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ENERGY, FUELS AND RELATED EQUIPMENT

GAS INDUSTRY COMPETITION WINNERS EXCHANGE EXPERTENCE
Moscow GAZOVAYA PROMYSHLENNOST! in RuésianvNo 5y May 77 pp 2=5

[Article by A. I. Tsegel'skiy of Mingazprom [Ministry of Gas Industry]s
"A Conference of Advanced Production Workers"; passages enclosed in
slantlines printed in boldface]

[Excerpts] The Ministry of Gas Industry marked the beginning of the Tenth
Five~-Year Plan with a good start. The plan and the socialist commitments
which the industry's collectives adopted for the first year of the five-
year plan and for the first quarter of 1977 were carried out successfully.

In March 1977 an All~Union Conference of Advanced Gas-Industry Production
Workers—winners in socialist competition-—-met in Moscow. The tasks of
the conference were to demonstrate the achievements of advanced production
workers, to exchange experience in the wide dissemination of advanced ini-
tiatives, to = improve  the organization of socialist competition and to
achieve the best possible indices.

Workers, brigade leaders, production-section managers and responsible Min—
istry of Gas Industry workers introduced in their speeches concrete sugges—
tions for raising production effectiveness and quality, improving the
organization of socialist competion and exchanging advanced experience.

Chief of the Administration for the Organization of Work, Wages and Worker
Personnel V. N. Nekhayev, Deputy Chief of the Administration for the Recov—
ery of Gas and Gas Condensate G. M. Vasyayev, Deputy Chief of the VPO [All-
Union Production Association] Soyuztranspodzemgaz V. G. Kurchenkov, and
Deputy Chief of the Administration for the Drilling of Gas and Gas~Conden-
sate Wells V. A. Nurshanov emphasized that, in order to raise production
effectiveness and work quality, collectives should aim their efforts to-
wards

/In the recovery of gas and gas condensate/—the introduction of progres-
sive technical equipment for recovery, the achievement of maximum growth
in the recovery of gas and gas condensate throughout the regions which are
being developed and the maintenance of a stable recovery level in other




regions, a reduction in the inventory of inactive wells and a rise in the
coefficient of their operation, a rise in the quality of the treatment of
gas for long-distance transport, and the introduction of an OST [All-Union
Standard] for gas;

/In the treatment of gas/L—an increase in the amount of gas treated, a
rise in the extraction of target products ~and an improvement in the quali-
ty of the product produced;

/In the transport of gas/L—a rise in the operating effectiveness and relia-
bility of arterial gas pipeline systems, an uninterrupted supply of gas
for the national economy, and a reduction in gas losses and in the labor
intensiveness of operations;

/In drilling and in geological exploration/-—a sharp reduction in construc-—
tion time, the turnover of wells from the drilling activity ahead of sched-
ule, a reduction in losses and in nonproductive-time expenditure, an in-
crease in drilling speeds, and fulfillment of the plan for an increase in
~industrial gas reserves;

/Tn machine building/—" rise in the utilization level of production capaci-
ty, a reduction in the metal intensiveness and labor intensiveness of artic-
les, a rise in output quality, an increase in consumer-goods output, and
regularity of the work pace;

/In construction/—the turnover of facilities on time or ahead of time with
high quality indicators, and a rise in the industrialization level of con-
struction work; and

/In scientific research and planning/—an increase in the economic effec—
tiveness of scientific deevelopments, a shortening of the "research and
production" cycle, improvement of design and estimating documentation, and
a reduction in the budgeted costs of construction.

The actual means for developing workers! initiatives and for finding and
using production reserves, thereby fulfilling or overfulfilling state
plans, were and still remain socialist competition and the movement on be~-
half of communist labor.

- As Comrade L. I. Brezhnev noted in a speech to the 16th Congress of Trade
Unions of the USSR, "Competition today is inseparable from the scientific
and technical revolution. Tt is being concentrated increasingly around
the problems of effectiveness and quality. It has been aimed at achieving
the best final national economic results. It is linked most intimately
with counterplans, under which the initiative and selfless labor of mil-
lions have been expressed so brightly.

"Not only advanced workers and winners are revealed during the competition
but also the laggards. Competition will thereby help to focus efforts on




the correction of deficiencies and the tightening up of lagging sections,
in order to speed up the overall upsurge."

These words reveal the whole essence of socialist competition.

Conference participants, while discussing the successes of the collec—
tives, pointed to deficiencies which still exist and to the need for maxi-
mum use of production reserves. It was particularly noted that in drill-
ing and derrick construction, the annual amount of work of the best bri-
gades exceeds significantly the average indices for UBR's [drilling opera-
tions administrations]. Not all brigades which repair gas—pumping sta=
tions provide for high-quality repair with a guarantee; the current-pro-
duction services are slow in reducing the inventory of idle wells; the
treatment of gas for long-distance transport is not adequate; and there
are great losses and consumption of gas for operational needs at " the pump
stations.

In a unanimously adopted appeal, participants of the All-Union conference
of advanced production workers called upon all wage workers, engineers,
technicians and white-collar workers of Ministry of Gas Industry organiza—
tions and enterprises to promote socialist competition widely for a worthy
greeting to the 60th anniversary of the Great October Socialst Revolution
and for the fulfillment of national economic plans for 1977 and for the
Tenth Five-~Year Plan as a whole ahead of time.

COPYRIGHT: Tzdatel'stvo Nedra, GAZOVAYA PROMYSHLENNOST', 1977
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UDC 553.98:550.83(470.4/5)
GEOLOGICAL STUDY OF CASPTAN DEPRESSION POORLY INTEGRATED
Moscow GAZOVAYA PROMYSHLENNOST'! in Russian No 5, May 77 pp 811

[Article by L. V. Kalamkarov (MINKh i GP [Moscow Institute of the Petro-
chemical and Gas Industry] imeni Academician I. M. Gubkin): "Problems of
Gas Exploration in the Caspian Depression]

[Text] "Speed up the discovery and exploration of new
deposits of oil, natural gas and condensate, primarily
in...the Kazakh SSR (the Caspian depression). Provide
for the preparation of additional explored reserves of
oil and gas in the regions where deposits are being de-
veloped in the European part of the USSR."—From "The
Main Directions for Developing the USSR's National Econ-—
omy During 1976-1980."

The Caspian depression, despite its extremely favorable geological condi-
tions for mineral resources, lags greatly behind other regions of the Vol-
ga~Urals gas-bearing province in explored reserves and relative signifi——
cance of the gas and oil producing industries. The matter of discovering
new gas and gas—condensate deposits in the rock series above the salt is
not proceeding satisfactorily, and practically not one industrial deposit
has been discovered in the subsalt complex of sediments. One of the causes
of this situation is the severe shortage of a backlog of structures which
have been readied for exploration. The explanation for this should be
sought not just in the complexity of the geological structure which is
inherent to those provinces in which saline tectonics have ‘developed,
but also in the poor study of many regions of the depression, a dissipa-
tion of forces and material resources which are being expended on pros—
pecting and exploratory work, and the poor overall effectiveness of these
operations.

Geophysical methods and deep drilling play the major role in studying the
territory in questions. This predetermines a close relationship between
them at all stages of research.

The Caspian depression has now been covered by aerial magnetic and gravi-
metric surveys, and electrical exploration, mainly MTZ [magnetotelluric




sounding] and MIT [telluric—current method] work, has been conducted over
a substantial portion of it. Seismic methods, which provide the explorers
of the earth's depths with the most complete information about the tecton—
ics of the objects being studied, have been developed especially widely.

The results of seismic exploration are being used for geological interpre-
tation of the data of other geophysical methods, and they are also a basis
for the guidance of the expensive and labor-intensive drilling operations.

A great many core, test and exploratory holes have been drilled in the de-
pression, while stratigraphic and parametric holes have been drilled in
fewer numbers.

The use of geophysical research methods in combination with deep drilling

gives definite information about the contours and composition of the crys—
talline basement and the structure of the depression's sedimentary mantle,
and it enables tectonic regionalization of the area and the prospecting of
promising areas and of local structures and the preparation thereof for |
exploration for gas and oil.

Notwithstanding the important practical results of the geological and geo-
physical research, there are many deficiencies in it which are related both
to the objects and choices of direction of the work and to the methodology
for doing the work. The amounts of regional seismic research, which, on
the whole, lags behind prospecting operations, are completely inadequate.
The immer and major portion of the depression has been covered by sparse
regional seismic traverses, the data from which yield only the most gen-
eral notions about the structure of the folded basement and the sediment-
ary mantle, especially with regard to the subsalt horizons. The network
of cross-sections in the side and near-side zones is denser but even that
does not enable an unequivocal judgment about the tectonic conditioms
which are inherent to these sections of the territory. Most of the cross
sections were worked out by one or, more rarely two, of these methods:

MOV [reflected-wave method], MRNP [controlled directional reception meth-
od], KMPV [correlation method of refracted waves], GSZ [deep seismic
sounding] or MPOV [expansion unknown], each of which is characterized by a
definite degree of informativeness about the structure of the various
structural complexes which is inherent to that method but does not always
correlate with the information content of the other methods.

Seismic research by regional traverses have not always provided adequate
dnformation about the physical parameters of the sediments' cross-sections.
This is caused by the fact that stratigraphic and parametric holes have
been deployed about the territory extremely unevenly, and many sections
which are vast in area are not covered by drilling at all. The holes are
not always brought down to the designed depth, and some of them are elimi-
nated for technical reasons.

Cases have occurred where the characteristics of the cross—sections of a
hole were not adequately confirmed by test core data and the field's




geophysical data, including sound logging data. The stratigraphic holes
are, in essence, doing the work of parametric holes, and later they are
replaced by prospecting holes.

The sparse network of cross-sections, the lack of reliable information
about the physical characteristics of the sediments! cross-sections and
the stratigraphic tie-in of horizons, and the impossibility of making an
integrated geological interpretation of the data obtained by each traverse
have caused a low general effectiveness of regional research directed to-
ward discovery of the main features of the Caspian depression's deep
structure. The sketchiness and equivocalness of the resulting geologi-
cal and geophysical data about the basement's structure and the behavior
of the horizons of the subsalt rock masses which are obtained by various
organizations within the region point distinctly to this.

The overall level of the research which is directed toward prospecting and
preparing gas-bearing areas for exploration is not high. This is caused
to a great extent by the complicated geological conditions. Moreover,
such a situation is explained by the low effectiveness of geophysical re-
search and errors in organizing the conduct of deep drilling. Thus, the
methodology of geophysical research does not completely satisfy the re-
quirements of a solution to the geological problems which have been posed;
the amounts of drilling work which have been done at the various areas

are inadequate both for a correct geological interpretation of the geophy-
sical results and for answering the question of the subsequent direction
of operations. There is also a definite lack of coordination between the
specific designation of the holes and the degree of validity of their
location.

In the Paleozoic subsalt sediments the most promising objects can be the
large, gently sloping platform—type uplifts, and in the complex above the
salt they can be the deeply buried arch uplifts in the vast troughs be-
tween the domes. Structures in the zones of the rocks which abut the bur-
ied slopes of salt plugs and domes, including the sections below ~benches-
which are shielded by faults in uplifted sections of the wings or on
their periphery, are no small reserve for the accumulation of gas and oil
stores. The difficulty of studying the named objects is explained by the
great depth of their location and the complex geometries of their sur-
faces, by the wide development of a network of disjunctive dislocations
and zones of stratigraphic unconformities which are dictated by the block
nature of the basement structure and by an intensive manifestation of sa-~
line tectogenesis.

The task of providing prospecting and exploratory drilling with the re-
quired inventory of relisbly prepared structures was for many years en—
trusted to such seismic methods as MOV and KMPV and their simplest modifi-
cations. The use of these methods gave positive benefits in prospecting
for deposits in the Mesozoic sediments which are associated with the arch
and near-arch portions of the domes. At the next stage of study of the
depression,in solving more complicated and diverse tasks on mapping the




structures in the rock masses of the Permian-Triassic and in the subsalt
sedimentary complex, the results of the MOV and KMPV work proved to be not
reliable enough.

For example, various authors who were working in the Keniyak-Mortuk area
in the eastern part of the Caspian depression with the very same seismic
data- drew up maps for the horizons of the subsalt floor which differed
sharply from each other and were not confirmed by the drilling data.
Errors in determining the depth of deposition of reference horizons some-
times reached hundreds of meters.

Opportunities for seismic exploration have increased through the involve-
ment of such progressive methods as RNP [controlled directional reception],
OGT [common~depth point] and VSP [vertical seismic profiling]. The con-
version to apparatus which magnetically records seismic signals, the pro-
cessing of the data on analog machines, and the introduction of digital
recording of waves with later processing on an electronic computer have
been of great value. As a result, data quality has improved, and the vol-
ume of useful information has grown. But despite the improvement of
methodology and equipment for field observations and processing of primary
‘data, the effectiveness of seismic exploration at prospecting structures
and the preparation of them for deep drilling still remain low. This is
reflected not just in the lack of general correlation of seismic waves
from reference geological boundaries but also in the poor precision of
structural features. The discrepancies between seismic exploration data
and drilling data, disagreements about depths, and so on, testify to this.
A1l this is the result of imperfections of our knowledge about wave propa—
gation speeds, which frequently are measured by cross-section and by area
because of the sharp nonuniformity of the sedimentary mantle, a lack of
trustworthy information about the position of the salt surface, and the
weak attention paid to the integrated use of geophysical data.

The main sources of information about the speed characteristics of the
cross—-section and seismic wave confinement are the sound-logging data of
deep holes and vertical seismic profiling. However, the volume of such
information usually is inadequate for a confident interpretation of the
data, since the number of holes for each object is limited, each hole is
drilled under definite structural conditions, and the data obtained here
cannot be extended to other sections. Moreover, many holes do not at all
disclose the subsalt . sediments, which especially interest us, to an ade-
quate depth.

Information about effective speeds, which are determined by A. B. Mus—
grave's method, are being used to supplement seismic observations in holes
in order to disclose the speed pattern. But these operations were con—
ducted in extremely limited numbers. In order to obtain an adequate rep-
resentation of the spatial distribution of speeds, observations by this
method should be large in scale and cover all sections of the area being
studied.



A detailed study of the morphology of the saline rock masses is necessi-
tated by the following factors: in the first place, the position of the
hydrochemical sediments determines to a great extent the structural fea—
tures of the portion of the cross-section above the salt and the forma-
tion therein of gas andoil} in the second place, only when there is posi-
tive knowledge about the relief of the salt and its thickness is it pos-
sible to assure adequate precision of the structure of the horizons in
the subsalt complex. Inadequate consideration of the thickness of the
salt-bearing sediments and the refraction of the waves on this surface
distort considerably the picture of the subsalt structures in cross—sec—
tion and in plan view. This leads, in the final analysis, to incorrect
notions about their dimensions and position. A completely definite con-
clusion should follow from this: in prospecting and exploring the sedi-
mentary mantle of the depression, attention must be paid to study of the
salt~bearing complex no less than to tracing the reference horizons in the
other parts of the cross-section.

No one has taken exception to this obvious situation, but in practice
inexcusably inadequate attention is actually being paid to this question.
They are still trying to study the salt's surface by ordinary surface
methods, which are based on the recording of reflected or refracted waves.
The fact that this boundary is unlike others in its "nonreflecting proper—
ties" and very complicated shape, and, therefore, regular waves of this type
cannot be formed at many of its portions, is not being considered. The
indirect characteristics which are being used for these purposes yield
only a most general idea about the configuration of the salt bodies. Such
information cannot be used either for establishing the salt's zone of con-
tact with the sediments above the salt or for introducing appropriate cor-
rections which consider the influence of the halogenic rock masses when
the position of the boundaries of the deeper parts of the cross-section is
being determined.

The method of hole seismic exploration, which combines observations at the
ground surface and within the holes, has been used extremely successfully
at West Kazakhstan enterprises. The MSS [in-hole method of seismic explor—
ation], which is based on the recording of transmitted waves, yields more
complete and authentic information about the morphology of the salt cores
of the domes. However, this method is still being used inadequately, as

is the inverse time-travel curve method (MOG), which, in combination with
MSS, can greatly increase the geological effectiveness of seismic research
during study of the salt-surface relief. ' '

An analysis of the results of the research which is being carried out in
the Caspian depression indicates that not one of the geophysical methods
now being applied separately will provide for a solution for all the sev-
eral questions which are associated with throwing light on the structure
of the various objects. The effectiveness of the work can be increased
only by improvement of the geological-geophysical methods being used and
by integrating them.




For some years now the Branch Laboratory for Study of the Effectiveness and
Areas of Geological Prospecting for Gas and Oil in Salt-Dome Areas of
MINKh and GP imeni I. M. Gubkin. has been doing work in this area. The
main objects of the laboratory's research are the provinces of saline tec-
tonics development of the south of the East-European platform—the Pripyat®
(Belorussian SSR), Dneprovsk-Donetsk (Ukrainian SSR) and Caspian (Kazakh
SSR and RSFSR) depressions.

The laboratory has worked in the indicated regions on the integrated geo-
logical interpreation of geophysical and drilling data, as a result of
which 1ideas about the geotectonics of the regions were greatly augment— -
ed, a number of new perspectives on gas and oil structures were revealed,
and an idea of their shapes, sizes and depths of deposition was obtained.

About 50 areas at which the presence of as-yet undiscovered positive salt
and subsalt shapes had been conjectured were discriminated for the Pripyat!
depression (Belorussian SSR) area. Operations of Belorussian production
organizations at 24 of these areas established subsalt uplifts, and oil
deposits were discovered at the Marmovichi, Zolotukhino, WNadvin and other
structures.

In the Dneprovsk-Donetsk depression (Ukrainian SSR) 130 structures were
isolated, of which 30 have already been confirmed by seismic exploration.
Gas deposits were discovered at the East-Rybalka structure (the Sidoryach~
skoye) and at Maysk (the West Krestishchenskaya) structure.

In the Casplan depression 14 probable uplifts of salt sediments have been
noted, of which the Zavolzhskoye, Kushumskoye and Gur'yevskoye have been
confirmed by seismic operations or by drilling. Moreover, it has been
possible to isolate throughout the Aralsor and Kushumskoye regions more
than 20 buried salt structures in the areas between domes which have been
recommended as first priority for the organization of detailed prospecting
and exploratory work.

Research conducted by the laboratory confirms the need for wide and inti-
mate integration of various geological-geophysical methods both during
the conduct of field work and during the geological interpretation of the
data. The use of a complex of methods will enable the discovery of prom—
ising structures to be speeded up and the amounts of seismic research and
drilling and, consequently, the overall cost of the work which is being
conducted, to be reduced.

COPYRIGHT: TIzdatel'stvo Nedra, GAZOVAYA PROMYSHLENNOST', 1977
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UDC 6290 10065:660076014.
MERITS OF COMPRESSORS FOR UNDERGROUND GAS STORAGE TOLD
Moscow GAZOVAYA PROMYSHLENNOST! in Russian No 5, May 77 pp 15-18

[Article by P. P. Tyurin, B. M. Smereka and Yu. N. Vasilt'yev of VNIIGaz
[Al1-Union Scientific~Research Institute for Natural Gas]: "Modern Piston—
Type Gas Transfer-Pump Units for PKhG [Underground Gas Reservoir ]
Stations"] :

[Text] In accordance with the existing trends of uninterrupted growth in
the length of arterial pipelines which pass through regions with a dis-
tinet continental climate, an increase in gas consumed for municipal and
household needs, and growth in the number of consumers who require an
uninterrupted gas supply, the role of large reserve storage which is built
close to the main gas-consuming centers is greatly increasing.

An inseparable and extraordinarily important part of underground gas res-
ervoirs ~ (PKhG's) are the compressor stations which compress the gas when
it is pumped into the beds, and, in some cases also, compress the gas dur-
ing withdrawal from the reservoir for further transport to consumption
sites.

During the last [sic] five-year plan the active volume of the reservoirs
will be greatly increased. The long-range requirements for gas—pumping
units for KS's [compressor stations] for underground gas reservoirs, tak—
ing the growth in PKhG volume into consideration, has been cited in a
VNITEGazprom [All-Union Scientific-Research and Experimental Institute for
the Gas Industry] work [1].

A chart which was made (see graph) reflects the trend in growth of the in-
stalled capacity of the GPA's [gas transfer-pumping units], the amount of
gas recovered, and the active volume of underground reservoirs. According
to forecast data, the growth in total capacity of the GPA inventory will
greatly surpass the increase in the active reservoir capacity, which cor-
responds with the trend toward raising the pressure for delivering the gas
into the PKhG's. Extraordinarily high rates in growth of the establish-
ment of PKhG's and the requirement for extremely large and continuously
increasing capacities of transfer-pumping equipment necessitate a




qualitative improvement of the GPA's with a simultaneous increase in the
unit capacity and number of compressors produced.

Relative growth of: %
z
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In accordance with the draft of the plan for introducing compressor sta-—
tions in 1976-1980, the overwhelming majority of PKhG stations will be

equipped with piston-type gas transfer-pumping units, including 10GKN gas—

driven compressors (GMK's) (with a total power of 150 mVt), MK8 GMK's

(110 mVt) and DR 12 GMK's (about 200 mVt). The preference for use of pis—

ton GPA's is explained by the complete correspondence of these units with

the technological requirements of the PKhG's and the relatively small unit

power which is required for these facilities.

Considering the ever-increasing requirements for modern transfer-pumping
units for underground gas—storage stations, VNIIGaz, jointly with manmufactur-
ing plants and design and operating organizations of Mingazprom [Ministry
of Gas Industry], has been working for several years on improvement of the
inventory of PGPA's [piston gas-transfer—pumping units] and on the crea—
tion of new types and modifications of compressing machinery which are
specially intended for work at PKhG stations.

KS's of PKhG's are divided into two main groups, depending upon the techno-
logical requirements which are made on the PKhG stations:

1. OStations at which a GPA which provides for compression of the gas only
during its injection into the bed must be installed. The pressure during
reception for gas transfer-pumping machines can vary from 4O to 55 kilo-
grams—force/cm for gas pipelines with a rated pressure of 56 kilograms-
force/cm® and from 50 to 75 kilograms—force/cm? for gas pipelines of 76
kilograms—force/cm2 rated pressure, and, during delivery, from 120 to 200
kilograms-force/cmz, depending upon the location of the PKhG station and
its distance from the route of the main gas pipeline from which the gas
enters the reservoir, as well as the injection regime which has been adopt—
ed and the geological characteristics of the reservoir itself.

2. Stations where GPA's are established which should provide for compres—
sing the gas both during its injection into the bed and during withdrawal
from the reservoir.

Until recently it was assumed that stations of this group would be equipped
with transfer-pumping units of two modifications: GPA's which operate in




the injection regime (compression parameters are similar to the parameters
of GPA's at PKhG stations of the first group), and GPA's which operate in
a regime of withdrawal of gas from the reservoir. Machines of the second
modification are close in compression parameters (suction and delivery
pressures) to the so-called "line" modification of GPA's which are in-
stalled on arterial gas pipeline KS's. The suction pressure for these
machines is in the 25-52 kilograms—force/cm2 interval = at delivery pres-
sures of 56 or 76 kilograms—force/cmz, which corresponds to similar oper-
ating pressures of arterial gas pipelines, into which the gas is fed after
its removal from the underground reservoirs. Such a complication of the
PKhG station makeup through the mandatory introduction of two compressor
units was occasioned primarily by the need to operate the GPA's in an
extraordinarily wide band of suction and delivery pressures.

During the injection regime (the first groups of PKhG KS's), the GPA's are
capable of compressing the gas from 40-55 to 70-150 kilograms—force/cmz.
Productivity of the various machines is in the 0.42 to 17.10 million cubic—~
meters per day range, depending upon both the GPA's unit capacity and the
operating regime.

Transfer pumping units operate in parallel when injecting gas into a
reservoir. "Injection-regime" units meet the technological requirements
for gas pipeline suction pressures (L0-55 kilograms—force/bmz) with a
rated pressure of 56 kilograms—force/bmz, but do not satisfy the suction

pressure requirements (the interval Pys [suction] = 55-75 kilograms-force/

cm2) for gaslines with operating pressure of 76 kilograms—force/cm2 and
do not provide for compressing the gas higher than 150 kilograms—force/bmz—-
to the 180-200 kilograms-force/cm® required.

Thus, in order to provide for the necessary conditions for operating long-
term gas storage with increased reservoir pressure in coming years, a new
multipurpose PGPA modification of increased unit capacity must be created
which will proyide during reception a compression pressure of LO-75 kilo-
grams—force/cm2 and, on the injection line, 120-200 kilograms-—force/cm<.

The mix of transfer-pumping machines which are used at PKhG stations for
the withdrawal of gas includes eight different modifications based on GMK's
of the 10GKN, MK8 and DR12 types, and also. the opposition compressors LMR25
and 6MR25 with electric drive. Machines of this group are capable of pro-
viding for compressing of gas from 25-52 to 56-76 kilograms—force/cmz,

. meeting the technological requirements which are made on GPA's in the gas-
withdrawal departments at PKhG stations.

An improvement of transfer-pumping machines of the "withdrawal group"
should call for the creation of a single modification of the DR12-type GMK
which can compress gas from 25-52 to 5676 kilograms—force/cm2 and which
will find wide application both at departments which withdraw gas from
reservoirs at PKhG stations and at line-~type compressor stations of
arterial gas pipelines.




The MK8/[46~(67-103)]:[(23=45)-55] machine occupies a special place among
PGPA modifications which are intended for underground gas storage stations.
The methodology which VNIIGaz developed for creating wide~spectrum PGPA's,
which will permit a valid choice of the compressor part of transfer-pumping
machines whose cylinders are equipped with deep regulation devices, has
permitted domestic compressors which can effectively operate at substantial
changes in pressure to go into production.

Compressor units of this type were developed for a number of gas~industry
facilities, including PKhG stations.

MK8/[ 46~(67-103)]:[ (23-43)~55] units were intended primarily for the under—
ground gas reservoir at Opary. The technological parameters of operation
of the Oparino PKhG station were determined by the following operating re—
gimes of these machines:

For injecting gas into a reservoir Pys = L6 kilograms—force/bmz’ Prag [de—

livery] = 67-103 kilograms—force/bmz, productivity of the XS is from 9.4
to 15.9 million cubic meters per day; and

For withdrawing gas from a reservoir p . = 23-43 kilograms-
. vkh [intake]

force/cm?, Pnag = 56 kilograms-force/em”, station productivity is from
7«7 to 21.3 million cubic meters per day.

In solving the problem of insuring normal operation of the Opary PKhG sta-
tion, the following possible variants for equipping it were examined:

1) The erection of two pumping departments, where 17 MK8/(48-50)-(125-150)
GMK machines operate in the department for injecting gas into the reser—
voir, and 11 MK8/(25-43)-56 GMK machines operate in the department which
withdraws gas from the reservoir; or

2) A variant with the use of a single modification of the MK8/[46-(67-
103)]:[(23~43)-55] GMK which can both inject and withdraw gas. The total
number of such machines is 17, which is 11 fewer than under the first
variant [2].

The normal operation of MK8 GMK machines for all technological regimes at
suction and delivery pressures during injection and withdrawal is provid-
ed for by the manipulation of individual chambers of the compressor cylin-
ders. Moreover, these units are widely regulated in crankshaft rotating
frequency (from 220 to 300 per minmute). In combination, the above—enumer—
ated methods of regulation are responsible for effective operation of
MK8/[ 46~(67-103)]: [ (23-43)-55] machines at newly created PKhG's where the
withdrawal and injection of gas into the reservoir are required.

It should be recommended that machines be created with increased unit ca-
pacity which will enable gas-compression both during injection and with~
drawal at the following parameters:




The injection regime—-pvkh = L0-75 kilograms—force/cm2 and pnag = 120-200

kilograms-force/ en®; and

The withdrawal regime—p ., = 25-52 kilograms—force/cmz, Ppag = 5676

kilograms—force/cmz.

DR12 gas—driven compressors primarily should be considered for such units.
The following positive qualities are inherent in these transfer-pumping
machines (5,500 kVt):

The capablility to operate over a broad spectrum of pressure increase’ steps
(from 1.1 to 2.7 or more) with high efficiency as both a compressor and a
motor parts

High fuel economy of the GMK (motor efficiency is about 37 percent) which
provides for an annual saving of fuel gas (comparable with modern gas tur—
bines) in the amount of 7.5-8.0 million cubic meters per GMK;

The capability to provide for high absolute delivery pressure;
A high degree of automation;

Practically complete autonomy of the GMK (no more than 5 kVt of electricity
is required for operating the unit); and

The possibility of maintaining full capacity of the GMK at high outside-
air temperatures (up to 35 degrees C), which is of great importance for
the country's southern regions.

It should be noted at the same time that the DR12-type GMK is heavy—270
tons. The weight of the heaviest assembly in its container (the assembled
framework) is 66 tons. It is most desirable to use these machines at PhKG
stations which require a machine for injection and withdrawal of the gas
and also at large PKhG KS's (with a power of more than 15-20 kVt), which
operate only during the injection period.

The use of DR12 units at large underground gas reservoir KS's will enable
the number of installed machines to be sharply reduced (to one-fifth to
one-sixth in comparison with 10GKN GMK's and to one-third in comparison
with MK8 GMK's) with a corresponding simplification of the manifold and a
reduction of the number of shutoff fixtures (stopcocks), which greatly fa—
cilitates KS operation and increases their operating reliability. For ex—
ample, at PKhG stations of 30 120 kVt capacity, it is sufficient to in-
stall 6 DR12 GMK machines instead of 34 10GK and 10GKN GMK machines. Dur—
ing the Tenth Five-Year Plan DR12 type units will be installed at a number
of PKhG stations.

In previously conducted work VNIIGaz indicated [3] the technical and eco~
nomic desirability of using electric-drive GPA's at PKhG stations which
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operate in areas with developed industrial electric~supply systems for 5-6
months per year (the usual time of operation—the summer period—for under-
ground reservoirs, which require only the injection of gas into the bed).

The economic advantages of electric-drive GPA's under these circumstances
are explained by the following factors (using as an example PKhG stations
with an active injectable gas volume of 1 billion cubic meters, where the
installation of four electric~-drive GPA's with unit capacity of 4,000 kVt
or eight MK8 GMK's are required):

A reduction of capital investment in erecting a KS with electric drive
(the internal source of electricity is considered) by 9.3 percent;

A reduction of adjusted expenditures by 8.2 percent; and

A reduction of consumption of gas for producing power for the KS by 22.2
percent.

Moreover, the use of electricity instead of gas for KS operation provides
for: ‘

An opportunity to use energy which can be generated by various types of
fuel (water, coal and others) instead of gas;

Simplification of KS tending and a reduction in manning;

A reduction of repair-work costs;

A reduction of noise and heat release by the KS;

The elimination of the requirement for water for technological needs; and
_An increase in KS reliability.

It should be noted that the KS of a PKhG which injects gas into a bed re-
quires electricity only ' in the warm (summer) period of the year, when a
reduction in power-system loads is observed.

The development of PKhG stations with electric drive GPA's which should
operate throughout the year (the second group of PKhG KS's) is economical-

ly desirable in view of the high operating costs associated with the re-
quirement for costly electricity.

In some cases a composite buildup of PKhG stations with gas transfer-pump-
ing units of various types (GMK's and electric—drive units, centrifugal
pressure~pumping units with gas-turbine drive and electric-drive units, and
so on) is possible. In such station-operation schemes, it is desirable to
use LMR5/(35~L4)=56 or 6MR5/(35-40)~(55-75) electrical~drive machines,
which also should not be operated for more than 6 months per year, as
"withdrawal regime" machines.




In the long term it is possible to use GPA's at PKhG stations which are

similar in configuration to electric-drive units but which use a gas DBS

[internal combustion engine] instead of an electric motor. Such machines
of the piston type are widely used abroad and have analogies in domestic

practice.

- 1.

2

3.
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UDC 553.981:550.8
EFFECT OF WATER SATURATION ON GAS-RESERVE ESTIMATE TOLD
Moscow GAZOVAYA PROMYSHLENNOST' in Russian No 5, May 77 pp 25-27

[Article by V. I. Petrenko and N. A. Kravtsov (SevKavNIIGaz [North Caucas—
us Scientific-Research Institute for the Gas Industry]): "The Influence
of Irreducible Water Saturation on the Precision of the Evaluation of
Reserves" ]

[Text] The gas—condensate deposit of the Kanev field, which is confined
to the sediments of the Lower Cretaceous and the Jurassic-Triassic complex,
has been under development since 1958. A gas deposit was discovered in
Eocene sediments here in 1957. However, the insignificant, as was sup-
posed, amount of gas in place and the low flows of gas in comparison with
the flows which were obtained from the Lower Cretaceous deposit led to the
Focene deposit's being operated periodically by single wells. '

As a result of work on testing the Lower Omnian reservoirs of the Eocene
which Kuban'gazprom [Gas Production Association of the Kuban'] did at the
start of the 1970's, the sizes of the deposits and of the gas reserves in
three horizons have been refined. According to the later evaluation,

gas reserves are 13.2 billion cubic meters. All three deposits have been
under intensive operation since 1973, and on 1 January 1977 total gas with—
drawal was 3.1 billion cubic meters.

A feature of the Focene reser— Gas Saturation and Water Saturation of
voirs is their high irreducible - HEocene Reservoirs of the Kanev Field
water saturation (see table).

Gas Water
At most Kuban gas—condensate Horizon Saturation Saturation
fields which are confined to % A
reservoirs of the Lower Creta-— I 38 62
ceous, an elastic water-drive T 35 65
regime is appearing. Applica— IIT 32 68

tion of the hydrochemical meth-
od has been adopted most widely as a basis for monitoring possible migra-
tion of the contour in the Eocene gas beds. This method has permitted the
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the discovery of certain consistencies in changes in mineralization of the
recovered water which were associated with processes which were occurring
in the gas bed.

It was observed that, regardless of the location of the operating wells on
the structure, they gave water of increased mineralization. In order to
find out the causes of the inflow of this water, a number of correlational
dependencies of the chlorine-ion content were analyzed as a function of
various factors.

Research indicated that the chlorine-ion content in the recovered water
was reduced as the distance from the middle of the filter prior to the GVK
[gas-water surface] increased (figure 1). The dependence of the chlorine-
ion content in the water as a function of the time of introduction of the
wells into operation was noted. The longer the well had been operated
prior to the date of the sampling, the less the mineralization of the
water by chlorine ions. Also noted was a reduction of the content of the
latter in water for the wells with increase in total gas withdrawal.

There was no correlational connection among the water's chlorine-ion con-—
tent, gas flow and increase in well depression.

Figure 1. Chlorine-Ion Content
in Recovered Water as a Func—

tion of Distance from the Mid-
dle of the Filter to the Gas-
Water Contact.
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The consistencies discovered can be explained by removal of capillary and
loosely interstitial water from the spreading zone of the depressional
funnel around each operational well, which is also confirmed by the actual
moisture content of the recovered gas (figure 2).

After a well is put into operation, there is a maximum amount of recovery
of capillary and loosely interstitial, highly mineralized irreducible
water which 1s marked by an increase in its chlorine-ion content. There~
fore, as the irreducible moisture saturation decreases, the chlorine-ion
content in the recovered water is reduced.
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Thus it can be confirmed that the effective interstitial space increases
in the spreading zone of the depressional funnel in the Eocene beds
through a reduction in water saturation.

If gas saturation of the pores increases during operation of the bed, then
from the equation of material balance and the equation of state one can

find
Pr== (1=Q); o
=0 g =2t (1)

T pez’

where V is the gas—saturated pore volume; p is the weighted-mean pressure
for V; z is the weighted mean coefficient of supercompressibility for Vj
Qt is the amount of gas recovered during the time t; and Qy are the

initial gas reserves.

Tt is obvious that the deviation from the linear function Et = 5t(Qt) will

be determined completely by change in the value of Vt. In the case of an

absence of intrusive formation water, formula (1) takes the form




Pg (1-Q) (2)

and the relative deviation of pressure is determined from the linear func—
tion by the expression
- et

where & is the weighted mean gas saturation.
Tt is apparent from formula (3) that, given equal pore volume and an equal
amount of irreducible water carried off to the surface, the greater the

8D, the greater the initial gas saturation. If it is considered that
where é\H < 0.7 the irreducible water takes an active part in filtration,

then an assumption can be made about a substantial deviation from the lin-
ear function 5’0 = Et(Qt). Thus, where dH = 0.5 and &, = 0.51, §D =

0.02. A deviation of 2 percent can be completely discerned by modern mea-
suring instruments.

It should be noted that the original points on the graph of 5{ = Eg(Qt),
s

within the limits of precision of measurement and of graph construction
lie on a straight line which passes below the straight line where

&t = a?f Thus, this leads to an incorrect determination of the bed's op-
erating regime and to an understated determination of the initial reserves,
which are determined according to the pressure-drop method. In so doing,
the earlier that <{t reaches maximum value, the greater the error in QH.

Thus, where §£ = 0.2 and gikax = 0.02, the QH error reaches 10 per—
cent, and where 5; = 0.1 and with the previous <Kt, the QH error is 20
percent.

Conclusions

1. The development of gas beds which are confined to reservoirs with high
irreducible water saturation leads to a partial removal of capillary and
loosely interstitial water, an increase in the gas—saturation coefficient
of the pore space and an increase in the depth of the depressional funnel
in the gas withdrawal zone.

2. Where there is a substantial withdrawal of irreducible water during
the initial stage of development, deviations of p/z—-a function of the
gas-regime curve with regard to reduction in gas reserves—are possible.
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UDC 553.98:550.822.7
PETROLEUM, GAS EXPLORATION TASKS
Moscow NEFTEGAZOVAYA GEOLOGIYA I GEOFIZIKA in Russian No 5, May 77 pp 6-9

[Article by S. P. Maksimov, N. I. Buyalov, G. Kh. Dikenshteyn, and V. V.
Pechnikov (VNIGNI): "Basic Tasks of Development of Petroleum and Ga
Geological Exploration Work"] :

[Text] The historic decisions of the 25th CPSU Congress are of enormous
importance to the further development of our country's petroleum and gas
producing industry. Large tasks with respect to stepping up the increase
of industrial reserves of petroleum and gas insuring the level of recovery
of these valuable minerals stipulated for the Tenth Five~Year Plan and the
long term future were also assigned by the 25th Congress to the geological
service.

Of vital importance is the task of improving the economic effectiveness of
geological exploration work. A vital role in resolving this problem belongs
to petroleum and gas geological science and the scientific. substantiation

of the most promising directions in petroleum and gas prospecting-exploration
work.

Satisfying the country's ever-increasing heed for petroleum and gas requires
increasing the volume of recovery and, consequently, accelerated preparation
of explored reserves--especially in regions having a highly developed and
developing petroleum and gas produc¢ing industry. At the same time, it is
essential to step up the study of the prospects of petroleum and gas bearing
territories now in the initial stage of geological investigation.

For the regional geological investigations and prospecting-exploration work
for petroleum and gas in 1971 through 1975 an average of 355 structures were
introduced every year.

Petroleum and gas geological exploration work was concentrated as follows:
in the most promising regions of the Western Siberian, Timano-Pechorskaya,
and Amudar'inskaya Petroleum and Gas Bearing Provinces, where petroleum and

gas deposits have been discovered earlier, and where high effectiveness of
geological exploration work was expected;
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in the petroleum and gas producing regions of the Northern and Southern
Ural-Volga region, the Ukraine, the North Caucasus, the Transcaucasus, and
Kazakhstan, where geological exploration work was carried out under complex
geological conditions--in studying deep-lying promising deposits as well as
prospecting petroleum and gas deposits in stratigraphic petering-out traps
and lithological rock. displacement traps;

in the marginal zone of the Caspian Depression; promising regions of Eastern
Siberia, the Far East, and offshore shelf zones.

Among the most important results of geological exploration work in the

last 5-year period mention should be made of the expansion of the raw
materials base of the petroleum producing industry in Western Siberia,

the further expansion of prospects in the Timano-Pechorskaya petroleum and
gas province, the obtaining of new data confirming the high forecast evalua-—
tions of the Orenburg and Perm' regions of the Volga-Ural province, and also
a number of areas in western Uzbekistan, eastern Turkmenia, the Ukraine,

and Kazakhstan. '

An analysis of the results of prospecting-exploration work has shown that
Plans for increasing reserves of petroleum and gas are regularly being
fulfilled in regions having a medium level of geological investigation,

also in regions for which we have adequately reliable ideas about the regional
tectonic structure-and the petroleum and gas bearing properties of promising
objects of prospecting. We may assign to this group of regions, in parti-
cular, the Western Siberian and Timano-Pechorskaya petroleum and gas beating
provinces, in which a high effectiveness of geological exploration work has
been achieved.:

The effectiveness of operations has deciined'somewhat-in-the European part
of the country. Throughout the country as a whole, the effectiveness of
geological exploration work during the Ninth Five~Year Plan was rather high.

As before, in all regions great importance attaches to strengthening regional
investigations which determine the intensity of impleimentation of subsequent
stages of geological exploration work and the degree of their effectiveness.
An analysis of the dynamics of regional operations in the last 15 years

shows that in many areas regional operations--especially orientation and
parametric drilling--were inadequate and lagging behind schedule.

During the Eighthand Ninth 5=Year Plans the main volumes of parametric
drilling were carried out in regions having a high level of geological
investigation. The developing regions and areas in the initial stage of
investigation accounted for a relatively low volume of parametric drilling.

Underestimation of the importance of regional investigations has led to a
decline in the effectiveness of preparation of reserves and made it difficult
to determine the most promising directions in geological expleoration work,
also the planning of increased petroleum and gas reserves. This occurred,
for example, in prospecting drilling into subsalt deposits in the Caspian




Depression, in the study of Devonian deposits. in southern Orenburgskaya Oblast,
and so on. At the present time, the problem of promising petroleum prospects:
ing in the northern part of the Western Siberian province remains inadequately
studied.

The effectiveness of geological exploration work has been affected by a
certain amount of lagging in the field of preparing an adequate inventory
of structures of the anticlinial and nonanticlinial type at moderate depths.
In connection with this, it is necessary to orient prospecting drilling
toward the prospecting of petroleum and gas deposits in deep lying traps;
this leads to substantial increases in costs and slower drilling operations.

Between 1965 and 1975 the average depths of wells in the country increased
from 2,195 to 2,775 meters. Depths rose most noticeably in the Timano-
Pechorskaya petroleum and gas bearing province, the Ukraine, and Belorussia.
Even in Western Siberia, where for'a long time the average well depths
remained practically unchanged, -in the last S5-year period they went consider-
ably deeper. A similar situation is observed in the southern regions of the
country. Average well depths increased substantially in the Ciscaucasus and
in the southern part of Central Asia. Throughout the country as a whole in
1971 through 1975, 34 percent of the completed well drilling went down
deeper than 3,000 meters. The increase in the average well depths had an
adverse effect on drilling's technical-economic. indicators. Despite
improvements in drilling equipment and the technology of well drilling,
schedule drilling Speeds have either stabilized or even declined with the
increase in depths.

In connection with this, capital investments in drilling rose by more than
160 percent during that period.

Attention must be focused on the large number of unproductive wells. Although
their percentage declined, it continues to remain rather “high.

The increased complexity of geological conditions in prospecting. petroleum
and gas deposits has required the strengthening of the complex of regional
and detailed geophysical operations; this has éntailed increased state
budget appropriations for implementing this work.

The decisions of the 25th CPSU Congress set forth the specific tasks with
regard to the further development of tlie petroleum and gas industry in
1976 through 1980, and special attention is focused on speeding up the
preparation :of the raw materials base.

It is possible to implement these tasks while maintaining high economic
effectiveness only by concentrating scientific research on the most important
directions, taking account of the current level of world scientific-technical
-progress. An analysis of the results of prospecting-&xploration work during
the Ninth Five-Year Plan makes it possible to delineate three groups of
promising territories in this country.




Assigned to group one are the highly promising territories: Western Siberia,
Central Asia, the Timano-Pechorskaya petroleum province, and the Caspian
syneclise, where broad development of further petroleum and gas prospecting-
exploration work is essential.

Assigned to group two are the promising but poorly-studied territories:
Eastern Sibeéria, the Far East (in particular, the territory of the Yakut
ASSR and Sakhalin), which require a large amount of regional work.

Assigned to group three are the so-called "old regions" having a highly
developed petroleum and gas producing industry (Azerbaydzhan, the North
Caucasus, the western oblasts of the Ukraine, Western Kazakhstan, Western
Turkmenia, and the Volga-Ural Province), in which the main deposits and
fields have already been discovered and have for the most part been
thoroughly . worked out. Nevertheless, the ground in these regions still
contains undiscovered deposits of petroleum and gas in poorly-studied
portions of the profile. The main prospects here are related to Mesozdic
deposits in Azerbaydzhan, Triassic deposits in the North Caucasus, the
subthrust in the Capathians, the subsalt deposits of the Fmba fields, the
Mesozoic and Paleozoic deposits of Western Turkmenia, and the lower portion
of the Paleozoic profile of the Volga-Ural province.

At the present time, highest priority must be accorded group one of the
territories, by which it will be possible to completely insure the basic
increase in reserves during the current 5-year plan and the near future.
A very important reserve for the preparation of petroleum reserves is
group two, where it is essential to concentrate primarily regional work
for purposes of preparing objects for prospecting—exploratory drilling.

The results of Studying the mineral deposits of the Soviet Union in recent
years-—especially the Ninth Five-Year Plan--have made it possible to )
generalize materials on the geological structure of various areas in the
country and, on this basis, to determine ways to further develop scientific
research in the field of prospecting-exploration work. Not enough attention
is being focused yet on problems of the specific and integrated study of
individual deposits of fields and petroleum.and gas . accumnulation zones.

Tt is essential to step up. the scientific development of new methods and
the perfecting of existing methods of prospecting-exploration work at all
stages of implementation.

Tt is essential to focus attention on improving the quality and effectiveness
of prospecting-exploration work, on improving all technical-economic indi-
cators relating to petroleum and gas prospecting and exploration. It is
essential to make more extensive use of computers in prospecting-exploration
work, and also mathematical methods.
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One of the most important and high-priority tasks of scientific research in
1976 through 1990 is the formulation of the theoretical principles of
improving the effectiveness of geological exploration work for petroleum

and gas. To accomplish this goal it is essential: “to substantially step

up. research into the predictive evaluation of the petroleum and gas potential
of large regions of the USSR, to increase their reliability and to determine
scientifically substantiated directions of petroleum and gas prospecting and
exploration work; to step up the volume of research into the study of
brocesses of petroleum and gas formation and the formation of petroleum

and gas deposits, which must be directed primarily toward determining
criteria for evaluating the prospects .of the petroleum and gas potential

of regions in terms of the composition of the organic matter of the rock,

the petroleum and gas, and the stratal water, using the most up-to=date
methods; +to increase the scale of procedural investigations relating to

the prospecting and exploration of petroleum and gas deposits under various
geological conditions, orienting these efforts toward improving. the relia-
bility of the preparation of local structures prior to subjecting them

to deep drilling; +to step up efforts aimed at further improving the resolu-
tion capacity of geophysical methods for the study of structures under complex
geological-geophysical conditions, also at perfecting a complex of production
field-geophysical investigations of petroleum and gas wells; to work out a
methodology of prospecting and exploring litholegical and stratographic
petroleum and gas deposits; to adopt mathematical methods more widely for
processing geological information in the forecasting of the prospects of
‘petroleum and gas potentials and further directions of petroleum and gas
geological exploration worki; to work out the scientific principles for
improving the effectiveness of the preparation of industrial petroleum

and gas reserves in specific petroleum and gas provinces and areas; to

step up the comprehensive study of carbonate collector rocks. containing
substantial reserves of petroleum and gas; :.to substantially boost the

volume of geological-economic investigations aimed primarily toward deter-
mining ways of improving the economic effectiveness of geological exploration
work in various regions of the USSR.

COPYRIGHT: Vsesoyuznyy nauchno-igsledovatel'skiy institut organizatsii
- upravleniya i ekonomiki neftegazovoy promyshlennosti (VNIIOENG),
1977
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NATURAL GAS IN CRYSTALLINE FORM
Moscow TEKHNIKA I NAUKA in Russian No 5, May 77 p 17
[Article: "A New Raw Mdterial: Solid Gas"]

‘[Text] The earth's crust still contains many astonishing things. For
example, research by scientists in Yakutia shows that the earth of Siberia,
which includes the famous Tyumen' area, containssuch exotic substances as
deposits containing natural gas in the solid phase. Naturally, this is
interesting by itself, but the study of this problem is not an end in itself..
Some specialists believe that such deposits, known as gas hydrate deposits,
can be worked and yield benefits to the national economy. In short, this
involves a very promising raw material for the fuel and chemical industry.

An entire complex of work is going on in the Institute of Physical-Technical
Problems of the North of the Yakut branch of the Siberian Department of the
USSR Academy of Sciences. It was there that the idea came into being of
prospecting for solid gas in regions of permafrost; scientists there pre-
dicted the depth of gas hydrate deposits and worked out procedures for
their geoclogical exploration and exploitation. Naturally, recovering

solid gas is no simple matter. There are still many complex technical
problems.

But where to look for it? Scientists concluded that it must surely be
located in the permafrost stratum. It is interesting to note that gas in
crystalline form was first discovered in...a plexiglas tumbler--that is,

in a laboratory. It was produced during the course of an experiment
designed to . model conditions of deep-lying layers where super cooled
stratal water comes into contact with methane and other hydrocarbons. Later
on, actual gas hydrate deposits were discovered in some regions of Siberia
at depths ranging between 200 and 900 meters. This brilliantly confirmed
the theoretical assertions of the scientists of Yakutis. Now their concern
is to make practical recommendations to production workers. '

PHOTO CAPTION
Crystal particles resembling crushed ice but in reality solid gas.

COPYRIGHT: TEKHNIKA I NAUKA, 1977
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FISHERIES AND MARINE RESOURCES

FISH RESOURCES AND FISHING INDUSTRY IN BELORUSSIA
Moscow SEL'SKAYA ZHIZN' in Russian 26 Apr 77 p 2

[Article by V. Belyayev, chief of the Administration of Fish Industry at-
tached to the BSSR Council of Ministers: "In the Mirror of Ponds"]

[Text] Belorussia has more than 600 lakes with a total surface of 118,000
hectares and 15,000 hectares of ponds. Ten years ago a total of only 46,300
quintals of fish were extracted from these waters, and the share taken

from ponds constituted one-half of this quantity. However, while the aver=-
age catch from one hectare of pond water surface was 4.6 quintals of

fish, in the lakes it was only 12.1 kg.

The fish industry of the republic began to develop at an accelerated pace
in the Eighth Five-Year Plan, when over 5,600 hectares of fattening ponds
and 1,700 hectares of hatchery ponds were put into operation. Natural
reservoirs were stocked with more than 80 million young of valuable fish
types, such as eel, carp and sazan. In consequence the gross fish catch
almost tripled. The production of pond fish, which at present constitutes
more than 80 percent of the total volume, increased fourfold. The harvest
from each hectare of pond water surface reached 10.7 quintals.

In the current quinquennium, as also in the preceding years, the leading
role will be assigned to pond fish-raising., The production of pond fish
will grow by 175 percent during the years of the Tenth Five-Year Plan,

and by 1980 the annual catch will be at least 170,000 quintals. This is
more than is envisaged by the five-year plan. The main road to the fulfill-
ment of this goal is to raise the productivity of ponds. In the existing
enterprises the '"harvest" should reach 16.5 quintals per hectare of water
surface by 1980.

Practice shows that for Belorussian fish-breeders such indicators are not

the limit. Even last year, which was a very difficult one with regard to
weather conditions, many brigades and production sections exceeded the
designated program. For instance, the brigade of the Beloye Fishery Combine
headed by Mikhail Yaroshik obtained 19.8 quintals of fish per hectare.
Workers Nikolai Kolosov and Ivan Kandora of the Krasmaya Zor'ka Fishery
Combine raised up to 17.8 quintals of fish, and the catch on individual ponds
of the Lakhva Fishery Collective amounted to 20-25 quintals per hectare.




Unfortunately, such results are not attained by all collectives. Quite

a number of serious problems exist which make difficult the rapid devel-
opment of the sector. It is a well known fact that in order that fish

may grow well and reach the planned weight increase, it must be fed.
Nonetheless fish-breeders are still awaiting from science and the mixed-
feed industry feeds which would not immediately dissolve in water and which
would contain the entire range of the necessary components =-- particularly,
animal proteins, amino-acids and vitamins.

In a number of instances enterprises in pursuit of larger plans do not
execute timely prophylactic and sanitary measures on the ponds. Also, we
receive inadequate aid from science in the struggle with fish diseases.

In order to raise the efficiency of pond fish-breeding, it is necessary

to be concerned also with a substantial improvement in the technical equip-
ment of enterprises. Our fish-breeding units are not sufficiently sup-
plied, for instance, with equipment for pond reconstruction, for the appli-
cation of mineral fertilizers, and for the catching of fish.

One of the most important reserves is more intensive utilization of the
fishery potential of rivers and lakes. Their natural productivity is low,
and the share of such valuable varieties of fish as pike-perch, carp-bream
and catfish is small. The whitefish and the vendace have disappeared from
rivers and lakes. At the same time the number of low-value fish -- such

as the roach, perch and ruff —- has increased. It must be admitted that the
fault is our own. For a long time the fishery organizations relied mainly
on the natural reproduction of fish stocks, and even when they did conduct
restocking of the lakes, it was without the necessary preparatory opera=
tions., As a result, a large part of the fledgling stock set out there

fell prey to the teeth of predators. Moreover, the existing regulations

on fishing in small lakes are conducive to the reduction in the quantity of
low-value and nuisance varieties of fish, whose elimination is furthered
neither by the length of the fishing season nor by the mesh-size of the
sweep-nets employed.

In the Tenth Five-Year Plan we tasked ourselves with raising the working
standards of the sector and with maximal utilization of each hectare of
natural reservoirs., We are beginning to conduct their exploitation on the
principles of the pond fishery. A few years ago, for instance, the stock-
ing of Lake Beloye at the Berezovskaya GRES was begun. About 140,000 two-
year old amur and silver carp were set out there. In 1975, 160 quintals
of fish were caught in this lake -- about 40 kg per hectare. Last year,
the catch was already 350 quintals, or 86 kg per hectare. The average
weight of herbivorous fish reached 7-8 kg and of some specimens 10-15 kg.
Without preparation and fish-stocking, the yield per hectare of the re-
servoir did not exceed 10 kg.
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Taking into account the experience of the Tyumen' fish-breeders, we have
decided to transfer by 1980 to a commercial fish-breeding regime 38,600
hectares of lakes and to raise their productivity to 60 kg per hectare.
Already now the Vitebsk, Braslavsk, Polotsk and Narochansk fishery plants
have been transformed into commercial lake operations. On the site of the
Lukoml 'skoye Experimental Commercial Organization and the Lukoml' Fish
Hatchery we are founding a Novolukoml'sk Fish Farm where we will try to
acclimatize and breed new valuable fish varieties -- bester, buffalo, chan-
nel catfish, trout, and eel. Within the structure of the Pinsk Fishery
Plant, the Krasnopolessk Lake Commercial Fishery will be founded as a de-
partment of an economic accountability basis.

We are not talking about a mere renaming of fishery plants into commercial
lake fisheries, but about a fundamental restructuring of their work. The
main task is to found a stable base for the production of high-quality
stocking material and, on this foundation, to raise sharply the productivity
of natural reservoirs and to increase the fish catch. We count on raising
the production of fingerlings of valuable fish varieties to 135 million
fish by the end of the five-year plan period -- almost twice more than was
raised in the republic in 1975. Out of this number, at least 125 million
young will be set out into natural water reservoirs -- approximately four
times as much as during the last five-year plan period. During the last
year alone 6.7 million fry of glassy eel, pelyad, buffalo and trout were
set out in the reservoirs of the republic, as well as 300 reproducing
males of herbivorous fish species. Beyond that, 2.8 million carp, sazan
and crucian carp were deposited.

This spring the Lukoml'sk Fish Hatchery will begin to operate a plant de-
signed for the incubation of 150 million eggs of carp and plant-eating
fish., The application of industrial methods for the production of young
fish is expanding also in other organizations. Altogether we plan to de-
rive this spring at least half of the total output of fish-stocking mater-
ial by artificial methods. We are devoting special attention to the incu-
bation of the roe of pelyad, herbivorous fish, trout, carp and pike with
subsequent raising of hardy fry in tanks and troughs. This will make it
easier to provision both pond and lake fisheries with fish-stocking mater-
ials and to raise sharply the production of carp, herbivorous fish, pike
and trout.

Issues connected with the creation of a reliable commercial fishing fleet
are more complicated to solve. It is difficult to obtain small motorized
vessels of 20-40 horsepower capacity, which are the most suitable for in-
ternal water reservoirs, as their production has not been organized. 1In
the construction of fishing equipment and the organization of commercial
fishing, the assistance of local experts has to be used, But if the fish-
ing organizations had a modern, highly mechanized fleet and improved equip-
ment for fishing in small lakes, the efficiency of the branch would be a
good deal higher. Efficient utilization of the resources which are at the
disposal of the local water reservoirs should be reflected in the thematical
plans of scientific research institutes and planning organizationms.
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MANPOWER

ECONOMICO-MATHEMATICAL METHODS OF PLANNING LABOR INDICATORS
Moscow PLANOVOYE KHOZYAYSTVO in Russian No 5, May 77 pp 53-62

[Article by I. Denisenko, chief specialist of USSR Gosplan: "Economico-
.Mathematical Methods in the Planning of Labor Indicators"#]

[Text] In order to take into account the dynamic factors of economic
growth in long-range and intermediate planning of labor productivity, an
indicator such as capital-labor ratio (machine-labor ratio) is needed.

Without resolving the correlational problems it does not seem feasible to
use the capital-labor ratio indicator as the growth factor of labor pro-
ductivity in the planned period, because prior to determining the capital-
labor ratio ome ought to calculate the unknown number of workers in the
planned production and the productivity of labor. Besides, the experience -
of developing the ASPR [Automated Control Systems of Planned Calculations ]
has shown that the usual metheds of direct calculation of the indicators
of the plan--used during manual processing of information--withstand
translation into the machine language of automated control systems (ASU)
in order to solve optimizational problems. That is why, during the past
five-year period in the block "Labor" of the ASPR subsystem "Labor and
Personnel" not a single economico-mathematical problem of the plan was
solved. It is possible to develop models for automated control systems
only by way of improving the methods of planning which are based on the
integral (generalizing) system of information processing, permitting to
use economico-mathematical methods and electronic computers.

For the planning (forecasting) of the number of workers in the industries

we recommend an economico-mathematical model which looks like a power
function:

:L2==anKf- . (1)

*As a matter for discussion
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But in this case (without its modification) only the already formed regulari-
ties in the development of the factors of labor productivity growth of the
past period can be calculated. These regularities, determined on the basis
of indicators analyzed over 10-20 years of the past period, do not reflect
the new tendencies of scientific and technical progress of the planned
period. At the same time the time multiplier &Mt (» --constant in the
variable of real time t, e——basis of natural logarithms), usually intro-
duced in multifactorial models of labor productivity forecasts as an indi-
cator of technical progress, solves the problem only partially. Calculations,
conducted by us up to 1990 in a number of associations and enterprises of the
automotive industry, have shown that the share of influence of the time mul-
tiplier on the increase of labor productivity is insignificant: 0.6-3 per-
cent of the projected for the future growth of labor productivity.

Therefore, we propose to introduce into the function (1) a correction factor
W which takes .into consideration the acceleration of scientific and technical
progress of the planned period, and when using it on the level of enterprises
make it look as follows:

BW

L:=aQiK:", (2)

and on the macroeconomic level of large branches (ministries) and industry
as a whole, requiring high inputs of materials in production, the model will
look like

L= aQ*K} W, , (3)

Where L--number of personnel in industrial production;
Q--volume of output;
K--fixed producer goods;

a--parameter of proportionality and effectiveness of resources;

AL ._5!2___ ratio between the rates of

L Q

increment in the number of workers engaged and the rates of incre-

a~-parameter of equation (

ment in the volume of output);
AL ‘
2 :—J%?L—— ratio between the rates of

increase in the number of workers engaged and the rates of increase

ﬁﬂ——parameter of equation (

of fixed producer goods);
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W-—correction, reflecting the economy of the work force at the expense
of the acceleration of scientific and technical progresé in the
planned period;

t—-pést and prospective periods, years.

The correction factor W is determined in the function as a proper fraction,
i.e. 1 > W = 0. Its purpose--reduction of the number of workers in the
planned volume of output. Therefore, if, for example, parameter B is posi-
tive, it is multiplied by W; if negative, it is divided by W.

The distinctive feature of factor W consists in that there is no initial
information for its calculation in statistical records. In this case planned
projections of the growth of fixed producer goods, of the increase of unit
capacity (productivity) of new machines and equipment, and so forth are used.

The meaning of W permits to tie-in indicators of the plan and of the fore-
cast, improve the method of extrapolation, ensure optimizational projected
calculations .of labor expenditure for the planned volume of output and the
growth rates of labor productivity which are based on the requirements of
the plan in respect to the scientific and technical progress and intensifi-
cation of production.

At the same time, when forecasting the growth rates of labor productivity,
it is necessary to improve the method of extrapolation by way of replacing
the conventional time multiplier eMt with the correction factor W:

m
Lo AL’ %)

where m = A L:h--relative economy of the number of workers caused by the
influence of the scientific and technical progress;

W=1—

AL——increase in the number of workers, calculated according to
formula (1), under the existing in the period under review
rates of growth of technical progress;

h--average weighted coefficient .of the increase of unit capa-
city (productivity) of the means of labor or the rate of
growth of the active part of producer goods;

Lo--average listed number of production-industrial personnel of
the base period.
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Parameter h serves as a criterion of optimality which reflects the increase
of labor productivity, resulting from the reduction of living labor expendi-
ture for a unit of output.

When introducing real corrections in the results, received during forecast-
ing by the method of extrapolation, it is necessary to determine the average
weighted coefficient of increase of the unit capacity and productivity of
the means of labor, marked h. ‘

We propose a methodical approach to the evaluation of the system of norma-
tive coefficients of fixed capital renewal. The latter reflects the effec-
tiveness of measures of the scientific and technical progress, outlined in
the longrange and intermediate plans. In the perspective period, growth
of the active part of fixed producer goods (machines and equipment) calcu-
lated for one worker will be accompanied by an increase in the application
of new in principle means of labor, by the creation and expansion of auto-
mated power and metallurgical aggregates, by higher unit capacity of oil
refining, chemical, and petrochemical equipment and transport means which
ensure the growth of labor productivity by several times.

The problem of complex mechanization and automation of the production
processes has two sides: economic, i.e., increase of labor productivity,
and social-~reduction of hard manual labor.

The reduction of the relative share of manual labor in the industries, out-
lined in the Tenth Five~Year Plan, is connected with the increase of the
share of production of the means of mechanization in the total volume of
machine-building output, and also with the expansion of the produets list
of new, more productive machines and mechanisms whose application increases
labor productivity 2.5-3.0 times at a given work place. '

Calculations according to consolidated norms show that with minimal periods
of return from fixed capital of 2.5 years, it is necessary to produce
approximately 6 million rubles' worth of highly productive material-handling
equipment and other means of mechanization in industry in order to release
1,000 workers, engaged in hard labor. At the same time, realization of these
measures permits to substantially reduce the share of hard manual labor and
to ensure on the average nearly 20 percent of the total increase of labor
productivity in a given sector. '

In order to determine the average weighted coefficient of unit capacity h,
it is necessary to work out a system of coefficients and norms, reflecting
the quantitative evaluation of the individual factors of technical progress
which influence the increase of labor productivity at the enterprises of
industries with physical production. Calculation of the increase in the
aggregate capacity of new equipment in machine building and metal working
is the most complicated, because in order to do this it is necessary to
have not only the relative share of highly productive equipment, but also



the quantity of new machine tools of different types with comparative
characteristics of their productivity. As a result of improvement of the
structure of the machine tool park the quantity of highly productive
mechanized flow lines has increased 2 times during 1966-1970; of automated
lines, 1.5 times; of special, specialized, and aggregate machines, 3.5
times during 1951-1970; and of grinders, 4 times.

The Experimental Scientific Research Institute of Metal-Cutting Machine
Tools (ENIMS) has done a great deal of work in calculating the norms in
respect to the productivity of the machine tool park. For comparison with
new, more productive machine tools the coefficient of old equipment was
taken as 1, universal modernized machine tools—-with a coefficient of labor
productivity as 1.1; universal new, as 1.2; automatic and semiautomatic,

as 3, special and specialized machine tools, as 43 aggregate machine tools,
as 6; with numerical program control, as 8; automatic and semiautomatic
lines, as 10.

Using these norms, we have determined (by way of multiplying the quantity
of machine tools by the above productivity coefficients of individual
types of equipment) the capacity of machine tools in machine building as
a result of the renovation of the equipment park, anticipated by the plan
for 1976-1980, as 245,000 units.* The capacity of machine tools for 1975
was calculated in the same manner.

Proceeding from this, let us make a conventional calculation for determining
494,0-100

the growth of labor productivity of machine-tool workers: 416,2

——— = 118,7%.

Then we calculate the coefficient of use of the active part of fixed capital
which takes into account the increase of labor productivity as a result of
the increase of the share of highly productive equipment:

‘K§==v14_( ellfLEi) Ad,
Ly

wherevéjkwincrement of new equipment (245,000 units);

np--ratio of machine tools and the number of equipment of multiple
machine-tool service (0.7); -

nk——work shift coefficient of enterprises (1.7);
L,~-average listed number of workers of the industry (enterprise),

where the coefficient of the renovation of the means of labor is
determined (13.8 million persons);

*"Materialy XXV s'yezda KPSS" [Materials of the 25th CPSU Congress], Moscow,
Politizdat, 1976, p 137.
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A d--increase of the aggregate unit capacity (productivity) of new
- equipment in percent to the existing capacity (118.7).

If we substitute the initial calculations in formula (5) [as published],
we will receive
(245,0-0,7- 1,7)

K2=I+ 13,8

118,7 = 1,25%. .

The average weighted coefficient of use of the active part of producer

~ goods (h) is calculated from the normative evaluation of the characteristics
of measures of the technical progress. According to our calculations, in
machine building and metal working on average for the five-year period it
will constitute '

Ky Ka,.. Kn = h—158.

Coefficients, influencing the magnitude of h:

Ki = 1.06--reflects the rate of renovation of machines and mechanisms,
taking into account their improvement on the basis of new
production technology and the use of highly productive cutting

instruments;

K9 = 1.25--calculates the increase of labor productivity as a result of the
increase of the share of highly productive equipment and improve-
ment of its structure in the common park of machine tools;

K3 = 1.01--influences at the cost of the increase of the share of more pro-

ductive forge and pressing equipment in the park of metal-cutting
machines;

K4 = 1.08--reflects the use of the means of mechanization and automation
of manual labor;

1.09--calculates the increase of labor productivity, resulting from
the improvement of production management and the introduction
of the scientific organization of labor.

Ks

Thus, coefficient K; which reflects increment in the renovation of the park
of metal-cutting machines, anticipated for the Tenth Five-Year Plan in the
amount of 6 percent,® is the basis of the above system of coefficients of
the growth of labor productivity of new equipment.

*"Materialy XXV s'“yezda KPSS," p 137
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Proceeding from the calculated meanings of individual normative coefficients,
the average weighted coefficient of increase of the unit capacity (produc-
tivity), or the rate of growth of the active part of fixed producer goods,
designated in formula (4) as h, is expressed as the product of the rates of
growth of physical renovation of new machines and mechanisms and the growth
of their labor productivity (149 - 106 = 158%).

Such integrated approach to the development of a system of normative coef-
ficients of individual factors of utilization of the active part of fixed
producer goods on the basis of planned introduction of new, highly productive
technology in the perspective period reflects the average weighted coefficient
of increase of the unit capacity (productivity) or the rates of growth of

the active part of producer goods for the substantiation of perspective and
current plans of an industry, association, or enterprise. Moreover, the
most important condition of the calculation is the calculation of the

inverse proportionality between the increase of the active part of producer
goods and the inerease of their productivity, because the higher the unit
capacity of machines and equipment, the lower the rates of renovation of
these means of labor, and vice versa.

The surpassing growth of labor produetivity (149%) in comparison with the
increase of the means of labor, comnsidering their improvement (106%),
characterizes better utilization of fixed producer goods and reduction of
labor expenditure for a unit of output, and also is the substantiated
criterion of the optimality of long-range, intermediate, and current (yearly)
plans. The influence of the system of coefficients of the utilization of
producer goods on the optimization, when forecasting the economic growth
of production and the growth of labor productivity in the long-range plan,
will contribute to orienting the industries (ministries), associations,
and enterprises to make progressive decisions in the field of technical
policy, when developing and fulfilling one-year and five-year plans.

In order to calculate the parameters of equation of the power function (1),
we have made an analysis of statistical data on the actual meanings of L,
Q, and K in industry on the whole and in machine building and metal working
in comparable conditions of each year during a period of 25 years (1951~
1975).

For the analysis and prognosis of workers according to five-year periods
until ‘1990, the following matrix was used:

LiLsLs, ..., L, - . ==initial information
Q1 Q:Q3,...,Qn
1 Ko Ks,y ..., Ky,
L == aQx KB ~-formula to calculate the parameters

——numerical meanings of the factors

Qn+1 Qni2 Qnaas e s Qnim of forecasting
Kn+l Kn+2 Kn»}-S 3 e Kn+m
L"+1L”+2L"+3V"’L”fﬁ_. --making the problem logarithmic.
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The parameters of equation of the function were determined according to
the standard program in the universal language ALGOL on the electronic
computer type BESM-4 according to formula (1) with the help of the method
of the smallest squares with preliminary conversion of the problem into a -
logarithm and giving it a linear agpearance. They constituted: in the
industry on the whole L = 3.6348 Q -3876 g-0.0363" 3nd in machine building
and metal working—-L = 2.1896 Q0. 4430 k-0.0994,

By substituting in the above models the adopted in the calculations for

1976-~1980 meanings of Q and K in the industry on the whole and by making
the problem logarithmic, we will receive data of the forecast number of

industrial-production personnel:

L = 1g'3,6348 + 0,3876 1g 720 — 0,0363 Ig 162 ;
lg L = 0,5605 + 0,3876 - 2,8573 — 0,0363 - 2,2005 :
© " 1gL = 10,5605 1,1075 — 0,0802 ;
L = lg 1,5879.

The unknown meaning of the target fumction constituted: L = 38.72 million
persons. :

Meanings, given in Table 1, were determined in the same manner.

Table 1.
2)) TlpombiwacktocTs 8 neioM 3)Ma“’"“zgl‘;%gz%‘;ix’a‘ meTat-
S TN H O I I e
4) 515)2B)E.| =2.(8)2((9)510)5 | 2 &
O3 | K3 |H2F| ~gE o3| K3 |NeE[ 953
19511955 94,7 17.3 19,0 | 19,1 | 14,0] 3,5 6,2 | 6,2
1956—1960 57,4 30,0| 22,6 [ 22,8 26,9{ 54| 7,6} 7,9
1961—1965  |229,0| 48,0| 27,1 } 26,7 | 48,6] 9,8 | 10,0 9,8
1966—1970 373,0| 74,71 31,6 { 30,8 | 88,0| 16,6 | 12,1 | 12,2
1971—1975 523,0|113,31 34,0 | 34,6 {143,0] 29,4 | 13,8 | 14,1
1976—1980 720,01162,0 - |38,7 |220,0( 47,0 - 16,3
Key:
1. Years 7. L, according to calculation,
2. Industry on the whole million persons
3. Machine building and metal 8. Q, billion rubles
working 9. K, billion rubles
4. Q, billion rubles 10. L, according to report, million
5. K, billion rubles persons
6. L, according to report, 11. L acecording to calculation,
million persons million persons
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Due to the fact that correction W is not used in this standard program yet,
calculations of the number of workers were made in two stages: first the
needed number of workers was calculated according to formula (1) with an
electronic computer, and then the meanings of W were determined according
to formula (4) by hand, using the average weighted coefficient of the
increase of unit capacity (productivity) of the means of labor h:

in industry omn the whole:

48:1,43 34 .
340+34 374 0917
in machine building and metal working:
1 2,5:1,58 1,6 0.90.

T 138416 154

Taking into account the meanings of W, the projected number of industrial-
production personnel (see Table 1) constituted:

in industry on the whole:
for 1976-1980, 38.7 - 0.91 35.3 million persoms,

for 1981-1985, approximately 36.3 