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OB30P

KOMIIJIEKCHI THOKHUX HACOCHO-KOMIIPECCOPHBIX
Tpy6 (I'HKT) B Poccuu HCTOpUYECKU IPUMEHSIUCD
JIMIID B OIPAHUYEHHON TEXHOJIOI'MYECKON HUIIIE.
IMpumenenue 'HKT KOHIIEHTPHPOBAJIOCH B
OCHOBHOM H4 IIPOMBIBKAX CKBaKUH ntocyie I'PIT u
BBI30BE NNPUTOKA. CPABHUTEIBHO HEJJTABHO TUOKHE
TPYyOBI CTAJI IPUMEHSATBLCS OOJIEE MHUPOKO I
OIlEPALUU B TOPU3OHTAIbHBIX CKBAXKNHAX, [IPU
NPOBEAEHUU reO(PU3UIECKUX UCCIIEJOBAHU,
nepdopalinu, JOBUIBHBIX PAOOT U B HEKOTOPBIX
JPYI'UX OIlEPALUAX.

HaxoI11eH 3Ha4YUTEIbHBIH OIIBIT UCIIOJIb30BAHUS
I'HKT nipyu MHOTOCTAa/JUMHBIX ONIEPAIUIX 1O
ruApopaspeiBy mnactos (I'PIT) Ha ITprno6ckom
MECTOPOXKAECHUU, CKBAXKMHBI KOTOPOI'O
IKCIUIYATUPYIOT O IATU OTAEIbHBIX HHTEPBAJIOB
OJHOBPEMEHHO. [IpH CTAaHJAPTHOM CIOCO6E
3aKaHYMBAHUSA IIPEATIONATAETCA UCIIOIb30BAHUE
KPC ¢ npoaO/IKUTENBHBIMA TUKJIAMU
HOCJIEA0OBATEIBHOIO CycKa U nogbema HKT ¢
MaKEPOM, INTYHIEHHUEM CKBAKUHEL, IIepopanumu

ABSTRACT

Traditionally, coiled tubing (CT) in Russia has
had very limited service diversity. Its use has been
concentrated at wellbore cleanouts and nitrogen
kickoffs after fracturing treatments.

We used coiled tubing equipment and technologies
to supplement stimulation operations in one of
the world’s largest oil fields, Priobskoe, which has
up to five separate layers per well. Conventionally,
well completions here have involved complicated
workover operations with tubing, packers, and
wireline perforating after each stimulated layer.
Average wells with three layers took 30 days to
complete. CT provided a significant improvement in
completion efficiency, reducing the cycle time to just
10 to 12 days.

The first option of the completion and stimulation
technology assumed “through casing” operations,
eliminating the use of frac strings and a packer,
which is a significant achievement under Russian
regulations. This was done with a 4-in.-OD perforator
and casing with increased strength. A year later,
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CHJIAMU T€O(DU3UUECKOU TAPTUHU TTOCTIE KAXKIOHN
craauu I'PI1, 4TO B CpeiHEM COCTABJIACT OPAJKA
30 gHew. Ucnmonp3oBanue THKT o6ecrieuyuBaeT
3HAYUTEIBHOE COKPAIIEHUE BDEMEHU HA BBO/|
CKBaKMHBI B 3KCIUTYATALIHIO, IPH 3TOM COKPAIas
LIUKJ 3aKaHYUBAHUA 10 13—14 qHEl.

IlepBOHAYAIBHO TEXHOJIOTUUECKOE PEIICHUE
Takor kom6buHaruu F'HKT u I'PIT npeamnosnarano
OINEPALINU YEPES OOCATHYIO KOJIOHHY, U30aBJIAA OT
HEOOXOAUMOCTH CITYCKO-TIO/BEMHBIX OIIEPALTAH
HKT 1 makepa, 9To ABUI0Ch UCKJIIOYEHHUEM U3
CTAHJJAPTHBIX TpeOOBaHUN PocTexHAA30pA.
Takue oneparuu CTaJIu BO3MOXKHBI OJ1arofaps
UCHOJIB30BAHUIO 3-TIOMMOBOT'O A0PA3UBHOI'O
nepdoparopa 1 06CaKE CKBA’KUHBI KOJIOHHOM
YCUJIEHHOU IIPOYHOCTU (MapKH E). ECTeCcTBEHHO,
penieHne O NPUMEHEHUN JAHHOU TEXHOJIOTUH
HEOOXOAMMO OBLIIO MPUHUMATB JJO CITYCKA
06CaJHOI KOJIOHHBI B CKBAKHHY M 3TO HAJIATAJIO
OIIpPENIENIEHHBIE OTPAHHUYEHU. [0 CITyCTA OBLIO
BHE/IPEHO BTOPOE TEXHOJIOTMUECKOE PEMIEHUE [
3aKAHYMBAHUSI CKBAKHUH C 06CATHOM KOJTOHHOM
CTAaHJAPTHOI NpodyHOCTH yepe3 HKT. UHCTpyMeHT
MaJIOT'O IUAMETPA JJ1d A6Pa3UBHOI NePPOpPALIUU
OBLJI U3TOTOBJICH, YTOOBI OCYIIECTBIISATD IIPOXO/,
I'HKT c nepdoparopom uepes nakep. [locnennee
TEXHOJIOIMYECKOE PEIIEHUE OKA3aJI0Ch HANOOIee
3P OEKTUBHBIM JIJISI MHOI'OIZIACTOBBIX CKBAKHH C
OTHOBPEMEHHOU! IKCIUIYyATAITUEN U TOPUZOHTAIBHBIX
OOKOBBIX CTBOJIOB.

MBI IPOBENN UCCIEAOBAHUE IO TUAPOPA3PLIBY
4epe3 a0pa3ruBHYIO IEPGOPALHIO IIOUYTHU Ha
100 MHOTOIIACTOBBIX CKBAXKMHAX, B KOTOPBIX
OBLJIO IPOBE/ECHO B OOLIEH CIIOKHOCTU
oonee 250 onepanuii I'PIT. CtaTba cOnEpKUAT
MPOU3BOACTBEHHDBIE M TEXHOJIOTUYECKHE ACTIEKTEI
MPOBEAEHHBIX OINEPALINH, UCIIOIb3YEMOTO IIPU
3TOM OOOPYAOBAHMA; IPUBEJEHO CPABHEHNE
3P PEKTUBHOCTU IUKJIOB 3AKAHUYHUBAHUS B
3aBUCUMOCTH OT BBIOOPA TEXHOJIOTUHU, TPEOOBAHUS
I1O IIPOM3BOJCTBEHHBIM PECYPCAM M AHAJIN3bI
HETIPOMU3BOJIUTEIBLHOI'O BDEMEHU. TAKKE IIPUBEIEHO
CPaBHEHUE MHOT'OIUIACTOBBIX CKBAYKHH 110
MPOAYKTUBHOCTU MEXK/AY CTAHAAPTHBIM CIIOCOOOM
3aKAHYMBAHUS U C UCrIonb30BaHueM 'HKT.

BBEOEHWE

IIpHuo6CcKOE HEDTIHOE MECTOPOKICHHE SIBIISICTCS
OJJHUM U3 KPYITHEHUIIINX B MUPE, PACHIOIATAETCS B
XaHTBI-MaHCHUICKOM aBTOHOMHOM OKpyTre Poccnu u
Pa3AENIEHO HA JIEBO- U IIPABOOEPEIKHYIO YACTU PEKOH
O6b.

IIpomblnIeHHAs HEPTEHOCHOCTD [IpHO6CKOro
MECTOPOXK/ICHUS YCTAHOBJIEHA B HEOKOMCKHUX
mracTax rpynmnsl AC, rae cocpegoTodeHo 90%
Pa3BEJaHHBIX 3211ACOB. OCHOBHBIE TPOAYKTUBHBIE
ILIACTBI 3AK/II0YEHBI MEX Ay ITMMCKOM 1

a second option for the technology was introduced
to operate on regular strength casing through tubing.
A slimmer abrasive perforator that could fit into the
packer’s internal bore developed for this option was
particularly effective for sidetrack and horizontal
completions.

In total, 95 wells were analyzed with more than
250 stimulation stages. This includes an operational
and technical review of the tools and techniques
used to compare the efficiency of the whole cycle
of completion, resources requirements and amount
of risks and non-productive time associated. Also
a productivity comparison of CT combined with
fracturing technology versus standard process of
wireline/workover/stimulation sequence will be
given.

INTRODUCTION

Priobskoe is one of the world’s biggest oilfields.

It is located in Khanty-Mansiysk autonomous region
and the Ob river subdivides it into two parts, the left
bank and right banks.

90% of the oil reserves of Priobskoe field are
concentrated in Neocomian formations (AS). The
main producing horizons are located between
the Pimskaya and Bistrinskaya shales. Layers are
represented by sandstone lenses of shelf marine
depositions. Lenses are bounded and saturated
entirely with oil. Geologically, layers are inclined
structures formed by depositions of terrigenous
materials in a relatively deep (300- to 400-m) marine
environment from the east and southeast side.

The Neocomian complex basin was formed under
several paleogeographical conditions: continental

sedimentation, marine shelf deposition, and a very
slow deposition in a deep sea.

Among the productive horizons are seven objects:
AS12(3), AS12(2), AS11(2-4), AS11(1), AS11(0),
AS10(1-2), and AS10(0). In total, over 80% of reserves
are considered to be difficult to produce because of
low permeability; the average properties of the AS12,
AS11, and AS10 layers are given in Table 1.

Hydraulic fracturing is the main method deployed
to increase production and recovery of the Priobskoe
formations. Most of the new wells are stimulated
immediately after drilling. Rich fracturing experience
has been acquired during recent years, and
technology and approaches have been optimized
with placement of big mesh proppants, low polymer
loading, and high breaker concentrations of
fracturing fluids.

Previous publications (Timonov et al. 2006;
Nikitin et al. 2006; Nikitin et al. 2007) highlight
details of the evolution of fracturing optimization,
which has mostly been based on increasing hydraulic
fracture quality. At the same time, Priobskoe field
is a multilayer reservoir where separate fracturing
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BBICTPMHCKON NAYKAMU IVIUH. 34JI€KU Taonuua 1- Ocpeonennvie ceoticmaa naacmog IIpuoockozo

Mmecmoponcoenun
NPUYPOYEHBI K JITMH3OBHUAHBIM IECYAHBIM
bryb A Table 1 — Average Properties of the Priobskoe Field Reservoir
TeaM, ChOPMHUPOBABIIMMCS B IICIb(POBBIX characteristics Reservoir Layers

U KJIMHO(POPMHBIX OTJIOKECHU X HEOKOMA.
3asexu He(PTH, CBI3aHHBIC C IIJIACTAMU 3TUX

MMa4€K, NPEACTABIAIOT COO0M 3AMKHYTBIE 2 Hﬂ“?’?:
eservoir ers
JIMH30BUJHBIE TEJIA, IIOJTHOCTBIO 34ATIOJTHEHHBIE Uﬂﬂ}gm%bl? Mgmmj‘ep%tlfmwfu >
eservorr cnaracterisiics
HEeDTBI0. OCOOEHHOCTBIO I'€OJIOTUYECKOTI'O ACI0 ACI1 ACI2
. AS10 ASI1 AS12
CTPOEHUS 3AJIEIKEN ABJISECTCSA TO, YTO OHU UMEIOT
MCT'AKOCOCJ/TIOHUCTOC CTPOCHUC, O6YCIIOBJICHHO€ Bepmzzﬁbza%mxemxa 2410 2450 2560
(POPMHPOBAHUEM UX B YCIIOBUAX HOKOBOTI'O erag ’
3AMOJHEHUS JOCTATOYHO ITTyOOKOBOJJHOTO Tun xonnexmopa Teppuzerroii
MOpcKoro 6accerina (300—400 m) 3a cuer Type of collector Terrigenous
BBIHOCA OOJIOMOYHOI'O TEPPUTEHHOI'O . "0 P 25
MATEPpHAId C BOCTOKA U IOT'O-BOCTOKA. Average net pay, m
DPOPMHPOBAHUE HEOKOMCKOI'O METAKOMILIIEKCA
. Topucmocmao 0.19 0.19 0.18
OCaJJOYHBIX OPOJ, TPOUCXOJUIO B LIEJTON Porosity ; : :
CEPUH NAJIEOT€OrPAPUIECKUX YCIOBUM:
Hegpmenacuoiuernrnocmas 068 070 066
KOHTUHEHTAJIBHOI'O OCAAKOHAKOIIEHUS, e . o g . g
IPUOPEKHO-MOPCKOTO, METB(POBOIO U CUIBHO
TIporuyaemocnio, M/l
3aMEAJIEHHOTO OCAXK/IEHUSA OCAJIKOB B OTKPBITOM T 1-3 1-5 1-2
IJIyOOKOM MOPE.
B cocrase npOayKTUBHBIX HEOKOMCKHX Coaeggf?ﬂue e 07 06 075
. aliness
OTJIOKEHUI BBIJIEJIEHO 7 OCHOBHBIX ITOJJICYE THBIX
006beKTOB: AC12(3), AC12(2), AC11(2-4), AC11(1), Koagpgp-m pacunenenrocmu 4 5 10
Scattering coefficient
AC11(0), AC10(1-2), AC10(0). B ie10M opsiika cattering cogfficien
80% 3a11aCOB ABJIAIOTCA TPYAHON3BIEKAEMBIMH 110 Temnepamypa, ‘C s8 89 93
MIPUYHHE HU3KOI POHUITAEMOCTH, OCPETHEHHBIC W, ©
XAPaAKTEPUCTUKHU 171aCTOB AC12, AC11 1 AC10 TR Y EHE e, T
it S OrOSSLIT 240 248 250
MIPE/ICTABIIEHEI B T26. auiie 1. Initial Reservoir pressure, atm
I'mIpOPa3pEIB ILUIACTA ABIAETCA OCHOBHBIM . 152 136 136
METOAOM I/IHTCHCI/I(DI/IKHHI/II/I IIPpUTOKA U Oil viscosity ( in-situ conditions), cp : :
MOBBIIMIEHUA HE(PTEOTAAYN IIJIACTOB HA
TIn0mHOCMb Hegpmil 8 1. ))CA0BUAX 0796 0775 0788
ITprOOCKOM MECTOPOXKAECHUH, TTOJABJIAIOINIEE In-situ density of oil : ‘ ‘
OOJIBITMHCTBO CKBAXXUH ITOABEPTAIOTCSA . ’
JI0MHOCIN®S He@PIMU 8 108-blLX YCIL-AX
TH/IPOPA3PBIBY CPa3y nocje OypeHus. 3a Surface density of oil 05 S s
MOCJIEJHUE I'O/Ibl HAKOILJIEH 3HAYHUTENbHBIIN
Koagpgp-m cocumaemocmu
onbIT ['PIT, TEXHOJIOTUS U TTOAXO/T ObLIU T i e 1.196 1229 1202
ONTUMH3UPOBAHBI IO BBICOKOI'O YPOBHSA C
3AKAYKOM KPYITHBIX (DPAKIIMH IPOIIIAHTA Cooepxcarue cepoL u napagpunos 6 neghmii, % L18/ 125/ 118/
. . Sulfur, wax - content in oil, % 247 248 252
CpeAHEN IPOYHOCTHU, MUHUMU3AIUEN
IIOJIMMEPHOU 3aI'PY3KU U OIITUMHU3ALIUEN Alasnenue nacouyerus, amm 83 100 100
Bubble point pressure, atm
JECTPYKTOPOB B KUAKOCTAX I'PIT.
Hctopusa onTUMU3aniy I'ipopas3phiBa IIACTOB Tazosolii paxmop, m’/m? 51 55 49
[IPHO6CKOTO MECTOPOKAEHUS ObLIA IETATBHO e
OCBEUIEHA B IIPEABIAYIINX ITYOJINKALIHAX
(TumoHOB, A. 1 Ap., 2006, HukutuH, A. 1 ip., 2000,
Hukuryn, A. v ap., 2007) 1 KOHIEHTPUPOBAJIACH treatments normally take excessively long times to
B OCHOBHOM H4 IIOBBIIIIEHNH KA4ECTBA TPEIIUH complete. The standard method of completion has
I'PIT. OpHaxko crenyguka [Iprno6ckoro consisted of a sequential approach of the workover
MECTOPOXK/ECHUs], CBA3AHHAS C HAJTMYUEM crew, wireline crew, and fracturing fleet performing
HECKOJIbKMX ITPOJYKTUBHBIX MUHTEPBAJIOB I10 respectively the perforating, tubing and packer run
OGOJBIIMHCTBY CKBAXKHH, IOCTOSIHHO TPeboBaIa in hole, fracturing, and pulling tubing and packer
COKPAIEHUS IIPOAO/KUTEIBHOCTH LIUKJIA out of hole for each of the layers. That sequence takes
3aKAHYMBAHUA CKBAXXUH C PA3/I€/IbHBIMU avery long time to complete the well, especially
crapgusamu I'PIT. CraHgapTHBIN METO/, BBOJA if the formation starts flowing naturally before
CKBAKMH 3aK/II0YAJICA B YEPEJOBAHNUU PAO6OT the workover and wireline crews can manage the
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OpUrajibl KAUTAIBHOI'O PEMOHTA CKBAXXUH
(KPC), reopusnyecKkux napTui u 6puraasl I'PIT
COOTBETCTBEHHO [IJI1 IPOBEJICHUS PA0OT IO
nep@OPUPOBAHUIO KAXKAOTO MOCIEAYIOMIETO
uHTepBaia, cinycky HKT u nakepa, ru/ipopaspeiBy
mnacta u nogbeMmy HKT u makepa a1 npoBejeHU
HOBOT'O IJUKJIA HA TOCIEAYIONEM HHTEPBaJie. PAa6OThI
3aHUMAJIH DPOJOJLKUTEIBHOE BPEM S, OCOOEHHO
B CJIy4a€ AJIATENIBHON OTPAOOTKHU CKBAXKHUH MTOCIIE
I'PIT HAa OTHOM M3 UTHTEPBAJIOB, YTO IIPUBOANUIIO K
YBEJIMYEHUIO JJIMTEIbHOCTH BCETO LIUKIIA.
Haunnas ¢ 2008 roga K BBOAY MHOTOIIIACTOBBIX
CKBa’KMH ObUIH AKTUBHO IIPHUBJIEYEHBI KOMILJIEKCHI
THKT a1 324249 HOATOTOBKH CKBAKUH,
nep@OPUPOBAHUSA U KOHTPOJIA HAJZL JABJIEHHEM B
CKBaXnHE MexXay craauamu I'PIT. ITpenmymecTsa
I'HKT B CKOPOCTH BEJEHUS ONIEPALINU ITO3BOJINIA
3HAYUTEIBHO COKPATUTD [IUKJI 3aKAHUYUBAHUSA
TaKUX CKBXXUH. [To cytn, THKT 3amenseT cob60om
npu TakoM noaxoze u KPC, u reopusnyeckyio
MapTHIO, IEPPOPAUA TENEPD OCYIIECTBIACTCSA
T'UJPOIECKOCTPYHHBIM METOIOM, Y€PE3
CIIEUANBHYIO KOMIIOHOBKY HU3a THOKOM TPYOBI C
(POPCYHKAMU U 3AKAYKOU A6PA3UBHOI'O MATEPHAIA
MOJ, BBICOKMM JaBjieHreM. CKOPOCTb CTPYU U €€
L€JIEHAIIPABICHHOE BO3AECHCTBHE IIPUBOIUT K
06pPA30BAHUIO OTBEPCTHA B AKCILTYATAITUOHHOM
KosioHHE (OK) 1 KaBEPHBI B TOPOJIE
HETIOCPEACTBEHHO 34 OK M LIEMEHTHBIM KAMHEM
(pucyHOK 3). MeTon a6pa3uBHOI ntepdopanin
IIPUMEHSIETCS YoKe 60IE€ CEMUJECATHU JIET, U €T'O
IPEUMYILECTBA MHOI'OKPATHO NIYOJINKOBAJINCH B
MPEABIAYITNUX ucciaeaoBanusx (OcTepxyT, M. 1961,
[MutT™man O, u ap., 1961, KoberT, [Ik., 1991, JoTcoH, T.
uzap., 2009).

OMNMCAHUE CTAHOAPTHOIO

METOOA 3AKAHYUBAHNA

C TP MHOTOMNNACTOBbIX

CKBAXWH B POCCNI
I nHTEHCU(DUKAIIAHN TOOBIYU HA

MECTOPOXK/ICHUSIX 3artaiHON CUOHUPU HIUPOKO

UCTIONBb3YIOTCA nponnaHTHbie ['PIL ITosToMy

TUMUYHBIMHA PAa60TAMHU, IPOBOJUMBIMU

ycranoBkamu 'HKT ¢ Tpy6orit 1,5% B peruoHe

SIBJIAIOTCS IIPOMBIBKA CTBOJIA CKBAXKUHBI OT

nponmnanTa rnocse I'PIT 1 ocBoeHre CKBaKMH a30TOM.
HeKoTOpBIE MECTOPOXKAECHUS IKCILTYATUPYIOTCS

COBMECTHO C HECKOJIBKUX IJIACTOB, B TAKOM CJIy4ae

«CTAHJAPTHBII» CIIOCOO 3aKAHUYMUBAHM S BBIIIEIITNX

U3 OYPEHU CKBAXKUH MOXKHO OITMCATD TAK:

* oT6muBKa 32605 110 'K 1 JIM pacuerom I'MIC u
nepdopaiusg Ha reopU3nIECKOM Ka6€JI€ HUKHETO
MIPOAYKTUBHOI'O HUHTEPBAJIA;

¢ pab6ota 6puraael KPC no nocagke nakepa;

* nposeaenre I'PIT HAa HUKHUHI IPOAYKTHUBHBIN
UHTEPBAT, }

pressure properly to continue operations.

Starting in 2008, coiled tubing fleets were employed
to assist in the well-completion cycle with abrasive
perforating and well cleanout operations under
pressure between the fracturing stages. The advantage
of coiled tubing lies in its ability to perform the same
sequence of operations significantly faster. In fact, the
coiled tubing replaced both workover and wireline
rigs, with the perforating performed in this case
with an abrasive material jetted through nozzles of a
special bottom hole assembly (BHA). Jet velocity and
its focused flow create a hole inside the casing and
a cavern inside the cement and the rock outside the
casing (an example will be given at the Figure 3 in
following sections).

The abrasive jetting technique was developed
more than 70 years ago, and its advantages have been
described multiple times in previous publications
(Ousterhout 1961, Pittman et al. 1961; Cobbett 1991,
Dotson et al. 2009).

STANDARD PRACTICE FOR STIMULATING
MULTILAYER WELLS IN RUSSIA

To maximize a well’s production, proppant
fracturing is commonly used in Western Siberian
oilfields. Therefore, the typical coiled tubing
operation in the area is wellbore cleanout and well
kick-off with a tubing size of 38 mm (1.5 in.).

Many oilfields have commingled production from
several zones, where the standard case completion
cycle for new wells has been as follows. Repetition of
the whole cycle depends on the number of targeted
zZones.:

» Wireline crew tags bottom and perforates bottom
layer.

» Workover crew runs packer and tubing in hole

* Frac crew performs stimulation treatment of
bottom layer.

* Wireline tags current bottom depth.

* Workover unsets packer, pulls it out of hole, sets.
sand plug or cleans out excessive sand (if required).

» Wireline perforates next interval.

* Workover runs packer and tubing in hole.

* Frac performs stimulation treatment in next
interval.

* Coiled tubing cleans out wellbore and kicks off well
with nitrogen.

This method is excessively long because it requires
well flowback after each stage, well killing, and
workover operations to pull the frac string and packer
in and out of the hole after each fracturing stage, and
the rig-up/rig-down of workover and fracturing fleets
each time. On average, such completion cycle for a
multilayer well takes about 30 days. Furthermore,
well-killing operations, obviously, lead to fluid
invasion inside the fracture and formation damage
to the productivity of the well.
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¢ OTOUBKA TeKyIETo 32601 (T3) pacueTom 'MC;

* pabOTEI IO CPBIBY MAKEPA, HOPMATIU3ALINHU 32005
(IPOMBIBKA U3JIMIIKOB MPOMMNAHTA MJIN OTCHINIKA
OTKpPBITOro nHTEpBaaa cuiamu KPC), mocaake
Makepa v nepopariy BbIIIEICKAIIETO HHTEPBAJIA;

e ripoBezeHue I'PIT HA JTaHHOM UHTEPBAJIC;

* IIOBTOPEHUE BCEI'O LIMKJIA, B 3ABUCUMOCTU OT
KOJIMYECTBA BOBJIEKAEMBIX B PA3PAOOTKY IIJIACTOB,
710 5 Ha TIpHO6CKOM MECTOPOXKAECHHH;

* IIPOMBIBKA CTBOJIA CKBAXKUHBI U OCBOEHUE 430TOM
C ucnonb3oBaHueM yctaHosku I'HKT nocne
nposeeHus nocaeguero I'PIT
IIpuBEAEHHBIN CIIOCOO ABIAECTC U3IUIITHE

OPOJO/IKUTENBHBIM U3-32 HEOOXOAUMOCTHU PA3PAAKH

CKBA’KUHBI ITOCJIE KaKA010 I'PIT, IpOMEXKYTOYHBIX

IVIYIIEHWH, 4 TAKKE IIPOMEXYTOYHBIX MOHTAXKEN/

JeMmoHTaxen 6puraasl KPC, pacuera 'MC u priota

I'PIT. B cpepHeM 3aKaHYMBAHUE MHOI'OIIACTOBOM

CKBaKMHBI «CTAHJAPTHBIM> CLIOCOO0OM 3aHUMAET

0oKo0 30 pHEN. CTOUT TAKKE OTMETUTD, YTO

MPOMEXKYTOYHBIE ITTyIIEHU A CKBAKUHEI,

HEOOXOAMMBIE KAXK/IBIN PA3 IIEPES ITPOBEICHUEM

PaboT O CPBIBY/NOCAJIKE TAKEPA, OTOMBKE

TEKYILETO 32605 U NEP(OPALINH CTBOJIA CKBA’KHUHBI,

HECOMHEHHO, IIPUBOIAT K HOTEPE KULKOCTU

mymenusa (OKT) B Tpemuny ¥ NpOAYKTHUBHBIA

WHTEPBAJI U, COOTBETCTBEHHO, K UX 3ATPA3HEHUIO.

BHEOPEHWE TEXHONOIMA

AbrasiFRAC YEPE3 3K
C 2008 roga HaYaI0Ch AKTUBHOE IPUMEHEHUNE

xomiuiekcoB 'HKT 151 yCKOpeHMs BBOJA

MHOTOIUIACTOBBIX CKBAKHH C HECKOJIBKUMU

cragusmu ['PIT. OCHOBHBIE OTIMYUS OT

«CTAHJAPTHOI'O» CIOCO6A 3AKAHYUBAHUS IIPU 3TOM

34KJIIOYAIOTCA B TOM, 4TO NepQopaLus TENEpb

OCYIIECTBIAETCA A0PA3UBHBIM MATEPHUAJIOM YEPES

I'HKT, a Tak>Xe€ OTCYTCTBYIOT (HE CITYCKAIOTCS B

CKBakuHYy) KosioHHa HKT u makep.

«YCKOPEHHBII» CIOCOO 3aKAHYUBAHUS BBIIIE/IITNUX
U3 OYPEHN A MHOTI'OILIACTOBBIX CKBA’KHMH MOYKHO
OIIUCATD TAK:

* MAOJIOHUPOBKA U IPOMBIBKA IKCILIYaTAIJMUOHHON
KOJIOHHBI cuyiaMu 6purajst KPC;

e oT6uBKa 32605 110 'K 1 JIM crtamu pacuera I'MC;

» xoppensanua rmyounsl THKT o ganabiM THC,
nposenenue I'TIIT,

* niposeaenue I'PIT o DK, n3onanus OTKPBITOrO
UHTEPBAJIA OCYLIECTBIAETCA IIPONITAHTHON
IIPOOKOIT;

» HopMmanuszauus T3, nposeaenue I'TIIT Ha
BBILIEJIEKALUN IPOAYKTUBHBINA HHTEPBAJL,

» nposeaenue I'PIT o OK,;

* IIOBTOPEHUE BCEr'O LIMKJIA, B 3aBUCUMOCTU OT
KOJIMYECTBA BOBJIEKAEMBIX B PA3PAOOTKY ILJIACTOB;

* IIPOMBIBKA CTBOJIA CKBAXKUHBI U OCBOEHUE A30TOM
¢ ucnonb3oBaHueM yctaHnoBku 'HKT nocne
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INTRODUCING ABRASIVE PERFORATING
AND FRACTURING THROUGH CASING

Starting in 2008, an intensive use of coiled tubing
fleets was aimed to reduce completion cycles of
multilayered wells. The main difference from the
conventional completion method is in the lack of
tubing and packer (operations done through casing)
and the addition of perforating via coiled tubing by
jetting an abrasive fluid.

The new method can be described by the following
sequence. Again, repetition of the perforating/
fracturing cycle depends on number of target zones.
* Workover crew scrapes casing and cleans out well.
* Wireline crew tags bottom depth.

* Coiled tubing crew correlates depth and performs
abrasive jetting in bottom interval.

¢ Frac crew performs proppant stimulation job.
through casing and pumps sand plug right after
last treatment stage.

* Coiled tubing removes excessive proppant

(if necessary) and creates abrasive holes

in next interval.

* Frac crew performs next fracturing treatment
 Coiled tubing cleans out wellbore and kicks off well
with nitrogen.

Further, such a completion sequence can be called
abrasive perforating and fracturing through casing
(APFTC) technique for the sake of simplicity. This
combined tec hnique requires simultaneous presence
of both fracturing and coiled tubing fleets; thus,
sufficient space at the pad needs to be available. Such
operations have to be properly planned in advance
to comply with the schedules of other operations on
offset wells: e.g. drilling, ESP installations, etc.

One of the requirements for proper abrasive jetting
is a choice of fluid velocity and, consequently, tubing
size, which depends on the number and size of the
nozzles installed in the abrasive gun body. Three
common sizes of the nozzles are available: 3.2 mm
(0.125in), 3.6 mm (0.141 in.), and 4.8 mm (0.188 in.).
To ensure proper geometry, the jet must have
sufficient pressure difference across the nozzle,
about 170 atm (2,500 psi), which can be reached
with 80 lit/min (0.5 bpm), 110 lit/min (0.7 bpm),
or 200 lit/min (1.25 bpm) fluid rates respectively for
the nozzle sizes indicated above.

As described previously, frac operations were
planned to be run through casing, which was totally
new for Russia, as all previous jobs were done through
production tubing and a packer. Several measures
were necessary to enable this option using abrasive
perforating and fracturing:

The decision was made to equip all candidate
wells with increased-strength casing (i.e. grade “E”).
Parameters for different casing options are shown at
Table 2 (options used for jobs are highlighted).
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nposefeHud nocyaeaHero I'PIT.

Jlanee TaKkyIo NOC/IE€JOBATENBHOCTD PabOT
0 BBOJYy CKBa>KMHBI € ['PIT OyieM Ha3bIBATh
«a6pas3uBHBIM I'PIT o KosmoHHe» ninu AbrasiFRAC.
PaccMOTpPEHHBIH CITOCOO 3aKAHUYMBAHUS
OPEANONArAeT OJHOBPEMEHHYIO PA6OTY (PJIOTOB
T'HKT u I'PIT Ha CKBa)KMHE, YTO ABTOMATHYECKU
TpeOyeT HATUYUS IOCTATOYHOT'O MECTA HA KYCTOBOH
TUJIOIAIKE JJIS1 PACCTAHOBKM BCEN 33/IEUCTBOBAHHOMN
B pab0TE TEXHUKU. DTO IPUBOAUT K HECOOXOJUMOCTU
TIIATEJIBHOT'O ITIAHUPOBAHUA OJHOBPEMEHHDBIX
paboT HA CKBA’KMHAX KyCTOBOMH IIOIIAZ KU (OypOBBIE
Pa6oThl, pa6OTHI IO YCKOPEHHOMY 3aKAHUYHUBAHUIO
y2Ke MPOOYPEHHBIX CKBAXKUH U PA6OTHI IO CITYCKY
OLH).

OJIHUM U3 OCHOBHBIX TPEOOBAHUM /1151
NpOBeAEHN A0pa3uBHOM pe3kn uepe3 THKT
ABJIAETCS IPABUJIbHBIA BEIOOP PACXOZA KUAKOCTH,
KOTOPBII OIUPAETCA HA KOTMYECTBO U JUAMETP
(POPCYHOK, YCTAHOBJIEHHBIX B 'H/IPONECKOCTPYHHOM
nepdoparope. CymecTBYIOT TPU AUAMETPA
dopcyHok: 3,2 mm (0.1257), 3,6 m (0.141") u 4,8 M
(0.188”). st GOPMUPOBAHUSA IPABUIBHON
T€OMETPHH PEXYINEH CTPYH HEOOXOJUMO
06€ECIIEYNTD TIOCTATOYHBIN IIepena/i JaBJICHUN Ha
dopcynke 170 atM (2500 psi). OH JOCTHUTAETCA ITPU
3akauke 80 mut/muH (0.5 bpm), 110 mut/™mun (0.7 bpm)
nnu 200 mut/MuH (1.25 bpm) A1 yKa3aHHBIX TUIIOB
(POPCYHOK COOTBETCTBEHHO. M3 IpUBEAECHHON
TAOIULBI 2 BUJHO, YTO JIYUIIE BCETO I IPOBENEHUA
['TIIT B DK 146 mMm (5.75”) noaxoput THKT @44 mm
(1.75”) c nepdpopaTopom, OOOPYAOBAHHBIM TPEMS
dopcyuramu (3.2 mm / 0.125” mm 3.6 / 0.1417)
¢ (pazuposkoit 120°.

IIpouecc I'PIT, Kak ONMCAHO BBILIE, IIPEAIIONATAIOCH
TIIPOBOJUTD I10 SKCILIYATALIMOHHO KOJIOHHE (DK), a
He yepesd HKT u makep. OfHAKO A0 TEX NOP NOAOOHBIX
npeneeHToB B Poccru He ObLIO.

BpUIO MPUHATO peleHne 060pyI0BaATh

CEFEMNE

Local regulatory requirements in Russia forbade
fracturing wells equipped with frac strings and
packers. Therefore additional efforts and steps were
needed to overcome these regulations and develop all
necessary documentation to start the operations.

In addition to that, to perform abrasive jetting
through casing with optimum quality, it is required
to have a large outside diameter perforator and
centralizer, which could not pass through the frac
head of existing fracturing operations. For these
special operations, it is required to have a special frac
head capable of withstanding expected frac pressures
and have sufficient internal diameter at the same
time. This required a special order that had a 350-atm
(5,000-psi) working pressure working pressure and
inside diameter of 179 mm (7 '/,.in.). Also, since no
blast joint was to be used, the coiled tubing had to be
removed from the well each time before a fracturing
treatment to extend the life of the coiled tubing.
A blast joint is designed to protect the coiled tubing
from damage due to flow of the frac fluids
(see drawing at Figure 1).

At the same time, preparation for the operation was
ongoing in the yard of the service company in the
town of Pit-Yakh. A test was performed to check the
effectiveness of the abrasive jetting and define the
gun wear after it. A 2-m-long piece of 146mm casing
was cemented and placed into a special tank
(2mx 2m x 1.5 m) to collect the spills of abrasive
fluid. A BHA was assembled to the coiled tubing and
function testing was performed. The BHA consisted
of a connector, a 110-mm (4.35-in.) centralizer,

a 76-mm (3—in.) perforator with three nozzles

of 3.8 mm (1.41-in)) and 120° phasing, a reverse check
valve and bull nose nozzle (Figure 2). The coiled
tubing injector was assembled on top of the system;
abrasive sand was pumped at 320 lit/min (2 bpm).

Taoauya 2 — ITpounocmusbie xapaxmepPucmurxu
IKCNYAMAUUOHHBLX KOJIOHH

Table 2 — Strength Parameters for Different Casing Grades

MHOT'OIIJIACTOBBIE CKBAKUHBI-KAHIHUJATHI
IKCILIYATAITMOHHON KOJIOHHOM ITOBBIIIIEHHOMN
IIPOYHOCTHU (MAPKHU IIPOYHOCTH «E»), Tabnuna 2

COJIEP’KUT CPABHUTEIBHbBIC IPOYHOCTHBIC Breewsnuts duamemp
XAPAKTEPUCTUKU DK pa3/IMUHBIX TUIIOB CTAINU 1 (Tonuguna cmeniy) Bec IIpourocme Ha paspuis, amm
TOJIIMHBI (KPACHBIM LIBETOM ITOMEYEHBI T€E OILUH, O(Z[;Z;f}zgziiir Weight Burst pressure, atm
KOTOPBIE ObLIIN UCIIOIb30BAHBI B /1aJIbHEHIIIEM
B HAMIMX Pa6oTax). COIIACHO MOJOKEHUAM ol ]’(Zf;@ fgfggfg j‘é?ﬁﬁf’ EE Ig‘r’ggf%
PETYAUPYIOIEN Oprann3anum <Pocrexuansop»,
3akauka 'PIT B CKBaxXxMHaX, HE 060pyRoBaHHBIX HKT 146 (7.0) 25 286 433 555
U ITIAKEPOM, Ha TeppuTopru PO 3anpemena. [Toaromy
JOTIOJIHUTEJIbHBIE YCHUIINA ObUIN IPUJIOKEHDI JJ15 146 (7.7) 27 315 466 611
NPEOIOIEHUS TPOLIECCYATbHBIX CJIOKHOCTEN U
TMOJTYYEHUS PA3PEIICHUS Ha TIPOBE/ICHUE NO/JOGHBIX 146 (85) 30 347 514 674
pador B Poccumn.

Kpowme Toro, 151 IpOBEAEHU A0Pa3UBHON PE3KHU D) = S 7 754
B KOJIOHHE OIITUMaJIbHBIM CIIOCOOOM SIBJISIETCS
CIIYCK KPYTTHOI'O UHCTPYMEHTA U LIEHTPATOPA, } ey - #7 o 849 }
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KOTOPBIE HE IPOXOJAT Y€PE3 BHYTPEHHUE OTBEPCTHS
CTAaHJAPTHOI apMmatypel I'PIT, 11 Takoro Brujaa pabor
(poHTAHHAA APMATYPA JOLKHA UMETD JJOCTATOYHBIA
BHYTPEHHUN JUAMETP U IIPU ITOM TAKXKE
BBIJICP)KUBATDL padbouee aasnenue I'PIT. Tpebyemas
(poHTaHHAA apMaTypa ¢ pabounM aasneHuem 5000 psi
Y BHYTPEHHUM ArameTpom 7 1/16” okazanach
YHUKAJIBHOM /17151 POccrM 1 6bL1a CEITUAJIBHO
3akasaHa B CIIIA mociie IpoOBeAEHN A4HAIN3a
CPOKOB JOCTABKH OT BCEX CEPTUPULTIPOBAHHBIX
MHOCTABIIUKOB. OTCYTCTBHE B OOBA3KE YCThs
CKBa>KUHBI TAKOM COCTABJISIONIEN, Kak Blast Joint
@Gamumaromeit THKT ot notoka skugkoctu I'PIT),
CM. PUCYHOK 1, IUKTOBAJIO YCJIOBHE OOA3ATEIBHOTO
noabema KosIoHHbI THKT Ha OBEpXHOCTH IEpE,
nposegenreM I'PI1 11 CymecTBEHHOTO HPOAJIEHHU S
«kn3Hu> THKT 1 CHHOKEHHA PUCKA aBAPUIL

Ha 6a3e cepBUCHOM KOMITAHUH B ropojie ITbIThb-

SX 6BLIM IPOBEIEHBI CTEH/IOBBIE UCIIBITAHUA JIIS
OLIEHKHU 3(PPEKTUBHOCTH A6PA3ZUBHOL NEPHOPALTUNA
U U3HOCA IIEP(POPALTUOHHOIO OOOPYAOBAHUA. MaKeT
3a1eMEHTHPOBAHHOM DK quameTpom 146 Mm

U BBICOTOI 2 M ObLJI YCTAHOBJICH B CHEIIUAJIBHYIO
€MKOCTb 2M X 2 M X 1,5 M, IpeIHA3HAYEHHYIO IS
c60pa OTPAOOTAHHON A6PA3UBHOM KHU/IKOCTH.
IMepdopanmonHasg KOMIIOHOBKA HU34 KOJIOHHBI
(KOHHEKTOD, HeHTpanuzarop 110 mm (4.35”),
nieppoparop 76 mm (3”) ¢ 3 hopcyHKamu 3,8 MM
(0.1417) x 120°, OOpATHBIH KJIAIIAH U IIOJIHOIIPOXOAHAS
H4Ca/IK4, CM. PUCYHOK 2) 6blJ1a CMOHTHUPOBAHA

Ha 'HKT 1 (pyHKIIMOHAJIBHO OTTECTUPOBAHA.
Nuzxexkrop 'HKT 6511 YCTAHOBJIEH HA MAKET.

[Tocne BbIxOAa HA pexxuM 320 muT/MUH (2 bpm)
HA4aJ14Ch [10/1a4a a6pa3uBHOM cMeCcH. B Teuenne
TECTA OBLIO CIETAHO 3 CTAHLIUU I10 3 OTBEPCTHUSL.
Kononna THKT npunogHuManack BBEPX I

PE3KU CIIEAYIOMEN CTAHIIUY TOIBKO IIOCJIE TOTO,

K4K BCE TPU NEPHOPALMOHHBIX OTBEPCTUA HA
NpeAbIAYyIIEH CTAHIIMU ObLJIN IPOPE3aHbL. BpeMs
PEe3KU NEPPOPALMOHHBIX OTBEPCTHUI HA IIEPBOI
CTAHIIUH COCTABUJIO 3 MUHYTBI, HA BTOPOH

U TPETBEN — 1,5 MUHYTBL CPEAHUNA TUAMETD
oTBepcturii B OK coctasui 12 mMm. ITocne Tecta KHK
ObLIa IPOUHCIIEKTUPOBAHA. HUKAKOIO BHEIIHETO

U BHYTPEHHETO U3HOCA 00opygoBanus THKT
32(PMKCHPOBAHO HE OBLIIO (PUCYHOK 3).

ITo mroram recra 6blJIO IIPUHATO PEIICHUE
YCTAHOBUTD BPEM S PE3KU HA KAK/IOU CTAaHIINU
PaBHBIM 7 MUHYTAM (110 HAIIIMM IIPEAIIOIOKCHHUAM
STOT'O JOJIKHO OBLJIO OBITH JOCTATOYHO JJIs
nepdoprupoBaHra DK B peabHBIX YCIOBUAX).

MPUMEP NMPUMEHEHNA TEXHOJTOTNIN
AbrasiFRAC YEPE3 3K. CKBAXWNHA «A»
NMPNOBCKOIO MECTOPOXAEHNA

Vxe B KoHIIe 2008 roa TaKOH CItocoo
3AKAHYUBAHUS OBLI yCHC]J_IHO BHCIPCH BIICPBBIC HA
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Three stations were cut with three holes each; coiled
tubing was moved each time only after all three holes
of the previous stations were cut. The bottom station
required 3 minutes to complete; the middle and upper
stations took 90 seconds each.

Average hole diameter in the casing measured
12 mm. After the test the BHA was inspected, and no
external or internal wear was identified. According to
the yard test results, we set the duration of the stations
in real operations at 7 minutes (assuming a two-fold
increase for reliability).

CASE STUDY OF APFTC TECHNOLOGY
IMPLEMENTATION IN WELL
A OF PRIOBSKOE FIELD

This method of completion was successfully
implemented in Priobskoe oilfield at the end of 2008.
The goal of our case study of AFTC operations on
well A with 146-mm casing was to stimulate 5 layers
of the well through abrasive perforations. A results
summary is given at Figure 4. Intervals were isolated
by pumping sand plugs right after the main fracturing
treatments.

Abrasive jetting (Figure 5) was done according to
the following design:
¢ 76 mm (3—in.) perforator with three nozzles of

3.8 mm (0.141 in)) at 120° phasing.

* Jetting for 7 minutes at each station.
¢ Abrasive slurry containing linear gel and quartz
sand at 120 kgPA (1 PPA) concentration was

Pucynox 1 -
Sauwijumnasn
écmaéxa Blast
Joint (enympu
HCenMmuvLm
ugemom)
Figure 1 - Blast
Joint (marked
yellow)
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ITprOOCKOM MECTOPOXKACHUH. PacCMOTpUM IpuMep
IPUMEHEHUS NOCTAJUNHBIX A0PA3UBHBIX PE3OK U
I'PTT Ha CKBAaXKHHE «A», OOOPYAOBAHHOI DK 146 mm.
LIe1b10 pabOTHI ABJSIOCh NPOBEAEHHUE IEpopaniu
yepe3 'HKT 1 npou3BOJCTBO MATH I'HIPABINYCCKUX
Pa3pBIBOB, UTOI'M KOTOPBIX IPHUBEAECHBI HA
pucyHke 4. M30msa1us 1pOJyKTUBHBIX HHTEPBAIOB
OCYIIECTBIISIACH OTCHINTKOM MECYAHBIX TPOOOK
HENOCPEAICTBEHHO NOCJIE 3aKa4KU paboT o I'PIL
I nposegenus [TIN (PUCYHOK 5) ObLT
UCIIOJIb30BAH CJICAYIOI NN JU3ANH:
* 3”-niepdoparop ¢ 3 popcynkamu @ 0.1417,
PACIONIOKEHHBIMH C (PA3UPOBKOIT 120°,
¢ Tlepdopanus
Ka’KJIOH CTAHIIHM HA
3AIUTAHUPOBAHHBIX [NTYOUHAX
IIPOBOAU/IACH I10 7 MUHYT.
* 3aKadka a6pa3suBHON
CMECH (JIMHEHHBIN I'eJlb
I'PIT 1 KBapLIEBBIH IECOK C
KOHIIeHTpanuii 120 kr/m?)
IIPOH3BOAWIACH C PACXOIOM
336 1/MUH.
Pacxoj 3aKa4yKku Aa6pa3uBHOM
CMECH HE CHUIKAJICH
IIPU NIEPEXOE KOJIOHHBI
T'HKT Ha caeayomyo

CTAHIIUIO JJ1 IPOBEAECHH A nocne pesxu

nepdopanym. Takke 3aKauKa Figure 3 - Abrasive jetti
boles and deep caverns
and perforator (b)

HE OCTAHABIUBAJIACH CPA3Y
MOCJIE TOT'O, KAK IOCJIEJHUE
nep@oparuOHHbIE
OTBEPCTHUS OBLIN TPOPE3aHbl — KONOHHA THKT
ObLIA IPUIIOAHATA C TOCTOAHHON LIUPKYIALIUEH
JIMHCHMHOTO T'eJist HA 65 M BBIIIC TEP(POPATTUOHHBIX
OTBEPCTHUI U TOJIBKO IMOTOM HA4aJIACh IPOMBIBKA
O6PATHOM LIUPKYJIALIAETH.

CTOUT OTMETUTD, YTO U3-34 UCTIOJIb30OBAHHUA
OOMBIINX O6BEMOB PA6GOUET JKUJKOCTH U TPOOIEM
C YTUIN3ALHUEN OTPAOOTAHHOIO (PIION/1a IPAMAs

IIPOMBIBKA CTBOJIA CKBAKMHBI, KOTOPAA IPUMCHSIACH

H4 IPEJBIIYIINX PA60TAX, B 3TOH U HOCIEAYIOMNX

paboTax ObLIa 3aMEHEHA HA OOPATHYIO LIUPKYJIALIHIO,

4YTO CYIIECTBEHHO ITOMOIJIO COKPATHUTb BPEMS

HpOMbIBKI/I M 3ATPAYNBACMBIC MZlTCpI/IEUII)I:

e pacxop xkugrocTu 270-300 j1/MUH;

® IIPOKAYKA BI3KUX [TAYEK HA OCHOBE I'€JIMPYIOIIUX
AT'€HTOB HE HpI/IMCHHHaCb;

® A30T HE HpI/IMCHHHCH;

® 34 BCIO UCTOPHUIO PabOT 1O IIPOMBIBKAM JIAHHBIM
METOAOM OCJIOKHEHHWH HE BO3HUKJIO.

BbICOKOTEXHONOIM4YHO, Al
KAYECTBEHHO, B CPOK! iJ
EHE

Dimple connacion Pucynox 2 - KHK
ona adpa3uenoii pe3xu
) uepes JK. ITepeeoo
Centrafizer mexcma ceepxy 6Hu3:
GHEWHUT KOHHeKmOopD;
uenmpanuiamop;
Abrasive gun nepgopavuonnan
Hacaoka;
oopammnbslii Kaanam;
NOAHONPOXOOHAA
Hacaoxa

Figure 2 — Bottombole
assembly to perform
abrasive jetting

Bull nose perforation through
casing

Reverse check valve

Pucynox 3 - Pe3yasmamot npoéedenus mecmupoéanus uncmpymenma na oase:
a) nonyuennsie omeepcmu u kagePHuvl; 0) cocmosanue hopcynok u nepgopamopa

ard tests showed that the technique creates large, clean
0 bandle fracture fluids without damage to the nozzles

pumped at 336 lit/min (2.1 bpm).

* Pumping rate was kept constant while coiled tubing

was moved from one station to another. Also, after
all stations were cut, pumping was not terminated
immediately, but coiled tubing was pulled up for

65 m above the perforation interval before pumping
was stopped and reverse circulation was started.

& & glation, 17 holed, @ <10 mm

4 = 10 1 of proppant [16/20, 11718]
& 1000 kgPa masimam Proppant Concentration

k ® & sations, 15 holes, @ ~1% mm

= 70 tns of proppant | 16710
#1000 kgha masimum Propgant Conosmiation

® 1 atations, 9 hotes, @ =16 mm

* 000 kgPa mandmum Proppant Condentration

k = a0 ths of piopeast (18400, 12'18) N

= 1601 of propgant (1620, 12718
# 11 tation, 13 holed, @ <13 mm

# J000 kgPa mamimum Peoppant Concentration

)
.

= 101 of proppant [16/20, 12/18]
& & glations, 17 holes, @ <145 mm
& 1000 kgPa masimam Proppant Concentration

TeM ke koMmruiekcoM 'HKT, 6e3 JonoMHUTETbHOTO
MOHT2Xa. OCBOEHHE ITPOBOAWIIOCH 3AKAYKOH
azora yepes3 'HKT B TeueHune 8-4acoBOro LKA CO
CJIEIVIOMUMU PACKOIAMH:

IMocrne oneparnmit IPIT ckBakrHA GbL1a OCBOCHA Pucynorx4 - Ocnoensie xaparxmepucmuru I'TIII u I'PIT no

cK8. «A» IIpuoodcKozo mecmopoicoenun. Ilepesood mexcma
Ha npumepe 6epxnezo naacma:

J 70 m nponnanma (16/20, 12/18)

J4 cmanyuu, 12 omeepcmuii, 0 13 mm

J 1000 xz/m? maxc. KOHUenmpayus nponnanma

} Figure 4 — Main parameters of abrasive jetting and }

Q=14.1 m*/muH = 500 scf/min......2 y; [fracturing treatments in Well A
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e Q=19.8 M3*/muH =700 scf/min......2 y; N20

e Q=255M?/mMuH =900 scf/min......2 4,

o Q=19.8 M3/MuH = 700 scf/min.....2 4. Al
T1o pe3ynbraTaM OCBOCHUS CPEJHUIA 3080

MIPUTOK IIJIACTOBOTO (prrronza 3060
cocTasui 380 M3/CyT, 4TO GBUIO BBIIIE 040l8
oxugaemoro. HemocpecTBeHHO niepe -

IJIYIIEHUEM CKBAXKUHBI JIJIS1 CMEHBI
CHENUATU3UPOBAHHOIO YCTHEBOT'O
060PYJOBAHUA HA IKCILIYATALMOHHYIO
DA ObLIIU 3aKa4aHBI UHTUOUTOP
COJIEOTIIOKEHUH U OJIOKHPYIOI U
ArEHT.

IIMKJI 3aKaHYUBAHUA CKBAKUHBI
C IPOM3BOJCTBOM NEpPOpaLINH,
TUAPABIUYECKUM PA3PBIBOM ILIACTOB,
MPOMBIBKOM OT IIPOMNMIAHTA 1 BbI3OBY
MPUTOKA CKBAKUHBI 3a4HJI OKOJIO
17 puert HenpeprIBHON paboTsl Opuraj I'PIT u THKT
Ha CKBAKHUHE «A» [IPHOOGCKOTO MECTOPOKACHUSL.
[TpruHMMas BO BHUMAHHE NOATOTOBUTEIbHBIE PAOOTEI
opuraabsl KPC 1 paboThl IO CITyCKY/3amycKy DL H,
TOJIYYA€M, YTO NOJIHBIN ITUKJI BBOAA IATH INTACTOBOM
cxkBaXUHBI ¢ noMmonbio THKT 66111 COKpanieH Ha
21 gensb (PUCYHOK 6).

OBCYXAEHWE N PE3YINBTATbLI MO
NMPUMEHEHNIO TEXHOJTOTMU
AbrasiFRAC YEPE3 3K

Ilo pesynbraTaM NpUMEHEHUS 46pa3uBHOro I'PIT
4yepes KOIOHHY B 2008—-2009 rogax BCETo 66110
3aKOHYEHO 60J1ee 30 MHOTI'OTIJIACTOBBIX CKBAXKUH,
B KOTOpBIE 3aKka4aHo 60see 100 craguii I'PIT B obmen
CJIOXXHOCTU. TOT HEPUO TPEACTABIAETCSA ABTOPAM
HanOO0JIE€ NOKA3ATEIbHBIM JIJISI CDABHUTEJIbHBIX
AHAJIM30B O NPOAYKTHUBHOCTU CKBAXKUH U
3(PPEKTUBHOCTH JPYTUX TEXHOIOTMUECKHUX
ACIEKTOB, TOCKOJIBKY B OJTHOM PAaXOHE PA0OT OBLIH
JIOCTATOYHBIE HAPAOOTKH U IO CTAHJAPTHOMY U
0 A0Pa3UBHOMY T'MJPOPA3PBIBY IIJIACTOB. bosee
TOT'O, TEOJIOTUYECKHUE YCIOBUS
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Pucynox 5 - IIpumep npoeedenusn npouecca I'lIll ona 11 cmanyuii.
Kpacnsim ugemom noka3ano uyuPKyisuonHoe oaenienue, 3eAeHbim —
pacxoo, po3oswvim — 2ayouna KHK, cunum — dasrenue Ha nogepxHocmu.
Cmpenrxamu céepxy noKa3anvt Hauano u KOney, adpPpasueHnoii pexu

Figure 5 — Example of abrasive jetting of 11 stations

Because of excessive fluid volumes and problems
with fluid disposal after the first treatment, this and
all following wells were cleaned out using reverse
circulation, which led to significant time and
materials savings:

e Circulation fluid rate 270 to 300 lit/min;

¢ No gelled slugs required,

¢ No nitrogen required,

* No problems throughout the entire operations.
After fracturing operations, the well was kick-off
using the same coiled tubing fleet, without additional
time to rig-up. The nitrogen kick-off was done over an

8 hour period with the following cycles:

* Q=141 m*/ min =500 scf/min.....2 hrs;
* Q=19.8 m?/ min =700 scf/min......2 hrs;
* Q=255 m?/ min =900 scf/min.....2 hrs;
¢ Q=19.8 m?/ min = 700 scf/min.....2 hrs.

As a result of the kick-off, average fluid inflow from
the well was 380 m?/day, which was higher than
expected. Right before killing the well to replace
the specialized wellhead with a conventional one,
scale inhibitor and leak-off prevention agents were
pumped through the coiled tubing into the well.

)

ParioHa, pa3oyprUBAEMOrO B TE T'O/IbI,
TIO3BOJIAJIO, BO-TICPBBIX, KAYCCTBCHHO
MPOTHO3UPOBATH ITIOTEHITH AT
CKBAKHWH Y CDABHUBATD ITOJTYYCHHBIC
PE3YABTATHI C OKPY>KEHUEM, A BO-

workover
workover
perforating
workover

Repeat the cycle 4 times

Well flowback
off

fracturin
# |Clean out and kick-

{

BTOPBIX, 3AKAYNBATH AT'PCCCHUBHDBIC

JIN3ATHBI 6€3 YPEZMEPHOTO OITACCHU S
CTOIlos nipu I'PIT. Kak 6yzeT BUAHO
JlaJIee B CTATHE, B TTOCJIEAVIONTHE TO/IBI
OypEHME IPOBOANIIOCH B KPAEBBIX

APFTC

workover

CTrig-up
CT perforating

fracturing

-
Repeat
the cycle
4times

21 days of cycle reduction

CT rig-down

Clean out and kick-

30HAX MECTOPOXKICHUS, TIE JOJIA
IVIMHHUCTBIX IIPOIJIACTKOB ObLJIA

BBIIIE 1 HATIPSKEHU S IOPOJL ObLIN
ITOBBIIIICHHBIC, YTO IIPUBEJIO K [ICTIOMY
PSY IONIOTHUTE/IBHBIX CJIOKHOCTEI B
KCIUIYATAIINH TEXHOJIOI'HUH, PEIICHUE
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Pucynox 6 - Cpasnenue ONumensHOCIU WuKIA 3AKAHUUCAHUA
NAMUNAACMOB0IL CKEANCUHBL C nOMOusto KPC (céepxy) u THKT (crhu3y).
Coxpamenue yurxaa cocmasuno 21 oens

Fi%ure 6 — Well completion forthe 5-layer well took 21 days less for coiled
tubing than for a conventional workover approach
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KOTOPBIX TAKXKE OYy/IET IPUBEJEHO HITKE.

Wtak, 32 nepuog 2008—2009 ro1oB TEXHOJIOTUA
abpasusHoro I'PI1 6b11a JOBEAECHA JJO XOPOIIETO
K44€CTBA UCIIOJTHEHU A, ITUKJI 3AKAaHYHMBAHU
COKpPAIIIEH JJIS1 CPENHEN TPEXIIIACTOBOM CKBAXKHUHBI
C MECAIIA IO IBYX HEJIETIb, MJIU UyTh OOJIEE UEM B
JIBa Pa3a. B 60MBIIMHCTBE CIYy4Y4€B A0pa3HUBHA
nep@opanus COCTOSIA JIMIIb U3 HECKOJIBKUX
(3—06) CTaHIIHIT [TO TPU OTBEPCTHUSI K KABEPHBL,
OJJHAKO JJAHHOT'O KOJIMYECTBA NepOoparui
OBLIO JOCTATOYHO JIJISI HAJIEKHOI'O PA3MENEHU
JIAKE CAMBIX AI'PECCUBHBIX AU3artHOB ['PIT. B TOT
MEPUOJ, KAK IPABUIIO, 3aKAYHUBAJICS KPYITHBIH
OpOoNMnaHT (ppaknuu 12/18 B Ka4€CTBE OCHOBHOT'O,

C IIPUMEHEHMNH OCMOJIEHHOI'O IIPOIIAHTA TOM

K€ (PPAKIIUH JJI IPENOTBPAIIEHNUS BBIHOCA HA
MNOCJIEJHUX CTaAUAX. KOHIIEHTpaly NPONIaHTa
JOCTHUTAIU 3249aCTyIO 1200 KI/mM?, HA HECKOJIBKUX
paboTax ObLI PA3MEIIEH CBEPXKPYIIHBIN IPOMNIIAHT
dpakumu 10/14 RCP. Pazmep pa6ot I'PIT nocturan
260 TOHH TPOMIaHTA. PACX0/] 3aKAYKH BAPBUPOBAJICS
B OCHOBHOM OT 3,2 M?/MUH /10 5,5 M?/MUH. [IpO1IeHT
CTOIloB 6b11 MeHee 6% B cpaBHeHUU € 60itee 10%-M
IIOKA3aTEJIEM TOM JKE€ CEPBUCHOU KOMITAHUHU 110

I'PTT Ha KyMYJISATHUBHOU NTep(pOpaLIUU C MEHBIIEH
ArPECCUBHOCTBIO IN3aTHOB. B uTOTE OBLIIO
IOKA3aHO, YTO AK€ CTOJIb MAJIOE KOJIUYECTBO
a6pa3UBHBIX OTBEPCTUN U KABEPH OOCCIICYUBACT
JIYUIIIEE KA4ECTBO CBA3U IIJIACTA U TPEIIUHEI B
YCIOBUAX XOPOUIUX KOJIJIEKTOPOB IO CPABHEHHIO C
KyMYJIATUBHOM Iepopariyiert BBICOKOM IIJIOTHOCTHA
(20 oTB/M U H605€EE).

INoapO6HBIN aHAIN3 IPOAYKTUBHOCTU CKBAXKHUH
nocJe a6pasuBHOro I'PIT ObLI IPOBEJIEH MO
HECKOJIBKUM KyCTaM ITpHO6CKOTO MECTOPOXKAECHUS,
KOTOPBIE Pa306ypHUBaINCh B 2009 ropy.

Ha pucyHKe 7 IpeACTaBIEH IPaduK 6€3pa3MEPHOI
OPOAYKTUBHOCTH Jd IO CKBA’KUHAM C IPUMEHEHHUEM
I'HKT 1 yCKOPEHHBIM [JUKJIOM BBO/JIA U IO
CKBAXXKUHAM, I7I€c MEXy cTagusamu I'PIT paboTanu
opurazas KPC.

_184-q-p-B

Ja k-h-(P-P) @

Koagppuyuenm 184 npumensemcs 6 cayuae pacuema
8 MEeMPU1ECKOLi cucmeme eOuHUl.

W3 rpadrka MOKHO BUJIETh, YTO A0PA3UBHAS
nep@opanusg HE TOIBKO HE IIPENATCTBYET
MIPUTOKY HE(DTH, HO, HAIIPOTUB, IPOAYKTUBHOCTD
CKBaKMH, I7I€ ObLIU IPOBEACHBI MHOKECTBEHHBIE
I'PTI c ucnonb3oBanuem 'HKT mexay cTagusamu,
HA BCEM NPOTSXKEHUHU SKCIUIYATALIUU UMEET
HEKOTOPOE IIPEUMYILECTBO. B OCHOBHOM aBTOPBI
CBSA3BIBAIOT JAHHBIN ITOJIOKUTE/ILHBIA PE3Y/ILTAT,
BO-TIEPBBIX, C TEM (DAKTOM, YTO AIPECCUBHOCTD
JU3AMHOB a0pa3uBHBIX ['PI1 6b1y1a BBIIIE, 4 TPOLIEHT }

The overall completion cycle including
perforations, fracturing, well cleanout, and kickoff
took about 17 days of continuous fracturing and
coiled tubing operations in Well A, Priobskoe field.
Including preparatory work by the workover crew
and installing an electric submersible pump (ESP), the
full cycle of well completion was reduced by 21 days
(Figure 6).

RESULTS OF THE APFTC TECHNIQUE
IMPLEMENTATION

As a result of APFTC operations in 2008-2009,
more than 30 multilayered wells were completed with
more than 100 fracturing stages pumped in total. That
period is considered the most representative for the
comparative analysis of technique effectiveness and
well productivity, because many of the offset wells
had been completed with the conventional approach.
Also, geological conditions of the field area drilled
at that time were better, which allowed for more
accurate production potential forecasts and as well
better placement of aggressive fracturing schedules
without high screenouts risk. As will be shown later,
drilling during the later years included mainly lower-
quality reservoirs with higher shale content and
higher stresses, leading to a series of problems with
technology exploitation, solutions to which will be
shown later.

On the whole, during the period of 2008—-2009,
abrasive perforating and fracturing through casing
was optimized and a high quality of operations was
reached. Completion cycles were reduced from about
a month to about 2 weeks on average for three-
layered wells, to about half the conventional time.

In most cases, abrasive jetting consisted of only

a few (3 to 6) stations of three holes and caverns.
Nevertheless, this number was enough for successful
placement of any fracturing treatments. During that
period, in most of the cases 12/18 mesh proppant was
pumped with resin-coated proppant (RCP) of the
same mesh as a tail-in to prevent proppant flowback.

Proppant concentrations reached 1200 KgPA (10 PPA),
and several jobs were successfully completed with
proppant as large as 10/14 mesh RCP. The biggest
fracturing treatment size was 260 tones
(573,000 pounds) of proppant. Pumping rate ranged
from 3.2 to 5.5 m?/min (20 to 35 bpm). Screenout ratio
was lower than 6%, which was significantly lower
than the 10% ratio of screenouts that had occurred
during fracturing operations by the same service
company after cumulative perforations at that time.
As a result, even such a low number of abrasive
perforations provides better connection between a
wellbore and a fracture than cumulative perforations
at high density (20 shots per meter and higher).

A detailed analysis of well productivity after abrasive
fracturing operations was performed based on several }
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nonydyeHHBIX CTOITOB IPU 3TOM OBLIT HIKE,
BO-BTOPBIX, C TEM, YTO TpeinHbl I'PIT 66111
OUMIIEHBI OT NOIUMeEpPA 6051ee 3(PPHEKTUBHO,
IIOCKOJIbKY OCBOEHUE CKBAKUH IIPOBOAUIOCH CPA3y
HOCJIE TUAPOPA3PLIBA, 6€3 AIUTEIBHBIX OIIEPALINI
KPC Mexy CTaIusAMU U 6€3 ITTyHIEHN S CKBAXKUH
(COOTBETCTBEHHO, 6€3 3ATPS3HEHM ILVIACTOB U
TPEIINH XUJAKOCTIMU ITTyIIEHUS).

Haunbomnee NoKa3aTeNbHbIM IEPHUOIOM JJIs
CPaBHEHUS MOXKHO CIUTATh BTOPYIO COTHIO THEM,
KOTI'JJa IPUTOK Y2KE YCTAHOBUJICS, 4 TIJIACTOBBIE
JIABJIEHUS €IE HE CIMIIKOM PA3IUIAIOTC MEKY
CKBa’KMHAMH (3/1€Ch PACYETHI IPOBE/ICHBI B
MNPEANONIOKEHUN O TOCTOSHHOM IIJTACTOBOM
JIABJIEHMH B CKBA’KMHAX 32 IEPUOJ, HA
MECTOPOXJAECHUHN 3(PPHEKTUBHO JAEHCTBYET CUCTEMA
[IT1). IIpenMyImecTBO B IPOAYKTUBHOCTH CKBAKH
nocJie abpasuBHOro I'PIT 32 3TOT NEpUOA B CPEAHEM
COCTABWIIO 14% 110 CPABHEHHNIO CO CTAHAAPTHBIM
[JUKJIOM 3aKAHYUBAHUA HA COCETHUX CKBAKMHAX.

onuna TEXHONOTMN ABPA3NBHOIO
PN YEPE3 HKT U NAKEP (AbrasiFRACTT)

C Ka/IbIM TOJIOM, HAPSTy C OYPEHHEM HOBBIX
CKBaKMH, PACTET U KOJIMYECTBO 34PE30K OOKOBBIX
cTBOJIOB (3BC) Ha ITpHOO6CKOM U MaI06ATIBIKCKOM
MECTOPOXKJICHUAX, KOTOPbIE B COBOKYITHOCTH C
HECKOJIBKUMU CTaAUSAMU ['PI1 B MHOTOIJIAaCTOBBIX
3aJIEKAX MO3BOIAIOT 3(P(PEKTUBHO MOBBIIATH
BBIPAOOTKY 3a11aCOB HE(PTH. Kak yke ObII0
OI'OBOPEHO PAHEE, HOBbIE MHOI'OILIACTOBBIE
CKBaKMHBI-KAH/IUJATHI [1O]] «yCKOPEHHBIN» CIOCOO
3aKaHYMBAHHS MHOT'OIUIACTOBBIX CKBAXKHH C
abpasuBHbIM I'PIT 060pyAyIoTCsa DK NOBBINIEHHOM
IPOYHOCTU (MApKa «E»). OlHAKO 3ape3Ka OOKOBBIX
CTBOJIOB IIPOU3BOJIUTCA B OCHOBHOM U3 CKBA’KUH
JIEHUCTBYIONIETO (POH/1A, Y>KE OOOPYIOBAHHBIX
CcTaHJApTHOI DK Mapku «/I». DTO mOTPEe6OBAIO
MOAU(PUKALTUHN TEXHOJIOTUU a6pa3nuBHOTO I'PIT.

J17151 TOTO 9TOOGBI CYIMECTBEHHO PACIIUPUTD KPYT
MHOT'OIUTACTOBBIX CKBAXKUH-KAHUAATOB O]
«yCKOPEHHBII» CIIOCO6 3aKaHYMBAHUS, B 2010 rogy
OBLJI OCYIIECTBJIEH HOBBIU TOIXO/ K OJTHOBPEMEHHOM
pa6ore pnotos 'HKT u I'PIT, KOTOPBIH 3/1€Ch OYAET
0603Ha4eH KaK «AbrasiFRAC TT» (TT — oT aHrIL
through tubing — yepe3 HKT). Cioco6 noipa3yMeBacT
BBIIIOJTHEHUE AaHAJIOTUYHBIX ONEPAIINH ITO
abpasuBHOU pe3ke u I'PIT uepes Hee ¢ TOU Pa3HULIEH,
4TO TENEPb OHU MPOBOAATCA yepe3 Koslonny HKT
U CTIICLIUAJIBHBIN ITAKED, YCTAHABINBAEMbIN JIUIIb
E€TUHOK/IbI HAJl BCEMU IJ1aCTaMU. [TOJTHBIN ITUKIT
3aKAHYMBAHUA TENEPh MOXKHO OIHCATD TAK:

* MAOJIOHNPOBKA U IIPOMBIBKA IKCILIYaTAIIUOHHON

KOJIOHHBI cuiaMu 6purajst KPC;

e oT6uBKa 32004 110 'K 11 JIM crtamu pacuera I'MC;
e ciiyck HKT 1 nocazka CrieiuaabHOIO IAKEPA BBIIIE

BEPXHETO ITPOAYKTUBHOI'O UHTEPBAJIA,
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Pucynox 7 — Cpaeénenue npooyKmueHocmu

cKeaxncun IIPuo6CcKozo MecmopPoNcoenus 8
oe3pasmepnoix eeaununax (Jd). Fopuzonmansuan oco
coomeemcmayem OHAM IKCHAYAMaUuUU CKEANCUH.
CunUM 146€eMmoMm 6bloeleH OCPEeOHEeHHbLIL Pedcum
pabomul cKéaNCcun 3aKOHUEHHBLX NO MEXHOI0ZUU
AbrasiFRAC, KPACHbIM U8EMOM — 3AKOHUECHHBLX
CManoapmHusIM CROCOO0M

Figure 7 - Abrasive fracturing consistently improves
wells productivity in Priobskoe field

locations of Priobskoe field that were drilled in 2009.
Figure 7 compares dimensionless productivity J,

in wells after abrasive fracturing assisted by coiled
tubing in 29 wells with that of 35 wells completed
with a regular cycle where wells were prepared with
workovers between the fracturing stages.

_ 184-q-p-B

s k-h-(P-P,) @

The coefficient of 184 is used in case of calculations
in the metric system.

The coefficient of 18.4 is used in case of calculations
in the metric system.

The plot shows that abrasive perforations
consistently increase well productivity over that of
the cumulative perforation technique. This positive
effect mostly correlates with the fact that abrasive
perforations allow for more aggressive stimulation
placement at lower screenouts rates, and coiled
tubing allows for better and faster fracture cleanup
as opposed to lengthy and damaging workover
operations on the offset wells.

The most representative period on the plot is
considered to be between Day 100 and Day 200, when
the flow is already pseudostabilized on the one hand
and formation pressures are still not that different
between the wells on the other hand (calculations
here are based on assumptions of constant formation
pressure throughout the analyzed period, as an
effective formation pressure maintenance program is
ongoing). The advantage of the abrasive perforating
and fracturing approach during this period is about
14% on average compared to the standard completion
cycle with workover operations on offset wells.
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» xoppensanusa rmyounsl THKT o gannasiM THC,
nposegenue I'TII;
 nposezaeHue I'PITuepes HKT, n3014111151 OTKPBITOTO

WHTEPBAJIA OCYIIECTBISAETCA NPONIAHTHOU

NIPOOKOH HEMOCPEACTBEHHO B XOJ€E 3aKAYKHU

OCHOBHOM pa6oTsl I'PIT;

o HopMmanuszauus T3, nposeaenue I'TIIT Ha

BBIIIEJIEKAIUU IPOAYKTHUBHBINA HHTEPBAJL,

e nposeaeHue I'PIT;
* IIOBTOPEHHE BCETO ITUKJIA, B 3aBUCUMOCTH OT

KOJIMYECTBA BOBJIEKAEMBIX B PA3PAOOTKY IIJIACTOB;
* IIPOMBIBKA CTBOJIA CKBA’KHUHBI IIPSIMON

LUPKYJIALNEN U OCBOCHUE A30TOM C

UCMNOJb30BaHHUEM ycTaHOBKU THKT nocne

nposegeHus nocaeanero I'PIT;
¢ cpbiB nnakepa u nogbeM HKT cunamu KPC. Criyck

VOIIH.

OCHOBHBIM TPEOOBAHUEM K ITAKEPY
SIBJISIETCS OOIBIION IPOXOIHOM JUAMETD JIJIS
OECIPENATCTBEHHOI'O CITyCKA NEPQPOPAITMOHHOMN
KHK na IT'HKT B 300y nHTEpeca. Cama KOMIIOHOBKA
Hu3a KoamoHHbI THKT go/mKkHa HE TOJIBKO
CBOOOJHO NPOXOAUTD IMTAKEP U JOCTUTATh
HEOOXOAMMO TTTyOUHBIL, HO B TO K€ BPEMS
addexTuBHO neppoprupoBathb DK, IEMEHTHBINA
KaMEHb U MaTEPUHCKYIO ITopoay. [ToaTomy s
DK, UCMIONB3YEMBIX B Pa3padboTKe IIpro6CKoro u
Mano-baIbIKCKOTO MECTOPOXKAECHUI C BHEIITHUMU
guamerpamu 102 mm (47), 114 MM (4.5”) u 146 MM
(5.75”), OBLI TIOJOOPAH CIIEUATBHBINM KOMITAKTHBIA
nep@oparop JuaMeTpoMm 54 MM (2.125”), KOTOPBIi
MOKET OBITh OOOPYAOBAH TPEMSI (POPCYHKAMU
(¢pasuposka 120°) ©3,2 mm (0,125”) ninn @ 3,8 Mm
(0,1417). ITonmnaa KHK I'HKT nipeacrasiena Ha
pucyHke 8. ITogo6HbIH onbIT IpoBeaeHus I'PI1
nocie abpas3uBHOU pe3ku uyepe3 HKT 6bu1 Taxoke
panee onucan Hlyneiem [I. v ap., 2007, rae 66110
NPOJEMOHCTPUPOBAHBI YCIIEITHOCTb METOAA U
€ro NPENMYIIECTBA IO CPABHEHUIO CO CITyCKOM
niepgoparopos Ha HKT. YTo kacaeTcs CrienuaabHOro
YCTBEBOI'O OOOPYAOBAHUS, TO OHO HE TPEOYETCSL.
MownTax ITBO I'HKT niy HarHETATEIbHBIX JIMHU
I'PII BepeTCsa npamo Ha 3a4BMKKy I'PI] moodepeiHbIi
MOHTAX/AEMOHTAK HE OTHUMA€ET MHOTI'O BDEMEHH.

Ha 6a3€ cepBUCHOM KOMITAHHUU B TOPOJIE
[TbITE-AX OBLINU TPOBEAEHBI IBA MOJETUPYIOMINX
TECTA, 715 TOI'O YTOOBI OLIEHUTD KA49€CTBO
I'AJIPOIECKOCTPYUHOM NEPPOPAIIUUA KOMITAKTHOT'O
nepgoparopa (054 mm) B 102 MM (47) u 114 mm
(4.5”) xBocTOBUKAX U 146 MM (5 3/4”) DK. TecTs
IIPOBOJUJIVCE IO CLIEHAPHIO, Y7KE€ OITMCAHHOMY BBIIIIE
Just iepoparopa @76 mm (37).

HeManoBasKHbBIM ABJIAETCA TOT (PAKT, YTO
MIPOBEACHUE PAOOT B OOKOBBIX CTBOJIAX, OOCAKEHHBIX
102 MM (47) mim 114 Mm (4.5”) XBOCTOBUKAMH,
BO3MOXHO TaK:xe 1 Ha kosioHHe 'HKT guamerpom

38 MM (1.5”), KOTOPBIMU OOOPYAOBAHO OOIBITNHCTBO }

OPTION OF THE ABRASIVE
PERFORATING AND FRACTURING
THROUGH TUBING (APFTT)

Drilling new wells is not the only way to increase
production; sidetrack drilling from existing wells in
Malobalikskoe and Priobskoe fields is growing year
to year. Together with several fracturing stages in
multilayer formations, such approach allows for a
significant increase of oil recovery. As described in
the previous sections, new well candidates for APFTC
technology had to be equipped with grade E casing.
But sidetrack activity is done mostly in old wells with
casing of regular strength (grade D). This required a
modification in technology.

To significantly increase the candidate pool for the
improved completion technique, a new approach to
the abrasive fracturing process was developed in 2010
that provided an option to treat the wells through
tubing and packers; for the sake of simplicity, this
approach will be called “abrasive perforating and
fracturing through tubing” (APFTT). The method
assumes almost the same sequence as in the APFTC
option, with the only difference that now perforating
and fracturing operations are performed through
tubing and packer, which is settled only once above
all the intervals. The full completion cycle now can
be described as follows (repetition of the perforating/
fracturing cycle depends on the number of target
Zones):

* Workover scrapes casing and cleans out the well;

» Wireline tags the bottom depth;

» Workover runs tubing and special packer in hole
and sets packer on top of all intervals;

Coiled tubing correlates depth and performs
abrasive jetting in bottom interval;

Frac crew performs proppant stimulation job
through casing, pumping sand plug right after last
treatment stage;

Coiled tubing removes excessive proppant (if
necessary) and creates abrasive holes in next
interval,

Frac crew performs next fracturing treatment;
Coiled tubing cleans out wellbore and kicks off well
with nitrogen;

Workover pulls packer and tubing out of hole,
installs ESP.

The main requirement from the packer for such an
application would be a sufficient inside diameter to
ensure operations with the abrasive perforator below
it. The BHA itself should not only fit the packer ID, but
also ensure quality of perforating the casing, cement
sheath, and rock in the near-wellbore area. Therefore,
a special slim perforating tool with OD of 54 mm
(2.125 in.)) was selected for operations in Priobskoe
and Malobalikskoe fields, and wells were equipped
with casing sizes of 102 mm (4 in.), 114 mm (4.5 in.)
and 146 mm (5.75 in.). The perforator still had three }
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ycTaHOBOK 'HKT B peruone. To N03BOIAET
3ajericTBoBarhb 10T THKT kak B paboTax mmo
ocBOeHMIO nocsie ['PIT CTaHAapPTHBIM CIIOCOOOM, TAK
U B paboTax c I'TIIT uepe3 'HKT, uTo o6ecneynBact
JIYYIIYIO YTUIN3ALHIO OOOPYIOBAHUA.

J10 CUX Op HAMU NPOBOJUIUCH PA6OTHI IUIIb
B BEPTUKAJIBHBIX U HAKJIOHHO-HAIIPABIECHHBIX
OOKOBBIX CTBOIAX. OJJHAKO ONIMs a6pa3uBHOro I'PT1
yepe3 HKT MOXET B IEPCHNEKTHUBE MIPUMEHATHCS
JU1 MHOT'OCTAIUHHBIX ['PIT B rOpU30OHTAIBHBIX
CTBOJIAX, TOJOOHBIN ONBIT ObLI OITUCAH, HATIPUMED,
UtubpytroMm T. u 1p, 2010. CTEHIOBBIE UCTIBITAHUS
TAKIKE OBLIIN YKE MPOBEAECHDIL, M KAYECTBO OTBEPCTUNA
MO3BOJIAET NPOBOJUTD ONEPALTUN OITUCAHHBIM BBIIIE
HAa00OPOM HHCTPYMEHTOB.

CPABHEHUE SOPEKTUBHOCTIU
ABPA3NBHOIO P MEXAY OrnumnamMm
3AKAHYMBAHWA HEPE3 3K N1 HKT

J17151 TOTO 4TOGBI CPABHUTD 3(PPEKTUBHOCTE MO
BPEMEHU OOOUX BAPUAHTOB a6pa3uBHOIO I'PIT,
4yepes KOJIOHHY U yepes HKT, Ob111 pacCMOTPEHBI
HECKOJIBKO TPEXIIACTOBBIX CKBAKMH, B UTOT'C
HOPSIZIOK MPOJIOJIKUTEIBHOCTU ONIEPALTU /1151
Ka’KJ0M U3 TEXHOJIOTHYECKUX OILIUH, BKIIOYAs
onepanuu ¢ KPC, MOXET ObITh BUIECH U3 PUCYHKA 9.

B 1ies1om 062 TUK/I4 3aHUMAIOT IPUMEPHO
OIMHAKOBOE BpeMs (OKOIO 13—14 nuen). Otnnynsg
JKE COCTOSIT B CJIEAYIONIEM: IONOTHUTEIbHBIC
Pa6oThI IO oIpeccoBKE DK nepe; MOHTAKOM,
6oJiee JIUTENBbHBIN IPOIECC IPOMBIBKU U3-3a
JOIIOJTHUTEIBHOU CITYCKO-TIO[/bEMHOM ONIEPAITN
(CIIO) nepes OCBOEHUEM M ITTYIIEHUEM CKBAXKHUHBI
cwiamu 'HKT B citygae onepanuii uepes

KOJIOHHBL 0151 MEeXHONI02UU Dmple comnector

AbrasiFRAC TT, cegepxy 6nu3 —
GHeUWHUT KOHHeKmOop

(57 mm), mexanuueckuii
passeounumens (54 .mm),
n?)¢opamop (54 mm),
oopammnwiii knanau (54 .mm),
NOJAHONPOXOOHAA HACAOKA
(54mm)

Figure 8 - BHA for APFIT
applications. Dimple
connector (57 mm), mechanical
disconnector (54 mm),
perforator (54 mm), reverse
check valve (54 mm), bull nose
nozzle (54 mm)

Pucynox 8 - Komnonoeéxa nu3ia '

FB Mech discoansct

Abrasing gun

nozzles with 120 deg. phasing, with nozzles sizes
either 3.2 mm (0.125 in) or 3.8 mm (0.141 in.). A
detailed drawing of the perforating BHA for APFTT
applications is presented in Figure 8. The wellhead
for APFTT has no requirements for specialized
equipment as in the case of the APFTC option;
because the BHA for the APFTT option is slim, it fits
through a regular fracturing wellhead capable of
withstanding high surface pressures. Because the
BHA for the APFTT option is slim, it fits through

a conventional fracturing wellhead, capable of
withstanding high surface pressures. Assembly of
the BOP and fracturing treating line is made directly
to the fracturing wellhead. The repetitive change
between CT and fracturing iron does not take
much time.

The service company performed two modeling
yard tests to estimate the quality of the slim hole
perforating job in casing sizes of 102 mm, 114 mm,
and 146 mm OD. Tests were conducted in similar

Roverse check valoe

Bull nawe

DK; paboThI IO TOCA/IKE/CPBIBY ITAKEPA 7
u mymenue cuinamu KPC B ciryuae
onepanuii yepe3 HKT. B koHeuHOM
cyete BapuaHT yepe3 HKT nmpu npounx
PAaBHBIX YCJIOBUAX ABIAECTCA OOJIEe L
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YHUBEPCAJIbHBIM U MOXKET IIPUMEHATHCS
K4K Ha JTIOOBIX CKBA)KMHAX-KAHAU/IATAX,
060pYyAOBaHHBIX DK Mapku «/I», TAK 1 HA
TEX, KOTOPBIE O60PYAOBAHBI YCUJIEHHON
DK Mapku «E», mpruyeM 601bIION yron
OTKJIOHEHUA CTBOJIA CKBAXXUHBI OT
BEPTUKAIHN HE ABJIACTCA NPENATCTBUEM 12
Juta onepanuii uepes HKT. [Tocnennee
3aMEYaHUE CIIPABEIINBO BBU/Y TOT'O,
YTO IMIPOMBIBKA CTBOJIA CKBAKUHBI OT
NPONIaHTA ITocae nocaeanero I'PIT
OCYIIECTBIIAETCA IPAMOM I PKYIALUEN
HA 430TUPOBAHHOM XU KOCTH, 4 HE
O6PATHOM, KAK 3TO IIPEAIIONATAET
CTIIOCO6 3aKAHYMBAHUA 110 KOJIOHHE.

Ha maHHBIF MOMEHT CITOCOOO0M,
COYETAIOUUM COBMECTHYIO PAOOTY

APFTC
workover

APFTT

15 days of cycle reduction

Cleanout & kick-
off
Well killing
Fig-down
ESP

8 9 10 11 12 13 14 15 16 17

15 days of cycle reduction

workover
ESP

Cleanout & kick-
off

Pucynox 9 — Cpasnumenvuuiit yuri oneparuii 3aKaniuéanuss CKEAMNCUH

c nomouysto KPC (ceepxy) u no mexnonozuam AbrasiFRAC (6 uenmpe) u
AbrasiFRAC TT (chu3y). Cokpaujenue yukaia no CpaéHeHu1o ¢ Oonepauamu
KPC 02 o6eux onyuii AbrasiFRAC cocmaguno 15 oneii

Figure 9 — Workover completion techniques typically require twice the time

¢pnoros 'HKT u I'PIT, 3aKOHYEHBI Of APFTC and APFTT
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AFFTC AFFTT

azs

Pucynox 10 — Cpasnenue sampauueaemozo efemeuu (6 uacax) na cmaduu é yuxie
AbrasiFRAC (cneea) u AbrasiFRAC TT (cnpasa). Ilepecood cmaouii ceepxy énu3: II3P
THKT; pe3xka + npomsiéxa; coocmeennsie npocmou; nepepesxa; I'PII; npomsiéxa,

oceoenue, zayuenue; II3P KPC

Figure 10 - Comparison in time requirements per stage of abrasive fracturing options

intypical three-layer wells

95 MHOI'OILIACTOBBIX CKBAXKUH. bosee yueM Ha 30
U3 HUX IPUMEHAIACH ONIUSA a6pa3uBHOro I'PIT
uepe3 HKT u nnakep. bosee AeTanbHbIN PACKIA]] B
34TPAYEHHBIX YACAX HA KK/l BUJ] OTIEPALTUNA

0 OOEUM TEXHOJIOTMYECKUM OILINAM JIJI
TUITMYHOM TPEXIIACTOBOU CKBA’KUHBI MOKHO
BUJETb HA pUCYHKE 10. CTaTUCTHUKA IPOBEICHHBIX
OIIEPALIUU ITOATBEPKAAET, YTO IIOAIOTOBUTEIbHBIE
PabOoTEL, IPOMBIBKA 1 OCBOEHUE HE TPEGYIOT
JOIIOJIHUTEIBHOI'O BDEMEHHU C YBEJIMYEHUEM

kosmuecTBa I'PIT, a mporecc I'TITT ¢ npomMeKyTOYHOM

HOpMaIu3anuen 32604 u 3akadka I'PIT 3aHUMAaIOT
BPEMS, IPOIHOPIIUOHAIBHOE KOJIMYECTBY 30H
UHTEpECa.

B Tabnuue 3 npuseieH aHAIu3 3PHEKTUBHOCTH
IO BPEMEHH, U3 KOTOPOT'O BUTHO, UTO ITUKJI
3aKaHYUBAHHWSA MHOTOIIJIACTOBBIX CKBA’KUH

COKpaireH Ha 50% u 60J1ee C TOMOIIbIO IPUBJICUYCHU S

I'HKT.

OMNMNCAHUE BO3HNKABLUNX NMPOBJIEM
N CNOCOBOB NUX PELLEHNA

Kaxk y’ke OTMEYaJIOCh, HA JAHHBIN MOMEHT BBEJICHEI

B AKCILTyaTAIUIO 6051ee 65 1 30 MHOTOILIACTOBBIX

BbICOKOTEXHONOIM4YHO,
KAYECTBEHHO, B CPOK!

conditions as described for the
APFTC option with a perforator
of 76 mm OD. Conveniently,
the APFTT applications in

OCT rigupigdown, preparsicry opralons

BCuting + Cleanout

BCT non-productive time casing sizes of 102 mm (4 in.)
and 114 mm (4.5 in)) can use

TR Frmu— coiled tubing of 38 mm (1.5 in)),

Birsciuring which simplifies operations

because most of the fleetsin a
region have this particular size
of coiled tubing. Thus, the same
fleet can perform standard
wellbore cleanout operations
and be used in abrasive
perforating and fracturing
applications without lengthy
spooling procedures.

So far, experience has
been limited to vertical and deviated sidetracks
applications. But in future, it is possible to perform
multistage fracturing operations in horizontal
sidetracks through tubing and packer set in the
main casing. An example of such an application
was described by Itibrout et al, 2010. Respective
yard test have been performed and the results allow
for horizontal applications with the same set of
equipment.

B chaanout killing kick-off

0w orkover operations

EFFECTIVENESS COMPARISON
BETWEEN APFTC AND APFTT
TECHNOLOGICAL OPTIONS

To compare effectiveness of the two options of
abrasive fracturing technology (through casing and
through tubing), we analyzed several representative
three-layer wells. Figure 9 shows the typical
operational sequence and duration for the different
completion scenarios.

Thus, both APFTC and APFTT have similar
completion cycle length (713 to 14 days). The
differences are as follows: for the APFTC option,
additional procedures for casing pressure tests before

} the coiled tubing rig-up and a longer cleanout process

Taboauua 3 — ChasHeHue nPOOONRICUMENbHOCIU UUKAA 3AKAHUUBAHUA HOBBIX CKEANCUH (OHW)
Table 3 - Comparison of the New Well Completion Cycle Duration, Days

Konumecmeo naacmos Cmanoapmrolit I PIT Abpa3suerviii IPIT Ycxoperue yuraa
Layers Standard fracturing Abrasive perforating and fracturing Cycle reduction
2 24 12 12
3 29 14 15
4 34 17 17
5 39 19 20
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CKBaKMH IO TEXHOJIOTUAM a6pa3uBHOro I'PIT uepes
DK u HKT cOOTBETCTBEHHO, OOIIEE KOJIMTYECTBO
UHTEPBAJIOB, IJI€ IIPOBEICHA A6Pa3UBHAS PE3KA U
3akayansbl I'PIT, 605ee 250. 32 yeThlpe rojja HAKOILJICH
3HAYUTEJIbHBIHN OIBIT TAKOT'O POJIA ONEPAIINH, 4 TAKXKE
NPOAHATIU3UPOBAHBI U PEIICHBI BO3HUKABIIINC B
nporecce paboTsl IPOO6IEMBL B JaHHOM paszene
ABTOPBI XOTEJIN ObI OCTAHOBHUTHCSI HA HEKOTOPBIX

U3 HUX 60JI€€ IETAIBHO, IOCKOJIBKY OHU MOTYT
HPOSIBUTHCS U B APYTUX IIPOEKTAX, TTIE yKE
Pa3pabOTAHHBIE PEMIEHUS MOT'YT ObITh YCIICIITHO
A/IAITUPOBAHBI.

IlepBoe€, C Y€M MPUIIIIOCH CTOJKHYTHCS, TO
HEYOBJICTBOPUTEBHOE KAYECTBO NIEPPOPALINHN IPU
nposegennu I'TII1 B TeyeHre 7 MUHYT Ha KAXKJ0U
CTAaHLIUH. Bpems pe3KU ObIIO YBETUYEHO JO 10 MUHYT
(a B ci1y4asx CJI0KHOU reOJIOTMH O 15 MUHYT), U
3TOr'0 OKA3aJIOCh JIOCTATOYHO /111 OOECTIEUYEHU ST
XOPOIIETO COOOMIEHUS CTBOJIA CKBAKUHBI C IIJIACTOM.

B 2010 11 2011 rogax 60JIBIIMHCTBO CKBAKHH-
KaH/U/IATOB 1TOJ] abpa3uBHbIe ['PIT HAXOIMINCH
B 30HAX CJIOKHOU I'€OJIOTUH (HAJTUYNE MOITHBIX
IJIMHUCTBIX IIEPEMBIYEK MEKAY IPOAYKTUBHBIMU
POIIACTKAMU, MaJ1asl MOITHOCTB IJIACTOB,
TIOBBIIIICHHBIC HAIPSXKEHUS IJIACTOB, U T.[1.),
4YTO IPUBEJIO K PE3KOMY YXVAIIECHUIO KA4eCTBA
a6pa3UBHOU PE3KH, 4 TAKIKE [IOBBIIICHHOMY
MIPOLICHTY NIPEKAECBPEMEHHBIX OCTAHOBOK
3aKA4YKU IIPU pabOTAX IO TUPOPA3PBIBY IIJIACTOB.
Hapa6oTaHHOTIO YCIEMTHOI'O OIBITA IPEABIYIIIEIO
EPUO/A OKA32JI0Ch HEAOCTATOYHO JIJIs1 YCIIEITHOT'O
3aKAHYUBAHUS CKBAKHH B YCJIOKHUBIINXCS
ycaoBuax. Ilocnenyromue 50 cragunt I'PIT Ha
JBAATH CKBAKMHAX UMEJIN ITOBBIIICHHBIN ITPOLICHT
CTOTIloB, nopsijika 14% B cpaBHeHUH C 6% IO
NpEeABIAYIIEMY IEPHOY; KPOME TOI'O, 3HAUUTEIIBHO
YBEJIMYHNIIOCH KOJIMYECTBO ITIOBTOPHBIX A0PA3UBHBIX
PE30K IO IPUUYHHE IVIOXOI'O KAaYeCTBa NepQopaiiny,
YCTAHABIMBAEMOI'O IIPH 3aKauke MUHU-T'PIT. Takum
06pPa30M, Ka4eCTBO 46pa3uBHOI Iepdoparin
CTAJIO HUJKE, YEM KYMYJISITUBHOM B TAKUX YCJIOBUSX,
TPEOOBAINCH MEPHI 110 YJIYUIIEHHIO BCETO IIPOLIECCA
abpasusHoOro I'PIL

ITepBOHAYaJIBHBIE PACYETHI MAKCUMAJIBHOI'O
JABJICHUS I'U/IPOPA3PbIBA IIPOBOAUIINCS,
OCHOBBIBASICh HA HAIPSI)KEHUHU IIJIACTOB ITOPSIKA
350—380 atm B 2008 rof1y, COOTBETCTBEHHO,
IPUOOPETEHHAS CIICLIMAJIbHAS YCTHEBAS APMATYPA
BBIJICPKUBAJIA 1ABJICHU 0 350 aTM, 4ETO Ha yCThE
OBLIO BIIOJIHE JOCTATOYHO (C YYETOM I'MIPOCTATUKHU
Ha 3260€ MOYKHO 6bLIO IOCTUTATH 10 600 aTMm).
OJIHAKO B IIOCJIEAHUE 'Ol I'€OJIOTMYECKUE YCIIOBUS
334YACTYIO BBIPAXKAINCH B HAIIPSKEHUU ITOPOJL 60s1ee
400 aTMm, B OTAENBHBIX C1y4asax 10 450 atm. JJaxe
VUUTHIBAS OJOXKUTETBHOE BIHUSHNIE A0Pa3UBHOM
nepgopai Ha CHUKEHHUE 1aBICHUS T'HIPOPa3PhIBa
MIOPO/IBL, N3-32 OTPAHHUYECHU S IIOBEPXHOCTHOTO
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to complete an additional run-in-hole operation
and well-killing operations; for the APFTT option,
workover operations to run the tubing and packer in
and out of hole and killing the well with a workover.
A more detailed review in hours for a typical three-
layer well completion for both options can be seen
from Figure 10, which is based on statistical analysis.
Finally, assuming the rest of conditions are the same,
the option through tubing will have an advantage
because it can be implemented into wells with
regular grade D casing. Also, this option does not
have limitations on well deviation due to the fact that
wellbore cleanout is conducted with direct flow and
not reversed, as in case of proppant removal from a
well through casing.

Statistical analysis of these treatments also confirms
that preparatory work, cleanouts, and well kickoff do
not require additional time with increased number of
layers, when the total duration of cutting operations
and fracturing treatments is proportional to number
of intervals.

At this moment, 95 wells have been completed
with a combination of coiled tubing and stimulation.
More than 30 of them were done by applying the
APFTT option. Table 3 has summary details on the
average effectiveness of the abrasive perforating and
fracturing approach for different numbers of layers in
the wells. It shows that overall cycle reduction is 50%
and higher in cases of coiled tubing assistance in well-
completion operations.

DESCRIPTION OF TYPICAL PROBLEMS AND
PROPOSED RESOLUTIONS FOR ABRASIVE
PERFORATING AND FRACTURING

As already described, 65 wells have been completed
with abrasive jetting followed by fracturing
operations through casing and 30 through tubing
with packers. The total number of stages with abrasive
jetting and fracturing exceeds 250. During 4 years
of these operations, rich experience was acquired
and several problems were thoroughly analyzed and
resolved. This section is aimed at describing some of
the problems, which are thought as typical and may
occur in similar projects in other fields. The solutions
developed by the operation team may be applicable,
as well.

The first problem to occur was lack of perforating
quality when only 7 minutes per station was designed
in the few first wells. Time of jetting per station was
increased to 10 minutes (and up to 15 minutes in
cases of poor geology), which proved to be sufficient
during the remaining operations.

In the period of 2010-2011, a majority of wells
completed with the abrasive perforating and
fracturing technique were drilled in the areas of
complicated geology (thick shale barriers in between
sandstones, small pay thickness, excessively high
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JIABJIEHUS B OT/ICJIBHBIX CTy4asax JUO0 HE yAaBAJIOCh
UHUIIMUPOBATh Tpemuny I'PIT, m160 pabouee
JIaBJIEHHE IIPEBBIIIATIO MAKCUMAIBHOE BO3MOXHOE
€III€ HA CTA/INU 3AKAYKHU CITUTOM )KHUJIKOCTH, 10
HA4aJIa Pa3MEIIEHUs TPOonnaHTa. [IoBTopHas
peska nepgopanuii peKo IOMOTraId B TAKHUX
cnydasax. bonee a(p(PEKTUBHBIM OKA3aJICI OTKA3
OT 3aKa4Ku MUHU-TPII € 1€J1bI0 MUHUMU3UPOBATD
HACBIIIEHUE IJIACTA U KAK MOXXHO CKOPEE HAYATh
34Ka4YKy [IPOMITAHTA, KOTOPAs 34 CUYET YBETUYECHU S
TUAPOCTATHUKY YBEJIMYUBAJIA PE3EPB AABJICHUS
Ha 3260¢. OJJHAKO HA/IC)KHBIM PEIMICHUEM TAHHOU
IPOOJIEMBI MOXKET SIBJISITHCS IMOO NIEPEXO]] IO
TAKUM CKBaKMHAM HA TEXHOJIOTHIO 40PA3UBHOI'O
I'PTTyepes HKT (tae He TpeOyeTcs CrieluaaibHOM
YBEJIMYEHHOU APMATYPBI, 4 IPUMEHAECTCS
crangapTHas apmarypa I'PII, BeraepxuBaromas
JnasseHus 70 700 aTM), IM60 3aKa3 CIEIUAIbHON
APMaTyPBI IS ONLIUU 3AKAHUYUBAHUS YEPES
KOJIOHHY, HO €l11e 60Jiee NpoYyHO. PekoMeHayeTcst
M3HAYAJIBHO OOECIIEUUBATD 3a11AC IPOYHOCTHU
BCETO 31KA3bIBAEMOI'0 OOOPYAOBAHUSA HA CIIy4dAl
MOBBIIIEHUA JABIECHUI THAPOPA3PHIBA B OYAYILIEM.
KpoMe BbICOKMX HAIPAKEHUN IJ1ACTOB,
3HAYUTEJBHON IPOOIEMON OKA31ACh UX
BBICOKASI CTENEHb PA30OIEHHOCTH, HAJTUYHE
IJIMHUCTBIX [IEPEMBIYEK U MAJIASI MOIITHOCTh
OTHAENBHBIX TPOAYKTUBHBIX UHTEPBAJIOB. [10 CyTH,
OBGIIMPHBIA HHTEPBAJI 3294CTYIO UMEET HECKOJIBKO
NPOAYKTUBHBIX IJIACTOB, KAXK I 13 KOTOPBIX
06J1a12€T MAJIOM MOITHOCTBIO, 4 MEXK/TY IJTACTAMHA
3aJIETAIOT 3HAYUTEIbHBIE [NIMHUCTBIE IEPEMBIYKU.
B rakux ycnosuax I'PI1 ganexko He Bceraa yaaBasoch
34Ka44Th 110 IJIAHY, YBETUYMIICA IPOLEHT
CTOIIOB, TaK K€ KAK U IIPOLICHT HEYJAYHBIX PE3OK,
MPUXOANJIOCH PE3ATh HECKOJIBKO Pa3, IEPE TEM
KaK HakKOHel MUHU-I'PIT mOKa3pIBaJI IpueMaeMoe
Ka4€CTBO COOOIIEHNUA CKBAKHMHBI C TPEINHOI.
BbLII clie/1aH BBIBOZ, YTO KABEPHA, IPOPE3AHHASA
B INIMHUCTOM ITIEPEMBIYKE, HE OOECIIEUNBAET
Ka4eCTBEHHOM CBA3U C TPEMINHOM U TUJPOPA3PHIB
MO0 HE IPOUCXOAUT BOOOIIIE, TNOO OCTAECTCS
BBICOKUI pUCK ntosydyeHus: CTOITa mpu 3aKadke
MIPOIIIAHTA YEPE3 TAKUE KABEPHBL EAMHCTBEHHBIM
peneHreM JaHHOU IMPOOIEMBI ABUIOCH YBEJTUYEHUE
IVIOTHOCTY CTAHIUM A0pa3UBHBIX IEPPOPALIHTL.
Onupasch HA TECTHI, IPOBECHHBIC JIJIS1 OLICHKHU
HU3HOCOYCTOHYHUBOCTH I'MJIPONECKOCTPYHHOI'O
rep@opaTopa, Ha 3aKJII0YEHHE OT PA3PAOOTIUKOB
060PYLOBAHMS U HA JJAHHBIE, IIOJIYYEHHBIE OIIBITHBIM
IIyTEM, ObLJI PACCYUTAH CPEJHUI MAKCUMAJIbHBIA
PECYPC I'uAPOIECKOCTPYHHOI'O Itepdoparopa
B YCJIOBUSIX HEIIPEPBIBHOM 3AKAYKH. DTA LHUPPa
JUIA CKBAKUHHBIX yCJI0BHH [Iprno6cKoro u Majio-
BaJIBIKCKOT'O MECTOPOKACHHUI COCTABIIACT IIOPSAIKA
2,5 4acoB. TaKo O/IXO/] ITO3BOJIST IIPOU3BOAUTH
20 15 crannui (45 nep@oparMOHHbIX OTBEPCTUI)

>

CEFEMNE

rock stresses, etc.), which led to significant quality
reduction in abrasive perforating and caused many
screenouts during fracturing treatments. Previously
developed approaches did not guarantee success
of operations in reservoirs of lower quality. The
first 50 fracturing operations in such geological
environments had a very high screenout ratio of 14%
compared to 6% for the previous year; and much
more often than previously, during 2010 abrasive
jetting had to be repeated in the same interval after
unsuccessful fracturing attempts. Thus, the quality of
abrasive jetting became lower than that of cumulative
perforation in such geological conditions; special
measures were necessary to improve an approach.
Initial maximum fracturing pressure calculations
were based on rock stresses about 350 to 380 atm in
2008, so the wellhead pressure for APFTC operations
was rated 350 atm, which was more than enough at
the surface (with hydrostatic head it was possible to
reach pressure up to 600 atm bottomhole). But rock
stresses increased, and during later years their values
exceeded 400 atm in many wells, reaching 450 atm
in some. In some other cases, pressure limitations
led to fracturing treatment termination at the pad
stage, when crosslinked gel was entering the fracture
before proppant stages would have been pumped.
Repetitive abrasive cutting helped in few cases only.
More effective was a decision to get rid of calibration
stages on such formations, with the goal to minimize
the volume of injected fluid and start pumping
proppant slurry as soon as possible, which would
increase hydrostatic pressure, thus reducing surface
pressure. However, a more reliable solution in this
case would be either to switch to the APFTT option,
which does not require a special wellhead, and use
aregular fracturing head capable of withstanding
pressure of up to 700 atm, or alternatively, order a new
special wellhead with pressure rating of up to 700
atm with increased ID to let the APFTC abrasive gun
go through. A significant safety factor in the pressure
limitation is recommended to allow for the possibility
of fracturing pressure increase.

Apart from the high stresses of the formations, the
high degree of interlayer shale content and small pay
thickness was a separate but considerable problem.
In fact, the thick interval often had several thin layers
of sandstones with thick shale barriers in between.
In such conditions, the fracturing treatments often
screened out and the abrasive perforation failure
ratio increased dramatically. Several abrasive jetting
attempts were performed before an injection test
finally showed satisfactory connection between
wellbore and fracture. A conclusion was made that
in a shaly layer there was not provided an adequate
connection between the well and the fracture,
leading to failure in fracture initiation or high risk of
proppant admittance failure during the treatment. }

Ne 2 (040) Hions / June 2012 37



TEXHOJIOI'NH

a6pa3uBHOMN PE3KU 6€3 JOMOJIHUTEIBHOI'O HOAbEMA
T'HKT st cMmenbl nepgoparopa.

B npuBEAEHHBIX CMIOCOOAX 3AKAHUYUBAHUSA
MHOT'OILUTACTOBBIX CKBA’KMH KOPPEKTUPOBKA ITTyOUHEI
I'HKT npu OTOMBKE TEKYLIETO 340051 B HAYAJIE
Pa60ThI MPOU3BOIUTCS ITO U3BECTHBIM JJaHHBIM ['VIC.
Bce rimy6rHbBL, Ha KOTOPBIX OY/IET B IAJIBHEUIIIEM
NpPOBE/ICHA A0pa3uBHAs PE3Ka, OTMEYaIOTCst HA THKT
C yYETOM 3TOM KOPPEKTUPOBKU. EC/IN TEPBOHAYATIEHO
opuraza KPC HEKQ4ECTBEHHO IIPOM3BEIA IPOMBIBKY
DK, To npubop I'MC pasrpyskaeTcst HA HECKOIBKO
MeTPOB BblIEe, yeM nogsecka HKT. Tak Kak rimy6buHa
I'HKT KOppPEKTUPYETCA IO 3ABEIOMO JIOXKHOI INTyOHHE
Tekyero 3a604, To I'TIIT uepe3 THKT nposoauTcs
BBIIIIE TPOAYKTUBHOI'O UHTEPBAIA. OCOOEHHO
KPUTHUYHO JAHHAS MPOOIEMA TPOABUIACH B IIJTACTAX
C MaJIOM MOLIHOCTBIO. EAMHCTBEHHBIM PELICHUEM
CTAJIO Y?KECTOYEHUE KOHTPOIISA 32 KAYECTBOM PadOT
opurazg KPC o npoMsIBKe 326051 OK.

Bce n3noxeHHBIE TPOOTIEMBI BBIPAXKAJIUCH HE
TOJIBKO B IIOTEPE KAYECTBA, HO U B 3HAYUTEIBHOM
YBETUYEHUU HETIPOU3BOAUTEIBHOIO BDEMEHHU
opurazg 'HKT u I'PIT. Hannpumep, ot I'PIT fomxen
OBbLJI MOHTUPOBATHCS, IPOU3BECTU MUHU-T'PII,
PE3YIABTATOM KOTOPOT'O OKA3BIBAJIOCH INIOXOE
Ka4ECTBO COOOMIEHUS C ITACTOM, JEMOHTUPOBATHCS
Y OKUATH ONIEPAIIUH IO IIOBTOPHOI PE3KE KABEPH,
MOCJIE YE€TO BHOBb MOHTHPOBAJICA HA CKBAXKUHY U
IPOBOANUI NOBTOPHBIN MUHU-I'PIT HA TOI JKe 30HE.

JIJ11 MUHUMM3a1U N HENTPOAYKTUBHOI'O BPDEMEHHU
U 3aTpat Ha paboTel piota I'PIT OpL1a BBEICHA
MPAaKTHUKA HATHETATEIBHOI'O TECTA CHIJIAMHU (PJIOTA
I'HKT, onpeiesieHbl NapaAMETPhl HATHETATEIBHOI'O
TECTA U 110 €TI0 PEZYNIBTATAM — KDUTEPUH OLIEHKHU
KauecTsa nepdopanuu. To ectb Hacocamu GpyioTa
I'HKT nnpousBOgUICS T'HAPOPA3PHIB IIACTA,
3AMHCBIBAJIUCH JAHHBIE IO AABJIEHUAM, KOTOPBIX
B GOJIBIIMHCTBE CJIYY4€ OKA3bIBATIOCH JOCTATOYHO
JUIA OIIPEZIENIEHN A KA4ECTBA NEPPOPALIAN.

B cirygae HEraTUBHOT'O PE3YJILTATA IO TUAPOPA3PHIBY
mracta cunamu THKT He 661710 HEOOXOITMMOCTH

B JINTENbHBIX onepanuax no MuHu-I'PIL a cpasy
IIPOU3BOINJIACH IIOBTOPHAS pe3Ka. B KauyecTse
3TAJIOHHOI'O HATHETATEJIBHOI'O TECTA MOXKET

OBITB UCIIOJIb30BAH IIPUMEP U3 PUCYHKA 11.
HarserarenbHbIN TECT 3AKAYUBACTCS B 3aTPYyO
DK/THKT (unu HKT/T'HKT, ecniu onepaiiiu
nposozaTcs yepes nakep 1 HKT), korja KojioHHa
I'HKT ycranoBjieHa HaJ TEPpPOPALIICH, CKBAXKUHA
3aKpbITA. IIpH HOCTOSTHHOM PacxXo/e (TIOPSAAKa

500 71/MHH) )XHUJJKOCTb HATHETAETCS B IIJIACT,
(PUKCUPYETCS I'HAPOPA3PHIB, 3KA4YKA IIPOJOJIKAETCS
5—10 MUHYT JOIIOJHUTEIBHO, IIOCJIE YErO I10/1a4a
JKMJIKOCTH MTHOBEHHO OCTAHABJIMBACTCS U
MIPOUCXO/INT MOHUTOPHHT J1aBjeHUs. Kpurepuem
YCIIEHTHOM IeP(hOPAITUH IBISICTCS HATUYHE JIBYX
COCTABJIAIOIINX:
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The resolution for this was an increase of abrasive
stations density. Based on the abrasive gun yard tests,
the gun developer’s conclusions, and field data, the
total life of the perforator was determined to be

150 minutes for Priobskoe and Malobalikskoe field
conditions assuming uninterrupted cutting. Such an
approach enables jetting up to 15 stations per run
(45 abrasive holes).

In our approach to multilayer well completions, we
correlated completion depth and marked target depths
on the coiled tubing by using wireline measurement
data. However, if the initial cleanout process was poor,
the wireline tool tends to stick a few meters above
the actual well bottom, causing coiled tubing depths
to be correlated wrong and perforations to be made
above the target. This problem is particularly critical
in the case of thin productive layers. A solution to this
problem is enforcing proper control measures over the
quality of initial well cleanouts by workover rigs.

All of the problems listed above led not only to
lack of quality, but also to significant increases of
nonproductive time for fracturing and coiled tubing
fleets. For example, the fracturing fleet was required
to rig up, perform injection and calibration tests to
identify a low-quality connection between a well and
a fracture, rig down, and wait until the coiled tubing
crew repeated an operation of abrasive jetting, after
which the fracturing fleet would perform another test
on the same zone.

In order to minimize non-productive time and
costs associated with the fracturing fleet operations,

a procedure for injectivity tests by coiled tubing
equipment was introduced and criteria developed
to identify perforations quality based on results

of injectivity test. Thus, formation breakdown is
initiated with the coiled tubing pump, the coiled
tubing acquisition system recorded the pressures
history, which was sufficient in most of the cases

to make decisions on perforating job quality. In
case of a negative result during the injectivity test
made by coiled tubing, there was no need to rig-

up the fracturing equipment and perform datafrac
procedures, instead a repetitive abrasive jetting was
started immediately. An example of such CT injectivity
test is given in Figure 11.

A coiled tubing injectivity test is performed by
pumping fluid into the annular space (CT/casing for
APFTC or CT/frac string for APFTT applications), while
coiled tubing is above the perforations interval and the
well is shut in. Under constant rate (about 500 lit/min),
fluid is injected into the formation, a breakdown event
is recognized, and pumping continues for another
5 to 10 minutes, followed by instant shut down of the
pumps to monitor the pressure response. A successful
perforating result depends on a combination of the
two following requirements:

» Distinct formation breakdown (pressure rise in
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Figure 11 — A successful coiled tubing injection test shows a distinct
ressure breakdown soon after injection begins with no pressure

oss in the coiled tubing when injection is stopped

* BBIPA’KEHHBIN I'MPOPA3PHIB I1ACTA (POCT
JIaBJICHUA B HAYAJIE 3AKAYKU C PE3KUM U
OTYETIIUBBIM €0 CHHUKEHUEM CPA3y IIOCIIE
TUPOPA3PLIBA);

OTCYTCTBYIOT HOTEPU HA TPDEHUE B TPU3AOOMHON
30HE CPa3y I10CJIE OCTAHOBKU HACOCHOI'O
arperara. Ilepenaj Mexy AaBJI€HUEM BHYTPU
T'HKT 10 OCTAHOBKH 3aKAYKH U IOCJIE OTBEYAET
34 IOTEPH HA TPEHUE B IEPPOPALINH (IOCKOJIBKY
Tpenue BHyTpu 'HKT OTCYTCTBYET 1 10 U ITOCJIE
34Ka49KH TeCTa). COOTBETCTBEHHO, MTHOBEHHBII
nepenaz gasinenus sHyTpu 'HKT 6o5ee uem Ha
10—-15 aTM O3HAa4Ya€eT BLICOKOE COIIPOTUBJIEHUE
IIOTOKY Y€PE3 OTBEPCTUS U TPEOYET MOBTOPHON
PE3KU.

B urore nnocie BBEI€HUA BBIIIEOIIMCAHHBIX MED
HAaM Y[ aJI0Ch 3HAYUTEIbHO YJIYYIIUTb KA4€CTBO
TEXHOJIOTUHU a6pa3uBHOro I'PIT 1 mpakTUYECKU
IOJIHOCTBIO JIUKBUAYPOBATH HEIIPONU3BOIAHUTEIBHOE
BpeMs PJIOTOB. 34 TOCIEAHUE 9 MECALIEB TAKUM
06pa3oM 6bLI0 ITpoBeAecHO 100 onepaluii 1o
aOpa3UBHON PE3KE U THIPOPA3PHIBY, U3 KOTOPBIX
sk 2 T'PIT 3akonunnncs CTOIIoM.

OCHOBHbIE PE3YJIbTATbI MPOBEAEHHbIX

PABOT MO TEXHOJNOT MW AbrasiFRAC
IIpeacTaBiieH OIBIT 110 BHEAPEHUIO U

IKCILIYATALUH TEXHOJIOI'UU YCKOPEHHOI'O

3aKAHYUBAHUA MHOI'OILIACTOBBIX CKBAKHUH

I[Tpro6CKOro 1 Mayo6aIBIKCKOTO MECTOPOXKIEHUN

c npusneyeHueM komruiekca FHKT ¢ 1iebio

MPOBEACHUS A0Pa3UBHON NTeppopanuu u

HOATOTOBUTENBHBIX U 3AKJIIIOUYUTENBHBIX PA6OT

B CKBAXKHMHAX B IIPOLIECCE MHOI'OCTAAUNHOI'O

I'PII. ITpuBeAEeHBI ONIMH TAKUX ONIEPAITHIT

yepes KOJTOHHY (65 CKBaXUH) 1 uepe3 HKT u

crienuaabHbIl nakep (30 cksaxuH). IIpeacrasien

4

the beginning of the injection with abrupt drop

immediately after).

* No pressure loss in the near-wellbore area, which
can be indicated by pressure readings in CT at
the shut in event. The pressure difference inside
the coiled tubing before and after the pumps are
shut in is responsible for friction pressure in the
perforations area (as there is no fracture pressure
inside coiled tubing before and after shut in).
Consequently, an instant pressure drop of 10 to
15 atm and bigger will mean excessive pressure
loss in perforations and will require a repeat of
the perforating attempt.

As a result of all measures described above, the
quality of abrasive perforating and fracturing
technology was increased significantly and almost
entirely avoids non-productive time. Resulting in
a total of 100 operations performed with abrasive
jetting followed by fracturing operations during
last 9 months, with only 2 screenout events.

CONCLUSIONS ON ABRASIVE PERFORATING
AND FRACTURING OPERATIONS

This paper describes a 4-year implementation of
coiled tubing abrasive perforating and fracturing in
multilayer wells, including fracturing through casing
(65 wells) and through tubing and special packer
operations (30 wells). It describes the completion
cycle and well preparations between fracturing
treatments, including an overview of technological
problems and solutions, along with a method to
control abrasive perforation quality immediately after
jetting.
¢ The well completion cycle was reduced by more
than 50% (or 14 days) on average. This reduction in
completion cycle time was achieved by removing
the requirement to run the frac string and packer
in and out of hole between fracture each operation
because coiled tubing can perform these operations
in the well under pressure (as opposed to workover
operations that can start only after the well has
been flowed back and pressure released).
Well productivity after abrasive perforating and
fracturing operations assisted by coiled tubing is
higher than in offset wells completed by separate
fracturing stages that depend on cumulative
perforation and workover operations between
the stimulation treatments. One advantage of
abrasive perforating and fracturing is that the
productivity of the wells may reach up to 14%
in formations with high reservoir quality where
an aggressive fracturing schedule can be placed.
Another contributing factor is a better and faster
fracture cleanout process in coiled tubing-assisted
operations as opposed to long workover cycles and
damaging well-killing operations.
» The final approach to the abrasive perforating

>
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JIETATBHBIN 0630 BOZHUKABIINX TEXHOJIOTHYECKUX
OCJIOKHEHMH M METO/IOB UX paspeneHus. Onmucan
METOJ, KOHTPOJIA KA4ECTBA PE3KU HEIIOCPELCTBEHHO
IIOCJIE €€ IPOBEJECHUA METOAOM 3AKAYKHU
Har"erareapHOro tecta F'HKT u ero unrepnperanmen.
o COKpalIEHUE TUKJIA 3aKAHYNUBAHUS CKBAXKHUH
COCTABUJIO B CPEAHEM Uy Th 605ee 50% (Win
14 nueit). CokpalieHue NPOUCXOAUT 34 CUET
OTCYTCTBHA B HEOOXOANMOCTH paboT KPC
110 ci1ycKy ¥ nogbeMy HKT 1 makepa Kask/AbIi
pa3 MEXJy HHTEPBAIAMH; 34 CYET OTCYTCTBUSA
HEOOXOJUMOCTH JJIUTEIBHOT'O CTPABIUBAHUSA
ckBaxuH nocJie I'PI1 nig nposenennsa onepanui Ha
Hel (MockonbKy THKT MOeT NPOBOAUTD BCE BU/IbI
PaboT HA CKBAKUHAX IIPU U30BITOYHOM JIABJICHUN);
4 TAKJKE 32 CYET OTCYTCTBUSA JONOTHUTEIBHON
MOOUIN3AIMN U MOHTAKA (PJIOTA 17151 OCBOEHUSL
CKBA’KHHBI, TOCKOJBKY TOT e (ps1oT THKT cnocoben
HE3AMEJIUTEIBHO IPUCTYIIUTD K IPOMBIBKE
U OCBOEHMIO CKBAKUHBI ITOCJIE ONIEPALIAU 10O
TUPOPA3PBIBY BEPXHETO IIACTA.

¢ [IpOAYKTUBHOCTD CKBAXKUH ITOCJIE IPOBENECHUA
onepanumii I'PIT c npusiedennem F'HKT
IIPEBOCXOAUT NPOAYKTUBHOCTD CKBAXKUH U3
OKPY2KEHHS, T7I€ ObLIN IIPOBEAEHBI CTAHIAPTHBIE
paszenbabie I'PIT ¢ paboroit KPC Mex 1y CTaiusIMU.
IMpenmymecTBO B IPOAYKTUBHOCTH CKBAKIH
MOJKET JOCTUTATH 14% B IJ1aCTAX C XOPOIIIUMHU
I€O0JIOTUYECKHMMU YCIIOBUAMH, I7I€ A0PA3UBHASA
rnep@opanys No3BOJILET 3AKA4UBATh OOJIEE
arpeccusHble Au3anel I'PI1. Veenuuyenue
NIPOAYKTUBHOCTHU CBA3AHO €IIIE U C JTYYIIEH
OTPabOTKOU TPEMUH OT IOJTUMEPHOTO 3aTPA3HEHUSA
34 CYET CBOEBPEMEHHOI'O OCBOCHHUS C IIOMOIIBIO
I'HKT, a TakXe C OTCYTCTBHUEM IIPOJOJIKUTETBHBIX
ONEPALIMH IO ITTyHIEHUIO CKBA’KUH BO BPEMSA
onepanun KPC.

* OKOHYATEJIbHBIA TEXHOJIOTUUECKUI TTOAXO/ TAXKE
B CJIO’KHBIX I'€0JIOTUYECKHX YCIOBUAX IMO3BOJIUII
cHu3UTb npoueHTt CTOIIosB nipu I'PIT 10 2% n
3HAYUTEJIBHO CHU3UTD HETIPOU3BOAUTEBHOE BPEM S
¢pnotoBTHKTuIPIl. @

J HE®TU UTA3A M. .M. TYBKNHA
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--,I"\ POCCUNCKWUIA TOCYOAPCTBEHHbIN YHUBEPCUTET

___/ Bba3osbin BY3 HedTerasosoro komnnekca Poccun

TEXHOJIOI'NH

and fracturing process allows for significant

service quality improvement even in low-quality
reservoirs. Screenout ratio can be reduced to 2% and
nonproductive time of coiled tubing and fracturing
fleets can be significantly reduced. @
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B koHdepeHUMM NpeanonaraeTcs yyactue npepcrasutenei HUW, By3oB, npeanpusaTvii n h1MpMm, 3aH1MAatoLWMXCS pa3paboTKom, MPOU3BOACTBOM, MOCTaBKOWM
1 NPYMEHEHNEM XMMUYEeCKNX peareHToB Al HePTAHOWN U ra30BOV MPOMBILLNIEHHOCTM Ha TeppuTopun Poccun n ctpaH CHI.
YyacTHMKaM KoHdepeHLMM NpeAoCTaBNAeTCs BO3SMOXHOCTb BbISIBUTb OCHOBHbIE TEHAGHLUM B PasBUTUN MUPOBOTO M POCCUIACKOTO PbIHKA XMMNYECKUX
peareHToB, yCTaHOBUTb KOHTaKTbI M MONy4UTb HEOOXOANMYIO MH(OPMALIMIO O COBPEMEHHOM YPOBHE NMPOV3BOACTBA U MPUMEHEHWS XMMUYECKUX peareHToB
Ansi HeTAHOW 1 ra30BOW MPOMBILLIIEHHOCTU.




