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The geodynamic hazards and risk assessment at the Karachaganak oil, gas, and condensate field (KOGCF)
were explored on the northern board of the Pre-Caspian Basin to predict the consequences of the long-
term exploitation of this field. We integrate multiple measurements, including repeated accurate
leveling, Global Positioning System (GPS) measurements, and high precision gravimetric and seismo-
logical monitoring at the KOGCF. The results of geodynamic monitoring at the KOGCF for the first time
made it possible to prove noticeable seismic deformation processes in the sedimentary cover under the
influence of hydrocarbon production. The vertical displacements and horizontal movement along faults,
changes in local gravity anomalies, and earthquake sources at depths comparable to hydrocarbon pro-
duction intervals at the KOGCF have been identified. The maximum amplitudes of modern vertical
movement of the earth's surface and the minimum values of the differently oriented horizontal move-
ment were revealed within the projection on the ground surface of the crest of the carbonate massif
(Upper Devonian-Lower Permian age). The results suggest the expansion of uneven compression in the
crest of the KOGCF while tension processes occur on its periphery. There is a decrease in gravity varia-
tions in relation to the slopes of this massif in areas with active hydrocarbon production. An extended
zone of high-gradient steps of DGa anomalies, spatially coinciding with the position of fault zones, is
mapped along the periphery of the contour of production wells. In the northeastern part of the KOGCF,
seismic events were registered practically in the depth intervals of the productive horizons from which
hydrocarbons are produced. A spatial relationship between the seismic events and the anomalous
deformation activity in the northeast KOGCF has been revealed. Consequently, the field development has
provoked both intense deformation of the earth's surface and weak local seismicity.
© 2022 Editorial office of Geodesy and Geodynamics. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The structure of the KOGCF is a carbonate massif with
30 � 15 km2, formed from the late Devonian to the Artinian age of
the Lower Permian [1e4].

Genetically, this massif is associated with forming a heteroge-
neous reef and carbonate platform in the inner part of the northern
(S. Kudaibergenova).
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board of the Pre-Caspian depression, characterized by a thick
sedimentary cover and display of salt tectonics (halokinesis) [5e7].

The complex geological evolution of the KOGCF was reflected in
the change in the depths and morphology of the main rock
assemblage (e.g., their stratigraphic completeness, lithological
composition, and variable thicknesses) [8e11].

In the KOGCF, at a depth of 6e7 km, a complex basement high,
with a distance of about 400 m from uplifts to troughs, is bounded
from the north by an arcuate trough based on seismic data (Fig. 1).

The Upper Paleozoic structure is divided into three sub-levels:
Upper Devonian-Tournean, Visean-Bashkirian, and Early Permian
(Fig. 1).

The faults originate in the crystalline basement and are traced
up to the Filippovsky Horizon of the Lower Permian. These faults
led to weakened and fragmented zones, along which halokinetic
dislocations subsequently occurred.
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Fig. 1. Typical geological section at the KOGCF.
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Themain oil and gas condensate reservoir under development is
associated with carbonate Upper Devonian (Famennian), Carbon-
iferous, and Lower Permian (up to and including the Artinian stage)
sediments, devoid of terrigenous admixture.

A wide range of rocks in the pre-Upper Permian deposits at the
KOGCF (e.g., mudstones, organogenic limestones, siltstones, dolo-
mites, carbonate rocks, anhydrites, rock salt, clays, sandstones)
created the conditions for the formation of an uneven stressestrain
state of the geological environment, which must be taken into ac-
count when assessing the geodynamic hazards and risks (anoma-
lous vertical movement along faults, large subsidence of the earth's
surface, horizontal movement in rock masses, natural and induced
earthquakes) [2,4,12e14].

Under such geodynamic situations, significant subsidence of the
earth's surface causes horizontal movement of rock masses toward
the subsidence trough. In this case, tensile stresses arise in the crest
of the KOGCF, which can be realized in the form of local seismicity
along the planes of active faults [15e17]. At the KOGCF, geodynamic
monitoring began in 2002 with the initiation of a local seismo-
logical monitoring program, which continued until the end of 2007
[14].

In 2008, a comprehensive geodynamic monitoring program
evolved, involving class II leveling of increased accuracy, gravi-
metric and GPS surveys, and seismological monitoring.

The evolved program aimed to obtain information about the
events of natural and technogenic genesis at the KOGCF to deter-
mine their level, scale, and speed of distribution over the area.

Under the evolved work program for 2009e2012, a set of pre-
liminary works was completed at the KOGCF, which included field
reconnaissance of the location of the designed monitoring points,
the manufacture and laying of these points on the field territory,
and one cycle of monitoring on it [14].

The basic set of geodynamic monitoring methods included 1)
repeated accurate leveling at 135 points; 2) repeated high precision
GPS satellite measurements at 41 points; 3) repeat high precision
gravimetric measurements at 135 sites; 4) seismological moni-
toring at 7 points.

Surveys were carried out to determine:

1) modern fault activity, which the development processes may
significantly activate at the KOGCF;
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2) the amplitude of modern vertical surface movement, including
its subsidence, associated with hydrocarbon production, reser-
voir pressure drop, uneven areal distribution of lithology and
reservoir properties, etc.;

3) the horizontal movement of rock masses due to intensive sub-
sidence of the earth's surface. The values of shifts can increase
due to the influence of local heterogeneities in salt-bearing
deposits, which play the role of "lubrication” in case of hori-
zontal displacements;

4) local deformation processes in pay horizons (compaction of
reservoir rocks), which increase subsidence of the ground
surface;

5) the appearance of local technogenic and induced seismicity.

Comprehensive monitoring was conducted twice a year (the
number of cycles depends on the intensity and change of defor-
mation parameters over time).

From 2009 to 2012, 7 monitoring cycles were performed at the
KOGCF [17e19].

2. Potential geodynamic hazards and risks at the KOGCF

The Lower Permian-Upper Devonian carbonate sediments with a
thickness of more than 1600 m promote the deformation processes
since it has a rigid structure and hardness; moreover, its ability to
crush increased under the combined influence of external tangential
geodynamic stress and the selection of hydrocarbon extraction.

The large size of the carbonate massif (28 � 17 km2) and the
large area of active technogenic impact (about 280 km2), as well as
the area uneven distribution of high flow rate productionwells and
uneven spatial and temporal changes in reservoir pressure, can
contribute to significant deformation (compression, stretching) of
reservoir rocks during the development of the KOGCF.

Paleotectonic processes that influenced the formation of rock
stress anomalies in the geological section, as well as the deforma-
tion processes as a result of field development, are considered the
main factor in the display of seismicity along faults.

All these natural and technogenic factors contribute to their
uneven areal compressibility and, accordingly, to pulsating sub-
sidence of the earth's surface, leading to vertical and horizontal
displacements of rock masses at the KOGCF.
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In this study, we assess the geodynamic hazards and risk of
deformations on the ground surface.

3. Research results

3.1. Repeat accurate leveling

In 2008, Geomar company conducted the first work on the
geodynamic monitoring points to study deformation processes in
the field [14].

In 2009, the first cycle of high precision class II leveling at the
KOGCF was carried out along four profiles, one online and three
crossline, which form a free (unclosed) system of profiles.

The first cycles of repeated precise leveling made it possible to
identify local high-intensity anomalies in modern vertical move-
ment of the ground surface along all lines of repeated leveling. The
existence of such local anomalous areas is also confirmed by
repeated high precision GPS measurements.

The width of the anomalous areas was about 1e2 km, while the
amplitude of the vertical displacements of the points reached
6e7 cm for half a year intervals, which are quite large (Fig. 2).

The identified local high-intensity anomalies can be associated
with various factors, mainly residual surface deformations (subsi-
dence of points after they were laid in the ground), which appeared
when comparing subsequent leveling cycles with the first leveling
cycle.

According to the results of the combined hydrodynamic model,
carried out in 2012, the active rise of the earth's surface occurred
mainly before 2011, which led to a restructuring of the structural
plan of this surface and is displayed along the profile 1-1, built
based on the data of repeated high precision leveling (Fig. 2).

Subsequent repeated leveling revealed a change in the sign of
the movement direction of the earth's surface; uplifts were
replaced by subsidence along profile 1-1. At the same time, the
maximum amplitudes of modern vertical movement of the earth's
surface were established in the crest of the KOGCF (Figs. 2 and 3).
Fig. 2. Modern vertical movements of the earth's
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Thus, the maximum amplitudes of modern vertical movement
of a ground surface have been identified in the crest of the KOGCF
(Figs. 2 and 3).

3.2. Repeated high precision GPS acquisition

Repeated high-precision GPS measurements were carried out
with the aim of long-term monitoring of modern deformation
processes in the KOGCF and nearby zones to determine the geo-
dynamic hazards and risks.

GPS measurement points at the KOGCF are located according to
the areal system [14]. One part was tapped into the salt domes
distribution zone, the other within the inter-dome trough and
the third outside the influence zone of the field development
processes.

The maximum values of the modern rise of the earth's surface
were revealed in the arch of the KOGCF (GPS-point 40)þ111mm for
2010e2011 (cycles 2e4). At the same time, the average value of this
indicator for the same time for the entire field was þ15.8 mm.

The zones of modern uplift of the earth's surface have a sub-
latitudinal strike, which conforms to the orientation of the car-
bonate massif at the KOGCF.

An areal distribution analysis of horizontal motion vectors of
GPS points over three years made it possible to identify the
following features:

Small values of differently oriented horizontal movement (from
1.5 mm to 12.0 mm) are recorded in the crest of KOGCF (GPS points
No. 12, 13, 17, 40, 41). At the periphery of the crest, GPS points show
increasing values of horizontal movement up to 21e31 mm and
more (Fig. 3);

The southern periphery of the KOGCF is mainly characterized by
the northwest trending of horizontal movement of GPS points with
the horizontal movement amplitude within the wide range of
11.2 mm (GPS-11) up to 40.1 mm (GPS-6);

On the northern periphery of the KOGCF, smaller values of
vectors, a predominantly southerly movement direction, and
surface along profile 1-1 for various periods.



Fig. 3. The spatial distribution of the horizontal movement at the KOGCF based on high-precision repeat GPS measurements over three years.
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amplitudes varying from 6.4 mm (GPS-14) to 30.4 (GPS-2, Fig. 3)
were revealed;

About-face change in the orientations of the horizontal move-
ment vectors falls on the fault that separates the northern pe-
riphery of the KOGCF from its crest.

The results of the horizontal movement of GPS points for
2009e2012 led to two conclusions:

Significant deformation processes with amplitudes of horizontal
movement up to þ20e35 mm have been established, character-
izing the current geodynamic state of the KOGCF subsoil;

The orientation of horizontal movement vectors and their am-
plitudes suggest the development of irregular compression in the
arc of the developed KOGCF, whereas tensile deformation processes
occur at its periphery (Fig. 3).

The conclusions are clearly illustrated in Fig. 4, which shows the
compression and extension zones.

Differently oriented local anomalies No.1-4, characterizing the
zones of extension (dilatation), form a closed ring along the pe-
riphery of the projection of the crest of the Upper Paleozoic car-
bonate massif at the KOGCF on the ground surface (Fig. 4). The sizes
of these local anomalies are 4� (7e8) km2 (anomaly 1 - GPS points
5-8-9, anomaly 2 - GPS points 19-20-29, anomaly 3 - GPS points 28-
32-33, anomaly 4 - GPS points 25-26-35). The magnitude of dila-
tion, i.e., areal stretching, varies in the range of (0.5e1.5) � 10�5.

A large arc-shaped compression anomaly (No.5) with its convex
part facing southwest has been detected at the arc of the Upper
Paleozoic carbonate massif projection on the ground surface (Fig. 4).
83
A large anomaly of compression of an arcuate shape (No.5),
facing the convex part in a southwestern direction, was revealed in
the crest of the projection of the Upper Paleozoic carbonate massif
on the ground surface (Fig. 4).

In this compression zone, the horizontal movement vectors of
GPS points Nos. 23, 24, 25, 26, and 27 naturally directed toward
each other (Figs. 4 and 5).

Significant sizes of the compression zone (anomaly No.5 in
Fig. 4) framed by extension areas may indicate the existence of
active faults along the periphery of the crest of the Upper Paleozoic
carbonate massif at the KOGCF.

At the sites of GPS points 26 and 27, the maximum subsidence
of the earth's surface for the KOGCF takes place (up to �80 mm
over three years) based on repeated accurate leveling, bounded by
zones of high gradients of vertical movement (Fig. 5). This zone
is characterized by the development of maximum compressive
stresses.

Such a geodynamic situation could provoke the occurrence of
earthquakes. Indeed, there is a correlation between earthquake
epicenters and the location of compression anomaly (No.5).

3.3. Earthquake monitoring system

A network of seismic stations has been created at the KOGCF for
seismological monitoring, which is optimal both in terms of aper-
ture (a geometric shape) and in relation to the infrastructure sys-
tems of the field and its main geological features.



Fig. 4. Stretch and сompression zones at the KOGCF.

Fig. 5. Distribution of the local gravity anomalies and zones of the maximum subsidence.
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The number and location of the earthquake monitoring system
stations were determined based on the minimum energy class of
expected earthquakes.

As a result of seismological monitoring, it was found that: a)
KOGCF is currently characterized by a weak level of seismicity; b)
almost all earthquake epicenters are grouped along the periphery
of the carbonate massif (Fig. 6).

Within the period of seismological monitoring (2009e2012), 16
local seismic events with magnitudes up to 2 and 1 event located
outside the field were registered. Focal depths of earthquakes range
from 5 km to 6.5 km, i.e., practically within the production at the
KOGCF. Obviously, there is a spatial relationship between the con-
centration of seismic events in the northeast of the KOGCF and
anomalous deformation activity of this part of the field.

The carriers of this activity are the faults identified on the sur-
face of the Carboniferous 9 reflecting horizon.

A significant areal non-uniformity in the position of the epi-
centers of seismic events was revealed. Of the total number of
events, about 80% are concentrated within compression anomaly
(No.5) (Fig. 6).

Of undoubted interest is that the identified seismic events and
deformation anomalies are located on the operated KOGCF, in the
contour of wells that produced hydrocarbons from all objects
during the period 2009e2012.

Therefore, it can be assumed that in the formation of the local
anomalous compression zone (No.5) and the generation of seismic
events, a large role belongs to the technogenic factor, i.e., the field
development process.

In other words, there was a natural tension of the bowels in the
area of anomaly (No.5). However, the identified deformation
movement and seismic events could not have occurred if there had
been no development of the KOGCF.
Fig. 6. Stretch and сompression zones at the KO
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Field development provoked both intense deformation and
weak local seismicity.

The results of seismological monitoring lead to the following
conclusions:

1. The spatial confinement of the area of concentration of earth-
quake sources to the zone of anomalous compression, charac-
terized by relative subsidence of the ground surface, identified
from the data of the areal distribution of the horizontal move-
ment vectors of GPS points, repeated high precision leveling and
an increase in gravity at the KOGCF over a three-years (Fig. 5).

2. The flanks of the KOGCF are separated by the relative subsidence
of the earth's surface. Seismic sources are the exception rather
than the rule.

3. Seismic events were identified in the zone of anomalous
deformation processes and high-gradient changes in the current
reservoir pressure at various development targets at the KOGCF;

4. The earth's surface movement at the field are caused by natural-
technogenic factors. It can be assumed that for the KOGCF, fault
movement and weak seismicity can be considered factors that
relieve accumulated stresses due to field development.
3.4. Repeated high precision gravimetric measurements

Repeated high-precision gravity measurements at the KOGCF
were made at long-term gravimetric points and aligned with the
leveling points. Gravity measurements were made relative to a
central gravimetric reference point, which is permanent in all
monitoring cycles [20e23].

In 2009, a network of long-term gravimetric points combined
with leveling points was located at the KOGCF. In 2011, high-
GCF, including seismic data for 2009e2012.
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precision gravimetric measurements were performed at 118
gravimetric points located along four re-leveling lines [14].

The main factors to be assessed in the study of gravity variations
between 2009 and 2012 at the KOGCF field were vertical dis-
placements of gravimetric points over time, hydrocarbon produc-
tion and deformation processes.

However, two possible cases are distinguished:

1) Change in the heights of points at a constant mass of underlying
rocks;

2) Change in heights with a simultaneous change (increase or
decrease) in bedrock mass, which occurs with changes in points
elevation, hydrocarbon production, injection of chemicals and
water to maintain recoverable product volume and compaction
of reservoir rocks.

Time-varying hydrocarbon production and significant lateral
variability of the properties of reservoir rocks due to the display of
their compaction processes led to a complex spatialetemporal
changes in gravity changes.

The multifactorial nature of gravity variations is confirmed by
the graphs of the ratios of this parameter and the relative heights of
gravimetric points.

The results of repeated high-precision gravimetric measure-
ments at the KOGCF allow us to draw the following conclusions:

1. Significant changes in gravity variations over time, reaching
20e30 microGal per year, have been detected;

2. There is a relative increase in total gravity background;
3. In the arch of the carbonate massif, there is a relative decrease in

gravity variations in relation to the slopes of this massif (Fig. 7).

The zone of relative reduction of gravity variations has a
northwest-southeast extension with a characteristic decrease in
gravity variations toward adjacent areas (section 1 in Fig. 7).

Of note is the very high block differentiation of gravity variations
in the north-east of the KOGCF (section 2, Fig. 7), which appears as a
combination of a block of increased gravity variations (to þ30
microGal) and a block of decreased gravity variations (to þ10
microGal).

Along the extended zones of high-gradient steps, spatially
coinciding with the position of the fault zones, there is a transition
from low to high values of gravity variations (Fig. 7).

In addition, the confinement of low values zone of gravity
anomaly to areas with active production was established for
2009e2012. 4865300 tons of hydrocarbons were extracted.

4. Gravity variations along the profiles have a block character,
which is probably determined by their multifactorial nature,
including deformation processes in the pay horizons, the in-
fluence of the hydrocarbon extraction, and the fluid injection
into productive formations to maintain reservoir pressure and
enhance oil recovery [24e28].

Thus, the analysis of the ratios of gravity variations values and
the relative heights of gravimetric points indicates a decrease in
the anomalies DGa in time directly above the developed part of the
field. On the one hand, this is due to mass transfer processes at the
hydrocarbons production (rates of extraction of non-free
condensate, oil and gas, gas re-injection into productive forma-
tions to maintain the reservoir pressure and increase oil recovery,
oil-water contact movement), on the other hand, with the vari-
ability of the reservoir properties of rocks in pay zones at the
KOGCF. Together, these factors lead to deformation processes in
these zones.
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4. Discussion

The article reflects the results of studies to find common
features of the display of geodynamic parameters between
measurement cycles, which show, with a certain degree of
probability, some relatively stable display of these parameters for
2009e2012.

In total, geodynamic monitoring included four methods, the
results of which, to one degree or another, proved themselves
during the development of the KOGCF.

4.1. Repeat accurate leveling

The maximum amplitudes of modern vertical movement of the
earth's surface are established within the crest of the KOGCF. It is
noted that the active uplift of the earth's surface mainly occurred
until 2011, which led to the reconstruction of the structural plan of
this crest.

Subsequent high precision repeated leveling showed a change
in the sign of movement direction of the earth's surface; uplifts
were replaced by subsidence of this surface everywhere.

4.2. Repeated high precision satellite (GPS) measurements

The contours of the zone of modern uplift of the earth's surface
have a sublatitudinal strike, which generally to the strike of the
projection of the carbonate massif on the ground surface at the
KOGCF. At the same time, the maximum values of the modern rise
of the earth's surface were revealed above the crest of the KOGCF
(up to þ111 mm).

Area distribution of horizontal movement vectors allowed to
reveal the following features:

(a) Small values of differently oriented horizontal movement
(with amplitude from 1.5 mm to 12.0 mm) were recorded in
the crest of the KOGCF. At the periphery of the crest, an in-
crease in the values of horizontal movement up to 21e31mm
andmorewas observed. In the north-eastern part of the crest
projection, the Upper Paleozoic carbonate massif on the
ground surface revealed a large arc-shaped compression
anomaly (No. 5), in which the horizontal vectors of move-
ment are directed toward each other.

(b) A wide range of variations characterizes horizontal move-
ment amplitudes for the southern and northern periphery of
the KOGCF, with bigger variations for the southern part (from
11.2 mm to 40.1 mm) and smaller variations for the northern
part (from 6.4 mm to 30.4 mm);

(c) The existence of active faulting along the periphery of the
Upper Paleozoic carbonate massif fold at the KOGCF is
assumed.

The orientation of horizontal movement vectors and their am-
plitudes suggest the development of irregular compression in the
crest of the developed KOGCF, while tensile deformation processes
take place at its slopes.

4.3. Seismological monitoring

The spatial confinement of the concentration zone of earth-
quake epicenters to the zone of anomalous compression, charac-
terized by the relative elevation of the ground surface, is revealed.
Of the total number of earthquakes, about 80% of them are
concentrated within the local compression anomaly No.5, identi-
fied in the northeastern part of the carbonate massif and confined
to wells actively producing hydrocarbons from all development



Fig. 7. Gravity variations obtained from the repeated high precision gravimetric measurements over 3 years at the KOGCF.

A. Аbetov and S. Kudaibergenova Geodesy and Geodynamics 14 (2023) 80e89
sites, where anomalous deformation processes and significant
changes in the current reservoir pressure appear in the pay zones.

Consequently, the exploitation of the field provoked the occur-
rence of both intense deformations and weak local seismicity. Thus,
we can speak about the natural-technogenic genesis of seismicity
in the crest of the carbonate massif at the KOGCF.

The flanks of the KOGCF are separated by an almost aseismic
regime.

4.4. Repeated high precision gravimetric measurements

The results of repeated high precision gravimetric measure-
ments indicate that in the crest of the carbonate massif at the
KOGCF, a zone is isolated, where there is a relative decrease in
gravity variations in relation to the slopes of this massif. Spatially,
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this zone coincides with the areas where active hydrocarbon pro-
duction is carried out.

On the one hand, the formation of this zone was directly
affected by the volumes of extraction of non-free condensate and
oil, gas, as well as the re-injection of gas into productive for-
mations to maintain reservoir pressure and increase oil recovery,
i.e. hydrocarbon production operations, on the other hand,
lateral variability of reservoir properties of pay horizons at
KOGCF. Together, these factors led to deformation processes in
pay zones.

Thus, the results of geodynamic monitoring at the KOGCF for the
first time for the Pre-Caspian depression made it possible to obtain
convincing evidence of noticeable seismicedeformation processes
in the subsoil, displayed on the ground surface and associated with
hydrocarbon production.
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Combining geophysical and geodetic methods made it possible
to study natural and technogenic events in the form of earth-
quakes, faults activation, and deformation of the earth's surface
under the influence of vertical and horizontal movement of rock
masses.

In turn, the findings confirm the necessity and obligation of
geodynamicmonitoring in order to study and assess the geodynamic
hazards and risks associated with the development of the KOGCF.

In this regard, in this article, trends and tendencies are high-
lighted so that the next stage of geodynamic monitoring could
purposefully research the relationship between the geodynamic
state of the subsoil, which is continuously changing over time, and
the field and geological processes.

In order to mitigate the factors of potential geodynamic hazards
and risks at the KOGCF, there is an urgent need to perform:

1. Geodynamic zonation at the KOGCF, taking into account the
available geological, geophysical and field data, identifying po-
tential areas of geodynamic hazards and increased risks in areas
and areas of anomalous deformations of the geological envi-
ronment in fault zones.

The confinement of three-dimensional deformations to fault
zones is substantiated by the following factors that we have
identified:

a) The faults localization is identified by themaximumvalues of
subsidence of the ground surface, reaching the
values: �65 mm (GPS-33), �80 mm (GPS-8), �60 mm (GPS-
5) according to high precision releveling;

b) The faults localization occurs by an about-face in the vectors
of horizontal movement, during the transition from the crest
of the KOGCF to its periclinals, where increased values of
displacements are observed (GPS points No. 23, 24, 25, 26, 27,
etc.), while in crest they are minimal according to repeated
high precision satellite (GPS) measurements;

c) Faults are localized along linear gradient transition zones
from lower to higher values of gravity variations, spatially
coinciding with the position of these faults;

d) Within the zones of anomalous deformation processes
associatedwith faults, seismic events and significant changes
in the current reservoir pressure at various development
targets were recorded;

e) The confinement of anomalous subsidence of the earth's
surface to areas of high hydrocarbon production.

2. The calculation and subsequent analysis of the components of
the anomalies of the stationary stress field - potential zones of
occurrence of natural and technogenic earthquakes, zonation of
the KOGCF on this basis;

3. The study of correlations of seismicity and deformation pro-
cesses of natural and technogenic origin in the conditions of
long-term operation of this field.

4. Modeling the combined display of the effects of the volume of
hydrocarbon production and the deformation of reservoir rocks
using data on gravity variations, the magnitude of subsidence of
the earth's surface

5. Conclusions

The comprehensive interpretation of the monitoring results
allows us to perform:

1. Geodynamic zonation at the KOGCF, taking into account the
available geological, geophysical and field data, to identify
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potential areas of geodynamic hazards and high risks, which
include:

- anomalous deformation areas within fault zones;
- abnormal subsidence areas within high hydrocarbon production
zones;

- anomalous horizontal displacements areas;
- potential zones of induced earthquakes and zoning of the
KOGCF area;

- detailed seismic zonation.
2. Possible mechanisms analysis of the interrelation between

deformation and natural or anthropogenic origin seismic pro-
cesses under the long-term operation of the field and interpre-
tation of spatialetemporal changes in geodynamic monitoring
data.

3. Modeling of deformation processes in reservoir rocks in
connectionwith the volumes of recoverable hydrocarbons using
gravity variations and subsidence data of the earth's surface. We
integrate various geodetic methods to study the properties and
causes of seismicity and deformation processes at the KOGCF.
This analysis can assess the seismic-deformation status of the
petroleum accumulations under development, moreover, pro-
vide a basis for predicting the geodynamic hazards and risks of
exploitation in this field.
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