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[[a3npoM HeEdTbL: YBeNN4YeHne 30Hb!
OPEHNPOBaHNA CKBa>XNHbI METOOOM
KNUCNTIOTOCTPYNHOro TyHHenmpoBanus ¢ 'HKT Ha
npumepe BoctouHoro yyactka OpeHbyprckoro
HeTera3okKoOH4EHCATHOro MECTOPOXXOEHUS

Gazprom Neft: Case Study, Eastern Part of the
Orenburg Field; Expanding Well Drainage Area
Using Acid Jet Tunneling with Coiled Tubing

BeepeHue

Ha cerogHaWHWMIM aeHb OCHOBHbIM akTreomM OO0
«asnpomMHedTb-OpeHbypr» aBAseTcs BoCTOUHbIN
y4acTok OpeHbyprckoro HehTerasokoOHOAEHCATHOO
mMecTopoxaeHns (BY OHIMKM). HedTerasoHOCHOCTb
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Introduction

Presently, the Eastern part of the Orenburg oil and gas
condensate field (E-OF) is a core asset for Gazprom Neft.
The oil-bearing capacity of the E-OF is mainly associated
with Kungurian P4, Artinskian P5 and Sakmarian P6 pay
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COILED TUBING

BY OHI'KM cBg3aHa, B OCHOBHOM, MPOAYKTUBHbLIMY
nnactamm P4 kyHrypckoro, P5 apTuHckoro v P6
CaKMapCKOro Bo3pacTa KOTopble B CBOK o4vepeb
npeacTaBAeHbl MPENMYLLIECTBEHHO U3BECTHIKAMMU.
CpenHssa addekTBHaS HedhTeHaChILLIEHHAsA TONLLMHA
nnacta P4+5+6 coctaBnsgeT 24,9 M, KO3(. NOpPUCTOCTH
- 0,11 po.en., Koad. HedTeHacblweHHoCTN — 0,79

a.en., npoHnuaemocTs — 0,47 m[a, pacyneHEHHOCTb

— 28,9 en, yTBEP)XOEHHbBIN KO MULIMEHT N3BIEHEHNS
HedbTn (KNH) — 0,298 a.en [1]. denctaytowmin hoHA,
ckBakvH BY OHI'KM B 601blLen cTeneHn NpeacTaBsieH
HEMTAHBIMU CKBaXKMHAMV C FOPU3OHTasTbHbIMI

He o6CcarkeHHbIMU cTBO1aMu. [pobaemMaTnkown
MECTOPOXXAEHUS ABNSETCA BbICOKasA PacHIEHEHOCTb

N OTCYTCTBME CBA3AHHOCTU MeXXy NponaacTkamm

B paspese, YTO CHMKAET KO3 MULMEHT oxBaTa npu
pazpaboTKe roPU3OHTasIbHbIMU CKBaXXMHaMU. OCHOBHas
3afa4a uccnenoBaHusa — obecneveHre CoobLLIaeMOCTH B
CUCTEME CKBaXKMHA-MIACT BO BCEX HE(DTEHACHILLEHHbIX
CNosIX pa3pesa, a TakxKe yBESIMYEHNE 30HbI
OPEHNPOBaHVA NO narepanu. PelleHne gaHHbIX
BOMPOCOB 6e3YCNOBHO ABNSIETCA aKTyaslbHOW 3adadven
0ns HepTerasobbiBatoLLlero obLlecTsa.

TexHonorusg, B LENoM, He SBNFETCS HOBOM [2; 3;
4], opHako B ycnosusx BY OHITKM (ckBaXXuHb!
C FrOpPU30HTaUTbHbIM HE 0OCaXXEHHbIM CTBOJIOM)
1 yBennyeHus aamHbl kaHanos (100 m v 6onee)
C NPVMEHeHeM aBTOHOMHOW UHKIMHOMETPWN
peannayetcs Briepsble. OnbIT, NPeacTaBNeHHbIN
B J@HHOW cTaTbe OyAeT Mose3eH He TOSIbKO

zones which are predominantly limestones. The average
net oil pay, P4+5+6, amounts to 24.9m, the porosity
ratio is 0.11, oil saturation is 0.79, permeability is 0.47
mDa, stratification factor is 28.9 and the approved oil
recovery factor (ORF) is 0.298 [1]. The E-OF’s active well
stock is represented with uncased horizontal wellbores.
The field’s key challenges include its high degree of
stratification and incoherent geological interlayers, which
reduces the horizontal wells sweep efficiency. The main
objective of this research is to ensure the connectivity

in the well-formation system, as well as to increase the
lateral drainage area. The solution of these issues is
undoubtedly a vital task for the oil and gas producing
company.

The technology, as such, is not something new [2, 3,

4], however, in the settings of the E-OF (i.e. wells with
horizontal uncased boreholes) and the increased length
of the tunnels (100m and more), applying autonomous
inclinometry is new. The practices described in this article
may be of use, too not only, Well Operation departments
in oil and gas production and service companies, but to
research officers in design institutes and higher education
facilities.

Acid Jet Tunneling (AJT) technology is by itself an
operation of stimulating reservoir rock using a generated
jet stream, coming out of a jet nozzle. The pressure,
created inside the Coiled Tubing string, contributes

to building a curve in the elbow bend of the bottom

hole assembly (BHA) which results in jetting caverns

reosIoro-TeXHOIOMMYECKMM CITy>KGam
HehTerazobbiBatOLLMX U CEPBUCHbBIX

Advantages Shortcomings

NPEANPUSTUI, HO U HayYHbIM COTPYOHUKAM
NPOEKTHbBIX UHCTUTYTOB U BbICLLIMX YYEBHbIX

"Not high cost with regard to sidetracking

“No geosteering and low capacity to
predict the direction of tunnels

YUPEXOEHUI.

equipment

°No need to kill well and recover downhole

SUncertainty (no inclinometer) of the

TexHonorug KCT npenctaBnseT cobom
BO34ENCTBME Ha MOPOAY KONEKTOPA 3a
CYET BHEPrM CO34aBaEMOro NOTOKa CTpyH,

3Higher probability of penetrating the maximum
number of oil-saturated interlayers

knowledge about the direction of a
tunnel

BbIXOASALLEN 13 TMOPOMOHUTOPHOM HACaaKM.
CospgaBaemMoe JaB/ieHne B KOIOHHE
'HKT cnocobcTtByeT hopMmMpoBaHmto

"Implementing an AJT operation is several-fold cheaper than the cost of 1 sidetracking job.
Also, the technology has a potential of additional cost optimization of services, when it is
replicated and the number of wells increases.

2The wells of E-OF are operated using gas lift system predominantly. The size of BHA

n3rnba KoieHa KOMMOHOBKN HM13a
KOJ1I0HHbI (KHK), 4TO NprBOAUT K HaMbIBY
KaBEPHbI B CTBOJIE CKBaXKMHbI, U Kak
CnencTBue — 06pPa30BaHNIO TYHHESS.
Hanee hopMm1pyembln MOTOK KUCAOTHOMN
CTpyw obpazyeT nepen cobon (nepen,
KHK) nonocTb, KoTopas B AasbHeNLeM
CNOCOOCTBYET Pa3BUTUIO TYHHENS.
Mopaynb ynpyron aedopmam ropHbIxX
MOPOA YUUTbIBAETCH NMpu BbIbOpE
pabo4yero AaBseHus, K NpuMepy, y
aprnMnInToB 1 KapboHaToOB OH AOCTUraeT
nopsiaka 70 MMMa. Mpumererne THKT

www.rogtecmagazine.com

makes it possible to carry out jobs using production tubing pipes of 73mm without their
pulling out, and consequently, without killing wells, which is an essential advantage of this
technology, in the whole; and it also prevents the deterioration of reservoir properties and
excludes additional costs of involving well service crews.

3 As known, sidetracking is performed by means of drilling a single borehole, while the AJT
technology makes it possible to produce 2 or more boreholes per one RIH/POOH operation
and having 100m of the mother borehole length one can produce up to 4 multidirectional
boreholes, thus, raising the possibility of penetrating the maximum number of oil zones.

5The result of tunneling is registered by an autonomous subsurface inclinometer whose data
can be read only after the equipment is pulled out of the well bore. This shortcoming, along
with the increased number of RIH/POOH operations, bears the risks of tunneling into gas/oil
and oil/gas contact zones, which determines the need to limit the well bore length.

Table 1: Advantages and shortcomings of AJT technology

ROGTEC |75



B [VIBKVME HACOCHO-KOMIPECCOPHbIE TPYBDI

MpeumyLiectea HepocTtatku

4OTCyTCTBYIE FEOHABMMALWN 1 HU3KOE
MPOrHO31POBaHNE HaNPaBAEHNS
TyHHENEN

"HeBblCOKasi CTOUMOCTb OTHOCUTESTbHO 3ape3Ki
6okosoro cteona (36C)

20TCyTCTBIME HEOBXOOMMOCTU MTYLLEHNS
CKBEXKUHbI U N3BNEYEHUS TyBUHHOMO
obopyaoBaHUs SHeonpepenérHocTb (6e3
VHKJIMHOMETPA) HarnpaB/eHVst kaHana

MY TYHHEeIMPOBaHNN

SMoBblLLEHHaS BEPOATHOCTb BCKPbLITUA
MaKCMas1IbHOro KoJsindecTsa Hed)TeHaCbILLI,eHHbIX
nponaacTkoB

"MpoeeneHre KCT kpaTHO AelleBne OTHOCUTENBHO CTOMMOCTY 3aTpar Ha NPOBEAEHVE
1 ckBavkMHO-onepaumn 3bC. Takxe, TEXHOMOMMS UMEET NOTEHLMAaN AONONHUTENBHON
ONTUMM3ALIAM CTOUMOCTM YCIYT, MPY BbIXOAE Ha TURaXKMPOBaHVE 1 YBENNHEHM
KOIMYEeCTBa CKBaXKNH-KaHOMAATOB.

2CkBaxkmHbl BY OHIM'KM akcnnyaTupytoTes MpenMyLLECTBEHHO ra3nngTHEIM METOLOM.
["abaputbl KHK no3BonstoT Npon3BoauTh onepaumn Yepes HaCOCHO-KOMMPECCOPHbIE
Tpy6bl (HKT)D 73 MM 6€3 1X 13BNEYEHVISt 1 COOTBETCTBEHHO 6E3 MYLLEHNSI CKBaXKMH,

YTO SIBSETCS HEOTHEMITIEMbIM MPENMYLLECTBOM TEXHOIOMMN 1 B LIESTOM MPeaoTBpaLlaeT
yXyALeHne PuabTPaUVIOHHO-EMKOCTHbIX CBOMCTB MiacTa 1 UCKIIO4aeT [OMONHUTENbHbIE

in the well borehole, and finally, in the
development of tunnels. Later on, the acid
jet stream creates a cavern in front of the
BHA, which then contributes to developing
a tunnel. When selecting the working
pressure parameters, the rocks elastic
deformation has to be taken into account;
for instance, with argillites and carbonates
it can reach some 70 MPa. The application
of Coiled Tubing adoption is determined
by the speed of the run-in-hole/pool-out-
of-hole (RIH/POOH) operations, as well as
the capacity of the pipes to sustain stress
with up to 90 degrees of slide down in a
10m section or less. The type and size

of the Coiled Tubing pipe is selected in
accordance with its designed capability

to transfer force to the BHA; 38.1mm and
44.4mm pipe diameters were used in this

3aTpaTtbl Ha rnpueieveHne 6p|/|rau, NnoA3eMHOro PeMOHTA CKBaXKMH.

BCKPbITUA HanbOSbLLEO KOMYECTBa He(bTeHaCbILLI,eHHbIX VHTEpPBaJ1OB.

BHK), 4TO 0653bIBAET orpaHnymBaThb A/IHY CTBOJ1a CKBaXKVHbI.

3Kak naBecTtHo, 36C npoBoauTCst NocpeacTBoM bypeHns oaHoro cteofa, KCT no3sonseT
TyHHenmpoBaTb 3a 1 CINO 2 cTBona 1 6osee, a Ha 100 M MHTepBaia MaTePUHCKOrO
CTBONMA A0 4 pa3HOHaMpPaBIeHHbIX CTBOIOB, TEM CaMbIM YBE/TNMHMBAETCH BEPOSTHOCTD

SPegynbTar TyHHeNMPOBaHNS (OVKCUPYETCS FyOUHHBIM aBTOHOMHbBIM MHKITMHOMETPOM,
NoKasaHWsl KOTOPOro CHATBLIBAKOTCS MOCSIE U3BEHEHNS 000PYA0BaHNS N3 CKBaXKMHbI.
Mopo6HbIN HEAOCTATOK MOMUMO YBeNM4eHns komyectasa ClMO Hec&T 3a cobow puCKu Mo
TYHHENPOBAHMIO CTBOJIA B 30HY MA30HEMTAHOIrO 1 BOAOHEMNTAHOrO KOHTaKToB (MHK 1

project.

The technology has number of advantages
and disadvantages (Table 1).

The run-in-hole BHA was offered by the
“Fracdet-Volga” LLC company.

Tabnuua 1: Mpenmvyliectsa n HegocTatky KCT

B J@HHOW TEXHOI0MUM OBYCNOBIEHO CKOPOCTLIO
cnyckonoabeMHbix onepaumin (Cl1O), a Takxke
BO3MOXXHOCTbBIO TPYObI K HAarpyakam npu Habope yrna
B 90° Ha y4acTok 10 M 1 MeHee. Tunopaamep MHKT
noadupaeTcy U3 pacyeTa TEXHNYECKON BO3MOXHOCTU
nepenasatb ycunve Ha KHK, onga paboT npumeHsnach
rmokaga Tpyba (I'M) & 38,1 MM 1 44,4 Mm.

TexHoNornsa MMEET sBHbIE NMPEVMYLLIECTBA U PAg, 30H
pocTa v HeonpeaenéHHocTen (tabnuua 1).

Cnyckaemasi B CKBaXKMHY KOMMOHOBKA MPeaIoXeHa
komnanunen OO0 «Dpak[xeT-Bonra».

Mpw npoeeneHnn padbot KHK Ha THKT cnyckaeTcsa
Yyepes akcnnyaTtauyoHHyto HKT (pricyHok 1). B kadecTBe
3akaumBaemoro areHta Ha BY OHI'KM npumensanace
consHaa kucnota (HCI) ¢ koHueHTpauven 5-12 %.

Peanuzauua KCT

[ns peanusaumm TexHoNorum el NnogobpaHs!

2 rOPU30HTasIbHbIE CKBXKWNHbI C HE OBCaXKEHHbIM
ctBosioM: G n AG BY OHI'KM. Kangupathl
XapaKTeEPU3YIOTC 3HAYNTETBHON MOLLIHOCTBIO
NPOOYKTMBHOMO niacTa 1 BbICOKOW paCHIEHEHHOCTbIO,
napamMeTpbl PaboTbl CKBaXKMHbI 0 [ TM OTpaXkeHbl B

76 | ROGTEC

When the BHA jobs are performed, the
Coiled Tubing string is run-in-hole using a
production string (Fig.1). Hydrochloric acid
(HCI) was used as a repressuring medium
at the E-OF, in concentration of 5 to 12%.

Implementation of AJT technology

2 Horizontal wells with uncased boreholes were

picked to take part in the trial. The candidate wells

were featured with considerable productive formation
thickness and a high degree of stratification; the well
operation parameters, prior to the well intervention, are
presented in Table 3. The AJT design for Well G had
provisions for increasing the plugged back total depth,
thus, substantiating the potential of the technology to
predict the direction of subsequent tunnels. Operations
at Well G made it possible to build 9 tunnels with

the total length of 590.5m, the total consumption of
hydrochloric acid amounted to 949.6m? at the same
time; sidetracking jobs were performed using process
water as well (see Table 2). The work performance
process is highlighted in Figure 2. As seen from Figure
3 all of the tunnels penetrated the overlying sublayers,
however, beside the top formation zone, the bottom
part of the reservoir is of pretty high geological
interest. Speaking about apparent disadvantages, the
following aspects of implementing the technology at
Well G can be highlighted:

¢ High accident incidence rate of the technology — 4

www.rogtecmagazine.com



COILED TUBING
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PucyHok 1: Tvnosas cxema rnyOrHHOro 060pyaoBaHNS radnndTHON CKBEKMHbI
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Fig.1: Typical diagram of the bottomhole assembly of a gas lift well

Tabnvue 3. AnzanH KCT Ha ckBaxkmHe G nogpadymesarnl
yrny6aeHne NCKYCCTBEHHOIO 320081, TEM CaMbiM
NOATBEPXKAAIMCb BO3MOXXHOCTM TEXHOIOMN 1
MPOrHO3MPOBAIOCE HaMpPaB/ieHNE MOCAEOYIOLLMX
kaHanoB. Ha ckBaxxnHe G yganocb NOCTPoUTb 9
KaHa10B OBLLEN MPOTHKEHHOCTLIO 590,5 M, npu

3TOM OBUMK Pacxod, CONAHON KUCAOTbl COCTaBWII

949,6 M3, TakKe 3ape3Kn KaHa1I0B NPOV3BOANNNCE Ha

TexHn4eckomn Boae (tabnny, 2). MNMpoLecc NpousBoAcTBa

pPaboT OTPaXKEH Ha PUCYHKe 2. Kak BUOHO 13 prCyHKa

3 BCe kaHaJslbl BCKPbINW BEPXHEEXaLMe NponaacTKy,

O[HAKO MOMVMO KPOBEJIbHOWM 30HbI M1acTa HemMasbIn

reoIOrMHYeCcKNin MHTEPEC NPeacTaBIseT NOAOLBEHHAs

4acTb niacTa. M3 aBHbIX HeQOCTaTKOB peann3aLmm

TEXHOJI0MMM Ha CKBaXKMHE G BblOENAOTCS:

e Bbicokas aBapuHOCTb TEXHOMOrMM — 4 OTKasa
obopynosaHug (3 — cnoma KHK, 1 — HerepMeTn4HOCTb
KHK);

® BonblUON 06BEM 3aKaYKN KMCIOTHOIO COCTaRa,
KOTOPbIN OCIOXHSIET 1 YBESTNYMBAET CPOK OCBOEHNS
CcKBaXKMHbI (0TOopa HCI 1 NpoayKToB peakumn);

e 3apeska CTBOJIOB OCYLLECTBISETCS TOSIbKO BBEPX, HE
BOBJIEKAS MPUW 3TOM HIDKEEXaLLe NPonIacTKuy;

www.rogtecmagazine.com

cases of equipment failure (3 — BHA breakdown, 1 —
BHA leaks);

e |Large volume of the injected acid composition
complicates and extends the period for well
completion (HCI and recovering the remaining
neutralized acid);

e Sidetracking is carried out upwards only, not involving
the underlying sublayers;

PucyHok 2: MNponssoactso pabot no KCT Ha ckBakmHe G
Fig. 2: Carrying out the AJT works at Well G

ROGTEC |77



B [VIBKVME HACOCHO-KOMIPECCOPHbIE TPYBDI

KoHueHTpaums consiHon dakT, dakT
CkBaXkuHa N2 kaHana WHTepBan kaHana, m KUCnoTbl, % LJIMHa KaHana, M KUCHOTHOMO G c; crasa, Mt
Well Tunnel Ne Tunnel interval, m Hydrochloric acid Actual tunnel length, | , o o1 o compositior,l m
concentration, % m ’
1 2751-2782 10 53,7 157
2 2667,5-2775,5 10 108 105
3 2585,5-2596,6 10 11,1 43
4 2575-2675,5 10 100,5 117
G 5 2510,7-2594,5 10 83,8 129,6
6 2494-2569,2 10 75,2 127
7 2410-2483,6 12 73,6 117
8 2375-2389,6 10 14,6 47,4
9 2190-2260 10 70 106,6
CymmapHbIii noka3sartenb / Cumulative Indicator: 590,5 949,6
1 2818,9-2873,3 10 54,4 160
2 2768,9-2818,9 10 50 114
3 2670-2695,1 10 25,1 157
AG 4 2628-2668,8 10 40,8 146,8
5 2785-2835 10 50 87,2
6 2410-2489 10 79 210,2
7 2370-2450 10 80 137
CymmapHbi nokasatenb / Cumulative Indicator: 379,3 1012,2
1 2657,8-2730 10 72,2 157
2 2580-2635,2 10 50,2 111
3 2552,6-2606,9 10 54,3 154
4 2481,9-2547 10 65,1 154
2G 5 2458-2523 10 65 154
6 2415,8-2452,7 10 36,9 109
7 2295-2360 10 65 186
8 2270-2335 10 65 153
9 2195-2260 10 65 165
CymmapHbIii nokasartenb / Cumulative Indicator: 538,7 1343

Tabnumua 2: Peaynbtatsl KCT Ha ckBakuHax G, AG 1 2G
Table 2: The results of the AJT works at Wells G, AG and 2G

OnbIT peannzaumm TexHonorum KCT Ha ckBaxknHe G
6b1n yuTéH npu npoBedeHn KCT Ha ckBaxkmHe AG.
Takoke bblna peann3oBaHa rmnoTesa 0 NPOBEAEHUN
KCT Ha genpeccun, koTopas no3somaa obl
OTOMpaTh NPOAYKTbI peakumm (HeMTPaIM30BaHHbIN
KVCMOTHBIN COCTaB 1 YaCTULbl pa3pyLIEHHOW

FOPHOW MOPOAbl), a TakxKe yBenndeHne adpdexkta
PaCK/IMHMBaAHWS 32 CHET CHYDKEHNS MPOTMBOOABNEHNS
Ha nnacT. PeanusosbiBasiock KCT Ha genpeccun
NOCPenCTBOM 3arycka CMCTEMbl ra3nndT: nojada B
3aTpybHOE MPOCTPaHCTBO aKTUBHOMO rada, OTKPbITUE

78 | ROGTEC

The experience of implementing AJT technology at

Well G was taken into account while carrying out the
AJT works at Well AG. Additionally, a hypothesis for
performing underbalanced AJT operations was tested
and implemented which would enable recovering the
wellbore waste (neutralized acid and rock particles), as
well as enhancing the wedging effect due to the reduced
formation back pressure. The underbalanced AJT wells
were implemented using a gas lift system: active gas
was pumped into the annulus, a manifold valve opened,
and the fluid was recovered from the borehole (Figure

www.rogtecmagazine.com



COILED TUBING

KOJIIEKTOPHOW 3a0BVIKKM,

OTOOP >KMOKOCTW 13 CTBOA

CKBaXXWHbI (pricyHok 1). OgHako

BO BpeMsi HaMblBa TYHHeNs
OTOOP CKBaXKNHHOWM XKNOKOCTU
BPEMEHHO MPUOCTaHaBNBAETCS,
Tak Kak BO BPEMs MOCTYMIEeHUS
akTnBHoro rasa s HKT npovcxognt
VICKaXKEHe MHOMKaLMM Beca
['HKT, 4To He no3BoNsAeT
noaTBepaUTb hakT oTxoaa
TYHHENs OT MaTEePUHCKOro CTBOa
nocpeacTBoM pasrpyskn KHK

Ha 3ab01 chopMMPOBaBLLErOCs
kaHana. Npu nposegeHun KCT

Ha Oenpeccun OCYyLLIECTBAANCS
aHanmM3 Npob oToMpaemon
YKUAKOCTU, OLEHVBaNCH
BOOPOAHBI NoKasaTesNb (pH),
MJ0THOCTb, 06BOAHEHHOCTb,
HanM4e MexaHN4YEeCKX MPUMECEN.
Knto4yeBbIM nokasaTenem

aBnsancs pH, npu 3HadeHnn

pH<3 paboTta cuctembl

«rasnuT» oCTaHaB/MBasach, C
LeNbio HeAoMYLLEHNS KOPPO3UU HeTECOOPHOrO
Konnektopa. BosobHoBNeHME 0TOOPA XXNOAKOCTU
OCYLLECTBISANIOCH TOIbKO MOC/IE MOSIBNEHNS XXMOKOCTU
€O 3HaveHnemM pH=3. B uenom no ckeaxkmHe AG
NMOCTPOEHO 7 KaHa/oB 0DLLEN MPOTIKEHHOCTbIO
379,3 M, Npu 3TOM OBLLNA pacxom CONSAHOW KUCNOThI
coctaBun 1012,2 m3 (tabnuvua 2).

1-bIM TYHHENb CTPOWJICH C LieNblo yrybneHus

MCKyCCTBEHHOro 3abos. B peaynbtaTte paboT

KaHasbl ChOPMUPOBaNIUCH B HaMpaB/eH KPOBN

(BBEPX — 2 KAaHana) U NOAOLLBbLI (BHU3 — 5 KaHa0B)

nnacTa (pPUCYHOK 4), 4TO NO3BONLAET ybeauTbes

B JOCTOBEPHOCTM OHOW 13 ABYX U 06enx

OHOBPEMEHHO MMNoTe3:

e [HKT & 38,1 MM 9BISSICb MEHEE XKECTKOW CUCTEMOM
NO3BOIET NPOV3BOAUTb TYHHEMPOBAHME Kak B
HanpaBeHNN KPoBAU (29 %), Tak 1 B HaNpaB/IeHUM
nogowBebl (71 %) nnacta B otnndmm ot M'HKT &
44,45 MM, KOTOpas MO3BOJISIET CTPOUTL CTBOJIbI
VNCKJTIOYUTENBHO MO HaMpPaB/IEHWIO KPOBM MaacTa
(100 %);

e 1-bIh CTBOJ1, HANPaBEHHbIV Ha YO/ IMHEHWE
WNCKYCCTBEHHOIO 32604, ABISETCA UHAMKATOPOM
HanpaBJ/ieHNs MOCAeayOLLIMX CTBOJIOB.

Mo ckBaxknHe G CXO0AMMOCTbL NocnegHen rMnoTesbl
cocTtaBngeT 100 %, no AG — 71 %, 4TO B LiEJIOM

06 BbACHAETCS NHANBUAOYaIbHOM OCOBEHHOCTLIO
NPOBOAKM MaTEPUHCKMX CTBOJIOB U JIUTOSIOMNYECKOWN
XapaKTEPUCTUKON CKBAXKMH.
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PucyHok 3: Pegynbtathl KCT Ha ckBaxkmHe G BY OHI'KM Ha reonornyeckom paspese kyba
HacbILLEeHVS
Fig. 3: The results of the AJT works at Well G of the E-OF in the geological section of the
saturation cube

1). However, the recovery of the borehole fluid was
temporarily stopped a tunnel washout, since the Coiled
Tubing weight indication readings were actually distorted
while active gas was pumped into the tubing, which
made it impossible to be sure that the tunnel was really
deviating from the mother borehole while the BHA
stress relief was applied towards the tunnel being
generated. When carrying out the underbalanced AJT
works, the recovered fluid samples were analyzed,
with an estimation of the hydrogen value (pH factor),
density, water cut, and presence of mechanical
impurities. The pH value was the key indicator; with
the value of pH<3 the gas lift system operation

would be stopped, with a view to prevent the oil-
gathering main to corrosion. The fluid recovery would
be resumed only after the fluid value would regain

its parameter of pH=3. In the whole, 7 tunnels were
built at Well AG, with the total length of 379.3m, and
the total consumption of hydrochloric acid of up to
1012.2mé2 (Table 2).

The first tunnel was built with the view to deepen

the plugged back total depth. As a result of this job,

the tunnels were formed towards the formation top

(2 tunnels) and towards the formation bottom too (5

tunnels) (Figure 4), which allows us to speak about the

success of at least one of the two hypotheses, or maybe
even of the both of them:

e The 38.1mm Coiled Tubing, being a less rigid system,
makes it possible to perform tunneling in both
directions — towards the formation top (29%), and
towards the formation bottom (71%), compared to
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“ VIHTEHCMBHOCTb nputoka 80

(wymomeTpusi)
Inflow rate (noise logging)

® Toukmn 3ape3ku KaHasoB (HeycrneLlHble
nonbiTky) Tunnel kick-off points 77
(unsuccessful sidetracking) 4

" TyHHenb 1 Tunnel 1

~ TyHHenb 2 Tunnel 2

m TyHHenb 3 Tunnel 3

® TyHHenb 4 Tunnel 4

= TyHHenb 5 Tunnel 5

= TyHHenb 6 Tunnel 6

= TyHHenb 7 Tunnel 7

2600 2700 2800

PricyHok 4: PesynbTarsl LWymMomeTpum (CBepxy) 1 KCT Ha reonorMy4eckoM paspese Kyba HachILLEHNS (CHU3Y) CkBavkuHbI AG BY OHIMTKM
Fig. 4: The results of noise logging (at the top) and AJT in the geological section of the saturation cube (at the bottom) of Well AG at the E-OF

3aBepLiatoLLern cTagmen padboT npegnonaranoch
onpoboBaHVe MOOEPHN3ALIMOHHBIX PELLIEHN
TEXHOI0MMM Ha CKBaxkMHe 2G. Bcero noctpoeHo

9 KaHa10B OOLLEN NMPOTAKEHHOCTLIO 538,7 M, Npw
3TOM OOLLUMIA PACXO[, CONAHON KUCNOTbl COCTaBW
1343 M3 (Tabnnua 3). Kak B1aHo 13 pricyHka 5 yaanock
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44.45mm Coiled Tubing; the latter makes it possible
to only build tunnels directed at the top of formation
(100%);

e The first tunnel, designed to extend the plugged
back total depth, serves as an indicator of direction for
subsequent tunnels.
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The latter hypothesis was
confirmed by 100% at Well G, while
its convergence at Well AG was
only 71%, which can be explained
by special features of drilling

the mother boreholes and the
lithological characteristics of

the wells.

The concluding phase of the
project was meant to be devoted
to trying the technology’s
modernization solutions at Well

PucyHok 5: Peaynbtatel KCT Ha ckBaxkunHe 2G BY OHITKM Ha reonornyeckom paspese kyba
HacbILLEHNS
Fig. 5: The results of the AJT works at Well 2G of the E-OF in the geological section of the
saturation cube

OOCTUMHYTb «AEeHAPUHECKOrO» Pa3BETBNEHUS, YTO
MO3BO/IMIO MOAKIOHYNTL PaHEE HEBOBIEYEHHbIE

B paspaboTKy HedTeHAChILLEHHbIE MPOMNIACTKN.

Takoke yoanochb yBENNYNTb CKOPOCTb pPaboT ¢

50 po 18 cytok Ha 1 onepaunto KCT. INo gaHHowM
CKBaXKMHE npoBoaunack wymometpua nocne KCT,

Mo pe3ynbTaTy KOTOPOW BUAHO (PUCYHOK 4), 4TO
OCHOBHOW MPUTOK CKBaXKMHbI CBA3aH C 7 KaHas1oM

(50 %). MNpegnonaraeTcs, YTO 7 KaHan BCKPbIN

30HY ECTECTBEHHOW TPELLIMHOBATOCTU KOJIIEKTOPA,
MPOHULAEMOCTb KOTOPOW Ha MOPSAOK BbILLE MaTPUYHOW.
Takoke oTMedaeTcs paboTta 2 1 5 kaHana (KENTbIN 1
3eMéHbIV UBeTa Ha puicyHKe 4). HabnogaeTcs nputok
naacToBOro hfitomaa B 30Hax HeyCrnellHbIX 3ape30oK
KaHasoB (KOpOTKMe 3eEHble CTONObI Ha PUCYHKE 4),

4YTO ABSISETCSH BOSMOXHbIM 9(PMEKTOM OT NPOBEAEHWS
KUCNOTHOW BaHHbI B 3TUX UHTepBaiax. BaxkHO OTMETUTD,
YTO He Mo BCEM KaHaslam 3a1KCMpoBaH NpUTOK (3

1 6 KaHasbl), HO JaHHOE ABJIeHE NOATBEPKAAET
3aKOHOMEPHOCTb «4eM B0JIblLE KaHas10B, TEM BbilLIE
BEPOSATHOCTb KPaTHOro yBenuyeHns geburta Hedptn
CKBaXKWHbI».

YT0 KacaeTcs rMnoTes Mo BbISBAEHWIO MPUYMH
opueHTnpoBaHus kaHanos ¢ MHKT, To no onbITy
CKBaXKMHbI 2G MOXXHO CKasaTb, YTO B 60JIbLLEN

CTENEHN OPUEHTNPOBaHVE MO a3MyTy OOCTUraioCh
NMPUMEHEHNEM MEHEE XXECTKOM (rpynmna NpoYHOCTW)
['HKT no HanpaeBneHuio Kposan nnacta: 6 n3 9 CTBoO/I0B
NOCTPOUANCL B HaNpaBfeHUM NOAOLLIBLI NnacTa (66 %),
XOTS NEPBbIV CTBOJ HA YAJIMHEHNE UCKYCCTBEHHOIO
326051 6bl/1 MOCTPOEH B HAMPaBNEHWN KPOB/IU, YTO
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2G. Overall, 9 tunnels were built,
with the total length of 538.7m,
and the total consumption

of hydrochloric acid of up to
1343m? (Table 3). As seen from
Figure 5, a “dendritic” branching
pattern was achieved, which
made it possible to include

into development those oil-
saturated interlayers that had
not been involved before. Also,
it was managed to achieve the
increase of the job speed from 50 to 18 days per 1
AJT operation. Noise logging was carried out after
the AJT job on this well, using the results of which
(Figure 4) the main inflow of the well was associated
with Tunnel 7 (50%). It is supposed that Tunnel 7 has
penetrated the reservoir natural fracturing area whose
permeability is an order of magnitude higher than the
one of the matrix rock. The contribution of Tunnels 2
and 5 has been also noticed (highlighted yellow and
green in Figure 4. Some inflow of the formation fluid
can be seen in the areas of previously unsuccessful
sidetracking (short green columns in Figure 4), which
may be a probable effect of the acid bath performed
in these intervals. It is important to note that the
inflow was not present at each tunnel (tunnels 3 and
6 are meant, in particular) but this phenomenon just
proves “the probability of higher oil flow rate if a well
has higher number of tunnels made in it”.

As for the hypotheses explaining the causes of the
tunnel orientation while using the Coiled Tubing pipe,
the practices of Well 2G confirmed that the azimuthal
orientation was mostly achieved due to the use of less
rigid (by drill pipe grade) Coiled Tubing pipe towards the
top of formation: 6 of 9 boreholes formed up towards the
bottom of formation (66%), although the first borehole,
designed for extending plugged back total depth,

was built in the direction of the top of formation, thus,
confirming the unreliability of the hypothesis that the first
tunnel may serve as an indicator of the direction for the
rest of well tunnels.
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Tabnumua 3: MNapameTpbl paboTbl CKBaXMH A0 1 noce npoeaeHns KCT

NoATBEPKOAaeT HeJOCTOBEPHOCTb MMMOTE3bl UHAMKALM
HanpaB/IeHNs CTBOJIOB CKBAXKWH MO HanpasneHuo 1-oro
cTBOA.

CkBaxxuHbl G 1 AG 6binn 3anyLLeHbl No oHay C
npupocTtamu aeduta Hedptn 8,4 1 44,1 T/cyT, Knpon
yeenununnca ¢ 0,12 no 0,4 n ¢ 0,29 o 2,2 en.
COOTBETCTBEHHO, N0 G 0TOBPaHO BOABI HA MOMEHT
3anycka 752 M3 nnv 79 % OT 3aka4aHHOro 06bEMA, Mo
AG oTobpaHo Bofpl 869 M3 nnm 86 %.

BbiBOObI U peKkOMeHOaumnmn

[Nocne BbINOMHEHNS paboT Ha ckBaxknHax G, AG n 2G
Obl cAenaHbl CNeayroLlVe BbIBOAbI:

1) Otkas yano KHK npoucxoaut B pegybTarte
KOMMJIEKCHOIO BO3AENCTBMS OCEBbLIX HArpy3o0K,
BO3OENCTBUSA CONSHOM KNCNOThI M cepoBogopoda (4o
6 % B cocTaBe NnacTtoBoro onaa), v abpa3neHOro
paspyLueHus uenoctHocTn KHK ropHom nopoaon

B VHTEPBase OTKPbITOro CTBOA CKBaXKMHbI MpK
Crl1O, 4To NPVBOAUT K YXYALLIEHNIO (DU3NYECKMX
CBOWCTB MaTepuana (BogopoaHoe pacTpecknBaHne 1
BOOOPOAHAs KOPPO3Ks);

2) Llenecoobpa3Ho NpOMbIBOYHbIE HACAAKW 3aMeHATb
nocne 2 Clo;

3) 13-3a Bbicokon xEcTkocTu MHKT anameTtpom 44,45
MM npoBecTu paboTel Ha MHKT anameTtpom 38,1 Mm ans
YBENNYEHNS BEPOSATHOCTU Marnba MHKT 1 BoBneveHus
H>KEeNeXaLLlX NPomnIacTKoB;

4) W3-3a oTCcyTCcTBUA MHOpMaLUMM O TpaekTopumn
TYHHENMPOBAHUS B PEXMME peanlbHOro BPEMEHN
CYLLIECTBYIOT PUCKN MPOHUKHOBEHWS KaHana B 30Hbl
MHK n BHK, 4To 0643bIBaAET OrpaHn4mMBaTth ONHbI
KaHanoB 1 TEM CaMbIM COKpaLlaTb NOTeHLMan
yBennyeHust Koxs, onTrMasbHbIM peLleHeM aBNsgeTcs
BHEOPEHVE NHKITMHOMETPUN B peXXMMe on-line,
NO3BOSAOLIEE YBENVNYNTL NOTEHLMANT NPUMEHEHUS
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Wells G and AG were convert to production, as part

of the well stock, with flow rates of 8.4 and 44.1 ton/
day, correspondingly. The values of Kprod increased
from 0.12 to 0.4, and from 0.29 to 2.2, correspondingly,
752m?3 or 79% of the injected volume was recovered at
Well G at the moment of its turning into operation, while
the volume of recovered water amounted to 869m?3 or
86% at Well AG.

Conclusions and Recommendations

The following conclusions were made upon the
completion of works at Wells G, AG and 2G:

1) The failure of BHA units took place as a result of
axial stresses, the strength of the hydrochloric acid
and hydrogen sulphide (up to 6% in the formation fluid
composition), and the abrasive effect on the integrity
of BHA caused by rocks in the open hole interval while
performing RIH/POOH operations, which resulted in
deterioration of the physical material properties (the
so called, hydrogen-induced cracking and hydrogen-
induced corrosion);

2) lItis advisable to replace the flushing nozzles after 2
RIH/POOH jobs;

3) Due to the high rigidness of the 44.45 mm Coiled
Tubing pipe, the 38.1 mm is advised to be used in the
jobs, to increase the radius of the Coiled Tubing bend
and the probability of bringing the underlying interlayers
into the development;

4) Since no information is available regarding the
trajectory of the tunnel in real-time mode, certain risks
exist that tunnels might penetrate the GOC and OGC
zones, which leads to the necessity of limiting tunnel
length, thus, reducing the potential sweep zone Ksw;
directional logging survey in real-time mode could be an
optimal solution here, which would enable enhancing the
technology implementation potential by involving risky
candidate wells;
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G | AJT | 44 |10.06.2020{30.07.2020 |50 | 49 | 41 | O 2,9 Gas lift | intermittent | 24/24| 8,2 8,4 24 | 12,5 |449| 20,3
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2G| AJT | 38 |21.08.2020/08.09.2020 |18 | 7,7 | 6,4 | 0,4 35 Gas lift | constant - 8,1 - - - - -

Table 3: Well operation parameters before and after AJT jobs

TEXHOMOrMM 3a CYET BOBIEYEHUS PUCKOBBIX CKBaXKMNH
KaHONOATOB;

5) KCT Ha genpeccumn 3apekoMeHaoBano cebst kak
LWagsaLwmm cnocod CTUMY AL CKBaXKHbI;

6) Bo Bpems paboTbl CUCTEMbI «ra3anT»
OCYLLECTBASIETCA OTOOP NPOOYKTOB peakumm, pasHble
HanpaBAeHVs1 BEKTOPOB ABUMXXeHWS htonaos (0Toop
npoaykToB peakumn B HKT 1 3akadka HCI no MHKT)
OCJIOXHSIOT MPOLECC 3aPe3KU 3a CHET UCKAXKEHNS
OaHHbIX MHOMKaTopa Beca, MO3TOMY LIe1ecoobpasHo

Ha BPEMS 3ape3Ky KaHasla ocTaHaBMBaTb nogavy
aKTVBHOIO rasda 1 3akpblBaTb KOMIJIEKTOPHYIO 3a0BUXKKY;

7) YOanocCb NOCTPOUTb KaHasbl B HANpaBAeHN
NOAOLWBbI NMiacTa (BHN3) Ha YTO MOBNUANM (DaKTOPbI
O[HOW CaMOCTOSATENBHOW MO0 CUHEPTN OBYX MMMOTE3
(NpumeHeHne MeHee »kecTkon MTHKT n/mnm ocobeHHOCTH
NPOBOOKN MAaTEPUHCKOIrO CTBOJIA CKBXKMHDI);

8) Ymanocb yBennuntb apdeKTUBHOCTL 3aTpaT
BpemeHn T.e. ¢ 50 0o 18 cytok/onepaumio.
MakcumanbHas CKOpOCTb MPOXOAKM B CBOK o4epep,
6bina yBenuyeHa oo 80 M/cyT;

9) Ha ckBaxuHax G 1 AG no pesynbTtatam NpoBeaeHUs
KCT nony4eHbl NpupocTbl AebutoB Hedh Ty 8,4(+204 %)
n 44,1 1/cyT (+386 %), Knpog ysenvumnca ¢ 0,12 oo 0,4
nc 0,29 0o 2,2 en. COOTBETCTBEHHO;

10) TexHonornsg UMeeT OrPOMHbI MOTEHLMAS, MOXXET
aKTUBHO UCMOJIb30BaTLCS A1 MPOAIEHNS POHTaHHOrO
pexnma paboTbl CKBaXKMHbI 6e3 MpUBIeYeHnst bpuraabl
KPC, Ha rasnnTHbIX HEPTAHbIX, ra30BbIX CKBaXKMHAX 1
CKBaXKMHAX SKCMIyaTVPYOLLMXCA MEXAHN3POBaHHbIM
cnocobom ¢ npuenederHnem dpuragpl KPC.

KonnekTre aBTOPOB BbipaxkaeT 61arogapHOCTb
koMnaHum OO0 «PpakxeT-Bonra» 3a BbINOSHEHWE
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5) The underbalanced AJT operation has recommended
itself as a light well stimulation mode;

6) The process of a gas lift system operation involves
the recovery of the neutralized products when different
fluid motion vectors (the recovery of neutralized products
from the tubing and the pumping of HCI using Coiled
Tubing string) complicate the process of sidetracking due
to the fact that the weight indication data is distorted;
therefore, it is advisable to stop the delivery of active gas
for the periods when sidetracking takes place, shutting
down the manifold valve;

7) To build tunnels in the direction of the formation
bottom (downwards), which were effected by one of the
two hypotheses or the synergy of the both of them (the
use of less rigid Coiled Tubing pipe) and/or due to certain
distinctive features of drilling the mother borehole of the
well;

8) An increase the efficiency of time taken per job
reduced the days required from 50 to 18 days per one
job. The maximum penetrating speed, grew to 80 m/day;

9) As aresult of the performed AJT jobs, the
incremented oil flow rates, obtained at Wells G and AG,
amounted to 8.4(+204%) and 44.1 (+386%) tons/day,
Kprod increased from 0.12 to 0.4 and from 0.29 to 2.2,
correspondingly.

10) The technology has a great potential and can be
actively used for extending the free-flow production
period of a well without involving workover crews and it
can be also applied at gas lift oil and gas wells operated
with artificial lift with participation of workover crews.

The team of the authors expresses their thanks to the
«FracJet-Volga” LLC company for carrying out the works,
to “Gasprom Neft Orenburg” and the”Research and
Development Center” LLC (NTC) for their all-out support
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paboT, OO0 «["a3npoMHedTb-OpeHbypr» 1 OO0
«Hay4uHo-TexHn4eckunin LieHTp» 3a BCECTOPOHHIO
noaaep KKy B peannaaumm TEXHONOMm
«KncnotocTpymHoe TyHHenuposaHue ¢ MHKT»
npoBeaeHHoe Bnepsble B nepumeTpe MNAO «[asnpom
HedTb».

Ucnonb3oBaHHasa nnteparypa

1 TexHonornyecknin NPoeKT paspaboTky BocTouHOro
yyacTka OpeHbyprckoro HedhTera3okoHAEHCAaTHOMO
MecTopoxaeHust OpeHoyprckon obnact / AO
«TAHOEM».

2 HookpeuwleHHbix [.B., Pacnonos A.B. NepcnekTuBbl
PasBUTUS TEXHONOMMIA pafmnasibHOrO BCKPbITUSA MacTa
Ha MecTopoXaeHusx Nepmckoro kpasa // HedTaHoe
x03ancTBo. — 2014. — Ne 3. — C. 54-57.

3 BhdhekTBHOCTL peanmsaumm TEXHOI0M N
paauanbHoOro 6ypeHust U MaTpUYHBIX KUCTOTHBIX
06paboTOK KapOOHATHBIX KOSIIEKTOPOB MECTOPOXXAEHUI
Mepmckoro kpas / [1.B. HoBokpeLleHHbIX, A.B.
Pacnonos // HedbtenpombeicnoBoe aeno.— 2016. — Ne 4.—
C. 118-121.

4 Stanley F.O. Global application of coiled-tubing acid
tunneling yields effective carbonate stimulation / F.O.
Stanley, L.N. Portman, J.D. Diaz, R. Leonard Darmawan,
J.P. Strasberg, J.S. Clark, M.S. Navarro // SPE Annual
Technical Conference and Exhibition held in Florence,
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in the implementation of the “Acid Jet Tunneling Using
Coiled Tubing” technology which was implemented for
the first time within the boundaries of “Gasprom Neft”

PJSC”.
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