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Geothermal reservoirs are characterized by complex geological structures associated with faulted and
fractured formations. Highly conductive fractures are the main flow channels and therefore, are the primary targets
in well placement design. During the reservoir development, reinjection of cold water at high rates will not only
change the stress field but could lead to undesired events like, fault reactivation and potential seismic activity.
Coupling fluid flow and geomechanical simulators allows the assessment of potential impact of reservoir operation on
the subsurface system, notably the change of flow direction and the closure and opening of fracture networks, affecting
the performance of the system as a heat exchanger, and the occurrence of microseismic events due to the reactivation
of faults, impacting public acceptance.

This project demonstrates the construction of a 3D reservoir geomechanical model of the Rittershoffen
(France) geothermal reservoir, based on structural model built by ES Geothermie. At first, petrophysical and
mechanical reservoir properties are obtained from well logs information, then image logs are analyzed to define
the fractures geometries and properties. These results are subsequently upscaled to the reservoir grid to build a
3D static property model, including a discrete fracture network (DFN).

Secondly, the dynamic model is build. The first step is to define initial fluid and stress conditions. Most of
geothermal reservoirs are not in hydrothermal equilibrium therefore one of key task is correct definition of initial
flow and stress boundary conditions. This is done by model tuning to reproduce the temperature and pressure
measurements and initial fluid flow. Similarly, stress boundary conditions are calibrated with well and offset
data, and mechanical simulations are conducted to define the initial state of stress throughout the field.

Finally, mechanical simulations are coupled with reservoir flow simulations to evaluate the change of stress
and strain as a function of fluid and heat flow. Then the model is further calibrated by using historical
production/injection rates, well tests, tracer tests, fluid samples: this concludes the history matching, after which
reservoir is simulated with different scenarios in order to improve the development strategy and evaluate the
performance and risks of the system. Sensitivity analyses are run to assess the impact of poorly constrained
parameters, on the behaviour of the geothermal system, together with different production/injection rates that
impact cold water breakthrough time, fault reactivation and microseismicity.

The ability to model complex phenomena caused by the hydro-thermo-mechanical behavior of the geothermal
system, such as fault reactivation and microseismicity will ultimately allow management of uncertainty and mitigation
of the geothermal project risks.
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OHUM 13 TIEPCIIEKTUBHUX 1 MAJIOBUBYCHUM pPETiOHOM YKpainu € Tepuropis Boiuno-IToainbcerol
HadTOrazoHocHOi o6macti. [lepcreKTHBHUM HalPSMKOM MOLTYKIB BYTJIEBOIHIB Ha JOCIHIIKYBaHi i
TEPUTOPII € HOIIYK POAOBHII HAPTH 1 Ta3y, MOB’I3aHUX 3 MACTKAMHU HEaHTHUKIIHAJIBLHOIO TUITY (II0XOBaHI
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pudu, niToNOriuHi, cTpaTUrpadiuHi, JiTONOro-cTpaTUrpadivHi, TEKTOHIYHO-eKpaHOBaHi Ta iHm). OcoOnuBi
MEPCIEKTHBH OB’ SI3yIOTHCS 3 PUPOreHHIMH YTBOPEHHSIMH, 110 BUABJICHI y CHITypiHICBKHX BiIKIagax
Bonuno-Iloaimis.

AHari3 pe3ynbTaTiB MPOBEIECHUX re0JI0r0po3BiAyBaIbHUX POOIT Ha TepuTtopii Bonmuno-Tloxinns gae
MiZcTaBy CTBEPXKYBATH MPO MPHUCYTHICTP y BIAKIAAaX CUIIYpIHCHKOTO BiKy MAcTOK JUIA HATH i razy
HEaHTHUKJIIHAJHHOTO THITY, B TOMY YHCIi, pU(POTEHHUX CIIOPY/I, IO MOXYTh MICTHTH TOKJIaAX HAPTH i rasy.

e miaTBepmKy€eThCS, Hacammiepe | pesyibratamu OypiHas. [Ipu OypiHHI po3BigyBaIbHIX CBEPIIOBUH
B MEXKaxX TEPUTOPIi AOCITiKeHb 3aikcOBaHi YNCIEHHI HAQTOra30mposiBu. 30KpeMa, IpH BUMPOOyBaHH1
puOreHHNX MOPi CKaTbChKOTO TOPU30HTY Y cBepAstoBrHAx NoNe 1, 8, 12-JlokaumHchka, Ne 1-IlaBmiBcbka,
Ne 2-MapkoBHdi OTpUMAaHO He3HAYHI MPUTLINBY HahTH. Y cBepaioBuHI Ne 1-BomoammupiBchka 3 BimKiTamiB
0aroBHUILKOrO TOPM30HTY OTPMMAHO HEMPOMHUCIIOBUI NPUILTUB rasy ae6itom 1,4 tuc. M%/106y. Okpim Toro,
Ha JlokauynHCHKiN 11011, 3 BiAKJIa1iB MATMHOBEIBKOTO Ta 6arOBUIIBKOTO TOPU3OHTIB OTPUMAaHI IPUILTUBH
IJTACTOBUX BOJI 3 BETTMKOIO KUTBKICTIO PO3YMHEHOTO Ta3y Ta ITiBKaMH HaTH.

YTBOpEHHS CUIIYpYy XapaKTepH3YIOTHCS MOBCIOIHIM MOUTUPEHHSM 1 PO3KPUTI YHCIEHHUMHU
cBepAsIoBUHAMHU Ha miomax: JlitoBesbka, JlokaunHcbka, [laBniBebka, [lepemunsacbka, JlynuHcbka,
I'opoxiBcrka, 3anoxenpka, MukynuHenbpka, XMeniBebka, Kopomnens-IInmkiBcbka, bydaneka, baxy4anHcbka,
Jlemuucpka, KoanHKIBCBKA 1 1H.

Pudogi ¢arii B MepuaioHaIbHOMY HAMIPAMKY IIPOCTSTaloThes yepes Bee Bomuno-Iloainms Bin paitony
M. Bonoaumup-BonuHcbkoro 1o okonunp M. YepHiili. BoHM pO3KpUTI_CBEpUIOBHHAME B paliOHAX
Bonognmup-Bonnacekuii-Jlokadi Ta Kopomnerns-IInmkimi-bydad. ®arrist mpeacraBieHa OpraHoreHHUMHU
BaITHJIKaMH 3 PEIITKaMH Yepenalniok Opaxiorno1, TOJIKOMIKIpUX, KopalliB, KpUHOi e, MOXOBATOK.
CunypiiichKi OpraHoreHHi BallHSIKH YTBOPIOIOThH, KUMOBiIpHO, MOX0BaHui Oap’epHuil pud. OcTanHiHi
MIPENICTaBIIsIE COOOFO TIEPEPUBYACTY TPSIILY, IO CKIAIAETHCS 3 OKpeMHX OiorepmiB. 3TiTHO paHile
MIPOBEICHUX JOCIIHKEHb, PO3MOBCIOKEH] B MEKaX BiTHOCHO BY3bKOi CMYyTH (IIMPUHOO 15-35 kM i
noBxuHO0 moHas 300 kM) cyOMepuAiOHATLHOTO MIPOCTATaHHS, KOTPa MPOCTATAEThCS Bia M. Bomomumup-
Bonmacbkmii 1o M. YepHiBiti.

B Mexax pudoreHHo1 cMyTH BUAUIAIOTECS OKpeMi MOP(hOCTPYKTYpH — Oiorepmu (MOXKIIABI TACTKH IS
Ha(TH i ra3y) 3 BiTHOCHO HEMTOTAHUMH EMHICHUMHM BJIACTUBOCTSIMH 1 JJOCTATHBOIO TOBLIMHON: Bonoaumup-
BonmHcbka, ['opoxiBebka, byyauchka, BepxHskiBchka, XOTHHCHKA.

Ha 3axin BiJf HOXOBaHOTO CHITYPIHCBKOTO PH]Y MPOCTATAETHCS 00JIaCTh MOMUPEHHs (alliii BiIKpUTOTO
menbdy. BoHa mpecrasieHa TEMHO-CipUMHU 1 YOPHUMH apTiliTAMU Ta MEPTEJISIMH 3 PIIKHMH MPOIIApKaMH
BaITHAKIB (po3KkpuTa B po3pizax cB. NeNe 1-3aBaxieka, 2-Iligraiimi, 1-Ilepemunuisuu, 30-Benuki Moctuy, 1-
Coxainp, 1-JlitoBex, 1-Jlimmuckka, 1 1 15-Jlymun).

VY posramryBaHHi critypificbkux pudoBux crnopyx (6iorepmis) Bonuno -Iloainscbkoi mmutu
MiATBEPKEHO BIACTUBY 0araTbOM perioHaM 3aKOHOMIPHICTh — BOHH TSDKIIOTh /IO PO3PUBHUX TEKTOHIYHHUX
nopyIeHb. Tak, TOX0BaHi CHITYPIiiChKi prudu TATHYTHCS B3IOBXK PasexiBChbKOro po3oMy Ha BiJ[pi3Ky Bill
Bonogumup-BonuHcbkoro poznomy 1o mupoT JIbBoBa, a gasi 6aroBUIbKUI pUQ BIIXMISETHCSA HA CXifT 1
MPOXOJIUTH 110 30HI TepeOoBNsTHCLKOTO 1 30apa3bKoro po3ioMiB, a CKATLChKUH pud — 10 PanexiBcbkoro
PO3PHUBHOTO MOPYIICHHS. SIK BBaXKar0Th aBTOPU T'€HETUYHUH 3B'SI30K MiXK pH(QOBUMHU CIIOPYAAMH 1 IIUMH
PO3PUBHUMU NOPYLICHHSIMH 00yMOBIIEHUH ICHYBaHHSM LIAPHIpOIIOAIOHOTO YCTYITy, yTBOPEHOIO Ha
MOHOKJIIHAJIbHOMY CXWJII B3/IOBX 3TrajlaHux po3oMiB. [1o pi3Hi OOKH Bl HUX MIPOTATOM CHIIYPIHCHKOTO Yacy
iCHyBaJIa pi3Ha TEKTOHIYHA aKTHBHICTb, 1 B IIPHUITITHSTIH O17bII cTaOiIbHIN IXHIN YacTHHI ICHYBaJIU
CIPUATIUBI CEIUMEHTALII{HI YMOBH JUIsl PO3BUTKY 01011eH03y pH(OOYAiBHIX OpraHi3MiB, BEJIHKI CKYTUEHHS
SIKMX 3rOJIOM TI€PETBOPUIIMCS B OpraHOre€HHi criopynu. Tpeba 3a3HaunTy, 1110 aKTUBHA TEKTOHIYHA JiIsUTbHICTD Y
30H1 TepeborIsHCHKOrO 1 30apa3bKoro po3aoMiB IPOIOBKYBasiacs a00 BiJJHOBJIFOBAIACS YIIPOIOBK TPUBAIOTO
T'eOJIOTIYHOTO Yacy, 0 CyTTEBO BILTUBAJIO Ha PO3Mo it (dariit ta GopMyBaHHsS pUPOBUX CHCTEM.

CuypilichKi IOpOIH, K MOXJINBI pe3epByapH Ui HadTu i ra3y, npencTaBieHi OpraHOreHHUMH
BaITHsIKaMH, 1110 TIONIMPEHi B 30Hi Oap’epHoro pudy. BoHu nociikeHi y BIIKIIaIaX CKalbChbKOTO Ta
MaJIMHOBEI[LKOTO TOPHU30HTIB BEPXHBOTO CHITYPY Ta OaroBUIILKOTO TOPU3OHTY HIDKHBOTO cHiTypy. [lopoau-
KOJIEKTOPH IIpECTaBJICHI KABEPHO3HUMH Ta TPILIMHYBAaTHUMH BaIllHSKaMHU 1 gosiomitamu. Konektopu cuimypy
BiJI3HAYAIOTHCS CKJIAIHOI0 OYI0BOKO MyCTOTHOTO HPOCTOPY — TPIillMHYBATO-KaBEPHO3HO-TIOPOBOTO TUITY. 1X
HOPHCTICTh KOJMBAETLCA B TOCHTH IMMPOKUX Mexkax Bizt 0,5 % 10 17 %, a nponuksicts Bix 0,01-1073 mxm?
10 5,33-10 Mmxm?. 3a pe3ysbTaTaMy IIPOBEIEHUX JOCHIIKEHb BCTAHOBJIEHO, 1110 TIOPOBi 1 KABEPHO3HO-
MOPOBI KOJIEKTOPH PO3BMHEH] B OPraHOT€HHHX BaITHSAKaX 1 BTOPUHHHX JOJOMITax, a TPILIMHHO-TIOPOBI B
OPTraHOT'€HHO-/IETPUTOBUX 1 OOJIITOBO-TPYIKYBaTHX BaIlHAKAX.
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[NoxpumikaMu 11st CHITypiiicbKUX pUQOTeHHUX YTBOPEHB CIYTYBaTUMYTh CIA00NPOHUKHI TOPU3OHTH,
SIK1 IpeCTaBJICHI MEPTEISIMU, apriliTaMH 1 TIMHUCTUMH BallHsKaMHi. BoHU npocTeskeHi B 6aroBUIIbKOMY,
MaJIMHOBEI[LKOMY 1 CKJIbCBKOMY TOPHU30HTAX.

3a pe3ynbTaTaMu riApOreoNIOTiYHUX AOCIiIKEHb KapOOHATHUX KOMIUIEKCIB BEHJIOKCHKOTO,
JTYJJIOBCHKOTO Ta MP>KUAONBCHKOTO SIPYCiB BCTAHOBJICHO, 1110 TUTACTOBI BOJM MOB’S3aHi 3 TPILIUHHO-
KaBEPHO3HO-TIOPOBUMH KOJIEKTOPAMH B OPTaHOTCHHHX BaITHAKAX 1 JOJIOMITaX CXiTHOI (MITKOBOIHO-
menb(}hoBoi) YacTHHU OaceifHy i, B MEHIIIN Mipi, 3 BalTHAKaMy THO0KOTo menbdy Ha 3axomi. [ImacTosi
BOJIU € XJIOPKAJBI[IEBOTO THITY.

XapakTepHa 111 BOJOHOCHUX TOPHU30HTIB BUCOKa MeTaMopdizallisi, MiHepaizamisl Ta XJIOPKaIbIlieBUiH
THII, BKA3y€ HA YMOBH YTPYAHEHOTO 1 HaBITh JIOCUTH YTPYTHEHOTO BOJOOOMIHY B CHUTYPIHCHKHX BIAKIAIaX,
a MepeBaXKCHHS BYTJICBOIHIB y CKJIa i BOAOPO3YMHHUX ra3iB i NpUIIMBYA HadTH NpH BUNPOOyBaHH1
CBEPJIOBHH CBITYaTh MPO CIPUATINBI YMOBH JJIsS HAKOIMYECHHS 1 30€peKEeHHS MOKJIa IiB BYTJICBOAHIB Y
pu(OreHHNX YTBOPEHHIX CHITYDY.

®dopmyBaHHS MOKJIaiB BYTJICBOJHIB B CHITypiliCEKHX BiKJIagax BiOyBanocs, K 3a paXyHOK
BEPTUKAIBHOI Mirpaii i3 miACTUIAI0UMX TOBII, TaK i 332 paXyHOK JIaTepaJIbHOI MirpaLii 3a paXyHOK
peanizaiiii BIacHOTO TeHEpalifHOTO MOTeHIiaTy. MOXXIUBICTh ICHYBaHHS JIaTepaTbHOI Mirparii
BYTJIEBOJIHIB 3HAYHO IiIBHIIY€ TIOTEHITIIHI MePCIEKTHBH HA(PTOTa30HOCHOCTI JIITOJIOTIYHUX 1 JIITOJIOTO-
cTpaturpadiuHuX MacToK i, B EpUIy Yepry, pudis ta Giorepmis.

TakyuM YMHOM, IEPCIIEKTUBHICTh CUITYPIHCHKUX BiAKIAAIB HAa BiJKPHUTTS MOKIAAIiB HAQTH i ra3y He
BHKIIMKA€ CYMHIBIB 1 IIe HEOOXiJHO BPaxOBYBaTH MPH MOAATBIINX TOMTYKOBHUX POOOTaX.

AHaJi3 reolMHaMIYHUX KpUTepiiB HadrorazoHocHocTi Bonuuo-Iloainschkol HadTorazoHocHOT 001acTi
MOKa3aB, IO OJHUM i3 MEPCIEKTHUBHUX JITOJIOT0-CTPATUTpadiuHIX KOMIUIEKCIB Y HAQTOra30HOCHOMY
BiJTHOIIIEHHI € CHITYPiHCHKHH.

Oco0nHBI MEPCTIEKTHBH OB’ SI3YIOTHCA 3 PHPOTSHHNMH YTBOPEHHSIMHU, III0 BCTAHOBIIEHI Ha TPHOX
cTpaturpadiuHux piBHAX (Y BiIKiIaaax 0aroBUILKOT0, MAJIMHOBEI[LKOTO 1 CKaJIbChKOTO TOPU30HTIB) Ta
mpencTaBieHi prudoBoro cMyroro (moxoBanuil 0ap’epruii pud) B Mmexxax Bommro-Ilomims.

[pocTsiranns pudoBoi CMyTH TSDKi€ 10 OCHOBHHX BETMKOAMILTITYAHUX PO3PHUBHUX ITOPYIIEHb, TAKAX
sk: PagexiBcbkuii, Bonogumup-Bonuacbkuid, TepeOGOBISTHCHKUI Ta iH., IO CBITYUATH PO MOXKIIMBY
MIrpallito ByTJICBOJHIB Ta FeHEpalliio iX B MOKJIaax.

st pudporeHHNX KapOOHATHUX TOPiJ BIACTHBI CTICIU(iYHI KOJIEKTOPCHKI BIACTHUBOCTI (TIOpH,
KaBepHH, TPIIMHHM) 1 BIJITOBIIHO BUCOKA HIIJIbHICTH 3araciB HaQTH i Ta3y 3a CIPUSTIUBUX YMOB.

[Mokpuikamu [t TACTOK BYIJIEBO/IHIB OYy/AyTh MAYKW TIIMHUCTUX MOPIJ 3 TPOIIapKaMK TTMHHCTHX
MEpreiB.

B Mexax moxoaHoro pudyy BHSBIEHO psig MOpHOCTPYKTYp (OiorepMiB), sIKi BBAXKAIOTHCS MOKITHBHUMH
MacTKaMu JUIsl ByTJIEBOJIHIB.
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Bynp-sixa cucrema knacudikarii cTBOproe €quHy 0a3y MOPIBHAHHS 1 JO3BOJISE 3HU3UTU CY0’ €KTUBHICTH
IpY TPOBEICHHI OLIHKM 3alaciB Ta pecypciB BYIJIEBOAHIB. Y CBiTi HapaxoByeThCcsl Onm3bko 150
kiaacudikaiiii y pisHOMaHITHUX HamioHAIRHUX Moaudikamisx. Omnak, kinacudikaiis Petroleum Resources
Management System (PRMS) Ha choroasi paxyeTbcsi OJHI€I0 i3 HAHJZOCKOHATIMIMX 1 BOHA IIHUPOKO
BUKOPHCTOBYEThCSI ¥ CBiTOBiN Hadrorazomiii mpomucioBocti [1]. Knacudikarist pospobnena y 1997 p.
ToBapucTBOM iHXEHEPIB-HAPTOBUKIB, cribHO i3 CBITOBUM HA(PTOBMM KOHTPECOM Ta AMEpPUKAHCHKOIO
acolialli€ro reosIoriB-HadTOBUKIB. Y HIil JETaJbHO PO3TJISHYTI HE JIMIIE OCHOBHI BU3HAYCHHS Ta MPUHIIUITH
BUJIJICHHS KaTeropii 3amaciB Ta pecypciB HaQTH i ra3y 3a pi3HOMaHITHUMH O3HaKaMH, a TaKOXX OIHCaHi
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