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FOREWORD

The purpose of this report is twofold: to develop a methodology
by which the output of each of the major petroleum products in the
USSR can be calculated and to apply that methodology to the available
relevant information in order to derive estimates of Soviet output of
petroleum products during the 1946-54 period.

The methodology is designed to correlate all available information
pertinent to the output of petroleum products in the USSR: data on
the Soviet supply of crude oil, synthetic o0ils, and natural gas
liquids; official Soviet announcements of annual growth rates of the
output of specific petroleum products; and data on the demand for
petroleum products in the USSR.

Any evaluation of the estimates derived in this report must con-
sider the fact that the basic data usegd are subject to rather wide
ranges of error. In particular, current estimates of Soviet pro-
duction of crude oil, synthetic oils, and natural gas liquids and
current data on the demand for petroleum products in the USSR are
approximations and must be recognized as such. Although the estimates
developed in this report appear to correlate more closely with all
available relevant information on the subject than do any known
corresponding estimates, they are affected by the infirmities of the
basic data. ' ‘ : '

These infirmities are apparent throughout the report, particularly
in those areas where it has been necessary to derive estimates by the
use of technical analogues or judgment appraissls. The need for more
complete and accurate basic data is evident, and this report attempts
to focus attention on that need. The methodology developed in this
report will permit the derivation of firmer estimates as more factual
evidence becomes available.
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CIA/RR PR-135 . —B=B-t=R=E=f—
(ORR Project 25.471)

OUTPUT OF REFINED PETROLEUM PRODUCTS IN THE USSR¥*
Summary

The annual output of refined petroleum products*¥ in the USSR
during the postwar period increased from 19 million metric tons**¥ in
1946*%%¥% to about 50 million tons in 1954. The Soviet output in 1953
is estimated to have been 45.7 million tons, equal to about 13 percent
of the 1953 US output of 347 million tons. The prewar annual output
in the USSR ranged from 8.5 million tons in fiscal year 1927-28 to 24.5
million tons in 1937. Availlable information on the l938—h5 period is
inadequate to provide realistic es®imates of output during those years.

There has been a significant change in the postwar pattern of
petroleum product yields in the USSR. This change is shown below in
the tabulation, whicn gives product yields for 1946 and 1954 by prin-
cipal product categories. The kerosine category includes both
kerosine and equivalent end-use products. Ligroine is a special
Soviet tractor fuel, the production of which as a separate product
probably was discontinued in 195k.

Annmual Yield

(Million Metric Tons) Ratio

of 1954 Yield

Type of Product 1946 1954 to 1946 Yield
Gasoline and ligroine 3.4 10.1 3.0
Kerosine 4.9 12.0 2.4
Diesel fuel 0.7 10.0 14.3
Lubricants 1.2 3.0 2.5
Residuals and other 8.8 14.6 1.7
Total 19.0 49.7 2.6

* The estimates and conclusions contained in this report represent the
best Judgment of ORR as of 1 January 1956.
*%  For the purposes of this report, a petroleum product is one consumed

or prepared for consumption as an end product, as distinguished from
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This postwar pattern change is chiefly a reflection of the product
percentage yields* derived from the refining of crude oil. In the
USSR and the US alike, petroleum product yields are, for the most part,
derived by that process. The significance of the change in the Soviet
yield pattern is indicated by a comparison of the estimated Soviet
percentage yields with those of the US. This comparison is shown -
below in tabular form. In the USSR the gas oil products are diesel
fuels only; in the US the gas o0il products consist of distillate fuel
0il and lesser quantities of diesel fuel. Ligroine has not been
derived as a product in the US.

Yields as Percentages
of Crude 0il Refining Charge

USSR Us

Type of Product 1946 1953 - 195h 19&6" 1953

Gasoline and ligroine 1682 18.1  16.7 34.3  38.8

Kerosine and gas oil products 27.0  35.5 39.3 22.3  25.6

Lubricants 6.1 6.1 6.1 2.8 2.2
Total principal distillates

., and lubricants b9.3  59.7 62.1 59.4  66.6

Residuals and other - 4b1.7  30.1 é7.7 3.6  27.0

Total : 91.0 89.8 89.8 9k.0  93.6

a raw source material from which other petroleum stocks are derived.
Although the product is usually refined (processed) it is sometimes
unrefined and may be semirefined. A petroleum stock is said to be
crude if it has not been subjected to refining, and it is sometimes
said to be crude even though it has been refined, if it serves as a
raw source material for derivation of other petroleum stock.

**%  Tonnages are given in metric tons throughout this report.
¥¥%%¥% The annual operations are those which occurred in calendar-year
periods, except for the fiscal operations in the USSR before 1930.

* In this report, all percentages are given on a weight basis and,
unless otherwise noted, are given as annual averages.
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As of 195L, Soviet crude oil refining percentage yields of the
principal distillates plus lubricants appear to be approaching those.
of the US. Within that category, however, the Soviet percentage
yields indicate definite emphasis on the intermediate distillates
(kerosine and diesel fuel). This emphasis reflects not only the
priority position given diesel fuel in the USSR during the postwar
period but also the growth in the production of jet fuels, which
are included in the kerosine yields. In the US, of course, gasoline
has always been the priority petroleum product. As the Soviet per-
centage yields of the intermediate distillates have increased, there
has been a decrease in the percentage yields of residuals and other
products. In that category, too, the Soviet yields are now approaching
US levels.

Estimates of the output of refined petroleum products in the USSR
during the 1946-54 period do not proeide a base for significant con-
clusions about Soviet capabilities, vulnerabilities, and intentions.
What these estimates reveal about the over-all petroleum economy of
the USSR seems to indicate that the Soviet petroleum industry is
geared to meet the demands of the current cold-war period.

I. Introduction.

A. Terminology and Technology.

Petroleum product yields in the USSR are primarily developed
as indigenous gross yields of nongaseous products. The generalized
terms petroleum products and product yields are used in this report
to imply certain qualifications which are fundamental in any
statistical analysis of petroleum product yields.

With reference to the physical state of the product as
ordinarily handled, natural gas and residue process.gas are the only
significant gaseous petroleum products within the broad intelligence
meaning. ;/* Natural gas, a stock** of major commercial importance,

* For serially numbered source references, see Appendix E.
*%  The term stock is applied in this report in the generalized
meaning of material and does not refer to inventories.
-3 -
Ao R-E=T___
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is not considered in this report. Residue process gas is generally
burned as fuel gas in the processing plant within which the gas is
produced. Residue process gas is chiefly represented by crude oil
refinery still gas g/ in the USSR, and refinery still gas is
generally shown in this report as an unspecified portion of "refinery
gas and loss" in the refinery balances.

For the purpose of this report the generalized term petroleum
product includes not only the extremely important liquid petroleum
fuels and lubricating oils of common occurrence but also the relatively
smaller quantities of other liquid products (solvent distillates and
specialty tars, for instance) and relatively smaller guantities of
solid products such as petroleum coke, petroleum wax, asphalt, and
lubricating greases. 3/

The product yields are indigenous in that they are all derived
from crude source stocks (natural and synthetic) by processing
operations within Soviet plants. The product yields are gross; they
are the totals which include all of the stocks finally involved in
the ultimate dispositions, as follows: (1) relatively minor quantities
of nongaseous products consumed in the product processing operations;
(2) relatively minor quantities of material loss and waste in handling
and storage, comprising "distribution losses'" in the stock balances of
the report; and (3) the remaining stocks finally available for exports,
storage reserves, and useful indigenous consumption external to the
processing of the product.

Net product yields are the gross yields less the nongaseous
products consumed in product pro®essing. In the USSR the principal
consumption of this kind is represented by residual fuel oil burned in
the crude oil refineries. In the Soviet crude oil refineries the prin-
cipal fuel consumption probably is of refinery still gas, residual fuel
0il, and natural gas. Also burned to furnish the necessary energy
input for these refineries -- chiefly as-additional fuels fired in the
refinery boiler and power plants -- there may be smaller quantities of

" other petroleum fuels such as petroleum coke and of nonpetroleum fuels

such as coal and lignite.

Net availability product yields are the net product yields less
the distribution losses. This net availability is important because
it includes the potential for the end-use consumption external to the
product processing.
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Indigenous gross yields represent the actual achievements in
production. Net yields and net availability yields depend on practices
in processing and distribution. Indigenous gross yields comprise
the petroleum product yields reported in the national annual statistics
of the US, of most other Free World countries, and -- in the prewar
period -- of the USSR. It is almost certain that indigenous gross
yields are compared in the annual Soviet product-yield ratios, which are
officially reported in the postwar period. These reported ratios con-
stitute the principal Soviet source data now available for checking
the estimates of postwar yields.

Natural petroleum E/ has furnished the principal source stocks
from which petroleum products were derived in Soviet processing plants.
During the postwar period in the USSR, however, relatively small
gquantities of the nongaseous products have been derived from synthetic
petroleum. g/ These so-called synthetic oil products é/ probably will
have a more important status in the future. Historically, in the USSR
as elsewhere, crude oil (that is, natural crude oil as distinguished
from synthetic crude oil) Z/ has been and continues to be the principal
natural petroleum crude source stock. In the US and certain other
Free World countries, nevertheless, considerable and increasing
quantities of the nongaseous products are derived as natural gas
liquids extracted from wet crude natural gas. §/ " Prewar official
statistics of the USSR record yields of the natural gasoline type 2/
of natural gas liquids. At present it is unwarranted to ignore the
increasing postwar potential for the yield of natural gas liquids in
the USSR. 10/

Estimated yields of nongaseous petroleum products in the USSR,
by type of product, in 1953 are shown in Table 1.%

B. Survey of the Problem.

The primary objective of this report is to develop a material
balance technique for estimating the postwar yields of petroleum
products in the USSR. The estimated yields and the methodology are
subject to special qualifications as outlined below.*¥

¥ Table 1 follows on p. 6.
*% Sections IV and V provide a more complete summary of these features.
The present introductory discussion is directed toward a preliminary
analysis of the intelligence significance, and for this purpose the
Introduction necessarily involves some of the description and




Table 1 -

Estimated Indigenous Gross Yields of Nongaseous Petroleum Products
in the USSR, by Type of  Product

1953 o
\

’ Estimated Yield _/ Percent

Type of Product (Million Metric Tons) of Total
Products from crude oil refining 4.7 92.2
Natural gas liquids ’ 3.1 6.8

Synthetic oil products 0.5 ir.o0o . R

Total finished products - ' 45,3 100.0

a. These yields are shown in more detail in Table 5, p. 24, below.

The estimates of Soviet postwar product yields derived in
this report are compatible with other intelligence estimates to the
extent that those estimates serve to quantify ultimate source materials
for the derived products and to indicate the ultimate disposition of Rt
those products. As a matter of verbal convenience, these values for
the ultimate source materials and dispositions may be defined as the
product-yield parameters.

The estimates of postwar product yields in the USSR also con-
form to the available official link relatives. As described more
completely later in this report, a petroleum-product link relative is
a ratio relating one annual yield of the product to the correspondlng
yleld in a previous year.

explanations which are also included later in the text. Sections IV
and V are developed so that cross reference to this introductory dis-
cussion is not necessary for an understanding of the essentials.




The methodology developed provides a reasonably complete
system for estimating postwar yield values for the major categories
of products, thus accounting also for the principal types of pro-
cessing. In addition, the technique is developed in a generalized
form for more or less rapid and methodical application to possible
revised values of the product-yield parameters, which are constituted
by the values for source materials and dispositions as stated above.

The estimates of postwar product yields in this report there-
fore reflect all errors which may be involved in the estimates of such
parameters. The related methodology has specific limitations and is
based on the premise that the parametric values are independently
established. The methodology in itself actually serves to develop
original yield estimates only for the products from crude oil re-
fining.* For complete application to‘g.given annual operation, the
methodology requires independently derived values for basic para-
meters as follows: indigenous production of crude oil, indigenous
yield of petroleum products other than by crude oil refining -- and
with respect to all types of nongaseous petroleum stocks -- indigenous
consumption and international trade data.

Incidental dispositions of petroleum stocks, although para-
metric, are not considered as basic parameters. The minor dispositions
consist of storage increments and the various physical material losses
which normally occur in the petroleum industry. In general, the post-
war incidental dispositions cannot be quantified on the basis of direct
data available for the USSR. Although the typical annual quantities of
such dispositions are not relatively large enough to be controlling, the
values usually have a significant total and have significant cumulative
effect when use is made of the reported official link relatives.

In formulating the postwar Soviet yields in this report, the
incidental losses and storage increments are quantified. This is done
by the use of estimating factors which are developed in the methodology.
The factors are specifically derived by supplementary considerations
or assumptions and are considered to be accurate enough for the purpose.

The methodology is generally applicable to revised estimates
of the basic parameters when and if new data with a smaller range of
probable error become available. Assuming that the estimated basic

* As already noted, however, crude oil refining furnishes more than
90 percent of all indigenous petroleum products in the USSR.
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parameters are not self-evidently contradictory in terms of over-all
quantities, the methodology serves for a detailed check of the com-
patibility of the estimates of source materials with the estimates of
dispositions. The methodology may be applied to derive an apparent
yield pattern of crude oil refining products where the products are
expressed in terms of percentages of their total. Such a pattern is
subject to technical analysis from the point of view of reasonableness.

Although there is much flexibility in practicable crude oil
refining operations, even when the quality of the crude oil and the
refining facilities are established, there are certain comprehensive
limits imposed on the plausible over-all product-yield pattern.
Although the range of practicable yield percentages may be quite wide
for a given product category, the range for reasonable practice is
nevertheless within determinable limits, and the corollary of an
increased yield percentage in one specific category is usually a
decreased yield percentage in another %pecific category.¥

Because of the wide practicable variations in the yield pattern
of refined petroleum products, no theoretical pattern can be satis-
factorily evolved for the yields actually attained in a national crude
0il refining complex, specifically when the available data are confined
to the quantity and quality of crude oil and the installed refining
facilities. For postwar refining of crude oil in the USSR, the known
fragmentary data are here considered inadequate for direct estimates
of the actual yields of crude o0il refining products, and the estimates
of the basic parameters appear to provide the only adequate framework
for realistic estimates of such yields. The methodology of this report
leads to a solution of the problem. The final form of the national
product-yield pattern is derived from the national product-demand
pattern. The demand pattern itself is developed from the estimates
of the trade balances and the ultimate dispositions.

The methodology of this report thus may be used to correlate
a comprehensive and internally consistent series of intelligence
estimates, covering the entire field of the postwar Soviet yields and
dispositions of nongaseous petroleum stock. In this series the
coverage ranges from production through processing to ultimate con-
sumption. Also covered are the stock trade balances and the attendant
dispositions in losses and storage increments.

* These facts are important even though the technical nature of the
matter precludes more detailed discussion in this report.
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This report shows the application of the methodology to the
parametric data which are currently available. The postwar yields
of petroleum products in the USSR are thus calculated by major
categories. The categories are quantified as annual yields from
1946 through 1954, conforming to the link-relative ratios which
have been officially published by the Soviet government .¥ The
published product link relatives form chains of percentage values,
each relating to an unrevealed 1946 yield as the base. The applied
methodology indirectly develops the basic 1946 yields so that they
are consistent with a considerable variety of other available data.
As indicated above, and as analyzed in more detail in later sections
of the report, this consistency is not provided by use of the avail-
able fragmentary data for direct estimates of the 1946 yields.

The required parametric data and three individual link
relatives are not at present availablg for complete application of
the generalized methodology to the postwar years. For the estimates
of 1946-54 yields, certain supplementary assumptions were applied
in addition to the supplementary assumptions which are involved in
the estimating factors. Although the pertinent details of these
features are covered in subsequent sections of this report, specific
mention is made of the fact that independent estimates are not
presently available for the annual indigenous civil consumption of
the "residual and other products' category. For the over-all sequence
of postwar years, moreover, the basic parametric data are not com-
pletely available for the consumption of products by the armed forces
and for international trade in the products.

By use of the available parameters, the reported link
relatives, and the supplementary assumptions of the methodology, the
postwar yields of "residuals and other products' result as differences
(or remainders) in the material balances. All required basic para-
meters are available at the present time for 1953 only. For 1951 and
1952, however, the only missing parameters are also of a type that can
be separately equated to a materinl balance remainder, provided that
the supplementary assumptions are correct. For 1946 through 1950 and
for 1954 the methodology of this report camnot be applied for over-all
material balances.

%¥ The derived postwar product yield patterns also conform to technical
practicability.




Because the influence of the probable ranges of error in the
estimated parameters would prevail even with all parameters avail-
able so that no supplementary assumptions would be required, the
absolute product yields thus derived must depend on other correla-
tions for independent evidence of validity. The 1946-54 yield
series in this report is further influenced by a number of
irregularities caused by the current unavailability of certain
individual parameters. The 1946 yields in this series, however,
may be correlated favorably with the known prewar trends in
product yields in the USSR and with certain independent estimates.

In view of the over-all evidence, a probable range of error
well within plus or minus 10 percent is believed to be applicable for
the absolute postwar yield values derived for gasoline, ligroine, the
kerosine category, diesel fuel, and lubricants. This range compares
with a probable range of error of up to plus or minus 25 percent as
established on a technical basis, even if possible errors are dis-
counted in crude oil availabilit$ when fragmentary data are used for
direct estimates of the product yields. In this report the remainder
yields of "residual and other products" have a probable range of
error almost directly proportional to that in the estimated crude oil
availabilities.

In the application of the methodology, an estimating factor
is used to establish the year-end storage stock value for crude oil
and each separate product, generally quantifying this stock as 12.5
percent of the respective preceding annual gross yield. This storage
reserve approximates 45 days of supply to meet average demand, which
is calculated on the basis of the preceding annual gross yield.
Because there are no known firm data revealing numerical values or
ratios Tor the actual Soviet storage stock quantities, the storage
factor is based on analogy with US practice. The 45-day reserve
supply is considered an average for operational reserves, providing
ballast for seasonal variations, plant shutdowns, and the like.

The reserve supply is by no means a fixed factor, even though
it reflects the average conditions which prevail in the US petroleum
industry. It is generally true, however, that with less than 15 days
of average operational reserve, serious disruptions would be very
probable in the normal stock flows and over-all operations. More than
60 days of average operational reserve would nct be necessary except
under abnormal conditions.
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With no general quantitative distinctions possible except
when extrem§ ratios are considered, the operational reserves may be
qualitatively distinguished from stockpiles. Stockpiles in this
sense are those stocks which are handled primarily as reserves for
extraneous emergency use. Stockpiles as thus defined would logically
consist chiefly of distillate products.

Considering that the 45-day reserve supply represents
operational reserves only and that estimates of postwar yields of
distillate products in the USSR have favorable correlations with
estimated parameters, with technical considerations, with prewar
product-yield trends, and even with certain independent estimates
which provide a degree of realism in the absolute values, it is
probable that excess distillate yields are not available for the
stockpiling purposes.

In the USSR the petroleum sterage stocks consist of state
reserves and working reserves. Although there are available some
inconclusive data on Soviet capacity for petroleum storage, no firm
quantitative data are available in regard to the totals of the storage
stock, and it is possible that the state reserves plus the so-called
working reserves actually comprise what should be called operational
reserves. Depending on unknown data which relate to intentions and
the actual storage stock quantities, it is also possible that the state
reserves comprise true stockpiles. It is known only that the state
reserves are subject to special government control in regard to the
quality, handling, and unrevealed minimum quantities.

IT. Product Yields, 1927-37.

The earliest complete and "official" national statistics on petro-
leum product yields and crude oil refining in the USSR appear to be
those published for the fiscal year* 1927-28. ;;/ Prewar Soviet
publications include partial statistics of the same nature relative

to either Russia or the USSR in certain earlier years -- 1913, for
example 12/ -- and include earlier annual data on indigenous con-
sumption of gasoline, ligroine, and kerosine -- 1913 and fiscal

year 1925-26, for example. 13/

* The fiscal year extended from October through September. In 1930 --
and in 1929, in some instances -- the calendar-year basils was adopted.

- 11 -




The "official' statistical record of data on annual petroleum
product yields and crude oil refining in the USSR is effectively
complete for fiscal 1927-28 and 1928-29 and for the years from 1930
through 193h, and nearly complete but preliminary equivalent
statistics are included for 1935. }E/ Statistics for 1930 which
are generally compatible with those in this record may be developed
by engineering analysis of the yield data reported in another Soviet
publication, and the corresponding 1929 calendar-year statistics may
be similarly developed from the same source. ;2/ Another Soviet
publication shows the 1932 and 1935 yield data in less detail; these
yields are also generally compatible with the data developed in the
"official" record. The same publication gives corresponding yield
statistics for 1936 and shows for annual indigenous consumption of
certain distillate products¥* during 1932 and 1936 data which are com-
patible with the yields. ;é/ Indigesous consumption data on the same
distillate products were reported early in 1937 as a forecast for
1937 -- apparently on an authoritative basis with respect to state
plans. 17/

A complete sequence of annual petroleum product yields in the USSR
has been published, covering the fiscal years 1927-28 and 1928-29 and
the calendar years from 1930 through 1937. ;@/ This sequence recapit-
ulates the official statistical record through 1934, and for subsequent
years is a correlation and projection of the pertinent yield data
published by the Soviet press. Hence the published sequence may be
considered sufficiently authoritative for intelligence purposes. An
independent intelligence estimate is also available as a source
reference. This reference shows Scviet yields** of petroleum products
in 1936 which are compatible with those given in the published
sequence. 1

Reported yields of petroleum products in the USSR in 1927-28, 1932,
1936, and 1937 are shown in Table 2.%%% The fiscal year 1927-28 and
the calendar year 1932 are selected because they were the first and
last years of the First Five Year Plan. The calendar years 1936 and
1937 are selected because they were the last two years of the authori-
tative sequence and of the Second Five Year Plan. The 1936 yields are
somewhat more firmly substantiated by Soviet press data than. are the
1937 yields. :

* Gasoline, ligroine, and kerosine.

**¥  For a comparative summary of the data in the various sources cited,
see Appendix A, Table 13, p. 49, below.
*¥% Table 2 follows on p. 13.

- 12 -
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Table 2

Reported Yields of Petroleum Products in the USSR g/*’

1927-28, 1932, 1936, and 1937

Thousand Metric Tons

Fiscal
Year Calendar Year
1927-28 1932 1936 1937
Crude oil refining
. : ' Ly 1,250
Straight-run gasoline 132 1,71 1,2l ’
Thermal cracked gasoline Y 593 1,732 1,760
Total refined gasoline 132 2,36k 2,946 3,010
. -
: . 130 ko2 b/ 1,190 1,295
L P
Kerosine 1,912 3,560 5,433 6,132
Diesel fuel Th6 1,889 1,51k 1,598
. 346 698 b/ 1,554 1,701
bl cants L,576 806 0,1 10,584
Residual and other products ' 51 9, 10,139 )
Total nongaseous products 8,4k2 18,739 224776 2h,320
Refining gas and loss k4o 1,476 1,998 2,128
Crude oil refinery charge 2 8,882 20)212 Qh)zgu 26,&28
Crude oil exports L 2,590 2? . h7 . BE
Other crude oil disposition g/ _f re » M9 »9
Total crude oil production 11,4?2 21,413 27,890 28,501
Nongaseous products _
: 24 96 116 136
Natural gasoline
Crude oil refining gasoline 132 2,36k 2,94 3,010
Total gasoline Zéé §¢E§9 E/ 3,062 3,146
Other crude oil refining products 7,710 16,375 19,830 21,310
8,466 18,835 22,892 24 Ls6

Total products

¥  Footnotes for Table 2 follow on p. 1h.
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Table 2

Reported Yields of Petroleum Products in the USSR a/
1927-28, 1932, 1936, and 1937

(Contlnued)

Thousand Metric Tons

Fiscél

Year Calendar Year
1927-28 1932 1936 1937
Refining gas and loss

Dry refinery gas 6 23k 279 635
Waste and other stock L43h - 1,242 1,419 1,493
Total iko 1,76 1,998 2,128

a. Product-yield figures refer to indigenous gross product yields.

As shown here, the product category yield totals are developed princi-
pally from the source report data by applying technical information
and judgment in order to combine the separately reported yield values
for the individual products. g_/ Appendix A provides further summary
data for more direct correlation with the separately reported yields. gg/
b. The Second Five Year Plan quotes for 1932 the following yield
values (in thousands of metric tons) which are the same as the
rounded figures shown here: 2,459 for total gasoline, he2 for
ligroine, 680 for lubricating 011 (the yield of 698 for lubricants
includes a value of 18 for greases in the table). This Plan, gg/
also shows the following 1932 yields which do not seem to be on the
same basis as the later Soviet source 23/: 14,203 for kerosine,

1,250 for "motor oil," 8,530 for mazut.

c. This obviously consisted of "“crude oil storage increment,” "crude
0il use as residual product," and "crude oil loss," The latter two
"erude oil dispositions' are indicated to have been considerable in
the USSR during the prewar period. The principal "residual product"
use of unrefined crude oil is identified as fuel oil burned under

boilers. g&/

- 1 -
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Included in Appendix A is a more comprehensive summary for the
USSR in the prewar period, showing the currently available numerical
data on petroleum product yields and crude oil refining.

ITI. Product Yields, 1938-45.

There appear to be no published Soviet source data which disclose
quantitative values for Soviet yields of petroleum products obtained
after 1937.

The only available significant published or unpublished Soviet
source data which relate to the 1938-45 yields are in a captured
Soviet State Plan for 194l. 22/ Because of World War II, the captured
1941 State Plan was not applied in practice. The 1941 State Plan for
the output of petroleum products in the USSR is shown in Table 3.%

In the prewar Soviet Five Year Pl4ns, unrealistic goals sometimes
were set. The goal for indigenous production of crude oil was set at
4LL4.3 million tons in 1937, the last year of the Second Five Year
Plan, 26/ and at 49.5 million tons in 1942, the year that was to ter-
minate the Third Five Year Plan. World War II prevented fulfillment
of the Third Five Year Plan, 27/ of course. The actual indigenous
production of crude 0il in the USSR in 1937 1s estimated to have been
~only 28.5 million tons. gg/

In the Soviet Annual State Plans generally, however, and particu-
larly in the postwar Five Year State Plans, apparent results have
indicated reasonable accounting for Soviet capabilities. gg/ Hence the
captured 1941 Plan may be assumed to be reasonably indicative of the
yield pattern of petroleum products in 1940, the year before the USSR
was invaded by Nazi forces.

An estimate of the Soviet yields from crude oil refining in 1939 ig/
shows results that conform reasonably well with what might be inferred
from the 1941 Plan.** Another source gives an estimate of 6 million
tons for the yield of gasoline obtained by crude oil refining in the
USSR in 1940, 3;/ but this yield considerably exceeds any yield indicated
by the 1941 Plan. A US statistical handbook 3@/ gives estimates of the
total 1936 yields of petroleum products in the USSR. These estimated 1938

¥ Table 3 follows on p. 16.
x% See Appendix A, Table 11, p. 43, below.




Table 3

1941 State Plan for the Output of Petroleum Products in the USSR g/:

Refinery Crude 0il

Quantity Charge Production
(Thousand (Percent (Percent
Metric Tons) of Total) of Total)

Crude oil refining

Straight-run gasoline 2,032 6.3
Thermal cracked gasoline b/ 3,482 10.7
<
Total refined gasoline 5,51k 17.0
Ligroine - 1,418 b.h
Kerosine 7,119 21.9
Diesel fuel ¢/ 2,600 8.0
Residual fuel oil 4/ 10,044 30.9
Lubricants, miscellaneous
products, refining gas
and loss e/ 5,762 17.8
Total crude oil refinery
charge 32,457 100.0 93.8
Other indigenbus crude oil
disposition e/ 2,145 6.2
Total crude oil production 3h§602 100.0

a. ii/ Product-yield figures refer to indigenous gross product yields.

b. 30.4 percent of the Plan cracking charge value (in thousand metric
tons) of 11,h441. The thermal cracking yields in the USSR in 1938 were
reported in the Soviet press to range from 26.4 percent to 33.9 percent
of the cracking charge, mostly as annual averages in different
refineries, 34/ although 26.4 percent is given as what appears to be
the Soviet national average during the first 9 months of the year. ﬁi/

- 16 -
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Table 3

1941 State Plan for the Output of Petroleum Products in the USSR a/
: (Continued)

c. Shown as Plan value (in thousand metri¢ tons) of 1,100 for type
diesel fuel plus a Plan value of 1,500 for motor (heavy diesel) fuel.
d. Shown as '"fuel mazut" in the Plan.

e. A value derived here as a difference. The Plan does not account
for the difference.

yields* correspond, within limits, with the 1937 pattern shown in
Table 2,*% and the estimates presumably were based on miscellaneous
Soviet data. -

For the 1938-45 period in the USSR the available information is
considered inadequate for a correlated estimate of the annual yields
of petroleum products.*** A reliable estimate of this sort would do
much toward solving the problem of estimating the related postwar
yields, but postwar yields can be estimated within reasonable limits
of certainty by other methodologies.

IV. Product Yields, 1946-5k.

Soviet data published early in 1948 36/ gave the ratios of the
1947 yields of certain petroleum stocks¥**¥¥ to the corresponding
1946 yields. Quantitative yields were not given. This publication
of ratios was the first of four, the ones covering subsequent years
following the same pattern as the first -- giving the ratio of each
annual yield to its counterpart in the preceding year and not
mentioning the quantitative yield of any product. It is significant
that three annual ratios were omitted in the over-all published
system of the series. These published ratios are representative of

¥ The estimated yields are summarized in Table 7, p. 29, below.
*¥ P, 13, above.
*%¥  Appendix A swmmarizes the more important Soviet petroleum
product-yield data which are available for 1938-45. See also

Table 7, p. 29, below.
*%%% Crude oil, gasoline, kerosine, and diesel fuel.

- 17 -
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factors that are sometimes called link relatives. Effectively con-
cealed in the general instance of such a chain of link relatives is
the quantitative base yield in the most remote year to which the
factors apply. The 1link relatives constitute the only significant
Soviet source data applicable as an official check on estimates of
postwar petroleum product yields. The link relatives for production
of petroleum products in the USSR in 1947-54 are shown in Table L,*
The table footnotes outline the assumptions made to establish values
for the three annual factors which were unreported.

In addition to the published link relatives for Soviet postwar
‘petroleum product yields, there are also other data bearing on such
yields. These data are often fragmentary and inconsistent, and they
vary widely in usefulness. The intelligence problem is to evaluate
the available data and to develop estimates of postwar petroleum
product yields which can be reasonably well correlated with the
following factors: (1) the officia} link relatives; (2) the most
realistic estimates of the availability of the principal crude oil
source stocks from which the products are derived; (3) the most
realistic estimates of the actual concurrent consumption of the
products, considering the export-import balances; and (4) the
best information available on preoduct-yield trends in the past.

If the 1946 product yields were quantified and the link relatives
applied, other postwar annual Soviet yields could be calculated for
gasoline, kerosine, and diesel fuel. Such calculations are sensitive,
of course, to a variation in any'one link-relative value. The link
relatives are multiplied together in successive applications, and a
variation in one link-relative value gives rise to a greater cumu-
lative variation in the sequence. Hence the assumptions are very
important in regard to the three unreported link relatives. By use
of such assumptions as shown in Table 4,* the results may be considered
to be reasonably valid only insofar as it is possible to check the
results with other information, deductions, or inferences.

There are four distinct phases in a direct analytical approach
to the problem of estimating the postwar Soviet annual petroleum
product yields: (1) derivation of estimates for the 1946 yields;
(2) application of the link relatives to derive the subsequent
annual yields of gasoline, kerosine, and diesel fuel; (3) derivation
of estimates for the other postwar annual yields of the products in

* Table 4 follows on p. 19.
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Table 4

Link Relatives for Production of Petroleum Products
in the USSR a/

19L47-54

Type of Product

Year Gasoline Kerosine . Diesel Fuel

1947 b 1.36 1.25 1.31

1948 ¢/ 1.12 1.17 1.32 4/

1949 e/ 1.10 1.17 1.32

1950 £/ 1.17 1.08 1.58 i
1951 g/ 1.20 1.03 1.45 -
1952 h/ 1.26 1.0 4/ 1.3k

1953 i/ 1.11 1.23 1.34 &/

1954 3/ 1.09 1.05 1.44

a. Production refers to indigenous gross yields.
Each value relates to production in the preceding
year. All values are reported, unless otherwise

indicated.

o 3y

d. Assumed value. The assumption is that the missing
value probably approximated the corresponding value
reported in the previous year, the missing value being
unity if the previous reported value was near unity.
Arbitrary assignment of unity is often practiced in
similar instances of missing link relatives, the
assumption being that the USSR would not publish a
link relative unless the factor exceeded unit value

so as to be an index of favorable progress. On the
other hand, it is also possible that certain link
relatives may be deliberately concealed to break the
sequence of factors available for foreign intelligence
analysis. The conventional unit value is not here
assigned to the missing "diesel fuel" link relatives,
inasmuch as such a sudden decrease in the ratio

would not be consistent with estimated civil

- 19 -
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Table L

Link Relatives for Production of Petroleum Products
in the USSR &/
1947-54
(Continued)

consumption as elsewhere discussed in this report

and would furthermore introduce unexplained
depressions in the "diesel fuel" percentage trend
line of Figure 1, following p. 36, below. Trial cal-
culations were actually made, assuming both of the
missing "diesel fuel" link relatives to have a value
of one; serious internal inconsistencies resulted by
use of these arbitrary unit values.

<

. e 3P0 OHH @

e

the other three principal categories (1igroine, lubricants, and
residual and other products); and (4) development of an independent
correlation to check the resulting estimated yields in a recent
year, 1953, for example -- this would serve to check the assumptions
applied in regard to the unreported link relatives.

The postwar petroleum product yields in the USSR have continued
to be derived for the most part, by crude oil refining. Even with
the annual crude oil charge to a national refining complex completely
known, however, many independent data also must be known before
any probable pattern* of the refinery product yields can be esti-
mated. With a given average type of crude oil for processing and

¥  As used in this report, the term product pattern is specifically
defined as the relationship determined by the percentages of
different products, or of different categories of products, referred

to the total of such products.




with a given over-all system of installed refining equipment which is

completely defined from the technological point of view, the product-

yield pattern of such a refinery complex can be varied practicably and
efficiently within very wide limits.

The technique of analogy is of little practical use in estimating
the probable product-yield pattern in such a refinery complex, even
when the analogy is correlated with established technological prin-
ciples. In the US and the USSR alike, for example, the masjor portions
of the indigenously consumed products are derived by indigenous crude
0il refining, and the major portions of products from indigenous crude
0il refining are indigenously consumed. Yet, as shown in Table 8,%
there was marked dissimilarity in the crude o0il refining product-yield
patterns in the years 1932 and 1937, and wide dissimilarity probably
continued in the postwar period.*¥*

The total annual product yields sjince 1932 in the US have ranged
up to 10 or 11 times those in the USSR. In pattern as well as
quantities, it is evident that the two countries differ in product
consumption. The pattern difference does not arise from technological
differences at the source of supply. A 1952 estimate, EQ/ based on
technological and engineering principles, developed a theoretical yield
pattern for crude oil refining products for the USSR in 1950. This
estimate applied the US yield pattern to the installed Soviet refining
equipment and the average - -Soviet crude oil insofar as pertinent data
were available. Although the resulting 1950 theoretical yield pattern
for the USSR thus differed from that of the US only on the basis of
technology, necessarily generalized, the pattern still differed widely
from the most realistic estimates of the 1950 Soviet consumption of
petroleum products in the civil and military sectors. Eé/

A 1952 estimate developed values for Soviet yields of crude oil
refining products in 19L46%*% applying certain assumptions including
a limited correlation with the captured 194l State Plan of the USSR.
The reported link relatives were applied to the 1946 base yields by
use of certain other assumptions, and estimates were derived for the
annual Soviet yields of crude oil refining products through 1951. EZ/
Here again the estimated annual Soviet yields are not compatible with
the estimates of annual indigenous product consumption, E@/ but the

* P. 32, below.

*%¥ The comparison between the US and the Soviet product-yield patterns
is also shown graphically in Figures 1 and 2, following p. 36, below.
*¥%¥%  See Appendix A, Table 14, p. 57, below.
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estimated yields in 1950 _2/ may be correlated in most respects with
the theoretical yield pattern for 1950. 50/

An estimate of Soviet yields of crude oil refining products in
1949 51/ seems to be based on little more than speculation.

There appears to be a firmer basis for direct estimates of - the
postwar civil consumption of petroleum distillates and lubricants
in the USSR* than there is for direct estimates of the indigenous
gross yields of such products. Factors affecting the estimates of
consumption of these products are not so variable as are most of the
factors affecting estimates of the yields from crude oil refining.
Substantial data are available for the extent and types of the civil
operations which involve consumption of petroleum distillates and
lubricants. Although the civil consumption of residual fuel oil
and other residual products seems to be affected by too many uncertain
factors to permit realistic direct quantitative estimates, an adequate
estimate is available for the posf%ar civil consumption of petroleum
distillates and lubricants. This estimate was derived independently --
without reference to estimates of indigenous gross yields. gg/.

An adequate estimate is also available for the postwar annual
production of crude oil in the USSR. The estimate 1s essentially
within the limits indicated by official Soviet reports. The same esti-
mate covers the probable postwar annual potential yields of natural
gas liquids in the USSR. 53/

The most realistic approach to estimates of Soviet gross product
yields in the postwar period appears to be one which is consistent
with the estimates of crude oil precduction, the yields of natural
gas liquids, and civil consumption. Independent estimates are avail-
able for the postwar annual gross yields of synthetic oil products
in the USSR.** Assuming that estimates are also available for the
annual consumptions of petroleum distillates and lubricants directly
utilized by the Soviet armed forces and for the annual import-export
balances in crude o0il and petroleum products, the problem is
essentially reduced to that of estimating the indigenous gross yields
derived by crude oil refining.

¥ For a discussion of civil*consumption of lubricants, see
Appendix B, L, b.
*%* See Appendix B.
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The method used here consists of deriving estimates for indigenous
gross product ylelds in at least one postwar year so that indigenous
net availability yields* are in balance with the total indigenous
product consumption -- after accounting for storage increments and the
import-export balances. Both the gross yields and the indigenous civil
consumption of the "residual and other products" result by difference.
The complete annual petroleum stock balance specifically involves the
application of constant estimating factors which can be evaluated
within a reasonable probability range for the following: (1) use of
unrefined crude oil as a product; (2) crude oil handling loss;

(3) crude oil storage increment; (u) refining gas and loss; (5) dis-
tribution losses in petroleum products; and (6) storage increments for
the petroleum products. The complete stock balance is otherwise
based entirely on the independently estimated quantities as outlined
above.

For a direct estimate of all petroleum product yields in the USSR
in a postwar year, available information is adequate only for 1953.
For this year alone are there simultarfously available the realistic
and independent estimates necessary to derive total indigenous con-
sumption of the principal distillates and lubricants and the national
import-export balances in crude oil and petroleum products. Soviet
gross product yields for other postwar years are estimated by the use
of the reported link relatives and the assumed constant estimating
factors.**

The estimated yields of petroleum products in the USSR, by type of
source, in 1946-54 are shown in Table 5.%**% The estimated¥*¥*%

¥ This terminology is defined in the Introduction.

*¥ For methodology, see Appendix B. Technical considerations show
that the product-yield patterns derived for crude oil refining are
reasonable and are in correlation with the available data on average
crude o0il quality and installed refining facilities in the USSR.
These considerations cannot be summarized properly in a nontechnical
report. The special feature in point is the increase in relative
yields of diesel fuel as discussed in Part V.

¥%¥% Table 5 follows on p. 2L,
*¥¥% Continued on p. 26.
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total yields of petroleum products in the USSR in 1946-5h are shown
in Table 6.¥ The over-all check on the apparent reasonableness of the
estimates is on the basis of the yields developed for 1946 and is as
discussed below.

World War II damage to Soviet crude oil production and refining
facilities was officially reported to have been repaired during the
course of the Fourth Five Year Plan (l9h6—50). The rehabilitation
probably was completed in the latter part of the period. §9/ It is
probable, therefore, that Soviet refining facilities as of 1946 were
not operating at the immediate prewar level of output, efficiency,

" and product pattern. An index to this prewar level is in the

captured 1941 State Plan.** The actual 1946 operating level probably
would more nearly approach that of an earlier prewar year such as

1937, the last year of the prewar "authoritative" sequence of yields.¥¥*¥

In considering the probable Soviet #ields of petroleum products
in 1946, it should be noted that US petroleun refining engineers and
technologists were in the USSR as late as the fall of 1946. From 1942
to 1946 these representatives of US companies were concerned with the
bilateral arrangements sometimes called the Houdry lLend-lease Projects.
The Houdry units were the earliest catalytic cracking facilities to
be installed in the USSR. 61/

The Houdry projects terminated a seguence of events which began
in 1929 wherein major crude oil refining facilities were supplied to
the USSR by major US petroleum refinery engineering and construction
companies. The US companies either installed the facilities or
supervised the construction, and usually they had qualified technical
representatives in the USSR at various times for considerable periods.
Beginning in 1929, the US companies furnished and sometimes erected
the earliest commercial thermal cracking units in the USSR. Winkler-
Koch units were the earliest and the most common of the modern types
to be furnished. In 1939-40, refining equipment furnished and
installed by US companies consisted of the first catalytic refining
facilities to be constructed in the USSR. These facilities were com-
posed of units for catalytic polymerization and codimer hydrogenation. ég/

* Table 6 follows on p. 27.
**¥  See Table 3, p. 16, above.
*%% See Table 2, p. 13, above.
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The 1938-46 period-is of special importance in this report. It is
probable that the US petroleum industry gathered much specific infor-
mation about the refining operations and product yields in the USSR
during that period. 63/

As noted in Section III of this report, the American Statistical
Handbook gives estimates of indigenous gross petroleum product yields
Tn the USSR for 1938 and 1946. These estimates assume the 1938 and
1946 annual product-yield patterns to be identical and presumably were
derived on the basis of this assumption and daba generally available
in the petroleum industry. é&/

A comparison of estimates of total gross yields of petroleum
products in the USSR in 1937, 1938, and 1946 is shown in Table T.%¥
Significant correspondence of data is indicated in Table 7 -- some-
times in product-yield patterns and sometimes in absolute-yield
quantities. <

V. Trends and Product-Yield Patterns.

Percentage** trends and yield patterns for Soviet crude oil
refining operations are shown in Figure 1.%¥%¥ BEquivalent information
for US crude oil refining operations, based on published petroleum
statistics, is shown in Figure 2.*¥** The US distillate-lubricant
yield line is reproduced in Figure 1 for comparison. A comparison
of petroleum balances in the USSR and the US in 1932 and 1937 is
shown in Table 8.¥¥%%% A comparison of petroleum balances in the
USSR and the US in 1946 and 1953 is shown in Table Q . KXXXX

Gasoline has continued to be the most important type of petroleun
stock in the US, and the refining operations are generally directed
toward improved quality in an optimum yield of gasoline. The major
emphasis in the USSR has been on kerosine yield, and, in the more
recent postwar years, on diesel fuel. Differences in quality of the
average crude oil in the two countries partially account for the
difference in emphasis.

* Table 7 follows on p. 29.
%% The percentages correspond to quantitative data given in the
appendixes. ,
*¥¥%  Following p. 36.
*¥x%%  Table 8 follows on p. 32.
¥¥%%%  Taple 9 follows on p. 3h.
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In the USSR the indigenous crude oils are predominantly of the
so-called naphthene base types, containing much asphalt base and even
aromatic base stock. éé/ The Soviet crude oils contain little
paraffin base stocks, but the indigenous US crude oils are mostly of
paraffin base and mixed base. In nontechnical terms this means that
average Soviet crude oils in comparison with US crude oils, contain
a much smaller percentage of straight-run gasoline, although the
average Soviet virgin gasoline would be good straight-run aviation
gas base stock because of its content of naphthenes éZ/; a probable
equal percentage of potential straight-run kerosine, if this potential
kerosine cut is taken as a product; and a larger percentage of virgin
heavy gas 0il which is above the usual diesel fuel boiling range, even
assuming that such gas o0il had quality suitable for diesel fuel use
(naphthenic stock generally has low cetane rating).

In the Soviet crude oils the potential naphthenic 'virgin gas -oils
would comprise good catalytic cracking charge stock; giving large
relative yields of high-quality gasolines with high-octane aviation
gas base stock included. §§/ Theré is evidence to indicate, however,
that catalytic cracking has no high priority status in the USSR, ég/
even though some new catalytic cracking plants, in addition to the
World War II Houndry units, ZQ/ probably have been constructed in the
USSR. Figure 1 shows that the trend has been to use cracking, probably
thermal cracking in major part to derive a larger percentage of total
diesel fuel with only a moderate increase in the yield of total
gasoline (gasoline and ligroine). It is indicated that ligroine will
no longer be obtained as a product after 1954 Z;/

Figure 1 and the reported link relatives shown in Table 4* indicate
a largeé and steady increase in the Soviet yields of total diesel fuel
through 195Lk. Increased percentage yield in the gas oil products in
the US is indicated in Figure 2. In the US the gas oil products con-
sist of diesel fuel and distillate fuel oil for end use as such
(see Tables 8 and 9**), but the relative proportion of diesel fuel
has been increasing in the US -- from 14.9 percent of the gas oil
products in 1937 to 28.1 percent in 1953.

Figure 1 shows that in the relative yield of principal distillates
plus lubricants, the yield pattern for crude oil refining products in
the USSR is approaching that of the US as of 1954, Figure 1 also shows

* P. 19, above.
%% Pp. 32 and 34, respectively, below.
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that there has been a corresponding relative decrease in the yield of ’
"residual and other products' in the USSR. Residual fuel oil, or
mazut, is considered to be a valuable product in the USSR, however,
and the relative yield of that product probably will not be reduced
beyond a minimum. zg/

This report is not primarily concerned with the yield of aviation
engine fuels in the USSR; the aviation gasoline yield is included as
an unspecified portion of total gasoline, and the jet fuel yield is
included as an unspecified portion of total kerosine.

With specific consideration of aviation engine fuels excluded, the
estimated postwar product yields are not particularly indicative of
capabilities, vulnerabilities, and intentions. The physical vulner-
abilities are those which are generally well established for petroleum
industry operations. In the mamufacture of petroleum products the
USSR appears to have the capability to continue with the product-yield
pattern as indicated in the estimates. As of 1954 the USSR is esti-
mated to have approached what woul8 be the practicable limit in the
percentage yield of distillates plus lubricants. There is no indi-
cation that the USSR plans to place more emphasis on the relative
yield of gasoline. The present emphasis on increased yield of diesel
fuel probably will continue until a practicable optimum is attained.
There is no indication of plans for extensive stockpiling of petro-
leum products in the USSR. The present pattern of product consumption
appears to approximate the present pattern of product yields with
only normal annual storage increments involved. Stockpiling of
products probably would be centered in distillates, and large increases
in such stockpiling are not indicated.
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APPENDIX A

SUPPLEMENTARY DATA ON PETROLEUM PRODUCT YTELDS, 1927-46

1. Available Data.

As summarized in Section II, official Soviet reports provide a .
firm basis for the 1928-37 yields of petroleum products in the USSR.
For the earlier part of this period the official reports are relatively
complete. Since 1937, however, the reports have been rare and indeter-
minate, and conclusive information on product yields has been lacking
in other available sources.

A condensed summary of information on yields of petroleum products
for 1938 and later years is given in<Sections III and IV. This infor-
mation follows the usual pattern, becoming increasingly meager and more
uncertain the later the year. From the quantitative point of view,
Soviet reports of the yields in the later years appear to be restricted
to fragments of two types. Although these fragments show no absolute
quantities for the actual product yields derived in Soviet practice,
each type has some degree of usefulness for deductions, inferences,
and counterchecks. One type of fragment is contained in the captured
1941 Soviet State Plan,* probably applicable to the immediate prewar
period. The other type consists of the link relatives** which have
been published annually and which relate to the postwar period.

The data on yields of Soviet petroleum ZZ/ are especially equivocal
for the World War II years, particularly so for petroleum product
yields.¥¥* As noted in Section III, available information is
inadequate for an over-all correlated estimate of Soviet petroleum
product yields from 1938 through 1945. Although reasonably realistic
estimates of the yields may be derived for the earlier part of this
period -- before the full impact of World War II on the USSR¥¥¥% --
the uncertainty of the World War II yields makes a hypothetical
1938-45 correlation of little practical use.

¥ See Table 3, p. 16, above.
*¥% See Table 4, p. 19, sbove. .
%% Fstimates of the World War II production of Soviet indigenous
crude oil are included in a recently published report. Z@/
¥%¥%% An esbimate of the 1938 yields is shown in Table 7, p. 29, above,
and estimates of the yields of 1939 crude oil refining are shown in
Table 11, p. 43, below.
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APPENDIX A

SUPPLEMENTARY DATA ON PETROLEUM PRODUCT YIELDS, 1927-46

1. Available Data. Loy

As summarized in Section II, official Soviet reports provide s .
firm basis for the 1928-37 yields of petroleum products in the USSR.
For the earlier part of this period the official reports are relatively
complete. Since 1937, however, the reports have been rare and indeter-
minate, and conclusive information on product yields has been lacking
in other available sources.

A condensed summary of information on yields of petroleum products
for 1938 and later years is given in Sections III and IV. This infor-
mation follows the usual pattern, becoming increasingly meager and more
uncertain the later the year. From the gquantitative point of view,
Soviet reports of the yields in the later Years appear to be restricted
to fragments of two types. Althougl® these fragments show no absolute
quantities for the actual product yields derived in Soviet practice,
each type has some degree of usefulness for deductions, inferences,
and counterchecks. One type of fragment is contained in the captured
1941 Soviet State Plan,* probably applicable to the immediate prewar
period. The other type consists of the link relatives** which have
been published annually and which relate to the postwar period.

The data on yields of Soviet petroleum 77/ are especially equivocal
for the World War II years, particularly so for petroleum product
yields.*** As noted in Section III, available information is
inadequate for an over-all correlated estimate of Soviet petroleum
product yields from 1938 through 1945, Although reasonably realistic
estimates of the yields may be derived for the earlier part of this
period -- before the full impact of World War II on the USSR*¥¥¥ ..
the uncertainty of the World War II yields makes a hypothetical
1938-45 correlation of little practical use.

*¥ See Table 3, p. 16, above.
¥*  See Table 4, p. 19, above.
*¥*%*  Estimates of the World War II production of Soviet indigenous
crude oil are included in a recently published report. Z@/
¥#X%  An estimate of the 1938 yields is shown in Table T, p- 29, above,
and estimates of the yields of 1939 crude oil refining are shown in
Table 11, p. L3, below.




Tables 10, 11, and 12% provide a summary of the yields of petroleum
product in the USSR for fiscal year 1927-28 and the following calendar
years through 1937. Tables 10 and 11 show the national yield patterns
in major categories of products. These yield patterns are generally
useful in estimating corresponding postwar yields. Table 12 completes
the record, showing the direct correlation with the principal
sources Zg/ used as the basis of Tables 10, 11, and 12 and indicating
- the methodology employed to develop the totals for major categories
of products in Tables 10 and 11.

Soviet reports other than those used as the basis of Tables 10, 11,
and 12 are complete and specific enough to be important in estimating
Soviet petroleum product yields from 1329 through 1937. These reports
sometimes contain data which seem to contradict that shown in Tables 10,
11, and 12. Actually, the contradictions are more apparent than real.
A correlation of the data provided oy the various sources is shown in
Table 13.%*% The table will serve a useful purpose if confusion should
arise in the future because of apparent contradictions in the Soviet
reports. Table 13 outlines not only the direct comparisons, but also
the methodologies by which the major differences may be explained as a
confounding of terms and as discrepancies in the reporting of the product
categories.

Table 14**¥ provides a correlation of the data in Sections III and
IV and shows the basis of certain generalized statements in the text.

2. National Yields and Political Areas.

The Soviet petroleum yields developed in this report include only
the production within the political boundaries of the USSR in the given
year. Relatively minor guantities of petroleum products were obtained,
however, in the 1928-54 period from areas which were not within the
USSR before the close of World War II -- Estonia (shale o0il products)
and the Carpathian Polish sector (crude oil refining products). The
petroleum product yields in these areas are excluded from Soviet totals
for the prewar and wartime periods.

¥ Tables 10, 11, and 12 follow on pp. 40, 43, and 46, respectively,
below. '

*% Table 13 follows on p. 49.
*¥%  Table 14 follows on p. 57.




Data on the comparatively small yields of petroleum products
obtained in the Carpathian Polish crude oil refineries before the area
became a part of the USSR are not available. By virtue of its status
as the principal contributor to the postwar Soviet yields of the shale-
0il type of synthetic oil products, Estonia is of some importance.
Estimates of the postwar synthetic oil product yields in the Estonian
SSR are based, to some extent, on corresponding yields in prewar
Estonia. A series of the prewar yields of petroleum products in
Estonia is shown in Table 15.%

3. Volume-to-Weight Conversion.Factors.

With the exception of certain source reports, §9/** all quantities
given in this report are stated in sources in terms of weight. The
volume-to-weight conversion factors appMied to the volume data in the
two reports mentioned are shown in Table 16.%¥¥

* Table 15 follows on p. 59.
*% See Table 7, p. 29, avbove, and Table 18, p. 66, velow.
¥¥% Table 16 follows on p. 62.
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Table 12

Reported Yields of Petroleum Products in the USSR, by Product a/
Fiscal Years 1927-28 and 1928-29 and Calendar Years 1930-37
(Continued)
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APPENDIX B

METHODOLOGY FOR DERIVATION OF ESTIMATES
OF SOVIET YIELDS OF PETROLEUM PRODUCTS

1946-54

1. Genege_x_l_.

The introduction and text of this report give a general descripition
of the methodology used. The text of this appendix summarizes the
major features-of the methodology, and simplified tables give the prin-
cipal details. The footnotes to these tables outline the developments
and applications of the methodology.

2. Available Parameters.

Tables 17 through 19* provide a record of the parametric values
available for the years 1946-54, Table 17 shows the estimated
indigenous consumption of petroleum products, and Table 18 shows the
estimated international trade in crude 0il and petroleum products by
the USSR. Table 19 shows estimated indigenous yields of petroleum
products not of crude-oil origin. (Estimated indigenous yields of
petroleum products which are of crude oil origin are shown subsequently
in Table 21.%%)

3. Estimating Factors.

a. Handling Losses and Direct Use as Petroleum Products
of Unrefined Crude 0il.

>

Before World War II, open Soviet sources provided some infor-
mation on Soviet crude-oil handling losses and also on the Soviet
practice of making direct use of crude oil and topped crude*** gg

* Tables 17, 18, and 19 follow on pp. 65, 66, and 68, respectively,
below.

** P. 99, below.
**%  Topped crude is the long residue or semirefined crude oil which
remains when the lower boiling fractions, generally consisting of
gasoline and kerosine, are removed by straight-run distillation.

- 63 -




petroleum products. Table 20* shows reported losses and fuel oil uses
of crude oil in the USSR, 1935-37 and 1939-40.

In the past the USSR often used open-pit excavations for the
storage of crude oil and nonvolatile petroleum products, chiefly fuel
oils. ;9;/ Soviet sources criticize the use of such pits on the
grounds of excessive evaporation losses and also on the grounds of
seepage losses when the walls of the pits are not of impervious natural
rock and are not lined or treated. Use of the pits is reported to be
officially prohibited now except by grant of special permission. ;9&/

Only fragmentary and qualitative data, as outlined. above, are
available for the losses and direct petroleum-product uses of crude oil
in the USSR. In the US these 2 types of crude oil dispositions together
have ranged from about 0.6 percent to about 3.8 percent of total new
supply . **

Estimating factors are arbitar#ly applied to the postwar Soviet
data as follows: L4 percent for crude oil handling losses and 1 percent
for direct petroleum-product use of crude 0il, the base on which these
percentages are applied being the indigenous production of crude oil
because the apparent values for imports of crude oil are relatively
insignificant. Two principal assumptions are involved.: (1) that Soviet
handling is accompanied by considerable extraneous crude oil evaporation
loss, whereas this sort of loss is effectively nil in US practice, and
(2) that in order to obtain relatively higher yields of the more valuable
refined petroleum products, the USSR has greatly reduced*** the percentage
of unrefined crude 0il used directly as petroleum products.,*¥¥%%

* Table 20 follows on p. 73.

**¥  See Table 8, footnote b, p. 33, above, for the basis of the US
data. The total new supply is the sum of indigenous crude oil pro-
duction plus crude oil imports.

*¥*%  Compared with the reported prewar level (see Table 20, p. 73, below).
*¥¥%¥¥%  Continued on . 17
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b. . Reflle& Gas and Loss

The derlvatlon of an es tlmatlng factor for refining gas and
loss is somewhat compllcated. Tables 10 and 11* give the prewar
percentages of the crude oil refinery charge accounted for by
refining gas and loss. . These percentages are shown to.vary. from 3..
percent of the: crude . 0il.; reflnery charge in 1928- 29, 10, about - d percentﬁ
in 1935-37.- The percentage of refining gas and loss tends: to increase-
with the relative increase in cracking operatlons -- a normal trend
because cracking operatlons are usually the source of most the pro-
duction of refinery gas -- and the production of refinery gas increased
in the prewar period with relative increase in cracking. Dry 1ef1nely_
gas increased from less than 0.1 percent of the crude 011 refinery -
charge in 1927-28 to about 2.4 percent in 1937. (see Tables 10 and 11%).

The relative increase in cracking operations continued. This
is indicated by comparison of the datfa in Tables 10 and 11 with the 1941
State Plan (Tables 3 and 14%%) and by further comparison of the same
data with various other estimates. 151/

Hence larger postwar than prewar percentages of dry refinery
gas, and consequently larger percentages of refining gas and loss,
would be normal. Another reason for a large percentage of refinery gas
is that the USSR has limited capacity for polymerization reversions
(see Table 19, footnote s *¥%¥%), Conversion refining***¥* of the poly-
merization reversion type serves in part to form liquid petroleum
products from the heaviest or least volatile components which other-
wise would remain in the refinery gas. Another reason for the larger
percentage of refinery gas and loss is that the USSR does have some
capacity for catalytic cracking.**§*¥* Catalytic cracking tends to
produce a greater carbon deposit than do the thermal cracking pro-
cesses, which are generally used in the USSR. (Carbon or .coke is

* Pp. 4O and 43, respectively, above.
** Pp. 16 and 57, respectively, above.
**¥ P, 71, above.

**%%  Conversion refining consists of those petroleum-refining
operations which cause chemical change in the principal constituents.
In addition to the reversion type of process already mentioned, con-
version refining includes the processes which come within the géneral ™
nmeaning of cracking and reforming. :
x¥x%% gee V, p. 28, above.




SPETREET .

deposited upon the catalyst or OthEl media present in the .zone’ of
reaction, and a carbon ‘deposit “thus developed is’ not normally ;
recovered for output of petroleum products ).z ESREREE ST

It is also probab]e that the Sov1et reflnlng practlce has
become more efficient and has thus reduced the prewar percentage of
mis cellaneous refining losses' exclusive of those. due to:the’ reflnery no
gas. Before World’ War--II-the miscellaneous reflnlng losses varied’
from less than 3 percent of the crude o0il refinery charge in 1928- 29
to more than 6 percent in 1932 (see Tables 10 and 11¥). In the Us, **
where an extensive practice of cdtalytic cracking togéther with the

lylation/polymerizatlon reversions was featured in the latter part
of the period 1931-53, the followirig per entages of the crude oil
refinery charge have prevailed:

Percentage Range

1
Dry refinery gas 3.7 to 5.2 3.3 to 4.3
- Other refining losses 1.5 to 4.3 . 1.3 to 2.7 -
Refining gas and loss 6.5 to 8.8 2.7 to 6.4

For determlnlng postwar reflnlng gas and loss in the USSR before
1953, the estimating factor is presently assumed.to be 9 percent of the
crude oil refinery charge. > In order to account for the increased
cracking which is indicated by increased relative yields of distillates
(see Figure 1**¥), this estimating factor is increased to 10.2 percent
after 1952. The O=percent estimating factor has a somewhat involved
technical derivation. lﬁg/ Although the derivation was correlated
with certain assumptions which n®w are not believed to be realistic,
especially those referring to the hypothetical objectives to be
obtained by use of the Soviet cracking facilities, the applled
variations would have llttle effect upon the estlmatlng factor. for
reflnlng gas and 1oss.,' _ , Do . el

* Pp. 4O and 43, above. - 5
*¥* The development of the US data is as 1nd1cated in Table.8

footnote b, p. 33, above.
%%¥%  Following p. 36.
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¢. Consumption of Nongaseous Petroleum Products in Processing.

In this report the consumption of nongaseous petroleum products
in processing is considered to be restricted to the consumption of
residual fuel oil in crude oil refining (see I, above, and also
Table 13, footnote e*). The fragmentary available data on such con-
sumption in the USSR are of little value for estimating purposes. In
1936, for instance, some of the largest Soviet refineries reportedly
consumed a quantity of fuel o0il egquivalent to about 11 percent of the
crude oil refinery charge. ;_3/ Soviet stock wastes, particularly
the needless or wasteful consumption of residual fuel oil (mazut),
were severely criticized recently in the Soviet press. 154/ As will
be shown below, the estimating factor for this consumption is only
of incidental use in the present methodology. The factor itself is
derived by analogy with US data.**

) In the US crude oil refinery fomplex the general pattern of
fuel consumptlon in proce551ng is as follows:

(l) Sources of net heat and mechanical energy 1nput

(a) Purchased electrical power
(b) Purchased steam
~(e) Combustion of fuels

(2) Types of fuels burned

' »
(a) Coal (in power plants)
(b) Petroleum derivatives

Natural gas
Crude 011 charge derivatives

(3) Crude 0il charge derlvatlves as fuels

(a) Reflnlng gas and loss materials

e  Acid sludge oil
Dry refinery gas

*¥ Pp. 3 and 56, respectively, above.
¥% See Table 8, footnote b, p. 33, above, for the basis of the US data.

¢
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(b)_Nongaséous petroleum products .- . -

Petroleum Cbke-(in power plants)
Residual fuel oil -

It is probable that a similar general pattern, with modification,
is also applicable to the Soviet crude Qil-refineryfoperations,; It is-
cvident that with one exception the type of-the consumed fuel is almost
entirely dependent upon choice. The one exception is that for greater
practicability of operation and equipment design, the fuels probably
are restricted to fluid¥ types when the fuels. are directly fired to
heat the petroleum stock. The fuels for direct heating of petroleum
stock are fired in various furnaces or fireboxes, including the. fur-
naces in tubestill heaters and the fireboxes under the old-fashioned
pot stills. It is possible that pot stills are retained in limited use

in the USSR.

Even when the general type of, processing and the actual end
products are known, moreover, there is no technical basis for a realistic
estimate of the total net energy input itself, the principal reasons
being as follows: The requirement of net input of heat and mechanical
energy from the above-mentioned sources igs determined to some extent by
the efficiency of design and operation. The total input of energy for
the specified end results is the sum of this net requirement plus
recovered heat. Proper design and operation, for example, may reduce
the net requirement (1) by elimination of needless intermediate pro-
cesses which use part of the total energy input, (2) by use of
insulation and a variety of devices to eliminate needless loss of heat,
and (3) by use of heat exchange to recover: from hot material heat
which would otherwise be wasted, such as the heat liberated when the
carbon deposit is burned to remove gt from catalyst material.

The composite fuels and equivalent fuel data for the US (based
on recorded statistics and computed in this report, taking into account
the respective heating values and physical densities of the fuels, are
as follows): : :

% In this report the term fluid is used in the broad sense to include
both gases and liquids.
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»" . .Range (Percentage of.:
. Crude Oil Refinery Charge)

For-tbtal.net ehefgyainput e

e Dry'féfiﬁér&,gas:a&éiiabié-?:;-Q. . ;ﬁo_.

(N1, NN
(RN I I )

S 3.3 .
Balance -as residual fuel oil¥:: .- wn- 4.8 -to -8,
Combination of above¥¥ 9.5 tol

Actual fuels burned

Cosl 0.2 to 1.1
Natural gas 1.3 to 3.8
Acid sludge oil - .= S - 0.1 to0..0.8
Dry refinery gas 3.3 to. 5.2
Petroleum coke . 0.02 to 0.5
Residual fuel oil. S ot 1.9 to 5.8
Combination of above** - 9.7 to 12.k

In this report the postwar Soviet refinery consumption of.
residual fuel oil is assumed to be 3 percent of the crude 0il refinery
charge. The estimating factor is intermediate within the range for US
practice, and is considered to be adequate for the incidental use which
the factor has in the methodology. It is assumed that the Soviet
crude oil refineries obtain from various other sources the remaining
net requirement of heat and mechanical energy input. In addition to
dry refinery gas and residual fuel o0il, the principal other. fuel,
apparently available in sufficient quantities for significant use in
Soviet refineries, is probably natural gas. 155/ ‘

s

4. losses in Distribution of Pebroleum Products.

' The estimating factor for the Soviet losses in distribution of
petroleum products is here assumed to be 2 percent of the net product

% Calculated to have a heating value equivalent to that of all fuels
burned)with the exception of dry refinery gas; also calculated to
sccount for the relatively small heat equivalents in purchased steam
and electricity. )

*% The two sets of combined percentages do not necessarily correspond
in any given year, owing to the purchased steam and electricity and
the differences in heating values per unit weight of the different fuels.
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yields.*' This. estimating factor is based upon general experience and
company data.in US practice and is correlated where possible with
Soviet data. This"establishes the genéral ‘order of magnitude which,

in the absence of more realistic data, is considered adequate. Various
Soviet reports deal with phases of the subject, but the information
providéd is:generally qualitative and not numerically-‘resolvable except,
sometimes, to infer-:limitson a national -basis?“ A briefireview of ‘a -
'selection of ‘théSoviet ‘data is as follows: = ST

. Actual loss percentages have been published. in the.Soviet
press; but the ‘data are idéntified ambiguously and apparently refer to
a combination of - handling losses in production and refining of crude
0il and in distribution of ‘petroleum products. The reports seem to
infer that the losses consist of the extraneous or needless types of
losses. - The data on losses; moreover, seem to apply only to the
"eastern" areas of the USSR (presumably the USSR exclusive of the
Caucasus and the Ukraine). The loss percentages presumably refer to
the crude -0il refinery charge as a base and are reported as follows:
4.7 percent in 1940, 156/ 6.5 percest. in 1941, 15 5.3 percent in
1942, 4.7 percent in 1953, 4.5 percent in 194k, L4 percent in 1953,
and 4.2 percent in 1946. 158/ SR

In 1938 the transportation type of petroleum-product distri-
bution losses were stated to have been 1.7 percent of the petroleum
products shipped during the summer season in railroad tank cars. ;22/
Plans "and ‘exhortations ‘for improvements and ‘also records of actual
improvements are indicated in a number of Soviet sources -dealing with
product distribution losses and further with the techniques and equip-
ment for the handling and storage of the products. The Soviet source
reports of this type may be variously classified as economic, techno-
logical, and engineering: studies. 160/ - cases

Soviet sources also deal with the elimination of waste and the
efficiency in the handling, storage, distribution, utilizatior, and
consumption of ‘petroleum products, referring in particular to lubri-
“cants and to liquid fuels for engines. Among such reports there are

*¥ Net petroleum product yields and gross petroleum product yields are
considered identical in this report except in the case of "residual
and other products" derived by crude oil refining. See I, A, p. 3,
above; Table 10, footnote c, p. 42, above; and this appendix, 3, ¢,

p. 79, above.
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those which provide extensive .treatment of technologlcal features, some
of these refer specifically to the utilization in tractors and "in all
‘types of agricultural. machinery, _él/ while others relate directly to
machine tractor stations and state farms. 162/ Technical norms giving
the maximum allowable loss percentages (referred to the stocks handled)
were recently formallzed _ég/ :

¢¢Storage Increments.fj

- _The 1ntroduct10n* of this report discusses briefly the esti-
mating factor applied for year-end storage reserves in the USSR. For-
crude oil and for each category of petroleum products, the postwar
year-end storage reserve is, with certain exceptions, assumed to be
12.5 percent of the respective gross yields for the preceding year.

The exceptions refer to the initial, or 1945, year-end storage reserves

of petroleum products. It is probable that the year-end storage reserves
for 1945 were at a low level since this status imnediately followed World
War II -- a period of heavy consumption requirements while refining oper-
ations were generally disrupted. Year-end storage reserves for 1945 are
calculated as percentages of the respective gross yields derived in 1946.
For estimating purposes the 1945 year-end storage reserve for the kerosine
category** is assumed to have been 10 percent of the 1946 gross yield and
for all other categories of products, 2.5 percent of the respective 1946
gross yield.

The 12.5 percent factor*** approximates L5 days of reserve supply
and is based upon analogy with US data. The 45 days of reserve supply is
considered to be the minimum for refined petroleum products in US prac-
tice. 164/ General statistics show that -- as a percentage of the
preceding total annual new supply of crude oil in the US, with more than
9Q percent of this total new supply being, in each year of the period,
the annual indigenous crude oil production -- the year-end crude oil
storage reserve in the years 1944-53, ranged from 10.7 percent to 13.2
percent .¥¥*X* The 12.5-percent factor is assumed for crude oil in the
USSR, corresponding to the similar factor capplied for petroleum products.

* P. 3, above.
- ¥* Hereafter in Appendix B equivalent liguefied petroleum gases are
included in the term kerosine when kerosine is used to mean kerosine
category, or, more specifically, kerosine and ecuivalent products. See
the Summary, the first tabulation, p. 1, above; Tables 6 and 7, pp. 27
and 29, respectively, above; and Table 19, footnote g, p. 71, ebove.
*%%  See I, B, p. 5, above.

Py

*¥¥xx  gee Table 8, footnote b, p. 33, above, for the basis of the US data.
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»hi! Calculation of Estlmates of Postwar Product Ylelds et

‘Appendix “B; Section’5, presents the complete formulations for
the material balances of the methodology . * .. The balances involve - -
fnumerous separate quantltles, and the use of literal symbols” thus seems
“the only satisfactory means for developing the* relationships. < The-
formulations are all resolved as simplified algebraic equations.
Although intermediate algebraic relationships are recorded so as to
provide a pattern for reference should the methodology be applied to
revised parametric data.-in the future, the actual calculations may be.
made with combined equations, thus deriving the final numerical re-

sults dlrectly, without show1ng 1ntermed1ate relatlonshlps

The formulated materlal balances depend upon a variety of
supplementary assumptions. The sﬁbplementary assumptions are applied
chiefly to derive hypothetical constants for estimating. The assump-
tions serve to bridge the gaps in intelligence. The methodology
otherwise serves merely to express the self-evident equalities of
-total availabilities and total dispositions as outlined below: -

(1) Availabilities of Crude Oil.¥*

(a) Indlgenous PrOdhctlon
(b) ImpOrtS s

(2 ) DlSpOSltlon of Crude Oil.

(a) Handling losses

(b) Direct product use

(c) Storage increment

(4) Exports :

(e) Indlgenous reflnery charge disposition as follows:

Tndlgenous reflnery gas and loss
Indlgenous gross yields of crude oil reflnlng products

*  These formulatlons are mathematical expressions of the balance
relatlonshlps which are described generally in I, B, p. 5, above,
and further in IV, p. 17, above.

** The total availability constitutes the total new supply.
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(3) Avallabllltles of Petroleum Products * -
(a) Crude Oll 1n dlrect petroleum product use "
(b) Indigenous gross yields of:

Natural gas liquids - ‘
R Synthetlc petroleum products .
i Crude 01l refining products

(c) Petroleum product 1mports .

(&) Dispositions of Petroleum Products.

(a) Distribution losses

(b) Storage increment

(c) Exports

(d) Indigenous consumption jn:

Civil sector
Military sector

b. Tabular Summaries of Calculated Balances.

Tables 21 through 31** record the numerical detalls of the final
results derived by applylng the methodology so as to develop estimated
valdes where these values apply in turn to the postwar yields-of crude
0il and petroleum products in the USSR. Each table is developed in
the form of a sequence of subbalances showing the relationships which
are implied by the following general terms: gross yields, net product
yields, product net avallablllty ylelds, and total new supply (total
availability). .

The tables are thus very detailed in order to provide patterns
for possible future applications of the methodology to revised para-
meters. The blank spaces illustrate the gaps in 1ntelllgence The -
details of these tables, therefore, include numerous intermediate values
which would not need to be calculated if the methodology were applied.
to derive the final over-all yield estimates directly.

* The total availability constitutes the total new supply.
x% Tgbles 21 through 31 follow on pp. 99 through 113, below.
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i oIt is noted that the estimates of civil ¢onsumption of lubri-
cants are only tentative. In the_Sburéé;*;%g/ which provides the
values of the civil consumption parameters {(see Table 17%) the
quantities for lubricants are based essentially upon the quantities
for the residual and other products category, whereas that source's
estimates for the residual and other products category are discounted
in the present report (see Table 17,* footnote a). That source's
estimate for lubricants in 1953 would not be much-influenced by the
present methodology, however, and this 1953 value is considered a
realistic parameter. The further assumption that the yield of lubri-
cants is a constant percentage of the crude 0il refinery charge*¥* is
considered sufficiently realistic for estimating purposes. The basis
for the assumed constant percentage is shown in Figure 1¥¥*¥ for pre-
war Soviet yields and in Figure 2%¥¥¥ for US yields.

The reported link relatives are considered directly applicable
to the calculated gross petroleum prpduct yields. Altheough the 1link
relatives are cryptically recorded without further explanation in the
Soviet press, and thus may be given various interpretations, only the
gross yields would be logically adaptable to consistent measurement
for the purpose of providing an index of annual achievements.

Table 21 shows the estimated daté for crude oil, and Tables 22
through 29%%¥¥¥ provide the numerical details for petroleum products.
Table 30% summarizes the data for all nongaseous petroleum stock in the
USSR, resulting by combination of the values of Tables 21 through 29.
Table 3l+% summarizes the estimated postwar crude 0il refining
operations in the USSR and develops the percentages which are shown
graphically in Figure 1. ¥*%

¢. Example of Numerical calcMations.

The detailed pattern of the numerical calculations is illus-
trated by the following example which is developed for crude oil and
total gasoline. The algebraic symbols and egquations are established
by cross reference to Appendix B, Section 5. :

* P, 65, above. :
%% See Appendix B, Section 5, equation 43, p. 95, below.
*%¥¥ Following p. 36.
*¥%¥%¥  Following p. 36.
¥%%%%  Tables 21 through 29 follow on pp. 99 through 114, below.
{ Table 30 follows on p. 116.
44 Table 31 follows on p. 118.




G

(1) Crude 0il in 1952* B

Indlgenous productlon

a.
7 h5 600 (Table 21, p. 99, below)

(2) Crude 0il in 1953*

Ddlgenous productlon -

a. = .
8 49,600 (Table 21, p. 99, below)
b8 = Handling losses .
. = 0.0k ag- (Equation 19)
= (0.04)7(49,600) = 1,984
cg = Direct product use
= 0.01 ag (Equation 20)
= (0.01) (49,600) = kg6 =
eg = Storage 1ncrement
= 0.125 - a7 (Equation 22)
= 0. 125 (uS 600 - 45,600) = 500
fg = Imports _
= 200 (Table 18, p. 66, above)
8g = Exports : C
= 342 (Table 18 D 66, above)
mg Crude o0il refinery charge

aq - ba - ca - eq + £a - ga (Equation 4)
ué 6008- 1 88u -8u96§§ 5008+ 200 - 3h2
L6, u78

|1 (I

(3) Gasoline in 1953%

Fgg = Imports«: -~ -
= 2,50k (Table 18, p. 66 above)
G8G = Exports

= 354 (Table 18 p. 66, above)

»

* All figures in this tabulatlon are given in terms of thousand metric
tonsannually.
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H8G = Civil consumption ' :
= 8,928 (Table 17, p- 65, aoove)

Jgg = MlL]pSIy consumption
= 1,928 (Table 17, p. 65, above)
Kgo = Link relative T
= 1.11 (Table 17, p. 65, above)

ABG = Indigenous gross yield
= §8G - Fgg + Hgg + Jgg (Equation 52)

- Kan - 1 -
0.98 - 0.125° 8; - -
= 354 - 2 50k + 8928 + 1,928
0.98 - 0.125 ;:%;jj}ék
= 8,706 8,706 = 8,998

0.98 - 0. 012& 0.9676

= Kgg Arg (Equation 7) (Equation MO)

=1.]11 A?G

A?G = Indigenous gross yield in 1952
= 8,998 > 8,107 (balance value)*
1.11 "

N8G = Indigenous ngf yield
= Agg (BEquation 18)
=8 998 v

B8G = Dlstrlbutlon losses

= 0.02 N (Equation 23)
= (0.02) (8,998) = 180

C = Refinery product consumption
8G .
= 0 (BEquation 1k4)

¥ Balance values are those values that resulted from use of composite
equations and rounded values, arithmetical balances being forced in the
over-all series of postwar years.
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= Storage increment _

0.125 (A8G - A7G) (Equation 26)
(0.125) (8,998 - 8,107)

(0.125) (891) = 112 (balance value)

=
60
@

t

[

&
o

= Bgg + Egg - Fgg + Ggg + 1 + Jgg (Equation 6)
1@0 + 112 - 2,504 + 354 + 8,928 + 1,928
8,998 (Q.E.D.) »

11

= Indigenous gross yield of synthetic gasoline
89 (Table 19, p. 68, avove)

&
a

I

nt

Agg = Indigenous gross yield of natural gasoline
= 1,240 (Table 19, p. 68, avove)
1 Tt 1 s
Age = ABG.+ Ags + Agg (quaulon 16)
8,998 = Aggy + 89 + 1,240
AéG = Indigenous gross yield of crude oil refining gasoline

8,998 - 89 - 1,240 = 7,669

5. Outline of Numerical Calculations.

a. Definition of Literal Symbols.

(1) Crude 0il.
a = Indigenous product&on.
b = Handling losses.
¢ = Use as unrefined prdduct (residuzl and other).
d = Year-end storage reserve.
e = Storage increment.

f = Imports.

2
!

= Exports.

m = Crude oil refinery charge.
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(2) Eaeh Nongaseous Product

A

B

,)v. i

Gross yleld *

Dlstrlbutlon losses

LReflnery product consumptlon (re51dual and other).

Year-end stora,ge reserve

Storage 1ncrement

Imports.

Exports.

Civil consumption including C -- refinery product
consumption.

Military consumption.
Link relative.

Net yield.*

(3) Subsorigts.

G

i

Il

I

1

Gasoline.

Ligroine.

Kerosine andvequlvalert evd use prodoeus
Diesel fuel.

Lubricants.:

Residual and other products.

Total nongaseous products.

* A5 defined on p. 4, above.
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Any nongaseous product.

O
1l

av]
1l

Gasoline, kerosine category, or diesel fuel. .-

S = Any nongaseous product except R -- Residual
and other products.

W =\Any nongégeoﬁs product excépt kerosine category.

Lo
]

denotes correlated annual data for a given year.
r =0 for 1945; r = 1 for 1946; ... r = 9 for 195k.

;g; (4) Superscripts.*

! for crude-oil refining petroleum products.
" for synthetic-oil petroleum product.
‘" = for natural gas liquids. =

Il

il

(5) Other. Equations
Z = Crude oil refining gas and loss.
YrQ = (KrQ) (K(r-1)Q) (K(r-2)Q) ... (Koq) (1)
Y(r-1)Q = (K(r-1)Q) (X(r-2)q) -.- (Keq) = YrQ/KrQ (2)
YrQ - Y(r-1)Q = (Krq - 1) Y(r-1)q | - (3)

*' b. Data Given for Application.

apn.
., if r Z 1.
gp, if v & 1.
Kep, if r 2 2.
H.g, if T Z 2.

#* No superscript is used for total from all sources.
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JBQ'
Frq, where r:=1; 2,6, 7,78, .-

GfQ, where r = 6, 7, 8.

. t S ny-
Jr, = 0; Fp L =0; ArL
e FE RR e SRR EY] Cad =
A ;B = 0; Arﬁ'= 0; .

Ayp=0; AR = O....
A rq.

"t

_AI‘Q,'

Material Balances by Definitiéﬁ. '

Crude oil:

mr = ar - br - Cr - er + fr - 8r-

ep = dp - d(r.1)

Any nongaseous product:

ArQ :vBrQ + ErQ - FfQ + GrQ +‘HrQ + JrQ.

H

KrQ A(r—l)Q = YrQ AlQ

= Drq - D(r-1)Q

&3]
H
D

1

Total nongaseous products:

1" mny
App = Ar% + App + App + cp
Total crude oil refining nongaseous products:

? 1 1 4 1 i
App = ApG + Apl, + ApD + ApK + AR + ArB

=y - Zp

®

Eguations

0; ArL = AgL. . (1a)

(2a)

(32)

(%)
(5)

(6)
(7)

(8)

(9)

(10)

(11)
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Gross and net product yields;. _
o ; . ‘ (12)

Mg = Arg - Crq

"~ d. Material Bélances by Assumption. -. . h
T 5 )
Cpg =0 . o aw
Ars = A;S + Ar% + A;é‘ ' (16)
NyR = ArR - CrR 1A» - (17)
Nps = Ars i »e (18)

e. Estimating Factors Assumed.

bp = 0.0k &, | | (19)
cp = 0.01 an _ | (20)
ay - 0.125 8, .. (21)
er = 0.125 far - a(. 1)/ (22)
Brq = 0.02 Npg . .~ . (23)
Cpp = 0.03 mp = CrR ) (24)
Dpq = 0.125 Apq, if r 21, ~ (25)
B.q = 0.125 [Aq - A(po1)q/, if ¥ 22 , (26)
Dow = 0.025 Ay, (27)
Eiy = 0.1Ay (28)




“Eyg = 0.025 Ay . (30)
Zr =0.09 mp, if r 27 : ' o (31)

o2y =0102m, if r 28 L ) (32)
f. Formulations.¥
- (1) Gasoline, Kerosine Category, Diesel Fuel.
Arp = YppA1p (from Equation 7) ' - (33)
A(r—l)P = Y(r_1)p Ap (from Equation 7) . (34)
Arp = A(ro1)p = (Yp - (v 4)p) Ap
= (Krp - 1) Y(r_1)pA1p (from Equation 3) (35)
Exp = 0.125 (App - A(r_1)p) (from Equation 26)
= 0.125 (Kyp - 1) Y(r_1)pAyp (36)

Bp = 0.02 Ap = 0.02 Y pAp (fr§m3§?uations'l8; 23, (37)
an T

From Equations 2, 6, 33, 36, and 37:
YypA1p = Brp + Exp - Frp + Gpp + Hep + Jpp
[0.02 Y p +0.125 (Kp - 1) Y(r-1)p/ Aip - Frp
+ Cpp + Hop + Jyp .
[Yrp - 0.02 Ypp - 0.125 (Kqp - 1) Y(r~l)PL7 Ap
[0.98 ¥xp Y(r-1)p - 0.125 (Kep - 1) Y(r-1)p.7 Aip,

(0.125 + 0.855 K,.p) Y(,._1)p Ayp,

i

ArP

H

H

1

= Gyrp - Frp + Hep + Jpp

¥ r 2 2, except as otherwise noted.

—Ql;__
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(2)

(3)
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App = Gyp - Frp + Hyp + Jrp S (38)
(0.125 + 0.855 KyP) Y(r-1) P A

From Equations 7 and 38:

AlP - G8 s FBP + HBP + J8P : (39)
(o 125 + 0.855 Kgp) (K- pKepKs Kl pK3pKop)
KrpA(r-1)P : (ko)

Arp

Ligroine.
From Equations la, 18, 23, and 28:

Ay,

BI‘L + EI‘L + Hpp, -

i

0.02 Aqp, + 0.125 (Arp, - A(r-1)L) + HrL

o.855 Ay = H., - O. 125A(r 1)L

App, = Hyg, - 0-125A( l) (1)
0 855

0.88Ap = Hpp,

Aqp, = Hyp, , - _ (42)
0.88 ‘
Iubricants.
\ Assumption:
Ap = A(r-1)B . , o (83)
my m(r-1) ’
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From Equatlons 6 18 23, 26 _and h3 ,
.E.g = 0. 125 (ArB - A(r 1)B)

= 0.125 (ArB - ArB” gr 1))
0 125 (f'“‘ mfr 12 ArB R ) o (ﬁh)

Ayg = Bpp + Epp - Frp + GrB + HrB + JrB

_OO2ATB+0125 - nm B-FB+G
My, . :3

-+ Hopg +J.3

CB = Frp * Frp * Irp = { 09 - 0.125 Tz_:_Eiz_;l/

A.pg = GrB - Frp + HI.B'-i-”JrB-_—-r o (l‘S)
0.855 m,. + 0.125 ‘m(p) SR

Agp = [ Ggp - Fgp + Hap + J8B7 m8 (46)
) 0855m8+0125mL] . ‘
Ag = A(r—l)er - (47)
"(r-1) ,
Ar-1)8 = Ar(r-1) S (48)
r

() Residual and Other Products.

From Equations 10, 11, and 15:

A =mp - Mg - App - Ap - S S AR+ or (49)
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(5)

(6)

e

Summary of Formuiations.
From Equatién; L, 19, 20,-and 20:
my, by, cyp, er;
Given: a8y, fy, &r
Ffom Equations 39 andlhO:
A1G, MK, AID, ArGs Ark, Arp;
Given: Fgp, Ggp, Hgp, Jgps Kop
From Equations 41 and L2

Arr, Aprs ,
\ “« «
Given: Hpy, '
From Equations 46, 47, and 43:

A A A ;
8’ “rB ¥ “(r-1)B’

Given: 'F8B’ G8B’ HSB’ J8B
From Equations 15, 31, 32, and k9:
1
ARy ARy 2p
Given: »A;R
From Equations 2a, 3a, and 106; check 10 and 11:
Args Arns Arks Arps AvBs
11"t

Given: Ayg, ApS

Gasoline, Kerosine Category, Dizsel Fuel (Alternate

Formulations).
P

From Equations 6, 7, and 26:

Ap= Kop A(r—l)P
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A - .
A(r—l)P = K!il:‘ e I e - (50.)'

‘-

rP " A(r—i?P = Kr}z; l_ (Arp) o
Bp=0.02A, '; - o 37)

= Byp + Epp - Fop + Gpp + Hpp + Irp

&

" K -1 U
0.02 + _rp AI‘P - FI‘P + GI‘P + HrP + JI‘P
Krp :

0.98 - Kpp -~ 1 App = Cpp - Frp + Hop + Jop

Krp at

Ap = Grp - Frp + Hep 4 Jpp ' » (51)

. o
0.98 - 0.125 Krp L

KrP

. F
Ap=sp " Tep *Map " gp (52)

K
0.98 - 0.125 8

r<8P

!
O
[@¢]
1
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APPENDIX C

WORLD STATUS OF THE USSR IN THE OUTPUT OF PETROLEUM PRODUCTS

Significant results may be developed by comparing derived Soviet

"data with corresponding data for certain other areas. With respect

to petroleum product yields and yield potentials, comparisons with
similar data for the European Satellites, Western Europe, and the US
are useful.

Petroleum product yields in the European Satellites are covered
in a report now being prepared. 167/ Annual petroleum product yields
in Western Europe for selected years from 1938 through 1953 are shown
in Table 32.%¥ Corresponding Soviet data are shown in Tables 6 and
7,%*% and corresponding US data are shown in Tables 8 and 9.%¥¥* The
manufacture and consumption of petroleum products are similar in the
USSR and in the US: most of the indigenous petroleum product yields
are derived by crude oil refining; most of the indigenously derived
products are indigenously consumed; and most indigenous product con-
sumption is restricted to indigenously derived products. In Western
Europe, however, net petroleum product imports and indigenously
derived synthetic petroleum products are relatively important.

Although this report is not primarily concerned with the principal
petroleum product yield potentials which relate to the source material
potentials and installed processing facilities, installed processing
facilities are generally involved in the estimates of the actual product
yields. Therefore, a tentative summary of crude oil refining capacities
in the Free World and the Sino-Soviet Bloc in 1953 is shown in Table 33.%%¥%¥
The footnotes to the table indicate that the available information on the
refining facilities of the Sino-Soviet Bloc is at present incomplete and
preliminary, but the estimates are realistic enough for generalized
use in an analysis. . :

¥ Tavble 32 follows on p. 120. .

*%¥ Pp. 27 and 29, respectively, above.
*¥%X¥%¥  Pp. 32 and 3&, respectively, above.
£X%¥%  Table 33 follows on p. 121.
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Table 32
Yields of Petroleum Products in Western Europe m\
. Selected Years, kum mw

1938 : 1946 _ 1950 1953
Yield b/ Yield b/ Yield ¢of . Yield
(Thousand Percent (Thousand Percent (Thousand Percent (Thousand Percent ¢/
Type of Product Metric eoﬂlw of Total Metric Tons) of Total Metric Tons) of Total Metric Tons) of Total
Gasoline . 5,462 . 37.3 2,743 35.4 . 7,861 22.5 19,280 25.0
Kerosine category 862 5.9 450 5.8 937 2.7 3,045 4.0
Gas oil products 1,717 11.7 1,113 b 7,418 21.2 16,141 20.9
_ Lubriceting oils 637 4.3 451 5.8 1,388 4.0 1,3k0 1.7
,Residual fuel oil 4177 28.5 . 2,000 25.8 14,631 4.8 33,153 43.0
_Other products 1,808 12.3 - 993 12.8 2,739 7.8 4,181 5.k
_ .
Total products 14,663 ~100.0 7,7h1 100.0 34,97k 100.0 77,140 100.0

“‘a. With some minor exceptions dﬁmmm %Hmwﬂm are those in countries which are in OEEC as of 1955. .WEo@cOd yield figures refer to
indigenous gross product yields.

‘. Estimates published in a mdm&»mavomp handbook . wmm\ For volume-to-welght conversion factors, see Table 16, p. 62, above.

c. Extracted from an unpublished report based on officisl statistics. 169/
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Table 33
Installed Annual Crude Oil Refining Capacities in the Free World and the Sino-Soviet Bloc a/*
1953
Thousand Zmﬁn.ua\“uonm
Free World W\ Sino-Soviet Bloc .n\

Communist China
mw.\ ..\ European and the -
Type of Facilities Us Other USSR Satellites Asiatic Satellites Total

- Low pressure distillation M\

" Crude o0il (atmospheric) distillation 364,170 g/ 289,050 - 51,530 11,795 64,005 717,225
. -Vacuum distillation 45,718 b/

Total 409,838
Thermal cracking and reforming M\

Cracking 103,828 i/ 154,667
Reforming . . 15,425 3/ 32,548

Total 119,253 187,215 203,395
Catalytic cracking and reforming £/

Cracking 125,799 25,09k 150,393 152,538
Reforming 12,085 1,397 13,482 : 13,482

Total 137,884 x/ 26,191 164,375 166,020

Total cracking and reforming f/

- Cracking 229,627 75,933 305,560
Reforming 27,510 18,520 46,030

Total 257,137 . 9k, h53 1,5 . ; 369,415

* Footnotes for Table 33 follow on p. 122.




Installed Anmual Crude 0il Refining Capacities in the Free World and the Sino-Soviet Bloc

Table 33

8/

1953
(Continued)
Thousand Metric Tons
Free World W\ Sino-Soviet Bloc M\
- Communist China
Europcan and the World
Type of Facilities us m\ Other e/ Total USSR Satellites Asiatic Satellites Total Total
Atmospheric distillation, cracking,
and reforming f/
Noncatalytic facilities 483,423 357,012 840,435 65,200 14,255 730 20,185 920,620
Catalytic cracking and reforming 137,884 26,491 164,375 1,6L5 0 0 1,645 166,020
Total 621,307  9383,503 1,004,810 66,845 14,255 730 81,830 1,086,640
Alkylation and polymerization 1/ :
Thermal 543 m/ 0 0 0 0
Catalytic 3,213 n/ (180) of 0 0 (180) of
“Alkylation 991 90 0 0 90
Polymerization 1,036 90 0 o] 90
Total 3,756 2,027 5,783 180 0 o 180 5,963
a. Separate or total data are not available where spaces remain blank. The facllity capacities are quantified on the basis of general availability
in 1953.
b. Reported statistics.
¢. Estimated. 170/ These estimates are tentative and incomplete. 171/ .
d. Extracted from an unpublished analysis based on source 172/ and a trade-journal survey (source 173/).
e. Extracted from an unpublished analysis based on source LT4/.
f. Charge capacities.
g. 349 refineries represented.
h. 90 refineries represented.
. - 122 -
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Table 33
Installed Annual Crude 0il Refining Capacities in the Free World and the Sino-Soviet Bloc a/
1953
(Continued)
i. 24k refineries represented.
J. 64 refineries represented.
k. Details of the US catalytic refining facilities:
Capacity
Separate Refineries Represented bﬂ:ocmmsn Metric Tons)
Fixed-bed catalytic cracking
Houdry 8 7,117
Cycloversion 3 619
Total 7,736
Circulating-bed catalytic cracking
Fluid . 89 87,508
. Thermofor - 3 . . 25,381
Houdriflow 8 5, 17h
. Total : 118,063
Fixed-bed, catalytic reforming
Cycloversion (modified cracking) 1 550
Platforming 29 6,663
Houdriforming (modified platforming) 2 773
Catforming (modified platforming) 5 622
Hydroforming 2 w7
Houdry dehydrogenation (modified hydroforming) L 2,179
Total 11 rmr
- 123 -
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Table 33

Installed Annual Crude Oil Refining Capacities in the Free World and the Sino-Soviet Bloc m\

1953
(Continued)

Capacity
Separate Refineries Represented (Thousand Metric Tons)
Circulating-bed catalytic hydroforming reforming
Fluid 1 82
Thermofor 1 509 |
Total 221

1. Production capacities.
m. 19 refineries represented.
n. 112 refineries represented. ¢

o. The alkylation and polymerization facilities are indicsted as catalytic only.
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APPENDIX D

GAPS IN INTELLIGENCE

An over-all gap in intelligence exists with respect to petroleum
product yields in the USSR. This gap is the result of the lack of
any firm statistics which relate to the yields obtained since 1936.
The 1937 yields, moreover, are the latest that may be estimated by
extrapolation and still have indirect confirmation of a realistic
type in available Soviet source data.

Although it may be possible to extend the extrapolated yields
estimates through 1938 with some degree of certainty, and although
the captured 1941 State Plan may be used as a base for estimates of
the later yields through 1940 with gome sort of logic, the gap in
intelligence is nearly complete for the subsequent period. The gap
is complete for yields obtained from the end of 1941 to the end of
World War II. In the series of link relatives published for the
postwar period, some of the link relatives are missing and others
are subject to interpretation at variance with the conclusions of
this report.

For the postwar yields there are major specific intelligence gaps
which 1limit the over-all applications of the methodology of this report.

The major specific intelligence gaps refer to the following data for
which there are no values or realistic estimates available.

1. ©Soviet yields of gasoline, kerosine, and diesel fuel in 1945,

2. Soviet postwar civil consumption in the category of residuals
and other products.

3. Soviet postwar civil consumption of lubricants -- this report
makes tentative use of certain estimates which are available,

. Soviet postwar military consumption of petroleum products --
estimates of such consumption are available for 1953 only.
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5. Soviet postwar imports and exports of petroleum products --
estimates of these trade data are available as follows: imports,
1946-47T; imports and exports, 1951-53.

Specific minor intelligence gaps also exist with respect to the
methodology of this report. The minor gaps refer to the present
lack of adequate intelligence directly relating to the following data:
1. Use of unrefined crude oil as a product.
2., Crude o0il handling loss.
3. Crude oil storage increment.
4, Crude oil refining gas agg loss.

5. Distribution losses in petroleum products.,

6. Storage increments for the petroleum products.

7. Consumption of nongaseous petroleum products in processing
operations. ’
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SOURCE REFERENCES

Evaluations, following the classification entry and designated
"Eval.," have the following significance:

Source of Information Information

- Confirmed by other sources
- Probably true

- Possibly true

Doubtful B

- Probably false

- Cannot be Jjudged

Doc. - Documentary

-~ Completely reliable
Usvally reliable

- Fairly reliable

Not usually relisble
Not reliable

Cannot be Judged

OV W O -
1

HEO QWX

1

"Documentary" refers to original documents of foreign governments
and. organizations; copies of translations of such documents by a staff
officer; or information extracted from such documents by a staff
officer, all of which may carry the field "Documentary."

Evaluations not otherwise designated are those appearing on the
cited document; those designated "RR" are by the author of this
report. No "RR" evaluation is given when the author agrees with the
evaluation on the cited document.

1. CIA. CIA/RR RA (ORR Project 25.470), Petroleum Terminology,
31 May 55, p. 16-17. C.

Ibid., p. 2k. C.

Thid., p. 21-2k. C.

Ibid., p. 7-8. C.

Ibid., p. 28. C.

Ibid., p. 25, 28. C.

-
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13.
1k,

15.

164

i7.

18.

i

19.

20."

21.

5.

23,

Tbid., p. 8-9. C.

Ibid., p. 10. C.

Ivid., p. 10-11. C.

CIA. CIA/RR RA (ORR Project 25 192), Production of Natural
Gas and Natural-Gas Liquids in the USSR, 28 May Sk, p. 1, 2,
and 6-9. S/

USSR, State Planning Commission. Socialist Construction
in the USSR: Statistical Abstract, Moscow, Soyuzorgouchet,
1941, p. 138. U. Eval. Doc. Thereafter referred to as USSR,
State Planning Commission. Socialist Construction)

1bid.

Nekrasov, N. Planovoye khozyaystvo, no 1, 1938. U.

Eval. RR 1. :

Nekrasov, op. cit. (12, avove). .

USSR, State Planning Commission. Socialist Construction
(11 above), p. 138, 140.- U. Eyal. Doc.

Air, AFOIN. 1A1-102-5h, 2 Feb 54, Survey of World and Soviet
Petroleum Industry in 1930. U. Eval. RR 1.

‘Nekrasov, op. cit. (12, above).

Air, AFOIN. 1A1-302- Sh AF 637134, 22 Sep 54, Preparation
of Fuel for the 1937 Sowing Campaign, p. 6-10. U. Eval. RR 2.
(tr of L.M, Muratov. Neftyanoye khozyaystvo, no 3, 1937. U)
RAND Corporation. RM-804, A Dollar Index of Soviet Petroleum
Output, by A. Gerschenkron and N. Nimitz, 4 Apr 52, p. 4-6

- and 8-9, info 1927-28 to 1937. U. Eval. RR 1.

Air. The Output of Refined Petroleum Products in the USSR
(EIC Working Paper), Jul 52, p. 29. S. Eval. RR 1 for data
before 1946 and RR 4 for subsequent data.

RAND Corporation. RM-804 (18, above).

Ibid.,

USSR, State Planning Commission. Socialist Construction
(11, avove), p. 138, 140. U. Eval. Doc.

Nekrasov, op. cit. (12 above).

Air, AFOIN. 1A1-302- 5h (17, above).

CI?. ~Ta/RR RA (ORR Project 25.192) (10, above), p. 3.

S/t .

Air. The Output of Refined Petroleum Products in the USSR
(19, avove), p. 26. S. Eval. RR 1 for data before 1946
and RR 4 for subsequent data.

Nekrasov, op. cit. (12, above).

Lisichkin, S. Pravda, 17 Dec 40. U. Eval. RR 2,

Air. AF-256-723, "Specifications for Soviet Petroleum
Bases," 20 Dec 50. C. Eval. RR 2, (tr from I.L. Chernyak.

Neftebazy Zfétroleum,Base_7 Moscow, 1947. U)
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35+ Neftyanoye khozyaystvo, no 1, 1939. U.: Eval. RR 6.
36. Ibid., no 2, 1948, U. Eval. Doc. St
37. Tbid.
Pravda, 18 Jan 48. U. Eval. Doc.
CIA. FBIS Daily Report (USSR and Eastern Europe), 18 Jan L8,
U/OFF USE, Eval. Doc.

38. Pravda Ukrainy, 20 Jan 49. U. Eval. Doc.

Joint Committee on Slavic Studies. Current D;gest of the
Soviet Press, vol 1, no 4, 2 Feb 48. U. Eval Doc.
39. Pravda 18 Jan 50. U, Eval Doc.
Joint | Commlttee on Slavic Studies. Current Dlgest of the
Soviet Press, vol 2, no 4, 13 Mar 50. U. Eval Doc.
4L0. 1Izvestiya, 27 Jan 51. U. Eval. Doc. v
Joint Committee on Slavic Studies. Current Dlgest of the
Soviet Press, vol 3, no 3, 3 Mar 51. U. Eval. Doc.
41. Izvestiya, 29 Jan 52. U. Eval. Doc. IR,
State, Moscow, Joint Press Reading Service. “MOscow'Dailz
Press Review, no 29, sec®B, 29 Jan 52. . U. ;Eval Doc.
42. Pravda, 23 Jan 53. U. Eval Doc. S
State, Moscow, Joint Press Reading Serv1ce. jNoscow Dallx
Press Review, no 32, sec B, 23 Jan 53." U. "Eval..Doc.

43. Planovoye khozyaystvo, no l, 1954, U. Eval. Doc,f.

State, Moscow, Joint Press Reading Service. - MoscoW Daily
Press Review, no 35, sec B, 4 Feb 54. U, Eval Doc.

Wk, TIzvestiya, 21 Jan 55. U. Eval Doc. :
: Joint Committee on Slavic Studies. Current Dlgest of the
ST ‘ Soviet Press, vol 7, no 2, 23 Feb 55. U. Eval., Doc.

45. CIA. CIA/RR PR-17 (I-D), Survey of Possibilities and
Potentials in Future Petroleum Refining in the USSR
22 Sep 52, p. 145-148, 170, 202-203. S.
46. CIA. CIA/RR RA (ORR Progect 25.186), Civil Consumptlon
of Petroleum Prodnets in the USSR, 1945-55, 27 Sep 5k,
p. 3.
W7, Air. The Output of Refined Petroleum Products in the USSR
(19, above), p. 29, 33-3k. S. Eval. RR 1 for data before
1946 and RR 4 for subsequent data. o
48. CIA. CIA/RR (ORR Project 25.186) (46, above).
49. Air. The Output of Refined Petroleum Products in the USSR
(19, above), p. 34%. S. Eval. RR 1 for data before 19&6_
and RR 4 for subsequent data. .
50. CIA. CIA/RR PR-17 (I-D) (L5. avove), p. 202 203 as.
51.. CIA. SO, 17 Sep 51. € Eval. RR L. L
52. CIA. CIA/RR RA (ORR Project 25.186) (46, above).
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53.
5L,

55.
56.

57

58.
59.

60.

T1.
T2.

73.
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CTA/RR RA (ORR Project 25.192) (10, above), p. k.

CIA/RR IP-373, The Economy of Communist China through
Five Year Plan, 5 Nov 54. S.
CI@ CIA/RR IP-385, Soviet Capabilities and Probable Soviet
Cqurses of Action, 1954-60, 7 Mar 55. S.
¢ CIA/RR IP-373 (54, above).
.. CIA/RR PR-119, Soviet Bloc Expr=*- ~¢ Petroleum to the
t, 1950-54, 29 Jul 55, p. 5. Sy
- Ships That Have Called at Albania, Rpts 1-23 in response
tdCIA request no 6279.2. S. Eval. RR 2.
te, Vienna. Rpt 11, encl 1, 31 Jan 49. R. Eval. RR 2.
te, Vienna. Rpt 1076 9 Apr 51. U. Eval. RR 2.
. CIA/RR IP-385 (55, above).
CIA/RR RA (ORR Project 25.192) (10, above), p. k.

US%R Kmbassy, Washington. "Oil Yorkers Fulfill Five Year
Pfan Ahead of Schedule," by N. Baibakov, Information
B lletln, 12 Jan 51. U. Eval. Doc.
CI&. CIA/RR PR-17 (I-C), Refining of Petroleum in the USSR,
2% Jun 52, p. 21-23, 31, 56-57. S.
Ibf;@u p. 6- 7) 12- 23) 27 35) )‘*9 53) 57~ 59) 67 71 annex, p. 14-10,
3-33. S.

St{lth, op. cit. (35, above).

. CIA/RR PR-17 (I-D) (L5, above).

* AFOIN 1A1-100-55, 3 Jan 55, Current Soviet Petroleum
Rgfining Methods, C. Eval. RR 2.
CIE. CIA/RR RA (ORR Project 25.195). Petrnleum Refineries in
the Soviet Bloc, Sep 54, p. k. S/t

CIf. CIA/RR PR-17 (I-D) (45, avove).

CIf. CIA/RR RA (ORR Project 25.186) (46, above).

CI%. FDD U-53L49, 23 Dec 53. U/OFF USE. Eval. RR 3. (tr from
'ZH ekonomiyu topliva, no 11, 1949. U)

Zakekonomiyu topliva, no 1, 1951. U. Eval. RR 3.

Stfuth, op. cit. (32, above)

Inéerior, US Bureau of Mines. Minerals Yearbook, 1950

(ﬂnd preprints of chapters on petroleum for later years)

U% Eval. RR 1.




Th.
75.

76.

7.
78.

9.

80.
81.

82.
83.

85.
86.

87.
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American Petroleum Institute. Petroleum Facts and Figures,
no 9, 1950. U. Eval. RR 1.

ibid., no 10, 1952. U. Eval. RR 1.

Tbid., no 11, 1954. U. Eval. RR 1.

American -Petroleum Institute and American Natural Gas _
Association. Proved Reserves of Crude Qil, Natural Gas ‘i -
Liquids, and Natural Gas, vol 1, 31 Dec 46, vol 9, 31 Dec Sh.
U. Eval. RR 2. A

CIA. CIA/RR RA (ORR Project 25 170 (1 ahove). n. 10-20.5 C.

rcig. CTA/RR RA (ORR Project 25.192) (10, above), p. 5.

S, S
CIA. CIA/RR RA (ORR Project 25.470) (1, above), p. 7-9. C.
CIA. CIA/RR RA (ORR Project 25.194), Statistical Analysis
of Petroleum Production in thi Soviet Bloc, 2l Jan 59,
p. 7. ¢ ' :
RAND Corporation. RM-804 (18, above). g
USSR, State Planning Commission. Socialist Construction -
(11, avove), p. 138, 140. U. Eval. Doc. :
Struth, op. cit. (32, above). e
NIS 26, USSR, Supplement V, "Petroleum," Oct 52, p. 6-6. " §.
RAND Corporation. RM-80L4 (18, above). N
USSR, State Planning Commission. Socialist Construction
(11, avove), p. 138, 140. U. Eval. Doc. ;-
USSR, State Planning Commission. The Second Five Year “Plan
(23, above). 4 o
USSR, State Planning Commission. Socialist Construction !
(11, above), p. 140. U. Eval. Doc. L
CIA. CI2/RR RA (ORR Project 25.192) (10, above), p. 3.
S/u . ,
RAND Corporation. RM-804 (18, avove).
USSR, State Planning Commission. Socialist Construction
(11, above), p. 138, 140. U. Eval. Doc.
CIA. CIA/RR RA (ORR Project 25.192) (10, above), p. 3.

c

RAND Corporation. RM-804 (18, above).

USSR, State Planning Commission. Socialist Construction
(11, above), p. 138, 1L0. U. Eval. Doc.

CIA. CTA/RR RA (ORR Project 25.192) (10, above), p. 3.

c
[

RAND Corporation: RM-804 (18, above). .
USSR, State Planning Commission. Socialist Constructio
(11, avove), p. 138, 140. U. Eval. Doc.
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91.
92.
93.

k.

95.
96.

98.

99.

100.

101.
102.
103.

10k,
105.
106.
107.
108.
109.

110.
111,
112.

CIA.
s/

RAND Corpuration. RM 80h (18, above)

RAND Corporation.  RM-80k (18, above).

Air. The Output of Refined Petroleum Produ?ts in the USSR
(19, above), p. 26, S. Eval. RR 1 for datg before 1946
and RR 4 for subsequenf data. £

hfadnaf 4 J gt

Air, AFOIN. 1A1-102-5k (15, above) i

USSR, State Plannlng Commission. Soc1allsthoneruct10n
(11 above), p. 141-142, U. Eval. Doc. E

Air, AFOIN. 1A1-102-54 (15, above).

Nekrasov, op. cit. (12, above). -

Air. The Output of Refined Petroleum Produgts in the USSR
(19, above). g

Air, AFOIN. 1Al1- 30° .5k (17, above). i

Air. -The Output of Refined Petsoleum Produfits in the USSR
(19, avove), p. 29, 34. S. Eval. RR 1 fof data before
1946 and RR 4 for subsequent data.

Kozhevnikov, A.V. GIZ Nauchnaya Literaturag: Tartu,
Estonia; vols 1, 2, and 3, 1947. U. Evall RR 2.

Krumin, P. Rev1ew of the Estonian 0il Shalf
with a Brief Account of Oil Shale Developngnt in the
United States, Ohio State University Stud1is, Englneerlng
Series, vol 18 no 6, Nov 49. U. Eval. RR (hereafter

referred to as Rev1ew) :

Krumin, P. "The 0il Shale Industry of Estiéla," The
Economist, Riga, latvia, no 8, 1940. U. Eval. RR 2.
Krumin, P. Review (100, above) B
CIA. CIA/RR RA (ORR Project 25.470) (1, atpve), p. 31-45. C.

Air. AF-256-723 (22, above). i
pir, AFOIN. 1A1-29-52, AF 526333 (22, abovg

USSR. Voprosy (22, above) B

Air, AFOIN. 1A1-29-52, AF 526333 (22, abowg
CIA. CIA/RR RA (ORR Project 25. 186) (46,
Ivid.

Ibid.

Ibid. .

CIA. ORR Project 10.400 (EIC-P-6), Econom
the Soviet Bloc to Support a General War uder Certain
Assumptions. (to be published). S. 8

CTA. CIA/RR IP-385+(55, above).

NIS 26 (80, ahove)."

Navy . Shlps That Have Called at Albania, ~ats 1-23 in
response to CIA request no 6279.2. S. .l. RR 2.
State, Vienna. Rpt.1l, encl 1, 31 Jan L9, B
State, Vienna. Rpt 1076 9 Apr 51. U.
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113. CIA. CIA/RR 1P-373 (54, above).
114. Ibid.

CIA. CIA/RR PR-119 (56, ‘above).
115.

b p i 8 e

116. Ibid., p. 9, 27{. S. Eval. RR 2. _ 3
117. Air. AIS 3-3, AF 611369, 29 Jan Sk, Production of L
Fuels from Coal in the USSR, p. 21-68. S. Eval. RE.

CIA. CIA/RR RA (ORR Project 25.195) (70, above), p.§

C : R

(w3

118.

Kutt, A. The Estonian 0il Shale Industry, unpublishgd

Committee for a Free Estonia. U. Eval. RR 3. g

CIA. CS, Feb-Mar 52. C. Eval. RR L. 3

119. Air. AIS 3-3 (117, above), p. 1, 62, 63. S. Eval.fRR 2.

120. Army, Quartermaster General, Fuel and Lubricants Divgsion.
Petroleum Facilities of Okrfhany, Mar 45, p. 153-15L4§

Eval. RR 2. ’ b

121. Gt Brit, BIOS. Over-all Rpt no 1, 1947, Report on tke

Petroleum and Synthetic:Oil Industry of Germany, p.§2.

Eval. RR 2. -

122. Air. AIS 3-3 (117, above), p. 1, 11, 62, 63. S. Efal. RR 2.

CIA. CIA/RR RA (ORR Project 25.195) (70, abdove), p. 7.

S, ¥
123. Sovetskaya estoniya, 30 Jan 51. U. Eval. Doc. &
124. TIbid., 15 Jan 50. U. Eval. Doc.

)
125. Ibid., 26 Jan 49. U. Eval. Doc.
126. Tbid., 16 Jan 48. U. Eval. Doc.
127. Ibid., 18 Dec 46. U. .Eval. Doc.
128. TIbid.
129. Kutt, op. cit. (118, above).
130. JTbid.
131. Ibid.
132. TIbid.

133. Sovetskaya Estoniya, 18 Apr 51. U. Eval. Doc.
134. Kozhevnikov, op. cit. (99, above).

135. Kutt, op. cit. (118, above).

136. Ibid.

137. Toid.

138. CIA. COTA/RR RA (ORR Project 25.192) (10, above), p.Lh.
S




162.
163.
164,

165.
166.

167.

168.
169.

170.

171.
172.

173.
17k

Air, AFOIN. 1A1-184-53, AF 559392, Jun 53. R. Eval. RR 3.
(tr of Neft', no 2, 1938. U)
CIA. FDD U-2199, 23 Jul 52. R. Eval. RR 3.
CIA. FDD U-2199 (162, avove).
Interior, Petroleum Administration for Defense. Transportation
of 0il, Dec 51, p. 58-60. U. Eval. RR 1.
CIA. CIA/RR RA (ORR Project 25.186)¢ (L6, above).
CIA. cTa/R® RA (ORR Project 25.192) (10, above), p. k.
S, S
CIA. ORR Project 25.675, Output of Refined Petroleum
Products in the European Satellites and Communist China
(to be published). S/1
Struth, op. cit. (32, above).
OEEC, 0il Committee Secretariat. DI/E/PE/54.285, 10 Dec 5k,
info Jan-Jun 54, R. Eval. Doc. o
Ibid., DT/E/PE/54.177, 20 Jul 54, info 1953. R. Eval. Doc.
Ibid., DT/E/PE/53.172, 25FJul 53, info 1952. R. Eval. Doc.
Ibid., DT/E/PE/53.168, 21 Jul 53, info Jul-Dec 52. R.
Eval. Doc.
Ibid., DT/E/PE/53.167, 18 Jul 53, info Jan-Jun 52. R.
Eval. Doc.
Ibid., DT/E/PE/52.141, 17 Jun 52, info 1951. R. Eval. Doc.
Ibid., DT/E/PE/52.94, 25 Apr 52, info Jul-Dec 51. R.
Eval. Doc.
Ibid., DT/E/PE/51.288, 3 Oct 51, info Jan-Jun 51. R.
Eval. Doc. .
Ibid., DT/E/PE/51.136, 28 Apr 51, info Jul-Dec 50. R,
Eval. Doc.
Ibid., DT/E/PE/312, 9 Nov 50, info Jan-Jun 50. R. Eval. Doc.
Ibid., DT/E/PE/162, 24 May 50, info 1949, U. Eval. Doc.
CIA. CIA/RR RA (ORR Project 25.195) (70, above), p. 4-5
and 8-13. S, :
CIA. CIA/RR PR-1¥ (I-C) (61, above).
Interior, US Bureau of Mines. 'Petroleum Refineries,
including Cracking Plants, in the United States,
1 January 1953," by J.G. Kirby, US Bureau of Mines
Information Circular, no 7667, 1953. U. Eval. RR 1.
"Report on United States Operating Refineries," 011 and Gas
Journal, vol 51, no 46, 23 Mar 53, p. 312-330. U. Eval. RR 1.
Interior, Petroleum Administration for Defense. Summary Report

_of 1953 Survey of Foreign Refining Capacities, 31 Aug 53.

C., Eval. RR 2.
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