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€XHOJIOTUH I'UIIPONECKOCTPYHHOI'O BO3JEHUCTBUA

UCIIOJIb3YIOTCA B PA3JIMYHBIX OTPAC/IAX

IIPOMBINUIEHHOCTH YK€ CPABHUTEIBLHO
TNPOAOIKUTENIBHOE BPEMSI.

and jet impact technology has been used in

different sectors of industry for relatively long

period of time. In oil and gas sector, despite
theoretical publications made by Soviet and then

B HEe(TEra30B0OI MPOMBIIUIEHHOCTH, HECMOTPS HA
OYOIHKALTUAIO TEOPETUYECKUX CTATEN IO TEME KAK B
COBETCKOH, 4 3aT€EM POCCUUCKON HAYYHOU CPEZE, B

Russian scientists especially in the foreign trade
press, real life application of this technology has
started just recently. First of all this is attributed to

OCOOEHHOCTH 3aPYOEKHOU CIIEIMAIM3UPOBAHHOM ITPECCE,
PeaAIbHOE IIPUMEHEHUE I'UAPOIECKOCTPYHUHOM TEXHOJIOIUU
HAa4aJIOCh TOJIBKO B HE/IaBHEE BpeMsL. CBSI3aHO 3TO MPEK/IE
BCCT'O C AOCTHKCHUAMU B MCTAJTY PT'UH, ITO3BOIMBIIMMHA
Pa3paboTKy AOCTATOYHO CTOMKUX MATEPUAJIOB 111 have been developed allowing building models,
MNPHUMEHEHUS BO BPEMs IPOBEJIEHH A PAOOT B HE(PTETA30BBIX optimizing performance and predicting the results
CKBaKMHAX. Bosee Toro, B OC/IEIHUE M'O/IbL, C PA3BUTHEM of such works.
MPHUKJIAJHOT'O MPOrPAMMHOI'O OOECIIEYEH NS, TOABUIUCH ISOJET technology developed and introduced
MNPOAYKTHL TTO3BOJIAIOIINE TOCTPOEHUE MOJETIEL, by Trican Well Service Ltd is based on continuous
ONTHUMHU3ALUIO IPUMEHEHMA U NTPEACKA3AHUE PE3YIBTATA operation of the coiled tubing fleet that, besides
MNPOBEJIEHN TAKOT'O BU/1a PabOT. its main work on well completion and bottomhole

Pazpadorannad u BHepeHHas OO0 «I'parikan Besn cleaning, also performs sand jet perforation, and
Cepsuc» rexnonorus ISOJET ocHOBaHAa Ha HENMPEPBIBHON hydraulic fracturing fleet that performs reservoir
pa6ote pnora 'HKT, BEIMOTHAIOMETO TIOMHUMO OCHOBHOH hydraulic fracturing without limitations in terms
PabOoThI IO OCBOEHUIO K HOPMATTU3ALUH 32605 CKBAXKUHBI of proppant weight and other complicating factors.
€Il U THAPOINECKOCTPYHUHYIO epdopanuio, u pinora I'PIT;
BBITOJTHSIONIETO TH/IPABINYECKUI PA3PBIB IJIACTA 6€3 ADVANTAGES OF SAND JET PERFORATION
OrPaHUYEHMI IO MACCE MPOIITAHTA U APYIHUX OCIOKHAIOMIAX At the present time in order to compensate the
(HaAKTOPOB. reduction of base oil production it is necessary

. - to commission wells after drilling in the shortest

MPEMMYLLECTBA TMOPOMNECKOCTPYNHOWU possible time, in the most qualitative manner and
MEPOOPALINN with least possible cost at all stages, including

B Hacrosiiee Bpemst /1711 KOMIICHCAITUH CHHXKEHU I 6a30BOM perforating operations. Sand jet perforation has
JIOOBIYH HE(PTU TPEOYETCSA BBOJ, CKBAXKUH U3 OYpPEHUS B a number of advantages in comparison with
KPAaT4YanIne CPOKH, KAYECTBEHHO U C HAMMEHBIINMU conventional perforation methods that is why it is
3aTPaTaMU Ha BCEX ITAIAX, BK/IIOYAsA [IPOCTPEJIOYHO- becoming more and more popular. They are mainly
B3pbIBHBIE pa60THI (I1BP). 'naponeckocTpyriinas nepgopanus related to the necessity of subsequent reservoir
HE(PTETra30BbIX CKBAKUH 00JIAJIAET PAAOM IIPEUMYIIECTB hydraulic fracturing operation to increase well
IO CPABHEHHIO C TPAJIUITUOHHBIMU Meioiamu [1BP, uTo productivity and also related to higher time and
OOBACHSAET POCT NOMYIAPHOCTHU TAKUX PAOOT B ITOCJIEJHEE success requirements for such works.

the recent achievements in metallurgy that allowed
producing quite strong materials to be used during
sand jet operations in oil and gas wells. Moreover,
over the recent years new software products
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BpeMs. CBA3aHbBI OHU IIPEXK/IE BCETO C HEOOXOJUMOCTBIO
HOCIEAYIOUIErO IPOBEACHUS PAOOT O TUAPOPA3PHIBY IIJIACTA
JUISL yBEJIMYEHUS IPOU3BOAUTEIBHOCTH CKBAKHUH

U YBEJIMYEHUEM TPEOOBAHUI K CPOKAM U YCIEITHOCTH

3TUX PAOOT.

AGpa3sMBHBIE CMECH IPUMEHSIOTCS [T PE3KU
u niepgoparun HKT ¢ BBICOKOH TOYHOCTBIO U
3(pPEKTUBHOCTBHIO, B TOM YHCJIE U IPHU BTOPUYHOM BCKPBITUH
NPOAYKTUBHBIX INIACTOB. OCHOBHAA 34/1a93 BTOPUYHOI'O
BCKPBITHSA — CO3AAHUE TUIPOAUHAMNYECKOMN CBA3U MEXKY
CKBA>KHUHOI U TIJIACTOM 6€3 MOBPEXKICHUS KOJJIEKTOPCKUX
CBOYICTB IIPU3A00MHO 30HBI U 6€3 3HAYUTC/IbHbIX
Jneopmaniyii 06CaJHOM KOJIOHHBI U IIEMEHTHOI'O KAMHSL.
Perienue 3101 33,1241 O6ECIIEUMBAECTCS BBIOOPOM METO/IA
nep@opaiuy, Cpeasl, TUIOPa3Mepa nepgoparopa u
IUVIOTHOCTHU nepdopauuu. [Ipu ruiponecKOCTPyUHON
nepdopannuyu 06pa3oBaHUE KAaHAIA OCYIIECTBIIACTCS 34
CYET THPOMOHUTOPHOTO 3(P(PEKTA BBICOKOCKOPOCTHOI
CTPYH, COACPKAIIECH A0Pa3UBHBIN IIECOK. [IpH TaHHOM
CIOCOOE BCKPBITUSA MPAKTUYECKH UCKITIOYAETCA
OTPHILIATEIBHOE BO3/ICVICTBUE B3PBIBHBIX HATPY30K HA
IUTACT Y HA 9KCIUTYaTAIIMOHHYIO KOJIOHHY, 4 ITOJTy4d€MBIE
OTBEPCTHUSA 3HAYUTEBHO OOJIBIIIE, YEM ITPU UCTIOJIB30BAHUHN
KYMYJISITUBHBIX 32PAI0B IPH AHAJIOTMYHBIX YCIOBUAX
(B IEPBYIO OYEPEND — TUIIOPa3Mep nepgoparopa). I1pu
HOCJIEAYIOEM NTPOBEAcHUN padoT 1o I'PIT 310 03HAvaeT
OTCYTCTBHUE IIPEXKIEBPEMEHHON OCTAHOBKH 3aKA4KH, 4
CJIEOBATENBHO, MOBBIMIEHHUE YCIIEMTHOCTUA PAOOT.

KacarepHO HEO6XOAMOI'O BDEMEHU HA ITePpPOpaLHIO
U OLICHKH 3(PPEKTUBHOCTU I'HJIPOIIECKOCTPYHHOM
nepgopanmu 1o cpaBHEHUIO ¢ ITBP Ha Tpy6ax HEO6XOAUMO
PaccMOTPETD BECh LIMKJI ITPOBEAEHUA PAOOT. Be3yC/I0BHO,
HETIOCPEACTBEHHO HA THPONECKOCTPYUHYIO IEPHOPALTHIO
3aTpaynBacTCs 60bIIE BpeMEHHY, yeM Ha [1BP ¢ B3pbIBHBIMU
WJIN KYMYJIATUBHBIMHA IEP(POPAITUOHHBIMUA CHCTEMAMM.
Opnako nnpumeHeHre THKT o3BOsIET COKPaTUTb BpEMSI Ha
CITYCKO-TIOJTbEMHBIE OINEPALINH, 4 TAKXKE HA CITYCK B CKBAXKHUHY
6€3 IIPEABAPUTENBHOI'O ITTYHIEHMS 10 CPABHEHHIO CO CTAHKOM
KPC. Takke OTCYTCTBYET HEOOXOAUMOCTD B [IPUBJICUCHUN
reopuznydeckor napTuu s IIBP, Tak Kak Bce paboThl
BbINONHAIOTCA Opuraoii THKT. Kpome Toro, orcyTcTBrE
B3PBIBOONACHBIX MATEPHUAJIOB CYHIECTBEHHO CHHUKAET PUCKU,
BO3HMKAIOIIME ITPU HAXOX/IEHHUU UX HA IIJIOMIAKE
U B CKBAKUHE U, COOTBETCTBEHHO, ITOBBIIIAET
06€30IaACHOCTD PabOoT.

B 11€710M MOYKHO YKa3aTh HA TOT (DAKT, YTO CDOK OCBOCHUS,
BKJIIOYAIOIUH ITIOATOTOBKY CKBaXMHbI K ['PIT, mposenenue
I'PIT, mpOMBIBKY CKBA’KMHBI, CITYCK-MOHTaX OLTH ripu
nposeaeHuU I'PIT 10 OOGBIYHOM TEXHOIOIMHU 1J151 CKBAKUH
CTPEMs IJIACTAMH COCTaBAET 30—32 JHA, TOIJA KAK I10
Texnosoruu ISOJET on cocrasiseT 8—12 THETN.

TPEBOBAHUA K XXUOKOCTAM U MATEPUANTAM
TpebOBaAHUS K 3aKAYKE A0PA3UBHBIX CMECEH C BBICOKUMU
pacxogamu yepe3 HKT manoro auaMeTpa, B KOHTEKCTE
JAHHOIM cTaTbu — THKT, orrcansl eine B KoHie 1960-x,
4 IMEHHO B ACTIEKTE TEX 33/1a4, KOTOPBIE BOZHUKAIOT ITPH }

technologies

Abrasive compounds are used for highly-efficient
and highly-precise tube cutting and perforation
including repeated opening of the productive
reservoirs. The main task during repeated reservoir
opening is to create hydrodynamic link between the
well and the reservoir without damaging porosity
and permeability properties of the bottomhole
area and without considerable deformation of the
casing and cement stone. This task is resolved by the
selection of the perforation method, medium, size
and type of the perforator and perforation density.
During sand jet perforation the hole is formed due
to water jet effect produced by high-speed water
stream containing abrasive sand. This perforation
method allows eliminating negative impact of
explosion loads on reservoir and production string
and obtained holes are larger in size than in case of
shaped charge application under similar conditions
(first of all — type and size of perforator). During
the subsequent hydraulic fracturing this means
prevention of premature injection stoppage and,
consequently, increasing success of the operation.

In order to assess the time needed for perforation
and efficiency of sand jet perforation compared
to other perforation methods we need to consider
the whole operation cycle. Certainly, performance
of sand jet perforation requires more time than
perforation with the use of blast or cumulative
(shaped) perforation systems. However, coiled tube
allows reducing tripping time, and, unlike workover
rig, coiled tube can be run into the well without
preliminary well killing. Also there is no necessity
in involvement of a geophysical crew in perforation
operation, as all the works are performed by the
coiled tubing crew. Besides, absence of explosive
materials on the site and in the well reduces related
risks and, consequently, improves the operational
safety.

Generally, we can mention the fact that well
completion time, including well preparation for
hydraulic fracturing, performance of hydraulic
fracturing, well clean out and installation of ESP, for
wells with three formation zones is 30—32 days if
conventional hydraulic fracturing technology is used
and 8—12 days if ISOJET technology is used.

REQUIREMENTS FOR LIQUIDS
AND MATERIALS

Requirements for injection of abrasive slurries
through small-diameter tubes (in the context of this
article — coiled tubing) were described back in late
1960-s, particularly, in terms of the tasks related to
planning of operations in deep wells (more than
6,562 feet) and selection of both carrier fluid and the
abrasive materials to achieve the required properties.
If we analyze in detail fluid stream at different parts
of its way, we can make a conclusion that when fluid }
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IUIAHUPOBAHUU PAO6OT HA INMYOOKUX CKBAKMHAX (bosiee
2000 M) 1 BBIOOPE KAK HECYIIUX JKMIKOCTEMN, TAK U CAMOT'O
A0PA3UBHOIO MATEPUAIA /11 JOCTHKEHUS TPEOGYEMBIX
CBOUCTB. [IpH JIETATTBHOM aHAJIN3E IOTOKA HA PA3ITUYHbBIX the fluid needs to pass through low-pressure hoses
YYACTKAX TYTH 3AKA9YKU MOXKET OBITDH C/IEJIAH BBIBOJ O TOM, where higher viscosity is required to keep the sand
4TO IPU NPOXOXKACHUHM CMECH YEPE3 CMECUTEIBHYIO EMKOCTBD, suspended and then the fluid needs to pass through
HACOCHBIH arperar, TnHuu o6sa3ky, THKT u 3aTrpyoHoe the coiled tube where lower viscosity and friction
HPOCTPAHCTBO CKBAKHUHBI TAPAMETPBI CMECH JTIOJIKHBI reduction under high consumption of injection fluid
COOTBETCTBEHHO PA3IU4aThCs. TaK, CMECh JOMKHA TPOXOAUTD and circulating pressure restrictions are required.
4yepes NIIAHTY HU3KOTO JIABJICHUS, I7I€ HEOOXOIMMA 601ee When the works are performed in horizontal wells,
BBICOKA4 BA3KOCTD JKHUJIKOCTH JIJIA OAAEPKAHUA [IECKA BO where fluid is transported to a coiled tube under low
B3BEILICHHOM COCTOSIHUH, 3aTeM — yepe3 'HKT, circulating pressure, suspending properties of the
I7Ie TPEOYETCS MOHMKEHHAS BA3KOCTb M CHUYKEHUE TPEHUSA carrier fluid become even more critical. Therefore,
IIPYU BBICOKHX PACXOAAX 3aKAYKHN U OI'DAHUYEHUAX 110 carrier fluid shall have pseudoplastic properties
[UPKYJIALMOHHOMY JaBJIEHUIO. [Ipy TpOBEAEHUH PAOOT B ensuring that sand is suspended at all stages of
TOPHU3OHTAJIBHBIX CKBAXKMHAX, I7I€ CMECh TPAHCIIOPTUPYETCS injection process and ensure reduction of friction

B 'HKT npu HU3KOM LUPKYJIAITMOHHOM JIABJICHUH, to maintain the circulating pressure in a coiled tube
VAEPKUBAIOIINE CBOMCTBA HECYIIEN XKUJKOCTU CTAHOBATCS below the threshold limit (usually no more than

ele 0osee KPUTUYHBIMA. TAKUM 06Pa30M, HECYIIAS 4,262 psi). When selecting chemicals to prepare
SKHJIKOCTD JTOJIKHA 001a42Th ICEBAOIIIACTUIYHBIMU carrier fluid it is also necessary to take into account
CBOHCTBAMH, OOECIIEYUBAIOITUMH MTOAJIEPKAHUE IIECKA BO medium temperature parameters both on the
B3BELIEHHOM COCTOSIHUH IIPU NIPOXOKIEHNM BCEX YYACTKOB surface and at the bottomhole.

Ha IIYTH 3aKAYKH, 4 TAKKE CHIDKEHNE TPEHUS 11 KOHTPOJISA As for the abrasive sand, we considered many
LUPKYJIALHUOHHOrO Aasienus B 'HKT Ha yposHe, He options of both proppants of different unit size and
MPEBBIIAIONIEM IPEJETBHBIE 3HAYEHN (OOBIYHO HE 6051EE the ordinary quartz sand. Finally we selected quartz
290 atm). ITpu nogbope XUMPEATEHTOB JJ1A TOTyYEHU A sand of 35—40 unit size as having the best abrasive
HECYIIEN )KUJIKOCTU HEOOXOIUMO TAKKE YUUTHIBATD properties in the context of its application for sand
apamMeTPhl TEMIIEPATYPBI CPEABI KAK HA [IOBEPXHOCTH, jet perforation with the use of coiled tubing and

TAaK 1 HA 3200€ CKBA’KHHBI. available perforator.

B KauecTBE A6PA3UBHOIO [IECKA PACCMATPHUBAJIOCH
MHOKECTBO BAPUAHTOB KAK ITPOMITAHTA PA3TTHYHOI'O
THUIIOPA3MEPA, TAK 1 OOBIYHOI'O KBAPIIEBOT'O [TECKA.

B KOHEYHOM HTOTE BBIOOP OBLII OCTAHOBJIEH HIMEHHO HA
KBapLIEBOM IIECKE C TUITOPA3MEPOM 35—40 KaK 06J1a/1AI0IIEM developed and is currently using a 2.126-inch tool.
JIyYITMMH 40PAa3UBHBIMHM CBOUCTBAMHU B KOHTEKCTE €TO Sand jet perforator is a body made of steel alloy
NPUMEHEHUA IS LIEJIEU THAPOIIECKOCTPYMHON Nepopariuin with three jet nozzles of hard alloy with 120 degree
¢ THKT 1 uMeomuMcs B HAIMYUHU IEPPOPATOPOM. phasing. Jet nozzles are axially spaced 59 inches
apart. When the slurry is pumped through the
nozzles at the rate of 260 1/min the speed

of the jet stream reaches 190 m/sec under the rated
pressure of 3,674 psi. Permissible injection mode
provides for slurry consumption in the range of
230-340 1/min. Recommended time for one cutting
is 12—15 minutes for 4.252-inch liner, in 5.748-inch
string — around 20 minutes.

Generally, bottomhole assembly includes the

passes through the blending unit, pumping unit,
wellhead pipelines, coiled tube and well annular
space, slurry parameters shall differ accordingly. So,

BOTTOMHOLE ASSEMBLY PECULIARITIES

Sand jet perforator is one of the main elements
of the ISOJET technology. Trican Well Service Ltd

OCOBEHHOCTW 3ABONHOWN KOMIMOHOBKHU
I'naponeckoCTpyuHbINA IEPGHOPATOP ABIAECTCA OAHUM U3
OCHOBHBIX 371eMeHTOB TexHosioruu ISOJET. B Hacrosee
Bpems kommanuei Trican Well Service Ltd pazpadoran
U UCTIOIB3YETCS UHCTPYMEHT TUIIOPA3MEPOM 54 MM.
I'uaponeCcKOCTPYUHBIN HEPPOPATOP NPEACTABIAET COOOH
KOPITYC U3 CTAJIBHOTO CIIJIABA C TPeEMS (POPCYHKAMH U3
TBEP/BIX CIIABOB C (pa3upOBKOI 120 rpag. POpCyHKHU

TAKXKE OTCTOAT I10 OCH JIPYT OT APYI'd HA PACCTOAHUU
15 cm. IIpu npokaydke yepes POPCYHKU C pACXOJIOM
260 71/MUH CKOPOCTb CTPpyU gocturaeT 190 m/c mpu

following: coiled tubing adapter, double petal
check valve, mechanical disconnector, hydraulic
centralizer, sand jet perforator, circulation nozzle.

pacyeTHOM JaBiaeHuU 250 aTM. JJOITYCTUMBIH PEXKUM 3aAKAYKHU Maximum bottomhole assembly size is 2.146 inches.
BO BPEMS PAOOTBI IPEyCMATPUBAET PACXO/, IO JKUJKOCTU B
unrepsaie 230-340 j1/MuH. PEKOMEHAYEMOE BPpEMS HA OGHY
pe3Ky cocTasngeT 12—15 MuH 7711 XBOCTOBHKA 108 MM,
B KOJIOHHE 146 MM — OKOJIO 20 MHH.

B nenom komnonoska Hu3a 'HKT npeacrasiser co60rt
caepyroniee: nepexogHuk 'HKT, ABOHBIE IENEeCTKOBBIE

WORKS ON VERTICAL WELLS

For the moment we have conducted more than
80 hydraulic fracturing operations using ISOJET
technology at more than 30 wells of “A” oilfield
in Western Siberia. On average, on each well 3

OOpPATHBIE KJIATIAHBL, MEXAaHUYECKHUH PA3bEAUHUTEID,
TUAPABINYECKU LIEHTPATOP, TN POIIECKOCT PYMHBIH
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hydraulic fracs were done. The sequence of a typical
operation is specified below.



nep@dopaTop, HUPKYIAIUOHHYIO HACAAKY. MaKCHMaJIbHBIN
pa3Mep KOMIIOHOBKU 54,5 MM.

NPOBEAEHUE PABOT
HA BEPTUKAJIbHbIX CKBAXNHAX

Ha cerogusnHug eHb IPOBEJEeHO 60siee 80 onepaiiuil
I'PIT no TexHosnoruu ISOJET Ha 601ee yem 30 CKBaKMHAX
MECTOPOXACHUS «A» 3armagHon Cudupu. B cpegaem
Ha KaXJJOU CKBAXMHE IPOBeAcHO 110 3 I'PIT. ITopsagok
BBITIOJIHEHU A TUITMYHON ONEPALIMU TTPEACTABIIEH
CJIEIYIOMMNM AJITOPUTMOM.

Iepen nposeaeHueM ISOJET Ha CKBAXKUHE U3-TIOJ
o6ypenus 6purajort KPC npon3BognuTCS CIIYCK U ITOCAIKA
makepa (C MPOXOAHBIM OTBEPCTHUEM He MeHee 61 MM) Hal
BEPXHUM I1T1aCTOM. [Ipu IpoBeieHNH pa6oT B 146 KOTOHHE
[IOTPEGYETCs MAKEP C MPOXOAHBIM ceueHueM 62 mm. [Tociie
CIyCKa nmakepa 1 KonoHHb! ['PTT 6puraga KPC geMonTHpYy€ETCA
CO CKBA’KMHBI M OCBOOOXK/IAE€T TEPPUTOPHIO IS PA3MEIICHUSA
Ha KycTe prnotos THKT u I'PIT.

O62a KOMIIJIEKCA TOJIOUBAIOTCA K CKBAXKUHE, U
MIPOU3BOANTCSI MOHTAK OOOPYJOBAHUSA HA YCThE. [
MHOCIEAOBATEIBHOIO IPOBEEHU Nepopanu u I'PIT
TPeOyeTCs Ha KOTTOHHYIO I'OJIOBKY YCTAHOBUTD APMATYPY
I'PIT 1 o60opynosanme T'HKT. 11151 TOro 4To68! BO Bpems I'PIT
HE U3BJIEKATD ITEP(POPATOP HA THOKOU TPYOE MOTHOCTHIO
U3 CKBAKUHBL IIPEAYCMATPUBAETCSA MOHTAXK JIYOPUKATOPA
JUIMHOU OKOJIO 2 M M1y 6710Kk0M [TBO 1 MTHKEKTOPOM.
[Tocie Jero cnepyeT CNyCK B CKBAXKUHY THOKOU TPyObl
(060pYAOBAHHON I'MIPONIECKOCTPYHHBIM ITEP(POPATOPOM),
OTOMBKA U IPUBA3KA K 326010, pa3MelnicHue rnepgoparopa
B MHTEpPBAJIe nepdopanun. [leppopanus mpoBOIUTCA
C IOMOMIBIO THPONECKOCTPYHUHOIO nNepdopaTopa,
3AKPETJIEHHOI'O HAa THOKOM TPYyOE AUAMETPOM 44 MM.

Jlanee mpon3BOAAT TOUYEUHYIO PE3KY KOJIOHHBI B MHTEPBAJIE
1acTa. Bpems 06pa3oBaHus OJHOIO KAHAJIA COCTABIIAET
OKOJIO 20 MUH, pacxof, pabodei :KUAKOCTH — 9—-10 M3,
necka — 800—900 KI. 3arpy3ka reJieoopasyIomero peareHTa
OPOBOJUTCS B KOHIIEHTPpAUK 7 1 HaA 1 M3 )xugkocTu. B cocras
pacTBOpPa BXOAUT TAKXKE CTAOMIN3ATOP IVIMH. B uHTEpBase
OpOBOAUTCS 8—9 pe30K. 32 nepdopaliueit, moce U3BJICYCHHUS
nep@opaTopa U3 CKBAKUHBL, CJIEAYET NPOBEJICHNE
TUAPOPA3PBIBA HA 3TOM ILIACTe. EC/IU B CKBAXKUHE 60J1€€
OIHOIO IJIACTA, TO Ipu npoBeacHuM I'PIT npomnsBoaaT
OTCBIIKY METO/IOM HEZIOIIPOJABKH JJO HEOOXOIUMON
IJIYOHMHBI ¥ IOBTOPSIOT BBIIIENIEPEYUCTIECHHBIE ONIEPAIAN HA
CJIeAYIOMMH N1aCT. [1o OKOHYaHuU nposeaeHus scex I'PIT
Ha cKkBaxUHE (yioToM 'HKT npou3BOAUTCA IPOMBIBKA U
OCBOCHHUE.

NMPOBEAEHUE PABOT
HA TOPN30OHTAJIbHbIX CKBAXWNHAX
Texnonorus ISOJET 6p11a 0onpO60OBaHA TAKXKE HA
TOPU3OHTAJIbHBIX CKBAXKUHAX. [OPU3OHTAIEHAA CKBAXKHMHA X
ObLIA IPOOYPEHA B HAXKEHOBCKOU 3AJIEKU C MAKCUMAJIbHBIM
YIJIOM OTXO/1a OT BEPTUKANIU 82 rpajl. B CKBaXMHY OblIa
CIyIIEHA U OOCAXKEHA IKCILTYaTAlIMOHHAS KOJIOHHA
JuaMeTpoMm 146 mM. B kauecTBe METOA BTOPHYHOTO

BCKPBITHS U OCBOEHU A GbLIO PEIIEHO IPOBECTH }

technologies

Before doing ISOJET on a well coming out of
drilling, a workover crew runs and sets a packer
(with the minimum passageway of 2.402 inches)
above the top reservoir. When working in a
5.748-inch tube string you will need a packer with
2.441-inch passageway. After packer setting and
running a hydraulic fracturing string the workover
crew leaves the location and clears the area for the
coiled tubing and hydraulic fracturing fleets to
deploy.

Both fleets are deployed near the well and
start installing equipment at the wellhead. For
subsequent conduct of perforation and hydraulic
fracturing it is necessary to install fracturing head
and coiled tubing equipment on the casing head.
In order to avoid retrieval of perforator attached
to a coiled tube during hydraulic fracturing,

a 6.562-feet lubricator is installed between the
blowout preventer and injector. This is followed by
running coiled tube into the well (equipped with
sand jet perforator), tagging and placing perforator
in the perforation zone. The perforation is done by a
jet perforator connected to a 1.732-inch coiled tube.

Then the point cutting of the string in the
reservoir interval is performed. Time required to
cut one perforation tunnel is around 20 minutes;
consumption of the carrier fluid is 9-10 m?,
consumption of sand — 800-900 kilograms.
Gel-forming agent is added in the concentration
of 7 liters per 1 m? of carrier fluid. Clay stabilizer is
also added to the slurry. Usually 8-9 cuttings are
done in the interval. After perforator is retrieved
out of the well, hydraulic fracturing is completed
in this reservoir. In case there are more than one
reservoir in the well, backfilling operation is done
by means of underflush to required depth and then
the abovementioned operations are repeated for the
next reservoir. After all fracs have been finished on
the well, coiled tubing fleet performs well clean out
and completion operations.

WORKS ON HORIZONTAL WELLS

ISOJET technology was also tested on the
horizontal wells. Horizontal well X was drilled to the
Bazhenov formation with the maximum deflection
angle of 82 degrees. A 5.748-inch production
string was run into the well and cased. A three-
stage ISOJET hydraulic fracturing was selected as a
method of secondary opening. Coiled tubing was
used at the stage of preparing well for the hydraulic
fracturing, opening the producing formation and
preparation of the next zone as well as during
after-frac bottomhole cleaning and completion
operations. The preparatory stage included wellbore
callipering, coiled tube depth positioning and
correlation with the opening intervals. Sand jet
perforation stage included running coiled tube with
the jet perforator to the required depth, perforation, }
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TEXHOJIOT'NH

WELL BENVIOA

ﬁm

120 ¢ -4
Tpexcragunnbpii I'PIT o Tecm na
npuemucmocms

Texnoaoruu ISOJET. KoMmiieKkc 100 | e & it P - r35

o f \ | 580/mun, I Wl [reemua
T'HKT 65611 324€ICTBOBAH \ Pyem = 280 amm, \ 1\ B 15
Ha CTAJUAX IIOAT'OTOBKH | V=4Mm. | \| nocne rrri.

I'PII 80 — -’ Injectivity test 6004/ paur, Pyem = |~
CKBa>KUTHBI TIOJ, , BCKPBITHSI | béfore sand et 280 amm, V=61, Los

| perforation. Injectivity test after
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BKJIFOYAJ1A MA6JOHUPOBAHUE 20 | N
CTBOJIA CKBAKHUHBIL, TPUBSI3KY \41“““‘ .05
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KOPPEJIAITUIO UHTEPBATIOB 1aboa 0:36 1al24 02 o000 t
BCKPBITUA. CTaIUA TPOBEACHU S 20
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TUAPOIIECKOCTPYHHONU
nep@opanun COCTOAIA U3
cycka 'HKT ¢ nepdopatopom
J1O 32/TAHHO ITTyOUHBI,
pOBEIcHUA ITEpPOPAIINH,
OYNCTKHU UHTEPBAIA
nep@opanuy OT U3THIIKOB
MECKA, IPOBEIECHUSA TECTA HA
IIPUCMUCTOCTD U TIOAHATHUSA

on a vertical well

I'HKT Ha noBepxHOCTH g nposegenus I'PIT, criycka THKT
JUIA ONIPEAEIIEHUS TEKYIIETO 326051 U HOPMAJIU3ALIUHU T10

HEOOXOANMOCTH, F'H/IPOIIECKOCTPYHHOM nnepdopanuu

CJICAYIOIICTO MHTCPBAJIA. Cragus HOPMAJIN3ALITNH 1 OCBOCHHA

nocie I'PIT Bkito4asia (pruHAIbHYIO HOPMATU3ALUIO

BecI'T, monn / C'T weight, tons

Yemuwesoe oaenenue u oasnenue manoo sampyoa, Mpa
Wellbead pressure and annular pressure, MPa

Pacxo0 npomsie0uroti acuorxocmu, i/mur'100

Washing fluid consumption, l/min’100

I'nyouna cnyckalT, km /CT running depth, Rm

Cropocms CIIO m/mur ™ 10
Tripping velocity, m/min"10
Hupryaayuornroe oasrerue, Mpa
Circulation pressure, MPa

Pacxo0 azoma, m>/mur

Nitrogen consumption, m>/min

Pucynox 1- IIposeedenue I'lIlI c THKT na 6epmukansioil ckéanicune
Figure 1- Performance of sand jet perforation with the use of coiled tubing

cleaning perforation interval of surplus sand,
performance of the injectivity test and retrieval of the
coiled tube to perform hydraulic fracturing, running
the coiled tube to identify the current bottomhole
and clean it out if necessary, performance of sand

BCETO TOPHU3OHTAJIBHOI'O CTBOJIA CKBA’KHMHBI JIO ITTYOUHBI
HUCKYCCTBEHHOTI'O 320051, OCBOEHHNE CKBAXKUHBI 3aKAYKOI
430T4, BBIBOJ] CKBA’KUHBI HA PEKMM (POHTAHUPOBAHU A ITOCIIE
BBIXO/14 HE3AKPEIJIEHHOI'O NPOMITAHTA U Kuakocren I'PIT u3

jet perforation of the next interval. After-frac clean
out and completion stage includes cleaning the
whole horizontal leg length to the plugback depth,
well completion by nitrogen injection, bringing the

IPpU3a00HHON 30HBI.
Crazys TOATOTOBKY CKBA’KMHBI BKJIIOYA/IA
1a6JIOHUPOBAHUE CKBAXKUHBI U IIPUBS3KY I10 INTYyOUHE

3206041 J7151 BCKPBITUSA I171aCTa. [71y6rHa 326051 CKBAKHUHBI

ObL1a onipegesieHa metogaMu I'MIC BO BpeMs IPOBEICHU S

pa6oT KPC 1 yCTaHOBIJIEHA B KAYECTBE pe(PEPEHCHOM
JUISL KOoppensaunu uaTepsana cinycka FHKT. ITocne

1a6JIOHUPOBAHMS CTBOJIA CKBAKUHBIL U crniycka 'HKT o

pedepeHCHOI ITTyOUHBI JIEKTPOHHBIN U MEXAHUYECKU
Jaruuky 171yorHbl THKT Obli1v BBICTABIEHBI HA 34JJAHHOE

3HaueHue. 3atem ObL1 poussescH nogbem F'HKT no

IJIYOUHBI IIEPBOI'O MHTEPBAJIA BCKPBITH S, U HA TPyOE Obli1a
IIOCTABJICHA IEPBAsI [IBETHASI METKA. VICXO/51 U3 TOT'O, UYTO

I'HKT umeeT OCTATOYHBIN U3TUO U ITPU KAXK/IOM JIBHDKEHU N

TPYObI METKA HA [IOBEPXHOCTH MOJKET HE COBIIA/IATD C

OIIPEAEIEHHON INTyOUHOH, CITYCKO-IIOJUbEMHBIE OIIEPALIUU

BO BpEMSI KOPPEIALINY 1 IPUBA3KH UHTEPBAJIA, 4 3aTEM U BO

BPEMSI PA3MEIIEHUS I'UJIPONIECKOCTPYHHOIO HHCTPYMEHTA

CTPOrO OrPAHUYEHBI ¥ IIPOBOAATCS TOJIBKO B HAIIPABICHUN
OT MAKCUMAJIbBHOU I7TyOUHBI K YCTBIO. CXOXKHUM METOJIOM
ObLIa IPOM3BECHA KOPPEIALIMS U IIPUBA3KA BCEX TPEX

MHTEPBAJIOB.

Cra/iust BTOPUYHOT'O BCKPBITHSI METO/IOM
I'H/IPOIIECKOCTPYIHHOI epdopariuu 6bU1a POBEICHA
B CiIeAyIOmmeM nopsiake. Ilepdoparop 6bla pasmenicH
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well to the flowing regime after emersion of unfixed
proppant and frac fluids from the bottomhole zone
to the surface.

The preparatory stage included callipering and
coiled tube depth positioning to open the formation.
The bollomhole depth was identified by logging
during workover operations and this depth was
taken as a reference to correlate the interval where a
coiled tube shall be run to. After wellbore callipering
and running a coiled tube to the reference depth,
designed values were set on the coiled tube’s
mechanical and electronic depth sensors. Then the
coiled tube was pulled up to the first opening interval
and a first color mark was made on the tube. Taking
into account the fact that a coiled tube has a residual
bend and after each tube trip the color mark may
not coincide with the necessary depth, there isa
strict restriction on tube tripping both during depth
positioning and correlation and during jet perforator
placement, and such tripping shall be done only
from the maximum depth to the wellhead. Depth
positioning and correlation for all the three intervals
was done in a similar way.

The stage of secondary opening by jet perforation
was conducted in the following sequence. Perforator



H2 32/ITAHHOI [Ty6uHe 2960 M cormacHo meTke Ha THKT.
YCTaHOBJIEHA 3AKAYKA I'€JIUPOBAHHOU KUJIKOCTHU C
pacxonom 150 j1/muH piis 3amenieHust oobema F'HKT. 3atem
pacxo/ No KUJIKOCTH OBbLI YBEIHUYEH A0 230 J1/MUH, 1 ObLIA
MPOUBBEAECHA 3aKA4KA A6PA3UBHOM CMECH C 3aTPY3KOI ITECKA
TUNOPa3MepoM 35—40 B KoHLIeHTpauu 120 krHa 1 M3
HECYILEN )KUIKOCTU B TedyeHue 20 MUH. BO BpeMs 3aKauKu
LUPKYIAIUOHHOE JJABJIEHUE HAXOAUIOCh HA YDOBHE
270-290 atm n1pu Bappupyowmemcs pacxozge 230-340 j1/MuH.
[Tocne aToro npoussegeHo npunogustue THKT Ha

15 cM, 1 6BLJI2 TPOU3BEEHA BTOPAS CEPUS TEP(POPALTUOHHBIX
OTBEPCTUH, 4 3ATEM TPETHSI CEPUSI B TAKOM K€ MOPSIJIKE.
TakuM 06pa30oM, IPOU3BEECHO 9 Tep(POPAITMOHHBIX
OTBEPCTUU HA UHTEPBAJ C (PA3UPOBKOU 120 rpaj. B
uHTepsaie 45 cM. ITocne nposeieHus nepopanumu
UHTEPBAJ ObIJI HOPMAIU30BAH OT 40PA3UBHOI'O IECKA,

u 'HKT 6bU1a NOIHATA HA TIOBEPXHOCTD JJI5I IIEPEXO/IA K
craguu I'PIT.

ITocne 3asepienys I'PIT Ha 3Tanie NPpOAaBKU YaCTh
NPOMNNAHTA ObLJIA OCTABJIEHA B CTBOJIE CKBAYKUHBI B 11EJISIX
U3O0JIIMH UHTEPBAIA JJIs1 IPOBEACHUS CIEAYIOIECH
CTaA1u padboT. HenocpeICTBEHHO Nepe/] IMPOBEAECHUEM
TUJPOINIECKOCTPYHHON EPHOPALIH CIAEAYIOMIETO
UHTEPBAIA IPOU3BEACHA 3AKAYKA JIONOTHUTEIBHOM
THOPLWH IIECKA 1151 yCUJIEHHU I U30JII1IUH UHTEPBAJIA.
Craausi BTODUYHOI'O BCKPBITUS HA BTOPOM U TPETHEM
UHTEPBAIAX ObLIA IIPOU3BE/ICHA AHAJIOTUYHO OITUCAHHOMY
BBIIIIE ITPO1IECCY. CTBOJI CKBAKEHBI ObLJII HOPMAJIN30BAH,

U IIPOBEJICHO OCBOEHHUE 430TOM JI0 OIPE/ICTICHHBIX
TEXHUYECKUM 32JaHUEM NAPAMETPOB. CKBA’KHMHA BBIBE/ICHA
B PEXUM (DOHTAHHUPOBAHUSL.

3AKJTIOYEHUE
Texnomnorus ISOJET o3Bos€T NPOBOJUTH HENTPEPLIBHBIHN
LIMKJI [IOJATOTOBKU CKBAKUHBL: BCKpbITHE I1acTa — ['PIT —
ocBoenue komiekcamu I'PIT v T'HKT 1 u30erats 3a/IEpskKu
IIPU BBOZE CKBAKUHBI B 9KCIUIYATALUIO. JJOCTOMHCTBAMU
TexHosnoruu ISOJET saBasitoTcst:
* OTCYTCTBHE MAHHUITYJIALIUM C IAKEPOM, T.K. 'O IOCAKA
OCYIIECTBJIACTCS OAHH PA3 BIIIE CAMOI'O BEPXHETO IIJIACTA;
IIPOLECC NEPQPOPALTUU 3AaHUMAET HE3HAYUTEIBHOE BPEMSI,
* BCE OCHOBHBIC pAOOTHI BBIIOIHSIOTCS OHON KOMITAHUCH —
OOO <«Tparikan Bemn CepBUC»;
* HET OrpaHuYeHUIt o macce I'PIT 1 (ppakyusaM NIPOIIIAHTA.
IIposeaeHue paboT 1o TeXHOoAOruu ISOJET BO3MOXKHO
MNPAaKTHUYECKH B JIIOOBIX CKBA’KMHAX: OOJIbIIIASI KPDUBHU3HA
CKBa’KHMHDI, HAJIMYME XBOCTOBUKA (114 nnn 102 Mm) uinu
OTCYTCTBHE YCUJIIEHHON IKCILTYATAITMOHHON KOJIOHHBI
(rpynna npo4YHOCTH E) HE ABIAAIOTCA IPENATCTBUEM 14
ucnonb3oBaHus rexnonoruu ISOJET.
IMpumenenue ISOJET noka3ano cBOO 3(P(PEKTUBHOCTD
B CKBAKMHAX, ITI€ HEOOXOAMMO BCKPBITHE HECKOIBKHUX
IUTACTOB (OCOOGEHHO NPH HATMYUH MHOXKXECTBA ITPOILJIACTKOB),
KOTOPBIE HY>KHO NOABEPIHyTh ['PIT1 110 OTAE/IBHOCTH, A TAKXKE
I7I€ HECKOJIBKO ITOCJIENOBATENBHBIX onepanuii I'PI1 no3sonar
OB60NTHCHh MEHBIIIEN MACCOIM IPONITAHTA, TAK KAK OH HE
TPATUTCA HA PACK/IMHUBAHMNE ITIMHHUCTBIX IIEPEMBIYEK,
4 pa3MEIAETCA TOJIbKO B MHTEPECYIOMIUX 30HAX.

technologies

was placed at the designed depth of 9,711 feet
according to the color mark on a coiled tube. Gelled
fluid was injected at the rate of 150 1/min to fill in the
volume of a coiled tube. Then the consumption was
increased to 230 1/min, and the 35—40 sized sand
was added into the fluid in the concentration of 120
kilograms of sand per 1 m? of carrier fluid. Injection
of the abrasive slurry lasted for 20 minutes. During
injection the circulating pressure was at the level

of 3,968-4,262 psi with fluid consumption varying
from 230 to 340 I/min. After that coiled tube was
pulled up by 15 centimeters and the second interval
was perforated, and then the third one was done in
the same manner. Therefore, 9 perforation holes were
made per interval with 120 degree phasing within
the interval of 45 cm. After perforation the whole
interval was cleaned of the abrasive sand and the
coiled tube was pulled out to proceed with hydraulic
fracturing,

After the conduct of fracturing, at the squeeze
stage, part of the proppant was left in the wellbore for
the purpose of interval isolation to perform the next
stage of works. Just before sand jet perforation of the
next interval, additional portion of sand was injected
to reinforce isolation of the interval. Opening of
the second and the third intervals was performed
similar to the process described above. Wellbore was
cleaned; nitrogen completion was done to achieve
the parameters specified in the terms of reference.
The well was brought to the flowing regime.

CONCLUSION

ISOJET technology allows performing a continuous
cycle of well preparation: formation opening-
hydraulic fracturing-completion with hydraulic
fracturing and coiled tubing fleets, and avoiding
delay in well commissioning. The main advantages of
the ISOJET technology are as follows:

» No additional manipulations with a packer,
because packer is set above the top reservoir

only once.

* Perforation takes relatively little time.

 All the main operations are performed by one
company — Trican Well Service Ltd.

* There are no restrictions in terms of proppant
weight and size.

ISOJET technology can be applied in almost all
wells: great well curvature, presence of liner (4.488
or 4.016 inches) or absence of reinforced production
string (E grade) — these are not restrictions for ISOJET
application.

ISOJET proved its efficiency in the wells where
several formations need to be opened (especially if
there are a lot of interlayers) and fractured separately,
aswell as in the wells where several subsequent
frac operations will allow reducing the amount of
proppant used since it will not wasted for propping
shale streaks but located only in the zones of interest.
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