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KomMnnekcHas cuctema 3akaH4YrMBaHUS CKBaXKUH
ONS pa3paboTKM NoAra3oBbIX 3a/exXen

Integrated Well Completion Systems for Gas Cap

Drive Reservoirs

BeepeHve

AKTyanbHOW 3agadert COBpeMeHHOW HedbTego0bbIBatOLLEN
oTpacnn aBngeTcs ahdexkTnBHaAs BbipaboTka
OCTaBLUMXCS N3BNIEKAEMbIX 3aNacOB, 3HAYUTEbHAA
4aCTb KOTOPbIX MPUYPOYEHa K MOAra30BbIM

3a5exxam 1 HeTaHbIM OTOPOYKaM. Takme 3anach!
CHUTAKTCS CNOXHBIMU 19 pa3paboTKn 1 HaCTo He
paspabaTbiBAIOTCS 1332 BbICOKMX PUCKOB, OTCYTCTBUS
TEXHOMOMMIN NIV SKOHOMUYECKOW HEPEeHTabeIbHOCTH.
OaHoM U3 KMKoYEBbLIX MPobaeM Npu paspaboTke
NoArasoBbIX 3aexen N HEMTAHbIX OTOPOYEK ABISAETCH
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Introduction

One of the main tasks of the modern oil production
industry is to efficiently manage the production of the
remaining recoverable reserves, the major part of which
are confined to gas cap drive reservoirs and oil rims.
Such reserves are challenging to develop, and in many
cases, they are not developed because of the high
risks, a lack of technology or economic unprofitability.
One of the key challenges for developing gas cap drive
reservoirs and oil rims, is the early breakthrough of gas,
which leads to loss of reservoir pressure, the production

www.rogtecmagazine.com



WELL COMPLETIONS W

PaHHUI MPOPbIB rasa, YTo NPUBOOUT K NAOEHNIO
OaBneHns B niacTe, Ao0blHe HeleneBoro donaa u
HN3KOM 3 (PEKTVBHOCTI BbIPabOTKM 3anacoB Hed T
3anexu. B ctaTtbe pelueHne gaHHom Npobaembi
paccMaTpmMBaETCs C NO3NLMM MPUMEHEHNSA HOBbIX
noaxo00B K 3aKaH4Y1MBaHUIO CKBaXXMH. Takmne noaxoapi
NO3BONAT YBENNUNTE S(PHDEKTUBHOCTL PaspaboTku
CNOXKHbIX MOAra30BbIX 3aIEXKEN.

Meonornyeckoe CTpoeHMEe MECTOPOXKOEHNA
Hosbin MNopT

MecTopoxxaeHne HobI [NopT pacnonoxeHo B Smano-
HeHeukKoM aBTOHOMHOM OKpYre Ha ceBepe 3anagHom
Cubmpn. OCHOBHbIE ero 3anachl CKOHLIEHTPUPOBaHbI

B FOPCKMX OTSIOXKEHMISX, KOTOPbIE XapaKTepuaytoTCs
BbICOKOW BEPTVKATbHOW HEOAHOPOAHOCTHIO, YTO
MO3BOJIAET BOBJIEYb B Pa3pabOoTKy TOMBKO YacTb U3 HUX.
B kauecTBe NpuMepa B AaHHoW paboTe 6bi1 BblibpaH
rnacT HO02-6, MetoLLmin
CIIOXKHOE re0/I0rN4ecKoe
CTPOEHME: OBLLNPHYIO
ra30BYHO LLAMKY,
NMOACTUAOLLYHO BOAY W
BbICOKYHO aHM30TPOMMIO.
AHM3OTPONUS
MPOHULIAEMOCTI CO3HAET
HepaBHOMEPHbIV MPOdSIb
NMPUTOKA K CKBaXKMHE,

1 KaK ClefcTBue,
CMOCOBCTBYET MPOPbIBaM
raza (puc. 1).

Mpwn paspaboTke 3aNeXeN
C BbICOKOW BEPTUKaIbHOM
HEOOHOPOAHOCTHIO

of no-purpose phases and the low efficiency of recovery.
The solution to the given problem is considered in this
article in the context of new technologies which can be
applied in well completions. Such approaches will make
it possible to increase the efficiency and development of
complicated gas cap drive reservoirs.

Novy Port Field Geological Structure

The Novy Port field is in the Yamalo-Nenets Autonomous
District, in the north of the Western Siberia. It's basic
reserves are accumulated in the Jurassic deposits,
which are specified by high vertical heterogeneity, which
enables the development of only part of them. As an
illustration of the reservoir K02-6 (J2-6) was selected, it
has a complex geological structure: an extensive gas
cap, underlying water and high anisotropy. Permeability
anisotropy creates uneven fluid movement profile, and as
a result of this, it enables gas breakthrough (fig. 1).

Puc. 1: ﬂpl/lHLl,I/II'II/IaJ'IbHaFI Cxema npopsbisa rasa 1 BoAbl K CTBOJ1y CKBa>KNHbI

0N yBeMYeHns
CBSA3aHHOCTW KOJINEKTOPA
0BbIMHO MPUMEHSIKOT
MHOroCTaauiHbIN ruapopaspbis nnacta (MIMPr), Ho,

Kak MpaBusio, OH MPOBOAUTCS B HYDKHMX MPOCOSX 15
1N36eXKaHNst PACNPOCTPAHEHVS TPELLMHbI B Fra30BYIO
wanky. 9To MPUBOANT K TOMY, YTO NMOAra3oBasd 4acTb
HeTEHACHILLEHHOIO KOSIIEKTOPa OCTAETCH HE3ATPOHYTON
pas3paboTkon (puc. 2).

TexHoJiIorn4yecKoe peLleHmne — KOMrJiekcHas
cucTema 3akaH4YMBaHUA CKBaXKUHbI

[ns peLueHnsa npobieMbl paHHEro NpopbIBa HELEIEBOIO
dnovaa 1 3 HeKTUBHON BbIPabOTKM MOAra30BOM

YyacTu niacTa NpegsaraeTcs UCMo1b30BaHNE
KOMMJIEKCHOW CUCTEMbI 3aKaHUMBAHNS CKB2XKMH, KOTOpPas
MO3BOSIUT BOBJIEYL B Pa3paboTKy BECb MHTEPBA
HeTeHaCbILLEHHOMO KOJI/IeKTopa. Takas cuctema
COCTOUT 13 ABYX OCHOBHbIX TEXHOIOMIN: UCCNeaoBaHns
NPUTOKa C MOMOLLIBIO YCTPOMCTBA KOHTPOAS NpuToka (YKIT)
C aganTuBHbIMK KianaHamu 1 MITPT (puc. 3).
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Fig 1: Basic diagram of gas and water breakthrough into well bore

When developing reservoirs with high vertical heterogeneity,
to increase connectivity in the reservoirs, multistage
hydraulic fracturing is usually applied, but it is usually
conducted at the bottom interlayers, to avoid the fracture
growth towards the gas cap. This leads to the situation
when the under-gas-cap-zone of oil reservoir remains
untouched by development (fig. 2).

Integrated Well Completion System

To resolve the problem of early breakthrough of no-
purpose fluids and to improve the efficient recovery
of the under-gas-cap-zone of the reservoir, it was
suggested to apply an integrated well completion
system which would enable the development of
the whole oil-saturated reservoir. Such systems are
composed of two fundamental techniques: inflow
survey with employment of inflow control device with
self-adaptive valves and multi-stage hydraulic
racturing (fig. 3).
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YKI1 co3naet
MOPaBINHECKOE
COMPOTUBIEHME
MPOXOOSALLEN XKXUOKOCTU C
MOMOLLBIO CNeUMaTbHbIX
«1aBVPUHTOB», YNCIIO

W 0IMHa KOTOPbIX
HacTpamBatOTCH B
3aBUCYMOCTW OT NpodnNg
NPOHULI@EMOCTN. Hem
annHHee cexkumsa YK, Tem
60oMbLLEE MMOPABINYECKOE
COMPOTUBIEHNE CO3O0AETCS
B cerMeHTe. AganT/BHble
knanabl B YKI aBiatoTcs
OrPaHNHNTENBHbIM
3/IEMEHTOM MPU

npopsbiBe rasa. Knanaxbl
yCTaHaB/MBaKOTCH B
rnoarasoByto HacTb
CKB2XXMHbI 1 MPW MPOopbIBe
rasa 3aKpbIBatoTCs,
MO3BOJIS OCTa/TbHOW
4acTu cTBONa paboTaTk B MpexxHeM pexxume. MITPT
MPOBOAMTCS TaKMM CMOCOOOM, KOTOPbIN Bbl1 MPUHAT
APPEKTUBHBIM [J159 KOHKPETHOro niacta. s Toro,
4TOObI N30EXKaTh pUCKa MNPOoPbIBA rasa B ra3oByio LLAMKY,
MIPTT oCyLLECTBNSETCS B HXKHIX Npociiosx. Cnenyet
OTMETUTb, 4TO YKI1 C aganTuBHbIMM KiianaHamy COCTOUT
N3 HECKOJIbKMX CEMMEHTOB, Pa3aesieHHbIX Makepamm

B 3aBMCMMOCTM OT NPOUAS MPOHULIAEMOCTI MJacTa,
BCKPbITOro ropun3oHTanbHoOM ckBaxkHom (IFC) (puc. 4).

MpuHumn paboTsl YKIT ¢ aganTUBHOM CUCTEMOM

COCTOUT B TOM, YTO XXWOKOCTb 13 nacTa NpoxXoauT

4epes MEPBYIO CEKLMIO, FAE OTMUIILTPOBLIBAIOTCA
MeXaHN4eCK/e MPUMECH, U MONAAAET B CNELMasIbHYIO
kamepy. B kamepe 3a cHeT KOHUrypaumm ee KaHasios
MOTOK >XXMOKOCTU MHOIOKPATHO PasAenseTcs 1 3aTtem
COEOVHSIETCH, TakM 06Pa30oM, YMEHbLLIAETCS AenpecCus.
Ha npakTvike, Ha y4acTKe, rae OXXUOaEeTCs MPOPbIB
hnomaa No BbICOKOMPOHWLIGEMOW 30HE, YCTaHAB/IMBAETCS
fonee oVHHAsS Kamepa, CnefoBaTenbHo, 3Ta 30Ha
pazpabaTbiBaeTCa Ha MEHbLUMX Oenpeccusx. Ha gpyrmnx
y4yacTKax yCTaHaBIMBAKOTCH KaMepbl MEHbLUEN O/MHbI

W1 He yCTaHaBNMBarOTCA coBceM. [pr npophkiBe rasda
CEKLIMSA CNOCOBHA 3aKPbIBATLCS C MOMOLLbIO aanTUBHbIX
KJ1arnaHoB, HACTPOEHHBIX Ha OMPENEEHHbIN PACXOS,
MPOXOSLLEN »XKMOKOCTU. KranaHsl MOryT 3akpblBaTbCs
WX OTKPbBIBATLCS B 3aBUCUMOCTU OT U3MEHEHNS
3a0aHHOro pacxofa. Takim 06pa3om, CUCTeMa No3BosigeT

BblpaBHMBAaTbL NPOodKb NPUTOKA BE3 pUCKa NPopbIBa rasa.

OdhheKTUBHOCTb NpenJiaraemoro nooxona
B pamkax gaHHoW paboTbl NpoBeagHO MOAEMPOBaHe
CUCTEM 3akaH4BaHna B niarvHe Multisectional well B 11O
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Puc. 2: Paspes Boosb cteona ckB. 9001G ¢ noarasoBoi 30HOW, He 3aTpOHYTOW pas3paboTKow
Fig 2: Cross-section along the borehole of well 9001G with under-gas-cap-zone untouched by development

MIren Multi-stage
B FOPU30HTaIbHON YacTu hydraulic fracturing
CKBa>XWHbI in the horizontal part

of well

AOANTUBHDBIE SELF-ADAPTIVE

KJTANAHbI VALVES

B MOAra3oBo YacTu in the under-gas-
cap-zone

Puc. 3: MpuHUMnmansHas cxema KOMMSIEKCHOW CUCTEMbI
3aKaHYMBaHWSA CKBaXKMHbI

Fig 3: Basic diagram of the well completion integrated system

The inflow control device creates hydraulic resistance to
the flowing fluid with the use of special «labyrinths», the
number and length of which are setup depending on the
permeability profile. The longer the section of the inflow
control device, the higher hydraulic resistance is created
in the segment. Self-adaptive valves in the inflow control
device are limited in case of gas breakthrough. The valves
are installed in the under-gas-cap-zone of a well and in
the event of gas breakthrough they get closed, letting the
resting part of the borehole work in the previous mode.
The multi-stage hydraulic fracturing is conducted in a
way which had been accepted as the most efficient for
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3oHa npopbiBa

any specific reservoir. To avoid the

Gas breakthrough
zone

Puc. 4: Cxema yctaHoskmn YKIT ¢ agantvBHbIMM KNnanaHamm

Fig 4: Diagram for installation of the inflow control device with self-adaptive valves

Petrel. Bblnn BbiOpaHb! TPW OCHOBHbIE ONLMW /19 OOHOWM

CKBaXKMHbI MnacTa KO2-6 (puc. 5):

1) hakTnyeckoe 3axkaHumBaHne — F[C+MIPT,
BbIMOJTHEHHOE TOJIbKO B HYPKHEN HYaCTU KOJIIEKTOPA
(kemc 1);

2) 'C ¢ 06bl4HbIM UABTPOM MO BCEMY KOSIEKTOPY,
BKJTOYAs MOAra30BYyO YaCTb (Kene 2);

3) 3aKkaH4MBaHVE C adanTVBHOM CUCTEMOM MO BCEMY
konnekTopy (kenc 3).
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risk of gas breakthrough into the

gas cap, the multi-stage hydraulic
fracturing is conducted in the bottom
interlayers. It should be noted that
the inflow control device with self-
adaptive valves is composed of
several segments, separated with
packers, depending on the reservoir
permeability profile, obtained from
horizontal well drilling. (fig.4).

The operation mode of the inflow
control device with the self-adaptive
system lies in the fact that the fluid
from the reservoir passes through the first section, where
the mechanical impurities strain out, and then it gets

into special chamber. Within the chamber, due to the
configuration of its channels, the flow of fluid is repeatedly
separated and then merged, thus decreasing depression. In
practice, a longer chamber is installed at the section where
fluid breakthrough is expected across a high permeability
zone, therefore, that zone is developed with lower
depression values. Chambers of shorter length are installed
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Puc. 5: Pesynbtatbl pacyetoB no cke. 9189 Ha rmapoavHaMmM4eckon Moaenu (CpaBHUTENbHAS XapaKTePUCTMKa PacHETHbIX KEVCOB (a),
rpadouk 3aKpbITUS KanaHoB KOMMIEKCHOM CUCTEMbI 3akaHuvBaHNs (6))

Fig 5: Hydrodynamic model calculation data on well 9189 (comparative characteristic curves of the estimated cases (a), diagram of valves

closure in the integrated completion system (b)

M3 pvic. 5 BMAHO, YTO BapuaHT hakTN4eckoro
3aKaH4YVBaHVSA NMokasbiBaeT HavxydLmne pesyibTaTbl,

TaK Kak KOJIIEKTOPR B HYPKHEM MPOCI0E OTHOCUTESTBHO
Xy>Ke KOoJ11ekTopa B noara3oBomt 3oHe. ['C ¢ 06bl4HbIM
PUNLTPOM B NEePBbIV rof, PadoTbl — HAWUMYYLLWA Pe3ynbTar,
HO CKBaXXVHa TakKe 3aKpbIBaeTCs 13-3a NMpopbiBa rasa.
[MNpennaraemas aganTyBHasi CICTeMa NO3BOISET OTOMPATb
MeHblLIe rasa, Npy 3ToM pa3padarbiBast MOAra3oByto
HeTSHYHO YacTb.

3akJiroueHue

KoMrieKcHast cUcTema 3aKaHYNMBaHNS CKBaXKVH — 3TO
NHTErpaLms HOBOrO POCCUIMCKOro 06opyA0BaHNA B
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at other sections, or not installed at all. In case of gas
breakthrough the section is capable of closing itself with
the use of self-adaptive valves, adjusted for a certain rate of
flowing fluid. The valves can close or unclose depending on
the deviation from the preset rate. Thus, the system makes
it possible to level up the inflow profile avoiding risks of gas
breakthrough.

Gauging the Efficiency of the Approach

Simulations of the well completion systems have been
modelled in the Multisectional well plug-in in the Petrel
Software. Three basic options were selected for one well of
the KO2-6 (J2-6) reservoir (fig. 5):
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CYLLIECTBYOLLIMIA MOAXOM, K 3aKaHYMBAHMIO CKBEXKMH. 114
nnacta K02-6 HoBOMOPTOBCKOrO MECTOPOXOEHMS — 3TO
vcnonb3oBanve YK ¢ aganTyBHbIMM KNanaHamm Kak
[0OMOSHUTENBHOrO OOOPYAOBaHNS A1 3aKaHYMBAHUS
CKB2XXMH B MOAra3oBon 4acTy miacTa C MOMOLLbHO
TexHonorvm MIPT. JaHHbIn NOAX0o4 AacT BO3MOXXHOCTb
VICMbITaTb HOBYK TEXHOMOMO 63 3HAYNTESBHBIX
KanuTasibHbIX BAIOXKEHUM 1 C MYHUMAaITbHBIMI PUCKAMW.

[MapoaMHaMUYECKME PACHETbI MOKa3biBatOT
NEepCNeKTVBHOCTb OaHHOro NOAXOAa, KOTOPbIA MNO3BOMUT
YBENNUTL 3MEKTUBHOCTL Pa3paboTKM MOAra30BbIX
3a1eXKeN N HEDTSHBIX OTOPOYEK.
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1) actual completion — horizontal well+multi-stage hydraulic
fracturing, conducted at the bottom part of reservoir only
(case 1);

2) horizontal well with regular strainer across the whole r
eservair, including the under-gas-cap-zone (case 2);

3) completion with self-adaptive system across the whole
reservoir (case 3).

The fig. 5 illustrates that the option with the actual
completion demonstrates the worst results, because

the reservoir at the bottom part is relatively worse than

the reservoir in the under-gas-cap-zone. Horizontal well
with regular strainer at the first year of operation is the

best result, but the well gets also shut in because of gas
breakthrough. The proposed self-adaptive system enables
recovering of smaller amounts of gas, with development of
the under-gas-cap-zone at that.

Conclusion

The integrated well completion system is an integration
of new Russian equipment into the existing approach to
well completion. Regarding the K02-6 (J2-6) formation of
the Novoportovskoye field (The Novy Port field) it is the
use of the inflow control device with self-adaptive valves
as auxiliary equipment for well completion in the under-
gas-cap-zone of reservoir, with the use of the multi-stage
hydraulic fracturing technique. This approach makes it
possible to test the new technique without considerable
capital investments and with minimum of risks.

Hydrodynamic calculation demonstrates the perspective
of this approach which will make it possible to increase the
efficiency of development of the gas cap drive reservoirs
and oil rims.
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