2 -28.6 80.6 156.7 24.3
Natural Gas 42.5 6.2 ~0.2 0.5 42.3 6.5
Peat 23.0 3.4 4] [o] 23.0 3.6
Shale 4.6 0.7 (o] 0 4.6 0.7
Fuelwood 34.0 5.0 0 0 34.0 5.3
Hydroelectric.Power 21.8 3.2 0 0 21.8 3.3
Nuclear Electric Power (Est.) Negl. e/ Neqgl. 0 0 Negl. Neql.
TOTAL 681.2 100.0 -35.5 100.0 645.7 100.0
Coal 373.1 52.1 -7.4 -15.1 365.7 54.8
Liguid Petroleum 211.5 29.5 -41.5 84.5 170.0 25.5
Natural Gas 54.4 7.6 -0.2 0.4 54.2 8.1
Peat 20.4 2.8 0 0] 20.4 3.1
Shale 4.8 0.7 0 o] 4.8 0.7
Fuelwood 28.7 4,0 o 0 28.7 4.3
Hydroelectric Power (Est.) 23.9 3.3 0 0 23.9 3.5
Nuclear Electric Power Negl. e/ Negl. 0 (] Negl. Negl.
TOTAL 716.8 100.0 -49,1 100.0 667.7 100.0
Coal 372.3 48.8 -7.7 13.1 364.6 51.8
Ligquid Petroleum 237.4 31.1 -50.9 86.3 186.5 26.5
Natural Gas 70.8 9.3 -0.4 0.6 70.4 i10.0
Peat 21.7 &/ 2.8 0 0 21.7 3.1
Shale 5.0 &/ 0.7 0 0 5.0 0.7
Fuelwood 28.7 &/ 3.8 0 0 28.7 4.1
Hydroelectric Power 26.7 3.5 0 0 26.7 3.8
Nuclear Electric Power Negl. e/ Negl. 0 o] Negl. Negl.
TOTAL 762.6 100.0 -59.0 100.0 703.6 100.0
Coal 382.1 46.5 -8.5 11.6 373.6 49.9
Liguid Petroleum 268.8 32.7 ~-64.3 87.8 204.5 27.3
Natural Gas 84.6 10.3 -0.4 0.6 84.2 11.3
Peat 23.0 &/ 2.8 0 0 23.0 3.1
Shale 5.6 &/ 0.7 0 0 5.6 0.7
Fuelwood 28.0 &/ 3.4 0 0 28.0 3.7
Hydroelectric Power 29.3 3.6 0 0 29.3 4.0
Nuclear Electric Power Neqgl. e/ Negl. 0 0 Negl. Negl.
TOTAL 821.4 100.0 -73.2 100.0 748.2 100.0
Coal 423,8 39.6 -11.5 11.0 412.3 42.8
Liquid Petroleum 379.0 35.5 -93.0 74 88.7 286.0 29.7
Natural Gas 162.0 . 15.2 ~0.4 0.3 161.6 16.8
Peat 27.0 £ 2.5 0 0 27.0 2.8
Shale 7.5 £ 0.7 0 0 7.5 0.8
Fuelwood 25.7 &/ 2.4 0 0 25.7 2.7
Hydroelectric Power 41.0 3.8 0 0 41.0 4.1
Nuclear Electric Power 3.0 & 0.3 0 0 3.0 0.3
TOTAL 1,069.0 100.0 -104.9 100.0 964.1 100.0

Except where noted, production data have been derived from Soviet statistics and Committee estimates given in the
appropriate section of this report dealing with production of the fuel in question Data on peat, shale and £

. , & Lw
1958~1960 have been derived from 5/, F uetwood for
Net export balance designated by use of a minus (-) sign.
19SBTlBGO data from &/. 1961, 1962 and 1965 have been estimated. Coke is included in the net trade figures for coal.
By difference. Includes losses and processing requirements.
Committee estimate.
Derived from Table 1-1.
Excluding natural gas liquids.

‘
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Figure No. 1
USSR APPARENT ENERGY CONSUMPTION - INDEX OF INDUSTRIAL PRODUCTION RELATIONSHIP, 1950 - 61.AND 1965 ESTIMATE
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is that published by the U.N. in the Statistical Bulletins
of September, 1957, and February, 1962. From these data a
projection has been made to predict apparent energy consump-
tion in 1965 at increasing indices of industrial production.
The 1965 Index has been estimated at 314, based on an assumed
annual increase in the U.N. Index of 8.7 percent. This rate
of increase appears consistent with the trend in recent years
and also is in line with Soviet statements that industrial
production would increase by 60 percent during the current
Seven Year Plan. Use of this rate of increase yields for
1965 a total energy requirement of 958 million tons of stand-
are fuel for an Index of Industrial Production of 314. (See
Table 1-8)

The inherent inaccuracies of this technique are obvious.
For example, this approach postulates a 1965 industrial production
and also implies that the growth rate for the efficiency of
energy utilization in industrial production will be the same
for the next 4 years as it has been on the average during the
past 12 years. Actually, the efficiency of energy utilization
may grow at a faster rate as total industrial output increases,
as has occurred in other countries during periods of rapid
industrialization. However, the requirement of 958 million
tons of standard fuel as determined from this projection can be
taken as a most reasonable confirmation of the 964.1 million
- tons consumption given in Table 1-7.

C. U.S.-USSR Per Capita Consumption of Energy

Total energy made available for consumption per capita
in the U.S. in 1961 was almost three times those quantities
made availabl: per capita by the controlled, planned economy
of the USSR. Although the fuels industry of the Soviet Union
has been scheduled for particularly high rates of growth during
the Seven Year Plan, Table 1-9 shows that the absolute gap
between per capita energy consumption in the U.S. and in the
USSR--in favor of the U.S. by 161.8 million BTU's in 1958--will
have been reduced only slightly by 1965, to 155.6 million BTU's.

In terms of per capita consumption of petroleum, the
USSR is in an even less favorable position. In 1961, per capita
consumption of petroleum in the U.S. was more than four times
that in the USSR. Even deduction of the very high automotive
requirements for petroleum in the US. from petroleum consumption
fails to show the USSR in a more favorable light. Their relative
position will have been bettered somewhat by 1965, as very little

.20.




change in petroleum consumption per capita in the US is
anticipated.

TABLE 1-8
USSR APPARENT ENERGY CONSUMPTION AND

INDEX OF INDUSTRIAL PRODUCTION RELATIONSHIP,
1950-61 AND 1965 PROJECTION

INDEX OF
INDUSTRIAL
YEAR MMTSF* PRODUCTION
1950 321 69
1951 346 80
1952 366 89
1953 392 100
1954 - 428 113
1955 487 127
1956 520 140
1957 572 155
1958 612 171
1959 646 190
1960 668 206
1961 704 225
1965 Projection 958 314
MIDPOINTS FOR TREND LINE:
1950 324 69
1955 474 127
1961 728 225

* MMTSF = Million Metric Tons of Standard Fuel.
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YEAR

1950

1951

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

1965 Estimate

TABLE 1-9

US - USSR PER CAPITA ‘CONSUMPTION OF ENERGY AND OF PETROLEUM
- 1950 - 1961 AND 1965 ESTIMATE

USSR
TOTAL ENERGY
MILLION (MILLION BTU'SY  PETROLEUM
POPULATION 2/ CAPITA) (BBLS. /CAPITA)

181 49.3 1.6
184 52.2 1.7
187 54.4 1.9
191 57.0 2.0
194 61.3 2.1
197 68,7 2.5
200 72.2 2.9
204 77.9 3.2
207 82.2 3.5
211 84.8 3.8
215 86.4 4.1
219 89.3 4.3
234 114.4 6.2

UNITED STATES

TOTAL ENERGY

MILLION (MILLION BTU'S/ PETROLEUM
POPULATION B/ CAPITA) (BBLS./CAPITA)
151.2 229 15.7
153.4 242 16.8
155.8 236 17.1
158.3 239 17.5
161.2 228 17.6
164.3 246 18.8
167.3 251 19.2
170.3 248 18.9
173.2 244 19.1
176.5 249 19.5
180.0 253 19.7
184.0 250 19.4
196.5 270 20.1

PETROLEUM LESS
AUTOMOTIVE FUELS

{BBLS. /CAPITA)

9.4
10.0
10.2
10.4
10.3
11.1
11.4
11.2
11.3
11.6
11.6
11.4

11.7




SECTION 3
NET TRADE

Data on the net trade of the USSR, by source of energy,
for the years 1958-62 and that estimated for 1965 are presented
in Table 1-7. ’

In 1958, the Soviet Union showed a net export of 26.7
million tons of standard fuel, or the equivalent of less than
4 percent of production. More than three-quarters of these
exports were in the form of liquid petroleum. It is estimated
that, in 1962, Soviet net exports of energy will increase to
more than 73 million tons of standard fuel or about 9 percent of
production, and by 1965--to about 105 million tons of standard
fuel or almost 10 percent of production. Of the total of 105
million tons of standard fuel, liquid petroleum may provide
about R9 percent.
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CHAPTER 'IT

USSR NON-PETROLEUM ENERGY

SECTION 4

COAL IN THE SOVIET UNION

A. Production of Coal

Although considerable publicity has been given to the
shift away from the production of coal in the USSR, this source
of energy at present is the backbone of the fuels economy of
the Soviet Union and will remain as such for a number of years
to come.

Despite the importance of coal to the economy of the
Soviet Union, the performance of this industry in the first
three years of the Seven Year Plan has been wholly unsatisfac-
tory; and it is probable that production in 1965 may represent
a gain during the period 1959-65 of only one-half that which
had been planned.

As shown in Table 2-1 and graphically in Figure No. 2
the production of coal has failed to meet any of the 1959-61
levels deemed necessary by Soviet planners if the goal of
606-612 million tons by 1965 is to be achieved. Cumulative
below-plan production during these three years totals 10 mil-:
lion tons, which would not effect any significant strain on the
economy, but it should be pointed out that these shortfalls are
in relation to revised annual goals. If actual production were
compared with those annual goals which had been established as
- part of the Seven Year Plan, then cumulative below-plan produc-
tion would reach almost 74 million tons. It is possible that
the failure to meet the annual goals for production of coal has,
in fact, forced the Soviet planning organizations to reduce the
available exportable surplus of petroleum during these years, in
that most probably a portion of the deficit in coal production
was covered by making increased quantities of petroleum available
to the domestic economy.

There are a number of reasons why coal production has

been lagging recently. Of these, the most important include
the slow rate in the construction of new mines in the Donets
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Figure No. 2

PRODUCTION OF COAL IN THE USSR
IN THE FIRST THREE YEARS OF THE SEVEN YEAR PLAN
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Basin, a continued shortage of mining equipment, an inability
to achieve the desired results in the hydraulic mining of coal
and a shift in emphasis from the production of low-grade coal
to production of high-grade coal.

TABLE 2-1
REVISIONS IN THE SEVEN YEAR PLAN GOALS FOR

PRODUCTION OF COAIL AND ACTUAL OUTPUT DURING 1959-61
(Million Metric Tons)

SEVEN YEAR REVISED
YEAR PLAN GOAL'Q/ ANNUAL GOAL . ACTUAL ‘DEFICIENCY
1958 - - 496.1 -
1959 512.5 500.5 £/ 506.6 5.9%
1960 536. 3 515.2 </ 513.2 2.1
1961 554.6 511.7 & 510.0 1.7
1962 571.5 516.4 &/ - -
1963 586. 4 - - -
1964 599.8 - - -
1965 612.0 £/ - 565.0 &/ 47.0 &/

*

In relation to the Seven Year Plan goal for 1959. The
revision in the goal did not appear until it was certain
that the plan would not be-met.

a/ Y

b/ cCommittee Estimate.

o/ 2/

a 3/

e/ Derived from Table 2-2.

£/ High point of range of 606-612 million tons.

Available information indicates that these problems
will not be solved for some time to come, that the planning
organizations are most aware of this, and that the 1965 goal
for production of coal unofficially has been revised downward
to 580 million tons. &/ An official reduction in the 1965
goal may be announced later or the original 1965 goal may be
ignored and emphasis placed on meeting the 1970 and 1980 goals.
Nevertheless, the Committee believes that actual production of
coal in 1965 is unlikely to exceed 565 million tons.
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The production of coal in the USSR, by type of coal,
for the years 1940-61 and plans for 1962 and 1965 is given in
Table 2-2. Following the end of World War Two, there has been
a slow but steady decline in the share of brown coal in ‘total
output of coal in the USSR, from 33.4 percent in 1945 to 25.1
percent planned for 1962.

The production data given in the above table underline
the relative stagnation in production of coal since 1958. To
illustrate, the increment in production of coal in 1958 was
32.6 million tons, but the cumulative growth since that time
plus that planned for 1962 totals only 20.5 million tons. Thus,
in four succeeding years the USSR will have gained in produc-
tion of coal (if the 1962 plan is met) only two-thirds of that
growth achieved in one previous year--1958.

The regional production of coal, as well as by deposit
and/or basin, for the years 1955, 1958-60 and that planned for
1965 is given in Table 2-3. Locations of coal basins and
deposits are shown on Map No. 1. Production by major area has
been as follows (percent of total):

AREA 1955 1958 1959 1960
European USSR 53.1 53.3 53.0 52.2
Urals 12.0 12.3 12.2 12.1
Eastern Regions 34.9 34.4 34.7 35.7

TOTAL 100.0 100.0 100.0 100.0

As noted in Table 2-3, a slightly higher share of the
growth in production during 1955-60 has been provided by
increases in extraction from deposits in the European USSR,
although most of this growth was achieved during 1956-58.
Since 1958, most of the growth in production has been achieved
in the eastern regions. The absolute growth in 1960--6.6
million tons--was 0.5 million tons less than the growth in
production in the eastern regions.

Only small gains have been noted recently in the share
of open-pit or strip mining of coal, relative to total national
output. Nevertheless, this growth, as illustrated in Table 2-4
is in keeping with the plan for 1965, which calls for 22.3
percent of total coal produced in that year to be provided by
strip mining. For comparison, strip mining of coal in 1958
represented 20.3 percent of the total.
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YEAR

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

1962 Plan
1965 Plan

roTaL &/

165.9
151.4 &/
75.5 B/
93.1 B/
121.5 &/
149.3
164.1
183.2
208.2
235.5
261.1
281.9
300.9
320.4
347.1
391.3
429.2
463.5
496.1
506.6

513.2
510.0 &/

516.4 &
606-612 &/

1965 Committee

Estimate

565

e

e e
Q

TABLE 2-2

PRODUCTION OF COAL IN THE USSR, BY TYPE
1940-1961 AND PLANS FOR 1962 AND 1965

(Million Metric Tons)

HARD COAL
AS DERCENT
avmount &/ OF TOTAL

140.0 84.4
NA NA
NA NA
NA NA
NA NA
99.4 66.6
114.3 69.7
132.2 72.2
150.0 72.0
169.1 71.8
185.2 70.9
202.5 71.8
215.0 71.5
224.3 70.0
243.7 70.2
276.6 70.7
304.0 70.8
328.5 70.9
353.0 71.2
365.2 72.1
374.9 73.1

380.5 74.6 &/

386.8 74.9 &/
NA NA

Except where noted from 5/.
6/ Virtually all of the loss of production of coal during the war years resulted from
the decline in production in the Donets Basin, where output fell off from 85.5 million
tons in 1940 to a low of 3.8 million tons in 1942.

BROWN COAL
AS PERCENT
AMOUNT a/ OF TOTAL
25.9 15.6
NA NA
NA NA
NA NA
NA NA
49.9 33.4
49.8 30.3
51.0 27.8
58.2 28.0
66.4 28.2
75.9 29.1
79.5 28.2
85.9 28.5
96.1 30.0
103.4 29.8
114.6 29.3
125.2 29.2
135.0 29.1
143.1 28.8
141.4 27.9
138.3 26.9
129.5 25.4
129.6 25.1
NA NA




AREA,

EUROPEAN USSR

Donets Basin
Podmoskva Basin
Pechora Basin
Georgian SSR
Other E/

TOTAL EUROPEAN
PERCENT USSR

URALS

TOTAL URALS
PERCENT USSR

EASTERN REGIONS

East Siberia
Far East
Kazakhstan
Karaganda
Ekibastuzsk
other &/
Total Kazakhstan

Central Asia
Uzbek
Kirgiz
Tadzhik
Turkmen
Total Central Asia

West Siberia (Kuznets)

TOTAL EASTERN REGIONS
PERCENT USSR

TOTAL USSR

a/ 10/
b/ 11/

¢/ By difference.

TABLE 2-3

PRODUCTION OF COAL IN THE USSR, BY
REGION AND BY BASIN AND DEPOSIT
1955, 1958-1960 AND 1965 PLAN

(Million Metric Tons)

1955 &/ 1958 &/
141.0 181.7
39.5 47.3
14.2 16.8
2.7 3.0
10.4 15.6
207.8 264.4
53.1 53.3
47.1 61.0
12.0 12.3
26.6 36.1
17.4 20.0
24.7 24.4
2.3 6.2
1.0 0.9
28.0 31.5
2.6 3.5
2.7 3.4
0.6 0.8
5.9 7.7
58.5 75.4
136.4 170.7
34.9 34.4
391.3 496.1

30

1965

1959 &/ 1960 2/ PLAN B/
185.1 188.2 225.4
47.1 42.8 35.8
17.5 17.6 19.0
2.9 2.8 3.8
16.1 16.6 22.6
268.7 268.0 306.6
53.0 52.2 50.1
61.9 62.1 58.1
12.2 12.1 9.5
36.5 36. 54.9
20.7 21.9 25.8
24.6 25.8 38.6
6.4 6.0 10.0
0.7 0.6 2.3
31.7 32.4 50.9
2.9 3.4 NA
3.5 3.5 NA
0.8 0.9 NA
_— - _NA
7.2 7.8 11.2
79.9 84.1 104.5
176.0 183.1 247.3
34.7 35.7 40.4
506.6 513.2 612.0

N
















TABLE 2-4

DISTRIBUTION BETWEEN UNDERGROUND AND
OPEN-PIT MINING OF COAL IN THE USSR
SELECTED YEARS 1940-1965

UNDERGROUND OPEN-PIT
MILLION PERCENT MILLION PERCENT

. METRIC OF METRIC .OF
YEAR _TONS TOTAL TONS TOTAL
1940 159.6 95.9 6.3 4.1 a/
1950 234.0 89.6 27.1 10.4 g/
1953 278.1 86.8 42.3 13.2 a/
1955 325.6 83.2 65.7 16.8 Q/
1956 350.5 8l.7 78.7 18.3 a/
1957 373.4 80.6 90.1 19.4 g/
1958 397.5 79.7 98.6 20.3' b/
1959 404.3 79.8 102.3 20.2 b/
1960 408.5 79.6 105.7 20.4 Q/
1961 403.9 79.2 106.1 20.8 ¢/
1962 Plan 404.3 78.3 111.9 ¢/ 21.7
1965 Plan 475.5 T7.7 136.5 4/ 22.3
a/ 12/
b/ 13/
o/ 14/
4/ 15/

It is unlikely that the USSR will meet the plan for
production of coking coal in 1965. This probable shortfall
will have serious repercussions on the metallurgical industry
and the USSR may find it necessary to step up the imports of
coke, concomitantly shutting off exports until this probable
deficiency can be overcome. Data on the production of coking
coals in the USSR for 1940, 1950-61 and plans for 1962 and
1965 are given in Table 2-5. As shown in this table, the
production of coking coal is to increase from 94.4 million tons
in 1958 to 156 million tons in 1965. However, a production of
only 114.1 million tons has been planned for 1962 which, as
indicated above, raises serious doubts as to whether the 1965
goal can be reached. '
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TABLE 2-~5

PRODUCTION OF COKING COALS IN THE USSR
1940, 1945, 1950-61 AND PLANS FOR 1962 AND 1965

AMOUNT PERCENT OF TOTAL
YEAR (MILLION METRIC TONS) COAL_PRODUCTION
1940 35.3 a/ 21.3

1945 29.8 b/ 20.0

1950 51.7 b/ 19.8

1951 54.6 b/ 19.4

1952 58.5 b/ 19.4

1953 62.2 b/ 19.4

1954 70.8 b/ 20.4

1955 77.4 b/ 19.8

1956 83.0 ¢/ 19.3

1957 87.6 ¢/ 18.9

1958 94.4 a/ '19.2

1959 100.8 a/ 19.9

1960 110.2 a/ 21.5

1961 111.7 21.9 4/
1962 Plan 114.1 22.1 &/
1965 Plan 156.0 ¢/ 25.5

crREe
BEERE

F

Reserves of Coal

The total geological reserves of coal in the USSR are
estimated by the Soviet authorities to be 8,669.5 billion tons.
Elimination of seams of coal too thin for mining and of coals
whose ash content is considered too high, reduces the total
geological reserves to 7,765.3 billion tons. For purposes of
comparison (although the methods of calculation differ to a
degree), the geological reserves of coal in the;/U.S. have been
estimated at about 1,500 billion tons. 21/ The distribution of
the Soviet geological reserves of coal by area and by deposit
is given in Table 2-6.
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TABLE 2-6

RESERVES OF COAL IN THE USSR
BY AREA AND BY, DEPOSIT a/

GEOLOGICAL RESERVES CATEGORY A+B+C1~§/
BILLION PERCENT BILLION PERCENT
LOCATION METRIC TONS OF TOTAL METRIC TONS OF TOTAL
EUROPEAN USSR
Donets Basin 190.0 2.45 46.44 25.94
Podmoskva 17.5 0.23 6.90 3.85
Pechora 262.4 3.37 5.09 2.84
. L'vov-Volynskiy 1.4 0.02 1.26 0.72
Dnepr 3.7 0.05 2.95 1.65
Georgian SSR 0.8 0.01 0.38 0.21
Other 31.7 0.41 0.08 0.04
TOTAL 507.5 6.54 © 63.10 35.25
URALS
Kizelov 1.1 0.01 0.65 0.40
Chelyabinsk 1.5 0.02 1.33 0.70
South Urals 1.5 0.02 1.43 0.80
Sverdlovsk Oblast 1.0 0.01 0.48 0.30
Other 1.9 0.03 0.41 0.20
TOTAL 7.0 0.09 4.30 2.40
EASTERN REGIONS
Kuznets 804.2 10.35. 35.70 19.94
Karaganda 46.6 0.60 8.90 4.97
Turgay 35.4 0.46 7.60 4.25
Maykyuben' sk 13.4 0.17 1.50 0.84
Ekibastuz 10.7 0.14 8.40 4.69
Other Deposits
of Kazakhstan 16.4 0.21 2.10 1.17
Kavsko-Achinsk 1,207.8 15.52 20.00 11.17
Tungussk 1,516.0 19.52 1.70 0.95
Taymyr 511.6 6.59 ‘0.10 Negl.
Lenskiy 2,418.0 31.14 2.30 1.28
Sakhalin Island 19.4 0.25 2.00 1.19
Central Asia 38.3 0.49 4.10 2.29
Other 613.0 7.93 17.20 9.61
TOTAL .7,250.8 93.37 111.60 62.35
TOTAL USSR 7,765.3 100.00 179.00 100.00
a/ 22/
b/ Category A plus B is considered to represent the industrial or commercially exploitable

reserves. Category Cy designated as probable reserves, has been delineatea quantitatively
and gqualitatively by reconnaissance drilling.
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As shown in Table 2-6 the geological reserves of coal
(that amount which is considered as belonging to Categories A
plus B plus C3;, or commercially exploitable plus probable)
represents only 2.3 percent or 179 billion tons. The major
portion of these latter reserves is to be found in the Donets
Basin--about 26 percent of the total--and in the Kuznets
Basin--about 20 percent of the total. More than 62 percent of
the A and B and C] reserves is to be found in the eastern regions
of the country, and only about 35 percent in the European
regions of the USSR. Only minor amounts of coal are available
for exploitation in the Urals industrial region. Consequently,
this area, as described elsewhere, is in the future to rely
heavily upon natural gas as the primary source of fuel.

The larger portion of the geological reserves of coal
is to be found between the depths of 601l meters and 1,200
meters. Distribution of the geological reserves, according to
depth, is as follows:

PERCENT

DEPTH (METERS) OF TOTAL
Up to 300 26.8
301 to 600 20.6
601 to 1,200 32.8
1,201 to 1,800 19.8
TOTAL 100.0

C. Costs of Production (

It is most interesting to note that the planned cost
of production of all coals in the USSR in 1965 is to be 6.97
. rubles/ton or about 5 percent higher than the 1955 level but
about 15 percent below 1961 costs. The cost of production
declined in the period 1950-1957 from 7.68 to 6.76 rubles/ton,
but increased in 1958 to 7.92 rubles/ton primarily because of
the reduced work week. 23/ Thus, the main effort during the
Seven Year Plan is to be concerned with bringing the:costs of
production of coal back in line with the cost level which
prevailed prior to introduction of the reduced work week. Some
information is available on what Soviet planners hope costs
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of production will be in 1980. Analysis of this information
indicates that during the 20-year period 1961-80, costs of
production of coal are to be reduced by approximately 55 to
57 percent, to be brought about largely by emphasis of
production through stripping in the eastern regions of the
country. Table 2-7 presents the cost of production for the
years shown.

TABLE 2-7

COST OF PRODUCTION OF COAL IN THE USSR
1950-55, 1957-61 AND 1965 AND 1980 PLANS

RUBLES

YEAR PER METRIC TON
1950 7.68 a/
1951 7.41 b/
1952 7.10 b/
1953 6.95 b/
1954 6.84 b/
1955 6.58 b/
1956 NA
1957 6.76 ¢/
1958 7.92 4/
1959 8.46 e/
1960 8.27 ¢/
1961 8.17 £/
1965 Plan . 6.97 ¢/
1980 Plan 4.,55-4.71 9/

a/ 24/

b/ 25/

</ 26/

d/ The cost of production in 1958 was 20 percent higher than

the cost in 1955.

e/ 21/

£/ 28/

9/ 29/

Table 2-8 illustrates the considerable fluctuation in
the cost of production of the various types of coal in the USSR
(1959 data).
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TABLE 2-8

COMPARATIVE COSTS OF PRODUCTION OF
SELECTED TYPES OF COAL IN THE USSR 2/ - 1959

RUBLES PER
- TYPE OF COAL METRIC TON
Donets 11.1 b/
PodMoskva 7.0
Kuznets 6.8
Pechora 12.7
Karaganda 6.0
Krasnoyarsk 2.4
Irsha-Borodinsk 1.0
Nazarova 1.3

a/ 30/
b/ 31/

Of the types of coals illustrated in Table 2-8 the Donets coal
has the most influence on the national average, as 36.7 percent
of total annual production is derived from the Donets Basin.
Donets coal is among the most expensive of all coals, being
second only to Pechora coals, whose geographic location in the
far north greatly influences the cost of production. On the
other hand, costs of production of the various types of coal, in
relation to the calorific value, indicate that in this respect .
PodMoskva coals (Moscow Basin) are the most expensive of the
major areas of production. The cost (per ton of standard fuel)
of the Moscow Basin coals, as shown in the following tabulation,
is almost double the cost of the Donets coals: 32

RUBLES PER
METRIC TON
TYPE OF COAL OF STANDARD FUEL

Donets 12.5
Kuznets 6.9
PodMoskva (Moscow Basin) 23.8
Karaganda 6.5
Pechora 15.3
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D. Consumption of Coal

As shown in Table 2-9, thermal electric power stations
are the largest single consumer of coal in the USSR. The
share of thermal power stations in the total consumption of
coal--about 33 percent in 1958--is to increase to 41.1 percent
in 1965. However, the most dramatic shift in the distribution
of coal among the various consumers is to be brought about by
the transfer of rail transport from steam drive to diesel and
electric. As a result of this change-over, requirements for
coal by rail transport are to decline drastically, and the
share of railroads in the total consumption of coal is to be
reduced from 17.3 percent in 1958 to 1.2 percent in 1965.

TABLE 2-9

CONSUMPTION OF COAL IN THE USSR,
BY CONSUMER &/ - 1958 AND 1965 PLAN:

1958 1965 PLAN

MILLION PERCENT MILLION PERCENT
CONSUMER METRIC TONS OF TOTAL METRIC TONS OF TOTAL
Communal- 60.1 13.1 102.2 18.3
Households ' :
Coking 71.0 15.5 118.3 21.1
Electric Power 150.0 32.8 230.0 41.1
and Heat from
Thermal Power
Stations
Other Industry 97.7 21.3 102.5 18.3
and Agriculture
Railroads* 79.3 17.3 6.9 1.2
TOTAL 458.1 Y  100.0 559.9 ¥/ ¢/ 100.0
* Steam engines only.
a/ 33/
b/ Excluding losses in cleaning, etc.
¢/ Related by Soviet authorities to the plan goal for

production in that year.
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More coal is to be made available for consumption by
the communal-household sector, whose share of total consumption
is to increase from 13.1 percent to 18.3 percent. Growth in
the demand for coal in coking is to increase the share of this
sector from 15.5 percent of the total consumption in 1958 to
21.1 percent in 1965.

Distribution of the consumption of coal by Economic

Region underlines the high relative requirements for coal by
the metallurgical industries of the South and in the Urals,
plus the comparatively large consumption of coal in the Center,
or the Moscow industrial region. Together, these three regions
(South, Urals and Center) accounted for 62.5 percent of total
consumption of coal in the USSR in 1958 but are to fall off to
about 55 percent of the total in 1965, primarily as a result
of displacement of coal by natural gas and, to a lesser degree,
-through increased requirements for coal in Siberia. The
regional distribution of consumption of coal in the USSR in
1940, 1958 and that planned for 1965 is given in Table 2-10.

A comparison of the regional production and consumption
of coal for 1958 and that planned for 1965 defines the Urals
industrial region as a coal deficit area both in 1958 and in
1965. 36/ Although as explained elsewhere in this report,
large amounts of natural gas are to be made available to the
Urals industries by 1965, Soviet planners have foreseen no
significant decline in the absolute production of coal in the
Urals, but concomitantly have indicated a minor decline in the
consumption of coal. Thus the coal deficit in the Urals of
32.3 million tons in 1958 will be reduced to a deficit of 28.3
million tons by 1965.

West Siberia and Kazakhstan and the Central Asian
Republics are to maintain their positions as surplus producers
of coal, while the general European area of the USSR is to be
converted from a coal-deficit area to a coal surplus area as
the result of an increase in production in excess of the plan-
ned increase in consumption. The growth in consumption is to
be depressed as a result of increased availability of liquid
and gaseous fuels,
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TABLE 2-10

CONSUMPTION OF COAL IN THE USSR, BY
ECONOMIC REGION -~ 1940, 1958 AND 1965 PLAN
(Percent of Total)

NUMERICAL
ECONOMIC REGION DESIGNATION 19402/ 19583/ 1965 prant/
North Ib 0.5 2.2 2.0
Northwest Ia 4.8 3.4 3.4
Center VII 18.5 16.9 13.6
Povolga VI 2.8 2.5 1.5
North Caucasus Iv 2.9 3.0 2.4
Urals VIII 13.0 19.6 14.8
West Siberia : IX 7.3 7.5 1l1.8
East Siberia XI 5.0 5.7 9.1
Central Asia and
Kazakhstan X 4.2 6.1 8.8
Transcaucasus v 0.4 1.2 0.7
South III 34.5 26.0 26.7
west II 1.5 2.0 0.6
( Far Bast XII 4.6 3.9 4.6
TOTAL 100.0  100.0 100.0
a/ 34/
b/ 35/
E. Trade

As shown in Table 2-11, the Soviet Union became a net
exporter of coal and coke in 1956 and gradually has strength-
ened her position as a net exporter since that time. Most of

40




v

TABLE 2-11

REPORTED USSR NET TRADE IN COAL AND COKE
1955 - 1960 &

(Thousand Metric Tons)

EXPORTS

YEAR COAL COKE B/ _ToTaL
1955 4,312.7 2,263  6,575.7
1956 5,672.7 2,750  8,422.7
1957 8,772.3 3,074 11,846.3
1958 9,951.0 3,384 13,335.0
1959 11,069.0 3,424 14,493.0
1960 12,315.0 3,704 16,019.0
a/ 31/

IMPORTS
_COAL coke b/ TOTAL
8,663.5 631 9,294.5
6,390.3 841 7,231.3
3,423.2 519 3,942.2
3,826.0 949 4,775.0
4,384.0 882 5,266.0
4,800.0 921 5,721.0

NET &/

COAL COKE b/ TOTAL
+4,350.8 -1,632  +2,718.8
+ 717.6 -1,909 -1,191.4
-5,349.1 -2,555 -7,904.1
-6,125.0 -2,435 -8,560.0
-6,685.0 -2,542  =9,227.0
-7,515.0 -2,783  -10,298.0

p/ For this table, coke has been converted to coal equivalents at the rate of 1.4 tons of coal for each ton

of coke.
¢/ A plus (+) sign designates net import; a minus (=) sign designates net export.




the shift in exports has been with respect to coal. In 1955,
the USSR was a net importer of coal to the extent of almost
4.4 million tons, but within 2 years, changed this position
to one of a net exporter of coal to the extent of almost 5.35
million tons. Only a gradual change has been indicated in
the import and export of coke, as the USSR has increased its
net export of this product from 1.6 million tons in 1955 to
about 2.8 million tons in 1960.

1. Exports

The exports of coal and coke from the USSR, as reported
in the Soviet trade statistical handbooks, have been inflated
to the extent that such statistics include Polish coal and
coke which, although shown as having been imported by the USSR,
were re-exported on Soviet account to East Germany*. In order
to derive the actual exports of coal and coke f£rom the USSR
in a given year, the reported exports must be reduced by an
amount equivalent to the quantities of Soviet coal and coke
shown in the trade handbooks as being imported by East Germany
(see Table 2-14). The adjusted exports of coal and coke from
the USSR for the years 1955-60 are given in Table 2-12,

From Table 2-12, it can be seen that of the total
actual exports during 1955-60, those to the West have fluctu-
ated from a peak of 6l1.5 percent of the total in 1956 to 44.3
percent of the total in 1957, but beyond 1957, the share of
exports to the West apparently has been stabilized into a
growing share of the total, reaching to 56.5 percent in 1960.
The sharp relative decline in exports to the West in 1957 may
be explained by increased deliveries to Hungary and to
Czechoslovakia. As illustrated by Table 2-13, which presents
the adjusted exports of coal and coke from the USSR to other
Bloc countries for 1955-60, the 1957 growth in deliveries to
Czechoslovakia has been preserved in the succeeding years,
whereas the increased deliveries to Hungary in 1957 apparently
were on a one~time only basis.

The major importer in the West of Soviet coal and coke
is Yugoslavia. In 1960 such Yugoslavian imports represented
18.7 percent of total Soviet sales to the West (see Table 2-15).

* Except in 1957, where certain quantities of Polish coal were
re-exported to Hungary and Czechoslovakia.
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DESTINATION

TABLE 2-12

1955 - 1960

(Thousand Metric Tons)

TO WEST

Coal

Coke b/

Total b/
Percent Grand Total

TO_BLOC

Coal
Coke

Total
Percent Grand Total

TOTAL COAL
TOTAL COKE

1955 1956 1957 1958

1,793.1 2,576.1 3,029.7 3,606

153.4 184.8 256.2 393

1,946.5 2,760.9 3,285.9 3,999

57.9 61l.4 44.3 49.2
385.7 555.8 2,560.4 2,787.0
1,029.7 1,178.8 1,568.8 1,346.0
1,415.4 1,734.6 4,129.2 4,133.0
42,1 38.6 55.7 50.8
2,178.8 3,131.9 5,590.1 6,393.0
1,183.1 1,363.6 1,825.0 1,739.0
4,495.5 7,415.1 8,132.0

GRAND TOTAL COAL & COKE 3,361l.9

a/ 38/

b/ Includes small quantities not allocated according

- ADJUSTED EXPORTS OF COAL AND COKE FROM THE USSR a/

4,201
395

4,596
52.3

2,745.5
1,441.0

4,186.5
47.7

6,946.5

1,836.0

8,782.5

to destination.

2,788.0

1,472.0

4,260.0
43.5

7,799.0

1,988.0

9,787.0

=




ATBANIA
Coke

BULGARIA
Coke

HUNGARY
Coal
Coke

Woody Coal

TOTAL

EAST GERMANY e/

Coal
Coke

TOTAL

NORTH KOREA

Coal
Coke

TOTAL
MONGOLIA
Coal
Coke
TOTAL

POLAND
Coal

RUMANI A
Coal
Coke

TOTAL

CZECHOSLOVAKI A

Coal

GRAND TOTAL

39/

L

ADJUSTED EXPORTS OF COAL AND COKE FROM THE USSR
TO OTHER BLOC COUNTRIES &/

TABLE 2-13

1955 - 1960
{(Thousand Metric Tons)

1955 1956 1957
- 1.8 3.5
18.5 21.6 62.1
0.6 147.2 1,097.5
384.0 421.3 488 .8
5.6 3.6 3.5
390.2 572.1 1,589.8
149.5 148.9 618.1
192.3 320.3 557.3
341.8 469.2 1,175.4
- - 72.6

- - 30.1

- - 102.7
195.6 163.7 78.0
0.1 0.1 0.2
195.7 163.8 78.2
19.1 12.2 14.0
434.8 413.7 426.8
434.8 413.7 426.8
15.3 80.2 676.7
1,734.6 4,129.2
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b/

Excluding 120 thousand tons of Polish coal re-exported from the USSR.
See Table 2-14 derivation.
Excluding 180 thousand tons of Polish coal re-exported from the USSR.

1958 1959 1960
2.0 - -
89.0 141.0 103.0
90.0 67.0 204.0
617.0 564.0 594 .0
1.0 1.5 3.0
708.0 632.5 801.0
1,219.0 926.0 547.0
236.0 316.0 368.0
1,455.0 1,242.0 915.0
77.0 74.0 53.0
- 1.0 =
77.0 75.0 53.0
390.0 615.0 794.0
- 26.0 133.0
402.0 419.0 407 .0
402.0 445 .0 540.0
1,010.0 1,036.0 1,054.0
4,133.0 4,186.5 4,260.0
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TABLE 2-14

EAST GERMANY IMPORTS OF COAL AND COKE FROM THE USSR
(FROM POLAND ON SOVIET ACCOUNT AND ACTUAL IMPORTS FROM THE USSR) a/

1955 - 1960

(Thousand Metric Tons)

Coal

From Poland on Soviet Account
From USSR

Total Coal
Coke

From Poland on Soviet Account
From USSR

Total Coal

TOTAL COAL & COKE FROM POLAND
ON SOVIET ACCOUNT

TOTAL COAL & COKE FROM USSR

GRAND TOTAL

a/ 49/

1955

2,139.5

149.5

2,289.0

434.6

192.3

626.9

2,574.1

341.8

2,915.9

1956 1957 1958
2,544 .4 2,885.9 3,559.0
148.9 618.1 1,219.0
2,693.3 3,504.0 4,778.0
600.9 371.0 678.0
320.3 557.3 236.0
921.2 928.3 914.0
3,145.3 3,256.9 4,237.0
469.2 1,175.4 1,455.0
3,614.5 4,432.3 5,692.0

1959 1960
4,124.0 4,519.0
926.0 547.0
5,050.0 5,066.0
630.0 658.0
316.0 368.0
946.0 1,026.0
4,754.0 5,177.0
1,242.0 915.0
5,996.0 6,092.0
N
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TABLE 2-15

REPORTED FREE WORLD IMPORTS OF SOVIET COAL AND COKE

BY COUNTRY &/

1960

(Thousand Metric Tons)

COUNTRY

Austria
Belgium
Holland
Greece
Denmark
Italy

West Germany
Finland
France
Sweden
Yugoslavia
Japan
Iceland
Switzerland
Ethiopia
Egypt
Tunisia

TOTAL

a/ 4v/

733
20
32
51

413

475
66

739

795

141

927

542

24
21

4,994

99

125
101

28

503

46

TOTAL

PERCENT
OF
TOTAL

797
20
32
60

489

475
66

838

795

266

1,028

542

52
21

5,497
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Finland is the second largest importer--15.2 percent in 1960,
followed closely by Austria with 14.5 percent and France with
14.4 percent of the total. Thus, these four countries
together accounted for about two-thirds of the Free World
imports of Soviet coal and coke in 1960.

2. Imports

Although the Soviet trade statistical handbooks show
considerable quantities of coal and coke as being imported by
the USSR annually, most of these imports are from Poland, and
as explained above, all of the reported Polish exports of
coal and coke to the USSR are re-exported on Soviet account
to East Germany* (see Table 2-14). Thus, after deducting the
reported imports of Polish coal and coke in gquantities equal
to reported East German imports of Soviet coal and coke,
actual Soviet imports of coal for the years 1955-60 may Dbe
arrived at as shown in Table 2-16. The Soviet Union does not
report the importation of coke from any other country and,
after making allowances for the re-export of the Polish coke,
shows a balance of no imports of coke.

Table 2-16 further illustrates that in 1955 and 1956
relatively large quantities of Polish coal actually were
imported by the Soviet Union, but no further imports have
been indicated since that time.

Of the actual quantities of coal which are imported
by the Soviet Union, the bulk is provided by Communist China,
which has delivered to the USSR on the average since 1956
about 200 thousand tons each year. Imports from Hungary have
averaged about 50 thousand tons each year since 1958.

* With the exception of 1957, when certain quantities of the
Polish coal were re-exported to Hungary and Czechoslovakia.
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TABLE 2-16

ADJUSTED IMPORTS OF COAL
BY THE USSR a/ - 1955-60
(Thousand Metric Tons)

COUNTRY 1955 1956 1957 1958 1959 1960
Hungary 24.5 30.0 20.0 49.0  47.0 57.0
Poland 5,906.5 b/ 3,595.6 b/ .0 .0 .0 .0
China 520.0 209.0 201.9 208.0 204.0 200.0

TOTAL  6,451.0 3,834.6 221.9 257.0 251.0 257.0

a/ 42/ Adjusted by deducting those amounts of coal and coke
shown in the statistical handbooks as imported by the USSR
but which in practice, were re-exported on Soviet account
to East Germany (except in 1957, when certain quantities
were re-exported to Hungary and Czechoslovakia).

b/ Actual imports of Polish coal and coke in these years.

F. Pricing

A broad sampling of prices charged by the Soviet Union
for its coal indicates, as in the case of oil, that the European
Satellite countries in 1960 paid by far the highest prices for
coal. On the other hand, those countries which make up the
Communist Far East (Communist China and Mongolia) have during
the period paid the lowest prices per ton, as shown in Table
2-17.

Prices paid by the underdeveloped areas of the Free
World generally have been comparable to those charged to the
Communist Far East.

It is probable that the price differential reflected
in Table 2-17 may be explained by (1) quality of the coal
shipped and (2) implementation of the general Soviet pricing
program which embraces both political and economic motives.
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TABLE 2-17

COMPARISON OF PRICES PAID FOR SOVIET
COALS, BY SELECTED IMPORTING AREAS
1955, 1957 AND 1960
(Rubles Per Metric Ton)

IMPORTING AREA 1955
Industrial West ‘ 16.50
European Satellites 18.63
Communist Far East 12,07
Free World Under- 13.54

developed Areas

1957 1960
21.95 12.91
21.76 16.39
16.15 9.92
17.88 10.36

Very little difference exists in the prices paid by
the Soviet Union for coal from the European Satellites and for
coal from Communist China:

ORIGIN

European Satellites¥
Communist China

* Hungary.

G. Prospects For The Future

RUBLES PER METRIC TON

1955 1957 1960
13.86 10.00 12.67
9.59 9.59 12.94

Plans for the development of the coal industry during
the 20-year period 1961-80 call for what the Committee considers
to be completely unreasonable production goals. As indicated
by published data, the production of coal is to reach the

following levels:

YEAR

1970
1975
1980
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MILLION METRIC TONS

686-700 43/

900 44/
1,180-1,200 43/




In view of the comparatively high costs of production
of coal, the problems currently retarding expansion of produc-
tion, and of the probability of achieving the planned levels
of extraction of crude oil and natural gas, it is more likely
that the responsible planning authorities will at some future
date take the necessary steps to reduce these goals to levels
more in keeping with desirability and capability.

Nevertheless, it may be useful to discuss some of the
general aspects of the 20-year plan for expansion of the coal
industry.

The growth in production of coal is to be based on the
development of the cheap and readily-exploitable deposits of
coal in the eastern regions of the country. The share of the
eastern regions in the total national production of coal is to
increase from about 41 percent in 1965 to 47.9 percent in
1970 and further to 66 percent in 1980, as shown in the
following tabulation:

PERCENT OF TOTAL

AREA ‘ 1960 a/ 1965 a/ 1970 b/ 1980 b/
European USSR 52.2 50.1 44,8 32.5
Eastern Regions 35.7 40.4 47.9 66.0
Urals 12.1 9.5 7.3 1.5

TOTAL 100.0 100.0 100.0 100.0

a/ From Table 2-3,
b/ 45/

The shift to the eastern regions will permit an increase
in the amounts of coal produced by stripping. As shown in Table
2-18, in 1980, 51.5 percent of the coal is to be produced from
strip mines, of which 96 percent will be provided by strip
mining in the eastern regions.

The increased production of coal from strip mines will
contribute to growth in labor productivity in coal mining and
to a reduction in the cost of extraction. Output per worker
is to increase from 43 tons per month in 1960 to 140 tons per
month in 1980 which, if achieved, will call for a production
labor force of only 714 thousand as compared to a force of 2,32
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million if there were no change in labor productivity. In
addition, the cost of production of a ton of coal in 1980

is to decline to 43 to 45 percent of the 1960 level, for a
savings in production costs of about 40 billion rubles in 1980
alone. :

TABLE 2-~18
METHODS OF PRODUCTION OF COAL IN

THE USSR g/ - 1960, 1965, 1970 AND 1980
(Percent of Total)

UNDERGROUND

YEAR SHAF'T STRIPPING HYDRAULIC TOTAL
1960 79.3 20.4 0.3 100.0
1965 72.7 23.8 3.5 100.0
1970 60.1 30.4 9.5 100.0
1980 38.9 51.5 9.6 100.0
a/ 46/
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SECTION 5

HYDROELECTRIC AND ELECTRIC POWER

A, Poténtial

In terms of hydroelectric power technical potential--
1,721 billion kilowatt-hours per yvear (see Table 2-19)--the
USSR ranks second in the world, after Communist China, which
has an estimated technical potential of 2,000 billion kilowatt-
hours per year. ‘ ‘

Distribution of the technical potential--~31,721 billion
kilowatt-hours per year--among the Economic Regions of the USSR
‘illustrates the very high degree of concentration of this
potential in the eastern regions of the country, particularly
in East Siberia and the Far East, and to a lesser degree, in
Central Asia. Together these three areas account for almost
three-quarters of the technical potential, as shown in the
following:

BILLION PERCENT
KILOWATT- OF

ECONOMIC REGION HOURS/YEAR TOTAL
Northwest 21 1.2
North 25 1.5
Center 15 0.9
PovVolga 43 2.5
Urals 19 1.1
North Caucasus 40 2.3
West Siberia 130 7.6
East Siberia 800 46.5
Far East 250 14.5
West 10 0.6
South _ 19 1.1
Transcaucasus 64 3.7
Kazakhstan 60 3.4
Central Asia 225 13.1
TOTAL 1,721 100.0
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TABLE 2-19

HYDROELECTRIC RESOURCES
OF THE USSR &

. MILLION
BASIS KILOWATTS
Theoretical potential 420.0
(including minor rivers) b/
Theoretical potential (based on 340.0
the 1,477 largest rivers)
Technical potential s/ 196.5
Economic potential & 137.0

1/
Theoretical potential
Gross head of the river.
The mean river flow, with
100 percent efficiency of
conversion and no losses.
¢/ [Technical potential
From an engineering stand-
point, but disregarding
economics. Losses are
considered. :
d/ Economic potential
Amount of hydroelectric
resources considered to
be economically exploitable.

8
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KILOWATT-
HOURS/YEAR

3,680

2,978

1,721

1,200




B. Production

For the past several years the output of electric
power by hydroelectric plants has represented about 17 to 18
percent of the total electric power generated in the USSR.
The generation of electric power by hydroelectric power
stations is compared with total electric power output in the
USSR for the years 1950-61 and with that planned for 1962 and
1965 in Table 2-20.

TABLE 2-20

GENERATION OF ELECTRIC POWER IN THE USSR a/
1950~-1961 AND PLANS FOR 1962 AND 1965

OF WHICH, FROM HYDROPOWER STATIONS

TOTAL (MILLION AMOUNT (MILLION PERCENT OF

YEAR KILOWATT-HOURS) KILOWATT-HOURS) NATIONAL TOTAL
1950 91,226 12,691 13.9
1951 104,022 13,722 13.2
1952 119,116 14,908 12.5
1953 134,325 19,201 14.3
1954 150, 695 18,561 12.3
1955 170,225 23,165 13.6
1956 191,653 28,984 15.1
1957 209, 688 39,429 18.8
1958 235,350 46,478 19.7
1959 265,112 47,630 18.0
1960 292,274 50,913 17.4
1961 327,000 & &/ 57,000 &/ &/ 17.4
1962 Plan 366,000 £/ &/ 66,000 &/ </ 18.0
1965 Plan 520,000 &/ &/ 90,000 &/ £/ 17.3

Except where noted, from 2/.

3/

Estimated on the basis of planned addition to capacity.

N{
ik
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TABLE 2-21

CAPACITY FOR GENERATION OF ELECTRIC POWER IN THE USSR a/

1950-61 AND PLANS FOR 1962 AND 1965

TOTAL
YEAR (THOUSAND KILOWATTS)
1950 19,614
1951 22,117
1952 25,250
1953 28,602
1954 32,815
1955 37,246
1956 43,470
1957 48,397
1958 53,641
1959 59,267
1960 66,721
1961 73,800 b/
1962 Plan 82,700 &
1965 Plan 114,000 &/
a/ Except where noted from 7/

b/ 8/
¢/ Estimate.

& 9/
e/ 10/
£/ 1/

OF WHICH, FROM HYDROPOWER STATIONS

(THOUSAND KILOWATTS)

(PERCENT OF TOTAL)

3,218
3,338
3,814
4,520
5,135
5,996
8,498
10,040
10,863
12,710
14,781
16,600 &/
19,000 &/
25,000 £/

16.4
15.1
15.1
15.8
15.6
16.1
19.5
20.7
20.3
21.4
22.2
22.5
23.0
21.9




The installed capacity for generation of electric
power at hydropower stations represents a slightly higher
portion of total electric power generating capacity in the
country than does actual output. In addition, this share of
the national total has been steadily increasing, from 16.1
percent in 1955 to 23 percent in 1961, whereas for the past
several years, the generation of electric power by hydropower
stations has shown a decline, if only slight, as a percent of
the national total. Total capacity for generation of electric
power in the USSR and that available at hydropower stations
for 1950-61 and plans for 1962-65 is illustrated in Table 2-21.

The regional distribution of production of hydro-
electric power, when compared with the regional distribution
of the technical potential, clearly illustrates the varying
degree of development of this potential within the USSR--as
might be expected. For example, the Northwest contains only
1.2 percent of the estimated hydropower technical potential,
yet in 1955 the production of hydroelectric power in this
region represented more than 25 percent of total hydropower
output. Apportionment of hydroelectric power output by
economic region of the RSFSR in 1955 is given in Table 2-22.

TABLE 2-22

PRODUCTION OF HYDROELECTRIC POWER
BY ECONOMIC REGION OF THE RSFSR &/
1955
(Million Kilowatt-Hours)

ECONOMIC REGION AMOUNT
North 10.2
Northwest 6,200.0
Center 2,000.0
PoVolga 20.1
North Caucasus 0.0
Urals 800.0
West Siberia 18.5
EBast Siberia 37.0
Far East 3.1

TOTAL 9,088.9
a/ 12/
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Table 2-23 presents the distribution of electric power
output and generating capacity for 1958-60 between the
European portion of the USSR (Economic Regions I to VIII) and
the eastern regions of the country. There has been no shift
regionally with respect to generating capacity, and only a
slight relative gain in the output of electric power in the
eastern regions. However, in terms of developing the output
of electric power in the eastern regions from hydroelectric
power stations, the Seven Year Plan is to bring about a marked
change. In this change, as shown in the following tabulation,
although the output of electric power in the eastern redgions
is to increase from 38 percent of the total in 1958 to 46
percent in 1965, that generated from hydropower stations in
the eastern regions is to increase from 24.4 percent of the
total hydropower output in 1958 to 40.5 percent in 1965.

(PERCENT OF TOTAL)

1958 1965 PLAN
TOTAL TOTAL
ELECTRIC HYDRO- ELECTRIC HYDRO-
POWER POWER POWER POWER
AREA outpur &/ ourepur ©/  ourpur &/ ourpur B/
European USSR 62 75.6 54.0 59.5
(including Urals)*
Eastern Regions 38 24.4 46.0 40.5
TOTAL 100 100.0 100.0 100.0

Economic Regions I to VIII.

g *
S

(®]

Costs

The Soviet literature states that the generation of
electric power by hydrostations is much cheaper than generation
by thermal plants. In 1958 such costs at point of manufacture
represented less than 23 percent of cost of output by thermal
stations. Implementation of the Seven Year Plan calls for a
reduction in cost per kilowatt-hour of hydropower to only 15
percent of comparable cost by thermal stations.
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TABLE 2-23

REGIONAIL DISTRIBUTION
OF ELECTRIC POWER GENERATI NG
CAPACITY AND OUTPUT IN THE USSR &/

B Kwh =

Billion Kilowatt~Hours.

1958 - 1960
1958 1959 1960
CAPACITY OUTPUT CAPACITY OUTPUT CAPACITY OUTPUT
(M _RVT*) (B KWH*) (M _KVT*) (B _KWH*) (M RVT*) B_KWH*
European USSR 33.4 142.1 37.0 160.4 41.0 174.8
Eastern Regions 20.2 93.3 22.3 104.7 25.7 117.5
TOTAL 53.6 235.4 59.3 265.1 66.7 292.3
------------ (PERCENT OF TOTAL)= = = = = = = = = = = =
European USSR 62.3 60.4 62.4 60.5 61.5 59.8
Eastern Regions 37.7 39.6 37.6 39.5 38 40.2
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0
a/ 13/
* M Kvt = Million Kilovolts.




TABLE 2-24

COMPARATIVE COST OF GENERATION
OF ELECTRIC POWER IN THE USSR
BETWEEN THERMAL AND HYDRO STATIONS
1955, 1958 AND 1965 PLAN
(Kopecks Per Kilowatt-Hour)

STATION 1955 1958 1965 PLAN
Thermal 1.000 &/ 0.83 &/ 0.60 &/
Hydro 0.206 &/ 0.19 &/ 0.09 b
Hydro as Percent 20.6 22.9 15.0

of Thermal

Qg
il

Nevertheless, Khrushchev, in a speech given at the
dedication of the Kuybyshev Dam on August 10, 1958, called for
priority to be given to the construction of thermal plants, in
order that the USSR could install capacity at a faster rate,
thus to support the USSR in the program of catching up with and
outstripping the U.5. Khrushchev recognized that to embark on
this program was to deliberately accept an increase in costs
of electric power, but that the desire to win time and to
obtain the maximum increase in electric power generation far
outweighed this cost disadvantage. (The surprisingly low
reported cost of hydropower in relation to thermal power is
believed to be due to the accounting practice of not charging
any interest on the investment, although plant costs are
apparently completely amortized.) Since that time, however,
installation of new capacity at thermal electric power stations
has not kept pace with the desired plan levels, but neverthe-
‘less represents the best results obtainable under current
conditions.

Thermal electric power stations will throughout the
Seven Year Plan continue to rely upon coal as the major source
of fuel, although the share of coal in total fuel consumed is
to decline from 76.6 percent in 1958 to 64.5 percent in 1965.
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As shown in Table 2-25, most of the displacement of coal will
be the result of increased deliveries of natural gas and
petroleum (residual fuel o0il) to thermal power plants.

TABLE 2-25

CONSUMPTION OF FUEL BY ELECTRIC
POWER STATIONS OF THE USSR &/
1958 AND 1965 PLAN

1958 1965 PLAN
MILLION MILLION
METRIC TONS PERCENT METRIC TONS PERCENT
OF STANDARD OF OF STANDARD OF
TYPE OF FUEL FUEL TOTAL FUEL TOTAL
Coal 95.8 76.6 150.2 64.5
Natural Gas 8.5 6.8 36.0 15.5
Petroleum 6.9 5.5 27.5 11.8
Peat 7.8 6.2 11.0 4.7
Shale 1.0 0.9 3.3 1.4
Other 5.0 4.0 5.0 2.1
TOTAL 125.0 100.0 233.0 100.0
a/ 19/

D. Consumption

In each of the past 10 years, industry has consumed
about 65 to 67 percent of the total output of electric power
in the USSR. Only about 1l percent of the total output is
used for illumination and for the everyday needs of the popu-
lation. The remainder of the available electric power is
distributed fairly equally in meeting the needs of transport,
consumption by the generating stations themselves and losses
in the system. The consumption of electric power in the USSR,
according to the consumer, for the years 1950 and 1955-60 is
given in Table 2-26.
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TABLE 2-26

CONSUMPTION OF ELECTRIC POWER IN THE USSR, BY CONSUMER a/
1950 AND 1955 - 1960

ELECTRIC POWER
INDUSTRY TRANSPORT STATIONS LOSSES IN SYSTEM OTHER b/ TOTAL
PERCENT PERCENT PERCENT PERCENT PERCENT PERCENT
YEAR BKWH* OF TOTAL BKWH* OF TOTAL BKWH* OF TOTAL BRWH* OF TOTAL BKWH* OF TOTAL BKWH* OF TOTAL

1950 60.6 66.4 2.6 2.9 5.2 5.7 6.3 6.9 16.5 18.1 91.2 100.0
1955 113.3 66.6 5.4 3.2 10.9 6.4 10.3 6.0 30.3 17.8 170.2 100.0
1956 126.9 66.2 6.5 3.4 12.1 6.3 11.8 6.2 34.4 17.9 191.7 100.0
1957 138.3 65.9 7.7 3.7 13.0 6.2 13.2 6.3 37.5 17.9 209.7 100.0
1958 154.2 65.5 9.2 4.0 14.6 6.2 14.7 6.2 42.7 18.1 235.4 100.0
1959 173.3 65.4 11.5 4.3 17.0 6.4 l6.4 6.2 46.9 17.7 265.1 100.0
1960 190.5 65.2 14.2 4.8 18.3 6.3 17.8 6.1 51.5 17.6 292.3 100.0

* BKWH = Billion Kilowatt-Hours.
a/ 20/
b/ Including consumption by the communal economy, as shown in Table 2-27.
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Distribution of consumption among the several sectors
of the so-called communal economy of the USSR for 1950 and
1955-59 is given in Table 2-27.

TABLE 2-27

CONSUMPTION OF ELECTRIC POWER BY THE COMMUNAL
ECONOMY OF THE USSR 2/
1950, 1955-59
(Million Kilowatt-Hours)

WATER

ILLUMINATION AND

AND EVERYDAY STREETCARS SEWER
YEAR NEEDS AND BUSES SUBWAYS LINES . TOTAL
1950 9,944.7 888.0 166.8 1,355.5 12,355.0
1955 16,485.0 1,377.0 311.0 2,193.8 20,366.8
1956 18,513.0 1,500.9 352.3 2,390.0 22,756.2
1957 20,101.9 1,621.7 361.5 2,650.8 24,735.9
1958 22,631.9 1l,835.6 358.6 3,126.3 27,952.4
1959 24,777.6 2,005.0 433.8 3,193.3 30,409.7
o/ 21/

E. Plans For The Future

Examination of the meager data available on development
of output of hydroelectric power in relation to expansion of
the entire electric power industry for the twenty-year périod
ending in 1980 indicates that the Soviet Union has planned no
revision of significance in this relationship. As shown in
Table 2-28, the output of electric power from hydropower
stations is to keep pace with the total generation of electric
power. As a result the share of hydropower stations in the
total output of electric power is to remain almost constant
through 1980 within the range of 19 to 21 percent of the total.
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TABLE 2-28

PLANNED OUTPUT OF
ELECTRIC POWER IN THE USSR
1970, 1975 AND 1980
~(Billion Kilowatt-Hours)

FROM HYDRO AS
HYDROPOWER PERCENT
YEAR TOTAL STATIONS OF TOTAL
1970 900-1,000 2/ 190.0 &/ 19-21.1
1975 Committee
Estimate 1,700 330.0 &/ 19.4
1980 2,700-3,000 &/ 570.0 &/ 19-21.1

L
REE

Implicit in the long range plans developed for the
electric power industry of the USSR is the pronounced shift in
regional demand for electric power, reflecting the general
induystrial expansion foreseen for the eastern regions. Imple-
mentation of these plans will bring about a rapid expansion of
consumption of electric power in the eastern regions, to the
effect that by 1980, almost equivalent amounts of electric
power will be consumed in the European USSR (excluding the
Urals) and in the eastern regions (excluding the Urals). The
pattern of this shift is to be as follows: 25/

ELECTRIC POWER CONSUMPTION
(As Percent of Total)

AREA 1958 1975 1980
European USSR 61.1 48.1 44,3
Urals 19.4 12.8 11.6
Eastern Regions 19.5 39.1 44.1

TOTAL 100.0 100.0 100.0

More electric power is to be made available to the
population of the country for use in illumination, cooking and
heating. The growth in the relative share of household use is
to be made at the expense of relative deliveries to the
industrial and construction sector, as shown by Table 2-29.
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By 1980 the communal-everyday economy is to consume
about 22 percent of total electric power output (Table 2-29), up
from about 12 percent in 1959. (Tables 2-26 and 2-27).

TABLE 2-29

PLANNED CONSUMPTION OF ELECTRIC POWER
IN THE USSR, BY CONSUMER &/
1965, 1970, 1975 AND 1980

(Percent of Total)

CONSUMER 1965 1970 1975 1980
Industry and Construction 68.0 65.0 65.0 59.6
Transport 6.0 6.5 6.0 4.4
Commercial - Everyday needs
of urban areas 9.0 9.7 11.0 17.1
Agriculture 4.0 6.0 6.0 6.6
(Including commercial -
everyday needs of rural (not
areas) given) (3.5) (3.7) (4.8)
Losses and Station Use 13.0 12.8 12.0 12.3
TOTAL 100.0 100.0 100.0 100.0
a/ 26/

Per capita consumption of electric power in the USSR
for all purposes is to increase from 180 kilowatt-hours in
1960 to about 1,900 kilowatt-hours in 1980. If this level is
reached, then the USSR will have succeeded in supplying to its
people slightly more electric power per capita than the U.S.
electric power industry provided per capita in 1960.
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CHAPTER 1III

USSR PETROLEUM (CRUDE OIL AND NATURAL GAS)

SECTION 6

PROSPECTIVE SEDIMENTARY ARFAS

Latest Soviet estimates 1/ place the known oil-gas
bearing and prospective sedimentary areas of the Soviet Union
at 11.3 million kilometers (4.36 million square miles). The
Committee, with less than complete data, has made an inde-
prenpendent study of the sedimentary areas of the USSR and
has arrived at an estimate for the prospective areas of
10.3 million square kilometers (3.98 million square miles)
or about 9 perxcent less than the Soviet estimate. This esti-
mate does not include basin areas that the Committee condemned
as being non-prospective.

The prospective area that the Committee estimated as
10.3 million square kilometers has been divided into four
classifications as shown on Map No. 2. The relative sizes
of these classes as determined from the map are as follows:

MILLION MILLION PERCEN.
SQUARE SQUARE OF
DESCRIPTION KILOMETERS MILES TOTAL

3

A Areas of developed sub- 1.46 0.56 10.3
stantial production where
comparable new fields may
be found, or areas into
which similar good produc-
tive trends are believed
to extend.

B Areas of developed but 3.31 1.28 23,2

mediocre production and

reserves in which only

comparable results can be

be expected in the future,

or new areas with limited

objectives (poor traps or

single pay objective).

(o4 Areas without fields but 2.59 1.00 18.2
having hydrocarbon indi-
cations and small produc-
tive possibilities.

TOTAL FAVORABLE AREA 7.36 2.84 51.7

D Basin areas of unknown or 2.95 1.14 20.8
poor prospects.

TOTAL PROSPECTIVE AREA 10.31 3.98 72.5

E Basin areas considered 3.91 1.51 27.5
non-prospective.

TOTAL BASIN AREA 14.22 5.49 100.0
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The magnitude of the sedimentary area of the Soviet
Union is indeed impressive. Areas which are suitable for the
occurrence of petroleum in the USSR extend from the Soviet-
Iranian border in the south to the Arctic Ocean in the north,
and from the Western Ukraine across the Caspian Sea to the
Pacific. It is of interest to compare this area with that of
the U.S., thus far the leading producer of crude oil. The
favorable sedimentary area of the U.S., including Alaska and the
Continental Shelf (to a depth of 600 feet) is estimated at 2.12
million square miles. It is believed that Classes A through C
in the above tabulation for the USSR, which total 2.84 million
square miles, can be roughly compared to the 2.12 million square
miles in the U.S.

Thus the Committee concludes that the Soviet petroleum

production levels will not be limited by geological factors
for many years.
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SECTION 7

T

GEOPHYSICAL AND CORE-DRILLING ACTIVITIES

In its search for oil, the Soviet Union relies heavily
on core drilling and geophysical techniques of prospecting.
Core drilling has been and will continue to be a popular method
of preparing structures for exploratory drilling. This method
affords a simple, economical, and reliable technique for
evaluating shallow o0il and gas prospects. Table 3-1 shows
that 3.65 million meters of core drilling was effected in 1961,
and the volume planned is to increase to 6 million meters by

1965.
TABLE 3-1
CORE DRILLING IN THE USSR &/
1951-61 AND PLANS FOR 1962 AND 1965
(Thousand Meters)

( YEAR VOLUME
1951 1,454.5
1952 1,780.3
1953 2,165.3
1954 2,253.6
1955 2,187.3
1956 2,396.3
1957 2,800.0
1958 3,041.0
1959 3,238.0
1960 (Estimate) 3,400.0
1961 3,650.0 &/
1962 Plan 4,050.0 &/
1965 Plan 6,000.0 £

a/ Except where noted, from 1/,
b/ 2/
e/ 3/

Thus, according to the Seven Year Plan, the annual
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amount of core drilling is to almost double. Nevertheless, the
relationship between core drilling and exploratory drilling

is to decline during this period. For one meter of exploratory
drilling in 1952-58, there was carried out 0.9 meters of core
drilling. For the 7-year period 1959-65, the relationship will
decline to 0.68 meters of core drilling for one meter of ex-
ploratory drilling, if the plan is met. 4/

At the same time, the average depth of core wells
drilled is planned to increase, from 502 meters in 1958 to 935
meters in 1965. 3/ 1In this, the share of core wells with depths
of up to 500 meters is to decline from 60 percent in 1958 to
18 percent in 1965 and the share of wells with depths from 500
meters to 1,200 meters is to increase from 31 percent to 46
percent.

The geophysical techniques of prospecting have become
more important as the search has progressed to deeper fields
and into the flat regions of the Volga River, the Pri-Caspian
Plain, and the vast timber-covered areas of Western Siberia,
where geological surface indications are not prominent. The
number of geophysical parties, and in particular of seismic
crews, has been rapidly expanded as the rate of exploration
increased in the geologically blind areas. By 1961, there were
reported 850 seismic parties, 200 electric parties, and 100
gravity parties in operation. About 600 areas were under ex-
ploration. Expansion of effort to 1,200 seismic crews is
planned by 1965. The actual growth of the geophysical effort,
covering the years 1946 to 1961, with estimates for 1965, is
shown in Table 3-2.

Many prospective areas of the Soviet Union are in
deserts, the forests of Siberia, or other regions lacking good
accessibility. The progress in such areas is slow and requires
a greater number of parties for exploration. It is significant
that the USSR has more geophysical crews in operation than the
entire Free-World.
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TABLE 3-2

GEOPHYSICAL FIELD CREWS IN THE USSR,
ACCORDING TO METHOD OF SEARCH

1946, 1950, 1955-59, 1961 AND 1965 ESTIMATE

METHOD 1946 &/ 1950 & 1955 & 1956 B/ 1957 B/ 1058 B/ 1059 B/ 1961 & 1965
Seismic 24 118 250 309 371 432 499 850 1,200 &/
Electric 37 88 68 79 90 92 93 200 250 &/
Gravimetric 30 52 107 123 133 143 156 100 200 &/
Magnetic 16 21 4 6 6 6 6 6 12 &/
Airborne
Magnetometer 0 0 6 6 &/ o &/ g &/ 10 & 12 &/ 20 &/
TOTAL 107 279 435 523 600 681 764 1,168 1,682
Supporting b/ 85 292 30 . 393 3/ 370 &/ NA NA NA NA
GRAND TOTAL 192 571 765 916 970 NA NA NA NA

a/ &/

b/ 1/

</ 8/

a o

e/ Committee estimate.
£/ 10/

a/ 11/

h/

Field-geophysical parties. Of these, gas well-logging parties totalled 180 at the beginning of 1955.




SECTION 8
DRILLING

A. Exploration

Although not definitely stated in the Russian
literature, it is apparent that the Soviets use generally
the same definitions to classify a well as those used in
the U.S. o0il industry. The major difference appears to be
in the practice of delineation drilling after a discovery.
In the U.S., wells after discovery are generally classed
as development wells. In the Soviet Union, delineation
drilling after discovery is classed as exploratory drilling.
The Soviet classification is that which has been used through-
out this report.

In terms of annual volume, exploratory drilling
exceeded that for development drilling for the first time
in 1959, which was in line with the general trend established
for the Seven Year Plan. In the Seven Year Plan there is to
be almost 1.5 meters of exploratory drilling for each meter
of development drilling. But for the twenty-year period
1961-80, emphasis is to shift again to development drilling
and it is estimated that during these years the volume of
exploratory drilling will be about one-half of development
drilling.

As a share of total exploratory drilling, those
volumes allocated by Soviet planners to natural gas have been
steadily increasing, from 16 percent in 1955 to 33 percent in
1961. For the years 1959-65, exploratory drilling allocated
by the planners for natural gas is to represent about 44
percent of all exploratory drilling and for the period 1961-
80, it will be 55 percent. Exploratory drilling for oil and
gas during the years 1950-61, and plans for 1962, 1965, 1959-
65, and 1961-80 are given in Table 3-3.

Distribution of exploratory drilling during 1920-58
by area of the USSR underlines the concentration of drilling
in the Urals-Volga, the North Caucasus and Azerbaydzhan and
the lack of attention which has been given so far to the ex-
ploration for oil and gas in the regions of Siberia, where
more than 48 percent of the prospective sedimentary area is
be found. (See Table 3-4)
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TABLE

3-3

EXPLORATORY DRILLING FOR OIL AND GAS IN THE USSR

1950~-61, PLANS FOR 1962,

_(Thousands of Meters)

1965, AND 1961-80

YEAR CRUDE OIL
1950 &/ 1,980.3
1951 &/ 2,170.7
1952 &/ 2,088.2
1953 &/ 2,250.9
1954 &/ 2,018.1
1955 &/ 1,916.6
1956 &/ 1,999.0
1957 2,266.3 &/
1958 2,628.0 b/
1959 2,822.0 &/
1960 3,038.0 ©/
1961 3,030.6 &/
1962 Plan NA

1965 Plan 6,705.0 &/
1959-65 Plan  34,140.0 &/
1961-80 Plan  78,430.0 J/

difference.

QKRR R KR
slegenRRiR g

NATURAL GAS

147.0
204.5
191.0
230.7
249.4
325.0
315.0
602.0
741.0
940.0
1,012.0
1,500.4
NA
3,407.0

15,000.0
86,570.0
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TOTAL

2,127.3
2,375.2
2,279.2
2,481.6
2,267.5
2,241.6
2,314.0
2,868.3
3,369.0
3,762.0
4,050.0
4,531.0
5,150.0
10,112.0
49,140.0

150-180,000.0

LR RhR R

difference, based on the midpoint of the 1961-80 range.
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'TABLE 3-4

DENSITY OF EXPLORATORY DRILLING ACCORDING
TO SELECTED AREAS OF THE USSR 2/ _ 1920-58

PROSPECTIVE DENSITY OF

SEDIMENTARY AREA b/ DRILLING

EXPLORATORY DRILLING (THOUSAND (METERS PER
(THOUSAND PERCENT SQUARE PERCENT _ SQUARE

AREA METERS) OF TOTAL KILOMETERS) OF TOTAL KILOMETER)
TOTAL USSR 33,866 100.0 11,300 100.0 3.00

SELECTED AREAS

Urals-Volga 10,742 31.7 684 6.1 15.70
North Caucasus 7,743 22.9 250 2.2 31.00
Azerbaydzhan 6,566 19.4 50 0.4 131.30
Siberia 922 2.7 5,460 48.3 0.17

NS

11/

Note that this is from USSR sources. The Committee's estimate of total
prospective sedimentary area for the USSR of 10.3 million square kilometers

compares with the 11.3 million square kilometers shown here.




Considerable difficulty has been encountered in the
attempt to meet the annual goals for drilling of exploratory
wells. The problem areas appear to be (1) the poor quality of
bits, (2) the poor quality of drill pipe and (3) low efficiency
of the turbodrill at increased depths. As a consequence, not
a single annual goal for exploratory drilling has been met
during the five-year period 1957-61, as illustrated in Table
3-5. For the first two years of the Seven Year Plan, reported
exploratory drilling volumes represented less than 88 percent
of plan, or a cumulative shortfall of 1,070 thousand meters.

Of this shortfall, 473 thousand meters were to have been expended
in the drilling for natural gas, and the remainder--597 thousand
meters--for crude oil, as shown in the following:

(THOUSAND METERS)

19509 1960

YEAR PLAN ACTUAL SHORTFALL PLAN ACTUAL SHORTFALL
Crude 0il 3,1443/ 2,8223/ 322 3,3132/ 3,038%/ 275
Natural

Gas 1,1300/  940c/ 190 1,2054/ 1,012/ 283

TOTAL 4,274e/ 3,7628/ 512 4,6088/ 4,0508/ 558
a/ By difference
b/ 17/
¢/ Derived from Table 3-3
4/ 18/
e/ Derived from Table 3-5

The plan for exploratory drilling in 1961 was unful-
filled to the extent of 8.2 percent. Thus, for the three years
1959-61, the cumulative plan for exploratory drilling was met
by only 89.3 percent. Despite these shortcomings, Soviet
‘authorities claim that the scheduled increments to proved
reserves of crude oil and natural gas were attained for these
years. (See page 119 and following for discussion of additions
to proved reserves of natural gas.) Certainly, a significant
portion of these increments resulted from more intensive use of
water flooding.
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TABLE 3-5

REPORTED VS. PLANNED EXPLORATORY
DRILLING IN THE USSR - 1957-61
(Thousands of Meters)

REPORTED AS

YEAR PLAN REPORTED 2/ PERCENT OF PLAN
1957 3,800 &/ 2,868 75.5
1958 3,711 &/ 3, 369 90.8
1959 4,274 &/ 3,762 88.0
1960 4,608 &/ 4,050 87.9
1961 5,100 £/ 4,531 - 88.8
a/ Derived from Table 3-3. 4a/ 14/
b/ 12/ e/ 15/
o/ 13/ £ 16/

Exploratory drilling for natural gas has been particu-
larly effective so far in the Soviet Union. As shown in Table
3-6, it was reported that for each meter of exploratory drilling
for natural gas during the period 1951-55, 304.6 thousand cubic
meters of natural gas were found, and for the subsequent five-
year period 1956-61, 335.4 thousand cubic meters of natural gas
were found per meter of exploratory drilling. The original plan
covering 1959-65 calls for a decline in the effectiveness of
exploratory drilling for natural gas, to 240 thousand cubic meters
per meter of exploratory drilling, but there is some evidence to
indicate that the volume of exploratory drilling for natural gas
may be reduced by about 20 percent and at the same time, that the
goal for proved reserves has been revised upward which would
indicate a level of effectiveness approximately midway between
the 1951-55 level and the 1956-~61 level.

Lacking published Soviet data, the Committee has esti-
mated proved reserves assuming that the crude oil proved
reserves/ production ratio remained at 20 to 1 for the period
1950-60, 1In the light of authoritative Soviet statements
regarding the rate of depletion of major oil fields, this is a
logical assumption to make. On this basis, for the period
1951~55, for each meter of exploratory drilling there was found
89.1 tons of crude oil. 1In the subsequent five-year period
168.5 tons of crude oil were found for each meter of exploratory
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TABLE 3-6

EFFECTIVENESS OF EXPLORATORY DRILLING FOR NATURAL GAS IN THE USSR
1951-1961 AND 1959-1965 PLAN

NET INCREMENTS ANNUAL GROSS EFFECTIVENESS
‘EXPLORATORY TO PROVED PRODUCTION OF ADDITIONS TO OF EXPLORATORY
DRILLING FOR RESERVES E/ NATURAL GAS* E/ PROVED RESERVES DRILLING (THOUSAND
NATURAL GAS é/ (BILLION (BILLION (BILLION CUBIC METERS
YEAR (THOUSAND METERS) CUBIC METERS) CUBIC METERS) CUBIC METERS) PER METER DRILLED)
1951-55 1,200.0 342.7 22.872 365.572 304.6
1956 315.0 96.4 8.039 104.439 331.6
1957 602.0 111.0 14.095 125.095 207.7
1958 741.0 289.4 22,522 311.922 420.9
1959 940.0 696.6 28.863 725.463 771.8
1960 1,012.0 226.0 37.213 263.213 260.1
1961 1,500.4 133.2 51.000 (Estimate) 184.200 122.8
1956-1961 5,110.4 1,532.6 161.732 1,714.332 335.4
1959-1965 Plan Q/ 15,000.0 3,040.0 558.692 3,598.700 240.0
* Non—-associated natural gas.
a/ Derived from Table 3-3.
b/ Derived from Table 3-35.
¢/ Derived from Tables 3-28 and 3-32.
a/ 19/
/‘\ .
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drilling. Analysis of the plans for the years 1959-65 indicates
that the effectiveness of exploratory drilling for crude oil for
these years is to fall back to about the 1951-55 level, as
illustrated by Table 3-7.

Because of the classification of exploratory drilling
in the USSR, Soviet authorities can claim a very high ratio of
successful exploratory wells compared to total exploratory
wells drilled. Thus, the USSR is able to show that in 1960, for
example, 44.1 percent of the number of exploratory wells drilled
and tested in that year produced either crude oil or natural gas
(See Table 3-8).

B. Development

Difficulties similar to those in the exploratory drill-
ing program also have prevented Soviet drillers from achieving
the planned volumes of development drilling for the first three
years of the Seven Year Plan. In these years, the cumulative
plan fulfillment was only 94.6 percent, although, as shown in
Table 3-9, the annual plan for 1960 actually was exceeded.

The success in this year was offset by a very poor performance
in 1959.

At least through 1965, emphasis is to be shifted away
from development drilling to exploratory drilling. In 1965,
the volume of development drilling is to be equivalent to less
than 59 percent of exploratory drilling planned for that year.
For the twenty-year period 1961-80, however, it is apparent that
emphasis again has been given to development drilling and during
these years, there is to be about 2 meters of development
drilling for one meter of exploratory drilling. The volumes
of development drilling for oil and gas during 1950-61 and plans
for 1962, 1965, 1959-65 and 1961-80 are given in Table 3-10.

As shown in Table 3-10, only a small portion of the
annual volumes of development drilling have been allocated to
natural gas. In 1956, the last year for which data are avail-
able, development drilling for natural gas represented only 1.7
percent of total development drilling. For the Seven Year Plan,
7.6 percent of the planned development drilling has been
allocated to natural gas, but for the period 1961-80, it is
estimated that only slightly more than 3 percent of the total for
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TABLE 3-7

EFFECTIVENESS OF EXPLORATORY DRILLING FOR CRUDE OIL IN THE USSR
1951-55, 1956-60 AND 1959-65 PLAN

NET INCREMENT CUMULATIVE GROSS EFFECTIVENESS
EXPLORATORY TO PRODUCTION ADDITIONS TO OF EXPLORATORY
DRILLING PROVED RESERVES OF CRUDE OIL PROVED RESERVES DRILLING
FOR CRUDE OIL &/ (MILLION (MILLION (MILLION (TONS PER
PERIOD ~ (THOUSAND METERS) METRIC TONS) METRIC TONS) METRIC TONS) METER DRILLED)
1951-55 10,444.5 658 &/ 272.4 &/ 930.4 89.1
1956-60 12,753.3 1,542 b/ 572.8 &/ 2,114.8 165.8
1959-65 Plan 34,140.0 1,584 & - - -
Based on production of 240 million
metric tons in 1965. 1,295.0 & 2,879.0 84.3
Based on production of 265 million ‘
metric tons in 1965. 1,345.0 e/ 2,929.0 87.2

Derived from Table 3-3.

Assumed proved reserves/production ratio of 20-1.
Derived from Table 3-18.

According to plan the proved reserves of crude oil
in 1965 are to exceed the 1958 level by 1.7 times.

e/ Estimate.
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TABLE 3-8

SUCCESS OF EXPLORATORY DRILLING IN THE USSR
1951-58 AND 1960

NUMBER OF PRODUCING
NUMBER OF NUMBER OF EXPLORATORY EXPLORATORY
EXPLORATORY EXPLORATORY WELLS YIELDING WELLS AS PERCENT
YEAR WELLS DRILLED WELLS TESTED OIL OR GAS OF THOSE TESTED

OIL GAS TOTAL

1951 &/ NA 1,219 400 100 500 41.0
1952 &/ NA 1,372 469 105 574 41.8
1953 &/ NA 1,337 509 127 636 47.6
1954 &/ NA 1,421 569 136 705 49.6
1955 3/ NA 1,394 563 135 698 50.1
1956 &/ 1,225 1,153 466 115 581 50.4
1957 &/ 1,435 1,387 595 121 716 51.6
1958 B/ 1,627 1,517 585 163 748 49.3
1960 &/ 1,956 1,831 NA NA 808 44.1

e
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development drilling will be used to provide an expansion in
the natural gas producing base.

TABLE 3-9,
REPORTED VS. PLANNED DEVELOPMENT

DRILLING IN THE USSR -~ 1957-61
(Thousands of Meters)

REPORTED AS

YEAR PLAN REPORTED E/ PERCENT OF PLAN
1957 3,240 b/ 3,288 101.5
1958 3,572 &/ 3,518 98.5
1959 4,004 & 3,386 82.7
1960 3,516 &/ 3,700 105.2
1961 3,900 £/ 3,800 97.4

a/ Derived from Table 3-10
b/ 22/

s/ 23/

a/ 24/

e/ 25/

£/ 26/

C. Drilling Equipment

Most of the drilling in the Soviet Union today is done
by the turbodrill technique. The Soviet turbodrill is a post-
World War II development. In the pre-war years, the turbodrill
was still considered an experimental tool and accounted for
less than 5 percent of the drilling, but following the war
Russian engineers were successful in developing mud-lubricated
rubber bearings which markedly improved turbine performance and
prompted a rapid rise in the use of turbodrills. The equipment
provided an efficient and economical technique for drilling to
moderate depths, and reduced the incentive for importing from
the West drill pipe and tool joints of higher quality than
domestic manufacturers were able to supply. With turbodrilling,
the USSR was able to greatly reduce the fishing jobs when using
the inferior domestic drill pipe, and drilling speed per rig
was increased. By 1950, about 24 percent of the total drill-
ing was done by the turbodrill method, and in 1960, 85 percent
to 90 percent of total volume was effected by turbodrilling.
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TABLE 3-10

DEVELOPMENT DRILLING FOR OIL AND GAS IN THE USSR
1950-61, PLANS FOR 1962, 1965, 1959-65 AND 1961-80
(Thousands of Meters)

YEAR CRUDE OIL NATURAL GAS TOTAL
1950 3/ 2,124.0 31.3 2,155.3
1951 &/ 2,320.9 11.1 2,332.0
1952 3/ 2,588.6 37.2 2,625.8
1953 3/ 2,857.5 22.8 2,880.3
1954 &/ 2,647.4 25.3 2,672.7
1955 3/ 2,729.3 41.2 2,770.5
1956 &/ 2,727.0 48.0 2,775.0
1957 NA NA 3,288.2 &/
1958 NA NA 3,518.0 &/
1959 NA NA 3,386.0 &/
1960 NA NA 3,700.0 &/
1961 NA NA 3,800.0 &/
1962 Plan NA NA 4,150.0 &/
1965 Plan NA NA 5,930.0 &/
1959-65 Plan 30,360.0 £/ 2,500.0 &/ 32,860.0 b/
1961-80 Plan 315,000.0 &/ 10,000.0 4/ 325,000.0

By difference.

SSCEIGH
S

Estimate. A total of 150,000 exploitational and supporting
wells is to be drilled during 1961-80. 34 An average
depth of 2,100 meters per well has been assumed.

Estimate based relationship exhibited between exploratory
drilling and development drilling for natural gas.

g
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The USSR has exported very few of its turbodrills to other
countries of the Sino-Soviet Bloc. For the six-year period
1955-60, a total of 916 turbodrills (see Table 3-11) were
exported to other Bloc countries. This export represented only
3.8 percent of the production of turbodrills in these years.
Almost two-thirds of such exports in 1960 were made to China
and for the years 1955-60, deliveries of turbodrills to China
accounted for more than 40 percent of the total turbodrills
exported by the USSR.

By 1957, with average exploration well depths exceeding
1,800 meters, (see Table 3-13) weaknesses in the turbodrilling
technique began to appear. The result was that the drilling
rates began to level off after having previously shown a
general improvement. Table 3-12 shows that in 1957 and 1958
rates. levelled off at about 1,082 to 1,084 meters per rig per
month in development drilling; and since then have declined by
about 11 percent to 966 meters per rig in 1961. Similarly,
exploratory drilling rates levelled off in 1958-59 at about
417 to 419 meters per rig per month and in 1960 declined to the
1957 level, and further to 397 meters per rig-month in 1961,
Difficulties developed as needs arose to pump drilling fluids
to lower depths and as drilling formations began to require a
better quality of drilling muds. Both of these requirements
increased friction losses and thus reduced the performance of
bits and rigs. The resulting failure to increase the efficiency
of the rig utilization during this period has prompted some
reorientation in turbodrill thinking which has led to a redesign
of the turbodrills, to the development of smaller diameter
turbodrill units, and to research to develop the electrodrill.

As evidence of turbodrill difficulties persisted, the
Soviet engineers began to recommend limiting the turbedrill
technique to 2,000 meters in depth and suggesting the electro-
drill technique for deeper drilling.

- Although it has certain advantages over the turbodrill,
primarily in increased :rates and reduced costs, the electrodrill
appears to have its own disadvantages. These are found in the
transmission of electric power to the bottom hole motor, in
keeping break-and-make cable connections leakproof, in overcoming
higher friction losses inside of the drill pipe and in making
electric motors operable at bottom hole temperatures. Thus far
Soviet technical publications have been releasing favorable
comparisons between the electrodrill and the turbodrill, and
plans have been made to increase electrodrilling volume to 15
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‘TABLE 3-11

PRODUCTION AND EXPORTS OF TURBODRILLS
IN THE USSR - 1955-60

EXPORTS
PRODUCTION (AS PERCENT OF
YEAR (UNITS) (UNITS) PRODUCTION)
1955 2,589 &/ 46 & 1.8
1956 2,772 ¥/ 148 &/ 5.3
1957 3,489 &/ 210 &/ 6.0
1958 4,213 &/ 99 &/ 2.3
1959 4,898 &/ 171 &/ 3.5
1960 6,222 &/ 242 & 3.9
TOTAL 24,183 916 3.8

a/ 35/ é/ 31/
b/ 3¢/ 4/ 38/

TABLE 3-12
EXPLORATORY AND DEVELOPMENT DRILLING RATES

IN THE USSR - 1950, 1955-61 AND 1965 PLAN &/
(Meters Per Rig-Month)

YEAR EXPLORATORY DEVELOPMENT
1950 208.7 629.4
1955 305.7 893.3
1956 336.8 942.9
1957 400.5 1,082.0
1958 416.6 1,083.9
1959 419.0 995.6
1960 400.0 994.0
1961 &/ 397.0 966.0

1965 plan &/ 780.0 | 1,767.0

a/ Except where noted, from 44/.
b/ 45/
c/ 46/
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percent of total drilling by 1965. Nevertheless, at present
the electrodrill accounts for only 2 to 3 percent of the
annual volume of drilling; and there are no more than 20
electrodrills in use in the USSR.

TABLE 3-13

AVERAGE DEPTHS OF WELLS IN THE USSR
SELECTED YEARS 1950-80

(Meters)
YEAR EXPLORATORY DEVELOPMENT
1950 &/ 1,349 1,146
1955 B/ 1,748 1,454
1956 &/ 1,790 1,441
1957 B/ 1,832 1,478
1958 B/ 1,857 1,607
Urals-Volga
Bashkir ASSR 1,789 1,816
Tatar ASSR 1,722 1,773
Kuybyshev Oblast 1,807 1,725
Perm Oblast 1,810 1,529
Saratov Oblast 1,873 1,952
Stalingrad Oblast 1,889 1,246
Azerbaydzhan 2,619 1,424
Turkmen 2,357 1,543
Uzbek 1,373 88l
Kirgiz 2,284. 2,293
Ukraine 1,941 1,731
1965 plan &/ 2,367 1,897
1961-80 Estimate 2,750 &/ 2,100 &/ ¢/
a/ 39/
b/ 40/
c/ ALY/
a/ 42/
e/ 43/

The number of exploratory and development drilling rigs
in use in the USSR has increased from 1,135 rigs in 1950 to an
estimated 1,279 rigs in 1961, approaching that number of rigs--
1,360--planned for 1965. Because it is unlikely that the
planned drilling rates for 1965 will be met, rig requirements
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in that year undoubtedly will exceed the 1965 plan requirements
given in Table 3-14. An arbitrary calculation, using 1965

planned levels of drilling but 1960 drilling rates, indicates

a 1965 rig requirement almost double that planned. On the

other hand, it has been estimated elsewhere in this report that
achievement of the 1965 drilling levels is not probable. Never-
theless, the 1965 rig requirements will exceed that planned,

which may lead to shortages, particularly in heavy varieties, if
rig manufacture plans are not altered. It seems likely, however,
that the plans for drilling rig manufacture have been increased,
since hoped for improvements in drilling rates have not materialized.
Alternatively (or perhaps in combination with revised rig manu-
facturing plans) the USSR may look to Western supplies of equipment.
The number of exploratory and development drilling rigs in use

in the USSR in 1950, 1955-60 and that required for 1965 drilling
plans is given in Table 3-14.

TABLE 3-14

ESTIMATED NUMBER OF EXPLORATORY AND DEVELOPMENT
DRILLING RIGS IN USE IN THE USSR é/
1950, 1955-61 AND 1965 PLAN

YEAR EXPLORATORY DEVELOPMENT TOTAL
1950 849 286 1,135
1955 611 259 870
1956 565 246 811
1957 597 253 850
1958 674 270 944
1959 748 283 1,031
1960 , 844 310 1,154
1961 951 328 1,279
1965 Plan R/ 1,080 280 1,360
2,107 &/ 497 &/ 2,604 &/

a/ Obtained by expanding the drilling rates given in Table
3-12 to a meters/year rate, then dividing the annual
volumes of exploratory and development drilling (Tables
3-3 and 3-10) by the appropriate annual drilling rate.
Calculated by using 1965 Planned drilling volumes and rates.
Calculated by using 1965 planned drilling volumes and 1960
reported drilling rates.

K

In addition to those rigs actually in use, reports
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indicate that in 1960 there was a large number--on the order
of 1,000--of idle rigs which, for all practical purpeoses, were
obsolete. To replace those obsolete rigs and to allow for the
introduction of more modern equipment, the USSR plans to pro-
duce 3,000 drilling rigs during 1959-65.48/

For the most part, Soviet rigs now in operation are
suitable for drilling up to 2,000 meters in depth. They have
lifting hook capacities of from 75 to 130 tons and are powered
with either diesel or electric motors up to 800 H.P. The
larger rigs are equipped with 450 H.P. pumps. The development
rigs in this category are identified by series designations 3-D,
5-D, 4-E, and 6-E. 1In drilling to moderate depths they are
capable of rates of 1,000 to 1,500 meters per month per rig.

As the drilling progresses below 2,000 meters, however, the
rate of penetration falls to 50-70 meters per month per rig.

To improve drilling efficiency below 2,000 meters, the industry
produced heavier rigs designated as 9-D and 11-DE, with pump

- working pressures of 2,500 to 3,000 pounds per square inch.
Subsequently, a new series of drilling rig was designed and
approved for introduction in the 1959-1965 period. This group,
known as the BY-50 to BY-300 series, and equipped with
traveling hook capacities of from 50 to 300 tons, respectively,
was designed for drilling from 1,000 to 7,500 meters in depth.
By 1965, lighter rigs of this series are scheduled to replace
some 200 of the older rigs now in use in development drilling.
The heavier rigs of the series are scheduled for introduction
after 1965.

An intensive modernization program for geological-
exploratory rigs also is under way. Here the need for improve-
ment is more pressing than in the case of development rigs,
for the exploration rigs operate in less accessible regions
and must drill to lower average depths. A program of geological-
exploratory rig manufacture and development has been adopted
for the current Seven Year Plan, the magnitude of which is
indicated by the following table:

NUMBER OF RIGS

SERIES DESIGN DEPTH MANUFACTURED PER YEAR

DESIGNATION (Meters) 1959 1960 1965 Plan
YRB-1 30-50 25 40 200
YRB-2 © 100-250 250 335 400
YRB-3 500-600 503 355 600
YRB-4 Up to 1,200 100 110 250
YRB-5 1,800-2, 000 2 5 150
YRB-7 4,500 5 5 350
TOTAL | 885 850 1,950
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Although only one-fourth of the exploration rigs to be
manufactured in 1965 are desighed for depths greater than 1,800
meters, the percentage of such rigs is increasing, showing an
expectation of gradually deeper drilling. Of the above-listed
rigs, only the YRB-5 and YRB-7 are deep-drilling exploratory
rigs. The others are essentially for core-drilling.

Until now, the Soviet turbodrill has been the one tool
significantly helpful in the rapid development of the oil fields
of the Urals-Volga and of the USSR as a whole. This tool has
served most admirably the needs of the oil industry and it is
doubtful that, lacking the turbodrill, the USSR could have
achieved the rapid rates of growth in production which have
been characteristic since 1946.

But the Soviet Union is entering a new phase in its
search for additional crude oil and natural gas. In this phase,
which calls for the penetration of the earth's crust to average
depths of 3,000 to 4,000 meters and even greater, the
performance of the turbodrill so far has been wholly unsatis-
factory.

It is apparent that the maximum depth for practical
operation of the turbodrill is about 2,000 meters, and is about
5,000 meters under any conditions. It has also become apparent
to those in the Soviet drilling industry that the use of the
turbodrill in the Soviet Union may have reached its limit. 50/
As a consequence, drillers in the field have called for the
almost exclusive use of rotary drilling in the deep-drilling
program, but in so doing have encountered opposition at the
Gosplan level, where use of the turbodrill is still advocated.

In use of the turbodrill at depths below 2,000 meters,
the drop in drilling rates has been described as catastrophic.
51/ 1In this, the poor performance of the turbodrill itself is
not completely to blame; some of the decline in drilling speeds
may be attributed to the relatively poor quality of drilling
bits and of pumps being produced in the Soviet Union. Increases
in the depths of drilling serve to reduce the life of the bit,
which is quite low even at normal depths. Thus, the necessity
of more frequent bit changes, as average depths increase,
results in drastically reduced drilling rates. Selected indices
of deep drilling in the USSR in 1959 and 1960 are presented in
Table 3-15.
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TABLE 3-15

DEEP DRILLING IN THE USSR* &/ - 1959-60

ITEM 1959 1960
Average Depth (Meters) 3,880.0 4,010.0
Number of Wells Drilled 34.0 48.0
Meters Per Bit 20.4 24.3
Drilling Rate (Meters/Rig~-Month) 308.0 334.0

* Data on deep drilling for Azerbaydzhan, Stavropol'kray,
Chechen~Ingush ASSR and Krasnodar kray.

a/ 52/

Soviet engineers claim that depths of up to 7,000
meters could be reached with existing drilling equipment (using
the rotary drill) if the pipe-manufacturing industry could
produce a good dquality thin-wall drill pipe having a yield point
of about 110 kilograms per square millimeter. 1In 1956, the
deepest well in the USSR, located at the Zyrya gas-condensate
deposit near Baku, was 4,812 meters. By 1961, the deepest well
in the USSR, also at Zyrya, was reported at 5,020 meters, only
a 288-meter gain compared with 1956. It has been reported that
a "veto" exists on the drilling of wells to depths in excess of
4,000 meters because of the potential failure of the drilling
column at this point. One group of Soviet experts feels that
even if the USSR possessed the best bits in the world, the step
to the exploitation of deep-lying strata could not be taken
simply because the weight of the column would cause the drill
pipe to fail.

If the deep-drilling program is to be successfully
carried out, the oil industry must be provided with the
following:

(a) Good quality drill pipe and tool joints;

(b) A small-diameter bit, of greater life than
what is currently available;

(c) A smaller-diameter turbodrill capable of
reaching the required depths.

89




The industry cannot afford to wait for the development
and manufacture of this equipment and material. In the mean-
time, a combination of turbo and rotary drilling of wells will
be carried out, and wells will of necessity be of large
diameter~~10 to 11 inches--because the existing smaller-diameter
turbodrills cannot reach the desired depths.

If deeper drilling leads to the increased use of
combination rotary-turbodrill technidues, as seems very
possible, a new series of problems will be created. Of these,
probably the most important is the development of rotary
drilling know-how and the training of drilling crews in rotary
practice. Other problems are related to the development of
mud drilling technology, the production of drilling muds and
drilling mud additives, the production of better quality drill
pipe and tool joints for trouble-free rotary drilling, and the
manufacture of bits capable of carrying high loadings in rotary
drilling. On the other hand, a heavy commitment to the turbo-
drill technique, augmented by much publicity, is apt to slow
down efforts to change from turbodrill to rotary drilling below
2,000 meters. Continued reliance on the turbodrill and
electrodrill techniques, with the inherent lower efficiencies,
would require the operation of a greater number of rigs to meet
drilling volume targets.

In any event, it may be safely predicted that there
will be ever increasing pressures on Soviet oil industry
to seek technology and equipment in Free World markets.

D. Costs

Major problems confronting the Soviet o0il industry
with respect to drilling bits, drill pipe, inhibiting effect
of increased drilling depths and the resultant general effect
of reduced drilling speeds have been discussed above. The
influence of these problem areas is particularly evident in an
examination of average costs in the exploratory and development
drilling programs. The data presented in Table 3-16 indicate
that the costs reported by the USSR for exploratory drilling in
1960 increased about 6 percent compared with the 1959 level, to
114.7 rubles per meter. The 1960 exploratory drilling costs
were the highest since 1955 and as such would indicate little
probability on the part of the Soviet drillers of meeting the
1965 planned cost of 83.3 rubles per meter.
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TABLE 3-16

COSTS OF DRILLING IN THE USSR
1955-60 AND 1965 PLAN &/
(Rubles Per Meter)

N

EXPLORATORY DEVELOPMENT

YEAR DRILLING DRILLING
1955 127.0 50.2
1956 108.7 45.6
1957 112.2 49.4
1958 110.0 48.6
1959 108.3 49.4

. 1960 114.7 51.3
1965 Plan B/ 83.3 37.5

a/ Except where noted, from 53/

b/ 54/

Similar effects are evident in development drilling.
The 1960 cost per meter of development drilling represented
about a 4 percent increase over the 1959 cost per meter, reach-
ing to 51.3 rubles per meter, for the highest average cost in
the past six years. As has been indicated for exploratory
costs, there seems little likelihood that the 1965 planned
cost for development drilling can be achieved.

E. Requirements for Drill Pipe and Casing

The requirements of steel for use as drill pipe and
as casing in the USSR during 1959-65 are to exceed 3.8 million
tons. In addition, the requirements for steel pipe for pumps
and compressors probably will increase this requirement to
about 6.3 million tons. ii/ The consumption of drill pipe and
casing in the first three years of the Seven Year Plan has
accounted for about 31 percent of total requirements estimated
for the period 1959-65, as shown in Table 3-17.
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TABLE 3-17

ESTIMATED REQUIREMENTS FOR STEEL PIPE
IN SOVIET DRILLING OPERATIONS
1959-61 AND 1959-65 TOTAL
(Million Metric Tons)

ITEM 1959 1960 1961 1959-65

Drill Pipe 2/ 0.057 0.062 0.070 0.640

casing &/ 0.300 0.324 0.360 3.200
TOTAL 0.357 0.386 0.340 3.840

a/ 56/

b/ 51/

On January 1, 1960, the industry (RSFSR only) had an
inventory of drill pipe in the amount of 2,432,438 meters, with
a size distribution as follows: 58/

SIZE PERCENT METRIC
(INCHES) OF TOTAL METERS TONS

6 16.5 401,352 16,400

5 55.8 - 1,357,300 39,200

4 14.1 342,974 7,300

3 7.9 192,163 3,800

2 5.7 138,649 2,300
TOTAL 100.0 . 2,432,438 69,000

The RSFSR requirement for drill pipe in 1961 was about
43,200 tons. Comparison of this requirement with the inventory
given above would indicate an annual replacement of about
two-thirds of the inventory.

Just two years prior, in 1958, 36.8 percent of the
warehouse stock of drill pipe was of 6-inch diameter, which
would seem to indicate that considerable progress is being
made in the shift toward the drilling of smaller diameter holes.

Of the quantity of drill pipe on hand on Januvary 1,
1960, it was estimated that 34.6 percent was first class drill

92




pipe, 28.3 percent was second class and the remainder third
and fourth class.

That there is an apparent shortage of o0il field
tubular goods is quite clear in the efforts being made to
reduce steel requirements in the oil industry. These efforts
include the use of reinforced concrete in the construction of
storage tanks, the use of small diameter casing, the adaptation
of slim hole techniques) the use of asbestos-cement pipe in
field gathering lines and in gas distribution systems, and the
revision of standards of thicknesses of oil field tubular
goods.
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SECTION 9

PRODUCTION OF PETROLEUM

A. Crude 0il

l. Historical and Planned

The production of crude oil in the USSR during 1950-61
and that planned for 1962 and 1965 is given in Table 3-18.
Of all of the major forms of primary energy in the Soviet
Union, only the production of crude oil has been in excess of
the annual goal for each of the first three years of the Seven
Year Plan, as illustrated in the following and graphically in
Figure No. 3:

(MILLIONS OF METRIC TONS)

1959 1960 1961
Plan 128.0 144.3% 161.0%*
Actual 129.6 147.9 166.0

Cumulative above-plan production of crude oil so far during
the Seven Year Plan has totalled 10.2 million tons.

Because of these early successes, the official goal
for production of crude o0il in 1965 now stands at 240 million
tons, an upward revision from the level of 230-240 million tons
established by the Seven Year Plan.

The major portion of the growth in production of crude
0il in the postwar period can be attributed to continued devel-
opment of new producing capacity in the Urals-Volga, to the
extent that the Urals-Volga share of national output in 1960--
73 percent--very nearly approximated that which had been planned

* The Sixth Five Year Plan, (1956-60), abolished in 1958, had
established 135 million tons as the crude oil production
goal for 1960.

** The level called for by the Seven Year Plan. As a result of
exceeding plan in 1959 and 1960, the 1961 goal subsequently
was revised upward to 164 million tons.
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TABLE 3-18

PRODUCTION OF CRUDE OIL IN THE USSR
1950-1961 AND PLANS FOR 1962 AND 1965 3/

(Million Metric Tons)

YEAR AMOUNT
1950 37.878
1951 42,253
1952 47.311
1953 52.777
1954 59.281
1955 70.793
1956 83.806
1957 98.346
1958 113.216
1959 129.557
1960 147 .864
1961 &/ 166.000
1962 Plan &/ 185.000
1965 Plan 240.000
1965 Committee

Estimate 265.000
a/ Except where noted, from 1l/.
b/ 2/
s/ 3/
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4.375
5.058
5.466
6.504
11.512
13.013
14.540
14.870
16.341
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~ Figure No. 3
CRUDE OIL PRODUCTION AND GOALS
IN FIRST THREE YEARS OF SEVEN YEAR PLAN
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for 1965--74 percent. (See Table 3-19) The production in the
next most important area--Azerbaydzhan--has been relatively
constant (See Table 3-20) with the result that its share of
the national output has declined. The output planned for
Azerbaydzhan in 1965, if achieved, will no more than equal the
output obtained in 1940. There have been no significant
changes in production in other areas of the country and gener-
ally it can be said that the extraction of crude oil in areas

other than the Urals-Volga is proceeding according to directives

" laid down by the Seven Year Plan. Locations of the major oil
producing fields are shown on Map No. 3.

TABLE 3-19
PRODUCTION OF CRUDE OIL

IN THE URALS~-VOLGA
SELECTED YEARS 1940-65

SRR Y
Eeerey
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AMOUNT PERCENT OF
(MILLION NATTONAL
YEAR METRIC TONS) OUTPUT
1940 1.837 5.9 &/
1945 2.833 14.6 &/
1950 10.985 29.0 &
1955 41.060 58.0 &/
1956 52.546 62.7 &/
1957 64.908 66.0 £/
1958 NA NA
1959 NA NA
1960 107.941 73.0 ¥
Sixth Five Year Plan  95.900 70.0 ¥/
1965 Plan 177.600 74.0 &/
















TABLE 3-20

DECLINE IN IMPORTANCE OF PRODUCTION
OF CRUDE OIL FROM AZERBAYDZHAN
SELECTED YEARS 1940-65

PRODUCTION

(MILLION (AS PERCENT OF
YEAR -~ METRIC TONS) NATIONAL TOTAL)
1940 &/ 22.231 71.4
1945 &/ 11.541 59.4
1950 &/ 14,822 39.1
1955 2/ 15.305 21.6
1956 </ 15.586 18.6
1957 &/ 15.977 16.2
1958 &/ 16.497 14.6
1959 &/ | 17.076 13.2
1960 &/ 17.867 12.1
1961 &/ 18.700 11.3
1965 Plan &/ 22.000 9.2 £/
1965 Estimate 23.000 9/ 8.7 ¥

klelklek

As related to planned national output.

17/

Table 3~21 presents the production of crude oil in the
USSR, by republic, in 1958 and 1961. More meaningful, however,
is the estimated regional production of crude oil in 1960,
given in Table 3-22 and Map No. 3. This distribution clearly
illustrates that, exclusive of the Urals~Volga and the Trans-
caucasus (primarily Azerbaydzhan), production in other areas of
the USSR is of little significance.

QiR

The Committee believes that the production of crude oil
in the USSR in 1965 will be well in excess of the plan of 240
million tons. and may reach to as much as 265 million tons. Much
of the probability of achieving a production level of 265 million
tons by 1965 depends upon the desire of the responsible Soviet
authorities to move forward with the petroleum program and the
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TABLE 3-21

PRODUCTION OF CRUDE OIL
IN THE USSR, BY REPUBLIC &/
1958 AND 1961

1958 1961
AMOUNT PERCENT AMOUNT PERCENT
(MILLIOQN OF (MILLION OF
REPUBLIC METRIC TONS) TOTAL METRIC TONS) TOTAL
RSFSR 87.978 b/ 77.7 134.500 81.0
Ukraine 1.236 1.1 2.837 1.7
Uzbek 1.297 1.1 1.705 1.0
Kazakhstan 1.511 1.3 1,700 1.0
Georgia 0.035 b/ negl. 0.034 ¢/ negl.
Azerbaydzhan 16.497 b/ 14.6 18.700 11.3
Kirgiz 0.490 0.4 0.422 0.3
Tadzhik 0.018 negl. 0.015 negl.
Turkmen 4.154 3.8 6.110 3.7
TOTAL 113.216 100.0 166.023 100.0
a/ Except where noted, from 18/
b/ 19/
¢/ Estimate.
TABLE 3~22
ESTIMATED REGIONAI: PRODUCTION
OF CRUDE OIL IN THE USSR -~ 1960
AMOUNT PERCENT
ECONOMIC REGION DESIGNATION (MILLION METRIC TONS) OF TOTAL
Soviet North I 1.000 0.7
South ITT 2.159 1.6
North Caucasus v 7.000 4.7
Transcaucasus \Y 17.867 12.1
Volga VI 72.200 48.8
Center VII 1.500 1.0
Urals VIII 35,700 24.1
KRazakhstan Xa 1.610 1.0
Central Asia Xb 7.364 5.0
Far East XII 1.500 1.0
TOTAL 147.900 100.0
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assistance the USSR is able to secure from the Free World in
the supply of critical materials and equipment. Whether the
USSR will produce as much as 265 million tons of crude o0il in
1965 undoubtedly will depend on the value they place on
petroleum exports for political purposes as well as a medium
for obtaining Western technology and equipment.

- 2. Methods of Production and Means for Increases

The most widely used artificial means of maintaining
and increasing production of crude o0il in the USSR is the
Pressure maintenance technique of water injection. Use of water
injection has been very successful in the USSR and it is
reported that about 66 percent of the total crude production
is provided by formations subjected to water injection. By
1965, 81 percent of total annual production is to be provided
by water flooding. 20/

Other means, such as hydraulic fracturing of strata
and acidizing have found only minimal use and make no signifi-
cant contribution to the annual yield of crude oil.

The annual volume of water injection and the number of
hydraulic fracturing operations for 1950, 1955-60 and 1965 Plan
is given in Table 3-23.

The expanding use of water flooding in the USSR has
served to raise the amount of crude o0il extracted from free-
flowing wells from 32.5 percent of the total in 1950 to 73.7
percent in 1960, as illustrated in Table 3-24. At the same
time, average well productivity has been greatly increased.

The number of producing o0il wells in the Soviet Union
has increased from 21,500 in 1950 25/ to slightly more than
34,400 in l96l,2§/ as average well productivity has grown from
1,968 tons per year (about 39.4 barrels per day) in 1950 to
4,820 tons per year in 1961 (96.4 barrels per day).

3. Costs of Production

It should be noted that because of the peculiarities
of the applied Soviet accounting system with respect to calcula-
tion of the cost of production of crude oil (and associated
natural gas), certain major areas of expenditure have been
eliminated. These areas include expenditures incurred in
prospecting and in exploratory drilling. Only if an exploratory
effort yields crude oil or gas is the cost of exploratory
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TABLE 3-23

PROGRAM OF WATER INJECTION AND
HYDRAULIC FRACTURING IN THE USSR
1950, 1955-60, AND 1965 PLAN .

WATER INJECTION HYDRAULIC FRACTURING
YEAR (MILLION CUBIC METERS) (NUMBER OF OPERATIONS)
1950 &/ 8.9 -
1955 &/ 81.6 878
1956 2/ 107.3 1,901
1957 B/ 116.0 2,905
1958 2/ 141.6 2,713
1959 &/ 164.7 2,262
1960 &/ | 189.4 2,707
1965 Plan &/ 310.2 NA
a/ 21/
b/ 22/
e/ 23/

TABLE 3-24

METHODS OF PRODUCTION OF CRUDE OIL
IN THE USSR & - 1950 AND 1955-60
(Percent of Total)

YEAR  FREE-FLOWING PUMP COMPRESSOR 2/ OTHER TOTAL
1950 32.5 44.7 21.1 1.7 100
1955 58.3 34.0 6.5 1.2 100
1956 64.5 29.6 5.0 0.9 100
1957 69.0 26.5 3.9 0.6 100
1958 70.4 25.6 3.4 0.6 100
1959 72.7 24.2 2.6 0.5 100

1960 73.7  23.5 2.3 0.5 100
a/ 24/

b/ Gas or air-lift.
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drilling taken into account, and then only at the cost of drill-
ing a comparable development well. Authoritative Soviet sources
indicate that inclusion of the prospecting and exploratory
drilling costs would serve to raise the actual cost of production
per ton by 30 to 40 percent above those quoted in this section.27/

However, this arbitrary method of ignoring prospecting
and exploratory costs should simplify the problem of allocation
of costs between oil and gas to a considerable extent. In this
respect it is quite different than the problem encountered in
the U.S. in such allocation.

While the Committee recognizes the shortcomings in these
reported figures, they are significant from a trend standpoint
and also because they represent what the Soviet planners are
willing to consider as their costs.

The USSR has reported a significant reduction in produc-
tion costs in the 1l0-year period 1950-60, from 5.9 rubles per
metric ton (the equivalent of about 90 cents per barrel at the
official exchange rate) in 1950 to 3.2 rubles (less than 49
cents per barrel) in 1960. A further decline, to 2.7 rubles per
ton, has been planned for 1965. Table 3-25 presents reported
and planned costs of production of crude oil (and associated
natural gas) in the USSR for 1950, 1955-60 and 1965 Plan.

TABLE 3-25

. COST OF EXTRACTION* OF CRUDE OIL AND
ASSOCIATED NATURAL GAS IN THE USSR
1950, 1955-60 AND 1965 PLAN

RUBLES PER ' RUBLES PER
YEAR METRIC TON** YEAR METRIC TON**
1950 5.9 &/ 1958 3.5 &/
1955 4.6 2/ 1959 N.A.
1956 4.1 S 1960 3.2 &/
1957 3.7 %/ 1965 Plan 2.7 &/

* Excludes prospecting and certain exploratory drilling costs.
** Cost is based on tons of crude oil plus associated natural
gas. It is estimated that there are about 0.05 tons of

associated natural gas for each ton of crude oil.
a/ 28/ </ 30/
b/ 29/ a/ 31/
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The cost of production of crude oil (and associated
natural gas) varies widely in the USSR with respect to location
of deposits. By far the cheapest crude oil available in the
USSR is that obtained from the highly prolific oil fields of
the Urals-Volga. Conversely, apparently the most expensive
crude is that produced on Sakhalin Island, as shown in the
following tabulation: ‘

1958 UNIT COST OF
PRODUCTION AS PERCENT

AREA OF PRODUCTION OF THE NATIONAL AVERAGE
Bashkir ASSR (Urals-Volga) 53.7
Tatar ASSR (Urals-Volga) 39.6
Kuybyshev Oblast (Urals-Volga) 42.1
Ukraine SSR 153.0
Turkmen SSR 165.0
Azerbaydzhan SSR 217.0
Chechen-Ingush ASSR 242 .0
Sakhalin Island 331.0

Most of the decline in the national average cost of
production has been possible through reductions in production
costs in the Urals-Volga, which have been amplified because of
the relatively high share these fields provide in the total
annual output. The decline in the cost of production at the
fields of the Ukraine have not been particularly significant
as the volume of production is only of minor proportion. Simi-
larly the effect of the 47 percent increase in production costs
from the Chechen-Ingush fields largely has been cancelled by
the declining role which can be attributed to the output from
these fields. Fluctuations in the cost of production of crude
0oil (and associated natural gas) in the USSR by selected area
of production for the years 1950-58 are given in Table 3-26.

4. Reserves

Not since the late 1930's has the Soviet Union published
any definitive information on the amount of proved reserves of
crude o0il. Some basis for estimating Soviet proved reserves
was given to the US. oil delegation which toured the USSR in
August, 1960; and as a result of examination of the information
acquired, at that time it was considered that the current
proved reserves/crude o0il production ratio in the Soviet Union
was on the order of 22 to 1. 35/ gsince then, further analysis
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TABLE 3-~-26

FLUCTUATIONS IN THE COST OF PRODUCTION¥*
OF CRUDE OIL AND ASSOCIATED NATURAL GAS
IN THE USSR BY AREA OF PRODUCTION a/
1950, 1955 AND 1958

(Rubles Per Metric Ton)

1958
AS PERCENT
AREA 1950 1955 AMOUNT OF 1950
Bashkir ASSR 2.85 1.91 1.88 66.0
(Urals-Volga)
Tatar ASSR 3.31 1.52 1.39 42.0
(Urals-Volga)
Kuybyshev Oblast 2.92 2.23 1.47 50.3
(Urals-Volga)
Ukraine SSR 23.30 11.65 5.36 23.0
Turkmen SSR 5.64 7.11 5.78 102.5
Azerbaydzhan SSR 6.85 9.04 7.60 111.0
Chechen~Ingush ASSR 5.76 - 8.87 8.47 147.0
Sakhalin Island 15.02 14.54 11.58 77.1
Kazakhstan 11,212/ 9,532 9,42 84.0
* Excludes prospecting and certain exploratory drilling costs.
a/ 33/ |
b/ 34/
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of the acquired data, plus additional references, has indicated

that this ratio probably should be revised downward, to 20 to 1

for the period 1950-61. During the Seven Year Plan, the proved
reserves of crude oil are to increase by 1.7 times. 36/ 1f
this level is achieved, then the reserves/production ratio in
1965 (production in 1965 taken at the planned level) would be
on the order of 16 to 1.

The estimates of proved reserves of crude o0il in the
Soviet Union, as agreed on by the Committee, reflect these two
ratios and are as follows:

END OF YEAR BILLION METRIC TONS
1950 0.758
1955 1.416
1958 2.264
1960 2.958
1961 3.320
1965 Plan 3.848

5. Projections for the Future

In the last few years the Soviet press has reported
new discoveries of crude o0il in Siberia and on the Mangyshlak
Peninsula located on the Eastern shore of the Caspian. The o0il
discovery made on the Mangyshlak Peninsula is considered by the
USSR to be one of the important discoveries of the 1960's.

This discovery, described as a multi-billion barrel field,
reportedly has some 40 pays, which are extremely porous and
permeable. In addition, other discoveries have been reported
at Prorva, Barankul, and Kenkiyak, to the north of the
Mangyshlak Peninsula along the shore of the Caspian Sea. These
finds could support the development of Western Kazakhstan as a
leading ©0il producing area.

In October, 19261, the USSR announced plans for the
development of production of crude oil for the twenty-year
period 1961-80. By the close of this_period, crude oil output
is to reach to 690-710 million tons, 3 with output_in the
intervening years to reach 390 million tons in 1970 §§/and 545
million tons in 1975. 32/ Although the Soviet o0il industry has
in recent years demonstrated its ability to achieve the planned
levels of production, the very magnitude of the output of crude
0oil foreseen for 1980 is sufficient to warrant a close examin-
ation of the effort required if such a goal is to be attained.
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First, it is apparent that a very substantial volume
of crude oil must be found. Based on statements by Soviet
authorities with reference to the current rate of depletion of
0il fields in the USSR, it may be estimated that the remaining
in-ground reserves in the terminal year of 1980 will be about
15 times the production or about 10.5 billion tons (using 1980
production as the mid-point of the range of 690-710 million
tons). January 1, 1961, reserves have been estimated at 20
times 1960 production, or 2.96 billion tons (21.6 billion
barrels). New finds, therefore, must amount to the increase
in in-ground reserves of about 7.5 billion tons, plus interim
production on the order of 8.3 billion tons, or about 15.8
billion tons (115.3 billion barrels). From the geological
information available, the Committee concludes that there should
be at least this much o0il in place in the USSR. For comparison,
total U.S. crude o0il reserves found and developed as of
January 1, 1962, were on the order of 100 billion barrels, of
which 67.8 billion barrels represented cumulative production.

The 15.8 billion tons of crude o0il programmed to be
found during the 20-year period 1961-80 represents an impressive
task when compared with oil finds since World War II. From
1946 through 1960, the USSR produced about 1 billion tons of
crude oil and increased the terminal reserves by 2.57 billion
tons. Thus new reserves of 3.57 billion tons were found in
this period. '

Discussion of the drilling program envisaged for
1961-80 has been presented elsewhere in the report. It has
been stated that the total exploration drilling for crude oil
and natural gas during 1961-80 will be 150-180 million meters
and that gas exploration drilling alone will reach 86.5 million
meters. Thus by difference an average value for crude oil
exploration may be estimated as 78 million meters. Plans for
crude o0il development drilling have not been announced publicly,
although'it has been stated that a total of 150 thousand
"development and related" wells would be completed. If an
average well depth of 2,100 meters is assumed, then development
drilling requirements would be 315 million meters.

With these assumptions, it is possible to compare the

Soviet expectations of discovery/drilling ratios with past
experience:
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ITEM 1946-60 1961-80

Exploration Drilling (million meters) 29.40 78.00
Development Drilling (million meters) 35.40 (BEst.) 315.00
TOTAL DRILLING 64.80 393.00

Cumulative Crude 0il Production

(billion metric tons) 1.00 8.30
Increase in in-ground proved reserves

(billion metric tons) 2.57 7.50

TOTAL NEW FINDS (billion metric tons) 3.57 15.80

Crude 0il Discovered Per Meter of
Exploratory Drilling (tons per meter) 121.00 203.00

Crude 0Oil Discovered Per Meter of
Total Drilling (tons per meter) 55.00 40.00

In the above tabulation, the apportionment between
exploratory and development drilling for 1961-80 is suspect,
as it indicates a substantially different ratio than the 1946-60
period. It is unlikely that the USSR should expect to find in
the future 203 tons of crude 0il per meter of exploratory
drilling, when past data show a discovery ratio of 121 tons per
meter—--particularly in view. of continuing reports that future
fields are likely to be found:at increasingly greater depths.
However, the rate of 40 tons of crude 0il found per meter of
total drilling appears reasonable and conservative when compared
with the 1946-60 experience of 55 tons per meter. It is
possible that the 150 thousand'wells defined as "development
and related", from which the development drilling estimate is
derived, include some wells of a type that in earlier statis-
tics were considered as exploratory wells. Nevertheless, the
estimate of 393 million meters of total drilling for crude oil
appears consistent with an independent Soviet statement that
total oil and gas drilling during the 20-year period would reach
500 million meters.

It is probable that the USSR has made realistic
estimates of the drilling effort redquired to achieve the future
production goals. Results during;l1958<61 showed that production
targets were exceeded although drilling plans were not met.

This situation will not necessarily continue in the long-term
future and the USSR apparently recognizes this fact. The
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achievements of the oil program today are closely related to
the finding of a number of major deposits during the 1950's.
The oil industry may not be so fortunate in the future.

As shown in Table 3-27, which represents the Soviet
estimates of the probable regional distribution of production
of crude oil in the USSR in 1980, the Urals-Volga is to continue
to be the major source of production, although the share anti-
cipated for 1980--slightly more than 50 percent--will represent
a decline from the current position. Although the likelihood
of finding new o0il fields of major importance in the Urals-
Volga has been lessened, prospects of finding a large number of
medium-size and small-size fields are excellent. A large
portion of the increase in production is expected to come from
an extension of existing oil producing areas, primarily through
deeper drilling in such areas as Baku and Groznyy, and from
improvements in petroleum technology.

TABLE 3-27

SOVIET ESTIMATES OF PROBABLE REGIONAL DISTRIBUTION
OF PRODUCTION OF CRUDE OIL IN THE USSR ~ 1980

MILLION PERCENT

REGION METRIC TONS OF TOTAL
Urals-Volga 350 50.0 a/
West Siberia )
East Siberia ) 42 6.0 &/
Far East )
Ukraine 42 6.0 &/
Kazakhstan 35 5.0 a/
Turkmen 28 3-4.0 &/
North Caucasus )
Uzbek ) 154 22.0 &/
Kirgiz )
Tadzhik )
Azerbaydzhan 49 7.0 &/

TOTAL 700 &/ 100.0

a/ 4o/

b/ By difference.
¢/ Mid point of 690-710 million ton range.

In summation, it is not feasible to forecast success
or failure of achieving the long range production goals. The
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program is extremely ambitious, but the goals appear consistent
with announced plans for prospecting and drilling and are not
unreasonable in view of the probable oil reserves of the USSR.
Technical manpower should be adequate to meet the requirements.
Probably the greatest hazard in the 1961-80 plans can be found
in the deficiencies present in drilling and producing equipment
and technology, in the shortage of drill pipe, casing and line
pipe, in engines and compressors, and in material and supplies
related to drilling and producing operations. These include
drilling muds, cement, chemicals and construction materials for
roads, camps and other facilities. In an attempt to overcome
these problems, it can be expected that the Soviet Union will
look increasingly to the Free World for the supply of equipment
and technology.

B. Natural Gas

1. Actual and Planned Production

The reported gross production of natural gas in the USSR
for 1940 through 1961 and planned production for 1962 and 1965
are shown on Table 3-28.

Although the production of natural gas in the USSR
during the six year period 1956-1961 increased by almost 6.6
times, to 59 billion cubic meters, the annual performance of
the industry during these years has been a source of disappoint-
ment to Soviet planners. Largely because of continued lags in
the installation of compressors on existing gas pipelines, the
failure to ready potential consumers for the use of natural
gas, and the lack of underground storage facilities required
to meet peak load demands, the natural gas industry has not
been able to meet a single annual goal for production since 1956.

No information is available which would indicate what
level of production of natural gas had been planned for 1956,
but an analysis of other data indicates that the reported
production of gas in that year--12.069 billion cubic meterg--—
probably was adequate to meet the plan. Planned production
increases in natural gas for 1957 and 1958 were based for the
most part on increased pipeline transmission capacity made
available through completion of the 1,300 kilometer Stavropol'-
Moscow gas pipeline. Although this pipeline was completed on
schedule, the failure to install any compressors on the line
greatly reduced its carrying capacity. As a result, neither
the 1957 nor the 1958 goals for production of natural gas were
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TABLE 3-28

GROSS PRODUCTION OF NATURAL GAS IN THE USSR &/
1940-61, 1962 AND 1965 PLANS

AMOUNT

YEAR (MILLION CUBIC METERS)
1940 3,219.1
1941 3,461.3
1942 2,045.3
1943 1,852.2
1944 2,405.3
1945 3,277.8
1946 3,902.4
1947 4,829.8
1948 5,219.3
1949 5,395.6
1950 5,760.0
1951 6,251.0
1952 6,382.8
1953 6,866.4
1954 7,510.1
1955 8,979.0
1956 12,069.0
1957 18,583.1
1958 28,084.6 2/
1959 35,391.0 &/
1960 45,303.2 2/
1961 59,000.0 &/
1962 Plan 70,500.0 &/
1965 Plan 148,280.0
1965 Committee Estimate 135,000.0

a/ Except where noted, from4l/ (includes both
associated and non-associated natural gas).

b/ 42/

o/ 43/

& 44/
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met. As shown in Table 3-29, actual production in 1957 was
more than 10 percent below plan and the 1958 production was
more than 6 percent below plan.

TABLE 3-29
NATURAL GAS PRODUCTION FATLURES IN THE USSR

DURING THE SIXTH FIVE YEAR PLAN* (1956-58)
(Billion Cubic Meters)

PERCENTAGE
FULFILLMENT
YEAR PLAN REPORTED Q/ SHORTAGE OF ANNUAL PLAN
1956 12.1 12.1 - 100.0
1957 20.8 B/ 18.6 2.2 89 .4
1958 30.0 &/ 28.1 1.9 93.7
TOTAL
1956-58 62.9 58.8 4.1 93.5

* Abolished in 1958.
a/ Data from Table 3-28.

b/ 45/
o/ 46/

The original directives of the Sixth Five Year Plan
(1956-1960) called for the total production of gas in 1960 to
reach to 40 billion cubic meters, of which 36.5 billion cubic
meters would be natural gas and 3.5 billion cubic meters would
be gas 9roduced from shale and the underground gasification of
coal. 41/ But unexpected success in the discovery of new gas
fields, particularly in Central Asia, and an upward re-evaluation
of the reserves of the Stepnoye, Shebelinka, and Stavropol' gas
fields, among others, brought about a number of subsequent
revisions of the production goal for 1960. As this goal was
raised, so were the annual goals leading to it. An examination
of available Soviet literature indicates that the goal for
1960 apparently was revised a total of three times, each revision
indicating a somewhat higher goal than the last. These
revisions were as follows:
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1960 GOAL

REVISION (BILLION CUBIC METERS)
First 47.0 %g/

Second 56.5 56/

Third 65.0 ——/

These goals subsequently were cancelled with the
abolishment of the Sixth Five Year Plan and the introduction
of the Seven Year Plan beginning in 1959.

Although the Seven Year Plan set a goal of 148.3
billion cubic meters of natural gas for 1965, it did not
establish any goals for each of the years of the period 1959-
1965. Rather, these goals have been set on an annual basis with
the publishing of the plan for each respective year, usually
in December of the preceding year or in January of the year
in question.

The introduction of the Seven Year Plan directives,
beginning in 1959, should have provided the basis for an
objective approach on the part of the Soviet planners to the
question of setting annual production goals at more realistic
levels, especially in light of continuing deficiencies in
compressor installation and failures to equip more consumers
to use gas. This was not the case, however. Although the
goal for 1960 was set at 51.4 billion cubic meters of natural
gas, a significant downward revision from the earlier hoped-for
level of 65 billion cubic meters, even this reduced goal was
not achieved. Furthermore, none of the annual goals during
the first three years of the Seven Year Plan have been met.
For the period 1959-1961 as a whole, cumulative production of
natural gas has represented only 92.3 percent of the Plan, as
illustrated in Table 3-30, and graphically in Figure No. 4.

Planned annual increments in natural gas extraction
during the first three years of the Seven Year Plan have averaged
about 14 .4 billion cubic meters.* The absolute growth planned
for 1962 is only 11.5 billion cubic meters and as such is the
lowest absolute planned growth since 1957. Thus it is probable
that the 1962 plan of 70.5 billion cubic meters is in line with
the capability to deliver and, more likely, the goal has been
set at a level low enough to be exceeded.

* Based on difference between annual plan and production in
the preceeding year.
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Figure No..4
SHORTFALLS IN THE PRODUCTION OF NATURAL GAS

IN THE FIRST THREE YEARS OF THE SEVEN YEAR PLAN
1959-1961
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TABLE 3-30

NATURAL GAS PRODUCTION FAILURE IN FIRST
THREE YEARS OF THE SEVEN YEAR PLAN (1959-61)
(Billion Cubic Meters) )

PERCENTAGE
PLANNED OUTPUT REPORTED FULFILLMENT
YEAR OF NATURAIL GAS PRODUCTION SHORTAGE OF ANNUAL GOAL
1959 39.2 &/ 35.4 3.8 90.3
1960 51.4 2/ 45.3 6.1 88.1
1961 61.3 &/ 59.5 1.8 97.1
TOTAL
1959-61  151.9 140.2 11.7 92.3
a/ 51/
b/ 52/
c/ 53/

Despite the failure to meet any of the annual goals so
far during the Seven Year Plan, no known official revision of
the 1965 goal of 148.3 billion cubic meters of natural gas has
been made. There has been a shift, however, in the plan for
regional production of natural gas for 1965. Within this shift,
production of natural gas in the RSFSR is to decline by about
8 billion cubic meters, to 75.9 billion cubic meters. This
decline is to be offset primarily by increases in production
in the Ukraine (the Shebelinka deposit) and in the Uzbek Republic
(the Gazli field). This shift is illustrated in Table 3-31.

Nevertheless, it is extremely unlikely that the 1965
goal will be met. Based on past industry performances, and
with little evidence that the problems which have beset the
industry in the past will be solved by 1965, it is estimated
that the production of natural gas in 1965 will be about 135
billion cubic meters.

Table 3-32 illustrates the declining role played by
the utilization (production) of associated natural gas in the
USSR. At present, about 40 to 50 percent of the natural gas
produced in association with crude oil is flared off. This

can be attributed to the absence of an adequate gas
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TABLE 3-31

SHIFT IN THE PRODUCTION OF NATURAL GAS

IN THE USSR BY REPUBLIC &/

- 1965

BILLION CUBIC METERS

ORIGINAL PIAN &/ REVISED &/

75.930
11.600
36.000
21.580
2.070
1.210
1.400

149.790 </

- 1950-60 AND 1965 PLAN

PERCENT OF TOTAL
NATURAL GAS

37.2
38.9
38.7
36.3
34.7
34.7
33.4
24.2
19.8
18.4
17.9

REPUBLIC
RSFSR 83.750
Azerbaydzhan 11.600
Ukraine 31.450
Uzbek 18.300
Kirgiz 2.070
Kazakh 0.060
Turkmen 1.050
TOTAL 148.280
a/ 54/
b/ 55/
¢/ No significance is attached to the minor
upward revision.
TABLE 3-32
UTILIZATION* OF ASSOCTIATED NATURAL GAS
IN THE USSR &/
AMOUNT
YEAR (MILLION CUBIC METERS)
1950 2,144.8
1951 2,433.0
1952 2,469.9
1953 2,495.6
1954 2,603.9
1955 3,114.9
1956 4,029.9
1957 4,488.1
1958 5,563.0
1959 6,528.0 &/
1960 8.090.5 b/
1965 Plan

15,400.0

* Recorded as production.
a/ Except where noted, from 56/.

b/ 51/
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collecting system, which, in turn, has resulted from a shortage
of steel pipe. Efforts are being made to increase the produc-
tion of asbestos-cement pipe, which has proved a successful
substitute for steel pipe in associated gas transport.

2. Regional Distribution

The production of natural gas in the USSR for the years
1950, 1955, 1958 and 1960 is distributed according to republic
and to economic region in Table 3-33. Readily apparent in this
distribution is the very sharp growth in production of natural
gas in the North Caucasus and in the Ukraine. Together these
two producing areas accounted for almost 62 percent of total
national production in 1960. These growths basically reflect
the rapid development of production from the Shebelinka field
in the eastern Ukraine and the Krasnodar and Stavropol' Kray
fields, the latter two providing the bulk of natural gas
production in the North Caucasus region. The growth in
production in Azerbaydzhan has been based on development of
the Karadag gas~condensate field. Growth in the Volga area
has been provided by the Stepnoye field in the Saratov area and
the Archeda-Zhirnovsk-Korobki group to the northwest of
Stalingrad. There has been little significant change during
the past ten years in production from other areas of the country.
As yet, the Central Asian republics, in particular Uzbekistan,
produce only minor volumes of natural gas, although as shown
in Table 3-31 above, in 1965 Uzbek is to produce almost 21.6
billion cubic meters of gas. This expansion is dependent, of
course, on the completion of the dual 40-inch gas pipeline to
the Ural industrial region.

3. Reserves ¥*

Despite considerable fluctuations in the seven-year
period 1955-1961 with respect to meeting planned goals for
additions to proved reserves of natural gas, cumulative additions
during these years were in excess of plan. As of January 1,
1961, the ratio of proved reserves to production for non-
associated natural gas was about 54 to 1. The plan for
increments to proved reserves and the reported increment for
each of the years 1955-1961 is given in Table 3-34.

* In contrast to the lack of published data on proved reserves
of crude o0il, the USSR reports on a continuing basis data on
proved reserves of natural gas.
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TABLE 3-33

REGIONAL AND REPUBLIC PRODUCTION
OF NATURAL GAS IN THE USSR
1950, 1955, 1958 AND 1960

(Billion Cubic Meters)

1950 1955 1958 1960

REPUBLIC ECONOMIC REGION (a/b/) (a/c/) (a/b/) (a/d/e/)
RSFSR North (IDb) 1.076 1.076 1.139 1.000
North Caucasus (IV) 0.322 0.595 5.851 13.695
Volga (VI) 0.887 1.627 5.164 7.556
Urals (VIII) 0.497 0.800 1.318 1.825
Far East (XII) £/ 0.085 0.193 0.271 0.336
TOTAIL RSFSR 2.867 4.291 13.743 24,412
Ukraine ) 1.536 2.928 9.501 14.286
Moldavia } South (III) 0 0 0 0.002
TOTAIL SOUTH (III) 1.536 2.928 9.501 14.288
Azerbaydzhan Transcaucasus (V) 1.233 1.494 4.446 5.841
Kazakhstan Kazakhstan (Xa) 0.007 0.025 0.042 0.039
Uzbek ) : 0.052 0.103 0.126 0.447
Kirgiz ) Central Asia (Xb) 0 0 0.002 0.041
Turkmen ) 0.064 0.141 0.224 - 0.234

TOTAL KAZAKHSTAN

AND CENTRAL

ASTIA (X) 0.123: 0.269 0.394 0.761
TOTAL USSR 9/ 5.761 8.981 28.085 45,303

T

REBlEE

All from Sakhalin Island.

Because of rounding, totals may not equal the sum of the

components.
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TABLE 3-34

FLUCTUATIONS IN MEETING PLANNED ADDITIONS
TO PROVED RESERVES OF NATURAL GAS -~ 1955-61
(Billion Cubic Meters)

REPORTED
AS PERCENT
YEAR PLAN REPORTED & OF PLAN

1955 75 102.8 137.1
1956 84 96 .4 114.8
1957 116 111.0 95.7
1958 202 289 .4 143.3
1959 359 b/ 696.6 194.0
1960 411 b/ 226.0 55.0
1961 303 133.2 44 .0
TOTAL 1955-61 1,550 1,655.4 - 106.8

a/ Derived from Table 3-35.

b/ 63/

Because of the success in the first two years of the
Seven Year Plan in adding to proved reserves, the goal for
proved reserves as of January 1, 1966 has been revised upward
by almost 23 percent, to 4,185 billion cubic meters, although
the increment obtained in 1961 and that planned for 1962 would
indicate that some difficulty might be encountered in meeting
even the original goal. Proved reserves of natural gas in the
USSR for 1940, 1947-61 and the 1962 and 1965 Plans are given
in Table 3-35.

; A distribution of proved reserves of natural gas by
economic region of the USSR on January 1 of the years 1955,
1960, and 1966 is given in Table 3-36. This distribution
emphasizes the growing importance of the eastern regions of
the USSR, particularly of Central Asia, in the availability
of proved reserves, and the concomitant decline in the
Caucasus, despite a significant absolute growth.
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BEGINNING OF YEAR

TABLE 3-35

PROVED RESERVES OF NON-ASSOCTATED
NATURAL GAS IN THE USSR &/
1940, 1947-61, AND 1962 AND 1965 PLANS

AMOUNT

(BILLION CUBIC METERS)

1940
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1966 Original Plan
1966 Revised Plan

Qg

Eﬁ

Unless otherwise noted, from 64/.

- 120

15.0
58.8
72.6
74.8
92.6
148.9
223.7
247.9
343.5
388.8
491.6
488.0
699.0
988.4
1,685.0
1,911.0
2,044.2
2,275.0
3,411,3
4,185.0
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TABLE 3-36

REGIONAL DISTRIBUTION OF PROVED
RESERVES OF NATURAL GAS IN THE USSR
1955, 1960 AND 1966

JANUARY 1, 1955 a/ JANUARY 1, 1960 4 JANUARY 1, 1966 b/

PERCENT PERCENT PERCENT
REGION BCM TOTAL BCM TOTAL BCM TOTAL
North 16.0 4.1 13.5 0.8 62.8 1.5
volga 36.0 9.3 165.1 9.8 481.3 11.5
Caucasus 229.2 58.9 603.2 35.8 1,100.8 26.3
Ukraine 103.0 26.5 360.6 21.4 707.3 16.9
PriCaspian
Depression - - - - 100.4 2.4
TOTAL 384.2 98.8 1,142.4 67.8 2,452.6 ’ 58.6
Urals 1.0 0.3 23.6 1.4 163.2 3.9
West Siberia ) 25.3 1.5 205.1 4.9
East Siberia ) 0.8 0.2 1.7 0.1 96.3 2.3
and Far East)
Central Asia 3.0 0.7 492.0 29.2 1,268.0 30.3
TOTAL 4.8 1.2 542.6 32.2 1,732.6 41.4
TOTAL USSR 389.0 100.0 1,685.0 E/iOO.O 4,185.2 100.0
a/ 68/
b/ " 69/
c/ Some three-fourths of the USSR reserves are to be found in these four
major areas: ‘
PERCENT
GEOGRAPHIC AREA GAS AREA (JANUARY 1, 1961)
North Caucasus Krasnodar Kray 16.4
Stavropol' Kray 13.2
Ukraine Dashava-Shebelinka 20.0
Uzbek (in Central Asia) Gazli-Kagan 25.6
TOTAL 75.2
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4. Costs

The reported costs of production of non-associated
natural gas in the USSR has been steadily declining since 1955
and is to continue to decline through 1965. In that year, the
cost of production of non-associated natural gas--planned at
36 kopecks per 1,000 cubic meter--is to be about one-fourth the
cost of production in 1955. The continued and planned decline
in cost of production has been possible through the increased
exploitation of the very rich gas deposits at Gazli in the
Uzbek Republic and the multiple fields in Krasnodar Kray.
Costs of production of natural gas in individual fields or
regions for 1965 are to be as follows:

RUBLES

PER 1,000
REGION OR FIELD CUBIC METERS
Ukraine b' 0.44
Uzbek 0.22
PoVolga 0.23
Krasnodar Kray 0.31

The costs of production of non-associated natural gas
for the years 1955-1960 and that planned for 1965 are given in
Table 3-37. As is the case in the revealed costs of production
of crude o0il (and associated natural gas) these costs do not
include expenditures in geological=-exploratory work and,
therefore, Pprobably represent a substantial1understatement of
the real costs,

The 1960 costs of production of natural gas for certain
of the larger fields are well below the national average and
even compare favorably with planned costs for 1965. The cost
of production of natural gas in the Stavropol'sovnarkhoz (the
Stavropol fields). averaged only 0.13 rubles per 1,000 cubic
meters in 1960; in “the Kharkav..sovnarkhoz (Shebelinka)~-0.29
rubles per 1,000 cubic meters; and in the L'vov sovharkhoz
(Dashava)--0.49 rubles.
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TABLE 3-37

COSTS OF PRODUCTION OF NON-ASSOCIATED
NATURAL GAS IN THE USSR
1955-60 AND 1965 PLAN

RUBLES/
1,000 cumBicC
YEAR METERS I NDEX
1955 1.48 &/ 100.0
1956 1.33 &/ 89.9
1957 0.96 &/ 64.9
1958 0.66 </ 44.6
1959 0.61 &/ 41.2
1960 0.59 &/ 39.9
1965 Plan 0.36 &/ 24.3

a/ 1v/
b/ 72/
e/ 13/
a/ 14/
5. Exports

At present, only minor quantities of natural gas are
exported from the USSR. These quantities, which totalled 242
million cubic meters in 1960, and which represent no substan-
tial change since 1955, are delivered to Poland by means of a
pipeline originating in the Dashava fields of the Western
Ukraine. No change in the volumes exported is anticipated until
after 1965, when a second pipeline from the Dashava fields to
Poland is scheduled for completion. Upon completion of this
pipeline, exports of natural gas to Poland probably will be in
excess of 1 billion cubic meters per year.

- The possibility that the Soviet Union will attempt to
export major volumes Of natural gas to the Scandinavian countries
must not be overlooked. Such overtures on the part of the USSR
already have been made to Sweden and to Finland. 76/ The USSR
reportedly offered to supply Finland with natural gas made
available by a pipeline laid under the Gulf of Finland and
also has indicated that Sweden could be supplied with Soviet
natural gas through plastic pipelines laid under the Baltic
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Sea. Although the reported proposal appears dubious because
of the impracticability today of using plastic pipe and the
unnecessary complication of a water crossing to Finland, it
must be recognized that natural gas could be easily exported
to Finland possibly by more conventional approaches.

Another possibility, and probably of greater credibility,
would be to supply the countries of East Europe with natural
gas by means of a transmission gas pipeline system paralleling
the Comecon crude oil pipeline. Natural gas is available in
large quantities in the Western Ukraine and in the North
Caucasus. These deposits are located much closer to potential
consumers in East Europe than are th2 oil fields of the
Urals-Volga.

Finally, the Soviet Union has given thought to the
export of liquefied petroleum gases. 1In an article outlining
the development of liquefied petroleum gas production during
the Seven Year Plan, the following statement was made:
"liquefied gases (propane and butane), which will be produced
in increasing guantities in our country, will be used not only
for the needs of the Soviet Union, but will be exported to
other countries by means of special tankers. This will provide
an additional means of strengthening the economic relations of
the Soviet Union with foreign countries and will serve as a
major contribution to the expansion of trade." 17

6. Projections for 1970, 1975 and 1980

Soviet planners have set tentative long-range goals
for the production of gas as follows (billion cubic meters):

1970 310/325 18/
1975 500 79/
1980 680/720 89/

It will be noted that by 1980, gas production is to reach

680-720 billion cubic meters. To achieve this goal and those

for the preceding years, a schedule of increments to proved
reserves and volumes of exploratory drilling has been established.
During the 20-year period it is planned to prepare 17,237 billion
cubic meters of proved reserves of non-associated natural gas.

By January 1, 1981, proved reserves of non-associated natural

gas are to reach 12,988 billion cubic meters, which will provide
a reserves/production ratio of about 20-1. Because the USSR
estimates its potential gas reserves to be on the order of 60
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trillion cubic meters, the discovery of more than 17 trillion
cubic meters of non-associated natural gas in a twenty-year

period should not be an insurmountable problem,

although it is

an impressive goal. The distribution of this 60 trillion
cubic meter potential by republic and region of the USSR is
given in the following Table?:

TABLE 3-38

NATURAL GAS POTENTIAL OF THE USSR a/

AREA

RSFSR
Soviet North
Urals-Volga
North Caucasus
West Siberia
East Siberia and

Far East

Other

Ukraine and Moldavia
Azerbaydzhan
Kazakhstan

Georgia and Armenia
Uzbek

Turkmen

Kirgiz and Tadzhik
Other

TOTAL

a/ 8L/

AMOUNT
(TRILLION
CUBIC METERS)

32.5

2.0

12.0

7.0

5.0

6.0

0.5
5.1
3.0
5.0
0.9
5.0
7.0
1.0
0.5
60.0

PERCENT OF TOTAL
54.2
3.4
20.0
11.7
8.3
10.0
0.8
8.5
5.0
8.3
1.5
8.3
11.7
1.7
0.8
100.0

To guarantee the discovery of the 17,237 billion cubic
a total of 86.57 million meters of

meters during 1961-1980,

exploratory drilling has been planned.
broken into individual 5-year period requirements, as have been

production, cumulative production,

This total has been

and increments to proved

reserves. Data for these 5-year periods are given in Table
3-39. No estimate for development drilling for natural gas is

available.
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TABLE.3—39

AMOUNT OF EXPLORATORY DRILLING, PRODUCTION AND GROWTH OF
NATURAL GAS* RESERVES IN THE USSR, BY 5~YEAR PERIOD a/
1961 - 1980

CUMULATIVE , AMOUNT OF

PRODUCTION IN PRODUCTION RESERVES ON EXPLORATORY

LAST YEAR OF DURING RESERVES INCREMENT JANUARY 1 OF DRILLING**

5-YEAR 5-YEAR PERIOD¥ 5-YEAR PERIOD PRODUCTION IN RESERVES 5-YEAR PERIOD (THOUSAND
PERIOD (BCM)*#* (BCM) *#** RATIO (BCM) *** (BCM) *** METERS)
1961-65 131.7 454 31-1 2,600 2,034.7 11,820
1966-70 280.0 1,098 25-1 4,100 4,185.0 19,100
1971-75 452.0 1,908 22-1 5,047 7,187.0 25,750
1976-80 646.0 2,833 20-1 5,490 10,331.0 29,900
TOTAL 6,293 17,237 86,570

* Non-associated natural gas only.
%% Including 320,000 meters for delineation of underground storage during 1961-65
and 500,000 meters in each successive 5-year period.
#%% Billion cubic meters. '
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At the present time, the USSR has 30 defined gas-bearing
regions. Of these, only 15 are under commercial exploitation.
During the next 20 years Soviet authorities estimate that 19,200
wells will be required for the planned development of gas
production. At the beginning of 1960, there were only 1,188
producing gas wells in the USSR. 83/

The Soviet estimates of the probable regional and
republic production of natural gas in the USSR in 1980 are given
in Table 3-40. The most dramatic shift in the regional produc-
tion of natural gas which is to take place during 1961-80 is
the growth in the share of the Central Asian republics of Uzbek,
Tadzhik, Kirgiz and Turkmen. In 1960 these republics accounted
for only 1.6 percent of the total national output of natural
gas, but by 1980, this share is to increase to 24.3 percent.
Both in terms of percentage and absolute growth, that which has
been planned for the Central Asian republics far exceeds any
other area of the Soviet Union.

In summation, it is probable that the USSR reserves of
natural gas are adequate to support the program which has been
established for the 1961-1980 period. As in the case of the
program designed to expand the production of crude oil, however,
drilling tools and equipment and drilling technology may be the
critical factor in determining the ability of the USSR to find
the required volumes of reserves. It is expected that the
major gas finds and development will be at a depth of 3,000 to
3,500 meters. 86/ Thus far, the USSR has met with considerable
difficulty in drilling to such depths economically and
effectively. The success of their future effort will depend
upon their ability to develop improved technology and equipment
or to obtain such equipment and knowhow from the West. 1In
addition, it will be necessary to improve on the past record
in equipping potential gas consumers and in installing trans-
mission equipment.

C. Natural Gas Liguids

An examination in detail of the current Soviet literature
has revealed a considerable degree of confusion in the treatment
of statistics on the current levels of production and consumption
of natural gas liquids and plans for increases in output.

Soviet statistics are often misleading in that it seldom can be
determined whether production data on LPG include those amounts
produced by refineries. 1In addition, there is virtually no

information published on the output of natural gasoline. Thus,
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TABLE 3-40

SOVIET ESTIMATES OF THE
PROBABLE REGIONAIL AND REPUBLIC PRODUCTION

OF NATURAL GAS IN THE USSR &/ - 1980

REPUBLIC

RSFSR

Ukraine

Azerbaydzhan)
Georgia - )
Armenia )

Kazakhstan

Uzbek
Tadzhik
Kirgiz
Turkmen

N Nl Nt s

84/
85/

RREE

E&

Residual.

Derived independently and does not equal the sum of the
components.

High side of 680-720 billion cubic meter range for 1980.

ECONOMIC REGION

North (Ib)
North Caucasus (IV)
Urals-Volga (VI & VIII)
Siberia (IX & XI)
Far East (XII)

TOTAL RSFSR

South (III)
Transcaucasus (V)

Kazakhstan (Xa)

Central Asia (Xb)

TOTAL REGION (X)

TOTAL USSR
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AMOUNT
(BILLION

CUBIC

METERS

20.0

91.0 &

155.0
75.0 &/
21.0

362.0 &

110.7

32.0 &/

41.6

175.0

216.6
720.0 &/ &/

PERCENT

OF TOTAL

5.8

24.3

30.1

100.0
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the data and estimates presented in this section must be
regarded as gquite tenuous and subject to considerable revision
and re-interpretation upon the availability of additional
information.

Until the formation of Soyuzgaz (All-Union Gas, an
independent trust of the Main Administration of the Gas Industry)
in 1959, the development of the production and consumption of
LPG and of natural gas liquids in general in the USSR had
lagged considerably behind the potential available. Lacking
was a central planning body with sufficient authority and an
access to the capital required to ensure the establishment of
this particular phase of the fuels industry. The Seven Year
Plan called for the production in 1965 of 6.5 million tons of
natural gas liquids 81/ and for the construction during these
years of 20 natural gasoline plants. 88/. of the planned produc-
tion for 1965, the chemical industry was to take about 50
percent. Only 20 percent was allocated for domestic use in
heating and cooking.

Of the total of 6.5 million tons of natural gas liquids
planned for 1965, 3.8 million tons were to be LPG. Since the
publishing of the plan, the planned output of LPG apparentlg
has been revised upward, to between 4.4-4.7 million tons. 8%/
This apparent revision may be based on anticipated increases in
the demand for LPG, following 30 percent reductions in both the.
wholesale price and in the cost of rail transport. 90/

The consumption of LPG* in the USSR has increased
during 1957-61 to the following levels: 2L

YEAR THOUSAND TONS
1957 73
1958 108
1959 148
1960 350
1961 487

During the remaining years of the Seven Year Plan, output of
LPG is to increase quite rapidly, as shown below:

* Data presented below on LPG exclude output from refineries.
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PLANNED OUTPUT OF LPG

YEAR (THOUSAND TONS)
1962 730 22/
1963 1,850 22/
1964 3,100 22/
1965 4,400 22/ to 4,700 23/

The major problems currently confronting expansion in the use

of LPG in the USSR include the lack of consuming equipment

(stoves and space heaters, for example), a lack of transport

and storage facilities, reduced requirements for LPG in the
chemical industry following failure in that industry to meet
certain of its plans, a lack of associated natural gas collec-
tion facilities, shortages of crude oil stabilization equipment
and failure to meet natural gasoline plant construction schedules.

At present all of the natural gasoline produced in the
USSR is directed to refineries where it is blended in motor

fuels.

The Committee believes that achievement of the Seven
Year Plan goals for the production of natural gas liquids may
not be realistic in terms of current capability and in view of
the number of problems facing the acceptable development of
this industry. On this basis, the Committee estimates that the
output of natural gas liquids in the USSR in 1965 probably will
fall within the range of 3 to 4 million tons.
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SECTION 10

REFINING OF CRUDE OIL

A. Summary and Conclusions

The Seven Year Plan (1959-65) originally called for an
increase in primary distillation capacity* of 110-120 percent
(134-146 million tons per year). This was subsequently raised
to 120-130 percent (146-158 million tons per year). However,
the latter goal seems unrealistic. Analysis of available data
seems to indicate that the plans are actually to increase the
capacity for primary distillation of crude oil by about 130
million tons during this period. Such an increase would mean
an estimated capacity of 250 million tons in 1965, compared
with an estimated 122 million tons in 1958. Operated according
to current Soviet practice, at about 85 percent of capacity,
250 million tons of refining capacity would be adequate to
process a crude oil charge of 214 million tons and would yield
197 million tons of nongas products. It is estimated that the
USSR will consume about 180 million tons of petroleum products
in 1965. When production of synthetic petroleum products and
natural gasoline is taken into account, as much as 22 million
tons of petroleum products . could be available for export in
that year. The bulk of the Soviet Union's exports of petroleum,
however, will be in the form of crude o0il, which requires much
less expenditure for capital and which presents the greatest
opportunity for return on their capital.

The addition of 130 million tons of crude o0il charge
capacity during the years 1959-65 apparently is to require an
investment of approximately 3.6 billion rubles. This invest-
ment, which amounts to about 2.8 percent of the total
investment planned for all industry during the Seven Year Plan,
and about 27.6 percent of investment planned for the oil
industry, may be divided roughly as 3.0 billion rubles for
construction of new refineries and 0.6 billion rubles for
expansion and modernization of facilities operating in 1958.

Of the 130 million tons to be added to refining capacity,
about 95 million tons apparently are to be located in 17 major

* Capacity ratings are in metric tons per year. One million
metric tons per year equals approximately 20,000 barrels per day.
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new refineries, and about 35 million tons’ are to be added by
expanding and modernizing facilities which existed in 1958.
By the end of 1960, eleven of the 17 new refineries were in
varying stages of construction. Total capacity is estimated
to have risen to 157 million tons by 1960. This increase of
about 37 million tons in two years is compatible with the
average annual increase that would be required if the estimated
goal is to be achieved. It is probable that during the Seven
Year Plan, 70 million tons of capacity can be added in the 11
new refineries under construction in 1960 and that 35 million
tons can be added by expansion and modernization of old
refineries. Achievement of a capacity of 250 million tons in
1965 probably depends largely upon the installation of 25
million tons of capacity in 6 sites which were either not
developed or were in very early stages of development in
mid-1961.

Completion, by 1965, of these 6 refineries will aepend
on considerably better performance in construction than has
been usual in the past.

Traditionally, Soviet efforts in the construction of
refineries have been dispersed over a large number of projects,
and construction times have been extremely long in comparison
to the time that equivalent construction would require in the
United States. Prior to the beginning of the Seven Year Plan
the norm for construction of a standard design refinery having
a crude o0il charge capacity of 6 million tons was 7.5 years,
but actual construction time typically exceeded the norm. (In
practice the capacity of these standard design refineries
apparently has been expanded to 6.6 million tons.) In 1958,
the norm was reduced to 3 to 4 years, which is much more nearly
in conformance with western practice. Efforts also were to be
concentrated on a smaller number of projects at any one time.

With such concentration of effort it is possible that
the 6 refineries in question could be completed by 1965. In
the light of past construction records, however, such achieve-
ment appears doubtful. Their completion, however, is not
absolutely essential to attainment of refining objectives. If
it is assumed that all 6 are to be standard design refineries
with a capacity of 6.6 million tons each, addition of the
desired 25 million tons would require completion of only about
63 percent of their capacity. Even if only one-third of their
capacity, i.e. 13 million tons, were completed by 1965, total
refining capacity probably would be 238 million tons. With
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this capacity a crude o0il charge of 214 million tons probably
could still be processed and a product vyield of 197 million
tons obtained by operating the refineries at 90 percent of
capacity. This level of utilization, if necessary, probably
could be attained and maintained, for a time, in Soviet
refineries. Thus it appears that the Soviets will have enough
refining capacity to process, in some manner or other, the
crude oil charge of 214 million tons implied by available data
on planned consumption and by the program for refinery
construction. The output of refined products probably will
substantially exceed the 180 million tons estimated as required
for domestic consumption.

Although primary distillation facilities probably will
be adequate to process a crude oil charge of 214 million tons
in 1965, it is not equally certain that there will be sufficient
secondary refining facilities to insure the desired qualities
and proportions in the product mix.

Excess low-quality straight-run gasoline is being used
wherever possible in light diesel fuel blends. Such use
increases the output of the desired diesel fuel, lowers the
initial freezing point of the diesel fuel for frigid weather
service, and reduces the potential excess of gasoline. The
percentage yield of gasoline apparently began to decrease in
1960 and appears to be projected for further decrease by 1965.
Reduction in the desired percentage yield of gasoline should
result in improved quality of gasoline.

Officials of the Soviet 0il industry mention quite
frequently the problem of naphtha surplus; so it would not be
at all unlikely for the USSR to attempt to penetrate the Free
World market with virgin naphtha. It is unlikely, however,
that they will strive to penetrate the high quality motor
gasoline market because of a general lack of octane level due to
lack of catalytic reforming capacity and mild operations on the
catalytic cracking units. Also, the high investment costs
associated with motor gasoline production will be a further
deterrent.

Although Soviet literature indicates that notable gains
have been achieved in secondary refining, especially in thermal
conversion, catalytic cracking, and catalytic hydrotreating
processes, development of secondary refining capacity is still
below the level desired, particularly for the production of
diesel fuels, which were reported to be in short supply in 1960.
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It is probable that considerably more emphasis will have to be
placed on the construction and installation of secondary
refining capacity if the qualities and proportions apparently
desired for the product mix in 1965 are to be achieved.

B. Refining Capacity in 1958

In 1958, the last year before the beginning of the
Seven Year Plan, the crude oil charge capacity of petroleum
refineries in the Soviet Union is estimated to have been about
122 million tons.* 1In that year Soviet refineries processed a
total of approximately 104 million tons of crude oil and
produced nearly 96 million tons of nongas products.** This
operation in 1958 at nearly 87 percent of capacity represented
a considerably more intensive utilization of facilities than
had prevailed in earlier years. In 1955, the estimated total
refinery charge of 68.4 million tons amounted to only about 76
percent of the available capacity. Since 1955, the operation
of refineries at about 85 percent of capacity has become normal
Soviet practice.

C. The Goal for Refining Capacity in 1965

The Seven Year Plan originally called for an increase
in primary distillation capacity of 110-~120 percent compared to
1958. This goal subsequently was raised to 120-130 percent.l/
The revised goal implies that a capacity of 268-280 million
tons was planned for 1965. Such a goal seems unreasonably high
in comparison with the planned production of crude o0il, the
estimated domestic demand, the probable opportunities for
exporting refined products, and the present status of refinery
construction. However, Soviet planning frequently provides for
reserve industrial capacity which less frequently is realized
in actual practice.

* Estimated annual service capacity. Annual service capacity
is the crude o0il charge capacity actually available for use
during the calendar year, allowing for normal down-time in
clean-out, maintenance, and repair. Throughout this section
the terms "crude charge capacity", "annual service capacity"

, and "primary distillation capacity" are synonymous.

*%* Refinery gas and loss have been estimated at a constant 8
percent of the crude oil charge; total output of nongas
products at a constant 92 percent of the charge.
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Analysis of available information concerning the
production of specific products planned for 1965 indicates
that an annual service capacity of about 250 million tons may
be planned for 1965.* A capacity of this magnitude in 1965 is
not necessarily incompatible with the percentage increases
contained in the plan as the plan goal probably related to
year-end capacities which would be greater than the service
capacity actually available for use during either 1958 or 1965.

Of the 130 million tons of capacity to be added between
1958 and 1965, about 95 million tons will be located in 17
major new refineries and about 35 million tons are to be added
by expansion and modernization of existing facilities.

Of these 17 new refineries, the following 11 will
account for the addition of nearly 70 million tons of new
capacity:

CRUDE CHARGE CAPACITY2/
TO BE ADDED BY 1965

NEW REFINERY (IN MILLIONS OF TONS)
Novo-Gor'kiy 2.6
Omsk 8.9
Stalingrad 4.0
Perm' 6.5
Fergana 5.9
Ryazan' 6.6
Angarsk 12.6
Kritovo 2.6
Pavlodar 6.6
Polotsk 6.6
Novo-Yaroslavl' 6.6

o))
O
.

(8,1

TOTAL

a/ Service capacity for the primary distillation of crude oil.
Estimates of capacities at individual refineries mentioned
in this report were derived from numerous sources.

* For a more detailed discussion of the derivation of this
figure, see Appendix A, Refining Methodology, page 162.
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The 35 million tons of capacity to be added during the
Seven Year Plan by construction of new facilities and
modernization of old facilities at refineries already existing
in 1958, is a continuation of a program announced for the Sixth
Five Year Plan (1956-60). On the basis of estimated accomplish-
ments of that program by the end of 1958, about 15 million tons
of capacity could be added during the Seven Year Plan by
extremely low cost modernization of old facilities, and 20
million tons would be added by construction of additional
facilities in old plants.

Table 3-41 indicates the capacities and locations of
Soviet refineries from 1950 through 1960 with a projection for
1965. Map No. 4 illustrates the location and capacities of
refineries in the USSR.

D. Factors Affecting the Type of Facilities to be Added

1. OQuality of Soviet Crude Oils

About two-thirds of the total annual production of crude
0il in the USSR as of 1959-60 came from the Urals-Volga region.
By 1965, the output of crude o0il in this region may constitute
75 percent of total Soviet production of crude oil. A high
salt content (as much as 700 1bs./1,000 bbls.) and a rather
high sulfur content (1 to 2 percent) occur in many of these
Urals-Volga crude oils 17/ and create problems in refining.¥*
Electrolytic desalting has been adopted since 1955 and plans
call for the construction of catalytic hydrotreating units to
reduce the sulfur content.

In addition, other properties 18/ of the crude oil cause
major refining problems. The straight-run gasoline content
(22-25 weight percent) has a high fixed sulfur content and a
very low octane number (42—47) requiring desulfurization and
catalytic processing to become a good quality product. In
addition, the hydrocarbon composition of the straight-run
fraction of light diesel fuel is not suited for making a winter-
grade of diesel fuel.

* The Urals-Volga fields also produce oils with lower sulfur
and salt content than indicated above. Such crude oils have
-been exported to the Free World and are equal in quality to
crude oils from non-Bloc sources.
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TABLE 3-41

ESTIMATED ANNUAL SERVICE CAPACITIES AT SPECIFIC REFINERIES IN THE USSR
1950, 1955, 1958-1960, AND ESTIMATED 1965

ORIGINAL
NUMBER OF ANNUAL: PRIMARY SERVICE CAPACITY
REFINERIES STANDARD ECONOMIC REGION {(Million Metric Tons)

REFINERY COMPLEX CONSTRUCTED MAJOR REFINERY SITE 1950 1955 1958 i959 1960 1965
Baku 6 V. Transcaucasus 14.9 17.2 20.0 20.6 21.0 22.0
Kuybyshev 3 VI. Volga 6.1 10.3 17.0 17.5 18.0 29.0
Ufa 3 VIII. Urals 1.5 8.8 17.0 i7.5 18.0 29.0
Onmsk 1 IX. West Siberia 0.0 2.5 10.0 14.5 16.0 18.9
Groznyy 2 IV. ©North Caucasus 6.4 10.0 10.0 10.2 12.3 13.0
Syzran' 1 VI. Volga 1.0 7.0 7.0 7.0 7.0 7.0
Krasnovodsk L Xb. Central Asia 2.7 5.1 5.1 6.7 6.7 6.7
Ishimbay/salavat 3 VIII. Urals 0.5 5.5 6.3 6.3 7.0 7.1
Gur'yev 1 Xa. Kazakhstan 0.5 4.8 4.8 4.9 4.9 5.0
Gor'kiy 2 VII. Central 0.6 0.6 1.0 3.2 3.6 3.6
Saratov 1 VI. Volga 1.8 2.8 3.1 3.2 3.6 3.6
Tuapse 1 IV. North Caucasus 2.0 2.5 3.1 3.1 3.1 3.1
Mogkva 1 VII. Central 0.7 2.0 2.5 2.7 2.7 4.0
Fergana 1 Xb. Central Asia 0.0 0.0 0.7 2.6 5.0 6.6
Perm’ 1 VIII. Urals 0.0 0.0 0.1 2.6 5.0 6.6
Stalingrad 1 Vi. Volga 0.0 0.0 2.6 2.6 5.0 6.6
Batumi 1 V. Transcaucasus 2.0 2.0 2.4 2.4 3.6 .3.6
Orsk 2 VIII. Urals 1.2 1.5 1.7 1.8 1.8 1.8
Vannovskaya 1 Xb. Central Asia 1.0 1.7 1.7 1.8 1.8 1.8
Krasnodar 1 IV. North Caucasus 1.0 1.0 1.2 1.2 1.2 1.2
Angarsk 1 XI. East Siberia 0.0 0.0 0.0 0.0 4.0 12.6
Ryazan” 1 VII. Central 0.0 0.0 0.0 0.0 1.0 6.6
Yaroslavl'/Konstantinovekiy 3 VII. Central 0.9 0.9 0.9 0.9 0.9 7.5
Pavlodar ’ 1 Xa. Kazakhatan 0.0 0.0 0.0 0.0 0.0 6.6
Polotsk 1 IIb. West 0.0 0.0 0.0 0.0 0.0 6.6
Kritovo 1 XI. East Siberia 0.0 0.0 0.0 0.0 0.0 2.6

6 New Refineries Not

Started on 1/1/61 a/

_5 25,0
TOTAL MAJOR SITES 48 44.8 86.2 118.2 133.3 153.2 247.7
TOTAL IN 13 MINOR SITES 15 2.4 3.3 4.1 4.1 4.1 4.1
GRAND TOTAL IN USSR 63 47.2 89.5 122.3 % 137.4 & 157.3 251.8
TOTAL NUMBER OF SITES 30 31 34 34 36 45

These six new refineries probably are to be located at Mozyr' 2/ in the southern part of the Belorussian SSR, at Kremenchug, e/
odessa, 4/ and a third unidentified site in the Ukrainian SSR, Kirishi, 110 kilometers southeast of Leningrad , and at
Chimkent Z/ in Kazakh SSR. Construction at the new site of Kremenchug apparently was in progress early in 1961. 8/ Preparatory
work was done at Chimkent during 1956-57. Plans were made in 1957 for the refinery at Kirishi 9/ and work was begun on the site
in 1961. 19/ a 1,500 kilometer pipeline from Al'met'yevsk, in the Urals-Volga, to Leningrad is under construction, and more than
600 kilometers had been completed by late 1961. 11/ This line will supply refineries at Gor'kiy, Yaroslavl, and Kirishi. The
advanced stage of construction indicates probable completion to Kirishi by 1963.

In addition to the proposed refineries mentioned above, plans were at least tentative in:1959 for initiation of construction at 4
more new sites, apparently Ventspils 12/ Kazan'*, 13/ Al'met'yevak, 14/ and Raychichinsk. 15/ Preparatory work probably was done
during 1956-~57 on the site of the future plant at Raychichinsk. Nevertheless, there is some avidence that the Raychichinsk
facilities in the Far East Amurskaya Oblast' of the RSFSR, and likewise some of all of the planned plants in the Ukraine, may
not be even tentatively scheduled for completion until after 1965.

* A petrochemical complex including polyethylene production facilities 16/ was under construction as of early 1961 at Kazan .




2. Product Output Patterns

a. Past and Future Development

Soviet natural crude oil refining has always emphasized
high percentage yields of the intermediate distillates. 1In the
earliest phase, prevailing in the pre-World War II period, the
emphasis was primarily on maximizing the yield of kerosene.

The earliest postwar period featured increasing percentage
yvields* of light diesel fuel 19/ and the principal light
products 20/ in total. :

Table 3-42 shows the estimates of refinery yields for
years 1955-1960 and 1965. These estimates were made from meager
data that the Soviets publish on demand. However, it does check
very well with what was reported to the American 0il Delegation.
The estimate shown for 1965 is actually what would have to be
obtained to balance supply with demand. The Soviets could
produce to a different yield pattern, export or import to
balance if it were too difficult to obtain this yield. Calcu-
lations by the Committee do indicate, however, that the USSR
should be able to reach this yield pattern.

It is of interest to note that it will be necessary to
decrease gasoline yield to 16 weight percent in 1965 to stay
in balance. Soviet publications mention quite frequently the
problem of naphtha surplus; so, it would not be at all unlikely
for the USSR to attempt to penetrate the world market with
virgin naphtha. It is unlikely, however, that the USSR will
strive to penetrate the high quality motor gasoline market in
view of a general lack of octane level caused by insufficient
catalytic reforming and mild operations on the catalytic
cracking units, also the high investment costs associated with
motor gasoline production will be a further deterrent.

b. Fuels for Internal Combustion Engines

In the pre-World War II period, the predominant fuel
for internal combustion engines in the USSR was tractor kerosene.
In the postwax economy, diesel fuel rapidly assumed first
place. 21/ Diesel fuel was planned to be the basic product in
major Soviet refineries scheduled for construction after l958.2§/

* The term percentage yield denotes percentage of crude oil
charge.
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TABLE 3-42

ESTIMATED REFINERY YIELDS (WEIGHT PERCENT) FROM NATURAL CRUDE OIL IN THE USSR
1955, 1958-60, AND 1965

1955 1958 1959 1960 1965

MILLION REFINING MILLION REFINING MILLION REFINING MILLION REFINING MILLION REFINING
YIELD

METRIC YIELD METRIC YIELD METRIC YIELD METRIC YIELD METRIC

TONS (PERCENT) TONS (PERCENT) TONS (PERCENT) _TONS (PERCENT) _TONS (PERCENT)

NEW SUPPLY OF NATURAL GRUDE OIL

Indigenous production a/ 70.8 - 113.2 - 129.6 - 148.0 - 265.0 -
Imports b/ 0.0 - 0.1 - 0.0 - 0.0 - 0.0 -
TOTAL 70.8 - 113.3 - 129.6 - 148.0 - 265.0 -
DISPOSITION OF NATURAL CRUDE OIL
Refinery charge ¢/ 68.4 - 104.0 - 116.0 - 130.0 - -214.0 -
To loss, storage, direct use 0.9 4/ - 1.2 ¢/ - 2.2 ¢/ - 1.3 ¢/4/ - 4.0 ¢/ -
Exports b/ 1.5 - 8.1 - 11.4 - 16.7 - 47.0 a/ -
TOTAL 70.8 - 113.3 - 129.6 - - 148.0 - 265.0 -
REFINING OF NATURAL CRUDE OIL ¢/
Gasoline 18.0 26.3 22.5 21.6 24.1 20.8 26.0 20.0 35.4 16.5
Kgrosene e/ 9.7 14.2 12.5 12.0 13.8 11.9 15.3 11.8 24.0 11.2
Light Diesel Fuel 8.6 12.6 21.2 20.4 22.6 19.5 24.2 18.6 31.8 14.9
Heavy Diesel Fuel £/ 1.6 2.3 3.5 3.4 4.2 3.6 4.9 3.8 11.2 5.2
Lubricant Base Oils 2.7 4.0 4.6 4.4 5.0 4.3 5.5 4.2 7.9 3.7
Residual and Other Products &/ 22.3 32.6 31.4 30.2 37.0 31.9 43.7 33.6 86.7 40.5
TOTAL NONGAS PRODUCTS 62.9 92.0 95.7 92.0 106.7 92.0 119.6 92.0 197.0 92.0
Refinery Gas and Loss 3/ 5.5 8.0 8.3 8.0 9.3 8.0 10.4 8.0 17.0 8.0
TOTAL REFINERY CHARGE 68.4 100.0 104.0 100.0 116.0 100.0 130.0 100.0 214.0 100.0

QL

kel €

Qe

1955 20

1958-33/2L/

1960 22/

1965 Estimated on the basis of past average annual rates of growth and tonnage increments.

1958-1960 Derived from data pertaining to trade in crude oil contained in

1955-1960 Estimate based on tanker shipments from the USSR through the Bosporus to the Free World, and imports from the
USSR as reported by the .satellite nations. Figures reported for 1955 would indicate net export of 2.3 million
tons, but on the basis of other information available this appears too high.

See Appendix A, Refining Methodology.

Computed as a residual.

Includes production of 0.4 million tons of ligroine (kerosine-type tractor fuel) in 1955. This estimate is equal to one-third

of the estimated consumption of 1.2 million tons of ligroine in 1955. The rest of the ligroine consumed probably came from

storage stock ‘accumulated before 1955. Ligroine production was insignificant in the later years.

The heavy diesel fuel contains some residual fuel which is not properly a distillate.

Refinery gas yield was as high as 5 percent in typical major Soviet refineries in 1955-56. 25/ Refinery loss also represented

about 4 percent of the crude oil charge in 1956. 26/ o0On this basis refinery gas and loss has been estimated at a constant

8 percent of the crude oil charge.




With the limited use of the passenger automobile in the USSR,
the demand for gasoline has been relatively limited.

At the beginning of the Seven Year Plan in the USSR,
the secondary refining facilities necessary for achieving the
desired proportions and qualities in the produc¢t-mix were
relatively scarce. The planned increase of 370 percent in
catalytic cracking capacity 29/ probably is designed primarily
to achieve the desired increase in diesel fuel production,
although an improvement in the quality of the gasoline will be
a concomitant result.

There is evidence that Soviet use of cracking always
has sought to maximize yields of cracked intermediate
distillates,* rather than cracked gasoline as is the practice
in the U.s. As of 1960, the Soviet production of gasoline
represented about 20 percent (by weight) or roughly one-half
of the corresponding wercentage in the U.S. In the later
postwar period 30/ more gasoline has been produced than could
be efficiently used, whereas the reverse has been true in output
of diesel fuel, especially light diesel fuel.

According to plans 31/ stated in 1960, there is to be
increased blending of excess low-quality straight-run gasoline**
with light diesel fuel, in order to increase the output of the
diesel fuel, reduce the potential excess in the gasoline
production and also to lower the freezing point of the diesel
fuel 33/ for frigid weather service. Intensified Soviet interest
in the multifuel compression—-ignition engine, 34/ as a means of
solving the problem of the relative shortage of diesel fuels,
was evident in 1960.

By diversion 35/ of the extremely low-quality straight-
run gasoline from gasoline end-use, the ratio of cracked gasoline
to straight-run gasolines is being increased in the motor
gasoline blend, providing higher octane ratings.

The proportion of high-quality conversion stock in the
motor gasoline presumably is being increased not only by
increase in the proportion of cracked gasoline, but alsoa:by

* Kerosene and diesel fuels. _
*% Pprincipally contained 32/ in Urals-Volga crude oil.
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relatively more reforming of the virgin fraction actually
used. 36/ Expanded use of catalytic hydrotreating is proposed
for effective desulfurization of the distillate fuels, most of
which have been high in fixed sulfur.

Planned improvement in the Soviet motor gasoline mix
of 1959-65 is illustrated by the following tabulation:

MOTOR GASOLINES IN THE USSR 38/

MOTOR OCTANE RATING PERCENT OF
GRADE MINIMUM TYPE TOTAL OUTPUT
OF MOTOR OCTANE OF IN PLAN
GASOLINE NUMBER MIX 1959 1965
A-72 72 Clear 2.2 40.0
A-70 ' 70 Leaded 2.5 58.6
A-66 66 Leaded 75.2)
‘ ) 1.4
Civilian 56-60 Leaded 20.1

The new Soviet premium grade A-72 of motor gasoline
appears to be about equivalent to the regular grade U.S. motor
gasoline of 1950 before leading.

c. Production of Lubricant Base Oils*

Production capacity in lubricant processing facilities
is to be doubled during the Seven Year Plan. It is estimated
that the output of lubricant base oils in the USSR in 1958 was
4.6 million tons, representing 4.4 percent of the total crude
oil charge; the output planned for 1965 is estimated as 7.9
million tons, representing 3.7 percent of the total crude o0il
charge.. In the U.S. the output of 7.3 million tons in 1958

constituted only 1.9 percent of the total charge.

In the USSR, high requirements for lubricants relative
to the annual quantities of crude oil charge generally have
necessitated recovery of practically all of the lubricant stock
actually available in the total charge, and the required
processing facilities have been costly. In general, lubricant
processing facilities involve much more construction cost per
unit of output than do other petroleum refining facilities.

* Products generally derived from crude oil only as straight-
run or virgin material.
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The relative cost for lubricant processing facilities is
increased when it becomes necessary to recover and process poor
guality stock. Particular difficulties are involved 39/ in
recovering the limited virgin lubricant oil fraction contained
in the Urals-Volga crude, which is a mixed paraffin/asphalt
base.

E. Type and Locatjon of Expansion

1. Standard Design Refineries

To process the available crude o0il into the type and
guality of refined products desired and to overcome past
construction times, the Soviet planners have standardized the
design of their refineries. New capacity is being added in
completely integrated standard refineries including primary
facilities together with all attendant secondary facilities
and supplementary plant installations. 40/ Two sizes of
standard refinery have been developed. The smaller one, which
features all fundamental operations of processing in single
units, has an annual crude oil charge capacity of about 2.3
million tons. This capacity apparently is expanded in practice
to 2.6 million tons. Most current construction, however, is
of a larger standard design with a crude oil charge capacity
cited as 6 million tons, 41/ (but apparently expanded in
practice to 6.6 million tons). 42/ such a standard refinery
would have three 2 million ton or two 3 million ton distillation
units. In a few cases larger refineries are constructed by
adding units in parallel to approximately double or treble the
standard design. The large refinery at Omsk, for example,
evidently incorporates essential facilities of 3 of the standard
design plants, each with a capacity rating of about 6 million
tons, for a total estimated capacity of 18.9 million tons.
Similarly, the installation at Angarsk is indicated as a single
12.6 million ton capacity refinery, incorporating essential
facilities of 2 of the standard design plants, each with a
nominal 6 million ton capacity rating.* Such standard design
refineries permit more uniform planning of financing and

* Proposals also have been made 43/ for standard integral refin-
eries having nominal annual crude oil charge ratings of 12
and even 18 million tons. The standard design for a future
refinery with the rating of 12 million tons was selected as
optimum and apparently finalized by 1960. 44/
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construction, improvement of management and labor skills, more
accurate estimation of the quantity and probable timing of
requirements for materials, and the prefabrication of items

of equipment.

Refinery design institutes have developed standardized
types of refining process schemes depending on the type of
crude available. Crude oils are divided into 3 general
categories, with a process arrangement for each:

Type I - Crude 0Oil under 1.9 percent sulfur (producing
both fuels and lubes) -~ Atmospheric and
Vacuum Primary Distillation; Thermal
Cracking; Catalytic Cracking; Catalytic
Reforming; Lube O0il Production; Asphalt
Production (from lube plant).

Type II - Crude Oil under 1.9 perxcent sulfur (fuels
only) - Atmospheric and Vacuum Primary

Distillation; Thermal Cracking; Catalytic
Cracking; Catalytic Reforming.

Type III - Crude 0Oil over 2.0 percent sulfur -
Atmospheric Distillation

When the American 0il Delegation visited the USSR in
August, 1960, sufficient data was obtained on the refineries
visited to permit the construction of rather complete flow
diagrams. These refineries, their size and the figure number
for the flow diagrams are as follows:

FLOW
DATE DI AGRAM
CONSTRUCTION SIZE 1,000 FIGURE
REFINERY COMPLETED MMT /Y* B/CD NUMBER
Novo-Kuybyshev 1951 15 300 5
Novo-Ufa 1951/56 11.5 230 6
Novo-Baku 1953 3 60 7
Syzran' 1942 7 140 8

* Million Metric Tons Per Year.
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It will be noted that Novo-Kuybyshev and Novo-Ufa are
large complete refineries of Type I. Novo-Baku is of Type II,
and although Syzran' was a simpler refinery and had no catalytic
cracking in operation, one was being constructed. Hence this
latter refinery would also be a Type II of Soviet generalized
types.

2. Postwar Construction

Certainly the major portion of the new construction
that is to occur during the Seven Year Plan, whether at new
refineries not in operation in 1958 or at old refineries which
then had a substantial portion of their facilities in operation,
will occur in the refineries constructed since World war II.

By the close of 1960, postwar constructions had occurred
in 19 separate refineries located at 16 separate sites. Table
3-43 shows that initial operation had occurred in portions of
15 of the 19 refineries by the beginning of 1961, and that in
2 of the plants initial operation took place in 1960 - Angarsk
in August 45/ and Ryazan' in October. 46/ Estimated service
capacities are indicated in Table 3-42 for all 19 of the new
refineries.

It is not improbable that some postwar construction in
the USSR has been on new refineries in addition to those
identified in Table 3-43. Probably small in capacity, these
other new refineries appear to be closely integrated with old
refineries, most of which have been expanded in capacity during
the postwar period. Only the separate new refineries of major
importance are listed in Table 3-43.

According to the current estimates, the annual primary
service capacity in the 15 major new refineries in operation in
1960 represented nearly 54 percent of the national total and
about 62.5 percent of the 134.9 million tons of new annual
capacity of the primary type which has been developed since
1945.

The share of the Urals-Volga and the Caucasus in the
total refining capacity of the USSR will be reduced signifi-
cantly during the Seven Year Plan, from more than 75 percent
in 1958 to about 51 percent by 1965, although sizeable absolute
increments in refining capacity in each of these areas have
been planned. This relative decline will derive from the
construction of new refineries in such areas as the Baltic,
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TABLE 3-43 |

MAJOR SOVIET REFINERIES UNDER CONSTRUCTION SINCE 1945 Y4

ESTIMATED CAPACITIES

REPORTED OR PROBABLE DATES APPARENT CONSTRUCTION STATUS (MILLION METRIC TONS)
REFINERY 2/ INITIAL CONSTRUCTION &/ INITIAL OPERATION &/ BASIS 1960 %/ 1955 1960 FINAL 9/

Novo-Baku 1948 1952/1953 Moderate Expansion 2.0 3.0 4.0
Kuybyshev No. 2 1947 1950 Major Expansion 2.8 15.0 25.0
Original Novo-Kuybyshev 1948 1950 Major Expansion 4.7 None None
Novo-Ufa 1948 b/ 1951 Major Expansion 4.8 11.5  12.5
Chernilovsk 1950 1955 Major Expansion 1.0 3.5 12.5
Syzran' Before 1946 1946 i/ Final Construction 7.0 7.0 7.0
Salavat Before 1946 1954 Incidental Expansion 3.0 3.1 3.2
Novo=-Ishimbay 1953 1955 Final Construction 2.0 2.6 2.6
Novo~Gor'kiy Early 1951 July 1958 Final Construction None 2.6 2.6
Omsk Late 1949 August 1955 Under Construction 2.5 16.0 18.9
Stalingrad 1946 Fall 1957 Advanced Construction None 5.0 6.6
Perm' Spring 1951 November 1958 Under Construction None 5.0 6.6
Fergana 1949 September 1958 Under Construction None 5.0 6.6
Novo-Yaroslavl 1953 After 1960 Under Construction None None 6.6
Ryazan' 1952 October 1960 Under Construction None 1.0 6.6
Angarak & Early 1954 August 1960 Under Construction None 4.0 12.6
Kritovo 1958 After 1960 Under Construction None None 2.6
Pavlodar 1958 After 1960 Under Construction None None 6.6
Polotsk 1958 After 1960 Under Construction None None 6.6

TOTAL 29.8 84.3 149.7
a/ Does not include refineries which provided any significant output before 1946.
b/ ‘'New" refineries are represented by the 19 plants listed. Except at Baku, Kuybyshev, and Ufa, the "new" refineries are
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located at "new" gites in the sense that no major refineries existed at the sites before the postwar period. Postwar major
status is shown for prewar minor "old" refineries in 2 of the 3 "new" sites that contained minor "old" refineries.

The so-called "eastern" refinery, sometimes designated as the Irkutsk refinery.
Soviet reports indicate that site preparatory work actually was stated in 1956 at Kritovo and Pavlodar, and in 1957 at Polotsk.

These initial operations before 1961 were attained invariably in plants still in states of partial completion. In all instances,
primary distillation facilities predominated in the portions initially commissioned on stream. In most of the plants, the
initially operating capacities were relatively small.

Official reports specify or imply a planned completion date of no later than 1965 for all constructions and expansions here
shown to be in progress in 1960.

Except at Baku, Kuybyshev, Ufa, Syzran', and Salavat, these final capacitiés probably are represented in standardized Soviet
plants. The standard design with the 6.6 capacity rating appears to be preferred in current constructions. Nevertheless, a
smaller standard design is indicated at some new plants.  As officially reported, the smaller design features all fundamental
operations of processing in single units; it develops a service capacity for annual charge of crude oil equal to about 2.3 mil-
lion tons, apparently expanded in practice to 2.6 million tons, corresponding to 55,000 barrels per stream day. In Syzran' and
Salavat Constructions, where the stage of work was more advanced at an earlier date than in the other 12 new refineries at new
sites, final capacities apparently approximate standard design, even though standard design was not applied. The evidently
enormous Omsk installation is indicated as a single refinery, incorporating 3 of the standard plan designs with the 6.6 capacity
rating. The Angarsk installation also is indicated as a single refinery, incorporating 2 of the standard plant designs with the
6.6 capacity rating.

Onsite construction of actual process facilities at Novo-Ufa was initiated in 1949.
The nucleus of the Syzran' refinery was of later prewar construction, brought on stream in 1942 during war time, presumably on

an emergency basis. Soviet data, however, at least imply that normal service capacity was not attained in the plant until the
beginning of the post-war period.




the Ukrainian SSR, Kazakhstan and Central Asia and Siberia,
where prior to the Seven Year Plan there was little, if any,
refining capacity available.

F. Prospects for Plan Fulfillment

1. Past Construction Record

a. Construction Time and Cost

The time required for construction of refineries in
the USSR has been excessive when compared with the time required
for similar construction in the West. Until the beginning of
the Seven Year Plan, the time norm established for complete
construction of a standard-design refinery with a crude oil
charge capacity of 6 million tons was 7.5 years. 1 Neverthe-
less, the time norm has been considerably exceeded, or will be
considerably exceeded, in the construction of nearly every
major new refinery commenced during the period 1949-54. A
critical Soviet statement early in 1958 indicated 10 to 15 years
as the realistic period then in prospect for the work supposed
to be done within the norm time. A lapsed time of 14 years is
indicated in some of the actual projects. In Western practices,
the construction covered by the Soviet norm of 7.5 years
probably would be completed within 2 to 3 years.

In discussing the low levels of attainment in refinery
construction, official complaints indicate the principal causes
as inefficient management and financing, insufficient supplies
of equipment and material, and inadequate construction capabil-
ities and procedures in the physical installations. The
petroleum industry has had to compete with other industries,
especially the chemical industry, for certain types of
managerial and labor skills, and for certain materials and
prefabricated items of equipment. There have been delays 48
in financing. For example, the construction time norm of 7.5
years reportedly 49/ was based on an on-site application during
the first year of construction, of about 15 percent of the
total monetary cost of a new refinery. Official reports indicate
that in postwar construction of major new refineries, the actual
allocation for the first year seldom exceeded 6 percent, and
frequently has been less than 1 percent. It is possible, of
course, that some of the delay in allocation of investment may
have been symptomatic rather than a cause of the delay in
construction.
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There is evidence that when increased requirements for
new refining capacity or technologic¢al improvements developed
during the course of construction, the Soviets have redesigned
facilities before putting them into service. Long construction
times, coupled with rapid technological progress in the natural
crude oil refining industry, have tended to render obsolete
much of the equipment before it ever goes on stream. A notable
example of redesigning while construction was still underway
was the general engineering revision of 1956 50/ which probably
applied to major new refineries then under construction in
Angarsk, Perm', Ryazan',6 Yaroslavl',6 Omsk, Stalingrad, and
Fergana.

In Soviet refinery construction since 1950, total
capabilities and effort have been dispersed over many major
projects. There was a tendency, until shortly before the
beginning of the Seven Year Plan, to publicize this multipli-
city of concurrent projects as an indication of industrial
progress. More recently, however, official statements 51/ have
declared that the dispersal of efforts has been excessive and
much in error.

b. Quality of Construction - Balance Between Facilities

Poor quality of construction and imbalances in the
development of different types of facilities also have been a
part of the past record of refining construction. Impromptu
planning, haphazard progress in construction, and inefficient
construction practices have resulted in poor quality construction
and a series of piecemeal completions. The rapidly increasing
availability of crude oil has compelled emphasis on the
completion of primary capacity for crude oil distillation, 32/
often at the expense of planned increases in the secondary
refining facilities essential for improving the quality of
Soviet petroleum products. In most of the major refinery
projects under construction in 1960, the share of monetary
investment accounted for by primary facilities then in place
apparently was much higher than the share of those facilities
in total investment commitments for the complete refineries.
Although highly efficient facilities of modern design undoubtedly
exist at a number of sites, there is good evidence that the
national complex of refineries have the general semblance of a
make-shift assemblage of equipment. The American Petroleum
Delegation which visited the USSR in August, 1960, confirmed
this. The refineries visited were characterized by extremely
poor construction, maintenance and housekeeping standards.
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Much of the equipment lacked paint. The insulation and weather-
proofing were disintegrating and steam leaks from valves and
gaskets were abundant. In the insulation of a hot line, the
first step was to wire on a brick measuring 4" x 6", followed
by plaster over the brick. Product piping is laid in concrete
trenches about one to two feet deep, then covered with concrete
slabs about 18" wide, 3 feet long, and 3" thick. These
irregular slabs had two lifting hooks at either end. This
method results in a very irregular trench covering which
presents a considerable safety hazard. At the Syzran' refinery,
the trenches had been filled with sand as a safety precaution.

Almost all of the control houses had broken windows
and in a heavy rain leakage around the windows and through the
roof joints was clearly evident. Some of the control houses
had curtains at the window and were decorated with large house
plants.

Many simplex and duplex reciprocating pumps were used.
Brass valves were used on the pumpout lines from the pumps--even
on those pumps in hot service. Nearly all of the pumps were
steam driven and some plants were venting large quantities of
excess steam. The control instruments were all air actuated.
Virtually all of the plants were equipped with the large scale
0ld type recorders and controls. There was no explosion-proof
equipment in the control houses.

The fire protection at these refineries was well below
U.S. standards. There were a few hand extinguishers in evidence
and no high pressure water or fixed foam systems. None of the
supporting steel structures were insulated for fire. Boxes of
sand and shovels were located around the units and in the
laboratories. It was stated that fires were fought with steam,
CO2 and portable foam. However, there was no indication of
fire damage in the refineries visited.

Safety standards paralleled those of fire protection.
The workers do not wear hard hats except when inside a chamber
doing repair work, nor were hard toe safety shoes worn. There
were no goggles or safety showers at the sulfuric acid
alkylation units. The absence of these protective measures,
combined with low piping, uneven stairways, irregular covered
trenches and uneven steel floor plates on the structure, would
be expected to result in a high accident incidence. Neverthe-
less, it was claimed that the safety record was satisfactory.
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The refineries are spaciously laid out. There is a
normal allowance of 100 meters between gas units, 200 meters
between units and storage, and 40 meters between other units.
It appeared that most of these standards were exceeded, thus
adding to the capital and operational costs incurred by the
wide spacing.

The delegation observed, however, that the construction
standards being employed at 2 refineries undergoing expansion
in August, 1960--Syzran'and Novo-Kuybyshev--showed a vast
improvement over earlier construction.

2. Achievements 1959-60

a. Additions to Capacity

By 1960, the service capacity of Soviet crude oil
refineries is estimated to have risen to 157.3 million tons,
31 percent above the estimated service capacity of 1958. The
crude oil charge to refining in 1960 is estimated as 130 million
tons or 1.25 times the 1958 charge of 104 million tons. This
increase in capacity of about 37 million tons in two years is
equal to the average annual increase of about 18.5 million tons
that would be required if the estimated goal of 250 million
tons is to be achieved.

b. Construction of New Facilities

There is evidence that in the construction of new
refining facilities during 1959-60 the USSR attempted to correct
the past dissipation of effort over an excessive number of
projects. It has concentrated construction on a relatively
small number of projects. Most important, there is no evidence
of the start of construction on any major new refinery during
1959-60 in the USSR. Construction activities may have been
maximized in the 16 refineries that were in advanced stages of
construction in 1960, and minimized in the refineries at
Kritovo, Pavlodar, and Polotsk, where construction was not
initiated until 1958. At least there are no known Soviet
reports indicating particularly significant progress in
construction at those 3 sites in 1960. Although the typical
postwar practice was duplicated, in that the new Angarsk and
Ryazan' refineries were belatedly brought on stream in states
of partial completion in 1960, there is evidence that
construction was being intensified for completion in the latter
part of 1960 and early part of 1961, not only in those 2
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refineries, but also in the other uncompleted new refineries
where construction has been in progress for 6 years or more.

At Angarsk, for example: an atmospheric~-vacuum
combination distillation unit was being completed in October,
1960, 33/ to increase the service capacity for crude oil charge
1.5 times; a second integral part was under intensified
construction in December; 24/ and in January, 1961, plans for
construction of a 50 kilometer transmission gas pipeline for
transport of Angarsk refinery gas to Irkutsk were being
discussed. 55/ Late in October, 1960, the trunk oil pipeline
from the Urals-Volga oil fields had already reached Ryazan';
and it was to be completed by November, 1960, along the trace
Al 'met 'yevsk-Gor 'kiy-ryazan'. 26 In late 1960 and early 1961,
construction work was being accelerated in refineries at
Ryazan' 37/ stalingrad 38/ perm' 32/ and omsk 69/. Both the
Novo~Yaroslavl' él/and Fergana 62/ refineries are priority
projects for 1961. 1In November, 1960, new construction and
further modernizations also were in progress in the refineries
at Kuybyshev and Syzran'. 63 The Kuybyshev refinery had already
attained the planned 1965 level for output of principal light
products.

c. Relationship of Primary Distillation and Secondary
Facilities

Table 3-44 shows a possible breakdown for the primary
and secondary service capacities developed in all Soviet natural
crude oil refineries; the data compare capacities in 1950, 1955,
1958-60, and the prospects for 1965.

It is not certain, however, that the refining capacity
available in 1965 will be exactly of the type desired. As
indicated previously, steps are being taken to reduce the need
for secondary refining capacity by blending excess straight-run
gasoline with light diesel fuel and by increasing industrial
consumption of residual fuel oil. The program for constructing
integrated standard design refineries aims, in part, at
developing a balance between primary and secondary facilities.
In spite of these facts, it is possible that the pressure for
expansion of primary capacity to handle the increasing avail-
ability of crude oil will result in some imbalance of facilities.
Although Soviet literature indicates that notable gains have
been achieved in secondary refining, especially in thermal
conversion, catalytic cracking, and catalytic hydrotreating
processes, total secondary refining capacity probably still is
below the level desired, particularly for the production of
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TABLE 3-44

ESTIMATED ANNUAL SERVICE CAPACITIES IN SOVIET NATURAL CRUDE OIL REFINERIES-a/
1950, 1955, 1958-60, AND 1965 PLAN

1950 1955 1958 1959 1960 1965
MILLION MILLION MILLION MILLION MILLION MILLION

OPERATION IN SYSTEM METRIC TONS METRIC TONS METRIC TONS METRIC TONS METRIC TONS METRIC TONS
Thermal conversion b/ ¢/ NA 18.5 24,5 27.5 31.5 50.4
Catalytic cracking b/ NA 9.1 12.0 16.3 22.0 56.4

Subtotal b/ ¢/ 12.7 27.6 36.5 43.8 53.5 106.8
Catalytic reforming b/ 0.0 0.0 1.0 2.9 5.4 17.0
Catalytic hydro-

treating b/ 0.0 0.0 1.0 5.9 12.4 43.0
Lubricant processing 4/ 2.2 3.5 5.4 6.2 7.0 10.8
Atmospheric

distillation b/ e/ 47.1 89.5 122.3 137.4 157.3 252.0
a/ The derivation of estimates of primary distillation capacity is described in Appendix A,

Methodology, pages 164~167.

b/ Charge capacity. ‘

¢/ Principally the reduction operations of true cracking, visbreaking, and coking. True thermal
reforming possible but negligible in the ratings shown.

d/ Production capacity in lubricant base oils.

e/ Primary refining of crude oil charge.

Combination atmospheric-vacuum distillation units are typical in postwar constructions.
Data not available for capacities in the secondary refining represented by vacuum distillation.




diesel fuels which were reported to be in short supply in 1960.
It is probable that more emphasis will have to be placed on
the construction and installation of secondary refining
facilities if the qualities and proportions apparently desired
for the product mix in 1965 are to be achieved.

3. Possible Effect of Failure to Meet Plan

Clearly one possible effect of failure to achieve a
refining capacity of 250 million tons by 1965 would be a change
in the pattern of Soviet exports of petroleum. With an
estimated production of 265 million tons of crude oil in 1965,
loss, storage, and direct use may be expected to account for
about 4 million tons. Operation of 250 million tons of
refining capacity at about 85 percent would require a crude
0il charge of 214 million tons, and about 47 million tons of
crude o0il would be available for export. The yvield of nongas
products would be about 197 million tons. (See Table 3-42)
With a domestic consumption of 180 million tons of products,
17 million tons of products would be available for export. To
this availability for export must be added approximately 5
million tons of products—--equivalent to the estimated
production of synthetic products and liquified petroleum gas.
These 22 million tons of products available for export are
equivalent to about 23 million tons of crude oil. Thus in 1965
the USSR would be able to export (net) about 70 million tons
of crude o0il equivalent, of which at least two-thirds would be
in the form of crude oil. (Soviet exports of petroleum in 1961
were about 60 percent crude).

It will be noted that in the section of this report
dealing with petroleum trade, an independent estimate of 22
million tons of petroleum product exports for 1965 was obtained
from an analysis, by regions and countries, of past trends,
demand patterns, trade agreements and facilities for handling
Soviet Bloc crude and products.

Should the refinery construction goal not be attained,
as indicated previously, domestic requirements for petroleum
products could still be satisfied with a crude o0il charge of
only 196 million tons. 1In this case the availability for export
in the form of crude o0il would be about 65 million tons, to
which could still be added the 5 million tons of products
equivalent to production of synthetics and liquefied petroleum
gas. It is doubtful, however, that any such extreme situation
would develop as refining capacity almost certainly will exceed
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the minimum of 230 million tons required to process a crude oil
charge of 196 million tons and produce 180 million tons of
products while operating at 85 percent. Even if it did not,
the product yield could still be increased by increased utili-
zation of facilities. Depending, of course, on the relative
market opportunities for crude o0il, and petroleum products, it
is much more likely that of an estimated net export capability
of 70 million tons from two-thirds to three-quarters will be
crude o0il and one-third to one-quarter petroleum products.

G. Costs of Refinery Construction

It is estimated that the Soviet Union plans to invest
about 3.6 billion rubles in petroleum refining facilities during
the Seven Year Plan.* This figure can be divided roughly as
3.0 billion rubles for construction of new refineries and 0.6
billion rubles for expansion and modernization of facilities
operating in 1958, Until the general engineering revisions of
early 1956 the prevailing unit construction costs for a
completely integrated refinery, including primary and all
attendant secondary facilities, was about 44.2 rubles per ton
of crude charge capacity. The engineering revisions and
standardization of design apparently have reduced this cost
substantially. The capital expenditure for constructing a
standard design refinery equivalent to the Ryazan' plant (6.6
million tons of primary distillation capacity) was reported in
1956 as 34.3 rubles per ton of primary capacity. 64 For
standard refineries, much simplified in comparison to the
Ryazan' pattern, a corresponding rate of expenditure was cited
in 1960 as 29.0 rubles, if the annual primary capacity was 6
million tons. 82 It also was reported that if capacity were
doubled, the capital expenditure per ton would be reduced to
21.0 rubles; and, if capacity were trebled, to 19.5 rubles per
ton. During the Seven Year Plan approximately 8.9 million tons
are to be added at Omsk, the total capacity of which is to be
roughly three times that of the larger standard design refinery,
and 12.6 million tons are to be constructed at Angarsk. Nearly
43 million tons of capacity are to be added during the Seven
Year Plan in refineries of the 6.6 million ton type which already
are under construction. If it is assumed that the 25 million
tons to be added in refineries not yet under construction in
1960 are all to be added in standard design refineries having
a capacity of 6.6 million tons, approximately 68 million tons

* For the derivation of this estimate see Appendix A, Refining
Methodology.
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will be added in that type facility. Two smaller standard
refineries, Novo-Gor'kiy and Kritovo will add 5.2 million tons.
Unfortunately no official unit cost data for refineries of
this size are available. Nevertheless, the above information
makes it possible to estimate that investment in construction
of refinery capacity during the Seven Year Plan may be divided
roughly as follows:

CAPACITY
TO BE ADDED UNIT INVESTMENT
(MILLION CosT (BILLION
FACILITY METRIC TONS) (RUBLES) RUBLES)
Omsk 8.9 19.5 0.17
Angarsk 12.6 21.0 0.26

New Construction of

Refineries of 6.6

Million Tons Capacity 68.0 34.3 2.33
New Construction of

Refineries of 2.6

Million Tons Capacity 5.2 46.1 a/ 0.24 b/

TOTAL CONSTRUCTION IN

NEW REFINERIES 94.7 31.7 &/ 3.00

Expansion and Modernization

of 0ld Refineries 35.0 17.1 &/ 0.60
TOTAL 129.7 </ 27.8 & 3.60

a3/ Calculated on the basis of capacity to be added and invest-
ment.

b/ Residual derived on the basis of a rough division of
estimated total investment in construction of refining
capacity.

¢/ The difference between an estimated service capacity of
122.3 million tons in 1958 and 252 million tons in 1965.

Thus, of the approximately 130 million tons of refining
capacity to be added during the Seven Year Plan about 95 million
tons of construction in new refineries may be accomplished
with an investment of about 3.0 billion rubles. The unit cost
shown in the above tabulation for the two refineries having
capacities of 2.6 million tons was derived as a residual.
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Conceivably the unit cost of such construction might be nearer
the 44.2 rubles per ton which prevailed prior to the engineering
reforms. On this basis the average unit cost for the new
construction may be somewhat imprecisely estimated at 31.5-32.0
rubles per ton, and the unit cost for expansion and moderni-
zation of facilities existing in 1958 at 17-18 rubles per ton.

The value of 31.5-32.0 rubles per ton for new
construction is equivalent to about $1,750 per barrel per day
capacity, and 17.0-18.0 rubles per ton is equivalent to about
$1,000 per barrel per day for expansion and modernization.
These investments appear unusually high by Western standards.
In Europe today, for example, hydroskimming refineries are
being constructed with typical yield structures from Aramco
crude about as follows:

WEIGHT

PERCENT
Motor Gasoline 19
Distillates 35
Residual 46
100

This is not substantially different from the average distribution
in the Soviet refineries of the future. However, such install-
ations are being made for $400 to $600 investment per barrel

per day capacity in new refineries. Even much more complex
refineries with substantial conversion equipment are constructed
for less than §1,000 per barrel per day, in the size of the
standard Soviet refinery (6.6 million tons, or 130,000 barrels
per day). Expansion and modernization costs are much less.

Table 3-45 shows the construction costs as planned
for Ryazan' refinery in 1957.
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TABLE 3-45

PLANNED CONSTRUCTION COSTS FOR THE RYAZAN'

REFINERY, 1957

CAPACITY RATING

CONSTRUCTION COST

THOUSAND RUBLES PER TOTAL
METRIC TONS TYPE OF TON OF ANNUAL (MILLIONS
CATEGORY OR SERVICE OF FACILITY PER_YEAR RATING CAPACITY OF RUBLES!
Electrolytic Desalting of Crude 0il
Crade Oil Distillation 6,604 &/ Charge 5.28 &/ 34.87 &/
Atmospheric
Vacuum
Thermal Cracking 337 &/ Charge 3.48 b/ 1.17 </
catalytic Cracking 1,200 & Charge 11.27 ¥/ 13.63 &/
Thermal Residue Processing 1,116 &/ Charge 10.04 b/ 11.20 e/
Visbreaking (mild cracking)
Coking (destructive cracking)
Catalytic Alkylation e/ Production 47,67 & 31.36 &/
Catalytic Hydrotreating 2,463 &/ Charge
Basic Production Facilities 6,604 a/ Charge 13.97 e/ 92.23 a/
Lubricant Processing e/ Production 14.23 b/ e/
Asphalt Processing e/ Production 9.92 &/ e/
Chemical and Physical Treating .
Methyethylkentone Deparaffination of Distillate Charge 24.04 &/
Carbonide Deparaffination of Distillate Charge 10.12 ¥/
Other Typical Deparaffination of Distillate Charge 25.50 b/
0il Deasphalting Charge 4.99 b/
Wax Deoiling Production 17.32 b/
Other
Special Processing
Process Pipelines, Blending, and Tankage in the Area
Water, Air, and Incidental Utility Supply
Other Service Communications, Transport, Laboratory, etc.
Miscellaneous Plant Facilities 6,604 &/ 16.09 &/ 106.24 &/
Electric Power and Steam Supply 6,604 8/ 0.95 </ 6.27 a/
Other Production Facilities 6,604 a/ 17.04 e/ 112.51 &/
2nd cultural Facilities 6,604 &/ 3.30 &/ 2179 &/
OVER-ALL RYAZAN' REFINERY b/ 6,604 &/ 34.30 &/ 226.53 4/
a/ Derived from data on cost per ton and total cost.
b/ Cited in 66/.
¢/ Derived from other data shown.
d/ Derived by application of percentages from source 67/ to the calculated total crude capacity.
e/ Actual plan data for Ryazan' refinery not available. Estimates based on Soviet practices in construction of
standard refineries are as follows:
THOUSAND
ESTIMATED METRIC TONS RUBLES PER TOTAL
PERCENT OF CAPACITY TYPE OF TON OF ANNUAL (MILLIONS
CRUDE CHARGE PER YEAR RATING CAPACITY OF RUBLES)
Catalytic Alkylation 3 198 Production 47.67 9.44
Catalytic Hydrotreating 17 2,463 Charge 8.90 21.92
Sub-Total 31.36
Lubricant Processing 4 264 Production 142.30 37.57
Asphalt Processing 3 198 Production 9.92 1.96
£/ A unit construction cost of 15.7 rubles per ton was cited for the alkylation unit itself, as distinguished from
the facilities for feed preparation and stock recovery in catalytic alkylation.
g/ Cited in source 68/.
h/ Tt is probable that the .Ryazan' refinery will include catalytic reforming facilities. Such facilities are

proposed for standard refineries 69/. It is also possible that catalytic hydrocracking units of the varga

type 70/ will be included 71/.
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APPENDIX A

REFINING METHODOLOGY

1. Estimates of Soviet Crude 0il Charge Capacity

In 1932 the total crude oil charge capacity in the USSR
was 21.4 million tons, and was but slightly less than what was
left in 1945 after wartime destruction. i1 This has been
interpreted to mean that a capacity of about 22.4 million tons
existed in 1945.

The capacity in 1955 was 4 times as much as in 1945 2/
and was 1.9 times as much as in 1950. 3/ Consequently, the
capacity for 1950 has been estimated at 47.1 million tomns and
that of 1955 at 89.5 million tons.

The capacity in 1960 was planned to be 3.34 times as
much as in 1950. 4 It was assumed that the plan goal was
achieved and that capacity in 1960 was 157.3 million tons.
Capacities of 122.3 million tons for 1958 and 137.4 million
tons for 1959 were estimated by treating the estimated crude
0il charge as approximately 85 percent 5/ of capacity. The
estimate for 1959 was adjusted on the basis of estimates of
capacities at individual sites. Because of the imprecise
nature of the data the estimate for 1958 has been rounded to
120 million tons in the textual discussion. Table 3-41 and
3-44 showing the distribution of capacity by facilities show
the unrounded figures.

The estimated goal for capacity in 1965 was derived as
follows: 6.15 million tons of diesel fuel are to be used in
railroad locomotives in 1965. This use by the railroads is to
be 14.3 percent of the total production of diesel fuel. e/ Oon
this basis 43 million tons of diesel fuel are to be produced,
of which 26 percent 2/ or 11.2 million tons is to be heavy
diesel fuel.

Diesel fuel demand in 1965 is expected to be 42 percent

of the demand for light products §/, where the term "light
products" apparently was used to include not only gasoline,
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kerosene, and light diesel fuel, but heavy diesel fuel as well.*
On this basis, the demand for light products in 1965 is 102.4
million tons on the assumption that the relationship between
diesel fuel and total light products will be the same for both
demand and production, and furthermore, that production of light
products will equal demand, results in the 102.4 million tons

of light products production shown on Table 3-42.

The demand for kerosine and diesel fuel in the USSR in
1965 is to be 65.4 percent of the total demand for light products
and the demand for gasoline is to be 34.6 percent.ll Assuming
the demand for diesel fuel to be equal to production, the
production of 102.4 million tons of light products would break
down as follows: diesel fuel-43 million tons, kerosine-24
million tons, and gasoline-35.4 million tons.

Other information indicates that the demand for furnace
mazut (residual fuel o0il) in 1965 will be 67 million tons, 12
and that the demand for fleet mazut will be 11 million tons
(computed from a figure given in standard fuel 13/y. The 78
million tons of mazut demand thus accounted for is assumed to
be 90 percent of the category "residuals and others" which is
estimated at 86.7 million tons for 1965.

The demand for lubricants in the USSR in 1965 is to be
3 times the consumption in 1955. 14/ 1t is assumed that consump-
ton of lubricants in 1955 was approximately equal to production.
The production of lubricants in 1955 has been estimated at 2.65
million tons on the basis of published link relatives dealing
with products and crude oil charge. On this basis the production
of lubricants in 1965 has been estimated at 7.9 million tons.

Summation of these estimates of product output derived
above indicates a total output of petroleum products of 197
million tons in 1965. In current estimates of Soviet refining
operations, a constant of 92 percent of the crude o0il charge

* From the context of 2/ it is evident that heavy diesel fuel
was included. Soviet literature, although not entirely
consistent, usually includes in light products--gasoline,
kerosine, light diesel fuel, and formerly ligroine, but not
heavy diesel fuel. 10/ Elsewhere in this report heavy diesel
fuel has not been included in light products.
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is applied for outputs of the total nongas products, distin-
guished from refinery gas as a product. Hence the total nongas
product outputs and the crude o0il charges stand in the same
ratios. Dividing the estimated output of 197 million tons of
nongas products by 92 percent yields an estimate of crude charge
of 214 million tons. Assuming that the USSR plans to continue
current practice of operating at about 85 percent of capacity 15/
a crude charge of 214 million tons would indicate refining
capacity of 252 million tons in 1965. Because of the imprecise
nature of the data this figure has been rounded to 250 million
tons. \

In deriving this estimate of the goal for refining
capacity in. 1965 some liberties have been taken in rounding
estimates of individual product output so that their summation
will result in an estimate of total product output in millions
of tons. Given the imprecise nature of the 1945 base and of
several other figures used, an attempt to estimate product
output, crude charge, or refining capacity more precisely than
to the nearest million tons would be unwarranted. A recognized
defect in the above methodology is the use of certain demand
data in estimating production. For the earlier years, when the
trade of the Soviet Union in petroleum was very small and
consumption for all purposes was equivalent to production, this
defect probably was not serious. Even with respect to deriving
the estimate of capacity in 1965, the problems arising from use
of consumption data are more theoretical than actual. An
estimate of capacity based on consumption data would be a
minimal estimate. A larger capacity would be required if the
USSR planned to export significant quantities of petroleum
products. As analysis contained in the body of the paper
indicated that the Soviet Union may not be able to increase its
refining capacity to the 250 million tons indicated by data
pertaining to product consumption plans, it is even less likely
that it could achieve a higher capacity. Consequently, refining
‘capacity in 1965 probably will not greatly exceed that necessary
to satisfy domestic demand. Exports of petroleum products in
excess of the 22 million tons indicated in the text probably
would be at the cost of domestic consumption. The bulk of
Soviet exports of petroleum in 1965 probably will be in the
form of crude oil.

2. Estimates of Crude 0il Charge to Refining

It has been assumed that the charge to refining in the
USSR consists of natural crude oil. The small ratio of the
output of natural gas liquids to the output of crude oil and
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the low quality of the motor gasoline which would contain the
major part of the material derived from natural gas ligquids
indicate that natural gas liquids are of no real importance.
The output of shale o0il and other synthetic petroleum stock
also appears to be negligible.

The charge to refining in 1913 was reported as 5.702
‘million tons. 16/ In 1955 the charge was 12 times as much as
it was in 1913. 17/ Consequently the charge for 1955 has been
estimated at 68.4 million tons. This figure affords a basis
for several other estimates. Soviet sources provide the
following link relatives:

1955/1950 = 1.885 18/

1l

1955/1946 = 3.4 12/ or 3.43 20/
1956,/1955 = 1.18 21/
1957/1946 = 4.65 22/

On the basis of these link relatives the following estimates of
crude o0il charge to refining were derived:

MITLLION METRIC TONS

1946 20.0
1950 36.3
1955 68.4
1956 80.7
1957 93.0

Estimates of the crude oil charge for the years 1958 and 1959,
were derived by subtracting from the officially reported crude
0il production figures available data on net exports of crude
oil and an allowance of approximately 1.5 percent for loss,
storage and direct use. (The allowance for loss, storage, and
direct use was adjusted to permit rounding the estimated crude
0il charge to the nearest million tons. The appearance of
greater precision in the estimated crude o0il charge would be
misleading and the factor for loss, storage, and direct use
does, in fact, fluctuate from year to year). The crude oil
charge was estimated for 1960 on the assumption of an average
annual increase of 12.3 million tons per year in the years
1956-60--the estimated goal of the Sixth Five Year Plan. This
increase was actually achieved in 1956 and 1957. Complaints of
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lags in refinery construction in 1958 and 1959 indicate that
the charge fell below the desired average. in those years, but
by 1960 three refineries which came into operation in the
latter part of 1958 probably were operating with sufficient
capacity to make up the lag. Loss, storage, and direct use of
crude oil in 1960 was estimated as a residual. These data are
shown in the following tabulation:

(MILLION METRIC TONS)

ESTIMATED

CRUDE OIL NET EXPORTS LOSS, STORAGE, CRUDE OIL
YEAR PRODUCTION OF CRUDE OIL AND DIRECT USE CHARGE
1958 113.2 8.0 1.2 104
1959 129.6 11.4 2.2 116
1960 148.0 16.7 1.3 130

Plans call for a crude oil charge in 1961 that will be 110
percent of that in 1960. 23/ on this basis the planned charge
for 1961 would be about 143 million tons. Derivation of the
crude oil charge figure for 1965 shown in Table 3-42 has been
explained above in connection with the estimates of capacity.
It is based on a supposed output of 197 million tons of petro-
leum products and an allowance of 8 percent of the charge for
refinery gas and loss.*

It should perhaps be pointed out that achievement of
a crude oil charge of 214 million tons in 1965 would require
an average addition of about 17.8 million tons per year of
refining capacity during the years 1962-65. This would be
considerably greater than the average annual increase of
approximately 12.5 million tons for the years 1956-61. Should
the average annual tonnage increment remain about as estimated
for the years 1956-61, the crude oil charge in 1965 would be

* Loss, storage, and direct use in 1965 was estimated at 1.5
percent of production, and availability for export was
calculated as a residual.
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only about 195 million tons instead of 214 million. This would
require a capacity of 230 million tons, operating at about 85
percent, and would be adequate to supply anticipated domestic
demand but would mean that only a small quantity of petroleum
products would be available for export.

3. Output of Petroleum Products, 1955

a. Gasoline, Kerosine, Diesel Fuel

Estimates of the output of various petroleum products
which are shown in Table 3-42 were derived as follows:

The yield of "light products" (here assumed to include
gasoline, kerosine, light diesel fuel, and ligroine) was equal
to 42 pe?ggyt of the crude 0il charge in 1946 and 53 percent
in 1955. In 1950 it was double the yield of light products
in 1946. 25 These percentages indicate the following yields
of light products (in millions of tons): 1946 - 8.4; 1950 -
16.8; 1955 - 36.3. On the basis of fragmentary data on
consumption, Ligroine production is estimated to have been as
follows: 1946 - 0.8 million tons; 1950 - 1 million tons; '
1955 - 0.4.-million tons. Thus the combined yield of gasoline,
kerosine, and light diesel fuel must have been approximately
7.6 million tons in 1946; 15.8 million tons in 1950; and 35.9
million tons in 1955. The following annual link relatives
were available for estimating the output of these products:
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ANNUAL LINK RELATIVES

LIGHT
GASOLINE KEROSINE DIESEL FUEL
1047/1946 &/ 1.357 1.255 1.313
1948/1947 b/ 1.120 1.170 (1.645) </
1949/1948 &/ 1.100 1.170 1.320
1950/1949 &/ 1.170 1.080 1.580
1951/1950 £/ 1.200 1.030 1.450
1952/1951 9/ 1.260 (1.000) &/ 1.340
1953/1952 b/ 1.110 1.230 (1.120) &/
1954/1953 i/ 1.090 1.050 1.440
1955/1954 1/ 1.180 1.310 1.310
1956/1955 K/ 1.249 (1.075) &/ 1.322

LR

AN O N

26/

21/

Not reported. Estimated on the basis of other data. The
yield of light diesel fuel in 1955 has been cited as 4.1
times that of 1950 28/ and 19 times that of 1946. 29/ fThe
context of the source indicating that production was 19
times that of 1946 led to the conclusion that this was a
rounded figure presented in an attempt to claim the greatest
possible increase in diesel fuel production. Consequently,
this figure has been interpreted as 18.5 times 1946
production. The yield of kerosine in 1955 was 3.2 times
that of 1946. 39/ This information coupled with the link
relatives shown above permitted calculation of the missing
link relative for kerosine production in 1952/1951. The
link relative for kerosine production in 1956/1955 was
estimated as a residual employing the link relatives shown
for gasoline, light diesel fuel, and total light products.

NYYRENS

also 39/ for light diesel fuel,
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From the above data the following equations were derived
(G = Gasoline, K = Kerosine, and D = Light Diesel Fuel):

Gigae + Kig46 + Digue = 7.6
(million tons in 1946)

1.96 (G1946) + 1.86 (K1946) + 4.512/ (P1946) = 15.8
(million tons in 1950)

4.22 (®1946) + 3.23 (X1946) + 18.5 (P1946) = 35.9
(million tons in 1955)

Solution of these equations indicates that in 1946, 1950, and
1955 the yields of these products were as follows (in million
tons) :

1946 1950 1955

Gasoline 4.26 8.4 18.0
Kerosine 2.87 5.3 9.3
Light Diesel Fuel 0.47 2.1 8.6
TOTAL 7.60 15.8 35.9

The estimated output of 1.6 million tons of heavy diesel
fuel in 1955 was based on consumption data.

b. Lubricants

The yield of lubricants has been reported as equal to
about 4 percent of the crude oil charge in 1955. 49/ Based on
the estimated crude o0il charge of 68.4 million tons in 1955,
the yield of lubricants is estimated to have been 2.7 million
tons.

Allowing 8 percent of the crude o0il charge for refinery
gas and loss, the total output of nongas products in 1955 was
estimated at 62.9 million tons. Summation of the above
estimates of distillate fuels and lubricants permitted calcu-
lation of the output of "residual and other products" as a
remainder. '

a/ Coefficient was derived from unrounded data. Also agrees
with the Soviet statement that production of light diesel
fuel in 1955 was 4.1 times that of 1950, see Footnote C,
Page 168.
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The methodology described above by which estimates of
petroleum product output in 1955 were derived is illustrative
of the methods employed in developing series of estimates of
the output of the various products during the years 1946-1956.

4. Output of Petroleum Products, 1958

a. Light Products

Starting with the crude oil charge of 104 million tons
in 1958 and allowing 8 percent for refinery and loss indicated
a total yield of 95.7 million tons of nongas products. Of this
amount, approximately 56.2 million tons are estimated to have
been light products. This estimate, equal to about 54 percent
of the crude oil charge, was based on the fact that the yield
of light products in 1956 was 5.22 times that of 1946 and in
1957 was 6.03 times that of 1946. 41/ These data, related to
the estimated output of 8.4 million tons of light products in
1946 and to the estimated crude oil charges of 80.7 million
tons in 1956 and 93 million tons in 1957, indicated that the
vield of light products was equal to about 54 percent in both
years. On this basis it appeared reasonable to estimate that
the output of light products was equal to about 54 percent of
the crude o0il charge in 1958.

b. Diesel Fuel

Total diesel fuel production in 1958 is estimated to
have been 24.7 million tons. This estimate was based on the
fact that diesel fuel consumption in railroad locomotives in
1958 was 1.2 million tons 42/ or 4.6 percent of total consump-
tion of diesel fuel during the year. 43/ These data would
imply a total consumption of 26 million tons of diesel fuel in
1958. This estimate was adjusted downward to the lowest
possible consumption compatible with the possible rounding of.
the data cited, i.e. 1.15 million tons consumed by the railroads
+ 4.649 percent = 24.7 million tons total consumption. This
adjustment was believed necessary for the following reasons:
Refining output of light diesel fuel in 1958, prior to September,
represented 37 percent of the total yield of light products.ﬁé/
If this relationship prevailed throughout the year and total
production of diesel fuel were 26 million tons, about 21

'million tons of light diesel fuel and 5 million tons of heavy

diesel fuel would have been produced. Such a yield of light
diesel fuel would have been compatible with previous performance,
but 5 million tons of heavy diesel fuel appears excessive in
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the light of previous output patterns, the known technology of
the industry, and the fact that until the beginning of the

Seven Year Plan emphasis was placed on maximizing the percentage
yield of light, rather than heavy diesel fuel. This fact,
coupled with frequent complaints concerning the continued short
supply of diesel fuel in the USSR indicate holding the estimate
of total diesel fuel production at the minimum compatible with
available data.

The respective shares of total diesel fuel production
represented by light and heavy diesel fuels were assumed to be
the same in 1958 as those estimated for 1956--86 percent light
and 14 percent heavy. Thus it was estimated that about 21.2
million tons of light diesel fuel and 3.5 million tons of heavy
diesel fuel were produced in 1958. The estimate of diesel fuel
production in 1956 was based on a 32.2 percent increase in the
output of light diesel fuel above the production of such fuel
in 1955 45/ and on an assumed 18 percent increase in heavy diesel
fuel production to keep pace with the 18 percent increase in
the crude oil charge that occurred in 1956. 46/ 7Thus it is
estimated that in 1956 about 11.4 million tons of light and 1.9
million tons of heavy diesel fuel were produced.

With an estimate of 56.2 million tons of light products
and 3.5 million tons of heavy diesel fuel, total production of
the principal distillate fuels in 1958 must have been 59.7
million tons.

c. Lubricants

Production of lubricants in 1956 was about 25 percent
more than in 1955 47/ and the same rate of growth has been
assumed for 1957. This led to an estimated production in 1957
of 4.2 million tons of lubricants which is equal to about 4.5
percent of the estimated crude oil charge for that year. On
the basis of additions to capacity in 1957-58, and shifts in
the product mix,  lubricant production is estimated to have
represented a slightly smaller percentage of the crude oil
charge in 1958 than it did in 1957. Lubricant production in
1958 is estimated to have been 4.6 million tons which is equal
to 4.4 percent of the crude o0il charge.
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d. Residuals

Subtracting the sum of the estimates of production of
lubricants and principal distillate fuels from the estimated
total output of nongas products resulted in an estimate of 31.4
million tons for the category "residual and other products."

After deducting 21.2 million tons of light diesel fuel
from the estimated 56.2 million tons of light products, 35
million tons remained to be divided between gasoline and
kerosine. Kerosine production was estimated as follows: 1In
1956, gasoline production was 24.9 percent greater and light
diesel fuel was 32.2 percent greater than similar production
in 1955. 48/ These data indicated that 22.5 million tons of
gasoline and 11.4 million tons of light diesel fuel were :
produced in 1956. The production of light products in 1956 was
20.8 percent more than in 1955. 49/ rhis implies production
of 43.9 million tons of light products. Subtracting from this
figure the estimated production of gasoline and light diesel
fuel (33.9 million tons) leaves 10 million tons of keérosine
produced in 1956. Kerosine production increased by 4.7 million
tons between 1950 and 1956. During the same period the crude
0il charge to refineries increased by 44.4 million tons. Thus
each increase of 1 million tons in crude oil charge was accom-
panied, on the average, by an increase of about 106,000 tons
in the production of kerosine. (as a result of relatively
greater production of kerosine in earlier years the average
increase in production of kerosine accompanying each million
tons increase in crude o0il charge was about 117,000 tons for
the period 1946-1956.) The crude o0il charge is estimated to
have increased by 12.3 million tons in 1957 and by 11 million
tons in 1958. Assuming an increase in kerosine production of
106,000 tons per million tons‘of increase in the crude oil
charge indicates production of 11.3 million tons of kerosine
in 1957 and 12.5 million tons in 1958. This left 22.5 million
tons as the estimate of gasoline production in 1958.

5. Output of Petroleum Products, 1965

The derivation of the output of various products
believed to be planned for 1965 is described above as the
. methodology used in estimating the possible crude oil charge
capacity of Soviet refineries in 1965.
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6. Output of Petroleum Products, 1959, 1960

The output of petroleum products in 1959 and 1960 was
estimated by interpolation between the percentages of crude
0il charge represented by the various products in 1958 and the
corresponding percentages estimated for 1965. Except for the
category "residual and other products", which was derived as
a remainder, heavy diesel fuel is the only product for which
an increasing share of the crude oil charge is indicated. The
production of heavy diesel fuel, which in 1958 was equal to
3.4 percent of the crude o0il charge, is to be equal to 5.2
percent of the crude oil charge in 1965. This would require
an increase of 6.2 percent per year in the share of crude oil
chaxge represented by production of heavy diesel fuel. The
shares of the crude oil charge represented by other products
were estimated as decreasing at the following average annual
rates: :

ANNUAL DECREASE

(PERCENT)
.Gasoline 3.80
Kerosine 0.98
Light Diesel Fuel 4.40

Lubricant Base 0Oils 2.40

7. Estimated Consumption of Petroleum Products in 1965

During the period 1955-60 each 1 percent increase (on
the base 1955 = 100) in industrial production was accompanied
by an increase of about 1.02 million tons in total consumption
of crude o0il. If it is assumed that this relationship will
continue through 1965, and that industrial production will grow
at an average annual rate of about 8.7 percent, total Soviet
consumption of crude o0il in 1965 would be about 200 million
tons. Allowing about 4 million tons for loss, storage, and
direct use of natural crude oil (about 1.5 percent of the
estimated production of 265 million tons), 196 million tons
out of the 200 million would be charged to refineries. This
amount would yield about 16 million tons of refinery gas and
loss and 180 million tons of nongas products. That this figure
is 'in the right general order of magnitude is indicated by a
Soviet economist who wrote in 1959 that petroleum product
demand in 1972/75 is to be 3.98 times the petroleum product
consumption in 1958 and 1.91 times the demand in 1965. 59/ The
consumption of petroleum products in 1958 has been estimated
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at 89.9 million tons. (Application of the percentage increases
contained in the Soviet article would indicate that petroleum
product consumption will be 187 million tons in 1965 and 358
million tons in 1972/75.) The unofficial nature of the 1959
article, and the fact that it contained data concerning
consumption of individual products in 1965 that would necessi-
tate more rapid growth in their consumption than has occurred
in the years 1958-60, led to preference for the rounded
estimate of 180 million tons of petroleum products, with an
estimated margin of error of about plus or minus 5 percent.
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SECTION 11

TRANSPORTATION OF PETROLEUM

A. Railroads

Railroads not only have been the backbone of the
transportation system of the USSR, but also have provided the
major means of transport of petroleum. In 1958, for example,
the railrocads accounted for 8l1.2 percent of the ton-kilometers
reported in freight transport and for 62.7 percent of petroleum
traffic. Recently, Soviet plans for a spectacular increase in
the petroleum pipeline system have been given wide publicity.
Although successful implementation of this construction program
will significantly increase the role of pipeline transport in
the movement of petroleum freight, railroads will continue to
account for the largest share--more than 46 percent in 1965--of
petroleum traffic in the USSR.

Map No. 5, "USSR: Railroad Systems, 1961" has been
made available by the Association of American Railroads from
Railroads of the USSR, the report on the visit of the U.8. Rail-
road Exchange Delegation to the Soviet Union. i/ This map
locates those railroad systems in existence in the Soviet Union
in 1961. All Soviet refinery installations are linked by rail
with current crude oil producing areas, although some of the
potentially important future crude producing areas are not
served by the present network.

Total and petroleum rail freight traffic for selected
years 1945-60, together with announced plans for 1965, is shown
in Table 3-46. It can be seen that in 1965 a substantially
higher volume of petroleum freight traffic is planned than is
currently carried, reflecting the plans for rapid growth in
crude production. Petroleum freight is to increase from 154
billion ton-kilometers in 1958 to 251 billion ton-kilometers in
1965, according to the original Seven Year Plan. Current
Soviet plans for expansion of rail petroleum traffic by 1965
exceed the original goal by about 8 percent and now reach to
270 billion ton-kilometers. This revised goal represents a 75
percent increase compared with 1958, Furthermore, the percent-
age of total railroad freight which is devoted to petroleum is
continually growing and is to increase from about 10 percent
in 1955 to 14 to 15 percent in 1965.

175




NUMBER*

01
02
03
04

‘06
07
09
11
12
13
14
15
16
17
18
20
23
24
25
26
27
29
31
32
34
36
39
40
44
49
50
51
52
56

57

*®

USSR RAILROAD SYSTEMS

KEY TO MAP NO.

NAME
Donets
Stalin
Transbaykal
Transcaucasus
Belorussian
Kazan
Moscow
October
Omsk
South Ural
Sverdlovsk
Volga
Kuybyshev
Northern
North Caucasus
Ashkhabad
Tomsk
Southeastern
Southwestern
Southern
Far-Eastern
East Siberian
Krasnoyarsk
Odessa
Kalinin
Gor'kiy
Tashkent
Kazakh
L'vov
Moldavian
Lithuanian
Latvian
Estonian
Azerbaydzhan

South Sakhalin
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TRANSLITERATED RUSSIAN NAME

Donetskaya
Stalinskaya
Zabykal ' skaya
Zakavkazskaya
Belorusskaya
Kazanskaya
Moskovskaya
Oktyabr'skaya
Omskaya
Yuzhno-Ural'skaya
Sverdlovskaya
Privolzhskaya
Kuybyshevskaya
Severnaya
Severo-Kavkazskaya
Ashkhabadskaya
Tomskaya
Yugo-Vostochnaya
Yugo-Zapadnaya
Yuzhnaya
Dal'ne~Vostochnaya
Vostochno-Sibirskaya
Krasnoyarskaya
Odesskaya
Kalininskaya
Gor'kovskaya
Tashkentskaya
Kazakhskaya
L'vovskaya
Moldavskaya
Litovskaya
Latviyskaya
Estonskaya
Azerbaydzhanskaya

Yuzhno-Sakhalinskaya

The system numbers follow the listing in TARIFNOYE RUKOVODSTVO,
(Tariff Handbook) Transzheldorizdat, Moscow, 1958.
















TABLE 3-46

TRANSPORT OF PETROLEUM BY RAIL IN THE
USSR COMPARED TO TOTAL RAIL TRAFFIC
! SELECTED YEARS 1945-65

BILLION METRIC

TON-KILOMETERS PETROLEUM FREIGHT
TOTAL RAIL PETROLEUM AS PERCENT OF TOTAL
FREIGHT FREIGHT RATIL, FREIGHT
1945 &/ 314.0 23.8 7.6
1950 b/ 602.3 52.0 8.6
1955 &/ 970.9 101.6 10.5
1958 &/ 1,302.0 154.0 11.8
1960 &/ 1,504.3 205.4 13.7
1965 Plan 1,800.0 & 251.0 &/ 13.9
1965 Revised  1,800.0 £ 270.0 &/ 15.0 £/

ELH
FIRUIEIY

suming no change in total rail freight.

To supply the growing demand for rail transportation,
the Seven Year Plan provides for substantial increases in
railroad facilities. The Plan visualizes a total expenditure
of 11-11.5 billion rubles on reconstruction of the railroad
system, which is 83 percent greater than expenditures during
the previous seven years. 1/ 1In an analysis of Soviet trans-
portation plans made in 1959 by a recognized expert in the
field, it was concluded that the program for the expansion of
the railroads was feasible.

Tank car inventory is to increase by 87 percent during
1959-65 (compared with 75 percent increase in petroleum
traffic). 9/ 1In addition, capacity per tank car is expected to
increase by an unspecified amount. At present 80 to 85 percent
of Soviet tank cars are 4-~axle, 50 cubic-meter cars. The remain-
der are 2-axle, 20-25 cubic-meter cars. Four-axle, 60-cubic-
meters and 6-axle, 90-cubic-meter cars are being introduced
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slowly. The total number of tank cars in the USSR in 1958 has
been estimated at about 98,100, 2/ thus bringing the 1965
planned number to 183,400. Tank car inventory in 1960 was
estimated at 114,000. 2/

In 1959, tank cars comprised 12 percent of the total freight
rolling stock of the Soviet railroad system, as shown in the
following table.

TABLE 3-47

DISTRIBUTION OF FREIGHT ROLLING STOCK
IN THE USSR - 1959 &/

TYPE OF ROLLING STOCK PERCENT OF TOTAL
Box Cars 34.6
Semi-Box or Open-Top Cars 32.6
Flat Cars 17.3
Tank Cars 12.0
Refrigerator Cars 3.5

TOTAL 100.0

a/ Lo/

The changing pattern of oil transportation in the USSR
is illustrated by Table 3-48. In these statistics, transport of
petroleum by truck is negligible. In 1958, 63 percent of all
petroleum freight load in the USSR was absorbed by the railroads,
and a modest 14 percent of the load was carried by pipelines.

The effect of the intensive pipeline construction program during
the Seven Year Plan is to increase the oil pipeline traffic from
14 percent of total oil traffic in 1958 to 34 percent of total
oil traffic in 1965. Even in 1965, however, 46 percent of
petroleum traffic will be by rail.

It is significant to compare the 1965 Plan for petroleum
freight with total railroad freight expectations. Table 3-49
shows that petroleum freight will represent 14 percent of total
freight traffic (disregarding recent estimates of an even higher
possible rail traffic in petroleum). O0il carried by all other
means will be the equivalent of only 16 percent of total railroad
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TABLE 3-48

TRANSPORT OF PETROLEUM FREIGHT
IN THE USSR BY TYPE OF CARRIER 2/
1958 AND 1965 PLAN

1958
BILLION PERCENT
TYPE OF METRIC TON- OF
CARRIER KILOMETERS TOTAL
Rail 154.0 62.7
Maritime 42.0 17.1
Inland 15.8 6.4
Waterway
Pipeline 33.8 13.8
TOTAL 245.6 100.0
a/ 11/

b/ Soviet estimates of transport of

petroleum by rail in 1965 have

been recently revised to 270 billion

ton-kilometers.

TYPE OF CARRIER

TABLE 3-49

1965 PLAN
BILLION PERCENT
METRIC TON- OF

KII.OMETERS TOTAL
251 b/ 46.1

85 15.6

24 4.4

185 33.9

545 100.0

COMPARISON OF USSR PETROLEUM
TRANSPORTATION REQUIREMENTS WITH

PLANNED TOTAL RAILROAD FREIGHT IN 1965

PETROLEUM FREIGHT
(BILLION METRIC
TON-KILOMETERS)

Rail
Maritime

Inland Waterway

Pipeline

251
85
24

185

180

PETROLEUM FREIGHT
AS A PERCENT OF
TOTAL RAIL FREIGHT

14
5
1

10




freight. + Thus, an appreciable shortage in meeting maritime,
inland waterway and pipeline expectations would still not
represent a large incremental load on the total rail freight
carried. Such a deficiency could, however, be serious in terms
of available petroleum carrying equipment, for example, tank
cars required depend to some extent on turnaround time. There
has been severe criticism in the Soviet press of long delays of
tank cars at unloading points. Additional capacity may, there-
fore, be gained by future improvements in utilization.

Costs of rail transport have been gradually declining
as utilization improves and automation increases. This decline
is illustrated in the following tabulation. 12

AVERAGE COST OF ALL RAIL FREIGHT
MOVEMENT IN THE USSR

KOPECKS/TON-KILOMETER

1950 0.5252
1955 0.3932
1958 0.3349
1959 0.3155
1960 0.3064

Complete information on the cost of petroleum freight movements
specifically is not available. However, the 1958 cost has been
given as 0.326 kopecks per ton-kilometer, 13/ which is comparable
to the average cost of all rail freight movement.

Prior to the emergence of the USSR as a major exporter
of petroleum, the average length of haul of petroleum by rail
in the USSR exceeded that of any other carrier. 1In 1955 the
average length of haul of petroleum by rail was more than 4.5
times that by pipeline, as shown in Table 3-50. Following the
increase in exports of petroleum and the concomitant growth in
tanker movements, the average length of haul of petroleum by
Soviet-owned ocean-going vessels reached 1,534 kilometers in
1958, displacing rail in terms of longest average hauls. Esti-
mates for 1965 indicate that ocean-going vessels will continue
to carry petroleum over the longest average distances, but also
that the length of haul by pipeline will more than double during
the Seven Year Plan as the result of completion of lengthy
pipeline systems leading eastward and westward from the producing
centers.
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TABLE 3-50

AVERAGE LENGTHS OF HAUL OF PETROLEUM
: IN THE USSR, BY CARRIER
1950, 1955, 1958, 1960 AND 1965 ESTIMATE

(Kilometers)

ESTIMATE
CARRIER 1950 & 1955 &/ 1958 1960 1965
Rail 1,205 1,309 1,369 »/ 1,360 &/ 1,300
Ocean* 700 1,307 1,534 &/ NA 1,700
River 1,018 1,000 1,006 & 1,000 1,000

(Estimate)

Pipeline 309 284 355 &/ 394 &/ 777 &/

* Soviet-owned vessels only.
a/ 14/
b/ 15/
e/ 16/
a/ 11/

B. Inland Waterways

Inland Waterways play only a minor and decreasing role
in the movement of petroleum freight within the USSR. As shown
in Table 3-51, although the amount of petroleum freight to be
moved by inland waterway is to increase by 50 percent during
the Seven Year Plan, 18/ less significance will be attached to
this means of transport, as its share in the total movement of
petroleum freight is to decline from 6.4 percent in 1958 to 4.4
percent in 1965, largely as a result of the increasing role to
be played by pipelines.

The bulk of the petroleum freight handled by inland
waterway moves along the Volga, Kama and Belaya rivers. These
rivers connect the crude o0il producing and refining centers in
the Urals-Volga region with the Caspian Sea, the Black Sea by
means of the Volga-Don Canal and allow the transport of lesser
quantities of petroleum products westward to the heavy'consuming
centers of the European USSR. Prior to the beginning of the
Seven Year Plan, almost 80 percent of the petroleum freight
hauled by river tanker and barge moved along the Volga and Kama
rivers. 12/ This share is to be essentially preserved during
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1959-65, although somewhat higher rates of growth will be
obtained by petroleum shipments on the Amur, Lena, Yenesey, Ob'
and Irtysh. The inland waterway system of the USSR is illus-
trated on Map No. 6.

Within the past several years, the character of movement
of petroleum freight along the Volga River has been changed
drastically. At one time, when Baku was the crude o0il producing
and refining center, petroleum products would move up the Volga.
Following the emergence of the Urals-Volga as a center of
production and refining, crude o0il and sulphurous mazut move
down the Volga. The mazut is used as a fuel in electric power
plant boilers. The crude is charged to refineries located in
the Caucasus, the quantities making up for the difference between
local crude oil production and the available charge capacity.
Low sulphur mazut, high octane gasolines and quality lubricants
from the Baku, Krasnovodsk and Groznyy refineries are shipped
by sea-going tanker on the Caspian to the trans-shipping facil-
ities at Astrakhan where the products are loaded onto river
vessels. From Astrakhan the cargoes move up the Volga and Kama
rivers to the industrial regions along the Volga, Moscow,
Leningrad and in some cases, ultimately to the Urals, Siberia
and the Far East.

TABLE 3-51
MOVEMENT OF PETROLEUM FREIGHT

BY INLAND WATERWAYS OF THE USSR
1955-60 AND 1965 PLAN

MILLION METRIC PERCENT OF
YEAR TONS-ORIGINATED NATIONAL TOTAL
1955 14.4 8.6
1956 15.0 NA
1957 le.1 NA
1958 16.2 6.4
1959 17.7 NA
1960 18.5 NA
1965 Plan 24.0 4.4

The largest river tanker operating on the Volga, Kama
and Don has a 5,000 ton rating. 20 Use of this larger vessel
(prior to its introduction, 3,300 ton ratings were the largest)
should assist in reducing the cost of petroleum movement by the
river fleet.
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Until recently, river transport was the cheapest means
of petroleum transport in the USSR. However, the use of large-
diameter pipe in the construction of petroleum pipelines has
served to lower the cost of transport of oil freight by this
means to a level well below that of water transport. "According
to published Soviet data, in 1958 the transport of petroleum
freight by all forms of transport was as follows: 21/

FORM OF TRANSPORT KOPECKS/TON—KILOMETER
Railroad 0.33
River - Sea 0.16-0.17
Pipeline 0.12

One problem which continually has plagued the expansion
of petroleum movement by river is the transport of petroleum
freight along rail routes which parallel navigable rivexs.
Soviet river authorities often have pointed out the inconsis-
tencies in such planning, but to no avail.

C. Pipeline Transportation (Petroleum and Natural Gas)

1. Summary

At the end of 1958 the Soviet Union had in operation
only 14,461 kilometers of crude oil and petroleum product pipe-
lines and 13,239 kilometers of gas pipelines. The Seven Year
Plan calls for construction of 31,800 kilometers of oil
pipelines and 29,500 kilometers of gas pipeline.* Thus in these
seven years it is planned to construct more than twice as much
trunk line as existed at the beginning of the current Seven Year
Plan.

These pipeline systems are designed to accomplish four
primary objectives:

(a) To supply Soviet industry with secure, cheap, and
convenient gaseous and lidquid fuels;

(b) To supply crude oil (and minor amounts of natural
gas) to their European satellites--thereby supplying
a much needed form of energy to these countries, but

* A recent upward revision of the original goal of 26,000
kilometers.
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also making them dependent on the USSR and
Preventing an alignment with Western sources;

(c) To provide facilities for the export of oil to
the Free World with the resultant benefits to the
USSR of obtaining much-needed foreign exchange
‘and equipment and providing the ability to disrupt
the established Free World industry;

(d) To reduce the present cost of delivering oil and
gas to the export market as well as to Soviet
industry.

At the present time the USSR is highly dependent on
rail transportation to move petroleum. In 1958 about 63 percent
of the ton-kilometers of o0il freight moved by rail and only 14
percent by pipeline. By.1965 it is planned that these respec-
tive shares will be 46 percent and 34 percent.

The savings to the economy which will result from the
increased role of pipelines in petroleum freight movement in
the USSR can best be illustrated by comparing rail transport
costs from Kuybyshev to Klaipeda on the Baltic Sea with esti-
mated pipeline costs over the same route.

At present those amounts of petroleum which are
exported from the Baltic bases of Klaipeda and Ventspils are
brought in by rail from the Urals-Volga oil fields, a distance
of about 2,100 kilometers. The cost of such movement averages
about $1.05 per barrel, based on reported average rail freight
costs.

It is estimated that the pipeline operating costs,
upon completion of the USSR-European Satellite o0il pipeline,
(and assuming a liberal 13 percent for depreciation and interest)
will be only 29 cents per barrel for the movement from Kuybyshev
to Klaipeda. These drastic savings over today's costs by rail
will, of course, be of great benefit to the Soviet Union. Of
additional interest, when the pipeline system is completed,
Kuybyshev oil will have about 11,600 kilometers (7,200 miles)
shorter tanker haul to the Scandinavian markets of Denmark and
Sweden than Persian Gulf production.

The Soviet capability to export increasing quantities

of oil depends to a considerable degree on the completion of
its pipeline construction goals. The lack of progress during

186




the 1955-60 period cast some doubts on the capability to
complete the plan on schedule. Soviet literature continually
has emphasized that the lack of progress on their pipelines
was caused by failure to meet production goals for steel pipe
of all sizes--but particularly large diameter. There now seems
little doubt that the essential parts of this program will be
completed, in particular the Comecon pipeline, on schedule.
This abrupt reversal in trend has been accomplished by resort-
ing to purchases of pipe and other facilities from Western
suppliers. In the period 1959-62 the Soviet Union has either
purchased or arranged to purchase at least the following
amounts of 40-inch diameter pipe:

(METRIC TONS)

West Germany 680,000
Ttaly 240,000
Sweden 135,000

TOTAL ' 1,055,000

With these purchases, the USSR will be able to meet almost 40
percent of their requirements in the Seven Year Plan for 40-
inch pipe. Domestic production of 40-inch pipe so far has
been only in token quantities.

- The Soviet Union has still more grandiose plans for the
future. Whereas at the end of 1960 gas and oil pipelines in
use totalled 38,800 kilometers, plans call for the installation
of more than 250,000 kilometers of pipeline in the 1961-80
period. Of the 250,000 kilometers, 150/170,000 kilometers will
be for gas and 80/100,000 kilometers will be for oil. About
one-third of the pipe’required will be 40, 48, and 56 inches in
diameter. The 48 and 56-inch pipe are scheduled for initial
use in 1970 and 1975, respectively.

2. Crude 0il and Petroleum Product Pipelines

a. Current and Planned Construction

The very first petroleum pipeline installed in Russia
was designed as an export line, to carry kerosene from the
refineries at Baku to the Black Sea export base of Batumi. 22/
This line, 883 kilometers id%length and 8 inches in diameter,
required ten years--1896 to 1906--to construct. The second
and third pipelines to Black Sea terminals were built during
1926-30. These were the Groznyy-Tuapse crude oil pipeline
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and a second crude oil pipeline linking Baku with Batumi. Fol-
lowing completion of the second Baku-Batumi pipeline, the first
was converted to the transport of crude oil also. 23/

Since that time, not a single export pipeline has been
installed, as emphasis has been given to the development of a
system capable of meeting internal transport requirements, to
the linking of the oil fields, refineries and consuming centers
by pipeline, the most economic and effective means of transport.

As of the end of 1961, approximately 20,000 kilometers
of crude and product pipelines were in use. The historical
record of installed petroleum pipeline, together with plans for
1965, is given in Table 3-52,

TABLE 3-52

PETROLEUM PIPELINE IN USE IN THE USSR &/
SELECTED YEARS 1913-1961 AND 1965 PLAN

KILOMETERS

IN USE AT PLACED IN USE
YEAR YEAR END DURING YEAR
1913 1,147 -
1940 4,068 -
1950 5,444 -
1955 10,491 -
1956 11,600 109
1957 13,187 1,587
1958 14,461 1,274
1959 16,700 1,239
1960 17,300 600
1961 20,000 b/ 2,700

1965 Plan 46,261 &/

a/ Except where noted, from 24/.
b/ 25/
s/ 26/

The Seven Year Plan calls for the construction during
1959~-65 of 31,800 kilometers of crude and products pipeline or
more than twice the amount of line that existed at the end of
1958 (14,461 kilometers). The major export systems provided
for in this construction program are shown on Map No. 7 and
Table 3-53. Detailed below is a description of each major
export system and the present construction status.

(1) The USSR-European Satellite (Comecon)
Crude 0il Pipeline

The program of construction of the Comecon line,

or so-called "Pipeline of Friendship" has been well pub-
licized, largely because the USSR has been forced to turn
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I USSR - EUROPEAN SATELLITE CRUDE OIL PIPELINE

ORIGIN

TERMINUS

Kuybyshev - (USSR)
Michurinsk (USSR)

Michurinsk (USSR)

Mozyr' (USSR)
plock (Poland)
Mozyr' (USSR)

uzhgorod (USSR)

sahy (Czechoslovakia)

Michurinsk (USSR)
unecha (USSR)
polotsk (USSR)

polotsk (USSR)

Michurinsk (USSR)
Mozyr' (USSR)
Unecha (USSR)

Plock {Poland)

Schwedt (East Germany)

Uzhgorod (USSR)

Bratislava (Czechoslovakia)

szazhalombatta (Hungary)

Kremenchug (USSR)
Polotsk (USSR)
Klaipeda (USSR)

Ventspils (USSR)
(Prdducts line)

TT OTHER USSR CRUDE OIL PIPELINES

Tuymazy

Angarsk (Irkutsk)

Al 'met ‘yevsk
Stalingrad

Tikhoretsk

% Classified as an export pipeline in
in the Urals-Volga.

Angarsk (Irkutsk)*

Nakhodka

Leningrad

Tikhoretsk

Tuapse and Novorossiysk**

«% Data apply to each section.

TABLE 3-53

DATA ON OIL EXPORT PIPELINES IN USSR
TO BE COMPLETED DURING 1959-65

LENGTH DIAMETER
(MILES) (INCHES

410 40"
430 40"
470 24"
243 20"
450 24"
250 21"
81 12"
435 20"
234 28"
296 24"
296 20"
3,595
2,300 28"
2,740 28"
If£ 32"
935 28"
380 28"
140 28"

- COMMITTEE CALCULATIONS -
NUMBER METRIC MAXIMUM CARRYING ESTIMATED ESTIMATED
OF TONS CAPACITY CAPACITY INVESTMENT OPERATING
PUMPING OF STEEL (BARRELS  (BARRELS  (MILLION COST (CENTS
STATIONS REQUIRED PER DAY) PER DAY) DOLLARS) PER BARREL)
4 196,800 862,000 740,000 105.8 8.05
4 206,400 840,000 710,000 118.9 9.05
- - - - - 6.90
4 89,000 238,000 200,000 48.8 12.20
3 38,300 185,000 160,000 23.2 8.30
4 85,200 196,000 170,000 45.7 13.00
3 41,400 196,000 170,000 24.5 8.10
1 5,300 55,000 50,000 4.2 4,20
4 68,500 167,000 140,000 37.2 13.80
2 77,200 392,000 340,000 34.6 5.80
3 56,100 260,000 220,000 35.9 8.45
_3 46,600 210,000 180,000 28.7 8.80
35 910,800 507.5
18 759,500 370,000 320,000 317.8 54.00
21 904,700 370,000 320,000 376.4 64,00
19 1,052,400 465,000 400,000 462.5 59.30
7 308,730 370,000 320,000 138.8 21.30
3 125,470 378,000 324,000 53.9 9.24
1 46,220 245,000 210,000 20.1

that it would link the proposed Irxkutsk - Nakhodka pipeline with the producing fields




to Western suppliers of steel pipe and because of the desire
to illustrate to the world the cooperation of the nations of
the Soviet bloc in matters of mutual concern. This pipeline,
designed to link the large Urals-Volga oil fields of the USSR
with refineries under construction in Poland, East Germany,
Hungary and Czechoslovakia, will also include extensions to
the Baltic ports of Klaipeda and Ventspils and, possibly to
the Black Sea port of Odessa. In addition, the pipeline is
to supply new refineries planned or under construction in the
USSR at Mozyr', Polotsk and Kremenchug; and there is some
evidence to suggest that a refinery may be constructed at
Ventspils. Assuming the availability of the steel pipe and
associated pipeline equipment, the entire system probably
will be completed for use by 1964. Portions of the system
completed prior to 1964, i.e., the Brody-Uzhgorod-Bratislava
section and the Sahy-Szazhalombatta pipeline in Hungary
which branches off the Brody-Bratislava section, .will be
filled with crude oil transported to Brody by rail tank car.
The Brody-Bratislava section was completed by late 1961; the
Sahy-~-Szazhalombatta section will be finished by mid-1962.

Cognizance of the obvious military significance of
this pipeline must be taken. The system, which is being
placed underground and camouflaged, will supply crude oil
to terminals where there are large concentrations of Soviet
or satellite forces, thus making possible the more timely
and adequate delivery of fuels to these forces. The o0il
made available at Klaipeda and Ventspils could be used to
fuel war vegsels.

Work is to begin in 1962 on the major segment of the
system—--the 1,350 kilometer link between Kuybyshev and
Mozyr'. 27/ 1This link is to be built of 40~inch pipe, which
will mark the first use of such diameter pipe in the con-
struction of an oil pipeline. Reportedly, the 40-inch pipe
to be used in construction of the Kuybyshev-Mozyr' portion
will be provided by the Taranto, Italy pipe mill, which has
gone into production following installation of pipe-making
equipment obtained from a U.S. company.

Also in 1962, construction is to begin on the
Unecha-Polotsk sector. Thus, together with the Mozyr'-
Brest and Mozyr'-Brody sectors, where pipe' was being laid
in 1961, there are pipeline crews at work along all sectors
of the system simultaneously.
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Routes and the projected size of various parts of
the line were available from published Soviet reports. With
this data the capacity of each of the segments of the system
line has been calculated by the Committee making certain
assumptions. A description of the assumptions and the
calculations follows:

The 40-inch diameter crude 0il pipeline
presently under construction between the Urals-Volga
0oil fields near Kuybyshev and the town of Michurinsk
will have a maximum capacity of 862,000 barrels per
day. This is based on the assumption that four pumping
stations will be constructed with at least 17,000
horsepower installed at each station. Station spacing
for the most economical operation of a 40-inch diameter
pipeline should be somewhere between 100 miles and
120 miles. Since the distance between Kuybyshev and
Michurinsk is approximately 410 miles, this would
dictate that the distance between stations would be
102.5 miles plus or minus any variation to adjust for
minor differences in elevation at the proposed station
site. The average annual carrying capacity, taking
into consideration down time for edquipment maintenance,
power failure, and malfunctions, will be somewhere
between 85 percent and 90 percent of the maximum capacity
or in the neighborhood of 740,000 barrels per day.

Future plans call for a 20-inch diameter leg
to extend southward from Michurinsk through Liski to
Kremenchug. With the lines operating at maximum
capacity, it will probably be necessary to install
break-out tankage at Michurinsk in order to handle
this movement. The maximum capacity of this 20-inch
diameter line with four pumping stations of 4,500
horsepower each will be 167,000 barrels per day. The
average annual carrying capacity will be approximately
140,000 barrels per day.

The 40-inch diameter trunk line will continue
westward from Michurinsk through Unecha to a tank farm
and refinery at Mozyr'. The maximum capacity of this
section of line with pump station spacing of approxi-
mately 110 miles will be 840,000 barrels per day and
average annual carrying capacity estimated at 710,000
barrels per day.
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Crude o0il can be stripped out of the 40-inch
or delivered directly into break-out tankage at Unecha
and pumped through a 28-inch diameter line to a refinery
near Polotsk. The maximum capacity of this line with
one 11,500 horsepower booster station will be 392,000
barrels per day. The average annual carrying capacity
will be in the neighborhood of 34,000 barrels per day.

In the planning stage are two pipelines
extending westward from Polotsk to the Baltic Sea. A
24-inch diameter line will be constructed to a marine
terminal at Klaipeda and provide means for exporting
up to 220,000 barrels per day of crude oil to western
BEurope. The other proposed line would be used to
transport finished products from the Polotsk refinery
to a marine terminal at Ventspils, thence for export
to western Europe. It will probably be a 20-inch
diameter line and have an annual average capacity of
180,000 barrels per day.

Extending westward from the end of the 40-inch
diameter trunk line at Mozyr' will be two 24-inch
diameter lines, one supplying refineries in Poland
. and East Germany and the other, refineries in Hungary
and Czechoslovakia. The northern line will enter
Poland at Brest and tie into a line recently completed
from the Warsaw area to a refinery at Plock. This
section will be 24-inch diameter and with four 5,250
horsepower pumping stations be able to handle approx-
imately 200,000 barrels per day. A 20-inch diameter
line is partially completed between Plock and Schwedt
located near the East Germany border. The average
annual capacity of this section with three 5,000
horsepower pumping stations located approximately 81
miles apart will be over 160,000 barrels per day.

The 24-inch diameter line presently under
construction. between Mozyr' and Brody will tie 'into a
pipeline already in operation supplying a refinery in
Bratislava, Czechoslovakia. This line runs over the
Carpathian Mountains near the Czechoslovakian border
and from Uzhgorod to Bratislava (2l1-inch diameter).
The capacity of the 24-inch line between Mozyr' and
Uzhgorod is reduced because of the energy required to
overcome the approximately 3,500 foot differential in
elevation to permit flow over the mountain range. The
maximum capacity of this line is 196,000 barrels per
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day, the average annual capacity being approximately
170,000 barrels per day. A 1l2-inch diameter leg is
partially constructed between Sahy, Czechoslovakia and
Szazhalombatta, Hungary, which will be capable of a
gravity flow in excess of 35,000 barrels per day. A
700 horsepower booster station at Sahy will permit
deliveries to the Szazhalombatta refinery in excess of
50,000 barrels per day.

With a few exceptions, which may be explained by
some additional information, the Comecon System appears to
be well designed. The combined flow in all the branch lines
is approximately equal to the gquantity which can be supplied
by the main trunk line from the o0il field. A deviation from
the optimum station spacing could change slightly the capa-
city to any particular location if this proved necessary.

(2) Urals-volga (Al'met'yevsk)-Leningrad Crude
0Oil Pipeline

Although work was not begun until the Spring of 1961,
more than one-third of this 1,500 kilometer crude o0il pipe-
line already has been completed. If current construction
rates are maintained, this pipeline will be completed to
Leningrad by early 1963. It is estimated that this pipeline
has a diameter of 28-inches, which would indicate a maximum
carrying capacity of 18.5 million tons per year or 370,000
barrels per day.

In addition to supplying crude oil to refineries
rlanned or under construction at Gor'kiy, Yaroslavl' and
Kirishi, completion of the pipeline to Leningrad should
greatly augment the capability of the USSR to export
petroleum, particularly to Northern Europe and the
Scandinavian countries.

(3) stalingrad-Tikhoretsk-Tuapse and Tikhoretsk-
Novorossiysk Crude 0il Pipeline

Work has begun on the Tikhoretsk-Tuapse and Tikhoretsk-
Novorossiysk sections and the entire system is to be completed
by 1965. This pipeline, insofar as is known, is to be used
for increasing deliveries of crude oil to the Black Sea export
bases of Tuapse and Novorossiysk, and will have an estimated
maximum carrying capacity of 378,000 barrels per day or
18.9 million tons per year.
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(4) The Tuymazy-Irkutsk Crude 0Oil Pipeline

This line, which is now under construction, will be
28-inches in diameter and though originally scheduled for
completion in 1960, will probably be finished in early 1963.
This line has been delayed by the difficult terrain and
climate. Maximum carrying capacity of the line will be
370,000 barrels per day.

(5) Irkutsk-Nakhodka Crude 0Oil Pipeline

Should the USSR and Japan reach mutually agreeable
terms with respect to the barter of Soviet o0il for Japanese
steel pipe, construction of a crude o0il pipeline between
Irkutsk and Nakhodka, a distance of about 4,400 kilometers,
will be undertaken. It has been reported that the USSR is
seeking 650,000 tons of 28-inch pipe, valued at SU.S. 150
million, for this project. This line would link Irkutsk and
the Pacific Ocean port of Nakhodka, located about 100 kilo-
meters east of Vladivostok. Maximum carrying capacity of
the Irkutsk-Nakhodka pipeline would be about 375,000 barrels
per day and, after considering withdrawals from the pipeline
to meet the indigenous needs of the Soviet Far East, could
provide for the export from Nakhodka of as much as 200,000
barrels per day. Crude would be delivered to the Irkutsk-
Nakhodka pipeline through the Tuymazy-Irkutsk line now under
construction. In view of the difficulties of logistics,
terrain and climate, it is doubtful whether the pipeline
to Nakhodka could be completed in less than five years.

As shown on Table 3-53, the pipeline cost of deliv-
ering oil from Tuymazy to Nakhodka has been estimated to be
about $1.18 per barrel. The USSR could deliver comparable
amounts of oil to Nakhodka by tanker for an estimated $1.15
per barrel (assuming pipeline from the producing area to
Tuapse and by owned tanker, 47,000 ton class, to Nakhodka
through the Suez Canal). Thus, in that pipeline transport
of o0il to Nakhodka does not represent the cheapest means,
construction of the Irkutsk-Nakhodka pipeline implies a
greater benefit to meeting the petroleum demand of the
Soviet Far East and to national security in general.

(6) Other (Okha-Komsomol'sk Crude 0Oil Pipeline
and Baku-Batumi Product Pipeline)

In addition to the major oil export pipelines which
have been discussed, there are two other pipelines, under

construction or planned, which ultimately may have an
effect on the petroleum export capability. Construction of
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a parallel OKkha (Sakhalin)-Komsomol'sk crude oil pipeline
reportedly is under way.28 Ultimately the USSR may extend
this pipeline southward to connect with the proposed Irkutsk-
Nakhodka pipeline. If so, crude o0il could move north along
this system and would free Sakhalin crude oil for export.

Finally, mention has been made in the Soviet press
on several occasions of another Baku-Batumi pipeline. The
growth in extraction of natural gas and the recent creation
of a gas transmission system in the Caucasus undoubtedly
has reduced the requirements in this area for petroleum
products. This displacement, coupled with the steady but
unspectacular growth in the production of crude oil in this
region, would support the construction of another pipeline
and of its use to carry petroleum products to Batumi for
export. Soviet press statements are ambiguous as to whether
this second Baku-Batumi product pipeline is actually under
construction or is only planned for construction. 23/

b. Estimated Investment and Operating Costs

A summary of investment and operating costs of the
USSR~-European Satellite Crude 0il Pipeline and of other new
export systems is to be found in Table 3-53, above. Detailed
calculations of investments are given in Appendix A; calcula-
tions of operating costs are given in Appendix B. These are
not investments and costs as reported by the USSR, rather they
are estimates made by the study committee. The pipeline
investment costs are based on using pipe from European mills
and over-seas pipeline construction costs. No provision was
made for right-of-way costs or payment of construction damages.
The pumping station costs at $300/HP are higher than would
normally be estimated; however, they were based on minimum
horsepower requirements for the maximum pipeline flow with no
provision for standby units or communication facilities. Break-
out tankage at points where receipts or deliveries are to be
made are sized to contain approximately two-days supply at the
maximum flow rate. At marine terminals, a five-day supply was
provided. Indirect costs and contingency are made up of
engineering, purchasing, expediting and inspection costs prior
to and during construction and numerous small items which are
difficult to tie down in an estimate.

The operating costs are figured on the basis of semi-
automatic electric stations with man power on duty at all times.
Energy charges are based on power at $.02 per kilowatt-hour.

The major portion of operating expense is made up of interest
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on the investment capital at six percent per annum and depre-
ciation charges which recover the invested capital over a
ten-year period. All cost-per-barrel figures are based on the
pipeline operating at the maximum carrying capacity. Operations
at less than this throughput would result in higher unit costs,
the only reduction in operating costs being in power consumption.

c. Construction Performance

The Soviet Union has experienced considerable difficulty
in the postwar period in the construction of crude oil and
petroleum product pipelines. For the years 1951-61, petroleum
pipeline construction goals were missed by 20 percent as actual
installation totalled only 15,862 kilometers, compared with a
plan of 19,908 kilometers. As noted in Figure No. 9, however,
the performance in the first three years of the Seven Year Plan
has very nearly matched the plan goals.* Yet the possibility
that the USSR can complete its oil pipeline construction
program for 1959-65 is not certain, although performance has
improved considerably in recent years. To meet this program
calls for a relatively sharp growth in oil pipeline construction
in 1964 and 1965. The construction planned for these two years
very nearly equals total oil pipeline construction during the
ten-year period 1951-61. Again, the possibility that the con-
struction goals for these later years may be met probably
depends upon the availability of steel pipe in the required
assortment of sizes.

Most of the lag encountered in the construction of oil
pipeline, particularly after 1955, can be traced to an inade-
quate supply of steel pipe and to a desire to expand at a rapid
rate the natural gas transmission system. Under the forced
construction of gas pipelines, the 0il program began to lag
behind. Pipeline construction goals were revised to reflect
the priority given to the expansion of the gas transmission
network. The original goals for the Sixth Five Year Plan
(1956-60) called for the construction of 14,500 kilometers of
o0il pipeline and 9,000 kilometers of gas pipeline. Within 18
months after publication of these plans, the goal for oil pipe-
lines was reduced by about 28 percent, to 10,500 kilometers.

* Reported%ﬂistances constructed are not necessarily placed
in use during the year, hence Figure No. 9 and Table 3-52
are not comparable.
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At the same time, the plan for gas pipeline construction was
revised upward, to 16,000 kilometers. Even under the reduced
goal, progress in the installation of oil pipeline was com-
pletely unsatisfactory. The abandonment of the Sixth Five
Year Plan at the end of 1958 should have brought about a more
reasonable assessment of pipe-laying capabilities, in that oil
pipeline construction during 1956-58 totalled only 3,970
kilometers, compared with a plan for these years of 6,525
kilometers, but such was not the case. It was not until 1961
that the Soviet planners attempted to re-define the priorities
attached to o0il and gas pipeline construction, and to bring
about a more balanced program. In that year the volume of gas
pipeline construction was reduced to 3,400 kilometers which
was about 85 percent of the 1960 level, while that for oil was
increased by 40 percent, to 2,775 kilometers.

Nevertheless, the emphasis given to gas pipeline
construction during these years has resulted in the installation
of a gas transmission system which in 1961 exceeded in length
the o0il pipeline network by 25 percent.

‘ Petroleum pipelines in use, under construction and
planned for construction are shown on Map No. 8.

3. " Natural Gas

a. Current and Planned Construction

The first gas pipeline in the USSR was constructed in
1940. It was designed to supply gas to Makhach-Kala and was
65 kilometers in length. What could be termed the first major
transmission gas pipeline in the USSR was built during 1944-46
of 12-inch pipe and is still used to transport gas from the
Saratov deposits to Moscow. About seven years lapsed before
the second major natural gas line--Dashava-Kiev-Bryansk-Moscow--—
was completed in 1953. The next major natural gas pipeline
effort was the construction in 1956 in a period of nine months
of a 28-inch, 1,300 kilometer line for the supplying of Moscow
consumers with gas from the Stavropol'deposits in North
Caucasus. Installation of this pipeline was the first gas
pipeline project to benefit from the program established to
allow for sharp growths in the extraction of natural gas.

Since that time, the length of the gas pipeline network

has more than tripled, from 7,920 kilometers available in 1956
to an estimated 25,000 kilometers in 1961. 3/ Although the
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Seven Year Plan calls for the installation of more kilometers
of oil pipeline (31,800 kilometers) than of gas (29,500 kilo-
meters) it is doubtful whether the length of the o0il pipeline
network will, beyond this point, exceed the gas pipeline sys-
tem. The Twenty Year Plan, covering 1961-80, calls for the
installation of about 2 kilometers of gas pipeline for every
kilometer of oil pipeline during these years.

‘'The length of the transmission gas pipeline system of
the USSR for selected years 1940-65 is given in Table 3~54, and
a historical comparison of the lengths of the Soviet oil and
gas pipeline systems is presented in Figure No. 10.

Those gas pipelines in use, under construction and
planned for construction are shown on Map No. 9.

TABLE 3-54

TRANSMISSION GAS PIPELINES IN USE IN USSR a/
SELECTED YEARS 1940-1965%*

YEAR KILOMETERS
1940 139
1949 b/ 2,273
1950 2,865
1954 b/ 4,279
1955 5,889
1956 7,920
1957 10,120
1958 &/ 13,239
1959 17,092
1960 21,538
1961 Plan 25,266
1961 Reported &/ 25,000
1965 Original Plan 39,267
1965 Revised &/ 42,762

*

- Includes those pipelines used for the transport of
manufactured gas.
Except where noted, from 32/.

eRQRE
Flelels
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Figure No. 10
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Within the USSR, there are presently six major flows of
natural gas. These are:

(a) From the Stavropol' and Krasnodar Kray deposits in
the North Caucasus to the major consuming centers
of Moscow, Leningrad and the Donbas;

(b) From the Dashava deposits in the Western Ukraine
to consumers enroute to Moscow and to consumers in
Belorussia and the Baltic area;

(c) From the Shebelinka deposits in the Eastern Ukraine
- to the Donbas and to Moscow and Leningrad:;

(d) From the Saratov, Stalingrad and KRuybyshev fields
to consumers within the Volga region and northwest
to Yaroslavl' and Cherepovets';

(e) From the Karadag fields in Azerbaydzhan for con-
sumption within the republic and to consumers in
Georgia and Armenia;

(f) From the Gazli-Kagan group in Uzbekistan eastward
to supply other Central Asian republics.

Of these, the flow of most current significance to the
national economy is that through the Stavropol'-Moscow and
Krasnodar Kray-Serpukhov (south of Moscow) systems. (See Map
No. 10) The Stavropol'-Moscow system is made up of two paral-
lel pipelines, the first constructed in 1956 of 28-inch pipe
and the second completed in 1958, using 32-inch pipe. The
Krasnodar Kray-Serpukhov system, which draws upon gas from the
Leningrad-skoye deposit in Krasnodar Kray, was laid in 1959-61,
using 40-inch pipe imported from West Germany. West German
40-inch pipe was also used to connect the Shebelinka deposit in
the Eastern Ukraine with the latter system.

Current plans call for the following major constructioné

(a) A 40-inch gas pipeline to parallel the Krasnodar
Kray-Serpukhov system between Ostrogozhsk and
Serpukhov. This system also provides gas for

transmission further to the northwest to Leningrad.

(b) The so-called Moscow outer gas ring, a 500 kilo-
meter, 32-inch system which is to supply the
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(c)

metropolitan area of the Moscow Oblast with natural
gas. 31/ 1The ring is scheduled for completion in
1962. (This ring augments a 120 kilometer, 28-inch
inner gas ring, completed in 1959 to serve Moscow
and its suburbs.) Another 500 kilometers of branch
pipelines leading off this ring will be laid as
will 2,500 kilometers of city distribution systems.
Some 3.5 million people in the Moscow region will
be provided gas upon completion of the Moscow gas
ring. The Stavropol'-Moscow, Krasnodar Kray-
Serpukhov, Saratov-Moscow, and Dashava-Moscow gas
pipelines will feed this ring.

Initial installations of about 150 kilometers of

40-inch pipe were made in 1961 on what reportedly
will be the world's largest transmission gas
pipeline upon completion of all segments in 1965.
This pipeline, as shown on Map No. 11, is designed

" to transport matural gas from the Gazli deposit in

Uzbekistan to consumers in Chelyabinsk and Sverd-
lovsk, in addition to others enroute, and is to be
constructed in two sections or parallel lines. The
first section, Gazli-Chelyabinsk, will be 1,967
kilometers in length and, according to plan, is to
be completed in 1963. Current scheduling calls for
about 1,000 kilometers of pipe to be laid along

this trace in 1962. The second section, from Gazli
to sSverdlovsk, length of 2,163 kilometers, is to be
completed for use by 1965, as is a 334 kilometer par-
allel section between Chelyabinsk and Sverdlovsk. 38/
Thus, the dual Gazli-Ural gas pipeline system will
total 4,464 kilometers in length, and with all 17
planned compressor stations in place, will have an
annual throughput capacity of 21 billion cubic
meters. Use of 40-inch pipe is planned for the
entire 4,464 kilometers, which will require more
than 1.3 million tons of steel (300 tons per kilo-
meter). The cost of the system will be in excess

of 500 million (new) rubles.

Planned delivery of natural gas through this system
in 1965 is to exceed 19 billion cubic meters. Of
this volume, only 5 percent has been allocated to
meet the so-called communal needs of the 33 cities
which will be tied into the system. The remaining
95 percent is to be used for industrial purposes,
primarily in the production of steel.

206




MAP NO. 11

> BEREZOVO
/

/
/
/
’@‘DZHEBOL /
/
“ J«— 32", BEREZOVO-SVERDLOVSK EXISTING PIPELINE
\ / «= e = UNDER CONSTRUCTION
\ L OR PLANNED
" \ SEROV X
28 ~ \ @ GAS DEPOSIT
\ \
\ \ O UPPER SALDA O cruoE o pEPOSIT
A
NIZHNYY TAGILq O ALAPAYEVSK
A} re
pERM’ O b ASBEST
PE L
RVOURAL'SK N4 SVERDLOVSK
NIZHNYY SERGI 0 _\.--O KAMENSK-URAL’SK
UFALETS f \
KYSHTYM o \
KAROBASH CHELYABINSK
KASAN’ ZLATOUST ~=
TUYMAZY | © W o TROITSK
ROMASHKING \(o ‘
SHKAPOVO MAGNITOGOSK
~Jl LYSKOVSKIY
KANCHURINSKOYE W -
BUZULUC O\ ~ 4 kumERTAU i
= V4
~ ORSK
ORENBURG O= = — — =%/ _o BURUKTAL
{
AKTYUBINSK O~ ~N]
::4/ BOTH SECTIONS 40’
CHIMKENT
TASHKENT
X NUKUS 207
N
\p TASHAUSZ
%? [LGR}.':_I‘.IE{ GAZLI
= == m SAMARKAND
BUKHARA
O KARSHI

PLANS FOR SUPPLYING OF NATURAL GAS TO THE URALS

207




TABLE 3-55

PLANNED CONSUMPTION OF NATURAL GAS
TO BE TRANSPORTED BY THE GAZILI-URAL
SYSTEM &/ - 1965

BILLION PERCENT

CONSUMER CUBIC METERS OF TOTAL
Communal needs of 33 cities 1.0 5.2

Industry

Blast Furnaces 3.4 17..7
Martin Furnaces 3.6 18.8
Light Metallurgy 2.4 12.5
Chemical Industry 0.9 4.7
Consumed in 2.8 14.6

Industrial Boilers

Other 5.1 26.5
TOTAL 19.2 100.0
a/ 39/

(d)

The Gazli deposit in Uzbekistan is not to be the
only source of supply of gas to industrial centers
in the Urals. As shown on Map No. 11, plans call
for the construction of a 900 kilometer, 32-inch
pipeline to carry gas from the Berezovo deposits,
located on the Ob' River, to consumers in Sverdlovsk.
Another line, 460 kilometers in length and 28-inches
in diameter, is to allow delivery of gas from the
Dzhebol' deposit in the Komi ASSR to Perm'. No
construction date has been set for either of these
pipelines and it may be that the current level of
proved reserves at the Dzhebol' and Berezovo
deposits do not warrant major pipeline construction
at this time. A comparison of the Gazli-Ural,
Berezovo-Sverdlovsk and Dzhebol-Perm' gas pipelines
is given in Table 3-56. ' '
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TABLE 3-56

A COMPARISON OF GAS PIPELINES PLANNED FOR THE
SUPPLYING OF NATURAL GAS TO THE URALS &/

CAPACITY COST STEEL PIPE
PIPELINE DIAMETER LENGTH (BILLION (MILLION { THOUSAND

ORIGIN TERMINUS INCHES {KILOMETERS} CUBIC METERS! RUBLES} METRIC TONS!
Gazli Urals 40 4,130 ¥/ 21.0 504.0 1,240

(Chelyabinsk

and

sverdlovsk)
Berezovo Sverdlovsk 32 200 6.5 124.0 180
Dzhebol Perm' 28 460 4.5 30.5 75

- a/ After 40/.
b/ Excluding looping between Chelyabinsk and Sverdlovsk.

(e) Of particular importance to the Baltic republics
of the USSR is the current construction of a pipe-
line which, when completed, will supply consumers
in that area, as well as the fuels-deficient
regions of northwest Ukraine, with natural gas
from the Dashava deposit in the Western Ukraine.
The Dashava-Minsk section of this pipeline is
shown on Map No. 12. The section to Minsk has
been completed and installation is under way on
the branch line to Vil'nyus and Riga. Originally,
the pipeline was to have been extended beyond
Minsk, to. Leningrad, but a recalculation of the
reserves of natural gas at Dashava fields forced
abandonment of this plan.

b. Performance of Natural Gas Lines

A major problem in the successful operation of trans-
migsion gas pipelines in the Soviet Union has been the failure
to develop a compressor adequate for use on large diameter
pipelines. This failure has resulted in a number of pipelines
such as the Saratov-Moscow line and the Stavropol'-Moscow
system being placed in initial service without any compressor
stations. Moreover, because of the resultant shortage of
installed compressor capacity, many of the major pipelines are
utilized at levels well below the rated capacity. Among these
lines are included the dual Stavropol'~Moscow system, Dashava-
Minsk and Saratov-Gor 'kiy.
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Finally, the failure to develop a satisfactory compressor
has contributed to the recent shortfalls in the production of
natural gas. The inability to meet the 1960 goal for extraction
of natural gas was attributed in part to the lag in installation
of compressor stations on the Stavropol'-Moscow pipeline which
in turn derived from a lag in the manufacture of gas-~turbine

units. 41/

In addition to contributing to failures to meet annual
extraction goals, the shortcomings in compressor manufacture
and installation have kept the costs of transportation of
natural gas at much higher levels than anticipated, although a
general downward trend in transportation costs has been
achieved in recent years, as illustrated in Table 3-57.

TABLE 3-57

REPORTED AVERAGE COST OF TRANSPORT OF NATURAL GAS
IN THE SOVIET UNION

1956 - 1960
YEAR RUBLES/l,OOO CUBIC METERS
1956 2.93 &/
1957 2.48 &/
1958 2.14 &/
1959 2.28 &/
1960 2.20 &

a/ 42/
b/ 43/

Within this national average, costs of transport of
natural gas vary widely within the USSR, as shown in Table 3-58.

4. 8Steel Pipe Redquirements, 1959-65

a. Demand for Steel Pipe

It is estimated that about 9.5 million tons of steel
line pipe will be needed to complete the construction of the
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TABLE 3-58

REPORTED COSTS OF TRANSPORT OF NATURAL GAS

IN THE USSR FOR SELECTED PIPELINES

GAS PIPELINE COST OF TRANSPORT DIAMETER RUBLES/KILOMETERS
ORIGIN TERMINUS QBUBLES/l,OOO CUBIC METERS) (INCHES) KILOMETERS 1,000 CUBIC METERS
Saratov Moscow 5.50 &/ 12 843 0.0060
Dashava Kiev 2.80 &/ 20 550 0.0050
Stavropol' Moscow 1.30 &/ 32 1,300 0.0010
Krasnodar Kray Serpukhov 1.63 ¢/ 40 1,003 0.0016
Dashava Minsk 1.19 ¢/ 32 - 28 662 0.0018
a/ 44/
b/ 45/
c/ 46/
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29,500 kilometers of gas pipeline and 31,800 kilometers of
trunk crude oil and petroleum product pipelines which have been
planned for 1959-65. Of the total of about 61,300 kilometers
of oil and gas pipeline scheduled for completion during 1959-65,
an estimated 8,068 kilometers or more than 13 percent, are to
be built using 40-inch pipe. Excluded from these totals is the
4,400 kilometers of crude o0il line from Irkutsk to the Pacific
Ocean port of Nakhodka. The construction of this pipeline is
dependent apparently upon the purchase of about 650,000 tons

of 28-inch pipe from Japan. Negotiations for the pipe are still
continuing between the USSR and Japan. The Soviet Union does
not consider this pipeline to be a part of the Seven Year Plan.

For the installation of gathering lines at the o0il and
gas fields and for the construction of gas distribution systems
in cities and industrial centers, an additional 4 million tons
of pipe are required. 47/ Of this quantity, perhaps as much as
1l million tons may be considered to be of large diameter, (i.e.,
17 inches or above).

Thus, total requirements for large diameter pipe during
1959-65 may approach 10.5 million tons, excluding pipe require-
ments for the Irkutsk-Nakhodka pipeline.

The requirements for line pipe can be summarized as
follows:

(MILLTON METRIC TONS)

DIAMETER TRUNK OIL & GAS GATHERING

(INCHES) PIPELINES* PLUS GAS DISTRIBUTION TOTAL
40 2.42 - 2.42
32 1.45 - 1.45
28 2.05 - 2.05
20 1.50 - 1.50
Oother (17" or above) 2.10 - 2.10

Total Large Diameter 9.52 1.0 10.52

Small Diameter - 3.0 3.00

GRAND TOTAL LINE PIPE 9.52 4.0 13.52

* 61,300 kilometers of oil and gas pipeline as previously stated.
The above steel requirements are exclusive of that needed for
4,400 kilometers crude line from Irkutsk to Nakhodka on the
Pacific Ocean.
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Further details of the planned installation of 40-inch
pipe are given in the following table:

TABLE 3-59

PLANNED INSTALLATION OF 40-INCH PIPELINE
IN THE USSR, 1959-65

STEEL PIPE
REQUIRED 2/
LENGTH (MILLION
ORIGIN TERMINUS SERVICE (KILOMETERS) METRIC TONS)
Gazli Chelyabinsk Natural Gas 1,967 0.590
Gazli Sverdlovsk Natural Gas 2,163 0.650
Plus looping of the
Chelyabinsk-Sverdlovsk
Section 334 0.100
Total Gazli-Ural Gas
Pipe Line System 4,464 1.340
Kanevskaya Serpukhov Natural Gas 1,046 0.310
(Krasnodar Kray)
Ostrogozhsk Serpukhov Natural Gas 896 1 0.270
Shebelinka Ostrogozhsk Natural Gas 312 b/ 0.090
Kuybyshev  Mozyr' Crude 0il 1,350 &/ 0.410
GRAND TOTAL 8,068 2.420
a/ Calculated at 300 tons per kilometer.
b/ In place.
¢/ The major sector of the USSR-European satellite

crude oil pipeline.

Total steel requirements for 40-inch pipe during 1959-65
may reach to more than 2.4 million tons. With regard to the
40-inch pipe, Soviet planners originally had estimated the
1959-65 40-inch steel pipe requirement at 3.476 million tons 48/
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but evidence suggests that a reduction in wall thickness on the
40-inch pipe, coupled with the probable deletion of at least

two 40-inch pipelines from the original plan, has served to
reduce this requirement by about one-third. The gas pipelines
apparently cancelled included one which was to transport gas
from the Stalingrad and Saratov deposits through Penza, Gor'kiy,
Vladimir and Ivanovo to Yaroslavl' and a second, also from these
deposits, to Chelyabinsk in the Urals. 49/

b. Supply of Steel Pipe

The shortage of steel line pipe, incurred by a failure
to complete new pipe mills on schedule, has been of particular
concern to Soviet planners. The production of steel pipe from
domestic sources reportedly has been sufficient to meet only
'75-80 percent of the requirements. 50/ within this general
shortage of steel line pipe, it is apparent that shortages
exist in the production of both small diameter (i.e. 20-inches)
and large diameter pipe (in particular, 40-inches). That the
Soviet Union was lacking not only the 40-inch pipe, but 20-inch
as well, was made clear in a newspaper article by A. Kortunov,
chief of the Main Administration for the Gas Industry (GlavGaz),
which has responsibility for all pipeline construction in the
Soviet Union. Kortunov complained that in 1961, because of
insufficient domestic output, only 50 percent of the require-
ments of the gas industry for 20-inch pipe could be met. 31/

Kortunov further stated that the rapid growth in demand
for pipe by the o0il industry meant reduced deliveries of pipe
to the gas industry. He pointed out that in 1960, GlavGaz was.
allocated for the construction of gas pipeline only 94 percent
of that quantity of pipe which had been delivered in 1959, and
that in 1961 even less--only 80 percent of the 1959 deliveries.

Yet despite the reduced availability of steel pipe from
domestic sources during 1959-61, GlavGaz was able not only to
meet gas pipeline construction goals for those years, but
exceeded them by about 10 percent. The fact that gas pipeline
construction exceeded goals can be attributed directly to the
imports of steel pipe, in particular to those quantities of
40-inch pipe purchased from West Germany.

By the end of 1961 the Soviet Union had installed about
1,400 kilometers of 40-inch gas line as follows:
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PIPELINE KILOMETERS

Kanevskaya in Krasnodar Kray

to Serpukhov 1,046
Shebelinka in Eastern Ukraine
to Ostrogozhsk 312

Initial part of line from
Gazli in Uzbekistan to
Chelyabinsk in the Urals 150

TOTAL 1,508

Yet only token amounts of 40-inch pipe had been avail-
able from Soviet pipe mills. This construction was made
possible through importing in 1959-61 of 500,000 tons of
40-inch pipe from West Germany, of which about 450,000 tons
were used for the above construction (300 tons per kilometer)
and the remaining 50,000 tons went into stockpile.

In addition, during 1960 and 1961 the USSR successfully
negotiated for the purchases of 240,000 tons of 40-inch pipe
from Italy and 135,000 tons of 40-inch pipe from Sweden. The
bulk of deliveries of pipe from both countries is to be carried
out during 1962-64. In April of 1962, the West German steel
firm of Mannesman A. G. confirmed that it had contracted to
supply the USSR with 180,000 tons of large diameter (40-inch)
steel pipe for use in gas pipeline construction. Pig iron is
to be imported from the USSR for use in manufacture of the pipe
and initial deliveries of pig iron already have been made. The
contracted deliveries of pipe from Italy, Sweden and West Ger-
many--555,000 tons--will allow the construction of about 1,850
kilometers of pipeline.

Thus, through the imports of 40-inch pipe already in
hand and contracted for from West Germany and those contracted
for from Italy and Sweden, the USSR has managed to meet almost
40 percent of their Seven Year Plan requirements for 40-inch

Pipe.

As indicated above, negotiations currently under way
between the USSR and Japan involve the proposed purchase by
the USSR of about 650,000 tons of 28-inch steel pipe. If a
mutually profitable agreement can be reached, it is possible
that Japan would construct a pipe mill in Siberia in order to
reduce transportation costs. The USSR has indicated that until
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the pipeline is completed, deliveries of crude oil to Japan
could be made over the TransSiberian Railroad, in tank cars
which Japan may provide.

It can be said that the imports of 40-inch steel pipe
gave new life to the pipeline construction program and averted
what could have been a construction plan underfulfillment of
far-reaching proportions. The USSR originally had intended to
install the first lengths of 40-inch pipe in 1958 in Krasnodar
Kray 52/ but the lack of pipe delayed this project for approx-
imately 18 months, and then installation was dependent upon
imported pipe. Because the 40-inch pipe has been used to
increase deliveries of natural gas to industrial consumers in
the Donbas and in the Moscow area, it is probable that certain
quantities of residual fuel oil were displaced and that these
became available for export.

5. Pipeline Construction Plans, 1961-1980

Grandiose plans have been developed for the construction
of 0il and gas pipelines in the USSR through 1980. During the
20-year period 1961-80, the USSR hopes to install more than
250,000 kilometers of pipeline, of which 150-170 thousand kilo-
meters would be for the transmission of natural gas and the
remainder--80 to 100 thousand kilometers--for the transport of
crude oil and petroleum products. 33/ Of the total of 250,000
~kilometers, about one-third is to be constructed of 40-inch,
48-inch and 56-inch diameter steel pipe. Steel pipe require-
ments for gas pipeline construction alone are to reach 30
million tomns.

Because of the dgeneral design of development of the oil
pipeline network, a large portion of new construction during
these years will be directed toward the expansion of the carrying
capacity of existing systems through the installation of parallel
lines. Most of the construction of oil pipeline in new territory
will be for the transport of newly discovered crude oil to
refineries or export terminals. One major exception is the
planned construction of an o0il pipeline to the Pacific Coast.*

By 1970 the Soviet Union anticipates that all crude oil slated
for charge to refining will be handled by pipeline and that by
1980, 80 percent of the product yield will be handled by pipeline.

* The Irkutsk-Nakhodka line, if steel pipe cannot be obtained
from Japan for earlier construction.
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The plans for construction of transmission gas pipelines
during 1961-80 also reflect the plans for development of extrac-
tion of gas in the Ukraine, in Central Asia, in the North
Caucasus and in Siberia. By 1980, more than 75 percent of the
natural gas produced in the Central Asian republics will be
consumed elsewhere. Of this quantity, 57 billion cubic meters
will be transported to the European part of the RSFSR and. 74
billion cubic meters will be consumed in the Urals and in
Siberia. About 40 billion cubic meters of gas from deposits in
Kazakhstan will be consumed in the European USSR.

Natural gas from the Ukraine will move to the European
part of the RSFSR (33 billion cubic meters), to White Russia,
9 billion cubic meters; Moldavia, 2.5 billion cubic meters:
Latvia, 3 billion cubic meters, and Lithuania, 4.5 billion
cubic meters.

Gas from Azerbaydzhan will be used to meet the needs of
that republic, plus those of Armenia and Georgia. Supplies of
gas from the deposits in Krasnodar Kray and Stavropol' Kray,
reaching about 40-50 billion cubic meters per year, will move
along those routes already established or planned for early
construction, i.e. to the Donbas, to coastal areas along the
Black Sea and to the central portion of the RSFSR.

In addition to gas from Central Asia, the Urals is to
receive 47 billion cubic meters of natural gas from the Berezovo
. deposit in Siberia and about 11 billion cubic meters per year
from the Komi fields in the Soviet North. Also in Siberia,
Yakutsk gas will be distributed among consumers in the Soviet
Far East.

Because of the wide separation of the gas fields from
the major consuming centers, a considerable portion of the
pipelines to be built during these years will be quite lengthy,
averaging about 3,500 kilometers, and dual and triple-line
systems are envisaged. For example, a triple-line gas system
is envisaged to carry Central Asian gas to the industrial
consumers of the Center. Total pipeline length involved in
such a triple-line system would approach 9,000 to 10,000
kilometers. '

Another triple-system of comparable length will carry

natural gas from new deposits in the Pri-Caspian Depression to
consumers in Moscow and Leningrad.
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TABLE 3-60

INDICES OF SOVIET GAS PIPELINE
DEVELOPMENT 2/
1961-70, 1971-80 AND 20-YEAR TOTAL

ITEM 1961-1970 1971-1980 20-YEAR TOTAL

Extraction Of Gas
(billion cubic meters
per terminal year) 310-325 680-720 -

\

Length Of New Gas
Pipeline (thousand :
kilometers) 60-70 90-100 150-170

New Compressor Stations 210-220 380 600

Capacity Of Compressor
Stations (million

kilowatts) 7-7.5 14-15 22.5
Number Of Gas

Distribution Stations 1,300 2,600-2,700 3,900-4,000
a/ 54/

Dependent upon the development of gas production in
central Yakutia (primarily the Vilyuy fields), Soviet author-
ities have outlined a vast system of gas pipelines in the
Soviet Far East. This system would consist of two major pipe-
lines: one, with a length of 3,370 kilometers, would extend
from the gas fields at Taas-Tumuss to Vladivostok; the second,
with a length of about 2,000 kilometers, would branch off the
first line at the city of Skovorodino and would be built
westward to Irkutsk.

Soviet planners have laid out a time-table for the.
introduction of 48-inch and 56-inch steel pipe in their pipeline
system. According to this schedule, as shown in the following
tabulation, 48-inch pipe is to be introduced in 1970 and five
years later, first use is to be made of 56-inch pipe.
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TIME-TABLE ON THE INTRODUCTION
OF LARGE DIAMETER PIPE IN THE USSR 2/

DIAMETER
YEAR MILLIMETERS (INCHES)
1946 300 12
1948 500 20
1952 700 28
1956 800 32
1960 1,000 40
1970 1,200 48
1975 1,400 56

a/ 56/

To accompany this time-table, Soviet engineers have
developed a comparison of the indices of utilization of the
48-inch and 56-inch steel pipe in the construction of gas
pipelines. This comparison, shown below, indicates that the
additional capital investment and annual operating expenditures
incurred in the installation of larger diameter steel pipe are
far outweighed by the higher capacity achieved.

COMPARISON OF THE UTILIZATION OF
LARGER DIAMETER PIPE IN THE USSR
IN THE CONSTRUCTION OF GAS PIPELINES 2/

CAPITAL OPERATING
ANNUAL WEIGHT OF INVESTMENT EXPENDITURES
CAPACITY PIPE PER PER YEAR PER
(BILLION (METRIC KILOMETER* KILOMETER
DIAMETER CUBIC TONS/ (THOUSAND (THOUSAND
(mm) (in.) METERS) KILOMETERS) RUBLES) RUBLES)
700 28 4.5 157.8 56.6 0.43
800 32 6.5 199.8 69.6 0.56
1,000 40 10.0 298.0 100.0 0.83
1,200 48 15.0 358.0 120.0 1.15
1,400 56 25.0 485.0 126.0 1.39

* Excluding compressor stations.

a/ 58/
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D. 2Ability to Transport Exportable Petroleum Surpluses

Any appraisal of future exports of petroleum surpluses
from the USSR must, of necessity, begin with the recognition
that past surpluses have, in fact, been handled by the existing
transportation system. This system has been and remains
essentially rail and it is being expanded with plans calling
for an increase in petroleum freight handled by railroads from
154 billion ton-kilometers in 1958 to 251 billion ton-kilometers
by 1965. 1Included in such plans are a marked increase in the
inventory of tank cars.

The transportation system has been adequate for the
USSR to move 800,000 B/D in 1961 to their borders for export
and the construction of pipelines to the periphery of the
Soviet Bloc will constitute an important supplemental means
for petroleum movement. According to the Committee's estimates,
the deliverability of the new pipelines currently planned or
under construction through 1965 will aggregate approximately
1,500,000 B/D on completion. While these lines, of course,
will also be used for delivering petroleum for internal con-
sumption, their capacity provides a measure of future petroleum
deliverability to the free world.

It is significant that all of this new pipeline capacity
will be built into Baltic, Central Europe and Black Sea destina-
tions. Currently Black Sea ports are the points for export of
the great bulk of Soviet petroleum, which reaches these ports by
rail and existing pipelines. It should be noted that the new
pipeline capacity to terminate at Tuapse and Novorossiysk on the
Black Sea will total about 420,000 B/D, thus providing supple-
mental capacity at Russia's traditional area of export.

It should also be noted that new pipeline capacity to
terminate on the Baltic will amount to approximately 720,000
B/D or almost half of the new pipeline capacity being constructed
towards Europe and the West. This Baltic capacity constitutes,
in essence, a new system for delivering petroleum to the free
world providing, in particular, greater access to northern
Europe. It is not to be implied that the entire capacity will
be used for shipping oil for export, but some of the additional
0oil for export no doubt will be moving from the Baltic ports
of Klaipeda and Ventspils and, perhaps, even Leningrad.

The pipeline capacity to Schwedt in East Germany and
Bratislava in Czechoslovakia is estimated at 330,000 B/D. This
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will add a tremendous amount of transportation potential toward
West Europe's border. ' '

In summary, new pipeline capacity planned for completion
by 1965 to points of export appears to be as follows:

CAPACITY PERCENT

DESTINATION 1000 B/D OF TOTAL
Baltic 720 49.0
Central Europe 330 22.4
Black Sea 420 28.6
TOTAL 1,470 100.0

Finally, it should be recognized that the Trans-
Siberian line, if extended from Irkutsk to Nakhodka, would
provide an additional outlet for petroleum to foreign markets
even though it appears that tanker transportation from the
Black Sea may be just as economic to this destination which is
on the Sea of Japan. The terminal capacity at Nakhodka is
estimated at 320,000 B/D if the line has a diameter of 28" and
400,000 B/D if its diameter is 32".

In conclusion the Committee believes that internal
transportation will not be a limiting factor to the Bloc ability
to deliver petroleum to points of export. Though information is
limited on petroleum port capacities, it séems reasonable that
these capacities will not pose a limitation. Elsewhere in this
report there is an evaluation of the Soviet Tanker fleet which
indicates that the Bloc should have no difficulty in meeting
tanker requirements to transport potential export volumes to
destinations.
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APPENDIX A

COMMITTEE ESTIMATE OF INVESTMENT IN SELECTED NEW OIL EXPORT PIPELINES OF THE USSR

I USSR - EUROPEAN SATELLITE CRUDE OTYI, PIPELINE SYSTEM INVESTMENT

a. KUYBYSHEV - MICHURINSK

Pipeline, 410 mi. of 40" @ $167,000/mi. = $ 68,500,000
stations, HP = 862,000 x 876 x .000017 _ 17,100

17,100 HP x 4 x $300/HP = 20,500,000
Tank farm, 1,720,000 bbls. ® $1.75 = 3,000,000

13,800,000
$105,800,000

Indirect costs & contingency @ 15%

b. MICHURINSK - MOZYR'

Pipeline, 430 mi. of 40" @ $167,000/mi. = $ 71,800,000
stations, HP = 840,000 x 876 x .000017
75 = 16,700
16,700 HP x 4 x $300/HP = 20,000,000
Tank farm, 1,680,000 bbls. @ $1.75 = 2,940,000

Indirect costs & contingency @& 15% 14,200,000

$118,940,000

c. MOZYR' - PLOCK

Pipeline, 470 mi. of 24" @ $75,000 = $ 35,300,000
Stations, HP = 238,000 x 973 x .000017 _ 5,250
.75 - ‘
5,250 HP x 4 x $300/HP = 6,300,000
Tank farm, 480,000 bbls. @ $1.75 840,000

Indirect costs & contingency @ 15% 6,350,000

$ 48,790,000

d. PLOCK - SCHWEDT

Pipeline, 243 mi. of 20" @ $62,000
Stations, HP = 185,000 x 1168 x .000017 .. 4 900
.75 !
4,900 x 3 x $300/HP
Tank farm, 370,000 bbls. @ $1.75
Indirect “costs & contingency @ 15%

$ 15,100,000

4,400,000
650,000
3,000,000
$ 23,150,000

o

e. MOZYR' - UZHGOROD

pipeline, 450 mi. of 24" @ $75,000 = § 33,800,000
stations, Hp = 196,000 x 973 x .000017 - 4,300
- .75
4,300 x 4 x $300/HP = 5,200,000
Tank farm, 400,000 bbls. @ $1,75 = 700, 000

Indirect cost & contingency @ 15% 6,000,000

$ 45,700,000

f. UZHGOROD — BRATISLAVA

Pipeline, 250 mi. of 21" @ $67,000 = $ 16,800,000
stations, HP = 196,000 x 1115 'x .000017 _ 5,000
.75

4,500,000
3,200,000
$ 24,500,000

5,000 x 3 x $300/HP
Indirect costs & contingency @ 15%

g. SAHY - SZAZHALOMBATTA

Pipeline, 81 mi. of 12" @ $40,000
Stations, Hp = 55,000 x 1192 x .000017 - 1,500

1,500 x 1 x $300/HP
Indirect costs & contingency @ 15%

h. MICHURINSK ~ KREMENCHUG

Pipeline, 435 mi. of 20" @ $62,000
Stations, Hp = 167,000 x 1168 x .000017 = 4,420
.75 '

4,420 HP x 4 x $300/HP
Indirect costs & contingency @ 15%

i. UNECHA - POLOTSK

Pipeline, 234 mi. of 28" @ $95,000
Stations, HP = 392,000 x 1252 x .000017 -31,150
.75

11,150 x 2 x $300/HP
Tank farm, 700,000 bbls. @ $1.75
Indirect costs & contingency @ 15%

J. POLOTSK — KLATPEDA

Pipeline, 296 mi. of 24" @ $75,000
Stations, HP = 260,000 x 9;2 x_.000017 _ 5, 6730

5,730 HP x 3 x $300/HP
Tank farm, 1,300,000 bbls. @ $1.75
Indirect costs & contingency @ 15%

k. POLOTSK ~ VENTSPILS

Pipeline, 296 mi. of 20" @ $62,000
Stations, HP = 210,000 x llgg x .000017
5,550 x 3 x $300/HP
Tank farm, 900,000 bbls. @ $1.75,
Indirect costs & contingency @ 15%

= 5,550

[}

]

$ . 3,240,000

450,000

550,000
$ 4,240,000

$ 27,000,000

5,300,000

4,850,000

$ 37,150,000

$ 22,200,000

6,700,000
1,200,000

4,500,000
$ 34,600,000

$ 22,200,000

5,200,000
2,300,000

5,200,000

$ 34,900,000

$ 18,400,000

5,000,000
1,570,000
3,740,000
$ 28,710,000
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APPENDIX A (CONT'D.)

COMMITTEE ESTIMATE OF INVESTMENT IN SELECTED NEW OIL EXPORT PIPELINES OF THE USSR

II ANGARSK (IRKUTSK) ~ NAKHODKA CRUDE OIL PIPELTNE

a. ASSUMED 28-~inch DIAMETER

Pipeline, 2,740 mi. of 28" @ $95,000

Stations, HP = 370,000 x 12;§.x .000017 = 10,450
10,450 x 21 x $300/HP

Tank farm, 750,000 bbls. @ $1.75

Indirect costs & contingency @ 15%

b. ASSUMED 32-INCH DIAMETER

Pipeline, 2,740 mi. of 32" @ $122,000

STATIONS, HP = 465,000 x 1132 x .000017 _ 11,600
11,600 x 19 x $300/HP

Tank farm, 900,000 bbls. @ $1.75

Indirect costs & contingency @ 15%

III AL'MET'YEVSK - LENINGRAD CRUDE OIL PIPELINE INVESTMENT

a. AL'MET'YEVSK ~ GOR'KIY

Pipeline, 350 mi. of 32" @ $122,000
Stations, HP = 400,000 x 1122 x .000017 _
10,000 x 2 x $300/HP

Tank farm, 800,000 bbls. @ $1,75
Indirect costs & contingency @ 15%

10,000

b. GOR'KIY - LENINGRAD

Pipeline, 585 mi. of 28" @ $95,000

Stations, HP = 360,000 x lzgg x .000017 _— 10,200
10,200 Hp x 4 x $300/HP

Tank farm, 1,600,000 bbls. @ $1.75

Indirect costs & contingency @ 15%

$260,300,000

65,835,000
1,310,000

49,000,000
$376,445,000

$334,280,000

66,120,000
1,575,000

__60,500,000
$462,475,000

$ 42,700,000

6,000,000
1,400,000

7,500,000
$ 57,600,000

$ 55,575,000

12,240,000
2,800,000

10,600,000
$ 81,215,000

IV STALINGRAD - TIKHORETSK - TUAPSE AND TIKHORETSK -~ NOVOROSSIYSK

CRUDE OIL PIPELINE INVESTMENT

a. STALINGRAD - TIKHORETSK

Pipeline, 380 mi. of 28" @ $95,000

Stations, HP = 378,000 x 1232 x_.000017 _ 10,720
10,720 x 3 x $300/HP

Tank farm, 650,000 bbls. @ $1.75

Indirect costs & contingency @ 15%

b. TIKHORETSK — TUAPSE OR NOVOROSSIYSK

Pipeline, 140 mi. of 28" @ $95,000
Stations, Hp = 245,000 x 1252 x .000017 =
.75
6,960 HP x 1 x $300/HP
Tank farm, 1,200,000 bbls. @ $1.75
Indirect costs & contingency @ 15%

6,960

$ 36,100,000

9,660,000
1,138,000

7,050,000
$ 53,948,000

$ 13,300,000

2,100,000
2,100,000

2,620,000
$ 20,120,000

V TUYMAZY - ANGARSK (IRKUTSK) CRUDE OIIL_PIPELINE INVESTMENT

Pipeline, 2300 mi. of 28" @ $95,000

Stations, HP = 370,000 x 123% x..000017 _ 10,450
10,450 x 18 x $300/HP

Tank farm, 750,000 bbls. @ $1.75

Indirect costs and contingency @ 15%

$218, 500, 000

56,500,000
1,310,000

41,500,000

$317,810, 000




APPENDIX B

COMMITTEE ESTIMATE OF -

OPERATING COSTS OF SELECTED NEW OIL EXPORT PIPELINES

OF THE USSR

SUMMARY OF OPERATING COSTS

PIPELINE

USSR - European Satellite

Kuybyshev to Mozyr'
Kuybyshev to Plock
Kuybyshev to Schwedt
'Kuybyshev to Kremenchug
Kuybyshev to Bratislava
Ruybyshev to Szazhalombatta
KRuybyshev to Polotsk
KRuybyshev to Klaipeda
Kuybyshev to Ventspils

Tuymazy to Angarsk (Irkutsk)
Angarsk to Nakhodka
Tuymazy to Nakhodka

Al 'met'yevsk to Gor'kiy
Al'met'yevsk to Leningrad

Stalingrad to Tikhoretsk
Stalingrad to Tuapse or Novorossiysk

226

CENTS
PER BARREL

17.10
29.30
37.60
21.85
38.20
39.70
20.65
29.20
29.55

54.00
_64.00
118.00

8.01
21.26

9.24
12.88




APPENDIX B (Cont'd.)}

COMMITTEE ESTIMATE OF
OPERATING COSTS OF SELECTED NEW OIL EXPORT PIPELINES
OF THE USSR

I OPERATING COSTS FOR USSR _ - EUROPEAN SATELLITE CRUDE OIL PIPELINE SYSTEM

a.

b.

C.

4a.

KUYBYSHEV - MICHURINSK

Direct Expense

1.
2.
3.
4.
5.

Line. maintenance @ $100/mi . s 41,000
station maintenance @ $5/HP 342,000
Power @ $.02/KW-HR 7,500,000
Labor @ $3,500/Man 105,000
Administration 50,000

$ 8,038,000

Indirect Expense

1. Average interest @ 3% $ 3,170,000
2. Depreciation @ 10% 10,580,000
$ 13,750,000
Cost per Barrel = $ 21,788,000 8.05¢
740,000 x 365
MICHURINSK - MOZYR'
Direct Expense
1. Line maintenance @ $100/mi, s 43,000
2. station maintenance @ $5/HP 334,000
3. Power @ $.02/KW-HR 7,420,000
4., Labor @ $3,500/Man (30 Men) 105,000
5. Administration 50,000
$ 7,952,000
Indirect Expense
1. Average interest @ 3% $ 3,570,000
2. Depreciation @ 10% 11,894,000
$ 15,464,000
Cost per Barrel = $ 23,416,000 - 9.05¢
710,000 x 365
bl. MICHURINSK-UNECHA
Prorated on mileage from b. above.
Cost per Barrel = 6.90¢
MOZYR' - PLOCK
Direct Expense
1. Line maintenance @ $100/mi. $ 47,000
2. Station maintenance @ $5/HP 105,000
3. power @ $.02/KW-HR 2,330,000
4. Labor @ $3,500/Man (22 Men) 77,000
5. Administration 30,000
$ 2,589,000
Indirect Expense
1. Average interest $ 1,465,000
2. Depreciation 4,879,000
$ 6,344,000
Cost per Barrel = 8,933,000 = 12.2¢
200,000 x 365
PLOCK - SCHWEDT
Direct Expense
1. Line Maintenance @ $100/mi. $ 24,300
2. station Maintenance @ $5/HP 73,500
3. Power @ $.02/KW-HR 1,630,000
4. Labor @ $3,500/Man (18 Men) 63,000
5. Administration 30,000
$ 1,820,800
Indirect Expense
1. Average interest $ 695,000
2. Depreciation 2,315,000
$ 3,010,000
Cost per Barrel = 4,830,800 = 8.3¢

160,000 x 365
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MOZYR'® - UZHGOROD

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (22 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = $ 8,088,000 =
170,000 x 365

UZHGOROD - BRATISLAVA

Direct Expense
1. Liné maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (18 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 5,048,000 .
170,000 x 365

SAHY - SZAZHALOMBATTA

Direct Expense
1. Line maintenance @ $100/mi.
2, station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (7 Men)
5. Administration

Indirect Expense
1. Average interest
‘2. Depreciation

Cost per Barrel = £ 767,600 -
50,000 x 365

MICHURINSK - KREMENCHUG

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (22 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = $_ 7,024,500 _ -
140,000 x 365

13.0¢

8.1¢

4.2¢

13.8¢

$ 45,000
. 86,000
1,910,000

77,000
30,000

$ 2,148,000

$ 1,370,000
4,570,000

$ 5,940,000

$ 25,000

75,000
1,670,000
63,000

30,000
$ 1,863,000

$ . 735,000
2,450,000

$ 3,185,000
$ 8,100
7,500
166,000
25,000
10,000
$ 216,600
$ 127,000
424,000

$ 551,000
$ 43,500
89,000
1,960,000
77,000
30,000

$ 2,199,500
$ 1,110,000
3,715,000

$ 4,825,000




APPENDIX B (Cont'd.)

COMMITTEE

ESTIMATE OF

OPERATING COSTS OF SELECTED NEW OIL EXPORT PIPELINES
OF THE USSR

I OPERATING COSTS FOR USSR -~ EUROPEAN SATELIITE CRUDE OIL PIPELINE SYSTEM. . -(cont'd.)

i.

3.

( .

II OPERATING COSTS OF ANGARSK (IRKUTSK) - NAKHODKA CRUDE OIL PIPELINE

a.

UNECHA - POLOTSK

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (18 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 7,207,900 = 5. g¢
340,000 x 365

POLOTSK — KLATP]

Direct Expense
1. Line maintenance @ $100/mi.
2. station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (18 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 6,783,600 __ - g.45¢
220,000 x 365

POLOTSK - VENTSPILS

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP |
3. Power @ §.02/KW-HR
4, Labor @ $3,500/Man (18 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 5,787,600 = 8.80¢
180,000 x 365

ASSUMED 28-INCH DI AMETER

Direct Expense

© 1. Line maintenance @ $100/mi.
2. station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (147 Men)
5. Administration

Indirect Expense
1. Average interest @ 3%
2. Depreciation @ 10%

Cost per Barrel = 75,384,000 = 64.0¢
320,000 x 365

$ 23,400
111,500
2,480,000
63,000
30,000

$ 2,707,900

$ 1,040,000
__ 3,460,000
$ 4,500,000

$ 29,600
86,000
1,910,000
63,000

30,000
$ 2,118,600

$ 1,075,000

3,590,000
$ 4,665,000

$ 29,600
84,000
1,850,000
63,000
30,000

s 2,056,600

$ 860,000

2,871,000
$ 3,731,000

$ 274,000
1,100,000
24,300,000
515,000
250,000

$ 26,439,000

$ 11,300,000

37,6 45,000
$ 48,945,000

b. 'ASSUMED 32-INCH DIAMETER

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW~HR
4. Labor @ $3,500/Man (133 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 86,686,500 = 59.3¢
400,000 x 365 -

III OPERATING COSTS OF THE AL'MET‘YEVSK - LENINGRAD CRUDE OIL PIPELINE

a. AL'MET'YEVSK - GOR'KIY

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW-HR
4. Labor @ $3,500/Man (18 Men)
S. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = 9,938,000 = B8.01¢
340,000 x 365

b. GOR'KIY - LENINGRAD

Direct Expense
1. Line maintenance @ $100/mi.
2. Station maintenance @ $5/HP
3. Power @ $.02/KW~HR
4. Labor @ $3,500/Man (28 Men)
5. Administration

Indirect Expense
1. Average interest
2. Depreciation

Cost per Barrel = $ 15,492,000 = 33,25¢
320,000 x 365

228

$ 274,000
1,100,000
24,450,000
465,000

250,000

$ 26,539,000

$ 13,900,000
46,247,500

$ 60,147,500

$ 35,000
100,000
2,220,000
63,000

30,000

$ 2,448,000

$ 1,730,000
5,760,000
$ 7,490,000

$ 58,500
204,000
4,530,000
98,000

50,000

$ 4,940,500

$ 2,430,000

8,121,500
$ 10,551,500
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COMMITTEE ESTIMATE OF
OPERATING COSTS OF SELECTED NEW OIL EXPORT PIPELINES
OF THE_ USSR

IV OPERATING COSTS OF THE STALINGRAD ~ TIKHORETSK ~ TUAPSE
AND TIKHORETSK - NOVOROSSIYSK CRUDE OII, PIPELINE

a. STALINGRAD - TIKHORETSK

Direct Expense

1. Line maintenance @ $100/mi. $ 38,000
2. Station maintenance @ $5/HP 161,000
3. Power @ $.02/KW-HR 3,560,000
4. Labor @ $3,500/Man (28 men) 98,000

5. Administration 50,000

$ 3,907,000

Indirect Expense
1.. Average interest $
2. Depreciation

1,620,000

5,395,000

$ 7,015,000

Cost per Barrel = 10,922,000 = 9.24¢
324,000 x 365

b. TIKHORETSK - TUAPSE OR_NOVOROSSIYSK

Direct Expense

1. Line maintenance @ $100/mi. $ 14,000
2. Station maintenance @ $5/HP 35,000
3. Power @ $.02/KW-HR 77,300
4. Labor ® $3,500/Man (10 Men) 35,000
5. Administration 15,000

‘ $ 176,300

Indirect Expense

1. Average interest $ 603,600

2. Depreciation 2,012,000

$ 2,615,600

Cost per Barrel = 2,791,900 =
210,000 x 365

3.64¢

V  OPERATING COSTS OF THE TUYMAZY TO ANGARSK (IRKUTSK) CRUDE
OIL PIPELINE

Direct Expense

1. Line maintenance @ $100/mi. $ 230,000
2. Station maintenance @ $5/HP 930,000
3. Power @ $.02/KW-HR 20,400,000
4., Labor @ $3,500/Man (126 Men) 440,000

5. Administration 250,000

$ 22,250,000

Indirect Expense
1. Average interest @ 3% $
2. Depreciation @ 10%

9,500,000

31,780,000

$ 41,280,000

Cost per Barrel = 63,530,000 = 54.0¢
320,000 x 365

TN




SECTION 12

ESTIMATED INVESTMENT IN PETROLEUM INDUSTRY

The estimated distribution of the planned productive
capital investment in the o0il and gas industry during 1959-65
compared with those sums invested during 1952-58, is presented
in Table 3-61.

The Soviet Seven Year Plan provides for a total invest-
ment in the o0il and gas industry of 17.0-17.3 billion rubles
during the period 1959-65. 1/ Of this amount 75.9 percent is
to be invested in the o0il industry and 24.1 percent in the gas
industry. 2/ Applying these percentages to the mid-point of
the planned total investment yields an estimated investment of
13.02 billion rubles in the oil industry, and 4.13 billion
rubles in the gas industry. Of the total investment of 17.15
billion rubles in the o0il and gas industries, 42 percenﬁ, or
7.2 billion rubles are to be used for exploratory and develop-
mental drilling and extraction and 33.9 percent, or 5.82
billion rubles, are to be used in the o0il industry for other
purposes. 3/ Of this latter amount approximately 2.0 billion
rubles are to be used for pipeline transport. 4/ This leaves a
residual of 3.82 billion rubles for investment in refining and
storage facilities. The portion allocated to storage probably
is small, perhaps 0.15-0.2 billion rubles. On this basis the
estimate of about 3.6 billion rubles to be invested in refining
facilities (see page 158) appears reasonable.
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TABLE 3-61

ESTIMATED PRODUCTIVE INVESTMENT IN THE OIL
AND NATURAL GAS INDUSTRIES OF THE USSR,
BY SECTOR OF INDUSTRY
1952-58 AND 1959-65

(Iq Comparable Prices)

1952-58 1959~-65
BILLION PERCENT BILLION PERCENT
RUBLES OF TOTAL RUBLES OF TOTAL

OIL
0il Extraction
Exploratory and Development 2.57 35.6 4.30 25.1
Drilling
Extraction 1.75 24.2 2.90 16.9
TOTAL 4.32 59.8 7.20 42.0

Refining (including petrochemical
installations at refineries)

and Storage ( ( 3.80 22.6

‘ (1.95 (27.0
Pipeline Construction ( ( 2.00 11.7
Total 0il 6.27 86.8 13.02 75.9

NATURAL GAS

Gas Extraction

Exploratory and Development .33 4.6 1.30 7.6
Drilling

Extraction .25 3.5 .69 4.0
TOTAL .58 8.0 1.99 11.6
Pipeline Construction .37 5.2 1.77 10.3
Other (primary storage) ;0 .0 .37 2.2
Total Gas .95 13.2 4.13 24.1

GRAND TOTAL, OIL AND NATURAL GAS 7.22 100.0 17.15% 100.0

* Mid-point of the range of 170-173 billion rubles as stated in the
Seven Year Plan.
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SECTION 13

CONSUMPTION

A. Petroleum Products

l. Historical and Planned

The apparent domestic demand for non-gaseous petroleum
products in the USSR in 1955, 1958-1960 and that estimated for
1965 is given in Table 3-62. 1In relation to crude oil produc-
tion, this demand has declined from 87 percent in 1955 to
72.6 percent in 1960. A further decline is indicated for the
remaining years of the Seven Year Plan, to about 68 percent of
crude o0il production by 1965 (see Tables 3-18 and 3-62).

The very nature of the Soviet economy makes it impos-
sible to rationalize the growth lag for petroleum products
compared with the increases in crude o0il output simply by
stating that the production of crude 0il has increased more
rapidly than the domestic needs. The possibility must be
considered that the growing exports of petroleum products may
exist only at the expense of the internal economy. This may
be true, in particular, for diesel fuel, which is a leading
Soviet export item, having represented slightly more than
one-third of total Soviet exports of petroleum products in
1960, but which has been reported to have been in short supply
in the Soviet Union at least since the beginning of the Seven
Year Plan. To find precedents for such maneuvers, one need
only recall the early days of the planned development of the
Soviet economy, when grain, although in desperate need at
home, was bartered for equipment necessary for the establish-
ment of a heavy industry sector.

~ In Table 3-63, estimated domestic consumption for 1955,
1958 and 1960 has been broken down according to the type of
petroleum product. The breakdown illustrates the growing impor-
tance of distillates and the decline in the relative consumption
of gasoline. It is known that the availability of gasoline in
the USSR has for the past several years continued to exceed the
domestic requirements but the poor quality of this product
effectively precludes any sizeable export to the West. In fact,
the net export of gasoline in 1960 was only 600 thousand tons.
As a result, the USSR has resorted to various means for disposal
of the surplus internally, e.g. in light diesel fuel blends.
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TABLE 3-62

APPARENT DOMESTIC DEMAND FOR NON-GASEOQUS
- PETROLEUM PRODUCTS IN THE USSR
1955, 1958-60 AND 1965 ESTIMATE
(Million. Metric Tons)

SUPPLY 1955 1958 1959 1960
Refinery Products. a/ 62.9 95.7 106.7 119.6
Imports b/ 3.8 3.2 3.3 3.2
NGL and Synthetics ¢/ negl. negl. neqgl. neqgl.

TOTAL SUPPLY 66.7 98.9 110.0 122.8

DEMAND
Apparent Domestic Demand &/ 61.6 89.9 97.1 107.4
Exports b/ 5.1 9.0 12.9 15.4

TOTAL DEMAND 66.7 98.9 110.0 122.8

a/ Derived from Table 3-42.

Y

¢/ Estimate..

d/ By difference.

ESTIMATE

1965

197.
3.
5

(ol eNe

205.0

180.0
25.0

205.0

~




TABLE 3-63

ESTIMATED DOMESTIC CONSUMPTION OF
NON-GASEOUS PETROLEUM PRODUCTS ,IN

THE USSR BY TYPE OF PRODUCT 2/

1955, 1958 AND 1960
1955 1958 1960
MILLION MILLION MILLION

TYPE OF METRIC PERCENT METRIC PERCENT METRIC  PERCENT
PRODUCT TONS OF TOTAIL, _ TONS OF TOTAL  TONS OF TOTAL
Gasoline 18.6 30.2 22.7 25.3 25.4 23.7
Kerosine 9.6 15.6 12.0 13.4 14.5 13.5
Diesel Fuel 9.6 15.6 21.6 24.0 24.2 22.5
Lubricants 2.6 4.2 4.4 4.9 5.2 4.8
Residuals

and ,

others &/ 21.2 34.4 29.1 32.4 38.1 35.5

roraL £/ 61.6 100.0 89.8 100.0  107.4 100.0

g

because of rounding.
¢/ Primarily residual fuel oil.
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As mentioned above, diesel fuel is considered to be
in short supply in the USSR. This deficiency probably results
from a combination of continued high rates of growth in demand
for diesel fuel through the dieselization of tractors and rail
transport and "forced" inclusion of diesel fuel as an item ror
export, despite excess requirements for this product internally.

The major and growing portion of diesel fuel is
consumed by agriculture, while consumption of diesel fuel by
industry and construction exterprises is in a relative decl