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Abstract. The increasing water shortage caused by climate change, rising water consumption, and 
uneven distribution of surface runoff necessitates the implementation of effective groundwater management 
methods in arid regions. For Central Kazakhstan, characterized by a sharply continental climate, a limited river 
network, and high seasonal runoff variability, Managed Aquifer Recharge (MAR) technologies are one of the 
most promising approaches. The objective is to substantiate standard MAR technological schemes considering 
the region’s physiographic, hydrogeological, and hydrological conditions. A regional zoning assessment was 
conducted based on a set of criteria, resulting in the identification of four groups of areas: areas suitable for 
the development of large, medium, and small groundwater reservoirs, as well as areas considered unsuitable 
for MAR implementation. River valleys, buried valleys, and carbonate structures were identified as the most 
promising settings for MAR. It was established that up to 80–90 % of the annual river runoff occurs during 
the spring period, providing a substantial seasonal water resource for aquifer recharge. Infiltration basins were 
identified as the primary technology for shallow unconfined aquifers, while infiltration wells and recharge 
wells were recommended for deeper and fractured-karst aquifers. The MAR technological schemes developed 
in the study, including both open and closed systems, allow engineering solutions to be adapted to specific 
natural conditions. The use of infiltration basins, regulated water-intake structures, and recharge wells can 
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not only increase groundwater reserves but also provide effective control over groundwater levels and flow 
regimes.

Keywords: Groundwater, artificial recharge, aquifers, technological schemes, Central Kazakhstan, 
hydrogeology, water demand
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Аннотация. Климаттың өзгеруінен, су тұтынудың артуынан және жер үсті ағынының біркелкі 
таралмауынан туындаған су ресурстарының тапшылығының артуы құрғақ аймақтарда жер асты сула-
рын басқарудың тиімді әдістерін енгізуді қажет етеді. Қатты континенталды климатпен, өзен желісінің 
шектеулілігімен және ағынның жоғары маусымдық өзгергіштігімен сипатталатын Орталық Қазақстан 
үшін жер асты суларын жасанды түрде толтыру (ЖСЖТ) ең перспективалы тәсілдердің бірі болып 
табылады. Бұл зерттеудің мақсаты – аймақтың физикалық, географиялық, гидрогеологиялық және ги-
дрологиялық жағдайларын ескере отырып, ЖСЖТ-ның типтік процесінің схемаларын негіздеу. Аумақ 
төрт топты анықтай отырып, бірқатар критерийлер бойынша аймақтарға бөлінді: ірі, орта және шағын 
жер асты су қоймаларын құруға арналған аумақтар, сондай-ақ перспективасыз аумақтар. Өзен аңғар-
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лары, көмілген аңғарлар және карбонатты құрылымдар ең перспективалы деп танылды. Жылдық өзен 
ағынының 80-90%-ға дейіні көктемде пайда болатыны, бұл толықтыру үшін айтарлықтай маусымдық 
ресурс жасайтыны анықталды. Инфильтрациялық бассейндер ашық шектеусіз сулы горизонттар үшін 
негізгі технология ретінде негізделген, ал инфильтрациялық ұңғымалар мен сіңіру ұңғымалары терең 
және жарықшақты карст сулы горизонттары үшін қолданылады. Зерттеу аясында әзірленген ашық және 
жабық жер асты суларын жасанды түрде толтырудың технологиялық схемалары инженерлік шешім-
дерді нақты табиғи жағдайларға икемді бейімдеуге мүмкіндік береді. Инфильтрациялық бассейндерді, 
реттелетін су қабылдау құрылымдарын және сіңіру ұңғымаларын пайдалану жер асты суларының қо-
рын арттырып қана қоймай, олардың режимін де басқарады.

Түйін сөздер: жер асты сулары, жасанды қайта толтыру, сулы қабаттар, технологиялық схема-
лар, Орталық Қазақстан, гидрогеология, суға деген сұраныс
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Аннотация. Всё более прогрессирующий дефицит водных ресурсов, обусловленный измене-
нием климата, ростом водопотребления населения и неравномерным распределением поверхностного 
стока, обуславливает необходимость внедрения эффективных методов управления подземными вода-
ми в аридных регионах. Для Центрального Казахстана, характеризующегося резко континентальным 
климатом, ограниченной речной сетью и высокой сезонной изменчивостью стока, одним из наиболее 
перспективных направлений является искусственное восполнение запасов подземных вод (ИВЗПВ). 
Цель исследования – обоснование типовых технологических схем ИВЗПВ с учетом физико-географи-
ческих, гидрогеологических и гидрологических условий региона. Проведено районирование террито-
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рии по комплексу критериев, в результате которого выделены четыре группы: районы создания круп-
ных, средних и мелких подземных водохранилищ, а также бесперспективные территории. Наиболее 
перспективными установлены долины рек, а также погребенные долины и карбонатные структуры. 
Установлено, что до 80–90 % годового речного стока формируется в весенний период, что создает 
значительный сезонный ресурс для пополнения. В качестве основной технологии для открытых безна-
порных горизонтов обоснованы инфильтрационные бассейны, а для глубоких и трещинно-карстовых 
горизонтов –инфильтрационные колодцы и поглощающие скважины. Разработанные в рамках иссле-
дования технологические схемы искусственного восполнения запасов подземных вод как открытого, 
так и закрытого типов ‒ позволяют гибко адаптировать инженерные решения к конкретным природным 
условиям. Использование инфильтрационных бассейнов, регулируемых водоприёмных сооружений и 
поглощающих скважин обеспечивает не только увеличение запасов подземных вод, но и управление 
их режимом.

Ключевые слова: подземные воды, искусственное восполнение, водоносные горизонты, тех-
нологические схемы, Центральный Казахстан, гидрогеология, водопотребность
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Introduction.
Rational use of groundwater is a key factor in ensuring sustainable water supply and preventing the 

degradation of natural ecosystems [Zektser et al., 2004]. Managed aquifer recharge (MAR) is considered an 
effective tool for increasing aquifer resources, regulating filtration processes, and meeting water needs in arid 
and semi-arid regions [Dillon et al., 2019; Al Maktoumi, 2025].

The effectiveness of MAR is determined by a combination of physical, geographical, and hydrogeological 
conditions, including the geomorphological structure of the territory, the lithological composition of rocks, the 
filtration properties of the vadose zone, the groundwater regime, as well as climatic parameters (precipitation, 
temperature, evaporation), and the characteristics of the hydrographic network [Science of the Total 
Environment, 2021; Cao et al., 2025; Zhu et al., 2026].

Managed aquifer recharge (MAR) and aquifer storage and recovery (ASR) are widely used in various 
countries worldwide, including Europe, the United States, Israel, and Australia [Dillon et al., 2019]. The main 
applications of this technology include ensuring water supply in resource-scarce conditions, creating strategic 
water reserves, preventing aquifer salinization, and improving water resource management [Al Maktoumi, 
2025; Cao et al., 2025]. Surface water, including flood runoff, can be used as recharge sources, which is 
especially relevant for arid areas [Science of the Total Environment, 2021].

The MAR methods are based on increasing the water inflow into an exploited aquifer throughout the 
year or during individual seasons. This is achieved through surface water infiltration through special structures 
(pools, canals, absorption wells, etc.) or by temporarily flooding natural depressions.

This method addresses a number of important issues, primarily in the area of ​​domestic and drinking 
water supply, and also contributes to environmental improvements. MAR makes it possible to regulate the 
hydrogeological regime during water withdrawal, taking into account both the quantity and quality of water 
at the recharge source.

Furthermore, the accumulation of water in the aquifer and the presence of infiltration structures make 
it possible to shut off the water supply if necessary, for example, if its quality deteriorates (increased turbidity, 
contamination, odors, etc.), thereby reducing the risk of groundwater contamination.

Storing groundwater during periods of highwater levels increases the reliability of water supply, 
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especially for alluvial horizons, and helps avoid interruptions in water supply during low-water periods 
[Margat et al., 2013]. 

Central Kazakhstan is characterized by a distinctly continental arid climate, complex, low-hill terrain, 
and a poorly developed river network (Figure 1). The region’s rivers have a pronounced seasonal regime, 
with up to 80–90 % of annual runoff occurring in the spring [Sheik et al., 2025; Nature Scientific Reports, 
2024]. Furthermore, the alluvial sediments of river valleys have high filtration capacity, creating 	productive 
conditions for groundwater infiltration and accumulation. [Sheik et al, 2025].

Fig. 1.  Hydrogeological map of Central Kazakhstan
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The choice of technological schemes for MAR of groundwater reserves is determined by the presence 
and characteristics of aquifers, the availability of replenishment sources, the current and future needs of the 
region for water supply, as well as the economic efficiency of the implemented measures [Dillon et al., 2019; 
Zhu et al., 2026; Science of the Total Environment, 2021]. The use of zoning of the territory according to the 
conditions of MAR allows us to take into account the spatial heterogeneity of hydrogeological conditions and 
justify the choice of the most effective solutions for groundwater resource management.

Materials and methods.
The territory of Central Kazakhstan is a mountainous and folded region within which unconfined fissure 

waters with shallow circulation are widespread. They are confined to the fractured zone of volcanogenic-
sedimentary complexes of pre-Paleozoic and Paleozoic rocks [Barkalov, Khordikainen, 1984].

Fracture-karst waters of Devonian-Carboniferous carbonate rocks are also widespread, forming 
numerous brachyanticline and synclinal structures [Barkalov, Khordikainen, 1984; gov.kz, 2020]. Each of 
such structure represents a unique groundwater deposit, containing significant volumes of water resources 
[Al Maktoumi, 2025; Cao et al., 2025]. Majority of Central Kazakhstan is epresented by a mountainous, 
folded region dominated by shallowly circulating, unconfined fissure waters confined to the open fracture zone 
of volcanogenic-sedimentary complexes of pre-Paleozoic and Paleozoic rocks, including effusive, intrusive, 
terrigenous-sedimentary, and metamorphic formations. Good rock exposure facilitates active water exchange 
and the formation of fresh, slightly brackish, and brackish waters.

Fracture-karst waters of Devonian-Carboniferous carbonate and terrigenous rocks are also widespread, 
forming numerous small brachyanticline, synclinal, and large complex structures. Each of such structure 
essentially represents a groundwater deposit with significant reserves, particularly in the southwestern part 
of the region—the Zhezkazgan-Ulutau, Niyaz-Yerementau, and other districts. The high degree of fracturing 
and karstification of carbonate rocks ensures intensive absorption of precipitation and floodwaters from rivers 
and streams; in the Zhezkazgan-Ulutau district, effective precipitation accounts for up to 60% of winter-spring 
runoff. Furthermore, these aquifers can be replenished by surface water from rivers.

A combination of climatic, topographic, geomorphological, and hydrogeological conditions, including 
the composition of water-bearing rocks and the presence of large hydrogeological reservoirs, creates favorable 
conditions for artificial groundwater recharge. This creates large underground reservoirs for multiple purposes: 
for municipal and industrial water supply of large population centers, as well as for agricultural needs.

Taking into account the region’s physical and geographical conditions, including geomorphological, 
geological, hydrogeological, climatic (precipitation), and hydrological (development of the hydrographic 
network) factors, a zoning of Central Kazakhstan was conducted based on conditions for MAR. This allows to 
determine patterns in the hydrogeological environment and serves as the basis for a differentiated assessment 
of the potential for MAR [Pinekker, 1977]. The zoning methodology is based on taking into account a complex 
of natural and artificial factors affecting the effectiveness of recharge and is used to identify areas with similar 
or different conditions for MAR. The assessment of natural conditions during zoning is carried out in order 
to identify: 1) the recharge object — a natural or artificial collector; 2) recharge sources and methods of 
preliminary water treatment; 3) the need for artificial recharge; 4) the economic feasibility of artificial recharge 
of groundwater reserves.

The methodological basis of the study was a comprehensive hydrogeological analysis of the territory, 
including:

- Analysis of the geological and hydrogeological conditions of the region;
- Study of the lithological composition of water-bearing rocks;
- Filtration properties of rocks (transmissibility coefficients within 300–1000 m²/day);
- analysis of the hydrological regime of rivers.
The following criteria were taken into account in the process of zoning:
Availability of natural reservoirs for groundwater accumulation (alluvial valleys, fissure-karst

structures);
Availability of replenishment sources (surface water, precipitation, flood runoff from the Nura, Kengir, 

Sarysu, and other rivers);
Water resource requirements;
Economic feasibility of artificial groundwater replenishment projects
The geomorphological factor was used as the main classification feature for zoning, allowing to 
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establishe the relationship between relief forms, lithological composition of rocks and groundwater occurrence 
conditions [Shchukin, 1940; Voskresensky, 1968].

Results.
Based on the conducted zoning of Central Kazakhstan according to conditions for artificial replenishment 

of groundwater reserves, four groups of territories were identified that determine the feasibility of creating 
various types of underground reservoirs, identified in accordance with a set of geomorphological, geological, 
hydrogeological, and hydrological indicators:

Large underground reservoirs for multiple purposes, the construction of which is possible: a) in the 
valleys of densely populated and industrially developed rivers in the region, b) in areas with developed 
carbonate structures;

Medium underground reservoirs – primarily for agricultural purposes, associated with the largest 
buried valleys;

Small underground reservoirs associated with Paleozoic rocks of different ages – for pasture irrigation;
Unpromising areas – territories unsuitable for the construction of groundwater reservoirs, for example, 

due to geomorphological conditions or the absence of aquifers. A feasibility study was developed for each 
group of territories, and a standard technological scheme for artificial replenishment of groundwater reserves 
was proposed.

Areas for the potential creation of large underground reservoirs.
Large reservoirs are considered a key element of groundwater management, enabling the most efficient 

use of flood and surface water, regulating filtration processes, and increasing the sustainability of water 
supply in the arid and semi-arid climate of Central Kazakhstan. This group of areas includes the valleys of the 
region’s largest rivers—the Nura, Sherubai-Nura, Taldy, Zharly, Kengir, Sarysu, and several others. The 
water-bearing rocks here are modern and Upper Quaternary alluvial deposits, represented by 
inequigranular sands, sandy-gravel-pebble formations with clay and loam interlayers. The thickness of 
alluvial deposits is typically 15–30 m, but in some valley sections it can reach 40–50 m.
A characteristic feature of these deposits is the absence of a consistent aquiclude between Quaternary 
formations of different ages, resulting in the formation of a single underground groundwater flow. 
Groundwater is recharged primarily by the infiltration of river floodwaters. Spring floods play a decisive 
role in shaping the water balance of river valleys. During this period, up to 80–90 % of the annual runoff 
passes through river systems.
      The most effective technological scheme for this group of regions is an open type I artificial 
groundwater recharge system using infiltration basins. Key hydrogeological parameters: thickness of 10–30 
m, filtration coefficient of 20–140 m/day, transmissibility coefficient of 240–4100 m2/day. In this scheme, 
surface water is directed into special infiltration structures, where it gradually percolates through the alluvial 
sediments into the aquifer. Similar systems are widely used worldwide and have proven effective in arid 
climates [Dillon et al., 2019]. The typical scheme involves gravity-fed surface water delivery with a settling 
basin, infiltration basins, and horizontal water intakes (Figure 2).

a − plan; 1 - river; 2 - water intake from the river; 3 - settling tank; 4 - water conduits for supplying water to infiltration basins; 5 - infiltration 
basins; 6 - horizontal water intakes (drainage pipes); 7 - collection well with chlorination; 8 - water conduit to the consumer; b − section: 2 - 

infiltration basins; 3 - drainage pipes; 4 - aquifers.
Fig. 2. Scheme of the open gravity flow system of the MAR, type I
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In Central Kazakhstan, a promising area is the use of innovative technical solutions for groundwater 
regulation, which can be integrated into technological schemes for Managed aquifer recharge (MAR). Among 
them are the Device for regulating groundwater accumulations (patent RU 2621359, Fig. 3), the Device 
for regulating freshwater reserves (patent RU 2621268, Fig. 4), the Understream filtering water intake of 
a combined design (patent RU 2518634, Fig. 5), the Device for purifying highly turbid water (patent RU 
2321440, Fig. 6), and the Device for regulating groundwater reserves (patent RU 2244785, Fig. 7).

 Fig. 3. Device for regulating underground water accumulation            Fig. 4. Device for regulating groundwater reserves

              Fig. 5. Underflow filtering water intake	 Fig. 6. Device for purifying highly turbid waters 

Fig. 7. Device for regulating groundwater reserves

The use of such devices allows for the regulation of underground reserves, ensuring a stable water 
supply for settlements and industrial facilities, and creating strategic water reserves for agricultural irrigation. 
The process flow diagram is adjusted depending on natural, climatic, and hydrogeological conditions.

Areas of potential underground reservoir development associated with the largest buried valleys.
Almost all modern rivers in the platform plains of Central Kazakhstan have ancient buried valleys 
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formed during the Lower Quaternary and Pliocene periods. They are connected to these valleys by their 
watersheds, general flow direction, and valley structure, meaning they are continuations or remnants of ancient 
rivers. Buried valleys have been identified in the areas of the Tokrau, Zhamshi, Sarysu, Nura, Sherubainury, 
Torgai, Moiynty, and other rivers. Their depths vary considerably, sometimes reaching 100 meters, and are 
typically filled by three sediment horizons. The width of ancient valleys is typically quite large, ranging 
from 6 to 15 km. The vast volumes of water-bearing rocks (sand, gravel, and pebbles) and the good filtration 
properties of aquifers (filtration coefficient of 28–236 m/day, transmissivity of 500–1200 m²/day) make it 
possible to create underground reservoirs in buried valley areas, both large, multi-purpose ones and medium-
sized ones (primarily for agricultural purposes).

For this group of areas, the use of an open, gravity-fed underground reservoir system (Type I) is 
proposed. Key hydrogeological parameters include: thickness of 15–29 m, filtration coefficient of 28–236 
m³/day, and transmissivity of 500–6300 m²/day. This includes the construction of artificial dams to 
accumulate river flood runoff and subsequently recharge groundwater. Irrigation water from the oasis 
irrigation system is used as an additional source of groundwater replenishment.

Areas for the potential creation of small underground reservoirs for pasture irrigation.
In Central Kazakhstan, unconfined fracture waters with shallow circulation are predominantly found 

in the open fracture zone of effusive, intrusive, sedimentary, and metamorphic formations of the pre-Paleozoic 
and Paleozoic eras, as well as pasture areas. These areas are largely dry steppes, where precipitation amounts 
to 100-300 mm/year. Under these conditions, water is the main factor limiting the use of remote pastures due 
to their low water content.

The well-dissected topography and intense fracturing of the rocks create favorable conditions for 
the infiltration of precipitation and its accumulation in fracture groundwater. The current zone of exogenous 
fracturing, with its relatively thin thickness and highly variable basement topography, forms a unique, relatively 
small groundwater basin in the selected area, the boundaries of which are generally determined by the terrain.

For this group of areas, a typical technological scheme for a watering station based on MAR using 
groundwater reservoirs is recommended (Figure 8). The main hydrogeological parameters of the scheme are: 
thickness of 25–100 m, filtration coefficient of 1–11 m/day, and transmissivity coefficient of 24–610 m2/day.

1 – earth dam; 2 – inspection well; 3 – radial water collection trench; 4 – tubular water conduit; 5 – storage tank; 6 – watering trough.
Fig. 8. Typical flow chart of a watering station based on MAR using groundwater reservoirs

As regional confirmation of the effectiveness of infiltration systems water intake in the Karaganda 
region can be used, where a 13 million m³ infiltration basin fed by the Tonarskoye Reservoir on the 
Sherubay-Nura River operates. With permeability coefficients of 20–140 m/day and transmissivity of 
240–4,100 m²/day, typical of alluvial aquifers, conditions are created for intensive infiltration and rapid 
redistribution of incoming water within the aquifer. For buried valleys, where the aquifer thickness 
reaches 15–29 m, the permeability coefficient ranges from 28–236 m/day and transmissivity ranges from 
500–6,300 m²/day, further demonstrating the high injectivity of the collectors. These existing regional 
indicators confirm the potential for accumulating significant volumes of surface runoff in groundwater 
aquifers and subsequently using these resources during low-water periods. However, specific annual 
recharge volumes and rates of groundwater level restoration should be determined for each site based on 
balance calculations, experimental filtration work, and numerical modeling, as they depend on the area 
of   infiltration structures, the duration of water supply, the actual injectivity, and the aquifer discharge 
conditions.
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Discussion.
To create large underground reservoirs, it is recommended to use open unconfined groundwater recharge 

systems (Type I) with artificial reservoirs to accumulate flood runoff and recharge groundwater. The division 
of aquifers into Types I and II is based primarily on their occurrence conditions, degree of hydraulic openness, 
depth and filtration properties of the aquifer rocks, as well as the nature of their connection to surface sources. 

Type I includes predominantly open unconfined a quifers i n a lluvial a nd b uried v alleys, directly 
connected to river runoff and capable of receiving infiltration water from the surface. They are characterized 
by aquifer thicknesses of 10–30 m in modern river valleys and 15–29 m in buried valleys, with permeability 
coefficients of 20–140 and 28–236 m/day, respectively, and transmissivity of up to 4,100 and 6,300 m²/day. 
The presence of a direct hydraulic connection with flood runoff, the absence of a continuous aquiclude, and a 
predominantly unconfined regime make these aquifers most suitable for open infiltration systems.

Type II aquifers are proposed to be associated with closed geological structures and deeper groundwater 
occurrence, primarily fissure-karst and carbonate complexes. Unlike Type I aquifers, their recharge and 
groundwater distribution are controlled not only by surface runoff but also by fracturing, karstification, and 
the structural and tectonic features of the massif. A practical criterion for selecting closed systems is the depth 
of the aquifer: at depths of up to 15–20 m, infiltration wells are advisable, while at greater depths, absorption 
wells are preferable. For such facilities, an additional performance criterion is the ability to control the dilution 
of brackish groundwater with fresh water while maintaining hydraulic connectivity between the injection zone 
and the exploited aquifer.

Closed brachyanticline basins, such as theZhanai, Aidos, Sarybulak, Mashuran, and Alaigyr structures, 
composed of permeable rocks capable of retaining significant volumes of water, are the most suitable for 
artificial groundwater replenishment. Groundwater replenishment can be achieved by drawing surface 
water from the Zhezda, Kengir, Sarybulak, Sherubai-Nura, and other rivers. For Type II aquifers, closed-
loop flowsheets employing infiltration wells at depths of up to 15–20 meters and absorption wells at greater 
depths are a rational approach. These systems can also be used to dilute brackish groundwater in limestone 
structures. The flowsheet includes preliminary treatment and preparation of river water before injection to 
improve drinking water quality and reduce suspended solids and microbial levels.

The proposed systems were chosen based on their suitability for the natural conditions of Central 
Kazakhstan and the nature of available replenishment sources. Compared to direct water injection through 
deep wells, Type I open infiltration basins require lower operating costs, utilize natural gravity filtration, and 
provide additional removal of suspended solids as the water passes through the aeration zone. Compared 
to surface water storage in traditional reservoirs, MAR reduces evaporation losses, which are particularly 
significant in arid climates, while simultaneously creating a strategic water reserve directly within the aquifer. 
Closed systems with infiltration wells and absorption wells are preferable for deep and structurally confined 
aquifers, as they allow precise control over the location and volume of water inflow and can be used when it 
is necessary to improve the hydrochemical composition of groundwater. Thus, a combination of open gravity 
systems for alluvial and buried valleys and closed systems for deep carbonate and fissure-karst aquifers appears 
best suited to the spatial heterogeneity of the hydrogeological conditions of Central Kazakhstan.

Conclusion.
In conclusion, the study emphasizes that Central Kazakhstan possesses significant a nd largely 

underutilized potential for the implementation of artificial groundwater replenishment technologies. This is 
due to a combination of favorable hydrogeological conditions, geomorphological features, and the region’s 
arid and semi-arid climate. The conducted zoning of the territory allowed us to substantiate the identification 
of zones of varying potential, forming a scientific and practical basis for a differentiated approach to the design 
and placement of artificial groundwater replenishment systems.

The most promising areas, located along the valleys of major rivers (Nura, Sherubay-Nura, Taldy, 
Zharly, Tunduk, Kengir, Sarysu, etc.), are characterized by thick alluvial deposits with high filtration properties. 
These conditions create the preconditions for the formation of significant underground reservoirs, effectively 
replenished by flood runoff. In turn, type II carbonate structures (Zhezkazgan-Ulutau and Niyaz-Yerementau 
districts) possess high potential due to their extensive fracturing and karstification, which facilitates intensive 
infiltration and accumulation of groundwater. The technological schemes for MAR, both open and 
closed, developed as part of the study allow for the flexible adaptation of engineering solutions to specific
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environmental conditions. The use of infiltration basins, regulated water intake structures, and absorption 
wells not only increases groundwater reserves but also manages their regime. Technologies using absorption 
wells are particularly important for carbonate formations, where targeted dilution of brackish water by 
injecting fresh surface water is possible. Furthermore, ensuring high quality of the injected water is a key 
condition for the effective implementation of artificial groundwater replenishment. The need for preliminary 
water treatment and preparation is driven by the unstable hydrochemical and sanitary-bacteriological 
conditions of surface water. The implementation of modern treatment facilities and water quality control 
systems should be considered a mandatory element of the entire process chain.
        Equally important are the organizational and environmental aspects: the successful operation of MAR 
systems requires continuous monitoring of the hydrogeological regime, control of filtration and mixing 
processes, and an assessment of potential aquifer contamination risks. Only by meeting these conditions can 
the environmental safety and long-term sustainability of water management systems be ensured.
Thus, the study results confirm that the integrated application of artificial groundwater recharge 
technologies, based on consideration of natural conditions, the use of modern engineering solutions, 
and strict adherence to environmental requirements, is one of the most promising areas for water supply 
development in Central Kazakhstan. The implementation of the proposed approaches will improve the 
reliability of water supply, ensure the rational use of water resources, and create a sustainable basis for the 
socio-economic development of the region in the context of increasing freshwater shortages.
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