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I'MIPOI'EOJIOI'NMYECKASA MOIEJIb TEPPUTOPUU
I'naPOY3JIA KOYCAP

[laH aHanma3 MeToauky NoCTPoeHMs1 06 bEMHO MTMAPOreorIorM4eCckon Moaenm ckarb-
HOro MaccuBa, PacroNOXXeHHOro B OCHOBaHUM GETOHHOM NNOTUHLI. MeToanka OCHOBaHa
Ha MCMOMb30BaHMN TEXHOMOMMWN TBEPAOTENBHONO MOAENMPOBaHNS U MeToda Temnepa-
TYPHOW aHanorum, YTo No3BOoSISIET NCMONb30BaTh COBPEMEHHbIE YHUBEPCATbHbIE BbIYNC-
nuTenbHble NporpaMmMbl Anst peleHns dunbTpaLMoHHbIX 3agad. Kanubposka mogenu
OCYLLIECTBMANACb Ha OCHOBE CPaBHEHUSI C AAHHBIMU HATYPHbIX HAOMAEHWIA, NONYyYeH-
HbIX B NpoOLecce CTPOUTENbCTBA U 3arnonHeHNsi BOAOXpaHunmLa.

KnroueBble crnoBa: rugporeornornyeckas Mofenb, NoA3eMHble BoAbl, BOAOMPO-
HULAEMOCTb, BOOOXPaHMUIMLLE, LIEeMEHTaLMOHHas 3aBeca, OPEHaXHble COOPYXEHUs,
dunbTpaunoHHasa aHnsoTponus, kannbposka, Koycap, VpaH.

B mnactosimee BpeMst s CO3MaHHS THAPOTEOJIOTHYECKHX MOJENe Oo0Ib-
IIMX TEPPUTOPHUH, KaK MMPABUIIO, UCTIOIB3YIOTCS CIIEIHAIN3UPOBAHHBIC BEIYHCIH-
tenbHble Iporpammsl (FeFlow, ModFlow u ap.), He mo3Bosstomiye ¢ TpedyeMoit
TOYHOCTBIO BKIIIOYATh B PAacUYETHYIO CXeMYy KOHCTPYKIIMHM HATOPHBIX THIPOTEX-
HUYECKUX COOPY)KCHHH W Pa3IMYHBIX JAPEHAXHBIX M MPOTUBO(DUIBTPAINOHHBIX
AJIEMEHTOB.

Jist 9Toii 1enu B HacTosALIeH paboTe ObUT UCIOJIB30BaH YHUBEPCAIbHBIN BbI-
qucuTeabHbii komruiekc ANSYS [1, 2], no3Bossitomuii pemars GuibTpanuoH-
HbIe 3amaqn [3, 4] ¢ UCMOTB30BAHNEM METO/Ia TEMIIEPAaTypPHOU aHAIOTHHU [5—8],
T.e. HA OCHOBE perieHus auddepeHnaIbHbIX YpaBHEHUH TEOPHH TEIIONPOBO-
nHoctH [9]. Ilpu a3Tom BeruncnutenbHblid Komiiekc ANSY'S, peanusyromuii MeTos
KOHEYHBIX 371eMeHTOB [10—12] ¥ TeXHOJOrUI0 TBEPIOTENBHOTO MOJEIUPOBAHUS
[13, 14], mo3BomnsieT ¢ 1000 CTENEeHbI0 TOYHOCTH U JAETAIBHOCTH MOJEINPOBATH
TEOJIOTUYECKYIO Cpely ¥ TUAPOTEXHUIECKHe coopyxenns [ 15—18].

MaremaTtnueckass THAPOTEOJOrHYECKas MOAEIb TEPPUTOPUU THUAPOY3IIa
Koycap (Mpan) cozmaBanachk B MpoIecce CTPOUTEIbCTBA MJIOTHHBI U 3aMIOJTHEHUS
BOJIOXPaHWIINIIA HA OCHOBE PE3yJIbTaTOB HHIKEHEPHBIX U3bICKAHUHN M THIIPOTE0JIO-
TUYEeCKOTO0 MOHUTOpHUHTA. OObEeMHAas TeOMETPHYECKast MOJIETb TEPPUTOPHH THIIPO-
y371a, oToOpakaeT OCHOBHBIE UePTHI pelibeda TePPUTOPHH, BKITIOYAst CO3IaBaEMOe
BOJIOXPaHUIINIIE, T€OJOTHYECKYIO CTPYKTYPY (aHTUKIMHANE [lyK) 1 OCHOBHBIE JTU-
TOJIOTUYECKHE KOMIUIEKCHI, PA3BHUTHIC B ITPEJIEIax TEPPUTOPHU: U3BECTHIKN CBHUTHI
As, TunicoBo-TmHUCTas Toama Gs u meprenu Pb (puc. 1, a). B Tomme n3BecTHs-
KOB AS y4TeHa rpaHHIla HHKEHEPHO-T'€0JOTHYeCKOW 30HBI 3K30T€HHOTO H3MEHe-
Hust MaccuBa nopof (I — BeiBeTpuBanus u 1l — pasrpysku), koTopasi OTIAHYALT-
Csl TIOBBIIEHHOW BOJONPOHUIIAEMOCTBIO, a TAK)KE MOJIOKEHUE CJI0si Mepresei M,
KOTODPBIN XapaKTepU3yeTcsl IKCTPEMAIbHO HU3KUMH 3HAYCHHUSAMH Kod(hdummenta
¢unsrpanuu Pb.
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JononHuTenbHAR
LUEMEHTALUHOHHAA 3aBECa

LlemesTauHoHHaA 3aBeca

CrponTenbHbiii Ehel.>

TYHHENb

0

Puc. 1. O0beMHasi reoMeTpryecKasi MOJIeNIb CUCTEMbI CKaJIbHBII MacCHB — IUIOTHHA:
a — MOJIeINb HCCIIeayeMoi 00acTH; & — MPOTHBOGUIBTPALMOHHBIN (QPOHT IIIOTUHEI

HmxeHepHbIe COOPY)KCHHSI THAPOY3Ja TPEACTABICHB OCTOHHON IUIOTHHOMN
(BeICOTA 144 M), TPOTUBO(HUIBTPAIIMOHHON 3aBECOH MO OCH TJIOTHHBI M YIUIOTHU-
TEJILHOU 3aBeCO B ee OOPTOBBIX IPUMBIKAHUSX, IPEHAKHBIMU COOPYKEHUSIMH, pac-
MIOJIOKEHHBIMU Ha 000uX Oeperax, BKIIo4as Oalnac-TyHHENb, H COOpy)Kaemas J10-
MOJIHUTEJIbHAS [IEMEHTAIMOHHAs 3aBeca Ha rpaBoM Oepery (cMm. puc. 1, 0).

[loazemubie BOABI TEPPUTOPUN (HOPMUPYIOTCS 33 CUET WHQUIBTPAIIMOHHOTO
nutanus. Pasrpyska ocymectsiusiercs B p. Xaiipaball, KOTopast sSIBISIETCS OCHOBHOM
JIPCHOI Ha paccMaTpUBaeMOW TEPPUTOPUHU. B COOTBETCTBUU C 3TUM OOCTOSTEIIb-
CTBOM CEBEpO-3aIaHOMN (IIPaBOOEPEIKHON) U IOr0-BOCTOYHOH (JICBOOCPEIKHOI) -
JIPOTr€0JIOTHYECKUMH I'PaHUIIAMH MOJIEIIH SBJISIIOTCS TPAHUIIBI C TIOCTOSHHBIM Pacxo-
JIOM, TIOCTYIAIOIIMM U3 001aCTH MUTAHUS B 00JacTh pa3rpy3ku. OHU OTHECEHBI OT
pexu npubnu3uTenbHo Ha 2,5 kM. C ceBepo-BOCTOKA (BBEPX 110 PEKe) U FOro-3amnaja
(BHM3 TIO peKe) MOJIellb, B COOTBETCTBUU C PErMOHAJIbHBIM HAIpPaBJICHHEM MOTOKa
MOJI3EMHBIX BOJI, OTPaHWYEHA MO JUHUIM TOKa (HEMpOHMLIaeMble IrpaHullsl). OHU
OTHECEHBI OT peku Ha 2,2...2,3 kM. B pesynbrare miomiaabs MOJACIA COCTaBUIA TPU-
MepHO 28 km? (5,2%5,4 kM), IPH ATOM IJIOTHHA PACIIONAraeTCst MPAKTHYESCKHU B €€ re-
OMETPUUYECKOM LieHTpe. HukHel rpaHnneil Moiesu sIBISI€TCS. KPOBJIS IPAKTUUECKU
BOJIOHETIPOHUIIAEMBIX Mepresieii cBuThl Pb. BHyTpeHHHE IpaHHIIBI MPeICTaBICHBI
p- Xaiipabaj, BOAOXpaHWINIIEM H APCHAKHBIMHA COOPYKCHUSIMH.
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BononpoBojsiieid Tomei Ha TEPPUTOPUU THAPOY3JIa SBISIOTCA HU3BECTHIKU
As, THQUIBTPAITMOHHOE TUTAHUE KOTOPOI MPOUCXOAMT 32 MPEeIaMi pacCMaTpH-
BaeMOM TeppuUTOpUHU. VCTOUYHMKOM HU3MEHEHHUS THUAPOTrCONOTHUECKON CHUTyalluu
SABJIISAACTCA BOAOXPAHUJINIIC. Kax CBUJACTCIILCTBYIOT PC3YJIbTAThl PEKUMHBIX HaoII0-
JICHUH, peakiusi ypoBHEW MOJ3EMHBIX BOJ HA U3MEHEHHUE YPOBHS BOJIbI B BOJOXpa-
HWJIAIIE B TIpeZieiaX y4yacTKa OCHOBHBIX COOPYKEHHH SBISETCS MPAKTHIECKH MIHO-
BEHHOM; MEPUOJ 3aMa3iblBaHUsI U3MEHEHUS YPOBHEU HA MaKCUMAaJlIbHOM YAAJICHUU
OT BOJIOXpaHWIHINA He mpesbiiiaet 1,5...2,0 Hegenu. DT 0COOSHHOCTH THUIPOTE-
OJIOTHYECKOTO PEKUMa MO3BOJISTIOT MCTIOIB30BaTh CTAIIMOHAPHYIO CXEMY pPEIICHUS
MIPOTHO3HBIX 3a7a4.

ITo cBouM (QUIBTPAIIMIOHHBIM CBOWCTBAM MAaCCHUB HM3BECTHSKOB AsS, BMeIla-
IOIUNA  COOPYKEHHUSI TUAPOY3JNa, SIBISCTCA HEOAHOPOAHBIM M aHU3OTPOITHBIM.
HeonnoponHocTh 00yciioBiieHa K30T€HHBIM BO3JICHCTBHEM Ha MAacCHB, KOTOPOE
npociexuBaercs 10 nryounsl 100...150 M. B pesynsrare hopMupyroTcs HHXEHEP-
HO-T€OJIOTHYECKHE 30HBI — BBIBETpPHBaHUA (30HA 1) M pasTpy3KH eCTeCTBEHHBIX
Hanpsbkeruid (30Ha II), B mpenenax KOTOPBIX aKTUBH3UPYHOTCS MPOLECCHI KapCTO-
oOpa3oBanus. BomonpoHUIIaeMOCTh MacCUBa B 3THUX 30HAX CYIISCTBEHHO IPEBbI-
1Ia€T BOAOMPOHHUIIAEMOCTh MTOPOJI, HE 3aTPOHYTHIX ITUMHU MporeccaMu — 30HbI 11
Wnxenepro-reonornueckne 30HbI [+11 cMopenupoBaHbl B MaccuBe TIOPOA Ha Tep-
PUTOPUHU HIDKHETO Obe(ha IIOTHHBI U Y4aCTKa OCHOBHBIX COOPYKEHUH, T.€. TaM, IJIe
OHM OKa3bIBAIOT BIMSHUEC Ha (POPMUPOBAHUE TUAPOTEOTIOTHUECKOTO PEKUMA.

(DI/IHBTpaHI/IOHHaﬂ AHU30TPOIIUA MacCCHBa BBIPAXKACTCA B PaA3IMUNKN 3HAYCHUN
BOJIOTIPOHUIIAEMOCTH MacCHBa B HAINPaBICHUH BJIOJb M TMOTEPEK CIIOCB MpaKTHYe-
CKH Ha TIOPSIOK. DTa 0COOCHHOCTh MAacCHBa TAKXKE HAlllIa OTPAKCHUE B MOJICIH.
,Z[H)I 3alaHus TapaMETpOB aHU30TPOIMU MOJCJIb GI)UIa MOBECPHYTAa OTHOCUTCIILHO
100aTbHBIX KOOPIMHAT MPUOIU3UTEIBHO Ha 45°, TaK 4TO HANpaBJIeHUE OCH Y opu-
EHTHPYETCS BIOJIb IPOCTUPAHUS CIIOEB.

I'maporeonorudeckue nmapaMeTpsl, KOTOPbIE IPUHSATHI B KAYeCTBE 0A30BBIX JIJIS
KaJIHOPOBKHU MOJIEIH, IPUBEICHBI B TA0JHIIC.

BbazoBsIe THAPOTEONOTHYECKIE TapaMeTPhI

3nauenne ko3 unnenrta Guisrpannn
I'mnporeonornueckuii aMeMeHT K M/cyT
ITo ocu X ITo ocu Y ITo ocu Z
Csura Gs 0,01...0,001 | 0,01...0,001 | 0,01...0,001
3ona I+11 2,0...3,0 20,0...30,0 2,0...3,0
Cauta As 3ona III 0,3...0,4 1o 8,0 0,3...0,4
Croit M 0,01...0,001 | 0,01...0,001 | 0,01...0,001
IIpuBeneHHbI TpeHax 50,0 50,0 50,0
[IpoTtuso- Ilo ocu moTHHEI 0,1 0,1 0,1
?i:ﬁ;ﬁ:ﬁﬂgizi Jonomu- | Yactox 1| 0.2...0,3 02...03 02...0,3
3aBeca TCIbHAA | yyactok 2 | 0,2...0,3 0,2...0,3 0,2...0,3
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Baxueiiei 3aiaueit, peieHre KOTopoi MO3BOJISET IPOBOIUTH FUAPOTeOJIOrH-
YeCcKOe MOJICTTHPOBAHUE, IBISETCS KamnOpoBka moaenw [19]. Kpurepuem mpaBuib-
HOCTH PEUICHHS SBISUIACH CXOAUMOCTD TIOTYYESHHBIX 3HAYCHHUH YPOBHEW 1 PacX0/I0B
MOJI3€MHBIX BOJ C JAHHBIMH HATYyPHBIX HAONIOACHUN.

OcHoBHas KaJMOpPOBKa MOJENN MPOBOIMIACH MPH OTMETKE BOJBI B BOJOXpa-
auume 580 M. B mporecce KamnmOpOBKH MPOU3BOAMIOCH YTOUHEHNE MCXOTHBIX
JAHHBIX — (PUIBTPAIIMOHHBIX CBOMCTB BOAOMPOBOSIICH TOIIIN N3BECTHSIKOB AS U
pacxo/ioB, MOCTYMHAIOIINX C TIPaBOOEPEKHOM 1 JIEBOOEPEIKHON THAPOTEOTOTHUECKUX
rpaHull MOJIeN. BhIsICHAIOCh TakKe BIUAHUE ClIosi Mepresieil M Ha xapakrep pac-
MIpEIeIICHUs] HallOPOB.

CormacHO AaHHBIM WH)KEHEPHBIX HM3BICKAaHUH 1O CO3[MaHMs BOJOXPAaHWIAIIA
TPaIUeHT 3epKaJia MOA3EMHBIX BOJ B M3BECTHAKAX As BOMM3M peku coctasisit 0,02
U janee B TIyomHy MaccuBa yBenmuuaics 1m0 0,04...0,06. IIpenmonaraiock, 910
Ha 3HAYUTEIHHOM yIAJICHHH OT JPEHBI 3ePKAJIO MOJ3EMHBIX BOJI BBITIOJIAKABACTCSI.
KoaddurmenT GpuabTpanum TOIIN H3BECTHIKOB AS BHE 30HBI 9K30T€HHOTO H3MEHE-
HUs (MHKeHepHO-Teosiorndeckas 30Ha 1) BOoIs CIIONCTOCTH TPUHUMAIICS PAaBHBIM
3 m/cyT, rpaguent notoka 0,02. CooTBeTCTBEHHO, cormacHo 3akony apcu [20], pac-
XOJI TIOTOKA Yepe3 cedenue miomanpio 1 m? mor cocrasuth 0,06 M3/CyT.

Pesynbrarsl HaTypHBIX HAOMIOACHUI CBHIETEIBCTBYIOT, YTO YPOBHHU TOA3EMHBIX
BOJI Ha JIEBOM Oepery peKH B HIDKHEM Obede TUIOTHHEI UMEIOT 00JIee HI3KHUE OTMETKH,
YeM Ha IPaBOM. DTO MOXET OBITh CBS3aHO C MEHBIIINM PACXOIOM E€CTECTBEHHOTO I10-
TOKa, ITOCTYIIAIOIIETO ¢ JIEBOOSPEKHON CTOPOHBI, B YaCTHOCTH, 3a CUET Ooee Onmaro-
MIPUATHBIX YCJIOBUI €r0 pasrpy3Kd B JONWMHY PEKH B TMpeAeiax BomoXpaHmiuma. B
CBSI3U C 9THM 00CTOSATETLCTBOM, PACX0]] €CTECTBEHHOTO TIOTOKA C FOT0-BOCTOYHOM, Jie-
BOOEPEKHOW CTOPOHBI B MOJIENN OB MTPUHSAT HA MOPSAO0K MEHBIIINM, YEM Ha TIPABOM.

Eme omHo# 0cOOEHHOCTRIO pacTpeie]ICHUs YPOBHEH Ha IEBOM OEpeTy SIBIIICTCS
3HAYNTENHHOE MX MaJIeHNe B HEMTOCPEICTBEHHON OMM30CTH K ype3y BOJOXPAHMIINIIA.
B omroM m3 mee3omeTpoB oHO mocturaet 25...30 M. OTa 0cOOEHHOCTh MOXKET OBITH
00yCIIOBIIEHA CYIIIECTBEHHBIM CHIDKEHHEM BOJONPOHUIIAEMOCTH MAacCHBa B €T0 TPHU-
MOBEPXHOCTHOM YacCTH BCJIEJCTBHE KAIbMATAIlNH U3BECTHAKOB INIMHUCTHIM MaTepHa-
noM. ITomoGHOE siBTICHIE OBUTO 3aUKCHPOBAHO B OOPTOBBIX MPUMBIKAHUSIX TUIOTHHEI,
1 371eCh BOIOIPOHUIIAEMOCTh MaccuBa He mpeBbimana 0,01 M/cyT. 910 06cTOSATENb-
CTBO TTOJTyYHJIO OTPAKEHUE B UCCIIEIOBAaHISIX. B Momenn otoOpaskeHa mogoOHas 30Ha
B JIEBOM OOPTY BOJIOXpAHMJIMIIA B HETIOCPEICTBEHHOW OIM30CTH K TUIOTHHE.

B pesynbrare KannOpoBOYHBIX pacue€TOB HAWIyHUIllee CXOACTBO C JAHHBIMH Ha-
TYpPHBIX HaOIIONEHUH OBLTO MOYYICHO MPH CIACAYIOMNX 3HAYCHISIX KodddummenTa
GUIBTpaAuU: IS HHKCHEPHO-TEOIOTHUeCKOM 30HBI 111 — 3 M/cyT BmOMNH ClIOMCTO-
ctu 1 0,3 M/cyT mortepek, 1ytst 30H6BI II — 20 1 2 M/CyT COOTBETCTBEHHO.

Kapta ruaponsorurc, kotopas mojgydeHa Ha MOJIENH, TIPECTaBlIeHa Ha puc. 2.
C y4eToM BBIIIEN3IIOKEHHBIX TOJI0KEHUH, TTOTYYHIIACh BIIOIHE YIOBIETBOPUTEIb-
Hasi CXOANMOCTbH C KapToil, MOCTPOSHHOH Ha Ty K€ OTMETKY TI0 pe3yJibTaraM Haryp-
HBIX HaOmroneHui. [Ipu 3TOM pacdeTHBIM MPUTOK TOA3EMHBIX BOI B p. Xaipaban
Ha y9acTKEe OT BBIXOHa Oailmac-TyHHEIS O KOHTakTa CBUT As W (GS B HIDKHEM
6pede mrotnHbl cocramsaeT 1,2...1,4 M%/c, 4TO HECKOIBKO MEHBINE M3MEPEHHBIX.
Tepputopus BEIKJIMHUBAHUS TTOI3EMHBIX BOJ HA 9TOM Y4aCTKe COTJIaCyeTCs C JIaH-
HBIMHU HAOJIIONECHUIA.
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Puc. 2. Kapra rugpousorurnc npu orMeTke Bogoxpanminma 580 m

JlononHuTeNbHAS KATUOPOBKA ObLIA BBHITIOIHEHA JIIsS OTMETOK BOJIOXPaHUIIHIIA
606...610 M. YTOUHEHUS TapaMeTPOB MOJEIH, BBIITOJHEHHBIE HA 9TOM 3Tarle, CBO-
JIATCS K CIIEAYIOLIEMY:

XapakTep MaJeHus] HallOPOB B HANpaBIeHNUU p. Xakpabas co CTOPOHBI JEBOTO
Oepera aHaJOrMUYEH MTPABOMY, COOTBETCTBEHHO 3TOMY PAaCX0]l €CTECTBEHHOTO TOTOKA
CO CTOPOHBI JIEBOTO Oepera 3a1aeTcs paBHbIM IpaBomy, T.e. 0,06 M%/cyT uepes ceue-
HUE IIomaapo 1 M?;

BONTM3M JIEBOTO Oepera peky HaOIFOMArOTCs aHOMAJLHO BBICOKHE HAIOPHI, KO-
TOpBIE PE3KO CHUXKAIOTCS K ype3y pekH (majeHre HamopoB Ha ydactke 20...50 m
coctasiseT 20...30 M). Takoe mameHne HAIOPOB BOIM3H APEHBI CBUACTEILCTBYET
0 3aTpPYIHEHHOW CBSI3M TMOTOKA IMOJ3EMHBIX BOJl C PEKOMW, T.e. 3aKallbMaTHPOBaH-
HOCTH PEYHOTO pyciia U OOPTOB KaHbOHA MOJOOHO TOMY, Kak 3TO HaOIomaeTcs Ha
y9acTKe CTBOpa IUIOTHHBL. DTa 0COOCHHOCTH OBLTAa peaan30oBaHa B MOIETH ITyTeM
3aJaHus c1a0OPOHHULIAEMO 30HbI B pailoHe pycina p. Xaiipadaa u 00pTOB KaHbOHA.
KoaddunmenT ¢punprpanuu ciabonpoHUIIaeMOM 30HbI 10 pe3yJibTaTaM KaTHOPOBKU
coctaBui 0,5 M/CyT, 9TO ¥ OBUTO TIPUHSITO B MOJICITH.

Pesynbrarel KalIMOpPOBOYHBIX pacyeToB MpU OTMETKe BojoxpaHwiuma 610 m
MIpUBEJEHBI Ha pHC. 3.

IIpu aTOM KapTa THAPOU3OTHIIC, TOCTPOSHHAS TI0 PE3yIbTaTaM pacdera ¢ yde-
TOM JIOTIOJTHUTEJILHON KaJTMOPOBKH, HUYEM MPUHIHUIINAIBHO HE OTJINYANach OT HMe-
IOIIEHCsT KapThl IPH OTMETKE BogoxpaHuuiina 606 M, MoCTPOCHHON IO TaHHBIM Ha-
TYpHBIX HaOIIFOJIEHUH, YTO CBU/IETENBCTBYET O KOPPEKTHO BHITIOTHEHHOW KaJTHOPOB-
K€ MOJIEIIH.

IIporHo3Hast kapTa TMAPOU3OTHUIIC JI1 BCE MOAEIUPYEMOU TEPPUTOPUU A
OoTMETKH Bogoxpanuanma 620 M npencrasneHa Ha puc. 4. Ha 3Toil kapTe nokaszaHsl
HanpapJIeHNs] TEUCHUS TOJ3EMHBIX BOJ.

Hydraulics. Engineering hydrology. Hydraulic engineering 63



BECTHMK 3/2015

Puc. 4. [Iporao3nas kapTa ruIpOM30THIIC HAa OTMETKE BojloXpaHuIuina 620 m

AHanu3 KapThl MO3BOJISIET CHIENIaTh BHIBOJIBL, YTO CO3J[aHUE BOAOXPAHMIIUINA OKa-
34510 BIAMSHUE HA (DUIBTPAIMOHHBIA PEXUM TEPPUTOPUH TLUIOMIAIBI0 Oosee 25 kM2,
B pesynbrare noanopa npon3onuIo nepepacnpeiesieHiue eCTeCTBEHHOTO CTOKA U U3-
MEHEHHUE HaIllPaBJICHHUS €CTECTBEHHOTO TIOTOKA, YTO BBI3BAJIO TIOSIBIICHHE POAHUKOB B
HIKHEM Obe(e IOTHHBI BOIM3M KOHTaKTa CBUT As — (s. 30Ha HEMOCPEACTBEHHOM
MHQHUIBTPALUK BOJBI U3 BOAOXPAaHMIIUILA [TIABHBIM 00pa30M OTIpeNesieTcsi 0COOeH-
HOCTSIMH pefibedpa TUIOIIAAN 3aTOIJICHUSI M PAaCHpOCTPAHIETCS B paguyce MeHee
1 KM OT TIJIOTHHBL.
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YpoBHM TIOA3EMHBIX BOJ B palilOHE CTBOpA IUIOTHHBI HE MPEBBIMAIOT OTMETKY
560 M, YTO COOTBETCTBYET MPOECKTHOMY MPOrHO3y. BooONpUTOK B ApEHaXHYIO Ta-
nepeto RD-2.5 dopmupyercs kak 3a c4eT MPHUTOKA CO CTOPOHBI IIEMEHTAIIMOHHON
3aBEChl, TaK M 3a CYET OOXOAHOHN (QWIBTpAlMK U3 BOAOXPAHWINIIA, HAPABICHHOM
€O CTOpOHBI HIKHEro Obeda. PacueTnslit Bononpurok B RD-2.5 cocraBui npubnu-
surenbHo 300 J1/c, B ApeHaxu sieBoro oepera (LD-2.5) okono 120 si/c. PacueTHbliit
MIPUTOK MOJ3EMHBIX BOX B P. Xakpabaja Ha y4acTKe OT IUIOTHHBI 0 KOHTAKTa CBUT
As u Gs B HIKHEM Obede, BKITFOUast pOJAHUKH, COCTaBUI 2,4...2,6 M%/C.

Jomns HerocpeACTBeHHOM MH(MITBTPAINY W3 BOAOXPAHHIIUINA COCTABIISET MPH-
onmusutenbHo 40 % 3TOl Benu4yuHbI, ocTanbHble 60 % MpUXOASITCS Ha Iepepacipe-
JISJIEHHYIO B pe3yJbTare MOoJIopa pasrpy3Ky €CTeCTBEHHOro MoToka. B neifcTu-
TEJIHHOCTH BOAOMPUTOKH B JIPEHAKHBIE COOPYKEHHS M pasrpy3ka B PeKy MOTYT
o51Th Ha 10...20 % OombIle 3a CYET CE30HHBIX, ECTECTBEHHBIX KOJIEOAHUH ypOBHS
MOJI3EMHBIX BOJ, HO TIPH CTA0MIIN3allNH (CTallMOHAPHBIN PEKUM (DHITBTPAIIAN) pac-
XOJIbl CHU)KAIOTCS X MOJIENb OTOOpaKaeT MMEHHO 3TOT KOHEUHBIN pe3yJIbTaT.

Bw1600b1. 1. Kak cBHIETENBCTBYIOT pe3ybTaThl PEKUMHBIX HAOIIOACHHUH, peakK-
ST ypPOBHEW MOI3EMHBIX BOJI HA U3MEHEHUE YPOBHS BOJIBI B BOIOXPAHUIIHIIE B TIpe-
JIeNax y4acTKa OCHOBHBIX COOPY>KEHUH SIBJIIETCS PAKTUYECKU MIHOBEHHOM. [lepuon
3ama3/ibIBaHus M3MEHEHHUS YPOBHEH Ha MAaKCUMAaJIbHOM Y/IAJIEHUH OT BOIOXPaHMIIHIIA
He mpesbimaer 1,5...2,0 Hemenn. OTH 0COOEHHOCTH THAPOTEOIOTHUYECKOTO PEKUMA
MO3BOJISIOT UCIOIB30BaTh CTALMOHAPHYIO CXEMY PELIEHNs IPOTHO3HBIX 3a7ad.

2. Co3nanHas reoQuIbTPallMOHHAsT MOJIEb MO3BOJISIET C IOCTaTOYHOM CTere-
HBIO TOUHOCTH OIPEENATh YPOBHHU U PAaCX0/Ibl MTOI3€MHBIX BOJ HA YYaCTKe U TeppH-
TOPUH TUAPOY3JIA MPH JFOOBIX OTMETKAX BOJOXPAHMIIHINA ¥ MOJKET OBITH MCTIOIH30-
BaHa JUIS ONeHKH d(PPEeKTHBHOCTH pabOTHI IIEMEHTAIIMOHHON 3aBEChl B OKCILTyaTa-
IIMOHHBIHA MTEPHO/I.
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V.V. Orekhov, S.N. Khokhotva

HYDROGEOLOGICAL MODEL OF THE TERRITORY
OF KOWSAR HYDRAULIC PROJECT

Mathematical hydrogeology model of the territory of Kowsar Project was created with
account for the results of the engineering surveys and hydro geological monitoring, which
was conducted in the process of Kowsar Project construction. In order to create the model
in the present work a universal computer system Ansys was used, which implements the
finite element method and solid modeling technology, allowing to solve the filtration prob-
lem with the use of thermal analogy.

The three-dimensional geometric model was built with use of the principle “hard body”
modeling, which displays the main line of the territory relief, including the created water res-
ervoir, geological structure (anticline Duk) and the main lithological complexes developed
within the territory.
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In the limestone mass As here is a zone characterized by water permeability on terri-
tory of Kowsar Project, and a layer characterized by seepage feeding, which occurs outside
the considered territory. The water reservoir is a source of the change of hydro geological
situation. The results of field observations witness, that the levels of underground waters
within the area of the main structures reacts almost instantly on the water level change in
the water reservoir; the delay period of levels change is not more than 1,5...2,0 weeks at
maximum distance from the water reservoir. These particularities of the hydro geological
regime allow using the steady-state scheme of the decision of forecast problems.

The mass of limestone As, containing the structures of the Kowsar Project, is not
homogeneous and anisotropy in its seepage characteristics. The heterogeneity is condi-
tioned by exogenous influence on the mass up to the depth of 100...150 m. The seepage
anisotropy of the mass is expressed by the difference of water permeability of the mass
along and across the layers for almost one order.

The structures of Kowsar Project is presented by a dam, grouting curtain on axis of
the dam and consolidation curtain in its both banks, drainage structures.

Underground waters of the territory are formed by infiltration. They unload in river
Heirabad.

In accordance with this circumstance, the northwest (the right bank) and the south-
east (the left bank) hydro geological borders of the model are the borders with constant
discharge seepage, entering from the area of the feeding in the area of unloading. The
borders are distanced from the river on 2,5 km. In accordance with the regional direction
of the flow of underground waters, the model is limited along the lines of the current (the
impervious borders) at northeast (upwards on river) and south-west (down on river). Those
borders are distanced from river on 2,2...2,3 km. As a result, the area of model is 28 km?2. A
roofing of almost watertight marls of the retinue Pb is the bottom border of the model. The
internal borders are presented by the river Heirabad, the water reservoir and the drainage
structures.

The calibration of the model was conducted at the reservoir water mark of 580 m and
606...610 m. The correctness criterion of the decision had shown the convergence of the
obtained values of discharge level of underground waters with the data of natural observa-
tions. In the process of calibration the revision of the input data was carried out — a seep-
age characteristic of thick limestone mass As and discharge, entering from the right and
left bank borders of the model.

The forecast calculation was performed for water reservoir level of 620 m.

The creation of water reservoir has influenced the seepage regime of the territory by
the area of more than 25 km?2. As a result of the buttress of the natural inflow there occurred
the redistribution of the natural inflow and change of the direction of the natural inflow that
has caused the appearance of springs in downstream of dam near the contact of the series
As-Gs.

The design inflow of underground waters in the river Heirabad on the area from dam
up to the contact of the suites As and Gs in downstream is 2,4...2,6 m%/s including springs.
The share of the direct seepage from water reservoir forms ~40 % of this values, the rest
60 % correspond to the unload natural inflow redistributed as a result of buttress.

It is possible to define the level and discharges of underground waters on the territory
of hydro unit under any elevation of water reservoir with the help of the created geo seep-
age model. The model can be used for effectiveness evaluation of the grouting curtain in
the operation period.

Key words: hydrogeological model, underground water, water permeability, water res-
ervoir, grouting curtain, drainage structures, seepage anisotropy, calibration, Kowsar, Iran.
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