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AHHOTanusA. AKMya/16HOCMb WCCeI0BaHUsl 06YC/I0BJIeHAa HEO6XOUMOCThI0 MU3y4YeHHUs1 XapaKTEPUCTUK MPUTOKa (pexuma
¢dunbTpanuy, npodusis NPUTOKA, CKOPOCTU MOTOKA M0 CTBOJIY) K TOPU30HTAIbHBIM Ta30BbIM U Fa30KOHAEHCATHBIM CKBaXH-
HaM NpU HaxXOXK/JEHHWHU HACOCHO-KOMIPECCOPHBIX TPyO Ha 3aboe. ITO MO3BOJIIET HAa3HAYaTh PEXUMbI paGOThl CKBaXKUHAM,
YIPaBJATH MPOLIECCOM BbIHOCA BOJIbI U MEXaHUUECKUX IPUMecel € 326051, TIPOBOJUTb OCBOEHHE CKBXKUH U T. A. Llesb: 060cHO-
BaTbh MaTeMATHUYECKYI0 MOZeJ/b paGoThl NePPOPHUPOBAHHON FOPU30HTATBLHONU ra30BOM CKB)XXUHBI P HAXO0XK/JEHUHU OallMaKa
HAaCOCHO-KOMITPECCOPHBIX TPy® B UHTepBase Nepdopaluy, pacCiUTaTh XapaKTEPUCTUKH IPUTOKA ra3a K CTBOJY, CKOPOCTHU
MIOTOKA B CTBOJIE U pexuMbl GuabTpauuu ¢monaa B Ipru3aboiHON 30He CKBaXKUHBL. 066€KMbl: TOPU30HTaIbHbIE Ta30Bble U
ra30KOH/IeHCAaTHbIe CKBAXKUHbI B aHU30TPOMHBIX IJIACTAX, METOJUKA pacyeTa MPUTOKA ra3a K neppopupoBaHHbIM CTBOJIAM
TFOPU30HTAJIBHBIX CKBRXKHUH, PEXHMbl NPUTOKA rasa M ero IMOTOKA IO CTBOJIy NPU HaXOXAeHWHM 6aliMaka HacOCHO-
KOMIIPEeCCOPHBIX TPy6 B MHTepBase nepdopanui. Memodsl: MosieIMpOBaHUe MPUTOKA ra3a K FOPU30HTAJIbHBIM CTBOJIAM C
HCNOJIb30BaHNeM (QYHKLHU TOYEYHOro CTOKA M QyHKIMM JlelibeH30Ha; UCI0JIb30BaHHE TEOPUH MECTHBIX U THAPABINYECKUX
CONPOTHBJIEHUH MTPH MOZEJNPOBAaHUY Pa3BUBAIOLIETOCS MOTOKA Ia3a 110 CTBOJIY; ONpeJie/ieHHe peXKuMa PUTOKa rasa K ropu-
30HTAJILHOMY CTBOJIy C MCIOJIb30BaHMEM 3HaueHHUs ducia PeiiHosbaca. Pe3yibmamet. C MCob30BaHUEM MOJENN NPUTOKA
rasa K nepoprpoBaHHOMY CTBOJIy TOPU30HTAJIBLHOM (II0JIOr0M) CKBaXKMHBI IPOU3BeIeH pacdeT A1t BoBaHeHKOBCKoro HedTe-
ra30KOH/IEHCAaTHOTO MeCTOPOXXAEHHS U HUCCJIe[0BaHbl XapaKTEPUCTUKU MPUTOKA (CKOPOCTb U peXUM QUJIbTpalMy B NpH3a-
OOMHOM 30He, CKOPOCTh PAa3BUBAIOIIETOCA IIOTOKA 110 CTBOJIY) NMPH PA3/IMYHOM I10JIOKEHHUH GaliMaka HaCOCHO-KOMIIPECCOPHBIX
TpyO B MHTepBaJie epdopaluu CKBOKHUHbL. OTMeUY€eHO, 4YTO MPHU NepeMeleHHH HaCOCHO-KOMITPECCOPHBIX TPY6 M0 HHTepBaJLy
nepdopaluy pexuM MPUTOKA ra3a K CTBOJIY CKBRXKHUHBI MOXKET MEHSATBCS C IMHEHHOTO Ha HeJTMHEWHBbIH. C/ieJ1aH BbIBO/] O TOM,
YTO MPHU JJIUTEJbHOM PaCIOJIOKEHUN HACOCHO-KOMITPECCOPHBIX TPY6 B MHTepBasie nepdopaidu Heo6X0JUMO BbIGUPATD Jie-
MpeCccUio, 06eCeYrBaIOIIYI0 JMHEHHBINA PeXKHUM MPUTOKA ra3a K CTBOJIy TOPU30HTA/IbHON ra30BON CKBaKUHBI.

KirouyeBble ciioBa: TOPHU3O0HTAJIbHAA ra3oBad CKBaXHWH4, MOJEJIMPOBAHHWE, HACOCHO-KOMIIpECCOPHadA pr6a, pexum (l)I/IJIb-
Tpalnuy, CKOPOCTb MOTOKA IO CTBOJIY
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Abstract. Relevance. The need to study the parameters of inflow (permeability rates, production inflow profile, flow rate
along the horizontal wellbore) into horizontal gas and gas condensate wellbores, when tubing is at a downhole zone. This
allows scheduling well production rates, managing removal of water and mechanical impurities from the bottom-hole, carry-
ing out well stimulation and completion activities, etc. Aim. To substantiate a mathematical model of the perforated horizon-
tal gas borehole when the tubing shoe is within the perforation interval, as well as to calculate gas inflow parameters, flow
rate along the wellbore and fluid permeability rates at the bottomhole zone of the wellbore. Object. Horizontal gas and gas
condensate boreholes in anisotropic formations, methods for calculating gas inflow into perforated strings of horizontal
boreholes, gas inflow rates and flow rates along the wellbore when a tubing shoe is within the perforation interval. Methods.
Modeling gas inflows into horizontal wellbores using a point source function, as well as the Leibenzon function; the use of the
local and hydraulic resistances theory in simulation of developing gas flow along the wellbore; determining gas inflow rates
into the horizontal wellbore using the Reynolds number value. Results. The authors have carried out design calculation for
the Bovanenkovskoe oil and gas condensate field using the model of gas inflow into a perforated horizontal (sloping) well-
bore and analyzed the inflow parameters (flow velocity and permeability rates at the bottomhole zone, developing flow ve-
locity along the wellbore) at various tubing shoe positions within the wellbore perforation interval. It was observed that
when the tubing moves along the perforation interval the gas inflow to the wellbore can change from linear to non-linear. The
authors made a conclusion that whenever extended periods of tubing positioning within the perforation interval is required,
it is essential to select a low-pressure area which ensures a linear rate of gas inflow into the wellbore of a horizontal gas well.
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BBeaenue nmoAoIIBOM Ha HectanuoHapHoMm pexume. [HKT

B HacTosmee BpemMs Ha ra30BBIX MECTOPOXKICHHUIX
AKCIUTYaTHPYIOT BCE OOJbBIIE TOPU3OHTANBHBIX CKBa-
XKHUH. DKCIUTyaTalusl TaKUX CKBAaXHH, IPU HAXOXKIE-
HuM OalMaka HAaCOCHO-KOMIIPECCOPHBIX TPYyO B HH-
TepBajne mepdopanuy, MpencTaBiIseT 3HAYUTEIHHBIHN
uHTepec. PacnonoxxeHHe HACOCHO-KOMIIPECCOPHBIX
Tpy6 (HKT), mubo ruGkux HaCOCHO-KOMIIPECCOPHBIX
tpy6 ('HKT) B muTepBane nepdopanum (puiastpa)
MPUMEHSETCS, B YaCTHOCTH, NpU OOBOJHEHUH CKBa-
XHUH IJIACTOBBIMH BOJIAMH HA TMO3AHEH CTaauu 3KC-
niayarauuu Mecropoxxiaenuit [1, 2]. Iloaromy mozne-
JTUPOBAHHUE W pacueT OCHOBHBIX IapaMeTpOB PabOTHI
TOPU30HTAIBHBIX CKBAXKUH SIBISICTCS aKTYyaJbHOW 3a-
nadeii [2—14].

MogenmpoBanreM pabOThl TOPU3OHTAIBHBIX CKBa-
JKUH 3aHUMAJIMCh MHOTHE uccnenoBarenu [2, 8-10,
15-20]. OgHako MOAENMPOBAHUIO PAOOTHI U PACUETY
XapaKTepUCTHUK MPUTOKA K TOPU3OHTAIBHOU U TIOJIOrOU
razoBoil ckBaxuHe ¢ I'HKT wnu HKT B umHTepBane
¢upTpa MOCBAINEHO KpaifHe Mamoe 4Yucio pa-
oot [2, 11]. K xapakTeprcTHKam npuToka OyaeM OTHO-
CUTh PEXUM (QUIbTpaluu (Gouaa B Npu3abOWHON
30He, poduiib NMPUTOKa (GIIOKAAa BAOIb CTBOJA, CKO-
POCTh TIOTOKA IO CTBONY, PaclpeneicHUE TaBIICHHS
WIN JETPEeCCHH BIOJNb CTBOJA. JTH IapaMeTpsl HeoO-
XOIAMMBI JUIS YCTAHOBJICHUS PEXKUMOB SKCILTyaTalluu
TOPU30HTAJIBHOM CKBakMHBL. Eciu ckBakuHa MHOIO-
3a00HHAasT WM MHOTOCTBOJIBHASI C THAPOPA3PHIBOM HITH
0e3 Hero, TO HEOOXOOUMO 3HAHHME 3TUX MapaMeTpPOB
BIONb KaXXJOTO CTBOJA. 37ech OyAeT paccMOTpeHa
paboTa MOJOToi Ta30BOM CKBaKHHEI B OSCKOHEYHOM
AQHU30TPOITHOM IIJIaCTE C HEMIPOHUIIAEMBIMH KPOBJIEH U

(HKT) cnymena B waTepBan mepdopanuu (puc. 1).
Byayt paccMoTpeHbl peXuMbl (UIBTpPAallMK Tra3a B
pu3a00HON 30HE TOJOTON CKBaKMHBI MPH IEepeMe-
nieann ['HKT B uHTepBane nepdopanuu u u3MeHeHHe
CKOpPOCTH NOTOKA Ta3a Mo CTBOY.

Cnyck I'HKT B wmHTepBanm mnepdopanuy MOXKET
OBITh OCYIIECTBIICH ISl BBIHOCA KHIKOCTH C 3200
CKB&KMHBI JINOO JUIsl PETYIUPOBaHUA PO MPUTO-
ka. Ilpu 3ToM MOryT H3MEHSThCA MPOGHIL HMPUTOKA
rasa K IOJIOTOMY CTBOJY, SIIOpa CKOPOCTEH ITOTOKA
rasa, pacnpezeneHle JaBieHus (Jenpeccuu) mo CTBO-
JIy, 3aKOH IIPUTOKA ra3a K CTBOJIy B NPpH3a00HHOI 30He
CKBA>XHUHBI.

A N A F AR FFF

Puc. 1. THKT e unmepgase nepgopayuu no.1020ti 2azosoi
CKBANMCUHDI
Fig. 1.  Coiled tubing in the perforation interval of a low-

angle gas well
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M3BectHO [2], 9TO Al TOPH3OHTAIBHBIX Ta30BBIX
CKB&KHH, B OTJIMYME OT BEPTUKAIBHBIX, XapaKTepeH JIH-
HEWHBIN 3aKOH (HIIBTpAIMU Ta3a. B To e Bpems cyiie-
CTBYIOT (DAKTOPBI, KOTOPBIC MIPUBOIAT K HAJTUIHUIO YIacT-
KOB CTBOJIa C HEJIMHEWHBIM 3aKOHOM (HUIBTpAlMU ra3a:
YYacTKH IUIacTa C YBEJIMYEHHOM HPOHULAEMOCTHIO,
YYaCTKH C HEpaBHOMEPHOM KoJbMaTaluei mpu3aboiHon
30Hbl, Hamuue ['HKT B unTepBase ctBona u ap.

3akoH (QuUIBTpalMK Tra3a B Ipu3aboiHOH 30HE
omnpeessieTcs 3HaueHueM uucna PeitHonbaca, 6/p [3]:

Re = m,
n

roe V — CKOpOCTh (PMIBTpALUK, M/C; & — Mapamerp,
XapaKkTepPH3YIOIINI TOPUCTYIO Cpeny, M; P — IUIOT-
HOCTh (prronsa, Kr/M; W — BsI3KOCTh (prronna, I1a-c.

Jl1s mMHEWHOTO 3aKOHA 3HadeHue yucia PeiHomba-
ca JIOJDKHO OBITh MEHBIIIE KPUTHYESCKOTO 3HaUeHU Rey,
KOTOPOE MOXHO ONPENeNnTh, HalpuMep, U3 padboTsl [3].

MeToaMKa MOAe/IMPOBAaHUSA

Jns pacueta XapaKTEpUCTUK NPUTOKA K TOPHU30H-
TaNbHOM (T0JI0T0M) Ta3oBoil ckBakuHe ¢ HKT B uH-
TepBayie nepdoparmuy OyJaeM CYUTaTh, YTO 3aKOH (DHITb-
TpaIK B MPU3a00WHON 30HE CKBAXKHHBI JIMHCHHBIM.

[lonoras ckBakxMHa pacHoNIOKeHa B OECKOHEYHOM
ITaCTe TOJIIHUHON h ¢ HEeMPOHWIIAEMBIMHU TTOIOIIBON U
kpoBneit (puc. 1). HauansHOE naBieHWe MOCTOSIHHO U
PaBHO HaYaJbHOMY IIACTOBOMY JABJICHHIO.

Kaxnoe otBepctre B mephOpHpOBaHHOM IIOJIOTOM
CTBOJIE CKB)KMHBI NPEACTABUM B BUJE TOUEUHOIO CTO-
Ka. Y KaXJ0ro OTBEPCTHS CTBOJIA OyJIET CBOE JAABJICHUE
M, COOTBETCTBEHHO, JIETPECCHsl Ha TUIACT. BhIpakeHne
U Jenpeccud (AaBieHus) A TOYEYHOIo CTOKa B
cTBOJIC He(DTSHOM CKBaXKMHBI TIOJTy4eHO B padote [4]:

X2 2 Z2

AP = 81.[3/21(3\;[%':3/2 exp( - 4_Xt - 4y_Xt - @)l
rae AP — nenpeccust, [1a; Q — xonumyecTBO MrHOBEHHO
O0TOOpaHHOM JXKUIKOCTH M3 TUIACTa B MOMEHT BPEMEHH
t=t, M°; p — Bs3KocTh xuaKkocth Ia-c; K — npounmae-
MOCTb 10 TOPU3OHTAIH, M % — KO3(h(PUIMEHT mbe30-
MIPOBOJHOCTH IO HampaBieHusIM X u Y, M2 Yz — KO-
3¢ (UIMEHT THE30MPOBOAHOCTH MO HANpaBIeHHIO Z,
M“/c; t — Bpems, c.

Bripaxkenue ans nenpeccud B OECKOHEYHOM raso-
BOM IUIACTE€ C HENPOHULAEMBIMU BEPXHEH U HMKHEN
TpaHHUIIaMH MOXKHO ITOJYYHTh METOJOM OSCKOHEYHOTO
0TOOpa)keHUs] OTHOCUTEIBHO KPOBJIM M TOJOUIBHI I1J1a-
cta [5]. Janee, unTerpupys MoaydyeHHOE BBIpaKECHHE
110 BPEMEHH, TTOITYIHUM JTsI JIerpeccrH [6]:

Ap o it f 1
= SR ), B2
_ (x—x{)? _ (z—zj+2nh)?
. ZOO exp [ 4xt 44Xzt dt (1)
n=-o _ (x=x)?® _ (z+zi+2nh)? !
texp [ axt 4xgt

rae AP; — moHmKeHHe JaBieHUs] B MOMEHT BpeMeHH L B
TOYKE ¢ KoopauHataMu (X, Z) B pe3yJbTaTe JNCHCTBUS
TOYEYHOTO CTOKA C ACOMTOM (]j B TOUKE C KOOPIMHATA-
mu (X;, Zj), [Ta; N — yrcmo oToOpakeHUH.

Hns pacdera QUIBTpamuy rasza CleAyeT OT IaBie-
Husa nepedtd k Qyakuuu JlehiGen3zona [4], xkoTopas
YUUTHIBAET 3aBUCHMOCTb IUIOTHOCTH Ta3a OT JaBJICHHUS.

Oynxnuio Jleiibenzona F 3xeck npuHNMaeM B BU-
ne, kr-Tla/m®:

.
F=[pdp,

rJie p — IIOTHOCTb Ta3a [IPH AABICHHH P, KI/M®.

B pesynbprare BhIpaxkenue (1) mpeoOpasyercs s
¢yHkuun JlelOeH30HA C yYeTOM HE3HAYHUTEIBHOTO
W3MEHEHUs JaBJIeHus B Mpu3aboitHOH 30He:

m;u t1
AF, = it [t
N A

(x—x)? (z—z;+2nh)?
ex - -
p ( 4yt 4y, t

n=—c a, (2

_ (x—x)? _ (z+z;+2nh)?
4yt 4yt

+exp (

rae AFi=(Fu—F.)i, kr-Ma/m®; Fop, F, — byukus Jlei-
OeH30Ha Ul IUIACTOBOrO U 3a00MHOIr0 NaBJICHUU B i-
OM OTBEPCTHH, COOTBETCTBEHHO, Kr-Ila/M>; mj — mac-
COBBIN IEOUT [UTS i-TO OTBEPCTHSL, KI/C.

Ilo ypaBHeHMo (2) MOXXHO ONPEHENHUTH (YHKIHIO
Jleiiben3ona st i-ro mepdOpaliOHHOTO OTBEPCTHS, a
3ateM OT ¢yHKUMK JlelibeH30Ha mepelTn K JaBlIeHUIO B
OCCKOHEUHOM IUIaCTe C HEMPOHHWIAEMBIMH BEpXHEH U
HIDKHEN TpaHunamMu. s onpeneneHus Moy JaBICHUS
Mpu paboTe BceX OTBEPCTUI HEOOXOMMO BOCIIONB30BATh-
sl IPUHITAIIOM CYTICPIIO3UITMH TTOJICH AaBleHUN ((yHIIHHA
JletibeH30Ha), cO3MaBaeMBIX KaXKIbIM OTBepcTHEM [5].
B pesysbTare [jist OTBEPCTHS C HOMEPOM «j» moydnm [6]:

i t 1
AF]-= N LJ‘

s o @
( exp [ — (X]'—Xi)z _ (zj—zi+2nh)2 ]
5 4 p 4yt 4y, &d =1:N,(3)
: OC——oc t, J=1=N,
n= (Xj—Xi)z (z]-+zi+2nh)2 J
l+exp - 4yt - 4yt J

rae AF=(F.—F.);, xkr-Ila/m® N — ancio nepdopariion-
HBIX OTBEPCTHH.

[Tpu noctyruiennu ra3a U3 miacTa B MOJIOTHIA CTBOJI
CKB&)KMHBI CKOPOCTh MOTOKA ra3a OyneT yBeInYnBaTh-
¢ OT KOHIIAa CTBOJNAa K Hawaiy. Ecnmm ke Ha 3aboe
Haxoautcss ['HKT, To B cTBONe Oyaer HabmromaThCs
BCTPEYHOE TEUCHHE Ta3a, KaK 3TO MOKa3aHO Ha puc. 2.
MaccoBblif pacxoq KaKI0ro j-TO OTBEPCTHs 0003HA-
4pM M. MaccoBsbli pacxox ra3a Ha ypOBHE j-TO OTBEp-
CTHUSL OTIPEJICIUTCSI KaK CyMMa PacXoJI0B MPEIICCTBY-
IOIIUX OTBEPCTHH:
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=y
Mj = X m; .

Mexay OTBEpCTHSMH B CTBOJIC TOTCPH ABJICHHS
OTIpeNeyATCs U3 BhIpaXkeHus [7]:

2 -bc
LMFZZl;TL. 1 eb , (4)
rne P, — maBieHue B Hawane mojororo ydacrtka, [la;
P, — nmaBieHuwe B KOHIE IOJIOTOTO ydactka, Ila; M —
MacCCOBBII pacxoj ra3a, Kr/c; A — KO3(hGOUIMEHT THI-
PaBIMYECKOTO CONPOTHBICHUs, 0/p; D — BHyTpeHHHI
IuaMeTp TpyObl, M; F — IIoIans momepeyHoro cede-
HUS TPYOHI, M5 Z - KO3(QPUIIMEHT CBEPXCIKUMACMOCTH
raza, 0/p; R — yHuBepcanbHas ra3oBas MOCTOSHHASI,
Ix/(xr-K); T — temmnepatypa notoka, K; b, ¢ — koad-
¢bunuentsl, 6/p [7].

[pu Teuenun rasa mo Tpyoe CKOPOCTh MOTOKA ra3a
TIOCTOAHHO YBCINYUBACTCA. COOTBGTCTBCHHO, MOXET
MEHSITBCS M pexuM TeueHws. [losTomy mpu pacuere
THIPABINYECKUX CONMPOTHBICHUA A MEXTy mnepdopa-
OUOHHBIMH OTBEPCTUSIMH M Ha yYacTKaX MEXIy HH-
TepBaNaMu rep(opamry uxX CIeAyeT BEYUCIATE C y4e-
TOM pECKUMa TCHYCHUA:

pZebc-p? =

A
A = Re_m’

rae Re — umcio Pefinonsaca; A=64, m=1 mis amu-
HapHoro pexuma; A=0,025, m= —1/3 msa kpuTugecko-
ro pexuma; A=0,3164, m=0,25 ans TypOyIeHTHOTO
pexuMa.

CrtBon ckBaxuHBI TepdopupoBad. IlmacToBbrit
(aronn, nonagas 4epes nepdopanuoHHbIe OTBEPCTHS B
CTBOJI, 00pa3yeT pa3BUBAIOIIUICS MOTOK.

B obmiem Buze, ucxoas u3 ypasHeHus (4), nepenag
JaBJICHNSI HA OTACTBHBIX yJacTKaxX CTBOJIA CKBA)KUHBI
OyJie oTnpeaensaThCs CIEIYIOIUM 00pazom [6].

Jli1s yaacTka Haa OTBEPCTHEM C HOMEPOM j:

j—1
A1j(TIy M)?ZRTLy  1-e~

bc _ p2
2j-2 PZj—l - F2D

2 _ bczj—z
Pj_ze ——,(5)
rJe Aij — MECTHOE CONPOTHUBJIEHHUE HAJl OTBEPCTUEM C
HOMEDOM |.

ITocse OTBEpCTHS C HOMEPOM j:

A2i(X)_, m)ZZRTL; 1-e-bC,.

P221—1e_bczj—1 - Pzzj = ’ 2= ,(6)

F2D b
rae Ay — FHAPABIUYECKOE CONPOTHUBICHHE IOCIE OT-
BEPCTHSI C HOMEPOM |.

Juis yuactka ctBosia ¢ 'HKT (HKT) noxy4yaem Ta-
Kue ke ypaBHeHHs. OIHAKO CIIEAyeT Y4eCTh HaIlpaB-
JICHHE JIBIDKEHMS Ta3a Mo CTBOJIy U TOT (DakT, YTO ras
IBIDKETCS 0 «MaJIOMy 3aTpyObIO», WIH MIPOCTPAHCTBY
Mexay obcamHoii kononnoi u ['HKT.

VYpasuenus (3), (5), (6) 1 aHamOrUYHBIE TSI y4acT-
ka ¢ 'HKT ob0wsenunsiorcss B CHCTEMy YpaBHEHHMH U
pelIaroTCsT COBMECTHO TMOCTE 3aJaHMs HAYaIbHOTO
pacIpeseneHuss MaccoBbIX JeOUTOB oTBepcTHi. B pe-
3yJIbTaTe PEIICHUS] CHCTEMBI YPAaBHCHUI METOJIOM UTE-
panuii HaxoJsATCS MAacCOBBbIE JeOWTHI MepdoparnnoH-
HBIX OTBepcTHH M;. Mamee, 3Has M;, pacCUUTHIBAEM
HECHM3BECTHBIC XapaKTCPHCTUKH NPHUTOKA Ta3a K TOpH-
30HTAJILHOMY CTBOJIY: O0OBbEeMHBIC JCOUTHI OTBEPCTHUH,
U3MEHEHUE CKOPOCTU IMOTOKA II0 CTBOJIY, a 3Has THJ-
paBINYECKUE U MECTHBIE CONPOTUBICHUS BIOJbL CTBO-
J1a, pacCYMTHIBAEM MaBIICHWE BIOJb MOJOTOTO CTBOJIA
CKBaXXUHEI P;.

Jist OLIGHKH CKOpPOCTH (pUIbTpanuy raza B IpHC-
KB2XXMHHOW 30HE B palioHe KaXkJ0ro nephoparuoHHOro
OTBEPCTHUS IPUMEM, YTO UHTEPBAT MPUTOKA K KKIOMY
OTBEPCTHIO M3 IUIACTA PABEH PACCTOSHUIO MEXIy OT-
BepctusmH L. Torna ckopocTs GuibTpalyu B 1iacTe B
paiioHe Ka)XI0T0 j-r0 OTBEpPCTHS 3alHIIETCS B BUJIE:

. = —q]
J 7 2nmr, L’
mz
h /
Ps mi+mo»
4 Ps3
P2 P

1/

Puc. 2. (Cxema nomoka no cmeo.y hos020ti 2a30801l ckeaxcuHst ¢ THKT

Fig. 2.

Diagram of low-angle gas wellbore flow with coiled tubing
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3Has CKOPOCTb Vj, OIpEeAeNsieM XapaKTep 3aKOHa
¢bunpTpaiu B paiione j-ro mnepdoparroHHOTO OTBEp-
CTHSL.

ITepememmast THKT Bmoss momororo y4actka cTBO-
Jla ¥ pelasi CUCTEMY ypaBHEHH, MOXKHO OIPENeNATh
BCE HWHTEPECYIONIME BEIMYWHBL TNPOQHIs IMPUTOKA,
SMIOPY CKOPOCTEH MOTOKa, H3MEHEHUE JENpeccuu
BJIOJIb CTBOJIA, CKOPOCTh (DMIIBTPALIUU U PEXUM (UIIb-
TpaIiy B IpH3a00HHOH 30HE.

Jns BeIHOCA BOJBI ¢ 32005 CKBaXXHHBI y Oamimaka
I'HKT pomkna ObITH obOecliedeHa CKOPOCTh IMOTOKa
ra3a He menblie 4 m/c [1]. [Ipu pacuere creayeT yau-
TBHIBAaTh, YTO K YaCTU CTBOJIA CKBAXKMHBI, 3aIIOJTHEHHOMN
KHUAKOCThIO, NPUTOK raza M3 IJjlacTa MPOUCXOAUT C
MEHBIIIeH HHTEHCHUBHOCTBIO, YeM K YacCTH CTBOJIA, CBO-
OOHOU OT BOJBI.

PesyibTaThl

IIpoBenem pacyeTsl Ha HpPUMEPE THIOTETHYECKOH
noJioroii ckBakuubl boBanenkoBckoro HI'KM, miacTel
TII7 11. Bee paccuntaHHble BEIUYUHBI — B MJIACTOBBIX
YCIIOBHSIX.

HcxonHble ycpeTHEHHBIE TaHHEIE:
¢ h=40 M, TonKHA [IACTA;
o ky,=60e-15 v’ MIPOHUIIAEMOCTD 10 TOPU3OHTAIIH;
ky=2e-15 MZ, TIPOHUIIAEMOCTH TI0 BEPTHKAIIH;
AP=0,2 MITa, nenpeccusi B Havyale CTBOJIA;

[Ipennonaraercs, 4YTOo TpU MOCIETHUX HHTEpBaJa
nepdopaliiu 3amoIHeHbl TUIaCTOBOM Bool. B nanHo#
3ajaye 3TO MOJCIHPYeTCS YMEHBIICHHEM paboTaro-
mUX Tep(OpaIlMOHHBIX OTBEPCTHH JO ABYX Ha KaX-
JeI oroHHsl MeTp. Ha puc. 3 mokasaHo pacmpene-
JieHWe cKopocTell (unbTparmu B mpu3aboiHON 30HE
TOPU30HTAIFHOTO CTBOJIA TIPH PAaCHOJIOKEHHH OamMa-
ka HKT Bbime nepBoro uHTepBajna mnepdopanuu U
HAJIMYUH BOJIBI B TPEX MOCIICAHUX WHTEepBaiax mnepdo-
panuu. KpacHoll nuHMel moka3zaHa KpUTHYEcKas CKO-
pocTh GUIbTpaLIUK.

Kak BumHO 13 puc. 3, CKOPOCTh (pUIBTpaIy IpaK-
TUYECKH BJIIOJIb BCEr0 CTBOJIA HW)KE KPUTHUYECKOW U
($unbTpanys ra3a MpOUCXOIUT MO JIMHEHHOMY 3aKOHY.

Ha puc. 4 nokazana smiopa CKOpOCTEH MOTOKa IO
CTBOJIYy CKBa)KHHBI B IIJIACTOBBIX YCJIOBUSX.

Kak BugHO u3 puc. 4, CKOpOCTh raza Ha YpPOBHE
HAXOXKJIEHHs BOJIBI B CTBOJIE HEJAOCTATOYHA JUIS €€ BBI-
Hoca. Boma Moxer npomoikarh HaKalUIMBaThCS B
CTBOJIE, TOKa HE MPOU30HAET CcamMo3aJaBlIMBaHUE
CKBQ)KUHBIL.

[Ipu nepememenun HKT muamerpom 0,038 M Ha
YpOBEHb BOJIbI B CKBaXXMHE KapTUHAa U3MeHHTCS. s
obecreueHus] BBIHOCA BOABI € 320051 HEOOXOAUMO IO-
OUTBHCSI CKOPOCTH II0TOKa Ta3a y 6ammaka HKT He menee
4 m/c [1]. Iyns 3TOTO MPHAETCS YBEIUYUTD ACTPECCHIO JI0
0,8 MIla. ITpoduns nputoka n300paxeH Ha puc. 5.

CkopocTb uibTpanu B Mpu3adOHHOM 30HE CTaHET
BBIIIIE KPUTHYECKOHM (KpacHasl JIMHHS), YTO TOBOPHUT O
HEITMHEHHOM 3aKOHe (prIIbTpanun B Mpru3aboiHOI 30HE.

Omiopa CKOPOCTH IOTOKA IO CTBOJNY HM3MEHHUTCS

(puc. 6).

oo °

U

100 120 140 160

X, M

180

PacnpedeﬂeHue CKopocmu g‘)um)mpauuu 800.1b 20pU30HMAJ/IbHO20 CMB0/1ad CKEAMCUHbL NpU pachnoJ/10xceHuu bawmaka

HKT sbiwe nepsozo uHmepea.a nepopayuu u Haauvuu 800bl 8 mpex nocAe0HUX UHmMepsaaax nepgopayuu

e (=81,5°, 3eHUTHBII yroJ CTBOJIA;
e =182 M, JyinHa CTBOJIA TIO TUIACTY;
e N=10, KOIUYIECTBO YIACTKOB EePPOPALUH;
e N=8 0TB/M, INIOTHOCTH Nepdhopanuy;
e P=15 MIla, mracToBoe IaBiIeHHE.
0,02
L °
= 0,018 L P o
= 0,016 2 S 0 e
z 2 2
20014 U
S 0,012
=
E 0,01
2.0,008
g
© 0,006
0,004
0,002
0
0 20 40 60 80
Puc. 3.
Fig. 3.

Filtration rate distribution along a horizontal wellbore with the tubing shoe located above the first perforated interval

and the presence of water in the last three perforated intervals
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Puc. 4.

Fig. 4.

=

CkopocTb

Puc. 5.

Fig. 5.
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Puc. 6.

Fig. 6.

CropocThb MOTOKA, M/C
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\\\\
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Sniopa ckopocmu nomoka 2d3a 8004b cmeosa npu pacnosoxceHuu 6awmaxka HKT eviwe nepsozo unmepsasa
nepgopayuu u Haauyuu 8006l 8 mpex nociedHUX uHmepaaaax nepdopayuu (naacmoawie yca08usi)

Curve of the gas flow rate along a wellbore with the tubing shoe located above the first perforated interval and the
presence of water in the last three perforated intervals (reservoir conditions)
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Curve of the gas flow rate along a wellbore with a tubing shoe with a diameter of 0.038 m at the water level in a well
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Kax Buaum, st obecrnieyeHus BbIHOCA BOJBI C 3a-
0051 TOPU3OHTATFHOW Ta30BO CKBa)KWHBI OJTHOTO TIe-
pemeniennst HKT nmuamerpom 0,038 M Ha ypoBeHB BO-
IObl B CKBaXHHE HEHOCTaTOYHO. HeoOxommmo Taxske
yBenuuuTh Jenpeccuto 1o 0,8 MIla, T. k. HaxoXaeHUE
HKT B cTBOME CO3/1a€T MOMOTHUTENBHEBIE THAPABINIC-
CKHE COIPOTHUBIIEHUS MOTOKY rasa. llpum pacuerax
npumenenuss HKT auametpom 0,073 M nempeccust
yBenuuunack 1o 1,2 Mlla, 1. k. ruapaBinyeckue co-
MIPOTHUBJIEHUS ele 0oJiee BO3pacTaroT.

3akj04yeHue

PazpaboranHas MeTomuKa pacuera TOPHU30OHTAIIb-
HOM (mosoroit) razoBoit ckBaxkunsl ¢ HKT ('HKT) Ha
3a00€ TMO3BOJSET OMNPEACHATh BCE XapPAKTEPUCTHUKU
MIPUTOKA K TOPU3OHTAITFHOMY CTBOITY CKBaYKHHBI C Y-
TOM Pa3BUBAIONIETOCS XapaKTepa MOTOKa MO CTBOJY.

Monenb IpUTOKa raza K MoJIoroMy CTBOJY Ta30BOH
CKBa)XUHBI OCHOBaHA Ha WCIIOJIb30BAHUH TOUCHBIX CTO-
KOB, C TIOMOIIBIO KOTOPHIX MOJCIHPYIOTCA Hepdopa-
LIMOHHBIE OTBepcTus. PasBuBaromuiicss MOTOK rasa Io
CTBOJIy PAaCCUUTHIBAETCS C YIETOM MECTHBIX U THIpaB-

CITUCOK JIMTEPATYPBI

JUYECKUX CONMPOTHUBIICHU B CTBOJIC. YpaBHEHUS MPH-
TOKa raza K CTBOJy U TEUEHHs I'a3a B CTBOJIE PEIIAIOTCS
COBMECTHO. B pesynbraTe pelieHust cucreMsl ypaBHe-
HUH ONpPEAENSIOTCs NeONTHl OTBEPCTHH, a 3aTeM JaB-
JIeHHe BJOJb CTBOJA U CKOPOCTH MOTOKA Tasza BAOJb
CTBOJIA.

BoiHOC BOnBI ¢ 323005 TOPU3OHTAIBHBIX CKBaXKHUH
BO3MO3KeH ¢ nepuoandeckuM ciryckom HKT o ypoBHs
BOJBI W YCTAaHOBJICHUS HEOOXOIMMOH JETpEeCcCHU.
B o6praHOM pexxuMe paboThl GUIBTpaAIHs Tra3a B IIPH-
3a001HOM 30HE TOPU3OHTAIBHON Ta30BOW CKBa)KHHBI
IIPOUCXOAUT NMPEUMYILECTBEHHO 10 JMHEHHOMY 3aKO-
Hy, a ipu HaxoxjaeHun HKT B unTepBasie duibTpa C
BBIHOCOM BOJIBI € 32005 — M0 HEIMHEHHOMY 3aKOHY.

[TocrosiHHast ~ SKcruTyatanusi  TOPU30HTAJIBHOM
ckBakHHBI ¢ HaxoxaeHueM HKT B mHTepBane Guib-
Tpa HerenecooOpas3Ha, T. K. peKUM (QHIBTPAIIH Ta3a
B MpU3a00iHON 30HE CTAHOBUTCS HEIMHEWHBIM, YTO
BEI3BIBACT JIOTIONHUTENBHBIE (QUIBTPAIHOHHEBIE CO-
MPOTHUBIICHUS TEUCHHIO ra3a B NpU3a0OHHOU 30HE
CKBa)KHHBI.
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