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MULTIFUNCTIONAL OIL
PRODUCTION WELLS

H.3. JEHHUCJIAMOB, P.P. UIITBAEB, YpHMCKHI TOCYZapCTBEHHBIM He(DTAHOHM TEXHHIECKHH YHHUBEPCHUTET
1. DENISLAMOY, R. ISHBAEY, Ufa State Petroleum Technological University

B aTOM roly HCIIOTHUTCA 95 JIET € TEX NTOP, KAK
HAYaJIN JOOBIBATb HEMTD ITyTEM 3aKAYKH BOJBI B
MIPOAYKTUBHBIC 32JICKU. Braro/iapst HpOHUKHOBEHUIO
BO/IbI B HE(PTSHYIO 3AJICKb IIO/I/ICP>KUBACTCS HA
HEOOXO0/IMMOM yPOBHE INIACTOBOE /IaBJICHUE
U BBITECHSICTCS U3 IOPOBOI'O IPOCTPAHCTBA
1acTa He 1. 115 3aKaYKU BOJIBI MJIM MHBIX
BBITECHSIIOIINX AT'€HTOB TPAJUIIMOHHO UCIIOIb3YIOT
HATI'HETATEIbHBIC CKBAXKHHBI, 4 V11 OTO0pA HEPTU
U3 IJ1ACTA IPUMEHSIOT JJOOBIBAIOIINE CKBAKHUHBIL.

ITo IpOEKTY pa3padOTKU HE(PTAHON 3a/1€KHU
PACCTOSTHUSA MEXY 3A605IMH HAIHETATEIbHOMN
U HE(PTEJOOBIBAIOICH CKBAXKUH MOT'YT

It's been 95 years since oil production started to
be performed by means of injection of water into
oil deposits. As a result of water injection, formation
pressure remains at the required level and oil is
displaced out of pores. Traditionally, injection wells
are used for injection of water and other displacement
agents, production wells are used for extraction
of oil out of the formation. According to reservoir
development plan, the distance between bottomholes
of injection and production wells may vary from 200
to 800 m. This traditional spacing pattern remains the
same in many fields while depths of oil formations

KOJ1€6aThCS B LINPOKUX Npejenax ot 200
210 800 m. Takas TpaJUIIMOHHAS CETKA
CKBAXHUH Ha MECTOPOK/ICHUSX COXPAHICTCS
MHOTI'HE JIECATUIETUS, A BOT ITTyOUHBI
HE(PTAHBIX TOPU3OHTOB HA OTKPBIBAEMBIX
U Pa3pabaTbIBAEMbBIX MECTOPOK/ICHUAX
CTaHOBSITCSI HUKE U CETO/IHS HAXO/ATCS Ha
OTMETKAX 3—4 KUJIOMETPA U boJIee.

IIpu CTONb IITy6OKOM PACIIONOXKEHNH
MJIACTOB CTAHOBUTCS 9KOHOMHUYECKU

Mpw cTonb rMyOOKOM pacrnonoXeHuUm NnacToB
CTAHOBMUTCS SKOHOMMYECKM BbIFOAHOM 3aMeHa
ABYX CKBaXXUH Ha OfHY C pyHKLIMEN ABYX CKBAXMH:
HarHeTaTeslbHOM U HedTeaobbIBatOLLEN.

Considering great depths of formations it is cost-
effective to replace two wells with one well with
functions of two wells: injection and production wells.

BBII'O/IHOM 3aM€HA /IBYyX CKBAXKHUH Ha OfHY

C (PyHKIIUEH IBYX CKBAKMH: HATHETATEIBHOI U

HedTETOOBIBAIOIICIH.

[TpUHIUNINAIBHASA CXEMA CTPOUTEIBCTBA

U SKCILTyaTaluU TAKOH CKBAXXUHBI C IByMs

PyHKuMAMU [1] npuBeaeHa Ha puc. 1. /111 BBEICHUA

B ICUCTBUE MHOI'O(DYHKIIMOHAJIBHOM CKBA>KHUHBI

BBITIOJIHAIOTCS CJIEAYIONIHE TPOLEAYPHL:

1. CkBaxkuHa 6ypUTCA C L-06pa3HbIM TPOpUIIEM,
T.€. 6y pUTCS BEPTUKATIBHO, IPOXOAUT HEPTAHOMN
IIACT U IPOJOJIKAETCS IO, HUM Ha HEOOXOIUMOE
PacCTOSTHUE, BTOPUYHO IPOXOAUT HEPTAHON
IJIACT, HO YK€ B OOPATHOM HAIIPABJICHUH, TO ECTh
CHU3Y BBEPX.

2. CKBaXXUHA O00PYyAYyeTCs 06CAJHOM KOJIOHHOH 1,
HAIIPUMED, CTAH/IAPTHOIO THIIOpa3Mepa @ 146
uau 168 mm. O6caiHast KOJIOHHA [IEMEHTUPYETCS.

3. O6cafHasg KOJIOHHA JBAXKABI NEP(HOPUPYETCH,
CKBA’)KHMHA OCBAUBAETCS B OOEUX 30HAX
MIEPECEUYEHUS C IITTACTOM.

4. B ckBaxxuny criyckaeTca KonoHHa HKT 4 qia
3aKaYKH BBITECHSIOIIETO AT€HTA (B YaCTHOCTH,
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in new and existing fields become greater, now the

average depth is 3-4 kilometers and more.
Considering great depths of formations it is cost-

effective to replace two wells with one well with

functions of two wells: injection and production wells.
Fig. 1 demonstrates the basic configuration

of this well with 2 functions [1]. The following

procedures should be performed in order to put the

multifunctional well into production:

1. The well is drilled along the L-shaped path that
means there are several sections: vertical section,
then well penetrates oil formation, runs under oil
formation and penetrates oil formation again in the
reversed bottom-up direction.

2. The well is cased off with standard-type casing 1
with @ 146 or 168 mm diameter. Then casing is
cemented.

3. Casing is perforated two times, then well is
stimulated in two zones of well-formation
intersection.

4. Tubing 4 for injection of displacement agent (water)




BOJIbl), KOTOPAA JOBOJUTCA %
J10 KPOBJIM [1J1ACTA BO BTOPOM
— OT/AJICHHOM IEPECEUYCHUH
CKBaKUHBI C T1acTOM. KosblieBoe
IIPOCTPAHCTBO MEXKY OOCAHON i
KOJIOHHOH 1 KojioHHOM HKT
IEPMETU3UPYETCS C IIOMOIIBIO
IIAKEPYIOLIETO YCTPOUCTBA 7.

5. B BEPTUKAJIBHYIO YACTh CKBAKHUHBI

e ._._L_\.]!'

1 — o6cagHasI KOJIOHHA
CKBAXKUHBI,

2 — IEMEHTHBIA KAMEHB;
3 — HETAHOMU ILJIACT;

4 — KOJIOHHA HACOCHO-
KOMIIPECCOPHBIX TPYO
(HKT) pig 3aKauku
BBITECHSIOMIETO AT€HTA
(BOABI) BILIACT;

5 — kosiouHa HKT pist

CITYCKA€TCsI TTTYyOUHHBI HACOC 6 C
KOJIOHHOM JTU(PTOBBIX TPYO 5.

o/ybeMa He(hTU HA YCThE
CKBAKUTHBI,

6 — IITyOUHHBIN HACOC;

6. B KOJIOHHY 4 3aKaYNUBACTCA !
o H \
BBITCCHSIIOIIUI ATEHT, HAIIPUMEDP Rz

7 — Iakepyoluiee

BOZI4, KOTOPAsi IOJAHUMAET A\\

JMABJICHUC B IIPOAYKTHBHOM IJIACTC —

U BBITECHSET HEPTh U3 ITIOPOBOI'O
MNPOCTPAHCTBA IIJIACTA B CTOPOHY
NIEPBOI'O NIEPECECUECHU I CKBASKUHBI

YCTPOUCTBO.
1 — casing;
2 — cement;

3 — oil formation;
4 — tubing for injection of

C IVIACTOM.

7. HedTb IpATEKAET B CTBOJI
CKBaKUHBI B €€ BEPTHUKAJIBLHOM
YACTH U NOJHHUMAETCS Ha

displacement agent (water)

Pucynox 1 - MHOZOPYHKUUOHANBHAA  inio formation:
CKGadMCUuHna ona paspadoomxu
yuacmra Hemanozo naacma

Figure 1 — Multifunctional well for

5 — tubing for producing oil
to the surface;
6 — submersible pump;

[IOBEPXHOCTH 3C€MJIH I10 KOJIOHHE development of oil formationregion 7 — packer tool.

JIM@PTOBBIX TPYO 5 C HOMOIIBIO
ITTyGUHHOI'O Hacoca 0.

KOHCTPYKLIMA CKBAXKUHBI OOCCIIEYHBACT
KJIACCUYECKYIO CUCTEMY Pa3pabOTKHU y4aCTKA
HEPTAHOIO IIACTA, II0 KOTOPOH HEOOXOAUMBI
HATHETATEIbHAS U JOOBIBAIONASI CKBAXKUHBL
AHanoruyHbIN L-06pa3Hblil 1PpOMUIb
MHOI'O(DYHKIIMOHAIbHOM CKBAKHUHBI IIPEJIJIOXKEH 10
nzob6pereHuIo [9] corpygHukaMmu OAO «TatHedTh>
uM. B.JI. HIamuHa A1 pa3paboTKU IMH30BUHOTO
HEMTAHOIO IUIACTA C HUKEJIEKAIEU BOLOHEDTAHOMN
30HOH, OTJAEJICHHON OT JIMH3bI HEIIPOHULIAEMOU
nepeMblYKON. CKBAXKMHA IIEPECEKAET IPOJYKTUBHBIA
IJIACT U IPOXOIUT HEOOXOTUMOE PACCTOSHUE
B 30HE, HAXOAIIENCA HUXKE BOLOHEPTAHOIO
KOHTaKTa (BHK), 1 BHOBb C BOCXOAAIINM 3a00€M
NPOHHUKAET B HEPTAHON LIEJINK IJ1ACTA. biiarogaps
nepdopanuu 06CaHOM KOJIOHHBI B TPEX 30HAX:

B JIBYX [IEPECEUYEHUAX C TUH30BHUIHON HEPTAHOM
4aCTBhIO U B BOZOHOCHO! YACTH IVIACTA MIOABJISACTCA
BO3MOXKHOCTD ITOAIIMTKU IIPOAYKTUBHOU YaCTHU
IJ1ACTA BOJOM B OTAAJIECHHOM II€PECCYEHU N JIMH3DI
CO CKBAXKUHOMU. [IpOMEKYTOK MEXY IIEPBLIM
epeceUYeHuEM U 30HOM Hke BHK 1o n306peTeHnIo
T€PMETU3UPYIOT IAKEPOM, U TAKUM OOPA3OM,

BOZ,A U3 BOJOHOCHOM 4aCTH I1J1IACTA TU(PTUPYETCA

C IIOMOIIBIO CKBAKUHBIL B OTAAJICHHYIO YaCTh
JIMH30BUJHOH HE(PTAHONM YACTH MJIACTA.

CpaBHEHUE [BYX CXOXHUX TEXHOJIOI'UH [TIOKA3bIBACT,
4TO IO IEPBOMY CIIOCOOY [1] BOJA NOAAETCA B
HEPTAHOM NJI1ACT NOJ HEOOXOAUMBIM JIABJICHHUEM C
MOBEPXHOCTHU 3EMJIM U HA IIACT OKA3BIBAECTCA OOJIEE
JO3UPOBAHHOE U PETYINPYEMOE BO3JEUCTBUE.

B paborax [2, 3] yKa3bIBAETCS, YTO CHUKCHUE
TEMIIEPATYPHI IUIACTA HA HECKOJIBKO I'PAJyCOB
M13-34 3dKAYKH B [IOPOBOE IIPOCTPAHCTBO

is run in well. This agent is injected to formation top
in the second remote well-formation intersection.
The annulus between casing and tubing is packed
off with packer tool 7.

5. Submersible pump 6 with tubing 5 is run in vertical
section of the well.

6. Displacement agent (for example, water) is
injected in tubing 4. Water increases pressure in oil
formation and displaces oil out of pores to the first
well-formation intersection.

7. Oil flows to the wellbore in vertical section. Then,
oil is llifted to the surface through tubing 5 by
means of submersible pump 6.

Well configuration provides classical development
system for formation region with injection and
production wells. Similar L-shaped well profile is
proposed by Tatneft employees in invention [9]
for development of lenticular oil reservoir with
underlying oil-water zone separated from the lens by
a seal rock. Well crosses oil formation, runs a required
distance under the oil-water contact and penetrates
oil formation with ascending bottomhole. Due to
casing perforation in three zones - two intersections
with lenticular oil part and one intersection with
water-bearing part - water inflow feeds oil reservoir in
remote intersection of an oil lens and a well. According
to the invention, interval between the first intersection
and the zone under oil-water contact is packed off.
Thus, water from water-bearing part is lifted by a well
to a remote section of lenticular oil part.

Comparison of two similar technologies
demonstrates that according to the first method,
water is injected into oil formation under the required
pressure from the surface thus enabling more
controllable formation treatment.
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I1J1ACTA XOJIOJHOU BOABI IPUBOAUT K CHHUXKEHUIO
HedTEeOTHAUM 3aBOIHAEMON 3a1exKu. [Ipeaaraemas
CX€Ma 3aBOJHEHUA HEPTAHOI'O IUIACTA [1]
MOAPA3YMEBACT HAJIMYUE IBYX KOJIOHH HACOCHO-
KOMIIPECCOPHBIX TPYO B OOCATHON KOJIOHHE
CKBa>KHMHBI HA IPOTSKEHUU 1-2 KM U OOJIee.

DTO NPUBEJET K UHTEHCUBHOMY TEILIOOOMEHY

MEK/TY TEIJION HE(PTBIO U XOJIOJJHOHN BOJOU U

MOBBIIIEHUIO TEMIIEPATYPbI 3aKAYUBAEMON BOJLI HA

HECKOJIBKO I'DAalyCOB. BMeCTE C 3TUM IIPOU30HAET

Y CHUIKEHUE TEMIIEPATYPHI HEPTHU B KOJIOHHE

JIM(PTOBBIX TPYO, TOITOMY TAKUE CKBAKHUHBI

C TEIIOOOMEHHBIM 3(P(PEKTOM HEOOXOJTUMO

IIPUMEHATDH Ha MECTOPOXKICHUAX C MAJIOBA3KOM

HE(MTHIO NOBBINIEHHON TEMIIEPATYPHI, COAECPKAIICH

HE3HAYUTEIBHOE KOIUYECTBO AC(HATIBTEHOB, CMOJI U

napadHUHOB.

B kagecTBE MyOGMHHOT'O HACOCA B PACCMOTPEHHON
TEXHOJIOTUH JOOBIYN HE(PTHU MOXKET
HCIIOIB30BATHCS AMEKTPOLIEHTPOOEKHASA YCTAHOBKA,
NEKTPOJBUTATENB KOTOPOH TPEOYET UHTEHCUBHOT'O
OTBOZA TEILIA. B 3TOM Cilydae rmogasaeMas CBEPXY I10
KoJIoHHE HKT OTHOCHUTENBHO XOJI04HAS BOAA OYAET
B HEMOCPEACTBEHHON OJIM30CTH OT NOI'PY’KHOTO
IEKTPOABUTATENA OTBOAUTD OT HEE YACTDb TEIJIOBOXU
SHEPIUU.

111 OpraHu3any CUCTEMBI ITOAACPKAHUSA
nactoBoro aasaenusd (ITIT1) mo cxeme Ha puc. 1
HEOOXOUMBI KyCTOBAA HACOCHAS CTAHLIUA U
BOJIOBOZIBI BBICOKOT'O IABJIEHUA, IIPHU 9TOM Ka49E€CTBO
334Ka4YMBAEMON BOJBI HE BCETIA COOTBETCTBYET
TpebyeMbIM HOpMAaTUBaM. B cTarbe [4] yKa3bIBaeTCs
HA TO, YTO CKBAXXUHBI, B KOTOPBIX CYIIECTBYET
BHYTPHUCKB2)KMHHOE OOECIIEYEHNE HATHETATEIBHON
CKBAXHMHBI BOAOM /151 cuctembl [T/, umeroT
JIYYIIHNE KCILIYATALIMOHHBIE ITOKA34ATEH, YEM
CKBa’KHHBI, B KOTOPBIE 3AKAYUBAETCA CTOYHAA
BO/A. [TO3TOMY CTAJIO ECTECTBEHHBIM OO€ECIIEYEHNE
MHOI'O(PYHKIIMOHAJIbHON CKBAKHUHBI OJIN3KHUM U
Ka4€CTBEHHBIM UCTOYHHUKOM BOJIbI JUISI 3AKAYKH B
HePTAHON I1aCT. Ha MHOTI'UX MECTOPOX/JCHUSIX B
HETIOCPEACTBEHHOM 6JIM30CTU IO BEPTUKAIHN OT
HePTAHOM 32JIEKU PACIIONIOKEHBI BOJJOHOCHbBIE
IUIACTBI C BOJOY HEOOXOAMMOI'O KAYECTBA.

CxeMa OTOOpa TAKOHM BOJbI U3 HUIKEJICKAIIECTO

BOJIOHOCHOT'O 'OPHU30HTA C IOMOUIBIO ITTYyOMHHOMI

IEKTPOLIECHTPOOEKHON HACOCHOM YCTAHOBKU U

€€ 3AKAYKU B BBIIIEIECKAIUIT HEPTAHON MIACT

NIPUBEJIEHA HA PUC. 2.

TEeXHOJIOTMU BHYTPHUCKBAXKUHHOI'O OTOOPA BOJBL U
34KA4YKH B IIPOAYKTHUBHBIN HEPTAHON IUIACT XOPOIIO
WU3BECTHHI [4, 5,6, 7], 1 OfIHA U3 HUX A/TATITUPOBAHA
HAMH K pabOoTe MHOTO(MYHKIIMOHAIBHOM CKBA’KUHDL

B HETAHOM IIJIACTE CO 3HAYUTEILHOM INTyOUHOM
3aJIETAHUS OPTAHU3ZYIOTCS CJIEIVIONIHE PA6OTHI:

1. CkBaxxrHa 6ypUTCsI BEPTUKAJIBHO U BCKPBIBACT
HEPTAHOU IVIACT 2 U HUXKEJICK AN BOJOHOCHBIA
IJIACT 3, IPOXOAUT IO BOGOHOCHBIM IIACTOM
U Ha HEOOXOAMMOM OT/AJIEHUU OT IIEPBOT'O
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1 — o6cagHass KOJIOHHA CKBAXKUHBI,
2 — HE(TAHOM IIACT;
3 — BOHOHOCHBIH IJIACT;

4 — rubKast HACOCHO-KOMIIPECCOPHAS TPyOa I
CIIyCKa U MOHTaxxa YOLIH 17151 3aKa4KH BOZBY;

5 — 3JIEKTPOLIEHTPOOEKHBIN HACOC JJI1 3AKAYKHU
BO/IbBI;

6 — AMEKTPOIBUTATEIb HACOCA,

7 — nanpHuit o kosnonHe HKT nakep;

8 — GIIMDKHUU ITAKep;

9 — anexkrporabdesp YOLH /11 3aKa4KU BOJB;

10 — crannua ynpasaennsa YOLIH 11 3aKa4KU BOABL,

11 — Hacoc ansa nogbemMa He(PTH;

12 — xononHa Tpy6 (HKT) ais nmogbema HEDTH;

13 — crannusa ynpasiaeHns HACOCA A ITObEMA
HedTy;

14 — pacTBOpAEMBIN TAKED.

1 — casing;
2 — oil formation,;
3 - water-bearing formation;

4 — coiled tubing for tripping and installation of ESP
unit for water injection;

5 — electric submersible pump for water injection;
6 — electric pump motor;

7 — distal packer;

8 — proximal packer;

9 — ESP electric cable for water injection;

10 — ESP control station for water injection;

11 — pump for oil lifting;

12 — tubing for oil lifting;

13 — control station for production pump;

14 — soluble packer.

Pucynok 2 - Mnozogpynkuyuonansvnan
CKBANCUNHA C BHYMPUCKBEANCUHHOUL NOOaUeti
800061 018 30800HEHUA HEPMAHOZO0 NIaAcCma

Figure 2 — Multifunctional well with
downbole water injection for oil formation
Sflooding

Papers [2, 3] point out that decrease in formation
temperature by several degrees due to injection of



IIepeceyueHus MIACTOB BTOPUYHO IIepeceKkaeT 064
IUIACTA, TO ECTb CHU3Y BBEPX.

2. CKBa)XMHa KOMILIEKTYETCS 06CAJHOM KOJIOHHOH 1,
LEMCHTHPYETCSL.

3. O6cannas kononHa (OK) nepdopupyerca B
TPEX 30HAX: B OTJaJIEHHOM ItepeceyeHuu OK
HE@TAHOI'O IVIACTA ¥ BOJJOHOCHOT'O I1J1ACTA, 4
TaKXe B OmxHeM niepecedeHnu OK HeTAHOTO
raacTa. s MCKJIIOYEHU ST MEXKITJIACTOBBIX
MIEPETOKOB CKBAXKHUHY 3ATIOJIHSIOT 33/[aBOYHON
JKHJIKOCTBIO.

4. B CcKBa)XHMHY HAa FTHOKOI HACOCHO-KOMIIPECCOPHOM
Tpy6e (I'HKT) 4 cnyCKaroT HACOCHYIO YCTAHOBKY
JUISI 3KAYKH BO/IBI M3 BOJIOHOCHOTI'O IIJIACTA B
BBIIIEJIEKAMUN HEPTAHOM IIJIACT. YCTAHOBKA
COCTOMT U3 IIEHTPOOEKHOI'O HACOCA 5 U €I'0
MPUBO/IA — TTOT'PYKHOT'O AIEKTPOABUTATESA G
(TIB). Dnexkrpokabens 9 ot [T 6 3aBOAUTCS B
I'HKT c Tem, 94TOOBI 06ECIEYUTDh ET0 COXPAHHOCTD
IIPU CITYCKO-MOIbEMHBIX ONEPAITHAX.

5. KosblieBoe IPOCTPAHCTBO MEXK/Y HACOCOM
5 (ero XBOCTOBUKOM) U OO6CAJTHOM KOJIOHHOM
1 repMeTHU3UPYIOT C HOMOIIBIO OTAAIEHHOI'O
MAKEPHOI'O yCTPOMCTBA 7. DTY OEPALHIO
BBITIOJIHAIOT JIJIS1 UCKJIIOYEHHU S [IONAJAHUS BO/BI
BBICOKOT'O JJABJIEHUSI OOPATHO B BOJIOHOCHBIH
TOPU3OHT 3.

6. [yt pa306I1eHNs BOTOHOCHOTO U HEPTSIHOTO
MJIACTOB HUXKE BOJIOHOCHOTO T1J1ACTA
YCTAHABIUBAIOT BTOPOE ITIAKEPHOE YCTPOUCTBO 8.

7. TpeTbe MaKEPHOE YCTPOUCTBO 14 yCTAaHABINBAIOT
HUKeE IepBOro nepecedyeHuss OK CKBAKHUHDI
HEPTAHOTO IIACTA. JaHHOE MAKEPHOE
YCTPOHUCTBO MOXKET OBITH BDEMEHHOT'O
UCIIOJTHEHU S U3 MATEPUAJIOB, CIIOCOOHBIX
PaCTBOPATBCA NOJ| BO3/IEHCTBUEM CIIEIIUAIbHBIX
pacrBopureiei. [Takepyrolee yCTpouCTBO
14 HEO6XOIMMO [IJIS1 TOT'O, YTOOBI COOUPATH
MEXAHUYECKUE IPUMECH U BO3MOXKHBIE
NOCTOPOHHUE MPEAMETHI B BEPTUKAIBHOM YaCTU
CKBAKHHBI.

8. C IOMOIIBIO KOJIOHHBI HACOCHO-KOMIIPECCOPHBIX
Tpy6 12 B BEPTUKAIBHBIN CTBOJI CKBA’KMHBI HA
HEOOXONUMYVIO ITTyOHHY ITIOMEIAIOT [TTyOUHHBIIN
Hacoc 11 gy mopeMa IaCTOBOU IPOAYKITUNU
(HE(MTHU U TONTYTHOM BOJBI) 10 YCThSI CKBA’KHUHBL

9.Co crannuu ynpasneHus 10 myCKaioT B I€CTBHE
HACOC 5, BEAYT OTOOP BOABI N3 BOJOHOCHOTO
MJIACTA 3 Y 3AKAYUBAIOT 3TY BOAY B HE(PTAHOM
ILJ1ACT 2.

10. Co crannmu ynpasieHnus 13 IyCKaroT B IEUCTBHE
HACOC 11 1 0OTOUPAIOT HEPTH C TPOAYKTUBHOI'O
niaacTa 2.

11. C moMombio L-06pa3HON CKBAKHUHBI BEAYT
Pa3pabOoTKy y4aCTKA HE(PTAHOTO IUIACTA 2 IIYTEM
334KAa4KH BOJBI B OHY 30HY IIJIACTA U OTOOPA
HEPTU — U3 IPYTOUA YACTHU IIACTA.

Hann4ue AByX NaKEPHBIX YCTPOMCTB 7 U 8
obecrnieuunt pabory YOLIH 6e3 BUbparium, Tak Kak Ha

cold water leads to a decrease in recovery factor of the
flooded deposit. The proposed flooding configuration
implies the presence of two tubing strings in casing
string throughout 1-2 kilometers and more. This will
lead to a rapid heat transfer between warm oil and cold
water and a decrease in temperature of injected water
by several degrees. At the same time, this will lead to a
decrease in oil temperature in tubing, that is why these
wells with heat transfer effect should be applied in
fields with low-viscosity and high-temperature oil with
small content of asphaltenes, resins and paraffins.
Electrical centrifugal unit can be used as a
submersible pump in this production technology.
Electric motor requires intensive heat removal. In this
case, relatively cold water injected from the surface
through tubing will remove heat from electrical
submersible motor due to its physical proximity.
According to the configuration in fig. 1, pad water-
injection station and high-pressure water pipelines
are required in order to organize reservoir pressure
maintenance (RPM) system. It should be noted that
the quality of the injected water doesn't correspond
to required standards. Paper [4] states that injection
wells operated using downhole RPM water exhibit

Pump unit for water injection from water-
bearing formation into oil formation is deployed
on coiled tubing.

better operational characteristics than those that

are operated using dead water. That is why it is

essential to provide multifunctional well with a close

and high-quality water source for injection into oil
reservoir. In many fields water-bearing formations
with high-quality water are in the immediate

vicinity to oil deposits in vertical direction. Fig. 2

illustrates configuration of water extraction from

underlying water-bearing formation by using electrical
submersible pump and injection of this water into
overlying oil formation.

Technologies of downhole water extraction and
injection into oil formation are well-known [4, 5, 6, 7],
one of these technologies was adapted for application
in multifunctional well.

The following procedures should be performed in
oil formation with great depth:

1. The well is drilled vertically. Then, well penetrates oil
formation and water-bearing formation, runs under
water-bearing formation, penetrates two formations
in the bottom-up direction at the required distance
from the first formations intersection.

2. The well is cased off with casing 1. Then casing is

cemented.
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KOPOTKOM CKBa’)KMHHOM Y4Y4CTKE YCTAHOBKA
OyZieT OTHEHTPHUPOBAHA U HAXOAUTHCA B
HETOJBH>KHOM COCTOAHHMU.

I1py pEMOHTHEBIX PA6OTAX UJIH 3AMEHE
INIYOMHHBIX HACOCOB B IIEPBYIO OYEPEb HA
JHEBHYIO IIOBEPXHOCTD ITOJHUMAIOT HACOC
OTKa4KH HEPTHU 11. B CKBAXKUHY CIIYCKAIOT
oneparusHyio 'HKT maoro puamerpa
(30—40 MM) ¥ TPOMBIBAIOT UCKYCCTBEHHDBIH
326011 Ha/1 IAKEPHBIM YCTPOUCTBOM 14 OT
MEXIIPUMECEN ¥ IOCTOPOHHUX IIPEAMETOB.
B 30HY makepHOro ycrpoucrsa 14 ITV
JOCTABJIAIOT PACTBOPUTED, 6J1aT01apsA

1 —o6cagHas KOJOHHA
BEPTHUKAJIBHOUN YaCTU
CKBA’KUHBI;

2 — OOKOBOM CTBOIJI
CKBAKUHHI,

3 — HE(PTAHOMU ILJIACT;
4 — xonmonHa HKT pJis
3aKA9KH BOJBL;

5 — KOJIOHHA
JHUQPTOBBIX TPYO A5
MOA’beMa IJIACTOBOM
SKHUIKOCTH,

6 — IyGHUHHBIN HACOC;

7 — makepylouiee
YCTPOUCTBO.

Kotopomy I1V 14 mepecraeT CylecTBOBaATh
(pactBOpseTrca). [Tocnae cHATUA ABYX

1 — casing;

MMAKEPYIOMUX YCTPOHUCTB 7 U 8 C HOMOIIBIO
I'HKT 4 Ha yCTbE CKBAKHUHBI IIOJJHUMAIOT
IJTyOUHHBIHN HACOC 5.

Cnyck 1 MOHTaX YOLIH B JaJIBHIOIO
30HY CKBAKUHBI JIJI1 OPTaHU3ALUH
I1O/1A4YU BO/IBI B HE(PTAHOM I1JIACT — 3TO
BBICOKOIIPO(ECCUOHAIbHAS PA6O0TA,

6€30TKA3HbIX IAKEPHBIX YCTPOUCTB. BBHUAY
MPUCYTCTBUSA IEKTPUUECKOTO KabEeIs B 30HE
MMAKEPHBIX YCTPOHCTB BO3MOKHO UCIIOIB30BAHNE
NEKTPOMATHUTOYIIPABJISIEMBIX ITAKEPOB, KOTOPBIE
MIEPEKPBIBAIOT WU, HAI060POT, PACKPBIBAIOT
KOJIBLIEBOE MEKTPYOHOE MIPOCTPAHCTBO MO
NEKTPUUECKOMY CUTHAITY, IO/IABAEMOMY C YCThsI
CKBaKHHBIL.

C IOMOIbIO0 MHOTO(PYHKITMOHAIBHON CKBAXKUHBI
IOK434H4 BO3MOXXHOCTD BBITECHEHU A HEPTH BOJOU
Ha y4aCTKE HEPTAHOIO IUIACTA, IPUYEM 6€3 TOABOA
K CKBaKMHE HA3€EMHBIX BOJIOBO/IOB U OOYCTPOHCTBA
HACOCHOM CTAHITHUH.

CrpaTterus «CKBa>kHUHa C (PyHKIIMEH IBYX CKBAKUH»>
3KOHOMHYECKU BBITOAHA IS IPEATIPUATHS,
PEANN30BATh €€ MOXKHO TAKXKE Ha PYTOM IIPUMEPE,
KOI'ZIa CKBA’KMHA UMEET OOKOBOM CTBOJL. 1151
CHMIKEHUS CTOMMOCTHU PA6OT IO AKCILTYATAITUH
y4aCTKA HEPTSIHOTO IJIACTA ABTOPAMU U300PETEHUSA
[8] mpeAIOKEHO B CKBAKHMHE C GOKOBBIM
TOPU3OHTAIBHBIM CTBOJIOM 3aKA4KY BEITECCHSIONIETO
4AreHTa B IIJIACT BECTU YE€EPE3 OCHOBHOM
BEPTUKAIBLHBIA CTBOJI CKBAXKHHBL, 4 HE(PTh OTOUPATH
yepe3 60KOBOH CTBOJL. C TEM YTOOBI SKOHOMUYECKOE
MIPEUMYIIECTBO TAKOH CKBAKUHBI ObLIIO OYEBUIHBIM,
HEOOXOUMO, YTOOBI 60KOBOM CTBOJ (BC) CKBAXKUHBI
J10 €€ TOPHU3OHTAIBHOM XBOCTOBOM YaCTHU UMEJT
MHUHHMMAJIBHYIO JUIMHY. DTO YCJIIOBUE IPEAONPENEIIAET
MHUHHMAJIBbHOCTb PACCTOAHHUS OT TOUYKH OTXOZA
BC OT OCHOBHOI'O — BEPTHUKAJIBHOI'O CTBOJIA
CKBaKHHBI JJO KPOBJIU TPOAYKTHUBHOTO IIJIACTA U, KAK
CJIEACTBHUE, 3HAYUTENBHOE OTKJIOHEHUE OOKOBOI'O
CTBOJIA OT BEPTUKAJIN HA BCEM NTPOTIKEHU.
M3BECTHO, YTO IMTyOUMHHBIE LIEHTPOOEXKHBIN WU
LTy H>KEPHBII HACOCHI JJOJIKHBI 10 BO3MOXKHOCTH
IKCILIYaTUPOBATBCA B BEPTUKAIBHOM 4YaCTH
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Pucynox 3 -
Muozogpynxuuonanvnan
cKeadcuna c 00K0B8bIM CHEOJIOM
015 3aKaAUKU 600bl

Figure 3 — Multifunctional well with
TpC6yIOH_[3$I, KPOME BCET'O IIPOYETO, HAJTUYIH sidetrackfor water injection

2 — sidetrack;

3- oil formation;

4 — tubing for water
injection;

5 — tubing for
producing well fluid to
the surface;

6 — submersible pump;
7 — packer tool.

3. Casing is perforated in three zones: in the distal

intersections: casing and oil formation, casing
and water-bearing formation, in the proximal
intersection of casing and oil formation. Well kill
fluid is pumped into the well to eliminate cross-
flow between layers.

4. Pump unit for water injection from water-bearing

formation into oil formation is deployed on coiled
tubing (CT) 4. Pump unit includes centrifugal
pump 5 and drive — submersible electric motor

6. Electric cable 9 from electric motor 6 is run
inside the CT to provide cable preservation during
tripping operations.

5. The annulus between pump 5 (liner) and casing

1 is packed off with remote packer tool 7. This
operation is performed to prevent high-pressure
water from flowing back into water-bearing
formation 3.

6. The second packer tool 8 is installed below water-

bearing formation for isolation of water-bearing
and oil formations.

7. The third packer tool 8 is installed below the first

intersection of casing and oil formation. This tool
can be a temporary packer made of materials that
dissolve in the presence of special solvents. Packer
tool 14 is used for removing mechanical impurities
and loose junk in vertical section of the wellbore.
Submersible pump 11 for lifting formation fluid (oil
and associated water) to the surface is deployed at a
required depth in vertical wellbore on tubing 12.

9. Pump 5 is turned on by control station 10; water is

extracted from water-bearing formation 3 and then
injected in oil formation 2.
10. Pump 11 is turned on by control station 13; oil is



CKBAa’KMHBI, B IPOTHUBHOM CJIY44€ BOZHUKHYT

TAKUE HEXKEJIATEIbHBIE IIPOLIECCHI, KAK BUOpALTU

U OJHOCTOPOHHEE UCTUPAHHUE IETAJIEH HACOCHOTI'O

060PYyIOBAHUSL.

J1J11 MAKCUMAJIBHOT'O CHUKEHU A 3260MHOTO
JIaBJICHUS U YBEJIMUEHU S CTENIEHU IPUTOKA
MIACTOBOM KU KOCTH B MOJIOCTD CTBOJIA CKBAXKUHBI,
Ha HAII B3I/, HECOOXOIUMO IIPUOITHU3UTD
IIYOUHHBIN HACOC K KPOBJIE NPOAYKTUBHOI'O
MJ1ACTA, 4 3TO BO3MOXKHO TOJIBKO B BEPTHKAJIBHOM
4acTUu h-O6pa3HON CKBAXKUHBL 3aKA4KA BO/IBI B
CKBaKMHE HOBOTO IM33a1HA OPTAaHU3YETCS YEPE3
OOKOBOI CTBOJI CKBAKUHBIL, 4 OTOOP HEPTU BEETCA
C IOMOIIBIO INITYOUHHOTO HACOCA, PA3MEIIEHHOIO B
BEPTUKAJIBHOU YACTHU CKBAKUHBI (PUC. 3).

B HE(TAHOM IIJTACTE CO 3HAYUTEIBHON INTYyOUHOI
3aJIETAHUS OPTAHU3YIOTCA CJIEAYIOMNE PA6OTHL:

1. CkBaxkuHa 6ypPUTCS BEPTUKATIBHO U BCKPBIBAET
MJIACT BEPTUKAJIBHO, KOMIUIEKTYETCA OOCAHOIM
KOJIOHHOM (OK), LIEMEHTUPYETCS.

2. B HenocpencTBeHHOM 6IM30CTH OT
NPOAYKTUBHOIO HEPTAHOrO 1acta (300-500 m)

OT OCHOBHOT'O BEPTUKAJIBHOT'O CTBOJIA
CKBaXMHBI Tpope3atoT OK 1 6ypaT OOKOBOI
CTBOJI C BEPTUKAJIBHBIM BXOX/AEHUEM HUJIH IIOJ,
OIPEENEHHBIM YIVIOM K INIOCKOCTH IJIACTA.
Paccrosinue ot MmecTa BXOxieHus bC B rtact

JIO TOYKHU BXOX/JIEHUA BEPTUKAJIBHON YaCTH
CKBAKMHBI B IJIACT ONPEJEIAETCA IIPOEKTOM
Pa3paboOTKH HEPTAHOTO IJIACTA U, KAK [IPABUJIO,
COCTABJIAET HECKOJIBKO COT METPOB (200-800 m).

3. BOKOBOM CTBOJI, TAK K€ KAK U OCHOBHOM,
o60opyayeTcss 00CaAJTHON KOJIOHHOM U
LIEMEHTHUPYETCA.

4. O6a CTBOJIA CKBAKUHBI HAIIPOTUB HEPTAHOTO
IUIACTA IEPPOPUPYIOTCS, INTACTHI B ATUX 30HAX
IIOCJIEOBATEIBHO OCBAUBAIOTCHL.

5. OTyCTbA U jasiee — B 6OKOBOU CTBOJI CKBA’KHUHBI
J10 HEPTSHOI'O IJ1ACTA pa3MeniaroT KoJoHHY HKT
JUIA 3AKAYKH BBITECHAIOWIETO arenTa. Konblesoe
IIPOCTPAHCTBO HAJL IIJTACTOM MEK/Y KOJIOHHOMU
HKT 1 06caiHOM KOJIOHHOU I'€pMETHU3UPYIOT C
IIOMOMIBIO MAKEPHOI'O YCTPONUCTBA.

6. B BEPTUKAIBHBII CTBOJI CKBAKUHBI HA
HEOOXOANMYIO ITTyOHHY [IOMENAIOT ITyOMHHBIH
HACOC C [IOMOIIIBIO BTOPOX KOJIOHHBI HACOCHO-
KOMIIPECCOPHBIX TPYO IS HOBEMA TVIACTOBOM
MIPOAYKIIMHU 10 YCThSI CKBAKHBL

7. CnoMomibio h-06pa3HOI CKBAKHUHBI BEACTCS
Pa3paboTKa y4aCTKA HEPTSIHOI'O I1J1ACTA ITyTEM
334KAYKH BBITECHSIOIIETO AT€HTA B OJTHY 30HY
IUIACTA U OTO6OPA HEMTU — U3 APYTOHN 30HBI
IJIACTA.

TEeXHUKO-9KOHOMHYECKAS 3PPEKTUBHOCTD
NIPUMEHEHUA PACCMOTPEHHBIX B CTAThE TEXHOJIOTUH
OyZIeT OCHOBBIBATHCS IPEXK/IE BCEI'O HA COKPAIIIEHUN
(PUHAHCOBBIX 32TPAT HA CTPOUTEIBCTBO U
OOYCTPOHCTBO CKBAKUH /I PA3Pa0OTKH HEPTIHOTO
IJIACTA.

extracted from oil formation 2.

11. Development of oil formation region 2 is
performed with the L-shaped well by injection of
water in one formation area and extraction of oil
from the other area.

‘Two packer tools 7 and 8 provide smooth ESP
operation since pump is stabilized and aligned in short
well section.

During workover operations or submersible pumps
replacement, in the first place oil pump 11 is lifted to
the surface. Then small-diameter CT (30-40 mm) is
run in hole; bottomhole zone above packer tool 14
is cleaned out from mechanical impurities and loose
junk. Then, solvent is pumped in packer tool 14 zone;
after that packer tool 14 is dissolved. After two packer
tools 7 and 8 are deactivated by CT 4, submersible
pump 5 is lifted to the surface.

Running in hole and installation of ESP unit in
remote well section for water injection into oil
formation — is a highly professional operation that
requires reliable packer tools. Considering the
presence of electric cable in packer tools zone it is
possible to use electrically and magnetically operated
packers that pack off or open annulus in response to
an electrical signal from the surface.

It is shown that multifunctional well enables oil
displacement by water in oil formation region with
no need to construct land water pipelines and pump
station.

«Well with 2 functions» strategy is cost-effective for
the company. There is also another way to implement
this technology — sidetracking. In order to reduce costs
for production from oil formation region, authors
proposed the following technology: displacement
agent is injected through main vertical wellbore
while oil is extracted through horizontal sidetrack. In
order to make financial benefits look more evident,
it is necessary to provide minimal length of non-
horizontal part of the sidetrack.

This condition predetermines the minimum
distance from kick-off point to formation top, thus
providing significant vertical deviation over the whole
sidetrack length. It is well-known that submersible
centrifugal or plunger pumps should be operated in
vertical wellbores; otherwise some problems may
appear such as vibration or one-sided abrasion of
pumping equipment.

In order to reduce bottomhole pressure to the
minimum value and enhance fluid flow into the
wellbore it is necessary to install submersible pump
close to formation top. This is only possible in vertical
section of h-shaped well. In this new-design well water
is injected through the sidetrack, while oil is extracted
by submersible pump that is installed in vertical
section of the well (fig. 3).

The following procedures should be performed in
oil formation with great depth:

1. The well is drilled vertically. Then, well penetrates
oil formation vertically and after that, well is cased
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BrIBOIBI

1.

MHOro(yHKIIMOHAIbHAS CKBAXKUHA B
OIIPENIETIEHHBIX YCIOBUAX PA3PAOOTKHU
HEPTIHOIO MECTOPOXKJCHUS MOXKET OBITh
MOCTPOEHA U YCIIENTHO IKCILIYATUPOBATHCSL.
BraronpusiTHBIMU (PAKTOPAMHU JIJIST
OPraHU3AINH TAKOU CKBAXKUHBI SBJISTIOTCSI:
OO0JIBIIIAS ITTyOMHA U BBICOKAS TEMIIEPATYPA
HEPTIHOU 3aJIEKHU, IPOJYKTUBHBIC

IJIACTHI HACBHIIEHBI MAJIOBI3KON HEDTHIO

C HE3HAYUTEJIbHBIM COIEP:KAHUEM
aC(aBTEHOB, CMOJI U TAPA(PUHOB.
CKBaXHHA C IBOMHBIM HA3HAYECHHUEM

UMEET CJIOKHBIA NPO(UIIb CTBOJIA U
3HAYHTEIBHOE KOJIUYECTBO BHYTPUCKBAKMHHOI'O
060PYAOBAHUSL, IOATOMY IIPEANIOAATACTCS
npuMmeHeHue B ckpaxune 'HKT ¢
COOTBETCTBYIOIUM OOOPY/IOBAHHEM B €€
KOHEYHOM YaACTU.
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Well with two functions implies a complex

well profile and a great number of downhole
equipment, that is why it is proposed to use CT
with corresponding equipment in the bottom part
of the well.

off and cemented.

2. The window is milled through casing in main
vertical wellbore in the immediate vicinity of
oil formation (300-500 m). Then sidetrack is
drilled with ascending penetration angle or other
determined angle to formation plane. The distance
from point of sidetrack penetration into formation
and point of vertical well penetration is determined
in reservoir development plan. Generally, it is 200-
800 meters.

3. Sidetrack as well as vertical wellbore is cased off
and cemented.

4. Two wellbores are perforated against oil formation;
layers in these zones are stimulated one by one.

5. Tubing for displacement agent injection is run from
the surface through the sidetrack to oil formation.
Annulus between casing and tubing above oil
formation is packed off by packer tool.

6. Submersible pump is deployed at the required
depth in vertical wellbore on the second tubing for
producing well fluid to the surface.

7. h-shaped well is used for development of oil
formation region by injection of displacement
agent in one zone and extracting oil from the other
zone.

Technical and economic efficiency of the
application of described technologies will be
primarily based on reduction of costs associated with
construction of wells for development of oil formation.

Conclusions

1. Under certain specific oilfield conditions
multifunctional well can be constructed and
successfully operated. Favorable factors for
application of this well are: great depth and high
temperature of the formation, low-viscosity oil with
small content of asphaltenes, resins and paraffins.

2. Well with two functions implies a complex
well profile and a great number of downhole
equipment, that is why it is proposed to use CT
with corresponding equipment in the bottom part
of the well. ©



