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AxkmyanbHocmb. [pu cmayuoHapHoU 3akayke 800bi Onis no0depxaHus nnacmogozo dasneHus Habmodaemcs onepexarouwee 06800HeHuUe 0o-
bbigarowux ckeaxuH. lpexdespemeHHoe 06800HEHUE C853aHO C 8bICOKOU NOCOUHOU U 30HaMbHOU HEOOHOPOOHOCMbBIO KOMIEKMOPOS, 8bICOKOU
8513KoCMbI0 Heghmu, nodoweeHHoU 80000, UHMEHCUBHOU 3akaykol 800bl. Mcnonb3osaHue YUKITUYECK020 3a800HEHUST N0380MISiem yeeuyume
oxgam nnacma go3delicmeuem U mekywuli koaghpuyueHm usenedeHus Hegomu. [pupocm 8 dobbive Heghmu om ucnosb3osaHus memoda do-
cmueaem 4 %, cHuxaemcst ombop 800k U3 3aexu.

Lenb: uccnedosams ahhekmusHOCMb UCNOMb30BaHUS UUKITUYECKO20 3a800HEHUST Ha 3aMexu C 8bICOKOBS3KOU Hehmbio, oueHUms Haubonee
aghchekmusHyro OnumenbHOCMb hepuodos pabombi U 0CMaHOBKU HagHemamesbHbIX U 000bIBaIOWUX CK8aXUH Onisi AOCMUXEHUST HaubOoMbWUX
npupocmos 8 0obk14e Heghmu.

O6bexkm: yyacmok mypHelickoli kapboHamHol 3anexu ¢ 8bicokoesskol Hegpmbio. CpedHssi 06800HEHHOCMb NPOOYKUUL CKBAXUH Ha 3anexu
cocmaensiem 77,1 %, npu omb6ope om HayanbHbIX U3grekaembix 3anacos — 49 %. Yyacmok akcnimyamupyemcsi 00HoU HagHemamenbHoU ckea-
XUuHoU, pacnonoxeHHoU 8 yeHmpe, u dessimbio 000bIBaIOWLUMU CK8aXUHaMU NO nepumempy 8000He(hMAH020 KOHMakma. B paccmampugaembix
ycnosusix Heobxodumo eHedpsimb Memodk! ysenuyeHust 0xeama nacma o30elicmeuem U CHUXeHUs 06800HEHHOCMU.

Memodbi: onpedesnieHue onmumanbHbIX MexHOMo2ull Yuknu4eckol 3akayku eo0bl U KOMNIIEKCHO20 HECMayUoHapHo2o 8o3delicmeus, 2udpodu-
HaMuyeckoe MoOenupo8aHue YUKIUYecKko20 8030elicmeus Ha yyacmke HeGhmsH020 MECMOPOXOEHUS.

Pesynsmambl. PaccMompeHb! pasnuyHble gapuaHmsl pabomsi HagHemamenbHOU CK8axXuHbI NPU peanusayuu Yukiuyecko2o 3asodHeHus. [lo-
JTy4€HO, YMO COOMHOWEHUEe NPodomKUMeETbHOCMU Pabombl U 0CMaHOBKU Ck8aXUHbI, npu ycrosuu 100 % KomneHcayuu, npakmuyecku He enus-
em Ha pesynbmam modenuposaHusi. [1pu yuknuyeckol pabome HaeHemamenbHOU CK8axXUHbI ysenuyeHue dobbiHu Hegpmu npoucxodum Ha 3,6 %
no cpagHeHuto ¢ 6asosbiM sapuaHmoM. bonbwuli mexHonoaudeckull aghchekm 803MOXeEH npu KOMNIeKCHOM 8030elicmeuu — nepuodudecKoll
0CMaHosKe Kak HaeHemamenbHbIX, mak u 00bbiBaroWux CK8axUH. B crydae komnnekcHo20 8o30elicmeusi HakonneHHasi obbia Hepmu Ha

yyacmke 3anexu ysenuyusaemcs Ha 10,6 % no cpasHeHuio ¢ 6a308bIM 8apUaHMOoM.

Knroyeenle cnoea:

3anexb Heghmu, 06800HEHOCMb, LUKTUYECKOE 3a800HEHUE, HECMALLOHapHOe 3a800HEHUE, Heghmeomdaya.

Beepexune

Jlnst mojiepKaHus MIACTOBOrO JaBJCHHS B HE(TIHBIC
3aJICKH 3aKAYMBAIOT PA3NIMYHBIC ar¢HTBI, B OCHOBHOM BOJY.
3akauka BOJIbI B CKBAXKHHBI MO3BOJISIET JHOCTHTATh BBICOKHX
3HavyeHui KoadQuimentoB HepreoTmaun miactoB [1-5],
IPEMsITCTBOBATH AedopManusM ropHeix mopos [6]. Bmecre ¢
TEM TIpH CTAIMOHAPHOW 3aKauke HAOJMIOJAETCs OIEepexaro-
mee OOBOJHEHHE JOOBIBAIONINX CKBAXHH H3-33 MPOPHIBA
BOZIBI 10 Oosee TpoHuIaeMbiM Kananam [7—10]. [lns moBsI-
meHnst 3QHEKTUBHOCTH KCILTyaTalluy 3aexel, N3MEHEHHs
HaTpaBleHus. (UIBTPALMOHHBIX IOTOKOB, BOBJEUYEHHE B
pa3paboTKy paHee HE OPEHUPYEMbBIX 3alacoB HCHOJB3YIOT
pa3IHYHBIC TEXHOIOTHH, B TOM YHCIIe 3aKa4yKy areHTOB IO-
BBINICHHOH BS3KOCTH, CTPOUTENHCTBO HOBBIX CKBAXHH WIIH
00KkoBBIX cTBOJIOB 1 Jip. [11]. OnHUM U3 3Q(PEKTUBHBIX Me-
TOJIOB YBEJMUYEHHS OXBaTa IIACTA BO3JCHCTBHEM, CHHKCHUS
TEMIIOB OTIEPEeKAIONIET0 00BOAHEHHS TOOBIBAIOIINX CKBAKUH
SBISIETCST TIMKIHYecKas 3akadka Boasl [12]. IIpombicioBsiii
OTBIT BHEIPEHHS IUKINYECKOH 3aKAauKd I HECTaIlMOHAp-
HOTO 3aBOJHCHHS TIOKa3bIBACT CYIIECTBEHHBIH TMPHPOCT
ypoBHe# 100buM HeTH U KOIQUIMEHTOB HedTen3BIede-
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HUS TIPY MUHUMAJIBHBIX 3aTpaTax Ha BHEIPEHHE TEXHOJIOTUU
[13-17].

BrraBneHo, 9T0 3((hEKTHBHOCTh HECTALMOHAPHOTO BO3-
JEHCTBHS YBEIMYMBACTCS C POCTOM HEOJHOPOTHOCTH KOJ-
JEKTOPOB, BSI3KOCTH MIIACTOBOW HE(TH, MPOHUIAEMOCTH OT-
JIeJBHBIX TIpociioes u ap. [18-22].

B IlepMckoM Kpae Ha dYacTH OOBEKTOB pa3pabOTKU
Ha0JTI0TaeTcs oTepexkeHne 0OBOTHEHNS CKBOXKHH HAJl BBIpa-
0oTko# M3BNEeKaeMbIx 3anacoB Hetu (HU3). Haubonee cy-
IIECTBEHHOE OTJIMYME MEXJTy OOBOJHEHHEM U BBIPAOOTKOH
HU3 umeercs Ha 3anexax ¢ BBICOKOBA3KON HE(ThIO. 3HAUH-
TENbHAS YacTh 3aJIeKeH ¢ BHICOKOBA3KOW HedThi0 B IlepM-
CKOM Kpae IpuypoueHa kK HoxxoBcko#l rpymnme MecTopoxie-
Huid. CpenHue 3HaUeHHs 00BOJHEHHOCTH U oTOopa ot HU3
no TypHelckuMm oObekTaM HoXOBCKOM TpyIIBI MECTOPOIK-
JieHui cocTaBnsioT 57 u 37 %, COOTBETCTBEHHO.

061BeKT uccnegoBaHum

PaccmoTtpuM 0HO U3 NOHATH TYypHEHCKOM 3alIe)Ki MECTO-
poxnenns HoxoBckoit rpymmbl. MectopoxneHue paspabarhi-
Baetcst ¢ 1994 1. OcHOBHBIE Ie0NOr0-(PM3HICCKHE TApaMeTphl 1
TIOKA3aTeN! pa3pabOTKHU 3aJIC)KU MPUBEACHHI B TA0M. 1.
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Taonuya 1. Ocnosnvle  2eono2o-gpusuueckue napamempol u
noxazamenu paspabomxu 3a1excu

Tablel.  The main geological and physical parameters and
deposits development indicators
En. mamep. 3Hauenne
TMapamerp/Parameter Units Value
IIponunmaeMocTs 1o KepHy MKM®
. AT 0,035
Core permeability micron
Koadduuuenr necuanncroctu JIOJIH eI
. e . - 0,574
Sandiness coefficient unit fraction
Koadduuuent pacuneHeHHOCTH JIONH e]l.
- . - 4,33
Number of permeable intervals unit fraction
Bs13kocTh HEPTH B IIIACTOBBIX YCIOBHAX mlla*c
o . 42
Reservoir oil viscosity mPa*s
Bs13k0oCcTh BOJBI B IIIACTOBBIX YCIOBUAX mlla*c
: femach 1,44
Reservoir water viscosity mPa*s
0_T60p or HU3 % 49
Qil recovery
OOBOJJHEHHOCTh 0
Water cut % 1

W3 tabn. 1 cnexyer, 4To 0OBOJHEHHOCTb CYIIECTBEHHO
OomnpIe 0TOOpPa OT HAYAIBHBIX H3BJICKACMBIX 3aMacOB HE(THL
JlaHHast cuTyanus 00yCIOBIEHA COBOKYITHOCTBIO (DaKTOPOB:
BBICOKOW BS3KOCTBIO IUTACTOBOH HE(TH, PacUICHEHHOCTHIO
3QJIEXKH, CYIIECTBEHHBIM OTJIMYHEM IPOHHIIAEMOCTEH TIPO-
IUIACTKOB. JIEOMTHI CKBaXHH MO HE()TH HA YYACTKE M3MCHS-
I0TCI B nspeﬂenax 22..46 T/cyT, N0 IKHIKOCTH —
45...16,5 M /cyr. 3aboiiHble JaBIeHUS Ha JTOOBIBAFOIIMX
CKBa)XMHAX MU3MEHsI0TCS B mpenenax 6,1...14,9 MIla. Tlpué-
MHUCTOCTb HarHeTaTeNbHOM CKBaKHHBI 30 M°/CyT.

Pa3Menenre CKBaXHH Ha paccCMaTpHBAEMOM ITOAHATHH
TpEJICTABIIACT cO0OM AIEMEHT Pa3pabOTKU ¢ OJHON HAarHeTa-
TENBHON CKBaKHHOH B IIEHTPE M IEBATHIO CKBAKHHAMH II0
HepuMeTpy BOOHE(TIHOTO KOHTaKTa (puc. 1). B HacTosmiee
BpEMsI ICHCTBYIOIMMHE SIBIAIOTCS 4 TOOBIBAIOIINX CKBAXKHHBI,
OCTAIIbHBIC TIEPEBEICHBI B KOHTPOJIBHBIA (DOHI, 3aKOHCEPBHU-
poBaHsl, | cCKBaXXMHA TMKBUINPOBAHA.

Puc. 1. Kapma HaxonieHHbIx 0mobopoe u 3aKauKu Ha NOOHAMuUY
Fig. 1. Map of cumulative oil production and water injection

MpoekTMpoBaHMe HECTALIMOHAPHOrO BO3AEUCTBMSA

[Ipn anamm3e NBIKEHWUS (HIBTPALMOHHBIX MOTOKOB HA
MOJHATHH OTMEUEHO, UYTO 3HAYMTEIbHAS JOJI 3aKauMBAEMOH
BOJIBI JIBIDKETCS 1O 00Jiee POHUITAEMBIM KaHaiaM (ibTpa-
[IU¥ OT HATHETATEIHLHON CKBAKHMHBI K I00BIBAtOMIEH (pHC. 2).

Puc. 2. Hanpasnenus uibmpayuonublx nomoko8 Ha yuacmke
3anexncu

Fig. 2. Direction of filtration flows in the area of deposits

Jnst yBeTMUeHHs OXBaTa IUTacTa BO3NEHCTBHEM, BEHITEC-
HeHUs He(TH U3 OJOKOB KOJUIEKTOpA M MOBBINIEHHSA D (ek-
THBHOCTH Da3pabOTKH PacCMaTpHBAEMOTO YUYACTKA 3ayeiH
TPEUIaraeTcs UCIOIb30BaTh TEXHONOTHIO HECTAIMOHAPHOTO
3aBOJHEHHS. B crenuanbHOl uTepaType OTMEYEHO, UTO
HEOoOXOMMO YUYHTHIBATH (DIUIBTPAIOHHBIC TTAPAMETPHI 3a-
JICKA JUIL OLUCHKH ONTUMAJbHOTO BPEMCHU OCTAaHOBKH
HaTHEeTAaTeNbHBIX CKBaXHMH [23] ¥ yeM Ooblle TpOHHUIAe-
MOCTb KOJJIEKTOpa, TeM OOJblie AOMKHA OBITh BENMYMHA
TOJTyTIepHO/IOB HarHeTaHus [24].

B [25] npuBenena ¢opmyia s onpenencHus BpeMeHH
TOJYIMKIIOB PabOThI HATHETATEBHON CKBAXKHHBI:

Zm-Cp
2k
rae T — ITUTENBHOCTh MONYIUKNIA HECTAlHOHAPHOTO BO3-
neiictBus; | — cpeiHee paccTOsHIE MEX/y HATHETATEIbHBIMH
1 JIOOBIBAIOIIMMHA CKBRXMHAMU; M — MOPHUCTOCTh; C — KO3-
(UIMEHT CKUMAEMOCTH MOPOJbI U KUJAKOCTH; 4 — JAUHAMU-

uecKast BA3KOCTb [IACTOBOM HeTH; K — IPOHUIIAEMOCTb.

Jnst paccMaTpHBagMOTO MOIHATHS MTHTEIBHOCTH TONY-
IUKNa, ONpeIeTeHHas M0 TPEACTaBICHHOH (opMmyre, mpu-
Ommxkaercs k 180 cyr.

B [26, 27] nokazano, uto HaubonbImii ddpdekT mpu pea-
JM3AIMK [UKITHYECKOTO 3aBOHEHHS JOCTUTACTCS HIPH COOT-
HOIIECHWN BPEMCHH PabOTHl M OCTAHOBKM HATHETATEIBHBIX
CKB&XWH B MHTEpBase 1/2...2/3. BHINOIHEHO THAPOAMHAMU-
YeCKOe MOJIENIMPOBAHNE HECTALMOHAPHOTO BO3NEHCTBUS IS
paccMaTpUBaEMOTO yYacTKa C TEKYIIEro MOMEHTA BPEMEHH
no 01.01.2030 B mporpammuom komruiekce Tempest More
(tabm. 2).

T =
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Taonuya 2. Pesynomamer MoOeaupogaHus yukiuyeckol 3aKau-

KU Ha yyacmke 3ajiesicu

Tabnuua 3. Pe3ynomamel M0O0enuposanus HeCcmayuoHapHo20o
2UOPOOUHAMUYECKO20 8030€LiCMBUsL HA YHaACTKe 3a-
Jearcu

Results of simulation of non-stationary hydrody-
namic effects on the site of deposits

Table 3.

Table 2. Results of simulation of cyclic injection in the area
of deposits
Pesynbrars! Ha
Results for
Ipomomxutens- | IIpomomxurens- 01.01.2030
HOCTb pa60Tbl HOCTH OCTaHOBKH c\c E o
Ne Bapu- | HarHeTaTeNbHON | HATHETATENBHOH | o < ‘é = -% @
aHra CKBQ)XHMHEI, CyT CKBa)XMHBI, CYT § f_,. =29 28
Number | Injection well | Timetostopthe | £ 3| & ESg
operation time, injectionwell, | 2 &| 5 E _f‘ ‘§
days days ‘:%( s E ?% .
-
D: |_
bazoBbIit B B 78,6 233.98
Base
1 30 30 242,51
2 60 60 70,6 242,50
3 180 180 242,49
4 30 60 70,8 242,42
5 60 180 70,7 242,42

Pesynbratel MonenmmpoBanus (Tabi. 2) mpeamonarat 3¢-
(DEeKTUBHOCTDH HCIIONB30BAHUS HECTAIIMOHAPHOTO BO3JEHCTBHS
B BuAe IuKianueckoro 3asomueHus. K 2030 r. oxumaeMbli
TPUPOCT HAKOIIEHHOM 100k He(Tu AocTUrHeT 3,6 % mpu
CHIDKCHHH 00BOIHEHHOCTH Ha 8 %. OHAKO CyIIeCTBEHHON
PA3HALBI MEXAY Pe3yiIbTaTaMU MOJACTHPOBAHKSA HA Pasimy-
HBIX PeXUMax paOdOThI HATHETATENbHOM CKBAXKIHBI HE BBISB-
neHo. O4eBHUIHO, YTO B TEKYIIUX YCIOBUIX Hanboee TeXHO-
JOTHYECKH d(PPEKTUBHBIM OKAKETCSA BHJ HECTAIMOHAPHOTO
BO3JICHCTBHS OoJiee YAOOHBIA I pealu3aldd MPOU3BOJI-
CTBEHHBIM IOJIPA3JICTICHHUEM.

B [28, 29] oTMeueHa 3((heKTHBHOCTH KOMILIEKCHOTO BO3-
JeCTBUA Ha 3aeXb He(TH ¢ IOMOIIBIO LIMKINYEeCKO pabo-
THI KaK HAarHETAaTeNbHBIX, TAK M JOOBIBAIOIINX CKBAXHUH. [Ipn
TaKOM BO3IEHCTBHH MPOUCXOIUT OOJee MHTEHCHBHOE Tepe-
pacnpeneneHre QUIBTPAIIMOHHBIX MOTOKOB W JIABICHHH B
nJacTe U, KaK CIeICTBHE, YBEIMYUBAIOTCA MPUTOKH K A00BI-
BAIOLIUM CKBaKHUHAM.

Pe3ynbTaThl MOAEIMPOBAHHSA KOMIUIEKCHOTO HECTAlMO-
HapHOTO BO3/CHCTBYS MPEICTaBICHHI B Ta0M. 3.

CornacHo Ta0n. 3, KOMIUIEKCHOE HECTAaIllMOHAPHOE BO3-
JeiCTBUE MPUBOJUT K CYIIECTBEHHO OOMNbIIEMY MPUPOCTY B
n00b1ue He(hTH Ha yyacTKe 3aleu. MakcUMalbHbIH IPUPOCT
B 100bI4e He)TH B mepBoM BapuaHte coctamsieT 10,6 % mo
CPaBHEHHUIO ¢ 0a30BBIM BAPHAHTOM.
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Pesynbratel Ha
Results for
01.01.2030

Ne BapuanTa
Number
He(TH, THIC. T
Total oil production,
thousand tons

0OBIBAIOIICH CKBAYKUHBL, cyT
Time to stop the production well, days
Water cut, %

TIpoomKUTENLHOCTS PabOTHI
JOOBIBAONIEH CKBAXKUHBIL, CyT
Production well operation time, days

Haxkormiennas 1o6sua

Injection well operation time, days
OOBOJHEHHOCT, Yo

TIporomKUTENILHOCTS PabOTHI
HarHeTaTenbHON CKBaXXHWHBI, CYT
HpOHOJ’D{(HTeJ’ILHOCTB OCTaHOBKH
HarHeTaTenbLHON CKBAXXHWHBI, CYT

Time to stop the injection well, days
HpOﬂOJ’DKl/lTCHbHOCTb OCTaHOBKH

74,3
74,5

258,79
258,74

N

30 30 30 30

73,3 256,3
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Relevance. In case of stationary water injection to maintain reservoir pressure, a surplus irrigation of producing wells is observed. Premature
watering is associated with high heterogeneity of reservoirs, high oil viscosity, bottom water and intensive water injection. The use of cyclical
flooding allows increasing formation coverage of the impact and the current oil recovery rate. The increase in oil production from the use of the
method reaches 4 %; water withdrawal from the reservoir is reduced.

The aim of the research is to investigate the efficiency of using cyclic flooding on deposits with high-viscosity oil, assess the most effective duration
of the periods of operation and shutdown of injection and production wells to achieve the greatest gains in oil production.

Object: the area of carbonate reservoir with high-viscosity oil. The average water content of wells in the reservoir is 77,1 %, with 49 % oil recovery.
The site is operated by one injection well located in the center and nine producing wells along the perimeter of the oil-water contact. In the
conditions under consideration, it is necessary to introduce methods to increase the coverage of the paste and reduce water content.

Methods: determination of optimal technologies for cyclic water injection and complex non-stationary effects, hydrodynamic modeling of cyclic
effects on a section of an oil field.

Results. The authors have considered various options for injection well operation with implementation of cyclic flooding. It was obtained that the
ratio of work duration and well shutdown, provided 100 % compensation, does not practically affect the simulation result. During the cyclical
operation of the injection well, the increase in oil production occurs by 3,6 % compared with the base case. Greater technological effect is possible
with a complex effect — periodic shutdown of both injection and production wells. In the case of a complex effect, the cumulative oil production at
the reservoir site increases by 10,6 % compared with the base case.

Key words:
Oil layer, water cut, cyclical water flooding, unsteady water flooding, oil recovery.
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