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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I Clarivate
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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, mpodeccop, K.M. CaTnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
mupektops! (Anmarsl, Kazakcran) H=2

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XnMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HAayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yanepcutera Hancn
(Haucu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosnornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMepUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [lpesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMUIbeBHY, TOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, UuctutyTr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppectionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonorndecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapbaes yausepcuter (Hypcynras,
Kazaxcran) H=11

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. At present in urban areas the anthropogenic factors impact on groundwater
prevails over natural ones. Relevance of the research is determined by the need to make
justified management decisions on the drainage of urban areas flooded as a result of
industrial and civil construction. The use of mathematical modeling methods allows
to simulate changes in hydrogeological conditions during the operation of different
variants of drainage systems and choose the optimal drainage scheme. Purpose of
the work is to evaluate the efficiency of the designed drainage system with the use of
numerical modeling methods to predict flooding process of Pavlodar territory caused
by the transformation of the relief as a result of construction and water leaks from the
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water supply and sewerage. Studies include the development of geoinformation and
hydrodynamic models of hydrogeological conditions and solving problems of changes
forecasting in groundwater levels as a result of the operation of various drainage systems.
Based on the results of the work the determining role of technogenic factors (water
leakage from utilities, construction of a dam leading to the CHP, etc.) in groundwater
level increase has been confirmed. Four scenarios of the drainage network operation are
reproduced, involving various combinations of horizontal drains and drainage wells,
the possibility of drainage water into the waste discharge into mined-out open pit. The
optimal scheme of water reduction is determined, which consists in the joint use of
horizontal drains and existing drainage wells. The performed studies have shown the
expediency of using hydrogeological numerical modelling methods in solving problems
of evaluating the effectiveness of the designed drainage systems in urban areas.
Keywords: groundwater, flooding, numerical modelling, geoinformation systems
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Annoranus. KazipriyakbITTaKalanbIK Kepiepae ’Kep aCThl CyJapblHa aHTPOIIOTEHIIK
(axTopnapasiH ocepi TaOury akTopiapra Kaparanaa 6ackiM. 3epTTeyaepAiH 03eKTiIir
OHEPKACINTIK )KOHE a3aMaTThIK KYPBUIBIC HOTIKECIHIE CY OacKaH KalajblK ayMaKTapIbl
KypraTy Mocenenepi OOHbIHIIA HerizenreH Oackapy WIemiMaepiH KaObuigay
KaXXETTUIINIMEH aHbIKTanaabl. MaTeMaTHKaJblK MOJAENbIACY ONICTEepiH KOJIAaHy
JpeHax KyHenepiHiH opTYpii HYCKalapbl KYMBIC ICTETeH Ke3[e T'MApPOTeONIOTHSIIBIK,
KaFaalnapaslH e3repyiH MOJeNbAeyre XoHE OHTAWIbl KYpFaTy CXeMachlH TaHIayfra
MYMKiHIiK O6epeni. XKymbicTeiH Makcarsl [1aBnonap k. aymarbiH cy 6acy npobnemMachiH
LIenTy yIIiH )ko0anaHaThlH JpEeHaKABIK KYHe )KYMBICHIHBIH THIMAILTITiH OaFanay OOmbI
TaObUIaAbl, OYJI KYPBUIBIC JKOHE Cy KYOBIpBI MEH Kopi3AeH CYAbIH aFybl HOTHXKECIHAE
penbedTiH e3repyiHeH TybIHIaFaH. 3epTTeyiep THAPOTeONOTHSUIBIK JKaFAaiiapaby
re0aKnaparThIK KoHe THAPOANHAMUKAIBIK MOJAEIbACPIH KYPYIBI JKOHE SPTYPIi APSHAK
KYHenepiHiy KYMbICHI HOTHKECIHJIE JKep acThl Cylaphbl JACHTeHiHiH e3repyiH Oomxay
MoceeNiepiH menryai KaMTuabl. JKyMeic HoTHKesepi OOMbIHIIA Kep acThl CYJIAPbIHBIH
JEeHIeWiH apTThIpyJa TEeXHOTeHMIK (akTopiapAbiH (KOMMYHUKALMAJIApAaH CyAbIH
xoranysl, JKOO-ra amapaTelH OereT caiy jkoHe T.0.) aliKbIHAAyIIbI peii pacTallbl.
Kengenen apenaxnap MeH IpeHaKIBIK YHFbIMaTapAblH SPTYpIi KOMOWHAIMSIAPHIH,
JOpeHaXABIK CyJapAbl KapbepAiH NaiJalaHbUIFaH KEHICTIriHe >ibepy MYMKiHAIriH
KaMTHUTBIH JpeHaKABIK )KETiHIH TOPT CLeHapuili KaiTananasl. KenaeHeH npeHaxxaapasl
*oHe OyprIHHaH Oap ApeHaXIbIK YHFBIMaIapAbl OPTaK MaijanaHylaH TYPaThIH CYIbI
TOMEHJETYIIH OHTaWIbl cXeMachl aHBIKTANAbl. JKyprisiireH 3eprreynep KajalbK
ayMmakrapa >KoOajaHfaH IPEHAXKIBIK XXYHelep *XYMBICBIHBIH THIMIUIIrH Oaranay
MOceeNIepiH MenIyae THAPOreONIOTHsUIBIK JKaFJaiaapabl MaTeMaTHKAIBIK MOJEIBACY
oiCTepiH KONIaHYABIH THIMIUTITIH KOPCETTI.
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AnHoTauus. B HacTosmee BpeMs Ha TOPOACKHUX TEPPUTOPUAX BIHMSHHEC Ha
MMOJI3€MHBIE BOJIBI AHTPOIOTEHHBIX (DAKTOPOB Tpeoliamaer Haa NPUPOIHBIMH.
AKTyanmbHOCTh ~ WCCIEIOBAaHWN  OIpenensercs  HeOoOXOAMMOCTBIO  TPHHATHS
000CHOBaHHBIX YIIPABICHYECKUX PEIICHUH 10 BOMPOCAaM OCYIICHUS TOPOICKUX
TEPPUTOPUI, 3aTOIUICHHBIX B PE3yIbTare IPOMBIIUIEHHOTO M TPaXJAAHCKOIO
CTPOUTEILCTBA. VICONB30BAaHUE METOMOB  MAaTEeMAaTHUYECKOTO  MOJACITHPOBAHMUS
MO3BOJISIET CHIMUTHPOBATh M3MEHEHHE THAPOTEOJOTHYECKHX YCIOBHI Tpu pabore
Pa3IMYHBIX BAPUAHTOB APEHAKHBIX CUCTEM U BEIOPATh ONITUMATBHYIO CXEMY OCYIIICHHUS.
Lenp paborel 3akimodaeTcss B omeHKe S(M(OEKTUBHOCTH pPa0OTHI MPOEKTHPYEMBIX
JIPEHAXKHBIX CHCTEMa METOJaMH MaTeMaTH4YEeCKOrOo MOJCIUPOBAHUS IS PEHICHUS
npoOneMsl MOATOIUICHUs Tepputopun IlaBmomapa, BBI3BAHHOTO MpeoOpa3zoBaHHEM
penbeda B pe3ynbrare CTPOUTENHCTBA M YTEUEK BOJBI U3 BOAOIPOBO/A M KaHAIH3AIHH.
HccenenoBaHrs BKIIIOYAIOT CO3MaHUE TEOMH(POPMAITMOHHOW M THAPOIMHAMHYECKOM
MoJIeNield THAPOTEONIOTHYECKHX YCIOBHA W pelIeHrne 3a7a4 POTHO3WPOBAaHUS
W3MEHEHHUS YPOBHEH TPYHTOBBIX BOJ B pe3yabrare paboThl pa3IUYHBIX APEHAKHBIX
cucreM. [lo pesynasratam pa0OT HMOATBEPKIEHA OIMPEICIIAIONIAs POJIb TEXHOTEHHBIX
(daktopoB (IOTEpH BOABI M3 KOMMYHHUKAI[UMi, CTPOMTENILCTBO Bemymiedr k TOII
namMObl ¥ 7p.) B TOBBIIIEHWH YPOBHS TPYHTOBBIX BOA. Bocmpou3BeneHbl deThIpe
crieHapusi paboThl JPEHAXHOH CeTH, NPEANONararoliie pazIndHble KOMOWHAITUN
TOPHU30HTAIBHBIX JIPEH U IPSHAXKHBIX CKBAXKIH, BO3MOXKHOCTH ITEPEOPOCKH APEHAKHBIX
BOI B OTpabOTaHHOE WPOCTPAaHCTBO Kapbepa. OmpeseneHa ONTHMaibHas cXxema
BOJOIIOHMIKCHUA, 3aKIIOYaromasca B COBMECTHOM HCIIOJIb30BAHUKU TOPU3OHTAJIbHBIX
APE€H KU YKE CYHICCTBYIOIIMX APCHAXKHBIX CKBAXWH. BrimonHeHHBIE HCCJIICJOBaHUA
MTOKa3aJIH IeJIeCO00Pa3HOCTh MPUMEHEHHSI METOIOB MaTeMaTHYECKOTO MOJIEITUPOBAHUS
THIPOTEOJIOTHYECKUX YCIOBUH MPHU pElIeHNH 3a7ad oleHKH 3(dekTnBHOCTH paboTHI
MIPOEKTUPYEMBIX JPEHAXKHBIX CUCTEM Ha TOPOJCKUX TEPPUTOPHUSIX.

KuarwueBble ciaoBa: T1OA3EMHBIC  BOABI, IOATOIUICHHWE, MAaTEeMaTHYE€CKOe
MOJICIUPOBAHUE, TEONH(OPMAIIMOHHBIE CHCTEMBI

Introduction
Currently, anthropogenic activities have a significant impact on the environment
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in general, and groundwater in particular. Intensive construction changes the natural
groundwater regime. In turn, flooding processes pose a threat to the safety of buildings
and structures. Almost 80 percent of Kazakhstan’s territory, more than 200 settlements
are potentially flooded (Smolyar, 2017).

Flooding refers to an increase in the groundwater as a result of a natural or artificial
increase in the incoming part of their water balance, as well as the emergence of
obstacles to their movement. Among the natural causes of flooding, we can distinguish
climatic (precipitation exceeds evapotranspiration), geological, topographic (features
of the territory relief), hydrogeological (influence of the natural hydrographic network
on groundwater regime), etc. Artificial causes of flooding include transformation of the
terrain relief, installation of structures in the path of the natural movement of surface
and groundwater, shortcomings in the operation of urban water infrastructure leading to
leakages of fluid from water-bearing communications, etc.

Using the geomorphological features of the territory, Kazakhstan was zoned according
to the degree of flooding and a map of the danger of changing the groundwater table was
drawn up (Smolyar, 2017).

It is advisable to use mathematical modeling methods to assess the impact on the
state of groundwater of the whole set of causes causing flooding, as well as to develop
measures for drainage of the territory. The possibility of solving problems of forecasting
changes in hydrogeological conditions under various combinations of natural and
artificial factors, as well as reproducing the work of engineering structures makes the
mathematical model an integral part of the decision-making process to eliminate the
consequences of the urban areas flooding. This is confirmed by studies done around the
world.

Mathematical modeling methods are widely used in the development of measures
for the drainage of urban areas in Russia. Mathematical models of groundwater based
on Visual Modflow are used in the hydrogeological substantiation of construction
conditions of high-rise structures in Moscow (Nikulin-Osnovskiy, 2008). For the
groundwater-flooded area of Plyustrovo okrug (St. Petersburg), modeling methods
were used to analyze different scenarios of dewatering by means of a network of water
dewatering wells or drainage systems. To forecast changes in the groundwater regime
in areas of intense anthropogenic load and optimize the management of the groundwater
hydrosphere on the scale of the city, district planning quarters and local areas, three-level
hydrodynamic models of Tomsk area were created on the basis of GMS and FEFLOW
(Pokrovsky, 2015). Modeling methods were used in the development of measures to
protect against flooding the Omsk metro and adjacent areas. Assessment of the influence
of retaining walls construction along the embankment of the Kama River in Perm on the
changes in geological, hydrogeological and hydrodynamic conditions was performed
by solving the equation of non-standard plan filtration by numerical methods (Purgina et
al., 2016). The mathematical model of geofiltration created by Modtech tools was used
to study the anthropogenic flooding regime of Shakhty. In order to make managerial
decisions to curb the flooding processes which increased after the implementation of
the central water supply project in Zernograd (Rostov region), it is proposed to use
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a numerical hydrogeological model implemented in Visual Modflow. The forecast
of changes in the groundwater table as a result of anthropogenic factors in the urban
environment for the typical industrial city of Ukraine was performed by the example of
Kharkiv using the methods of mathematical modeling.

A three-dimensional mathematical model of groundwater flow has been created to
study the impact of groundwater rise on the underground infrastructure (subway tunnels,
stations, deep foundations) of urban areas of Milan (Italy) and to assess the effectiveness
of various solutions to reduce the danger (Gattinoni et al., 2017). A hydrological model
for the suburban Yzeron areas (west of Lyon, France) characterized by intermittent
urbanization, is integrated into the hydrological model of the city and considers the
relations of surface water, aeration zone water, and groundwater. To describe the urban
water cycle of the city of Rastatt (Southwest Germany), a system of interconnected
models of water supply, wastewater disposal, aeration zone and groundwater was used.
For the city of Ljubljana (Slovenia), a system of mathematical models consisting of
interconnected models of urban water supply management, infiltration and exfiltration
from sewerage networks, as well as models of the aeration zone and groundwater was
created to assess the impact of urban water infrastructure on the aquifers’ condition. A
numerical model reflecting the interaction of urban infrastructure with groundwater was
created for the city of Bucharest (Romania) in order to plan additional hydrogeological
studies and measures to protect groundwater, including the modernization of urban water
infrastructure (Gogu et al., 2017). The combined use of the hydrogeological model and
the stormwater runoff model for the urban development area of Silkeborg (Western
Denmark) revealed the mechanism of groundwater feedback with forced infiltration
into the drainage system (Kidmose et al., 2015).

Assessment of the risks of flooding in urban areas of the United States is proposed
using numerical models that reflect the characteristics of urban ecosystems and take into
account the mechanisms of rising groundwater table (Rosenzweig et al., 2021).

Numerical simulation results based on Visual MODFLOW were used in forecasting
the impact on groundwater flow of the construction of a highway tunnel over a mountain
range in Chongqing (China) (Lv et al., 2022). Numerical groundwater model was
used to study the subsidence process in Seoul (Korea) caused by construction work
and sewer leaks. (Jo, et al. 2016). Modeling methods were used to study the combined
effects of urbanization and climate change on flooding in Kathmandu (Nepal) (Saurav
et al., 2021). The simulation-optimization approach was used to build a model of the
hydrogeological conditions of the city of Kerman (Iran) which was used to calculate the
network of drainage wells and the optimal mode of pumping groundwater (Shourian et
al., 2017).

Using a joint surface water and groundwater model for the Southern River Basin
(Western Australia), changes in hydrogeological conditions due to urbanization of
the area were assessed (Barron et al., 2013). A mathematical model of groundwater
in Perth (Australia) was created to quantify the groundwater rise resulting from the
use of infiltration wells as an alternative to traditional stormwater drainage (Locatelli
et al,, 2017). Anthropogenic impacts on groundwater in the Jakarta metropolitan
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area (Indonesia) were simulated using a system of hydrogeological models including
groundwater and aeration zone models (Shaad et al., 2019).

Hydrodynamic groundwater model of Chafiar Ladeado (Santa Fe Province,
Argentina) is designed to simulate the operation of various drainage systems, including
drainage wells and underground closed drainage channels (Zimmermann et al., 2000).
To assess the impact of urban infrastructure on the state of groundwater, the development
of measures to minimize the risk of flooding areas subject to subsidence, a mathematical
model of the hydrogeological conditions of urban areas of Mexico City (Mexico) was
created (Mautner et al., 2020).

Analysis of publications allows us to conclude about the effectiveness of using
methods of mathematical modeling to assess the impact of various factors on the
flooding urban areas and the development of measures for its elimination.

Materials and methods

Pavlodar is one of the largest industrial centers of Kazakhstan. Industrial and civil
construction has led to a change in the natural dynamic equilibrium of the water balance
and, as a consequence, flooding the built-up areas by groundwater (Fig. 1). Currently, the
urban area is characterized by a combination of natural and artificial causes of flooding.

PAVLOAK
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Fig. 1. Location of study area
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Natural causes of flooding. Topographical causes are geographical and geometric
features of the area. Pavlodar is located on the right bank of the Ertis River within the
first terrace above the flood-plain and the adjacent Neogene plain. Absolute surface
elevations change from east to southwest from 143.8-147.5m to 110-115m. In the
topography of the residential area there are traced kinks and depressions to a depth
of 1.5-2.0 m, which accumulate stormwater and groundwater, increasing flooding of
residential buildings in the warm period.

Geological causes of flooding are characteristic of the study area. There is a tiered
bedding of sands and clays of the Pavlodar Neogene Formation in the eastern part of
the city’s residential area. The water-bearing sands of the low-pressure aquifer and
the overlying clayey sediments of the Pavlodar Formation are not thick. The shallow
occurrence of the water table of the Pavlodar Formation, the complex shape of its
overlying bed relief, as well as the variability of the lithological composition of rocks
in plan and section even in natural conditions contribute to the accumulation of water in
the ground near the surface.

Climatic causes are determined by the ratio of precipitation to evapotranspiration.
Pavlodar is located in an area of dry steppes with insufficient moisture. Precipitation
varies from 95 to 429 mm per year, with an average multiyear rate of 296 mm. During
periods of latitudinal (westerly) atmospheric circulation, the amount of precipitation
significantly exceeds the average multiyear norm and causes an intensive rise in the
spring groundwater table by more than 1.0 m. The average monthly evaporation from
the water surface varies between 0.8—7.6 mm. A significant rise in groundwater table
in recent years is the result of an increased amount of precipitation (361-376 mm)
including abundant rainfall during the warm period.

Artificial causes of flooding. The transformation of the relief and the creation of
structures in the path of the natural movement of surface and groundwater leads to
changes in the hydrogeological conditions. Causes of flooding are deeply embedded
foundations of multi-story buildings; dense building in the groundwater transit and
discharge zone; main water supply networks oriented perpendicular to the main direction
of the groundwater flow; strengthening of the banks of the Ertis River which reduced
the natural discharge of groundwater into the river, etc.

The most pronounced causes of flooding are deficiencies in the operation of urban
water infrastructure. The infiltration of water into the aquifer is the result of infiltration
of water leaks from the water supply system, heating system, fecal sewerage. According
to organizations providing heating, water and wastewater services, the annual loss of
water from water-bearing networks is more than 12 million m?. Moreover, additional
groundwater feeding occurs when irrigating vegetable gardens and green spaces, leaks
from septic tanks in areas without fecal and storm sewers.

According to long-term observations in the city, the groundwater table has increased
by 0.8-14.1 m (Fig. 2). Calculations made on the basis of actual data showed that the
infiltration feeding of aquifers varies between 29—187.2 mm/year.
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Fig. 2. Dynamic of groundwater level increase in observation well

At a depth of up to 3.0 m, feeding prevails due to precipitation in the amount of
32.2-101.6 mm/year (18-29 % of the annual amount). At a depth of 3-5 m, the total
infiltration is much less and amounts to 43—50 mm/year including losses from water-
bearing networks — 15.6—-16.6 mm/year. At a depth of more than 5.0 m, the prevailing
value of infiltration feeding is 36.0 mm/year. About 70 % of infiltration water remains
in the aquifer in the city and poses a threat of flooding the built-up area. Groundwater
discharge occurs in the Ertis River. The groundwater flow rate in the discharging zone
with a width of 2,600 m is 592 m?/day.

Mathematical model of hydrogeological conditions. The purpose of creating a
mathematical model of the hydrogeological conditions of Pavlodar is to assess the
effectiveness of the designed drainage systems to solve the problem of flooding the
urban area.

The modeling was performed by means of the groundwater mathematical modeling
system GMS (Groundwater Modeling System) (https://www.aquaveo.com/software/
gms-groundwater-modeling-system-introduction). The input data for creating the model
are archival data and the results of fieldwork conducted in recent years.

Underground waters of alluvial deposits of the first terrace above the flood-plain
of the Ertis River and the Pavlodar Neogene Formation are distributed within the
modeling area. The aquifer of the first terrace above the flood-plain is developed in the
southwestern part of the city and has a thickness of 4.2-9.6 m, on average 6.4 m. Water-
bearing sediments are represented by medium- and fine-grained sands with filtration
coefficients of 3-9 m/day and specific yield of 0.13-0.165.

The aquifer system of Pavlodar Formation deposits in the southwest is overlain
by alluvial deposits of the first terrace above the flood-plain, in the east comes to the
day surface. Underlain by water-bearing clays of the Kalkaman Neogene Formation.
The Pavlodar Formation contains two aquifers composed of fine- and medium-grained
sands. The upper one is unpressurized, 2.5-5.5 m thick, rarely 6—7 m thick. The filtration
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coefficient of water-bearing rocks is 0.55—1.5 and reaches 5.5-9.5 m/day in some places.
Specific yield — 0.05-0.15.

The thickness of the separating clays of the Pavlodar Formation is 5-6 m, in some
places it reaches 12—16 m. The lower aquifer is low-pressure, unconfined in thickness,
which varies from 0.7-0.8 to 4.5-5.0 m. Filtration coefficients of water-bearing rocks
are 0.9—4.6 m/day, specific yield is 0.1-0.19. Deposits of the terrace above the flood-
plain and the Pavlodar Formation are almost universally overlain by light sandy loam,
polymictic fine-grained dusty sands, and less frequently by loams.

Groundwater is fed by infiltration of atmospheric precipitation, leakages from the
water supply networks and septic tanks, irrigation water from the territory occupied by
vegetable gardens and green spaces. The main expenditure items of the water balance
are evaporation and transpiration by plants, outflow to drains and along the outer
boundaries of the study area. Moreover, a vertical drainage system consisting of eight
wells with a water withdrawal of 850 m?/day was created in the north-eastern part of the
city. Drainage water is discharged into the sewer.

The prevailing direction of groundwater movement is southwest, corresponding to
the slope of the terrain to the Ertis River. The values of the groundwater table vary from
143-142 m to 118-120 m. In the northeastern part of the territory, the movement of low-
pressure water is radially flowing to the southwest, as well as to the south and northeast.

The simulation area corresponds to the residential area of Pavlodar. The external
boundaries are drawn in the west along the Ertis River, in the north — along the contour
of water table and schematized by boundary conditions of the third kind reflecting
the dependence of the flow rate on environmental conditions. In the north-northwest,
south, and east, the boundaries run along stream lines along which the flow rate is zero
(0=0), and are schematized by boundary conditions of the second kind. Laying lines of
designed drainage systems are schematized by boundary conditions of the second kind.
Drainage wells were simulated by setting point objects of Well type corresponding to
water wells.

Five layers are distinguished in the section in accordance with the lithological
structure of the territory and filtration properties of water-bearing rocks. The upper layer
corresponds to cover deposits. The second layer is represented mainly by sands. The
third one is distinguished according to the distribution of the lens of water-resistant
clay deposits in the eastern part of the modeled area. The fourth layer includes sandy
sediments. The fifth layer corresponds to clays of the Pavlodar Formation.

The equations of stationary and non-stationary filtration of groundwater flow in
heterogeneous and anisotropic medium are used to solve the problem of groundwater
inflow assessment in the drainage network (Langevin et al., 2017). They are implemented
using the MODFLOW module of the GMS modeling system.

The study of hydrogeological objects affected by a variety of natural and anthropogenic
factors involves the use of a large amount of actual material. Accumulation of data and
their processing, solution of tasks of forecasting changes in hydrogeological conditions,
and effective analysis of numerical results are possible with the use of geoinformation
and mathematical modeling technology (Veselov et al., 2004).
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The geoinformation model collects and analyzes primary materials, assesses their
completeness and reliability, structures and prepares input data for the mathematical
model. Functioning of the hydrogeological object is simulated on the mathematical
model created by means of the groundwater modeling system. The results of modeling
are converted into GIS formats and complement the previously created geoinformation
model.

Geoinformation model of the territory of Pavlodar was prepared with the help
of ArcGIS geoinformation system. Based on the results of surveys of specialized
hydrogeological organizations, such as Pavlodarhydrogeologiya, Pavlodarenergoproekt
in2007,2018-2019 maps and sections reflecting the lithological structure of the simulated
area, topographic maps, maps of contour of water table and depths of occurrence of
groundwater for different periods of time, maps of the hydrological network and others
were prepared and digitalized.

To visualize the flooded areas of urban development, a schematic map of the
depths of groundwater, in which the areas of the greatest flooding are shown in color.
According to their location, the location of drainage networks was determined. The
most pronounced flooding of the built-up area along the bend in the terrain and in small
depressions, where thin layers of water-bearing sands are spread.

The mathematical model was created by means of the GMS, the groundwater
mathematical modeling system. The simulated area in the plan is approximated by a
uniform orthogonal grid with a step of 100x100 m. The number of blocks on the X-axis
is 95, Y- 84. Four layers are distinguished in the section not including the lower layer of
water-bearing clays of the Kalkaman Formation (Fig. 3).
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Fig. 3. Grid approximation of modelled area
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Absolute elevations of the ground surface and the bottom of the aquifer were set
by importing shape-files from the geoinformation system and converting them to the
matrices of the overlying bed and bottom of the corresponding layers. The thickness of
the first layer of cover deposits averages 1.2 m. The underlying aquifer is divided into
3 layers.

Covers of the filtration parameters of the model were formed for each selected layer.
The filtration coefficients for the second and fourth layers change uniformly over the
area. In the third layer of the model, an area corresponding to clayey sediments with
significantly lower filtration coefficients is highlighted. Values of filtration coefficients
of sand sediments vary from 1-10 m/day, for clay sediments are 0.00001 m/day.
Horizontal and vertical filtration coefficients are set equal for each sediment type. The
values of the parameters lie in the range determined in the process of experimental and
laboratory work.

Area feeding was set for the top layer of the model. It was calculated based on actual
data of 0.29 m/year, or 0.000795 m/day. When solving the non-stationary task, losses
from communication networks, as well as effluents of industrial enterprises were taken
into account.

The total evaporation and transpiration coefficient was set to 0.001 m/day. The
critical depth of groundwater which begins to evaporate is 2.4 m and was taken from
the literature and work experience.

The outer boundaries are represented by general head, the boundary conditions of the
third kind and barrier, a type of boundary conditions of the third kind. The conceptual
model coverage is reflected on the created three-dimensional network to form a filtering
scheme.

Calibration of the model is carried out to prove the adequacy of the model to the
existing natural conditions. In the process, filtration parameters and area feeding were
specified. The criterion for the accuracy of the model was the coincidence of the contour
of the water table constructed according to the results of modeling and the actual data.
The problem was solved in 1990. A satisfactory coincidence of the configuration of
isolines was achieved which allowed using the model to solve the forecasting problem
of changes in hydrogeological conditions as a result of drainage systems.

Solving forecasting problems. The drainage network was designed using a schematic
map of critical areas of flooding entered into the geoinformation model. It was supposed
to build horizontal drains and drainage wells in flooded areas of the city.

In the mathematical model, the operation of horizontal drains was reproduced by
drain, the boundary conditions of the second kind, of drainage wells - by well, the
boundary conditions of the second kind. The values of conductivity and absolute
elevations of drain location were associated with each linear object, the value of water
withdrawn and the number of model layer, from which water is pumped - with each
point object. It should be noted that when solving the forecasting problems, a boundary
was added to the model, which runs along the line of the dam of the water pipeline
leading to the CHP in the southern part of the modeled area. The dam was schematized
by barrier, the boundary condition of the second kind.
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The mathematical model simulates four scenarios of drainage network operation,
assuming pumping of different volumes of water. The results are presented in the form
of maps of the contour of water table and lowering of groundwater table as a result of
the drainage system at various points in time.

Results and discussion

Possible changes in hydrogeological conditions under different scenarios of drainage
network operation on the territory of Pavlodar were forecasted on the model. The first
scenario foresees creation of a system of horizontal drains and operation of existing
drainage wells within the flooded areas (Fig. 4).

i et
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Fig. 4. Groundwater level and Drawdown map by 2030 year, developed based on prediction
modelling results of the first scenario of drainage system work

The second scenario involves the construction of a system of drainage wells and
two horizontal drains in separate local areas that have favorable conditions for this. 57
project wells were added to the 12 existing wells at three sites. The capacity of existing
and project wells varies from 100 to 150 m3/day (Fig. 5).
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Fig. 5. Groundwater level and Drawdown map by 2030 year, developed based on prediction
modelling results of the second scenario of drainage system work
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The third scenario is a modification of the second scenario and assumes discharge of
pumped water into the waste space of the sand and gravel pit in the northeastern part of
the model. The value of additional aquifer feeding set on the model corresponds to the
volume of water which is collected by the drainage system (Fig. 6).

Fig. 6. Groundwater level and Drawdown map by 2030 year, developed based on prediction
modelling results of the third scenario of drainage system work

The fourth scenario corresponds to the operation of a combined drainage system
including drainage wells and horizontal drains. The effect of the dam which contributes
to the backwater effect of the groundwater is taken into account. The depth of the drains
is 4 m which agrees with the depth of the bottom of the sands of the upper aquifer. The
load on the drainage wells varies from 100 to 150 m*/day (Fig. 7).

Fig. 7. Groundwater level and Drawdown map by 2030 year, developed based on prediction
modelling results of the fourth scenario of drainage system work
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According to the results of the solution of forecasting tasks on the created mathematical
model of the hydrogeological conditions of Pavlodar, the following conclusions can be
made.

Anthropogenic factors play a significant role in the groundwater table rise that cause
flooding in parts of the city. To reduce groundwater table and reduce flooding areas, it
is necessary to exclude losses from water-bearing utilities which is shown on the model
by turning off the supply areas.

Reducing groundwater table to the 3 m mark in the zone of influence of the combined
drainage system will reduce the negative impact of groundwater on structures and
communications.

Total volume of drainage water from horizontal drainage system operation under
the first scenario is estimated in the amount of 22 thousand m*/day, or 930 m*hour.
The total volume of drainage water from the system of drainage wells under the second
scenario is estimated in the amount of 9.72 thousand m3/day, or 405 m*/hour.

Influence of transferring of drainage water collected by the complex drainage system
into waste space of the pit is estimated as insignificant and quite admissible.

The most effective dewatering system appears to be the system of horizontal drains
and operating wells simulated in the first scenario. But the hydrogeological conditions
of the territory, as well as a dense network of surface and underground communications
in the city are very difficult to build horizontal drainage.

The dam leading to the CHP has a significant impact on the table rise in the southern
part of the study area. The dam and the pipes laid in its body overlapping groundwater
contributed to their backwater effect, as well as the accumulation of melted snow
and rainfall precipitation. The dam acts as a barrier disrupting the natural outflow of
groundwater towards the Ertis River. This is also complicated by the insignificant (up to
2 m) thickness of the first aquifer.

It should be noted that the created mathematical model of hydrogeological conditions
of Pavlodar was used for preliminary assessment of various scenarios of drainage system
operation. Deciding on its construction will require the creation of a number of detailed
local models to calculate the optimal number of drainage wells and their location.

Conclusion

In conclusion, it should be noted that under the prevailing influence of anthropogenic
factors on groundwater, the most effective tool for studying hydrogeological conditions
is mathematical modeling.

The created mathematical model of hydrogeological conditions is used to assess
the effectiveness of the designed drainage systems to solve the problem of flooding the
territory of Pavlodar. Implementation of different variants of drainage system operation
on the model allowed to choose the optimal scheme of drainage.

Modeling results confirmed the determining role of anthropogenic factors (relief
transformation as a result of construction, infiltration of water leaks from the water
supply and sewerage system, etc.) in the increase of groundwater table.

The technology of geoinformation-mathematical modeling was used in the process
of creating the model. Geoinformation model serves to collect and analyze primary
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materials, prepare input data for the mathematical model, and display simulation results.
Functioning of the hydrogeological object is simulated on a mathematical model.

The conducted studies have shown the effectiveness of using methods of mathematical
modeling in solving the problems of designing drainage systems in urban areas.

This study has been funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant No. BR10965134) within the
framework of the Earmarked Financing Program Evaluation of fresh groundwater
resources as the main source and long-term reserve of sustainable drinking water
supply to the population of the Republic of Kazakhstan.
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