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AHHoOTauus. BenuynHa 11acTOBOro JaBJICHUS M TEMII €r0 CHIDKCHHS B IpoIecce pa3padOTKU ra30BOH 3a-
JICKH SIBIISTFOTCSL BRKHBIMH TOKA3aTEISIMH, TIO3BOJISIIOIIMMHU OLICHUBATh YHEPTETUKY IJIACTa, €r0 MPOAYKTUBHOCTb,
a TaKoKe OTPE/IENSTh 3arachl ra3a B Hauase pa3paboTKN U yTOUHATH MX BEIMYMHY B POLIECCE IKCIUTYaTAUH 3aJIEKH.
B nmannoii paboTe paccMaTpuBaroTCsl AMHAMHUKA TJIACTOBOTO JIABJICHUS M OIICHKA JAPCHUPYEMBIX 3aI1acoB Ta3a Ha ra-
30KOH/IGHCATHBIX MECTOPOXK/CHUS AJlaH, B TOM YHUCIIE TIPEeyCMOTPEHa KapTa H300ap M KapTa pa3padOTKH ra30KOH-
JACHCATHBIX MCCTOPOKIACHUSA Anan. OTMe4YeHHOE BbIIlIE€ COOTHOIIEHUE TEeMIIa naJaCHUs 1mjIacToBOIO JaBJICHUA C OT-
60poM raza U3 3aJeKH MOXKET YKa3blBaTh Ha MPOSIBICHHE BOJOHAIOPHOTO PexkKUMa, Je(opMaluio MIacTa KOJIEKTO-
pa u 6onee kpynHbIe pakTrdeckue 3amacel raza [ KM Anan, B cpaBHEHHH C MX BEITMYMHON YHCIIICHcs Ha OamaH-
ce. ConocTaBisst JUHAMUKY APEHUPYEMBIX 3aI1aCOB ra3a, ONPe/ICNICHHBIX aHAINTHYECKIM Iy TeM ¢ IMHAMHUKOH BBOJA
B 9KCIUTYaTaIMIO ra30400bIBAIOIINX CKBAKMH, OUYEBH/IHA 3aBUCHMOCTb BEIIMYHNHBI OLICHKH APCHNPYEMBIX 3aI1acOB ra3a
OT KOJIMYECTBA ACHCTBYIONIMX CKBAXKHH B MpoIecce pa3paboTKH MECTOPOXKACHUS AJlaH.

KuoueBsie ciioBa: ['a30Bbie 1 ra3okoHIeHCaTHBIE MecTopoxieHns (I'KM), rmractoBoro aaBieHust, IpeHUpY-
eMBIX 3aI1acoB rasa, KapTa u300ap, KapTa pa3paboTKH.
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Abstract. Reservoir pressure and the rate of its decline during the development of a gas deposit are important
indicators that allow assessing the energy of the reservoir, its productivity, as well as determining gas reserves at the
beginning of development and clarifying their value during the operation of the deposit. This paper discusses the
dynamics of reservoir pressure and the assessment of drained gas reserves at the Alan gas condensate fields, including
an isobar map and a map of the development of the Alan gas condensate fields. The ratio of the formation pressure
drop rate with gas withdrawal from the deposit noted above may indicate the manifestation of a water-driven regime,
reservoir formation deformation and larger actual gas reserves of the Alan GCF, in comparison with their value listed
on the balance sheet. Comparing the dynamics of drained gas reserves determined analytically with the dynamics of
commissioning of gas producing wells, it is obvious that the estimate of drained gas reserves depends on the number
of operating wells in the development of the Alan field.

Keywords: Gas and gas condensate fields ( GCF), r eservoir p ressure, d rained g as r eserves, i sobar map,
development map.

BeedeHue

[Tpu momHOM M GE3yCIIOBHOM COOJIOACHUH TIPUHIIMTIOB YCTAHOBIICHHUSI TEXHOJIOTMYECKOTO PEKUMA
9KCIUTyaTalluu OyneT NTOCTHUTHyTa palMOHalIbHAs pa3paboTKa ra3oBbIX M Fa30KOHAECHCATHBIX MECTOPOXK-
nennit (Ovik U 1p., 2015). Uzyuenune xapakrepa pabOThl KaI0H CKBaXKUHBI, 00CIEIOBAHUE COCTOSHUS
YCThsI CKBKMHBI ¥ KOJIOHH TPH MOA3EMHBIX PEMOHTAaX, a TaKKe MPH BHIMOIHEHNH paboT 10 BO3/1EHCTBUIO
Ha IpHU3a00HHYI0 30HY al0T LEHHBIE CBEJCHNUS, KOTOPBIE YUUTBHIBAIOTCS IIPH YCTAaHOBJIEHUH TEXHOJIOTHYe-
CKOTO peXrMa PadOThI OT/ICIBHBIX CKBXKUH M BCE 3aJIeKu B 11esioM (AMUSH U ap., 1974).
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B Hacrosiee BpeMst B Y30eKUCTaHe ra3a JI0OBIBACTCS OCHOBHOM M3 TPeX HE()TEra30BhIX PErHOHAX:
Yceriopt, Byxapa-Xuga, FOro-3anaausiii ['nccap, 0oJiee mOIOBUHBI MECTOPOXKICHUHU 3THX PETHOHOB HAXO0-
IIATCS Ha 3aBepInaromieii cranun pazpadorkn (Mupmyamenos u np., 2022) [3].

Mamepuanbt u memodsl

BennumHa 111acTOBOrO 1aBIEHUS M TEMII €I0 CHHXKEHUS B IIpoLiecce pa3pabOTKU ra30BOi 3aJ1€XKHU AB-
JISIIOTCS BKHBIMM 110KA3aTeJISIMU, TI03BOJIIOIIMMHI OLEHUBATh SHEPIeTHUKY IUIACTa, €ro NPOAYKTUBHOCTD,
a TaKKe ONpeleNsATh 3amachl ra3a B Havyase pa3paboTku (0OOBEMHBIH METOA) W YTOUHSTH MX BEIUYHHY
B IIpOIECCE IKCIUTyaTalluX 3aJIeKH (JIpeHUPYEMBIE 3a11achl).

Pe3ynvmamel u o6cyxcodeHue

Mecropoxenust yriieBojiopoos tOro-3anamHoro Ys0ekucrana HaxosaTcs B nepejenax Yapikoy-
ckoii m byxapckoii cTynenei, nx 60sbInas 4acTh CBA3aHa C aHTHKIIMHANBHBIME cKiTafkamu (XKabpesa, 1983),
(Yepnos, 2016).

OcHOBHOI 00beM TeKyIel 100b4M ra3a B Y30eKucTane NpUXOJUTCs Ha KPYIHBIE JJTUTEIBHO pas-
pabaTbIBaeMble MECTOPOXKIEHHS C OTHOCUTENFHO BHICOKUMH OCTAaTOYHBIMH 3aracaMi, K YHCITy KOTOPBIX
otHocutcsa ' KM Anan (Opumnosa u ap., 2022). [TnactoBoe naBieHre Ha MECTOPOXKACHUN AJIaH OTIpeaess-
JIOCh B TIEPUOJT €T0 Pa3BeIKH U B TIPOIlecce pa3padOTKH 10 MaTepraiaM 3aMepOB CTATHYECKUX JTABICHUN
Ha YCThE M ra3oruIpoJANHAMUYECKUX MCCIECIOBAaHUN CKBaXMH. Ha OCHOBaHMM 3THX OIpeleNeHni CTpou-
JIUCh KapThl n300ap (puc. 1—7) U pacCUNTHIBAIUCH CPEAHEB3BELICHHBIC IABICHUS B 3aJICHKH.

O0001eHHBIC PE3YJIbTaThl PACUETOB ILJIACTOBOIO JABJICHUS B 3aJICKW NPUBEJACHBI B TaOiwmie 1.
W3 3101 TaOMUIEI BUHO, YTO 32 MPOIIEIIIAN TEPUO/T pa3padOTKH IJIACTOBOE JIABJICHNE B 3aJIE)KH MECTO-
poxieHust Anan cHU3MWIoCh ¢ 575.0 kre/em? o 100.7 kre/cm? wiu Ha 82.5 %.

W3 cpaBHeHus naHHBIX (Tabi. 1) ¢ mokazaresnssMu pakTHIecKoro 0TOOpa raza BUAHO, YTO MPH CyM-
MapHoM oTOope rasza Ha kouer| 2013 1. 165455 mun. M* nm 78.8 % OT ero HavanbHBIX OATaHCOBBIX 3arla-
coB (210.0 mutH. M?), TeKyIllee MPUBEICHHOE IaBJICHHUE B 3aiieu coctaniseT 108.4 kre/cM?, TO eCcTh CHUBH-
7och Ha 76.6 % OT ero HavanbHOrO 3HaYeHUs (463.1 krc/cm?).

Puc. 1. Kapra u300ap ra3zokonjiencatabix Mmecto- Puc. 2. KapTta n300ap ra30KoHEHCATHBIX MECTOPOXKICHHS AJIaH.

POXJICHHS AJlaH. Fig. 2. Isobar map of the Alan gas condensate field.
Fig. 1. Isobar map of the Alan gas condensate field.
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Fig. 3. Isobar map of the Alan gas condensate field. Fig. 4. Isobar map of the Alan gas condensate field.
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AJan. Fig. 6. Alan gas condensate field development map.
Fig. 5. Isobar map of the Alan gas condensate field.

OTMedeHHOe BBIIIIE COOTHOIICHHE TEMITA T1aJIEHUS [IACTOBOTO JaBICHHUS C OTOOPOM rasa U3 3aJIe)KH
MOJKET yKa3bIBaTh Ha MPOSBICHHE BOJOHAMIOPHOTO peXnMa, JeopMaluio miacta KoIeKTopa u bosee
KpynHble (akTuyeckue 3anachl raza [ KM AnaH, B CpaBHEHUH C UX BEJIMYMHON YUCIIAIICHCS Ha OajgaHce
(210.0 mutH M%),
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Tabnuua 1. luHaMHKa yCTREBOI'O CTATHYECKOTO, IIACTOBOTO U MPUBEJICHHOTO JaBICHUN
U pacCUUTAaHHBIX JpEHUpPYEMbIX 3anacoB raza I'KM Anan

Table 1. Dynamics of wellhead static, reservoir and reduced pressures

and calculated drained gas reserves of the Alan GCF

JaBnenne (Ha KOHeIl roja), Kre/cm? Cumxenene | R N —
NeNe | on Prur.cks. (t)/ POH a(t)/z() o}T/60p rasa, | Mble 3ane}1/cm
TL.IT Per(t) | Prur.cks.(t) RPN B % OT Hay. MITH M3 rasa, MJIH M>
z(t) 3HAYCHUSI ’
p;:;‘;ggfm 491.0 575.0 463.1 - 0 0
2 1979 | 488.0 566.0 459.2 0.8 - -
3 1980 | 471.0 553.0 453.5 2.1 353 41916
4 1981 465.0 543.0 442.0 3.0 1099 53051
5 1982 | 464.0 541.0 448.1 3.2 1720 56649
6 1983 | 461.0 539.0 447.2 34 2285 70730
7 1984 | 460.0 538.0 446.6 3.5 2864 83609
8 1985 | 459.0 536.0 445.9 3.7 3291 93413
9 1986 | 458.0 535.0 445.4 3.8 3787 101840
10 1987 | 456.0 533.0 444.5 4.0 4260 111620
11 1988 | 455.0 532.0 444.0 4.1 4676 116530
12 1989 | 455.0 531.0 443.6 4.2 4997 121554
13 1990 | 4533 530.1 443.2 4.3 5349 127076
14 1991 | 450.3 528.9 442.6 4.4 5742 133600
15 1992 | 446.8 525.1 440.9 4.8 6180 139940
16 1993 | 4435 521.6 439.3 5.1 6674 139282
17 1994 | 439.2 517.0 437.2 5.6 7190 139913
18 1995 | 430.6 507.6 432.8 6.5 8240 147219
19 1996 | 420.8 496.9 427.8 7.6 9842 150490
20 1997 | 415.0 487.2 423.2 8.6 11476 150521
21 1998 | 403.2 474.4 417.0 10.0 14078 163362
22 1999 | 380.2 449.4 404.7 12.6 18065 181634
23 2000 | 350.0 416.1 387.4 16.3 24411 193623
24 2001 315.9 384.4 369.6 20.2 31578 193231
25 2002 | 282.1 346.2 345.7 254 40832 202292
26 2003 | 248.0 306.3 317.2 31.5 51627 203763
27 2004 | 227.0 280.7 296.5 36.0 63693 202143
28 2005 | 209.5 249.9 269.2 41.9 76701 213257
29 2006 188.0 229.5 249.6 46.1 89786 214412
30 2007 166.3 203.2 222.7 51.9 102494 222283
31 2008 147.3 179.9 197.7 57.3 114881 221312
32 2009 126.7 153.8 168.6 63.9 125752 219410
33 2010 116.0 141.3 154.5 66.7 134987 212308
34 2011 101.6 124.0 134.9 70.9 143454 215292
35 2012 91.9 115.1 123.4 73.4 150790 212744
36 2013 80.6 100.7 108.4 76.6 158473 216023

Kak mokaspiBaloT pe3ysbTaThl aHaIM3a MaTepPHaIoOB Pa3BeIOYHOr0 OYpeHHUs! M JaHHBIX JKCILIyaTa-
LMY CKBa)KWH, /IO HACTOSIIETO BPEMEHU HE TOJIYyUYeHO CBHUIETENIbCTB, YKAa3bIBAIOIINX HA TIPOSIBICHNE BOJO-
HAIIOPHOTO peXruMa U JedopMaiyy KOUIEKTOpa B IpoLecce pa3padoTku MecTopokaeHus Anad. Cienoa-
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TEJILHO, BEPOSITHOM MPUUMHON HAOII0JaeMOT0 COOTHOLICHHUS CHIKEHHMSI IJIACTOBOTO JIABJIICHUS B 3aJISKU
¢ 00BeMOM OTOOpPAaHHOTO M3 HEe ra3a SABJSETCS MPEBBIIICHHE PaKTHUECKNX (IPEHUPYEMBIX) 3aIacoB ras3a
Ha/l BeJIMYMHON ero 0aaHCOBBIX 3aMacoB.

Jst cityuast ra30BOro peskuMa pa3paboTKu 3aIeKH ypaBHEHUH MaTepHalbHOro OaaHca 3aluchiBa-
eTcs B CIICLYIOLEM BUIE:

Y
VO =Pnp.naq P—F ] (1)

np.nau np.mex

rae VO — HaYaJIbHBIC 3aI1aChbl Ira3a, P P — Ha4YaJIbHOC U TCKYIIEC NPUBEACHHBIC IIJIACTOBLIC TaBJIC-

np. naw’ = np. mex
wust; O cyMMapHbIii 0T60p Ta3a U3 3aNeKH HA 1aTy OLCHKH 3aI1acoB.
W3 sroii Tabmuiel crieayet, uto Ha 01.01.2013 1. ipeHupyemMble 3amachkl raza MeCTOpOXKIeH! AllaH
OLICHUBAIOTCS B 00Bbeme 216.0 mupa M>.
C #cronb30BaHUEM JaHHBIX 3TOW TaOIHUIBI MOCTPOCH rpauK MafeHus MPUBEIESHHOTO MJIACTOBOTO
JaBJICHUS B 3aBUCHMOCTH OT OTOOpa rasa W3 3aJie’KH, IIPEJCTAaBICHHBIA Ha pucyHke 7. B cooTBeTcTBUH

3armacel raza MECTOPOKIACHILT Anan
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Puc. 7. 3aBUCHMOCTB NPUBEICHHOTO TIIACTOBOTO AABJICHHUSI OT CyMMapHOT0O 0TOOpa ra3a U3 MECTOPOKICHUSL.
Fig. 7. The dependence of the reduced reservoir pressure on the total gas extraction from the field.

250000
; . g
2200000
S
3
£ 150000
M
g
g = 5 *1-123 7*p2 3
2 100000 Vap=86995+7072.6*n-123.7*n~+0.6977*n
2
; 50000
=

0
0 10 20 30 40 50 60 70 80 90 100

JeiicTByommii pon1 cKBaZARIH (n)

Puc. 8. 3aBHCHMOCTD IPEHUPYEMbIX 3a11acoB Ta3a OT (OHAA JeHCTBYIOINX CKBAKHH MECTOPOXKICHUS AJIaH.
Fig. 8. Dependence of drained gas reserves on the stock of operating wells of the Alan field.
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C 3TUM TpaUKOM BETHYHHA TEKYNIHX APCHUPYMBIX 3amacoB [ KM Amnan onenuBaercst B 216 mupm m?,
gro Ha 6.0 Mipa M° vim Ha 2.8 % BhIIe ero 6anmaHcoBsIx 3amacos (210.0 mapa m?).

ComocTtasisisi AMHAMHKY JPEHUPYEMBIX 3aracoB Ta3a, OMNPE/ICICHHBIX AHATUTHYCCKUM IyTEeM
(Tabm. 2, puc. 8) ¢ IMHAMHUKOW BBOJA B JKCILIyaTaI[MIO T'a30700bIBAIONINX CKBAKWH, OYCBHJIHA 3aBUCH-
MOCTb BEJIMYMHBI OLIEHKH JIPCHUPYEMBIX 3aIl1aCOB T'a3a OT KOJMYECTBA JCHCTBYIOIINX CKBAXKHH B TPOIIEC-
ce pa3paboTKH MeCTOPOKACHUS AjaH. JIelCTBUTENBHO, C BBOJIOM B DKCILTYaTaIMIO HOBBIX ra30,100bIBaI0-
IIMX CKBa)XKUH YBEJIMYUBACTCS TUIOINAh OXBATa 3aJICKHU JIPCHUPOBAHUEM 32 CUET MOJKIIOUYCHHS B pa3pa-
OOTKY €€ HOBBIX YYaCTKOB.

[MocnenHee 0OCTOATENLCTBO TAKIKE MOXKET 00YCIOBUTD, POCT IPEHUPYEMBIX 3amacoB rasa (puc. 8),
3a CYET BOBJICUCHUS B pa3pabOTKy JOMOJHUTEIILHBIX YYaCTKOB 3aJIC)KH, PAHEE HE OXBAYCHHBIX IKCILTyaTa-
IIMOHHBIM OypEeHUEM.

3akaroueHue

C BBOJIOM B 9KCILTyaTaIMIO HOBBIX T'a30J00BIBAIOIINX CKBAYKIH YBEITMYNBAETCS TUIOMNIA I OXBATa 3a-
JIS)KH IPCHUPOBAHUEM 32 CUET MOJIKIIOYCHHS B pa3padOTKy ee HOBBIX yuacTKoB. Ha mectopoxnenun Aaxn
MOCNIEIHUE TOABI MMEET MECTO BBOJ T'a3000BIBAIOIINX CKBaKUH OOJBIICH YacThIO HA IOT0-3araJHOM
y4acTKe 3aJIeXkKH, 4TO 00YCIOBHIIO POCT APSHUPYEMBIX 3amacoB raza 10 216.0 mupa m>.
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