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3ajaua conepKUT YpaBHEHUE MbE30MPOBOIHOCTH I HECTALMOHAPHON II0CKO-PaANAIbHOM
(UIBTpAIY B TLIACTE, OKPYKEHHOM HETPOHUIIAEMBIMH TIOJIOIIBOH U MOKPBIIIKOH. OHa BKITIO-
YaeT TaKKe HHTErPo-Tu(hepeHIMaTbHOE YCIOBHE, CBA3BIBAIONIEE TTOJIS IABICHUH B CKBAKHHE
U TIACTe, YCIOBUE PABEHCTBA IaBIICHUI Ha BBIXOZIE 13 IUIACTA B CKBAKHHY, OTCYTCTBHE BO3MY-
IICHUI B HaYaJIbHbIIl MOMEHT BPEMEHH 1 B yJAJICHHBIX YYacTKaxX KOJIIEKTOpa.

[Ipn nocTpoeHn# TOYHOTO AHATMTHYECKOTO PEIIeHNS 3a1a41 B 6€3pa3sMepHBIX MEPEMEHHBIX
UCIIONb30BaHO MHTET pasibHOE peodpasoBanue Jlammaca— Kapcona o Bpemenun. OpuriHaibt
PEILEHHUS TAKXKE MOMyYEHbI aHAJUTHYECKU M Cofleprkar (yHKIuU beccess HyleBoro u mep-
BOTO Topsiyika. O0IIee aHATMTHYECKOE PellieH e YIS aBIeHUs IPH 0TO0PE ¢ TOCTOSHHBIM
JIeOMTOM U TIPH TIOCIISAYIONIEH OCTAHOBKE 3aIIMCHIBACTCS C TIOMOIIBIO (PYHKIMM XeBHCan/a.
Ha ocHOBe HaliIeHHOTO PEIICHS BHITIOTHEHBI BBIYMCIUTEIBHBIC SKCIIEPUMEHTEI, B KOTOPBIX
BaPBHUPYIOTCS (PUIBTPAIIMOHHO-EMKOCTHBIE ITapaMeTphl He(DTEeHACHIIIEHHOTO 1JIacTa, a 0CTa-
HOBKH HAcOCA BBITIONHSIOTCS HA PA3IMYHBIX ATAMax dKCILTYaTallii CKBKUHBI: PEAKCAIHH,
TIEPEXOTHOM 3Tale U CTAOMITH3AIINN.

YcTaHOBNIEHO, YTO OCHOBHOE BIHMSHUE HA AWHAMUKY TOJS TaBJICHMS OKa3bIBAECT BENIMYNHA
NPOHULIAEMOCTH MPOAYKTUBHOTO IIacTa. YMEHBLICHHE BBITECHSIOIIEH CIOCOOHOCTH KOJIIeK-
TOpa Ha MOPSAI0K TPUBOANT K YBEIHUEHHIO aMIUTUTY/IbI BOMYIIEHNUS JaBnenus Ha 25-35%.
OnHako BIHSHUE 3TOTO TapaMeTpa He MPEeBBIAeT BKIAJ| IPOHUIaeMOCTH. Bkmas mopuc-
TOCTH KOJIJIEKTOPA COCTaBJIAeT MeHee 6% OT aMIUTUTY/IHbBIX 3HAYEHUI! JaBIEHUS B peKUMe
cradummsanuu. Bs3kocTs oTOnpaeMoro (ronia OKa3hiBaeT CYIIECTBEHHOE BO3ICHCTBHE
Ha 3HaYCHUE JABICHHUS, PETHCTPUPYEMOE B CKBAKUHE.

KnioueBble ciioBa

@unprpanust, 1e0KT, CKBOXXUHA, HACOCHOE 000PYI0BaHUE, TOYHOE PEICHHE, HHTETPAIBHOE
npeodpazoanme Jlammaca — KapcoHa, BEIMUCTUTENBHBIN SKCIIEPHMEHT.
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BBenenue

CoBpeMeHHbIE THAPOAMHAMUYECKHAE METOJIbI UCCIICAOBAHUS HE(PTIHBIX U Ta30BBIX
CKBKHH U IJIACTOB JAI0T BO3MOXKHOCTb TOJIy4aTh I10 MPOMBICIIOBBIM JJAHHBIM Ba)KHEH-
III7e TTapaMeTpPHI IJIacTa, Ha OCHOBAHUU KOTOPBIX MPOEKTUPYIOTCS M OCYIIECTBIAIOTCS
IIPOIIECCHI TEXHOJIOTHH TOOBIYH, COCTABIISIFOTCS. CXEMBI U MTPOEKTHI U OCYILECTBIISAET-
Csl aHAJIM3 TIPoIIecca pa3padOTKH MECTOPOXKICHUH [6, 9]. DTUMH UCCIETOBAaHUSIMU
OTIPEJIEIISIOT TaKWe MapaMeTphl, Kak, HanmpuMmep, (PMITBTPAIlIOHHBIE COITPOTHBRIICHNS,
TbE30TPOBOIHOCTh, BEJIMYMHBI U COOTHOIICHUS IJIACTOBBIX M 3a00WHBIX JaBJICHUN,
JI€OMTOB, POYKTUBHOCTH CKBAYKHH, & TAK)KE YCTAHABIMBAIOT CBA3U MEKTY CKBaKHMHA-
MU U Ap. [7]. KpuBble cTabunn3ayy 1 BOCCTAHOBJICHUS IABIICHUS HECYT HHPOPMAIIUIO
0 (PMIIBTPAIIMOHHO-EMKOCTHBIX XapaKTePUCTUKAX TUIAcTa.

CoBpeMeHHbIE THAPOANHAMUYECKIE CHMYIISTOPBI, OCHOBAHHBIE HAa PA3BUTHIX MO-
JIEIISIX TIOJISL TABJICHUSI B TUIACTAaX M CKBKWHAX, MTO3BOJISIFOT OBICTPO U A HEKTHBHO
MIPOBECTH aHAIN3 PE3YIBTATOB TUAPOTUHAMUYCCKUX ucchenoBanuii [ 1, 13]. [Ipu aTom
BaKHEHIINE (QUIBTPAIIMOHHBIC XaPAKTEPUCTHKH OIPEACIISIFOTCS Ha OCHOBE PEIICHUS
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HEKOPPEKTHBIX OOPATHBIX 3a]a4 KaK ¢ IPUMEHEHHEM KOHEUHO-PAa3HOCTHBIX, TaK U aHa-
JIUTUKO-YUCIICHHBIX PElICHU OpsAMbIX 3a1ad [3, 5, 8]. Ilpu 3ToM, Kak MOKa3bIBAET
NPaKTHKa, aHATUTHKO-YMCIICHHbIC PEICHs 00ee SKOHOMUYHBI U 3()(EKTUBHBI.

B crarbe Ha OCHOBE aHATTUTUYECKOTO PELICHUS HCCIICIOBAHO BIUsSHUE GUIBTPaA-
MOHHO-EMKOCTHBIX XapaKTEPUCTHK IIACTa U BI3KOCTH (piIrona Ha 1oJie JaBICHHS
B IJTACTE M CKBAXKMHE TIOCJIE MTyCKa HACOCA U TOCIIE €r0 OCTAHOBKHU C YUETOM BIIMSHHS
JUHAMHUKHU YPOBHS KHUIKOCTH B CKBa)KHHE.

IlocTanoBKA 321244 M METOABI peumieHust

3agaya o MoJje NaBJICHUS B CUCTEME «CKBXKMHA — IUIACT» C YUYETOM HU3MCHECHUS
JUHAMUYECKOTO YPOBHS JKUJIKOCTH B CKBKHUHE COJCPKUT CICAYIOIIUE YPAaBHEHUS
u cootHomrenus [11, 12]:

— YpaBHEHUE, CBSI3bIBAIOLIEE OIS AABJICHUM B CKBaKUHe P, 1 Tuiacte P

0Pq 2mpg (M2 G} pg
208 (" o (2 an =0,
at SIJ. _Hl T( d) d ard N d S Q (1)

Ty <7y t>0;

— ypaBHEHHE TbE30IPOBOJHOCTH C IEpeMEHHBIMH K03 duIreHTamMu, oTpaxa-
FOIIMMH BEPTUKAJIbHYH HEOJHOPOJHOCTh OCAJ0UHbIX ITOPOA;

dP, 1 0 daP, d dP,;
(e 2 = by )2 (7 22) 4 2 (1 0 22),
upm(zq) ot +(24) 1o 074 d o1y 074 2(Z4) 974 )
Tg>1y, —Hi <zy3<H, t>0;
— Ha OECKOHEYHOCTH TIO JIATePaJI 33/IaHO YCIOBHUE ITOCTOSHHOTO JIaBJICHHUS:

Pdlrd—wo =F;

— (mronoHACKIIIEHHAS! 00JIACTh CYMTACTCS N30JMPOBAHHON OT OKPYIKAFOIIIUX
ee CBepXy U CHU3Y MOpOJ:

dP; dP,

= 0;
azd Zg=—H, aZd

zq=H,
— HayaJbHBIE YCIOBHS COOTBETCTBYIOT HEBO3MYIIEHHOMY ILTACTOBOMY JABJICHHUIO:

Pylt=0 = P, Piale=0 = Ps; 3)
— JaBJIEHHE HA BBIXOJE U3 IIACTA COBIIAIAET C JABJIEHHEM B CKBAKHHE:

Pdlrd=r0 = Pld- (4)
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3nech f — BemWYMHA YIPYrOEMKOCTH, & TOYHEe — BBITECHSIONIAsT CTIOCOOHOCTH
nopucroii cpexpl, [Ta™' [10].

Pemenwue 3aaqu oy4eHo ¢ HCMONB30BAHUEM HHTETPAIIBHOTO MPeoOpa3oBaHus
Jlarutaca — Kapcona u mpeacraBiieHo kak [2]:

2 (" © 2
P=-2] a-0 [ eax Fowan, (5)

Jo(rw)[uYy(w) — a¥y (W] - Yo (rw)[wo(w) — o3 (W]

P P =T ) — P + ko) — at @) ©
B (5), (6) mpuHSITE 0003HAYEHUS:
(ke | _ Py —Fs P_Pm—Ps
BT N
2mrg (mB)rg (mB)rg "
_ o _ pgpimp)ry pimp)ry
= bty 732, q() = LA o (MEETD ()

W3 BeIpakenwii (5), (6) OIydeHBI COOTHOIICHHUS, OTIMCHIBAIOIIHE TIOJIC IABICHUS
IpY OCTAHOBKE HAcOca MOciIe PaboThI ¢ MOCTOSTHHBIM OTOOPOM:

_(q, 0<T<T, _ _
a@ ={" ) T3 " wm @ = o - 0.

B npomexytke Bpemenu 0 < t < 7 pemieHue (5) MOTHOCTHIO COBIAAAET C OIH-
caHHbIM B [4]. B obnactu Bpemenu t > T pelieHue UMeeT BU:

2q (“du 2
P=—? ?(1—e“T)F(r,u)+
o g (®)
u
i —2(1 — e‘”z(T_T))F(r, u).
T/, u

OO01Iee aHAIMTHYECKOE PEIICHUE JIUIS JaBJICHUS MIPU OTOOPE C MOCTOSTHHBIM
JICOUTOM W TIPH MOCIEAYIOIICH 0CTAHOBKE 3allMChIBACTCS C MOMOIIBI0 (PYHKITUH
Xesucaiina @ (x):

2q (“du 2
p=-2 Z{(1-evr)—
T™J, u

©)
— o(t—T)(1 - e TD)F(r,u).
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Pe3y.J'II>TaTl>I BBIYHUCIUTEJIbHBIX IKCIICEPUMEHTOB M MX 06cymeHne

Ha puc. 1-4 npuBeneHbl KpUBbIC 3aBUCUMOCTEH aOCONFOTHBIX 3HAYECHUN BO3MY-
IIEHUH NTaBJIeHUS OT BPEMEHH, paccuuTaHHble 1o hopmyre (9), mpu cleayrmux
001X 3HaUYCHHUAX (PU3NUECKUX mapameTpos: 7, = 0,1 m; g = 9,8 m/c?; §= 0,031 m?%;
0 =5,787 - 107 m*/c. TTockoJbKy Ha BCEX PUCYHKAX MPHBEICHBI ADCONIOTHBIC 3HA-
YEHUS aBJICHUSI, TO IPU UHTEPIPETALNHN KPUBBIX CIEAYET YUYUTHIBATh, UTO PEaJib-
HBIE BO3MYIIICHHS aBICHUS MPU 0TOOPE M3 CKBAXKWUHBI COOTBETCTBYIOT OTpHIIA-
TENbHBIM IMepernagaM.

Puc. 1 wimrocTpupyeT H3MEHEHHE JTaBIeHHs Ha 3200€ CKBOKHHBI IIPH 0TOOpE U3 TIIa-
CTOB C PA3IMYHON IPOHUIIAEMOCTbIO, TOMIIMHON H = 3 M, mopuctocthio m = 0,2, cxxuma-
emocthio 3 =107 [1a™ u mpu nocnexnyromeit ocranoBke. Hacpimaronmit duiron imeer
Bs3kocTh L =2 - 10 Ia - ¢ u roTHOCTH p = 900 KI/M°.

\P|, MIla |P|, MTTa
6F ’\ 15+ ]
Il \\ 1 =y
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A Al M2
2 I\ <2 S A — Y
b3 ~ N b e
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0 L0 240° 2SI L6 0 -10°  2:10°  3-10° tc
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|P|, MTa

40

20

(8)

Puc. 1. Jlunamuka abCOMIOTHBIX 3HAYESHUI
JIABJICHUS B CKB)YKUHE BO BPeMsl paOOThI

1 [0CJIe OCTAaHOBKH HACOCA B Pa3JIMYHbIC
MOMEHTBI BPEMEHH TIPH Pa3HBIX 3HAYCHUSIX
MPOHUIIAEMOCTH 3KCILTYaTHPyEMOTO I1acTa;
KpHBbIC / COOTBETCTBYIOT IPOHUIIACMOCTH
k=10"M%,2—3-10" Mm%, 3— 1018 m?

Fig. 1. Dynamics of absolute pressure
values in the well during operation

and after stopping the pump at different
times at different values of the permeability
of the reservoir being exploited: curves /
correspond to the permeability £ = 1074 m?,
2—3-10"m?% 3— 10" m?
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Kpussle, npuBeaeHHbIe Ha pHC. la, paccunTaHbl AJ1s1 BpeMeHU paboThl Hacoca
nepen octaHoBkoit T =5 - 10° ¢. KpuBast / COOTBETCTBYET IPOHHUIIAEMOCTH ILIACTA
k=107 w2, xpuBas 2 — 3 - 107" M2, kpuBas 3 — 107"* M2, HauGosnbliree 0TKIO-
HEHHE JIaBJICHUSI OT €CTECTBEHHOTO, KaK CIelyeT U3 aHan3a KPHUBBIX, MPUBEJICH-
HBIX HA PUCYHKE, JOCTUTaeTCs IPU MajbIX 3HAYCHHUAX IPOHULIAEMOCTH KOJUIEKTOpa
k=10"" Mm%, ipu 3TOM 3a BCE BpeMs pabOThI HACOCA PEaM3yeTCs TONBKO TaIl pe-
makcanu [12], COOTBETCTBYIOIIMI H3MEHEHHIO JABJICHHS CO BpeMEHEM, OJTM3KOMY
K IuHeiiHOMY. TeMn BOCCTaHOBIEHHS AAaBICHUS IPH ATOM SIBIISIETCS] MUHIUMAJIbHBIM
U3 BCEX IPEIICTABICHHBIX KPUBBIX, @ BPEMS BOCCTAHOBJICHUS JOCTUTAET MaKCUMaJIb-
HBIX 3HAUYEHUH.

C yBenmaeHneM MpoHHUIaeMocT (KpuBble 2 u 3 Ha puc. 1a) yMEHBIIAIOTCS OTKIIO-
HEHUS JaBJICHUsI OT HEBO3MYILIEHHOTO, a TEMIT BOCCTaHOBIJICHHS ITOCJIE OCTAHOBKH Ha-
coca yBeJIMYMBACTCs. 3aMETUM, YTO MPU 3HAYECHUHU POHUIIaeMocTH k = 107" M? (kpu-
Bas 3) mpu paboTe Hacoca JOCTUraeTcsl MEePEXOAHbIM 3Tal HKCITyaTalli CKBasKHU-
HBI [12], XapakTepr3yromuUics CyIIIECTBEHHBIM OTKJIOHEHUEM U3MEHEHHUS JTaBICHUS
OT JIMHEUHOTO.

Ha puc. 16 nmpezacraBieHbl aHAIOTMYHBIE KPUBBIE, 711 KOTOPBIX BpeMs paOoTHI Ha-
coca repeJi OCTAaHOBKOM yBeIM4eHO B Tpu pasza: T= 15 - 10° c. 3nech, kak 1 Ha puc. la,
JUISL KPUBOM / pean3yeTcst TOJBKO dTan penakcauuu. JJist KpuBoi 2 0CyIIecTBISeTCS
TIePEXOIHBIN ATal, a Ui KpUBOH 3 — 3Tart ctadmimm3anud [ 12], Koraa ToCTUTaroTes
norapu()MUUECKUE TEMITbl H3MEHEHHS JaBJICHUS CO BPEMEHEM, CYIIECTBEHHO MEHb-
1IMe, HeXe M Ha TPEbUIYIIIX dTarnax. AMIDIHTYIHbIC 3HAYCHUs OTKIOHCHHH JIaBIie-
HUS Ha BCEX TPEX KPUBBIX BO3pACTAOT OoJiee ueM B jABa pasa. Jpyrue oTMeueHHbIe
Ha puc. 1a 3aKOHOMEPHOCTH TMHAMUKH JIABJICHUS] COXPAHSIOTCSL.

Coyuaif, mpy KOTOPOM JUIsl BCEX KPUBBIX B IIpoliecce paboThl Hacoca JI0CTUTaeTCsl
9Tar JorapudMuIeckoil cTabuIn3ammm, npeAcTapieH Ha puc. 1B. OH COOTBETCTBYET
BpeMeHH paboTsl Hacoca: T =5 - 107 ¢. 3amMeTHM, YTO OTKIIOHEHHE JaBICHUS OT He-
BO3MYILIEHHOTO HA 3Tare CTaOMIM3alliy CYyIIECTBEHHO 3aBUCHUT OT MPOHHUIIAEMOCTH
IJ1acTa, @ B CPABHEHHUHU C NIEPEXOAHBIM TAIIOM BO3PACTAET MIOYTH B TPH Pa3a.

OOparum BHHMaHHKE, YTO NPU pacueTax KPUBBIX, PEICTABICHHBIX Ha puc. 2-4,
HCTIONIB30BaHbI TE K€ 3HAUCHUSI BpDEMEHHbIX HHTEPBAJIOB padOThI Hacoca mepes ocTa-
HOBKOM, 4To 1 Ha puc. 1. ['paduk ¢ ntutepoit a coorBeTcTBYeT BpeMenu T =5 - 10° ¢,
¢ mutepoit 6 — 15 - 10° ¢, a ¢ murepoit 6 — 5 - 107 ¢.

Puc. 2 nnmocTtpupyer u3MeHeHUe JaBieHUs Ha 3a00€ CKBaKUHBI IPU 0TOOpE
U3 [UTACTOB C MPOHUIAEMOCTBI0 k£ = 107" M? 1 paznuunOl cxxrMaeMocThio. OcTalib-
Hble (PU3NYECKHE NapaMeTphl IIacTa U IIacToBOro (uironaa Te e, 4To U AJsl Kpu-
BBIX, MIPEICTABICHHBIX Ha pHC. 1.

KpuBbie / COOTBETCTBYIOT CxkrMaemMocTH tuiacta B = 107 Ila™!, kpuBbie 2 —
10® ITa™!, kpuBbie 3 — 5 - 10°® [Ta™'. AHanu3 KPUBBIX Ha PUC. 2 OKA3bIBACT, YTO
HM3MEHEHHE C)KMMAaEeMOCTH B YKa3aHHBIX IpeAesiaX He3HAUUTEIbHO BIMSIET Ha TEM-
bl YCTAHOBJICHUS PEKMMOB DKCIUTyaTallid CKBaYKUHBI U BOCCTAHOBJICHHS J1aBJie-
HUS [IOCJIE OCTAaHOBKM Hacoca. DTO O3HAYAET, YTO Ul BCEX KPUBBIX PHC. 2a 3Tall
penakcaluy 3aBepuiaeTcs U HauMHaeTCs MePeXOJHbIN dTal, Ui KPUBBIX pHC. 20
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peanusyeTcs MepexoAHbIN 3Tal, a Ha PUC. 2B BCe KPUBBIE CBUIECTEILCTBYIOT O JIO-
rapuMUIeCcKOr CTAOMITH3AIIH.

CpaBHEHHE KPUBBIX Ha PUC. 2 MOKAa3bIBACT, YTO NMPH HAUMEHBLINX 3HAYCHUSAX
C)KMMaeMOCTH TUIACTa JOCTUTAIOTCSI HauOOJbIINE OTKJIOHEHHS JaBJICHHUS OT ecTe-
CTBEHHOTO. YMEHBIICHHE C)KUMAEMOCTH Ha TIOPAJOK NMPUBOIUT K YBEIHUYCHUIO aM-
IUTUTYIbI Bo3MYyLIeHus AaBienus Ha 10-15%. MakcumanbHble OTKIIOHEHUS B PEKU-
M€ CTaOMJIM3alUH MPEBBIIAIOT MAKCUMaJIbHbIC OTKJIOHEHHS B PEKUME PeIaKcalliu
OoJiee yeM B MOJITOpa pasa.

Puc. 3 namoctpupyeT BIMSHHE U3MEHEHHS IOPUCTOCTH KOJJIEKTOpa Ha IoJie
JaBJICHUS IIpH oTOOpe (Iromaa u3 Imiacra U mocjie OKoH4aHus ordopa. Pacuer-
HBIC TTapaMeTpBl AJI MmacTa (KpoMe MOPUCTOCTH) U IIACTOBOTO (IIIOUJa IPHHSTHI
TE e, 4To Ha puc. | npu nponumaemoctd k = 107 M2, TlopucTOCTh MPUHUMAET

|P|, MIla |P|, MIla ]
3 I et
{/{,-'&3 \
o ’f’ )
2Hh \
)
1 W
)
\\-’*
1 1 1 1
0 1-10° 2-10° 3.10° fc¢ 0 1-10° 2-10° 310" tc
(a) (6)
1P|, MITa
4
2 -
1 1 [
0 2100 4100 610° fc
(8)
Puc. 2. Jlunamuka TaBJIeHUsI B CKBKHHE Fig. 2. Dynamics of pressure in the well

BO BpeMst pabOTHI U MOCIIC OCTaHOBKU Hacoca  during operation and after stopping the pump
B pa3iIM4HbIe MOMEHTHI BpeMeHH npu pasubix  at different times at different values

3HAYEHHUSIX BBITECHSIIOLIEH CIIOCOOHOCTH of the displacement capacity of the reservoir
9KCILTYaTUPYEeMOTO U1acTa: KpUBbIC / in operation: curves / correspond
COOTBEeTCTBYIOT Cokmaemoctr B =107 Tla™!,  to compressibility p =10 Pa™!,2— 10 Pa’!,
2—10%Ia',3—5-10%IIa! 3—5-10%Pa’!
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3HaueHust m = 0,1 (xkpuBsie /), m = 0,2 (kpussie 2), m = 0,3 (kpusble 3). AHanu3
PHUCYHKOB MOKA3bIBACT, YTO U3MEHCHHE MOPUCTOCTH B yKa3aHHBIX Mpeesiax caado
BJIMSICT HA JMHAMUKY JABJICHHS U TEMIIbl €r0 BOCCTAHOBJICHUS. MaKkCHMaabHOES
pasiauune MEXy aMIUTUTYIHBIMU 3HAYCHUSMHU BO3MYIICHHUSI TaBICHUS B PEIKUME
cTabmiIM3aIuy He npesbiaet 6%.

Ha puc. 4 npuBeieHbl KPUBBIC, OTPAKAIOIINE TUHAMUKY 3a00WHOrO JaBie-
HUsS Tipu 0TOOpE (DIIroMIa Pa3HON BSI3KOCTH: KPUBBIC /| COOTBETCTBYIOT BSI3KOCTH
uw=2-1071Ila- ¢, kpuBsic 2 — 8 - 107 I1a - ¢, kpuBbie 3 — 2 - 107 I1a - c. PacuerHbie
napameTphl TJIacTa COBIMAIAIOT C PHUHATHIME B PACUETAaX KPUBBIX HA pUC. | mpH mpo-
Hunaemoctu k= 10713 m2.

ComocTaBieHHe KPUBBIX, H300PKEHHBIX Ha rpa(uKax, MOKa3bIBACT, YTO MAKCHU-
MaJIbHbIC OTKJIOHCHUS JABJICHHUS OT HEBO3MYIIECHHOTO IIACTOBOIO COOTBETCTBYIOT

|P|, MIla |P|, MIla

3 4

1 I I 1 1
0 e 2 310 LE 0 1.10°  2-10° 3.10° f¢

(a) (6)

1P|, MITal

Puc. 3. lunamuika J1aBJIeHHsl B CKBaXKHHE Fig. 3. Dynamics of pressure in the well

BO BpeMsi pabOThI U MOCJIE OCTAHOBKH during operation and after stopping

Hacoca B Pa3IMYHbIe MOMEHTHI BpEMEHH the pump at different points in time

IIPU Pa3HBIX 3HAYCHUSIX IOPUCTOCTH for different values of the porosity
9KCIUTYaTHPYEMOro IIJIacTa: KpUBbIe / of the reservoir being exploited: curves /
COOTBETCTBYIOT mopuctocTut m = 0,1, correspond to the porosity m = 0.1, 2 — 0.2,
2—02,3—03 3—03
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HanOOJIBIINM 3HAYCHUSIM BsI3KOCTH. COMOCTaBIeHUE KPUBBIX [ U 3 Ha pHC. 4B CBUIE-
TENBCTBYET, YTO C POCTOM BA3KOCTH Ha MOPSAOK B PEXKUME CTAOMIIN3AIMHY aMILIUTYIa
JaBJICHUS BO3PACTACT ITOYTH B JICBSITH Pa3.

AHanmu3 KpUBbIX Ha pUC. 4a 17151 T=5 - 10° ¢ MO3BOJSIET 3AKITIOUUTD, YTO JJIST KPH-
BOHM / peanu3yercs dTall pellakcaluu, Jisl KpUBOM 2 — MepexOAHbId ATal U 3Tal
crabum3anyu — it KpuBoi 3. KpuBble Ha puc. 40 U 4B CBUIETENLCTBYIOT O IOCTH-
JKCHHUH 3Tara JIorapupMUIeckor cTaOMIIN3alyy Py BpEMEHH SKCIUTyaTalliy Hacoca
ort=15-10%c.

Takum 00pa3zoM, pazianure BI3KOCTEH MIIACTOBBIX (QIIOUIOB CYIIECTBEHHO BIHCT
KaK Ha TEMIIbl JOCTHKECHUSI PEKUMOB IKCIUTyaTallul CKBa)KUHBI, TAaK U HA TEMIIBI
BOCCTAHOBJICHUS JaBiicHUA. YeM MeHbIIIe BI3KOCTh, TeM OBICTpEE JOCTUTACTCS CTa-
OunM3anus AaBIeHUs [IpU 0TOOPE M €ro BOCCTaHOBJICHUE MOCIIE OCTAaHOBKH.

|P|, MIla |P|, MIla
4L
3r 1
2 -
2 r - '/2— 3
i |
1 4 \
\
S
et | \, T e
0 1100 2:10° 310" fe 0 (107 2100 3.10° fc¢
(a) (6)
|P], MITal
4
2
0
Puc. 4. ]lunamuka 1aBieHuUs B CKBaKHHE Fig. 4. The dynamics of pressure in the well
BO BpeMsl pabOTBI U MOCIIE OCTaHOBKU during operation and after stopping
Hacoca B Pa3lINYHbIe MOMEHTHI BPEMEHU the pump at different times for different
NIPH Pa3iIMYHbIX 3HAYEHHSIX BI3KOCTH values of the viscosity of the fluid being
orOupaemoro Quronja: Kpusble / taken: curves / correspond to the viscosity
COOTBETCTBYIOT BsizkocTd L=2-102Ila-¢c, pn=2-102Pa-s,2—8-1073Pa-s,
2—8-103Ila-¢c,3—2-10%IIa ¢ 3—2-10%Pa-s
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3akiroueHue

Wrak, Ha OCHOBaHUU Pa3BUTON aHATUTUYECKOM MOJIEIH OISl JaBIEHUSI BO B3aUMO-
CBSI3aHHOW CHCTEME «CKBaXKMHA — IUIACT» pa3paboTaH pacueTHBIA MOAYJb U OCY-
IIECTBICHBI BHIYUCIUTEIBHBIC SKCTIEPUMEHTHI. AHAIIU3 PE3yJIbTaTOB PacueToB MO-
3BOJIMJI BBISIBUTH OCHOBHBIC TTAPaMETPhI, ONPEACTISIONINE JHHAMUKY TIONIS TABICHUS
B CKBKUHE TPU PadOTE HACOCa U MOCIIE €r0 OCTAHOBKH, M YTOYHUTH BKJIa]| IIPOHHIIA-
€MOCTH, C)KHMAeMOCTH ¥ TOPUCTOCTH KOJUIEKTOPA, & TAK)KE BI3KOCTH HACKIIIAIOIIETO
(hirronia B qrianazoHe HanOoJee YacTo BCTPEUAOIIMXCS 3HAYCHHUH.

HawuOosibiiee BIUsIHAE HA TUHAMUKY I10JIs1 aBJICHUS OKa3bIBACT BEIMYMHA IIPOHU-
naemocty. C yMEHbIIEHHEM TIPOHUIIAEMOCTH YBEITMIUBAIOTCS OTKIIOHEHHS JTaBICHUS
OT HEBO3MYILIEHHOTO, a TAKXKE 3aMEJIIOTCS TEMITBI JOCTHXKEHUS pelaKcaluu, mepe-
XOJTHOTO 3Tara U CTa0MIIN3aIIH.

[TokazaHo, 4TO YMEHBIIIEHHE BHITECHSIOIIEH cClIocoOHOCTH KouiekTopa [10] Ha mo-
PAAOK MPUBOAUT K YBETUUEHHUIO aMIUTUTY (b BO3MYyIeHHs AaBienus Ha 10-15%. On-
HaKO BKJIA]] 3TOTO ITapaMeTpa He MPEBBIIIaeT BKIA]] IPOHUIIAEMOCTH.

ITopucTocTh KOJIEKTOpa OKa3hIBAET HAUMEHbINICE BIMSHUE HA TUHAMUKY OIS
JTABIICHUS B CKBOKUHE, KOTOPOE HE MPEBHIMaeT 6% OT aMIUINTYIHBIX 3HAYCHUN /TaB-
JICHHSI B PSIKUME CTaOUIIN3AIINY.

C yBelMUYeHHEM BSI3KOCTH PACTYT OTKJIOHEHHWSI TaBJICHUS OT HEBO3MYIIICHHO-
T0, a TaK)Ke YBEIMUUBACTCS BPEMsl JOCTHIKECHHUS ITAIIOB SKCILTyaTaIlUN CKBAYKUHBI.
BrraucnurenpHbie SKCIEPUMEHTHI TTOKA3BIBAIOT, YTO, HAPSAIY C MpPeoOIagaronium
BJIMSTHHEM TIPOHHIIAEMOCTH, B JIMAla30HE HanOoJee pacrpoCTpaHEHHbBIX 3HAYEHHH
BECOMBIH BKJIaJ B JMHAMUKY JABJICHUS, PETUCTPUPYEMYIO B CKBAKUHE, BHOCHUT BSI3-
KOCTBh OTOMpaeMoro uIrouaa.

YcraHOBIIEHHBIE 3aKOHOMEPHOCTH UMEIOT BXKHOE 3HAUCHUE ISl PA3BUTHS OOIIIX
npeicTaBlIeHU 0 GOPMHUPOBAHKUH JIABJICHHS BO B3aMOCBSI3aHHOM CHCTEME «CKBa-
JKUHA — TUIACT», a TAKXKe MO3BOJIST YCOBEPIICHCTBOBATH METOJIBI MHTEPIIPETAIIUU
pe3yIbTaTOB U3MEPEHUS BETUYHHBI JABICHUS B CKBAKUHE.

Cnucok ucnoJib3yeMbIX 0003HAYeHHIT

H — tonmyna neppopupoBaHHO# 001acTH r1acta (M); v, — paauaibHas KOMIIOHEHTa
cropoctu (unsrpanus (M/c); O(f) — 0ObeMHBIIN IeOUT CKBaKUHEI (M°/C); D — 00BbeM-
Hasl IPOM3BOJMTEIBHOCTS IUIacTa (M?/C); 7y — paanyc CKBaKHHBI (M); S — IUIOIIAIb
3aII0JTHAEMOTO CEYEHHsI CTBOJIA CKBAKUHBI (M?); R — paauyc KOHTypa MuTaHus (M);
(k) — npoHnnaemMocTs (M?); m — HOPUCTOCTh; P, P, — JaBIICHHUSI B IUIACTE U CKBAKUHE
cootBetrcTBeHHO (I1a);  — Bpewmsi (C); 7, z — KOOPIMHATHI IMITHHAPUICCKON CUCTEMBI
(m); B — ympyroemroctb mopuctoii cperpl (ITa™); p — MI0THOCT KUIKOCTH (KI/M>);
u — Bs3kocth (T1a - ¢); V' — obbeM *xuakoct (M*); g — yCKOpeHHe CBOOOTHOTO Ma-
nenust (m/c?); P, — HopmupoBouHbIi nepenan aasneHus (I1a); P, — HeBo3MyIeHHOE
noste nasnenus (I1a); p — napamerp npeodpazosanus Jlamiaca — Kapcona.

Hwxunit nagexc d (ot aamt. dimentional — pa3MepHEBIiT) HCIIOIB3YETCs TIPH T1e-
pexoie OT pa3MepHBIX BEJIMYWH K Oe3pa3MepHBIM B cilydae, Korna 0003HaYeHHe Be-
JIMYUHBI COBMAJIAET B pa3MEepHOI 1 6e3pa3MepHOil MOCTaHOBKe.
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Abstract

An analytical solution of the non-stationary filtration problem is presented, taking into account
the change in the dynamic level of the fluid in the well during extraction with a variable flow
rate, which made it possible to construct calculation formulas for the pressure field in the well
when operating at a constant pump performance and subsequent shutdown. The problem con-
tains the equation of piezoconductivity for non-stationary plane-radial filtration in a formation
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surrounded by an impermeable bottom and tire. It also includes an integro-differential condition
connecting the pressure fields in the well and the reservoir, the condition of equality of pres-
sures at the outlet from the reservoir to the well, the absence of disturbances at the initial time
and in remote sections of the reservoir.

When constructing an exact analytical solution of the problem in dimensionless variables,
the Laplace — Carson integral transformation with respect to time was used. The originals
of the solution are also obtained analytically and contain the Bessel functions of the zeroth
and first orders. The general analytical solution for the pressure during extraction with a con-
stant flow rate and subsequent shutdown is written using the Heaviside function. Based
on the solution found, computational experiments were performed in which the reservoir
parameters of the oil-saturated reservoir are varied, and pump stops are performed at various
stages of well operation: relaxation, transitional and stabilization.

It has been established that the main influence on the dynamics of the pressure field is exerted
by the permeability of the reservoir. Reducing the displacement capacity of the reservoir
by an order of magnitude leads to an increase in the amplitude of the pressure perturbation
by 25-35%. However, the influence of this parameter does not exceed the contribution of per-
meability. The contribution of the reservoir porosity is less than 6% of the peak pressure
values in the stabilization mode. The viscosity of the sampled fluid has a significant impact
on the pressure field recorded in the well.

Keywords

Filtration, flow rate, well, pumping equipment, exact solution, Laplace — Carson integral
transformation, computational experiment.
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