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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 ettective control over groundwater levels and tfiow
regimes.

Keywords: Groundwater, artificial recharge, aquifers, technological schemes, Central Kazakhstan,
hydrogeology, water demand
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AnHoTanusi. KmuMarThlH ©3repyiHeH, Cy TYThIHY/IbIH apTybIHAH JKOHE JKEP YCTi aFbIHBIHBIH O1pKEKi
TapajiMayblHaH TYbIHJIAFaH Cy PECypCTapbIHbIH TANIIBUIBIFBIHBIH apTYbl KYPFAaK alMaKTapia *ep acThl cyia-
PBIH OacKapyAblH THIM/II 9/1ICTEPIH €HTi3yal KakeT eTei. KaTThl KOHTHHEHTAI bl KIIMMATIICH, ©3€H JKeTICIHIH
HICKTEYJIITITIMEH JKOHE aFbIHHBIH )KOFaphl MayChIMIIBIK ©3reprimTiriver cunarranatein Opranbik Kazakcran
YIIiH 3Kep acThl cynapbiH xacanasl Typae Toateipy (KCXKT) en mepcnextuBanbl Tocinaepain 6ipi 60mbIn
TaObUIa Bl By 3epTTeyNiH MaKcaThl — ailMaKThIH (DU3HUKAJIBIK, TeOrpadUsIIBbIK, THAPOTEOTOTHSIIBIK XKOHE TH-
JIPOJIOTUSUIBIK KaFaitnapbid eckepe oThiphill, JKCIKT-HBIH THITIK IPOIECIHIH CXeMallapbIH HETi31ey. AyMaK
TOPT TONTHI aHBIKTAH OTHIPHII, OipKaTap KpuTepuiliep OOWBIHIIA aiiMaKTapFra OeJIiHIi: ipi, OpTa KOHE IIaFbIH
Kep acThl Cy KOMMaJlapblH KypyFa apHaJIFaH ayMakTap, COH/Iali-aK MepCIeKTUBAChI3 ayMaKTap. O3¢H aHFap-
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Japbl, KOMUITEH aHFapJiap JKOHE KapOOHATThI KYPbUIbIMIAP €H HEepCIICKTUBAJIbI Aell TaHbUIIbL. JKbUIABIK 63¢H
arbpIHBIHBIH 80-90%-Fa feitini KokTemae naiiaa 601aTbIHbI, OYJI TONBIKTBIPY YIIIH alTapJIBIKTall MayChIMJIBIK
pecypc KacalThIHbI aHBIKTANIbl. MHOUIBTpaMsUIbIK OacceH e albIK MIEKTEYCi3 CyJbl TOPU3OHTTAP YILIIH
HETi3T1 TeXHOJIOTUS PETiHJIe HeT13/IeTeH, ajl HHOWIBTPAMIIBIK YHFBIMAIAp MEH CiHIPY YHFBIMaapbl TEPEH
MKOHE JKapBIKIIAKTHI KapCT CYJIbl TOPU30HTTAPHI YIL1H KOJIJAHbLIAAbI. 3€pPTTEY asChIH/Ia 331pJCHICH allIbIK KOHE
XKaOBbIK JKep acThl CyJIapbIH kKacaHAbl TYpJE TONTHIPYAbIH TEXHOJIOTHSIIBIK CXeMalapbl HHKEHEPIIIK IIeiM-
Jep/li HaKThl TAOWFU JKaFIaiaapra ukeM/Ii oeimaeyre MyMKiHaik 6epeni. UHpuibpTpanusisik 6acceinaepi,
peTTeneTiH cy KaObluiaay KYpbUIBIMAAPBIH KOHE CIHIPY YHFbIMaJapbIH MaiiajgaHy *ep acThl CyJapbIlHbIH KO-
PBIH apTTHIPBIN KaHa KOWMal, OlapAbIH PEeXKUMIH J1e OacKapaibl.

Tyiiin ce3aep: >xep acThl Cynapsbl, )KacaH bl KalTa TOJITHIPY, CYJIbl KadaTTap, TEXHOJIOTHSIIBIK CXeMa-
nap, Opransik Kazakcran, ruiporeosnorus, cyra AereH CypaHbIC
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AnHoTtanusi. Bc€ 6onee nporpeccupyronuii AeUIAT BOJAHBIX PECYPCOB, OOYCIOBICHHBI U3MEHE-
HUEM KJIMMara, pOCTOM BOJOMOTPEOICHUSI HACEICHUS U HEPAaBHOMEPHBIM pacIpe/IeIeHHeM TOBEPXHOCTHOTO
CTOKa, 00yClIaBIMBaeT HEOOXOAUMOCTh BHEAPEHUS Y(PPEKTUBHBIX METOJIOB YNPABICHUS MOA3EMHBIMU BOJa-
MU B apuJIHbIX peruoHax. [[ns Lentpansnoro Kazaxcrana, xapakTepu3yromerocs pe3ko KOHTHHEHTAIbHBIM
KJINMaTOM, OTPAaHUYCHHON PEYHON CEThIO U BBICOKON CE30HHOW M3MEHYMBOCTBIO CTOKA, OMHUM W3 Hambosee
MEePCIEKTUBHBIX HANPABJICHUH SIBIISICTCS UCKYCCTBEHHOE BOCIIOJIHEHHE 3amacoB noa3emMHbix Box (MB3IIB).
Lens ncciaenoBanust — 000CHOBaHKWE TUITOBBIX TexHoorndeckux cxeM MB3IIB ¢ yuerom ¢usuko-reorpadu-
YECKUX, TUAPOTEOIOTUYECKUX U THAPOJIOTUYECKUX YCI0BU pernoHa. [IpoBeneHo pailoHnpoBaHue TeppUTo-
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pHUH 110 KOMIUIEKCY KPUTEPUEB, B PE3YJIbTaTe KOTOPOTO BBHIACIICHBI YETHIPE TPYIIBI: PAaHOHBI CO3/IaHUS KPYII-
HBIX, CPETHUX U MEJIKUX TOA3EMHBIX BOJOXPAHIIINIL, a TaKXke OecrepcreKTuBHbIe TeppuTopun. Hambomee
MEePCIEKTUBHBIMHA YCTAHOBJIEHBI JIOJIMHBI PEK, a TaK)Ke MOTpeOCHHBIC TOJMHHBI U KapOOHATHBIE CTPYKTYPHI.
Ycranosneno, yto 10 80-90 % romoBoro pe4Horo croka (GOpMUPYETCS B BECEHHUU MEPHOJ, YTO CO3TAEeT
3HAYUTEIHHBIA CE30HHBIN peCcypC I MOMOJIHeHMs. B kadecTBe OCHOBHOM TEXHOJIOTHH JIJIsI OTKPHITHIX Oe3Ha-
MTOPHBIX TOPU3OHTOB 000CHOBAHBI MH(DHIBTPAIMOHHBIC 0ACCEMHBI, a ISl TITyOOKUX U TPEIIMHHO-KaPCTOBBIX
TOPU30HTOB —MH(WIBTPALIMOHHBIE KOJIOJLBI U MOMIOIIAI0IINE CKBaXXKUHBI. Pa3paboTaHHble B paMKax Hcclie-
JIOBaHUS TEXHOJOTUYECKUE CXEMbI HCKYCCTBEHHOIO BOCIIOJIHEHHUS 3al1acOB MOJ3€MHBIX BOJ KaK OTKpPBITOTO,
TaK 1 3aKPHITOTO TUIIOB — IMO3BOJISIIOT THOKO aIaTUPOBATh MHKEHEPHBIC PEIICHUS K KOHKPETHBIM TIPUPOTHBIM
ycnoBusiM. Mcrionbp3oBanue HHOWIBTPAITMOHHBIX OACCEHHOB, PETYIUPYEMBIX BOJOTIPUEMHBIX COOPYKEHUHN 1
MOTJIOIIAOIIUX CKBAYKUH 00€CIeYrBaeT He TOJIbKO YBEJIMUYEHUE 3aIacoB MOA3EMHBIX BOJ, HO M yIpaBiIeHHE
UX PEKAMOM.

KuroueBble ci10oBa: 1moJ3eMHbIE BOJIbI, HCKYCCTBEHHOE BOCIIOJIHEHHE, BOJOHOCHBIE TOPU30HTHI, TEX-
HoJlormueckue cxembl, [lenTpanpabiii Kazaxcran, rugporeonorus, BOIOMOTPEOHOCTh

s nuTupoBanusi: EpmenOait A.M., XKakubaeBa A.K., Tykemoa [E., [I)xabacoB A.M.,
Anumraszuna A.K. (2026). O6ocHOBaHuE CO3/1aHUS KPYIHBIX MOA3EMHBIX BopoxpaHuauil B LleHTpanbHoM
Kazaxcrane meTomamu HCKYyCCTBEHHOTO BOCTIONHEHHUS 3anacoB // Research, results — [3genictep, HoTIOXRETEp
— Uccnenosanus, pesynbratel. Vol. 28. Is. 4. Number 112. Pp. 168—178. https://doi.org/10.37884/4-2026/13
[In Eng.]

Kon$uukT HHTEepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIMKTa UHTEPECOB.

bnazooaprnocmy: Vccneoosanue 8blnoiHeHO 8 pamMKax epaHmoso20 YUHAHCUPOBAHUS NO HAYYHBIM U
(unu) Hayuno-mexuuueckum npoekmam Ha 2024—2026 200w (Munucmepcmeo Hayku u evicuieco oopazoeanus
Pecnyonuxu Kaszaxcman) Ne AP23490816  «Pa3zpabomka mexnono2uil UCKYCCMBEHHO20 80CNOIHEHUs NOO-
3EeMHbBIX 800 0Ji51 00000eCneyeHUsl HACEIEHHBIX NYHKIMO8, NPOMbIUULEHHbIX NPEONPUAMUL U 00800HEHUsL NACH-
buwy 6 menkoconounwvlx pationax Llenmpanvrnoco Kazaxcmana Pecnyonuxa Kazaxcmany.

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].

Theeffectiveness of MAR isdetermined by acombination 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,



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].
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I'he choice ot technological schemes tor MAKR of groundwater reserves 1s 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 m?*/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



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 2404100 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).

r T T -’ T
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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 usc of innovative technical solufions 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).

2
6
Fig. 3. Device for regulating underground water accumulation Fig. 4. Device for regulating groundwater reserves
1=1
6 o ——
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2 ; 5
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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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Tformed 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 m?*/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
m?/day, and transmissivity of 500—-6300 m?*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.

W e

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 m?® 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 m?/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 m?/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 runoft 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 m?/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 11 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 Il 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



environmental conditions. The use of mfiltration 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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