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OB30P

T'opu3OHTAIBHOE 6YPEHHUE U MHOTOCTAJUHHBIA TUAPOPA3PHIB
wiacTta (I'PIT) CTaHOBATCS BCe 60J1€€ PACIPOCTPAHEHHBIMU
OnepalsAMU B pa3pabOTKE HUBKONPOHUIIAEMBIX HE(PTEHOCHBIX
IUTACTOB HA MECTOPOXACHUAX 3a1aHON CHOUPH.
C UCTIONIb30BAHHUEM TUX TEXHOJOTUMN HA CETOOHAIIIHUM ICHb
OBUIN 3aKOHYEHBI 60s1e€ 100 CKBAXKUH, PE3YIBTATHI PA0OT
OBUIM YCIEIHBIMU C TOYKH 3PEHUS IEPCIEKTUB JOOBIUU U
JPYI'UX IIOKA3aTesIEd. BOJIBIIMHCTBO ONEPaLyil [IPOBOAVIIN
BO BHOBb IPOOYPEHHBIX CKBAXKUHAX, T7IE OBLIO BO3MOXHO
YCTAaHABJIUBATb TAKEPEI B OTKPBITOM CTBOJIE U (PPAK-TIOPTHI JI
pazobiieHuss MHTEPBAIOB ['PIT. KOHIIENIIMSI MHOTOCTYIIEHYATOI'O
I'PIT 6pU1a TAKKE BOIUIOMIEHA HA CTAPBIX YYACTKAX JJABHO
Pa3padbaThIBAEMBIX MECTOPOXKICHU, I7IE 3aPE3Ka OOKOBOT'O
CTBOJIA ObLIA INIABHBIM CITIOCOOOM YBEINYEHH KO3 (PUITUEHTA
ussnedeHusa Heptu (KMH). TpagunnoHHOEe 320ypUBAHUE
OOKOBBIX CTBOJIOB CBA34HO C PUCKOM HEJJOCTHIKEHUS
JOCTATOYHOT'O YPOBHS JOOBIYM B IUTACTAX C HU3KOHN
TIPOHUIAEMOCTBIO — JIAXKE ITOCIIE POBEACHUS OOPAOOTKHU
IpU3a00KHOI 30HHI I1acTa (OI13).

ABSTRACT

Horizontal drilling and multistage fracturing
completions are becoming widespread practices
in the development of Western Siberia’s low-
permeability oil fields. More than 100 wells have
been completed to date — with success from both
operational and production perspectives. The
majority of applications were applied in newly
drilled wells, where it is possible to install openhole
packers and frac ports for isolating fracture stages.
The concept of multistage fracturing was transferred
to old areas of brownfields, where sidetracks drilling
was the main method of increasing oil recovery.
Traditional sidetracks were associated with risks of
production underachievement in low-permeability
environments — even after stimulation treatments.

The ability to drill sidetracks with a considerable
horizontal section, and stimulating them with
several fracturing stages would improve production
significantly. However, slim wellbores of sidetracks
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3HAYUTENBHOE YBEINUYEHUE JOOBIYU TOCTUTAETCS
OypeHHEM OOKOBBIX CTBOJIOB C OOJIBIIUM F'OPU3OHTAIbHBIM
Y4Y4CTKOM U ITOCJIEAYIOLINM IIPOBEACHUEM HECKOJIbKHUX
3Tanos I'PIT. OgHaKO HEGOMBIIONH BHYTPEHHUH JUAMETP
OOKOBBIX CTBOJIOB CKBA’KHH CYIIECTBEHHO OIPAHUYHUBAET
BO3MOKHOCTB BEIOOPA CIOCOOOB 3aKAHYHUBAHUS, U B 9TOM
CJIy4ae UCTIONb30BAHUE THPONECKOCTPYHHON epopanuu
(TTIIT) Ha TEOKOM HACOCHO-KOMIIpeccopHOU Tpyoe (I'HKT)
CTAHOBUTCS OIITUMAJIbHBIM BAPDUAHTOM IIPU IPOBEACHNUH
MHOTrocTyneH4aroro I'PI1. OgHON N3 OCHOBHBIX 34/1a4
B 9TOM MPOLIECCE ABJIAETCS Pa300IeHUE HHTEPBAIOB I'PIL
151 HOBBIIEHU A YCTOMYMBOCTU CYCIIEH3HUU YACTHULL
OPOIINAHTA, YTO CHOCOOCTBYET CO3/JAHHIO HANO0IEE
3(pPEKTUBHOM, OTHOPOJHOM NPOOKH, ObLII IPUMEHEH
BOJIOKOHHO-aPpMHPOBAHHBIN IIPOIIIAHT.

OTHUM METOAOM ObLIA HEAABHO 3aKOHYEHA IIEPBAs CKBAKHA.
beumn nposeaens! Tpu ctaauu I'PIT ¢ I'TIIT na THKT u BBOOM
BOJIOKOHHO-4PMHPOBAHHOI'O IIPOIIIAHTA B KOHLIE IIEPBLIX
AByx craguii I'PIT. B o60ux ciy4yasx HaJeKHAsL U301 U ObLIa
JOCTHUTHYTA C IIEPBOI'O pa3za. [Tocsie npoBeaeHns BCEX TPEX
crTaauii I'PI1 BBIITOJTHEHA HOPMAIN3A1IH 326051 C ITOCJIELYIOUUM
OCBOEHHMEM CKBA’KUHBI 430TOM. JI06bIYa HE(PTHU IPEBBICHIIA
OXXHUAEMYIO Ha 30%.

MuoroctaguiiHbii 'PIT B 60KOBOM rOPHU30HTAIBHOM
CTBOJIE CKBAKUHBI, 3aKOHYEHHOM LIEMEHTUPOBAHHBIM
XBOCTOBUKOM, C ucrtionb3oBanreM I'TIIT xHa THKT 11 BOJIOKOHHO-
APMHUPOBAHHBIX IPOMITAHTHBIX MPOOOK JJ11 BDEMEHHON
TUJPOU30NALNHY MHTEPBAJIOB I'PIT IpOgeMOHCTPUPOBATI CBOIO
YHHKAJIBHYIO LIEHHOCTD, ABJIAACH €JUHCTBEHHO BO3MOXKHBIM
pEMEHNEM JUUIA TAHHBIX YCIOBUIL. B CTAThE ONMMCAHBI IIPOLECC
MNPUHATHA PEMIEHUNA, METOAUKA OIITHMAJIBHOI'O BBIOOPA
CKBAXKUH-KAH/IUATOB, IPUMEDPDI IPUMEHEHN A TEXHOJIIOTUH U
BBIHECEHHBIE YPOKMU.

BBEOEHWE

OCHOBHOM IPOOJIEMON IOPCKUX U HEOKOMCKUX OOPA30BAHUI
SIBJISIETCST HU3KASI IPOHUIIAEMOCTD U BBICOKASI HEOJJHOPOJHOCTb.
B aToM ciyuae I'PIT CTaHOBUTCS HEOOXOAUMBIM JIJISI
SKOHOMMUYECKU BBITOJJTHOU Pa3PabOTKU MECTOPOXKIACHUSL.
Tak>ke U3BECTHA NPAKTUKA IOOBIBAIONTNX KOMITAHUH
OPOBOAUTE 3A0YPUBAHHE OOKOBBIX CTBOJIOB HA CKBAXKUHAX, ITI€
U3BJICYEHUE YTTICBOAOPO/IOB U3 OCHOBHOI'O CTBOJIA CTAHOBUTCS
HEBO3MOKHBIM MJIM 9KOHOMUYECKU HEBBITOJIHBIM. [10/JTOGHBIE
OOKOBBIE CTBOJIBI OOBIYHO UMECIOT BEChbMA CUJIBHOE OTKJIOHCHUE
OT BEPTUKAJIN U BBICOKU TEMIT HAOOPA KPUBU3HBI B UHTECPBAJIC
KOJIJIEKTOPA U 3aKOHYEHBI [IEMEHTHUPYEMBIM XBOCTOBUKOM
auamerpoM 4,5 unu 4 grorima (114 ninn 102 mm). Ha HUX yacro
ycrnemHo nposoaaT ['PIT nocie KyMynaTUBHOM ep@dOpanuu
Ha HKT.

HcToprYeCcKn CI0XKHUI0CH TAK, 9TO TeXHONIO0rnuu I'PIT
Ha MECTOPOK/ACHUAX KoraibpiMa pa3BUBaAIOTCI B CTOPOHY
32KAYKH OOJIBIITETO O6bEMA JKUAKOCTH OOIBIICH YHCTOTHI
C IIOBBIIIEHUEM HAJIEKHOCTH PA3MELICHM S IPOIIIAHTA C
LEJIBIO YBETUYEHUS 3(PPEKTUBHOCTH U IKOHOMUYECKOM
PEHTAOENBHOCTH OO6pabOTKU. B nocienHue rogsl
TOPU3OHTAJIIBHOE OYPEHNE U MHOTOCTAAUUHbBIN ['PIT
CTAJIA UTPATH BA’KHYIO POJIb B CTPATETUU PA3PAOOTKU: }

technologies

significantly restrict completion option choice

and abrasive perforating via coiled tubing (CT)
becomes a universal enabler for multistage fracturing
treatments. One of the greatest challenges in such

a process is isolation between the stages. Fiber-
enhanced proppant plugs were used for better
proppant grains suspension, which sets the plug in
the most efficient, homogeneous way.

The first well was recently completed with this
method. Three stages of fracturing stimulation were
performed with CT abrasive perforation; fiber-
enhanced proppant plugs were placed at the tail-in
of the first two fractures. In both of the fractures,
reliable isolation was achieved at first attempt. After
all three stages were placed, wellbore cleanout with
CTwas performed, followed by nitrogen kickoft. Oil
production has exceeded expectation by 30%.

Multistage fracture (MSF) stimulation in the
horizontal section of a sidetrack well completed
with cemented liner with the utilization of abrasive
perforating and fiber-enhanced proppant plugs has
demonstrated unique value, as it is the only effective
solution currently available for these conditions. The
decision-making and candidate-selection processes,
execution and lessons learnedare described.

INTRODUCTION

Main challenges of the Jurassic and Neocomian
formations are low permeability and high
heterogeneity. Hydraulic fracturing becomes a
requirement to make a well economical. At the same
time it is common to drill sidetracks as a remedial
action after the producing interval becomes not
reachable or not economical to produce. Thus these
laterals usually have quite a high deviation and dog
leg severity in the range of the reservoir and are
completed with cemented liner 4.5"or 4”. These wells
are often successfully treated with fracturing after
Tubing Conveyed Perforating [TCP].

Historically, hydraulic fracturing in Kogalym
area oil fields was developing towards bigger size
treatments with cleaner fracturing fluids and
better reliability in proppant placement with a
goal to improve efficiency and economics. In the
recent years, horizontal (HZ) drilling and multi-
stage fracturing [MSF] took an important role in
development strategy; Kogalym fields have been
holding leading position in Russia in HZ multistage
stimulation.

Along with HZ drilling of new wells completed
with MSF completion system (utilizing open hole
packers and ball operated fracture port jewellery)
introduction of MSF in horizontal sidetracked laterals
for already developed areas does increase oil recovery
ratio.

Successfully conducted for the first time in Russia
aunique technology of abrasive jet perforation and
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MECTOPOXK/AeHUA KoraibiMa 3aHSIN TUANPYIONIHE TTO3UIIUU B MSF in horizontal lateral completed with cemented
Poccuu no npuMeHeHUI0 MHOrOCTaguiiHoro I'PTL liner was performed in 2012 and described in tis

Kaxk u B ciydae 6ypeHH s HOBBIX TOPU30HTAIBHBIX paper. This technology includes designed number of
CKBAKMH C YK€ CTABIIUM TPAJULIMOHHBIM 3AKAHUYNBAHUEM coiled tubing [CT] abrasive jet perforations followed
MHOToCTaAuHHBIM ['PIT ¢ TOMOIIBIO KOMIIOHOBOK C ITAKEPAMU by hydraulic fracturing stages. This technology
B OTKPBITOM CTBOJIE U (PPAK-TIOPTAMU C HIAPOBBIM TOJIKATEIIEM, allows the use of conventionally cemented liners
MHOToOCTainkHbIHN ['PIT HA 6OKOBBIX TOPU3OHTAIBHBIX CTBOJIAX thus avoiding costly openhole packers and ball seat
HA YK€ Pa3pabOTAHHBIX yYACTKAX TAKXKe yBennunpaeT KMH. fracture port jewellery.

B crarbe onmceiBaeTca neppoe npuMeHeHue B Poccuu The pilot project was implemented in the western
B 2012 ropy yHuUKaabHOM TexHonoruu [Tl u Siberian oil field Tevlinsko-Russkinskoye. Today,
MHOT'OCTaUUHOTO I'PIT B 60KOBOM rOPU30HTAIbBHOM six wells are already put into production after
CTBOJIE CKBAKUHBI, 3aKOHYEHHOM LIEMEHTUPOBAHHBIM implementing of that technology in Povkhovskoye,
XBOCTOBUKOM. JIaHHA TEXHOJIOIUA 3AK/II0YAECTCA B Nong-Egan, Tevlinsko-Russkinskoye and Urevskom
NPOBEIEHNN ONIPENIEICHHOIO KOTMYeCTBA onepanyit I'TITT fields.
uepes 'HKT ¢ nocneayromum I'PI1. TeXHONIOrUsA NO3BOAET The process of MSF in horizontal laterals is a unique
HCIIOJIb30BATh OOBIYHBIE LIEMEHTUPYEMBIE XBOCTOBUKH, technology that includes abrasive jet perforation and
UCKJIIOYAsI HEOOXOJUMOCTb B JIOPOTOH CUCTEME 3AKAHYNBAHU S isolation of treated interval with fiber-enhanced sand
C MAKEPAMH B OTKPBITOM CTBOJIE U (DPAK-TIOPTAMH C IIAPOBBIM plugs. In MSF market that process is the only effective
TOJIKATEJIEM. one that is applicable

ITUIOTHBIA NPOEKT PEATM3OBAH 3114 JTHOCUOUPCKUMH for sidetracked wells completed with 4” and 4.5”
HEPTAHUKAMU HA TEBIMHCKO-PYCCKMHCKOM MECTOPOXKIECHUH. cased liner.
CeroaHs y>Ke BBEJJEHDI B OKCIUIYyaTALMIO IIECTb CKBAKIH, At the end of 2012 that technology has already
OCBOEHHBIX I10 JdHHOM TEXHOJIOI'MH Ha ITOBXOBCKOM, proved itself on eleven completed wells and work is
Honr-EranckoMm, TeBIMHCKO-PYCCKMHCKOM U YPBEBCKOM carried on.
MECTOPOXKAECHUAX.

MHuorocTaauitHpiit T'PIT B CKBaKMHE C TOPU3OHTAIbHBIM LITERATURE OVERVIEW, LINKS
HOKOBBIM CTBOJIOM, O6CAKEHHOI 3a11EMEHTUPOBAHHBIM TO PREVIOUS ARTICLES
XBOCTOBHUKOM, C UCNIonb3oBanueM I'TIIT u pazobmenrnem In the face of deteriorating reservoir properties
HWHTEPBAJIOB BOTOKOHHO-APMHUPOBAHHBIMH IPONITAHTHBIMUA (decrease of net pay zones, reduced permeability)
NPOOKAMU ABJIAETCA YHUKAJIBHON TEXHOJIOTUEN, TAK KAK vertical wells even after fracturing have insufficient
HA JAHHBIN MOMEHT 3TO €IMHCTBEHHBIIN METO/] HA PBIHKE oil production. Referring to the experience of oil
MHOTOCTaAUUHBIX I'PI1, NpUMEHHUMBIH 77151 OOKOBBIX CTBOJIOB C and gas companies in the U.S. and Canada, where
XBOCTOBUKAMU fuaMeTpom 4 unu 4,5 grorima (102 mnm 114 mm). in recent years has seen a significant increase of

Ha xonen; 2012 roga 11o JaHHOM TEXHOJIOI'MH YKE 3aKOHYEHO hydraulic fracturing operation, a massive shift from
11 CKBaXXUH M pabOTBI TPOJOIIKAIOTCH. vertical to horizontal drilling can be observed. MSF

. technology in horizontal laterals has established itself

JIMTEPATYPHbIV OB30P, CCbIJTKA as the most cost-effective for most western shale oil
HA MPEAOLIAYLWWNE CTATbA and gas formations, where the permeability varies

B yCI0BUAX yXyOUIEHHUA KOJUIEKTOPCKUX CBOUCTB from 100 nano-Darcy to 100 micro-Darcy, but that
(ymeHsIeHne 3(pHEKTUBHON MOMTHOCTH IIACTA, TOHUXEHNE is several orders lower than in low-permeability
MPOHULIAEMOCTU) BEPTUKAIBHBIE CKBAXKUHBI JJA2KE IIOCJIE sandstones of Western Siberia. Over the past
I'PTI UMEIOT HEAOCTATOYHBIN JeOUT HEPTU. OOPATHUBIINCH few years a number of technological solutions
K ONIBITY HE(PTAHBIX U I'a30BbIX KoMIaHNH CIIA 1 Kanazsr, for effective stimulation of such reservoirs were
I7I€ B OCJIEIHUE I'OJIbl HAOIIOAAETCS 3HAYUTEIBHBIN POCT developed. MSF techniques have been massively
KOJIHUYECTBA ONEPAIINU ITO THAPOPA3PHIBY IIJIACTA, MOXKHO distributed in Russia only since 2011. Certainly a later
BHU/JIETb MACCOBBIN NIEPEXOJ OT OYPEHUS BEPTUKAIBHOT'O K development of these technologies has occurred for
TOPU3OHTAJIBHOMY. TEXHOJIOIUsSI MHOTOCTaAUUHOTO I'PIT several reasons among the main of which are the
HAa FTOPU3OHTAJIBHBIX CTBOJIAX 3APEKOMEH/IOBAIA CEO KaK following:
Hanb60JIe€ SKOHOMHUYECKU BBIT'OAHAS /151 OOJIBIINHCTBA 1. A sufficient number of fields with high
3aTa/THBIX MECTOPOXK/ICHUH CJIAHIIEBOI'O I'a3a U HEPTH, permeability reservoirs.
I7I€ IPOHUIIAEMOCTD BApbUPYETCs OT 100 HAHOAAPCH IO 2. High production rate increase after the single
100 MuUKpOAApCH, YTO, OAHAKO, HA HECKOJIBKO IIOPSIKOB hydraulic fracturing.
HUKE, YEM B HU3KOIIPOHUIAEMBIX ITIECYAHNUKAX 314 JHOM 3. Lack of inexpensive and reliable MSF completions
Cubupu. 3a NOCIENHHE TOABI HAPAOOTAH ONPE/ICIEHHBIN applicable for 5 3/4” casing, which is the common
HA00P TEXHOJOTHYECKUX PEMIEHUN IO 3(PHEKTUBHOM completion size for majority of wells in Russia.
CTUMYJIALIAH IITIACTOB B HOJJOOHBIX I'€OJIOTUYECKUX YCIIOBUAX. Thus, 3” MSF completion interconnected with
MeToap! MHOTOCTAAUUHOTO I'PIT moy4Ynim MmaccoBoe 4” liner found a market in Russia. The technology
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pacnpocrpanenue B Poccuu mumib B 2011 rony. be3ycioBHO,

TAKOE MO3/ITHEE PA3BUTHUE JAHHBIX TEXHOJIOTUI IIPOH3OIILIO

O PAAY IPUYHH, OCHOBHBIE U3 KOTOPBIX CAEAYIOUIHUE:

1. JJOCTATOYHOE KOJIUYECTBO MECTOPOXKIEHUN C BBICOKOU
IIPOHUILIAEMOCTBIO KOJJIEKTOPOB.

2. BBICOKHE TPUPOCTHI JOOBIYU NPU IPOBEJCHUH
OaHOYHBIX ['PIT.

3. OTCyTCTBUE HA PBIHKE TEXHONOIu MI'PIT Hegoporux
U HA/IC’KHBIX KOMIIOHOBOK JIJISI CITyCKA YEPE3
3KCIUIYATALMOHHYIO KOJIOHHY (OK) sraMeTpoMm 5% Arorma
(146 MmM) — HanbOIEE PACIIPOCTPAHCHHBIN PA3MED ISt
OOJIBIINHCTBA CKBAXKUH B Poccun.

Takum 06pasom, Ha peiHKe MI'PIT B Poccum 06pa3oBanach
TEXHOJIOI'MYECKAS HUIIA, KOTa KOMIOOHOBKU MI'PIT nameTpom
3 mrorima (76 MM) COeIMHSUTUCH C XBOCTOBUKOM TUAMETPOM
4 morima (102 mm). TexHONIOr U, pACCMATPUBAEMAS B JAHHOI
paboTe, ObLIA ECTECTBEHHBIM OTBETOM HA TOTPEOGHOCTU PBIHKA.
B Hel, B orninune ot MI'PIT, HET HEOOXOAMMOCTH B BBIPE3AHNUH
(PPaK-TIOPTOB, AKTUBUPYEMBIX IapaMH, nocsie I'PIT, a Takxe
MPOIIE BO30OHOBJIEHUE TOOBIYN HA CKBAKUHE.

Kak mmumyT A. Oaun u ap. (2011), rexnosnorus I'TII gia
nposegenna MI'PIT B Poccuu Havana aKTUBHO IIPUMEHATHCA C
2008 roga. IlepBOHA49a/IBHO TEXHOJIOTHYECKOE PENIEHNE TAKON
koMm6uHanuu T'HKT u I'PIT npearnonaraio onepanum 4epes
06CaJHYIO KOJIOHHY JIJIS1 BEDTUKAJIbHBIX CKBA’KWH, U304BJIAS OT
HEOOXOAMMOCTH CITYCKO-IOABEMHBIX oneparinit HKT u nakepa,
4YTO ABHUJIOCH UCKJIIOUEHUEM U3 CTAHAAPTHBIX TPEOOBAHUI
Pocrexnansopa. Takue onepanun CTaad BO3MOXKHBI 61aroaps
HCIIOJIb30BAHUIO 3-JI0MMOBOTrO 46pa3uBHOTrO nepdopaTopa
U 06CA/IKE CKBAKHUHBI KOJIOHHOH YCUJIEHHOM IPOYHOCTH
(Mapxu «E»). ECTeCTBEHHO, PENIEHNE O IIPUMEHEHNN
JIAHHOI TEXHOJIOI'MH HEOOXOANMO OBbIO IIPUHUMATD /10
CITyCKa O6CATHOM KOJIOHHBI B CKBAKUHY, U 3TO HAJIATAJIO
OINpEeNIENIEHHBIE OTPAHUYEHMUSL.

C KX/ bIM I'OIOM, HAPsAAY C OYPEHUEM HOBBIX CKBAKHH,
PacTeT ¥ KOJIMYECTBO 33PE30K HOKOBBIX CTBOJIOB (35C),
KOTOPBIE B COBOKYITHOCTHU C HECKOJIBKUMU cTaguamu I'PIT
B MHOT'OIIJIACTOBBIX 3AJIEKAX ITO3BOJISIOT 3PPEKTUBHO
MOBBIIATH JOOBIYY 3a11ACOB HEPTU. Kak 6BIJIO CKA3aAHO
paHee, HOBBbIE MHOT'OIIACTOBBIE CKBAKUHBI-KAHUAATHI TIOZ,
«YCKOPEHHBIN» CIOCOO 3aKAHYMBAHUA MHOT'OILJIACTOBBIX
CKBAXXUH C 26pa3uBHBIM ['PIT 10JIKHBI OBITE O60OPYIOBAHBI
DK NOBBIIEHHOM NPOYHOCTU (MapKa «E»). OnHaKo 3ape3Ka
OOKOBBIX CTBOJIOB IIPOM3BOJJUTCA B OCHOBHOM M3 CKBAKHUH
JENCTBYIONIErO (POH/IA, y2KE O60PYLOBAHHBIX CTAHJAPTHOM
DK mapku «/I». DT0 noTpedb0BAI0 MOAUPHUKALIIN TEXHOIOI U
abpasusHOro I'PII. IToaTOMY [1/151 XBOCTOBUKOB BHEIITHUM
auamerpom 4 unun 4,5 porima (102 nnu 114 mm) 6611 IOAO6paH
CTIEUAIBHBIN KOMIAKTHBINA IIep(opaToOp JUAMETPOM
2,125 mrorima (54 MM), KOTOPBII MOXKET ObITh OOOPYIOBAH
Tpems (popcyHKamu (pasuposka 120°) guamerpom 0,125 nnu
0,141 grorima (3,2 uim 3,8 Mm).

YTOOBI CYIIECTBEHHO PACHIMPUTD KPYT MHOT'OIIACTOBBIX
CKBAXKUH-KAHJUJATOB HA YCKOPEHHBIH CITIOCO0 3aKAHYHUBAHUS,
B 2010 rosty 6611 OCYIIIECTBJIEH HOBBII IO X0/ K
OfmHOBpeMEHHOM paboTe (pioToB THKT u I'PIT, Ha3BaHHBIN
<«I'hrough Tubing» (TT) — «aepe3 HKT». I[Ipu 3TOM NOAXO/E

technologies

considered in this paper, was a natural response to
the market needs. The technology is beneficial versus
MSF completion — it eliminates the need to mill out
ball activated fracture port sleeves following fracture
treatments and makes it easier to bring a well back to
production.

According to Yudin et al, 2011 abrasive jet
perforation technology for multilayer fracturing
in Russia has been actively applied since 2008
on vertical and subvertical wells. An original
technological solution combining CT and fracturing
proposed working through the casing of vertical
wells, thus eliminating the need of tubing and
packer, would contradict the standard requirements
of Russian Technical Supervisory Authority
(RosTekhNadzor) . Such operations became possible
thanks to the 3-inch abrasive gun and high strength
well casing string (grade “E”). The decision to use the
technology should be made before well completion,
as it would cause certain limitations.

Every year, in addition to the drilling of new
wells, the number of sidetracked laterals is growing.
Supplemented with several stages of fracturing in
multilayer deposits they can effectively increase
the production of 0il. As has been stated earlier,
new multilayer wells candidate for a "fast" way of
abrasively perforated completion should be equipped
with high strength casing (grade "E"). However
sidetracking mainly is made on producing wells,
which are already equipped with the standard casing
(grade “D™). This challenge required modification
of abrasive fracturing technology. Therefore, for
the liner with an outer diameter [OD] of 4" or4.5" a
special compact abrasive gun of an OD 2.125” was
selected, which can be equipped with three nozzles
(phasing 120°) @ 0.125" or ¥ 0.141".

In order to significantly increase the number
of multilayer candidate wells under a "fast" way
of completion in 2010, a new approach to the
simultaneous operation using coiled tubing and
hydraulic fracturing called Through Tubing (TT) was
developed. The method involves performing similar
operations abrasive perforating and fracturing, with
the only difference that they are now made through
the tubing and a special packer, installed only once
on all layers. Latest technological solution was the
most effective in multilayer wells with simultaneous
operations and enabled the development of
technological procedures applicable for sidetracked
horizontal completions.

THE INTRODUCTION AND FIRST
STEPS OF MSF

For the MSF operations in sidetracked horizontal
wellbores the following technological problems have
been resolved:

} 1. Quality assurance of the isolation of liner-borehole }
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TEXHOJJIOT'UH

4AHAJIOTUYHO BBINOJIHAIOTCA a6pa3uBHas pe3ka u I'PII ¢ Toi
Pa3HUIIEN, YTO TENEPh OHU IIPOBOAATCS Yepe3 KONoHHY HKT
U CIIELIUAJIBHBIN ITAKED, YCTAHABINBAEMbIH JIUIIb €UHOX /bl
HaJl BCEMU I1acTamMu. ITociefHeE TEXHOJIOTNYECKOE PEIIEHNE
OKa3aJI0Ch HAN6051€€ 3(PPEKTUBHBIM JIJIsI MHOT'OIIJIACTOBBIX
CKBA>KUH C OJHOBPEMEHHOM IKCIUIyATALUEN U 1AJI0
BO3MOKHOCTB PAa3paA60TKH TEXHOJIOTUUECKOU NTPOLIEAYPBI JJIs
OOKOBBIX CTBOJIOB C TOPU3OHTAIbHBIM 3aKAHYHMBAHUEM.

BHEOPEHWE W MNEPBbLIE LWATW MTPTI

Ipu r1aHuPpOBaHUU onepauu 1o MI'PIT B GOKOBBIX
TOPU3OHTAJIBHBIX CTBOJIAX OBLIN PELIEHBI CIEAYIOUUE
TEXHOJIOI'MYECKUE 3aA4M:

1. Ob6ecneueHne Ka4eCTBa Pa3006IIEHUS 3AKOJIOHHOTO
IIPOCTPAHCTBA XBOCTOBHUKA MEXKAY cTagusamu I'PIT.

2. ObecneyeHUE Ka4eCTBEHHOI'O BCKPBITHSL M COOOIICHUS C
NPOAYKTHBHBIM IJIACTOM.

3. Pazobmenue nHTepBaaos I'PIT BHYTPpU XBOCTOBUKA.

B omnmnuune OT TPaAUIIMOHHBIX TAKEPHBIX CUCTEM
3aKaHYMBAHUS, IIEPBA 32/1a4d A0pa3uBHOro MI'PIT
noTpeOOBAIA OOECIIEYUTh KAUECTBEHHOE IIEMEHTUPOBAHNE
XBOCTOBUKA. YUUTBIBAA, YTO MATEPUHCKAS KOJJOHHA UMEET
aUaMeTp 5% morima (146 MM) 1 MUHUMAJIbHBI BHY TPEHHUIA
auaMeTp 5 moiMoB (126 MM), MAKCHMATIBHBIHN pa3Mep JOI0Ta
cocTaBuT 47 aronma (124 Mm), ¥ IIpU CITyCKE XBOCTOBUKA
auameTpoM 4 grorima (102 Mm) 3a30p MEXKy HOMUHAJIBHBIM
OTKDPBITBIM CTBOJIOM U XBOCTOBHKOM COCTABUT HE OOJIEE
Va—1% prorima (20—28 MM), YTO HE NMO3BOIAET BBIITOJTHUTD
Ka4E€CTBEHHOE LIEMEHTHPOBAHUE B TOPU3OHTAIbBHOM
XBOCTOBHUKE. B TAKUX OTHOCUTEIBHO Y3KHX 3a30PaX
HEBO3MOKHO BBIIIOJTHUTh OCHOBHBIE MEPOIIPUATHSA 1O
O6ECIIEYEHHIO KAYECTBA [IEMEHTUPOBAHM A, 4 UMEHHO:

1. YoanmuTe 6ypOBOU UTAM U (PUIBTPALTUOHHYIO KOPKY.

2. PaBHOMEPHO BBITECHUTB OYPOBOH PACTBOP U
MHHUMM3HUPOBATH CMEIIEHHUE C IIEMEHTHBIM PACTBOPOM.

3. ObecneynTh Ka4eCTBEHHOE LIEHTPUPOBAHHE XBOCTOBUKA.

TTOMHUMO CJIOKHOCTEN C LIEMEHTHPOBAHUEM, Y3KUH
3430p MOXET CHJIBHO OCJIOKHUTD CITYCK XBOCTOBUKA B
TOPU3OHTAJIbHBINA CTBOJI 3HAYUTEIBHOU POTAKEHHOCTH.
[ yBeTM4eHN s HOMUHAJIBHOT'O IUAMETPA CTBOJIA OBLIT
NPUMEHEH I'MJIPABINYECKUN AKTUBUPYEMBII PACIIHPUTEID
OTKPBITOI'O CTBOJIA, U JUAMETP OTKPBITOI'O CTBOJIA OBLI
yBeIUYeH 10 5% arorima (140 MM). YBesimdeHure AuaMeTpa
CTBOJIA CKBA’KMHBI IOHWKAET 3KBUBAJIEHTHYIO INIOTHOCTD
LUPKYIALMUA OYPOBOI'O PACTBOPA, YTO MOBBIIIAET KAYECTBO
MIPOMBIBKH, OOJIEIr'Ya€T CITYCK KOJIOHHBI U YBEJIMYUBAET
TOJIIAHY LEMEHTHOI'O KOJIbIA. )11 0O6€eCIiedeHr s HAWIYYIIEro
LEHTPHUPOBAHNUA XBOCTOBHUKA IIPUMEHAINCH IEHTPATOPHI 1]
102/122 Ipy>kMHHOT'O TUIIA C HIEPHUOJUYHOCTHIO B 50 M.

YCremnocTb HEMEHTHPOBAHUA XBOCTOBHUKA 3aBUCHUT OT
IIOJIHOT'O 3aMEILIECHU S OYPOBOI'O pacTBOPA. [J1s1 3TOr0 6611
IIPOBEJEHBI CJIEAYIOIIUE MEPOIIPHUATUSA:

1. ITpousseneH noadop 6ypepHON XKUAKOCTH 1151 PA3/IECIEHUS
LIEMEHTHOT'O PACTBOPA M 6yPOBOT'O PACTBOPA.

2. IIpoBEAEHO KOMITBIOTEPHOE MOJETTMPOBAHUE IPOLIECCA
3aMEIIEHUS OypPOBOI'O paCTBOPA.

3. Ha oCHOBE MOJEIMPOBAHUS ObIN JAHBI DPEKOMEH AU
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annulus between the fracturing stages;

2. Ensure good communication with producing
formation;

3. Isolating of treated intervals inside the lateral.

In contrast to conventional packer completions,
the first challenge of abrasive MSF is a provision of
high quality liner cementing. Given that the casing
diameter of the main bore is 5 3/4” with a minimum
internal diameter of 5” (maximum bit size 4 7/8”),

4” side track liner would give an annular gap between

nominal open hole and liner of no more than

1/4"-1 1/8”, which does not allow to provide high-

quality cementing of horizontal lateral. In such

wellbore geometryset up ensuring good quality

of cement, is almost impossible because good

cementing practices such as:

1. Remove cuttings and filter cake;

2. Evenly displace mud and minimize mud mixing
with cement;

3. Provide good liner stand-off;

In addition to the difficulties in cementing, the
small annulargap can significantly complicate liner
running/landing issues. To increase the nominal
borehole size hydraulically activated open hole
reamer was used, where the open hole diameter has
been increased to 5 1/2" Increasing the diameter
of the borehole lowers the equivalent circulating
density of the drilling fluid (ECD), which improves
the quality of wellbore clean out, easy running of
the casing and increases the thickness of the cement
sheet. For the best centralization of casing collars
spring type centralizers were used 50 m (7150 ft)
spacing.

Successful execution of liner cementing is based
on the full drilling mud replacement. To ensure this
process, the following was done:

1. Aspacer fluid to separate cement slurry and
drilling mud was designed.

2. Drilling mud replacement was simulated using a
wellbore cementing software package.

3. The rheological properties of drilling mud and
cement were optimized beased on the simulations
provided.

It was also important to advise correct cement
composition to provide successful cementing, For
horizontal liners following requirements were taken
into account:

1. High stability cementing slurry;

2. Optimal rheology for drilling mud replacement;

3. Low fluid loss (<50 ml/30 min by API);

4. Optimal thickening and setting time to ensure safe
operation.

To meet the second challenge (ensuring good
communication with producing formation) abrasive
jet perforation method was used. Through a special
CT bottomhole assembly (BHA) with nozzles faced
aside abrasive material is injected at high pressure.
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PABOTAEM HAJ,
MEPCMEKTUBON

IO LIEHTPHUPOBAHUIO U PEOJIOTUYECKUM
napaMmeTpam 6y(epHOU X KUAKOCTU U
LIEMEHTHOT'O PACTBOPA.

OCHOBHBIM (PAKTOPOM KAa4ECTBEHHOT'O
LIEMEHTHPOBAHUS SABJISICTCS PELENTYPA
LIEMEHTHOT'O PACTBOPA. [IJ11 HEMEHTUPOBAHUSA
TOPU3OHTAJIBHBIX XBOCTOBUKOB OBLIIH YUTEHBI
CHeyIONE TPEOOBAHUSL
1. BpICOKas CEMMEHTAIIMOHHA YCTOUNYHUBOCTD

LIEMEHTHOI'O PACTBOPA PACTBOPA — BOJOOTCTON
pasen O MiL.

2. OTUMaJIBHAS PEOJIOTHA 11 3AMEIEHUA
OypOBOT'O pacTBOpPA.

3. Huskasa sogooraada (<50 mi/30 mun o AHI).

4. OnTUMaabHbIE CPDOKHU 3aI'yCTEBAHUA U
CXBATBIBAHUSA JJI1 OOECTIIEYEHUS 6E30ITACHOTO
MIPOBEAECHUA PAOOT.

[ pemenus BTOPOU 3a1a4U, 4 UMEHHO
K4a4ECTBEHHOI'O BCKPBITUS U OOECIIEYEHU A
COOOHIEHHNA C TPOJYKTUBHBIM IIACTOM,
MIPUMEHSAIACH NEPPOPALINA THIPONECKOCTPYUHBIM
METOJIOM Y€EPE3 CIENUATBHYIO KOMIIOHOBKY
HU34 THOKOH TPYOBI C (POPCYHKAMHU C 3aKAYKOU
A0Pa3UBHOI'O MATEPUAJIA IO/, BBICOKUM JIABJIEHHUEM.
CKOPOCTB CTPYH U €€ a6pa3UBHOE BO3/ACHCTBUE

technologies

KonnekTop
CT Connector

MexXaHU4eCKun
pa3beUHUTEND

A mechanical
disconnect

Iepdoparop AbrasiJET
AbrasiJET

O6paTHBIN KJI1aITaH
Reverse Checkvalve

Hacangka
Bullnose

NPUBOAUT K OOPA30BAHUIO OTBEPCTHA B DK 1
KaBEPHBI B [IOPO/E HENOCPEACTBEHHO 32 DK

U LEMEHTHBIM KaMHEM. MeToz; a6pa3uBHON
nep@opanu IpUMEHSIETCS YKe 60IEEC CEMUIECATH
JIET, X1 €70 IPEUMYIIECTBA MHOI'OKPATHO
ONHUCHIBAJIMCD B IIPEABIAYIINUX UCCIIEJOBAHUAX

Pucynox 1 — Komnonoexa nu3a koaounst (KHK). KHK cocmoum
u3 éneuwinezo konnexmopa (2% orotima (57 mm), mexanuueckozo
passeounumenn (2% oriima (54.mm)), nepgopamopa

2% orotima (54 mm)), o6pamnozo kranana (2% orima (54 mm))

U NOAHONPOXOOHOU HacaoKku (2% orotima (54 mm)).

Figure 1 —- BHA pbotograph and schematic. The BHA consists
?/g an external CT connector {2 1/4"), amechanical disconnect

2 1/8"), Abrasive jet assembly with nozzles (2 1/8"), centralizer,
reverse check valve (2 1/8"), and a bull-nose (2 1/8")

(M. OctepxyT (1961), ®. ITurt™maH u ap. (1961),
Ix. Kooert (1991), T. JoTCOH 1 Ap. (2009).

IIpn nposeaennu oneparui 1o I'PIT co cTOpOHBI
Pocrexnansopa npegbaBiaaeTCsa TPEOOBAHNE K U3OJIALUN
SKCIIIYATALIMOHHOM KOJIOHHBI OT BBICOKHX JIaBJIEHU. JJannoe
TpedoBaHue obecrieunsaeTcs npuMeHeHruemM HKT ¢ makepom,
KOTOPBIH YCTAHABJIMBAETCS B MHTEPBAJIE BBIIIE KPETUIEHU A
XBOCTOBHUKA OOKOBOT'O CTBOJIA.

OCHOBHBIM TPEOOBAHUEM K IIAKEPY SBJISICTCS OOJIBIION
MPOXOAHOMN JUAMETP JII OECTIPENIATCTBEHHOI'O CITyCKa
nep@opannonHor KHK Ha THKT B HEO6XOUMYIO 30HY.

CaMa KOMITOHOBKA H13a Ko1oHHBI THKT 10/1:KHA HE TOJIBKO
CBOOOAHO IPOXOAUTH NAKEP U IOCTUT'ATh HEOOXOJUMOI
ITYOUHBL, HO TAKXE U 3(PPEKTUBHO NTEPHOPUPOBATH
XBOCTOBHUK, IEMEHTHBIN KAMEHb M MATEPUHCKYIO ITIOPOY.
Kommnexktr KHK THKT nipeacrasneH Ha pucyHKe 1. TTono6HbIi
onblT nposegenus I'PIT niocsie abpa3uBHOM PE3KU Yepe3

HKT 6b11 Taksxe panee onucad [, lyneuem u gp. (2007), rae
OBLIN IPOJIEMOHCTPUPOBAHBI YCIIEITHOCTb METO/A U €T'O
NPEUMYIIECTBA IO CPABHEHUIO CO CITYCKOM NEP(OPATOPOB Ha
HKT. A6pasusHbsIii I'PIT uepes HKT npumeHscsa u paHee s
MHOTOCTaAUUHBIX I'PI1 B rTOPU30HTATBHBIX CTBOJIAX, ITOJJOOHBIN
OMBIT OBLI ONMCAH, HanipuMep, T. UTubpyTom u aip. (2010).

J10 IPOMBICJIOBBIX MCIIBITAHUI HA 6a3€ CEPBUCHOM KOMITAHNH
OBbUIN IPOBEJEHBI CTEHOBBIE UCITBITAHUSA (PUCYHOK 2),
BKJIIOYABIIHE JIBA MOJICTUPYIONIUX TECTA C TEM, YTOOBI OIICHUTD

The velocity of the jet and its abrasive effect creates
holes in the production liner and a cavity in the

rock directly behind the liner and cement. Abrasive
perforation used for more than seventy years and

its benefits were published in previous studies
(Oosterhout, M., 1961, Pittman, F, et al, 1961, Kobett, J,,
1991, Dotson, T. et al, 2009).

According to Russian Technical Supervisory
Authority (RosTekhNadzor) during hydraulic
fracturing operations it is required to isolate
the production string from high pressures. This
requirement is fulfilled using tubing with a packer
that is set right above the liner hanger.

The main requirement for the packer is a big inside
diameter for smooth running of CT abrasive jetting
BHA to the zone of interest. CT BHA must not only
pass freely through packer and reach the desired
depth, but at the same time effectively perforate the
lateral liner, cement shield and the adjacent rock. Full
CT BHA is shown in Figure 1.

Similar experience of CT abrasive perforating
through tubing was also previously described by
D. Schultz et al, 2007, where it was demonstrated

the success of the method and its advantages

compared with perforator run on tubing, The same
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TEXHOJIOT'NHN

KkauecTBO I'TIIT (TTIIT) KOMIAaKTHOrO NePMOPATOPA JUAMETPOM
2% morima (54 MM) B TOPU3OHTAJIBHBIX XBOCTOBHUKAX
auaMeTpoM 4 uinu 4,5 morima (102 nnu 114 mm).

TecTsl IPOBOAUINUCH IO CLIEHAPUIO, Y2KE ONMTMCAHHOMY
A. IOpynbIM 1 gp. (2011). ITo OKOHYaHUH CTEHJOBBIX
UCITBITAHUI OB NTOJIyYEHBI OTBEPCTUS BBICOKOT'O KAYECTBA,
4TO NOATBEPKAAET BO3ZMOKHOCTD IPOBEJEHUS TOJJOOHBIX
Oneparuy ONMUCAHHBIM BBIIIIE HAOOPOM HHCTPYMEHTOB.

HeManoBaKHBIM SIBJISIETCA TOT (DAKT, YTO IPOBEJEHUE PAOOT
B OOKOBBIX CTBOJIAX, OOCAKEHHBIX XBOCTOBUKAMH JJUAMETPOM
4 4,5 proiima (102 rm 114 MM), TpOTECTUPOBAHO M HA
kononHe T'HKT BHEMHUM JuaMeTpoM 1,5 Jroma 11ornma
(38 MM), KOTOPBIMU OOOPYIOBAHO OOIBITUHCTBO YCTAHOBOK
I'HKT B peruone. DTo NO3BOMAET 3a4eUCTBOBATh (proT THKT kak
B pab0Tax o ocBoeHMIO noce I'PIT cTaHAaPTHBIM CIIOCOOOM,
TaK U B padoTax ¢ I'TIITuepe3 'HKT, uTo ob6ecrieunBaeT
OOJIBIIYIO 3ATPY3KY OO0OPYAOBAHUSA. XOTS IPEATIOUTHUTEILHEE
ocraerca 'HKT guameTpom 1,75 MM (44 MM), T.K. IPU

MPUMEHEHUHN MEHBINEN TPYObl 3HAYUTEIBHO BBIPACTAIOT

IABJICHUS 3AKAYKU, KAK 3TO BUAHO U3 TAOIUIIHI 1.
HMKaKOTo CHENUAIBHOI'O YCTBEBOT'O OOOPYAOBAHUS HE

TpebyeTcsa. MonTax ITBO 'HKT nnu HarHE TATEIbHBIX JIMHUH

I'PT1 BegeTcs npsaMo Ha 3aBHKKy I'PIT; Ha Bpems I'PIT Tpy6Oa
T'HKT nmogHuMAaEeTCs BBIIIE TUHUY 3aKadku I'PIT.

OJHUM U3 OCHOBHBIX TPEOOBAHUH 151 IPOBEJECHUS
abpasuBHOU pe3ku uepes 'HKT ABiseTCsa NIpaBUIbHBINA BBIOOD
pacxona KUJLKOCTU, KOTOPBIX OIIMPAETCA HA KOJIMYECTBO U

Pucynox 2 — Cmenooeénie ucnolmanusi
Figure 2 — Yard test execution set up

option of abrasive fracturing through the tubing
used in the past for the MSF in horizontal wellbores,
this experience has been described, for example, by
Itibrout T. et al, 2010.

Yard tests were conducted (Figure 2) at the base

JAUAMETP (POPCYHOK, YCTAHOBJIEHHBIX B THJPONECKOCTPYHHOM
nepdoparope. CymecTByIOT (POPCYHKU TPEX AUAMETPOB: 0,125
0,141 1 0,188 mrotima (3,2, 3,6 11 4,8 MM). [IJ1s1 OPMUPOBAHUS
MPAaBHJIBHON FEOMETPHUHU PEXYIIEN CTPYH HEOOXOAUMO
06€eCEYNTD JOCTATOUYHBIN NEPENA, JaBICHNUI HA (POPCYHKE
2500 pynT/arorim? (170 at™). OH JOCTUTAETCA IIPU 3AKAYKE

0,5, 0,7 unu 1,25 6app./muH (80, 110 mium 200 1UT/MUH) A5

YKa3aHHBIX TUIIOB CpOpCYHOK COOTBETCTBCHHO.

Taoruuya 1 — Pe3yrsmamot ucnsimanuii c THKT enewmnum

ouamempom 1,5 orotima (38 mm)
Table 1 — The results of the test with CTOD 1.5 "

of the service company prior to the field operations.
Two tests were performed to evaluate the quality of
a compact hydraulic jet perforating technique with a
BHA @2 1/8"ina4"and 4.5" horizontal liner.

The tests were conducted according to the
scenario already described by Yudin et al, 2011.
The tests resulted in high quality of the cut holes
confirming that the operation with above described
set of tools in this configuration is fully feasible.

It is also important that the abrasive perforating
in laterals cased with 4" or 4.5" liner was tested

TECT 1. O6pasey ouamempom 350 350 mm
TEST 1 sample diameter 13 3/4"

TECT 2. Oopa3sey ouamempom 200 mm
TEST 2 Sample diameter 7 7/8”

Cpeonuii ouamemp omeepcmutii 10-15 mm 10—-15 mm

Average diameter of the holes 047-0.6” 047-0.6”
Cpeoree epems pe3xu 5mun 3 mun
Average cutting time 5 min 3 min

Cpeorss ONuHa KasepHol

murumym 165 mm

MUHUMYM O MM

Average length of the cavity Minimum 6.5” Minimum 2.75”
Cpeonas wmupuna KasepHot 30-35mm 30-35mm
Average widlh of the cavity 127-14” 127-14”
Pacxoo scuoxocmu npu I'TITT 256 1/ Mmun 240 n/mun
Flowrate for abrasive perf. 1.6 bbl/min 15 bbl/min
Luprynayuonnoe oasierie 540 amm 460 amm
Circulating pressure 7900 psi 6750 psi
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Pucynox 3 — BONOKOHHO-apmupoeannasn
nponnanmuan npooxa

Figure 3 - Fiber-enhanced proppant plug

technologies

with CT OD 15" as this is the size of CT string with
which most of the coiled tubing units in the region
are equipped. This allows the use of coiled tubing
fleet as in the conventional works (f.e. post-frac
cleanout and nitrogen lift), and in working with
abrasive perforating through CT, that leads to
greater equipment utilization. Although preferred
CT diameter remains 1.75" because of the better
circulation pressure behavior (Table 1).

No special well control equipment is required.
Installation of CT blow out preventer (BOP ) or
fracturing treating lines is done directly on the
fracturing valve (during fracturing CT bottomhole
assembly is rised above fracturing treating lin€).

One of the main requirements for abrasive
perforating through CT is correct choice of flow rate
and fluid based on the number and diameter of the
nozzles installed. It is achieved by injecting 0.5 bpm,
0.7 bpm or 1.25 bpm depending on types of nozzles.

To meet the third challenge connected with
isolating of treated intervals inside the lateral
fiber-enhanced sand plugs were used. Use of fiber

Treating Pressure, PAnn (bars) (32164-3218 m) Sturry Rate (m/min & 100 kgpay ~ Significantly reduces the rate of

700

proppant deposition in horizontal

600

wellbore and creates additional
25

500 L. l

resistance in perforations that allow
effective installation of plugs in

400 |1 AN

55 horizontal boreholes. This approach

A \

was described by Itibrout T. et al, 2010.

10 In order to prevent proppant

00 \ \\k deposition in a horizontal wellbore
L —— o 5 degradable fiber is added into
U —— — proppant plugs isolation mixture
oll {1 rf] . § H e, (vigure3).After hydraulic fracturing
0 10 20 30 40 50 60 70 80 90 fiber-enhanced sand plugs are placed
Time (mir) above treated zone and below the
Pucynox4 -I'padpux daenrenus, pacxooa u KOHueHmpauu nponnanma successive zone that is planned for

npu MI'PII c nocaeoytouwum pasmeuienuuem 6010KOHHO-APMUPOBAHHOLE

nponnanmuoii nPooKu

abrasive perforation. Following the

Figure 4 - Pressure, Rate and and Proppant concentration graph showing procedure a certain settling time

the fracture treatement with a consecutive setting of the fiber-enbanced

proppant plug

JIJ151 pemeHns TPEThEN 3aJa4U 110 pa300IMEHUIO UHTEPBAJIOB
I'PIT BHYTPH XBOCTOBHKA ObLJIA UCIIOIb30BAHA 3aKA4Ka
BOJIOKOHHO-APMHPOBAHHBIX IPOMNIIAHTHBIX IPOOOK.
Jlo6aBiieHUE BOJIOKOH 3HAYUTEIBHO CHHUKAET CKOPOCTh
OCAXK/IEHUS IPOMIIAHTA B TOPU3OHTAIBHOM CTBOJIE U
CO3/IA€T JOMOIHUTENBHOE OJIOKUPYIONIEE COMPOTHUBIEHNE
B IIEp(OPATMOHHBIX KAHAIAX, YTO HO3BOJISIET 3PHEKTUBHO
OPOBOAUTD YCTAHOBKY IIPOOKU HA TOPHU3OHTAIBHBIX CTBOIAX
CKBaKMH. Taxkort noaxo onuceBaoT T. UTu6poyT u ap. (2010),
SPE 135413.

151 IpeIOTBPAIEHU OCAXK/ICHUSA IPOIITAHTA B
TOPU3OHTAJIIBHOM CTBOJIE BO BPEMS U30JIALIUU B CMECh
MNPONIIAHTHOM NPOOKU MOJAETCS PA3/IATAEMOE BOTIOKHO
(pucyHOK 3). ITocne I'PIT BOTOKOHHO-apMHUPOBAHHBIE
MPONITAHTHBIE TPOOKH NPOJABIUBAIOTCA IO TTTyOUHBI }

is required once the frac treatment
has been pumped. There after the
operations of plug settling are continued by pumping
fluid at a low rate. While squeezing, a notable pressure
increase should indicate a successful installation of
a fiber-enhanced proppant plug (Figure 4). Since
the plug is permeable a smooth drop of pressure
should be seen after pumping was stopped. In order
to prevent the plug being destabilized and loosing
the isolation towards the previous zone, some back
pressure on the formation should be supported
during all subsequent operations. Certainly, a choke
is necessary only in case if the reservoir pressure
is bigger than hydrostatic back pressure on the
formation.

It was necessary to address the concern of choosing
the right distance between the fractured intervals.
Low filtering quality of a degradable fiber-enhanced
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Pacuemmnuiti uroexc npooykmusrocmu / Calculated Productivity Index
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Pucynox 5 — ITPOOYyKmueHOCMs CKEANWCUNHBL 6 3A6UCUMOCINU
om Koauuecmea cmaouii I'PIT

Figure 5 — Well productivity, depending on the number
Of MSF stages

BBIIIIE y2KE OOPAOOTAHHOIO UHTEPBAJIA U HHUIKE CIIEAYIOUIETO
MHTEPBaJa pe3Ku. [Tocse 3Toi onepanuu TpebyeTcss HEKOTOPOE
BpEMA HA CXBATBIBAHUE I1OCJIE 3aKa4YKU Xxuakoctu I'PIT. [lanee
YCTAHOBKY IPOOKH IPOJOJLKAIOT IyTEM HATHETAHUS XKUJKOCTH
Ha MaJIOM pacxoze. Bo BpeMs NPpoAaBKU NPOOKU TPOUCXOUT
POCT JaBJICHUSs, YKA3BIBAIOIIUI HA YCIICIIHYIO U30JIALINIO 1
YCTAHOBKY BOJIOKOHHO-aPMHUPOBAHHON NPONIIAHTHON NPOOKU
(pucyHOK 4). Tak Kak IPOOKa 06J1a1A€T IPOHULIAEMOCTBIO,

CO BPEMEHEM IIPOUCXOAUT IUIABHOE ITAZICHUE JABJIECHUA IIPU
OCTAHOBKE 3aKA4YKHU. [IJ1 IPEAYIPEXACHUA BEITAIKUBAHUA
IPOOKU U €€ PA3PYIIEHU, BO BPEMS BCEX OCJIEAYIOMINH
OIlEpaALUU AOJDKHO IO AEPIKUBATHCSA HEKOTOPOE
NIPOTHUBOAABJIEHUE HA IIJIACT. ECTECTBEHHO, TAKaA MEPA
HEOOXOAMMA TOJIIBKO B TEX CIYUAAX, ECJIN IJTACTOBOE JJABIEHUE
BBIIIIE THAPOCTATUYECKOTO IABJICHUSA XKUJKOCTH, HAXOAAIIECHCA
B CKBAKMHE.

BaskeH BEIOOP ONTHMAIBHOTIO PACCTOAHUSA MEXKAY
nHTepBasamu I'PIT. Huskasa GuibTpanusa NpOonmaHTHOM
NPOOKH, APMUPOBAHHON PA3IATAEMBIM BOJIOKHOM,
06€eCEYNBAET HAZEKHOE PA30OIEHNE HHTEPBAJIOB AJIA
nocaenylomero I'PIT v 1aeT TEXHUYECKYIO BO3MOKHOCTD
COKPATUTH JaHHOE pacctosiHue 10 30 M (7100 ¢pyToB). OgHAKO
MPOHULIAEMOCTHU KOJJIEKTOPOB HE OOOCHOBBIBAIOT TAKOE YACTOE
pacnionoxenue TpemunH I'PIT 1 MO3BOIAIOT OKOHYATEIBHO
PEKOMEHIOBATH PACCTOAHUA HE MeHee 50 M (7150 yTOB).

pyror OCHOBHOI 3a/1a49€H JAHHOT'O METO/A ABIAETCA
BBIOOD ONTUMAJIBHOT'O YK Caa cTaauii I'PI1 B ensax
JOCTHXKEHU I HANOOIBIIECH HE(PTEOTHAYU ITOCIE OOPAOOTKU.
ECTb 60JIBIIOE KOJIMYECTBO MTAPAMETPOB, KOTOPBIE MOT'YT
MOBJIUATH HA BO3MOXKHBIN BEIOOP, HO B OOJIBITMHCTBE CIIy4Ya€B
MO0 3TU MMAPAMETPBI HEU3BECTHBL, JIMOO UX 3HAUYCHU S
CHOPHBL B HEKOTOPBIX CIy4YasiX YUCJIO CTYIIEHEHN OBLIIO
OIPAHHUYEHO JJIMHOIM TOPU3OHTAIIBHOI'O yYACTKA B IVIACTE
1 HEOOXOAMMOCTBIO OCTABUTD JJOCTATOYHO MECTA JJ1A
Pa3MemEeHnA BOJIOKOHHO-APMUPOBAHHOM ITPOIITAHTHON
npo6ku (150 gpyTos (50 M) MEKAY FTAITAMMN), YTOObI
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proppant plug provide reliable isolation of treated

interval and gives technical possibility to reduce

distance between fractures down to approximately

30 m (7100 ft). Although reservoir properties demand

not less than 50 m (7150 ft) distance, that value was

finally recommended.

Another main concern of the technology was
to choose optimum number of frac stages in
order to ensure most economic post fracturing
well production rate. There is a large number of
parameters that could possible affect the choice, but
in most cases these parameters were either unknown
or their values are uncertain. In some cases number
of stages was limited by the length of horizontal
section in a pay zone and the need to leave enough
space for fiber-enhanced proppant plug (150 ft
between stages) to isolate intervals. In other cases
where horizontal section length was not the limiting
factor the methodology thoroughly described by
Lietard and Hegeman, SPE 50420 was used with
modifications to account converging flow effect near
wellbore, finite conductivity fractures, and two phase
non-Darcy flow. The example of such calculation is
presented on Figure 5.

From the chart it is clearly obvious when the
number of fractures is above three, Productiviti Index
(PI) curve increase flattens out and economicall
feasibility become questionable. On the other hand,
as it was noted above, optimum number of fracturing
stages not always possible because of horizontal
section length constraints.

Perforation sites were selected in most "clean"
spots of the wellbore in order to minimize possible
near wellbore problems during fracturing stage of the
treatment. This case is an example where number of
treatment stages had to be reduced from optimum
three to two based on horizontal section length
constraint.

The full completion cycle for a sidetracked
horizontal lateral can be described as follows:

« Sidetracking from the pilot wellbore of 5 3/4”
diameter (drill bit diameter of 5 13/16”)

* Use of hydraulically activated open hole reamer to
increase open hole diameter to 5 1/2”

» Lowering 4” liner, cementing and mounting of it in
the production casing 5 3/4”

* Lowering 3.5” tubing with a packer. Below the
packer one 2 7/8” tubing joint was installed.

« Setting the packer with inside diameter of 2 3/8”.

* CT runin hole (CT depth correlation based on
logging data). Placing CT BHA across zone of
interest.

* Abrasively perforate treatment zone, CT pull out of
the hole

* Hydraulic fracturing through 3%” tubing, isolation
of treated intervals with fiber-enhanced sand plug
tailored after each frac stage
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U30/IMPOBATDb UHTEPBAJIBL B
JPYI'UX C1y4asix, KOrjaa JJIMHA
T'OPU30HTAIILHOI'O y4aCTKA
HE ABJISJIACHh OIPAHUYEHUEM,
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MIPOBOANMOCTHIO, U [IByX(Da3HBI
MOTOK, HE NOTUMHSIOIUICS 3aKOHY
Hapcu. [IprMep TaKUX pac4yeTOB
MIPEACTABJICH HA PUCYHKE 5.

W3 rpadrka BUJHO, UTO
€CJIA KOJIMYECTBO CTAAUN NIPEBBIIIAET TPH, YBEIUUCHUE
KO3((PUILITMEHTA TPOAYKTUBHOCTH CTAHOBUTCS
HE3HAYUTEIBHBIM (KPUBAs BBIXOAUT HA IJIATO), YTO CTABUT O/
COMHEHHE 9KOHOMHYECKYIO LIENECOOOPA3HOCTD IMPEBBIIIECHUS
JaHHOI'O KPUTHUYECKOI'O YUC/IA B ATUX YCIOBUAX. C APYTroi
CTOPOHBI, KaK OBLJIO OTMEYEHO BBIIIE, ONITUMAIBHOE YHCJIO
craamnti I'PIT He Bcerma BO3MOXXHO N3-32 OTPAHUYECHUA JUIMHBI
TOPU3OHTAJIBHOT'O y4aCTKA.

MecTononoxeHue neppopanoHHbIX OTBEPCTHUH
BBIOUPAJIOCH B HAMOOJIEE «YUCTBIX» MECTAX CTBOJIA JIJIS TOTO,
4TOOBI CBECTH K MUHUMYMY BO3MOKHBIE IIPOOIEMBI BO
Bpems nposegeHus I'PIT. DToT ciry4ai aBiasgeTcsa IPUMEPOM
HEOOXOAMMOI'O CHUKEHH A YUCIIA CTAJIUN C ONITUMAJIBHBIX TPEX
JIO IBYX B CBA3U C OIPAHUYEHUEM I10 JJIUHE TOPHU3OHTAIBHON
CEKIIUU.

TTOJIHBIN TUKJI 3aKAHYUBAHUS IIPHU OYPEHUU OOKOBOI'O
CTBOJIA C TOPU3OHTAIbHBIM OKOHYaHUEM MOKHO OITMCATD TAK:
¢ BypeHue 60KOBOIO CTBOJIA U3 MATEPHUHCKOM KOJIOHHBI

JUAMETPOM 5% nrorima (146 MM) TOIOTOM JUAMETPOM

51/, gorMa (122 mm).
¢ I[IpOpPabOTKA OTKPBITOI'O CTBOJIA TUAPABIUYECKUM

pacmupuUTeseEM IO HOMUHAJIBHOT'O UAMETPA 5% m10iiMa

(140 mm).
¢ CIIyCK XBOCTOBMKA AUaMeTpOM 4 grorima (102 Mmm),
LIEMEHTHUPOBAHUE U KPEIVIEHUE €TO B KCILIYATALIMOHHON
KOJIOHHE JTUAMETPOM 5% torima (146 Mm).

Cnyck noasecku HKT guamerpowm 3,5 aronma (89 mm)

¢ makepom. [Toj makepoM ycTaHoBJI€eHA ofjHA Tpyoka HKT
JAUaMeTpOM 2% arouma (73 Mm).

* YCTAaHOBKA ITAKEPA C IPOXOJHBIM OTBEPCTHUEM JUAMETPOM

2% miorima (60 Mm).

* Cnyck u koppenanusa rmyounsl THKT o ganasiM THC.
Vcranoska KHEK T'HKT B BBIOpaHHOM MHTEPBAJIE.

« TIposenenue I'TIIT. [Togbem THKT.

* ITposenenue I'PIT uepe3 HKT nfrnameTpom 3,5 Arorima

(89 mm).

H3onanusa 06paboTaHHOIO UHTEPBAIA BOJIOKOHHO-

APMHPOBAHHON ITPONITAHTHOMN IPOOKOH, CIEITUAIBHO

OA0OOPAHHOM /1151 KaXKI0H cTaauu I'PIL
e Hopmanuzanus T3. IIposegenue I'TII1 B caegyiomem

UHTEPBAJIE.

* TTOBTOPEHME BCETO LIUKJIA, B 3dBUCUMOCTH OT TPEOGYEMOT'O }

Puc.ynox 6 - Tunuunan kapomaxcnan ouazpamma OmKpPsimozo Cimeond 6
20PU3OHMANBHOM YUACINKE CKEANCUHDBL

Figure 6 — Depict typical openbole log of lateral borizontal section

* After necessary cleanout abrasively perforate next
treatment zone

* Repetition of the cycle, depending on the number
of MSF intervals required

* Borehole direct circulation followed by CT nitrogen
kick-off. Well killing.

« Tubing and packer retrieval. Installation of electric
submersible pump (ESP).

To prevent the action of high pressure on the
casing 3.5” tubing and a packer were lowered into the
well above horizontal lateral liner. Big issue in that
completion would be quality control of horizontal
lateral cementing,

"Fast" way of completion and Through Tubing
(TT) solution supposes simultaneous operation of
coiled tubing and hydraulic fracturing fleets. That
unintentionally leads to a big equipment footprint
and necessity of additional TT operation planning.

When selecting candidate wells for sidetracking
with horizontal laterals the following factors are
taken into consideration: the remaining reserves, the
current reservoir pressure, the technical condition
of the well, production rate and risk of exposure of
water-saturated zones during hydraulic fracturing,
Azimuthal direction of the lateral was directed
perpendicular to the maximum stress direction.
Thus designed fractures were placed at an angle in
the range of 45-90 degrees to the lateral and the well
design provides higher production rates.

When working with coiled tubing in laterals
with horizontal sections of more than 1500 ft it is
dificult to find the exact position of CT in the well.
All surface depth encoders, even the most precise,
define the length of the CT in the well, but do not
take into account the CT helical buckling arrising
from frictional forces and the residual pipe bending.
Techniques traditionally used for vertical wells
(casing collar locator data together with well bottom
dry tag reference) in this situation do not work. On
the other hand, in a horizontal well there is no need
to conduct accurate snap, as the entire wellbore is
located in permeable reservoir, thus error of }
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TEXHOJJIOT'UH

KOJIMYECTBA UHTEPBAJIOB I'PI1. 5-10 ftis not critical. As stated earlier, the choice
e IIpOMBIBKA CTBOJIA CKBAKUHDI IIPSMOU LIUPKYJIALUEN U of the perforation interval was chosen based on

OCBOEHHE 430TOM C HCNOIb30BaHUEM YCTaHOBKU THKT mocsie  the most pure sandstone. In the case of a highly

nposeaeHus nocaeaHero I'PIL Inymennue CKBaKMHBL heterogeneous formation task of CT depth
* CpmiB makepa u nogbeM HKT crmamu KPC. Criyck YOI H. measurement error exception became more

[ IpeJOTBPAIeHUs JEHCTBUS BBICOKUX JABJICHUI HA complicated. Accordingly, selection of preferred
06CaJHYIO KOJIOHHY 6bL1a criyiieHa kotoHHa HKT guameTpom perforating zones would rely on thick and extensive
3,5 grorima (89 MM) C IAKEPOM HEINIOCPEACTBEHHO I1EpPes sections of pure sandstone in the lateral. Also it is
IOABECKOM TOPU3OHTAIBHOI'O XBOCTOBUKA. KPUTHYHBIM JIJIA necessary to pay attention to the depth of casing
JIAaHHOT'O BUZIA PabOT ABIAECTCA PA3OOIIECHUE INTAHUPYEMBIX collars location and select perforation intervals with
nHTepBaIOB I'PIT 32 KOJIOHHOM XBOCTOBHUKA. B oT/Imume oT the offset of at least 10 ft away from the joints. Spiral
TPAJSULIMOHHBIX CUCTEM MHOroCTaauitHoro I'PI1, 3nece ne CT bending must be considered when planning the
HCIIOIb30BAIUCh 3AKOJIOHHBIE MAKEPBI 1 OCHOBHOI yIIOD schedule of abrasive perforating, for example, there
J€J1aJICSL HA Ka4eCTBO LIEMEHTUPOBAHM A TOPU30HTAJIbHONU was a plan to perforate 12 stations in the range of
4aCTU. PACCMOTPEHHBIN CIOCOO 3AKAHYUBAHUA C ONIEPALUSMU 13 ftie 0.8 ft between cutting at a depth of 11500 ft;
uepe3 'HKT npenonaraet OfHOBPEMEHHYIO paboTy (PJIOTOB if there was just pick up of 13 ft CT on surface counter
I'HKT u I'PI1 Ha CKBa>KMHE, 4YTO, COOTBETCTBEHHO, TPEOYET then the first 10 ft it only unspool CT helical buckles
HAIAYUS JOCTATOYHOI'O MECTA HA KYCTOBOH MJIOMIA/IKE /15T and conditional movement of CT bottomhole end
PACCTaHOBKHU BCEH 3aJ,EMCTBOBAHHOIM B pA60TE TEXHUKH. would be only 3 ft. To reduce the risks and increase

I1pu BEIOOPE CKBAXKUH-KAHJUAATOB JJ11 340y PUBAHUSA efficiency of technique "staggered" zone perforation
OGOKOBOI'O TOPU3OHTAJIBHOI'O CTBOJIA YYUTBIBAJIUCDH TAKHAE method was introduced , when first abrasively
(PaAKTOPBI, KAK OCTATOYHBIE 34ITACHI, TEKYIEE IIJIACTOBOE perforated station is the lowest one and another
JIaBJICHUE, TEXHUYECKOE COCTOSTHUE U ICOUT CKBAKUHBI, PUCK situated in the top and so on. Taking into account
NPUOOIIEHN A BOJOHACHIIEHHBIX 30H IPpU I'PIT. A3uMyTaibHOE small liner ID 3 3/4" it was decided to perform
HaIlpasjeHUe 320y PUBAHUS CTBOJIA BBIONPATIOCH intermediate cleanout between stages to prevent CT
NPEANOYTUTENBHO NEPNEHANKYJIAPHO HAIPABIEHUIO stuck. On the graph below (Figure 7) an example
M4KCHMaJIbHOI'O TOPU30OHTAIBHOI'O HANIPSIKEHUA. TAKUM of such abrasive perforation with intermediate
06pazoM, TpemnHbl I'PIT pacnionaraauce oj HEKOTOPbIM cleanouts is shown.
YIJIOM B inana3oHe 45—90 rpazycos K CTBOJIY, U CKBAKMHA
obecrnieunBasa 60J1ee BBICOKME PACYETHBIE IEGUTHL. LESSONS LEARNED

ITpu pa6ore 'HKT B rOpU30HTAIBHBIX CKBAXKUHAX C OTXOJIOM FRAC INITIATION PRESSURE
ot BepTuKanu 6osee 1500 pyTos (500 M) JOCTATOYHO TAKEIO During most of operations an increase in fracture
OonpeJennuTb TOUHOE HaxoxAeHe Hu3a THKT. [ToBepXHOCTHBIE breakdown pressure was observed. However, with
JATYUKH, [JA’KE CAMBIE TOYHBIE, ONIPEAEIAIOT JJIUHY further pumping of crosslinked gel pressure dropped
TPYOBI, CITYIIEHHON C B CKBA>KUHY, OJJHAKO HE YYUTBIBAIOT to normal treating pressure seen on vertical wells.
cnupaneo6pasnbiii n3arund F’HKT, BOZHUKAIOIWKA BCJIEACTBUE This phenomenon is explained by Weijers L.
CHJI TPDEHHUA O CTEHKU CKBA’KUHBI U OCTATOYHOI'O U3ru6a Tpyosl.  (1992) as the fracture tortuosity associated with
MeToauKY, TPAAULIMOHHO IIPUMEHAEMBbIE 11 BEPTUKAJIBHBIX the development of starter fractures, growing
CKBAXXUH (JJAHHBIE JIOKATOPA MY(PT O6CATHONU KOJIOHHBI into primary fracture parallel to the wellbore and
BMECTE C IIPUBA3KON OT 326051 CKBA’KMHBI), B JAHHOU CUTYALINN turning to secondary fracture which follows the
He pab0oTaroT. OJHAKO B TOPU3OHTAJIBHOMU CKBAKMHE U HET maximum horizontal stress direction. Thus the
HEOOXOAMMOCTH IPOBOAUTD TOUYHYIO IIPUBA3KY: TAK KAK BECDH approach to fracturing the well was adjusted for
CTBOJI HAXOAWUTCA B IIPOHUIIAEMOM KOJUIEKTOPE, TO OIIMOKA B minimization of such effect by introducing a highly
5-10 yToB (2—3 M) HE KpUTHYHA. KaK YKa3bIBAJIOCh PAHEE, viscous crosslinked pill with proppant slug as soon as
IIPU BBIOOPE MHTEPBAJIA IEP(HOPALUU BBIOUPAJICS HANOO0IIEE possible during minifrac operation (Figure 8). Once it
YHMCTBIN MHTEPBAJ IIECYAHUKA. B caIydyae CMIbHO reTeporeHHoro  is done excessive tortuosity restriction is reduced and
Y4aCTKA 32/]a49a UCKJIIOYEHM S TTOIPENTHOCTY U3MEPEHU S frac job is pumped as regular vertical well.
ri1y6mHbl THKT yenoxnsgercsa. COOTBETCTBEHHO, IPUOPUTET Thus the excessive pressure on the injection tests
JTIOTKEH OTAABATHCS 60JIEE MOIHBIM U IIPOTSIKEHHBIM I10 is associated with the characteristics of the fracture
CTBOJIY Y4aCTKaM YHUCTOI'O IeCYaHUKa. Heo6X0oquMo OOpaTUTD development in the horizontal cased laterals and
BHUMAaHME HAa [NIYOUHBI MY(PT XBOCTOBHKA U BEIONPATh do not depend on the perforation method (abrasive
UHTEPBAIBI IIEPPOpALUU C OTXOA0M He MeHee 10 pyToB perforation or jet perforation).

(3 M) ot Mmy(T. Cnupaneodpasueiii n3ru6 'HKT Heo6xonumo
YYMTBHIBATH IIPU IIJIAHMPOBAHUU pacriucanus pe3ku. Hanpumep,  THE FIBER LADEN PROPPANT PLUG

MBI INIAHUPYEM IEPPOPUPOBATH B 12 06IACTAX B UHTEPBAJIE In general as shown by Itibrou T, 2010 design
13 ¢pyToB (4 M), TO ecTb ¢ uHTEpBasoM 1o 0,8 pyTa (0,25 M) of proppant plug should contain some amount of
MeXAY pe3kamy, Ha rnyouHe 11 500 ¢yros (3500 m). Eciin Mbl proppant at 1400 kgPA concentration and fibers with
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e Bhead Pros

CYETYHUKY, TO ntepsble 10 pyTOB

(3 M) MBI BBIOMPAEM TOIIBKO
cnupanb 'HKT 1 yCJI0BHO TOJIBKO
Ha 3 dyTa (1 M) CABUHETCA
KOMITOHOBKA. JIJ151 CHUXKEHU A
PHCKOB U NOBBIIIEHUS
3(pPEKTUBHOCTU METOA
MIPUMEHSICS TPpUEM nepdoparuu

T Cepth-m

B IIIAXMATHOM IIOPAJIKE, TO €CTh
CHA4aJId PE3AJIM KPANHIOK
HUKHIOIO O6JIACTbD, 3ATEM KPAMHIOIO
BEPXHIOIO U T.JI. YAUTHIBASA

MaJIbIF BHYTPEHHUI JUAMETD
XBOCTOBHUKA 3% 10rimMa (96 MMm),
Ja npegynpexaenus npuxsatos 'HKT neckom I'TIIT mexay
06JIACTAMHU IPUMEHSAIACH IIPOMEKYTOUHAS IIPOMBIBKA.

Ha pucynke 7 npusegen npuMep pesku I[TII ¢ Takumu
IIPOMEKYTOYHBIMU IIPOMBIBKAMHU.

intermediate cleanout

OMNCAHWE BO3HUKABLUUX MPOBJIEM
N U3BJIEYEHHbIE YPOKU
HAABJIEHVNE PACKPbITVSA TPELLIVIHbI

IIpu NpOBEAEHUN OOIBIINHCTBA ONEPALUIL OBIIO OTMEUYEHO
MHOBBIIIEHHOE IABJIEHUE PA3BUTUA TPEMUHBL OJJHAKO NIPU
JJIBHEUIIEN IPOKAYKE CIIUTOIO I'eJis BCETAd OTMEYAIOCh
aJICHUE IABJICHUS OOPAOOTKH JJO HOPMAJIbHBIX 3HAYCHUI,
HAOIIOJAEMBIX B BEDTUKAJIBHBIX CKBAXKUHAX. [JAHHOE SABJIEHHE
ObL10 00bsiIcCHEHO JI. BetiepcoMm (1992) N3BUIHUCTOCTBIO
TPEIIMHBL, 4 UMEHHO — PA3BUTUEM HAYAJIbHOU TPEMTUHEL,
MNEPEPACTAIOIIEI B OCHOBHYIO, HATPABJIEHHYIO NTAPAJIIETBHO
CTBOJLY, 4 33TEM IOBOPAYMBAIOIILYIO U PA3PACTAIONMIYIOCS
K4aK BTOPUYHAs TPEIMIUHA B CTOPOHY HAUMEHBIIIETO
COINPOTUBJICHUS. TAKUM 0OPA30M, ITO/IXO/1 K IPOBEACHUIO
I'PTI Taxske 6bLI CKOPPEKTUPOBAH JIJISI MUHUMU3ALUH TAKOT'O
addeKTa IyTEM BBEJCHUS CIIUBAIONIUX JOOABOK BBICOKOM
BA3KOCTH B IPONITAHTHYIO

Pucynox 7 - Pe3ka 6 maxmanmnom nopaoxe ¢ npomerncymounott npomMole Kot
Figure 7 - PRC Fraph showing'Staggered" abrasive perforating with

low viscosity fluid. This ensures that plug will form

at the perfs and isolate the fracture. On some wells

several stages didn’t achieve reliable isolation from
the first time and after investigation the following
reasons were discovered:

* crosslinker additive wasn’t stopped during
pumping of proppant plug resulting in a fluid with
high viscosity, which carried the proppant plug
through the perfs;

* planned proppant concentration wasn't achieved
or was only achieved for short period of time
allowing proppant plug to pass the perfs without
bridging.

Beside those stages with failure of correctly
following proppant plug setting procedure all other
attempts didn’t show problem with isolation of a
fracture.

After an interval is perforatedusing CT abrasive
perforating, a borehole cleanout from the remaining
abrasive material is required asthe remains of the
abrasive material in the horizontal section of lateral }

TTogepxrocmHoe oaenenue, amm 3ampybroe oaenerue, amm Konyenm. nponnanuma xe/m’
MAYKY, CJIEAYIONIYIO CPA3y IOCJIE / Surface pressure, atm / Annaliis pressure, atm / Proppant contentration, kg/n
muHU-TPIT (pucyHOK 8). ITocne /Kmmenm. nponnarnma ra saéoe kz/m Pacxod cmecum’/xz

Bottombole proppant concentration, Rg/ni’ Slurry rote, m’/min

9TOT'O OI'PAHUYCHHC, CBA3AHHOC 500

C U3BUJIUCTOCTBIO, CHUMAETCS, 0
M JaJIbHENIITAA OIIEPALTHA B
npoBoaUTCs, Kak I'PTT 06bI4HOL 400

~
S

BEPTUKAJIBHON CKBA)KUHBL 350

TakuM 0Opa30M, HOBBIIIICHHbBIE 300
JTABJICHUS IPU HATHETATEIBHBIX 250
TECTAaX CBA3AHBI C OCOGEHHOCTIMU 200
Pa3BUTUSA TPEIINHBI B i
TOPU3OHTAIBHBIX OOCAKEHHBIX 50 |'F
CTBOJIAX U HE 3ABUCST OT 100 J\\
crioco6a Bekperrrs (T wmm 50 J
KyMYISTUBHAA Itlepdoparius). 0 W

-“‘--_____——'———-———_

S~ N W KA L & 4 o o

1

1

Bpema,mun / Time, min

MPOITAHTHASA ITPOBKA
C/IOBABJIEHVNEM
PA3JIATAEMOIO BOJIOKHA

Pucynox 8 - I'pagpurx munu-IPIT
} Figure 8 — Injection test and Calibration test plot
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TosepxHocmioe odserue, amm

Surface pressure, atm

—— Konuyenmp. nponnanma xe/m’

Proppant concentration, kg/m’
Konuenmp. nponnanma Ha 3aboe K2/m’
Bottombole proppant concentration xz/m’

3ampybroe oaenerue, amm
Annalus pressure, atm
Pacxoo cmecum’/ mun
Slurry rate, m?/min

Pacxo0 acuoxocmum’/ mun
Fluid rote, m’/min

could be pumped back into the
perforations during the injection
tests. This can cause premature
screen out (Figure 10).

350 30 To minimize that risk, it is
300 IWM‘_R‘* 25 | necessary to:
2501 | |H 1,..,,.,"“ * Perform intermediate cleanout
| 20 quri . .
o _ uring abrasive perforating;
l ! 5 * Increase of gelling agent
e JT concentration for cleanout fluid;
100 | — - - jo * Injection test pumping time should
T__ - J pumping -5
50/ L. 5 be reduced to the time to stabilize the
F o e — 3 1 .
ol | : = - | b ey s - - 9 surface pressure (1-3 min).
e e To avoid premature screen out and

Pucynox9 - IIpumep zpadpura pasmeuseHus npooKu #cudKoCmsio co CAUUKOM

B8bLCOKOTL 63KOCMBIO

Figure 9 - Fracturing plot example with excessive fluid viscosity carrying the plug

B obuieM ciryyae, Kak nokasan T. Utubpoy (2010),

[IPOIITAHTHAS IPOOKA JIO/KHA COIEPKATD HEKOTOPOE

KOJIMYECTBO MPOMIIAHTA B KOHIIEHTpauu 1400 kr Ha M?

SKUJTKOCTU HOCUTEJISI K BOJIOKOH C HU3KOU BA3KOCTBIO

JKMJIKOCTH. DTO FAPaHTUPYET, 4TO POOKA OyJeT

06pPa30BBIBATHCS HA ITEPPOPAITMOHHBIX OTBEPCTUAX U
HM30JIMPOBATH TPENUHBL. Ha HEKOTOPBIX CKBA)KMHAX HE 6b11a
JOCTHUT'HYTA JOCTATOYHASI U30JISITHS IA5KE TIOCTIE TIPOBEACHUS

HECKOJBbKUX cTaaun I'PIT, u vucciemoBaHue BBISIBUIIO
CIIeAyIOUIUE IIPUYHHBI 3TOI'O:

¢ HE ObLIA NPEKpanIicHa 1moJjavad CInuBaTCIIsI BO BPDEMA 3aKAYKU,
YTO IMPHUBECJIO K ITIOBBIINCHUIO BA3KOCTH JKUJIKOCTHU YU BEIHOCY

MPOIITAHTA Yepe3 epOopariOHHbIC OTBEPCTHUS,

* IUIAHUPYEMAs KOHIIEHTPAIUS IPONITAHTA HE ObLIa

JIOCTUT'HYTA WJIH ObLIA JOCTUTHYTA JIMIIb HA KOPOTKOE
BPEMSI, UTO MO3BOJIMJIO IPOMNITAHTY IPOHUKHYTH YEPE3

nnep@OpaIMOHHBIE OTBEPCTUS 6€3 OOPA30BAHHUS IPOOKU.

32 UCKJTIOYEHUEM CJIy4ac€B, IPUBCACHHDBIX BbBIIIC,
C JOIMYICHHBIMA OH_II/I6K2.MI/I, BCC IIpOYHE OIICPpAITN

MO PA3MEMIEHUIO MPONIAHTHBIX TPOOOK OBUIN IPOBEAECHEI

minimize non-productive time and
cost of fracturing treatment, a best
practice of performing injection test
while CT string is in the well was
implemented (described by Yudin,
2012). The Figure 11 shows the plot example of
injection test done while CT string is downhole.

WELLBORE CLEANOUT AFTER
ABRASIVE PERFORATING

CT wellbore cleanout in case of long horizontal
sections has been elaborated extensively and
documented inliterature, M J. Loveland et al, 2005
used a complex system of cleanout which consisted
of four main elements:

» Advanced design and modeling software;

* Specially designed advanced jetting wash nozzle;
* Liquids with better particle transport capacity;

¢ Exclusive solids monitoring system.

Taking into account fiber properties (degrade time
in downhole conditions is 24 hours) and average
operating time for fracturing part of the job (36
hours) there should not be any problems connected
with passing through fiber-enhanced sand plug with
CTwash nozzle.

YCII:IIZIEIJI:CO];CKPHTHH S T%?{mg Pressure, PAnn(bars) XXX, (32164-3218m) Slurry Rale (m’/min) & 100 /egga

c nomomipio I'TIIT za THKT 600

IIPOU3BOJUTCS IPOMBIBKA

CTBOJIA CKBA’KUHBI OT OCTATKOB 500] 2

a6Pa3UBHOI'O MATCPHUATIA, 400 .-

MOCKOJIbKY €I'O OCTATKU B 300 R

T'OPHU30HTAIBHOM YaCTH CTBOJIA 1

MOTYT 6BITh 3aKa4aHbl O6PATHO 200 1 Lﬁ T

yepes nepoparuOHHbIE 100 J 4 - -h- -

OTBEPCTHS BO BpEMS 0 | ll 0
10 30 40 5

HATHETATEIBHOI'O TECTA U BBI3BATD
NPEXAEBPEMEHHOE BBITAICHUE
nponnanTa (pucyHok 10).

J1J11 MUHUMH3A1IUH PUCKOB
HEOOXOIUMO:

Fi,
* BBINIOIHATS NPOMEXKYTOYHBIE wgere remaining a

POMBIBKH BO BpeMs ITIIT. intiation stage
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Time (min)

Pucynox 10 -I'pagpur oasarenusn, Pacxooa #CuoKocmu u KOHueHmpauuu
nponnanma npumunu-I'PII - npumep 610KupPo8anus ocmamxanu adPasuénozo
mamepuana nepPhopanonnbLX OMEePCMUIL 6 MOMEHIN OMKPLUNUA MPEUUHDBL

igure 10 — Minifrac pressure, rate,proppant concentration plot — an example
brasive material blocked the perforation at the fracture
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NEPCMEKTMBO
T Lucoil
CCAT* 711-97
. - 10-10-2012
* VBEJIMYUTD 3arPY3KY T€JUTAHTA /st Acq Panel Plot = Post Job
JKHUJIKOCTH IIPOMBIBKH. — Wellbead Pres — CT Weight
o 1 —— CircPres Total Pump Rate —— Meas Depth
U TECTE Ha IPUEMUCTOCTD 20000 250, : . . : _ / 30000 1500
COKPATUTD BPEMsI 3AKAYKHU 2500 _ Il {as0
JI0 BDEMEHH, TPEGYEMOTO JIJIST 2500l 25 000 Jr00 3
CTAO6UIN3AIMU IOBEPXHOCTHOTO & - 20 000 = 1350 §
nasrerust (1-3 MuH). & 2P0 § 1300 %
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BBE/ICHA IIPAKTHUKA IPOBEJICHU S
HATHETATEJIBHOTO TECTA BO BPEMSI
HaxoxaeHus THKT B ckBaskuHe

(kax ontmcaHo A. FOaunbM (2012)).
Ha pucynke 11 npuseieH rpapuk
HATHETATEJbHOTO TECTA, CICTAHHOTO
B TO BpeMs Kak THKT Haxopurcs

B CKBA)KHHE.

OYUNCTKA CKBAXXWH MOCJIE TN
O IPOMBIBKAX NIPOTSKEHHBIX TOPU3OHTAIBHBIX CKBAKIH
c nomoupio F'HKT BmTEpPaType HAMHUCAHO JOCTATOYHO
MHOTO, BYaCTHOCTH, M. [Ix. JIaBmaug u gp. (2005) npuMeHsin
KOMIIIEKCHYIO CUCTEMY IPOMBIBKU TOPHU3OHTAIBHBIX CKBAXKIH,
COCTOSIBIIYIO U3 YETBIPEX OCHOBHBIX 3JIEMEHTOB:
* COBPEMEHHOE NPOI'PAMMHOE OOECTIEUEHUE IS
MOJIEJIMPOBAHUS U INTAHUPOBAHU S IIPOMBIBKY;
* CHENUATBHO CKOHCTPYHUPOBAHHYIO IIPOMBIBOYHYIO HACA/IKY;
* KU KOCTH C YJIYYIIEHHON CIOCOOHOCTBIO TPAHCIOPTA
YACTHULL;
* CUCTEMY MOHUTOPHUHIA TBEPABIX YACTUI] HA IOBEPXHOCTHU.
Y4auTbIBAA CBOMCTBA BOJIOKHA (BPEMS PA3IOKEHUA B
CKBa’KMHHBIX YCJIOBUAX YCIIOBUAX — 24 9) U CPEJHEE BPEMS
onepariuii I'PII B cocTase paboT (36 9), MOXKHO 3aKJIIOYUTD,
4TO HE JOJIKHO OBITH MPOOJIEM C OECTIPENATCTBEHHBIM
Ppa3pylmIEHUEM BOJIOKOHHO-aPMHUPOBAHHON MTECYaHOU TPOOKU
NPOMBIBOYHOM Hacagkor 'HKT.

OCHOBHbIE PE3YJIbTATbI MPOBEAEHHbBIX PABEOT

IIpeacraBieH ONbIT BHEAPEHUA U AKCILIYATALUN
AJBTEPHATUBHOU TEXHOJIOTUH MHOT'OCTAqUHHOTO ['PI1 B
OOKOBOM T'OPHU30HTAJIBHOM CTBOJIE CKBA’KMHBI, 3aKOHYEHHON
LEMEHTUPOBAHHBIM XBOCTOBUKOM JAUAMETPOM 4 NN
4,5 moriMma, ¢ ucrionb3oBanueM I'TITT Ha THKT 1 BOJIOKOHHO-
APMHUPOBAHHBIX IECYAHBIX TPOOOK AJI51 BDEMEHHON
TUAPOU3OIAUU NHTEPBAIOB I'PIL

XOTs KaXKJbIA U3 3JIEMEHTOB TEXHOJIOT'MYECKOI'O [IUKJIA
PAaHEE TAK WJIM MHAYE IPUMEHSIICS B Poccuu, 061yt moaxo/
U IPUMEHEHME BCEX HAPAOOTOK B €IMHON TEXHOJIOTUIECKON
LIENOYKE ObIJIN BHEAPEHDI BIIEPBLIC.

BpLiy 11osry4eHs! CJIeAYIOMNE PE3YALTATHL:
e Ha xonen1 2012 roja 1o JaHHOH TEXHOJIOTUH 3AKOHYEHO

11 ckBaxxuH, cpeagHee Koan4decTso I'PIT cocraBuiio

3 orepaIuy Ha CKBAKUHY P CPEIHUX TOHHAKAX 60 TOHH

Ha CTAJUIO.

Time — bb:mm.ss

Pucynox 11 - I'padpux naznemamensHozo mecma, COeiaHH0zZ0 6 o 8Ppemsn
xax THKT naxooumcs 6 ckéaxicune

Figure 11 — An example of injection test performed with CT string downbole

SUMMARY
Experienceobtained during the implementation
of multistage fracturing using coiled tubing abrasive
jetting perforation in horizontal laterals (completed
with 4” and 4.5” liner), with fiber-enhanced sand plug
isolation of treated intervals was described.
Although the technology elements were previously
used already in Russia, the general approach and an
integrated technological workflowwas introduced
for the first time. The results can be summarized as
follows:
¢ At the end of 2012 eleven wells were completed
with 3 frac stages on average per well The average
mass of proppant per stage was 30 tons,
A complete cycle of operations took eleven days,
with realistic potential to be reduced to 8—9 days
with time;
All technological requirements for successful
operation were determined;
The selection principles of optimal number of frac
intervals in horizontal liner were determined,
¢ Recommendations on borehole preparation were
made;
¢ Recommendation on running the completion and
cementing the liner were given,
* Lessons learned were recorded.

The autbors thank the company "LUKOIL-Western
Siberia" and Schlumberger for permission to publish
these materials. Personal thanks go to representatives
of LUKOIL-Western Siberia: Zubarev VP,
Golovanyov A.S, Nasibullin N.A. and Chistyakov VV.
Jor their contribution to the organization of the process
and analysis of the effectiveness of the operations,
as well as representatives of Schiumberger: Maxim
Novikouv, Victor Mayer, Sergey Matveev, Anton Ablaev
and Artur Saitov for their invaluable contribution to
the implementation of technology. ©
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TEXHOJJIOT'UH

* JTTOJIHBIN TUKJI IPOBENECHHBIX ONIEPAIAN 3aHI 11 THEN.
B nporiecce HapabOTKU TEXHOJIOTUHU €0 IIPOAOJIKUTEIBHOCTD

IJIAHUPYETCS COKPATUTD JO
BOCBMU —/ICBATU JTHEH.

¢ OnpeieaeHbl BCE TEXHOJIOTUYECKUE TPEOOBAHUS 15

YCIICOIHOTI'O BBITIOJTHCHUW A OTICPAITH .

* PazgpaboTaHa METOANKA BBI6GOPA ONTUMATIBHOTO YHUCIA
nuHTepBanos I'PI 114 ropU30HTAIBHBIX XBOCTOBUKOB.

¢ PeKOMEHIOBAHbBI MEPOIIPUATUA 110 IIOLIOTOBKE CTBOJIA
CKBa)KUHBI, CITyCKY U IEMEHTUPOBAHUIO XBOCTOBHUKA.

¢ [IpeACTaBIeH I€TAIbHBIA 0030 BO3HUKABIINX
TEXHOJIOTMYECKUX OCTIOKHEHUM ¥ METOJLOB UX PA3PEIIECHUA.

Asmopot 6razooapsam xomnanuu OO0 JIVKOHT — 3anaonds
Cubupv» u dIlmombepice» 3a paspeuwuerie onyoauKo6antv
oannvie mamepuanot. [lepcoransHasn 6aa200aprocms
suipaxcaemcs npedcmasumenim xomnaruu <JIVKOHT —
Banaonasn Cubupo» BI1 3ybapesy, AC.I'onosarnésy,

HA. Hacubynnumny u B.B. Qucmaxoey 3a 6Kaa0 6 Op2aru3auuio
MEXHONL02UMECKO20 NPOUECCa U AHAL3 IPPEKMUBHOCIIL
nposeoeHbiIx onepaiiiil, a mardice npeocmasumenim KOMNarnuu
dIlmombepiuce» Marxcumy Hosuxoey, Buxmopy Maepy, Cepzero
Mameeesy, Anmomny Abaaeey uApmypy Caumoes)y 3a HeoueHUMbLI
8K1A0 Ha CMAOUL BHEOPEHUSL 1NeXHOJIO2UL.
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CMNCOK COKPALLEHUIA
B oil volumetric factor, m3/m?

BHST bottomhole static temperature, °C (°F)
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BHP bottomhole pressure, bar (atm)
GOR gas/oil ratio, m3%/m3
h effective reservoir thickness, m
Jd dimensionless productivity
ISP intermediate strength proppant
k permeability of porous media, m> or mD
KgPA kilograms of proppant added, kg/m?
(Pr) average reservoir pressure, atm
i bottomhole flowing pressure, atm (bar)
q fluid production, m?/day
RCP resin-coated proppant
TOPD  tons of oil per day, t/day
TSO tip screenout
TVD true vertical depth, m
v} fluid viscosity, Pa*s

MNEPEBOAHbLIE EANHWLbI B CUCTEMY CA
aT™m x1.013250* E+05 =TMla

Oap x1.0* E+05 =MNa
Oappenb x1.589 873 E-01 =m?
cn x1.0* E-03 =Ma-c
Pyt x3.048* E-01 =M

Gy?  x9.290304*E-02 =m?
¢yr  x2.831685E-02 =m?

°F ("F-32)/1.8 =°C
rannoH x3.785412 E-03 =m3
pyHT x4.535 924 E-01 =Kr
psi x6.894 757 E+00 =«klMa
T x1.0* E+00 =Mr

*Conversion factor is exact.

NOMENCLATURE

B oil volumetric factor, m3/m3

BHST bottomhole static temperature, °C (°F)
BHP bottomhole pressure, bar (atm)

GOR gas/oil ratio, m¥/m?

h effective reservoir thickness, m

Jd dimensionless productivity

ISP intermediate strength proppant

k permeability of porous media, m? or mD
KgPA kilograms of proppant added, kg/m?
(Pr) average reservoir pressure, atm

P bottomhole flowing pressure, atm (bar)
q fluid production, m*/day

RCP resin-coated proppant

TOPD tons of oil per day, t/day

TSO tip screenout

TVD true vertical depth, m

v fluid viscosity, Pa*s

S| Metric Conversion Factors

atm x1.013 250* E+05 =Pa
bar x1.0* E+05 =Pa
bbl x1.589 873 E-01 =m?
cp x1.0* E-03 =Pa-s
ft x3.048* E-01 =m
ft2 x9.290 304* E-02 =m?
ft3 x2.831 685 E-02 =m?
°F (°F-32)/1.8 =°C
gal x3.785 412 E-03 =m?
lbm x4.535 924 E-01 =kg
psi x6.894 757 E+00 =kPa
ton, metric x1.0* E+00 =Mg

*Conwversion factor is exact.



