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Abstract . The increase in energy demand is met, as is known, through the use of fossil
fuels, which increases the energy load on nature. This problem can be solved by en-
suring environmental and energy security and resource conservation. The leading
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role in the implementation of these processes belongs to non-traditional renewable
energy, with particular importance being given to the processing of industrial waste
from oil and fat factories and the production of alternative energy.

Keywords : oilseed waste recycling, oil and fat industry, pyrolysis, pyrolysis technology, py-
rolysis of waste from oil and fat enterprises, alternative fuel, pyrogas, pyroliquid, coke
residue, use of alternative fuel resources.

I ntroduction. The oil and fat industry of Uzbekistan is an important part of the food
industry, including the processing of oilseeds, the production and processing of
vegetable oils into various types of products. At the same time, the average consumption of
vegetable oil in the country's consumer market alone is no less than 14 kg per capita per
year. In addition, the need of the processing industry is about 250 thousand tons per year.
Today, there are more than 240 oil and fat enterprises in the Republic of Uzbekistan [1].

Oil production plants have a total annual oilseed processing capacity of more than
4.39 million tons per year. Of this, 3.59 million tons come from cotton seeds and more than
0.80 million tons from the processing of soybeans and sunflower seeds.

One of the main systemic problems characteristic of the entire industry is the ineffi-
cient use of production waste, the formation of substandard resources, etc.

Most of the waste from oil and fat enterprises is generated during the processing of
raw vegetable oils. The main waste to be disposed of is soap stock, obtained through the
process of neutralizing fatty acids and is widely used in soap production. Spent bleaching
earth, in which the fatty acid content is about 20 %, can be used as an energy carrier to gen-
erate heat [2, 3].

Object and methods of research. The development of new technologies is necessary
to increase the level of recycling of waste from oil and fat production, which will reduce the
negative impact of plants on the environment, reduce energy consumption and increase the
profitability of production.

There are a number of methods for the disposal and recycling of solid waste that can
be applied to waste from the cleaning of oil crops and oil and fat production. In this paper, we
will consider one of them — pyrolysis under the influence of high temperatures in the absence
or lack of oxygen.

Pyrolysis [4-7] is the process of decomposition of organic compounds under the in-
fluence of high temperatures in the absence or deficiency of oxygen.

It is characterized by the occurrence of reactions of interaction and compaction of re-
sidual fragments, initial molecules, leading to the splitting of organic mass, recombination of
splitting products with the formation of thermodynamically stable substances: solid residue,
resin, gas. Typically, waste pyrolysis processes occur are carried out at a temperature of
600-800 °C with the reactor being evacuated [8—10]. In this case, reactions occur in the for-
mation of coke and tar, and the decomposition of high molecular weight compounds into low
molecular weight, liquid and gaseous fractions.

Results and discussion. Experimental studies have shown that pyrolysis of cotton
seeds, stems and waste is used for various purposes [11-14]. We needed to determine the
possibility of obtaining combustible components as an alternative fuel

In principle, there are no technological difficulties in the pyrolysis process. But there
are different aspects of design and energy. Traditionally, thermopyrolysis is used with exter-
nal heat supplied using the energy of gas, coal, oil products, etc. In our research, we adopted
two options for implementing the transfer of thermal energy: one through the use of electric
heaters, the second through solar energy.

Figure 1 shows a schematic block diagram for the pyrolysis of substandard cotton
seeds using electrical energy.

According to, as shown in the flow chart (Fig. 1), substandard cotton seeds, after be-
ing cleaned of foreign substances (mainly metal and mineral impurities), are loaded into a
pyrolysis reactor. Electric heating elements were used as a heat source.

50 g of cotton seed waste was loaded into the reactor, and the experiments were re-
peated at different thermal powers of the reactor. Table 1 shows the results for a reactor
thermal power of 0.8 kW.
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Figure 1 — Schematic block diagram for pyrolysis of substandard cotton seeds using electrical energy

Table 1 — Results of pyrolysis of substandard cotton seeds by thermopyrolysis method

Pyrolysis products
liquid gas residue’

Time, min Start 2 10 15 20

0.8 kW

38 50 100 180 250 3 15,9 30

Reactor power,
Temperature
in the reactor, °C

The total duration of the thermal pyrolysis process was no more than 20 minutes, and
the pyrolysis temperature was at the limit of 250 °C. The thermopyrolysis process proceeded
at a rate of initially 6 °C/min, then 6.25 °C/min, 16 °C/min and 14 °C/min, respectively. The
end result is flammable gases, liquid components and solid residues remaining in the reac-
tor. The yield of flammable gases using the thermopyrole method was about 31.8 %.

As for the use of thermopyrolysis with heating of solar radiation energy, we can cite
some studies [15-25], where heliohybrid technologies have been successfully implemented.

Figure 2 shows a schematic block diagram of the pyrolysis of substandard cotton
seeds using solar energy.

Figure 2 — Schematic block diagram of pyrolysis of substandard cotton seeds using solar energy

The practical implementation of the thermal pyrolysis process using solar radiation
differs from the thermal pyrolysis process using electrical energy. For example, in the second
case of thermal pyrolysis, the operating time of the pyrolysis reactor is limited to daytime;
constant adjustment of the solar concentrator and other factors is required.

The use of thermal pyrolysis with heating of solar radiation energy are considered in
studies [15], where heliohybrid technologies have been successfully implemented. The in-
stallation made it possible to implement a basic block diagram of the pyrolysis of substand-
ard cotton seeds using solar radiation energy, presented in Figure 2.

According to the flow chart for the pyrolysis of substandard cotton seeds using solar
radiation energy, after purification from mineral and metal impurities, the raw materials are
loaded into a thermal pyrolysis reactor, then the sun's rays from a solar concentrator are di-
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rected into the reactor. At the same time, at certain periods of time, the direction of the solar
concentrator is adjusted depending on the position of the Sun on the horizon. Pyrolysis prod-
ucts are separated into gas and liquid components. Experimental data obtained from the pyroly-
sis of substandard cotton seeds using solar thermal pyrolysis are summarized in Table 2.

Table 2 — Results obtained from the pyrolysis of substandard cotton seeds by solar-thermal pyrolysis
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As can be seen from the table 2, the pyrolysis process when using a heliohybrid unit
required 100 minutes of time to process substandard cotton seeds. Naturally, the volume of
the reactor compensated for 500 grams of raw materials and the sun's rays did not cover the
useful heat exchange surface of the reactor. Another important factor was the initial moisture
content of the raw materials. The resulting products are almost identical in nomenclature, but
different in balance. If the gas:raw material ratio with conventional thermopyrolysis was
0.318, then with the heliohybrid version this ratio was 0.2.

In conclusion , it can be noted that the considered options for thermal pyrolysis pro-
cessing of substandard cotton seeds allow obtaining an alternative type of fuel of the order of
0.2-0.318 kg / kg. The traditional method is implemented under the condition of the presence
of external heat supplied by the energy of fossil fuels, and requires constant financial costs
for the implementation of the pyrolysis process. The specific yield of alternative fuel from one
ton of raw materials was 318 kg, with a lower calorific value of 7.3 MJ / m?.

Specific energy loads per unit mass of raw materials are 19.2 kJ/g for thermal pyroly-
sis and 16.8 kJ/g for heliopyrolysis. The energy efficiency of heliopyrolysis was more than 14
% compared to thermal pyrolysis. And the specific consumption per unit of pyrolysis alterna-
tive fuel in this case will be 44.4 kJ/m® for thermal pyrolysis 38.8 kJ/m°.

Thus, the utilization of waste from oil and fat production enterprises allows the use of
additional innovative technological options for the production of alternative fuel resources,
their use in the processing line, in particular, drying seeds to the required moisture content,
saving traditional energy and fuel resources.
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JOINT APPLICATION OF ATTRIBUTE ANALYSIS WITH GWR DA TA
IN THE DETERMINATION OF RESERVOIR DISTRIBUTION OF PRODUCTIVE
SERIES SEDIMENTS OF THE 8 MARCH FIELD

Aghayeva Azerbaijan State Oil and Industry University
Maleyka Agha Ali Teacher at the department of «Geophysics»

Abstract. This research work determined the distribution area of reservoirs for the VIl and
VIII horizons of the Productive Series at the 8 March field of the Baku Archipelago
with the integrated use of Geophysical Well Research (GWR) and 3D seismic data.
Various seismic attributes were calculated, a comparative analysis was carried out
with borehole and core data, and characteristic features of the sediments were identi-
fied. The identification of reservoirs (sand-clay) in the well section was carried out ac-
cording to the general characteristics of the well logging data:

— By negative amplitude on the self-potential (SP) curve;

— By increasing resistivity on the apparent resistivity (AR) curve.

At the final stage of the research, seismic attributes were calculated, and RMS
attribute (Root mean square) maps were constructed for the VII and VIII horizons of
the PS. As a result, the reservoir distribution of sediments was determined.

Keywords : 3D seismic data, seismic attributes, reservoir, well logging, horizon.

ntroduction. 8 March field is located in the northern part of the Baku Archipelago,

in the northwest of Zanbil island and the southwest of Sangachal cape and Baku
city [1].
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«8 March» field was outlined first in 1975 by use of the seismic CDP technique. In
1978 the «8 March» area was covered by deep exploration drilling. Deep exploration works
were started in 1981 in «8 Marchx» area by drilling an exploration well 565.

As a result of geological and geophysical studies, industrial reserves of oil and gas
have been identified in the upper part of the PS, at the VII horizon, and in the lower part of
the PS, at the VIII horizon [3, 4].

Objective : The research aimed to outline reservoir rocks distribution in horizons VIl
and VIII of PS on the 8 March field of the Baku archipelago.

To outline the zone with hight reservoir properties the seismic attributes of Sweet-
ness/RMS Amplitude, Envelope, Relative Acoustic Jmpedance (RAI), and ]nstantaneous
Frequency have been calculated by 3D cube [2]. The seismic data from 0-500 msec time
intervals have been used to calculate parameters.

The study applied both geophysical and geological data. Studies of the 8 March field
have been done using data from 10 wells.

Trend line DSP = f(RMS) drawn for seismic data and well logging curve (DSP) dis-
plays the correlation coefficient between them as 0.70. The correlation coefficient shows a
sufficient correlation between seismic data (RMS amplitude attribute in this case) and well
data (DSP) and the correlation coefficient is featured by lithological characteristics of rocks
varying in a wide range.

Methods : Calculations are shown for some inline and cross lines. According to the
RMS amplitude attribute passing through the central part of the area (inlines 154, 175), the
high values of the amplitude for horizon VIl of PS (1 target) are observed in the central part
of the «8 March» area (Figure 1-2).

It can be seen from calculations, that high values of RMS and Sweetness attributes
calculated by use of a 3D cube increase further starting from the VIII horizon of the section
and deeper. The average values of the attributes are observed in the VII horizon. According
to logging data available for the area for horizons VII and VIl the section has been divided
into «reservoir — non-reservoir» type of intervals and an appropriate 3D lithological model
has been designed. The stochastic algorithms from the «Petrel» software package have
been used to design the model and define its spatial position. Despite lithological variety
within the geological section, the section was roughly considered as «reservoir-non-
reservoir» (1 and O respectively) while designing our 3D model. This means that any litholog-
ical types located in each mesh must correspond to one figure: reservoir (displayed as 1 and
referring to the rocks with dominance of sand) and non-reservoir (displayed as 0 in our litho-
logical model and refers to clay rocks). Thus, the discrete lithological cube has been calcu-
lated according to the drawn curves (DSP).

Figure 1 — Fragment of RMS amplitude attribute (inline 154)
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Figure 2 — Fragment of RMS amplitude attribute (inline 175)

These calculations made it possible to study the physical characteristics of the area
between the top and the bottom of horizons VII and VIl across the study area. The designed
3D lithological model displays the variation of sediments (sand/clay) within VIII horizon of PS
in the study area, that the reservoir properties of sediments in the study interval (between the
top and bottom of horizon VIII) are better in the northern and central parts. According to the
lithological model, the sand content is 20.86 % and the clay presence is approximately 79.14
%.The 3D lithological model generated for horizon VIIl, and RMS amplitude attribute map,
indicates a relatively uniform distribution of sand. Notably, in the central part of the area, the
sand content reaches the maximum value and increases from fault II-Il in the north and south
directions.

Comparative analysis of RMS amplitude attribute calculated by use of seismic data
from horizon VIII of PS and the lithological model designed by use of well data displays that
results from both support each other. In other words, the maximum values gained by RMS
attribute analysis correspond to the maximum values gained by the use of the lithological
model (Figure 3).

Figure 3 — RMS amplitude attribute and lithological map for horizon VIiI

Comparative analysis of RMS attributes calculated for horizon VII of PS and 3D litho-
logical model designed by use of well data is shown in Figure 4.
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Figure 4 — RMS amplitude attribute and lithological map for horizon VI

Conclusion : Based on the dynamic parameters of the seismic wave field (amplitude,
frequency) from the 3D cube, seismic attributes were calculated, seismic attribute maps
(RMS amplitude) were constructed for the corresponding surfaces (VIIl and VII), and based
on their results, the areas of distribution of layers with reservoir properties were studied.

According to the calculated RMS amplitude attribute maps, relatively high amplitude
values between the top and bottom of the VIl and VII horizons were predominantly observed
in the central part of the 8 March area, in the southern and northern parts, as well as closer
to the northeast. Based on a comprehensive analysis of GWR and seismic data, 3D lithologi-
cal models were created for the selected surfaces. According to the calculated lithological
models, high values of reservoir properties between the top and bottom of the VII and ViIiI
horizons of the PS are predominantly observed in the central part of the structure and the
northern part. The comparison of the 3D lithological model, constructed based on well data,
with the RMS amplitude attribute calculated between the top and bottom of the VII and VIl
PS horizons shows that the obtained results confirm each other. That is, the maximum val-
ues obtained from the RMS amplitude attribute analysis correspond to the maximum values
of the lithological model.
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UNSTEADY LIQUID FLOW TO THE HORIZONTAL WELL
IN A CLOSED CIRCULAR RESERVOIR

Mammadov Scientific Research Institute
Ramil Mukhtar «Geotechnological Problems of Oil, Gas and Chemistr ~ y»
Doctoral Student, Junior Research Engineer

Sultanova Scientific Research Institute
Arzu Vagif «Geotechnological Problems of Oil, Gas and Chemistr  y»
Doctoral Student, Junior Research Engineer

Abstract. The use of horizontal wells in the development of oil fields has caused numerous

increases in current oil production, regulation of the development process, a reduction
in the likelihood of water and gas cone formation in reservoirs containing plantar wa-
ter and a gas cap, sand warning and other positive indicators.
All this points are to the significant advantage of such wells. This method is consid-
ered one of the progressive and promising technologies in increasing production in
the oil and gas industry. The article deals with the solution of the problem of fluid flow
to an exploited horizontal well under an unsteady filtration regime in an isolated circu-
lar formation.

Keywords: unsteady fluid flow, isolated formation, permeability, well operation period, pro-
duced oil volume.
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y the end of the twentieth century, in numerous advanced countries in the devel-

opment and operation of oil and gas fields, drilling of inclined and horizontal
wells has become widespread. Currently, through the directional, horizontal and branched-
horizontal wells of oil and gas fields, increasing oil production is considered the greatest
achievement of recent years.

Suppose that the distance from the center of a circular formation to its impermeable
boundary (radius of a circular formation) R, the thickness of the formation h, the fluid viscosi-
ty coefficient b, the initial formation pressure p0, the pressure conductivity coefficient c, the
permeability coefficient of the anisotropic formation in the horizontal direction k and the verti-
cal layer k,, at a distance z, from the bottom of the formation, a horizontal well of borehole
length |, with constant (stable) production rate Q, is put into operation (Fig. 1, a). It is required
to solve the problem of fluid inflow to a horizontal well in the reservoir.

Figure 1 — The formation scheme in the form of a cylinder drilled by a horizontal well:
a) — for the first case; b) — for the second case

Here, in order to solve the hydrodynamic problem under consideration, we choose the
following coordinate system. We will direct the coordinate axis of the abscissa of the horizon-
tal wellbore in the parallel direction, the ordinate axis perpendicular to the abscissa axis on
the plane of the base of the formation and the axis of the applicator in the direction of the ax-
is of the cylindrical formation, as shown in the figure (Fig. 1, a).

It is known that in a three-dimensional space, in a chosen coordinate system, the
pressure function p (X, y, z, t) under the unsteady fluid filtration regime is described by a dif-
ferential equation:

E'"l E‘l "_ral _1 p 1)
ax* = Byt k 8zt oy 8t

Under the following initial condition, t = O of the differential equation (1) p = po (2) and
under the boundary conditions z=0and z = h:

dp _

==0, ®
in case whenr = R:

dp _

Pt 0. 4)

It is required to find a solution within these conditions.

For the purpose of solving problem (1) — (4) use the point source method (origin) of
mathematical physics. For this, the length of the wellbore |, equal to the length of the horizon-
tal well |, is replaced by a linear source. The linear source, in turn, will be considered to con-
sist of point sources at an intensity g = Q / I. Here, Q is the given (known) production rate of
the horizontal well. Then, in the horizontal wellbore, the pressure value changes from point to
point. But among these points, the existence of a point where the value of the pressure func-
tion is equal to the average pressure over the length of the wellbore becomes known. Sup-
pose that this point in the formation, located at a distance z, from the bottom of the formation
in the wellbore, is at a distance f from the axis of the applicate (from the center of the for-
mation), i.e. at the point F (f, rq, o). Here r, is the radius of the horizontal wellbore.

Note that in the case considered, one end is considered to be an applicate axis of the
horizontal wellbore (to the center of the formation), i.e. a horizontal well located at a distance
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Zo from the base of the formation and lying on a plane is parallel to the plane of the sole,
starting from the applicate axis, is correctly drilled into an impermeable boundary (Fig. 1, a).

First, to solve, the problem of liquid flow to the point source located at a distance s
from the applicate axis at the linear source replacing the wellbore of a horizontal well must be
solved. For the flow of a liquid to a point source at an intensity g and located at the point
Mo (S, rq, Z0), the condition of the problem considered by us is as follows:

ﬁiﬂ[ﬂ ) 4 J1o k' )
Here:

S =r?— v(z—z;), ri = (x — s]: + v =kf.

To solve the problem, consider the flow of a liquid to a point source, at an intensity q
and located on distance s from the axis of the applicator on a linear source replacing the
trunk of a horizontal well.

It is known that the value of the pressure function at an arbitrary point M (x, y, z) of
the formation, from the influence of the point source at the point M; (X, yi1, 1) for sufficiently
large geometric dimensions of the anisotropic formation extending in all directions, q descrip-

tion of the integral transformation of Laplace is defined as the following [1, 2]:

Bo _ oia _ Mg 1f.. @ = g e on= FITE)
2 plx,y.2,4) = [ﬁu(ﬂlxi)+225:1hg(w - ?)cos " cos( )} (6)

Imkh A h

Here:

plx,y,z,2) = [e *plx, v,z 0)dt r = | (x —x)* + (y — )7,

A — parameter of Laplace's integral transformation; K,{x) is an imaginary Bessel argumentary
function of zero order of the second kind.

Now we replace the problem of the flow of liquid to the point source located at the
point Mo (S, rq, Zo) Of the closed circular formation and the intensity g by a problem equivalent
to this problem, i.e. the problem of the flow of a liquid to a two-point source located at the

points My (s, rq, o) and M, ¢ R — T2, for sufficiently large geometric dimensions of the for-
S

mation and equal to the same intensities . Here the point is the inversion point along the
circle of radius R of the point My (S, rq, Zo).
The problem of the flow of liquid to a two-point source located at the points Mg (S, g,

2
Zo) and |v|0¢ i,rq,zo for sufficiently large geometric dimensions of the formation extending
S

in all directions and equal to the same intensities g must be solved. To this end, using formu-
la (6) and the superposition method, to determine the value of the pressure function at an
arbitrary point in the reservoir M (x, y, z) from the influence of point sources located at the

2
points My (S, rq, Z0) and |v|0¢ i,rq,zo the formation in the description of the integral La-
S

place transform, we can write the following expression:

' | I w [ [ o I — . .
i:hj {‘a ("JIj 'rl) + Ky (\I&T:) +2%, [hﬂ{ﬁ"p?rl) ++ Ky (-,,."p?:r': )] cos?cas (51:”)} . (N
Here:
- 22 -
n=x=s5)"+v% n =ﬂ|(x—%) + y2.
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In formula (7), for values that satisfy the conditiony'vR = h, we can neglect the condition
h’ﬂ(ﬁ?rj), because for large values of the argument, this Bessel function approaches zero.

Note that expression (7) expresses the value of the pressure function at an arbitrary
point in the reservoir M (X, ¥y, 2z) from the influence of the source located at the points

Mo (S, rq, Z0) and M, ¢ R — T2, . In order to determine the average bottomhole pressure at
[

the linear source replacing the wellbore, it is necessary to place the point M (x, y, z) at the
point F (f, rq, Zo) located at the linear source replacing the wellbore. For this, it is necessary to
replace n; and r in (7) by to ;5 and ry, respectively. Taking this into account in formula (7),
the same expression takes the following form:

Po -

2B,

i
:::hﬂh’ﬁ(ulgih) + h’ﬁ(ull_h[,) +2¥7 [ (\, LJ—TrJ_E.) + +K { v—*.rnc.)] cas—cas (5?'3)}
(8)

) . . 2 )
Here: 1 = \Jli_s e R o - R: — f — the function of the description ofp, (t) the

genuine function in the integral Laplace transform.
Using the formula for returning to the authenticity of the integral Laplace transform in
expression (8), we obtain the following formula [4-5]:

@ =g [ E (-5 —1E () 25k (Wi )eo* ()] @

Here —Ei(—x) is the integral-exponential function, —Ei{—x) = [ _:% du,
It is established that for the function —Ei{—x) for small values of the argument
(x = 0,01), the following approximate equality is valid with a satisfactory accuracy:

—Bi(—x) = In> —! (10)

Here £ = 0,5772...is the Euler constant.
Using formula (10) for large values of timet, i.e., expression (9) will look like the fol-
lowing formula:

—pg(t) =

We can write expression (11) and in the following form:

L[S —c)+ (.znﬂ —C)+ 232 Ko (Vo ) cos? (=) | (12)

2rkh 2

E_ 1 ki 7 fomag
—pg(t) = - kh[ln = tC'+.I:r1|j__f|+.I'n__f+ZE]:F N (-...1. - ?l[,)cos ( - )} (12)

&

It is established [3, 4] that for .i!:rl ==

) values of the expression of an ab-

stract number, i.e. In— the approxmate equallty —Ei (—;dr) o .In —C (13)is 1 %, and

for the values of In > 100 (t = :’—X:) the abstract number is true to within 0.25 %. Those.

I.

fortime t = 'E—values expression (10) is true to within 0.25 %.
X

Given the long-term exploitation of oil fields, the degree of accuracy of the analytical
expressions obtained should be accurately calculated here. Equation (12) expresses the val-
ue of the pressure drop at the linear source replacing the horizontal well from the influence of
a single-point source located at the productive formation point F (f, rq, Zo). In order to find the
expression for the pressure drop from the influence of all the point sources constituting the

linear source, replacing in the same expression the value g = gds (@ — the production rate of
the horizontal well), the resulting expression must be integrated with allowance s from s =0

334



(# -24 - 5"

up to 5 = I. In order to find the average value of the change in the pressure drop of the result-
ing expression, multiplying the right side of the same expression again by E it is necessary

to integrate it taking into account from f =0to f =L

Conclusion

1. In an isolated circular layer, an effective method for solving the hydrodynamic
problem is used in connection with the inflow of liquid to an exploited horizontal well. Using
this method, formulas for fluid inflow to the well in an isolated reservoir with impermeable
boundaries from all directions are obtained.

2. The degree of accuracy of the obtained formulas is established for an unsteady
liquid filtration mode.

3. Proposed method allows the solution of the problem of fluid inflow to horizontal
wells with different arrangement of wellbores in an isolated area.
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Abstract. Scientifically grounded approaches to the development of adhesive compositions
with specified properties based on modification of butadiene-styrene elastomer (BSC)
have been developing. To improve the compatibility of rubbers in rubber mixtures, a
study has been conducted to obtain high-adhesion compaositions based on butadiene-
styrene rubber by modifying it with functional oligomers and polymers. The formula-
tion of rubber compounds based on isoprene (SKI-3) and butadiene-styrene (SCS-
30ARKM-15) rubbers, containing as a modified chlorinated atactic polypropylene
(CAPP) - or a composition based on a mixture of SKI-3 and SCS-30-ARCM-15, modi-
fied with oligoefirmetacrylate epichlorhydrine (OMAECH) and a complex of properties
of their vulcanizates was studied. It has been founding that compositions based on
modification butadiene-styrene rubber, with functional oligomers, polymers and based
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on them, rubber compounds, characterized by a higher cure rate and improved me-
chanical and adhesive strength, thermal stability and chemical resistance of vulcani-
zates , as compared to vulcanizes based on unmodified BSC. To achieve uniformity
of compositions and improve the performance properties of rubbers based on them.

Keywords: oligoefirmetacrylate epichlorhydrine, chlorinated atactic polypropylene, adhesive
compositions, isoprene rubber, butadiene -styrene rubber.

I n various areas of industry and technology, including aviation, rocket engineering,
shipbuilding, and the tire industry, high-strength compaosite materials are increas-
ingly used. Their successful use — transmission of forces and more complete use of the filler
properties — are possible only with a sufficiently reliable connection between the compo-
nents, which is ensured only in the case of sufficient adhesive strength in the binder — filler
system. Therefore, issues of adhesion of the binder to the filler, intensification and targeted
regulation of adhesive interaction are of primary importance in the creation of polymer com-
posite materials [1]. As is known, BSK is the most multi-tonnage rubber of synthetic elasto-
mers, has accessible monomers. However, the disadvantage of this elastomer is low adhe-
sive and cohesive strength to various rubbers in their mixtures, which limits its use in modern
technology for the production of adhesive compositions. To eliminate these disadvantages, it
is necessary to modify BSK with functional oligomers and polymers. Currently, rubber mix-
tures are used in the production of tires, rubber products, tread, frame, valve rubbers, to im-
prove the compatibility of these rubbers, there is a need to develop highly adhesive composi-
tions based on BSK by modifying it with functional oligomers and polymers. With improved
compatibility, the rubber mixture becomes homogeneous, as a result of which its physical
and mechanical mechanical and operational properties are improved. At the same time, a
new qualitative level of properties of a polymer mixture for a specific purpose can be
achieved at lower costs compared to the production of known materials for similar applica-
tions [2—4].

It is known that chlorine-containing polymers are widely used for the production of
composite materials that have chemical and thermal resistance and adhesive strength to var-
ious substrates.In order to improve functionality and eliminate the above-mentioned short-
comings, butadiene-styrene rubber (BSR) was modified with chlorine-containing functional
oligomers and polymers (OMAEHG, APP).

RESULTS OF THEIR DISCUSSION

Despite the fact that the carcass rubber based on a mixture of butadiene-styrene
(SKS-30ARKM-15) and isoprene (SKI-3) rubbers has satisfactory technological and opera-
tional properties, research is currently being conducted to develop new compositions using
available components and with the aim of improving their physical, mechanical and opera-
tional properties [5—6].

Increasing the cohesive strength of vulcanizates of rubber mixtures based on SKS-30
ARKM-15, SKI-3 and other rubbers, as well as a number of other physical and mechanical prop-
erties can be achieved by introducing various reactive oligomers containing functional groups
into the rubber macromolecule. For this purpose, for rubber mixtures based on SKS-30 ARKM-
15 and SKI-3, the highly deficient resorcinol-urotropine complex (RU) is used on an industrial
scale, which increases the bond strength of carcass rubber mixtures with tire cord, but does not
provide sufficient stability of fastening at elevated temperatures and humidity.

In this regard, a formulation of rubber mixtures based on isoprene (SKI-3) and butadi-
ene-styrene (SKS-30-ARKM-15) rubbers was developed, containing chlorinated atactic poly-
propylene (CAPP) as a modifier — mixtures 2, 3 or a composition based on a mixture of SKI-3
and SKS-30-ARKM-15, modified with oligoester methacrylate epichlorohydrin (OMAECH) —
mixtures 4, 5, table 1.

Rubber mixtures were prepared on laboratory rollers at a temperature of 25-300 °C.
The total duration of mixing was 20—-25 min. Vulcanization of rubber mixtures was carried out
for 15 min. at 1500 °C.

When using BSK modified with OMAECH, modification of butadiene-styrene rubber
with oligoether methacrylate epichlorohydrin (OMAECH) is carried out directly during the
manufacture of the rubber mixture. For this, butadiene-styrene rubber is pre-mixed with
(OMAECH), after which isoprene rubber SKI-3 is added, and then the remaining ingredients.
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Table 1 — Compositions of rubber compounds

Content of components, mass parts

Name of components Rubber mixture Suggested
2 -824

1 2 3 4 5
Isoprene rubber SKI-3 70 70 70 70 70
Styrene-butadiene rubber
(s)((s-so ARKM-15) 30 30 30 - -
Oligoether methacrylate modified styrene bu-
tadiene rubber epichlorohydrin (OMAECH) - - - 30 30
Regenerate RST 20 20 20 20 20
Sulfur 2,2 2,2 2,2 2,2 2,2
Sulfenamide «C» 1.0 1.0 1.0 1.0 1.0
Altax 0.3 0.3 0.3 0.3 0.3
Zinc white 4.0 4.0 4.0 4.0 4.0
Stearin 2.0 2.0 2.0 2.0 2.0
Rosin 1.0 1.0 1.0 1.0 1.0
Rubrax 4.0 4.0 4.0 4.0 4.0
Neozone — D 1.0 1.0 1.0 1.0 1.0
Styrene — indene resin 2.0 2.0 2.0 2.0 2.0
N — nitrosodiphenylamine 1.0 1.0 1.0 1.0 1.0
Microwax 2.0 2.0 2.0 2.0 2.0
Modifier RU-1 2.0 — — — —
Diafen FP 1.5 1.5 1.5 1.5 1.5
Oil PN-6 SH 4.0 4.0 4.0 4.0 4.0
Chlorinated atactic polypropylene - 2 3 - -
Carbon black N-539 50 50 50 50 50

Note: components are taken in mass parts per 100 mass parts of rubber mixture (SKI-3 + SKS30 ARKM-15); 4 —
OMAEHG is taken in the amount of 2 mass parts per 100 mass parts SKS-30 ARKM-15; 5 - OMAEHG is taken in
the amount of 3 mass parts per 100 mass parts SKS-30 ARKM-15

Table 2 — Physical and mechanical properties of rubber vulcanizates

Name of indicators Indicators
Rubber mixture Suggested
2 B-1824

1 2 3 4 5
Conditional tensile strength, MPa 20.5 21 21.4 225 24.2
Conditional stress at 100 % elongation, MPa 2.1 3.6 3.9 3.7 4.0
Conditional stress at 300 % elongation, MPa 8.9 10.2 11.0 9.7 10.4
Relative elongation, % 536 500 480 510 520
Relative residual elongation, % 26 235 23 22 23
Tear resistance , kKN/m 63.5 65.8 66.1 70.8 72
Rebound elasticity, % 42 44 445 43.5 43.8
lljr?i:gness according to TM-2, in conventional 59 59.4 59 58 57
Bond strength of rubber with cord grade
25 KNTS, according to the H-method, kN.10-2
23°C 3.9 6.7 7.3 6.6 7.1
100 °C 3.4 5.3 6.0 5.4 5.9
120 °C 3.1 4.9 55 4.8 57
Fatigue endurance under repeated stretching
(Edgin = 200 %, V = 250 cycles/min., T = 293 K), 8.9 11.8 12.6 14 15.1
thousand cycles
aging coefficient at 373K for 72 hours:
tensile strength f r 0,56 0,57 0,56 0,59 0,61
relatively elongated f, 0.40 0.41 0.40 0.43 0.44
Heat resistance coefficient at 373 K:
tensile strength f r 0.81 0.83 0.82 0.85 0.87
relatively elongation f, 0,77 0,78 0,79 0,78 0,79
Heat generation, K 341 341 341 341 341

A comparison of the physical, mechanical and operational properties of the vulcaniza-
tes of the developed rubber compounds and the existing one was carried out. It was found
that, unlike the basic version, the use of chlorinated atactic polypropylene (mixtures 2, 3) or a
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composition based on a mixture of SKI-3 and SKS-30-ARKM-15 modified with oligoether
methacrylate as a modifier in the carcass rubber compound based on SKI-3 and SKS-30
ARKM-15 rubbers epichlorohydrin (mixtures 4,5) allows to improve the indicators of conven-
tional tensile strength, conventional stress at 100, 300 % elongation, fatigue endurance un-
der repeated deformations of vulcanizates (Table 2).

From a theoretical point of view, the observed improvement in a number of physical and
mechanical properties, and in particular the adhesion and cohesion of the obtained rubbers, can
be explained by improvements in compatibility in the SKI-3 and SKS-30 ARKM-15 systems.

Thus, as a result of the research it was established that the introduction of butadiene-
styrene rubber modified with OMAECH into the carcass rubber mixture allows to increase the
resistance of vulcanizates to thermal aging. It can be assumed that in the process of vulcani-
zation of carcass rubber containing butadiene-styrene rubber modified with OMAECH due to
the presence of functional groups (-Cl , -OH and ether groups) promotes the formation of a
vulcanization network with thermally stable cross-links.

Modified butadiene-styrene rubber with oligoether methacrylate epichlorohydrin im-
proves adhesion between polymer phases by preventing their separation and improves the
compatibility of polymers in the interphase zone [3].

The presence of reactive functional groups in APP and BSK modified with
OMAEHG helps to increase the adhesive strength of rubber with tire cord and ensures stabil-
ity of fastening at elevated temperatures and humidity. Thus, the bond strength of rubber with
tire cord grade 25 KNTS in vulcanizates of modified rubber compounds even at 1200 °C is
higher than that of standard rubbers under normal conditions. This will eliminate the use of
the traditional, expensive, and highly scarce modifier RU-1 in the rubber composition.

The expected economic effect is achieved:

— by accelerating the vulcanization process of the developed rubber compounds
(saving energy resources, labor resources and increasing productivity);

— by excluding the expensive and highly scarce modifier RU-1 from the formula of
the frame rubber mixture based on SKI-3 and SKS-30 ARKM-15;

— by improving the physical, mechanical and operational properties of vulcanizates
obtained on the basis of developed rubber mixtures and, accordingly, increasing the service
life of automobile tires and other rubber products.

CONCLUSIONS

Modification of BSC with functional oligomers and polymers was carried out under condi-
tions of traditional elastomer processing. It was shown that rubbers obtained on the basis of
modified butadiene-styrene rubber have improved indices of deformation-strength, adhesive
properties, thermal stability and chemical resistance. The work solves an important scientific and
technical problem of improving the quality of adhesive compositions based on styrene-butadiene
rubber.. The resulting compositions can be used in the production of polymer products for the oil,
mechanical engineering industry, in the production of tires and rubber products.
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RESERVOIR ROCK TYPING AND ASSESSMENT OF OIL AND GAS POTENTIAL
IN THE SOUTH CASPIAN BASIN USING RESERVOIR QUALITY INDICES

Samadzadeh Azerbaijan State Oil and Industry University
Afet Ahmad Assistant

Abstract. This article examines the petrophysical parameters of rock samples from fields in
the South Caspian Basin, specifically to support quantitative interpretation of well log
data for assessing reservoir rock quality in Azerbaijan’s oil and gas fields. Parameters
such as Reservoir Quality Index (RQI) and Flow Zone Indicator (FZI) were calculated,
and their correlation with the relative amplitude of natural potentials in well logs was
analyzed. In fields like Sangachali-Duvani-Khara-Zirya Adasy and Bulla Deniz, RQI
and FZI values, alongside residual water saturation, were used to interpret well data,
with average petrophysical parameters compiled for each field. Additionally, multivari-
ate cluster analysis helped classify rock types based on petrophysical properties and
lithology, which is crucial for enhancing oil recovery in productive formations.

Keywords: reservoir properties, Kozeny-Carman model, Reservoir Quality Index (RQI), Flow
Zone Indicator (FZI), permeability, rock types, lithofacies types.

ntroduction

Assessing the quality of oil and gas reservoirs is a key challenge in geology, influ-
enced by factors such as pore structure, pore connectivity, grain size, mineral composition,
and clay and carbonate content. Developing methods to incorporate these factors for accu-
rately evaluating reservoir properties is essential to improve field development efficiency.
Petrophysical correlations derived from core sample analyses are widely used but often re-
gion-specific, highlighting the need for universal petrophysical models to enhance reservoir
property assessment from geophysical data.
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Figure 1 — Location map of oil and gas fields of Azerbaijan [12] O — objects of research

An important step in reservoir development for enhanced oil recovery is typing reser-
voir rocks, typically based on electrical properties from well data [10]. Another popular meth-
od involves the Kozeny-Carman model, utilizing Reservoir Quality Index (RQI) and Flow
Zone Indicator (FZI) parameters to determine reservoir rock types [6, 7, 8].

The fields Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz in the South Caspi-
an Basin are located in shallow waters, 45 kilometers southwest of Baku in the northern Ba-
ku archipelago, and have been developed since 1963. Geologically, these fields feature the
«kobystan» facies, a distinct lithofacies within a sub-basin of the South Caspian Basin, char-
acterized by mixed sediment types, primarily polymictic clastic rocks, differentiating it from
the «absheron» type [1].

Methods

To estimate the permeability of reservoir rocks in oil and gas fields, the Kozeny-
Carman model is widely used [4, 5], which describes the relationship between the permeabil-
ity coefficient (k) and the parameters of porosity (g,), hydraulic tortuosity (r), specific surface
of rocks (5,,), as well as the geometric parameter (F), the values of which depend on the

shape of pore channels and for cylindrical capillaries are assumed to be 2. The Kozeny-
Carman formula has the following form (1):
el F
h=—2 (1)

(1—@z )*  ETiS5y

Comparisons of permeability calculations using the Kozeny-Carman equation with
experimental core studies have shown discrepancies, likely due to unaccounted geological
factors such as bound water films on capillary surfaces. To address this, researchers have
proposed improvements to the model, including a widely-used modification by Jude O.
Amaefule and Mehmet Altunbay [3]. However, this model does not account for residual water
saturation, which affects permeability. By incorporating irreducible water saturation (S_wi),
an improved Kozeny-Carman model was developed [2], which has the following form (2):

2 g .
F=—% 1Sy . )
e N T

Jude O. Amaefule, Mehmet Altunbay, et al. [3] proposed parameters to evaluate res-
ervoir quality and to identify fluid flow zones. These parameters are represented by the Res-
ervoir Quality Index (RQI) and Flow Zone Indicator (FZI). The calculation of these parame-
ters is carried out in the proposed formulas (3, 4, 5):
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[

=0. v = 3
RQI=0.0314 « u' ~ 3)
Fzl = % 4)

_ %
b =1 ; (5)

where, RQI — reservoir quality index, (um); FZI — flow zone indicator; ¢, — pore volume to
grain volume ratio (normalised porosity index); k — permeability coefficient; @, — effec-
tive porosity.

Considering the new model proposed in the works, these parameters will have the fol-
lowing form (6):
1-5ywi RQI
FZl= .,.'IF.STFgL'_ 'ifs:' (6)
The methodology for assessing the quality of reservoir rocks was experimented in the
Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz fields, located mainly within the
northern part of the Baku archipelago [9]. The values of the Reservoir Quality Index (RQI)
and Flow Zone Indicator (FZI) parameters were calculated for the selected fields. Petrophys-
ical dependences graphs of these parameters on permeability coefficient, porosity coefficient
(Fig. 2), correlation graphs RQI, FZI between irreducible water saturation and D_ps were
plotted (Fig. 3).

Figure 2 — Petrophysical dependences graphs of RQI and FZI parameters on:
a) permeability coefficient; b) porosity coefficient
(in case of Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz fields)
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Figure 3 — Correlation graphs of RQI and FZI parameters from:
a) irreducible water saturation; b) self-polarisation potential
(in case of Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz fields)

As can be seen from the plots constructed on the basis of core data for SCB deposits,
there is a rather close relationship between RQI and FZI parameters with permeability coeffi-
cient, irreducible water saturation and self-polarisation potential, which is demonstrated by
high degree of determination coefficient (R* > 0.71; R2 > 0.64; R? > 0.65), lower relationship
with porosity, which is caused by complex lithotype. High values of RQI and FZI parameters
are characteristic for samples with low values of irreducible water saturation. At the same
time, with increasing permeability coefficient there is a tendency to increase these parame-
ters. Higher values of self-polarisation potential (D_ps) are characterised by a marked in-
crease in RQI and FZI parameters, which is characteristic of reservoirs with high filtration-
capacity properties. According to the investigated parameters it can be mentioned that these
parameters can be proposed as criteria for the characterisation of productive horizons.

Results

It is of interest to determine the lithological types of reservoir rocks composing the hy-
drocarbon reservoirs of the investigated fields. Two methods were chosen to solve this pur-
pose: multivariate cluster analysis and the method proposed in [11] based on the identifica-
tion of hydraulic flows. According to the results of cluster analysis and Jude O.Amaefule's
methodology, 5 lithofacial groups can be distinguished, which differ in their petrophysical
properties (Fig.4).

Below is the table of mean values of filtration-capacity parameters for these fields
(Tables 1). As can be seen from the table, rocks with high values of RQI and FZI parameters
are the most preferable rocks for transformation and accumulation of hydrocarbons. The us-
ing of multivariate cluster analysis allows us to quantitatively characterise the procedure of
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class separation in terms of their lithological types and, consequently, to take into account

the genesis of these groups.

Table 1 — Mean values of filtration-capacity parameters for selected litho-facial rock types

for the Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz fields

Parameter Facies rock types
| 1 11 [\ V
Porosity, % 18,00 17,37 17,19 13,98 15,30
Permeability, mD 649,80 155,94 54,23 9,31 0,45
Swi 16,60 28,35 30,30 62,50 65,30
RQI 1,68 0,87 0,52 0,22 0,06
FZI 8,64 4,79 2,87 1,63 0,62

Figures 4. shows the graphical procedure of rock class separation. As can be seen
from the graph the most good filtration-capacity properties according to FZI data (> 5.0) have
the distribution of rocks of the first lithofacial group, and rocks with low FZI values
(< 1.5) are characterised by lower permeability.

Figure 4 — Normal probability distribution graph of FZI logarithm
of Sangachali-Duvani-Khara Zirya Adasy and Bulla Deniz fields

Conclusions

The carried out investigations allow us to make the following conclusions:

— Reservoir quality parameters (FZI, RQI) were calculated based on core data from
field wells;

— Using an improved Kozeny-Carman model that accounts for irreducible water satu-
ration enables more accurate assessment of oil and gas reservoir quality;

— Analysis of petrophysical dependencies and correlation plots for the Sangachali-
Duvani-Khara Zirya Adasy and Bulla Deniz fields revealed relationships between RQI, FZI,
permeability (k), porosity (K), irreducible water saturation (Sy;), and self-polarization potential
(D_ps);

— ldentifying lithofacial groups is essential for constructing hydrodynamic models of
reservoirs, as it captures rock heterogeneity and helps map zones with varying petrophysical
and filtration properties.
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HYDROGEOLOGICAL AND HYDROLOGICAL PARAMETERS
OF THE GROUNDWATER AND ARTESIAN HORIZONS
OF THE GUDYALCHAY AND GUSARCHAY RIVERS
Shahbazov Azerbaijan State Oil and Industry Univer sity
Rufat Alik PhD student (Laboratory assistant)

Abstract. The relevance of this article lies in the fact that, despite the measures taken at the
state level in recent years, the city of Baku, now considered a large metropolis, faces
a significant water supply challenge. This is due to the sharp population increase in
recent years, on one hand, and the significant decrease in the productivity of two
pipelines from the Kura River, which supply Baku with water resources, on the other.
Additionally, there has been a considerable reduction in the productivity of the Gaba-
la-Oghuz-Baku main water pipeline with a discharge capacity of 5 m3/s from the Gan-
ikh-Eyrychayreservoir. It is important to note that global climate change, which has
occurred worldwide, has greatly complicated the implementation of planned
measures. The impact of climate change on the world’s water is both intricate and
profound. Changes in precipitation patterns will challenge many cities, as well as nat-
ural ecosystems. Changes in water availability can affect natural ecosystems, disrupt-
ing habitats and the animals and plants that depend on consistent water levels.

Keywords: Groundwater and artesian waters, water resources, climate change,
Jeyranbatani and Takhtakorpu reservoirs.

he Azerbaijani part of the Greater Caucasus plays a crucial role in shaping its

climate and surface and groundwater resources. The wind factor also significant-
ly influences the formation of the climate. The hydrological network plays a key role in the
formation of the region’s water resources. From north to south, the impact of the Samurchay,
Mazarchay, Agchay, Karachay, Jagadjug, and Valvalachay rivers, as well as the Gudyalchay
and Gusarchay rivers, is indisputable.
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The Gusarchay River is formed by the inflows of Shahnaabadchay and Yaidgar, lo-
cated in the Main Caucasus Range. The river is 113 km long, and its basin area is 694 kmz2.
The river's most abundant flow occurs from April to August, with the lowest water volume
recorded during the winter season. The average long-term discharge of the river near the
Gyzun settlement is 4.52 m3/s, with an average water turbidity of 1160 g/ms3, and the total
mineralization ranges from 142.0 to 525.2 mg/I.

Mazarchay originates mainly from springs and is 77 km long.

Gudyalchay originates from the peaks of Mount Tufan (elevation 3000 m), and its to-
tal length is 108 km, with a basin area of 799 kmz2. River discharge reaches its peak from
April to September. The average annual discharge of Gudyalchay in the Kunchal settlement
is 6.23 m¥/s, with a recorded long-term average annual turbidity of 3090 g/ms3, and the total
mineralization coefficient increases from 189.8 mg/l to 415.9 mg/I.

Groundwater in the Gusar Water Complex is found in the continental deposits of Up-
per Absheron age. This complex plays a vital role in groundwater replenishment in the plain
part of the basin. The area covered by the Gusar suite gravel on the surface extends from
Gusarchay to Gudyalchay and covers approximately 1000 km?, characterized by high levels
of atmospheric precipitation.

In the plain, the Gusar suite deepens beneath younger deposits. Besides gravel, the
complex contains clay layers that form an impermeable roof. Several kilometers east of the
under-construction aqueduct, Gusar suite deposits sharply pinch out, and groundwater mov-
ing through these deposits from the mountainous zone flows into the Lower Quaternary de-
posits.

The transgressive deposition of Lower Quaternary deposits is associated with the
presence of complex characteristic contacts in the Gusar suite. The well-developed Gusar
suite in the western part of the region lies on clay deposits of Agchagil age, while in the rest
of the area, it is located on the marine facies of Absheron deposits.

Groundwater replenishment occurs through atmospheric precipitation in places where
these deposits surface, surface water infiltration (from rivers and canals), and condensation
of water vapor. Discharge occurs into the Absheron, Baku, and Caspian water complexes.

In the western and southwestern parts of the region, spring outflows with low dis-
charge rates are observed, related to the exposure of erosion networks at contact points of
underlying Agchagil clay layers with gravel or clay layers in gravel beds. The thickness of the
Gusar suite ranges from 160 to 200 meters, with a depth of 70 to 140 meters. The water con-
tent of the complex is characterized by a specific discharge rate of 2.4—-3.3 I/sxm.

In the coastal plain, the Gusar suite is covered by Quaternary deposits, and a new
aqueduct was built at a depth of 140-200 meters. Here, its thickness varies from 45-50 me-
ters to 10-12 meters, sharply decreasing to the northeast and completely pinching out.
Groundwater in the Gusar aquifer lies in the continental deposits of Upper Absheron age and
plays a crucial role in groundwater replenishment in the plain areas.

To improve water supply in Baku, Sumgayit, and the entire Absheron Peninsula, the
groundwater reserves of the Quaternary deposits of the region, the pipeline construction pro-
ject was approved in Moscow at the end of the 1960s under the former USSR.

In recent years, the fluctuations in the Caspian Sea level, increased productivity due
to new technologies in irrigation of cultivated land, preventing the leaching of humus and
other microorganisms in the upper soil layer, have necessitated additional measures.

In the mountainous part of Gudyalchay, it merges with Agchay (24 km long). Below
the city of Guba, the river splits into two branches, with the right being called Gudyal and the
left — Gimil.

The lower reaches of Gudyalchay are widely used in irrigation works. Additionally, part of
the water is discharged into the Samur-Absheron water canal. Hydroelectric plants built on the
river near the city of Guba, such as the Gusar, Khuray, and Guzun HPPs, are widely used for
irrigation purposes. The valley formed by Gusarchay is divided into four parts.

The first part’'s watershed is the northern slope of the ridge, where the riverbed slope
is mild (38 m/km).

The second part flows west-east across the bottom of the large Shahduzun erosion
wash. In this section, which stretches for 7 km, Yatagdara and Shahnalatchay merge and
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receive several short tributaries from the north-facing slopes of Mount Tufan. The riverbed
slope here is more than 20 m/km.

In the third part, Gusarchay sharply changes direction and divides the massifs of
Shahdag and Kyzylgaya. The riverbed slope exceeds 60 m/km. The river is characterized by
a rapid flow between rocks and limestone cliffs, forming rapids, waterfalls, and ending in the
Kuzun settlement.

In recent years, comprehensive research works have been carried out in the area.
The Samur-Absheron canal was reconstructed, concrete surfacing was laid along the entire
length of the canal (?180 km), and water losses were completely prevented. The Takhta-
korpu reservoir was built, the Jeyranbatani reservoir was reconstructed, modern water purifi-
cation technology was applied, and a significant increase in the volume of collected water
was observed.

Exploration of groundwater began in the years 1955-1964, and in 1969, an operation-
al reserve of 9 m3/s was approved by the Mineral Resources Commission of the Council of
Ministers of the USSR. The forecasted reserves are 2.5-3.0 times greater. Unfortunately, the
construction of the Shollar water pipeline (lll) was started twice and then halted.

Given global climate change, the protection and effective use of water resources and
land are considered the primary factors in the state’s security strategy.

In the period of 2016—2020, during scientific research on the formation patterns of hy-
drogeological and reclamation conditions of the Samur-Absheron massif, coupled with the
sharp intensification of natural disasters occurring worldwide, the unexpected drop in the
Caspian Sea level and the hydrogeological and engineering-geological conditions of the
Samur-Absheron coastal zone (some parts of the Guba, Khachmaz, Gusar, Shabran,
Siyazan, and Khizi districts) became more complicated.

Under the influence of natural-climatic factors and as a result of active irrigation, an ir-
rigated-climatic type of groundwater regime is forming. The quality of groundwater changes
throughout the year depending on the composition of water in the irrigation system, and its
temperature in springs across most of the plain fluctuates between 12.5-15 °C. A slight
change in temperature (2—3 °C) is related to the preservation of summer heat in autumn and
its decrease in winter.

The slope of the hydrolithic relief varies from 0.002 to 0.017. In the northern part of
the interfluve, the thickness of groundwater-bearing rocks reaches up to 113.8 meters, while
in the southern part, due to the artesian waters located at the base of the section, the thick-
ness reduces to 60 meters. Atmospheric precipitation, including infiltration from surface wa-
ters in areas of well-permeable gravel deposits of the Gusar suite and in the conical flow ar-
eas of the Gudyalchay and Agchay rivers, plays a significant role in increasing the resources
of these waters.

Considering that only 10 % of approximately 300 billion m3 of water resources in the
South Caucasus belong to Azerbaijan, and the future socio-economic development of the
country depends on water resources, the water resources of the Ganikh-Eyrychay and
Samur-Shabran foothill plains must be protected.

In these areas, the issue of forest protection should be addressed, and corresponding
measures should be implemented. Forests play an important role in feeding water complexes
and preventing landslides in mountainous and foothill zones. During this time, harmful micro-
organisms are destroyed. One hectare of forested area absorbs 10-20 tons of CO, and re-
leases O,, which is equivalent to the volume of carbon dioxide emitted into the air by 200
people breathing for one hour.

The formation of exploitable groundwater reserves (both unconfined and confined) in
the catchment cones of the Gudyalchay and Gusarchay rivers also involves infiltration from
irrigation systems and elastic resources from neighboring water complexes. The water hori-
zons of the catchment cones are characterized by high permeability, large thickness, and
multilayer structure.

Conclusions

In the near future, the development of agriculture, along with industrial development
throughout the republic, including the study areas, requires the efficient use of underground and
surface water resources, especially the application of new technologies in irrigation systems.
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The socio-economic stability of our country must, first and foremost, be ensured
through the correct and efficient use of water resources and their progressive management.
There is a need to strengthen control over the chemical and bacteriological composition of
groundwater.

Global climate change, environmental pollution, intensive and extensive use of natu-
ral resources, prevention of desertification, drinking water quality indicators, and the require-
ments of the World Health Organization must be under constant control.

Due to the sharp decline in the Caspian Sea level in recent years, additional
measures must be taken to improve soil productivity and prevent the leaching of the humus
layer of the soil and other microorganisms.
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