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| 1 PETROLEUM IN THE USSR

A, 011 Resources in the USSR

1. Introduction

0il is an energy source whose importance has grown steadily in the

Eastern European countries since World War II. Although there arc large
well-known 0il deposits from which significant amcunts of oil have becen
produced for some time, the discovery of new ficlds of gircat resource
magnitude has added to the important place of oil in the total cneigy

| requirements of Eastern Europe.

0il is the most versatile and cssential fuel for mudern industrial
economies, Accordingly, oil resources and recoverable reserves are of
major strategic importance. Recognizing this fact, the USSR and other
Eastern European cou.ctries understandably regard such information as state
secrets.* This practice presents a serious problem in analysis; the
é Institute has had to usc indirect methods in estimating the magnitude of
3y 0il resources, with the possibility of inaccurate conclusions about the

potentials for oil development in this area.

It was pointed out by Campbell1 that "despite the lack of definite

information on Soviet oil rescrves, there is no shortage of confident

estimates about their magnitude." Most of tiie recent statements in official

Soviet sources are ambiguous, and arc unquantified. Neither can the common

index numbers or estimated percentage increases in oil reserves be employed

with any confidence to build up a reserve estimate from pre-war data.1

For example, Soviet State Secrets Act of 19:17,
1
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The viso scedimentary regions of the USSR imply ultimale oil resources
greatly in cxcess ol cnose in the United States,  These sediments have bueon
scarcely explored, with the cumulative drilling per squlre kilometor only
about one-lortictl that of the United States. This diflerence would be
even greater i the smaller amount of exploratory drilling had been
comparcd {but Soviel data were not sufficiently broken down to permit this
Lo be done)., Campbell concludes his discussion ol reserves by noting that
"the oil is undoubtedly there, but the costs of finding and producing it

will change in response to the changing geological and technical situation."

To cxamine the wmagnitude of Soviet oil resources, it is nccessary to
reason from data on the deposits characteristics. The discussion below
will describe salient characteristics based on known information. Larlicer
cstimates of oil resources will be discussed so as Lo sct the framework
of prior work in this area, and present—day estimates of Soviet oil
resources will then be derived und discussed. Finally, the smaller but
nonctheless important oil resources of the other CMEA countries will be

cxamined,

2, Geology of Soviet 0il Resources

A kricf description of the geology of Soviet oil resources is
presented as an oid in analysis of the estimated resource base and
recoverable reserves., The principal oil liclds are in the Westorn
Siberian Basin, the Volga=Ural Basin and Donets Basin of European Russia,

and the Trans-Caucasus basins of the southern part of the country.

Table C~1 summarizes principal fcatures of the major Soviet oil ficlds
as of 1972, 1t can be segcn that thp largest reserves are found in the
Samotlor field of the Western Sibcr%un Basin, with the Romashkino ficeld
of the Volgz-Ural Basin a close second in size. The table shows other
geological information about these 0il fields; some of the information

is described below,

e e gt s o o S e ey e e
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Table C-2 shows the distribution of Soviet oil deposits by reservoir
typc., More than four-fifths of all oil deposits occur in sandstones, with
only minor amounts in limestones; still, limestone rescrvoirs arce locally
important, cspecially in Perm, Orenburg, and Tadzhidsk where they account g

for more than half of the total resources,
Table C-2
DISTRIBUTION OF SOVIET OJL RESOURCES

BY RESERVOIR TYPE
(Percent)

Terrigenous Carbonaceous
(Sandstone) (Limestone)
RSFSR 85,3% 14,7% )
' Komi SSR 100.,0 -
Tatar SSR 97.1 =

Table C=3 shows the distribution of 0oil resources of the USSR and its
republics by depth of occurrence as of 1966, Although morec recent
discoveries may have changed this distribution somewhat, available (but
incomplete) recent dats suggest that the distribution is generally
accurate. However, more recent drilling has emphasized greater depths,
and it may be expected that there will be shifts in total resources toward
these more deeply buried deposits. Probably, this work will have greatest
cifect on the depth zone statistics for the RSFSR, where most of the

current drilling has been concentrated.

Table C-4 shows the distribution of Soviet oil resources by geological

age., This table was constructed from data available in the lattor 1960s

and does not include more recent discoveries, 1In fact, the distribution '%
of Soviet 0il resources by geological age appears to have changed I3

drimatically in recent years:2
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Estimated Crude 0il Resources (A+B+C)
(Percent)

Net
Geologic Age 1 Jan, 1966 1 Jan, 1970 Change

Cenozoic 14.8% 13.0 - 1,8%
Mesozoic 24,2 50.0 +25,.8
Paleozoic 61.0 37.0 ~24 ,0

The bulk of the oil deposits of the USSR discovered in the Western
Siberian Basin are of Mesozoic age. Thus, their effect on the total
resources and on the percentage distribution has been dramatic. The
geographic shift of the principal resource base is similarly dramatic,
as Reference 2 points out: 'the bulk of crude oil production (about 80

percent) takes place in European regions' at present. Shifts in productive

capacity toward the cast to take advantage of the newly discovered resources

there will doubtless be attempted, although this is sure to be time-

consuming and difficult to achieve.

The geographic and stratigraphic shifts in resource percentages
reported by Soviet sources are enlightening in another way. The
enormous new resources that lead to this statistical reversal have already
been commented upon. Also of significance, and perhaps of even greater
importance over the short term, is the fact that known resources in the
currently developed fields of European Russia are demonstrated to be
rather small. Many of these fields (such as the Baku area) have been in

production for many years, and doubtless have been extensively depleted.

Even allowing for the often optimistic Soviet practice of including marginal

resources of C, category in this estimate, the real significance of this
unprecedented change in resource base could well be in revealing the
relatively short remaining productive lifetim: of the European oil fields
that have supplied Soviet needs for the past several decades and which are

certain to be of great importance in meeting oil requirements of much of
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the USSR and CMEA countries over the near term (i.c., at least until

1980), This situation will be examined in greater detall in a later

section.

These recent shifts in oil distribution by geologic age are also
evident in the estimated density of oil occurrence by tectonic structural
type (Table C-5), The tuble shows that the greatest densities of oil
resources are found in the young orogenic basins and geosynclines. The
possible influence of geologic age on o0il occurrence noted by many
previous workers is again illustrated by these data. As noted‘carlier,
however, the magnitudes of these oil densities are regarded with some

skepticism because of the relatively sparse exploration in some key arcas.

Table C~5

USSR TECTONIC OIL-BEARING STRUCTURES
AS RELATED TO GEOLOGIC AGE
(Thousand Tons per Km?)

Ultimate Resourcces Geologic Age
Structure (103 tons/km2) Palcozoic  Mesozoic  Cenozoic

Ianer Syneclise 10
Foredeep 40
Orogenic Basins <3 5 18
Synclinorium in

Miogeosynclines ~3 ~8 50
Middle Massifs 3-10

Source: Nalivkin, 1972,
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Bricf geological descri ions” of the principal Soviet oil fields are

vresented below,

® VWest Siberian Basin, 7The West Siberian Basin is a topographic

and structural depression covering about 1.8 million square
kilometers located east of the Ural Mountains.3 The terrain

in much of the arca is swampy and difficult, with muskeg in the
south and permafrost in the north. The basemont rocks are
igneous and metamorphosed Paleozoic rocks occurring at average
depths of 3,000 to 4,000 meters. More¢ than 114 oil and gas
fields have been discovered in this basin. The productive
strata are sandstones generally less than 10 meters thick, of
late Jurassic and Cretacecous ages. The fields are on anticlinal
structures, with irregular areas of closurc; most industrial
fields arce of medium size,

In general the oil fields are surrounded by water,; but
many do not leave a water drive, zud production is by gas
expansion., Table C-1 shows characteristics of the principal
0il fields of the West Sibcrian Basin area. J

The ultimate recovery of oil from the West Siberian Basin,
according to Dickey, "will certainly be over 73 billion barrels,
and probably several times that.'

® Volga-Ural Region, The Volga-Ural region covers 500,900 square
kilometers -~"ing the castern edge of the European Russian
platform adjacent to the Ural Mountains which constitute its
castern margin.4 0il occurs as widely distributed deposits
in Paleozoic (Devonian, Carboniferous, and Permian) sandstones
and limestones that occur at depths ranging from 1,000 to 2,000
meters. O0il is also found in relation to salt dome deposits in
the Pre-Caspian deprescion along the southecast part of the Russian
platform. As noted carlier, this area contains several giant oil
fields and has substantial reserves. Still, its total is not
as great as that estimated for the West Siberian Basin.

More than 500 o0il fields have been found in this region.
The main oil pools are in Devonian strata folded into anticlinal
structures, As a rule, ¢il fields are confined to sedimentary
rocks bordering massive reefs, although production is in some
places from the reefs themselves.

Derived from N. A, Eremenko, G. P, Ovanesov, and V, V., Semencich,
"Status of Oil znd Gas Prospecting in USSR in 1971," Assoc, Petroleum
Geologists Bulletin, Vol, 5G, No. 9, pp. 1711-1722,

9




® Timano-Pechora Region. This region is about 170,000 sjuare

kilometers in the nourtheast part of the Russian platform.

A thick cover of Palcozoic sedimentary rocks covers Lhe bhasement
rocke, Commerical oil reservoirs are found in Devonian strata
folded into anticlinal structures separated by broad depressions,

® Dnepr-Pripyat Area. This area occurs in the southwestern part
of the Russian platform, and consists of two deep depressions,
the Dnepr-Donets and Pripyat, which descend to 7 kilometers.

The sedimentary rocks of Palvozoic and Mesozoic age have been
extensively faulted into a system or horsts and grabens.
Commercial oil deposits occur in Upper Paleozoic and Middle
Mesozoic strata,

® Prebaltic Province. This area of 190,000 square ki’ smeters occurs
in the northwestern part of the Russian platform. . .dimentary
rocks of Paleovzoic age attain thicknesses nf 4.5 ki_ometers. Fiva
small oil fields have been found in Lower Paleozoic rocks, and
further exploration is in progress.

e North Caucasus. This region covers 250,000 square kilometers 4
between the Caspian Sca and the Sea of Azov. Mesozoic and
Tertiary sediments ranging from 1.5 to 7 kilometers thick occur
in this area. About 300 oil fields have been discovered in the
arca, most of them in anticlinal zones in the axial parts of
foredeeps. Production is from Cretaceous and Ccnozoic reservoirs,

® South Casp. ... This province covers 100,000 :guare kilometers
i that straddle the Caspian Sea and is the oldest oil-producing region

of the USSR. The province is made up of deep intermontanc
depressions filled with Mesozoic and Tertiary sediments that
attain thicknesses to 16 kilometers. A total of 84 oil fields
have been discovered in this area, and commercial production has
come from reservoirs of Tertiary age. Extensive offshore
exploratory drilling in the Caspian Sea has been undertaken in
an attempt to extend present reserves.

‘ ¢ Central Asia. The Central Asia region covers about 1 million

| squarc kilometers between the Caspian Sea and Tien Shan. Mosozoic

{ and Tertiary sedimentary rocks constitute the host rocks for oil.

i About 100 o0il fieclds have bean discovered, mainly on the flanks
of large depressions.

e Siberian Precambrian Platform. This arca covers more than 3
million square kilomcters between the Yenisey and Lena Rivers.
Sedimentary rocks preserved in downfolds or depressions may be
favorable targets in exploration for oil fields, as in the
vicinity of Lake Baikal,

T A IO e Bt e i
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® Far Eust. This province is essentially limited to the Sakhalin

district, an area of about 600,000 square kilometers (including

i offshore deposits), Cummercial oil occurs in Miocene sediments,
and about 30 fields have been discovered in this a’ea.

® Offshore. Exploration for offshore oil deposits in the USSR
has been concentrated in the Caspian Sea (menticned earlier)
and in the Sea of Azov and the Black Sea. Geophysical surveys
have been undertaken as a first step toward examination of the
prospects for developm:nt of the Baltic Sea, Barents Sea, Kara
Sea, and the Sea of Okhotsk.

3. Estimates of Soviet 0!1 Reserves

a. General

As noted ealier, the Soviets do not publish estimates of oil
reserves in their country, However, there have been severa) estimates of
oil reserves in the USSR in terms of "known' or "proved" reserves, where
production is in progress or where production can be anticipated. Table

‘ C-6 summarizes several important recent cstimates of oi!? reserves in

| o - I ‘,',:f,'-f...,’
!
Table C-6

COMPARISON OF REPRESENTATIVE PREVIOUS ESTIMATES
OF SOVIET OIL RESERVES

Reserves
Source Year (billion barrels)

Hodgkins 1961 66
World 0il 1969 58
U.S. Geological Survey 1971 73
Halbouty et al 1970 84
Klemme 1971 76
International Petroleum

Encyclopedia 1972 119
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the USSR.™ The similarity in theso reserve estimates is romarkable, in
view of the uncertain siluation owing to sparse or totally lacking data
{ from Soviet sources. The more recent estimates are larger than the
| earlier ones, reflecting (at least partly? ti 2 recont oil discoverics. 4
Still, these estimates are for recoverable reserves, and do not purport
to describe the total oil resource base of the USSR. This will be the

% subject of the following section,

ik on

" b. Estimates of 0il Resources

A gross estimate of the amount of recoverable oil in the USSR

may be calculated rapidly from the areca and depth of sedimentary cover,
| assuming that oil occurrence is roughly proportional to the volume of

sediments. Approximately half the USSR is promising for oil and gas

exploration; this is nearly 12 million square kilometers.5 To this area
| must be added the 7.6 million square kilometers of possible offshore oil
areas.6 Thus, the total arza of the USSR favorable for oil and gas
occurrence is nearly 20 million square kilometers. Assuming an average i
sediment thickness of 3 to 4 kilometers, as reported by the referenced f

workers and others, and an average oil content of 12,000 barrels per cubic

kilometer, the estimated oil resources of the USSR are found to be between
720 and 960 billion barrels. This is nearly an ordor of magnitude greater

than the resources of the United States (see Figure C-1), 4

The relatively shallow depths assumed in the above calculation
are considered reasonablo in light of recent Soviet data. With particular !

reference to the Western Siberian province, it was noted that:

*

A summary of earlier estimates was given by J. A, Hodgkins (Soviet
Power, Prentice-Hall, Inc., Englewood Cliffs, N. J., 1961). This
listing is intended to supplement that work,

Sl SO

e

12

Sy

e %:
e
L]

PSRRI NG SRR SRR R A AR TN

R R N R R e

AR ST
- R 3.




At

"

b e bl

CHITAE

Sl 2

oL

o
TEE NOITTE O
T NOITTIE 0001
b
o
-
=
=
Lil 1l 1 1 W 1 alil g i L

INNT0A LiN3RIG3S OL LNILNOD NOGHVIOMOAH
40 dIHSNOILVI3Y WON4 SIJUNGS3IN NG 3ANND GILVNILS3I

(0l

-0 ounbBiy

Wy puDsnOyl — SININIO3S 40 INMI0A

of (O Ol

mirrrra

TaE NOITTIE 0

[ e |

-

001

o001

cWN/199 puDsnoy; - ANILNOD NOSHYIONAAM

13

s

o
}’L

SR
T e

{k

R
Sty

v




e

+ « oin the lower horizons of the sedimentary cover,
and reilncting the great depths and high temperatures, gas
and gas-coidensate beds must be absent, . . The hulk of
crude cil reserves are associated with ccaparuatively shallow
depths. At depths of 2,400 meters and less thesre is to be
found 83 percent of the reserves of crude oil abroad and 89
percent of the reserves of the USSR; ut depths to 3,00C meters,
these shares increase to 94.4 percent and 96,1 percent,
respectively. In the central portion of Western Siberia,
having in mind the high geothermal gradient, the crude oil
zone must disappear at a depth of about 4 km,7

"Accepting for the entire platform a geothermal gradient
of 3.3 to 4.2 degrees (C) per 100 meters (average 3.7 degrees
per 100 meters) (it is assumed) that at depths of 2,400 to
2,700 meters thermal cetalysis begins, leading to =a
destruction of normal crude oils, and transforming these crudes
into light crudes and then into gas-condensate beds."

"For Western Siberia. . . at depths of 2.0 to 2.5 km and
beiow, the sandstone(s) are subject to significant epigenetic
changes, in essence worsening their collector properties (for
crude oil),"

Because of these factors, which appear to restrict most crude
oil occurrence to “:latively shallow depths, we have used an average

depth of 3 to 4 kilometers in these calculations.

The petroleum resources calculated by the volumetric method of
Weeks et al, are less than those resulting from using a similar method
develcped by Russian geologists.8 Table C-7 shows Soviet estimated
resources by type of Tectonic structure and average thickness of sediments.
Structures with medium complexity and sedimentary thicknesses from 2 to
5 kilometers were most favorable for the formation and occurrence of
oil and gas, consistent with what was described above. However, as the
table shows, the estimated o0il occurrences are approximately 2 to 6 times
the density employed in the above calculation. If these data were
adopted, tﬁe estimated oil resources of the USSR would be truly

astronomical. However, these data were derived for sedimentary areas
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that have beon incompletely explored, with a possible consequence that
the cstimates arce cxcessively influenced by the fow known and rich
deposits of oil. As more complete information becomes available, it is
beliceved that cstimoted oil densities will become more consistent with

vhose for better known deposits clsewhere in the world.

There scems to be no particular technical reason apparcent at
present why Soviet oil deposits should be so much richer than those
occurring in other arcas. Nevertheless, the possibility must be
acknowledged that special conditions may occur in the USSR, and for this
reason Nalivkin's data8 arc worth noting. 1If his density values were
representative of actual resource conditions, then the ultimate oil
resources of the USSR in place would be in excess of 5 trillion barrcls;
in view of thc abovc-stated rcasons, this value is regarded as quite
unlikely., 1In particular, in view of the data cited carlier on the depth
of deposits, the depths of uscful deposits cmployed in Nalivkin's
cstimates (as well as thosc used here) may be too great, artificially

increasing the resource estimates.

The character of sediments and their structural relations must
also be considered. Variations in rock type occur laterally and
vertically, influencing the total volumes favorable for petroleum
occurrence. This method seeks to refine the volumetric method by
inclusion »f these critical factors. Mcycrhoff9 has employed seismic
rccords for cach sedimentary hasin of the USSR, together with data on
drilled and undrilled structures cvident on aerial photographs, to arrive
at an cstimate of oil and gas reserves. These data arc useful for
comparison with thosec determined from the volumetric method. Table C-8
shows Meyerhoff's data for estimated oi' and gas resources of the USSR.
The table indicates that the amount of estimated oil resources arc
consistent with that derived from calculations based on sedimentary

volume. Thus, the total oil resources of the USSR may be estimated by
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Table (=4

ESTIMATED OIL AND GAS RESOURCES IN THE USSR

Buropean Russia
PreCarpathian Foredecp
Crimea
HHaltic Platform
nepr=Doncts
Pripyat

Trans-Caucasus
Rioni Basin
Kura/S. Caspian/Trans-
Caspian
North Caucasus Foredeep

Central Asia
Aral Sca

Emba Salt Basin
Volga-Urals

Pechora Basin (incl.
offshorce)

West Stiberian Basin aud
Kara Sca

Taymyr Peninsula and
Laptev Sca

Anabar Basin

Vilyvy Basin (Lena Vallcey)
Irkutsk Basin and Far East
East Siberian Sea

Anadyr Basin

Khatyrka Basin

Kamchatka

Amur River

Sakhalin

Fergana Basin

Totals

(from Mcycerhoff)

Potential Oil Resources

Potential Gas lesources

(million bbl) (102 £t3)
5-600 5-6
50 1
100 ?
3,000 42
500-1, 000 1-2
50 0.1
30,000 3010
20,000 60-80
80,000 1,000

50,000 L

10,000 20
100,000 155
100,000 2,000
300,000 3,000
20,000 1,100
1,000 10
500-1,000 150
20,000 100
200,000 500
100 20
500 20
2,000 20
1,100 29
5,000 10
100 2

945,000 to 946,100

17
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this method to be in the general range of 850 billion to 950 billion
barrels. This estimate is consistent with the two previous estimates
based on volume of sedimentary rocks and characteristics of potentinl

oil-becaring structures:

Estimated Oil Resources

Source (billion barrels)
Structural Method (Meyerhoff) 945
Volumetric Method (SRI) 720-960
Recovery Method (SRI from Klemme)l0 850-959 ’

Not all the estimated oil in place can be recovered. As one !

11

example, Levorson cites the estimated reserves of the Bradford field of

Pennsylvania as follows:

Million Barrels Percent
Primary natural production 250 16 ) 4
Secondary recovery from 490 32 k
water flooding
Tertiary recc-ery 800 _Eg
Total 1,540 100

Thus, only about 16 percent of the total recoverable reserves in this

field were {rom primary natural production. The total primary and
secondary recovery is 48 percent for this field, higher than that found
generally; the current overall recovery cfficiency of U.S. oil reserves

is about 32 percent (including primary and secondary).12 As a rule of
thumb, it appears that about one-third of the currently achieved production
is primary, with the remaining two-thirds of recoverable reserves requiring

secondary recovery methods .or their production.

The above data, however, are derived from U.S. deposits, and
care must be excrted in attempting to apply this cxperience to the Soviet

deposits, It seems clear that the state of Soviet oil recovery technology ]

18




is less developed than that used in the Western World, with the result

being that the overall recovery efficiency from Soviet deposits is
probably lower than that oachicvable elsewhere. I it i3 nssumed that
Soviet production technology is four-fifths us efficient as that of the
United States, the overall total oil recovery from deposits of the USSR
would be about 25 percent of the total reserves. Assuming further that
total Soviet o0il recovery consists of production from both primery and
secondary recovery as in the United States,* it is concluded that only
about one-third the total (roughly 8 to 10 percent) represents primary

production, wit: the remainder requiring secondary recovery.

The above data can be employed, together with a recent estimate
of Soviet oil reserves for primary recovery (Table C-9), to check the
earlier calculations as to “he magnitude of the total oil resources of the
USSR. The reserves in giant and supergiant fields suitable for primary
recovery are estimated to total 76.2 billion barrels. On a world scale,
giant fields account for over 80 percent of the resources. If this
percentage distrib.lion (or one close to it) applies for the USSR, then
another 19 billion barrels or so might occur in smaller fields, bringing
the total primary recovery reserves to about 95 billion barrels. More
probably, however, giant fields represent a greater share of Soviet oil
resources than do such fields on a world scale. Assuming thut the giant
fields represent as much as 90 percent of the oil resources of the USSR,
only about 8.5 billion barrels would occur in smaller fields, with the
total primary recovery reserves being about 85 billion barrels. At least,

these esfimates would appear to bracket the reserve estimates,

This assumption is supported by data that indicate Soviet practice of
secondary recovcry technology. Sce, for example, R. A. loanessian,
"Progress in World Oil Production,” Seventh World Petroleum Congress,
Vol. 1B, pp. 93-108, Mexico 1967,

L
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Regarding the portion of total resources represented by primary

recovery, it is assumed for ease in calculation that these represent about

| 10 percent of the total,

, For purposes of this analysis, therefore, it is concluded that

the USSR’'s o0il resourccs are as follows:

Billion Barrels Billion Metric Tons

1. Resources in place 950 132
(ultimate reserves)

2. Recoverable reserves 2410 33.3
(primary and sccondary
recovery at 25 percent
of total resources)

3. Reserves for primary 95 13.2
recovery (at 10 percent
of total)

4. Primary recovery reserves 76 10.5

! in giant oil fields (at
g 80 percent of total
f primary recovery reserves)

| It is estimated that the distribution of primary recovery
| reserves in the giant oil fields is distributed among the principal

| sedimentary basins as shown in Table C-9. The table snows that 30,2

billion barrels of oil for primary recovery occur in the West Siberian
Basin (about 39 percent of the total primary recovery reserve). About
§ gng billion barrels occur in the basins of European USSR (28 percent of
the total), At projected 1990 rates of consumption, if forced to mcet
the rneeds of the USSR and the other CMEA countries, the oil fields of
European USSR are estimated to contain enough primary reserves for only

I

23 years. Therefore, owing to the relatively small size of these

deposits and their reclatively low remaining reserves compared to

projected possible demands, it is reasonable to conclude that without

augmentation of oil supply from newly developed Siberian fields or from

imports from the Middle East, the USSR and associated CMEA countries face
21




an energy shortage over the near term that could conceivably approach crisis
proportion to rival that being expericnced hy the United States. The
potential influence of this prospective sitnation on Soviet policy and
strategy will need to be examined carefully in planning for future

international relations.
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B. 0il Production in the USSR

0il production during the period 1960 through 1971 iu the USSR in-
creased steadily at a rate of about 8.2 percent per year, to 377,075 tons

(Figure C-2 and Table C-10). During this same period the amount of oii

drilling in meters also increased steadily, at a rate of about 4.6 per-

cent per year, to 12,128,000 meters in 1971 (Table C-11).

In 1970, about 80 percent of o0il production was from the RSFSR with

lesser amounts being produced in the remaining nine republics (Table C-12).

Several notable trends are apparent in the petroleum industry siatis-

tics:

. e Prior to 1960 the percent of oil produced from flowing ]
wells increased to a peak of about 74 percent (Table C-13).
Since then production from flowing wells has declined (to
about 57.7 percent by 1968), and this decline has been off-
set by an increase in oil produced by pumping or artificial
1ift. From the information available, secondary recovery
in 1968 accounted for less than 2 percent of total produc-
tion. This trend is as expected for an =2rea where a sig-
nificant portion of the oil produced ifs from new fields.

As the area matures, the percentage of oil produced by arti-
ficial 1ift and secondary recovery methods will increase.
The information on flowing wells may be somewhat misleading
because waterflooding and pressure maintenance are highly
developed in the USSR. In 1969, 160 of the 465 producing
fields were being waterflooded, and 72 percent of produc-
tion was claimed to be from water flooded fields. Depend-
ing on the pressure applied via water injection, the wells
might flow and be classified as flowing wells.
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Table C-10

{ iJSSR OIL PRODUCTION* FROM 1950 TO 1965
(Thousand Tons)

a Year Production Year Production
1950 37,878 1966 265,125
1955 70,793 1987 288,068
1960 147,859 1968 309, 150
1961 166,068 1969 328,373
1962 186,244 1970 353,039
1963 206,069 1971 377,075
1964 223,603 1972 394,000%
1965 242,888 1975 (Plan) 496,000

Including gas condensate.

From Ekonomicheskaya Gazeta, N.G., February 1973.

Source: Marodnoie khoziaistvo (National Economy),
Statistical Annuals of the Central Statistical
Bureau of the USSR, 1922-1972.
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Year

1850
1955
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

WELL DRILLING, OIL AND GAS==USSK
(Thousand Tons)

Total

Drilled

4,283
5,012
7,715
8,363
8,873
9,148
10,003
10,716
11,251
11,707
11,070
11,061
11,890
12,128

Table C-11

Total Drilled
Operational

Total Drilled
Deep Exploration

2,127

2,242
4,023
4,533
4,808
4,861
5,316
5,565

© 5,648

5,802
5,111
4,824
5,146
5,250

Source: Narodnoie khoziaistvo (National Economy),

SIS IR U B AL A B TR AR

DR B
¥ ;-T’A;_ LORY e

@A R

Statistical Annuals of the Central Statistical
Bureau of the USSR, 1922-1972.
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Table C-12

USSR OIL PRODUCTION BY REPUBLIC
(Thousand Tons)

1940 1950 1960 1965 1969 1970
RSFSR 7,039 18,231 118,861 199,929 265,653 284,288
Ukraine 353 293 2,159 7,580 13,351 13,909
Belorussia - - - 39 2,760 4,234
Uzbekistan 119 1,342 1,603 1,800 1,799 1,805
Kazakhstan 697 1,059 1,610 2,022 10,124 13,161
Gruzia 11 413 34 30 26 24
Azerbaijan 22,231 14,822 17,833 21,500 20,420 20,187
Kirghizia 24 47 164 305 286 298
Tadzhikstan 30 20 17 17 155 181
Turkmenia 587 2,021 5,278 9,636 13,725 14,487
Total 31,121 37,878 147,859 242,888 328,249 352,574
Source: Narodnoie khoziaistvo (National Economy), Statistical Annuals
¢f the Central Statistical Bureau of the USSR, 1922-1972,
Table C-13
OIL EXTRACTION IN THE USSR BY METHOD
: Percent of Total
Method of Extraction 1940 1960 1968
Fountain flow 23,3% 73.7% 57.7%
Pumps 38.4 23.5 40.3
Compressors 37.2 2.3 1.8
Other 1.1 0,5 0.2
100,0% 100,0% 100, 0%
Source: Energeticheskyi Baland (Energy Balance), 1971,
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13
The literature
tion technology has clearly been on ultimate recovery;
therefore, any comparison based on numbers of flowing
wells, production per day, and other measures used in

U.S. industry practice versus USSR practice can be mis-
leading.

indicates that the emphasis in produc -

® Capital investments in the petroleum industry have been
increasing steadily at about 8.5 percent annually since
1950 (Table C-14)but this rate is below the rate of
capital investment increase for the industry as a whole,
which is about 9.5 percent.

® There is significant emphasis in the literature on econ-
omics, especially on the components of prime costs, on
the reduction of prime costs, and on growth rates of
labor productivity (Tables C-15, C-16, C-17, and C-18).
Generally, cost improvement has been related to economy of
scale and to some basic evolutionary changes in operating
procedures. For example, subsurface pumps (once common in
the USSR, but seldom used in ihe United States) were re-
placed by surface pumps with electric motors. In general,
these changes in operating procedures have reduced down-

hole repairs and have therefore contributed to lower oper-
ating costs.

Table C-14

CAPITAL INVESTMENTS OF FUEL ENERGY INDUSTRY--USSR
(Million Rubles)

1950

1960 1965 1966 1967
0il and Gas Industry 652 1,330 2,339 2,539 2,604
Coal Industry 630 987 1,207 1,250 1,281
#
Electroenergetics 369 1,422 2,144 2,237 2,337
@
Total - 1,651 3,739 5,690 6,026 6,222
§ 4
b Whole Industry 4,177 12,633 17,616 18,237 19,460 ?
i 3
, iy
y ;13-??;
g Source: M. B. Rabin, Toplivo i Effektivnost’ Yevo Ispol’ zovania i
gz (Fuel and Effectiveness of its Utilization), Moscow 1971.
28
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Table C-15

COMPONENTS OF PRIME COST IN OIL AND

GAS PROCESSING INDUSTRY--USSR

Percent of
Components Total in 1965
Energy cbsts 5.3%
Wages of industry workers 5.1
Amortization of drilling 31.1
Amortization of additional drilling 10.0
Repairs 8.4
Expansion of oil producing layers 11.1
De-emulsation 4.6
Intra-industrial transfer 5.6
Collection and transpcrtation of gas 2.5
Departmentat expenses 7.4
Other 8.9
100.0%
Source: M. Brenner, Ekonomika Neftianoi i Gazovoi

Pt Sy )
A s ey

Promyshlennosti SSR (The Economics of 0il and
Gas Industry in the USSR), Moscow, 1968.
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o T Table C-16

DLCLINE EN OLL PRODUCTION COSTS IN THE USsK
Y REPUBLIC
(tPereent Cost oan 1965 Pelative to 100 Perveont
Cost in 1955%)
oCost 1t
Relative 1

100% Cost 1935

RSISK'

1 cubie meter oll 16.5%
1,000 cubic meters gas 27,0
RSISK 15,6%
Azcerbar Jan H3.1
Kuzakhstan - 100.0
Ukralne 24.0
Turkmenla 62.0
lzbckistun 87.0

HSFSR - Bussiae

SO MooBresner, Fhonosika NefLiranol v Gasovol
Promystilonnosty 888K (Phe Economics of Ot
amt Gos Industries in the USSR) Moscow, 196K,

Table C-17

LAGOR PRODUCTIVITY OF OIL INDUSTRY IN 'THE UssR

, 1961 =65 1966=70

| Growth ltates (percent)
011 production 16:0 .85 TR i
i1 productjon pey 1 worker 113.6 1331

1960 1965 1970
Production (tons)

011 praduction per 1 worvker 1,652 2,373 3,166
Average monthly vield of 1 well 371 510 SHY
Operating labov (people per day) 2.60 2,16 2,13
Rute of decrease (percent) 91,60 K6,60

hource:  Neltvanoye Khozialstvo, N5, 1972,
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C. Exploration, Development, and Production

1. Geophysics and Geology

14
Although the 0il and Gas Journal estimates that the USSR is

technologically 10 to 20 years behind the West, there is no indication
that such a technological lag will inhibit Soviet ability to produce
petroleum products or will deter attainment of Soviet production goals.

It is indicated that Soviet geophysical tools and data reduction tech-
nology are not as highly dcveloped as Western tools and techniques but
the basic principles of seismography, magnetics, and gravity measure-
ment are highly developed and well-known. [Perhaps the convenience as-
pect of Western tools and computer technology is overrated since these

do not necessarily provide better analysis, nor do these technological
advancements allow researchers to do anything unique--they are simply
devices for interpreting basic geophysical and geological data faster

and with less manpower. The rate at which petroleum is being found and
developed in the USSIt indicates that its basic exploration tools

(geology and geop,.ysics) are sophisticated enough to implement the plans
now underway. Furthermore, since the development of a petroleum industry
in the USSR is in its beginning, one can anticipate rapid improvements

in application and operation technology as experience increases. Geologi-
cal analysis will certainly improve as the subsurface geology data bhacve
increases with each new well drilled, as is the case in all producing

areas of the world,

Although pertinent literature is sparse, one can only conclude
that the basic sciences ol geology and geophysics are as advanced in the
USSR as elsewhere in the world, and that although their implementation
tools may not be as sophisticated as some developed and used in the West,
this technology lag will not be a deterrent to finding additional petroleum

reserves.
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In one technical paper a Russian author was quite critical
of coordination hetween operations and technical developments, citing,
for example, that much technology effort was devoted to development of
Jet bits; yet pumps compatible with these bhits were not available until
some eight years after the bits were available. Undoubtedly, there are
many similar instances in this rapidly expanding industrial segment .
Certainly, technological and operating advancements will not occur uni-

formly throughout the industry.

2. Drilling

The USSR has been the world leader in the development and use
of the turbo drill in petroleum drilling. By 1956, 70 percent to 75 per-
cent of the petroleum drilling in the USSR employed this method. Today
the percentage is even higher. The benefits of the turbo drill are that
the drilling power source is located near the bit, and therefore much
less power is consumed than in more conventional rotary drilling where
the drill pipe is turned at the surface. 1In rotary drilling, large
pover losses are sustained as the entire length of the drill pipe is
turned with the bit, often several thousand meters below the power
source, The turbo drill is especially well-suited for directional
drilling, and the method is used, although infrequently, in the United
States. The ma jor disadvantage of the turbo drill is that when the bit
becomes stuck in the hole, the entire turbo drilling mechanism may be
lost. This disadvantage has been a major reason for its limited use in

the United States.

To meet goals established for 1975 (reference 16), deeper drill-

ing will be essential, and costs are expected to increase about 50 per-

cent over 1970 costs as drilling time per well is expected to increase |
with the increase in average depth (40-50 percent). To offset rising 3
i
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costs, the industry is experimenting «i1th means of increasing produc-
tivity by decreasing number of bit rotations while increasing axial icad.
The most satisfactory results have been within the limits of 150-250
revolutions/miﬁute. Light metal drill pipe is also being introduced to
reduce rig deadweight lifting requirements. There is considerable
emphasis, throughout Soviet petroleum drilling literature, on efforts

to reduce weight and associated power requirements in the drilling sys-
tem., Il'urthermore, there is more emphasis on bit technology than might
normally be expected, especially in hydro-monitored bits that use fluid

under pressure to provide a combination hydraulic drilling and bit drill-

ing effect.

Technologically, this bit development is closely relatec to
turbo drilling technique, and the emphasis is on cost reduction by re-
ducing numbers of bit replacements. In addition, extensive efforts
are being made to develop bits that will not need to be replaced during
the drilling operation. The diamond bit, used less and less in the West,
is used frequently ‘n the USSR, and there is active research to increase
its performance. Virtually all the problems of deep drilling (greater
than 15,000 feet) and super-deep drilling (greater than 20,000 fcet) are
discussed at length in the literature relative to the 20 super-deep wells
heing drilled in current programs. The technical innovations mentioned

most frequently are:

a. Reactive turbo drills (394 to 1,020 millimeters).
b. Welded drill stem shanks.

¢. Turbo-diamond drilling.

d. Low noise heading motors.

e. Aluminum alloy drill pipe.

f. One and three cone bits with spherical bearings,

g. Thermostable drilling fluids.

34
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Of these, items a, ¢, and e are associated with turbo drilling
not used in the West, but items b, I, and g are within the state of the
art in the West. Item d is more difficult to evaluate because the term

' R g .
"Low Noise' 1is too general to provide a basis for assessment.

For the most part, the problems cited in Soviet literature are
not problems in the West to the extent that they limit capability. The
problems most frequently stated--hydro-explosion, well bore durability,
and deformation of the rock being drilled--are related to drilling mud,
bits, and the use of the turbo drill. In other words, some of the Soviet
drilling problems are precisely the reason that turbo drills are not used
in the West. In addition, the USSR might be deficient in drilling-mud
technology. Some of the drilling-mud additives used in the West are

quite sophisticated.

No doubt, improvements can and will be made, but these improve-

ments will be evolutionary rather than revolutionary.

The VUSSR has also placed what seems to be an unusual amount
ol emphasis on aut'  ited drilling and the devices associated with drill-
ing. The Oil and Gas Journal of March 9, 1970 reports on "Russian Auto-
mated Rig Finishes Test Program,” and this test program could be the be-
ginning of a new vra in Soviet drilling since the emphasis is clearly
on technical achievement. Automated and partially automated rigs have
been built and tested in the United States from time to time, with the
usual conclusion that the maintenance labor requirement tended to offset
the operating labor requiremant. FEventually such a rig will probably
be the industry standard but the timing is questionable. Sincc the
Soviets list the major advantages of the automated unit as better per-
formance, reduction in skilled drill ¢ w, and lowering of personnel
drilling skill (three interrelated faciors closely associated with
driller capability), a shortage of well-trained personnel might give

impetus to automation development. 1
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ln addition to drilling techniques that are currently within
the stute of the art in the USSR, there is considerahle literature

emphasis on electro-drilling and vibration d:illing.

The electro-drill unit consists of an electric motor of small

diameter but considerable length with two connections: to a bit, and to

the lower end of the drill-pipe enlumn. 2pe drilling mud is forced down
the drill—pipe column in the conventional manner. The major problem that
has prevented otherwise satisfactory commercial devclopment has been the

cable for energy (electricity supply). Soviet engineers predict major

successes for this method when it is successfully developed.

Vibration drilling is another new Soviet concept that employs

a mechanical vibration exciter; this induces sufficient vibration andg

sound to decrease adhesion forces within the rock, thereby causing it

to disintegrate as the device progresses. These units are being used :

as prospecting tools drilling to deptbs of only 25-30 meters.

.

3. Offshorc'Petroleum

The USSR's deepest offshore well was drilled in the Caspian
Sex to a total depth of 18,383 feet in 1972 -(reference 17). 1t took 17
months to complete the well where seven previous attempts were abandoned

because of lost circulation and other mishaps. Storms, delays in equip- |

ment delivery, and a stuck drill string also complicated the job. The
Soviets have not emphasized offshore drilling, and as a result, their
capability has not progressed as rapidly offshcuw}Sas onshore. The rea-
sons are ©ovious and focus on the vast undeveloped land area and the
complexity of offshore versus onshore operations., Certainly Western

know-how in offshore operations is being observed by the USSR, and

Western assistance may be essential to short term success in this en-

deavor.
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4. Production Techniques

Procedures for oil 2nd gas well completion are about the same

as in the West, and the descriptions of well testing prior to completion 4
1
arc quite similar to the procedures followed in the West. The primary ‘

differences would be in hardware, but there have recently been purchases

of U.5. produced supplies--especially pumps. Reda Pump Co., Bartlesville,
Oklaﬂoma, is supplying several hundred pumps having a value of about

$20 million; they are electrically powered centrifugal down-hole pumps

in the 150-216 hp rating range, with associated instruments, spare parts,

20
tools, and materials for service and repair, Reda is also training

Soviet personnel at Bartlesville, and Reda personnel provide supervision

in Russia. Byron Jackson, Corporation, a subsidiary of Borg-Wamer, is

also selling about %€ million in down-hole pumps. These #re in the 165

hp class {for use in wells to 9,000 feet deep, producing crude with se- ¢
vere admixture of sand, hydrogen sulfide, and paraffin to operate in

bottomhole temperatures of 200°F and surface temperatures to -65°F. Cer-

tainly the USSRl is interested in the purchace of selected o0il field equip-

ment to supplement its own products. Thus far, it has purchased U.S.

manufactured blowout preventers, gas-lift equipment, valves, christmas

trees, and pipe benderszz in addition to the very recent purchases of

pumps. The Soviet market potential is large compared to other world

markets but small compared to the U.S. market. Currently the USSR has

about 1,800 rigs at work drilling about 40 million feet of hole per year; |
this probably amounts to 5,000-6,000 wells per year in addition to the

existing producing wells (probably about 70,000).

Again, as in geophysics and drilling, the completion tech-
nology in the USSR has been on an internal development basis without
major.benefit of Western know-how. Undoubtedly the USSR could benefit
more substantially if it had access to more Western experience, and in

some instances, the West might gain knowledge from some Soviet developments,
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but the technology gap 1s not a factor in the USSR's capability to find
prospects, drill walls, cowplete wells, and produce petroleum. The im-

proved technology of the West is more related to convenience, productivity,

and overall c¢ost.

Production techniques in the USSR are directed to optimize re-
covery. Water flooding is highly developed and usually commences, where
uppli@able in the very early stages of development to provide reservoir
prnqsdle maintenance throughout the life of the field. Water flooding is
4 faetor in about two-thirds of Soviet oil production and the Soviets
estimate that ultimate oil recovery has increased by a factor of 2 to

2.5 (reference G) hecause of this emphasis on early water injection.

Since only a portion of the world's petroleum reservoirs are
suitable for water injection, the sucecess claimed by Soviet engineers
is probably more related to inherent reservoir characteristies than to
any specific technology. The benefits of water tlooding, as weil as the

related technology, are certainly well-known in the West.

5. Casing Heud Gas Storage

An urgent requirement in the USSR has been for a means of
storing wel pas at the well site until it can be delivered to markets.
Storage is especially a problem in remote areas where refineries and gas
plpelines ure not availuble to use the wvet gases associated with oil.
The literature indicates that considerable progress has been made in the
mcthoéology for returning the wet gases to the gaseous zone (upper por-
tion) of the reservoir, znd in the recovery of those gases at a later

date when they can nve used,

6. Trends in Drilling of Wells i

!
i

‘Trends in Soviet drilling of oil and gas wells can be seen in Table
C-11. In recent years, the rate of exploratory drilling has 1ncreased
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substantially, to the point where it exceeded operational (production)
drilling in 1960, and continued to do so for six years. However, in 1967
the amount_of exploratory drilling (irn thousand meters) was slightly less
than the amount of producticn drilling; in 1971 the amount of exploratory
drilling was some 20 percent less than that of production drllling. A pos-
sible reason for this is the seasonal exploration work in the West Siberian
Basin, so that on a yearly average, the drilling appears to be artificially

slow,

7 Secondary Recovery Techniques

Probably the most unigque aspect of 0il recovery from the large
oil resource in the USSR is that whenever possible, secondary recovery
techniques are mainly used along with primary recovery development ef-
forts at the initiation of oil field development. This dual operation
permits the Soviets to recover large percentages of the oil from the
reservoir--a reported 50-70 percent.23 Basically, the USSR employs
water flooding techniques at the earliest development stages of the
reservoir to keed ti formation pressure at sufficient levels to maxi-

mize the recovery of the resource,

Over time, a number of water flooding systems have been de-

24
’ veloped in the USSR. These are discussed below.

a. Peripheral Water Flooding

The oldest of all types of water flooding techniques
applied from the very beginning of oil field development is the method

- of peripheral water flooding. Using this method, all of the injection

wells are located in actual water zones beyond the oil-water contour--

?i beyond the limits Pf the o0il pool. In this case, the development pro-
B .
? = cess 1s nearer the mechanism of a pool under natural water-drive condi-
g‘ tions with active edge water. Peripheral water flooding only intensifies
oo
ot the normpl recovery processes by increasing the oil displacement with
wdﬁer under: pressure, This technique is particularly applicable to 2
A
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to small oil pocls with active edge water, since it accelerates the de-
velopment process and can dccirease the cost of primary oil production.
The Tuimazy oil [ield in Bashkiria is a prime example of peripheral
water flooding used at the initial development stage of the reservoir.
One of the earliest peripheral water flooding applications was begun by

the Soviets in 1946-1947,

b. Marginal Water Flooding

When peripheral water flooding began, the Soviets tried
to locate the injection wells relatively ifar from the oil-water contour.
After studying the hydrodynamics of the flooding process and having field
experience, the Soviets located th: injection wells close to the external
oil-water contour--i.e., along the upper bedding plane of the o0il pro-
ductive bed. This is how the name 'marginal flooding" was derived. The
approach of the injection zone to the withdrawal zone allowed the cur-
rent o0il production to increase significantly for the same pressure drop
because oi the decrease of the normal filtration drawdown resistances.
The increased effecv:iv?ness of this method relatiﬁe tc peripheral water
flooding was especially observed in oil fields with reservoir rock proper-
ties deteriorating beyond the oil-water contour. St.ch conditions are
characteristic of a series of oil fields in Azerbaijan, Kuibyshev, and

other regions.

c. Internal Water Flooding with Division of 0il Pool

Marginal water flooding could not provide the ﬁeCessary
rate of development for very large o0il pools and fields where decreased
permeability of reservoir rock and sharp daterioration of reservoir rock
characteristics beyond the oil-water contour were observed. For this
reason, water injection began to be projected through wells situated

within the limits of the oil-bearing region. While applying internal
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flooding, the leeding contour region was not located close to the oil-

water contour as in the case of peripheral water flooding, but was lo-

2
rated directly in the oil bool as 4 series of lines or chains of injec-
tion wells. Thus, the oil pool waé artilicially "cut” into separate
areas exploited relatively independently. The number ol production wells
located in the zone effectively maintained the pressure in the immediate
vicinity of the injection wells and sharply increased the well flow rates.
Thus, 0il production increased and development time l'or the field de-
creased. A typical example of internal water flooding is the develop-
ment of the Romashkino oil field with Devonian productive beds in Tatar
ASSR. lere, the large oil pool was divided into 23 anreas for independent
development in 1952 to 1954, (The developmeny of this lield by peripheral
water flooding only, under conditions of providing high oil recovery and
using modern technoiogy, was projected to require several hundred years
of development.) The application of internal water flooding allowed the
main reserves of il to be recovered during 30 to 40 years, providing
a 60-70 percent recovery of the reserve. This system will also he

applied to other larpge developments,

d. Transverse Division ol 0il Pools

This development is o type ol internal water Hooding,
which employs injection wells drilled along lines pervpendicular to the
long axis of the oil pool. Between these rows of injection wells,
from three to seven rows of production wells are situated; thus, the
0oil pool is cut or divided into several areas or blocks. This systen
is particularly effective in situations where the reservoir rock proper-
ties beyond the limits of an oil pool are observed to sharply deteriorate

at the water-oil contact zone.
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c, bongitudinal bivision of 0il Pools

For comparatively wide oil pools, the longitudinal divi-
sion method of internal water flooding wns developad. Division of these
oil pools by an axial internal line of injection wells considerably in-~
c¢reases the number of producing wells located in the proximity of the in-
jection wells. This causes the average well flow rate to increase, and
the time of the field development is reduced. Axinl water flooding is
used, and is projected to be used, tor oil fields that are characterized

by sharply decreased rock permeability beyond the limits of the o0il pools.

i Aveal Water Flooding

b 2

In 0il pools with very poor reservoir rock properties f

but with beds capable of receiving injected water, areal water flooding
is carried out. The process is not used as a secondary development
method after a continuous exploitation, but is applied from the very be-
ginning of the development--as a primary process. When areal water
flooding is used, the distance hetween production and injection wells
becomes a minimum. From the point of view of achieving a maximum wefl
flow rate, this is the most effective method of vater flooding. Howe&er.
at present the application of this method (where it is not necessary)

is excluded because of the increase in production of water and because

of the possible danger of decreasing overall oil recovery.

g, Water Flooding Research Areas

Studies and tests continue to be made on using polymers,
compounds containing surfactants, and foams to inerease the efficiency
of water flooding systems. The literature indicates that these are more

expensive and less widely used than conventional methods.
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h. Use of Miscible-Fluid Displacement Systems

Capillary forces can be eliminated by expeiling the oil
with miscible fluids such as liquefied petroleum gases, natural j;zas at
high pressure, and other appropriate solvents. For economicual roasons,
it is necessary to form fringes of these soulvents and to move these
fringes by means ol water or cdry gas. It has bheen suggested that fringes
of fluids soluble in both 0il and water, such as alcohols and carbon

dioxide, should be tried,.

Jince 1964, an experimental, commercial-scale injection

of light hydrocarbons has been applied in the USSR for creating a fringe

-

of Sﬁivent in a low permeability zone in the Mihnibayevo area of the

Romashkinskoye field. The calculated volume of the frinrge of solvent
(principally propane) is about 10 percen! of the formations pore volume,

Dry gas is used to drive the fringe,

Experimental work on oil displacement from a reservoir
by solvent is also being conducted in the Budafa field of the Hungarian

People's Republic,

I'ield experiments in the USSKk have shown that the method
of driving oil by solvents sufic¢rs by comparison .ith water flooding,
since the solvent-driven system' secems to form fingers of areas where tne

solvent breaks through the depasit.

FFrom the liéerature. it appears that the USSR is con-~
tinuing to examine the miscible-phase drive systems for oil recovery,
but that theca systems are still a reiatively smill effort when compared
with other techniques. The economics of any such venture obviously de-

pend on complefe recovery or maximum recovery of the valuable soulvent.

413

WA T R D ARARRIR ¥ L 5 AR S BT PO NN KRS AT o P 50 IR SN A Y
RS (b h i =

S S

2

el
oo o




i. Secondary Recovery of Petroleum Reserves by Thermal
Methods

Among the new vil rield exploitation methods designed
to rnise the recovery factor of the oil, the widest application, er-
pecially of tate, is the thermal stimulation methods. These are most

effective in the expioitation ol Vields contatning heavy crudes.

Thermal recovery methods are employed for stimulating
both the bottomhole zone and the Yommtion as a whole. Thermal stimula-
tion ol the bottomhole zones with electric heaters, hot-water circulation
i

devices, and subsurface gas|/burners is carried out in the USSR and Ro-

mania as well as in the UniFed States, Austria, and the Netherlands.

However, this wethod is slcw and the introduction of heat into the Forma-

tion is not too effective./ it is used principally tor cleaning the filtra-

tion zone from paralfins, waxes, and other materials.

Recently,/ steam injection has been widely used.z4 leat-
ing the bottomhole zone/ of formations by steam improves the wettability
of rocks, and the 1u€/bermeability zones become soaked with water that
drives the oil from Ahem into the high-permeabillty zcnes. Cleaning the
Filter and pores Prom waxes and other deposits 1. also ensured with this
technique, At ynrious conditions, the heat consueption per steam treaf-
ing cycle of a well is 10 to 15 million rcalories per meter ol eflective
bed thickness. The average rate of steam injection is one to two tons
per hour, at a steam pressure inging From 20 to 150 kilograms/square
centimeters and steam temperature [rom 200 to 250°C. An average steam

generator capacity varies from 2 to 5 million calories per hour,

Kconomic characteristics of hot water and steam treat-
ment of formations are greatly influcenced by the rate ol heat loss in
the well bores. Calculations show that deep wells give greater heat
losses; therefore, steam and hot water systems are preferably injected
into shallow formations.
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Another method of themal recovery is the direct combustion
of o0il in situ, The first f{ield tests ol this method were made in the
USSR more than 35 years ago. [n the following years, more profound theo-
retical and experimental investigations of this method were carried out.
I'n the last decade, field experiments on stimulation of o0il production by
means of creating intraformational centers have been conducted around the
world and only recently, if at all, in the USSR. It appears that combts-

tion techniques have not been widely used there,

The use of nuclear explosives to stimulate the production
of o0il and gas in the USSR appears to be still in the experimental stages

25
of development,

8, Summa ry

In the USSR, all new oil fields huving considerable oil reserves
but lacking an active natural water drive to maintain the planned recovery
rate are developed by means of secondary recovery techniques applied at
initiation of tl.. development. These are mainly water flooding techniques.
The injection of water into the productive formations began at the earliest
development stage, thus allowing the recovery factors of 50-70 percent to
he attained. High recovery factors are of ma jor importance to the USSK's
oil industry. It has been reported that in 1966, of 360 o0il fields being
developed, 110 were using water injection techniques. From 1963 to 1966
(the most recently available data), about 70 percent of the USSR's total

oil production was from formations exploited by repressuring methods,

Current trends are aimed at maintaining or improving this level
of performance. Ior example, in Bashkiria, a principal o0il production
region in the eastern part of the USSR, the current five-year plan call.
for the maintenance of a production level of 40 million tons per year of

oil up to tne end of 1975. Since these reserves began development over
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40 years ago, many of the larger and most productive wells have reached
the point where production is peaking and beginning to decline. It is
the hope that increased application of water flooding techniques can

help the region achieve its desired production level, but such applica-
tion is considered a difficult task. Since extraction of oil from these
deposits, where the maintenar~e of formation pressure is carried out, ac-
counts for 93 prrcent of the total crude output, it is expected that new
discoveries will be more efficiently exploited by the use of water flood-
ing techniques in order to offset the decline in productivity from the

old wells.

D. Transportation of 0il

1. Overview and Statistical Data

The transportation of crude oil and petroleum products in
the USSR is currently shared about equally by pipelines and the rail-
roads, with ocean, river and truck transport sharing the remainder.
Table C-19 shows *his distribution of trangsport between the various
modes as of 1970. As shown, Pipelines carried 46 percent of total
shipmerts (mostly crude oil) and the railroads carried 41 percent of

total shipments (largely petroleum products).

However it is only within the past decade, from 1962 on, that
pipelines have grown rapidly. Prior to that, the railroads had handled
about two-thirds of the total freight turnover (ton-kilometers) of
petroleum and petroleum products transported in the USSR. Until the
rapid expansion of Russian oil output in the past decade, pipelines
were relatively minor carriers, accounting for 18 percent of total ton-
nage and only 6 percent of total turnover (ton-kilometers) of oil and oi:
products in 1950. Table C-20 quantifies the changes in o0il transporta-

tion since 1950.
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From the data given in Table (.20 the average annual growth
rates 1n shipments of oil and oil products by the several modes of trans-
! port over the 1950-1970 period may be determined. These comparative

growth rates have been:

Reil shipments of oil and products 10.2%/year
Pipeline shipments of oil and products 16,8%/year
Rivezr shipments of oil and products 5.3%/year

Ocean shipments of oil and products 9.3%/year

Pipelines have exhibited the greatest growth rate in shipments
over the 20-year period, resulting in an increase in their share of total f
oil transport from 18 percent of total in 1950 to 46 percent of égtal in
1970. Until 1860, however, Pipelines had been relatively neglected in
the USSR. The reavons are not entirely clear although certain explana-
tions have been proposed, such as the long standing deficits in steel
pipe production and the dispsrsed nature of flows, particularly product
flows, in ths USSR. Also, the refinery mix in the USSR is characterized
by a relatively uirh proportion of residual fuel output which is not suit-
able for shipment by pipeline. The result is that pipeline transport has
been primarily used for crude oil shipments., Growth of crude oil pipe-
lines and oil transport by this mode are summarized in Table C-21. Fréﬁ
Table C-21 it can be determined that the)length of oil pipelines in-
creased at better than 10 percent per year over the 20 year period, 1930~
1970. The tonnage of crude transported over that period increased at..the
rate of nearly 18 percent per yvar, from about 13 million metric tons in

1950 to 315 million metric tons in 1970. Products tonnage also grew at =~7-.

nearly 12 percent per year, though from a smaller base. Ton-kilometers

of crude transport increased at 25 percent per year while ton-kilometers

o

of products transport grew at 13 percent per yea.. The average length
i & | of haul for crude grew about 7 percent per year from 1950 to 1970, while
; for products there wss very little growth in haul length. This lack of

B
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growth agnin m -ely reflects the [nct that pipeline product hauls are
small in quantity end dispersiel in nuture. The cost of transmitting
crude by pipeline has apparently decreased by about 4 percent per year
since 1950; however, there is no correction for the effects of inflation
in the values given in the Soviet statistics. Rail shipments, too, have
grown steadily at 10 percent per year, despite giving up a portion of
their share of total transport. The growth in ocean transport is largely
because the Soviets have made definite decisions that their growing oil
exports to foreign countries should be carried in USSR vessels. Cabotage,
on the other hand, has grown very little--approximately 2 percent/year
over the period. River transport of oil has grown at only a modest rate

and is of diminishing relative importance.

The several modes of transport have been allocated different
functions in terms of carriage of crude versus products. As shown in
Table €C-20, pipelines have developed primarily as crude oil carriers,
wherwas railroads have been increasingly assigned the task of petroleum
products carriage. In 1950 about one-third of the total rail shipments
of o0il and oil products was crude. By 1970 this share had dropped to an
estimated 28 percent. Thus, even though pipelines have taken over a
larger share of a greatly increased total crude transport, the railrozds
still have had to handle increasing amounts of crude because of this
greatly increased oil traffic generated by burgeoning oil production
and‘use in the USSR., Total o0il and products shipments in the USSR have
grown at an annual average rate of rnearly 12 percent/year in the 20-year

period, 1950-1970.

0il shipments by river transport ar. primarily product move-
ments. This is also true for ocean cabotage movements. Exports to

foreign countries by sea, however, are largely crude oil.

River traffic in oil produacts is primarily on the Volga-Kama

River system and the Caspian Sea-Volga route, Movement is from the
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Trans~Caucasus, the Turkmen SSR, and the Volga producing areas to the

Central and Northwestern regions. There is some reverse shipment of

Volga-Ural crude to refineries in the Trans-Caucasus and some high-
sulfur fuel o0il shipment from the Volga-Urals refineries to the Trans-
Caucasus for boiler use. The Volga River accounts for 80 percent or

more of all river shipments of o0il products.

Seaborne o0il transport carries both products and c¢rude oil.

Cabotage shipments are mostly products and occur primarily on the Black

Sea and the Caspian Sea. The main flows of these products in the Black

Sea are from Novecrosiisk, Tuapse, and Batum to Odessa and Feodosia in
the Crimea. On the Caspian Sea, the shipment of refined products is

from Baku to Makhachkala, Astrakhan, Guriev and Krasnovodsk. There is

also a reverse flow of products from the refineries at Krasnovodsk to

the Volga River ports.

Crude oil cabotage movements include those from Novorosiisk,

Tuapse, and Batum to the smaller refineries at Odessa and Kherson., Some

crude is shipped f-onm Novorosiisk and Tuapse to Batum. There is also a

flow of crude from Baku to Makhachkala to make up a shortage for the

refineries at Groznyi. There is a reverse movement of crude by ship

from Krasnovodsk to Makhachkala, The o0il from offshore Caspian sea wells

at Neftianye Kamni is taken by ship to Baku.

There is still relatively little short distance truck move-

ment of oil products in the USSR. This is in sharp contrast to the

United States where trucks carry about 7 percent of total crude ship-

ments and more than a third of total product shipments. However the

ninth five-year plan (1971-75) calls for the increasing use of products

pipelines to transfer fuel shipments from rail and river transport; and

for the shifting of short-haul rail shipments to tank trucks.
L
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Table C-22 shows the 1970 crude oil production in the USSR by
ma jor oil basin and the economic region in which the basin is located.
As shown, the oil producing fields in the Volga eccnomic region are cur-
rently the greatest producers in the USSR. The great increase in pro-
ldhction from these fields and the Urals fields has come since World War
II. The total increment in oil production in the USSR between 1945 and

1965 was 224 million metric tons, of which the Volga-Urals areas con-

tributed about 171 million metric tons.

Prior to World War II, more than 90 percent of total production
came from the Caucasus. This area, however, recovered only slowly from
the damage and shut-downs of the war. Since then, improved technology,
such as increased depth-drilling and offshore Caspian Sea drilling, has
enabied the Caucasus, since about 1960, to once again contribute to oil

production growth,

The aress that are currently becoming the greatest growth
areas for oil production are Western Siberia and the Mangyshlal Peninsula

areas on the Casp.iun Sea in Kazakhstan.

As would be expected from the foregoing, the significant move-
ments of crude oil and products in the USSR occur between the areas of
great production (i.e., the oil fields of the Volga-Urals ecraomic re-
gions, the Caucasus, and more recently the West Siberian fields and the
Turkmen fields si Central Asia) and the areas of heavy consumption in the
central and western portions of the USSR. The post-World War II increase
in output from the Volga-Ural ficlds has decreazed the importance of
transport flows from the older fields in the Caucasus. The postwar

trend in interregional movement has ween to transport crude olil, prefer-

ably by pipeline, from the pProducing fields to refineries ‘located in the

demand centers. ‘This represents somewhat of a reversal in general Soviet

policy, which had previously aimed at locating primary Processing centers ;
4
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Table C-22

CRUDE OIL PRODUCTION IN THE USSR - 1970

Basin and Region

I. Tatar fields (Almetyeosk)

(Volga region)

Bashkir fields (Tuimazy)
{Volga region)

Kuibyshev fields
(Volga region)

Lower Volga fields (Volgograd, Saratov)
(Volga region)

II. Perm fields
(Urals region)
Western Orenburg fields
(Urals region)
Udmurtia fields
(Urals region)

III. Chechen-luzush fields (Troznyi)

(Northern Caucasus)
Stavropsl fields

(Northern Caucasus)
Krasnodar fields

(Northern Caucasus)
Daghestan fields

(Northern Caucasus)

1V. West Siberian fields
(West Siberian)

V. Azerbaijan fields
(Caucasian region)
Georgian fields
(Caucasian region)

VI. Turkmen fields
(Central Asia)
Usbekistan fields
(Central Asia)
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Production
(miliion
metric tons)
101.0

41.0

35.0

7.0

16.0
8.0

1.0

20,6

20.0

14.5

2.0
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Table C-22 (Concluded)

. Production
i

. (million
r! Basin and Region metric tons)

Kirghizian ficlds 0.25
(Central Asia)
| Tadshikistan fields 0.25
1 (Central Asia)
’
5{ VII. Kazakhstan fields (Emba & Mangyshlak ficlds) 13.5
{3 {Kazakhstan)
i
VIII. Easvern Ukrainian fields 11.5
(Southwestern region)
Carpathian fields 2.0

(Southwestern region)

|

|

F IX. Mosyr fields 4.0
[ g (Byelorussia)

; X. Ukhta fields 0
r (Northwestern region)

XI. Okha fields 2.5
J¥ar Eastern region)

Fy Total K

near the raw material sources. However, as noted earlier, oil had been

from the beginning much closer to demand centers than other energy fuels.

The significance of Western Siberian finds and developments have somewhat
changed this picture, since these fields are at considerable distance
from the central areas. However, industrial and population growth in

that regiow has generated sigaificant demand there, too.

o The maps interspersed in the following pages show the major j
] transport routes and modes of transport of o0il from the major producing
i< fields to the refineries, #znd from the refineries to the consuming areas.

The modes of transport shown include crude and products pipelines, reiil
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lines, yiver routes, and oceun ports and routes. The discussion accompany-
ing each map includes such factors as the economic and industrial signifi-
cance of the cities receiving crude and products; the distance between
ma jor centers; the amounts of oil and products received (where known) ;
the name of the particular pipeline/rail system: the capacity and through-
put of the pipelines where available; the location and capacity (where
known) of major storage points in the system; the number of compressor

stations (where known): and major take-off points to distribution centers.

Each discussion of transport from, and within, each producing
region concludes with statements about the amounts of o0il use comparecl
to other fuels, and about the end-uge pattern for oil in the region.
Available informnt ion is noted regarding comparative delivered costs

and the trerds in transport likely to result from Gosplan policies.

28 'Vélga Oil Transport

0il transport respecting the Volga repion is presented in two
maps, Figures C " and C-4. In the text, numbers after cities wrefer to

the numbers given on the maps.

0il was first discovered in the Volga Urals oil region in 1929
in the workers' town of Verkhnechusovskie Gorodki (1) on the river
Chusevaya, but prior to the war, no more than 1 million tons (7 million
barrels) of oil per year were produced in thig region. After the war,
however, the exploitat ion of the Volga oil fields increased at a dramatic
rate: to 15 miilion tons per year in 1950 and 184 million tons (1.3 bil-
lion barels) in the year 1970, which wasg nearly two-thirds of the total

amount uf crude 0il produced in the entire USSR “or that year.

The main producing areas in the Volga region are: the Volgo-
grad (2) and Saratov (3) oil fields, which produced 7 million metric

tons (49 million barrels) of oil in 1970; the Tataria oil fields in the
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VOLGA OIL TRANSPORT - WESTERN
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vicinity of the oil storage and pipeline pumping station of Almetyevsk
(6), which produced 101 million tons (707 million barrels) in 1970;

the Bashkiria oil fields near the oil storage station of Tuimazy (5),
which produced 41 million tons (287 million barrels) in 1970; and the
Kuibyshev (4) fields, which produced 35 million tons (245 million barrels)
in 1970. The crude oil from these reglons is transported by rail, river
tanker, and pipeline to nearby refineries within the Volga region, as well

as to refineries in other eco.omic regions of the country.

a, 0il Transport Within Volga Region

The principal oil refineries in the Volga economic region
are located in Kuibyshev (4), Syzran (8), Ufa (10), Saratov (3), and

Volgograd (2).

From Almetyevsk (6) in the Tatar Autonomous Russian Republic
and Tuimazy (5) in the Bashkir Autonomous Russian Republic, crude oil is
piped to the refineries of Ashimbay (9} (The diameter of all the exist-
ing oil pipeline. in the Volga region is 1020 millimeters or 40.inches).
Tuimazy crude oil is also piped to Kuibyshev, and some continues through
the pipeline to refineries in Saratov. Finally, both Tuimazy and

Almetyevsk crude oil are transmitted by pipeline to Ufa for refining.

Kuibyshev, Saratov, and Volgograd are major oil-drilling
areas which also contain their own oil refineries. Some of the oil drilled
in Kuibyshev, howcver, is sent by pipeline across the Volga River to
Syzran's oil refineries and from Syzran via an oil product pipeline to

Penza (13), an industrial city.

In addition to their role ‘as oil-refining centers, the
cities of Kuibyshev, Syzran, Ufa, Saratov and Volgograd are also princi-
pal railroad dispatch points, from which oil products are carried by rail

to other regions of the country. Klyavlino (11) is also a major railway
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dispatch center for oil products from Ashimbay and Ufa. The rail line
from Kuibyshev to Syzran handles the largest oil-freight traffic (pri-
marily oil products from Kuibyshev's refineries but some crude 0il, too)

of any rail line in the USSR,

Another major oil rail route follows the Volga rail line
from Saratov to Volgograd, from where oil continues by rail into the
Northern Caucasus region. In 1970 the total amount of Volga o0il and
0il products transported to industrial centers within the Volga by rail

was 16.6 million tons.

Finally, o0il products are shipped down the Volga River
from Volgograd to Astrakhan (7), and millions of tons of oil products
from refineries, and of crude oil from railroad depots are shipped from
Volgograd, Saratov, Syzran, and Kuibyshev up the Volga toward the Volga~
Vyatka economic region. The distances between dispatch points ulong the
Volga are as follows: Volgograd to Saratov, 400 kilometers (km); Saratov
to Syzran, 300 km, Syzran to Kuibyshev, 150 km, Kuibyshev to Kazan (12)
(on the boundary h~tween the Volga and Volga-Vyatka Economie Regions),
500 km. The total shipment of the Volpga crude oil and o0il products
along the Volga River to industrial centers within the Volga region

was 14 million tons in 1970.

The principal oil-using industrial cities in the Volga
region are Volgograd, Saratov, Syzran, Kuibyshev, Ufa, and Penza.
Astrakhan is also a principal industrial city, rail station, and sea
and river port in the region. Astrakhan's industries includ: machine-
production, food processing, shipbuilding, lumber proecessing, and

cellulose production,

The uses of fuel o0il in the Volga are as follows: 41.2 " g
percent in eleetric power stations, 8.6 percent in industrial boilers, 3

15.6 percent on technological uses, 12.2 percent on transportation, and
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22.4 percent on various other needs. About 55 percent of the oil products

from the reg'.on are exported to other economic regions of the country.

b, Volga Oil Transport to Northern Caucasus Region

The main oil dispatch points from the Volga to the Northern

Caucasus economic regiocn are Volgograd (2) and Astrakhan (7).

From Volgograd crude oil and oil products are transported
along the Northern Caucasus rail system t:0 Salsk (14) and Tikhoretsk (15)
(respective distances of 400 and 575 km) , from which some of the oil-
product carge continues along the rail line another 300 km to N;vorou?iysk.

(16), and most of the crude oil is transported to Novorosliysk~by pipeline,

Tikhoretsk (15) is a major oil refining center, with a
machine-production and steel-finishing industry as well as food-processing
Flants. Novorossiysk is a large port and industrial city with heavy ma-
cninery, textile, food processing, and building-material (including ce-

ment) plants.

From Tikhoretsk crude oil is also piped 250 km to the
large Black Sea port of Tuapse (18), which contains major oil-refining,

chemical, and cement -producing plants.

From Astrakhan crude oil, shipped down the Volga River
from the Volgograd-Saratov oil fields, is transported along the Caspian
rail line of the Northern Caucasus system to Kizlyan (19), which is
located 350 km south of Astrakhan by rail, Chervlennaya (20) '100 km.

By rail from Kizlyan, and Gudermes (21), 40 km by rail from Chervlennaya.
From Gudermes (21) the oil is then transported 40 km east by rail to the

oil refineries of Groznyi (17).

0il is also shipped fram Astrakhan's Caspian sea port to
Makhachkala (22), from where it is pumped 200 km to Groznyi's oil re-

fineries.
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In 1970, 15.4 million metric tons of Volgza oil was trans-
ported along the Volgograd-Tikhoretsk and Agtraklan~Gudermes rail lines
to the Northern Caucasus economic region, and in the same year 2.8 mil-
lion tons were shipped by ocean-tanker along the Caspian Sea Coast from

Astrakhan to Makhachkala,

c. Volga Oil Transporc to Donets-Dnieper Region

Oil products from the crude oil transpoited from the
Volga region by rail to Tikhoretsk and Groznyi and by ocean tanker to
Makhachkala are pumped through an oil-product pipeline stretching from
these oil-refining cities to Rostov-na-Donu (23), a major coal-mining
and industrial center 200 km from Tikhoretsk and 600 km frorn Groznyi.
From Rostov, which is still in the Nortkern Caucasus although it is
within the Donets coal basin-industrial complex, the pipeline continues
to Trudovaya (24), located in the Donets-Dnieper region 250 km from
Rostov. Trudovaya is in the middle of the central web of DonQass coal-
storage and dispocch stations, from which oil products arriving in Tru-

dovaya are tranéported by rail throughout the Donets-Dnieper region.

Volga o0il is also shipped to the Donets-Dnieper region
by rail from Saratov. Trangported 200 km west to Rtishchevo (25), which
is a major rail junction and a city for construction material and food
processing, the oil is sent southwest along the Balashov rail line to
Tiski (26), 350 km from Balashov; Valuiki (2%), 175 km from Tiski; and
Kharkov (28), 225 km from Valuiki, From Kharkov the oil is transported

by rail throughout the Donets and Dnieper rail systéms.

In 1970, 12.6 million metric tons of crude oil and oil
products were importe:d by rail into the Donets-Dnieper region. The
larger part of this oil came from another region (the Northern Caucasian

oil fields, which will be discussed later in this section), but several
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million tons consisted of Volga oil transported from Saratov to

Rtishchevo and then along the Balashov rail line to Kharkov.

d. Volga Oil Transport to Southwestern, Southern, and
Moldavian Regions

The several million tons of Volga oil products transported
by ra'l from Saratov along the Balashov line to the Don2ts-Dnieper region
represent oaly part of the Volga oil freight carried along this line.

Most of the oil-products arriving in Kharkov via this rail route con-

tinue west to the Southwestern economic region, and south to the Southern

and Moldavian economic regions.

Ualike coal, most of which is transported along a few
clearly defined main rail lines, the oil rail transport system fans out
onto dozens of major and auxilliary rail li<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>