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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 article discusses the issues of ensuring the reliability of hydraulic
structures and reducing the risk of floods in the Turkestan region. The relevance of
the study is related to the complex engineering, geological and seismic conditions
of the region. Relevance. In particular, the distribution of water—saturated alluvial
and deluvial soils, high groundwater levels (1.5-3.0 m), and 7-8-point seismic
activity of the territory have a significant impact on the stability of hydraulic
structures. These conditions can lead to increased filtration costs, deformations,
and accidents. In the Republic of Kazakhstan, since most of the water resources
depend on transboundary rivers, reservoirs are of strategic importance. However,
their destruction is likely to lead to large-scale hydrodynamic disasters. Objective.
The objective of the study is to assess the reliability of hydraulic structures and
reduce the risk of catastrophic floods in the Turkestan region under complex
engineering-geological and seismic conditions. Methods. In this regard, the study
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applied engineering and geological studies, analysis of the operational condition
of hydraulic structures and methods of forecasting catastrophic floods. During the
study, the catastrophic flood zones were divided into four groups based on the
speed of flood propagation, wave height and distance to populated areas. At the
same time, the volume of possible losses was estimated by population density, the
effectiveness of the warning system, the duration of floods, and natural and climatic
factors. The possible consequences of destruction in the event of a magnitude 6—8
earthquake have been modeled for the Shardara reservoir (5.7 billion m3), the
Koksarai counterregulator (3 billion m3) and the Bogen reservoir (370 million m3)
in the Turkestan region. Results. As a result, zones of possible flooding of nearby
settlements have been identified. The study also estimated the scale of possible
losses depending on demographic, climatic and operational factors. Conclusions.
Scientifically sound recommendations have been developed aimed at improving
the safety of hydraulic structures.

Keywords: hydraulic structures, floods, hydrodynamic accidents, engineering
geology, seismic hazard

For citations: Nurseitov Sh., Alsheriyev E.T., Dossaliyev K.S., Ismailov B.A.,
Abdrasilov L. Hydraulic Engineering and Geological Prerequisites for Flood
Safety in the Turkestan Region. News of the National Academy of Sciences of the
Republic of Kazakhstan, Series of Geology and Technical Sciences. 2026. No.3.
Pp. 215-230. DOI: https://doi.org/10.32014/2026.2518-170X.650

©Hypcenros L., Dmmepues E.T.*, locaaues K.C., Ucmannos B.A.,
Abapacuios Jl., 2026.
M.Oye3oB ateiHarsl OHTYCTiK Kasakcran yauBepcuteti, LlpimkenT, KazakcraH.
*E-mail: mr.alsheriev@mail.ru

TYPKICTAH OBJIBICBIHAATBI CY TACKBIHBIHA KAPCbI
KAYIHICIBAIKTI THAPOTEXHUKAJIBIK KAMTAMACBI3 ETY KOHE
I'EOJIOT'UAJIBIK AJIFBIIIIAPTTAP

Hypceutos lloxan — PhD gokropant, M.Oye30B arteiHaarsl OHTYCTIK Ka3zakcTan yHHBEpCHTET,
IIsmvkenT, Kazakcran,

E-mail: magistr1957@mail.ru, https://orcid.org/0009-0001-6075-6892;

Ouamepues Epaayner — PhD noxropant, M.Oye30B arbiagarel OHTYCTiK KazakcTan yHHBEpCHUTET,
IIsmvkenT, Kazakcran,

E-mail: mr.alsheriev@mail.ru, https://orcid.org/0000-0002-5942-1200;

HocanueB Kanar — PhD, M.Oye3oB arbianarsl OHTycTik Kazakcran yHuBepcureTi, LLIbIMKeEHT,
Kazakcran,

E-mail: dosaliev_k@mail.ru, https://orcid.org/0000-0002-5423-9231;

HcemaunnoB bBaxeiT:kan — PhD, M.OyesoB areiHmarsl OHTycTik KasakcraH yHHBEpCHTETI,
IIsmvkenT, Kazakcran,

E-mail: ismailov_b_a@mail.ru, https://orcid.org/0000-0003-0925-5408;

216



ISSN 2224-5278 3.2026

AoapacunoB Jlecoek — TexXHHMKA FBUIBIMJAAPBIHBIH KaHIuaatel, M.Oye30B areHaarsl OHTYCTIK
Kasakcran yausepcureri, LlsivkenT, KasakcraH,
E-mail: aruaray@mail.ru, https://orcid.org/0009-0004-9183-3987.

An"oranusi. Makanaga TypkicTaH OOJBICBIHAAFBl  THAPOTEXHUKAJBIK
KYPBUIBICTAPJIBIH CEHIM/IUNTIH KaMTaMachl3 €Ty »OHE Cy TacCKbIHBI KayIliH
TOMEHJICTY MOceJeNiepl KapacThIpbUIFaH. O3zexminici. 3epTTEyAiH ©3EKTiIITi
aliMaKTbIH  KYpHeNli  HWHKEHEPNIK-TCOJIOTHSUIBIK ~ JKOHE  CEHCMHUKAJbIK
KaraaiaapeIMeH OaiaHBICTBI. ATall alTKaHAa, CyFa KaHBIKKaH aJTIOBUAJIIbI
KOHE JETIOBHAIIBI TONBIPAKTAPIABIH Tapajiybl, K€p acTbl CyJaapbl JICHIeHiHIH
xorapbl Oomysl (1,5-3,0 M), conpaii-ak ayMakTblH 7—8 OalJbIK CEHCMUKAIBIK
OeJICeHNIr THAPOTEXHUKANBIK KYPBUIBICTAPABIH TYPaKThUIBIFbIHA alTapIIBIKTAN
ocep etemi. byn skarmaimap CysinynmiH apTyblHa, AeopManusiapra SKoHE
amaTtTapra ansln Kenyi MyMKiH. Kasakcran PecryOnukaceinaa cy pecypcrapblHbIH
OacelM 0eJiri TpaHCHICKapalblK ©3CHJEpre TOyelJi OOJFaHJBIKTaH, CYy
KoHManapbl CTpaTeTHsUIBIK MaHbI3Fa ue. Anmaiifa onapAblH OY3bUTYBI ayKbIMIIbI
THJIPOIMHAMHKAIIBIK arlaTTapra oKeslyl bIKTUMal. Maxcamul. 3epTTEYIIiH MaKcaThl
— KYPZei MHKEHEePIiK-Te0JIOTUSUTBIK J)KOHE CeHCMUKAaIBIK XKaraainapaa Typkicran
OOJNIBICBIHAFBl THAPOTEXHUKAJIBIK KYPBUIBICTAPABIH CEHIMIUTIrIH Oaranay >KoHe
amaTThl Cy TACKBIHBI KayTiH TOMEHAETY. Oaictepi. Ockiran OaillaHBICTHI 3epTTEyIe
WH)KEHEPITIK-TEONOTUSIIBIK ~ 13ACHICTEP, THAPOTEXHUKANIBIK KYPBUIBICTAP IBIH
naiianany >KaraiblH Tajjay »KOHE amaTThl Cy TacKbIHAAPBIH OoipKay omicTepi
KOJIJaHBUIIABL. 3epTTey OapbIChiHIA amarThl cy 0acy aiMakTapbl TACKbIHHBIH
Tapany JKbUIJAaMJIBIFbIHA, TOJIKBIH OWIKTITIHE KOHE eNJli MEKCeHIepre JeHiHTi
KAlIBIKTBIKKA Kapail TepT Tomka OesiHai. COHBIMEH KaTap BIKTUMAll IIBIFBIH
KeJIeMi XaJIbIK THIFBI3/IBIFbL, Xa0apIaHAbIpy KYHECIHIH THIMALTIT, CY TACKBIHBIHBIH
Y3aKTHIFBI )KOHE TAOUFU-KIMMATTHIK (pakropnap Herizinae Oaramanasl. Typkicran
obnbiceiHnarsl [llapaapa cy xoiimacsr (5,7 mapa m*), Kekcapait koutpperrerimii (3
wipa m*) skoHe beren cy kKoiimach! (370 mutH M*) yiriH 6—8 GasIbIK xKep CUIKiHiCT
KargaWblHOAFel Oy3buly cajjapbl MonenbiaeHni. Horwkenepi. Hotwmwxkecinae
KaKblH OpHAJAacKaH eNjii MeKeHAEPiH bIKTUMAaJ cy 0acy alMaKTapbl aHBIKTAJIbI.
CoHBIMEH Karap 3epTTey JeMOorpaQusuiblK, KINMAaTTBIK JKOHE Maiijaiany
(dakTopnapeiHa OaiaHBICTBl BIKTHUMAJ IIBIFBIH KOJIEMiH OaramayFa MYMKIHZIK
Oepai. KopbITeiH AL ['HIpOTEeXHUKATBIK KYPBUTBICTAPIBIH Kay1MCI3IT1H apTThIpyFa
OarpITTaJIFaH FBUIBIMH HET13[eJITeH YCHIHBIMIAP d31pIeH .

Tyiiin  ce3mep:  T'MAPOTEXHUKAJBIK  KYpBUIBICTApP, Cy  TacKbIHBI,
THJIPOIMHAMHKAIIBIK amlaT, MHKEHEPIIiK Te0JIOTHsl, CEHCMUKAIBIK Kayir
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AHHOTAUMA. Axmyarenocms. B cTarbe paccMaTpUBarOTCS  BONPOCHI
o0ecriedeHUs] HAICKHOCTH THAPOTEXHUUYECKUX COOPYKEHUH M CHHWIKECHUS pPUCKA
HaBoAHeHU B TypkecTaHCcKo001acTH. AKTYyallbHOCTh HCCIIEJOBaHU 00y CII0OBICHA
CIIO)KHBIMM ~ WHXXEHEPHO-T€OJIOTMUYECKUMH W CEMCMMYECKMMM  YCIIOBHSIMHU
peruona. PacripocrpaHeHue BOJOHACBIEHHBIX AJUIIOBUAIBHBIX U JEIOBHAIBHBIX
IPYHTOB, BHICOKUI ypoBeHb I'pyHTOBBIX BoA (1,5-3,0 M), a Takke CEHCMUYHOCTh
TEPPUTOPUH B 7—8 OAIIIOB OKa3bIBAIOT CYLIECTBEHHOE BIHMSIHHE HA YCTOMUYMBOCTD
THJIPOTEXHUYECKUX COOPYKEHUH. ITH (HaKTOPBI MOTYT IPUBOAMTD K YBEINUCHUIO
(GUIBTPAMOHHBIX PAacXojoB, xAedopManusM W aBapHilHBIM CHTyauusiM. B
PecnyOnuke KaszaxcraH, rne 3HadynTeNIbHAs 4acTh BOAHBIX PECYPCOB 3aBHCHUT OT
TPaHCTPaHUYHBIX PEK, BOAOXPAHUIINIIA UMEIOT CTPATErNYE€CKOE 3HAYCHUE, OJJHAKO
WX pa3pylIeHHE MOXKET MOBJICYb MaclITa0HbIE THAPOAMHAMUYECKHUE KaTacTPOQBI.
Lenv. OueHUTh HAICKHOCTh THAPOTEXHUUECKUX COOPYKEHUI 1 000CHOBATh MEPHI
M0 CHM)KEHUIO PUCKA KaTacTpopuuecKux HaBonHEeHHI B TypkecTaHCKOl obnacTu
C YYETOM CIJIOKHBIX HMHXCHEPHO-TEOJIOTUYECKHX U CEHCMHUYECKUX (HaKTOPOB.
Memoowi. B uccienqoBaHuy TpUMEHEHBI HHKCHEPHO-TEOJIOTUYECKUE U3bICKAHMS,
AHAJIU3 OKCILIyaTallUOHHOIO COCTOSHUS THAPOTEXHUUYECKUX COOPYKEHUM U
METO/Ibl MPOTHO3UPOBAHMSI KaTaCTPOPUUSCKUX HABOTHEHHUN. 30HBI BO3MOXKHOTO
KaTacTpo(UYECKOTO 3aTOIUICHUS] ObUIM paslefieHbl Ha 4YeTbpe TPYHIbl 10
CKOPOCTH PACHPOCTPAHEHHUs IABOAKOBOW BOJIHBI, €€ BBICOTE U YAAJIECHHOCTH
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OT HACEJECHHBIX IMyHKTOB. OOBbEM MOTEHIMAJILHOIO YyIiepOda OLEHUBAICA C
Y4eTOM IUIOTHOCTH HacesieHus,, 3((QEKTUBHOCTH CHCTEMBl OIOBEILECHMUS,
MPOIOIDKUTEIILHOCTH HABOAHEHUS, @ TAKXKE MPUPOJHO-KINMATHIECKUX (PaKTOPOB.
CMonennpoBaHbl BO3MOKHBIE TOCIEACTBHSA pa3pyLIEHUS TPH 3EMIIETPSICEHUU
Marautygon 6-8 OammoB mns IllapmapuHCKOro BOIOXpaHHIIUIIA O0BEMOM
5,7 mapa m°, xkoutpperynstopa Kokcapait oosemom 3 mupa m* u Borenckoro
Bofoxpanuauia oorsemom 370 muiH M* B Typkectanckoil obiactu. Pesynvmamuyl
u 6b1600bl. B pe3ynprare HCCIEAOBAHHMS ONPENEICHBl 30HBI BO3MOXHOIO
3aTOIUICHUS] OJM3JICKALIMX HACEJNCHHBIX IYHKTOB M BBIIOJIHEHA OLIEHKA
MaciTaboB MOTEHIMAJIBHOTO yliepda B 3aBUCHUMOCTH OT JAeMOrpaduyecKux,
KJIMMAaTHYECKUX M JKCIUTyaTallMOHHBIX (PAaKTOPOB. YCTaHOBJIEHO, YTO COYCTAHHE
BBICOKOTO YPOBHSI I'PYHTOBBIX BOJ, BOJJOHACBIIICHHBIX I'PYHTOB U CEHCMHUUYECKON
AKTUBHOCTH TIOBBIIIACT BEPOATHOCTH JedopManuii W aBapUHHBIX CHUTyalui
Ha THAPOTEXHUUYECKHX oObekrax. PaszpaGoransl HaydyHO 00OCHOBAaHHBIC
PEKOMEHJalluu, HallpaBJICHHbIC HA MOBBIIICHHE 0€30MaCHOCTH THAPOTEXHUYECKUX
COOPYKECHUH, COBEpPIICHCTBOBAHME CUCTEMbl MOHUTOPHUHTA, YTOUHEHHUE CLICHAPHEB
aBapuITHOTO pearupoBaHMs U CHIDKEHHE PHCKA KaTacTpo(pUUECKUX HABOJHCHUH B
peruoxe.

KiroueBble  cj10Ba:  THIPOTEXHUYECKHE  COOPY)KEHHS, HABOJHCHHS,
THJIPOIMHAMHYECKUE aBapUH, HHKCHEPHAS T'€0JIOTHs, CEHCMHUUYECKasi OaCHOCTb

Introduction. One of the most pressing problems in the Republic of Kazakhstan
is the dependence of rivers on the volume of water. This issue is resolved by
holding annual meetings with Russia, Kyrgyzstan and the Republic of Uzbekistan.
However, built reservoirs can not only cause environmental consequences, but also
lead to very large-scale emergencies in the event of destruction. As an example, we
can also cite the incident in the Sardoba reservoir, which occurred in the region. In
other words, in addition to the benefits mentioned above, there are also dangerous
aspects of reservoirs.

In the study, operational forecasting of flood consequences is based on the
allocation of four zones of catastrophic flooding in the flooded area, depending
on the speed of water flow, the height of the flooded wave and the distance of the
settlement from the place of the beginning of the flood, which were divided into
four groups. The lowest is 6-12 km, the second, the third is 30-50 km, and the
fourth group is 36-70 km.

The amount and structure of losses will vary depending on the population
density in the flood zone, the timeliness of reporting, the distance of the settlement
from the place and location of the beginning of the flood, the height of the flood
wave and the time of its passage, the temperature of water and ambient air, the
time of day and other features.

Flood zones of nearby settlements resulting from possible magnitude 6, 7, and
8 earthquakes were calculated for the Shardara Reservoir (5.7 billion m?), the
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Koksaray counter-regulator (3 billion m*) and the Dam Reservoir (370 million
m?).

Materials and Methods. The consequence of a hydrodynamic accident is a
catastrophic flood, during which nearby areas are rapidly inundated by a breach
wave. The scale of the consequences depends on the technical condition and
parameters of the hydraulic structure, the degree of destruction of the hydraulic
structure; the volume of water in the reservoir; the characteristics of the breach
water wave and catastrophic flood, and many other factors (Aubakirova et al.,
2022; Gupta et al., 1979).

During a catastrophic flood, the damaging factors include a breach wave and the
duration of the flood. A breach wave is a wave that occurs in the frontal direction
of a burst water flow. It has a significant height and speed of movement, so it is
characterized by a high destructive force. This wave refers to shear waves capable
of carrying a large mass of water in the process of movement, in connection with
which a breach wave is considered as a mass of water moving along a river and
constantly changing its parameters - shape, size, speed. The longitudinal section of
the breach water wave is shown in Figure 1 (Kusainov, 2013; Tellman et al., 2021).

In an accident on hydraulic structures, a damage zone is formed. The damage
zone is the territory that is accompanied by catastrophic flooding of the terrain,
damage and destruction of buildings and structures, damage and death of people,
animals and agricultural crops, damage and destruction of production raw materials,
fuel, food and the surrounding natural environment. During the explosion of
hydraulic structures, there is a threat of catastrophic flooding of settlements in
large areas (Xu et al., 2024; Balaian et al., 2024).

Location of the broken water station

Calculated waveform in flood

Wave end

Actual waveform in flood

Front line of the wave

River water level reduction zone River water level rise area

A
\

Figure 1. longitudinal section of the disturbance wave h - domestic level of water in the river;
H, - wave height; H — flow height; V- wave peak; Vo™ right-end of the wave; V_ - front line

k front
of the wave.

220



ISSN 2224-5278

3.2026

The need for emergency flooding to be divided into four zones, depending on
the speed of water flow in the flooded area, the height of the water discharge wave
and the distance of the settlement from the hydraulic structure, is shown in Figure
2 (Vasilevskii et al., 1993; Rentschler et al., 2023).

t = 30 min

NEAR-DAM
FLOOD ZONE

t = 50-60 min

NEAR
FLOOD ZONE

V = 15-20 km/h

t=2-3h

MIDDLE
FLOOD ZONE

V = 10-15 km/h

t=4h

FAR
FLOOD ZONE

V = 6-10 km/h

LIMIT OF FLOOD
INUNDATION

1 i 111 v
R! = 6-12 km RZ = 15-25 km R? = 30-50 km R4 =36-70km |

t - Time after dam failure
V - Flood wave velocity
R - Distance from dam

Figure 2. Flood zones.

The first zone of catastrophic flooding is adjacent directly to the hydro
construction and extends for 6-12 km, the wave height reaches several meters
(depending on the depth of the water in front of the dam, that is, the depth of the
pit). The breach (flow) wave in this area is characterized by a strong flow of water
at a speed of 30 km/h. The passage time of the breach wave is 30 min.

The second zone is a zone with a fast current of 15-20 km/h, the length of the
zone from the hydroelectric facility is 15-25 km., the passage time of the wave is
50-60 min.

The third zone is the zone of medium flow at a speed of 10-15 km/h and up to
30-50 km from the dam, the passage time of the breach wave is 2-3 hours.

The fourth zone is the weak flow (Spill) Zone, the flow rate is 6-10 km/h, its
length depends on the terrain and can be 36-70 km from the hydro construction.

The beginning of the wave is represented by a front line that moves forward
when moving at high speed. It can be quite steep in conditions of movement of
large waves near the hydraulic installation, and also slow down in case of distance
from the hydraulic installation. The peak of the wave is the largest height of the
wave, which moves slower than the front line, and the end of the wave has an even
lower speed of movement. Since the three speeds of water movement differ, the
wave stretches along the river, which leads to a decrease in height and an increase
in travel time. Depending on such parameters as the height of the wave, the slope
of the river in different sections, the same location of the bottom of the channel,
the roughness of its surface, temporary acceleration of the wave movement can
be observed from time to time, which can also be characterized by its rotation
(Akhmedov, 2004; Bata et al., 2022).

A breach wave is the main damaging factor associated with the destruction of
the hydraulic structure.
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To determine the engineering situation, the parameters of the breach wave are
determined: wave height, flow depth, speed of movement, wave front line, time
for the ridge and end of the wave to reach the calculated cereals, the duration of
the passage of the wave through the cereals (Bandini et al., 2018; Barinov, 2003;
Blinov, 2003).

The speed of movement and the time it takes for wave points to reach the
calculated cereals located on the river below the V.. . Vpeak, V. ding beowo tpeak, t ing
and water junction.

The duration of the passage of water is determined by 7 the time of movement
of waves through cereals. It is calculated as T sum of the t, . of the rise time
of the water and the t, . ~of the fall time, or the difference between  ding and t

In the process of analysis, the calculation of the volume of the reservoir is
carried out according to the expression:

Wp = 228 (1)

Where: W, — reservoir volume, mill. m?;

H, - reservoir depth, m;

S, — Reservoir area (flood area), m*

3 — the width of the reservoir in front of the dam, m.

The slope of the river bottom, which is used to calculate the average speed of
the disturbance wave, is calculated using the following expression:

_ _SBavhp
WM(M+1) ()

Where: W — reservoir volume;

84y — the width of the river;

H, —river depth below dam;

M — parameter characterizing the shape of the cross section of the river
according to figure 3

Cross-sectional shape of a river channel

Figure 3. The Shape of the cross section of the river bed.

B,, — h, the average width of the river at altitude;
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B, — width of the opening, m;
h — river roughness coefficient.

Determining the height of the breach wave is carried out according to the
expression below:

H,=0,6H—h, 3)

Where: Hy — the height of the breach wave, m;
H — depth of the reservoir in the dam, m;
H, — the depth of the dam-type river, m.

The calculation of the time of passage of the breaking wave through the cereal
of the broken dam is carried out according to the formula as follows:

_ Wi-A
1™ 3600-u-B;-HVH “4)

where: T, — the time of passage of the breach wave, h.;
W, — reservoir volume;

A — coefficient of curvature of the reservoir, 2;

p — parameter characterizing the shape of the riverbed;
B, — swing width, m;

H — the depth of the reservoir in front of the waterworks.
The Shape of the channel is parabolic, u=0.6 on 1 wing.

The determination of the time for the breach wave to reach the first cereal
located at a distance of 3 km is determined by the expression below.

=1 5)

where: L, — length of the I-th section of the river;
V, — length of the first section of the river;

Results. Shardara Reservoir (5.7 billion m?). The potential flooding area in the
event of a dam failure is approximately 16,000 square kilometers. The potential
flood zone includes 42 settlements of Shardara, Arys, Otrar and Sauran districts
with a population of 88,232 including:

Shardara district - 60,391 people, including (Figure 4):

Shardara district center - 12,094 people, Turysbekov settlement - 6,360 people,
Akberdy settlement - 231 people, Bozai settlement - 84 people, Pishentobe
settlement - 14 people, Koksu settlement - 7,068 people, Kosseit settlement -
4,965 people, Aidarkol settlement - 543 people, Baspandy settlement - 264 people,
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Zholasar settlement - 329 people, Uzun Ata settlement - 4,751 people, Alatau Batyr
settlement - 9,296 people, Kyzylkum settlement - 2,659 people, Sutkent settlement
- 3,038 people, Akaltyn settlement - 2,645 people, Kazakhstan settlement - 2,875
people, Dostyk settlement - 3,175 people.

Arys city - 8,126 people, including:

Baiyrkum settlement - 3,175 people, Kozhatogay settlement - 2,118 people,
Baitogay settlement - 941 people, Shogirli settlement - 753 people, Zhusaly set-
tlement - 90 people, Kokzhide settlement - 1,020 people, Akyn-Zhakyp settlement
- 9 people, Takyrkol settlement - 7 people, Togayly settlement - 13 people.

Otrar district - 16,558 people, including:

Zhankel settlement - 191 people, Akkum settlement - 1,914 people, Sarykol
settlement - 479 people, Yzakol settlement - 276 people, Koksarai settlement -
4,965 people, Ushtam settlement - 211 people, Kolkudyk settlement - 805 people,
Shengeldi settlement - 625 people, Kosterek settlement - 736 people, Mayakum
settlement - 3,249 people, Baltakol settlement - 2,725 people, Akkol settlement -
382 people.

Sauran district - 3,157 people, including:

Karatobe settlement - 177 people, Zhalantos settlement - 304 people, Kozhanov
settlement - 829, Ondassynov settlement - 1,847 people (Table 1).

Table 1. The number of inhabitants of settlements in the zone of possible flooding in the event
of an explosion of the Shardara reservoir.

Names of localities Shardara district Otrar district Arys city Sauran district
Number of residents 60 391 16 558 8126 3157

©.Chernak

o Turkistan
(§O4} o~
hhhhh (829) A
| e A) ER
\1

0 Sauran

Sheripli 753) &

,/ | Kozhatogay (2118) A
4

Figure 4. Areas of possible flooding of the Shardara reservoir due to destruction.
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Koksarai counter-regulator (3 billion m?). The potential flood area is
approximately 13,207.52 sq km (13,20752 ha). The potential flood area includes
13 settlements. Otyrar district - 11 settlements and Sauran district - 2 settlements,
including (Figure 5):

Otyrar district - 14,316 people, including:

— Baltakol settlement - 2,725 people, Koksarai settlement - 4,965 people,
Shengeldy settlement - 625 people, Zhankel settlement - 191 people, Yzakol
settlement - 276 people, Mayakum settlement - 3,249 people, Bestam settlement
- 151 people, Kosterek settlement - 736 people, Akkol settlement - 382 people,
Kulkumyk settlement - 805 people, Ushtam settlement - 211 people.

Sauran district - 421 people, including:

— Karatobe settlement - 135 people, Zhalantos settlement - 286 people (Table 2).

Table 2. The number of inhabitants of settlements in the zone of possible flooding in the event
of an explosion of the Koksaray reservoir.

ljfames Kok [Maya Efl_ Kol Kos- [Shen [Ak il;a— Yza | Ush [ Zhan | Bes | Kara
... |sarai |kum kuduk |terek [geldy |kol kol |tam |[kel |tam |tobe

localities kol tos

Number

of 4965 13249 |2725 | 805 736 625 382286 (276 |211 [191 |151)135

residents

KOKSARAY RESERVOIR -
POTENTIAL FLOOD ZONES

In case of dam failure

7 Turkestan I Severe Flooding
(0-5 m deep)

P
-

..
< ;

Moderate Flooding
(0-2 m deep)

Low Flooding
(0-0.5 m deep)

— — — Estimated Flood Extent

Major Roads

Bestam (151 m) A

\ A
Kosterek (736 m) A

\‘ H AT/A %y
_oSyrDarya- -~

| /o Bairkum
Figure 5. Areas of possible flooding of the Koksaray reservoir due to destruction.
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3. Bogen reservoir (370 million m®). The potential flood area is 1200 sq. km.
The flood zone includes 11 settlements of Ordabasy and Otyrar districts with a
population of 29,005, including:

Ordabasy district - 11,763 people, including (Figure 5):

— Bogen settlement - 1124 people, Tortkul settlement - 3457 people, Karakum
settlement - 1871 people, Arystandy settlement - 946 people, Spataev settlement -
2428 people, Kokaral settlement - 1937 people.

Otrar district - 17,242 people, including:

— Baltakol district - 4,738 people, Eski Shilik district - 2,717 people, Zhana
Shilik district - 2,265 people, Kargaly district - 3,341 people, Komsomol district
- 4,181 people (Table 3).

Table 3. Population of settlements in the area of possible flooding in the event of a breach of
the Bogen reservoir.
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Figure 6. Zones of possible flooding due to the destruction of the Bogen reservoir.
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The studied territories are characterized by a variety of engineering and
geological conditions: there are both dense loams and water-saturated alluvial
deposits, sometimes subsident soils (Brovko et al., 2017; Brovko et al., 2020;
Ibragimov et al., 2023). Groundwater, as a rule, lies at a shallow depth, which, with
a high level of moisture, increases the risk of filtration and coastal erosion. Man-
made changes in riverbeds are recorded in some areas, which require enhanced
coastal protection measures (Table 4).

Table 4. Engineering and geological conditions of the Turkestan region.

Ne | Type of soil Characteristic Impact on the flood situation
1 | The loam is dense Medium water permeability, |Slow down infiltration, enhance surface
prone to swelling runoff
2 | The sands are fine High filtration, unstable when | We also increase the channel’s risk of
and dusty saturated with water blurring
3 | The clays are heavy |H, cracked when drying, high | Reduce infiltration, promote surface
water permeability runoff
4 | Loess and loess-like | Subsidence during soaking Dangerous for foundations and
loam hydraulic structures
5 | Pebbles and gravel | High filtration, durable They can reduce flood water levels with
deposits significant layer capacities.

Cases of local floods caused by heavy rainfall were also documented, indicating
the extent of flooding, the number of evacuated people, and the volume of water
pumped out.

The methodological basis of the study combined the analysis of accounting
documents, field surveys, and hydrological data using a comparative descriptive
approach to assess the effectiveness of the measures taken.

Discussion. As a result of the surveys, a number of problems were identified
that reduce the long-term effectiveness of the measures carried out and require a
comprehensive solution.

Deterioration of hydraulic structures. A significant part of dams, reservoirs and
bank protection facilities have been operated without major repairs for more than
30 years, which leads to a decrease in the strength of structures, destruction of
individual elements and an increased risk of accidents under extreme loads.

Geotechnical conditions. The presence of collapsible loess and water-saturated
alluvial deposits poses a threat of loss of stability of structures under prolonged
exposure to water. Such soils require special strengthening technologies, which
increases the cost and timing of projects.

Seismic factor. Turkestan region belongs to a seismic hazardous area (7-8
points), which increases the likelihood of combining flood and seismic impacts.
This combination can cause an emergency not only on worn-out hydraulic
structures.

Preservation of local floods. Even with the implementation of milestones,
local flooding occurs in the region due to relief, clogging of drainage systems and
unauthorized development of floodplains.
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In the long term, the introduction of intelligent monitoring systems, the
expansion of the network of hydraulic structures and increased coordination
between departments will reduce flood damage and create a more sustainable
water management system in the region (Dossaliyev et al., 2024; Joldassov et al.,
2023; Zarubin et al., 2025).

Conclusions. During the analysis of emergencies of natural and man-made
nature in the Turkestan region, it is shown that the development of safety
measures for residents is one of the biggest future problems (Kryucek et al., 2006;
Rakhymberdina et al., 2022; United Nations Office for Disaster Risk Reduction,
2015).

In the process of solving these problems, there is a need to conduct analyses
of possible flooding due to rainfall in the region, destruction of houses during an
earthquake, stoppage of production, interruption of engineering networks, and,
one of the most important human costs, to prepare residents not only technically,
but also psychologically. In the event of an emergency, local executive bodies and
specially created headquarters need to organize the creation of an emergency team.

The geological conditions of the region, including the composition and
properties of soils, play a key role in the development and consequences of
emergencies. In the Turkestan region, both sandy and sandy loam soils with high
filtration capacity, as well as loams and clays with low water permeability, are
common, which contributes to surface water retention and increases the risk of
flooding.

Loess subsidence soils are found in some areas, which, when moistened, sharply
lose their bearing capacity, causing deformations of buildings and engineering
structures. In areas with high groundwater levels, erosion and landslides are an
additional danger, especially during seismic impacts. It is known to all of us that
in the spring of 2024, due to the melting snow water, heavy rains, and the frozen
ground not absorbing water, there was a flood in the north, east, and west of our
country, which has not happened in the last 80 years.

Such floods are expected, including on our major rivers. We know what the
maximum losses are likely to be, but it is very difficult to predict when they will
occur. Therefore, taking into account natural and man-made emergencies that may
recur in 20, 50, and 100 years, it is very important to develop a special, optimal,
universal methodological guide to ensure the formation of useful, planned skills
that must be done for prevention and the safety of the lives of residents during
disasters.

To eliminate the identified problems, the following is required: a comprehensive
audit of the state of hydraulic structures with the determination of priorities for
repair and modernization; introduction of special technologies for strengthening
the foundations in areas with subsiding and water-saturated soils; development
and implementation of earthquake-resistant design solutions; diversification
of funding sources by attracting funds from international funds and grants;
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modernization of local drainage systems taking into account flood maps and
regular preventive cleaning of canals and rivers; creation of a real-time monitoring
system using water level sensors, weather stations, hydraulic sensors; improving
the preparedness of the population through exercises, creating local emergency
teams and disseminating guidelines.

In the next 5-10 years, the development of the flood control system in
the Turkestan region will depend on an integrated approach, including the
modernization of infrastructure, adaptation to climate change and increased
rainfall. It is predicted that without the implementation of additional measures, the
risk of local floods in rural areas will remain at a high level.
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