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TexHonorua noBbilleHMA HedhTensBNeUeHNn
M3 HEOAHOPOAHDIX KAPOOHATHBIX
KONNEKTOPOB C NPUMEeHEeHMeM 0OKOBbIX
rOpPU3OHTANbHbIX KAHANOB

Technology for Enhanced Oil Recovery from
Heterogeneous Carbonate Reservoirs Using
Lateral Horizontal Channels

9.M. ABYCAJIIMOB, ®.3. HCMATHJIOB, P.i>. XYCAHHOB, ITAO <TaTHedTH>;
P.A. TABAIITHUKOB, P.M. AXMETIIIHH, 1.H. ATBUITAPEEB, 00O <TarpaC-PemCepBuc>

E.M. ABUSALIMOV, F.Z. ISMAGILOV, R.F. KHUSAINOV, Tatneft PJSC;
R.A. TABACHNIKOV, R.M. AKHMETSHIN, I.N. ADYLGAREEY, Tagras-RemService LLC

Paccmampusaemcs ucnoiv306aHue
OOKOBLLX 20PUSOHIMASILHBLX KAHAIO8
MAN020 OUAMEMPa C MOUKU 3PEHU
U3BNIeHeHUS MPYOHOUSEILeKACMBLX 3GNACO8
U3 HEOOHOPOOHBLX NAOIMHBLX KOJJICKIMOPOB.
Ocseujerbl mexHoiouMecKue peutersl,
UCNONIL30BAHHBLE 8 KOMNAHUU, NPOOSIeMUL,
noNYHeHHble NPU BHeOPeHUL MEeXHOI02UL,
a maxice Pe3ynomamaol NPUMEHeHUA U
MOUKIU MEXHONI02UMECKO20 POCMAL.

B nocnegHue rogsl OOMUNA BEKTOP
pazpaboTku B [TAO «TaTHE(DTH» CMEMIAETCS
B CTOPOHY MECTOPOXKJEHUIH, CJIOKEHHBIX
KapOOHATHBIMU ITOPO/IAMH, OTHOCSIITXCS
K KaTETOPUHU TPYJHOU3BIEKAEMBIX C OOIIEH
JIOJIs1 HEBOBJIEYEHHBIX 34I14COB 57%. CnexyeT
OTMETHUTD, YTO TEKYIIUE TEMITBI OTOOPA 3AM1ACOB
HE MO3BOJIAIOT 3(P(PEKTUBHO BEIPAO6ATHIBATD BECH

PECYPCHBIN ITOTEHIUAI KapOOHATOB HIKHETO U 3.M. Abycanvimos
CPEMAHETO KApOOHA — OOIIAs IOJIS1 U3BJICUEHHBIX E.M. Abusalimov
34I14COB U3 KAPOOHATOB COCTABJISIET BCETO 21%

(puc. 1).

ITpOIIeCC Pa3paGOTKU IAHHbIX TUTACTOB The paper discusses the application of small diameter
GCIGKHACTCS HAMIIMEM CCTECTBEHHbBIX lateral horizonial channels for production of bard-to-
TPEIINH, IPOCTUPAIONUXCA B BEPTUKAIBHOM recover reserves from heterogeneous tight reservoirs.
HATIPABJIEHHH, OTCYTCTBHEM 3(h(heKTUBHOL The paper describes technological solutions used
crcTempt [TT1/] B 6TH3KMM PACTIONOKEHHEM in the Company, challenges encountered during
BOJIOHACHIIIEHHBIX MIACTOB, 9TO B COBOKYITHOCTH the implementation, results of the application and
YBEJMYUBACT PUCKH TIPOPHIBA ITACTOBOM milestones for technological growth.

BOJIBbI, OCOOEHHO IIPU ITPUMEHEHUN METO/IOB
CTUMYIALUY I1aCTA. CIeAyeT OTMETUTD, UTO JIJIA In recent years, the focus of field development in Tatneft
OAIIKUPCKOTO U TYPHEUCKOT'O APYCOB XaPAKTEPHO PJSC has shifted towards the carbonate reservoirs classified
HH3KOE IIJIACTOBOE JIABICHIIE as hard-to-recover reserves with a total share of recoverable
(B cpepneM 50—-30% OT HAYAJIBHOTO). reserves of 57%. It should be noted that the current
[NepeuncneHHble (PAKTOPBI OKA3BIBAIOT production rate does not allow for the efficient production
HETATUBHOE BIUAHUE HA KOI(PPUITUEHT of the entire resource potential of lower and middle Carbon
U3BJIEYEHUS YITIEBOJOPOJIOB U HA period — the total share of reserves extracted from Carbon
NPOAYKTUBHOCTD CKBAKUH. reservoirs is only 21% (Figure 1).

[1s1 pemenys 3aa9u NHTECHCU(PUKALTUIH The process of development of these reservoirs is
NPUTOKA HEPTHU B ITUX YCIIOBUAX complicated by natural fractures extending in the vertical
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MU POKOMACHITAOHOE TPUMEHEHHUE MOy YUIN
MPOCTBIE CONISTHOKUCIOTHBIE OOPAOOTKH, 4 B
JlaJIbBHENIIIEM 1 60JIEE CJIOKHBIE CEIEKTHBHDBIE
TEXHOJIOTHH, TAKUE KAK [IUKINYECKUE KUCTIOTHBIE
06pabOTKH C TPUMEHEHUEM KUJJKOCTE-
OTKJIOHUTENEH. BaXKHO IMOJYEPKHY Th, YTO
3HAYUTEJIBbHAS IOJISI KAPOOHATHBIX OOBEKTOB
Pa3pabOTKU IKCIIYATUPYETCA C IPUMEHEHNEM
CKBaKHH C OTKPBITBIM TOPU30HTAJIbHBIM
OKOHYaHHUEM, B KOTOPBIX MHOT'OKPATHBIE
KUCJIOTHBIE OOPA0OTKH CO BDEMEHEM HE IPUHOCAT
3KOHOMMYECKH OOOCHOBAHHBIX PE3YIBTATOB U
UMEIOT HEJJOCTATOUHYIO IIPOJOJIKHUTENIBHOCTD
apdekTa (OKOJIO 3—5 MeCALEB) (PUC. 2).

Crnenuanucramu [TAO «TatHeDTH> 1
00O «TarpaC-PemCepBUC» 6B1 OCHOBATEIBHO
M3Y4YEH ONBIT Pa6OT HA MECTOPOXKIEHHUH U
MPEJIOXKEH MUJIOTHBIN MIPOEKT 6y PEHMU S GOKOBBIX
KaHAJIOB MJIOT'O JUAMETPA C HOCIEAYIOMIEH
JUHAMUYECKON CTUMYJIAIIHEN.

JIJ151 peanusanuy NIOTHOTO IIPOEKTA BEIOPAHBI
CJIEAVIONIUE KPUTEPUU TPUMEHUMOCTH:

— OGBOJHEHHOCTb MPOAYKITHU — He 6os1ee 60%;

— 6271aHCOBBIC 3AITaChl He(TU — HE MEHEE G5 THIC. T,

— HAaKOIUIEHHBIN OTO6OP HEPTHU IO CKBAKUHE —

He 6oee 40 ThIC. T,

— He@dTEHACHIIEHHAA TOMIWHA TIJIACTA — HE
meHee 7,0 M;

— IIJIACTOBOE IABJIEHUE JOJIKHO OBITH HE MeHee 0,3
OT HAYAJILHOI'O;

— JAUAMETP FOPU3OHTAIBHOI'O OTKPBITOI'O CTBOJIA
CKBA)XUHBI — HE 60J1€€ BHYTPEHHETO JUAMETPA
3/KOJIOHHBI;

— HMHTEHCHUBHOCTb HA60PAa yIy1a (KPUBHU3HA
OTKPBITOT'O CTBOJIA) — He 60see 67/10 m.

INpuHLMN 6YPpEHNA KAHAJIOB JOCTATOYHO
TPAJAUIUOHHBINA: CITYCKAETCA KJIMH-OTKJIOHUTEID,
326y puBaAETCsI OOKOBOE OTBETBJICHUE, OypPUTCS
OOKOBOY KaHAJI, OUUIIAETCA CTEHKA IIOPOJBI OT
KOJIBMATAHTOB (PUC. 3).

ITo mepe coBepPIIEHCTBOBAHUS
TEXHOJOI'MYECKUX IIPUEMOB U HAPAOOTKH OIIbITA
OMPO6OBAHO GYPEHUE KAHAIOB JHAMETPOM 68 MM
C PA3/IMYHBIM ATICU/AIBHBIM YIJIOM, TTTyOMHOI U
KOJIMYECTBOM KAHAJIOB B 3aBUCUMOCTH OT LI€JIEBOM
30HBI C IOTEHITNAJIBHBIMU 3aM1ACAMHU. ]J151 OUUCTKHU
MMOBEPXHOCTU OT YACTUL] ITIOPO/IbI HOBEPXHOCTH
06pabaThIBAJIACh KUCIOTOM.

OCHOBHOH aKI[EHT B CTATHE JIEJIACTCS HA
AHAJIMTUYECKHE 3aBUCHMOCTH B3AMOBJIHSIHU S
PA3IMYHBIX TAPAMETPOB U TEXHOIOTMYECKUX
MIPHUEMOB Ha PE3YIBTATUBHOCTb IPUMEHEHU A
TEXHOJIOTUH.

B niporiecce TeCTUPOBAHH S PA3TTNYHBIX
TEXHUYECKUX IIPHEMOB OIIPOOOBAHBI PA3THYHBIC
MIPHUEMBI CO3/JAHUS KAHAJIOB: OT CO3/1aHU
HECKOJIBKUX KAHAJIOB HEOOIBIIOF JJTUHBI (30—-50 M)
10 € TMHUYHBIX KAHAJIOB JIIMHOM 100 M.
Hannydime pe3yabTaThl TOKa3a7I METO]] CO3/1aHUA
605ee NPOTKEHHBIX KAaHAJIOB JJIMHOM OKOsIo 100 M
— IIPUPOCT JeOUTA COCTABUI +195% (puc. 4).

BasxHOE 3HAYEHUE C TOYKU 3PEHUSI

[ons ocTaTo4HbIX 13BMEKaeMbIX 3aNacoB
Share of remaining recoverable reserves

52
[lons BbIpabOTKM 3anacoB
Total reservees development share

86

. KapboH,/Carbon

[eBoH/Devon

Pucynox 1 — Joa1s1 OCIamounsLx U36.1eKaemolx
3anacoeé u ux 00na 8uiadomKu

Figure 1 — The share of remaining recoverable
reserves and total reserves development share

[unHamurka paboTbl ckBaxmHbl 32 2016-2019 rogsl
Well production history during 2016-2019
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Pucynok 2 — Tunoeas npoooancumenbHoCms
agpgpexma nocie CONAHOKUCTOMHBLX O0PAOOMOK

Figure 2 — Typical effect duration after
bydrochloric acid treatments

direction, the absence of an effective reservoir pressure
maintenance system and the close proximity of water-
saturated reservoirs. These factors increase the risk of
reservoir water breakthrough, especially when using
reservoir stimulation methods. It should be noted
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a) whipstock running and orienting
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¢) drilling side lateral
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d) hydrochloric acid treatment

Side lateral Jet nozzle

Pucynox 3 - Oo6uuii npunuun co3oanus
NPOMANCEHHBIX KAHAIO0EG

Figure 3 — General principle of drilling long channels

Drill collars Telemetry system

bokoBoe oTBeTBNEHME rI/IJ:LpOMOHI/ITOpHaﬂ Hacafka

MpypocT aebuta HedTV OT CYMMAPHOW [NIMHBI NPOBYPeHHbIX KaHasnoB (2-x v bonee)
Oil rate increase vs. Total length of drilled channels (2 and more)
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Pucynox 4 — Bausanue Oaunst nPoOypPennsLx
Kanaa06 Ha oeoum

Figure 4 — Influence of the length of the drilled
channels on the flow rate

PE3YALTATUBHOCTU UMEET ITOJIHOLIEHHAA OYMCTKA
KaHaJIOB OT YaCTHI] BBIOYPEHHOM MOPOJBI.
IIpocTas 3aKa4yKa KMCJIOTHI B KAHAJI IPUHOCHIIA
Ha 40% MEHBIINI PE3Y/ILTAT IIO CPABHEHUIO C
IIOJIHOLIEHHOM I'MIPOMOHUTOPHOM PE3KOH IIPpU
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that reservoirs in Bashkir and Tournai stages are
characterized by low reservoir pressure (50—30% of
the initial pressure on average). These factors have a
negative impact on the hydrocarbon recovery rate
and well productivity.

Widely used methods of enhanced oil recovery
under these conditions include simple hydrochloric
acid treatments and more complex selective
technologies, such as cyclic acid treatments
with diverter fluids. It should be stressed that a
significant share of carbonate reservoirs is operated
with wells with a horizontal openhole wellbore, in
which multiple acid treatments over time are not
commercially feasible with a short effect duration
(about 3—5 months) (Figure 2).

Tatneft PJSC and Tagras-RemService LLC
specialists have thoroughly studied the field
experience and proposed a pilot project for drilling
small diameter lateral channels with subsequent
dynamic treatment.

The following applicability criteria have been
selected for the pilot project:

— watercut is no more than 60%;
— commercial oil reserves — not less than

65 thousand tons;

— cumulative oil production from the well —
no more

than 40 thousand tons;

— oil-saturated layer thickness — not less

than 7.0 m;

— reservoir pressure should be at least 0.3 from

the initial;

— diameter of horizontal openhole shouldn't
exceed internal diameter of production casing
— dog leg severity (openhole deviation) — no more

than 6°/10 m.

The principle of channel drilling is quite
conventional: the whipstock is lowered, the side
lateral is drilled, the side channel is drilled, the rock
wall is cleaned from bridging agents
(Figure 3).

As the technological methods improved and
experience gained, drilling of 68 mm diameter
channels with different apsidal angle, depth and
number of channels was tested depending on the
target zone with potential reserves. To clean the
surface from rock particles, the surface was treated
with acid.

The primary focus in the article is on analytical
dependencies of mutual influence of various
parameters and technological methods on the
efficiency of technology application.

During testing various technical methods,
different methods of channels drilling have been
tested: from several channels of small length
(30-50 m) to single channels of 100 m length. The
method of drilling longer channels with the length
of about 100 m showed the best results — the debit
growth rate was +195% (Figure 4).

Efficiency wise, it is important to perform
complete cleaning of the channels from the drilled
rock particles. Simple acid injection into the



BBICOKOM JJABJICHUU B IPOOYPEHHOM KAHAJIE
(puc. 5).IIpu 3TOM C YBEJIUYEHUEM YA EIbHBIX
06bEMOB KUCJIOTHI € 0,04 M?/M 10 0,2 M?/M U
IJTyOUHBI BO3/ICHCTBUS «PE3aHIEM» TIOPOIBI
HAOIIOJAJICS 3HAYUTENBHBIN IPUPOCT IPUTOKA
HEPTU.

Taxoke BaKHBIM (PAKTOPOM SABJISIETCS OTKJIOHEHUE
K4aHaJI2 OT OCHOBHOT'O CTBOJIA. HEGOIbIION
CYMMAapHBIA OTXO/[] 32005 HOBOI'O KaHasa (JJO 5 M)
JIA€T HE3HAYUTEBHBII PE3Y/IBTAT IO CPABHEHUIO C
KaHAJIAMH, UMEIOITUMU OTXO/ 5 M B 6os1€ee. Pa3zHuia
B YBEJIMUEHUU NIPUPOCTA JEOUTA HEPTU COCTABIISAET
COOTBETCTBEHHO +95% 1 +180%.

3a TpHU rojia 3a CYET ONTUMM3ALUH IAPAMETPOB
KAaHAJIOB U PEKUMOB I'IJIPOMOHUTOPHOI'O
BO3JICUCTBUS, CO3/IaHUA KAHAJIOB C 326051 1
YIOPAaBIEHUSA TPAEKTOPUEN TOCTUTHYTO CHIKEHHUE
OIIEPALIMOHHBIX 32TPAT Ha 19% IIPpH IIJIAHOMEPHOM
YBEJTUYEHNH PEZYIBTATUBHOCTHU I'€OJIOTO-
TEXHUYECKOTO MEPOITPUITUS (PUC. 6).

Braromapst OHOBPEMEHHOMY UCIIOJIb30BAHUIO
KOMOWHAIIUH PA3HBIX TEXHOJIOTUYECKHUX ITIPUEMOB
JOCTUTHYTBI XOPOIIHE PE3YJIBTATHI B CJIOKHBIX
Tr€OJIOTUYECKUX YCIIOBHAX.

ITOTEHITNAIBbHBIMUA TOYKAMH POCTA JJ1A
TEXHOJIOTMH ABTOPBI IPEICTABIIAIOT:

— KOMITIOHOBKHY OYPEHMS, YIIPABJIAEMBIE B PEATTBHOM

BPEMEHUY;

— YBEJIMYEHHUE OTXOAA OT OCHOBHOTI'O CTBOJIA;
— 6ypeHHE KAaHAJIOB C 320051 CKBAXKUH;
— BAPHUALIUH PEKUMOB I'HJIPOMOHHUTOPHOTO

BO3JICUCTBUS;

— MOBBIIIEHUE HAJIEKHOCTU OOOPYAOBAHNUS,
— IPEJOTBPAIEHHE KOJIbMATAIIMX OCHOBHOI'O

CTBOJI4;

— GypeHHeE C Aa3palueH.

3aBYCUMOCTb NPUPOCTa Aeb1Ta HedT OT PesxViMa TAPOMOHUTOPHOM Pe3KM
Oil rate increase vs. jet cutting mode

6e3 /M peskun
- without jet cutting
Cr/M peskom
. i jet cutting
+95% +135%

CobrniofieHVe pexviMa rmapoMOHUTOpHOM pesku/Maintaining jet cutting mode

MpvipalleHvie gebuta, %

Rate increase, %

3aBMCUMOCTL NPYPOCTa febuta HedTI OT yaenbHOo 06bema KUCIOTh
Oil rate increase vs. Specific acid volume

+180%

+110%
+65%

MpvipaleHvie pebuta, %

Rate increase, %

0,04 MB/M 0,07-0,08 M?/Mm 0,10-0,08 M*/Mm
YAenbHbI pacxof, KUCIoTsl Ha 1 M kaHana/Specific acid rate for 1 m of the channel

Pucynox 5 — Bauanue 2uopOomoHuUmopHotl
o0padomKxu Kanaioe

Figure 5 — Effect of channels jet treatment

channel resulted in 40% lower output as compared to
full jet cutting at high pressure in the drilled channel
(Figure 5). At the same time, increase in specific acid
volumes from 0.04 m?/m to 0.2 m?>/m and the depth of
rock "cutting” resulted in a significant increase in oil
flow rate.

Also, an important factor is the deviation of the

channel from the main bore. A small total drilling reach

of the new channel (up to 5 m) provides insignificant

result in comparison with the channels with the drilling

reach of 5 m and more. The difference in
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oil flow rate increase is +95% and +180%,
respectively.

For three years optimization of channels
parameters and jet cleanout modes, drilling
channels from a bottom-hole and drilling
steering resulted in reduction of operational
costs by 19% with the planned increase of
ee efficiency of well interventions (Figure 6).

Simultaneous application of different
technologies provided positive results in
difficult geological conditions.

The following potential growth drivers for
the technology are considered:

— drilling bottomhole assemblies that can be

200

150

50

MpvipaLLeHvie gebuta, %

Rate increase, %
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controlled in real time;

Pucynox 6 — Crudicenue onepauuounsLx 3ampam

Figure 6 — Reduction of operational costs

JIaHHBIN IPOEKT ObLII PEATTM30BAH HA
26 CKBAXXUHAX, SKCIUTYaTHPYIOMUX GATKUPCKUL U
TYPHEUCKHUI APYCHL I10 pe3ynbraTaMm NPOBENECHHBIX
PaboT TEXHONIOTUA BKIIOYEHA B PETYJIAPHYIO
IIPOU3BOJICTBECHHYIO IpOrpamMmy. ©

— extension of the drilling reach;
— channel drilling from the bottomhole;
— variations in jet cleanout modes;
— increased equipment reliability;
— prevention of bridging of the main bore;
— drilling with air cutting.
This project was implemented in 26 wells producing

from the Bashkir and Tournai stages reservoirs. Based on
the results of the performed operations, the technology

isincluded in the regular production program. ©
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