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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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ASSESSMENT OF THE RESERVOIRS IMPACT ON THE MAXIMUM RUNOFF
OF THE SYRDARYA RIVER

Zhanabayeva Zhanara — Senior Lecturer, Department of Meteorology and hydrology, Al-Farabi Kazakh Na-
tional University, Almaty, Kazakhstan
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Abstract. This article considers the changing of maximum runoff in the Syrdarya
River basin considering the influence of the large Shardara reservoir. Hydrological data
were used for four gauging station, in the lower, middle and at the beginning part of Ka-
zakhstan in the Syrdarya River. To analyze the hydrological characteristics of the studying
basin data from published cadastral materials from the Hydrological Yearbooks were used.
To calculate the parameters of the maximum runoff, total integral curves were constructed,
and water discharges of rare frequency in different sections of the Syrdarya River were esti-
mated. To construct the availability curves of water discharges the method of truncated dis-
tributions was mainly used. Recommendations are proposed for calculating the maximum
runoff in different sections. After the creation of reservoir, only part of the multiyear series
was used to calculate the maximum runoff in the Syrdarya River with the reservoir on mul-
tiyear runoff regulation. The change in the annual maximum runoff of the Syrdarya River
in the gauging stations located downstream of the Shardara reservoir, Tomenaryk, Tasboget
and Kazaly from 1967 to 2020 was estimated. The results of maximum runoff calculations
before and after the construction of the Shardara reservoir are analyzed. The influence of
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reservoirs on the maximum flow is an urgent problem in the rational use and management
of floods, therefore the probabilistic values of the maximum flow of rare occurrence have
been clarified. Consequently, for each period, the probabilistic values of runoff characteris-
tics of different availability were identified based on the construction of distribution curves.
Changes in the maximum runoff averaged from 20 % (downstream of the Shardara reser-
voir) to 32 % (Kazaly village) in the direction of reduction. Results obtained are useful for
planning and conducting project work and for the development of measures to protect areas
from flooding.

Keywords: maximum runoff, statistical method, series heterogeneity, availability
curve, reservoirs
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nainanansuiel. EH 9KOFapbl aFbIHIBIHBIH CHIIATTAMATIAPBIH €CENTEY VINIH JKHUBIHTHIK
WHTETpal KUCBHIKTAPbl TYPFBI3BUIGIN, ChIpiapust ©3¢HIHIH PTYPIIi TYCTaMallapbIH/Ia CUPEK
KaliTamaHaTelH cy eoTimjaepi Oaramannpl. Cy OTIMIHIH KaMTaMachI3/IbIK KUCHIKTAPBIH
TYPFBI3Y YIIH 0achiM OelliriH/e KUBLUIFAH 9JiC KOJIAHBUIIABL. Kol >KbUIIBIK aFbIHIBIHBI
PETTEeNTIH Ccy KoiiMa opHanackaH ChIpJapus 3eHIHIE €H )KOFaphl aFbIHABIHBIH KOTIKBUIIBIK
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KaTapblHBIH Cy KOMMa TYpFhI3bUIFAaHHAH KeHiHTi Oeiri faHa maiganaHeuiabl. Ceipaapus
o3eHiHiy [llapmapa cy koliMackiHBIH ToMeHTi Obedi, Temenapsik, TacOerer sxone Ka3zambt
TycTaManapeiHbIH 1967—-2020 xKx. OOWBIHINA €H KOFaphl aFbIHABICH Oaramansl. [1lapmaapa
Cy KOHMachl CallbIHFaHFa JICWiHT1 )KOHE CallbIHFAaHHAH KeHiHT1 €H JKOFapbl aFbIHIBIHBI €Cell-
Tey HoTmxkenepi Tanganabl. Cebeli, Cy KOWMaHBIH €H YKOFaphl arbIHIBIFA 9Cepl TOMEHTI
Obedreri cy AeHreiiH yThIMIBI TIaliIaany Ke3iH/e 63eKTi Macene 6ombin keneni. Connmaii-
aK, Cy TacKbIHBI MEH Cy Tacylbl Oackapy Ke3iHJe CHUPEK KalTalaHaThIH €H >KOFaPFBI
BIKTUMAJl Cy oTiMzepi HakThuTaHbl. COHMIBIKTAH op KE3€H YIIiH TYPFBI3bUIFaH KaMTaMa-
CBI3JIBIK KHCHIKTAPHI HET131H/1€ aFbIH/IbI CHITaTTaMaIAPBIHBIH 9P TYPJIi KAMTaMaChI3/IbIKTaFbl
BIKTUMAJIIBIK MOH/IEP1 aHBIKTAIBL. EH JKOFaphl aFbIH/IBIHBIH ©3Tepyi opTaiia ecernreH 20 %
- nax (Illapmapa cy xoiimacbkiHbIH ToMeHTi Obedi) 32 % - ra neitin (Kazansl aybuibn) a3asbl.
ATBIHFaH MOTIMETTEP HAKTHI )K00amap sl 93ipiey MEH )Ky3ere achlpy Ke3iHJe, ayMaKTapbl
Cy Tacy/laH KOpFaHy IapajapblH d3ipiey Ke3iH/Ie nailaanyFa apHajFaH.

Tyiiin ce3mep: eH KOFapbl aFbIH/IBI, CTATUCTHKANBIK SJIiC, KaTap bIH OipTEeKTLIIT1,
KaMTaMacChI3JIbIK KUCHIFBI, CyKOWMa
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KaJacTPOBBIX MAaTE€pPHAJOB, NPHUBEIACHHBIX B «l HIpOJIIOTHUECKUX ekerogHukax». llpu
pacuere MmapaMeTpOB MAaKCHMAaJIbHOIO CTOKa IIOCTPOCHbI CyMMapHbIC HHTErpalbHbIC
KPHBBIC, OLIEHEHBI PAacXObl BOJbI PEIKOH MOBTOPSIEMOCTH B BBIOPAHHBIX CTBOpaxX PEKH
Ceippapus. s mocTpoeHHsT KPUBBIX OOECIIEYCHHOCTH PACXOA0B BOJIBI B OCHOBHOM
HCTIOJIb30BAJICSI METOJI YCEUEHHBIX pacnpeaeicHuil. [locie co3nanust BOAOXpaHWINILIA A
pacueTa MaKCHUMaJbHBIX CTOK BOJbI peku ChIpJapusi ¢ BOAOXPAHWINIIEM MHOTOJICTHETO
peryaupoBaHusl CTOKa MCIOJIb30Bajach JHUIIb YacTh MHOTroJeTHero psja. OueHeHo
M3MEHEHUE MHOTOJIETHETO0 MaKCUMaJIbHOTO cTOKa peku Chlpaapus B CTBOpax HMKHU Obed
[MapmapunCcKOTrO BomoXpaHunuia, TomeH-apbik, Tacoorer u Kazansr ¢ 1967 mo 2020 rr.
[Ipoananu3upoBaHbl pe3yabTaThl pacdeTa MaKCUMaIbHOTO CTOKA J0 U MOCJIE MTOCTPOCHUS
[apaapuHCKOTO BOJOXpaHWIMIIA. Tak Kak BIMSHUAE BOJOXPAHHWIHMIL HA MAaKCHUMaJlbHBIC
pacxo/bl BOJbI U OOYCIIOBJICHHBIE MU YPOBHH B HIKHEM Obe(e SIBISIOTCS aKTyaJbHOU
npo0IeMoil P palMOHAIBHOM HCIIOJIB30BAHUM, @ TAKXKE NMPH YHPABICHUH MAaBOJIKOB U
MOJIOBOJIMI BEPOSITHOCTHBIC 3HAYEHUS MAKCHUMAJBHBIX PACXOJI0B PEIKONW MOBTOPEMOCTH
Obutn yrouHeHsl. [loaToMy Ui Ka’kAoro meprona BBISBICHBI BEPOSITHOCTHBIC 3HAYCHUS
XapaKTEPUCTHK CTOKA Pa3InYHOM 00ECHEeYeHHOCTH Ha OCHOBE MOCTPOCHMS KPHUBBIX pac-
npeaenacHuil. M3MeHeHns MaKCHMaJIbHOTO CTOKa B cpegHeM cocTaBisitoT oT 20 % (Huxk-
Huit 6ped Ilaprapunckoro Bogoxpanunuma) a0 32 % (c.Kasaisl) B cTOpoHY yMeHbLIe-
Hust. [lomydenHble naHHbBIe TPeIHA3HAYCHBI VIS TUIAHUPOBAHUS U MPOBEICHHS MPOCKTHBIX
padoT, 1715t pa3paboTKH MEPONIPHUSITUH 10 3aLUTE TEPPUTOPUH OT 3aTOIIJICHUSI.

KaroueBbie cj0Ba: MakCUMaJbHBIM CTOK, CTaTHUCTHYECKHUH METOA, HEOAHOPOA-
HOCTB psifia, KprBasi 00eCIeUYeHHOCTh, BOAOXPAHMUINIIA

Introduction

The progressive development of civilization and climate change require an appro-
priate assessment of environmental water resources. Water deficiency and excess is clearly
affect the quality of human life. Control and management of water resources are possible
mainly through the implementing of hydraulic structures (Nowak, 2022).

The construction of reservoirs, especially for long-term water regulation, has a very
significant impact on the runoff, including the maximum runoff, and reduce the risk of flood-
ing of territories. As a result, long series of observations turn out to be inhomogeneous. The
current situation and the degree of flood hazard are characterized by 2-end part of the series
after the creation of a large reservoir or their entire cascade. In the following work the issues
of reservoirs construction and their effect on the maximum runoff as well as on flooding of
territories are considered. (Gapparov et al., 2022; Jichao et al., 2022; Duskayev et al., 2021;
Arystambekova et al., 2017; Narbayev et al., 2017).

The impact of reservoirs on maximum runoff and changes in downstream water
levels is enormous. The calculated maximum runoff in the downstream side of the dam is
determined by the maximum runoff rate with a given probability. Therefore, the temporal
distribution of the maximum runoff and the main distribution parameters have to be recalcu-
lated, which requires new calculations (Arystambekova et al., 2019).

Subsequent works (Galperin, 2006; Galperin, 2016) have analyzed the long-term
course of maximum runoff in relation to ever-changing economic activities on water objects
in southern and south-eastern Kazakhstan. In particular, it is necessary to select a represen-
tative period for estimating the distribution parameters of the maximum runoff characteris-
tics. It depends on the steadily changing climate and the increasing anthropogenic pressure
on water resources.
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Therefore, for planning and implementing water management measures in the River
basin of the Syrdarya the calculations and analyses of the maximum runoff are necessary to
taking into account influence of the reservoirs. Results obtained can be used for the rational
distribution of the river runoff of Syrdarya, as well as for forecasting dangerous hydrologi-
cal phenomena in the study area basin.

Therefore, in this work we determinate to study and identify the current dynamics
of changes in the main characteristics of the maximum runoff of the Syrdarya river basin for
the rational use of water resources.

Materials and Methods

All questions regarding the physical-geographical position and socio-economic sit-
uation that are related to the environmental features of the Syrdarya River basin were de-
scribed by Savoskul and Chevnina. (Savoskul, 2003).

The Syrdarya River is mostly formed on the territory of Uzbekistan. And according
to the latest source it is estimated at 36.57 km?*/year. Significant water losses are observed in
the desert section of the river, the withdrawal of most of the water by agriculture, similarly
to the river Amudarya. In the driest years, the remaining runoff reaching the Aral Sea is less
than 10 % (Frenken, 2013).

Location of gauging

stations
Legend:
2 ¥ Gauging station
¢ [ Boundary

= Rivers
{ I Sea, lake and reservoir
[ Aral-Syrdarya WEB

Fig 1. Physical -geographical position of the Syrdarya River

Calculation and analysis of long-term fluctuations in maximum runoff of the
Syrdarya River basin was carried out according to observations at hydrological gauging
stations located in the basin. Table 1 shows the information at the stations for which the
analysis of the change in the maximum runoff was carried out.
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Table 1 - Estimated characteristics of the maximum water runoff, m*/s

River-section F, km? o ,m Period Number of years of
ave observations
, - 1924-1966
Syrdarya downstream.of the Sharda 174 000 225.00 96
ra reservoir 1967-2020
1914-1966
Syrdarya — Tomenaryk 219 000 154,00 106
1967-2020
Syrd Tasbuget 122,0 1942-1966 78
rdarya — Tasbuge - 5
ey £ 1967-2020
Syrdarya - Kazal 60,00 1930-1966 90
rdarya - Kaza - R
ey Y 1967-2020

In this work, to calculate the maximum hydrological characteristics of the Syrdarya
river runoff, the following data on the maximum average annual water discharges of the RSE
Kazhydromet network for the observation period were used (Annual data, Kazhydromet).:

1. Syrdarya river - downstream of the Shardara reservoir (1924-2020)

2. Syrdarya river - Tomenaryk (1927-2020)

3. Syrdarya river - Tasbuget (1942-2020)

4. Syrdarya - Kazaly (1912-2020)

A static series of hydrological observations at a specific river gauging station is part
of the calculation work. Consequently, it is needed to evaluate how the existing series or the
period selected for calculation (calculation period) reproduces the typical pattern of runoff
variation over time and how it is representative for calculation (Methodological recommen-
dations, 2005; Methodological recommendations, 2009; Zvyagintseva et al., 2021).

The representativeness of a series of hydrological data is determined by the average
quadratic error of the average series values, indicating as far as it differs from the runoff
norm. Therefore, the representativeness depends on the duration of the observation series,
on the coefficient of variability and series correlation (Methodological recommendations,
2005; Methodological recommendations, 2009; Building regulations, 2003; Daryl Lama,
2011).

Regulatory structures on rivers, on the one hand, can “cut off”” the flood high peaks,
reducing the danger, and on the other hand, they can also increase it - in the event of a break-
through of the structures and in the event of a low-quality flood forecast, when the reservoir
is already full, and the water inflow to it ever increasing, forcing emergency discharges.

The relevance of the issues of assessing possible maximum discharges and water
levels as a hydrological component of risks is obvious. However, these estimates, due to the
anthropogenic transformation of the conditions of accumulation and consumption of mois-
ture in watersheds, are significantly complicated, especially in arid and semi-arid regions,
where the distribution of these extreme characteristics along the length of watercourses is
complex under natural conditions (Galperin, 2009; Galperin, 2016).

To provide water for irrigated agriculture in the river basin, several reservoirs have
been created: Toktogul (19.5 km?, Kyrgyzstan), Kairakkum (4.2 km?, Tajikistan), Lake
Aydarkul (41 km?, Uzbekistan) and Shardara (5.7 km?, Kazakhstan). In order to regulate
spring floods and water discharges from the Toktogul hydroelectric power station, Kazakh-
stan built the Koksarai reservoir with a volume of a billion cubic meters in the South Ka-
zakhstan region, which was first filled in the spring of 2010 (Shonbaeva, 2014).
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It should be noted that these reservoirs are influenced by the maximum flow of the
Syrdarya River, where the change in the maximum flow of the Syrdarya River occurs due
to the intake of water into reservoirs located along the length of the river and the influence
of the Shardara reservoir.

The article provides calculations of changes in the annual maximum flow of the
Syrdarya River at gauging stations below the Shardara reservoir Tomenaryk, Tasboget and
Kazaly, carried out from 1967 to 2020, taking into account the influence of the Shardara
TeServoir.

The influence of lakes and reservoirs on the annual runoff is taken into account by
using the reduction factors calculated by the formula:

- 1—W;y
b=
{}’h + I"Vd}’ (1)

where:

O - the coefficient of change (reduction) in annual runoff in fractions of a unit
y, - household runoff, changed under the influence of economic activity
W, - the volume of filling of lakes and reservoirs.

The volume of filling lakes and reservoirs, due to the lack of regime observations of
the water level is determined approximately. For lakes and reservoirs on the river Syrdarya
is taken equal to 0.90, for the Shardara reservoir - 0.80 - in accordance with the recommen-
dations of regulatory documents (Guidelines, 1986).

The volume of filling lakes and reservoirs is determined by the drawdown coeffi-
cient:

Wy = KapeWn , ()
where:
K, . — drawdown coefficient
Wh - the useful capacity of lakes or reservoirs, in million m?.
Absolute changes (reductions) in runoff are determined by the formula:

Ayape = }"ﬁrs{l — &) , (3)

Natural runoff is calculated by the expression:

}??!Rr = }:‘IRE'E + ﬂ}’ﬂl}'ﬂ , (4)

For the Shardara reservoir - 0.80 in accordance with the recommendations of regu-
latory documents.
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Results and discussions

According to the analysis of the constructed total integral curves of the maximum
river runoff, the values of the maximum water discharges (Qmax) of rare frequency in var-
ious gauging stations on the Syrdarya River were revealed - a very difficult task that cannot
be solved using standard methods (Table 2).

It is quite obvious that maximum water discharges decreased following the con-
struction of the reservoirs. For instance, at the gauging station downstream of the Shardara
reservoir, the discharge was 2490 m?*/s in 1960 and 1170 m3/s in 1971. Similarly, at the
Kazaly gauging station, the discharges were 1650 m®/s and 703 m?®'s for the same years,
respectively. After commissioning of a water reservoir the largest discharge were in the
gauging station the downstream of the Shardara reservoir was 1590 m?/s (1998), and in the
gauging station Kazaly was 899 m*/s (2005). Accordingly, gauging station Tomenaryk in the
carly years Q__ was 2080 m*/s (1960), in recent decades - almost half as much - 649 m’/s
(1992). Quite small Q__ values appeared until 1966, Q_ was 890 m’/s (1947), and since
1967 it has reached 488 m*/s (1983) - 570 m*/s (2000).

In the same way, after the calculations were performed, a decrease in the discharges
of the maximum runoff in the gauging station of the downstream of the Shardara reservoir
was observed — 631 m*/s (2020), Tomenaryk - 569 m*/s (2020), Tasbuget - 401 m?/s (2020),
in the gauging station Kazaly - 378 m*/s (2020).

Table 2 - Statistical characteristics of the Q _before and after the creation of reservoirs

. . Full period I period II period Changes, %
River - Gauging
station Years Q";ﬂx’ o | Years Q‘g“’ o | Years Q";*‘X’ c Q“g“*’ c
m’/s m’/s m’/s m’/s
Syrdarya river —
1924- 1924- 1967-
downstream ofthe 2020 1457 | 557 1966 1880 | 512 2020 1120 | 304 | 23,2 45,4
Shardara reservoir
Syrdarya river — 1927- 1927- 1967-
Tomenaryk 2020 1224 ] 553 1966 1615 | 492 2020 841 268 | 31,2 51,5
Syrdarya river — 1942- 1942- 1967-
Tasbuget 2020 835 | 446 1966 1315 | 335 2020 613 | 292 | 26,6 34,5
Syrdarya river — 1912- 1912- 1967-
Kazaly 2020 638 | 291 1966 842 | 221 2020 434 | 197 | 32,0 323

Obviously, the complete series of recorded Q__ over a long period no longer char-
acterize the current conditions. The series are heterogeneous, and other factors may a signif-
icant role in the formation of the heterogeneity of the series: climate change and economic
activity in the watershed.

Table 3 - Analysis of the homogeneity of hydrological series Q

Student Fisher Inference about the
River - Periods Statistics statistics homogeneity of the series
Gauging Student | Fisher
station Statistics | statistics
1 1T t ta F Fa
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Syrdarya river

; fdt(l)'l‘:gslgizz 11992646- 12906270_ 8.98 1.98 2.86 1.77 | heterogeneous | heterogeneous
ra reservoir

S_y,}iﬁi;i;ir 11992676_ 1290623)_ 9.36 1.98 3.37 1.76 | heterogeneous | heterogeneous

S}fiirzg}éa;l;i;er 1199‘226_ 1290623)_ 9.36 1.98 1.32 1.76 | heterogeneous | homogeneou

Syr_d;r;zzaai;ver 11991626- 12906270_ 9.94 1.98 1.26 1.76 | heterogeneous | homogeneou

Table 2 compares the statistical characteristics of Q__for two periods for the gaug-
ing stations of the Syrdarya river. The average of the maximum water discharges and their
standard deviations from the late 60s - early 70s in connection with the creation of reservoirs
decreased by about 1.5-2 times. To check the homogeneity of the series, an integral curve
has been constructed (Fig. 2).
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Figure 2. Integral curve of average maximum water discharges of the river Syrdaria in gauging stations: a —

downstream of the Shardara reservoir, b — Tasboget, ¢ — Tomenaryk, d - Kazaly

According to the series of Q _observations, the curves of the maximum water dis-
charges for the modern period for four sections were constructed. At statistically processing
the series of maximum runoff, limiting the calculation period is inappropriate. Naturally,
the exception is the series along the gauging stations, above which large reservoirs have
been created. The year of the start of filling or commissioning of this hydraulic facility is
the beginning of the modified statistical series. The results of Q _ calculations of different
availability and distribution parameters are shown in table. 4.
At constructing the availability curves, the method of truncated distributions was mainly
used in the version described by Galperin (2009).
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Table 4 - Estimated characteristics of the maximum water discharges, m*/s

ver - Probability distribution, Q m?®/s
GauRillllerstation klr:r’l2 Period Method Cs ’ ¢
gine 1 3 5 10
i 1924- Full distributi 0.28 2956 2770 2670 2513
Syrdarya river — 174 1966 u 1stribution -U.
downstream of the 000 1967 - od
Shardara reservoir . runcated,
2020 50 % 1.00 2240 1942 1800 1598
1914- .
) Full distribution | -0.14 2729 2525 2415 2249
Syrdarya river — | 219 1966
Tomenaryk 000 1967- Truncated,
2020 50 9% 3.00 1971 1610 1430 1211
1942- L
) Full distribution | -1.22 1787 1749 1720 1669
Syrdarya river — i 1966
Tasbuget 1967- o
Full distribution | 0.48 1643 1414 1295 1123
2020
1930- e
) Full distribution | 0.94 1511 1341 1259 1140
Syrdarya river — i 1966
Kazaly 1967- Truncated,
2020 40 % 1.00 1032 882 810 705

Conclusion

Based on the calculations and analysis of the Syrdarya River’s maximum runoff,
it has been determined that the construction of the Shardara Reservoir has influenced the
alteration of the maximum runoff regime. This is justified as the heterogeneity number of
integral curves analyzed decrease in the maximum runoff, but considers this not only with
the construction of hydraulic structures, but also with water management measures that use
water not rationally.

The calculations results for four gauging station show a decreasing value of the
maximum runoff varying from 20 % to 32 %. At the Shardara downstream gauging station
reservoir in the early years, the maximum runoff was observed to be 1880 m3/s, but after the
construction of the reservoir it increased to 1120 m3/s; at gauging station Tomenaryk - 1615
m3/s - after 841 m3/s, at gauging station Tasbuget 1315 m3/s - after 613 m3/s, at gauging
station Kazaly - 842 m3/s - after 434 m3/s are respectively. In addition, the peaks became
rare, as the average of the maximum water discharges decreased by 2-3 times. The variabil-
ity of maximum water discharges has strongly decreased.

The results are intended for application in the design and execution of specific engi-
neering projects, as well as in the creation of measures to protect areas from flooding.

This research is funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. BR18574227). Scientific and
applied justification management of NAS to prevent desertification processes in southern
Kazakhstan, to ensure the SD rural areas

94



Reports of the Academy of Sciences of the Republic of Kazakhstan

REFERENCES

A.V. Zvyagintseva, SA Sazonova, O.I Marar and L.V Koval. (2021). Environmental approaches when de-
termining the calculated hydrological characteristics. / IOP Conference Series: IOP Conf. Series: Earth and
Environmental Science 839, — 042079. DOI 10.1088/1755-1315/839/4/042079 (in Eng.).

Arystambekova D., Davletgaliev S., Chigrinets A., Mussina A., Jussupbekov D. (2017). Estimation of spring
runoff characteristics of lowland rivers in Kazakhstan // Journal of Environmental Management and Tourism. —
Vol. 8(1). — Pp. 195-209 (in Eng.).

D. Arystambekova and et al. (2019). Assessment of Changes in the Maximum Flow of Kazakhstan Plain
Rivers // Journal of Ecological Engineering. — 20(5):229-234. DOI: 10.12911/22998993/105633 (in Eng.).

Bogumil Nowak, Mariusz Ptak and et al. Influence of the Jeziorsko (2022). Dam Reservoir on Water Flow
in the Warta River // Buildings 12(10):1624. DOI: 10.3390/buildings12101624. (in Eng.).

Building regulations 2.01.14-83. Determination of calculated hydrological characteristics (2003). — M.:
Stroyizdat. — 203 (in Russ.).

Construction norms and rules 2.01.14-83. Determination of calculated hydrological characteristics (2003).
— M.: Stroyizdat, — 203 p. (in Russ.)

Daryl Lama (2011) Hydrological characteristics that determine suspended sediment load of tropical urban
storm events. Vol. 30 No. 2. DOI: https://doi.org/10.22452/mjs.vol30no2.8 (in Eng.).

Duskayev, K.K., Mussina, A.K., Ospanova, M.S., Bazarbek, A.T., Macklin, M.G. (2021) Determination of
the runoff characteristics of the Yesil river basin based on GIS technologies // News of the National Academy of
Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences, 2(446), pp. 74-81 (in Eng.).

Frenken K. (FAO). (2012) Irrigation in Central Asia in numbers // Research AQUASTAT. 307p. (in Russ.).

Francken K. (FAO). (2013) Irrigation in Central Asia in Figures. AQUASTAT study 2012 p. (in Russ.)

F.A. Gapparov, M. F. Gafforova, Q.SH. Eshquvatov. Operating regime of water reservoirs for safe transpor-
tation of floods. June 2022AIP Conference Proceedings 2432(1):030017. DOI: 10.1063/5.0090192 (in Eng.).

R.I. Galperin, A.A. Belgozhaeva (2006) Maximum water levels in the lower reaches of the Syrdarya // Hy-
drometeorology and Ecology, No. 4. — p. 41-52. (in Russ.)

Galperin R.I., Avezova A. (2009) The methodology for assessing extreme hydrological characteristics //
Questions of geography and geoecology. No. 3-4. pp. 26-33 (in Russ.).

Galperin R.I., Zhanabaeva Zh.A. (2016). The assessment of extreme hydrological characteristics in the
lower reaches of the Syrdarya // Questions of geography and geoecology. — No. 2. P.3—11. (in Russ.).

Liang Jichao and etc. (2022). Visualization of Multi Scenario Water Resources Regulation Based on a Dual-
istic Water Cycle Framework // Water. — 14(7):1128. DOI: 10.3390/w14071128 (in Eng.).

Methodological recommendations for determining the estimated hydrological characteristics in the presence
of hydrometric observation data // Federal Service of Russia for Hydrometeorology and Environmental Moni-
toring, St. Petersburg, 2005. — 123 p. (in Russ.)

Methodological Recommendations for Determination of Estimated Hydrological Characteristics in the Ab-
sence of Hydrometric Observation Data (2009) // Federal Service of Russia for Hydrometeorology and Environ-
mental Monitoring, St. Petersburg. —193p. (in Russ.)

Methodological guidelines for assessing the impact of economic activity on the flow of medium and large
rivers and the restoration of its characteristics (1986). — L: Gidrometeoizdat. — 130 p. (in Russ.)

State Water Cadastre. Annual data on surface water regime and resources. Syrdarya river basins (1990—
2020) //— Issue 5. — Almaty. — 82 p. (in Russ.)

State Water Cadastre. Multiyear data on the regime and resources of terrestrial surface waters (2020).
Syrdarya, Shu and Talas river basins. (2005-2020) // —Issue No.3. — Almaty. — 98p. (in Russ.)

Shonbaeva G.A. (2014). Causes of changes in the hydrological regime of the lower reaches of the Syrdarya
River and their consequences // — Bulletin of KazNTU. — Ne 3 (103). — Pp. 31-35. (in Russ.)

95



ISSN 2224-5227 4.2024

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 4. Number 466 (2024), 96-116
https://doi.org/10.32014/2024.2518-170X.428

© MLK. Jexenov!'", Zh.K. Tukhfatov?, E.K. Bektay’, R.Sh. Abdinov’,
G.S. Turysbekova®, 2024
'Atyrau University named after Kh.Dosmukhamedov, Atyrau, Kazakhstan;
*0OGPA “Dossormunaygaz” JSC “Embamunaygaz”, Atyrau, Kazakhstan;
’Kazakh National Research Technical University named after K.I. Satpayev, Almaty,
Kazakhstan.
E-mail: ddm85@mail.ru

STRUCTURAL-TECHTONIC AND MINERALOGICAL STRUCTURE OF
INDER LIFTING FIELD, MINING AND CHEMICAL RAW MATERIALS IN
ATYRAU REGION

Jexenov Makhambet — candidate of Geographical Sciences, Kh.Dosmukhamedov Atyrau University, Atyrau,
Kazakhstan

E-mail: ddm85@mail.ru; https://orcid.org/0000-0002-1741-3931;

Tukhfatov Zhassulan — candidate of geological and mineralogical science, OGPA “Dossormunaygaz” JSC
“Embamunaygaz”, Atyrau, Kazakhstan

E-mail: zh.tuhfatov@kmgep.kz https://orcid.org/0009-0007-3301-9997;

Bektay Erkin — candidate of Technical Sciences, Kazakh National Research Technical University named after
K.I. Satpayev, Almaty, Kazakhstan

E-mail: erbekta@gmail.com; https://orcid.org/0000-0002-5304-5021;

Abdinov Rauan — PhD , Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan

E-mail: r.abdino — @asu.edu.kz; https://orcid.org/0000-0001-9136-3369;

Turysbekova Gauhar — candidate of Technical Sciences, Kazakh National Research Technical University
named after K.I. Satpayev, Almaty, Kazakhstan

E-mail: ipgauhartas@gmail.com; https://orcid.org/0000-0003-1085-6470.

Abstract. The paper presents studies on the facies complex of salt rocks of the
boron-potassium deposit of the Inder uplift. Among them, the main widespread varieties of
rocks are distinguished, namely, sylvine-polyhalite and carn. allite-kieserite. The chemical
and mineralogical compositions of these rocks both along the strike of the layers and espe-
cially in the vertical section vary within wide limits, but at the same time there are certain
patterns of relationships between the composition of minerals. The chemical and mineralog-
ical characteristics of salt rocks are presented for wells where a change in the composition
of salt rocks occurs with a transition to essentially carnallite rocks with bischofite. The in-
ternal salt tectonics of the deposit is distinguished by exceptional consistency of the general
direction of the strike of both the entire structure as a whole, and the features that compose
it. This is due to the proximity of the location of the monoclinal structure under consider-
ation to the marginal part of the salt-dome uplift, as well as the basal anhydrite of the upper
cycle of salt accumulation. The anhydrite horizons, which are found in the cores of all salt
domes, are accepted as markers. The barium to strontium ratio was used to correlate the
anhydrites. Based on the distribution of barium and strontium, the main anhydrite horizon
was identified, which is of primary importance in establishing the identity of the sections
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of salt deposits in the domes. The total thickness of the entire salt rock complex exposed in
the area is estimated at 750-800 m. The footwall of the boron-potassium deposit contains
stratigraphic younger rocks, while the hanging wall contains older ones. The productive
strata are characterized by a complex mineral composition and are composed of sylvinites,
polyhalite, kieserite, carnallite, and bischofite rocks. In many cases, potassium salts have
mixed compositions. The most common boron minerals are hydroboracite, caliborite, preo-
brazhenskite, boracite, etc.

Keywords: boron-potassium deposit, basal anhydrite, sylvine-polyhalite and
carnallite-kieserite rocks, bischofite, salt tectonics, boron minerals — hydroboracite,
caliborite, preobrazhenskite, boracite
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AnnoTtauus. Makanaga Mnaep xetepiniMiHaeri O0p-Kaluil KEH OPHBIHBIH TY3/Ibl
KBIHBICTAPBIHBIH (QalusIblK KemleHi Oepinren. OnapAblH IMIIHAE Tay KbIHBICTAPBIHBIH
HETi3ri KeH TapaliFaH TypJiepl epeKIIeNeHe l, aTam alTKaHIa CHUJIbBUH-TIOJIUTAIUT
KOHE KapHAUIUT-KU3EPUT. DBYyJl JKbIHBICTApABIH XUMHSIBIK-MHHEPATOTHSUIBIK KYpambl
KabaTTappIH COFybl OOWBIHIIIA J1a, dcipece TiK KUMAChIHA 1a KeH ayKbIM/Ia e3repe/li, oipaxk
COHBIMEH 0ipre MUHEPAIAPIbIH KYpaMbl apachiHa Oelriii Oip OaiyaHbIC 3aHIbUIBIKTaPbI
Oap. Ty3Ibl KBIHBICTAPIBIH KYpaMbIHBIH ©3repyi YHFbIMalapia Ja Ke3[ecedi, OHJa
Ooumopur Oap Heri3iHeH KapHALIMTTIK KBIHBICTApFa aybICaTBIH TY3/bI JKbIHbICTap. KeH
OpHBIHBIH 1IIKi TY3 TEKTOHMKACHI TYTAaC KYPBUIBIMHBIH JIa, OHBIH Kypaylibl OenriiepiHiy
JIe COFYBIHBIH Kbl OaFBITH OOMBIHIIIA PEeKIlIe KOHCHCTECHIIMSCBIMEH epeKiIeneHenl. by
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KapacThIPBUIBII OTHIPFaH MOHOKJIMHAbB/bI KYPBUIBIMHBIH OpHAJIACYBIHBIH TY3 KyMOE3iHiH
KOTEpiNyiHIH IIeTKi OeiriHe, COHIAW-aK TY3AbIH JKUHATYBIHBIH >KOFApFbl IUKIIHIH
0a3asbIpl aHTUAPUTIHE KAKBIH OOTybIHA OalIaHBICTBI. MapKepiep peTiHae OapIbIK TY3/IbI
KyMOe3iep/IiH 63eKTePiH/Ie Ke3ACCETIH aHTUAPUT FOPU30HTTAPHI AJIbIHAAbI. AHTUAPUTTEPL
KOppensnusiay YiliH Oapuil MEH CTpPOHIUIIIH KAaThIHACHI MalJaaHbUABI. bapuii MeH
CTPOHIIMUIH Tapaybl HETi3iHAe KyMOe3JepHAiH TY3Abl IIeTiHIUICPiHIH y4acKelepiHiH
ColiKecTiriH Oenrineyne OipiHII Jopexeni MaHbI3BI 0ap HEri3ri 0acThl AHTHIIPHUTTIK
TOPU30HT aHBIKTAJIbl. OHIMALIIK KabaTbl KypAeldi MUHEpanabl KYpaMMEH CHUIATTalaibl
KOHE CHJIBBUHHUTTED, IMOJIUTAINUT, KU3EPUT, KAPHAJUIUT JKOHE OWUIIOPUT >KbIHBICTAPbIHAH
Typansl. Kenrteren xarmainapia Kaiui Ty3gapsl apajac KOMIO3ULMsIapra ue. bopasin
€H KOl TapaJiFaH MUHEPAIIaphl THAPOOOPAITUT, KATHOPHT, TPEOOPaKEHCKHUT, OOpAITHT, T.0.

Tyiiin ce3nep: Oop-kanuii KeH OpHBI, 0a3abIbl AHTUAPUT, CHUITEBUH-TIOTUTAITHT
KOHE KapHAJUIUT-KU3EPHUT KBIHBICTAPBI, OMIIO(UT, TY3 TEKTOHUKACHI, 00p MUHEpaAaphl —
TUIPOOOpAIINT, KATHOOPHUT, TPEOOPAKESHCKHT, OOPALIUT
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AHHoTauus. B pabore npencTBIeHbI HCCIEAOBAaHNS 1O (aluaibHOMY KOMIUICKCY
COJISIHBIX IMOPOJ; OOpHO-KaTMHHOTO MecTopokaeHust Munepckoro noguarus. Cpeau HUX
BBIJICJISIIOTCSI OCHOBHBIC PACIPOCTPAHEHHbIE PA3HOBUIHOCTU MOPOJ, a UMEHHO CHJIbBHH-
MOJIMTAIUTOBBIC M KapHAJUIUT-KU3EPUTOBBIC. XUMHKO-MUHEPAIOTHUYECKUE COCTABbI ITHX
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MOPO KaK IO IPOCTUPAHUIO INIACTOB, TAK 1 0COOEHHO B BEPTUKATBHOMC Pa3pe3e U3MEHSIOTCS
B IINPOKHUX TPEieNnax, HO IPH ITOM UMEIOT MECTO ONpe/IeICHHbIE 3aKOHOMEPHOCTH CBsI3ei
cocTtaBa MuHepasoB. [IpencraBiena XUMHUKO-MHUHEPATIOTHIECKAsl XapaKTEPHUCTUKA COSTHBIX
MOPOJ IO CKBAXKUHAM, I/I€ TPOUCXOUT U3MEHEHHE COCTaBa COJITHBIX IIOPOJI € MEPEX0I0M K
CYIIECTBEHHO KapHAIUIMTOBBIM HOpojaaM ¢ OMmoduToM. BHYTpeHHsIsSI consHas TeKTOHHKA
MECTOPOKACHUS OTIMYAETCS] UCKJIIOYUTEIBHON BBIICPKAaHHOCTHIO OOLIET0 HANpPaBICHUS
MPOCTUPAHUS KaK BCEH CTPYKTYpHI B LIEJIOM, TAK U CIIAralolIMX UM OCOOCHHOCTSM. DTO
CBSI3aHO C OJIM30CTBIO PACIIONOXKECHUSI PACCMATPUBAEMON MOHOKIMHAIBHONW CTPYKTYPHI K
KpaeBOil 4acTH COJITHOKYIOJBHOTO MOTHSTHS, a TakKe 0a3ajJbHOT0 aHTUAPUTA BEPXHETO
LUKJIa COJICHAKOIUIEHUS. B KauecTBe MapKHPYIOLIMX MPHUHSATHI TOPU3OHTHI aHTHIPUTOB,
KOTOpbIC BCTPEYAIOTCS B sApax BCEX COJIIHBIX KyHOJIOB. [lJisi KOppensuuu aHTHAPUTOB
OBUIO MCIOJB30BAHO OTHOILICHHME Oapust K cTpoHuuio. Ilo Xapakrepy pacnpeneneHus
Oapus W CTpOHLUS OBUI BBIJACICH IJIABHBIM AHTHUAPUTOBBI TOPU3OHT, HMEIOMINI
MEPBOCTENICHHOE 3HAYCHUE NPU YCTAHOBICHUH HIECHTUYHOCTH PAa3pe30B COJSHBIX
OTJIOKEHUH KynosyioB. O01ast MOIIHOCTh BCETO BCKPHITOTO HA yYACTKE KOMIUIEKCA COMSIHBIX
nopox oneHuBaercs B 750-800 m. B mexadem 00Ky OOpHO-KaIMHHOTO MECTOPOXKIICHUS
HaxoJsTcs cTpaturpaduiecku 6osnee MOJIOAbIE MOPOJIBI, @ B BUCSYEM — Oosiee ApeBHHE.
[IponyKTHBHAS TOJIIA XapaKTEPU3YETCsl CIOKHBIM MUHEPAIbHBIM COCTAaBOM M CJIAaraercst
CHJIbBUHUTaMH, TIOJIMTAJIMTOBBIMH, KH3€PUTOBBIMH, KaPHAIIIMTOBBIMH U OMIIO(MUTOBBIMU
nopoaaMu. Bo MHOTHX ciyyasix KaJuiHBIE COJTM UMEIOT CMeIlaHHble cocTaBbl. Hanbonee
pacrpocTpaHeHHbIe OOpHBIE MUHEpaJbl — THAPOOOPALUT, KaTUOOPUT, MPEOOPasKEHCKHUT,
Ooparur u zip.

KaroueBbie cioBa: OOpHO-KaJMlHOE MECTOpPOKACHHUE, 0a3aabHBIM AHTUAPHT,
CUJIbBUH-TIOJIMTATUTOBBIE M KapHAJIMT-KU3EPUTOBBIE MOPOABI, OWUIIOMUT, CONsIHAs
TEKTOHHKA, OOPHBIE MUHEPAITBI — TUAPOOOPAITUT, KATHOOPHT, TPeOOPaKEHCKHUT, OOpaItUT

Introduction

The significant resources of very scarce mining and chemical raw materials for the
economy of Kazakhstan Republic are concentrated in the depths of the Caspian cavity, the
Aktobe in the Urals and adjacent areas, including many types of boron-potassium, potassi-
um-magnesium, magnesium chloride salts, boron ores, sodium sulfate, bromine and others.
This raw material is still little used, but it is extremely necessary for many industries and the
agricultural sector. All of them are associated with salt-bearing fields of the Lower Permian
halogen formation of the Northern Caspian region, except sodium sulfate, and also called
the East European salt-bearing basin.

According to the level of exploration, 95 structures are known to date in Kazakh-
stan part of the salt-bearing basin, bearing potassium mineralization to one degree or an-
other, which 50 are perspective. In terms of the amount of potassium and magnesium salts
resources, only four objects are classified in the fields of Zhilyanskoye, Inderskoye, Satimo-
linskoye and Chelkarskoye (Gorbov,1973: 70—104; Bocharov et al., 1981: 139-144; Akse-
nov et al., 2000: 5-6; Ivanov et al., 1972. 328; Korenevsky et al., 1966: 297; Tikhvinsky,
1976: 102—-114; Tikhvinsky, 1985: 15-20; Filko, 1990: 6-12).

The Inder lifting field, which is associated with a peculiar complex of potassi-
um-magnesium boron-bearing salt rocks of various compositions, is a salt-dome structure
of an open, intruded type. The anticlinal part of this dome, cut off by the denudation surface
over an area of about 250 km2, is covered only by a complex of residual gypsum cap rocks
of relatively low thickness. In this regard, some structural elements of the salt strata are

99



ISSN 2224-5227 4.2024

reflected directly in the relief structures of the gypsum cap and serve as an important factor
in deciphering the tectonics of the salt strata of the lifting field.

Currently, the Inder lifting field is one of the most developed salt domes of the
Caspian basin by drilling. More than seven thousand wells over 1-2 km have already been
drilled on its area, deepening into the salt rocks. Wells are located very unevenly on the area
of the uplift and, accordingly, its different sections have been studied with varying degrees
of detail.

Most of the surface of the Inder lifting field is covered with a uniform network of
boreholes with a density of 14 boreholes per 1-2 km; in some exploration areas (pic. 1) a net
of boreholes 250x100 m reached a density of 40 boreholes per 1-2 km, and finally, in rela-
tively small development areas side deposits in the gypsum cap and horizons of potassium
boron-bearing salt rocks in the salt mass, drilling was carried out at an even greater density.

The boron-potassium deposit in question is located in the southeastern part of the
Inder uplift and is located not far from the north-east shore of Lake Inder. It is intersected
by twenty-three exploration profiles located on average every 100 m, which for more than 2
km trace the distribution of boron-bearing potassium and potassium-magnesium salt rocks
and associated borate deposits in a gypsum cap. Thanks to additional drilling of deeper and
inclined wells, the genetic connection of the borate deposits of the gypsum cap with the
boron-bearing horizons of the salt strata, some features of the tectonics of salt rocks and
changes in their chemical and mineralogical composition were clearly revealed.

Research materials and methods

To determine the mineral composition of the rocks by complete and abbreviated salt ana-
lyzes were carried out in laboratory conditions. A complete method includes immersion microscopic
method for clarifying the density, cleavage and quantitative composition of minerals, abbreviated
method includes determining specific gravity, dry and insoluble residue. When transporting and stor-
ing ore, the safety requirements of GOST 12.2.003, GOST 12.3.009 must be met. Sample preparation
for chemical analysis was carried out according to GOST 21560.0 (Safety rules for mining and pro-
cessing of solid minerals, 2013). Sample analyzes according to GOST 20651.3-93. The results of the
study are reflected in the following tables.

To clarify the geological structure and tectonic structure of the salt mass in the area
of the boron-potassium deposit, geological sections were compiled along all exploration
profiles, and on their basis, a geological and lithological map of the surface of the salt mir-
ror, which is presented in (Pic. 2). As can be seen from this map, a pack of salt rocks emerges
on the surface of the salt mirror, having a fairly consistent north-west strike and a steep dip,
at an angle of 70—800, to the northeast.
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Figure 1 — Layout of prospecting and exploration areas for boron-potassium salts

Thus, in the area of the boron-potassium field, there is essentially a monoclinal
structure, placed almost on its head, and in accordance with this, the salt mirror is an ero-
sional section, on the surface of which layers of salt rocks are exposed. The pattern of expo-
sure of these layers to the surface of the salt mirror obviously reflects the nature of tectonic
disturbances in layering and, as can be seen on the geological and lithological map present-
ed in (Pic. 2), in this area the salt rocks are characterized by relatively calm compression
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Figure 2 — Schematic geological and lithological map of the salt mirror of the boron-potassium field
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Both on the geological sections (Pic. 3) and on the geological-lithological map of
the salt mirror and the stratigraphic section of the Lower Permian field, it is clearly visible
that the salt layer, uncovered by wells in the boron-potassium deposit area, is represented in
the main rock salt unit containing the formation and lenses of boron-bearing potassium and
potassium-magnesium salt rocks, predominantly sulfate in composition.

Among them, there is a frequent alternation of two main varieties of rocks, of-
ten connected by mutual transitions, these are sylvite - polyhalite with calibrite and car-
nallite-kieserite with preobrazhenskite. The chemical-mineralogical composition of these
rocks is very variable and along the strike of the same layer varies from essentially sylvinite
to glaserite or kainite, on the one hand, and from essentially bischofite and carnallite to
kieserite and less commonly kainite, on the other.
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Figure 3— Geological section along lines XV-XV

Below we will give a brief chemical and mineralogical characteristics of the salt
rocks of this area. The main rock that makes up the section of the salt strata in the area of
the boron-potassium deposit, as noted, is rock salt. According to incomplete chemical anal-
yses, the halite content in this rock varies widely, from 85.5 to 97 % NaCL; impurities are
represented mainly by anhydrite and to a lesser extent by carbonates, borates, clayey matter
and some other minerals.

Layers and lenses of sylvite-polyhalite-halite rocks have a fairly uniform miner-
alogical but highly variable chemical composition. In most cases, these rocks, according to
available chemical analyzes and immersion viewing of samples, are characterized by the
following weighted average composition:
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Table 1
Weighted average sample composition
o well
i al, m CxBNe6009 CxBNe3612 CxBNe6011
46,1-69,5 48,2-66,2 48-53,3 54,658
Minerals
halite 78,6 % 66,2 % 80,9 % 72,8 %
polyhalite 13% 21,2% 8,6 % 14,9 %
Sylvina 72 % 10,7 % 7,2 % 7,5 %
caliborite 1% 1,8% 1.7% 0,1 %
anhydrite - 0,2 % 0,2% 0,2 %
As you can see, it is mainly rock salt with a large admixture of sylvite and polyha-

lite. In some places among these rocks there is an interlayer containing up to 30 % clays,
in some places they turn into sylvinites (well No. 3565, 6020, etc.), the composition of
which can be characterized by the following limits of the content of the main components:

Table 2

Composition of samples from well No. 3565,6020
Minerals Avarage content

Halita 384-528%

Silvina 32-42.1%
Polyhalite 102-163%
Caliborite 08-22%

Others 28—-4%

Among the latter are lenses of sylvite-caliborite rocks containing up to 45 % cal-
iborite and more than 36 % sylvite (well No. 3565, depth 46.0-48.0 m). Peculiar polyha-
lite-ascharite-halite rocks were encountered in well No. 6051 (10.3—17.2 % asharite).

In some areas of these rocks along the strike of the same formation, instead of the
usual polyhalite, kainite is present in significant quantities.

Indicative in this regard are the rocks discovered by well No. 4038 on the XV explo-
ration profile. In the section of this well, six layers can be distinguished, the mineralogical
composition of which, according to recalculation of chemical analyzes, is characterized by

the following ratios of the main components
Table 3

Mineral analysis of samples from well No. 4038

interval, m
47,5-|153,5-157562,0 | 62,0-64,0 64,0-66,0 66,0-70,0
Minerals 53,5 57,5

Halita 74,5 % 68.5 % 42,9 % 32.8% 61.6 % 88,1 %
Cainita 14.0 % 23.8 % 48 5 % 27.8 % 4.5 % 0,3 %

Silvina 7.7 % 29% 3.9% 26,6 % 21,6 % -

Polyhalite - - - - - -
Kaliborita 1.2% 2.5% 2.1 % 9.4 % 1.5 % 0,2 %

Anhydrite 3.0% 2.9 % 2.2 % 2.9 % 3.7 % -

Essentially Cainite rock was encountered on the 11th exploration profile by well
No. 3583. This breed is characterized by the following composition:
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Table 4
Data on well No. 3583

Minerals Content

Cainita 56.6 %

Halita 272 %
Caliborita I1.9%

Silvina 2.6 %
Anhydrite 1.5%

In some cases, the appearance of essentially glaserite rocks is noted among the
layers of the rocks under consideration. The mutual transition of the above is most clearly
established in the section of well No. 6020 on the X VI exploration profile, which from 44.7
to 50.7 m, as noted above, passed through a fairly rich polyhalite-sylvite-halite rock, and
lower to 58.7 m. intersected significantly glaserite rocks, content from 25.94 to 42.62 %
glaserite. The weighted average composition of the rock in this interval (from 50.7 to 58.7
m) is expressed by the following contents of the main components:

Weighted average rock composit;{)al? 11(:1 ?he interval (from 50.7 to 58.7 m)
Minerals Contenr
Glaserite 35.0%

Halita 33.0%
Polyhalite 143 %
Silvina 10.6 %
Cainita 48%
Kaliborita 1.2%

Rocks of similar composition were also discovered by the neighboring well No.
6017, which passed through them from 58.6 % to 73.2 m and stopped in rock containing
42.64 % glaserite. Similar rocks with an admixture of glaserite were encountered on the Xth
exploration profile by well No. 4527, on the XVIth exploration profile by well No. 4517 and
in some other places in the area under consideration.

In the recumbent side of the sylvite-polyhalite rock formation, extending from the
northeast

side of the site of boron-potassium deposit No. 99, a noticeable admixture of carnal-
lite appears among the usual minerals composing it, this can be seen in the following data
from the calculation of chemical analyzes for the mineralogical composition, according to
immersion viewing of samples from well No. 6010 (XV profile):

Table 6
Conversion of chemical analysis data to mineralogical composition for well No. 6010
Interval, m Minerals 48,0-51,5 51,5-66,5 66,5-69,0
Halita 65,5 % 74,0 % 68,2 %
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Polyhalite 18,8 % 5,7 % 20,3 %
Silvina 11,2 % 7,6 % 5.4%
Carnallita 1,0% 3,1% 22%
Kaliborita 33% 2,6 % 1,6 %
Anhydrite - 7,0 % 2.4%

On the XIII exploration profile, three inclined wells No. 6054, 6053, 6057, as well
as vertical wells 3584 and 3564, uncovered this entire formation, which in this place has a
true thickness of 60 m. Wells No. 6054 and No. 6053 discovered ordinary low-grade syl-
vite-polyhalite-halite rocks, which are characterized by the following content limits of the
main components:

Table 7
Contents of components for wells No. 6054 and No. 6053
Minerals Content
Halite 55.8-79.0 %
Polyhalite 11.0-6.4 %
Silvina 3.4-23.0%
Kaliborita 1.4-25%

Inclined well No. 6057 in the upper part, from 48.5 to 52.5 m. intersected poor
sylvite-polyhalite rocks, similar in composition to those reached at the bottom of well No.
6058. Below, from 52.5-halite (0.07-1.34 % K) and caliborite (0.69-1.07 % B202), and
then the well entered the zone of kieserite-carnallite - halite rock, which, in the interval
75.0-76.0, ends with kieserite-carnallite rock, as can be seen from the following data from
the recalculation of chemical analyzes to the mineralogical composition:

Table 8
Sample analysis data for well No. 6057

Interval, m 73,5-75,0 75,0-76,0
MineralS

Carnallita 21,3 % 422 %
Kieserita 18,6 % 25.8%
Halita 50,7 % 21,4 %
Silvina 3.4% 5,6 %
Boratov 3,4% 3.5%
Anhydrite 2,6 % 1,3 %

In accordance with the change in the composition of the rock with depth, char-
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acteristic of sylvite - polyhalite-halite rocks, calibrite is replaced towards the bottom by
preobrazhenskite and boracite, the main boron minerals of the kieserite-carnallite rock. In
the footwall of this rock, from 76.0 to 88.0 m, the well entered rock salt with anhydrite con-
taining 93.3 % halite and about 6 % anhydrite.

It should be noted that vertical well No. 3564, drilled slightly southwest of inclined
well No. 6057, intersected the same layer of kieserite - carnallite rock at its very exit to the
salt mirror. The mineralogical composition of the rock found here is as follows:

Table 9
Mineralogical composition of the rock from well No. 3564
Minerals Content
Carnallite 33.4%
Kieserita 26.1%
Preobrazhenskite 17.6 %
Halita 14.4%
Bishofita 54 %
Polyhalite 2.8%

As can be seen from the given values, this rock is generally similar to the rocks
encountered by well No. 6057 in the interval 75.0-76.0 m, but the appearance of bischofite
here, as well as the increased boron content expressed by preobrazhenskite, attracts atten-
tion.

Results

Thus, the layers of the considered rocks, both in section and along strike, showed
changes in composition from essentially kainite and glaserite, on the one hand, to essentially
carnallite with bischofite, on the other.

In addition to the rocks considered, carnallite-kieserite rocks with compositional
changes within a very wide range are also significantly developed in the area of deposit.

The main layer of these rocks extends across the central part of the site; a number of
smaller lenses and interlayers were encountered in the very northwestern part of it.

The variability of the composition of carnallite-kieserite rocks is perfectly illustrat-
ed by the data of recalculation of chemical analyzes to mineralogical composition for the
section of well No. 6059, which are given in Table No. 1. As can be seen from the data in
this table, the considered formation in the section of well No. 6059 is represented mainly by
carnallite-kieserite rocks with preobrazhenskite

Table 10. Results of recalculation of chemical analysis data for the section of well No. 6059 into mineralogical
composition (wt.%)
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Table 11. Results of recalculation of chemical analysis data along the well section into mineralogical composi-

tion (wt.%)

Wells Ne6016 Ne6058 Ne6T18

Interval, m 48,6-68,2 83,0-93,1 47,8-48,7 | 48,7-56,7 48,6-68,2
Minerals

Kieserita 31,2-40,7 % 19,5 % 16,4 % Kieserita 31,2-40,7 %
Carnallita 15,9-30,9 % 19,6 % -- Carnallita 15,9-30,9 %
Halita 11,7-22,2 % 40,8 % 36,3 % Halita 11,7-22,2 %
Silvin - 2,0% 12,8 % Silvin -

Bishofita - - 10,8 % Bishofita -
Preobrazhenskite | 9,4-40,2 % 17,2 % - Preobrazhenskite 9,4-40,2 %
Others 0,6-1,5% 1,4% 1,2% Others 0,6-1,5%

It should be noted that in the roof of the main layer of carnallite-kieserite rocks
on the IV and V exploration profiles, wells Nos. 3370 and 6113 uncovered rocks depleted
in kieserite and carnallite, but enriched in sylvite and polyhalite. In composition, they are
close to the previously considered sylvite-polyhalite-halite rocks, which can be seen from
the following data from the conversion of chemical analyzes to mineralogical composition:

Table 12
Composition of samples for wells No. 3370 and 6113

Wells Ne3370 Ne6113
Interval, m 43,2-57,0 43,4-64,5 64,5-69.,7
Minerals
Halita 74,9 % 69,6-76,1 % 72,2 %
Silvin 13,8% 7,621,7% 132 %
Polyhalite 5,6 % 3,0-5,1% 7.3 %
Carnallita 2.4% - -
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Kieserita - 0,9-2.3% --
Kaliborita 1,9% - 1,2%
Preobrazhenskite - 1,7-6,6 % --
Impurities 1.2% 0,2-0,25 % 0,2 %

In well No. 3470 on the XIV exploration profile, where the layer of carnallite-kiese-
rite rocks experiences an inflection, along with the expected rocks, a polyhalite-sylvite-ha-
lite rock with a calibrite of the following composition were discovered:

Table 13
Composition for well No. 3470

Minerals Content
Halita 52.1%
Silvina 19.1%
Polyhalite 15.8%

Kaliborita 9.4%

Impurities 33%

Similar changes in the mineralogical composition of this formation are also estab-
lished along strike in the very southeastern part of the boron-potassium deposit site (wells
No. 4023, 4045).

On the III exploration profile, inclined wells No. 6058, 6059 and 6068 exposed the
main layer of carnallite-kieserite rocks to the full thickness, which is 35 m here. The com-
position of the rocks have already been given above in wells No. 6058 and 6059.

In the downstream side of the formation, well No. 6068 discovered kieserite rocks

with halite and carnallite, characterized by the following content limits of the main compo-
nents:

Table 14
Data for wells No. 6068

Minerals Avarage Content
Kieserita 52.0--84.1%

Halite 55--232%
Carnallite 34-205%

Silvina [2-11.0%

Preobrazhenskite 0.8-39%

Vertical well No. 3617, drilled between inclined wells No. 6058 and 6068 in the
upper part from 46.6 to 61.7 m, uncovered heavily boron-bearing rocks, containing up to 48
% preobrazhenskite, which in dip corresponds to the rich boron-bearing rocks discovered
by well No. 6058 at in the interval 83.0-93.1 m, below, from 64.55 to 76.3 m (bottomhole),
it entered kieserite rocks, corresponding in terms of formation uplift to the rocks penetrated
by well No. 6068, and in the interval from 61.7 to 64.55 m encountered an interlayer of
kieserite-carnallite rock with bischofite of the following composition:
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Table 15
Data for well No. 6068
Minerals Content
Carnallite 41.5%
Kieserita 32.7%
Bishofita 14.0 %
Halita 59%
Preobrazhenskite 1.7%
Anhydrite 1.7%
Clay matter 25 %

In addition to the main layer of carnallite - kieserite rocks discussed above, an inter-
layer of carnallite rock with polyhalite was encountered by wells No. 6105, 6107 and 6106
in the southwestern part of the exploration profile and well No. 3296 on the VII exploration
profile (see Fig. 2). Interlayers of carnallite rock were encountered, and on the northeastern
side of the boron-potassium field site, wells No. 6070, 6224, 6213, 6204 and 6202 in the
section of the last well, among the carnallite rock at an interval of 75.0-78.0 m, bischofite
rock was encountered containing 84, 26 % bischofite, 6.44 % kieserite and 4.5 % halite and
carnallite.

There are almost no burrs in these rocks, but the relatively high bromine content in
bischofite rocks is noteworthy - 0.329-0.411 %.

Thus, in the area of the boron-potassium deposit, a unique facial complex of salt
rocks is exposed. It is represented by a steeply descending rock salt unit containing layers,
layers and lenses of boron-bearing potassium and potassium-magnesium salt rocks, pre-
dominantly sulfate in composition.

Among them, two main, most common varieties of rocks stand out, between which
mutual transitions are outlined, namely syvin — halite polyhalite and carnallite - kieserite.
The chemical and mineralogical composition of these rocks, both along the strike of the
layers and especially in the vertical section, varies within wide limits, but a certain pattern
is captured.

From the above chemical and mineralogical characteristics of salt rocks, as well as
from the data of the geological section along the XV exploration profile (Fig. 3), it clearly
emerges that both in the sylvite layers there are polyhalite-halite, and in the layers of car-
nallite-kiesert rocks with northeast to southwest, that is, towards the recumbent side, the
composition of the salt rocks changes with their transition to essentially carnallite rocks
with bischofite.

If this general direction of change in the composition of rocks in the vertical sec-
tion of salts is a relic of the normal sequence of salt deposition in the salt basin, then in the
area of the boron-potassium deposit we are essentially dealing with a structure overturned
to the southwest. In other words, in this area, as one would expect (Khalturina et al., 1985:
215; Valyashko; Diarov et al., 1981: 101-109), in the north-eastern part of the deposit, that
is, closer to the central part of the salt uplift, there are lower stratigraphic horizons, and in
the direction towards its marginal parts, that is, towards roof in the south-west direction,
increasingly upper stratigraphic horizons of the salt strata emerge on the surface of the salt
mirror

Both on the northeastern and southwestern sides of the monoclinal structure of the
boron-potassium deposit site, there are almost parallel ridges of gypsum-anhydrite rocks,
indicating the presence of anhydrite horizons in the salt stratum. Unfortunately, the com-
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plete section between the anhydrite horizons in this area has not been established in detail
by drilling.

The total thickness of the entire salt rock complex discovered on the site is estimat-
ed at 750-800 m.

In structural-tectonic terms, the boron-potassium deposit is located in the southern
part of the Inder uplift and is located on the southwestern wing of the salt dome structure
framing the depression basin of Lake Inder. This situation determines the main features and
peculiarities of the tectonic structure of the salt block explored by surface and underground
mine workings. In general terms, this block can be described as a monoclinal structure, ex-
tending along the side of the uplift from northwest to southeast with the strata dipping to the
northeast at an angle of about 700.

Taking into account the fact that the roof of the salt strata of the uplift is located in
its peripheral frame, the salt rocks of the monoclinal structure falling to the north-east actu-
ally have an overturned bedding to the southwest, reflecting the presence of a cornice in the
side part of the salt-dome structure,

Thus, in the recumbent side of the boron-potassium deposit there are stratigraphi-
cally younger rocks, and in the hanging side there are more ancient ones. This general rule
should be taken into account not only in general stratigraphic constructions, but also when
comparing different horizons of salt rocks exposed in the field.

The features of internal salt tectonics are quite clearly revealed from the analysis of
documentation materials from underground mine workings. As can be seen from the struc-
tural-lithological map compiled from this material, the block of salt strata discovered at a
horizon 300 m below the surface, as in the salt mirror, has a fairly simple tectonic structure.
When considering this map, attention is drawn, first of all, to the exceptional consistency of
the general direction of strike of both the entire structure as a whole, as well as the features
that make it up

Against the background of the consistency of the main liniments of the tectonics of
the layered structure, only smooth bends of individual layers, layers and units of salt rocks
are noted, which are a reflection of local manifestations of layer-by-layer plastic movements
of salt. The latter are usually accompanied by noticeable changes in the thickness of the salt
rocks that make up the layers, layers and units, without breaking their continuity. The only
exceptions in this regard are the layers of anhydrite and polyhalite.

The noted consistency of the bedding strike is due to the proximity of the location
of the monoclinal structure under consideration to the marginal part of the salt dome uplift,
as well as the basal anhydrite of the upper cycle of salt accumulation. At the level of an-
nual layers, manifestations of isoclinal folding of different orders are noted, but it does not
violate the consistency of the main liniments of tectonics, since the axial densities of these
folds are oriented parallel or almost parallel to the general strike of the monoclinal structure.

The main complicating element of the internal tectonics of the salt mass at the de-
posit is a large ring structure, opening in the south-eastern half of the ore field, between the
main crosscut in the north-west and ort 16 in the south.

The productive stratum is characterized by a complex mineral composition and is
composed of sylvinites, polyhalite, kieserite, carnallite and bischofite rocks. The potassium
salts have mixed compositions in many cases.

The most common boron minerals are hydroboracite, calibrite, preobrazhenskite,
boracite, etc. (Fig. 4). During the formation of the domes, the original sequence of occur-
rence of halogen deposits, including boron and potassium salts, was sharply disrupted. In
this regard, linking the sections of the potassium-boron-bearing zone of the domes is very
difficult. The absence of micro- and macrofauna and leading species of spores and pollen
in salt deposits, the unreliability of linking salts according to their lithology required the
development of correlation characteristics for halogen dome rocks
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Anhydrite horizons, which are found in the cores of all salt domes, are taken as
markers. The ratio of barium to strontium was used to correlate anhydrites. Based on the
nature of the distribution of barium and strontium, the main anhydrite horizon was identi-
fied, which is of paramount importance in establishing the identity of the sections of the salt
deposits of the domes (Diarov, 2003: 220).
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The deposit was explored underground using a system of mining workings at a
horizon of -300m and wells to a depth of 900-950m. Mine shafts and workings can be
used during operation. (Fig.5). The ore-bearing strata is rock salt. Within the explored
area, 10 sheet-like deposits of boron-potassium salts and six potassium salts, isolated from
each other, were identified and explored. Their length ranges from a few hundred meters to
1.5-2.0 km, thickness — 1-2 to tens of meters.

- - -I

ot e e s

s i b semeee

Figure 5 — Schematic geological plan of the 300m horizon of the boron-potassium deposit

The composition of potassium field is predominantly sylvinite. Approved reserves
amount to 35 million tons of sylvinite (6.3 million tons of K20). Another 4 million tons
of K20 are contained in boron-potassium deposits. In terms of the number of explored
reserves of potassium salts, the deposit is classified as small. However, it should be taken
into account that, firstly, there are real opportunities for significant growth due to additional
exploration and, secondly, the field has been opened by a mine and production can be car-
ried out now

As you know, one of the types of potash fertilizers is raw ground sylvinite. Provided
that there are 50% losses during production and the mine capacity is 500 thousand tons. of
sylvinite per year (140 thousand tons of 100% KI), the enterprise can operate for 35 years,
and taking into account the increase in reserves, even longer. In parallel with the process-
ing of sylvinite deposits, it is possible to mine carnallite and bischofite-carnallite ores. The
predicted K20 resources throughout the Indera dome are estimated at 9 million tons in cat-
egories (P1) and 192 million tons (P2). The resources of magnesium chloride (MgCl2) are
6 million tons (P1) and 120 million tons (P2).

This research is funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant No. AP14870070)”
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Conclusion

1. The facile complex of salt rocks is exposed in the area of the boron-potassium
field of the Inder uplift. Among them, two main, most common varieties of rocks stand out,
between which mutual transitions are outlined, namely syvin - halite polyhalite and carnal-
lite — kieserite. The chemical and mineralogical composition of these rocks, both along the
strike of the layers and especially in the vertical section, varies within wide limits, but at the
same time there are certain patterns of relationships between the composition of minerals.

2. In this case, the chemical and mineralogical characteristics of salt rocks from
wells are presented, and a change in the composition of salt rocks occurs with their transi-
tion to essentially carnallite rocks with bischofite.

3. The total thickness of the entire complex of salt rocks discovered in the area
is estimated at 750 - 800 m. In the recumbent side of the boron-potassium field, there are
stratigraphically younger rocks, and in the hanging side there are more ancient ones. This
general rule must be taken into account not only in general stratigraphic constructions, but
also when comparing different horizons of salt rocks exposed in the deposit.

4. Based on data from underground mine workings the internal salt tectonics of
the field is distinguished by the exceptional consistency of the general direction of strike
of both the entire structure as a whole, as well as the features that compose it. This is due
to the proximity of the location of the monoclinal structure under consideration to the mar-
ginal part of the salt dome uplift, as well as the basal anhydrite of the upper cycle of salt
accumulation.

5. The productive stratum is characterized by a complex mineral composition and is
composed of sylvinites, polyhalite, kieserite, carnallite and bischofite rocks. In many cases,
potassium salts have mixed compositions. The most common boron minerals are hydrobo-
racite, calibrate, preobrazhenskite, boracite, etc. The composition of potassium deposits is
predominantly sylvinite. There is a possibility of increasing the deposit’s reserves through
additional exploration.
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