154 Geology and Geophysics of Russian South 14(2) 2024 ['eonorvs n reogmanka KOra Poccim

FEOAQIS, MOVICKI 11 PASBEAKA HEDTSIHBIX V1 TASOBBIX MECTOPOXAEHWIA

VIOK 622.279.4:622.276.6
DOI: 10.46698/VNC.2024.22.22.012

OpurnHanbHas ctaTbs

AHOAN3 23PPEKTMBHOCTU SKCMAYATALIMMN
rA30KOHAEHCATHbBIX MECTOPOXKAEHUM
CeBepHoro Kaekasa HA 30BEPLUAKOLLEM 3TANE

PA3PAOOTKM

3.P.lTacymos® "2, P.A. Facymos'2 3

' AsepbainxaHCK1n rocyapCTBEHHbIV YHUBEPCUTET HEPTM 1 NPOMBILLIIEHHOCTH, . Baky, np.
Azapgnbir, 20, AZ 1010, AsepbarigxaH;

2 AzepbaiiopKaHCKUI TEXHUYECKUiA yHuBepeuTeT, I. baky, np. . Dxasuga, 25, AZ 1073,
AzepbarigkaH, e-mail: e.gasumov @ gmail.com;

3 CeBepo-Kaekasckuin depepanbHbiii yHuBepcuteT, Poccusi, 355000,
r. CtaBpononb, yn. JleHnHa, 419, e-mail: R.Gasumov @yandex.ru

Cratbs noctynuna: 29.01.2024, nopaborara: 01.06.2024, npuHsta k nybankatwm: 03.06.2024

Pestome: AKTyanbHOCTb pa6boTbl. B cTaThe paccmMoTpPeHbl BOMPOCHI MUHUMU3ALIMI OTPULLATENBHOIO BO3-
NEeNCTBUS OCNOXHEHWIA, CBA3AHHbIX C U3MEHEHMEM COCTOSHWA NPOAYKTUBHOW 3anexu B npoLecce akcnnyara-
LMW ra30KOHAEHCATHbIX MECTOPOXKAEHNIA HA 3aBEpLLAtOLLIEM 3Tane pa3paboTKi, BedyLLnX K CHYKEHNIO febuTa n
BbIXOly CKBaXWH M3 AEMCTBYIOLLEro oHAA. VI3y4eHbl cUTyalUmn, KOraa B ra30KoOHAEHCATHbIX MECTOPOXAEHMSAX
pa3paboTka OCYLLECTBNIAETCA HEPABHOMEPHO MO NAOLLAaaN W/unn no paspesy, YTo NPUBOANT K HANNYIIO HEBbIPa-
60TaHHbIX 3a/exXen, 3aMeAneHN0 TemMna pa3paboTkn MeCTOPOXKAEHNSA, CHKEHMIO KOHEYHOr0 Ko3dhdnumeHTa
ra30KOHAEHCATOOTAAYM W YXYALIEHUID 3KOHOMUYECKMX nokasateneil. 060CHOBaH BbIGOP BapuaHTa perynnpo-
BaHWS 3KCNayaTaLun npoayKTUBHbIX 3anexeil N0 06beKTam, CBA3aHHbIA C YTOYHEHWEM OCTATO4HbIX 3anacoB
rasa u pacnpefeneHuem ux B nnacte, NpeaynpexaatoLlnii CHUKEHINE KOHEYHOr0 KO3ddULMeHTa ra30KOHAEH-
CaToOoTAa4YN U yXyALIeHne 3KOHOMUYecKnx nokasateneir. Llenb uccneposanumii. OnpeaenuTb NyTM MUHUMU3A-
LMK OTPULIATESIbHOr0 BO3JENCTBIS OCITOXHEHWIA, BO3HMKAIOLLMX B MPOLECCEe dKCMyaTaLm ra3okoHaeHCcaTHbIX
MECTOPOXXAEHUI HA 3aBEpLUAIOLLEM dTane Pa3paboTKuW, BEAYLLUMX K CHKEHMKO Ae6uTa 1 BbIXOL4Y CKBAXWH 13
nencteytowero doHaa. 06beKkTbl ucenefoBaHuii. MHOrONNacToBble MPOAYKTUBHbIE 3aneXN ra30KOHAeHCATHO-
r0 MECTOPOX[EHMS, HAXOAALLErocs Ha 3aBepLuaroLiem atane pa3paboTku. MeToabl uccneaoBaHUii OCHOBaHbI
Ha aHann3e 1 0600LLEHN NPOMBICIIOBbLIX AaHHbIX MO M3y4aeMbIM MPO6EMaM, a TaKXXe Ha pesynsratax cob-
CTBEHHbIX aHANUTUYECKUX U TEOPETUYECKNX NCCNEJ0BAHUN C UCMONb30BaHMEM MAaTeMaTUYeCKON CTaTUCTUKM C
MOMOLLLbIO COBPEMEHHbIX TEXHUYECKUX 1 NPOrpaMMHbIX CpefcTB. Vicnonb3oBanach akTnyeckas 3aBUCMMOCTb
CHIDKEHUS NPUBEAEHHOr0 MNacTOBOr0 AaBNEHNUS OT HAKOMMEHHOro 0T60pa rasa, aaanTUpPoBaHHas No UCTOPUM
pa3paboTKu MeCTOPOXAEHUS, AN COCTABNEHUS PACHETHOW MOAENK NPOrHO3MPOBAHWNA TEXHONOrNYeCKUX Mo-
KasaTteneil pa3paboTku 06bekTa. Pe3ynbTatbl ccnefoBaHui. [peanoxeHbl PEKOMeHAALMN ANS PErynnpoBaHis
pa3paboTku N0 06bLEKTAM, CBA3aHHbIE C YTOYHEHMEM OCTATOYHbIX 3aMacoB ra3a W pacnpeneneHuem ux B 3a-
nexax, MUHUMU3aUmen 0TPULATENIbHOr0 BO3JENCTBIAS BO3HUKAIOLLMX OCMIOXHEHWIA B NPOLIECCe dKCMyaTauum
ra30KOH/JEHCATHbIX MECTOPOXKAEHMIA Ha 3aBepLUatoLLieM 3Tane pa3paboTKu, BeAyLIMX K CHYKEHNIO [ebuTa U Bbl-
XO0[ly CKBXXWH 13 [1eCTBYHOLLEr0 (DOHA.
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Abstract: Relevance. The article considers the issues of minimizing the negative impact of complications
associated with changes in the state of the productive deposit in the process of operation of gas condensate fields
at the final stage of development, leading to a decrease in flow rate and withdrawal of wells from the active stock.
The situations when in gas condensate fields the development is carried out unevenly by area and/or section,
which leads to the presence of unexploited deposits, slowing down the rate of field development, reducing the final
coefficient of gas-condensate yield and worsening economic indicators have been studied. The choice of a variant
for exploitation regulation of productive deposits by objects, connected with specification of residual gas reserves
and their distribution in the reservoir, preventing reduction of the final gas-condensate yield coefficient and
deterioration of economic indicators, is substantiated. Aim. To determine ways to minimize the negative impact
of emerging complications in the process of operation of gas condensate fields at the final stage of development,
leading to a decrease in flow rate and withdrawal of wells from the active stock. Objects of research. Multilayer
gas condensate fields at the final stage of development. Methods are based on the analysis and generalization of
field data on the studied problems, as well as on the results of their own analytical and theoretical studies using
mathematical statistics with the help of modern hardware and software. The actual dependence of the reduced
reservoir pressure on the accumulated gas withdrawal, adapted from the field development history, was used
to compile a calculation model for forecasting the technological indicators of the object development. Results.
Recommendations for regulating the development of objects related to the specification of residual gas reserves
and their distribution in the deposits, minimizing the negative impact of emerging complications in the process
of operation of gas condensate fields at the final stage of development, leading to a decrease in flow rate and
withdrawal of wells from the active stock were offered.
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BeepeHme

B nporecce skcmmyaranum razokoHaeHcaTHbIX Mectopokaenuid (I'KM) Ha 3aBeprra-
IOLLEM dTarne pa3paboTKU BOSHUKAET Psifl OCIOXKHEHHH, BEIYIUX K CHIYKEHUIO 1e0uTa 1
BBIXO/Iy CKBOKHMH U3 JercTBytomero ¢pouaa. K takum ocioxueHusM oTHocsTcs [[acy-
MoB, ['acymog, 2023; Gu, 2023; Yu et al., 2022]:
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- HEYCTOMYMUBOCTb MPOAYKTUBHBIX IJIACTOB K AJIUTEILHOMY BO3JEHCTBUIO MOBBIILIECH-
HBIX JEIPECCU;

- HEJJOCTATOYHAsl JJIsl BBIHOCA KalleJIbHOM KUJIKOCTH CKOPOCTh Ia30BOT0 MOTOKA, Be-
Iylasi K HaKaruiiBaHuo B pu3adoiiHoii 30He tuiacta (I1311) u cTBoJIe CKBayKUHBI KUIKO-
CTH (BOJIOKOH/ICHCATHAsI cMeCh). HakoruieHne KuaIKoCTH IPUBOAUT K YXYAIICHUIO TIPO-
Hunaemoctu 1311, konbmarauu nopoBOro NPOCTPaHCTBA U HAPYIICHHUIO THIPOJUHAMU-
YECKOH CBSI3M B CUCTEME ‘‘CKBa)KHMHA-TIJIACT”;

- HaJTM4Me B COCTaBe TOOBIBAEMbBIX YIIIeBOAOPOAOB (Y B) KOppO3MOHHO-arpecCUBHBIX
KOMITOHCHTOB;

- CHWKCHHE JIABJICHUS B YCThe padOoTaroIIel CKBaKMHBI BCIEICTBUE UCTOIICHHUS TIa-
CTOBOW DHEPI'UH.

CnokHbI€ YCTIOBUS 3KCIUTyaTalliy CKBAaXXUH HA MECTOPOXKACHUSAX Ha 3aBEepLIAOLIEM
JTane pa3padoTKH, CIOKHOE Fe0JOrHUYecKOe CTPOCHHE 3aJIeKHU, €€ JINTOIOTHYEeCKas He-
OJTHOPOJTHOCTh MPUBOAAT K TOMY, YTO HauOoliee aKTHBHO JIPEHUPOBAINUCH CEBEPHAS U
[EHTpalbHAs YacTU MeCTOpOXKIeHUs. VccnenoBanue JaHHON TPOOIEMBbI MPOBOAMIOCH
Ha npuMepe MHororactoBoro Hekpacosckoro I'KM, Haxopsiierocst Ha 3apepuiaroniemM
aTane pa3paboTKH, rie MoJaBIIsoNee OOIBIIUHCTBO IKCILTYyaTaIllMOHHBIX CKBaYKUH BBI-
IO U3 IKCIUTyaTallud B Pe3yJIbTaTe BHEIPEHUS B 3aJI€KU BOJIbI C FO)KHOM YaCTU CTPYK-
Typbl. OCTaBIINECS CKBXXUHBI Pa3padaThIBAlOT CEBEPHYIO U IIEHTPAIBHYIO 30HBI MECTO-
pOXIeHHUA. 32 BECh MEPUOJ pa3padOTKU Ha MECTOPOXKIACHUH MPOOYpeHO 47 CKBaXKWH, U3
KOTOPBIX B AKCIUTyaTalluOHHOM (hOHIe HaXoauinoch 40, U3 HUX UCIONB3YyEeTCs MATh CKBa-
JKUH, OCTaJbHbIC OBUTH MepeBe/ieHbl B Oe3aeiicTByomii Gpoua, Tak kak ¢ 2015 roga onun
HE J1aBaJId POAYKIKIO. [IpoMBbIIIEHHAsI Ta30HOCHOCTh MECTOPOXKICHUSI CBSI3aHa C TOTe-
puB-0appeMCKUMU (CBUTA I'yOC) U alTCKUMU (CaMypcKast CBUTA) OTI0KEHUSIMHI HUXKHETO
Mmena [bepesosckuii u ap., 2020; Gasumov, Gasumov, 2020; Gasumov, Gasumov, 2023a].

B paspese MecTopokIeHuS BBIACIEHO YEThIPE MPOTYKTUBHBIX MAYKH, UMEIOITHE CO0-
CTBEHHBIE Ta30-BojsiHbIe KOHTAKTHI (' BK), uTo cBHAETENbCTBYET 00 OTCYTCTBHHM ra30TH-
JPOIMHAMUYECKON CBSI3U MEX Ty HUMHU. OTHaKO pa3paboTKa BCeX YETHIPEX MavyeK BeIach
COBMECTHO, KaK €IUHOT0 SKCIUTyaTallMOHHOTO 00BeKTa, U yuéT Ao0suu YB ocymect-
BJISUJICS B LIEJIOM 10 MECTOPOKJIECHUIO, CUCTEMAaTUYECKHUE 3aMePhI IJIACTOBOTO JABJICHUS B
Ka)X/I0M Mayke OTJeNbHO OTCYTCTBYIOT. Ha Hauano 2015 roga B pa3paboTke HAXOAUIUCH
3anexu | u Il madek, a yxxe uepe3 JBa roga BCe CKBAXHHBI OBLIIM OCTAHOBJICHBI, H3-3a
OTCYTCTBHSI IPOMBILIJIEHHOTO nputoka Y B. IIpoBenéHubie pacu€Tsl mokaszaiu, 4ro oc-
HOBHOM 0TOOp mpou3BoaMIiIcs u3 3anexu miactos I u II, kotopeie coctaBunu okono 94%
OT Ha4aJIbHOTO 0aMaHCOBOTO 3amaca, oToop rasa u3 3anexu miacta Il — 11 %, u3 3ane-
xu iacta IV — 24 % [bepesosckuii u np., 202006; Gasumov, Gasumov, 2023b; Helseth
et al., 2004].

MeToAbl NCCAEAOBOHNIN

JI1st nocTUKeHUs TIOCTaBIICHHBIX 11eJIel B paboTe MPOBeIeHb 00pabOoTKa MPOMBICIIO-
BBbIX M IKCIIEPTHBIX MaTepUaJOB, PE3yJbTaTOB HAOIIOEHUH, PACUETHI MTOJIyYEHHBIX TEO-
PETUYCCKUX 3aBHCUMOCTEN U UX aHAJIU3 C UCIOJIL30BaHUEM METOA0B MaTeMaTu4eCKou
CTAaTUCTHUKHU C IOMOUIIbIO COBPEMCHHBIX TEXHUYCCKUX U IPOIPaAMMHBIX CPCACTB. ITocras-
JICHHBIC 3aJla4u pCIIaiuChb HYTéM MPOBEACHHUA TCOPETUUYCCKHUX W OKCIICPUMCHTAJIBHBIX
uccienoBaHui. Mcnonb30BaHbl OKa3aTeNy, OJyYEHHBIE B PE3YJIBTATE BBIYUCIUTEIIBHO-
T'O0 SKCIICPUMCHTA, PACCUUTBIBACMBIC IJI PA3JIMYHBIX YHUCJICHHBIX 3HAYCHUU OIpCaACIIArO-
mux (pakTopos..
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Pe3yAbTAThl PABOTHI U X OBCYXAEHNE

B pesynbrare npoBeAEHHBIX MCCIEIOBAHUN METOAAMHU PaAUOMETPUU (HEHTPOHHBIN
KapoTaXk, HEUTPOHHBIN raMma-KapoTaK, UMITYJIbCHBI HEHTPOH-HEUTPOHHBIN KapOTax)
OTIpe/IeJIeHbl OCHOBHBIE XapaKTEPUCTHKH MPOAYKTUBHOM 3aexH (Tadm. 1).

Tabnuya 1/ Table 1

Pesynbrarsl ucciaenoBanusi meronamu paguomerpun (HI'K, I'K, 2HHK, UHHK) /

Results of the study by radiometry methods (neutron logging, neutron gamma logging,
pulsed neutron-neutron logging)

TToxa3aremnu /
Indicators

3Hauenus /
Values

[TponykTHBHBIC MHTEPBAJIBI (C HU3KUMHU KOJLICK-
TOPCKUMH CBOHCTBAMH), M /

Productive intervals (with low reservoir proper-
ties), m

3360,8-3365,0
3370,6-3374,7

WurepBansl (HESICHBIN XapakTep HAChIIICHUs), M /
Intervals (unclear nature of saturation), m

3375,1-3380

CKkBa)XHHBI pabOTAIOT B PEKUME TTOICPIKAHUS
3a/IaHHOTO YCTBEBOTO JIaBJICHHS /

Wells operate in the mode of maintaining the tar-
get wellhead pressure

HWcxonst n3 TpeOboBaHUi MUHUMAJIBHOTO JIABIICHUS
B MarucTpaibHOM ra3onpoBoe /

Based on the requirements of the minimum pres-
sure in the main gas pipeline

IIiracroBoe nasienue /
Reservoir pressure

Causuinock Ha 87,2 % 0T HayaapHOTO /
Decreased by 87.2% from the initial

Tpebyemoe naBicHUE B yCTHE /
Required wellhead pressure

Ha 21 % BbImie, yem npoexTHOE, 4TO BEIET K CHU-
JKEHHIO 1ebuTa rasza /

21% higher than the design, which leads to a de-
crease in gas production

CyTouHbIi cpenHuil neouT raza /
Daily mean gas flow rate

Hmxe npoexrHolt BennunHbl Ha 42 %, B CBS3U €O
CKOIICHHEM Ha 3a00€¢ M BBIHOCOM BOJIBI, MEPHO-
JINYECKOH OCTAHOBKOW CKBaXMH W TPEOOBAHHEM
NO/IJIepKaHusl Oosiee BHICOKOTO JaBJICHHS B YCThE
CKBa)KHH /

Below the design value by 42%, due to the ac-
cumulation at the bottomhole and the removal of
water, periodic shutdown of wells and the require-
ment to maintain a higher pressure at the wellhead

CyTouHBIH cpefHuil 1e0uT KoHJeHcara /
Daily average condensate flow rate

Bpl1ire pOeKTHOM BETMINHEL, UTO CBSI3aHO C boree
BBICOKHM TEKYIIMM KOHIECHCATOCOICPKAHHUEM,
YEM OIIPEICIICHO ITPOCKTOM /

Above the design value, which is associated with a
higher current condensate content than determined
by the project

BaxHoll 0COOEHHOCTBIO IKCILTyaTallMM CKBAKUH JAHHOTO MECTOPOXKAEHUS, YXylla-
IOIIEH HKOHOMHYECKHE TTOKA3aTeNn ero pa3paboTKy, SIBUINCh HU3KHE YCTHEBbIC JTABICHUS
(BcneacTBrE MCTOLICHUS IUIACTOBOM SHEPIMU OCHOBHBIX pa3padarbiBacMbIX 3anexed II u
I mlacToB), HE TO3BOJIAIONINE OOECIIEUUTh ONTUMAIIBHBIC YCIOBUS TOOBIUH, CeTapauy 1
TPaHCIOpTa ra3a. JTO MPHUBEIO K OCIOKHEHHUSAM SKCIUTyaTallul CKBa)KUH, IOTEPSIM KOH-
JIEHCaTa U MPEKIAEBPEMEHHOMY 3aBEPLICHHUIO SKCIUTyaTalluy CKBayKuH [bepe3oBckuii u nip.,
202006; I'acymos, ['acymos, 2023; Dzhalalov et al., 2022; Kanykos, 2017; Kuang et al., 2023].

B pernonaibHOM TEKTOHMYECKOM INIaHe HekpacoBckoe MECTOPOXKIEHUE TPUYPO-
4eHo K 10kHOM yacTn KaneBcko-bepe3anckoro Basia u npeacTaBisieT co00i ABYXKY-
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MOJIbHYI0 aHTUKJIMHAIL CyOMEepHAMOHAIBHOTO MPOCTUpaHUs. JIMTONOTHS KOJIEKTO-
POB IIpe/CTaBICHA IECYaHUKAMU U aJe€BPOJIUTAMU € TipociosiMu miuH. 3anexu I, 11, 111,
IV mayex HMKHEMETOBBIX OTJIOKEHUH pa3padaThIBAINCh B YCIOBHIX ONM3KUX K Ta30BO-
My pexumy. Komnekrops! | nmauku Ha miiomaayM pa3BUThl HE MOBceMECTHO. B mpegenax
MECTOPOXKJACHUS ONPEACIICHbl TPU CAMOCTOSTEIbHBIX MPOAYKTUBHBIX 3anexu: FOxHas,
Hentpanbhas, CeepHas [Anue, bonnapenko, 2003; bepe3osckuii u ap., 20206; Gasu-
mov, Gasumov, 2023b; [Tonskos, Bonkos, 2018] (puc. 1).

Konnexmoput I npodykmuenoiui nauku: YOxHas 4acTb 3a71exKH
Reservoirs of the I productive unit: Southern part of the deposit

ITnacroBasi, CBOJIOBas C JIMTOJOTHYECKUM dKpaHupoBanueM ¢ ceBepa. [ BK npunst Ha otMetke MuHyC 3293 M. Pazmepst
3anexu: auHa 2,75 kM, mupuHa 3,75 kM, Beicota 41 M

Reservoir, domed with lithological screening from the north. GWK was taken at the level of minus 3293 m. Deposit
dimensions: length 2.75 km, width 3.75 km, height 41 m

Konnexmoput I npodykmuenoii nauxku: LleHTpaabHasi YacTh 3aJ1€KH
Reservoirs of the I productive pack: Central part of the deposit

Casi3ana ¢ He00IbILION THH30H KoutekTopoB, [ BK orcyTcTByeT. 3anexsb — miactoBasi, co BCeX CTOPOH KOHTPOIUPYETCs
TMHUEH BRIKITMHUBaHUA. Pasmeps! 3anexu: ammna 0,75 kM, mmpuna 0,74 KM, BEICOTa OKOJIO 2 M

Associated with a small collector lens, no HWC. The deposit is reservoir, from all sides it is controlled by the wedging line.
Deposit dimensions: length 0.75 km, width 0.74 km, height about 2 m

Konnexmoput I npodykmuenoii nauku: CeBepHasi YaCTh 3aJ1€KH
Reservoirs of the I productive unit: Northern part of the deposit

ITnacroBast, CBOJIOBas C IMTOJOTHIECKAM SKPAaHUPOBAHUEM C ceBepa, 3amaja u tora. [ BK npunst mo ananoruu ¢ FOxHoii
3aeXKbI0 Ha 0TMeTKe MUHYC 3293 M. Pa3mepsnl 3aexu: juinHa 2,2 kM, mupuHa 3,0 kM, Beicota 44 M

Reservoir, domed with lithological screening from the north, west and south. The GWC was adopted by analogy with the
South deposit at a mark of minus 3293 m. The dimensions of the deposit: length 2.2 km, width 3.0 km, height 44 m

Konnexmoput I I npodykmuenoii nauxu
Collectors I I productive pack

IIpocnexusatorcs Bo Bcex ckBaxunax. ['BK npunsr Ha abcomtorroit otmeTke MuHyc 3318 M. Pasmepst 3anexu: jumua 10,5
KM, IUpHHa 6,4 KM, BbIcOTa 64 M. 3aJIeXKb - IIACTOBAs, CBOJ0BAs

traced in all wells. GWC was taken at an absolute mark of minus 3318 m. The dimensions of the deposit: length 10.5 km,
width 6.4 km, height 64 m

Konnexmoput I I npodykmuenoiu nauku
Collectors 1 I productive pack

Pa3Burthl B ipeenax miomany He nosceMectHo. 'BK npunsaT Ha aGeontorHOi oTMeTke MuHyc 3325 M. Pazmeps 3anexu:
JUTMHA 6,5 KM, IUpHHA 2,5 KM, BEICOTA 25 M. 3aJIeXKb XapaKTepu3yeTcs Kak M1acToBasi, CBOJI0BAsI, C YACTHYHBIM
JIUTOJNOTHYECKUM OTPAHUYCHHUEM Ha CEBEPO-BOCTOKE

Developed within the area is not everywhere. The GWC was taken at an absolute mark of minus 3325 m. The dimensions of
the deposit: length 6.5 km, width 2.5 km, height 25 m.

Konnexmoput IV npooykmuenoii nauxku
Collectors 1V productive pack

I'BK npunsr Ha abcomotHoit otMeTke MuHyc 3340 M. Pa3mepst 3aexu: junHa 5,25 kv, mmpuna 2,0 kM, Beicota 21,6 M.
3aiexnb XapaKTepu3yercs: Kak MacCHBHAs, CBOIOBAs

The GWC was taken at an absolute mark of minus 3340 m. The dimensions of the deposit are: length 5.25 km, width 2.0
km, height 21.6 m. The deposit is characterized as massive, domed

Hcmoynuk: Janasie AO «CesKasHUI I ra3» / Source: SevKavNIPIgaz data

Puc. 1. Onpedenenue camocmoamenvubix npoOyKmMueHwix 3anedxceil /

Fig.1. Determination of independent productive deposits
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['a3 MecTOpOXkAEHUS COCTOUT, B OCHOBHOM, U3 METaHa, COAEPKaHUE KOTOPOTO U3Me-
Haercs oT 84 10 86 %, oTHOCHTEIbHAS INIOTHOCTH cocTaBiseT — 0,678, a HaYaJIbHOE I10-
TeHUUalIbHOE coaepxkanue C5+ Bo Bcex muactax — 35,5 r/M3. VYnenbHbIl Bec KOHIAeHcaTa
cocrasiuster 770-828 kr/mM?, 10 (PU3MKO-XMMHYECKUM CBOWCTBAM M COCTABY OH IS BCEX
nadex oquHakoBblil [ bepe3oBckuii u ap., 2020a; l'onuk u ap., 2020; Gasumov, Gasumov,
2020].

[IpomblinieHHast Ta30HOCHOCTh HEKpacoBCKOTO MECTOPOXKICHHUSI CBSI3aHa C TOTEPUB-
OappeMckuMu (cBUTa TyOc) W anTCKUMHU (CaMypcKasi CBHUTA) OTIOKEHUSMU HUIKHETO
Mena. MectopoxaeHue siBisieTcss MHOTOmIacToBbiM. ' BK mpuHATHI Ha aOCOMOTHBIX OT-
METKaxX:

-Imauka — 3293 m;
-l mauka — 3318 m;
- IIl mauka — 3325 m;
- IV mauka — 3340 m;
-Vinauka — 3358 m.

Ha ocHOBaHMU KOppeSIUY Te0PH3NUECKUX Pa3PE30B B MPOAYKTUBHON YaCTH HIKHE-
MEJIOBBIX OTJIIOKEHHI BBIJICJICHO IATh IMECYaHO-aJICBPUTOBBIX MMaueK, UMEIONINX Pa3HbIe
ra3zo-BojisiHbie KOHTaKThI (I'BK) (mpuHATH Ha aOCOMIOTHBIX OTMETKAX ), HO TMPAKTHYECKH

OJIMHAKOBYIO IIACTOBYIO Temreparypy — 144° C u HauaabHOE IUIACTOBOE JABICHUE —
34,9 MlIla (tabmn. 2).

Tabnuya 2 / Table 2
Cocrosinue pa3padorku 3ajexu / Reservoir development status
[Mauku 3anexu/ I'nmy6una, M/ CocrostHre pa3pabOTKH 3aIeKH /
Pack deposits Depth, m Reservoir development status
- I mauxa 3293 [Tauxu I, 11, III, IV 3anexu HUKHEMEIOBBIX OTJIO-
- Pack I JKEHUH pa3palbaThlBaNCh KaK €MHBIN DKCILTyaTa-
- 1I mauka IUOHHBIA OOBEKT, Y4ET MOOBIYM YINICBOIOPOIOB
- Pack II 3318 TIPOU3BOIIIICS B LIEJIOM IO MECTOPOKICHHUIO /
_TIT nauxa Deposits I, II, III, IV of the Lower Cretaceous de-
P 3325 it developed ingle production facil-
- Pack 111 posits were developed as a single production faci
"1V nauxa 2340 1t}}/; llly%rcigarbon production was recorded for the
- Pack IV whole hie
V nauka u3 MOACYETa 3allacOB HCKJIIOYCHA U HE
-V mauka 3358 paccmarpuBanach B MPOSKTHOM JIOKyMEHTE /
- Pack V Pack V is excluded from the reserve calculation
and was not considered in the project document

B cBs3u ¢ He BbIIENEHUEM Ui PEaTU3alMM CaMOCTOSITEIbHBIX O0OBEKTOB 3KCILTya-
Taluu OBLIN MPOBEJEHBI COMOCTABICHUS IPOEKTHBIX U (haKTUUECKUX MOoKa3aTesel pas-
pabotrku 'KM (Ttabm. 3), ¢ UCTIONB30BaHUEM MPOMBICIOBBIX U Fe€O0(U3NIECKUX JaHHBIX,
a TaK)Ke pe3ylbTraToB aBTOpckoro Haazopa [Gasumov, Gasumov, 2023a; bepe3oBckuii u
ap., 20206; Magerramova, 2021; Xoponbsckuii u 1p., 2009].

3aBUCUMOCTb CHUXEHMsI NPUBEAEHHOIO IUIACTOBOIO JABJIEHUS OT HAKOIJIEHHOI'O
oTOOpa rasa mnojiyueHa 3a MepHoj, NPOLIEAIINNA oCe IPUHATHS MIPOEKTa pa3paboTKH
I'KM, u orpaxeHna Ha rpaduxe (puc. 2). Pacuérsl mokasayiu, 4To rofiaMu MPOUCXOIUT
yMEHbIIIeHHEe 00JIaCTH JAPSHUPOBAHUS 3allacoB IIACTOBOrO rasza [Amnme, bonmapenko,
2003; I'acymos, ['acymos, 2023; Lea, 2008; Hazapos, llleuos, 2021].
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Tabnuya 3 / Table 3

Pe3ynbTarhl anajiu3a cpaBHeHUs (PAKTHYECKHX JAHHBIX ¢ TPOEKTHBIMH MOKAa3aTeasiMu /
Results of the analysis of the comparison of actual data with design indicators

separation conditions; the actual annual condensate production is below the
design value.

IToxazaremm / 3HaveHus /
Indicators Values
Temm oTdopa u hakTHIEeCKHU TOJOBOM 0TOOP ra3a HIKE MPOSKTHOMN BETHMIUHBI / o
. . . Ha 17 % /
The rate of production and the actual annual gas production are below the design by 17%
value y 7o
OTKJIOHEHHE CyMMapHOTO HAKOIUIEHHOTO 0TOOpa rasa / 0,01 %/
Deviation of the total accumulated gas extraction by 0,01 %
Jlo6bI1ua koHieHcaTa 00yCIOBIeHa TEMIIOM 0TOOpPA ra3a U YCIOBUSIMH
cenaparuu, rogoBas GpakTudeckas g00bua KOHICHCATa HIKE TPOCKTHON
BEJIMYUHEI / Ha 12 %/
Condensate production is determined by the rate of gas withdrawal and by 12%

®DoHp TOOBIBAIOIINX U MPOCKTHBIX CKBAYKUH /

COOTBCTCTBYCT /

Fund of production and project wells corresponds
JlaBnenue B ycThe 10OBIBAIONINX CKBAYXKUH O0YCIIOBJICHO JaBJICHHEM Ha pHEMeE

B MI'TI 1 npeBbIIaeT pacyéTHyIO BETHMUNHY / Ha 2l %/
The pressure at the mouth of production wells is due to the pressure at the intake by 21%
in the MGP and exceeds the calculated value

CpenHuii ronoBo 1eOUT TOOBIBAONINX CKBAKUH HIDKE MTPOCKTHON BETUUUHBI / Ha 20 % /
The average annual flow rate of production wells is below the design value by 20%

PacuérHpie mmacToBoe (a Takke, JaBlIeHHE B 30HE OTOOpa raza) M MPOEKTHHIE
nmasienus/ Calculated reservoir (including the pressure in the gas extraction zone)
and design pressures

COOTBETCTBYET /
corresponds

Jliig cocTaBiieHnss pacd4€THON MOJEIN MPOTHO3UPOBAHUS TEXHOJOTUYECKUX MTOKa3a-
teneid ['KM ucnonb3oBanack pakTuyeckas 3aBUCUMOCTb CHUKEHUSI IPUBEAEHHOTO TUIa-
CTOBOTO JIaBJICHUSI OT HAKOIUICHHOTO 0TOOpa rasza [ Anues, bonnapenko, 2003; Gasumov,

Gasumoyv, 2023b; [leiik, 2012] (puc. 2).
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Fig. 2. Graph of the dependency of the reduced reservoir pressure on the accumulated gas production
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B npouecce skcryaranuy MECTOPOKAECHUN, HAXOAAIIMXCS Ha 3aBEPIIAOLIECH CTauu
pa3paboTKH, OTHUM U3 OCHOBHBIX BO3HHUKAIOIIMUX OCJIOKHEHHUH, BEIYIIMX K CHUKEHUIO
nebuTa M BBIXOJY CKBaXXMH M3 SKCIUIyaTal[MOHHOTO (OHJA, SBISETCS HEYCTOMYMBOCTD
IIPOAYKTUBHBIX IIJIACTOB K JUIMTEJILHOMY BO3/1E€HCTBHIO MOBBIIEHHBIX Jenpeccuii [I'acy-
MoB, ['acymoB, 2023; Gasumov, Gasumov, 2023a; Magerramova, 2021; Yu et al., 2022].
A Takke, NpOBEIEHHBINA aHAIN3 IIPOMBICIOBBIX JaHHBIX IOKA3bIBAET, UTO 3aBEpPLIAIOLIAs
ctanus pa3paborku mecropoxaeHuit Cesepnoro Kapkasa, rje oTMedaercsi BHEIpEHHUE B
3aJIeKU BOJIBI C FOXKHOM YacTH CTPYKTYpPHI (pa3pabaThiBalOT CKBAXKUHBI PACIIOIOKEHHbIE
B CeBepHOU U 1ieHTpanbHou 30He ['KM) xapakrepusyercs:

- HU3KHUM IIJIACTOBBIM JAaBiieHHeM (B npeaenax 4—6 Mlla) npu Oomnbiuoii rmyoune 3a-
JeraHus MPOLYKTUBHBIX I1acToB (3302-3357 m);

- BBICOKUM COZIEpKAHUEM KUAKOCTHU B IPOILYKLIUU CKBAXHH;

- HU3KUMH 1e0uTaMu (He 00eCIeYMBaIOIIMMH BBIHOC )KUIKOCTH Ha TIOBEPXHOCTB);

- YXYJIIMBLICHCS MPOHUIIAEMOCTBIO MPU3a00IHON 30HBI MIaCTa MOCe JIUTETbHON
9KCIUTyaTalluy CKBAYKUH.

LenecoobpazHo pa3pabOTKy MECTOPOXKACHHUS OCYILIECTBUTD C IOU3YUEHUEM TEKYyIIe-
TO COCTOSHUSI MIPOAYKTUBHBIX MHTepBaioB [V u IIl mnacToB (BBIMOIHHUTH CYIIECTBYIO-
M (GoHIOM CKBakuH). [l 3TOro He0O6X0JMMO MapajiebHO OCYIIECTBUTh BO3BpAT B
OJHOM ckBakuHe Ha IV mact, B apyroil cksaxkune Ha Il nminact. 1o mo3BONUT, yUUTHI-
Bas pe3yabprarhl uccienoBanus 3anexeit IV u Il miactos, moay4uTs MakKCUMalIbHYO UH-
dopmaruio o cocrostanu 3anexeit [V, 111 u Il mnacToB B 10:KHON 4aCTH MECTOPOXKICHUSI.
CoctostHue KOHTpOJIS M perynupoBanus pa3zpadorku ['KM B 3Tom ciyyae cBOAMTCS K
CBOEBPEMEHHOMY OOHApY)KEHHUIO (aKTOPOB, OCIOKHAIOMMX 3()(HEKTUBHYIO IKCILTyaTa-
LU0 CKBa)KWH, CHIDKAIOUIMX MX JI€OUTHI, U, COOTBETCTBEHHO, OTOOPHI raza B LIE€JOM I10
MECTOPOXKICHUIO.

CnoxHbI€ YCIOBHS KCIUTyaTalluM CKBA)KMH, CIIOKHOE I'€0JIOTMUECKOE CTPOCHUE 3a-
JI€KH, €€ JUTOJOTHYecKask HEOJHOPOIHOCTh MPUBEIN K TOMY, YTO Haubosee aKTUBHO
JPEHUPOBAIIUCH CEBEPHAs U LIEHTPAJIbHAsL YaCTU MECTOPOXKICHHUS.

HepaBHoMepHas pa3zpaboTka MECTOPOXKJIECHHs IO IJIOLIaJM U M0 pa3pesy IpuBena
K CyIIECTBOBAHUIO HEBBIPAOOTAHHBIX 3aJIeKEH, 3aMe/IJICHHUIO TeMIIa Pa3pabOTKH MECTO-
POXKJICHUS], CHUKEHHUIO KOHEYHOTO KO3(h(UIIMEeHTa ra300T/1aud U yXYALIEHUI0 3KOHOMHU-
4yecKux nokaszareneit [bepezosckuii u np., 2020a; Melikov et al., 2022; ITonkos, [Tonkos,
2023; Tureyen et al., 2005].

IIpoBenéHHbIC BpeMEHHBIE 3aMepbl HEUTPOHHBIMHM METOAAMHU O BceMy (poHY CKBa-
KUH B NIEPUOJL KAIIUTAJIBHOIO PEMOHTA CKBAYKUH MO3BOJIMIN OCYILIECTBUTD JaJIbHEUIINI
KOHTPOJIb 32 CTETEHbIO BHIPA0OTAaHHOCTH ILIACTA, ONPEeNINTh TeKyliee nonoxenue ' BK
U XapaKTep HACBIILEHUS IACTOB-KOJUIEKTOPOB 32 SKCIUTYaTallMOHHOW KOJIOHHOM.

B cBsi3u ¢ TeM, uTo pa3paboTka MECTOPOXKICHHS BEAETCS B YCIOBUSAX €CTECTBEHHOTO
peKrMa UCTOILEHUS ITUIACTOBOM 3HEpruu, Ais oOecreyeHHus TpeOyeMbIX TEXHUUECKHX
IapaMeTpoB I10/1a4y T'a3a B MaruCTpajbHbIN ra30IpOBOJ] PALMOHAIBHO YCTAHOBJICHHUE Ha
YCThSIX CKBaXKHUH, 100bIBaroIuX ra3 u3 I u Il miactoB MOAyIbHBIX YCTHEBBIX KOMIIPECCO-
pOB.

IIpoBenénublit aHanu3 >PPEKTUBHOCTH SKCILTyaTallMd T'a30KOHJCHCATHBIX MECTO-
poxnenunit CeBepHoro KaBka3za Ha 3aBepiiaroiem 3rtamne pa3padoTku, Ha npumepe He-
kpacosckoro ['KM nokasai, 4To OTHUMHU U3 OCHOBHBIX IPUYNUH HECOOTBETCTBHSI IPOEKT-
HBIX U (PAaKTUYECKUX TEXHUKO-IKOHOMUUECKUX MOKa3aTesel TakkKe sSBISI0TCS:

- pocT HaJyiora Ha 100bI4y NOoJe3HbIX HckomnaeMbIx (craBka H/IITM Ha ra3 usmeHunace,
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CTaJla yYUTHIBaTh MHOTOKOMIIOHEHTHBII COCTaB FOPIOYEro MPUPOAHOTO ra3za, MaKpO3Ko-
HOMHYECKHE TIOKa3aTel, LIEHOBYIO KOHBIOHKTYPY Ha LIEJIEBbIX PbIHKAaX CObITA);

- TIOBBIILICHUE CPETHEMECSIUHOM 3apaOO0THOM IIaThl TPOU3BOJICTBEHHOTO EPCOHAIIA U
B3HOCHI B TOCY/JapCTBEHHbIE BHEOIOKETHBIE (POH/IbI (HEMATOBaXKHBIM (PAaKTOPOM SIBIISCT-
Csl YUCIIEHHOCTD ITPOU3BOACTBEHHOIO MIEPCOHAJIA TI0 MECTOPOKACHHUIO);

- U3MEHEHHE YPOBHSI 1IEH Ha ChIPbE, MaTepUalbl, TOBAPBI U YCIYTH, HOTpebsieMble B
npoliecce NPOU3BOJCTBEHHON AEATEIbHOCTH (M3MEHEHHUE Y/ICNIbHBIX 3aTpar);

- HecoOmrofieHne rpaduka IpoBeIeHHs KalluTalIbHOTO PEMOHTA CKBaKUH (B MPOEKTE
KalMUTaJbHBII PEMOHT HE PEAYCMOTPEH, a (PaKTHUECKHU MPOBOAMICS);

- 3aTpaThl Ha Ie0JIOropa3BelouHbIe pabOThI (B IPOEKTE HE MPETyCMOTPEHBI, a (GaKTH-
4EeCKH OHM BBITMIOJIHEHBI);

- POCT MpOYMX 3aTpaT (Ha CTpaxoBaHME, IPOUUE YCIYTH MPOU3BOJACTBEHHOIO HAa3HA-
YeHUs 1 00LIeX03HCTBEHHBIE PACXO/IbI).

Bce BhlmenepeunciaeHHble GakTopbl IPUBEIH K 3HAYUTEIBHOMY YBEJIUYEHHUIO IO/10-
BBIX 9KCIUTyaTallMOHHBIX 3aTpar U, KaK CIEICTBHE, K POCTY ce0eCTOMMOCTH 100bIUM ra3a.
A Taxoke He0OXOMMO OTMETHUTh, YTO T10 MPOEKTY BCE Y/IENIbHbIE UCXO/IHbIE JaHHBIE TIPU-
HATHI B 11€JIOM JIJIsl Ta30BOTO MPOMBICTIA, B COCTaB KOTOPOTO BXOAMIIHM 5 MECTOPOXKICHU,
a axkTuyecku 4 U3 HUX HE pa3padaTbIBAIOTCS.

Pesynbprarel aHanm3a okasbIBaloT, 4TO Ha 100 HekpacoBCKOro MeCcTOpOXKACHHUS 110
ra30BOMY IPOMBICITY IPUXOJUTCS:

- 00beM BaIoBOM 100bIYM raza — 14%;

- TOOBIYHBIX CKBaKUH — 28,6%; (B T. 4. B akcruryarammu — 13,0%);

- CPEeIHECIMCOYHON YHUCIeHHOCTH — 37% (B T. 4. MPOU3BOJACTBEHHOIO MEpCOHAA -
39%);

- IPOU3BOACTBEHHBIX 3arpar — 33,0%.

VYnenbHble MaTepHalibHbIE 3aTpaThl HA JOOBIYY ra3a 1o MecTtopoxaeHuro Ha 332%
IPEBBILLIAIOT 3aTPaThI 10 IPOMBICITY, CpeTHEMeCsiuHast 3apaboTHas riara — Ha 7,7%, npo-
yue 3arparbl — Ha 264%. IIpoBenEHHBIN aHAIM3 MOKA3bIBACT, YTO 3HAYUTENIbHAS OIS
3arpar CIUCHIBAECTCS HE 10 MECTaM UX BO3HUKHOBEHHMS, @ HA OJTHO MECTOPOXKACHUE, YTO
HOPUBOJUT K POCTY c€0ECTOMMOCTH JOOBIYM YITIEBOIOPOJOB. JlaBaTh MpeAokKEHUs Mo
OCHOBHBIM TEXHHUKO-?)KOHOMHUYECKHUM ITOKA3aTeIsIM pa3pabOTKU MECTOPOXKICHHSI Ha OJu-
KaMIIyto NepCHeKTUBY 10 (PaKTHUECKUM 3aTpaTaM sIBJsIeTCs HEKOPPEKTHBIM, T. K. 3aTpa-
ThI TI0 MECTOPOXKACHUIO 3HAYMTEIBHO MPEBBIIIAIOT 3aTPAThI 10 F'A30BOMY ITPOMBICITY, YTO
CBUJIETEJILCTBYET O HENIPABOMEPHOM PAa3HECEHMH 3aTpar [0 MECTAM UX BOSHUKHOBEHHMS.

[IpennoxeHo nis JONOJHUTEIBHOTO U3YYEHHUS TEKYILETO COCTOSIHUSL 3aJIEKHU OCYIIIe-
cTBUTH pa3paboTky Ha IV u Il mnacrax mo onHON CKBakKHHE.

BbiBOADI

1. YTOouHEeHue 0CTaTOUHBIX 3aM1acoB rasa u pacrpeaeinenue ux B 3anexax [ u IV ma-
CTOB HM)KHEMEJIOBBIX OTJIOKEHUH MO3BOJIUT PETYINPOBATh Pa3pabOTKA MECTOPOXKICHHS
110 00bEKTaM.

2. Jlnsd MMHMMH3ALMKM OTPHULATEIBHOIO BO3JEHCTBUS OCIONKHEHUM HEOOXOAMM IIO-
CTOSIHHBIM KOHTPOJIb 3a pa3pabOTKON MECTOPOXKJIEHUS, B TOM YUCJIE: SHEPreTUYECKUMU
napaMeTpamu U peKUMOM paboThl 3aJI€XH, C TPOBEJCHUEM aHAJIN3a JMHAMUKH CPETHETO
IUIACTOBOTO JaBJIEHUs, KOJIMYECTBA COJEprKalleiicsl B ra3e BO/bI U €€ MUHEpalIu3aluy;
TEXHOJIOTUYECKUM PEKUMOM U TEKYIIEH MPOTYKTUBHOCTbIO CKBA)XKHMH, C BBIIIOJHEHUEM
KOHTPOJIbHBIX 3aMEPOB JI€OUTOB CKBAXKHH.
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3. OCHOBHBIMU NPUYUHAMU BO3HUKHOBEHHUS OCIIOKHEHHMM MPU SKCILTyaTalluM ra3o-
KOHJICHCATHBIX MECTOPOXKACHHIA Ha 3aBEePIIAIOIIEM dTare pa3padOTKU, BEAYIIUMHU K CHU-
KEHHIO 1e0MTa U BBIXOJy CKBaKUH U3 JAeHCTBYIOIIEro (hoHAa, SBISIOTCS:

- HEYCTOMYMUBOCTb MMPOAYKTUBHBIX IIJIACTOB K JUIUTEJIBHOMY BO3IEHUCTBUIO MTOBBIILICH-
HOU JICNIPECCUU;

- HEeOCTaTo4yHas JJIsl BBIHOCA KalleJIbHOW XKUJAKOCTH CKOPOCTh Ia30BOI0 MOTOKA, BE-
nylasi K HAaKOTUICHHUIO B MPU3a00HOMN 30HE MJIacTa U CTBOJIE CKBAKHHBI )KHUJIKOCTH;

- HepaBHOMepHas pa3padorka ['KM mo miiomanu u mo paspesy NpUBOIUT K CyIIle-
CTBOBAHMIO HEBBIPAOOTAHHBIX 3aJIEKEH, 3aMEIJICHUIO TEMIA pa3padOTKU MECTOPOXK/Ie-
HUSl, CHIKEHUIO KOHEYHOTO KOA((HUIIMEHTa ra300TAaYH U YXYAIICHUI0 YdKOHOMUYECKUX
MOKa3aTeIeH;

- HU3KHWE YCThEBhIE IaBIICHUS, HE TTO3BOJISIONINE OOECIIEUNTh ONTUMAIbHBIE YCIOBHS
NOOBIUM, Cemapaui U TPAHCTIOPTUPOBKH Ta3a.
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