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B TeYEHMEe NOCNEAHNX OeCATU NET Obla paspadboTaHa
1 yCcreLHO onpoboBaHa HOBast TEXHOIOMNS
ONTUMMN3aLMM J0ObIMM HEPTN C BBICOKMM Fra30BbIM
dhakTopom (FP), nanee HasbiBaemasi TOP (Technology

for Optimization of Production). TeopeTnyecku
MPaKTUHECKM MOKa3aHo, YTO MNacTbl, cogepxalime
HeM®Tb C BbICOKUM D, MMEIOT MHOMKATOPHYHO KPUBYIO
(MK) ¢ pe3ko 0603Ha4EHHBIM MaKCUMYMOM, T.e.
CYLLECTBYET HEKOTOPOE ONpeaenEHHOe 3Ha4YeHme
3ab0VIHOr0 iaBMeHIs, MPY KOTOPOM MnacT AaéT
MaKCUMabHbIA AeOUT. Tpn AanbHENLLEM CHYYKEHU
3ab0MHOro gaBneHus oeduTt HeTY HAYNHAET CHVKATLCS,
a ra3oBoe COofep>KaHne NPOayKLUMA YBENNYNBATLCS.
[MPUYNHON BO3HVMKHOBEHNSI TAKOMO MakCMyMa SABASIETCS
B0 BO3HUKHOBEHWE ra30BOr0 CKUH-3hdeKTa B
npu3aborHom 3oHe NnacTa, MM6o 0bpa3oBaHe ra3oBoro
KoHyca. Oba 3Tux hakTopa NPUBOAAT K CHUXKEHUIO
KOs(huLMEHTa NPOAYKTVMBHOCTU MacTa Npu CHYKEHUN
3ab0MHOro AaBNEHUS HYKE HEKOTOPOW BENNHUHDIL. [pn
5TOM YBENMNYMBAETCS BENMYMHA ra3oBoro draktopa (M d)
BOOOCOOEPKaHVE, a HedhTeoTaaqa nnacta CHUXKaETCS.

Bornee TOro, goKasaHo, YTo MPW CHKEHUM AaBNEHNS
H>Ke ONTUMasTbHOrO BO3HMKAKOT YCMOBUS, MPU KOTOPbIX
CKBa&XKWNHA TEPSIET YCTONYMBOCTb U MEPEXOANT B ra30BbIl
PEXNM [2]. STO 0OBACHAET TPYOHOCTU, BO3HMKAKOLLME
npv fobbl4e HeTN 1 KOHAEHCATa N3 OTOPOYEK Fa30BbIX
MECTOPOXAEHUIN. Ka4eCTBEHHOE OO BACHEHME 3TOro
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ver the last 10 years, a new technology has been

developed and successfully tested for optimizing
production for ail fields with high gas to oil ratio, (GOR),
which we will now refer to as TOP (Technology for the
Optimization of Production). Both in theory and in practice,
we have demonstrated that oil reservoirs with high GOR
have a pressure flow rate relationship with a clear maximum
level. For example, the bottom hole pressure is clearly
defined and provides the maximum open flow production
on the reservoir. The consequential decline in bottom hole
pressure results in decreased oil production, while the
gas cut of the produced oil grows. This may be caused
by either the gas skin-effect in the bottom-hole area of the
reservoir, or the formation of gas coning. Both of these
factors result in a decline in production as the bottom hole
pressure drops. Basically, as the GOR and water content
of the reservoir increases, so the reservoir production
declines. Moreover, it was demonstrated that when the
pressure drop is below a certain optimal value, conditions
emerge under which the well becomes unstable and gas
conditions occur [2]. This can explain the difficulties that
take place with the production of oil and gas condensate
from layers of gas fields that contain oil with a high gas
factor. Our interpretation of this phenomenon is as follows.

When you create a difference in pressure and arrive at a

certain bottom hole pressure value, let’s call it the optimum
pressure, gas coning moves up to the casing perforations.

www.rogtecmagazine.com



PRODUCTION M

SABEHVA 3aKJTKOHAETCA B CeayoLLEM.

Mpu co3gaHnM enpeccu Ha NAacT NPy HEKOTOPOM
3Ha4YeHN 3abOMHOro AaBneHUs, Ha3biIBaeMOM
ONTUMasbHbIM, Fa30BbI KOHYC MOAHNMAETCA K
nepgopaLyroHHbEIM OTBEpPCTUAM. [pn 3TOM rasosoe
coepxaHne hnonaa B CKBXKNHE HAYMHAET
yBENMYMBAaTLCS, a 3a00MHOE AaBneHNe eLle CuUnbHee
YMEHBLLIAETCH, YTO CMOCOOCTBYET AaNbHENLLIEMY POCTY
rasoBOro KOHyCa W AanbHENLLEMY CHYKEHMIO 3a060MHOIO
naBnenvs. VIHbIMK cnoBamy, BOSHUKAET MONOXUTENbHASA
obpaTtHas cBs3b. 3TO, B KOHEYHOM CYETE, MPUBOOUT K
OTTECHEHMIO HEDTU OT NEPdOPALMOHHBIX OTBEPCTUM U
NEPEKMIOYEHMIO CKBaXKWHDBI B FA30BbI PEXKMM.

Halua TexHonorvs no3BosieT ¢ MOMOLLbIO crneLmaibHOro
3a60VHOr0 YCTPOWCTBA OCabnTb MOSNOMUTENBHYIO
obpaTHyto CBSA3b, 1, NoAAepPXMBasd 3ab0MHOE AaBfeHne
Ha oNTUMaIbHOM YPOBHE, N36eXaTb BbILLIEONMCAaHHOrO
ABNEHNSA.

C opyroi cTopoHbl, TOP no3BongeT NoBbICUTb
0eOUT 1 OTAa4vy KOoHeHcaTa Ha ra30KOHAEHCATHbIX
MECTOPOXXOEHWSIX.

13BECTHO, 4TO MO Mepe pa3paboTKy ra30KOHOEHCATHOrO
MECTOPOXOEHWS NnacToBoe AasneHvie nagaet. [Npu
3TOM, Ha4MHAA C HEKOTOPOro MOMEHTA, KOHOEeHcaT

B CWUJTy CBOErO PETPOrpagHoOro NoBeAeHVS HauMHaeT
NepexoanTb B XXNOKOE COCTOSHME.

Oc0o6eHHO MHTEHCUBHO 3TO MPOUCXOANT B NPrU3abonHoM
30He MacTa, rae gaBfeHue HDKE, YeM B CaMOM MmnacTe.
B pesynbTaTte B npusabonHon 30He Nnacta BO3HUKAET
CKMH-3(EKT, T. €. Ha4YMHAET HaKanIMBaTbCA XKUAKNIA
KOHOEHCAT, KOTOPbIN BNIOKMPYET BbIXOd rada 13 nnacra
N CHKAET NMPON3BOANTENBHOCTb CKBaXKWMHbI. oK

3TOM MOXKET MPOUCXOOUTb Aa>Ke MOJSIHAsi OCTaHOBKa
paboTbl CKBaXKMHBIL. OTMETUM, YTO VIK Takoro nnacta
NMEET TaKyto »xe hopMy, YTO 1 B PACCMOTPEHHOM
BblILLIE Clly4ae, XOTs m3nKa 3TOro SBMEHMS COBEPLLEHO
apyras. Takum obpasom, CYLLECTBYET HEKOTOPOE
KpUTUHEeCKOe 3Ha4eHre 3ab0MHOro AaBneHnsl, Koraa
hanbHelLlee ero CHKeHWe NPVBOAUT K BbiNaaeHto
KoHOeHcaTa B XXMaKoV dase B Npr3adonHom 30He
nnacTa u CHKeHuto febuta koHaeHcata. Onpenenss

C NOMOLLIO CreLmarnbHO CO34aHHbIX CUMYISTOPOB
KPUTUHECKYIO BENNHNHY 3aD0NHOr0 AaBneHWs, npw
KOTOPOW BO3HNKAET 3TO SB/IEHME, Mbl MOBbLILLIAEM
3ab0MHOE OaBfeHre 1 NOOOEPKMBAEM Ero TakmnM, Npu
KOTOPOM MPOMCXOaUT 0BpaTHbIM Nepexon KoHaeHcaTa
N3 XXUOKOro B ra3o0bpa3Hoe cocTosiHME. [Tpu aToM
npoucxoanT Pa3dbnoKNPOoBKa NPU3abonHOM 30HbI NacTa
N yBeM4MBaeTCa AebuT razokoHgeHcaTa. (cM. dur. 5,
raoe NpviBedeHbl PesybTaThl NPOBeAEHHbIX TECTOB).
OTmeTum 4TO D NpoayKUMM NpY 3TOM 3aMETHO
CHWDKAETCS, a cnegoBaTesibHO, yBENMHMBAETCA
KOoHOeHcaTooTAa4a nnacTa.

www.rogtecmagazine.com

As this process takes place, the gas concentration within
the fluid starts increasing while the bottom hole pressure
decreases more and more, contributing to increased gas
coning and a further drop in bottom hole pressure. In

other words, positive feedback is taking place here. This
ultimately leads to the oil being driven back from the casing
perforations and a shifting of the well into gas conditions.

Our technology makes it possible, with the use of a special
bottom-hole device, to diminish the positive feedback, and,
while maintaining bottom-hole pressure at certain optimal
levels, to prevent the phenomenon described above. On
the other hand, the TOP technology makes it possible to
increase the condensate flow rate and productive capacity
of gas condensate fields.

It is well known that as gas condensate fields are
developed, its bottom hole pressure drops. Because of
this fact, due to its retrograde behavior, it starts liquating.
This process takes place, most intensively, at the bottom
of the formation, which is normally lower than the pressure
of the formation itself. As a result of this, skin effect takes
place in the bottom of formation. In other words, there is
an accumulation of liquid condensate which prevents gas
from leaving the formation and, accordingly, well production
decreases and leading to the potential danger of complete
well shut off.. It should be noted that the pressure flow rate
relationship of such a formation has the same form as the
above mentioned case, although it is worth noting that the
physics of this phenomenon is quite different. Therefore, a
certain critical value of bottom hole pressure exists when
any further drawdown leads to a condensate dropout into
the liquid phase of the bottom-hole formation zone and to
a decline of the condensate flow rate. When determining,
with the use of specially made simulators, the critical
value of the bottom-hole pressure at which such
phenomenon occurs, we build up bottom-hole pressure
and maintain it in such a manner that leads to the
reversed inversion of the condensate from its liquid state
into the gaseous one. In this regard, the bottom-hole
formation zone gets unblocked and the gas condensate
flow rate goes up. (See. Fig.5, where the results of the
run tests are presented). We should note that the GOR
of the produced oil gets noticeably lower, while the
condensate production rate gets higher.

A specially designed bottom-hole assembly (BHA) enables
more flexible regulation and automatic maintenance of

the bottom-hole pressure to the desired level in order to
prevent the dropout of condensate from the bottom-hole
zone into its liquid state, and therefore preventing a severe
decrease in well performance. The BHA also serves to
stabilize well performance.

The latest test of the TOP took place at two gas

condensate wells in Uzbekistan in 2014, both of which
proved the efficiency of the technology. The rate of
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CneuyanbHO paccyMTaHHoe 3aboMHOe YyCTPOMCTBO (3Y)
nosBossieT bonee rmbko perynmpoBaTb 1 aBTOMaTUHECKM
noaaepX1BaTh 3ab0MHOE JaBNeHME Ha HY>XHOM YPOBHE,
C TeM YTOObl KOHAEHCAT He BbiNadan B BUOE XWUOKOCTU B
Npu3abonHOM 30HE U He BNoKMpoBan PaboTy CKBaXKMHbI.
Kpome Toro, 3Y ctabnnmanpyeT paboTy CKBaXKMHbI.

MNocnepnue ncnbiraHnsa TOP B 2014 rogy B Y36ekmcTaHe
Ha ra30KOHOEHCATHBIX CKBaXKMHAX NOATBEPANIN
3(PDEKTUBHOCTD 3TON TEXHONOMMU. Tak, Ha OBYX
ra30KOHOEHCATHBIX CKBaXKMHAX MOCE YCTaHOBKM Ha HUX
cneuyanbHoO paccunTaHHbix 3Y yaanock NogHATs 4ebunT
KoHaeHcaTa 6onee Yem Ha 200 %.

MpumeHeHune TOP n oCHOBHbIE

nonoXxutenbHble 3 eKTbl

[Npepnaraemasn HoBasi TEXHONOMMS ANt ONTUMU3aLIMN
006b14 HedbT TOP B OCHOBHOM MpUMEHMMa a5
MNacToB C BbICOKNM razocogepanmem (Fd>100 mM3/m3)
1 AoBbIMN HeTU N KOHAEHCATA U3 OTOPOYEK Fa30BbIX
MeCTOPOXOEHUN. OHa MOXXET MCMOb30BATECS TaKXKe
npy 06pa3oBaHnM ra3oBbIX 1 BOASHbIX KOHycoB. TOP
NpVMeHnMa 019 BCex CnocoboB Ao0bIHM — (DOHTaHHOTO,
raznudTa 1 HacocHoro. OgHako Hanbonee aphexkTBHA
OHa an1a POHTaHHOro cnocoba aobbluu.

MateHTbl CLLUA Homep 7,172,020 (6 cheBpans 2007
roga) u Homep 7,753,127 (13 nironsa 2010) sawmwiatoT
BCe OCHOBHbIe nosioXxeHnss TOP-TexHonornu.

OcHoBHble MoNoXUTENbHbIE 3PdEKTLI OT NPUMEHEHKA TOP:

» YBENUUMBAET TEKYLMI AEOUT HEPTU 1 KOHOEH AT,
» YBENUUMBAET KOIMDMPULIMEHT HEPTEOTAAHUMN 1
KOHOEHCATOOTAA M CKBEXKMHBI 1 BCErO MECTOPOXOEHIS;
» YMeHbLLAET COAep>KaHne BOAbl U ra3a B
nobbiBaemMon HedTL.

[ononHuteneHble mntocsl TOP:

» MPOANEBAET XKM3Hb CKBAXKMHbI;

» YMeHbLLUAET (M MONHOCTBIO YOUPAET) ra3oBble U
BOJSIHblE KOHYCbI;

3aMeNIAET nageHne NaacToBoro AaBneHns;
CTabnnMsnpyeT A00bIHY U3 CKBaXKUHDI;

NO3BONAET NPENOTBPATUTE NMPEXAEBPEMEHHYIO MOTEPIO
SHepr1n nNnacTa;

ybupaeT 0bnacTy NOBbILLEHHOM BA3KOCTY B
Npr3abonNHON 30HE;

YBENN4YMBAET KOIPMDULMEHT OTHOCUTESNBHON
MNPOHNLAEMOCTY NnacTa no HedTw;

yBenn4mBaeT aPEKTUBHOCTbL rad3nndra 1 HaCOCOB;
YMEHBLLIAET 3aTpaThl SNEKTPOSHEPTN HA HACOCHI 1
KOMMpeccopbl ANs ra3nudTa;

YMeHbLLAET BbIMbIBaHWE MNecka 13 nnacra,
MexaHN4eCKMe NOBPEXKAEHVS 1 MOTEPIO
NPOHNLAEMOCTW NNacTa;

Nno3BoNSAET A00bIBaTb HEDTb U3 HEPTAHBIX OTOPOYEK
ragzoBoro nnacra.
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condensate flow increased by over 200% following the
installation of specially designed BHAs.

Positive results following the application of TOP
TOP is applicable for formations with high gas content
(GOR>100 m3/m3) and for the production of oil and
condensate from the layers of gas fields containing oil with
high gas factor. It can also be applied in cases where there
is gas and water coning. It is applicable for any production
technique —flowing, gas lift and pumping. However it is
most efficient for natural lift.

US Patent number 7,172,020 (February 6, 2007) and US
Patent number 7,753,127 (July 13, 2010) protect all the
basic statements of the TOP technology.

Principal positive effects of TOP application:

» it increases the current production rate of oil
and condensate;

» it increases the oil and condensate recovery factor of
the well and of the entire field;

» it reduces the content of water and gas in produced ail.

Additional advantages of TOP:

» it extends the service life of the well;

it minimizes (or completely eliminates) gas and
water coning;

it slows down formation pressure drawdown;

it stabilizes upwelling;

it makes it possible to prevent early loss of
reservoir energy;

it eliminates zones of elevated toughness in the
bottom-hole formation zone;

it increases oil permeability of the formation;

it increases the efficiency of gas lift and pumps;

it reduces the cost of power supply for pumps and
compressors for gas lift;

it reduces sand washout from reservoir, its mechanical
damage and loss of in-place permeability;

it makes it possible to produce oil from oil rims of a
gas formation.
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The theory and calculations of this technology rest upon the
building of an accurate mathematical model of the entire
well-bottom-hole assembly-formation which takes into
account all of its components. This mathematical model
makes it possible to carry out an analysis of the processes
taking place in the well, in its bottom-hole zone and in the
reservoir, which, in turn, makes it possible to maximize the
flow rate and increase production.

Basic Innovations of TOP:

Maximum flow rates can be achieved at a certain value
of the bottom-hole pressure which is closely calculated
with a computer program, or is determined by periodic
reading of pressure flow rate relationship values whose
value lies between null and the formation pressure value.

www.rogtecmagazine.com



MpombiluneHHOE OCcBOEHUEe
TpyAaHoOM3BNeKaeMbix 3anacos. [lpneneyeHne
MHBECTULWNIA U NepeaoBbIX TEXHONOINN

HEWDPTEIN)

” 3ANAOHAA CUBUPb 2014
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Cepeeli [lonykees, Onez Muxatinos, Hukonaii Hukonaee, [lasen 3asanvHoili,  AnekcaHop Onez lMpuwena, Anekceli Bapnamos,
3amecmumerns suye-npe3udeHm, suue-rlwzpesu eHm, 3amecmumerns Wnunemat, 2eHepanbHbll 2eHepasbHbil
2ybepHamopa bawHepmsb JIYKOWI, Teaceaamenﬂ oupekmop, oupekmop, oupekmop,

XaHmel- 2eHepasnbHebll omumema locoymer HALPH umeHu BHUTPU BHUIHU
MaHcutickozo P® no 3Hepzemuke  B.W. lnunemana

alhnexmop,
d8MOHOMHO020 PUTIK
oKpyaa - l0zpel

KJIFOMEBBIE TEMbI

3KOHOMUYECKUA U NONTUTUYECKNIN KOHTEKCT:
Y3HaliTe 0 MeXAyHapOLHbIX SKOHOMUYECKMX MepcrnekTnBax
TPW3 1 HETPaAMLMNOHHbBIX PECYPCOB, O FEONIOMMYECKOM U
3KOHOMMNYECKOM OCBOEHMN baxkeHOBCKOWM, AYUMMOBCKOW 1
TioMeHCKOI CBUT, 06 M3MEHEHMAX HANIOFOBOIo PeXnma v T.4.

LOEBATbI IMAEPOB! MNpucoeanHutech K AUCKYCCUN C
yyacTtrem pykosoguTenei lNpaButenbcTBa, JO6bIBaOWMX
KOMMNaHWM 1 npeacTaBuUTeNen Apyrnx 3anHTepecoBaHHbIX
CTOPOH MO BOMPOCaM CTPaTErMUyeCcKmx anbsaHCOB, SKOHOMUKN
NPOEKTOB, TEXHONOIMYECKNX TPYAHOCTEN, UHBECTULIMOHHDbIX
BO3MOXHOCTEN 1 TaK fanee.

BAXHO! UHOOPMALNA O NMPOEKTAX: pe3ynbraTtbl
anpobauuy NUAOTHBIX TEXHONOMUNIA, NEPCNEeKTUBbI U

CPOKM NyCKa O6BEKTOB B MPOMBbILLIEHHYIO SKCMTyaTaLuio.
NH$opmauus o KpacHoneHuHckom u Opososckom c8o0ax,
Cansimckux mecmopoxdeHusx, baxeHosckoli ceume u Opyaux.
OKynATCA N r’MraHTCKNE MHBECTULMN?

[06bluyn yrneBogopoaos B Poccuu.

OnNbIT PABOTbI MEXXAYHAPOAHbIX M POCCUNCKUX
KOMMAHWI: OnepaTtopbl 1 NOAPAAUNKI PacCKaXyT O
peanu3aLmm CAIOXKHbIX MPOEKTOB MO J06blUe TPYAHOU3BNEKAEMbIX
3aMnacoB 1 HeTpaAMLUOHHBIX pecypcoB B KaHade, BeHecysre,
WHOuu, Tamapcmare, Komu, Camape u m.0.

CMEUMANBHbIA ®OKYC! MEPEQOBbIE TEXHOJIOTMN N MYH:
BbICTYM/IEHUA BeflyLLVX ONepaTopoB 1 NogpaaumKkoB. Monyunte
camylo cBexyto nHpopmauuio!

MHBECTULMNOHHO-MPABOBbIE BOMPOCbI: uto gomkHO
npowu3onTK, 4Tobbl NpMBNEYL MHBECTOPOB? HoBOCTM 13
chepbl HANOroobNoXKeHNA, MMLEH3NUPOBAHNA 1 COGNOAEHNA
HOPMATUBHO-MPABOBbIX AKTOB.

CNAHUEBAA HE®Tb B LEHTPE BHUMAHUA! MoxeT nun
cnaHueBas HedTb cnacTyi MUp? AHanW3 3anexen ciaHyesou
Heghmu, oyeHKU 3anacos, pesyibmamos anpobayuu mexHono2uti
0obblyu.

“Korpga mMbl roBOpUM O TPyAHOM3BNEKaeMbIX 3anacax, Mbl UMeeM B By MecTopoxaeHns B 3anagHoun Cubupu.
B peirtuHre M3A Poccus 3aHMaET 1-e MecTo MNo oLieHKe 06beMOB 3aMacoB, KOTopble cofep»kaT, okosio 10 mnpg
TOHH HedTV. B NepcrneKTrBe IMEHHO Takne MeCTOPOXAeHMA ByayT COCTaBNATb 3HAUNTENbHYIO YacTb Oyayliei

PocHefipa akTMBHO 3aHMMAtOTCA MOArOTOBKOM NpaKTMuecKkor ¢pasbl ocBoeHuA. MnaHnpyeTca co3paTtb
NONUIOHbI MO OTPabOTKe TEXHONOMIA C yyacTneMm rocygapcTsa v KomnaHui, nytem M. Mol
paccmaTpuBaem BapUaHTbl, MPY KOTOPbIX rOCYAapCTBO OYAET yuacTBOBaTb B GUHAHCUPOBAHUM Hanpamyo”

Cepeeli [JoHckoU, MuHucmp npupoOHsIx pecypcos u 3koi02uu Poccuu

+44 207 39 43 090 - JIOHAOH — OCHOBHas NNHUA
+7 499 505 1 505 - MockBa

[etann Ha www.westsiberiaoilandgas.com
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Teopns U KONMHYECTBEHHbIE PaCHETbI 3TON TEXHOSIOMN
OCHOBbIBAIOTCS HA MOCTPOEHUN TOHHOW MaTeMaTN4eCKOM
MOLENN (Ha COOTBETCTBYIOLLEM CUMYNISTOPE) BCEW
ONHAMUNYECKOWM CUCTEMBI «CKBaXKMHA-3a00MHOE
YCTPOWCTBO-MNACT», KOTOPas y4UTLIBAET BCE €€
KOMMOHEHTbI. 9Ta MaTeMaTnyeckast Mofesb

NMO3BONSIET OCYLLUECTBUTL MPOBEAEHNE NOSHOMO aHanMaa
MPOLIECCOB, KOTOPbIE MPOUCXOOAT B CKBaXKMHE, B
Npr3abonHOM 30He 1 B MNacTe, YTO B CBOK OYepedb
MO3BONSET MaKCUMN3NPOBaTb AEOUT U YBENNHUTL
0obbi4y 6narogapst TOMy, YTO 3ab60MHOE OaBNeHne
noaaep>X1MBaeTCs Ha ONTUMalIbHOM YPOBHE B TeYeHMe
BCEWN »KN3HW CKBaXKUHBDI.

OcHoBHOe HoBoBBeaeH e TOP:

MaKCHMasbHbIM 0eBUT JOCTUrAeTCsa NPy ONpPeaeIEHHOM
3HaYEeHNN 3aB60MHOr0 AaBfeHMs, KOTOPOE TOYHO
BbIYUCIIAETCSA CUMYNATOPOM (BbIHNCIIUTENBHOM
MPOrpaMmMon) NN ONPEeaENseTCA NEPUOANHECKM
cHatnem VIK nnacta u BenmymHa KoToporo HaxoamuTcs
MeXXay HyJieM 1 MNacToBbIM AaBneHneM. OTa

BEMNYNHA HA3bIBAETCS ONTUMaSTbHBIM AABMEHNEM

PonT (®ur. 1), [5]. Ecnn 3aboliHoe aaBneHve nagaet
HKE OaBNEHNST HACBILLIEHWS, TO OTHOCUTENBbHAS
MPOHMLIAEMOCTb Nf1acTa No HeTW HAYMHAET NafaTth B
Npr3aborHONM 30He MNacTa, MOCKOJIbKY YBENHMBAETCS
€€ rasoHacbILLEHHOCTb 13-3a rasa, BblAENMBLLErOCS U3
HedTW. BA3KOCTb HEPTU NpK 3TOM TaKXKe YBENNYMBAETCSH
n3-3a e€ gerasaumm. 310 MPUBOOUT K YMEHBLLEHNIO
KOa(hULMEHTA MPOAYKTUBHOCTM MacTa, MOCKOMbKY
3P PEKT YMEHBLLIEHNS KOSPPDULIMEHTA MPOLYKTUBHOCTA
CUTbHEE CKa3bIBAeTCH Ha BeMYMHE AebuTta HedhTn, Yem
yBeMHMBAIOLLIAACS Npu 9TOM denpeccus. B pesynstate
YMEHbLLIEHME 3aD0MHOMO AaBNEHNS HIKE AaBNEHNS
HaCBILLEHWS 1 HVDKE OMTUMAaSTbHOMO AaBNEHNST MOXKET
MPUBECTUN K YMEHBLLIEHWNIO Ae01Ta, a HE K YBEIMYEHNIO,
BOMPEKM TOMY, YTO MPOrHO3MPYET LUMPOKO NMpUMEHsIeMast
mofenb dorens.

Taknm 06pasdom, Npu MOCTEMNEHHOM YMEHbBLLEHNM
3ab00MHOr0 AaBfeHVs 13-3a YBENMHEHNS [enpeccum

B nmnacte AebuT cHavana yBenmdmeaeTcsa. OgHako
Ha4MHasi C oNpeaeneHHoro AaBneHnst (Ha3biIBaeMOro
ONTUMasbHbIM) AEOUT HEPTN HAYMHAET YMeHbLIATLCS,
HECMOTPS Ha yBeMYeHne Oenpeccum, YTo, Kak yxxe
OTMEeYasnioCh, MPOTUMBOPEYUT LLMPOKO N3BECTHOW MOAENN
dorens. MNpryrMHON 3TOro ABMAAETCA TO, YTO NOCHe

TOro Kak onTuMarnbHoe 3aboHOe AaBfeHME OOCTUMHYTO,
BIIMSIHVE YMEHBLLIEHNST KOS(DMULIMEHTA MPOAYKTUBHOCTU
Ha 0oOblHY CTAHOBUTCS AOMUHNPYHOLLM.

daKT cyLLEecTBOBaHWSI ONTUMAabHOMO AaBeHNUs
Bbl1 OKA3aH Kak TEOPETUHECKN, NPV MOMOLL
PELLIEHNST CIOXHOW 3a1a4M MaTMOAEIMPOBaHIIS
CUCTEMbI «CKBaXKMHA-MNAaCT», Tak U NPaKTUHECKM,
MyTEM NPOBEAEHUS MOJSIEBbIX SKCMEPUMEHTOB. ITO
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This is called the optimum value Popt (Fig.1), [5]. If the
bottom-hole pressure value drops below the bubble-point
pressure, then the relative permeability of the reservoir ail
starts dropping in the bottom-hole formation zone, whereas
its gas saturation grows due to the gas separating from the
oil. Qil viscosity then increase as the well, due to degassing.
This leads to a reduction of productivity. As a result of this,
a reduction in the bottom-hole pressure to below both the
bubble-point and the value of optimal pressure may lead

to a reduction of flow rate, not an increase. This is contrary
to the conclusions that were presented by the widely used
Vogel Model.

With the gradual reduction in bottom-hole pressure due

to the increased drawdown in the reservoirs the flow rate,
at first, increases. However, if we start from the optimal
pressure point, the flow rate starts to decrease in spite of an
increase in drawdown, which, as mentioned above, is contrary
to the Vogel Model. The cause of this is that after optimal
bottom hole pressure is achieved, the effect of the reduced
productivity index on the production becomes dominant.

Pbot A

Pr1

P Psat

Mpennaraemast Mogenb
Pf3 The Offered Simulant
Popt(t)
Pta
Kpueas ®orens

Popt Vogel's curve

oy

Qreal Qmax Qvogel

®ur. 1: IHovkaTopHas KpvBas nacTa

Fig. 1: Pressure flow rate relationship of reservoir

We can see from the above that the optimum pressure
value was proved both theoretically and in practice. It
depends on the reservoir characteristics (permeability,
porosity, saturation and pressure) PVT —fluid characteristics
(R,(P,T) — solubility of gas in oil; Bg(P,T) — gas compressibility
factor; u (P,T) — oil viscosity; LI,Q(P,T) - gas viscosity) and
various other characteristics of the well-formation system.

The maximum flow rate can be achieved by maintaning
the drive, which minimizes the negative effects in the

www.rogtecmagazine.com
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B [OBblHA

ONTUMasIbHOE AaBfieHNe 3aBMCUT OT NapPamMeTPOB
nnacta (MPOHMLIAEMOCTb, MOPUCTOCTb, HACBILLEHHOCTb
v nasnexue), PVT - xapakTtepucTuk ronga (R (P,T) -
PacTBOPUMOCTL raga B HedpTu; B (P,T) - KoathpuumeHT
CXKNMAEMOCTUN HEDTU; Bg(P,ﬂ - KO3 PULMEHT
CXmMaemocTu rasa; U (P,T) -BaskocTb HedTw, ug(P,T)

- BASKOCTb rasa) 1 Apyrnx XapakTepucTK CUCTEMBI
«CKBaYKMHa-MnacT».

MakcrmManbHbIn 4ebUT JOCTUraeTCsa NyTEM NMOAAEP KaHNS
pexvMa naacTa, B KOTOPOM MUHUMU3NPYIOTCS
HeraTuBHble 3hdeKTbl B Mpr3abonHom 30He (Pur. 2). 3Tn
HeraTnBHble aeKTbl BOSHUKAIOT M3-3a 06pasoBaHNs
CKUH-ahdhekTa (13-3a MPUCYTCTBUA rasa B CBOOOAHOM
daze, KOTOPbIV MPU CHKEHWN JABNEHWS H/KE OaBNEHNS
HaCbILLEHNST BbIAENSAeTCa U3 HedT 1 GIOKMPYET ee

MOTOK), BO3HUKHOBEHWS Fa30BbIX 11 BOASIHBIX KOHYCOB,

a Takke 13-3a PopMMPOBaHUSA BON3M CKBEDKMHBI 30H
BSSKOW OerasnpoBaHHON HedTW. [pr 3TOM YBENMHMBAETCS
ra3ocofepxaHve NpoayKLUmn, T.K. yBENMYNBAETCA
OTHOCUTENBHASA MPOHMLIAEMOCTb MNPN3aboMHOM 30HbI NiacTa
1 CHKAETCHA KO3PULMEHT HedhTeoTAauM NnacTa.

OTMETUM, YTO UCMONB30BAHME AAaHHOM TEXHOOMN
3amMenNIseT nafeHvie NacToBOro AaBfeHNs 3a CHET
YMeHbLLEHNSA paHHEero BbIXO4a rada 1 Bodbl U3 nnacra.
Mpn 3TOM ymMeHbLUaeTcsa BenuynHa . 370, B CBOKO
oYepelb, NPOLNEBAET XKU3Hb CKBaXKVHbI U YBEIMHYNBAET
KO3 PULIMEHT HedTeoTAaYN.

AHaNorNYHbIN 3PPEKT OOCTUrAETCA B ra30KOHAEHCATHBIX
CKBavKMHaX: onpeaenssi ¢ MoOMOLLbIO cneLyvansHO
CO3AaHHbIX CUMYNATOPOB KPUTUHECKYHO BENNHNHY
3ab0NHOro AaBneHusl, MPU KOTOPOW BO3HUKAET
PETPOrPagHOE BhiNaAeHNE KOHOEHCaTa B BUAE XXUOKOCTU,
Mbl MOBbLILLIAEM 1 NOAAEPXXMBaEM 3ab0HOe AaBneHue
Tak1M, NPY KOTOPOM MPONCXOANT 0BPaTHbIN MEPEXOL,
KOHOEHcaTa 13 XXMOKOro B rasoobpasHoe CocTosiHNE. B
pes3ynbTaTe CHMMaETCst BIOKMPOBKa NnacTa.

[MprBEOEM CMNCOK anbTePHATVBHBIX MPVMEHEH

TOP ong yBennyeHus nebuta HedTh 1 NOBbILLEHWS
HeTeOoTAauM CKBaXKMH

1. MNoppep>kaHne 3aBONHOIO AABNEHNSI B CKBaXKMHE Ha
npensapuTesibHO PACCHUTaHHOM OMTUMAabHOM YPOBHE
PonT ons nonyyeHnss MakcMMarbHOMo TeKyLLEero aebuta
HedTW 1 NOBbLILLEHNS KOHEYHOW HedhTEOoTAauM NnacToB
0151 CKBa>KMH, YOOBMETBOPSOLMX KpuTepusam TOP-
MPWAOXEHUI. 3TO B OCHOBHOM AOCTUraeTCsl 3a CHET
ClenyoLLmX SBAEeHURA:

a. YMeHbLLEHNS CKNH-adheKTa B 6/VKHEN 30HE
CKB2XXWHbI;

D. CHKEHMA BOOSHBIX/Fa30BbIX KOHYCOB, BO3HUKLLMX B
OnvKHe 30He NnacTa;

C. NOAAEPXKaHNS XOPOLLEN NOABUXKHOCTU HETH,
HeobxoanMon s 3 EEKTUBHOIO NPOM3BOACTBA NMYTEM
PaCTBOPEHMS NIMLLIHErO ra3a B Npr3abonHOn 30He nnacTa.
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bottom-hole zone (Fig.2). These negative effects arise due
to a buildup of the skin-effect (because the gas is in free
phase and after the pressure drawdown gets below the
value of the bubble-point pressure, separates from the oil
and obstructs its flow), factors of gas and water coning,

as well as due to formation of zones of viscous degassed
oil near the well bore. The gas content of the produced

oil then increases because the relative permeability of the
bottom hole formation increases, as the producible oil index
decreases.

We should note that when this technology is implemented,
it slows down the rate at which the reservoir loses pressure
because it minimizes early gas and water disengagement
from the reservoir. Because of this the GOR value goes
down. This, in turn, extends the life of a well and improves
the oil recover factor.

A similar effect is achieved in gas condensate wells:

by determining, with the computer models, the cut-

off value of the bottom-hole pressure, at which the
retrograde dropout of the condensate as a liquid occurs,
we increase and maintain the bottom-hole pressure at
the level at which the condensate reverts from a liquid
to gaseous state. As a result, the formation blockage is
removed.

List of Alternative Applications for TOP

1. Maintenance of bottom-hole pressure in order to
maximise current production rates achieved by -

a. reduction of skin-effect within the near field of a well;
b.reduction of water/gas coning which emerged in the near
field of formation;

c. maintenance of good oil mobility which is necessary for
efficient oil production

There are many wells around the world that would
benefit from this technology, and with gas to oil

ratios increasing due to increased drilling depths,

this number is only going to grow. The ratio of gas to
oil also increases with the age of the well. So some
wells that may not need the implementation of TOP
technology today may well benefit from it in the future.
Geographical targets for this technology include Russia,
Mexico, the North Sea and the Middle East. The trend
of the increased gas-to-oil ratio and the water content
is mentioned in multiple professional articles on

this subject.

2. An increase in productivity in a nearby field due to

a reduction in skin effect and minimizing water/gas
coning by placing a downhole device for a short period
of time. Following this, we will withess an increase in the
current flow rate — there are cases of this positive effect
at an offshore well in the Gulf of Mexico. This increase
in productivity is similar to the effect that takes place
following hydraulic fracturing.

www.rogtecmagazine.com
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Perctpupyitech Ha KOHGEPEHLINIO TpUHAMakOLLBS CTOPOHa

N BbICTaBKy cendac!

OdmumanbHas nogaepxka - reHepanbHbi cnoHcop Shell.
MapTHepbl npoekTa: MuHucTepcTeo EHepreTukm Pecnybnvkm
KasaxctaH un Acounauna KAZENERGY. Kacnuiickas
TEXHMYecKas KOHepeHLUMsS NpeaocTaBmT BO3MOXHOCTM Ans
COBMECTHOIO 06CYXOEHUSI KOHKPETHBIX BOMPOCOB A400bI4M
HedbT 1 rasa B KasaxctaHe n Kacnmnckom pervoHe.

[naTtMHOBLIN CNOHCOP

Co-npeacepnatenb npoekta Kamnoenn Kenp — FeHepanbHbIN
ampekTop 1 MNpegcenarens koHcepHa «Shelly B KazaxctaHe,
a Takke Y3akbarn KapabanuH —IlepBbii Buue-MuHucTp
MwuHucTepcTBa EHepreTukm Pecnybnuvku KazaxcraH.

O meponpuaTun

[ns npocMoTpa TEXHUYECKOW NPOorpaMmMbl KOHpepeHLIMn 1
perncTpauum Ha BbICTaBKY MPOMAUTE NO CChINKe e
WWWSpeOI'g/gO/CTCE1 4Reg3 Pecny6nuku KazaxcraH




B [JOBbl4A

ECTb MHOIO CKBaXKMH MO BCEMY MUPY, KOTOPbIE
noaxoasT OJ1st STON TEXHOOMMMU, N KONIMHECTBO TaknX
CKB&XXMH MOCTOSIHHO PacTeT, Tak Kak riybuHa BypeHus
YBESIMYMBAETCH, T. €. ra30Bblil (DaKTOp BO3pACTaeT.
Korga CKBaXknHbI CTAHOBATCS CTapLue, YBENNYMBAETCA
rasoBbIi akTop, MOSTOMY EC/IN CErOAHS 3T CKBaXKMHbI
He aBnaTCa nogxoaawumm ans TOP, oHM MOryT ObITb
nPUroaHsbl B caMmoM Brivpkaiilem oyayliem (Hanbonee
BEPOSATHbIE PernoHbl — Poccust, Mekcrka, CeBepHoe
Mope, BrvkHun BocTok). 3Ta TeHaeHums
YBENMMYEHMSA ra30BOro hakTopa 1
BOOOCOOEPKAHMS YTOMUHAETCA B
MHOMOYUCIEHHBIX MPOMECCUOHABHbBIX
nyGnmKaumsix No STOMy BOMPOCY.

2.BoccTtaHosneHne KoahdpuumeHTa
MPOOYKTUBHOCTY B Dnn3nexxallemn 30He
CKBaXKWHbI 38 CHET YMEHbLLEHUSI CKUH-
ahdeKTa 1 CHKEHNST BOOSAHbIX/ra30BbIX
KOHYCOB MyTEM MOMELLIEHVS CKBaXKVHHOIO
npubopa B CKBaXKMHY Ha OTHOCUTENBHO
KOPOTKUI Neproa BPEMEHN, a 3aTeEM
yoaneHuns ero. [Npu SToM nonyyaem
yBENMYeHWe TekyLlero gebuta Hedpu
(eCTb MpaKT4ecKme NPUMEPbI 3TOrO
MONOXNTENBHOIO 3dhdekTa Ha OPLLIOPHON
CKBaXKWMHE MOJTyYeHHble B MEKCUKAHCKOM
3anvBe). T.e. BO3HMKaET adhdexT
BOCCTaHOBJEHMS MPOOYKTUBHOCTM
CKBaXKMHbI, MOXOXWIA Ha 3PAEKT,
BO3HVKAOLLMIA MNOCHe Mapopaspbisa

3.Wells that have previously been shut down due

to extremely high GOR, above 104m3/m3 can be

revived using this technique. One such example was in
Turkmenistan, when a previously shut-down well (#469)
started producing 12 to 15 tons of oil per day, after the
TOP device was installed (3 months later the well was shut-
down due to its inefficiency and high GOR value).

4. Well stabilization, which can increase production [2].

nnacra.

3.0XMBNEHNE “MEPTBbIX CKBaXKMH",
KOTOpbIE ObIN 3aKPbIThI 3-3a
Ype3BblHaNHO BbICOKOro I'® > 104 mM3/M°.
Bbin Takon cnyyan npumeHeHns TOP B
TypKMeHWCTaHe, Korga paHee 3akpbitas
ckBaknHa (Ne 469) Havana NpPou3BOANTb

Qur. 2: HeratmBHble 3hdeKTbI B Mpr3abonHom 30He niacTa. Ha
PUCYHKE: 1 — CKBaXKMHA, 2 — YCTbEBOW LUTYLEP, 3 — 3abonHOE
YCTPOWCTBO, 4 — ra3oBbil KOHYC, 5 — BOASIHOM KOHYC, 6 — M1acT,
7 — y4acTKuM niacTa C MasIonoaBMKHOM BASKOM HEDTHIO

Fig. 2: Negative effects in the bottom-hole formation zone. In figure: 1 —
well, 2 — wellhead choke, 3 — downhole device, 4 — gas coning,

— water coning, 6 — formation, 7 — regions of reservoir with low work-
ability viscous oil

12-15 TOHH HedTU B AeHb NOCAE TOro
kak TOP-MHCTPYMEHT Bbin yCTaHOBNEH
(cnycTs 8 Mecsilia mocne Toro, Kak aTa CKBaxkuHa bbina
3aKpbliTa n3-3a HeaHEKTUBHOCTY 1 BonbLLOro D).

4.CTabunnzaums pexxmnma padoTbl CKBaXKMH, KOTopast
MOXXET [aTb 3HAYNTESbHBIA MONIOXKUTENBHBIN SPEEKT Ha
006bl4y HedpTw [2].

5. Bbnaropgapst adhhexTam, NepeHnCrieHHsIM Bbille B MyHKTax
1-4, TOP MoXeT ObITb 3thheKTMBHO 1CMoNb30BaHa asist
Npon3BoaCTBa He TN 13 HEITAHBIX OTOPOHEK ra30BOro
nnacta. Peyvb nget o Munnapaax TOHH HehTU, KOTOpbIE He
MOryT BbITb A06LITbI B HACTOSILLIEE BPEMS 13-3a OTCYTCTBUS
NOOXOAsALLEN 3PEKTUBHON TEXHOMOMMN.

6. TOP no3BonseT yBeM4nTb NPOM3BOACTBO He(TU
Ha HaCOCHbIX CKBaXKMHAX, KOTOPbIE YacTo He MOryT
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5.Due to the above mentioned effects, TOP can be
efficiently utilized for oil production from oil layers within
gas fields, that contain oil with high gas factor. There
are billions of tons of oil at stake here, which cannot be
recovered so far as no suitable efficient technology is
currently available.

6.The TOP makes it possible to increase production wells
that use sucker rod pumps and ESPs, which can be
inefficient in high GOR environments. The application of well
logging devices based on the TOP technology contributes
to the solution of this problem.

7.Increasing flow rates at gas condensate fields. This

technology is effective at reducing skin effect that can take
place in adjacent fields due to the drop out of liquid

www.rogtecmagazine.com
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B [JOBbl4A

ObITb OOJIKHbIM o6pa30M MCroJib30BaHbl 5000

3-3a HECMOCOBHOCTI LUTAHIOBbIX Y
SNEKTPUYECKMX HACOCOB paboTaThb B
HY>XHOM PEXUME MPU BbICOKMX [D.

4500 -

4000 -

——1
—m-2
—4—3

MepekintoyeHne B oNTUMasbHbIA PEXIM
Switchover to optimum drive

ICnonb30BaHne CKBaXKMHHBIX CUCTEM
3500

chnexeHnsa Ha ocHose TOP-TexHonormm
MOMOraeT B PeLLEHUM STOro BoMnpoca.

.

3000

7.YBenuyeHve neburta Ha
ra30KOHAEHCATHbIX MECTOPOXAeHWsX. Kak

2500

2000

1 B HE(DTHAHBIX CKBEXKMHAX, HacTO UMEET
MECTO CKUH-3(MEKT NOABNSIOLLMNINCS
B ONM>KHEN 30HE MnacTa CKBaXKMHbI

1500 A

Plpsi]. Q [bbl/day]. ro cft/bb]

seseseseddecceciocee

6narofaps BbiNnageHMo KOHOeHCaToB 1000

B BMAE XWNOKOCTN. MOXHO nokasaTb,
500

4TO B 9TUX cliydasx VIK Takxe nmerot
MaKCUMYM, TO eCTb CyLLECTBYET 0

ci.occco.oc

onTuManbHoe 3aboHoe gaBneHve. Ecim 0.00
3TO OaBfieHVe NoaaepXNBaeTcs, oeduT
KOHAeHcaTa 1 KOHEe4YHbIn Koo pULMeHT
KOHAeHcaTooTAauM MOryT ObiTb
yBEeSIMHEHbI 1 OMTUMUSMPOBAHBI.

PagpaboTaHHble MaTemaTuyeckme Mogem
TakKe NO3BONSAOT TOYHO BbIHUCUTD
ONTUMAaTBHBI PEXXUM A1 CYLLECTBYIOLLMX
rnapameTpoB Mnnacta 1 BCEN CUCTEMBI, C
TeMm 4ToObl 06eCneqnTb MakCMasbHYHO
006bl4y. Kpome BblHMcaeHms PonT,

3TV MOLENM N COOTBETCTBYIOLLNE
KOMIMBIOTEPHbIE CUMYIATOPbI MO3BONSAOT
OMPEneUTb APYrne NapamMeTpbl
ONTUMAasbHOro PexxrMa PaboTbl CKBaXKMNHbI (OMTUMaUTbHbIN
Hanop AN rasnmdTa, MOLHOCTb Hacoca U T.4.), BbIMUCIUTD
Ba>KHbIE NapaMeTPbl KOHCTPYKLM NMOBEPXHOCTHbLIX

1 MOrpy>kaeMbIx YCTPONCTB, a Takke npeackasarb
OXXMOAEMBIN MPUPOCT J00bIHN HEPTN. STV BbICOKOTOHYHbIE
CUMYIIATOPbI TakXKe MO3BOJIAKOT MPOBECTU ONArHOCTUKY
TEKYLLIEro COCTOAHNSA CKBaXKWHbI U NMpeackasaTb

OVHaMUKy ee noBeaeHns B ByayLLeM, BKIKOHas ANHAMUKY
N3MeHeHns gebuta HedTn, pacnpeneneHnst aBneHns

1 ra3oHachbILLEHHOCTM B nnacTte, [P v koadhduumeHTa
HebTeoTAaqm nnacta (Ha dur. 3 npreeneH Npumep
MaTMOLENMPOBAHVA Takoro Cy4asi).

KpaTkoe onmcaHme 1crnosib3yeMon MaTeMaTnyecKom
MoZenn npueeneHo B lNpunoxeHun 1.

TOP oTHOCUTENBHO NErKO Peann3yeTcs MyTem
MCMONb30BaHNs CMyCKAeMOro C MOMOLLBIO Tpoca

Ha 3ab0W CKBaXXMHbI CNeymanibHO paccHUTaHHOrO
YCTPOWCTBA, KOTOPOE MO3BOSIAET adanTVBHO YNpaBnsTh
3ab0VHbIM OaBneHEM BO BPeMs 400bIHN. 3TO
YCTPOWCTBO aBTOMAaTN4eCK1 NOAOEPKMBaET 3ab0MHOe
OaBNeHVe paBHbIM NV BAIN3KUM K OMTUMaSIbHOMY
JasneHuo Pont.
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KoadmumeHT HedbteoTaaum / Oil Recovery Factor

®ur. 3: PesybTarbl KOMMALIOTEPHORO MOAENMPOBAHMIS:

1 — pebut HedbT*10 (Q), 2 — TD/10, 3 - TD/10, 4 — nhacToBoE
nasnexHue (P)

B 3aBMCUMOCTU OT KO ULMEHTA HEDTEOTAAUM

(1artm=15psi, T M

6.3 6app, 1 M 5.6 kyb. dyT1/6app)

Fig. 3: Computer simulation results:

1 - oil flow rate*10 (Q), 2 — GOR/10, 3 - GOR/10, 4 — formation
pressure (P) according to oil recovery factor

(1 atm =15 psi, 1 m® = 6.3 bar, 1 m¥m® = 5.6 cu ft/bar)

condensates. If the optimum bottom hole pressure is
maintained, the condensate recovery rate can be increased
and optimized.

Current mathematical models make it possible to accurately
identify the existing reservoir characteristics, with a view to
maximizing production.

In addition to calculating the value of Popt, these models
and computer programs enable us to determine other
characteristics such as the optimum pressure for gas

lift, pump output, etc, and to calculate other essential
characteristics of design of the surface equipment

and submersible devices, as well as forecasting the
expected increase in oil production. These highly
accurate simulations make it possible to run diagnostics
to test the current state of the well and forecast its
future performance, including changes in oil production,
distribution of pressure and gas saturation within
formation, GOR value and the oil recovery factor of
formation (in Fig.3 you can see a sample of mathematical
modeling of such case).

A brief summary of the mathematical model used is
presented in Appendix 1.

www.rogtecmagazine.com



PRODUCTION

CHadana ckeaxkmHa paboTana B HEONMTUMAIbHOM PeXXMMe
(P3ab = Ponr); 3aTem oHa Oblna NepekntoyeHa B NoYTH
onTUManbHbIM PEXM, Korga P3ab noanep XmMBaseTcs
6n1M3KO paBHbIM K PorT.

HekoTopbie pe3ynbTathi NpuMeHeHua TOP Ha npaKTUKe
1) CkBaxxuHa A1, KOro-BocTouHasa Asuna B 2008 roay
(®ur. 4). B pesynbtate npumeHerua TOP (cm. [5)):

» [obbl4a yBenndeHa ¢ 23.5 0o 50.5 M° B feHb

» ['® ymeHblLUeH ¢ 6864 m3/m® oo 2221 m3/m®

» Bopgocogep»aHie ymeHbLIeHo ¢ 27 % 0o 5 %

» KOadhpuUMEHT HeTEOTAAUM SHAYUTENBHO
YBENMHWIICS, MOCKOSBbKY CKBaXKHA bblia
CTabunmampoBaHa 1 yMeHbLLEeHbI [ D 1 Bopocoaep»kaHne

» 3a oBa Mecsila 4o6bITO AOMONMHUTENBHO HedTI:
1816 M® (Ha cymmy 6onee $1,000,000)

2)['nybokas (bonee 4 KM) ohLLOpHasA CKBa>KMHA C
rasnmdTom B MeKCKaHCKOM 3annBe. bbinn nosyyeHs!
cnegyroLlme peaynstaTtbl (CM [5]):

» ['® ymeHblLUeH ¢ 586 0o 227 m3/m®

» Nebut yBenmyumnca ¢ 19.2 0o 26 m3
B O€eHb

» BopoconeprkaHve ymeHblleHo ¢ 9.5 %

00 0.43 %

» [Nocne cHatus ycTponctea TOP co
CKB&XXVHbI ObIJ10 3aMeYeHO BHE3arnHoe
yBenuyeHre aebuta, MOCKOSbKY
TOP nomorna o4McTUTb MPr3aborHyHo
30HY OT ra30BbIX 1 BOASHBIX KOHYCOB,
YMEHbLLMMA BA3KOCTb HEPTU U
yAyyLInaa NPOHNLAEMOCTb STOM 30Hb!

The TOP technology is relatively simply implemented

by using a specially designed device placed downhole
with the use of a cable which would enable adaptive
management of the bottom-hole pressure during the
course of oil production. This device automatically
maintains the bottom hole pressure as equal or close to
the optimal value of Popt.

At first, the well was not put into operation in optimal drive
mode (Pbh = Popt); however afterwards it was switched
to a state nearing optimal drive, when Pbh was maintained
closely equal to Popt.

Here are some results of the application of the TOP technology

in practice

1) Well A1, South-East Asia, 2008 (Fig.4). As a result of the

applied TOP technology (see [5)):

» Production increased from 23.5 to 50.5m8 per day

» GOR decreased from 6864m3/ms to 2221m3/m?

» Water content decreased from 27% to 5%

» Qil recovery factors considerably increased, since the
well was stabilized and GOR and water content had
been decreased

» Incremental ultimate recovery of oil amounted for
2 months to: 1816 m® (Over $1,000,000)

[Oe6ut HedbTu, F'P 1 BogocoaepxaHne B 3aBMCUMOCTU OT BpeMeHU pa3paboTku
Oil Flow Rate, GOR and Water content according to time of development

—— [ebut Hedi, Bapp/cytku / Oll flow rate, bar/day
—a— [D/50, M3/Mm® / GOR/50, m*¥/m?

—e— BopoconepxxaHne*20, m3m® / Water content*20, m°m?

*ﬂw w\ el oo i

1 ‘%O”"W}OOOJ

600 -
no HedTW, B TO Xe BpeMs yXyaLLnB
MPOHMLIAEMOCTb MO ragy. 500
400
3) CkBarkmHa 289 B Y3bekumcTaHe J
(MecTopoxxaeHue Kokaymanak) 8 2001 - 300 #
2008 ropgax, [5]. 200
» licnone3oeaHne TOP yBenm4ymnno 100
eXeAHEeBHYO 006bI4y Ha 18 %, co

123.8 0o 146 M® B AeHb, YMEHbLLINIIO 0
F®Ha 15 % ¢ 1071 go 803.6 M3/M3, n
coaepXaHve Bodbl CHU3MIOCh A0 Hyss. QT TN

» YcTponcteo TOP 6bIno yCTaHOBNEHO N
Ha 3aboe B HK Tpybax ang
noaaep»XaHust ONTUManbHOro
3ab0MHOro AaBneHns 1 cTabunmaaumm
J0DObI4M U3 CKBaXKMHbI.

» Bbl1 yMeHbLUEH CKUH-3MEKT B N
pr3aboVHOM 30HE, a TaKkxKe
YHUYTOXXEHbI Fa30Bble 1 BOAAHbIE
KOHYCbI B NepdopaLmOHHON 30He.

» Vlcnonb3oBanue yctporctea TOP
Nno3BonnIo A0ObITb AonoNHUTENbHO 5952 M3 HedbTw 3a
OEBATUMECSHHbBIN Nepurom,

» 3a 7 net npumeHeHust TOP ckBakmHa gana
OonoNHUTENBbHO HeTU Ha 10 MAH 4ONIapPOB.
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dur. 4: Pesynbtarsl T ectypoBaHua TOP (ckBavkiHa A-1, KOro-BocTouHas A3vs)

Fig. 4: The TOP technology test results (well A-1, South—East Asia)

2) Deep offshore well (over 4 km) with gas lift in the Gulf of
Mexico. The following test results have been achieved (see [5)):
» GOR was reduced from 586 to 227m®%/m?

» Qil flow rate increased from 19.2 to 26m?® per day

» Water content decreased from 9.5% to 0.43%
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4)Vcnbirannsa TOP Ha ckBaxkiHax Y3bekuctaHa » After the TOP device was extracted from the well we
NOATBEPANIN S(DDEKTUBHOCTL TEXHONOrMN MPY noticed that the flow rate suddenly increased as the TOP
M3BNEHEHUN HEPTI 13 HEPTAHOM OTOPOUKU. helped to prevent the downhole gas and water coning,

reduced the viscosity of oil and improved the permeability
of ail in this zone, as well as decreasing the permeability
of the gas.

B 2011 rogy Ha ckBaXKunHe, 0obbiBaBLLen 6 TOH ¢ [,
paBHbiM 30000 M3/M3 1 Bogocodep»xaHnuem bonee
20 %, NyTEM yCTaHOBKM creunanbHO pacCyHMTaHHOro

3a6OMHOrO yCTPOVCTBA YAANIOCH NOBBICATE AEOUT 3)Well 289 in Uzbekistan (Kokdumalak field) & 2001 -2008 [8].

HeT Ha 50 %, CHU3MTL BOAY A0 7 %, aT® » The application of the TOP technology increased

YMEHBLLIMTE BABOS. daily production by 18%, from 123.8 to 146m® per day,
decreased GOR by 15% from 1071 to 803.6m3/m?, and
the water content dropped down to zero.

» The TOP device was installed at the bottom-hole in the
tubing string to provide optimal bottom-hole pressure and
stabilizing the upwelling.

5) YcnewHoe npumeHerHne TOP 6b1no npoBeaeHo B
2014 rony Ha OByX CKBavKMHaxX ra3oKOHAEeHCaTHOro
MECTOPOXOEHUM B Y30eKkncTaHe.

B tabn. 5a, 58 1 Ha dur. 56, 5r nprBedeHbl Mosly4eHHble

pesynbTaThl. , ,
» Skin-effect decreased in the bottom-hole zone, and gas
HepBag CKBa)KMHA — ,D,e6V|T KoHAeHcaTa yBenM4mnncs ¢ 27 and water Conihg was eliminated in the perfora’[ed sector.
TOHHbI 4O B CpeaHEM 4.76 TOHHbI B [OeHb. » The utilization of the TOP device made it pOSSible to
incrementally produce 5952m? of oil for a 9-month
OuameTp period.
Nata AebuT xupkmnx wTyLepa, » Over the course of 7 years, as TOP technology was
rnApokap6oHos, T/cyT MM applied, the well increased produced oil to the value of
2014/02/26 2.31 10 min. USD.
2014/03/05 2.46 9 4) Testing of the TOP at wells in Uzbekistan proved the
2014/03/18 2.67 10 efficiency of the technology of oil recovery from the layers
2014/03/27 3.46 10 containing high gas factor.
A specially designed downhole device was installed in
2014/04/01 5.35 " 2011 at a well with a production rate of 6 tons, a GOR
2014/04/08 5.23 11 equal to 30000 mé/m? and the water content of 20%.
The oil flow rate increased by 50%, the water content
2014/05/03 2.12 1 went down by 7% and the GOR was reduced twofold.
2014/05/04 6.59 10
2014/05/06 4.98 10 5) TOP technology was succesfully implemented in 2014
2014/05/15 6.72 10 at two wells in a gas condensate field in Uzbekistan.

The findings are presented in tables 5a, 5¢ and in

Liquid hydrocarbons di(;r:ekt(:;r

PesynbTathl VicnbitaHus YctponcTtea TOP, CkeaxxmHa No.23 12 [, e e el

8 | 2014/02/26 2.31 9

: 2014/03/05 2.46 9

5 2014/03/18 2.67 10

; , [ osmecrrouns 2014/03/27 3.46 10

\ | AONT XnaKnx

2 IS 2014004001 5.35 11

1 _

0 , TR oo 2014/04/08 5.23 11
8§38 28882885 3 2014/05/03 2.72 11
888383333388
IS IIIIIITIITIT 2014/05/04 6.59 10
S8 SIS RKKR 2014/05/06 4.98 10

B [Jebut »1aKux ruopokap6oHoB, T/cyT 2014/05/15 6.72 10
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fara L.ebnTt Xuokux ﬂ:;r:;:
rmopokapboHoB, T/cyT ™ ’
2014/02/27 3.73 13.2
2014/03/06 3.62 13.2
2014/03/17 3.92 12.8
2014/03/27 14.18 12
2014/04/02 16.94 12
2014/04/09 10.66 12
2014/04/17 3.63 13.2
2014/04/23 5.99 13.2
2014/04/24 6.22 13.2
2014/04/30 8.03 13.2
2014/05/01 6.71 13.2
2014/05/18 5.26 12.2
2014/05/14 6.48 12.2

Ta6bn. 5B

PeaynbTathl VcnbiraHns Yctporictea TOP, CkeaxxuHa No.77

18 CpenHecyTouHbI

: NE0UT XUOKUX
rMapokap6oHoB nocne
/| yCTAHOBK yCTpOIiCTBa
TOP =8.18 1/cyT

2014/02/27
2014/03/06
2014/03/20
2014/03/27
2014/04/03
2014/04/10
2014/04/17
2014/04/24
2014/05/01
2014/05/08
2014/05/15

)
<
=
I
<
3
=
)
I

I 0ebut }uoKrux ropokapboHoB, T/cyT

BTopas ckBakmHa — 0ebunt KoHaeHcarta yeenudunics ¢ 3.9
TOHHbI A0 8.18 TOHHbI B AeHb.

[NocnenHvie ncribitTaHns fokasasim 3(hMheKTMBHOCTE
npumeHeHns: TOP 7151 406bi4m HEGDTY 1 KOHAeHcaTa 13
OTOPOYEK ra30BbIX 1 ra30KOHAEHCATHBIX MECTOPOXXAEHW.

B Mmupe (n B Poccum B HaCcTHOCTU) CyLLIECTBYET OrPOMHOE
KOJIMYECTBO ra30BbIX MECTOPOXKAEHUN, NMEHOLLINX
HeMTAHble OTOPOYKM. [TpK 3TOM OO CUX NOP He
CyLLEeCTBYET 9OPEKTUBHON TEXHOOTN, MO3BONAOLLMX
006bIBaTh U3 HNX HEPTb. CHATNE BNOKNPOBKM XKNOKM
KOHOeHcaToM 3a60s1 ra30KOHAEHCATHBIX CKBaDKMH TakKe
SABASIETCS BaXKHbIM cBoMCTBOM TOP-TexHonormu.
Brenperne TOP-TexHONOrMM MOXET MO3BOMNTb PELLUUTL
3TV NPOBNEMBI U MOMNYHYUTb AOMONHUTENBHO MUNNOHDI
TOHH BbICOKOKa4eCTBEHHOW HEDTW N KOHOEHCaTa.
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TOP Device test results, well 23

.| Average dalily flow rate
% | of liquid hydrocarbons
Y after the TOP device
was installed

=4.76 T/cyT

2014/02/26
2014/03/19 -
2014/03/26
2014/04/02
2014/04/09
2014/04/16
2014/04/23
2014/04/30

0
<
[o2]
<
<
-
o
AN

2014/03/12
2014/05/07
2014/05/14

M Flow rate of liquid hydrocarbons of tons / day

Fig. 5b

Liquid hydrocarbons di(;rr]:ektZr

flow rate, tons/day mm ’
2014/02/27 3.73 13.2
2014/03/06 3.62 13.2
2014/03/17 3.92 12.8
2014/03/27 14.18 12
2014/04/02 16.94 12
2014/04/09 10.66 12
2014/04/17 3.63 13.2
2014/04/23 5.99 13.2
2014/04/24 6.22 13.2
2014/04/30 8.03 13.2
2014/05/01 6.71 13.2
2014/05/18 5.26 12.2
2014/05/14 6.48 12.2

Table. 5¢

TOP Device test results, well No.77

18 Average daily flow rate
- of liquid hydrocarbons

after the TOP device

- | was installed

=8.18 1/cyT

8 ~
3 3
§ §

g 28 &
8 3 3 3
S I I 3
[=] (=] o o
N N N N

&
g
I
S
«

2014/05/01

=) ©
i <
3 8
I I
S S
« «

20

M Flow rate of liquid hydrocarbons of tons / day

Table 5d
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BuiBofbI

[obb4a He TN N3 HEDTAHBIX OTOPOHEK HEDTEra3oBbIX U
ra30BbIX MECTOPOXAEHWN ABNSETCSA CMIOXKHOW, HO
MepcneKTUBHOM TeXHOMorndeckom 3agaden. G MoMOLLbO
NPOBEeAEHHOrO MOAENMPOBaHMS 3aO0NHOrO AaBNEHNS,
ra3oBOro KoHyca 1 06BOAHEHHOCTU OS5 KabKOOM
CKB&XXWHbl BO3MOXXHO CYLLIECTBEHHOE YBENNYEHNE
OEOUTHOCTM MPU CHKEHM OBBOAHEHHOCTU MPOOYKLIN.
CKBaXXMHbI, MOKa3bIBAIOLLME 3HAYUTENIBHOE CHYDKEHNE
YPOBHA A00bI4M, MOTYT ObITh BO3BPALLEHb! HA MPEXHUIA
ONTUMaUbHbIN YPOBEHb MPU MOMOLLIM CneumanbHOro
3abonHoro yctporcTaa (TOP). OnbiT, MONy4eHHbIN Ha
OCHOBE LLNPOKOro ONpoboBaHVs, NOKa3bIBAET, YTO
a(hdeKT 4OCTUraeTCst B IHOObIX CKBaXKMHAX C BbICOKM
rasoBbIM (DAKTOPOM.

buénuorpathma

1.MaTtent CLUA HoMmep 7,172,020 (6 cheBpans 2007)
2.Matent CLUA Homep 7,753,127 (13 niona 2010)

3. UentivH C.4., Mupsoes I'.I"., Cuctema onmmmnsauym
006blHn HePTN — HoBast  TEXHONOMNSA, YCMELLHO
paboTaroLlaa Ha HedhTera3okoHAeHCaTHOM
MEeCTopOXKaeHM Kokaymanak (Y36ekmcTaH/ TYPKMEHUCTaH)
// HedbtenpombicnoBoe aeno. — 2002. — Ne10.

4. West W.J., Garvin W.W., Sheldon J.W., Solution of
the Equations of Unsteady State Two-Phase Flow in Oil
Reservoirs // Trans. AIME. — 1954, - V.201,. - p.217-
229.

5.Uentnun C.4., Mup3soes I'.I"., HoBas TexHonorus
onTMM3aLMn 0oObIHN N3 PE3EPBYAPOB COAEPXKALLMX
HEMDTb C BbICOKMM ra3oBbiM hakTopom // bypeHue u
HedpTb. — 2012. — aBrycT.

Mpunoxexue 1

B kadecTBe MaTemMatn4ecKkon MOaenn, Kotopas

OM1CbIBAET OCHOBHbIE MPOLIECCHI HECTAUMOHAPHOM

OByxdasHon huneTpaumm B nnacte, 66111 BolopaHsbl

ypaBHeHst MackeTa. [Mpy 3TOM ObIn MPUHATBI

HEKOTOPbIE yNpOoLLatoLLIVe OOMYLLEHNS:

1) nnacT aBNgeTCsa KBa3nogHOMEPHBbIM U CYLLECTBYET
TOJIbKO pafmnalibHbl NOTOK;

2) nopwucTasi cpefa U3oTPOoMnHa 1 OAHOPOOHE;

3) CUNON TSHKECTU U KanUNapHbIMK SddekTamm
MO>XHO NMpeHebpeYb;

4)  CXKMMaeMOCTbO MOPOabl M BOAbl MOXHO MPeHEDpe-D;

5) paBneHve B HEPTSAHOW 1 ra3oBon hade OaMHaKOBO.

STV NPEeAnoSIoKEHVS NO3BONAOT ONMUCATL ABYX(DA3HbINA
MOTOK HedbTV 1 raza CrneyloLLmMMn ypaBHEHUSMA B
4aCTHbIX MPOU3BOAHBIX [4] OTHOCUTENIBHO HEN3BECTHBIX
nasneHus P(r.t) v HedTeHaChILLEHHOCTY S, (r.t):

o K, & (S,

10, Ko P 15306422 (50 |

ror\ u,B, or Ko\ B, )
(l} s K N - o b
lﬂL . 8 + ﬁl..\ Kru (,._p =1 530642 j\_' 1- su - Su' " i R..\ I
rér| | pgBy 5615 u,B, Jer Kéarl By B, 5,6]5/
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Well One - the flow rate of condensate increased from 2,7
ton to 4,76 ton/day on average.

Well Two — the flow rate of condensate increased from 3.9
ton/day to 8.18 ton/day.

The latest testing proved the efficiency of the TOP application
for production of oil and condensate from the layers of gas
and gas-condensate fields, containing high gas factor.

Throughout the world (and in Russia, in particular) there

are a number gas fields that have oil layers with high gas
factors. Currently, there is no efficient technology that enables
operators to recover oil from these layers. Releasing gas
condensate from bottom hole zones is also an important
feature of TOP technology. Indeed, the implementation of this
technology may yet solve these problems and the production
of millions more tons of high quality oil and condensate.

Conclusion

Qil production from the ail rims of oil-and-gas and gas fields is
a complex but promising technological task. With the help of
the models which incorporate the bottomhole pressure, gas
cone and water cut for each well, it is possible to considerably
increase the specific productivity index while reducing the
well’'s water cut. The wells demonstrating a substantial
production level decline may be retumed to their previous
optimal level using a special bottomhole assembly (TOP). The
experience gained from wide-scale well testing shows that the
effect is achieved in any high GOR wells.
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Appendix 1

The Masket equation was selected as the mathematical model
to describe transient two phase filtration within the formation.
Within this, a number of assumptions have been made -

1) formation is quasione-dimensional with only radial flow;
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YCNoBMe Ha BHELLHWNX rpaHuLax nnacra — HysieBo NOTOK:

oP

— =0.
orl,._,

Ha cTeHKe CKBaXKUHbI npuHMMaem ycriosme
P|r=r“, = P“’('f]'

Takke 3a0arTcd HavallbHble YCIIOBUA:

(2) P(r0)="Po(r). S,(r0)=So(r).

CucTtema (1) pononHgetca PVT - xapaktepuctikamm
Hed TV 1 rasa, 3aBUCMMOCTSAMM MPOHULIAEMOCTM
PasMYHbIX a3 OT HACLILLEHHOCTW U OpYrMU
CBOWCTBaMMN CUCTEMbI CKBaXKMHA - MNacT:

Ho(P), e(P),

Cuctema (1), (2) peluaeTcst C MOMOLLBHO
KOHEYHOPAa3HOCTHOrO MeToAa, KOTOPbIM HECKOMBKO
OT/IMHAETCS OT TOr0, KOTOPbIN BbIN NCMOMB30BaH B
paboTe [4].

[Nocne NcKtYeHNss HaCbILLEHHOCTU U3 CcUCTEMBI (1)

1 MOCIEe HEKOTOPbIX MPeobpa30BaHNN HENMHENHbIE
ypaBHeHus (1) nprobpeTatoT BMA ypaBHeHNS (3)
OTHOCUTENBHO fJaBneHust P:

Yap - -

- ++-tPJ[1Lf{ . —P]J cr.s, )%

Jar | rar \ u,B, dr

P
3 14 r[ Ky ; Ry K,
ar| \ By 5.615u,8,

roe F(P), C(P,S,) aBnaoTca (pyHKUMSMM, 3aBUCALLMMIA OT
PVT - xapakTepuCTuK 1 Apyrux napameTpoB CUCTEMbI
«CKBaXKMHa - M1acT».

0603HaueHuna
P - OaBneHve
S, - HaCbILLEHHOCTb MyacTa no HedTn
S, - HaCbILWEHHOCTb nnacTa no ragy
S:, - HaCbILLIEHHOCTb MacTa no BoAe
K - NpoHMLaeMocTb
Ko~ OTHOCUTENBHAS MPOHNLIAEMOCTb MO HEDTU
Ko~ OTHOCUTE bHASA MPOHMLIAEMOCTb MO ragy
@ - MOPUCTOCTb
L, - BABKOCTb He(PTY
i, - BASKOCTb rasa
B, - KOO(PMULMEHT O6BEMHOIO PaCLLMPEHNS HEMTH
B. - KO3 DNUMEHT OO6BEMHOMO pPaCLUMPEHUS ra3a
R: - KO3 MULIMEHT PaCTBOPUMOCTU
P, - NNacToBOE faBneHue
Py - AGBEHVE HACHILLEHNS
t -Bpewms
r - paguyc
- pagnyc CKBaKMHbI
- BHELUHWA paguyc nnacrta
H - mowHocTtb nnacta
Sy erit- KPUTUHECKAS HACBILLEEHHOCTb MacTa
Q. - 0edunt Hedbn
Q. - 0ebuT raza
Popi- onTuMarsHoe 3aborHoe fJasneHne
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Bo(P), Bo(P), Ry(P), Ko(So), Ke(S,). K, @, Pr, Pop, 1y, i Sw, Sy crt

2
3
4
5

porous medium is isotropic and homogeneous;
gravitation force and capillary effects can be ignored;
formation and water compressibility can be ignored;
pressure values in oil and gas phase are equal.

= = = =

These assumptions make it possible to describe two-phase
flow of oil and gas with the use of the following equations
partially derived [4] and relating to variables of pressure
P(r.t) and oil saturation S,,(r.r):

=~ - Y A o fe N

10, Ko P =-158.064 2 2| o |

) rar\ u,B, or ) K cr\B,, )
{ . . A
1fl | Kre y Rs Kio -1580642 £ 7‘5""5“‘ +30 K |
ror| | ugBy 5615, B(,), K ar B, B, 5615,

Condition at the external boundaries of reservoir is zero flux:

oP

— =0.
or | .—,

At the wellbore wall we take the assumption of :
Pl.r:r“, = P“’('r]'

Also, entry conditions are established as
(2) P(r0)=Ry(r). S,(r0)=So(r).

System (1) is complemented with PVT characteristics of oil
and gas, functional connections of permeability of different
phases of saturation and other characteristics of the well-
formation system:

]_l,‘(l“], !-l.e(P)-. B.(P), Bg(P}e Ry(P), Kn(So}n Kg(sﬂ)s K, @, Py, Ph‘ps Lyes Tiy Sy Ss crits

The system (1), (2) is solved with the aid of finite difference
method, which to a certain extent is different from the one
that was used in the work [4].

After the saturation is extracted from the system (1) and
after some rearrangements are made, the nonlinear
equations (1) acquire the form of equation (3) relating to
pressure P:

[ K.‘.’ Ry Ko

H.B, 5615 u,B,

where F(P), C(P,S ) are functions, connected with PVT
characteristics and other variables of the “well-formation” system.

02

!(f

J

Jor rar Ju,,B,, ar

P - pressure
S. - oil saturation of formation
S, - gas saturation of formation

R, - solubility factor
P; - formation pressure
Py~ bubble-point pressure

Sw - water saturation of formation  t - time

K - permeability r - radius

Koo relative oil permeability r. - well radius

K- relative gas permeability r - external radius of formation
(¢ - porosity H - formation thickness

U, - Oil viscosity S, enir-Critical saturation of formation
U, - gas viscosity Q, - oil flow rate

- oil formation volume factor Q; - gas flow rate
B, - gas formation volume factor Pop- optimum bottom-hole pressure
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