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MogaenupoBaHue npouecca Ao0bI4M rasa

npu 3KcnayaTauum CKBaXKUHbI C NPUMEHeHnem
KOHUEHTpMYeCKon NupToBOMN KONOHHbI Ha NO3AHEN
ctaguu pa3pab6oTkn MegBexkbero HFKM
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AHHOTauuA

CraTtbs nocBsAleHa 060CHOBaHMIO NPUMEHEHNA KOHUeHTpuYecknx nudTtoBbix kKonoHH (KJIK) ans goussneyenms rasa u razoBoro
KOHAeHcaTa U3 06BOAHAIOIWMXCA CKBaXXUH Ha NO3JHe cTajuu pa3paboTKu ra3oBbIX MecTopoxAaeHuii. Ha npumepe peanbHoi
HaKNOHHO-HanpaBNeHHON CKBaXUHbI MeaBexbero HepTerasoKOHAEHCAaTHOr0O MECTOPOXK/AEHUA C NPUMEHEHUeM NPOrPamMmMHOro
KOMNNeKca AMHaMNYeCcKoro MoaenupoBaHua mHorodasHbix noTokos SLB OLGA co3aaHa aeTanu3MpoBaHHaA MOAENb CKBaXMUHbI
¢ cuctemoii KK (HKT 168 mm, LUIK 60 mm, TVD = 1190 m). Pa3pa6oTaH U peannsoBaH anroputm LUKIMYECKOM OYUCTKYU 3abos
OTHaKONMWBLUENCSA XKMAKOCTN HAa OCHOBe anre6panyeckoro onepatopa (ALGOP), oTcnexxuBatowiero 06bEMHbIi PacxoA B LLeHTPaNnbHOM
nugToBOM KONOHHE,

Mo pe3ynbtatam cepuu u3 6onee yem 4 200 pacyeTHbIX LMKIOB B Auana3oHe yCTbeBbIX AaBjieHuni 14-16 MMa u Bogora3oBbix
¢aktopoB WGR = 0-2x10> m3/m3 nocTpoeHbl KpuBble BpemeHW 06paTUMOro camo3ajaBiMBaHWA M annpPOKCUMALUOHHAA
XapaKTepusyiolas noBepxHocTb (MONMHOM 4-ii cTenenu, Rz = 0,953). YcTaHOBNEHO, YTO NpMU YCTbeBOM AaBnenuu 14 MMa
MWGR<¢1x105 M3/ M3 cuctema nepexoAuT B peXKUM CAMOCTOATENIbHOI0 BbIHOCA XKUAKOCTN 6e3 LMKNUYHOI NpoAyBKU. C NpuMeHeHuem
annpoKCMMaLNOHHOW XapaKTepu3yloleil NOBEPXHOCTHU CYLLeCTBYeT BO3MOXHOCTL pacyéta pexxumos pabotel KJIK B 3asaHHOM
Anana3oHe 06BOJHEHHOCTEN U YCTbEBbIX AaBE€HU.
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Simulation of gas production from a well equipped with velocity string during late-stage
development of the Medvezhye gas-condensate field
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Abstract

This paper presents the justification for applying concentric lift string (CLS) (velocity string) technology to recover gas and gas condensate from
liquid-loaded wells during the late-stage development of gas fields. Using the example of a real deviated well at the Medvezhye gas-condensate
field, a detailed well model with a CLS system (168 mm tubing, 60 mm inner string, TVD = 1190 m) was constructed in the SLB OLGA 2022.1.0 dynamic
multiphase flow simulator. A cyclic bottomhole cleanup algorithm based on an algebraic operator (ALGOP) was developed, monitoring the
volumetric flow rate in the central lift string. More than 4 200 simulation cycles were performed across wellhead pressures of 14-16 MPa and
water-to-gas ratios (WGR) of 0-2x10> m3/m3. Loading time curves and a characterizing approximation surface (4th degree polynomial, Rz = 0,953)
were constructed. It was found that at a wellhead pressure of 14 MPa and WGR ¢ 1x10 m3/m3, the system transitions to self-unloading without
periodic purging. It is possible to calculate the operating modes of the velocity string in a given range of water cuts and wellhead pressures using
the approximating characteristic surface.
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BBeaeHune

Ha nosgHeit ctagum paspaboTKM rasoBbix
1 Ta30KOHAEHCATHbIX MECTOPOXAEHUN CHUMKe-
HWe NNacToBOro AaBneHwus u AebuToB NpUBO-
VT K YMEHbLUEHMWIO CKOPOCTY ra30BOro noToka
B nudToBor KonoHHe. Korga ckopocTb rasa
y 6alimaKa NoALEMHON KONOHHbI MajaeT HUXKe
KPUTMYECKOTrO 3HaYeHWsA, KanenbHas KULKOCTb
nepectaér BbIHOCUTbCA HA MOBEPXHOCTb U Ha-
YMHAET HaKannMBaTbCA B CTBONE — BO3HMKaeT
ABNEHME CaM03ajaBNMBaHNA.

[Ona MepBexbero HedTera3oKoHAEHCATHO-
ro mectopoxaeHus (HFTKM) gaHHas npobnema
npuobpena Kputnyeckoe 3HadyeHnue. B 6onb-
LUMHCTBE CKBAXWH CKOpoCTb rasa B HKT He npe-
BblllaeT 5 M/c, 4TO HEAOCTATOYHO ANS BblHOCA
HUAKOCTU.

OpHUM 13 Hanbonee 3hHEKTUBHBIX METO-
40B 60pbObl C HAKOMNEHNEM KUAKOCTN ABNA-
€TCA TEeXHONOTMA KOHLLEHTPUYECKNX NUDTOBbIX
KonoHH (KJIK), nsBectHas B MUpPOBOMN Npak-
Tke Kak velocity string [3], npumeHsemasn
Ha JaHHbI MOMEHT Ha MeaBexbem MecTOpoO-
waeuun (puc. 1).
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Puc. 1. Cxema obbI4U € UCNOMb308AHUEM

KJIK: 1 — HKT (MKT), 2 — UJIK, 3 —
2a30HCUOKOCMHAA CMECh

Fig. 1. CLS production scheme: 1 — tubing
(annulus), 2 — central lift string, 3 — gas-liquid
mixture

Survey

OHa 3aK/yaeTcs B CNyCKe LEeHTpanbHOM
nndrosoi konoHHbl (LJ1K) meHbwero agnamerpa
BHYTPb OCHOBHOW NMGTOBOI KONOHHLI (HKT),
YTO CO3/JaeT ABa KaHana A/ia noTtoKa rasoxusi-
KocTHoit cmecn (IKC): MemKonoHHOe npo-
ctpaHctBo (MKM) v LK. 3a cuet meHbliero ce-
yenus LWJIK ckopocTb noToKa B Helt Bo3pacTaer,
obecneynBasn BbIHOC HUAKOCTH € 3a601.

llnpoko ncnonb3yemble ana pacyeTa cKsa-
XWH steady-state meTozbl HEMpUMEHUMbI Npw
AnHamuyeckmx npoueccax KJIK: B nepunogbl Ha-
KOMNEeHUA XWUAKOCTM U nocneaytouien Npoays-
KU BO3HMKAIOT CYLLECTBEHHO HecTaluuoHapHble
ABNEHUsA, KOTOpble He MOTYT ObiTb KOPPEKTHO
onucaHbl CTalMOHapHbIMK noaxoAamu [4-6].
370 o6ycnosnunBaeT HeO6X0AUMOCTL ANHAMUYE-
CKOro pacyérta B cneunanm3vpoBaHHbIX CUMyNA-
TOpax MHOroasHoro noToka.

Llenb paboTbl — 060CHOBaHWE NPUMEHEHNS
KNK ana pon3BneyvyeHua rasa v ra3oBoro KoH-
JeHcara Ha no3gHei ctagumn paspaboTku mecTo-
poxaeHuin 3anagHonn Cubupu, BKIOYas onpe-
feneHvie oNTMManbHbIX PEXVMOB LUKNNYECKON
OYUCTKM CKBAXMH Ha OCHOBE [MHAMWUYECKOTO
MOJEenMpoBaHuA.

06beKT uccnegoBaHus

MezBexbe MeCTOpPOXAEHME pacnosoxe-
HO B NpunonspHoi Yact 3anagHo-Cubupckoi
HedTerasoHocHonm NpoBMHUMK, B HaabiMCKOM
panoHe AHAO. MpombiwneHHan 3Kkcnayatauns
Havanacb B anpene 1972 roga. MakcumanbHbiin
rogoBoit otbop (75,44 mnpg m3) 3acduKcrpoBaH
B 1983 rogy. HauyanbHble 3anacbl rasa yTBep-
AeHbl B o6beme 2 347,125 mapa m3.

Mopenupyemas CKBaXWu-
Ha — peanbHbll 06beKT Measexbero HIKM,

HaKNOHHO-HanpaBneHHas, c KOHCTpyKumen KJK:
OJIK @ 168 mm (BHYTpeHHMIA auameTp 154 mm),
LUK @ 60 mm (BHYTpeHHMIA guameTp 55 mm). Mo-
HUTOPWHI NNACTOBOrO AAaBNEHWUA OCYLLeCTBAA-
eTcs ¢ nomollbto nepuoanyeckux FANC [7-8].
OcHOBHble napameTpbl MOAENU npuUBeaeHsbl
B Tabnuue 1.

MeToauKka mogenupoBaHus

[uHamunyeckoe MopaenupoBaHue  Bbl-
NMOAHEHO B  NPOrpamMMHOM  KOMMIeKce
SLB OLGA 2022.1.0 (puc. 2). B otanuue ot cra-
LunoHapHbix cumynatopos OLGA no3sonset Kop-
PEeKTHO BOCNPOM3BOANTbL HECTaLMOHapHble Npo-
Lleccbl HAKOMIEHUA XUAKOCTU U nocheayioLen
0YMCTKM 3a60s, BO3HMKAlOWMe NpU LUKNUYe-
CKoit paboTe ckBammHbl ¢ KJK.

leomeTpuyeckas n Tennodusnyeckas mo-
AeNb CKBaXMWHbl copepxuT 85 Tpy6 1 261 pac-
yeTHoe cedeHue. [lBa NoToKOBbIX KaHana (LK
1 MKM) cmoaennposaHbl B Moayne Annulus.

Ynpasnawowuii - anroputm  LIMKANYECKON
OUYNCTKM peanu3oBaH Ge3 npusnevyeHus
BHELHUX NpOrpammHbix Mmogyneir (puc. 3).
Transmitter TM-1 u3mepser 00bEMHbIN
pacxog MKC (QVOL) Ha sbixoge LJIK. Mpwu
najleHMn pacxoja HUXe MOopOoroBoro 3Ha-
yeHus 0,1 m3std/c anrebpanyecknit
KoHTponnep (ALGOP) ctopmupyer ynpasns-
IOWNUA MMNYALC MPOAOIKUTENbHOCTbIO 1800
¢ (30 muH), B TeyeHue KOTOPOro KnanaH
Ha MKIM 3akpbiBaetcs, a CKBawuHa pabo-
Taet TonbKo no LJIK. Mocne OKOHYaHMA uMm-
nynbca CUCTeMa BO3BPALLAETCA B PEXUM CO-
BMECTHOW paboTbl AByx KaHanos. Moporosoe
3HayeHne 0,1 m3std/c ycTaHoBNeHO Kak
cUrHanusaums obpasoBaHuWs  CUOHHOTO

Ta61. 1. OcHosHble napamempsi MOOeNU CKBAHCUHbI

Tab. 1. Key well model parameters

Mapametp

Tny6una no septukanu (TVD), m
Iny6uxa no creony (MD), m
[Avametp OJIK (HKT), mm
Ouametp UJIK, mm

[AnvHa nepdopauum, m MD
MnactoBoe paBnexHune, MlMa
Yctbesoe pasnenue (LK), MMa
MpoHuuaemocts, [
Mopucrtocts, a.ea.

Horizontal distance,m

0 100 200 300

0
s
100
150
200
250
S
350
400
450
500
550
600
A50
700
750
800
B50
200
950
1000
1050
1100
1150

Tvd, m
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_Observation?
Surface level
© 207 Q125 133.0 b/t
Casingchoke

13 3/8° P11..8.0 Ibs/ft

Observation
6 5(8" 20.00 |bs/ft
N 9 5/B" K55 36 lbs/ft

= Reservoir]
7 3/8" 2.64 Ibsfft
Open hole

Puc. 2. Modens cksaxcunbi 8 [10 OLGA: npogusib HaKNOHHO-HANPABAEHHOU CKBAXCUHBI U KOMNOHOBKA /UG MOBbIX Mpy6
Fig. 2. Well model in OLGA: deviation survey profile and lift string configuration
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Puc. 3. Cxema anzopumma ynpasnerus (ALGOP) u nozuyeckas cxema cksaxcutsi 8 [10 OLGA
Fig. 3. Control algorithm (ALGOP) and well logic diagram in OLGA

adpdekta B UK. [AnutenbHocTs umnynbca
30 MWH onpejeneHa Kak Bpems, [OCTaToyHoe
ONA TMOMHOrO yAaneHWs CKOMUBLUENCA XWA-
KOCTW MpU MaKCMManbHOW CKOPOCTM MOTOKa
B LK (mo 15-20 m/c).

Pe3ynbTaTbhl YUCNEHHOTO MOJENMPOBaHUA

PacueTHas maTpuua oxBaTbiBaeT ABa He3a-
BMCKUMbIX MapameTpa: BOAOra3oBoe OTHOLEHNe
WGR B ananasoHe 0—2x105 m3/m3 1 ycTbeBoe
nasnenue (14; 14,5; 15; 16 MMa). lnutenbHoCTb
Kaypaoro pacyera — 90 cyToK. B pamkax eguHo-
ro 90-cytouyHoro nporoHa WGR nnaBHO CHMXa-
€TCA 0T MAKCMManbHOTO 3HAYEHUA K HYNt0, YTO
N03BOJISIET 0XBATUTb BECb Mana3oH 06BOAHEH-
HOCTW B 0JHOM 3KCnepumeHTe. Bcero 6b110 npo-
BefieHo 6onee 4 200 pacyeTHbIX LUKIOB CaMo-
3a4aBANBaHNA U OYUCTKU.

AHanu3 pesynbTaToB nokasas, 4to B 60/b-
WWNHCTBE PACCMOTPEHHBIX PEXMMOB YCI0BUE
BbIHOCA XMAKOCTM MO COBMELLEHHOMY KaHany
LITK+MKTT He BbInONHAETCA: CKOPOCTb ra30BOro
notoka B MKI1 oka3biBaeTcs HejoCTaTOYHOW Ans
noAbEéma Kanesb niacToBON BOAbl HA NMOBEpPX-
HOCTb. VICKno4eHne cocTaBnAaeT pexum npwu

18,0
16,0
14,0

12,0
10,0 ¢

8,0 -
6,0 Y

Mudding time, hours

4,0

nasnedun 14 MMa u WGR < 0,7x105 m3/m3
1 14,5 MMa n WGR < 0,5x10 m3/m3, npu KoTo-
pbIX CKOPOCTb rasa B COBMELLEHHOM KaHane
npeBbllWaeT KPUTUYECKYIO.

Mo pesynbTatam pacyeToB MnocTpoe-
Hbl YeTblpe KpUBble 3aBMCUMOCTU Bpeme-
HW HaKoMNeHWs XuAKocTM Ha 3aboe (Bpe-
MeHW [0 ob6paTMmoro camo3ajaBivBaHuA)
oT WGR — o 0iHOM ANs Kay[oro ypoBHA yCTbe-
Boro aasnexus (puc. 4). Obuias KayecTBeHHas
3aKOHOMEpPHOCTb: ¢ ymeHblweHrem WGR Bpema
HaKOMNEeHUsA XUAKOCTU MOHOTOHHO BO3pacTaer.
Mpw BblICOKMX 3Ha4YeHMAX WGR co6bITUsA 04NCTKM
cnepyloT C ManbiM MHTEPBANoOM; N0 MepPe CHUXKE-
HUA 06BOAHEHHOCTM UHTEPBAN MEXAY cpabatbl-
BaHWAMM anroputma Bo3pacraer.

Mpn  6Gonee  BLICOKOM  YCTbEBOM
pasneHun (16 MMNa) genpeccus Ha NNacT CHU-
aeTcs, AeBUT rasa ymeHbluaetcs, CKOPoCTb
B KaHane najaer — XWAKOCTb HaKannuBaer-
cs 6bictpee. Mpu pasneHun 14 MMa Habnto-
Aaetcs Havwbonbluee BPemMs MEXAY LMKNamu
ounctku. Anroputm ALGOP ycToitumso pabotan
BO BCEM MCCNEAOBAHHOM fAMana3oHe napa-
MeTpoB: Heo6paTMMOro camo3afaBAnBaHuA

2,0

0,0

00E+0 05E-6

10E-6

15E-6 20E-6

WGR, sm’/sm’

woment (Ptop =16 at), h

coomees t (Ptop =15 at), h

t(Ptop=14at), h t(Ptop=14,5at), h

Puc. 4. Kpusble sBpemeHU HaKonaeHus *Uodkocmu Ha 3ab6oe npu pasnuyHbiX ycmbesbix 0asneHUsX
Fig. 4. Bottomhole liquid loading time curves at various wellhead pressures

_General
LABEL

ALGOP
0

MAXSIGNAL 1
MINSIGNAL 0

NOTATION EXPRESSION

EXPRESSION pulse(time, X1 < 0.1, 1800, 0, 1)
OPENINGTIME 100 [s]

CLOSINGTIME 100 [s]

He 3a(hMKCMPOBAHO HWU B OHOM U3 PaCYeTHbIX
PEXUMOB.

ANNpoKCMMaLMOHHAsA NOBEPXHOCTb

YeTbipe AWNCKPETHbIE KPUBbIE MO3BOAAIOT
onucatb NoBeAeHMe CUCTEMbl Wb NPU DUK-
CUPOBAHHBIX 3HAYEHUSAX YCTHEBOrO AaBNeHMS.
[nA nonyyeHns HenpepbIBHON OLEHKU Bpeme-
HW HaKoMAeHWA NpW NPOU3BOJLHOM COYeTa-
HWUM NapameTpoB BbiMONHEHA UHTEPMONALUS B
cpeae  MATLAB R2024a. CraHpapTtHas
CNNaiH-NHTEPNONALMA NOKasana HeyAoBaeT-
BOPUTENbHbIA pe3ynbTaT M3-3a OCLUANALUK
B MEKTOYEUYHbIX WHTEpPBaNax paspemeHHOn
ceTku. Mo3ToMy NpUMEHeH METOA HaUMEHbLLINX
KBagpaToB C annpoKcumauuein gByMeEpHbIMU
NoNMHOMaMM cTeneHn 2-5.

Koadduumentsl getepmuHaumun: Ksagpa-
TWyHas — R2 = 0,82; Kybuyeckas — R2 = 0,951;
yeTBEpTON cTemeHn — R2 = 0,953; naTon cTe-
neun — R2 = 0,952. OnTumManbHbIM NPU3HAH
noiHOM 4yeTBépToi cTeneHn (Moaens polyss)
¢ R2=0,953: oH obecne4nBaer Haunyywmii 6a-
NaHC MeXAy TOYHOCTbIO U FNaAKOCTbio NOBEpPX-
HOCTW, He Nnepeobyyanch Ha rpaHuLLax pacyer-
Hoi ceTkm (puc. 5).

[nsa ycTpaHeHus HedU3MYHOW IKCTpanons-
umm (yxoa nonvHoma B oTpuUuaTenbHble N16o
CAVLWKOM BbICOKME 3HAYeHMA B 30HaX C Manom
MIOTHOCTbIO OMbITHBIX TOYEK) peannu3oBaHo au-
PEKTUBHOE [IBYCTOPOHHEE OrpaHuyeHne maTpu-
bl MO KpaWHUM BanWAHBIM 3KCMEpPUMEHTanb-
HbIM 3HayeHUAM. PesynbTupylowas obnactb
onpeaeneHns NoBepxHOCTU BU3yanu3npoBaHa
C NoMoLLbto GUHAPHOW MACKK, pasrpaHnymBalo-
LLel 30HY KOPPEKTHOTrO aHaNUTUYECKOro onuca-
HMA 1 30HbI TPAHUYHbIX cpe30oB (puc. 6).

lpakTU4YecKkoe NnpumeHeHne pe3ynbTaToB
nccnefoBaHua

3ajaya: cylecTByeT BO3MOXHOCTb CHU3UTb
ycTbeBoe faBneHune ¢ 16 go 15 MMa. Hackonb-
KO 3TO yNy4dwmnt paboTty CKBauHbI? PeweHue:
npu WGR = const HapucoBaTb ce4eHne noBepx-
HoCTM no Tpacce Py = [16 -+ 15] Mna (puc. 7).

MonyyeHHas Kkpueas (puc. 7) CBUAETENb-
cTByeT 06 yBeNMYEHUU BpemeHu A06bIuM
B pexxume LUJIK+MKI ¢ 1,3 go 4,2 vaca npu no-
CTOAHHOM BpeMmeHU 04UCTKM 30 MUH, YTO COOT-
BETCTBYET POCTy 0N 3DPEKTUBHOTO BPEMEHU
umMKna ¢ 72 po 89 %. Takum obpasom, npu cHu-
YXEHWUN YCTbEBOTO AaBNeHMA Ha 1 aTM CKBaXMuHa
OyaeT NpoBOANTL MEHbLUE BPEMEHN B PeXnUMe
NPOAYBKW 1 3HAYNTENbHO 6ONble — B pexume
NPOAYKTUBHON BYXKaHanbHOM paboTbl.

49



50

Annpokcumauma / Pac4eT xapakTepuayowen NoBepxXHOCTK

(POLY44-1wHTepnonauma)
14

®
12 N

10

Bpems camozapnasnueaHms, 4
[+2]

16 0,005 0,01

Yereesoe gasnedune, Mla

Puc. 5. Xapakmepu3sytoujas nogepxHocms (POLY44 — nonuHom
4-0i cmeneHu) u Ko3guyueHmsl demepmuHayUU NPU pazauyHbIx

memodax annpokcumayuu

Fig. 5. Characterizing surface (POLY44 — 4th degree polynomial) and R?

values for various approximation methods

Utorun

1. Co3paHa petanbHas [AMHamuyeckas Mo-
A€Nb HAK/NOHHO-HanpaBleHHOW CKBa- 4.
WuHbl MepaBexbero HIKM ¢ cuctemoint

KJK (HKT 168 mm, LLJTK 60 mm, TVD 1190 m)
B nporpammHom kKomnnekce SLB OLGA
2022.1.0; mopenb KOPPEKTHO BOCMPO-
M3BOANT Tepmobapuyeckne ycnoeus ce-
HOMAHCKOWM 3anexu Ha no3aHen craguu
pa3paboTKu.

2. PaspabotaH 4 peanusoBaH
uMKNMYeckon ounctiu 3abos (ALGOP), or-
cnexusawwmnii 06bEMHbIN  pacxoa MHKC
B LleHTpanbHON NU(TOBON KONOHHe W aB-
TOMATMYECKN NepeKoyaWnn CKBaXuHy
B pexum npoaysku no UK npu cHmxeHunn
pacxo/a HUXe MOPOroBOro 3HaYeHus.

3. BbinonHeHa cepus w3 6onee yem 4 200
pacyéTHbIX LMKNOB B AWanasoHax ycTbe-

BblX AaBneHut 14-16 Mla n BoaorasoBbix 6.

oTHoweHun WGR = 0-2x10%5 m3/m3; no-
CTPOEHbI KpWBble BpemeHu 06paTtMmoro

Annpokcumauws [ PacyeT xapakTepuayioLei NoBepXHOCTH

(POLY44-uHTepnonaums)

—
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-
(=]

BpeMﬂ camo3ajaBnveadHda, 4
[
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Puc. 6. 06nacms onpedeneHus xapakmepusytoujeli nosepxHocmu:
CUHAS 30H — YUCmas 2eomempus NONUHOMA

Fig. 6. Domain of the characterizing surface: blue zone — pure

polynomial geometry

Camo3ajaBNMBaHMA ANA KaXAOro YpOBHA
YyCTbEeBOrO AaBNEHNA.

YcTaHOBNEHO, YTO B COBMELLEHHOM KaHane
(LTK+MKT) BbIHOC uAKOCTM obecneyu-
BAeTCA NWLWb NPY HU3KMUX 3HavyeHmax WGR
1 HU3KMX YCTbEeBbIX AaBneHunsx (Py = 14 MMa
n WGR ¢ 0,7x105 m3/m3, Py = 14,5 MMa
M WGR < 0,5x105 M3/M3); B OCTaNbHbIX PeXU-
max TpebyeTcs nepuoanyecKkas npopysKa
no UK.

llocTpoeHa annpoKcMMauMOHHasA xapak-
Tepusyouwas noBepxHocTb  (NonnHoOM
4-n cteneHun, R?2 = 0,953), nossonaiouiasn
HenpepbIBHO OLEeHMBATb BpeMs A0 camo3a-
JlaBNMBaHUs B 3ajgaHHOM Auana3oHe WGR
N yCTbeBbIX AaBAEHWIA; peann3oBaHo ABY-
CTOpOHHee orpaHuyeHue obnactn onpepge-
NeHUs NOBEPXHOCTM N0 PU3NYECKUM TPpaHm-
Llam 3KcnepumeHTa.

Ha npumepe cHuxeHua ycTbeBoro Aasne-
Hua ¢ 16 po 15 MMa nokasaHo, 4T0 Bpemsa
NPOAYKTUBHOW ABYXKaHaNbHOW paboThbl

Bo3pacraet ¢ 1,3 Ao 4,2 4 Ha uuKn, a Aona
3theKTVBHOrO BpEMEHH LiMKNA yBENUYMBA-
etcA ¢ 72 po 89 %.

BbiBOAbI

B xope aHanusa B MporpammHOM KOMMeKce
OLGA co3paHa feTanusmpoBaHHasa AuMHamuye-
CKaA Mojenb peanbHoON CKBaXUHbI MeaBexbero
HIFKM ¢ cuctemoit KJIK (HKT 168 mm, LWJIK 60
MM, TVD 1 190 M), KOPPEKTHO BOCMPOU3BOAA-
was TepmobapuyecKkme ycnoBus CEHOMaHCKOIA
3aNeXu Ha nosjgHen ctaguu paspaboTtku. Pas-
paboTaH 1 peann3oBaH anropuTM LMKINYECKO
ouncTtku (ALGOP), koTopblit ycToitumBo pabotan
BO BCEM WCCNej0BaHHOM Auana3oHe napame-
TpoB (Py = 14—16 MMa, WGR = 0-2x10" m3/m3).
MposeseHo 6onee 4 200 pacyeTHbIX LUKIOB;
BbiABNEHA runep6onnyeckas  3aBUCUMMOCTb
BPEMEHW HaKOMNEeHWUs XUAKOCTU Ha 3aboe OT
WGR. TllocTpoeHa xapaKTepusylolias noBepx-
HOCTb (MoNMHOM 4-i1 cTeneHun, R2 = 0,953), obe-
crneynBaoLlan HempepbIBHYIO OLlEHKY BpeMeHN

CueHapuil NoHWKeHua ycTbesoro gaenedns (WGR=const)

Bpems camoaagasnueadns, 4

-
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Puc. 7. Kpusas pabomsi CKBaXcUHbI NpU CHUXCEHUU ycmbeso2o dasneHus ¢ 16 do 15 Mlla
Fig. 7. Well performance curve for wellhead pressure reduction from 16 to 15 MPa
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[0 Cam03a/laBNMBaHNA B LWUMPOKOM AManasoHe
napametpoB. B pesynbrate pabotbl paccyuta-
Hbl napameTpbl pPaboTbl CKBAMMWHbI B YACTHbIX
CNyYyasx CHUXEHNA YCTbEBOro faBneHuna ¢ 16 go
15 MMa, yBenuuyunsaowmx gono 3ddeKTMBHOro
BpemeHu uukna c 72 ao 89 %.
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Results 6. For a wellhead pressure reduction from 16 to 15 MPa, the productive

1. Adetailed dynamic model of an actual deviated well at the Medvezhye
gas-condensate field equipped with a CLS (168 mm tubing,
60 mm inner string, TVD 1 190 m) was built in SLB OLGA 2022.1.0;
the model adequately reproduces the thermobaric conditions of the
Cenomanian reservoir at a late development stage.

2. A cyclic bottomhole cleanout algorithm (ALGOP) was developed and
implemented; it monitors the gas-liquid mixture volumetric flow rate
in the velocity string and automatically switches the well to the VS-
only purge mode when the rate drops below a threshold.

3. Over 4 200 simulation cycles were run for wellhead pressures of 14—
16 MPa and water-gas ratios WGR = 0-2x10% m3/m3; bottomhole
liquid loading time curves were constructed for each wellhead
pressure level.

4. Liquid unloadingin the combined channel (CLS+annulus) is achieved
only at low WGR values (14 MPa and WGR < 0,7x105 m3/m3, 14.5 MPa
and WGR < 0,5x10"> m3/m3); in other regimes periodic CLS purging
is required.

5. A characterizing approximation surface (4th-degree polynomial, R2
= 0,953) was constructed in MATLAB R2024a, enabling continuous
estimation of loading time within the specified WGR and wellhead
pressure range; a bidirectional physical-domain constraint was
applied to eliminate non-physical extrapolation.

References

Computer Research, 2006. 384 p. (In Russ).

two-channel operating time rises from 1,3 to 4,2 h per cycle, and the
effective-cycle fraction increases from 72 to 89 %.

Conclusions

Analysis of a velocity strings usage case revealed by a comprehensive
approach—combining hydrodynamic reservoir modeling, interpretation
of well test data, and lift performance simulations confirmed the
hypothesis of partial “shut-in” of fracture ports. A detailed dynamic
model of an actual well at the Medvezhye gas condensate field
equipped with a tubing string and concentric lifting string (tubing 168
mm, concentric string 60 mm, TVD 1190 m) was developed in the OLGA
software suite, adequately reproducing the thermobaric conditions of
the Cenomanian reservoir at a late development stage. A cyclic cleanout
algorithm (ALGOP) was designed and implemented, operating stably
across the entire investigated parameter range (wellhead pressure 14-16
MPa, water-gas ratio 0-2x10" m3/m3). Over 4 200 computational cycles
were conducted, revealing a hyperbolic relationship between bottomhole
liquid accumulation time and the water-gas ratio. A characterising surface
(fourth-degree polynomial, R2 = 0,953) was constructed, providing
continuous estimation of the time to self-killing over a wide range of
parameters. Reducing the wellhead pressure from 16 to 15 MPa increases
the effective cycle time fraction from 72 to 89 %.
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