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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. The Syrdarya River, as a transboundary water system, faces serious
challenges in coordinated water and energy management, particularly in the area
of the Shardara Reservoir located on the Kazakhstan—Uzbekistan border. Winter
energy-driven releases from upstream reservoirs, including the Toktogul Reservoir
in Kyrgyzstan as well as hydraulic facilities in Tajikistan and Uzbekistan, generate
excessive discharges that exceed the downstream channel capacity. This results
in increased flood risk and forced idle water releases into the Arnasai—Aydarkul
depression, negatively affecting water availability in the Syrdarya River and the
Small Aral Sea. The aim of this study is to develop a scientifically justified regime
for the joint operation of the Shardara Reservoir, the Koksarai counterregulator, and
the Arnasai spillway. The study is based on the analysis of long-term hydrological
data for 1993-2023, materials from the State Water Cadastre of the Republic of
Kazakhstan, and operational characteristics of hydraulic structures. Water balance
analysis, integral flow curve construction, and scenario-based modeling of inflow
regulation at flow reliability levels of 5-90% were applied. The results show that
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the cumulative volume of idle discharges into the Arnasai—Aydarkul depression
exceeded 47 km? during the study period, leading to a reduction in ecological flow
to the Small Aral Sea. A dispatching schedule for the joint operation of hydraulic
structures was developed, accounting for seasonal variability, ice conditions, and
the storage capacity of the Koksarai counterregulator. The proposed regime allows
idle discharges to be eliminated in most years and limited only to extremely high-
water years with up to 10% flow reliability, thereby reducing non-productive water
losses, mitigating winter flood risks, and ensuring sustainable ecological flow
toward the Aral Sea.

Keywords: Syrdarya River, water content, cycling, energy discharge, regime,
regulation of runoff
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AnHoTtanusi. Colpaapys e3eHi TpaHCIIEKapalbIK Cy KYHeci peTiHae cy *oHe
SHEPTreTUKAJIBIK PECYPCTap/Ibl YHIEeCTipin THIMII Oackapyna KypAeli Macenenepre
Tan OonbIn oThIp, ocipece Kazakctan MeH ©30ekcTaH HIeKapachlHAa OpHAJacKaH
[lapnapa cy koliMachkl aiimarbiHIa. KpIc Me3rimiHIE KOFapbl aFbic OeliriHue
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OpHaJlackKaH Cy KoHMajapblHaH, COHBIH imriHAge TOKTOFyI1 cy KoHWMachlHaH
(Keipreizcran), conpai-ak TokikcTan MeH O30eKCTaHIarbl THMIPOTEXHUKAIBIK
HBICAHJAPJaH >KY3€re achIpblIaThlH SHEPreTHKAJBIK OocaTylap TOMEHI1 aFbIc
OeiriHiH 6TKI3y KaOlIeTiHeH acaTblH apThIK CY MIBIFBIHIAPHIH KaJIBIITACThIPAIbL.
Byt cy TacKkbIHBI KayIiHiH apTybIHa oHE CYIbIH ApHacali—Aiiapkes oinarsiHa
MOKOYpPIl XONOCTBHIK TacTaimyblHa okeninm, Celpmapust eseni meH Kimi Apan
TEHI31HIH CyMeH KaMTaMachl3 eTiTyiHe Tepic ocep ereimi. 3epTTeyIiH MaKcaTbl
[lapmapa cy KoiimaceiHbIH, Kexcapali KOHTppETTETilNiHIH JkoHe ApHacail
CYy TACTaFBIIIBIHBIH OIpJIeCKeH JKYMBIC ICTEYiHIH FBUIBIMA HETi3/IeIreH
pexxumin a3ipney. 3eprrey 1993-2023 skpuigap apajbFbIHAAFbl KOIDKBUIIBIK
THIAPONIOTHSUIBIK  epekTepre, Kaszakcran PecrnyOnukacblHbIH MeEMIIEKETTIK Cy
KaJaCTPbIHBIH MaTepHalapblHa JKOHE THIPOTEXHUKAIBIK KYPBUIBICTAPIBIH
naianany cunarramaiapblHa HeTi3eNreH. 3epTTey OapbIChiHAa Cy MIapyalbUIbIK
0anaHCTBIK Tayfay, arblHHBIH WHTETPAJBIK KHCBIKTApPbIH KYpPYy *XOHE arbIHIbI
perreymia 5-90 % KaMTaMach3 eTily JCHTelsepi YIIiH CleHaApUIHITIK MOIEIhACY
ozicTepi KONJAHBULABL. 3€pTTEy HOTHIXKECIHIE KapacTBIPBUIBII OTHIPFaH KEe3CHIE
ApHacaii—A#i1apKen ofaTsIHa TaCTAIFaH XOJIOCTBIK Cy KolleMi 47 KM>-TaH acKaHBbI
aHbIKTaIAbL, Oy Kinn Apanra OarbITTallFaH SKOJIOTHSUTBIK aFBIHHBIH TOMEH/ICYiHE
aJIBIN Kengi. MayChIMIBIK aFbIHHBIH ©3TeprillTiriH, MY3/bIK KaFAaiiapasl jKoHe
Kekcapaii KOHTppeTTeriliHiH >KWHAKTAYIIbl MYMKIHJIKTepPiH €CKepe OTBIPHIIL,
THIPOKYPBUTBICTAPABIH OipIIECKeH KYMBICHIH PETTEUTIH TUCTIETYEPIIK Tpaduk
ozipreHi. ¥ ChIHBUTFAH PEKUM Cy IIAPYanIbUTBIK KbUITAPBIHBIH OachkiM OediriHe
XOJIOCTBIK TacTajbIMAapAsl OonablpMayFa koHe onapasl Tek 10 %-ra pedinri
KaMTaMachl3 €TIJITeH aca CyJbl KbULIAp[a FaHa IIEKTeyre MYMKIHIIK Oepeni,
COHBIH HOTHXECIHJE Cy PeCypCTapbIHbIH ©HAIPICTIK eMeC LIBIFBIHAAphl a3aiblll,
KBICKBI CY TaCKbIHBI KAyl TOMEHICHTI KoHe Apall TeHi3i OaFbIThIHIAFEI TYPAKTHI
9KOJIOTHSUIBIK aFbIH KAMTaMachl3 €TUIe/I.
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AnHotanus. Pexa Celpnapbs, SBISAACH TPAHCTPAHUYHOM BOAHOM CHCTEMOH,
CTalIKUBACTCSl C CEpPbE3HBIMU MPOOJIEMaMH  COMIACOBAHHOTO  YIPaBJICHUS
BOJHBIMH U DHEPreTHUYECKUMHU pecypcaMu, 0coOeHHO B paiione lllapmapunckoro
BOJOXpaHWInIIa Ha Tpanuie Kazaxcrana u Y30ekucrana. 3SMMHUE YJHEPreTHIECKHE
cOpOCHl M3 BEPXHUX BOJOXPAHWIHLI, BKIIOYas TOKTOTYIBCKOE BOAOXPAHMIIHILE
(KpIpreizcran), a Takke THAPOTEXHUYECKHE OOBEKTHI B Ta/KUKHCTaHE U
V30ekucrane, (OPMHPYIOT H30BITOYHBIE pAcXOAbl BOIbI, IMPEBBIIAIONINE
MPOMYCKHYIO CIIOCOOHOCTh HIKHETo Obeda. DTO MPUBOAUT K PUCKY 3aTOTUICHUN
U BBIHY)KACHHBIM XOJOCTBIM cOpocaM BoAbl B ApHacali—ANnapKyIbCKyIO
BIIQ/IMHY, YTO HETaTHBHO OTPa)KaeTcsi Ha BogooOecneueHHOCTH peku Criprapbs u
Marnoro Apanbckoro mops. Llensio ucciaenoBanus sBisieTcss pa3paboTka HayqyHO
000CHOBAaHHOTO PEKUMa COBMECTHOM paboThl IllapnapuHCcKoro BogoXpaHUIUINA,
Kokcapaiickoro koHTpperymsitopa U ApHacaiickoro BogocOpoca. MccienoBanue
OCHOBAaHO Ha aHalM3€ MHOTOJETHMX TIHAPOJIOTMYECKHX NaHHbIX 3a 1993-2023
IT., MaTepuaioB [ocymapcTBeHHOTO BOomHOTO KamacTpa PecnyOmukm Kazaxcran
U OKCIUIyaTallMOHHBIX  XapaKTEPUCTHK THUIPOTEXHUUYECKHX  COOPYKEHHM.
[TpuMeHsITUCh METONBI BOJOXO3SIMCTBEHHOTO 0AalaHCOBOTO aHANN3a, TOCTPOCHHUS
MHTETPaJIbHBIX KPUBBIX CTOKA M CIIEHAPHOTO MOJIEIMPOBAHUS PETYIHPOBAHUS
npuTOKanpuoodecnedeHHOCTHCTOKa 5—90%. YeTaHOBIEHO, YTO3apaccMaTpUBacMblid
MEPUOA CYMMAapHBI 00BbEM XOOCTHIX COPOCOB BOJIBI B ApHacaii—AIapKyIbCKYIO
BMAJMHY IpeBbICHI 47 KM?, 9TO MPUBENIO K CHI)KEHHUIO HKOJIOTMYECKOTO CTOKA B
HanpasineHun Manoro Apana. Pa3paboran aucneryepckuil rpaduk coBMecTHON
paboThl THAPOY3IJIOB, YUUTHIBAIOIINA CE30HHYI0 M3MEHUMBOCTH CTOKA, JICIOBBIC
YCIIOBUSI M aKKyMYJIHpPYIOIIHEe BO3MOXKHOCTH Kokcapaiickoro KOHTpperyastopa.
[IpeanoxeHHBIN PEKUM MO3BOJISIET UCKITFOYUTH XOJIOCTBIE COPOCHI B OOJBIIMHCTBE
BOJIOXO3SIMCTBEHHBIX JIET U OTPAaHUYHUTh MX JIMIIb 0COO0 MHOTOBOJAHBIMH TOJaMu
c obecmeueHHOCThIO 70 10 %, cHWXas HEMPOWU3BOJACTBEHHBIC MOTEPH BOIbI,
PHCK 3UMHHX ITaBOJKOB M OOecleurBasi yCTOWYMBBIA SKOJIOTMYECKUH CTOK B
HampaBiIeHUH ApPaTbCKOTO MOPSL.

KuaroueBbie cioBa: peka Celprapbs, BOAHOCTb, KPYrOBOPOT JBUIKEHHS,
SHEPreTUYEeCKUI pacxol, PeKUM, peryaIupoBaHue CTOKa

Introduction. The favorable natural and climatic conditions of the Syrdarya
River basin downstream of the Shardara Reservoir have led to the extensive
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development of irrigated agriculture. At the same time, the Syrdarya River is the only
natural watercourse maintaining environmental stability through its inflow into the
Kazakh part of the Aral Sea (Karlikhanov et al. 2016; Dmitrievna 2016; Matsuura
2000; Tursunov 2002). The Syrdarya River, one of the largest rivers in Central
Asia, flows from the Tien Shan Mountains to the Aral Sea, with approximately
1600 km located within Kazakhstan. The average long-term runoff of the Syrdarya
River (~37 km?) is regulated by major reservoirs, including Toktogul (19.5 km?) in
the Kyrgyz Republic, Kairakkum (4.2 km?®) in Tajikistan, and Shardara (5.2 km?) in
Kazakhstan, as well as numerous medium and small reservoirs whose total capacity
exceeds the average annual flow (Fig. 1). These facilities, together with irrigation
systems and hydropower infrastructure, form the interconnected Naryn—Syrdarya
water-energy cascade.

Literature review. The lower reaches of the Syrdarya River are currently
experiencing acute water shortages across all sectors of the economy, while the
Aral Sea has remained an environmental disaster zone since the late 20th century
(Karlikhanov et al. 2016). These problems are primarily associated with excessive
and poorly justified water withdrawal for irrigation in the Syrdarya and Amudarya
river basins (Dukhovny and Joop de Schutter 2018; Dukhovny et al. 1985). Despite
these challenges, the lower Syrdarya plays a crucial ecological and economic role
in maintaining environmental stability and water availability in the Kazakh Aral
Sea region.
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Figure 1 - Situational scheme for regulating the flow of the Syrdarya River in the zone of its
formation and use (Heaven 2002).

Central Asian states increasingly disregard established water management
rules by shifting reservoir operation regimes from irrigation to energy production,
resulting in winter discharges reaching 60—70% of the annual flow. This shift has
led to periodic overflows of the Shardara Reservoir, while discharges to the lower
reaches are restricted during winter. From November to March, ice cover forms
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along the Syrdarya River from the Tomenaryk site to the Aral Sea, reducing channel
discharge capacity to 30-35%. Consequently, the maximum discharge capacity in
the lower reaches during this period does not exceed 475 m?*/s (Mashukov 1969;
Vagapov 2008; Mustafaev 2005). These conditions necessitate a revision of Syrdarya
River flow management principles at the Shardara Reservoir through coordinated
regulation of the Shardara—Koksarai—-Arnasay hydrocomplex to ensure safe year-
round discharges, particularly during periods of increased winter energy releases.
The Shardara Reservoir was designed primarily to regulate Syrdarya River flow for
irrigation in the Turkestan and Kyzylorda regions, while also generating electricity,
supplying water to more than 160 lakes and lake systems, irrigating pastures, and
ensuring ecological runoff to the Kazakh part of the Aral Sea (Small Aral Sea). The
2004-2006 restoration project successfully revived the Small Aral Sea, restoring
its climatic and fishery functions; however, maintaining the design level of 41 mBS
remains dependent on environmental releases from the Shardara Reservoir and the
Koksarai Counter-Regulator. The runoff regulation system includes the Arnasai
spillway (up to 40 km?, discharge capacity 2160 m?/s), the Shardara Reservoir
(5.2 km?, total discharge capacity of 2000 m?/s through the hydropower plant and
Karakum canal), and the Koksarai Counter-Regulator (3 km?, discharge capacity
300 m?/s) (Figs. 2-3).

-

- s
KAZAKHSTAN

Shardara Hydropower Plant
Qmax = 1800 m?/s L 3
s '__ L .

Water outlet to KMK |
Qmax = 200 m¥/s .

Arnasay Dam
Qmax = 2160 m3/s
0

Figure 2 — Location of the Arnasay spillway as part of the Shardara reservoir.

The Arnasay spillway was constructed to divert floodwaters into the Arnasay—
Aydarkul depression, historically associated with the Tuzkan—Aydarkul salt lakes
that existed until 1969. As part of the Shardara Reservoir project, the spillway was
completed in 1968. The Syr Darya River, as a transboundary water system, faces
significant challenges in balancing hydropower generation and water resource
regulation, particularly at the Shardara Reservoir located on the Kazakhstan—
Uzbekistan border. During winter, increased energy releases from upstream
reservoirs, including Toktogul in Kyrgyzstan and facilities in Tajikistan and
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Uzbekistan, generate excess flows that exceed the downstream conveyance capacity.
This results in flood risks and uncontrolled discharges into the Arnasay—Aydarkul
depression, reducing water availability in the Syr Darya River and inflows to the
Small Aral Sea. In this context, the development of a scientifically substantiated
operational regime for the coordinated functioning of the Shardara Reservoir, the
Koksarai counter-regulator, and the Arnasay spillway is highly relevant. The study
is based on long-term hydrological data for 1993-2023, materials from the State
Water Cadastre of the Republic of Kazakhstan, and operational characteristics of
hydraulic structures. The methodology includes water balance analysis, integral flow
curves, and scenario-based flow regulation modeling for exceedance probabilities
of 5-90%. The results show that total uncontrolled discharges into the Arnasay—
Aydarkul depression exceeded 47 km* during the study period, negatively affecting
environmental flows to the Small Aral Sea. A coordinated dispatch schedule was
developed that accounts for seasonal variability, ice conditions, and the storage
capacity of the Koksarai counter-regulator. This regime eliminates uncontrolled
discharges and limits them to no more than 10% in extremely high-water years,
while substantially reducing non-productive water losses. The proposed approach
can support water management authorities in improving real-time flow regulation,
mitigating winter flood risks, enhancing infrastructure reliability, and ensuring
sustainable environmental flows to the Small Aral Sea.

N Location of the Koksaray
) % Counter-Regulator

from Shardara Reservoir

Koksaray Reservoir
- river
O settlement
222 1:300,000
0 5 10 15 20km

f
~ y
\g\\. > g e

Figure 3 — Location of the Koksaray counter-regulator.
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The timely commissioning of the Arnasay spillway played a critical role during
the rare 1969 flood (1% exceedance probability), when more than 28 km? of water
was diverted at peak discharges of up to 4000 m?/s, preventing the failure of the
Shardara Reservoir. Water discharged through the Arnasay spillway is considered
non-productive, as the Arnasay—Aydarkol depression lies 15-20 m below the
Shardara Reservoir and has no return flow to the Syrdarya River. At present, such
discharges mainly occur in high-water years due to the limited discharge capacity
of the Shardara Reservoir (maximum 2000 m?/s). Under these conditions, effective
regulation of winter releases between the Shardara Reservoir, the Arnasay spillway,
and the Koksaray counter-regulator remains unresolved, emphasizing the need for
a scientifically substantiated flow management regime for the Shardara—Koksaray—
Arnasay system.

Materials and methods. The study area covers a section of the Syrdarya
River basin from the Kokbulak site (15 km upstream of the Shardara Reservoir)
to the Koksaray counter-regulator (15 km downstream), including the Arnasay
spillway as part of the Shardara Reservoir system. The research was conducted
using generally accepted methodologies and regulatory guidelines to ensure the
reliability of results. The analysis utilized data on operational indicators and flow
regulation regimes of the Shardara—Koksaray—Arnasay hydraulic complex before
and after the commissioning of the Koksaray counter-regulator (Karlykhanov et al.
2008; Matsuura et al. 2000; Mustafaev et al. 2005).

Results and discussion. The regulating capacity of the Shardara Reservoir
system was assessed, including the bottom outlet (Qmax = 1200 m?/s), hydropower
plant (Qumax = 720 m?/s), Kyzylkum gate regulator (Qmax =200 m?/s), and the Arnasay
spillway (Qmax = 2160 m?/s). Table 1 presents data on flows conveyed through these
structures toward the Aral Sea during 1993-2023, a period characterized by a
marked increase in energy-related discharges within the Syrdarya River basin.

Table 1 — Inflow of Syrdarya River flow into the Republic of Kazakhstan and its distribution
during the period of energy releases (Ibatullin et al. 2008).

Years Inflow to Discharge to the Discharge to the | Inflow to the | Discharge to
the Shardara | downstream reach, | Arnasay—Aydarkul | Small Aral | the Large Aral
Reservoir, km? km3 system, km?* Sea, km? Sea, km?
1 3 4 6 7 8
1993 21,37 21,17 2,1 9,09 -
1994 25,27 19,75 9,29 9,86 -
1995 14,18 12,94 3,43 4,53 -
1996 15,95 15,29 0,82 5,6 -
1997 14,25 13,48 1,2 4,75 -
1998 23,67 20 2,28 7,72 -
1999 18,31 16,96 3,13 6,04 -
2000 13,91 12,15 2,77 3,87 -
2001 13,31 12,26 0,43 3,56 -
2002 20,56 19,19 1,23 8,64 -
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2003 26,28 20,49 52 9,76 -
2004 23,96 21 2,92 10,06 -
2005 22,79 22,02 2,25 11,01 -
2006 16,9 16,9 0,39 8,08 2,28
2007 18,69 17,4 0,82 732 321
2008 12,86 10,9 0,98 4,47 2,52
2009 15,36 14,9 0,19 49 0,32
2010 25,83 26,6 0,84 93 5,06
2011 13,99 13,4 0,83 4,51 3,46
2012 20,74 18,6 0,2 4,48 2,01
2013 14,38 13 1,63 431 2,42
2014 18,41 16,8 0,13 5,68 2,57
2015 15,43 14,8 0,34 4,83 2,45
2016 13,09 14,7 0,02 4,57 2,83
2017 23,5 23,1 2,16 8,17 6,66
2018 15,84 12,4 0,29 3,23 332
2019 14,78 14,2 0,55 2.3 0,83
2020 12,95 10 0,01 1,42 0,96
2021 9.8 8,44 0,1 0,91 0,18
2022 15,11 10,94 0 0,82 0
2023 13,45 11,25 0,5 2,04 0
Total 530,04 483,78 47,03 175,83 41,08

Data for 2004—2021 were obtained from the State Water Cadastre of the Republic of Kazakhstan,

while data for 1991-2023 were taken from the report of the Aral-Syrdarya Basin Water Management
Inspectorate.

Analysis of the data in Table 1 shows that from 1993 to 2023, the volume of water
inflow into the Shardara reservoir was 530.04 km3, and the volume of discharge in
the lower reaches of the river was 483.78 km3, i.e. about 90% of the flow passed in
the lower reaches of the river. The volume of discharge into the Arnasay-Aydarkol
depression amounted to 47.03 km3. This is the so-called idle reset. According to
some data, as a result of idle discharge into the Arnasay-Aydarkol depression, the
Small Aral Sea received 2 times less water during this period. (Galperin et al. 2018;
Arystambekova et al. 2019; Paisley 2018).

Figure 4 shows the cumulative flow curves, which demonstrate the sequential
accumulation of water flow not only at the Shardara Reservoir site but also
downstream to the Large Aral Sea over the period under consideration.

353



ISSN 2224-5278 1.2026

600 T T T T T T T

—#— Discharge into the lower reaches of the river
—@— Discharge into Arnasai

—&— Discharge into the Large Aral Sea

—®— Inflow into the Shardara above the Keles River
—@— Inflow into the Small Aral Sea

500 +

400

eooo000
°o®

100

04

T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025
A (Years)

Figure 4- Integral flow curves of the Syrdarya River

Integrated flow curves for the Syrdarya River during the analyzed period indicate
relatively stable inflow to and discharge from the Shardara Reservoir, reflecting
its operation in line with its intended purpose. In contrast, runoff discharges to
the Arasay—Aidarkol depression and the Small and Large Aral Seas show less
consistency.

A more detailed analysis of the dynamics of the Syrdarya River flow from the
Shardara Reservoir to the Large Aral Sea over a 17-year period is presented in Figure
5. Here the cyclical repetition of low and high water rivers is more clearly visible.
The flow inflow into the Small Aral changes synchronously in a much smaller
volume than the discharge of runoff from the reservoir, which is associated with
the use of water resources for economic sectors, primarily for agricultural water
consumers, watering of natural water bodies and natural losses due to evaporation
and filtration.
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Figure 5 - Dynamics of the Syrdarya River flow from the Shardara Reservoir to the Large Aral
Sea.
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Over the past six years (2018-2023), inflow to the Small Aral Sea has
markedly decreased due to prolonged low-water conditions in the region. Despite
this, discharges into the Arnasay—Aydarkul depression have continued, which is
unacceptable under conditions of ongoing degradation of the Kazakh part of the Aral
Sea. To reduce the long-term pressure on the Shardara Reservoir operating in energy
discharge mode, the Koksarai Counter-Regulator (3.0 km®) was commissioned in
2010, resulting in a revised flow regulation scheme within the Shardara—Koksarai—
Arnasay hydrocomplex. The Shardara Reservoir is filled from October to March to
the normal supported level (NSL), with an active storage volume of 4.2 km?, and
is drawn down during the vegetation period to the dead volume level (DVL) of 1.5
km?. The Koksarai Counter-Regulator is filled during winter energy releases to its
NSL of 3.0 km? and is gradually emptied during the summer period starting in May.
It functions as a buffer reservoir, accumulating excess winter flow of the Syrdarya
River and releasing it when the river channel is free of ice. Under conditions of
upstream reservoirs operating in energy mode, the need for idle discharges into
the Arnasay—Aydarkul depression arises during winter energy releases, with their
magnitude determined by inflow volumes to the Shardara Reservoir. Analysis of
inflows to the Shardara Reservoir under different exceedance probabilities and their
intra-annual distribution, accounting for discharges into the Arnasay—Aydarkul
depression, reveals persistent risks associated with winter flow regulation and
subsequent water shortages during the growing season. Prior to the commissioning
of the Koksarai Counter-Regulator (1993-2010), more than 40 km® of water was
discharged into the Arnasay—Aydarkul depression during energy release periods,
resulting in an 8 m rise in water level and an increase in volume from 16.7 km? to
42.15 km?.

Baseline conditions. The assessment of Shardara Reservoir operation, including
releases to Amasay, focused on flow regulation of the Syr Darya prior to the
commissioning of the Koksarai Counter-Regulator. The objective was to optimize
joint operation of the Shardara Reservoir, Koksarai Counter-Regulator, and
Arnasay spillway to satisfy water demand under conditions of a 17-year energy
cycle characterized by increased winter inflows. Analysis of the current water
management practice for joint operation of the Shardara Reservoir and Koksarai
Counter-Regulator showed that the approved accumulation and release schedule
for the Shardara Reservoir is based on pre-Koksarai flow conditions. This schedule
does not account for interannual variability of the energy regime, timing of energy-
release periods, storage capacity of the Koksarai Counter-Regulator, or discharge
limitations of the Arnasay spillway. To address these limitations, a dispatch schedule
was developed in tabular form (Table 2), incorporating inflow to the Kokbulak gate
of the Shardara—Koksarai—Arnasay hydrocomplex under joint operation conditions.
The schedule considers characteristic flow exceedance probabilities of 5%, 10%,
25%, 50%, 75%, and 90%. T The following abbreviations are used: X(31) — month
and number of days, SR — Shardara Reservoir, RL SR — lower reach of the Shardara
Reservoir, AAD — Arnasay—Aydarkul depression, KC — Koksarai Counter-

355



ISSN 2224-5278 1.2026

Regulator. A key objective of the dispatch schedule is to regulate river flow while
accounting for the storage and release capacity of the Koksarai Counter-Regulator.
Analysis of the interconnected operation of the Shardara—Koksarai—Arnasay system
in accumulation and discharge modes enabled the development of a release regime
that satisfies downstream water demand and ensures ecological flows to the Aral
Sea. Boundary conditions for flow regulation include the timing of inflow, storage,
and release, which form the basis for calculating dispatch parameters (Table 2). It is
assumed that at the beginning of the energy period (October—November), reservoir
storage is maintained at the dead volume level (DVL). The calculation procedure
follows earlier methodologies (Balgerey et al. 2010), refined using subsequent
studies and updated hydrological characteristics of the Syr Darya River (Vagapov
and Bayalimov 2006; Karlykhanov 2014).

Procedure for applying the dispatch schedule. The reservoir volume at the
beginning of each time interval (month or decade) is plotted on a control chart.
Based on forecasted inflow and downstream demand, the required filling or
drawdown volume is determined, yielding the projected end-of-period storage
(Table 2). If filling volume equals inflow, downstream water demand is fully
met. If filling volume is less than inflow, releases are adjusted with priority-based
reductions in water supply, considering forecasts for subsequent periods. Increased
downstream supply may be achieved by adjusting reservoir drawdown and river
channel conveyance capacity. Reservoir filling and drawdown rates should not
exceed 7 cm/day, and up to 10 cm/day under exceptional conditions. During winter,
ice formation must be considered to minimize flood risk. If ice formation is forecast,
a discharge of 1000 m*/s should be established downstream of the hydropower
complex prior to freeze-up. During ice formation until stable freeze-up, discharge
upstream of the Koksarai Counter-Regulator should be maintained at 1000 m?/s
and downstream limited to 500 m?/s. After the counter-regulator is filled, discharge
along the Syr Darya should not exceed 500 m?*/s. In high-water years with reliable
ice and temperature forecasts, average daily discharge from the Koksarai Counter-
Regulator may be increased to 600 m?/s, while during ice breakup it should remain
limited to 500 m*/s. If both the Shardara Reservoir and Koksarai Counter-Regulator
reach full capacity and inflow exceeds allowable thresholds under ice conditions,
excess water should be discharged through the Arnasay spillway until the end of the
hazardous winter period. Discharges via Arnasay are also permitted during ice-free
periods if downstream flow exceeds the channel capacity of 1800 m?*/s. Hydropower
generation at the Shardara Reservoir is prioritized, while downstream deficits are
compensated by releases from the Koksarai Counter-Regulator and excess inflow
is stored in the Shardara Reservoir.

Sequence for completing the dispatch schedule. Data on the Shardara Reservoir
storage at the beginning of each time step, according to the dispatch schedule, are
entered into the filling and processing line (Form 1, Table 2). Inflow volumes at
the Kokbulak site are recorded at the end of each period together with average
discharges for the corresponding interval in Form 2 (Table 2). Comparison of inflow
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and discharge indicates that the reservoir generally operates in filling mode, although
release mode may occur depending on forecast accuracy and downstream channel
capacity. The remaining storage after filling is calculated for the subsequent period
and recorded in the “remaining after filling” line. Discharge to the lower reach of
the Shardara Reservoir is determined from Form 1 data and entered in the discharge
line. When the average discharge downstream of the Shardara Reservoir exceeds
channel capacity, excess flow is diverted to the Koksarai Counter-Regulator at a
rate equal to the difference between Shardara discharge and the allowable winter
flow of the Syrdarya River (500 m?*s), without exceeding the 500 m?®/s supply
channel capacity. These values are recorded in the Koksarai line. Once the Koksarai
Counter-Regulator reaches its full capacity of 3.0 km?, surplus water is discharged
into the Arnasay—Aydarkul depression via the Arnasay spillway, with discharges
not exceeding 600 m?/s. After the winter period, such discharges cease and releases
are directed downstream, limited by the open-channel capacity of 1800 m*/s. Under
these conditions, the counter-regulator begins operating to support hydropower
generation and satisfy downstream water demand. From May onward (Form 1, Table
2), discharge exceeds inflow, indicating the transition of the reservoir to release
mode. Reservoir operation is initiated with minimal impact on hydropower plant
performance, and discharge rates are adjusted to optimize electricity generation.
Any water deficits prior to scheduled releases are compensated by the Koksarai
Counter-Regulator, which is nearly depleted by the end of the hydrological year.
The operation scheme of the counter-regulator mpenycmarpuBaer water supply
to the lower reaches only at 75% and 90% flow exceedance levels; under other
conditions, releases are not required due to excessive runoff.

Table 2 - Developed dispatch (operational) schedule for regulating the flow of the Syrdarya River
at the Shardara Reservoir gauging section under the joint operation of the Koksarai Counter-Regulator
and the Arnasay—Aydarkul Water Discharge, m?/s at 5% flow reliability

Months
X | XT| XIT| I o |ar | 1v | VvV | VI|VI|VI|IX

Parameters

Inflow to the Shardara

. 51516981049 | 1146 | 978 | 881 | 1318 | 1284 [ 1072 | 512 | 264 | 403
Reservoir

Release from the
Shardara Reservoir to | 500 [ 500 | 500 | 500 | 500 [ 500 | 700 | 1000 | 1000 | 1000 | 1000 | 700
the downstream

Diversion to the
Koksarai Counter- 397 | 381 | 381
Regulator
Diversion to the
Arnasay Depression
Release from the
Koksarai Counter-
Regulator to the
downstream

270 | 284 | 108

373 | 373 | 373
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at 10% flow reliability
Months
X | XTI |XIT |1 o |ar (v |V VI VI |VII |IX

Parameters

Inflow to the Shardara
Reservoir
Release from the
Shardara Reservoir to | 500 | 500|500 |500 |500 500 |700 |1000 | 1000|1000 700 |700
the downstream
Release from the
Koksarai Counter-
Regulator to the
downstream

51516981049 | 1146 (978 | 881 | 1318 | 1284 | 1072|512 |264 [403

- - - 240|350 {500 |71 - - - -

Diversion to the
Arnasay Depression
Discharge from the
Koksarai Counter-
Regulator to the
downstream reach

S e e PR V- S (S S PR

- - - - - - 373 |373 |373 |- -

at 25% flow reliability

Months
X [ XTI | XIT|I I |(ur |v |V VI |VII |VII |IX

Parameters

Inflow to the Shardara
Reservoir
Discharge from the
Shardara Reservoir to the | 470 {500 | 500 | 500 [500 | 500|700 |1000 {1000 |1000|373 |316
downstream reach
Discharge to the Koksarai

470 {637 | 956 | 1045|984 | 803 | 1238|765 [660 |302 |190 (316

Counter-Regulator i ) ) i ) 3021500 1340 |- ) ) )
Discharge from the
Koksarai Counter- i ) ) i ) i ) 373 1373 |78 |- )

Regulator to the
downstream reach

at 50% flow reliability
Months
X | XD | XIT|I o |ar (v |V VI | VII | VII |IX

Parameters

Inflow to the Shardara
Reservoir
Discharge from the
Shardara Reservoir to the [310 500 | 500 [ 500 |500 | 489 |700 | 1000 | 1000 |370 |373 |386
downstream reach

310 (718|818 [ 1045|984 | 803 |599 |504 [660 (370|161 |370

Discharge to the Koksarai

Counter-Regulator 0,00 170 490

Discharge from the
Koksarai Counter-
Regulator to the
downstream reach

82 |386 |187
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at 75% flow reliability
Months
X XTI [ XII|I 11 1[IV [V | VI |VII |VII|IX

Parameters

Inflow to the Shardara

. 359 (498 | 769 [881 | 1071 [ 1143 | 633 |265 228|153 [127 | 170
Reservoir

Discharge from the Shardara
Reservoir to the downstream | 310 {498 500 [ 500 [ 500 |500 [520 (575 (594|493 (482 |370
reach

Discharge to the Koksarai
Counter-Regulator
Discharge from the Koksarai
Counter-Regulator to the 370 |12

downstream reach

276 |112

Conclusion. Analysis of project documentation, feasibility studies, hydrological
data, and the regulation potential of hydraulic structures demonstrates that the
operating regime of the Shardara Reservoir within the Shardara—Koksarai—
Arnasay hydrocomplex has fundamentally changed due to the transition of
upstream reservoirs from an irrigation to an energy regime. As a result, winter
releases increased to 60-70% of the annual runoff, compared to 30-40% under
the former irrigation regime. This shift has caused recurrent winter flooding in
the lower reaches of the Syr Darya River, where ice cover significantly restricts
channel conveyance capacity. In certain years, flooding extends upstream from the
Tomenaryk station to the Koksarai Counter-Regulator. Analysis of inflows to the
Shardara Reservoir since 1993 reveals persistent difficulties in regulating winter
floods and ensuring sufficient summer releases due to high interannual variability
and uncertainty in seasonal runoff distribution. The proposed coordinated operation
scheme for the Shardara—Koksarai—Arnasay hydrocomplex, developed for different
inflow scenarios at the Kokbulak boundary gauging station, provides a practical
framework for operational water management organizations, accounting for
hydrometeorological conditions and storage dynamics of the Koksarai Counter-
Regulator. It is recommended that the Shardara Reservoir be filled from October to
March to its full capacity of 5.2 km? and drawn down from June to September to
the dead volume level of 1.0 km?*. The Koksarai Counter-Regulator should be filled
between November and February to the normal supported level and completely
emptied between July and August. Under this flow management regime, discharges
into the Arnasay—Aydarkol depression are required only in exceptionally high-
water years with exceedance probabilities not exceeding 10%.

References
Arystambekova D., Thevs N., Tursumbayeva M. (2019) Assessment of the hydroecological
state of the Syrdarya delta. Central Asian Journal of Water Research, 5(1). — P. 29-41. https://doi.
org/10.29258/CAJWR/2019-R1.v5-1/29-41 (in English).
Balgerey M.A., Ibraev T.T., Karlykhanov O.K. (2010) Rekomendatsii po rezhimam napolneniya,
sbrosa i sovmestnogo ispol'zovaniya Shardarinskogo vodokhranilishcha i kontrregulyatora Koksarai

359



ISSN 2224-5278 1.2026

[Recommendations for the filling, discharge, and combined use of the Shardara Reservoir and the
Koksarai Control Reservoir]. Kazakh Research Institute of Water Resources, 2, 24 (in Russian).

Dukhovny V.A., Schutter J. (2018) Water in Central Asia: Past, present, future. Kazakh
Universities. https://doi.org/10.1002/ird.65 (in English).

Dukhovny V.A., Vilenchik V.B. (1985) Nauchno-tekhnicheskiy progress i melioratsiya zemel' v
Tsentral'noy Azii. Mekhnat [Scientific and Technological Progress and Land Reclamation in Central
Asia. Mekhnat]. Monograph. Astana: Foliant. — 408 p. (in Russian).

Eshchanov O., Belikov I. (2012) Otsenka vodnogo balansa ozernoy sistemy Aydar—Arnasay i
ego vliyanie na gidrokhimicheskiy rezhim [Evaluation of the water balance of the Aydar-Arnasay
lake system and its impact on the hydrochemical regime]. Retrieved from http://eecca-water.net/file/
eshchanov-belikov1112.pdf (in Russian).

Galperin R.I., Burlibaeva D.M., Zhanabaeva Zh.A. (2018) Maksimal'nye urovni i raskhody vody
reki Syrdar'ya v sovremennykh usloviyakh. Gidrometeorologiya i ekologiya [Maximum water levels
and discharges of the Syr Darya River under current conditions]. Hydrometeorology and ecology,
(1). — P. 75-83 (in Russian).

Heaven S., Koloskov G.B., Lock A.C., Tanton T.W. (2002) Water resources management in the
Aral Basin: A river basin management model for the Syr Darya. Irrigation and Drainage, 51(2). — P.
109-118. https://doi.org/10.1002/ird.42 (in English).

Ibatullin S.R., Kenshimov A.K., Vagapov R.I., Karlykhanov O.K. (2008) Kontrregulyator
Koksarai na reke Syrdar'ya. Vodnoye khozyaystvo Kazakhstana [Koksarai counter-regulator on the
Syr Darya River]. Water management of Kazakhstan, (3). — P. 1418 (in Russian).

Karlykhanov T.K., Ibatullin S.R., Karlikhanov O.K., Daldabaeva G.T. (2016) Aral: proshloe,
nastoyashchee, budushchee [Aral: past, present, future]. — Folio. — 35 p. (in Russian).

Karlykhanov O.K. (2006) O tselesoobraznosti stroitel'stva kontrregulyatora v nizov'yakh reki
Syrdar'ya. Sovremennye problemy Aralo-Syrdar'inskogo basseyna [On the feasibility of constructing
a counter-regulator in the lower reaches of the Syrdarya River. Current problems of the Aral-Syrdarya
basin]. UNDP Newsletter, (5). — P. 95-100 (in Russian).

Karlykhanov O.K., Balgerey M.A., Ongarbayeva A. (2014) Design decision estimation. Journal
of Water Resource and Protection, 6. — P. 1404—1411. https://doi.org/10.4236/jwarp.2014.615129 (in
English).

Karlykhanov O.K., Ibraev T.T., Shonbaeva G.A., Bakbergenov N.N. (2008) Rekomendatsii
po upravleniyu i ispol'zovaniyu vodnykh resursov v nizov'yakh reki Syrdar'ya s uchetom zimnikh
pavodkov [Recommendations for the management and use of water resources in the lower reaches of
the Syr Darya River, taking into account winter floods] (in Russian).

Mashukov P.M. (1969) Gidrometeorologicheskie usloviya zimnikh pavodkov na reke Syrdar'ya.
Gidrometeoizdat [Hydrometeorological conditions of winter floods on the Syr Darya River.
Hydrometeoizdat]. — 139 p. (in Russian).

Matsuura K. (2004). Water vision of the Aral Sea basin for 2025. UNESCO. — 131 p. (in English).

Mustafaev Zh.S., Ryabtsev A.D., Balgerey M.A., Karlykhanov O.K., Omarov K. (2005) Problemy
zimnikh pavodkov na reke Syrdar'ya. Gidrometeorologiya i ekologiya [Problems of winter floods on
the Syrdarya River]. Hydrometeorology and ecology, (3). — P. 73-92 (in Russian).

Nikanorova A.D. (2016) Strategii razvitiya oroshaemogo zemledeliya v Tsentral'noy Azii v
usloviyakh nestabil'nogo transgranichnogo vodopol'zovaniya: primer Ferganskoy doliny [Strategies
for the development of irrigated agriculture in Central Asia under conditions of unstable transboundary
water use: the example of the Fergana Valley]. Innovations and investments, (8). — P. 92-96 (in
Russian).

Paisley R.K. (2018) International watercourses, international water law and Central Asia. Central
Asian Journal of Water Research, 4(2). — P. 25-51. https://doi.org/10.29258/CAJWR/2018-R1.v4-2/1-
26 (in English).

Proekt regulirovaniya reki Syrdar'ya i Severnogo Aral'skogo morya: Itogovyy otchet. (n.d.).
Kazgiprovodkhoz [Syr Darya River and Northern Aral Sea Regulation Project: Final Report]. (n.d.)
(in Russian).

360



ISSN 2224-5278 1.2026

Tursunov A.A. (2002) Ot Arala k Lop Noru: gidroekologiya endoreynykh basseynov Tsentral'noy
Azii [From the Aral Sea to Lop Noru: Hydroecology of Endorheic Basins of Central Asia]. — Almaty.
— 384 p. (in Russian).

Vagapov R.I., Bayalimov D.A. (2006) Problemy obespecheniya bezopasnosti Shardarinskoy
plotiny i predotvrashcheniya zatopleniya nizov'ev reki Syrdar'ya [Problems of Ensuring the Safety of
the Shardara Dam and Preventing Flooding in the Lower Reaches of the Syrdarya River]. Retrieved
from https://unece.org/DAM/env/water/damsafety doc/Bayalimov (in Russian).

Vagapov R.I., Ibraev T.T., Karlykhanov O.K. (2008) Sovremennoe sostoyanie i perspektivy
ispol'zovaniya vodnykh resursov basseyna reki Syrdar'ya [Current status and prospects for the use of
water resources in the Syrdarya River basin]. — Monograph. — Almaty. — 244 p. (in Russian).

361



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/
ethics.

Submission of an article to the journals of the Central Asian Academic Research Center
LLP implies that the described work has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier. com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The Central
Asian Academic Research Center LLP follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of
Suspected Misconduct (http://publicationethics. org/files/ u2/New_ Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service
http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor
and safeguard publishing ethics.

[IpaBuia opopMIICHHS CTaThH VIS ITyOIUKAIIMY B )KypHAJIE CMOTPETh HA CalTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

OTBeTCTBEHHBIH penakTop A. bomanxwize
Penaxropst: /.C. Anenos, T. Anenoues
Bepctka Ha xommstorepe: 17 /]. JKaowipanosoii

ITonmucano B reuars 06.02.2026.
®opmar 70x90'/,,. 20,5 m.m1.
3aka3 1.

«Central Asian Academic Research Centery LLP
Anmamet, [llesuenko k-ci, 28





