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Beenenue. Ilayxxerckas ['eoTOC ¢ yCTaHOBIIEHHON AIEKTPUYECKON MOIIHOCTHIO 5 MBT
Hayaja sKcruryathupoBaTtbesa ¢ 1966 r. HccnemoBanus pesepByapa [2] mokazanu, 4TO 3TO
reoTepMalIbHOE «BOJIOJJOMUHHPYIOIEE» MECTOPOXKICHHUE TUIACTOBOTO THIA ¢ TemnepaTypoit 170-
190°C u BHUAMMON €CTECTBEHHOW pa3rpys3Koil ropsuux HUCTOuHHKOB 31 kr/c. OOmas
TUIPOTe0JIOTNYeCKasi KOHIENIINS [0 JaHHBIM ONBITHOW AKcIuTyaTanuu 1962-63 rr 3axiouanach
B TOM, YTO NPH CyMMapHOM OTOOpe TepMajabHOM BOIbI ¢ pacxomom 120-125 n/c mocturaercs
YCTaHOBMBILUICS pPeXUM MOI3EMHBIX BOJI, IPU 3TOM I10 TEMIIEPATYype U XUMU3MY T'HIPOTEPM He
NPOMCXOIUT CYUIECTBEHHBIX HW3MEHEHMH, XOTS [aBJICHHE B pe3epByape U eCTeCTBEHHas
pasrpyska THIpOTEPM HECKOJIbKO CHMKaroTcs (Ha 22%) [2]. Ota xoHuenuus 6azupoBajach Ha
NPEICTABICHUAX O HAJMYUU B Pe3epByape €CTECTBEHHOI'O MOTOKAa MTyOMHHOIO TEIUIOHOCHUTEI,
HOCTyMarouero u3 oceBoi yactu KamOanpHOro XpeOTa M NMpEBBILIAIONIETO M0 pacxogy OTOOp
TEepMaJbHBIX BOJ. Pacxoa moTroka riryOMHHOTO TEINIOHOCHTENS OlleHuBaicsa no ¢opmyie lapcu
BenmunHON 460 Kr/c, mpu 3TOM B KadyeCTBE BEIMYHHBI BOJONPOBOJUMOCTH HCIOIH30BAHBI

pe3yabTaThl 00paboTKHM BOoccTaHOBIEHUs ypoBHs nocie OB 1962-63 rr [3,8].

Tem ne menee, mepBbie 10 ner skcruryatauu ¢ pacxogoMm 160-190 kr/c mokazamu
IIOCTEIIEHHOE  CHI)KEHHE  TEMIIepaTypbl, CHIKEHME  KOHLEHTpAalMd  XJIOp-HOHa B
IKCIUTyaTallMOHHBIX CKBA)KMHAX, PACIIOJIOKEHHBIX BOJM3M 00ACTH E€CTECTBEHHOH pPa3rpy3KH
THJIPOTEPM, TMOATOMY OBLIM NMPOOYPEHBI HOBBIE Pa3BEAOYHO-IKCIUTYaTALMOHHBIE CKBaKUHBI, U
SKCIUTyaTaIus TIOCTENEHHO CMENIanach OT 30HbI €CTECTBEHHOM pa3rpysku B obnacts 200-220°C
temneparyp. IIpoayKTHBHBIE CKBa)XHMHBI OBUIM TNPOOYPEHbI B 30HE BOCXOJSINEr0 IOTOKA
nIyOMHHOTO TerioHocuTensd B 1.5-2.0 KM K I0r0-BOCTOKY OT «CTaporo» MpOAYKTUBHOIO MOJIS
[1,6]. IIpu obmem pacxome orbopa temmoHocutens 220-260 kr/c B mepuoa ¢ 1975 mo 2005 rr
TEeMIIepaTypbl M SHTAJIbIHMM MPOAOJDKANN MaJaTh, €CTECTBEHHAs pasrpy3ka B B BHUJE TOPSUYHUX

uctouyHuKoB ucuesna. [Ipasmoe TOUGH2-monenupoBanue [6,7] MpuBEio K CIEAYIOUMM OLEHKaM
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OCHOBHBIX TmapamerpoB: (1) Pacxom Bocxopsmero moroka TerioHocutens 220 Kr/c mpu
sutanenuu 830-920 x/[x/kr, (2) IIpoBoguMoCTs pe3epByapa B IEHTpaJbHOW ero ydactu - 70
Hapcu*m, cxxumaemocts 5.0 107 ITa™", (3) IapameTpsl «JIBOIHOI MOPUCTOCTUY - pa3Mep OJIOKOB

162 m, nons tpeumuHoro npocrpanctsa 0.1-0.2.

[lepeonenka AKCIUTYaTal[MOHHBIX 3aracoB [Tay>xerckoro reoTepMalibHOTO
MECTOPOXKIACHUS CTaja aKkTyJIbHOU B CBS3M C peKoHCTpyKmuei ['eoDC, uro moTpedoBano Oonee
JNETalbHOM KamuOpOBKM U YTOYHEHHsS] 4YHUCIEHHOW Moxenu. Jlns pemieHuss 0OpaTHBIX

MHOTOmapaMCTpUICCKUX 3alad U OLCHKU IMapaMCTPOB MOACIIN HCIIOJIb30BaHAa BBIYHUCIUTCIIbHAA

nporpamma iTOUGH?2 [5].

KoHuenrtyajibHass ruaporeojiornyeckasi mogeab. KoMmriekcHbll aHanu3 uHOpManuu 1o
reoTepMalbHbIM CKBa)XKMHaM Ilay’keTCKoro MecTOpoXIeHUs (JIMTOJOTMYECKHE KOJIOHKH,
TEPMOMETpPHSI, TEPMOKAPOTaXK, paclpeiesieHue NPOAYKTUBHBIX 30H, pe3yJibTaThl aHaJIN3a
OTIBITHO-(UIIBTPAIIMOHHBIX pa0OT) MOKA3bIBAET, YTO:

(1) TI'maoporepmanbHblil pe3epByap IlaykeTCkoro reoTepMagbHOIO MECTOPOXKIEHHE HMEET
IUTaCTOBOE CTPOCHUE U 3ajieraeT CyOropu30HTAIbHO HAa YYacTKe JJIMHOM He MeHee 2 KM B
IIMPOTHOM HANpaBlI€HUHM M HE MeHee 2.5 KM B MEpUAMOHAIBbHOM HampasieHuH. CpenHss
BCKpBITasi MOIIHOCTh He MeHee 505 M, u HaxomuTcs B uHTepBajie -50 m abc. - - 550 m alc, B
LEHTPAJIbHOW YacTH MECTOPOXKICHHMS THAPOTEPMANbHBIM pe3epByap COOOIIAeTCs CHU3Y C
CHCTEMOW KaHaJIOB, MTOJIBOSALINX TEIJIOHOCUTEI;

(2) Amnanu3 pacnpeneieHdss TNPOAYKTHBHBIX 30H 10 CKBOXHMHAM TOATBEP)KIACT, UTO
TUAPOTEPMAIbHBIN pe3epByap XapaKTepU3yeTcsl JBOMHON MOPUCTOCTBHIO (TPEIIMHBI+T MaTpHla
(670KM)), DOJST aKTUBHOTO «TPEHIMHHOTO» MPOCTPAHCTBA B OOIIEM 00BbEeMe THAPOTEPMAIBHOTO
pesepByapa oreHuBaercst B 0.28,. CpenHee paccTOsSHUE MEXIy MPOAYKTUBHBIMH 30HAaMH IO
BEepTUKaAIX 0K0JI0 105 Mm.;

(3) EcrecTBeHHas pasrpy3ka rupoTepM B HEHapYILIEHHBIX YCIOBMSX 0 Hayaua dKCIUTyaTaluu
OCYILECTBIIAJIACh B BHJIE€ KHUISAIIMX MCTOYHUKOB, TeH3€poB, MapoOBbIX CTPYH M y4YacTKOB
OpOrpeToil MoYBBl, OoJblIas dYacTh TEIUIOBOW pasrpy3ku mpuxoaurcsa Ha Ilayxerckoe
TepManbHoe mone (63 MBT, unun 99% ot cymmapHOro BbIHOCa Teria), npu 3ToM 31 Kr/c —
U3MEpEeHHasi CyMMapHasi pa3rpy3Ka ropsuux UCTOYHHKOB, TEIJIOBasi MOIIHOCTh MApOBbIX CTPYH

(Bepxnee u Bocrounoe Ilayxerckue mapossie modsi) coctapistoT 0.7 MBT [3];
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(4) O1leHKH TIPOHUIIAEMOCTH, MPOBOIUMOCTH U CKXHUMAEMOCTH IO TpadukaM BPEMEHHOTO U
IUIOMIA/THOTO MPOCJIEKUBAHNS MOKA3bIBAIOT, YTO 3HAYEHUS MPOBOJUMOCTU THAPOTEPMAIBHOIO
pe3epByapa oreHuBaroTcs oT 35 10 94 JI*M U 3HaYeHUs CKUMAEMOCTH JAJIsl MPOAYKTUBHBIX 30H
C*¢*M= 9.0 10°, MOPOJBI, ClIararolue TEPMOBOJAOHOCHBIM KOMILUIEKC XapaKTEPU3YHOTCS
nopuctocThio 10 0.2 (610kM) 1 HU3KOK MIOTHOCTHIO 1500 — 1800 KI/M;

(5) HauanpHOE aBieHne B THAPOTEPMAIBHOM pe3epByape cocTaBisio 34.5-35.5 Gap Ha abc.oTM.
-250 M. U uUMeeT TEHJEHLMIO BO3pacTaHMs 110 HAIpPaBJIEHUIO Ha IOro-BOoCTOK B Ha CeBepHOM
y4acTKe;

(6) Pactipenenenue teMrepatrypbl, YCPeIHEHHOM MO MOIIHOCTH THAPOTEPMATBHOTO pPe3epByapa,
MIOKA3bIBAET, YTO BOCXOSIINI MOTOK TEIJIOHOCUTEIISE OTPAHUYEH NpeaesaMH pa30ypeHHON 4acTH
MECTOPOXKIACHHUS.

Ha ocHoBaHMM BBIIIEU3JIO)KEHHOTO MOXHO YTOYHUTH YCJIOBHUS (HOPMUPOBAHMS
[Tay>xeTcKOro TreoTepMaIbHOTO MECTOPOKICHHS, KOTOpbIE MPEACTaBISAIOTCS Ha puc.l
CJICAYIOUIMM O00pa3oM: XOJIOJHBIE METCOPHBIE BOJBI NMPOHUKAIOT MO OTKPBITHIM pa3jioMaM J0
rayOuH 5-6 kM u Gojee B 30HY BbICOKHX Temmeparyp (6omee 250°C) (30Ha TEIIOBOIO
BO3/ICHCTBHUS OCTBHIBAIOIIMX MarMaTHYeCKUX TeJ BEPXHEIJICHCTOIEH-TOJIOIEHOBOIO BO3pPacTa),
TaM OHHM HArpeBaloTCs 10 COOTBETCTBYIOIIMX TEMIEpPATyp, B PE3yJbTaTe 4ero MX IJIOTHOCTH
camkaercss 10 800 Kr/M’, u HAYMHAETCA TMPOLECC CBOOOAHON KOHBEKIIMH, BBI3BaHHBIHI
NepenajgoM JIaBJI€HUS] B OCHOBAaHMM BOCXOJSILIETO MOTOKA TEIJIOHOCUTENS U B TOJIOBHOM 4acTu
HUCXOJSIIEro MOTOKa MH(UIBTPALUOHHBIX BOJ (MPHU TIyOHHE 3a710KEHHSI KOHBEKTUBHOM sTUeHKU
5 KM pa3psiKeHHe JaBJiIeHHs] B OCHOBAHUU BOCXOISIIETO MOTOKA TEIJIOHOCHUTENSI COCTABUT OKOJIO
100 Gap). Bocxomsmuii MOTOK TEIUIOHOCUTENS, MPOHAS OT HarpeBaTelii CKBO3b IOPOJIBI
dbyHIaMEHTa 1 MUOIICHOBBIC MTECYaHUKH, BHEAPSAETCA B THAPOTEPMAIBHBINA pe3epByap ¢ 0a30BOi
suTanenuen Teronocutens 950 -1050 xx/kr (puc.1).

YuciieHHasi TEPMOTHAPOAUHAMUYECKAsI MOJe/Ib
I'enepanuss BBIYMCJINTENIbHOM ceTKH. YncineHHas Mozaenb [lay»keTckoro reorepMalbHOTO
MECTOPOXKACHUS TIPEACTaBIICTCS B BUae Tpex cioeB (puc.2): (1) 'maporepmanbHbIi pe3epByap
co cpenneit MomHocThiO 500 M, (2) BepxHUU BOAOYIOp CO CpeAaHedl MourHOCThIO 150 M,
OCIIO’)KHEHHBIM TPOHUIAEMBIM THUIPABINYECKUM «OKHOMY», 4Yepe3 KOTOPOE OCYIIECTBISIETCS
€CTeCTBCHHAsT pa3rpy3ka B BHJE TOPSYMX HCTOYHUKOB, (3) QyHIaAMEHT, BKIIOYAFOIIUN
NOJBOJSIIME  KaHaJbl  BOCXOJAILIEro  IOTOKa  TeruloHocuTensd.  LleHTpel  31eMeHTOB
reoTepMalIbHOTO pe3epByapa TMOMEIIEHbBI Ha aOCOMIOTHYI0 OTMETKy -250 M (momomiBa

[Tayxerckoil cBuThl). I'paHMIBI THAPOTEPMAIBHOIO pe3epByapa B IUIaHE 33Jal0TCA B BUIE



178

MHOTOYTOJIbHUKA, pa3Mepbl KOTOPOTO OXBATHIBAIOT CYIIECTBYIOIIME CKBaKWMHBI. Bcero mis
CO3MIaHUSI BBIUUCIUTEIIBHOM CETKM HCIOJIb30BaHO 424 sjieMeHTa U3 KOTOphIX 294 ABISAIOTCS
AKTUBHBIMHU.

3ajaHude HAa TpPaHULAX MOJEJH TEIJIOBBIX M MAacCCOBBIX MOTOKOB. [IpuTtox riyOMHHOTO
TETJIOHOCUTENSI C 3aJaHHBIM PACXO0JIOM M SHTAJBIIMEH OMpENEseTCss Ha YUCIEHHON MOJIETu B
30H€, OTPAHUYECHHON M30TEPMOI, YCPEAHEHHON MO MOIIHOCTH THAPOTEPMAIBLHOTO pe3epByapa, —
oonee 180°C. Pacxon TIiIyOMHHOIO TEIUIOHOCHTENS B IOJBOAAIIMX KaHauax (QyHIaMeHTa —
napameTp, ONpeessieMbli B pe3yJIbTaTe MOJIEIUPOBAHMS €CTECTBEHHOTO COCTOSIHUS. DHTAJIBITHS
MIyOMHHOTO TEIJIOHOCUTENST 3aJaeTcsl MO pe3yJibTaTaM HM3MEpPEHUN TeMmrmeparyp B TIIyOOKHX
CKBOXMHAX W MO AaHHBIM TreotepMoMeTpoB (950-1050 k/[/Kr, 9TO COOTBETCTBYET Oa30BBIM
temneparypam 220-240°C).  EcrecTBeHHasw pasrpy3ka Ha MOJENIHM 3aJa€TCA C MOMOIIBIO
WHAKTUBHBIX 3JIEMEHTOB BEPXHErO CJIOS MOJENU (COOTBETCTBYIOLIUX CYIIECTBOBABIIUM [0
Hayvajia dKCIUTyaTaluy TOPSTYUM UCTOYHHKAM), B KOTOPBIX 33JIa€TCs MOCTOSTHHOE (aTMoc(epHOe)
nasinenue. Kpome Toro, Ha Mojenu 3agaeTcsl JOMOJHUTENbHAs 00J1aCTh BO3MOXKHOU CKPBITOM
pasrpy3kun Ha Mexaypeube IlpaBoro u JleBoro pykaBoB Ilayxerku. B momomiBe
TUAPOTEPMAIBHOTO pe3epByapa 3aJaeTCsi KOHIYKTUBHBIM TEIJIOBOM MOTOK C MOIIHOCTBhIO 60
MBT/M® (COOTBETCTBYIOIMI 3HAYCHUIO PETHOHAIBHOTO TEIUIOBOTO MOTOKA Iisi fora Kamuarku
[1]. TemmooOMeH MEXTy reoTepMaIbHBIM PE3ePBYapOM M IMOBEPXHOCTHIO 3€MJTH Yepe3 BEpXHUHN
BOJOYNOp 3ajJaercs cleaymomuM oOpa3oMm. Bce »aneMeHThl BepxHero Bogoymnopa (3a
VCKJIIOUEHHEM YYACTKOB Pasrpy3KH) 3a1al0TCs HHAKTUBHBIME ¢ Temmeparypoil 5°C u naBjieHueM
1 6ap. Ilocne 3TOrO TEMIOBOM MOTOK C KPOBIHM THAPOTEPMATHHOTO pPe3epByapa ONMpeaesieTCs B
YUCIICHHOW MOJCNIM aBTOMATHYECKU. [ 'paHWIAa OO0JIACTH MOJICIIMPOBAHMS B TUIAHE 337aCTCS
HEIMPOHMIIAEMOM (3TO MOATBEPHKAAETCS pe3yabTaTaMU KaTMOPOBKU MOJCIIHN).

OmnpenesieHne Ha MOJeJU JAOMEHOB ¢ Pa3jIMYHbIMH MeTPO(PU3NYECKHUMH CBOIICTBaMU.
Pacnpenenenne mpoHMIIAEMOCTH 3aJaeTCsi C YYETOM aHajiu3a XapakTepa TepMorpamm Io
CKBOKHWHAM, PAcueTOB KOAPQPUIIMEHTOB MPOJTYKTUBHOCTH M MPHEMHUCTOCTH CKBaXXHH, C YUETOM
reou3Mueckux JaHHBIX W 10 AHAJIOTMH C COCEIHUMH JJIEMEHTAaMU MOJENH, YYUThIBAs
cyOIIacToOBBIM XapakTep TUAPOTEPMAIBLHOTO pe3epByapa. B cioe «BepxHMiI BOAOYHOP»
BBIICJISIFOTCSL «THIPABINYECKHUE OKHA», YEPE3 KOTOPHIE OCYIIECTBISAECTCS €CTECTBEHHAsI pa3rpy3Ka
rOpsS/YMX UCTOYHUKOB HAa MOBEPXHOCTH, B TOM YHCJIE MpeJIoiaraeMas CKpbiTas pa3rpy3ka Ha
Mexaypeune [IpaBoro u JleBoro pykaBoB [layxeTku. B pyHmamMenTe BBIIEISIOTCS 1Ba OCHOBHBIX

AOMCHA C Pa3/IMYHbIMU HeTpOCI)I/BI/I‘leCKI/IMI/I CBOMCTBAMM: HepBHﬁ N3 HUX CIIYXKUT [JIA OIIUCAHUS
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NOJBOJSIIMX KAHAJOB TEIUIOHOCUTENS, BTOPOM HCHOJB3YyEeTCS JI ONUCAHUS BMELIAIOLINX
HOPOJI.

OnpeneneHne Ha MOJeJIH <«IBOHHOH MopHcTOCTH». [HapoTepManbHBIM  pe3epByap
pa3duMBaeTcss Ha «TPEIIMHHOE MOJINPOCTPAHCTBO» U «OJIOKOBOE TMOIMPOCTPAHCTBO» (B
COOTBETCTBUM C MOJENbI0O «ABOWHON mopucrocth»). IlpumenutensHo k Ilayxxerckomy
re0TEPMAIIbBHOMY MECTOPOXKJIEHHIO «TPEIIMHBI» - O3TO MPOAYKTHUBHBIE 30HBI, BCKPBITHIE
CKBaXMHAaMH, «OJIOKOBOE MOJMPOCTPAHCTBO» — 3TO OTHOCHUTENIBHO HEMPOHUIAEMbIE «OJIOKW»,
pasaensiomuye NpoaAyKTUBHBIE 30HBI. OTHOWIEHHE «3(PQPEKTUBHON MOIIHOCTH» pe3epByapa K
BCKpBITOM MOIIIHOCTH pe3epByapa IPUHHUMAETCS PaBHBIM OTHOIIEHHIO: (00BEM TPEUIMHHOIO
npocTpaHcTBa) / (00beM OJIOKOBOTO MPOCTPAHCTBA + 00BEM TPEIIMHHOTO MPOCTPAHCTBA). ITOT
napameTp, npeicTasistomuid coboit nomo «rpemun» (FF) B pesepByape, 3amaerca ucxons w3
aHanmu3a (PaKTUYECKUX NaHHBIX MO MPOAYKTUBHBIM 30HAM T'€OTEPMAIbHBIX CKBAXHH. AHAIN3
naHHbIX 10 [TaykeTckomMy reorepmMalbHOMY MECTOPOKIAEHHIO Noka3biBaeT, uTo FF=0.3. Cpennee
paccrossuue mexnay tpemmHamu (FS — FRACTURE SPACING) FS=105 M Ttaxke 3amaercs
UCXO0JIs U3 aHaIu3a (PaKTUYECKUX JAaHHBIX [0 MPOAYKTUBHBIM 30HAM I'€0TepMalIbHbIX CKBaKUH. B
uTore, HanboJsiee BaXKHBIM OIL[CHMBAEMBIM MAPaMETPOM, KOHTPOJIUPYIOMIUM TETNIOOOMEH MEXTY
«TpemuHaMm» W «OJOKaMW» ¥ BO3MOXHOCTh HW3BJICUCHHS TEIUIOBOH OHEPIHH W3
THJIPOTEPMAIBHOTO pe3epByapa, SIBIAETCS «TPELIMHHAs IMOPUCTOCThY», T.K. HMEHHO OHa
olpesieNseT aKTUBHBIM OTKPBITHIM 00bEM T'MIPOTEPMAILHOTO PE3epByapa.

Oo0mue merpodusznyeckne cBoicTBa ropHbIX nopoa. Ilopucrocts Hambosiee MPOHULIAEMBIX
THIIPOTEPMAIBHO HM3MEHEHHBIX  (LICONUTH3AIMA:  XJIOPUT-TOMOHTUT) Ilayxerckux Ty¢oB
nocruraer 0.20 mpu motHOcTH 1500 — 1800 Kr/™M°. MeHee mpoHHIaeMbIe Ty(Gbl IMEIOT CTEIICHb
ruaporepMaibHoro usmeHeHus 50% (WUnT, XJIOPUT, KaldbIUT, KBapL), nopuctocts 0.08 — 0.20
u miotHOCTh 2100 — 2500 Kr/™’ [4]. Cpennee 3HaueHue KOd(pQPHUIMEHTa TEMJIONPOBOIHOCTH
COCTABJISIET TI0 JIAHHBIM M3MEPEHHI KepHaA U3 30HAUPOBOYHBIX cKBakuH 1.6 Br/m °C st cyxux

ropusix nopof (FO.M. XatkeBuy, nuus. coobmt. 1980, B.M. Cyrpo6os, iu4H. coo611.2006).

MopaeanpoBaHue e€CTeCTBEHHOI0 TEPMOTHAPOIMHAMUYECKOT0 COCTOSTHMS.

HcxonHble 1aHHBIE Ui KAJTUOPOBKU Moaeau. s pemieHus oOpaTHOW 3aladdl MO MOJEIH
€CTECTBEHHOI'O COCTOSIHMSI MCIOJIb30BaHO 68 KaauMOpOBOYHBIX TOUYEK (2- pacxoj] eCTECTBEHHOU
pasrpy3ku, 14 — maBneHus B pesepByape Ha —250 M alc., 52 — yCpeIHEHHBIE MO MOIIHOCTH
pe3epByapa TemmepaTypsl). JJocTOBEpHOCTh KalMOPOBOUHBIX 3HAUECHUHN YUYUTHIBANACh 3aJJaHHEM

COOTBETCTBYIOIIMX CTAHJAPTHBIX OTKJIOHEHHUMU: ISl pacXxo/I0B TOUYHOCTh IMpUHUManack ot 15%
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(paxkTHyecknm W3MEpEHHBIE PACXOAbl TOPSYMX HCTOYHUKOB) 10 50% (CKpbITas pasrpyska,
OlLICHUBAEMas THAPOXMMHUYECKAM METONOM), Wit TeMneparyp ot 1 no 3°C, mis nasnenwmii ot 0.1
1o 0.5 6ap (B 3aBUCMMOCTH OT BPEMEHH U KayecTBa U3MEPEHUN ).

[Mapamerpuzanuss wmoxeau. [lapameTpamMu, KOTOpbIE OIICHHBAIUCH HA MOJETH C
ucnonszoBanueM 1TOUGH2 cnyxumu: (1) mpoHUIIaeMOCTh JIOMEHOB THAPOTEPMATbHOIO
pe3epByapa, (2) pacxoa BOCXOSIIETO MOTOKA TTyOMHHOTO TETUIOHOCUTES.

OueHka mnapaMeTpoB W aHaJM3 OWMOOK. B 1ei10M, MPOHUIIAEMOCTh THUAPOTEPMATHHOTO
pe3epByapa OIeHHBAETCsl BeIMUnHON 83 M/, MPOBOAMMOCTH COOTBETCTBEHHO OIICHMBACTCS B
41.5 I*m (286 M*/cyt mpu 190°C), pacxoj BOCXOISILIErO MOTOKA TIyOMHHOTO TEINIOHOCHTEIS
orieHuBaercs B 46.5 kr/c (Bapuant #NS7-4K6). CxomumocTs 1o TemmiepaTypaM o0ecrieuynBaeTCs
CO CpelHEKBaApaTUYHbIM OTKIOHeHHeM 7.5°C, mo nmasnenusM 0.5 6Gap. OneHuBaemble
napaMeTpsl MOJIETH - Pacxoj BOCXOJSIIET0 IOTOKA W TPOHHUIIAEMOCTh, OOHAPY>KHUBAIOT
oTpulatenbHyo Koppemsiuio (okoino  -0.95). Ha ypoBue 95% 3Ha4MMOCTH TOJIyYEHHBIC
3HadeHus nponunaemocty (83 mJl) u pacxona (46.5 kr/c) nexar B auanazonax: [76 m/J1, 93 M/l |
(mponuaeMocTs), [41.6 kr/c, 51.4 xr/c] (pacxon).

MopaenupoBanue 3xcruryarauuu 1960-2005 rr.

Hcxoanble naHHbIe 1JIs1 KAJUOPOBKH Moje M. J[aHHBIE KaTHOPOBKU UIS SKCILTyaTallMOHHOM
MOJIEN BKIIOYaIX: 1) cpegHeMecsuHble M3MEHEHHUsl DJHTAJbIUM B OKCIUTyaTallMOHHBIX
ckBakuHax (20, REI, 106, 108, 120, 121, 122, 123, T'K3, 103) (necsTh BpeMEHHBIX DPsIOB), 2)
CpelHEeMECsYHbIC U3MEHEHUS JaBJICHUs B HAOIIOAATEIbHBIX CKBKMHAX, IIEPECUNTaHHbIC Ha alcC.
oTM. — 250 M (IBaguaTh 4YeTbIpE BPEMEHHBIX psAa), U 3) CpEeOHEMECSYHbIE W3MEHEHHUS
TEMIIEpaTypbl, YCPEAHEHHBIC 1O MOIIHOCTH THAPOTEPMAIBHOTO pe3epByapa (IBaalaTh IIECTh
BPEMEHHBIX pssioB). Becero Ob110 ricmonb3oBaHo 13667 kanuOpoBOYHBIX TOYeK. JOCTOBEPHOCTH
KaTUOPOBOYHBIX 3HAYCHHM MO SHTANIBIINN YUYUTHIBAIACH 3a/IaHUEM CTaHAAPTHOTO OTKIOHeHus 20
k/x/kr. B aneMeHTax MoOJeNH, COOTBETCTBYIOIIMX JKCIUTyaTallMOHHBIM CKBa)KWHAM, 3a/1aBajcs
pacxoJl BOZ0oTOO0pa, B AJIEMEHTAaX MOJICNIH, COOTBETCTBYIOMINX PEUHKCKIIMOHHBIM CKBAXHHAM, -
pacxod W SHTANbIHS PEUHXKEKLHWH, OCHOBAHHBIE Ha (PAKTUUYECKHX CPEIHEMECSUHBIX JaHHBIX,
HaunHag ¢ 01.1960 (puc. 3).

Iapamerpu3zanusa Moneau. Ha mepBoM sTame B KauecTBE OLIEHMBAEMbIX IMapaMeTPOB MOJECIH
UCIIOJIb30BaHbl BOCEMb IapaMETPOB: CKHMaeMOCTb THIpOoTepMaibHOro pesepByapa C;
(mapaMeTp, KOHTPOJMPYIOUIMI W3BJICYCHHE TEIUIOHOCUTENS), TPEIIMHHAS TOPUCTOCTh Of

(mapaMeTp  XapaKTepH3YyIOIIUH aKTUBHBIA O00BEM THAPOTEPMAIBHOTO pe3epByapa H



181
KOHTPOJIUPYIOIIMK M3BJICUYEHUE TEIJIOBOW SHEPIMM U3 TOPHBIX Mopon), cxumaemMocTb Cy,
MOPHUCTOCTH ¢, ¥ IPOHUIIAEMOCTD ki, CHCTEMBI IOJBOIAIINX KaHAIOB (pyHIaMeHTa (TapaMeTpel,
COBMECTHO KOHTPOJIUPYIOIIHME EMKOCTh (PYHIAMEHTa U MPHUBJICUEHUE U3 HETO JOMOJHUTEIbHBIX
peCypcoB riIyOMHHOTO TEIJIOHOCUTES ), U MPOHUIIAEMOCTh 30H HHOUIBTPALIUU METEOPHBIX BOJ B
THAPOTEPMANIbHBIN pe3epByap B BEPXHEM OTHOCHUTEIBHOM «Boaoymope» kn, kg, kw (Ha
CeBepHoM yuacTke, B paiioHe Bocrouno-Ilayxerckoro mojis W Ha 3amajgHoOM Y4yacTke,
COOTBETCTBEHHO). OIHAKO M3-3a BBICOKOM KOPPENSALUU MEXIY COKUMAEMOCTbIO U HOPUCTOCTHIO
JAHHBI HAO0Op MapaMeTpPOB HE OIICHWUBAETCS C BBICOKOW TOUYHOCTHIO. [loaTOMy, 3HaueHUHE
CKIMAaeMOCTH TS TIOPO pe3epByapa u (yHIaMeHTa ObuTo mpHuHSTO paBHM C=2 10 ITa™,
3HAUEHUE MPOHHUIIAEMOCTH CHUCTEMBI MOABOISAIINX KaHAIOB ky,=5 M/, ¥ 4MCIIO OllEHUBAEMBIX Ha
MOJIETH TAPaMETPOB YMEHBIIWIOCH /10 TISITH.
Ounenka mnapaMeTpoB M aHaau3 ommOok. Ha ocHOBe pemieHuss OOpaTHBIX 3amad  C
ucnonb3oBanueM i TOUGH2 (Bapuant #EX-7YC) momydeHsl cienyroliude OLIEHKH yKa3aHHbBIX
BbIIIe napameTpoB: (1) Ansg ruApoTepMaNbHOTO pe3epByapa TpelluHHas ToprcTocTh ¢r =0.094;
(2) ansa cucteMbl TOABOASIINX KaHATIOB B (hyHAaMeHTe MOpUcTOoCcTh ¢p =0.045; (3) mist BepxHero
oTHOocuTenbHOro «BOomoymopa» kn=145 mJl, kg =11 M, kw = 490 m/l. CxonumocTh MO
SHTAIBINU TOOBIYHBIX CKBAXHH OOECIIEYMBAETCS CO CPEIHEKBAJAPATHUYHBIM OTKIOHEHHEM 36.7
kJx/kr, mo temmeparype - 12°C, mo nmainenusm - 0.4 Gap. Ha puc. 4 mokasan npumep
KkanuopoBku Mozenu [laykeTckoro reorepMaibHOr0 MECTOPOXKICHHSI IO TaHHBIM SKCIUTyaTalluu
1960-2005 r.r.: cpaBHeHHE (PAKTUYECKMX 3HAYCHMH SHTAJIBINUU JOOBIYHON ckBaxuHbI PO-1 ¢
pesynbpratamMmu  MojenupoBanus. OIleHUBacMble TapaMeTpbl MOJEIH HE OOHApYXKUBAIOT
cyuiecTBeHHOM koppensiuu (menee 0.5 o abc. Benuuune). Ha ypoBae 95% 3Ha4MMOCTH OIIEHKH
TPEUIMHHAs MOPUCTOCTh TUAPOTEPMATBLHOTO pe3epByapa HaxoauTcsa B auamnazone [0.090, 0.098],
nopucTOoCTh pyHIameHTa - B auamazone [0.037, 0.053], mpoHHMIIaeMOCTbh «THUIPABINYECKUX
OKOH» BepxHero Bojoymopa ky, kg, kw - B quamazonax [129 m/JI, 162 m/1 |, [371 m/1, 645 m/1 ]
[10 M, 12 M]] ], COOTBETCTBEHHO.
TensioBoii, MaccoBblii U xuMuueckuii Oamanc IlaykeTrckoro ruapoTepMaJbHOIO
pe3epByapa. bananc Temna ¥ Macchl, MOJYYEHHBIM B pe3ysibTaTe MOJCIUPOBAHMS (BapUaHT
#7YC), mo3BoJII€T MOHATH YCIOBUS (POPMHUPOBAHUS HKCIUTyaTAlIMOHHBIX 3amacoB Ilayxerckoro
reoTepMallbHOT0  MeCTOpoXkJeHus. llpuxoaHbple COCTaBIAIONIME MAaccoBOro OanaHca IO
coctostHAi0 Ha HOsI0pb 2005 r. (Bapmant #EX-7YC) cnenyromue (puc.5): (F1) Bocxomsmmii

HOTOK TeroHocutens: +46.5 «kr/c, (F2) IlpuBnexkaemble pecypchl TEIJIOHOCUTENS U3
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dynnamenTa: +70.5 kr/c, (F4) UadunsTpanus meteopHsix Boa: +86.5 kr/c, (F5) Penmkeknus
cemapata +23.8 kr/c, (F6) Cpaborka ymnpyroii €MKOCTH THAPOTEPMAILHOTO pe3epByapa
(paccuutbiBaeTcs mo Oanancy): +60.9 kr/c. Pacxonnble cocraBistonire maccoBoro 6ananca: (F7)
OT6op TEmIOHOCUTENS W3 JOOBIYHBIX CKBaKHUH -269.3 «xr/c, (F8) Pasrpy3ka wu3
THIIpOTepMaIIbHOTO pe3epByapa -18.9 kr/c. [IpuxomHbie COCTaBISIOMIME TEIUIOBOTO OajlaHca 1Mo
coctostHHI0 Ha HOsIOph 2005 1. (BapuanT #EX-7YC) cnenyromue:

(HF1) Bocxomsammuit motok temiaonocutens: +46.5 MBrt, (HF2) IlpuBnexkaembie pecypchl
teruioHocutens w3 ¢ynmamenta: +71.9 MBt, (HF3) KoHIyKTHUBHBIM TEMIOBOM TOTOK W3
¢ynnamenta: +1.7 MBt, (HFS5) Peumxexkuus cemapara: + 12.0 MBT1, (HF6) Cpabotka
TEIJIOBBIX 3aMlacoB THAPOTEPMAIBLHOTO pe3epByapa (paccuuthiBaeTcs mo 6anancy): +101.3 MBT.
Pacxonubie cocraBmstomue TeroBoro 6amanca: (HF7) OtGop TemmoHocutens w3 AOOBIYHBIX
ckBaxuH -214 MBrt, (HF8) Pasrpyska u3 rugporepmanbHoro pesepsyapa: -18.9 MBT, (HF9)

TernmooOmen uepe3 BepxHuii Bogoymop -0.5 MBT.

XuMudeckuil 0anaHC MO XJIOP-UOHY, PACCUUTAHHBIN MPHU YCIOBHH, YTO KOHIICHTPAIH B
BOCXO/ISIIIIEM MOTOKE TTTyOWHHOTO TETNIOHOCUTENS, MPUBJIeKaeMoM U3 (pyHIaMeHTa, U HayalbHas
KOHIICHTpAIUs XJIOP-MOHA B THAPOTEPMAIBbHOM pe3epByape paBHbI 1600 MI/KT, COOTBETCTBYET
BBIHOCY XJIOpP-HOHA U3 TOOBIYHBIX CKBaKUH (260-271 1/c) ¢ TouHOCTBIO 4-8%.
3akiao4eHue.

(1) ObocHoBaHa KOHLIENTYalbHAS TUAPOTEOJIOTUYECKAsE MOJIENIb M TOCTPOCHA COOTBETCTBYIOIIAS
TpeXMepHasl YHCJICHHAas TEePMOTHUAPOAMHAMHUYECKas Mojaenb IlaykeTckoro reoTepManbHOTO
MECTOPOIKICHHS, OXBATHIBAIOMIAs 0071aCTh 4x5 KM’ M BKmouaromast Tpu cinost: (1) gyHaameT,
BMEIIAIOMIMIA TOABOMAAININE KaHAJIbl TEIJIOHOCHUTENs; (2) TUApOoTepMaibHBIA pesepByap; (3)
BEPXHUH BOJOYNOp C TMPOHUIAEMBIMH "OKHaMH', 4dYepe3 KOTOPBIM OCYIIECTBIISICTCS
MHOWIBTPAIMOHHOE MUTAHUE THIPOTEPMAIILHOTO pe3epByapa B MPOIecCe IKCILTyaTalllu.

(2) B pesynbrare pemieHus obpaTHbIX 3aAau ¢ ucnoib3zoBanueM iTOUGH2 BeimonHeHa oreHKa
napamMeTpoB MOJENIH, KOHTPOJHMPYIOIIUX TEIJIOBYI0 U MAacCCOBYI0 €MKOCTh THAPOTEPMAIbHOTO
pe3epByapa, MPUTOKU B HETO TITyOMHHOTO TEIUIOHOCUTENSI M XOJIOAHBIX METEOPHBIX BOJI.

(3) Ilocne oxkoHUATETBLHOW KOPPEKTHPOBKH (C YUETOM TOCIETHUX HamOoJiee IOCTOBEPHBIX
JTaHHBIX [0 PacXoJaM U SHTANBIHUU JAOOBIYHBIX CKBAKHUH) MOJENb TUIAHUPYETCS HCIONIb30BATh
JUIsi 000CHOBAHUS SKCIUTyaTaIIHOHHBIX 3amacoB [1ayeTCKoro reoTepManbHOTO MECTOPOKIACHHMS:
MPOTHO3a U3MEHEHHUS MapOIPOU3BOAUTEILHOCTH TOOBIYHBIX CKBaKUH Ha 2007-2031 TT., O1IEHKH

adexrta PpEHMHKEKIMH OTPa0OTAaHHOTO TEIUIOHOCUTENS ©  OOOCHOBaHWSA  KOJUYECTBA
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AOMOJHUTCIBHBIX OSKCIUTYAaTalUOHHBIX W PCHHKCKIHMOHHLIX CKBAXWH, H€O6XOI[I/IMI)IX JJIsA

MOJIEPKaHUS YCTOMUMBOI 3KCIUTyaTallud T€0TEPMaIbHOTO MECTOPOKICHUSI.

ABTOpSHI BeIpaxatoT npusHarenbHocTh E.I1. benoBy, M.®. Kpacnoneposy, JI.A. Bopoxelikunoii,
A.A. 3axapoBy, B.Jl. EBceenxo, B.A. I'paboBHukoBy, F0.®. Manyxuny, A.A. Pomamo u b.B.
bopeBckoMy 3a TOJAEPKKY BBINOJHAEMON pPaOOThl, KOHCTPYKTHUBHBIE TMpPEIJIOKEHUS U
3aMeuaHusl.

Pabora Beimonnsnacs npu noxaaepxkke POOU o npoekry 06-05-64688 u JIBO PAH no npoekty
06-1-OH3-109.
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NUMERICAL MODELING THE PAUZHETSKY GEOTHERMAL FIELD, KAMCHATKA,
RUSSIA, USING ITOUGH2

A.V. Kiryukhin', N.P. Asaulova’, S. Finsterle’, T.V. Rychkova', N.V.Obora and N.P. Bogatko'

' Institute Volcanology and Seismology FEB RAS, Piip-9, P-Kamchatsky, Russia 683006
2. Kamchatskburgeotemia Enterprize, Krasheninnikova-1, Thermalny, Kamchatka, Russia, 684035
3. Lawrence Berkeley National Laboratory, MS-90-1116, One Cyclotron Rd, Berkeley, CA 94720, USA

e-mail: avk2@kscnet.ru

The forward TOUGH2 modeling study of the Pauzhetsky geothermal field (Kiryukhin and
Yampolsky, 2004) was followed by an iTOUGH2 analysis to obtain more reliable reservoir
parameter estimations. The model was automatically calibrated against (1) natural state and (2)
production data. For the natural state modeling, calibration data include 68 points (2 natural
discharge rates, 14 reservoir pressures at -250 m.a.s.l., and 52 reservoir vertically averaged
temperatures). The different quality of the calibration points was expressed by specifying
appropriate standard deviations. Preliminary estimates of the principal parameters are: (1)
permeability k = 83 mD, and (2) an upflow rate Q, = 46.5 kg/s.

For the modeling of the exploitation phase, calibration data include 60 datasets: enthalpies of the
exploitation wells (10 data sets), pressures in monitoring wells (24 data sets), and temperatures in
monitoring wells (26 data sets), with a total of 13667 calibration points. The following
parameters are estimated: (1) reservoir fracture porosity, (2) basement porosity, and (3)
infiltration “window” permeabilities. Model calibration will be followed by an analysis of the
sustainable capacity of the Pauzhetsky field.
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Puc.l1 Ilayxkerckoe reorepmaibHOE€ MECTOPOXKIAECHHE, KOHIENTYaJdbHAsl THAPOre0JIOrnyecKas
MOJIETIb.

BepxHuit BOgoynop ¢
"rmopaBnu4yecKuMu okHamm"

Puc.2  [Iuckperusamusi  TpeXMEpHOM  YHCICHHOW  TEPMOTHAPOAMHAMUYECKON  MOJEIH
[Tay’eTCKOro reoTepMajIbHOTO MECTOPOXKACHHS Ha 3JIEMEHTHl. l[BeToM moKa3aHbl
JIOMEHBI C Pa3TUYHBIMH MEeTPO(PU3NIECKIMH CBOHCTBAMMU.
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Puc.3 Bomoot6op (cBepxy) U pemHXeKIns (CHU3Y) B TIporiecce dkcruryaranuu [layxeTckoro

reoTepMalbHOro MecTopoxaeHus B 1960-2005rr.

Snranenua, kKOwkr

£§888

Puc.4 Tlpumep xanuOpoBku Monaenu [laykeTckoro reoTepMaibHOTO0 MECTOPOXKICHUS MO TaHHBIM
skcruryatanuu  1960-2005 rtr: cpaBHeHHE (AKTHUECKMX 3HAYCHWH DJHTAIBIHMHA JTOOBIYHOMN

CKBaKUHBI PO-1 (TpeyroibHUKH) ¢ pe3yiabTaTaMyu MOJAEIMPOBAHUS (CIIJIOIIHAS JINHUSA).
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Fad4leT 20 p.BO kI F5-PenHx.
30.0 8.

F2-Oon.Bocx.noToK

245
F1Bocx.noToK

16.1

Puc.5 VYcnoBus ¢opMupoBaHHsS SKCIUTyaTallMOHHBIX 3amacoB [layXeTCKOro reoTepMaibHOTO
MECTOPOKIEHUS IO pe3yibTaraM MojenupoBaHus. MaccoBbeiii Oananc B % Ha HosOps 2006 T
(Bapuant #EX-7YC). O6o3nauenust cocrapstomux Oamanca F1, F2, F4, F5, F6, F7, F8 - cwm.
TaK)Ke B TEKCTE.
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