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HYDROGEOLOGICAL STUDY AND
ASSESSMENT OF THE GROUNDWATER
RESOURCES IN THE CRETACEOUS DEPOSITS
OF THE ZHEM BASIN

Abstract. This article analyses the hydrogeological study and prospects of the Albian-Cenomanian aquifer complex confined to the second-order Zhem artesian basin.
Data on calculating operational groundwater reserves for 77 groundwater well fields and sites associated with the Albian-Cenomanian aquifer complex were analysed. The
description of the estimated resources included evaluations of the main hydrogeological parameters, long-term information on precipitation, flow rates, and water levels
for seven main rivers of the Zhem basin area, summarised and analysed data on 8 meteorological and 12 hydrological stations, monitoring observations on groundwater
levels at 13 hydrogeological sites, including 54 wells, were analysed. Conclusions have been drawn regarding the perspectives of Albian-Cenomanian aquifer complex use
and further prospection.
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7Kem anaObIHbIH 00p HIGTiHALNEPiHAEri KepacThl CyJIapbl KOPJAPBIHBIH KAJIBINTACY KAFIANIAPBIH THAPOreoI0r usi-

JIBIK 3epTTey :KIHe faFaiay

Anjarna. Makanaza JKem apre3uan anaOblHbIH O0Op MIOTiH/IEPiHIH alb0-CeHOMaHABIK CYIIbI KSIICHIHIH MHAPOre0IOrHSIIBIK 3epPTTelyiHe KoHe OoJalarbHa Taiaay
JKacalFaH. AfiMaKapaibK 6ackapMachIHAFbl ayMaKThIK OeliMILeNnepi ChIHAFaH allb0-CeHOMAH CyJIbl KELICHIH alaThiH 77 KeH OPHbI MEH y4acKeci OOMbIHIIA KEePACTHI CyIia-
PBIHBIH MaiilaiaHy KopapblH Oaragaran MaliMeTTepra Tajjay Jkacanras. JKymeic aifMarbIHa OPHAIACKAH 8 METEOCTaHIUS MEH 12 THAPOIOrHsUIBIK IIOCTTBHIH MOTiMETTe-
pi HeriziH/e kaybIH-1IAIIbIH, )KOHE JI¢ ayMaKThIH 7 HETI3r1 03¢H1 OOWBIHIIIA aFbIHHBIH KbULIAM/IBIFBI )KOHE CY JICHIeHi TypaJibl aFbIMIAFbl aKIAPAT )KMHAKTAJIBII, TaJlJaHFaH.
JKepacTbl CyaapbIHbIH MEMJICKETTIK MOHUTOPHUHT JKeMCiHIH 54 YHFbIMaJaHbl KAMTUTBIH 13 THAPOre0nOrusIbIK MOCT OOMBIHIIA )KePACThI CyIapbIHBIH ACHICHiH OaKbiay-
IIbIH iepeKTepi TannanFaH. JKeM apTe3naH anaOblHbIH allb0-CeHOMAH LIOTTHAINEPIHICT] )KePaCcThl CyTapblH KOJJaHy NePCHEKTHBAIAPbI TyPAJIbl KOPBITBIHIBLIAP KACAIFAH.

Tyiiinoi co3dep: anv6-cenoman wio2inoinepi, sHeepacmol CyIApbIHbIY KOPIapsl dcane pecypcmapel, JKem anabvl, Axkmebe o06nbicyl, HcayblH-UWAUbIH, O3€H CYbIHbIH
azblHbl, OAKbLIAY.

I'maporeosornyeckasi M3y4eHHOCTh M OLICHKA YCJI0BHI ()OPMHPOBAHHUS PeCypPCOB MOA3EMHBIX BOJ MEJIOBBIX OTJIOXKe-
Huii 7Kemckoro dacceiiHa

AuHoTanms. B crarbe npuBeieH aHAIN3 NEPCHEKTUB HCIIOJIb30BaHNs BOJOHOCHOTO aJib0-CEHOMAHCKOIO KOMILIEKCA MEJIOBBIX OTIIOKEeHHH JKeMckoro apre3nanckoro
Gacceiina. ITpoaHanu3upOBaHbI MaTepHAIbl MOJCYETA HKCILUTYaTAlMOHHBIX 3allacOB MOA3EMHBIX BOJ MO 77 MECTOPOKACHHSM H y4acTKaM, BCKPHIBAIOIIHX BOAOHOCHBII
a11b0-CCeHOMAHCKUI BOJOHOCHBIN KOMILIEKC. Ompe/ieieHbl 3HaYCHHsI OCHOBHBIX MMAPOTCOIOTHYECKHX apaMeTpoB, XapaKTePHBIX /ISl OMUCHIBAEMBIX OTI0KeHHH. 0600-
LIEHBI U TIPOAHAIM3UPOBAHbI aKTyalbHbIE CBEICHHs 00 0CajKax, pacXxogax M ypOBHSX BOJBI [0 7-MH OCHOBHBIM PEKaM PErHOHA IO JAHHBIM 8-MH METEOPOJIOrHYECKUX
CTaHLMI U 12-TH THAPOJIOTHMYECKHUX IOCTOB, PACIIONOKEHHBIX B paifoHe paboT. IIpoaHanu3upoBaHbl AaHHbIE MOHMTOPUHIOBBIX HAOIIONCHHI 32 YPOBHEM IOA3EMHBIX
BOZ 1O 13 rHApOreoorniecKiM mocTam, B ToM umciie o 54 ckBaxkxnnaM. CaenaHsl BEIBOJBI O MEPCHEKTUBAX OCBOCHMUS MOJ3EMHBIX BOJ| alb0-CeHOMAHCKUX OTIOKECHHIT
JKemckoro apre3nanckoro 6acceiHa.

Kntouesvte cnosa: anv6-ceHoMancKkue omaoxcenus, 3anacsl U pecypcevl noozemuvx 600, Kemckuii bacceiin, Akmiobunckas obnacms, ammocgepHuie 0cadku, pacxoovl
PEUHOT 800bl, MOHUMOPUHR.

Introduction

The Zhem (formerly Emba) artesian basin and its block-for-
mation waters are classified as second-order basins and belong
to the Caspian system of first-order artesian basins [1, 2]. The
basin is located in the eastern part of the Caspian Depression
and characterised by a ridged-hilly plain with elevations rang-
ing from 50-75 to 300-420 m. Ravines and river valleys dissect
the area. The Zhem basin shares borders with several other
second-order basins: the South Pre-Ural to the northeast, the
Dongystau-Predmugalzharsky to the east and south, the North
Caspian to the southwest, and the Syrtovsky to the northwest.
Its northern boundary is defined by the state border between the
Republic of Kazakhstan and the Russian Federation (see Fig.
1). The Zhem basin is located in the Aktobe region of Western =~ == i
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reserves included in the State balance evaluations [3]. The ex- et tomnti \ = N

ploitable groundwater reserves of other administrative regions e \

in Western Kazakhstan, such as Mangistau, West Kazakhstan, A\ =

and Atyrau, are considerably less than those of the Aktobe re-
gion, respectively 4.8, 5.2, and 7.4 times smaller. By 2030, the
demand for drinking water in the Aktobe region may double

and reach 321,060 m*/day [4]. This increase is attributed to
the region’s growing population as well as the development of
industrial and agricultural areas [5].

Figure 1. Zhem artesian basin.
Cypert 1. Kem apTe3nan aaadbl.
Puc. 1. ’Kemckuii apre3nanckuii 6acceiit.
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As of November 2022, only 196 out of 315 rural settlements
in the Aktobe region have access to centralised water supply
services, according to the official data [3].

The most promising water supply source for the settlements
and industrial facilities within the Zhem basin is the Creta-
ceous Albian-Cenomanian aquifer complex, which has a pre-
dominant mineralisation of up to 3 g/L.

Materials and Methods

Data from exploration work carried out during the search,
assessment, and revaluation of operational groundwater re-
serves for 381 well fields and groundwater sites in the Aktobe
region were used to characterise aquifer hydrogeological pa-
rameters. This included 77 well fields and sites confined to the
Albian-Cenomanian aquifer complex. The State Commission
has tested these data for the Mineral Reserves of the Republic
of Kazakhstan or its territorial subdivision under the Interre-
gional Department named «Zapkaznedra» (since 2018 — the
State Commission for Subsoil Expertise or its subcommis-
sion under the Interregional Department «Zapkaznedray). The
sources used to compile the Cadastre of Groundwater Resourc-
es of the Republic of Kazakhstan as of 01/01/2021 include the
Directory of Groundwater Well Fields of Kazakhstan, the At-
las of Hydrogeological Maps of the Republic of Kazakhstan,
and several other sources [6-10].

To define changes in groundwater levels, groundwater mon-
itoring results from 2007 to 2022 were collected and analysed
at 13 observation stations that are part of the State groundwater
monitoring system of the Republic of Kazakhstan. These sta-
tions characterise the Albian-Cenomanian aquifer complex and
include 54 hydrogeological monitoring wells. From all stations,
13 representative wells were characterised by the maximum am-
plitude of groundwater level fluctuations. Water levels in wells
were measured three to ten times per month using a standard
hydrogeological tape measure, depending on the groundwater
depth and the type of aquifer being characterised. The minimum
number of measurements (three times per month) is carried out
on confined groundwater resources, and the maximum is up to
ten times per month on non-confined waters that have a hydrau-
lic connection with surface watercourses.

Annual precipitation and streamflow data collected at me-
teorological and hydrological stations in the study area from
2007 to 2022 were collected and analysed. Direct observations
were carried out by the National Hydrometeorological Service
of the RSE «Kazhydromet»'.

Water flow was measured daily at hydrological stations
equipped with hydrometric meters or acoustic Doppler pro-
filers (flow meters). Water level measurements at gauging sta-
tions are made daily using a water gauge.

Precipitation data are provided daily for each weather sta-
tion for the period (hour): 00:00-03:00; 03:00-06:00; 06:00-
09:00; 09:00-12:00; 12:00-15:00; 15:00-18:00; 18:00-21:00;
21:00-00:00.

Results
The Albian-Cenomanian aquifer complex is almost ubiq-
uitous, except in some areas where underlying, more ancient

sediments outcrop to the surface (Fig. 1). The water-bearing
materials are quartz-glauconite sands of various grain sizes,
which are clayey to varying degrees. The absence of contin-
uous clayey horizons between the sandy Albian-Cenomanian
strata forms a single aquifer complex. Within the Zhem basin,
water-bearing sediments reach the surface or are covered by a
thin layer of permeable Quaternary sediments. These areas are
an area of intensive groundwater recharge, where the primary
groundwater sources are formed by infiltration of atmospheric
precipitation and surface watercourses. The groundwater flow
moves southwesterly towards the Caspian Sea and, in certain
areas, acquires a pressured character. Infiltration recharge by
atmospheric precipitation and river runoff is essential in form-
ing groundwater reserves. Eight meteorological stations (Fig.
1) are located in the Zhem basin. The observations of long-
term annual precipitation for this stations are presented in Ta-
ble 1.

The minimum mean annual precipitation is observed at
the Kulsary weather station (149.18 mm). The maximum at
the Novoalekseevka station (252.03 mm), the former in the
southern and the latter in the northern part of the Zhem basin
(Fig. 1). The mean annual precipitation in the area is equal to
217.32 mm, with minimum and maximum values of 114.68
and 402.68 mm, respectively.

Mean annual river water flow values for the study period
(2007-2022) on 12 hydrological stations are given in (Table 2).

Table 2 shows that practically all major surface watercours-
es in the Zhem basin are covered by observations. The Bol-
shaya Khobda and Emba rivers have a natural regime, while
the rest have been disturbed by hydraulic structures (dams).
The table summarises data on the catchment area, mean annual
flow and measured water levels. The mean annual discharge
of the rivers varies from 0.5 m*/s to 6.4 m?/s and depends on
the catchment area and the amount of precipitation. The mean
annual groundwater levels of the Albian-Cenomanian aquifer
complex are given in Table 3.

The mean annual groundwater levels of the Albian-Ceno-
manian aquifer complex are defined at depths of 2.33-14.23 m
and 32.35-43.43 m. Their absolute heights range from 145.97-
120.47 m and 147.65-113.17 m, respectively. The amplitude of
fluctuation of the mean annual groundwater level varies from
0.55 m (well No. 1498) to 3.07 m (well No. 1258) and averag-
es 1.64 m in the basin. The mean annual groundwater level in
all monitoring wells fluctuates due to recharge changes from
rainfall infiltration and surface runoff.

Data on 381 groundwater well fields and sites on reserves
in the state balance of the Aktobe region were used. From this
number, the groundwater reserves of 125 well fields and sites
in the amount of 735,77 thous. m3/day confined to the Albi-
an-Cenomanian aquifer complex, including mineralisation up
to 1 g/L — 566,22 thous. m*/day for 110 well fields and sites;
with mineralisation 1-3 g/L — 104,32 thous. m?/day for nine
well fields and sites. For six well fields and sites the reserves
of 65.23 thous.m*/day related to hydraulically connected wa-
ter-bearing sediments of Quaternary and Albian-Cenomanian
age were defined [3]. For detailed analysis, 77 well fields and
sites were selected; their term of approval of the reserves has

'Meteorological and hydrological databases of the RSE «Kazhydromety. URL: https://www.kazhydromet.kz/ru (date of the application: 26.09.2023).
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Table 1
Meteorological station precipitation information
Kecme 1
Memeocmanyuanap 60ubIHULA HCAYLIH-UIAUIBIH INYPATILL AKRAPAM
Tabnuua 1

Ceéedenusn 06 ocaoxkax no memeoCmaHuyusm

No. Station Station Elevation Total precipitation, mm Mean ar'mual precipita-
Number Name mark, abs.m min (year) max (year) tion, mm
Novoalekseevka
1 103 (Khobda) 142 130.7 (2012) 493.1 (2016) 252.03
2 104 Ilyinsky 190 117.5(2012) 335.5(2007) 205.69
3 107 Temir 234 143 (2012) 469.1 (2016) 243.59
4 108 Uil 102 158.8 (2010) 403.7 (2016) 248.84
5 110 Emba 251.8 118.6 (2018) 355.5(2016) 214.43
6 111 Karauylkeldi 227.2 129.2 (2018) 476.4 (2016) 243.27
7 81 Sagyz 55.2 70 (2012) 357.6 (2016) 181.49
8 85 Kulsary 9.1 49.6 (2021) 331.2 (2016) 149.18
Average value 114.68 402.68 217.32
Table 2
Surface water flow rate and water level measured at gauging stations
Kecme 2
Kep yemi cynapoinviy a2etnoapul scone onapowly, onuiey CIanyuAIapoulHOazsl 0eHzeilnepi mypaivl aknapam
Tabnuya 2
Ceedenusn o pacxo0ax noGEPXHOCMHBIX 600 U UX OMMEMKAX NO 2UOPONOCHAM
. . . Mean annual value
No. Station Station River RIVG? Watershed
Number Name regulation area, km? Water flow | Water level
rate, m3/s | mark, abs. m
Novoalekseevka
1 30 (Khobda) ]i,glllz}tl)?;a Natural 8110 5.00 135.05
2 31 Kugala (Kogaly) 14200 6.21 95.37
3 32 Alpaisai Karakhobda 2240 2.33 175.60
4 34 Jigerlen Kaldygaity Disturbed by 2510 1.49 73.52
5 43 Altykarasu Uil dams 6997 1.88 124.965
6 44 Uil 17100 6.36 64.95
7 45 Zhagabulak 7730 2,94 196.46
8 46 Saga Emba Natural 16100 5.97 195.69
9 47 Akkiztogan H.C. 3.75 -
10 48 Pokrovskoye , 960 133 239.43
(Sagashili) Temir Disturbed by
11 49 Leninsky dams 5310 3.84 198.28
12 20 Tamdy Ilek 2371 0.47 245.92

This indicates that the primary water users are rural settlements
or villages with small water demands. The demand of 1000 to
10000 m*/day is mainly devoted for the water supply of dis-
trict centres and small towns. Well fields with reserves from
10000 to 50000 m*/day have been prospected for the regional
centre — Aktobe city, Kandyagash city, or for large water us-

not expired. Therefore, the reserves were evaluated from 2006
to 2022. These well fields and sites were grouped according to
the value of the approved reserves. Their general characteris-
tics are presented in Table 4.

Table 4 shows that most groundwater resources are devel-
oped with a demand of up to 1000 m*/day using a single well.
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Monitoring well groundwater levels

Memnekemmik jceniniyy 6aKblIaAy YHIOIMANAPbL OOUBIHULA HCEPACHIBL CYNAPBIHbIH 0eH2elli

Yposens noozemnvix 600 no monumopunzogvim ckeaxcunam I'ocyoapcmeennoii cemu

Table 3
Kecme 3

Tabauua 3

Well, screen Abs. elevation of average annual
Station Station Well Wellhead interval, m groundwater level, m
No. abs.
Number Name No. . : Average
elevation, m | Top | Bottom Min (year) Max (year)
value
1 48 Oktya'i”;f;g water | yps8 | 2936 75 | 82 |267.61(2017)|270.68 (2020) | 268.29
2 32 Kenkiyak 14 177 76 124 171.36 (2014) | 173.3(2022) | 172.34
3 26 Sarybulak 107 328.7 119 156 289.41 (2010) | 290.95 (2020) | 290.10
4 28 West Kazakhstan 3 134.7 13 16 | 1202 (2014) |121.15(2021) | 120.47
effluent station
5 53 Kokzhide well field 49a 148.3 86 92 145.4 (2020) | 146.56 (2007) | 145.97
6 65 Nugaity 1543 156.6 56 59 112.56 (2020) | 113.92 (2017) | 113.17
7 66 Ilyinsky 1498 186 44 46 174.01 (2013) | 174.56 (2008) | 174.25
8 68 Shubarkuduk 1537 191.9 31 34 182.38 (2014) | 184.93 (2018) | 183.09
9 69 Khabalovka 1517 180 34 36 147.13 (2022) | 148.07 (2011) | 147.65
10 71 Znamensky 1546 252 8 12 248.24 (2019) | 249.7 (2011) | 249.40
11 72 Karaulkeldy 1550 208.6 63 68 174.96 (2021) | 176.07 (2008) | 175.44
12 23 Alginsky water intake | 1128 250.95 31 36 242.72 (2011) | 244.59 (2017) | 243.65
13 37 Kundaktykyr 102 298.9 175 187 285.4(2014) | 288.18 (2012) | 287.27
Table 4
General information on groundwater well fields and sites of the Albian-Cenomanian aquifer complex
Kecme 4
Anvb-cenoman cynvl KeuteHinoezi Heepacmol CylapblHbl, KeH OPbIHOAPbL MEH YuacKenepi mypaivl Heainsl Majiimemmep
Taobnuua 4
Obuwue ceedenus 0 MecmopoIHcOeHUAX U YUACHMKAX NOO3EMHBIX 600 RO 6000HOCHOMY AJ1b0-CEHOMAHCKOMY KOMNJIEKCY
Type of water intake, units The
Total value of
Approved reserves, Well fields and . ) Area average
No. m3/day sites number operational Single well Linear water water depth of
3 .
reserves, m*/day intake intake wells, m
1 0-1 000 60 11,597 52 8 - 85
2 1 000-10 000 24,395 - 8 - 140
3 10 000-50 000 241,466 - 7 1 175
4 more 100 000 1 173,400 - 1 - 200
TOTAL: 77 450,858 52 24 1

ers with the purpose of domestic and drinking water supply
of shift settlements or industrial and technical water supply
of oil fields. The largest groundwater deposit, Kokzhide, with
reserves of 173.4 thousand m?/day, is being operated to supply
water to the oil industry. This field is currently not operated.
At the same time, small water needs up to 1000 m?/day
can be met by individual wells, while for water withdrawals
above 1000 m*/day, a linear water withdrawal scheme is often
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used. The average depth of production wells correlates well
with water abstraction capacity. For example, for sites with
insignificant water demand, the average depth of wells is less
than 100 m. For higher demands, well depths vary from 140
to 200 m.

Out of 77 well fields and sites, the Alga well field cov-
ers Albian-Cenomanian and alluvial Quaternary deposits of
the Ilek River valley that are hydraulically interconnected.
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Table 5

Main hydrogeological parameters of the Albian-Cenomanian aquifer complex within the Zhem basin

Kecme 5

Kem anaodvinoazel anyo-cenoman wezindinepiniy nezizei 2udpo2eonocusnblK Kopcemxiuimepi

Tabnuua 5

OcHoeénble cudpozeonozuueckue Rapamempsl aibo-ceHOMAHCKUX 0MaoxHcenull é npeoenax Kemckozo bacceiina

. Number of . Average Values for the
No. Parameter Units analyzed fields min max Alga well field,
and sites, units value (Kal-s + aQ)
1 Hydraulic conductivity m/day 74 0.8 14.1 5.6 29.8
2 | Effective capacity m 76 4 200 43.1 51.7
3 Groundwater head m 41 4 119.1 422 -
4 | Transmissivity m?*/day 15 111 1070 490 -
5 Conductivity ratio m?/day 46 173 6815 2127.6 4800
6 | Piezoconductivity m?*/day 32 7.7%103 2.6%106 2.8*%105 -
7 Specific yield Unit. 45 0.01 0.2 0.13 0.22
8 Specific storage Unit. 36 1*10-5 6*10-2 8.7%10-3 -

The explored groundwater resources of the Aktobe region
make up only 6% of the total republican forecast resources,
including freshwater — 4.9%. At the same time, most ground-
water well fields and sites are either not operated or operated
not to their full capacity. The total amount of groundwater
reserves reached only 4.8% of all reserves on the State Bal-
ance [3].

Table 5 shows the characteristic values of the main hydro-
geological parameters used to estimate the operational reserves
of groundwater well fields confined to the Albian-Cenomanian
aquifer complex.

The Albian-Cenomanian aquifer complex's hydraulic con-
ductivity varies from 0.8 to 14.1 m/day and averages 5.6 m/
day. The hydraulic conductivity of groundwater well fields
with reserves more significant than 2000 m?/day ranges from
6.9 to 9.6 m/day, with an average of 8.2 m/day. This is due to
the better hydrogeological study of the latter to classify the
reserves in the national balance according to industrial cate-
gories — A and B [9]. In the Alga well field area, the hydraulic
conductivity value, which was determined to be the K, + aQ
water-bearing complex, is much higher and reaches 29.8 m/
day. The average values of conductivity ratio and specific yield
were 2127 m?/day and 0.13, respectively. For the confined
groundwater flow, the average values of the piezoconductiv-
ity and specific storage defined equal to 2.8-10° m*day and
8.7-107, respectively. The values of the main hydrogeological
parameters for large well fields with operational reserves esti-
mated at more than 2000 m*/day are sometimes significantly
different and are as follows: conductivity ratio reaches 4343
m?day; specific yield — 0.13; piezoconductivity — 4.5-10° m?/
day; specific storage — 3.7-1073; and transmissivity — 617 m?
day. The average transmissivity value calculated for all well
fields and sites is 490 m?%day.

As already mentioned, the hydrogeological exploration of
the Aktobe region is relatively low and makes up 6% of the to-
tal republican forecast reserves, including freshwater — 4.9%;

at the same time, most of the well fields and sites are either not
operated or not operated to their total capacity, reaching only
4.8% of the reserves from the State Balance [3].

Conclusion

Based on the materials mentioned above, it is possible to
state the following:

- groundwater reserves of the Albian-Cenomanian aquifer
complex within the Zhem basin are one of the primary sources
of water supply for settlements and industrial facilities both in
Aktobe and in the neighbouring water-scarce regions of West-
ern Kazakhstan: Atyrau and Mangistau;

- the available database, obtained from the results of hy-
drogeological and exploration works for the evaluation of
groundwater resources, meteorological and hydrological mea-
surements, as well as from the observation of hydrogeologi-
cal well monitoring data, serves as a reliable factual basis for
further studies of groundwater resources related to the Albi-
an-Cenomanian aquifer complex of the Cretaceous sediments
in the Zhem Artesian Basin,

- the explored groundwater resources of the Aktobe region
make up only 6% of the Republic’s total projected resources,
including freshwater — 4.9%. At the same time, most ground-
water well fields and sites are either not operated or not oper-
ated to their total capacity;

- the research perspectives are related to the development of
a regional geofiltration model for the long-term forecasting of
changes in the hydrodynamic and water balance characteris-
tics of the Albian-Cenomanian aquifer complex, as well as the
assessment of groundwater resources for various options of
their exploitation at explored groundwater well fields, allow-
ing to meet the water needs of water-scarce regions of Western
Kazakhstan [11, 12].

This research has been/was/is funded by the Science
Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (Grant No. BR 21882211)
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