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IMPROVED TECHNIQUES FOR EXPLORATION OF GROUNDWATER
DEPOSITS FOR CONDITIONS OF RURAL AREAS
OF THE MANGYSTAU PENINSULA

Purpose. Development of an innovative methodology for exploring groundwater deposits for the conditions of rural areas of
the Mangystau Peninsula, which will allow finding sources of groundwater with acceptable mineralization with a minimum num-
ber of drilled wells.

Methodology. The assigned tasks were solved using a comprehensive research method, which includes a review and synthesis
of literary sources; patent market research; study of geological and hydrogeological conditions of the work area; critical analysis of
existing methods for exploration of groundwater deposits; studying and summarizing previously conducted exploration work in the
area and developing recommendations for improving exploration methods.

Findings. The reasons for the insufficient use of groundwater reserves on the Mangystau Peninsula have been established. A
highly effective method for exploring groundwater deposits has been developed, taking into account the specific features of the
Mangystau Peninsula — vast sparsely populated areas and the chaotic location of aquifers with acceptable mineralization. Reduc-
ing the number of wells drilled is achieved by searching and identifying the boundaries of the aquifer using successive cycles with a
moving center, which allows you to systematically explore the area and find the best aquifers.

Originality. For the first time, a methodology for exploring groundwater deposits has been proposed, the main provisions of
which are as follows: exploration wells are drilled with a small diameter, and only wells that have uncovered horizons with accept-
able mineralization are subject to expansion; wells are drilled using a combined grid, combining the capabilities of radial and regu-
lar grids; the centers of the first cycle of the exploration grid are existing water intakes containing water with acceptable mineraliza-
tion; from such centers, drilling is carried out along a radial grid of six wells; when a horizon with acceptable mineralization is
discovered, the discovered well becomes the center of the second cycle of a radial grid of six wells, at least three of which have al-
ready been drilled in the previous cycle. Further exploration continues with subsequent cycles with the goal of constructing wells
with acceptable flow rate and mineralization.

Practical value. The implementation of the developed methodology is of great practical importance for the further develop-
ment of oil and gas production, industrial production and agriculture of the Mangystau Peninsula, as well as social significance for
meeting the needs of the growing population of the region for high-quality water for drinking and household water supply. The use
of the developed methodology makes it possible to reduce the number of useless wells, minimizing exploration costs.
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Introduction. A significant portion of Kazakhstan’s terri-
tory, including the central, southern, and western regions, falls
within desert and semi-desert zones characterized by scarce
precipitation. Since 2003, the country has been implementing
the “Drinking Water” program, aimed at fully providing po-
table water to more than 7,000 settlements. Water supply sys-
tems were to be connected to 174 villages, as well as 86 cities
and urban-type settlements. The program’s works lasted for 8
years, and a budget of 195 billion tenge was allocated for its
implementation. After the program’s completion, the work
continued under the “Ak-Bulak” program (2011—2020) [1].
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According to this program, by 2020, 85 % of Kazakhstan’s ru-
ral population and 100 % of the urban population were to be
supplied with quality drinking water from centralized water
supply systems. A total of 1.3 trillion tenge was planned to be
allocated for the program’s implementation.

However, for various reasons, the realization of these pro-
grams was not fully achieved. The water supply issues in many
areas remained unresolved.

The Mangystau Peninsula, located in the western part of
Kazakhstan, possesses unique natural and geographical con-
ditions that significantly affect the availability of water re-
sources. Given the limited surface water sources, groundwater
becomes the main source of water supply for the population
and various sectors of the economy. The Mangystau Peninsula
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is characterized by an arid climate with low precipitation and
high summer temperatures [2]. These climatic conditions cre-
ate significant challenges for the accumulation of surface water
resources. Most of the precipitation evaporates before reach-
ing the aquifers, leading to a shortage of water in open water
bodies and rivers. Under these conditions, groundwater be-
comes the only reliable source of water supply.

The intensive economic development of the region, includ-
ing oil and gas extraction, industrial production, and agricul-
ture, requires significant volumes of water. Water is used not
only for technological processes but also for the domestic needs
of workers in these industries. Without a sustainable water sup-
ply source, economic development may be hindered, empha-
sizing the necessity of groundwater exploration and assessment.

The population growth on the Mangystau Peninsula de-
mands an increase in water supply volumes for domestic and
sanitary needs. A water shortage can lead to a deterioration in
the quality of life, increased illness rates, and a decline in pub-
lic health. Providing the population with sufficient quantities
of quality drinking water is an important social priority.

Sustainable use of groundwater contributes to the preser-
vation of the region’s ecological balance. Groundwater explo-
ration allows for the identification and protection of aquifers,
preventing their over-exploitation and contamination. This is
especially crucial in arid climates where ecosystems are vul-
nerable and require water resources to support their existence.

Modern groundwater exploration technologies allow for
more precise and efficient identification of aquifers, as well as
determining their volumes and quality. The integration of geo-
physical, hydrogeological, and geoinformation technologies
enables the creation of more accurate models of groundwater
resources and the development of strategies for their rational
use. This opens new opportunities for the region’s sustainable
water supply.

Currently, the demand for drinking water on the peninsula
amounts to 149 thousand m? per day, with a deficit of 51 thou-
sand m? [3]. By 2025, the demand is projected to reach ap-
proximately 260 thousand m?3, and if no radical measures are
taken to improve the situation, the deficit will range from 100
to 110 thousand m? [4].

Addressing this issue faces serious challenges. The penin-
sula lacks a river network. Water for the regional capital, Ak-
tau, is obtained through seawater desalination. There are water
pipelines, one of which supplies water from the Amu Darya
River, and the other from the mouth of the Volga River. How-
ever, these facilities do not fully meet the region’s water needs,
which raises the critical issue of utilizing groundwater.

Previous exploratory work has identified several aquifers
[5]. The most important criterion for their use is mineraliza-
tion. For freshwater, the mineralization level does not exceed
1-2 g/L (drinking water), and for brackish water, it is no high-
er than 5 g/L (used for irrigation and livestock) [6].

Groundwater exploration on the Mangystau Peninsula is
essential for ensuring the region’s sustainable economic, so-
cial, and environmental development. The region’s climatic
conditions, economic development, population growth, and
environmental demands make groundwater the primary and
most reliable source of water supply. Modern technologies en-
able efficient exploration and assessment of groundwater re-
sources, contributing to the rational and sustainable use of the
region’s water resources.

Literature review. The groundwater system at key locations
of the Jianghan Plain for the study on optimizing the ground-
water monitoring network based on the groundwater flow sys-
tem classification in Hubei Province was analyzed in the work
|7]. The adopted dynamic groundwater mapping method pro-
vided a geological basis for the installation of groundwater
monitoring wells. A quantitative assessment of water level in-
terpolation accuracy for evaluating the monitoring network
density was carried out using the Kriging interpolation meth-
od. As a result of the study, the monitoring well network was

expanded from 77 to 107. The optimized monitoring network
in the study area can help obtain scientific and comprehensive
information on groundwater dynamics.

In the study [8], conducted in a pilot area in central Italy,
several factors, such as hydrogeological conditions, groundwa-
ter vulnerability, as well as natural and anthropogenic pollution
levels, were analyzed and used in designing a network tailored to
the monitoring objectives, specifically, the study of groundwater
quality evolution related to natural conditions as well as pollu-
tion processes occurring in the area. A geographic information
system (GIS) was used as the basis for evaluating the network
density, and water supply points were ranked based on several
factors, including discharges, actual pollution levels, mainte-
nance conditions, and accessibility for periodic sampling to se-
lect the most suitable points for the network. It was found that
the GIS procedure, such as point distance analysis (PDA), is
technically faster and simpler to perform than other procedures
used for these purposes. The applied GIS procedures made it
possible to select the required number of water supply points
(50 out of 121 candidates) from the initial set, evaluating the
most reliable ones and the corresponding network density.

The dynamic groundwater mapping method based on GIS
development was used to optimize the distribution of positions
for a dynamic monitoring network in the Ordos Basin [9]. The
aim of the optimization was to observe the regional dynamics
of groundwater with a reduced number of observation wells.
The optimization also considered the distribution of vegeta-
tion, which is closely related to groundwater. The method iden-
tified and evaluated the positions of 28 new observation wells to
optimize the existing groundwater monitoring network.

In the article [10], the existing closed water monitoring
networks in the plain area of Hohhot (Mongolia) were selected
as the research target, and the standard deviation of estimation
error was adopted as a parameter for evaluating the rationality
of the monitoring networks. Using the ArcGIS geo-statistical
module, interpolation of the studied points was performed
with the Kriging interpolation model to obtain a contour line
of the estimation error’s standard deviation. The results
showed that the standard deviation of the water level monitor-
ing error changed from 0.47—4.44 (before optimization) to
0.5—0.8 (after optimization, except for the area near the south-
western boundary of the study region). Thus, the overall stan-
dard deviation of the estimation error significantly decreased.

The study [11] demonstrates a reliable and transferable
groundwater monitoring network (GMN) design structure for
poorly studied statistically homogeneous depth to groundwa-
ter (DTW) to facilitate appropriate, long-term, cost-effective,
and regional groundwater monitoring. The natural homoge-
neity of DTW data on a regional scale was explored for group-
ing observation wells into 18 strictly structured clusters/layers
using the optimal number of clusters (k = 18), which corre-
sponded to the highest average silhouette score of 0.72, and
the K-means clustering algorithm. Clustered observation wells
were used to evaluate cluster random sampling (CRS) and
stratified random sampling (SRS) for GMN design. Sampling
methods were assessed to reveal the spatial variability of DTW
across the study region through spatial modeling with ade-
quate accuracy using inverse distance weighting (IDW) inter-
polation tools. A GMN with 540 wells was designed, corre-
sponding to 70 % sampling under SRS for accurate, cost-ef-
fective, and long-term groundwater monitoring. As a result,
the number of observation wells was reduced by 30 %.

The article [12] presents a new approach combining the
gamma test and a monitoring priority map for the optimal de-
sign of a groundwater monitoring network (GMN), taking
into account the cumulative impact of industrial activity, hu-
man activities, and natural factors on groundwater quality.
The proposed method was successfully applied to create an
optimal groundwater salinity monitoring network on Kish Is-
land in the Persian Gulf. The optimal number of monitoring
wells was determined using data analysis through the gamma
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test method. A practical algorithm for determining the optimal
placement of monitoring wells was then presented. According
to the results, the optimal number of monitoring wells is 110,
and their locations are evenly distributed across the island.

The article [13] proposes a method for optimal monitoring
network design to obtain groundwater level data with high spatial
significance at low costs. It utilizes the reduction of estimation
error variance obtained using a static Kalman filter as the optimi-
zation criterion while simultaneously evaluating optimal routes
to solve the traveling salesman problem. It was tested on a net-
work of 49 wells in the Calera aquifer in Zacatecas, Mexico. The
study area was divided into three zones, with one working day
(8 hours) allocated for visiting each zone at an average speed of
40 km/h and a sampling time of 0.5 hours. The proposed meth-
od resulted in an optimal network of 26 wells, while 21 wells
would need to be monitored if optimal routing is disregarded.
The average standard error when using the original 49-well net-
work was 35.01 m, with 38.35 m error for the 21 wells (without
optimal routing) and 38.36 m for the 26 wells selected by the pro-
posed method. However, the latter yielded estimates closer to
those obtained from the 49 wells. Following this proposal allows
for the collection of more field data, thereby reducing costs.

The study [14] proposes a method for optimizing a quanti-
tative groundwater monitoring network by selecting the opti-
mal number of sampling wells and determining their optimal
locations to reduce the costs and time of groundwater assess-
ment. Data from 110 observation wells on the Neyshabur Plain
in Iran, covering the period from 1986 to 2016, were analyzed.
The combined “Selection-Kriging” method was used for ana-
lyzing the data, and a Pareto diagram was constructed to deter-
mine the optimal number and location of wells in two scenari-
os. The first scenario involved determining the optimal loca-
tion of wells among existing wells, while the second scenario
focused on identifying the optimal placement of wells for
groundwater level monitoring across the entire plain. To limit
the search space, the maximum and minimum number of
monitoring wells was set at 30 and 85, respectively. The results
showed that the selected method accurately ensured the appro-
priate placement of wells. In the first scenario, RMSE values
for the number of wells ranged from 0.71 to 2.34 m, which are
acceptable. In the second scenario, RMSE values ranged from
1.04 to 2.89 m, which are suitable in accordance with the task’s
objective. Additionally, the spatial distribution of the selected
wells in most locations was also uniform in the second scenar-
io, demonstrating the method’s high accuracy.

Unsolved aspects of the problem. The analysis conducted
has shown that the issue of designing a network of wells for the
exploration and monitoring of groundwater is a relevant prob-
lem being addressed by specialists worldwide. However, de-
spite the existence of various methods for exploring deposits,
they do not yield sustainable and stable results in the condi-
tions of the Mangystau Peninsula. This can be explained by
the following factors:

1. The extensive arid territories of the peninsula require
drilling a large number of exploratory wells according to exist-
ing methodologies, which in turn leads to high costs and
makes exploration activities unprofitable.

2. The chaotic distribution of areas with acceptable miner-
alization necessitates the use of high-resolution grids, which is
also economically unfeasible.

Thus, the purpose of the article is to develop an improved
method for exploring groundwater deposits suitable for the ru-
ral areas of the Mangystau Peninsula, which will allow for the
identification of groundwater sources with acceptable mineral-
ization while minimizing the number of drilled wells.

Objectives of the work are:

1. To analyze the reasons for the low utilization of explored
groundwater reserves in the Mangystau Peninsula area.

2. To study the characteristics of shallow aquifers and con-
sider their potential for supplying water to rural areas of the
peninsula.

3. To develop an effective method for exploring shallow
aquifers to establish locations for prospective wells for subse-
quent transfer to local enterprises.

4. To examine the features of using the proposed method-
ology through examples.

Methodology. The tasks set forth were addressed using a
comprehensive research method that includes reviewing and
summarizing literary sources; conducting patent and market
research; studying the geological and hydrogeological condi-
tions of the work area; critically analyzing existing methodolo-
gies for exploring groundwater deposits; examining and sum-
marizing previously conducted exploratory works in the area;
and developing recommendations for improving the explora-
tion methodology.

Results. Ways to ensure groundwater supply for rural regions
of the peninsula. The difficulties in addressing the water supply
problem for rural settlements are related to their large number
and the vast territories they occupy. Cost reductions can be
achieved by utilizing aquifers located close to the surface,
which are relatively widespread on the peninsula [15].

The agquifer of Quaternary deposits is found in the south-
eastern and northwestern parts of the region [16]. Water is lo-
cated in sands with a grain size of 0.05—0.25 mm and a filtra-
tion coefficient of about 5 m/day. The thickness of the aquifer
layers ranges from 5 to 24 m, with a depth of occurrence of
7—12 m. The static level is 3—7 m. The discharge of drilled
wells ranges from 0.5 to 2.1 L/s with a lowering of 3—4 m. The
mineralization at some sampling points may be 2—3 g/L, while
in neighboring areas, it can reach up to 50—70 g/L.

The complex of middle-upper Pliocene deposits is wide-
spread in the southeastern part of the region [17]. The water-
bearing rocks are encountered at depths of up to 18 m, with a
thickness ranging from 5 to 11 m. They consist of fractured
limestones and medium- to fine-grained sands, with a filtra-
tion coefficient of 5 m/day. The static level varies from 3 to
10 m depending on the surface level and depth of the layer.
Freshwater predominates, with mineralization ranging from
0.2 to 1 g/L. The flow rate of drilled wells is between 0.5 and
0.6 L/s with drawdowns of 0.5 to 1 m.

The complex of middle-upper Miocene deposits is widely
distributed throughout the peninsula and is encountered in
several dug wells at depths ranging from 6 to 12 m [18]. These
are predominantly unconfined waters. The aquifer is repre-
sented by fractured limestones and marls. The flow rate mea-
sured in one of the dug wells was 0.2 L/s with a drawdown of
0.8 m. The mineralization of the water was 1.6 g/L. No data is
available for other dug wells, nor for drilled wells.

The Maastrichtian aquifer is distributed throughout the re-
gion [19]. It is represented by fractured chalk layers. The depth
of the roof in the northern part is about 10 m, while in the
southern part, it reaches up to 60 m. Accordingly, the static
level varies from 5 to 20 m. The flow rate from drilled wells
does not exceed 1 L/s with drawdowns of 5 to 20 m. Depend-
ing on the location of the extraction point, the waters can be
fresh, brackish, or saline.

The aquifer complex of Albian-Cenomanian deposits is wide-
spread in the northeastern part of the region [20]. The waters
are located in layers of heterogeneous sands with a filtration
coefficient of about 6 m/day. The thickness of the layers ranges
from 5 to 65 m. In the north, the depth encountered by dug
wells is 5—10 m, while to the southeast, the depth increases to
reach 200 m. In this direction, the static pressure also increas-
es, and the static level can reach 54 m above the ground surface.
The flow rates of the wells increase along with the pressure,
ranging from 3 to 6 L/s in the north and reaching 45 L/s in the
south. In the northern part, the mineralization ranges from 2 to
4 g/L, while in the south, it increases to 8.6 g/L.

The study of the aforementioned aquifers varies, but over-
all, it is recognized as insufficient [2]. Information regarding
the number of wells on which the final figures are based is lack-
ing. For the middle-upper Miocene aquifer, there is no infor-
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mation on drilled wells at all, and the data provided is based on
the study of a single dug well.

A significant issue is that even after the completion of explo-
ration work, the results are utilized to an unsatisfactory degree.
For instance, at the Samskoye field in 1969, the established
groundwater reserves were utilized only by 18 %. By 2009,
groundwater extraction in this area had ceased entirely [20].

Water extraction wells on the peninsula were primarily
drilled using the UGB-50 lightweight drilling rig. The maxi-
mum recommended diameter for these wells is only 150 mm,
which limits their flow rate. This flow rate is defined as [21]

Q0=ULnD, (1)

where L is the length of the water-collecting part of the well (in
meters); D is the diameter of the water-collecting part (in me-
ters); U is the allowable inflow velocity (in m/h). The latter is
defined as [22]

U=2713K,, )

where K is the filtration coefficient of the aquifer (in m/day).

From formula (1), it is evident that the flow rate is directly
proportional to the diameter of the well. Clearly, with the low
filtration coefficients typical of the peninsula, wells drilled us-
ing rotary drilling, which generally do not exceed 200 mm in
diameter, do not provide satisfactory flow rates. This is likely a
significant reason for the low level of utilization of the estab-
lished groundwater reserves.

It is advisable to use impact-cable drilling rigs like the
UKS 22M, which have a final casing diameter of 324 mm [23].
This should increase the flow rates of the wells by more than
twice compared to the UGB-50 installations due to the in-
crease in the diameter of the water-collecting part.

In global practice, the technology for constructing water ex-
traction wells with a final diameter of up to 1.5 m or more is used
[24]. At such diameters, the power of most modern drilling rigs
is relatively small, ranging from 30 to 60 kW, which is related to
the use of low rotor rotation frequencies (6—16 RPM).

The complexity of providing groundwater for rural regions,
besides their vastness, also lies in the close and random arrange-
ment of areas with acceptable and unacceptably high mineral-
ization in the promising aquifers in the region [2]. Exploration
of such horizons requires drilling wells on a grid with exception-
ally high resolution, which is economically unfeasible.

Methodologies for designing well grids for groundwater depos-
its. The design of well grids for exploring groundwater deposits
involves several methodologies, each with its own characteristics
and applied according to specific conditions and research objec-
tives. Let us examine the main methodologies in more detail.

The regular (linear) grid is one of the simplest and most
common methodologies. In this case, the wells are arranged in
a regular pattern, such as in a square or rectangular grid. This
method is convenient for planning and implementation, as it
ensures uniform coverage of the area and allows for easy inter-
pretation of the obtained data [25]. However, it may not take
into account the specific geological and hydrogeological con-
ditions of the region, which can lead to some wells being lo-
cated in non-aquifer zones while there may be insufficient
wells in promising areas. Moreover, in the arid conditions of
the Mangystau Peninsula, such a grid does not provide the re-
sults required for a significant increase in the practical utiliza-
tion of existing aquifers. Factors such as the vast territory and
chaotic arrangement of zones with varying mineralization of
groundwater necessitate the use of exploration grids with very
high resolution, which requires drilling a huge number of ex-
ploratory wells and investing substantial funds.

The radial grid involves arranging wells radially from a
central point, which is usually located at the center of the pro-
posed deposit. This method is convenient for localized studies,
as it allows for a focus on the central part of the deposit. How-
ever, the radial grid limits area coverage and may miss periph-
eral aquifers.

The stepped grid combines large grids for extensive areas
with smaller grids for detailed study of promising sites. This
approach allows for efficient resource utilization by directing
them toward a thorough examination of prospective areas. Ad-
ditionally, the stepped grid provides flexibility in planning and
allows for adjustments during the work process. However, this
method is complex in design and implementation, requiring
additional time and resource investments.

The adaptive grid is a method where the well grid is ad-
justed based on preliminary data and current drilling results.
This approach offers high accuracy and adaptability to real
conditions while optimizing costs by reducing the number of
unpromising wells. However, the method requires constant
data analysis and plan adjustments, which can be challenging
to implement without specialized software.

The geostatistical grid employs geostatistical methods for
optimal well placement based on spatial analysis and model-
ing. This approach ensures high accuracy and scientific justifi-
cation, as it takes into account the spatial variability of aqui-
fers. However, the geostatistical grid requires complex analysis
and specialized software, leading to high initial research and
modeling costs.

The combined grid integrates various methodologies to
create an optimal well network. This approach allows for max-
imum adaptation to geological and hydrogeological condi-
tions while optimizing costs and time for exploration. How-
ever, the combined grid is complex in design and implementa-
tion, requiring a comprehensive approach and expertise in
various methodologies.

The choice of methodology for designing a well grid for
groundwater exploration depends on numerous factors.
Among these, geological conditions play a crucial role, in-
cluding the type and structure of the rocks, as well as the depth
of the aquifers. Hydrogeological conditions, such as the pres-
ence and distribution of aquifers, their productivity, and water
quality, also significantly influence the selection of methodol-
ogy. Furthermore, it is essential to consider the research ob-
jectives, including scale and detail, as well as the required data
accuracy. Finally, available financial and technical resources,
along with the time allotted for the work, play a decisive role in
making the decision regarding the methodology.

Under ideal conditions, the optimal approach is often to
use a combined methodology, which allows for the adaptation
of well planning to the specific conditions of the studied area,
ensuring the most comprehensive and accurate examination of
groundwater resources. This approach combines the advan-
tages of various methodologies and minimizes their draw-
backs, providing high efficiency and precision in exploration.

In the developed methodology, a positive result is achieved
by creating a method for searching and determining the
boundaries of the aquifer through the use of sequential cycles
with the movement of the center. This allows for a systematic
investigation of the territory and the identification of the best
aquifers. Selecting the best wells based on water quality and
yield ensures a more reliable water supply. The methodology
enables a reduction in the number of unproductive wells,
thereby minimizing exploration costs.

The developed methodology is based on utilizing the ex-
isting water intake facilities in the area for a detailed study of
the adjacent sections of the corresponding aquifers. These
water intakes may be represented by wells drilled as a result of
previously conducted exploratory work. Overall, the number
of such wells is insufficient, and for some aquifers, explor-
atory wells have not been drilled at all; the results presented
in reports have been obtained using dug wells of the local
population. The proposed methodology can also rely on
these dug wells.

The movement from existing water intakes to find other
acceptable water intakes is carried out according to a scheme
based on the theory of experimental design [26]. An example
of such movement is illustrated in Fig. 1.
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Exploratory work includes the following stages:

1. Selection of the starting point. An existing water intake in
the area is chosen, for example, dug well 1 (Fig. 1), which has
acceptable water quality. It is taken as the starting (central)
point for drilling exploratory wells.

2. Selection of the distance between exploratory wells. This
parameter is a key factor in designing the well placement grid.
When choosing the distance between water intake wells in the
exploratory network, a number of factors must be considered
that directly affect the effectiveness of exploration and the
quality of the obtained data. First and foremost, the geological
structure of the research area plays an important role. The het-
erogeneity of the rocks, the presence of fractured zones, and
the variability of the aquifers may require closer spacing of
wells to adequately cover the entire studied area. Hydrogeo-
logical conditions, including the productivity of the aquifer, its
thickness, and filtration properties, must also be taken into ac-
count. In areas with low productivity or complex hydrogeo-
logical conditions, the distance between wells may be reduced
to ensure a more accurate determination of the boundaries of
the aquifers.

Another important factor is the degree of study of the area.
In previously unexplored areas, it is preferable to choose a dens-
er network of wells to gather as much information as possible
about the groundwater and refine the geological and hydrogeo-
logical models. In places where preliminary data already exist,
the distance between wells can be increased, as there is the pos-
sibility of adjusting the drilling plan based on existing data.

The quality of groundwater and its mineralization must
also be taken into account. If significant variations in water
quality are observed in the area, the distance between wells

4.1

14

Fig. 1. Sequence of drilling exploratory wells for rural water
supply according to the developed methodology:

1—dugwell; 1.1—1.5 — wells of the first cycle; 2 (1.6) — well of the

first cycle, meeting all requirements for yield and mineralization,
which becomes the central well of the second cycle; 2.1, 2.2, 3.1,
3.2, 4.1, 4.2, 5.1 — wells of the second, third, fourth, and fifth cy-
cles, respectively (wells not meeting yield and mineralization re-
quirements are marked in red); 3 (2.3), 4(3.3), 5(4.3), 6 (5.2) —
wells of the second, third, fourth, and fifth cycles, respectively,
meeting all requirements for yield and mineralization, becoming
central wells of the third, fourth, fifth, and sixth cycles, respectively
(marked in blue); 1.4, 3.1, and 4.1 — wells partially meeting the
requirements for yield and mineralization (marked with a combi-
nation of red and blue); L — distance between wells. The color in-
dicates the sequence of identifying prospective wells

should be reduced to accurately identify zones with acceptable
mineralization.

Technical and economic constraints also play a role in de-
termining the spacing of wells. Too close a spacing can signifi-
cantly increase exploration costs, while too sparse spacing may
lead to the omission of prospective areas or insufficient study of
the aquifer. Furthermore, ecological and social factors, such as
potential impacts on existing water sources or the surrounding
environment, may limit the selection of optimal spacing.

Finally, the ability to interpret the obtained data and apply
mathematical modeling methods for assessing groundwater
must also be considered. The greater the distance between
wells, the higher the likelihood of needing to employ more
complex modeling methods to accurately describe the aqui-
fers. Thus, the choice of well spacing is a compromise between
geological, hydrogeological, technical, and economic require-
ments, as well as the need to obtain the most accurate data for
assessing water resources.

3. Initial well location scheme. The chosen distance is
maintained both between all wells located around the central
point and between the wells and this point. Under this condi-
tion, six wells are drilled around a circle with a dug well at its
center, with the angle between the radii on which neighboring
wells are located equal to 60°.

4. Well Parameters. The wells are drilled with the mini-
mum diameter sufficient for sampling. The depth of the wells
is comparable to that of the original water intake and takes
into account the angle of inclination of the aquifer. A well is
considered prospective if the mineralization for drinking wa-
ter does not exceed 1.5 g/L, and for agricultural purposes, it
does not exceed 5 g/L [27]. A prospective well is expanded
and handed over for operation. Its minimally acceptable yield
is calculated based on the specified minimum yield after ex-
pansion (1).

5. The initial (first) cycle consists of drilling six small-diame-
ter wells. If more than one prospective well is obtained, the well
with the best results is selected for further work (in Fig. 1, this
is well 2 (1.6)). Other prospective wells (in cycle 1, this is well
1.41in Fig. 1) remain in reserve.

Bringing the prospective well into operation. The prospec-
tive exploratory wells designated for expansion serve as pilot
wells during their enlargement. The presence of a pilot well fa-
cilitates the expansion process and reduces the required time.
Drilling the pilot well and its subsequent expansion are carried
out with different drilling rigs: specifically, a light rotary rig and
a special rig designed for large-diameter wells. Wells that do not
meet the established criteria are decommissioned (in the first
cycle, these are wells 1.1, 1.2, 1.3, and 1.51in Fig. 1).

The second cycle of exploratory work has its center at the
most successful well from the first cycle. As in the first cycle, six
exploratory wells will be located around the central well; how-
ever, due to the adopted geometric scheme, it is actually neces-
sary to drill only three new wells (wells 2.7, 2.2, 2.3in Fig. 1), as
the other three have already been drilled during the first cycle.

All subsequent cycles (third to sixth in Fig. 1) are built
around the best point from the preceding cycle. If the trajec-
tory shifts towards previously discovered progressive points
(the fifth cycle in Fig. 1), the number of necessary new wells
may decrease from the usual three to two.

If no prospective wells are discovered as a result of the cur-
rent cycle, subsequent cycles may be conducted based on re-
serve wells (for example, 1.4, 3.1 and 4.1 in Fig. 1). In the ab-
sence of reserve wells, a positive result may be achieved by re-
ducing the established distance between wells.

Since the aquifers being utilized are located at shallow
depths, drilling pilot wells and their subsequent expansion take
a relatively short time.

Example of using the proposed methodology. The parameters
presented in the table represent average values for the Maas-
tricht horizon based on the parameters mentioned above. Ac-
cording to the proposed method, the well should initially be
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drilled with a diameter of 132 mm, which is sufficient for con-
ducting logging operations and test pumping [28].

Before reaching the productive zone, the well passes
through a layer of aquitards, which also underlie this zone.
The layer of highly mineralized groundwater is covered by a
guiding pipe with a diameter of 146 mm during the drilling of
the pilot well.

In Figure 2, Stage I, the well is shown during logging op-
erations.

In Stage II, the operation of using a detonating cord is
shown, which is performed when a significant increase in yield
is necessary. In aquifers composed of fractured rock, this will
increase the quantity, length, and opening of fractures [29].

In Stage III, the process of expanding the well to its final
diameter is shown. A three-bladed spud bit is used, consisting
of a bit body and blades, with the bit body serving as a guiding
element [30]. Minimum rotation frequencies are applied. The
flushing is carried out with technical water, which significantly
reduces clogging and helps increase yield. The need for drilling
fluid corresponds to a sharp increase in the volume of broken
rock; however, in local conditions, it is reduced due to low ab-
sorption caused by the low filtration coefficient.

In stage 1V, the design of the well is shown after the instal-
lation of the filter column and the creation of the gravel pack.
Above the pack, the annular space is filled with sealing ce-
ment, which is separated from the gravel pack by a buffer layer
of sand. After the cement hardens, the well is sealed to the sur-
face with clay.

Thus, the developed methodology differs from the existing
ones by combining the use of small-diameter drilling with the
subsequent enlargement of wells that identify aquifers with ac-
ceptable mineralization, as well as employing a combined
drilling grid that includes elements of both radial and regular
schemes. An important distinction is also the use of existing
water extraction points as centers for the first cycle of drilling
and the multi-cycle nature of the exploration with a gradual
shift of the center of the radial grid towards productive wells.

These differences provide several advantages. First, the
methodology significantly reduces costs at the initial stage of
exploration by using small-diameter wells and minimizing the
number of non-productive wells. Second, the combined drill-
ing grid allows for more flexible consideration of the geological

and hydrogeological characteristics of the area, which enhanc-
es the accuracy and efficiency of the exploration. Finally, the
sequential multi-cycle approach to exploration ensures a sys-
tematic and targeted study of the aquifers, facilitating a more
accurate determination of their boundaries and the selection
of the best wells based on water quality and discharge.

Conclusions.

1. The underground water reserves in the Mangystau Pen-
insula are insufficiently utilized for the following reasons:

- the exploration grids require drilling a large number of
wells;

- due to complex hydrogeological conditions and the cha-
otic distribution of areas with acceptable mineralization, only
a small number of wells tap into horizons with water suitable
for drinking water supply;

- the need to drill many wells leads to the use of small di-
ameters for the water intake section, so even wells that have
tapped horizons with water meeting the mineralization re-
quirements do not meet the discharge requirements.

2. The methodology for exploring groundwater deposits
has been improved, with the main provisions being as follows:

- exploratory wells are drilled with a small diameter, and
only those wells that tap into horizons with acceptable miner-
alization are subject to enlargement;

- wells are drilled according to a combined grid that inte-
grates the possibilities of radial and regular grids;

- existing water extraction points containing water with ac-
ceptable mineralization serve as the centers for the first cycle of
the exploratory grid;

- from these centers, drilling is carried out according to a
radial grid consisting of six wells;

- when a horizon with acceptable mineralization is discov-
ered, the well that tapped it becomes the center for the second
cycle of the radial grid of six wells, with a minimum of three
already drilled in the previous cycle;

- the exploration then continues with subsequent cycles
aimed at constructing wells with acceptable discharge and
mineralization.

3. The improved methodology takes into account the pat-
terns of productivity distribution and mineralization of
groundwater. This allows for more accurate consideration of
the geological and hydrogeological characteristics of the area.
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Fig. 2. Stages of creating a water intake well:

— logging of the pilot well; I1 — detonation of the detonating cord; I1l — well expansion; IV — final well design; 1 — aquifer layer; 2 —
3 — productive zone; 4 — guiding pipe; 5 — logging cable; 6 — probe; 7 — weight; 8§ — cable; 9 —
concrete ring; 14 — filter column; 15 — filter; 16 — centralizer; 17 — clay cementing; 18 — cementing; 19 — buffer sand layer; 20 —

string; 13 —
gravel backfill; 21 — settling tank

aquitard;
torpedo; 10— blast impact zone; 11— bit; 12 — drill
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Table
Parameters of a typical water extraction well

Parameter Value
Depth of the water table, m 30
Depth of the bottom of the aquifer, m 35
Rock type of the aquifer Fractured

chalk
Coefficient of permeability, m/day 5
Rock type of aquitards, m Marl
Height of pressure from the top of the aquifer, m 20
Depth of the well, m 40
Diameter of the well, mm 132* and 1,500
Well discharge, L/s 0.44* and 5
Drawdown, m 9
Cementing interval, m 28—30
Clay sealing interval, m 0—28 m
Outer diameter of drill pipes, mm 73* and 168
Inner diameter of drill pipes, mm 59* and 154
Outer diameter of the filter column, mm 219
Inner diameter of the filter column, mm 205
Type of filter Wire wrap,
gravel packing

* Parameters for the pilot well

4. The choice of distance between water extraction wells in
the exploratory grid must consider geological and hydrogeo-
logical conditions, the degree of study of the area, the quality
of underground water, as well as technical and economic con-
straints. The optimal distance between wells should be such as
to ensure sufficient data accuracy and rational resource use
during exploration.

5. The developed methodology allows for a reduction in
the number of non-productive wells, minimizing exploration
costs. This is achieved by identifying and defining the bound-
aries of the aquifer through the use of sequential cycles with a
shifting center, which enables systematic exploration of the
territory and the identification of the best aquifers. The selec-
tion of the best wells based on water quality and discharge en-
sures more reliable water supply.
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Meta. Po3poOka iHHOBaIiliHOT METOIMKHU PO3BiIKU PO-
JIOBMIIL MiA3€MHUX BOJ AJ1S1 YMOB CLIbCbKUX PaliOHIB MiBOCT-
poBa MaHricTay, 1110 103BOJUTh 3HAXOAUTHU JIKepeJsia Min3eM-
HUX BOJ i3 MPUAHSATHOIO MiHepasli3alli€elo 3 MiHiMaJbHOIO
KiJIBKiCTIO CBEPIJIOBUH.

Metonuka. [locraBieHi 3aBIaHHS BUPILIYBAJIMCS KOMII-
JIEKCHUM METOIOM JOCHiIKEHHS, 1110 BKJII0YA€E OIS Ta y3a-
TabHEHHSI JITepaTypHUX KEpes; MaTeHTHO-KOH IOHKTYPHi
JIOCJTIIXKeHHST; BUBYEHHSI TEOJOTIYHUX i TiIpOreoJIoriuyHux
YMOB paiioHy poOIT; KPUTUUYHUMN aHaJi3 iICHYIOUMX METOAUK
PO3BiIKM POAOBMIIL MiA3€MHUX BOI; BUBYEHHS Ta y3arasb-
HEHHSI paHillle MPOBEeIeHUX PO3BiAYBAIbHUX POOIT Ha IO
11 po3pobKa peKoOMeHalliii 00 YIOCKOHAJIEHHSI METOIUKHU
PO3BIAKU.

PesyabraT. BcTaHOBIEHI MPUYMHU HEAOCTaTHHOTO BU-
KOPHUCTAHHS 3amaciB MiA3eMHUX BOJ Ha MiBOCTpOBI MaHTic-
tay. Po3pobsieHa BucokoeeKTMBHA METOIMKA PO3BIAKHU PO-
TIOBUIIL MiI3¢MHMX BOI, 1110 BpaxoBYy€E crielndidyHi 0co0Im-
BOCTI MiBOCTpoBa MaHricTay — BeJIMKi Majo3acesieHi palloH1
i1 XaOTUYHEe PO3TallyBaHHS BOOZOHOCHUX TOPU3OHTIB i3 TIpU-
HATHOIO MiHepaizailieto. CKOpOUYEHHS KiJIbKOCTi OypOBUX
CBEPIUIOBUH JOCSTAETHCS 32 PAXYHOK TOIIYKY i BUSHAUEHHS
MEX BOJOHOCHOTIO TOPU3OHTY IIUISIXOM BUKOPUCTAHHS TO-
CJIIIOBHUX LHUKJIB i3 MEPEMILIEHHSIM LIEHTPY, L0 J03BOJISIE
CUCTEeMATUYHO JOCIiIXKYBaTU TEPUTOPIiO Ta 3HAXOIUTU Kpa-
111i BODIOHOCHI TOPU30HTH.

HaykoBa HoBM3HA. Yrieple 3alpornoHOBaHA METOIMKA
PO3BiIKM PONOBUIL MiA36MHUX BOJ, OCHOBHI IOJIOXEHHS
SIKO1 MOJISITal0Th Y HACTYITHOMY: PO3BiyBajibHi CBEPUIOBUHU
OypsITbCSI MAJIMM J1iaME€TPOM, a PO3LIMPEHHIO MiAJsATraloTh
TiJIbKM CBEPJIOBUHMU, 1110 PO3KPWIU TOPU3OHTH 3 TPUAHST-
HOIO MiHepastizalli€lo; OypiHHSI CBEPIJIOBMH 3IiMCHIOETHCS
1Mo KOMOiHOBaHi CiTLi, 1110 MOEAHYE MOXJIMBOCTI paaiaibHOL
Ta PEryJsIpHOI CiTOK; LIEHTpaAaMM IEpIIOro LUKy pPO3Biay-
BaJIbHOI CiTKM € HasiBHi BO103a00pH, 1110 MIiCTSTh BOAY 3 IIPU-
MHATHOIO MiHepasli3alli€lo; i3 TaKuxX LEeHTPIB OypiHHS 3Miii-
CHIOETbCS IO paliaibHill CiTLi i3 1IecTU CBEPIJIOBUH; MPU
BUSIBJIEHHI TOPM30HTY 3 TMPUNHATHOIO MiHepasi3ali€lo
CBEPIUIOBMHA, 110 PO3KPUJIA, CTAE LIEHTPOM APYTOro LUKIY
paniaabHOI CiTKM 3 LIECTU CBEPAJIOBUH, MiHIMYM TPH 3 SIKUX
yXe Mpo0ypeHi Ha norepeaHboMY LUKJIi. Jlasi po3Binka mpo-
JIOBXYETBCS 3 HACTYITHUMHU LUKJIAMU 3 METOIO OyIiBHULITBA
CBEPIUIOBMH i3 MPUAHATHUM Je6iTOM i MiHepaJizalli€lo.

IIpakTyHa 3HAYMMICTB. YTIPOBaIKEHHSI PO3POOJEHOT
METOIMKU Ma€ BeJIUKe MPAKTUUHE 3HAYESHHS ISl MOAAJTbIIO-
TO PO3BUTKY HA(TOrazoBUIOOYTKY, MPOMUCIOBOTO BUPOO-
HUILITBA I CiILCHKOTO TOCIOJapcTBa IMiBocTpoBa MaHricray,
a TaKOX COlliaJibHe 3HAUEHHSI IS 3aI0BOJIEHHSI TTOTped Ha-
CeJIEHHS perioHy B SIKiCHili BOAi U1l MUTHOTO i rocromap-
CBKOTO BOZIOTIOCTAYaHHSI. 3aCTOCYBaHHSI pO3POOJIEHOT METO-
UKW TO3BOJISIE CKOPOTUTU KiJIbKICTh MapHUX CBEPIJIOBUH,
MiHiIMi3yl0uM BUTPATH HA PO3BiIKY.

Kumouosi ciioBa: nidzemui 600u, memoouxa po3gioku, cimka
ceeponosut, nisocmpie Mawneicmay
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