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B pabote paccmarpuBaeTcs MpUMEHEHHUE YUCIEHHOTO re0(UIbTPAMOHHOTO M TEOMUTPALUOHHOTIO
MOJIEJINPOBAHMS Il POTHO3UPOBAHUS PACIPOCTPAHECHUS! ONMACHBIX (DIFOMIIOB U OLIEHKH SKOJOTHMYECKHX
puckoB. Ha npumepe npoMbIIIIIEHHONH TEPPUTOPHH IIIOIIA b0 27.66 KM? ¢ HCIIOIB30BaHUEM IPOTPAMMHOTO
kommiekca Visual MODFLOW Flex 7.0 mocrpoena 22-cioiHas THAPOTEOJOTHYecKas MOJIEINb,
YUUTHIBAIOIIAS MHOTOCJIOHHOE CTpPOGHHWE U  (QUIBTPALMOHHBIE CBOHCTBA BOJOHOCHOH CHCTEMBI
[IponeMoHCTpUPOBaHbI pe3yIbTaThl KATMOPOBKK MOJIENN MO JAHHBIM PEXUMHBIX HAOMIOACHUHN U BHIIIOJIHEH
MPOTHO3 MHrPalMil  BBICOKOMHHEPAJIM30BaHHBIX  paccoiioB.Ocob0oe BHUMaHHE YACIEHO OIICHKE
3¢GEKTUBHOCTH IATH  BapUAHTOB WHXKEHEPHOMW  3alMThl  TOA3EMHBIX BOJ, CpeOd  KOTOPBIX
KOMOWHHMPOBAaHHBIN MOJIXO0/ HAWIYUYLINE PE3yJbTaThl, 3HAUYMTEIBHO CHU3UB PAa3rpy3Ky 3arpsi3HEHHBIX BOJ B
MOBEPXHOCTHBIE BOAOTOKH. OOOCHOBaHA YHUBEPCAIBHOCTh Pa3paboTaHHOTO METOOJIOIHYECKOTO MOIX0/1a U
BO3MOXXHOCTb €TI0 aJalTalyy JJs PeHIeHUs 3ajad JKOJOTHYECKOW Oe30MacHOCTH W MPOTHO3MPOBAHUS
MUTPaLUH NPUPOJHBIX THAPOTEPMAIBHBIX (DIIOMIOB B pallOHaX aKTUBHOT'O BYJIKAHU3MA.

Groundwater Flow and Transport Modeling as a Tool for Environmental Risk
Assessment in Volcanic Regions

Diana R. Suleeva
ProTechEngineering LLC, St. Petersburg, Russia

The paper discusses the application of numerical groundwater flow and solute transport modeling to
predict the migration of hazardous fluids and assess environmental risks. Using a 27.66 km? industrial site as
a case study, a 22-layer hydrogeological model was constructed in Visual MODFLOW Flex 7.0,
incorporating the multi-layered structure and hydraulic properties of the aquifer system. The model
calibration results based on monitoring data are presented, and a transport forecast for highly mineralized
brines is performed. Special focus is given to evaluating the effectiveness of five engineering protection
scenarios for groundwater, among which a combined approach demonstrated the best results, significantly
reducing contaminated water discharge into surface streams. The study demonstrates the versatility of the
developed methodological approach and its adaptability for ensuring environmental safety and predicting
natural hydrothermal fluid migration in active volcanic areas.

MHTEHCUBHOE NTPOMBIIUIEHHOE OCBOCHHME TEPPUTOPUIl CONMPOBOXKIAETCS 0Opa3oBaHUEM
TEXHOTEHHBIX HCTOYHHKOB 3arps3HEHHs] TOJ3EMHBIX BOJ, BKIIOYas BHICOKOMHHEPAIN30BAHHBIC
pacconbl. OTHOBPEMEHHO B BYJIKAHMYECKHX PETMOHAX €CTECTBEHHBIE THIPOTEPMAaIbHbIE CUCTEMbI
(bOpMUPYIOT aHAJIOTHYHBIE MO cocTaBy (mrounsl [1] ¢ MOBBINICHHONW KOHIEHTpAlMEH XJIOPUAOB,
cynmbatoB ® TOKEMBIX MeTaioB [2]. B o0omx ciydasx BO3HUKAEeT TMOTPEOHOCTh B
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MIPOTHO3UPOBAHUM MUTPAIUU PACTBOPEHHBIX BEIIECTB U OOOCHOBAaHWUU MEp MO MHUHUMHU3AIUU
HKOJIOTMYECKUX PUCKOB.

B pabore mnpexncraBieHbl pe3yabTaThl T€OPMIBTPAUOHHOTO W TE€OMUTPALIMOHHOTO
MOJICTIUPOBAHUSL JIi TEPPUTOPUU C OOBEKTAMH XBOCTOBOI'O XO3siiicTBa. Monenb OXBaThIBaeT
wiomaap 27.66 KM?, MMeEET MPOCTPaHCTBEHHYIO aAuckperuszauuio 20%20 M u BKIoyaer 22
pPacuéTHBIX CJIOS, OTPAKAIOUIUX MHOTOCIOWHOE CTPOEHHE BOJOHOCHOM CHCTEMBI: TEXHOTEHHBIE
otnoxenus (Kp=10 m/cyT), uerBeptrunbie necku u cyrimuaku (Kp=0.5-5 m/cyT), mectpouBeTHyIO
ToNmmy W TeppureHHo-kapoonatHyro Ttommy (K$=0.5-1 wm/cyr). Pacuérbl BbIONHEHBI B
nporpammuom komiuiekce Visual MODFLOW Flex 7.0 (moxynu MODFLOW, MT3DMS) [3].
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Pucynox 1 — Cxemamuueckas 3d-modens cudpoeeonocuuecko2o npocmpancmed

KanmnbOpoBka GuiIbTpaltmoHHONW MOIEH TIPOBeIeHa 1O TaHHBIM PEKUMHBIX HAOIOICHUH 32
pacxoJamMM peK M ApeHaXHbIX cucTteM. Omubka mo pacxoaaM pek cocraBuia 2% (hakTuueckuit
pacxox 11 150 m*/cyr nmpotuB MozaensHoro 10 961 m*/cyr). B ycnoBusix HapyleHHOro pexuma
MUTAHUE IMOJ3EMHBIX BOJ OCYHIECTBISETCSA 3a CUET MHOUWIBTpaUUU aTMoc(hepHbIX ocaakoB (43%
MPUTOKA) U TOATOKA MO TpaHUIaM TpeThero ponaa (49%). OcHoBHas pasrpy3ka MPUXOJUTCS HA
peku (71%) u npenaxubie cuctemsl (28%).

JUIs OLIEHKM MUTpaly 3arpsi3HSAIONIMX BEMIECTB pellaiaCh KOHBEKTHBHO-TUCIIEPCHOHHAS
3ajava [4] ¢ nuddepeHIUpOBaHHBIMM 3HaYeHUAMHU H¢dexTuBHONM mnopucroctu: 0.14 g
4eTBepTUUHbIX oOTiHoXkeHu u 0.02 11 TpemuHOBaThIX MopoA. B kauecTBe MoOJENbHOIO
3arps3HUTENs 3afaHa KoHueHTpamus 390 1/n XJOpuaoB HATpus M Kanua. MojaernupoBaHHe
MoKa3ayio, 4to 0Oe3 3alIMTHBIX MEPONpPHATHH (DPOHT 3arps3HEHHs] JOCTHUTAET IMOBEPXHOCTHBIX
BOJOTOKOB B TeueHue 5—10 ner.

OneHena 3G GEKTHBHOCTh TISITH BapUAHTOB HWHXXCHEPHOW 3allMThI MOI3EMHBIX BoI [5].
HawuOonee 3¢ EKTUBHBIM MIpU3HAH KOMOWHUPOBaHHBIH BapHaHT «TIOJTHAs
NpOoTHBOMMIBTPAIMOHHAS 3aBeca + JpeHaXk», OOCCIEUYMBAIONINA CHIDKEHHE pasrpy3Ku
3arps3HEHHBIX BOJA B pekH 10 53.1% OT HMCXOAHOTO 3HAYEHUS W YBEJIWYEHHE JOJHM IepexBara
IpeHAKHBIMA cucteMamMu 10 46.9%. Takoi moOAXoa TO3BOJSET HE TONHKO OTPAHUYHTH
pacrpocTpaHeHHE 3arps3HEHUs, HO U 00eCIeYUTh YNpaBIAEMbli OTBOJ MOTEHIMAIBHO ONACHBIX
(bmrouoB.

[Tomyuyennsie pe3yabTaThl J€MOHCTPHUPYIOT YHUBEPCAIBHOCTb METO/I0B
reoMIbTPALIMOHHOTO ¥ T'€OMHUTPALIMOHHOTO MoJenupoBaHus. PaszpaboraHHas MeTomonorus
IpUMEHUMa HE TOJBKO JJISi OLIEHKH TEXHOTCHHOTO BO3JEHCTBHS, HO W JIsi IPOTHO3HPOBAHUS
MUTpalMK NPUPOJIHBIX 3arpsA3HUTENIEH B BYJKAHUYECKUX DPErHMOHaX. YYET THUAPOreoIorHyecKon
HEOJHOPOAHOCTH, TPEIIMHOBATOCTH TOPOA W JWHAMHKH IIOJ3€MHBIX IIOTOKOB IT03BOJIIET
aZlanTHPOBaTh MOJXOJ I PELICHUs 3a7ay KOJOIMYEeCcKOM 0e30IacHOCTH B paiiOHaX aKTHBHBIX
BYJKaHOB M THJIPOTEPMAIbHBIX TIIOJIEH, TIJE€ COCTaB M IIOBEACHUE TEPMAJbHBIX (DIIOMI0B
COIIOCTAaBUMBI C IPOMBILIUIEHHBIMU PAaCCOJIaMHU.
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