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AHHOTAILIHA

Texnonozus cosoanus kananos 6 mpeuune I'Pl1 ¢
meueHuem Y2ie6000p00a 1o KAHAaLY BMECNO NPUBLIUHOLL
punempari uepe3 nopucmyro HaAbUsK)y UsMeHAem
ycmosguieecsa npeocmaesnerue o Poi npoeooOUMOCHILL
npoOnNnNarmHoO navKu. B 0CHO8e HOBOLL INeXHONO2ULL JIeHCAIN
uemblpe OCHOBHbLX KOMINOHCHINA:

1) nooawa nponnanma OJ1A 3ameca Ha 1o6ePXHOCHIL
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MOOUPUUUDPOBAHIUIO TNEXHOSL02UHECI020 0O0DYO0BAHILA
U NPOZPAMMHOZ0 00CCNeHUCHUSL;

2) 0cobbLIl 1OOX00 8 NPOEKMUPOBAHUL U BbIITOTIHEHUL
nepgoparu;

3) UCNONB30BAMUE BOSIOKOHHBLX MOOUPUKAINOPOE
peosnozuit HcuoKocmit 0715 00ecneeHius 6PemMeHHOLL

U NPOCMPAHCIMEEHHOLL CMAOUNBHOCITIU KAHA06;

4) pacwemnan mooens 018 ONMUMUSAUUL 2e0MeMPULL

KAaHAN08.

Tuopopaspois ¢ cozoanuem Karanio6 Havudal
npumeramscs 6 Poccuu 6 2008 200y 8 paAmKax noaesulx
UCNBIMAHULL 8 MECHOM COMPYOHUHUECINGE MENCOY
KOANCKIMUBAMU 1POUSE00CMBEHHUKOS U PA3PAOOMHUUKOE.

Zlnsa nocmpoenus HaoexncHoll 2e0Mexanudeckoil mooen

U ONMUMUSAUULU 2OMCINPULL TPONTIAHIMHBLX CINPYKNYD
06l nposeder HeOOXO0OUMbLLL KOMNICKC PAdOont 1o
2e0PU3UECKOM) UCCACO0BAHUIO CKBANICUNH-KAHOUOAINOB.
Bancroim pe3yismamom nepeslx UCnblnaruli A6.14emcs
coxparenie CO30aHHOL KAHANLHOLL CMPYKMYPoL 6
00.7120cpounoil nepcnexmiuse. O6padbomarHvLe CKEANCUHbL
0eMOHCMPUPYION CINAOUNILHBLE 0COUMBL)IHCe 8 IMeUEeHUE
uemoipex.nem. Ha ce2oonaumuil oems 6 Poccuu 8b11n011eHo
oonee 90 I'PII ¢ co30aruem Kamdaios npu nostHoM

OMCYmMCcmeuL npescoespemerHHoll OCmarHosKi padomo.

(«cmonoe»). Kpaitre Hu3KUil PUCK «Cmona» CiaJl OOHUM U3

CAMBLX BANCHBLX PEUMYULECING 1020 MeI00d: € OOHOLL

CIMOPOHbL, BOTOKOHHbLE 000ABKL CYULCCINECHHO VL) HULAION]

MPAHCNOPMHBLE CBOLICINGA HCUOKOCMIL 2UOPOPA3PLIEA

npu neperoce nponnarma, da, ¢ Opyzoit CmopoHbLl, Ha u4ue

ABSTRACT

Channel fracturing technique changes the concept
of proppant fracture conductivity generation
by enabling hydrocarbons to flow through open
channels instead of the proppant pack. The new
technique is based on four main components:
proppant pulsing at surface with fracturing
equipment and software, a special perforation
strategy, fibrous material lo deliver stable channels,
and a set of models to optimize channels geomelry.

Channel fracturing in Russia’s oil fields began in
2008 as field testing operations in tight collaboration
with the development team. Full-suite logs provided
geomechanical models and ensured fracture
chanmnels optimization. An important result of those
[irst treatments was long-term channels stability. The
treated wells continue to show stable productivity
over a four-year period.As of todeay, more than 90
channel fracturing treatments bave been pumped in
Russia with no screen-outs.Avery low screenout risk
bas become one of the most important advaniages
of the technology; the fibers make fluid more stable
while the presence of clean pulses around proppant
Structures ensure bridging-free flow.As the channel’s
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NOPULULL HCUOKOCTIU O3 1TPONNAHING CROCOOCMBYen
npexpauieriuIo Yeeaure s pasmepa nponnanimmbLx
nPoOOK U ux dasbHetiuemy paspyuieriro. I1ockonsK)
1POBOOUMOCIIL KAHAILHOLL CMPDYKNTY oL TPAKIMUYECKU
e 3a8UCU OM Pamepa 3epra PACKAUHUBAIOULe20
azenma, PuKCUPyIou,e20 Karaiol 6 OMKpbLNoOM
cocmosHuLL, 00PAOOMKU MOICHO BbINOSIHAMD, UCHOTIL3) A
MENKO3ePHUCIbLE NPonNarmaL ¢ pasmepom 3epra 20,40
unu 16/20 emecmo 12/18,uwmo marice CHUICAem puck
BO3HUKHOBCHUA «CIMONCL».

I'PI1 ¢ co30aHuem Kamnanos 6 KOMOUHayuL ¢ abpasueHotrl
necxocmpyiiHoti nepgopaueri npoOeMOoHCmMPUpPOBaL C80I0
aAPhPpexmusrocms 014 MHO2ONJACINOBHLLX MECIMOPONCOCHU.
Taxasn mexHuKa 3aKaniusanus 2aparmupyen
HeobXx00UMOe PachnpeoeneHie nPUeMUCmocniu Menco)
nepPoparuorHHbIMIU 2DYNNAMU /L1 O0PA3OBAHIA
3a0anHOLL 20MeMPULL KAMHATIO08, d MAKIce 00ecneuusaen
becnpensamcmeenioe npoxoNcoeHue nponnanma 4epes
nepgoparuorbie Omeepcmusl.

Texnonozusa I'PII ¢ co30anuem Kamnaioe A6AAemcsl
0eticmeerHblM CHOCOOOM YBENUMUINDG NOJYONUHY
mpeujurbL npu yeeaudeHuU 0ouye2o 0osema padomeol.
Boi/10 661n0/1He1H0 SHAUUIMENbHOE KOAUMECINBO MAKUX
pabom c maccoll nponnanma, PasHolmacce nponnanimd
8 00bIM1OIL pabome. B pe3yiomame co30amvl Karaibl
bosbieri ONUHBL 1 OOCIUH)YMbL O0NbULLLE 0eOUMbL 8
HePMAHBLX NIACMAX HUSKOU nporuyaemocmu (1-3 m/).
Ananuzupys 000611y NPOCIMUMYNIUDOBAHHBLX CKEANCUN 6
NAMIU PASTUMHBLX DE2UOHAX, ObLNUL HALIOCHbL KOPPeAAL UL
MENHCOY NPUPOCINOM 00U MO CPABHEHUIO C OOLIMHBIM
I'PITu 3naveruem i npooyxmuero20 Heghmsanozo
naacma: wem eviude ik, mem 6ojiee sSHauumesoHo
npeumyuecmeo Karaioio2o I'Pl1

BBEJEHWE

I'uIpOpas3peIB IJ1ACTA B 3a11aiHOU Cubupuy, 6€3yCI0BHO,
ABJIAETCS Han6bo0see 3(PPEKTUBHBIM METOJOM
YBEJIMUYEHUA JOObIYM HEPTU. BOJIbIIASA 4aCTh HEOKOMCKHUX
3aJIeKeN B parione Hedrerorancka o61a1aloT HU3KOU
NPOHULIAEMOCTBIO (1-3 M/I) 1 BBICOKO CJIOUCTOM
HEOJHOPONHOCTHIO. [IpHOGCKOE MECTOPOXKACHUE, OTHO
U3 CAMBIX OOJIBIIUX HEPTAHBIX MECTOPOXKECHUI B
MHUPE, MOKHO PACCMATPUBATD B KAYECTBE TUIIUYHOI'O
IpUMEPA AJI51 ITOTO paroHd. IO6EIYa HA 3TOM F'UT'AHTCKOM
MECTOPOXKAECHUM BEAETCA U3 TPEX IIPOAYKTUBHBIX
m1acToB — AC12, AC11 1 AC10, nX CBOMCTBA IIPUBEJICHDI B
Ta6J1. 1. BO MHOT'HIX CJTy4asgX CKBA’KHHBI SKCILUIYATHPYIOT
Cpa3y HECKOJIBKO ILIACTOB. IIlnpokoMacmrabHoe
UCIIOJIb30BAHUE I'U/IPOPA3PHIBA /I MHTEHCU(PUKALTIHN
NPUTOKA HAYAJIOCH € 2002 roga. icTopus afanTaiuu
nusariaa I'PIT onmrcana TUMOHOBBIM C KOJIJIETAMU
(2006 rox) u HukurunsiM ¢ kosuieramu (2007 rog).
[IpHUO6BCKOE MECTOPOXKIEHUE BCEITA ObLIIO OCHOBHBIM
MOJIMTOHOM JiJIs1 AIIPOOAIIMU HOBBIX TEXHOJIOI' U 1O
IPUYHHE XOPOUIEN N3YYEHHOCTU: IIOJTHOOO'bEMHBIN
koMIuiekc I'MC, oT60op KepHA, UCCIENOBAHUSA
I€OMEXAHNYECKUX CBOMCTB U U3MEPEHUA T€OMETPUU
TPEIIWH OBLIN BBIIIOJTHEHBI B IECATKAX CKBAKHUH.
OTIIMYUTENBHON OCOOEHHOCTHIO BBIIIEYKA3aHHBIX
MJ1ACTOB (HEOKOMA) SABJISIETCSI HU3KAs1 OOBOAHEHHOCTD,
MO3TOMY YBEJINYEHHE BBICOTHI TPpeImMHbI ['PIT, Kak
MPAaBUJIO, HE IPUBOJUT K ITOBBIIIEHUIO COJAEPKAHNA BOJIbI
B JIOOBIBAEMOH IIJIACTOBOM XKUJKOCTU. TAKUM 06PA30M,

conductivity does not depend on proppant size to
bold channels open, treatments can be performed
with smaller proppants (20/40 or 16/20 mesh)
instead of larger proppants (12/18 mesh) that bave
an increased risk of screenout.

In combination with abrasive jetting perforations,
chanmnel fracturing has proven to be an efficient
stimulation solution for Russia’s multi-layered
reservoirs. This completion technique ensures proper
Slow distribution into perforation clusters according
to the chanmnel’s specific requirements.

It also allows reliable proppant admitiance through
Jetted caverns.

Channel fracturing increases the effective half-
length with increased treatment size.A considerable
number of channel fracturing jobs with proppant
mass equal to standard fracturing designs
bave been performed — significantly increasing
chanmneled length and providing better production
in low permeability (1 to 3 mD) oil reservoirs.
Based on production analysis of stimulated wells
in five different areas, a correlation between
incremental channel fracturing productivity over
the conventional stimulation technique and kH
value of the formation can be made: the bigher the
RkH the more significant the advantage of the channel
Jracturing is in oil wells.
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INTRODUCTION

Hydraulic fracturing in western Siberia is by
far most effective method of oil production
enhancement. Majority of the Neocomian
formations have low permeability (1-3 mD) and
high lamination in the fields around Nefteyugansk
City. Priobskoe Field, one of the world’s largest
conventional oil fields is a representative sample
for the area. This giant field produces from
three formations — AS12, AS11 and AS10, whose
properties are shown in the Table 1. Many wells
have simultaneous production from several
intervals in which massive hydraulic fracturing
treatments were placed since 2002 to maximize
production. A history of the propped fracturing
designs evolution was written by Timonov et al.
2006 and Nikitin et al. 2007. Priobskoe was always
a primary target for new stimulation technologies,
since it is relatively well-studied; full-suite logs,
core analysis, gecomechanics studies and fracture
geometry measurements are available for dozens
of wells. Another feature of the formations is low
water contents. Since this significantly lowers the
risk of the fracture growing into a water zone,
the optimum fracture design can be modeled
without restrictions on the treatment size and
proppant concentration. Several iterations in the
optimization process were made with various new
technologies that deliver longer fractures, cleaner
proppant packs and better fluids.

As a next step in the evolution of the optimization
process, channel fracturing was field tested in
2008 with the goal of testing its applicability
and to further improve on its delivery. Channel
fracturing is based on the concept that allows P
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MAaKCUMAJIbHBIH OObEM PpaOOTHl U MAKCUMAJIbHAS
KOHIEHTPAIUS HE SBJISIIOTCS OIPAHUYHNBAIOIIUMU
daKTOpaAMHU JJ1 JOCTUXKEHUS OIITUMAJIBHOT'O IN3aHA
IIPU IPOEKTUPOBAHUU PAOOTHL. BbIIIO COBEPIIEHO
HECKOJIBKO HIATOB /151 OITUMHU3AL N PE3YIBTATOB
TUJPOPA3PHIBA ITyTEM UCIIOIBb30BAHUS Ps1Jd HOBBIX
TEXHOJIOTHH JIJIs1 CO3/1aHMS 60JIe€ IMHHOMN TPEIIUHBI,
JAIOIIMX JIyYIIYIO OUHUCTKY IIPOMITAHTHOM ITAYKU U
60J1€€ BBICOKOE KA4ECTBO XKUJKOCTU I'NPOPA3PHIBA.

hydrocarbon flow inside the fracture through

open channels between propping pillars. Open
channels are obtained by pulsing proppant on
surface in conjunction with specialized equipment
and fibers which creates heterogeneous proppant
placement. Fibers are necessary to prevent proppant
settling during placement and closure. As a result,
unpropped, interconnected spaces remain thatare
stable and open for flow. Conductivity of the

Table 1 — Average Properties of the Priobskoe Field

Tab6auya 1 — Ocpeonennvie c60licmea naacmos IIPuoo6cKozo mecmopoicoenus

IInacmuwt/ Reservoir Layers

IInacmossie xapaxmepucmuru / Reservoir characteristics

AC10 /AS10 AC11 /AS11 AC12 /AS12
BeprukanpHas orMeTKa / Average TVD, m 2410 2450 2560
Tun komiexkTopa / Type of collector Teppurennbii/Terrigenous
HH mMomHoCTb, M / Average net pay, m 10 12 25
IopucrocTs / Porosity 0.19 0.19 0.18
Hedrenacsimensocts / Oil saturation 0.68 0.70 0.66
IIponuriaemocts, M/JT / Permeability, md 1-3 1-5 1-2
Copeprkanue ruH / Shaliness 0.7 0.6 0.75
Koadd-T pacuneneHHocTH / Scattering coefficient 4 5 10
Temneparypa, °C / Temperature, °C 88 89 93
HauanbHoe faBieHue, at™ / Initial Reservoir pressure, atm 240 248 250
BaskocTs HEDTH, cIT / Oil viscosity ( in-situ conditions), cp 152 1.36 1.36
[110THOCTDL HE(MTH B I yCI0BUAX / In-situ density of oil 0.796 0.775 0.788
IIOTHOCTB HEPTH B IOB-BIX YCI-X / Surface density of oil 0.868 0.866 0.863
Koadd-1 coxumaemocTu / Volume compressibility 1.196 1.229 1.202
CopnepskaHue cepbl ¥ mapacduHOB B HedTH, % / Sulfur, wax - content in oil, % 118 /247 1.25/2.48 118 /252
JlaBneHue HACkIeHUs, aT™ / Bubble point pressure, atm 83 100 100
T'a30BbIl hakTOp, M?/M> / Gas saturation, m?/m? 51 55 49

CJIeIyIOIUM IIAT'OM C LIe/IbIO orrTuMusanuu 'PIT B
2008 rozry 6610 IPOBEJAEHHUE MOJIEBBIX UCIIBITAHUI
Hosoro Metoza I'PI1 ¢ cozmannem KaHaIOB BHYTPH
TPENUHBI, HAXOJJUBIICTOCS B TO BPEMS HA CTA/TUU
HHWOKP. Llesib MUJIOTHOM KAMITAHUM COCTOSJIA B
POBEPKE IPUMECHUMOCTH U B IAJIbHEUIIIEM YITYUIIICHUH
NPOLEIYPHI BBITTOJIHEHUA. [ UIPOPA3PHIB C CO3JAHHUEM
KAaHAJIOB IPEACTABSICT NPHUHITUITHAIBHO HOBBIH MOJIXO/T
CO3JAHUA IPOBOAUMOCTHU TPEMUHBL. OH IPEAIIONAraeT
CO3/JAHUE KAHAJIOB B IIPOIITAHTHOI ITAYKE B TPEIIVHE
I'PTL. TIpu 5TOM BO BpeMs JOOBIYU UMEET MECTO
CBOOOJIHOE TEUEHHE YIVIEBOJOPO/IA TTO KAHATTY BMECTO
pUABTpALINU YEPE3 NPONIIAHTHYIO NAa4YKy. CO34aHNE
OTKPBITBIX KAHAJIOB IOCTUTAETCS TETEPOIr€HHBIM
PAa3MEMEHNEM PACKIMHUBAIONIETO AT'€HTA: IIPOIIAHT
B KUJIKOCTD T'MJIPOPA3PHIBA IOAAETCA HA IIOBEPXHOCTD
HE HEIIPEPBIBHO, 4 ITIOPIUAMH, C UCTIOJIb30BAHHUEM
CHELNAJIBHOIO OOOPYIOBAHUA U BOJIOKOHHBIX JJOOABOK.
Bonokna npeoTBpanmaoT OCEAAHUE ITPOIIUPOBAHHBIX
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channels is significantly increased compared to
a homogenous proppant pack.

Figure 1 provides a visualization of the pillars
distribution, fracture walls bending between
them (left side) and resulting flow channels
(right side).

Fundamentals and mechanisms of channel
fracturing can be found in the first publication by
Gillard et al.,, 2010 and more recent one by Medvedev
et al,, 2013. Case studies from western Siberia can
be found in publications by Kayumov et al., 2012
and Sadykov et al., 2012. This paper will detail a
comprehensive and long-term report on channel
fracturing treatments performed within a four-
year period, starting with its very first steps in field
testing followed by long-term channels stability
study. Finally, the paper will summarize applications
developed locally in Priobskoe, Prirazlonoe and
Malobalykskoe fields.




061aCTEN B XKUJKOCTH MOJ ICHCTBUEM I'DABUTAIIMOHHOI'O
TOJI51 BO BPEMSI 3AKAYKU U 3AKPBITHS TPEIIHUHBL B
pE3yIbTaTE TAKON OOPa6OTKHU B IPOMIIAHTHON ITAYKE
06pPA3YIOTCS HE 3aTIOTHEHHBIE TPONMIAHTOM, COEJUHEHHBIE
MEXAY COO0M OOIACTH, KOTOPBIE OCTAIOTCS OTKPBITBIMU U
CIIY2KAT KAaHAJIAMU JIJI TEKYIIEN *KUIKOCTH. [IpOBOAMMOCTD
ITUX KAHAJIOB CYHICCTBCHHO BBIIIC ITIPOBOAVMOCTHU
OJTHOPOAHOM NPONNAaHTHOM HabuBKu. Ha puc. 1
IPEACTABJICHDBI PE3Y/IbTATHI YUCJICHHOI'O MOJCTIUPOBAHUA
(cnesa) nporuba CTeHOK TpemuHbl IPIT Mex 1y 1ByMs
3aIIOJIHEHHBIMH IPONIAHTOM OOIACTAMH, A TAKKE TCUEHHE
YIVIEBOLOPO/AA IO KaHaJIaM (CIIPABA).

OCHOBBI M MEXAHU3M HOBOT'o MeTojia I'PIT, a Takke
CBEXKUE PE3YIBTATHI IPUMEHEHHUS OITYOJINKOBAHBI B

FIRST STEPS OF CHANNEL
FRACTURING

Research of the formation’s mechanical properties
was conducted with advanced well logging prior to
the start of field testing of channel fracturing using the
correlations between static and dynamic properties
obtained by core analysis. The geomechanics of
Priobskoe field and its importance to fracture
geometry optimization was described by Nadeev et
al, 2012. The most important parameter required to
recognize field trial candidates was the dimensionless
ratio between Young’s modulus and in-situ stress. A
cut-off requirement of greater than 275 for this ratio
was used due to the concept of channel stability in

TECHNOLOGIES

CTaThsX ['M1apaa ¢ KoJaneramu
(2010 ro) u MeaBeneBa C KOIEraMHu
(2013 ron). O6€ my6IMKaAIUU OYECHb
JIETAJIBHBIC, YIIEISIIOT OOIBIIOE
BHUMAHHUE TEXHUYECKOU CTOPOHE
HOBOTI'O METO/I4, 4 TAKXKE 3HAKOMSAT

C PE3YIBTATAMH YHCIEHHOTO
MOJIEIUPOBAHM S, TAOOPATOPHBIX U
TOJIEBBIX UCIIBITAHUH. [Tocnennue
PE3YABTATEI IPUMEHEHNA B 3AI1a/THON
CubnpH IpeICTABICHBI B pab0OTAX

Karomosa ¢ koyuteramu (2012 rog) u
Cazpixosa ¢ kojueramu (2012 rom).

B gaHHOY cTaThe OyZEeT IPEACTABICHA
BCECTOPOHHAA HH(POPMALUA

0 pab0oTax, BBIIIOJHEHHBIX I10
TexHoaoruu I'PI1 ¢ co3panuem KaHaJI0B
B TEYEHHE YETBIPEX JIET, HAUNHAS CO CTAIUU IOJEBBIX
UCIHBITAHNUH, PE3YJIBTATOB UCCIEAOBAHMA JOJATIOBPEMEHHOM
CTAOMJIBHOCTH KAHAJIOB M 3AKAHYUBAA [IEPEJOBBIMU
NPUWIOXKEHUSAMH, PA3PA0OTAHHBIMUA HA MECTHOM YPOBHE
Ha [Iprno6ckom, [Tprupas3toMHOM 1 Mao6aIbIKCKOM
MECTOPOXKACHUSAX.

I'PIT C CO3AAHUEM KAHAJIOB —
[TEPBDIE HTATHA

MexaHu4YeCKHE CBOHCTBA IIACTOBBIX IIOPOJ, ObLIN
IOJIyYEHBI IO HA4AJ14 IIOJIEBBIX UCIIBITAHUN B PE3Y/IBTATE
uHTeprpeTrannuu Komiuiekca I'MC, ¢ uCronb30BaHUEM
KOPPEJIALUH 10 KEPHY MEXKAY CTATUYECKUMU U
JTUHAMUYCCKUMU CBOUCTBAMU. [eomexaHmka IIpruo6Cckoro
MECTOPOXKIEHUA U €€ BAXKHOCTD IS OIITUMU3ALINH
reomeTpuu TpemnHbl [PIT pacKpbIThl HaieeBbIM ¢
xoyuteramu (2010 rox). Hanbosiee BasKHBIM TAPAMETPOM
pu OTOOPE CKBAKUH-KAHIU1aTOB 1o/ I'PIT ¢ co3ganuem
KAHAJIOB ABJIAECTCSA 6€3PA3MEPHOE OTHOMIEHUE MOJYJIS
IOHIa K TOpHOMY JABJICHUIO. DTOT IIAPAMETP JOJIKEH
OBITb >275 B COOTBETCTBUHU C KOHLIETIITUEN YCTOHUYHUBOCTH
KaHAJIOB, COIVIACHO KOTOPOM CTEHKU TPEIIUHDI
JOKHBI 06/1a1ATH IOCTATOYHO JKECTKOCTBIO, YTOOBI
IIPOTUBOCTOATH TOPHOMY JaBJICHUIO. CIIEIUAJIbHOE
MIPOrPAMMHOE OOECIIEYEHHE CO BCTPOEHHBIMH
MEXAHUYECKUMU U TUPOANHAMUYECKUMU MOJAEIAMU
IIPUMEHSJIOCH /I OITUMHU3ALINY PA3MEILECHNA IIPOIIIAHTA
B TPELIUHE, 4 TAKIKE OLIEHKH IIPOBOJAUMOCTH CTPYKTYPBI
KaHaJIoB. Ha puc. 2 npuseseH (parMeHT KapOTAXKHOM

Pucynox 1 - IIponnanmusie cmpysmypast, yoepracusailonjue CimenKu
mpeusunsL Om ROAHO20 CMBIKAHUA (C1e6a) U NOMOK Y21€6000P0006 uepes
cpopmuposannsvie kanaast (cnpasa)

Figure 1 — Proppant pillars and fracture walls bending between them (left)
and oil flow througb the remained channels (right)

which the walls of the fracture must be stiff enough
to withstand closure stresses. Modeling software was
used to optimize the placement of proppant and a
numerical simulator was used to obtain a conductivity
estimate of the treatment based on incorporated
mechanical and hydrodynamic models. Figure 2 shows
a combination of a lithology model together with
geomechanics tracks in the middle which provides
values for the Poisson’s ratio and Young’s modulus of
Well A that was among the first channel fracturing
candidates worldwide.

A fracturing treatment was successfully placed
with 50 tons of 20/40 resin coated proppant (RCP)
transported with a sufficient amount of cross-linked
fluid. Figure 3 shows the interpretation of fracture
height based on sonic anisotropy (left) and provides P
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Pucynox 2 -
Jlumoaozuuecxue u
zeomexanuuecKue
C80Ticmea CKe.
AnnacmACI1

Figure 2 - Litholo,
m%del and &
geomechanical
properties of AS11
Jormation of the Well A
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Figure 3 - Channel fracturing in Well A, geometry

JUATPAMMBI C TIUTOJIOTUEN U T€OMEXAHUYECKUMU
apaMeTPaMU, KOTOPBIE UCIIOIb30BAIUCH JJId PACYETA
xoaddunuenTa Ilyaccona u moayss KOura Cks. A — OJHOTO
U3 IIEPBLIX KAHANUAATOB HA CTUMY/IUPOBaHME MeTOAOM I'PIT
C CO3AHUEM KAHAJIOB.

B xX0oz1€ CTUMYJIALIMY CKBA>KHUHBI B ITACTE JOCTATOYHBIM
06'BEMOM CHIUTOH KUJIKOCTH OBLIIO YCIENTHO PA3MEIICHO
50 TOHH nTponmnaHTa pazmepom 20/40 ¢ pE3MHOBBIM
nokporTueM (RCP). Ha puc. 3 mOKa3aHbI BBICOTA
TPELUHEI (CJIEBA), IIOJIYYEHHAS UHTEPIIPETALIUEH
JIAHHBIX AKYCTUYECKON aHU30TPOIINH, 4 TAKXKE NPOPUIIb
TPELUHBI U €€ reoMeTpus (Cripasa). HezaBucumole
U3MEPEHUS BBICOTHI TPEIINHBI ITOKA34JIH, YTO UMEJ MECTO
3HAYUTEIBHBIN POCT BBICOTHI 34 IPEIEIIBI IPOAYKTUBHOTIO
uHTepBAIA. CIIONb3yst UX COBMECTHO C JAHHBIMU
3a00MHOI'O JATYMKA JABJICHHUS, MOKHO I10 AHATINU3Y KPUBOU
JABJIEHUS OTHOCUTEJIBHO TOYHO BBIYUCIUTD MUPUHY
U NIOJTYJIMHY. DTOT METOJ, MOJETUPOBAHUS TPEIIHUHBI,
UCIHOJIb3YIOINI KPOCC-IUIIOIbHbBIE AKYCTUYECKHUE JAHHbIE
JIETATEHO OMTUCAH HUKUTHHBIM € Kosuteramu (2006 rop)

1 HUKUTHUHBIM € Kosuteramu (2009 rog) B ucropuu
MNPUMEHEHNA HA CKBAKMHAX [IPHOOCKOTO MECTOPOXKIEHUA
1 KMHAMMHCKOI'O MECTOPOXKIEHUSA COOTBETCTBEHHO.
PaccunTanHasg reoMeTpHa UCHOIb30BAIACD 1JIA
BBIIIOJIHEHU A YHUCIEHHOI'O MOJE/IMPOBAHM A, KOTOPOE
MNOATBEPANIIO CTAOUIBHOCTD U BBICOKYIO IIPOBOAUMOCTD
KaHaJIOB. OCHOBBIBAACH HA U3MEPEHHUAX U PE3YJIBTATAX
MOJENTUPOBAHMA, ObJIO IPUHATO PEMIEHUE CAENATD
PaCIHCaHUE 3AKAYKH O0JIEE ATPECCUBHBIM 110
KOHIIEHTPALINUU ITPOIMNAHTA U YMEHBIIUTD, KOTZJA 3TO
BO3MOKHO, CKOPOCTb 3aKa4YKU KUAKOCTHU I'PIT, 4TOODBI
YMEHBIIUTDH POCT TPEMUHBI B BLICOTY. KaK 6b1JI0 MOKAa3aHO
MO3/JHEE B HECKOIBKUX IIPUMEPAX, 064 BHECEHHBIX
MU3MEHEHUS IIOHU3UIN PUCK POCTA AABJIEHUA ITPH 3AKAYKE
MPOMITAHTA Y MO3BOJIMJIA OIITUMHU3UPOBATH TEOMETPUIO
TPEIIWHBI B ClIy4ae KaHaJabsHOro I'PI1.

Bo Bpems n1epBbIX 0OPabOTOK /151 YMEHBIICHUSI PUCKA
3PO3NUH U OCAKIECHUA IPONITUPOBAHHBIX OOJIACTEN
HCIIONIb30BAJICA IIPOIIAHT C PE3UHOBBIM INIOKPBITUEM BO
BpEMSI BCEH pabOThL. YTOOBI YMEHBIINTD PUCK OCEIAHHU S
MIPOIIIAHTA BO BPEMA 3aKAYKHU, PA3MED MPOIIIAHTA
OBLJI BBIOPAH HAMMEHBIIINI U3 TOI'O, YTO IPEAJIAraIOCH
IIPOU3BOUTEIIAMM, — IIPOIIIAHT CPEAHEN IIPOYHOCTH
pasmepa 20/40. B nocaeayomux paboTax ¢ IPUMEHEHUEM
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visualization of fracture width profile and geometry
(right). It was shown by the independent fracture
height measurements that a significant amount

of height growth occurred outside of the net pay
interval. Coupled with precise pressure history
match using a bottom-hole memory gauge, it was
possible to calculate fracture width and half-
length with relatively high accuracy. This fracture
modeling method which is based on cross-dipole
sonic was detailed in case studies for Priobskoe
wells was described by Nikitin et al. 2006 and for
Kinyaminskoe wells - by Nikitin et al., 2009 and is
common for the area. This calculated geometry was
used in a numerical simulator which confirmed

the stability and high conductivity of the channels.
Based on the measurements and modeling results,
it was decided to increase the aggressiveness of

the design and reduce the pumping rate when
possible to minimize fracture height growth. As

it was shown with several cases afterwards, both
adjustments lowered the risk of entrance issues and
further optimized the fracture geometry in the case
of channels fracturing.

During the first treatments, resin-coated
proppant was throughout to minimize the risk of
pillars erosion and settling at the expense of higher
treatment costs. The smallest available proppant
was used, 20/40 mesh, to reduce proppant
settling while pumping. All the following channel
fracturing treatments in Russia and the world
incorporated RCP only at the last stage (if at all) and
it was proven that presence of degradable fibers
is sufficient to hold proppant particles together
during placement and fracture closure period.

In addition, closure stress prevents proppant
pillars from settling and eroding after fibers have
degraded.

Since proppant is placed heterogeneously,
it requires 55—60% of the proppant material
compared to a conventional treatment. Since fluid
volume stays the same, the fractures have relatively
the same geometry. The reduced proppant volume
is replaced by void spaces inside fracture, what
are originally filled with cross-linked fluid and
fibers, and replaced by hydrocarbons during the
production phase. Channels affect the fracture
properties by increasing the conductivity by orders
of magnitude. The fracture also cleans out in a more
efficient way through open channels from fluid
and polymers, which provide a higher effective
half-length which is extremely important in low
permeability formations.

Figure 4 represents a dimensionless productivity
(Jd) comparison between channel fracturing
(blue) and conventional treatments (orange). Jd is
useful tool to compare oil wells producing from the
layers of different permeability and net pay under
different drawdown values, which was the case
for a majority of wells in the studied areas due to
heterogeneity of the formations and artificial lift as



HOBOro Metoaa I'PIT B Poccuu u B Mupe RCP eciiu u
UCIOJIb30BAJICS, TO JIMIIb HA TOCIEAHEN CTAANUU, U

OBLIO TTOKA3aHO, YTO BOJIOKOHHBIN MAaTEPHAJI ABJISIETCS
JIOCTATOYHBIM UTHCTPYMEHTOM JIJIs1 TOAAEPXKAHU A
LEJIOCTHOCTU NPONIAHTHBIX CTPYKTYP. [ToMuMo

3TOr'O, TOPHOE IABJIEHUE IPENATCTBYET OCAXKICHUIO
IPONIUPOBAHHBIX OOJIACTEN TTOA JEUCTBUEM I'DABUTALIH
U UX 3PO3UH NOCJIE PACTBOPEHUS BOJIOKOHHOM JOOABKH.

TTOCKONBKY IPOMMIAHT PA3MEIIAETCA TETEPOTEHHO,
ero Tpeéyercst 55—60% oT 06'beMa MPOTTIAHTA TSI
06bI9HOTrO I'PIT. [TOCKONIBKY NOTHBIN OOBEM KUIKOCTU
I'PIT oCcTaeTCa HEU3MEHHBIM, TPEMUHA UMEET IIPUMEPHO
Ty XKe reoMeTpulo. O6beM, CBOOOHBII OT IIPOMIIAHTA
Y1 U3HAYAJIbHO 3aMEILIEHHBIN CIINTOM JKUJKOCTBIO U
BOJIOKOHHBIMH JJOOABKAMH, BO BPEMS PEKHMA TOOBIYN
34II0JTHEH YITIEBOJOPOIOM. BiIMAHME KAHAJIOB HA CBOMCTBA
TPEIMMNHBI OTPAXKAETCA B MHOTOKPATHOM YBEJIMUYEHUH €€
IPOBOJAUMOCTHU. [TOMUMO 3TOTO, OUMCTKA TPEIIUHEI OT
KNUAKOCTH I'PIT U TOJIMMEPOB Y€PE3 OTKPLITHIE KAHAJIbI
MPOTEKAET 60JIEE MHTEHCUBHO, YTO OOECIIEUNBAET
OOBITYIO A(PPEKTHUBHYIO ONTYAIHNHY, KOTOPAas KPariHe
BA’KHA B HU3KOIIPOHUIIAEMBIX KOJUIEKTOPAX.

CpaBHEHUE UH/IEKCOB O€3PA3MEPHON MPOAYKTUBHOCTH
(Jd) ckBaxuH, UHTECHCU(PUITUPOBAHHBIX HOBBIM METOZIOM
I'PTT (cMHMM LIBETOM) C PE3YABTATAMU OOBIYHOTO I'PIT
(OpaHIKEBBIM LIBETOM), IIOKA34HO Ha PUC. 4. FICTIO/Ib30BaHUE
Jd ABiIsIe TCA NOJIE3HBIM, KOTZIA TPEOYETCA CPABHUTD
NPOAYKTUBHOCTDb HE(PTAHBIX CKBA’KUH U3 IIACTOB,
MMEIONIUX PA3HYIO MPOHUIIAEMOCTD, MOIITHOCTD U
JIaBJICHUE, YTO OBLJIO XAPAKTEPHO /IJIs1 OOIBIINHCTBA
CKBA’KUH B 3TOM HCCJIEJJOBAHUU M3-34 HEOTHOPOJHOCTH
MECTOPOXKAECHUA, 4 TAKKE IPUMEHEHNA HACOCHO-
KOMIIPECCOPHOT'O METOAA JOOBIYH. HICIIOIb30BAIACH
cinepyouas popmyia st pacdera Jd (O. 1):

_ 184xgxuxB
* kxhx(P-P, )"

i€ g — PACXO/ KUAKOCTHU, u — BA3KOCTD JKMJKOCTH, B —
KO3(pPUIIUEHT IIJIACTOBOIO 06'beMA, K — IPOHUIAEMOCTb,
h — BBICOTA IPOAYKTUBHOI'O HHTEPBAIa, P — cpenHee
IUIACTOBOE JIABJICHUE, P, — JIaBJICHHE Ha 3260¢€
CKBaXUHBL KoadpuriueHT 18.4 UCIIONMB3yeTCs B CIIy4dae
UCIOJIb30BAHN A METPUYECKOI CUCTEMBI PA3MEPHBIX
€IMHUII,

W3 puc. 4 MOXXHO CAENATD BBIBOJ, O3ByYEHHBIN DaHEe
MepnseneBbiM ¢ Koteramu (2010 rof), 9To CKBAKUHBI,

@ 1)

production-enabling mechanism. The formula used
for the Jd calculation was (Eq. 1):

_ 184xgxuxB
¢ _kxhx(F—Bf )

Where ¢ is liquid rate, x is fluid viscosity, B is
formation volume factor, k is permeability, b is net
height, P is average reservoir pressure, and P, is
bottomhole flowing pressure. The coefficient of
18.4 is used in case of calculations in the metric
system.

As it can be concluded from Figure 4, which
was previously shown by Medvedeyv et al., 2010,
channel fracturing has led to stable production of
the wells over a period of two years. The production
trend was very similar to the one of closest offset
wells. This production result was seen to confirm
the presence of channels, as uniform proppant
distribution would have been expected to produce
a significant if not total production loss. The
offset wells were treated with 12/18 proppant of
nearly twice the mass when compared to channel
fracturing,

After 5 years and as of 2013, the first wells
continue to produce at stable rates due to channel
stability and maintained formation pressure which
is well-established in Priobskoe. Geology in the
vicinity of candidates was extremely heterogeneous
which created high uncertainty in the permeability
measurements of the wells. This clouded the ability
to make a normalized production comparison.
However, taking into account the smaller proppant
size and the greatly reduced proppant mass used
for the first treatments, it was confirmed the
existence of channels along with their stability over
time. New ideas and further optimization of the
technique were then deemed necessary as the later
sections will describe.

(Eq. D

Trial campaigns of channels fracturing in 2010
were performed in edge wells in the complex
geology areas of Priobskoe field and in the
over-pressured areas of Prirazlomnoe field. The
conclusion of the trails led to many lessons learned P

CTUMYJIMPOBAHHBIE ¢ moMonbio I'PIT ¢ cozpanuem
KaHAJIOB, IEMOHCTPHPOBAJIN CTAOMJIBHYIO JOOBIYY B
TEUEHMUE JIBYX JICT. KaK BUJIHO, PE3YBTATHI JOOBIYU
HOATBEPK/IAIOT HATUYME KAHAJIOB, TAK KAK B
PE3YIBTATE OHOPOAHOI'O PACIPE/ICICHH S IPONITAHTA
J1IE6UT 6bLI OBl CYIIECTBEHHO HUIKE MJIH OTCYTCTBOBAJI
661 BOOOI11IE. CKBAKHUHBI, B3SITHIE JIJ151 CDABHCHUS,

OBUTH CTUMYJIMPOBAHBI OOBIYHBIM CITOCOOOM C
MCIIOJIb30BAHUEM ITponmanTa 12/18, mpu 3ToM Mmacca
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IPOMNNAHTA OBLIO IOYTHU B /IBA pa3a OOJIbIIIE.

Ilo npomecTsyy 5 €T, HAa Ha4Yano 2013 roaa, atu
TIEPBBIE CKBAKUHBI IIPOAOIKAIOT BbIIABATH CTAOWIBHBIH
JEOUT 61arofapst yCTOHYUBOCTU KAHAJIOB U CUCTEME

Pucynox 4 — Cpasnenue npooyKmuéHocmu mmencoy
USMBIPLMA CKEANCUHAMU, CINUMYIUPOCAHHBIMU HOBBIM
Memooom, u OAUNCAMUMU COCeOKanU

Figure 4 — Productivity comparison between first four
channel fracturing treatments and closest offset wells
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HOAACPKAHMS IVTACTOBOT'O JIABJICHU S, KOTOPASI XOPOIIIO
OpraHn3oBaHa Ha [TIpUOGCKOM MECTOPOK/ICHUH.
T'eonoruvecKoe CTPOEHUE B OKPECTHOCTH CKBAKUH-
KaH/INJIATOB ObLJIO KPAMHE HEOJJTHOPOAHBIM, UYTO CTAJIO
OPUYUHOU OOIBIIUX PACXOXKJEHNNI B UBMEPEHUAX
MPOHHUITAEMOCTHU B 3TUX CKBAKUHAX. DTO OCJIOKHSIIO
BO3MOKHOCTB ITOKA3aTEJIbHOT'O CPABHECHUSL
HOPMAJIM30BAHHBIX JIc6MTOB. OJTHAKO, HPUHUMAS BO
BHUMAHWE MEHBIIUN PA3MEP Y MEHBIIYIO CYMMAPHYIO
MACCY MPONITAHTA, UCIIOJIb30BAHHOT'O JIJISI TUX IEPBBIX
06pabOTOK, 6BIO IO TBEPKACHO CYIIECTBOBAHUE
KaHaJIOB 1 X TOJITOBPCMCHHASA YCTOI7I‘-II/IBOCTI). brina
CO3/1aHA OCHOBA /11 PA3BUTUS HOBBIX UJIEU U JJAJIbHEUIIIEN
ONTHUMUBAUHN ITOH TEXHOJIOTUH, UTO OYJIET OIHUCAHO B
CJIEIYIONUX PA3JEaX.

IToneswie ncnbiTanusa I'PI1 ¢ co3manmuem KaHa/I0B
B 2010 rofy BBITOJIHAINUCH HA NEPUPEPUITHBIX
CKB2)KMHAX B OOJIACTAX CJIOKHOU reosioruu IIpuo6CcKkoro
MECTOPOXKIEHUA U HA y4aCTKaX IIprupasioMHOro
MECTOPOXKIEHUSA C AHOMAJIBHO BBICOKUM IIJIACTOBBIM
JasneHueM (ABIT). BeIBOJBI U3 TPOBEAEHHBIX PA0OT
CTAJIN 9aCTBIO HAKOIIEHHOI'O OIIbITA U ITOJCKA3AJIN
JaJbHENIIee HAIIPABJIECHUE B OIITUMH3A1IMH HOBOI'O METOAA
I'PIT 11 IPOMBIIJIEHHOI'O BHEJPEHUS.

KpaeBble CKBa>KHMHBI [IPHOGCKOTO MECTOPOXKACHUSA
BCKPBIBAIOT MPOAYKTUBHBIE IIJIACTHI MAJIOX MOITHOCTHU
U IIPOHULIAEMOCTH (B cpegHeM 12 mJI.M). DTH IJ1aCThI
06J1a/TaI0T TAKXKE OOJBIION HEOAHOPOAHOCTBIO, KOTOPAs
NPEACTABIEHA MOIIHBIMU (PPATMEHTAMH CJIAHLIEB MEXK/Y
OPOAYKTUBHBIMH UHTEPBAIAMHU IIPH OYEHb HU3KOM
KOHTPACTE HATIPSAKEHUM IIACTA U 6ApbePOB. B pesynbrare
TUAPABINYECKA IIUPUHA OKA32/1ACh MEHBIIIE, YEM
TPEOOBAJIOCH, 4 PE3YJIBTATHI YUCJIEHHOT'O MOJAECTTUPOBAHUA
MOKA3aJI1, YTO IIPH TAKUX YCJIIOBUAX KAHAJIBI €/1BA TN
OCTABAJIUCh OTKPBITBIMU. XOTSA BCE CKBAKUHBI JJOCTHUTIIN
3AIUTAHUPOBAHHBIX IEOUTOB, OTCYTCTBOBAJ BUJVUMBIH
BBIUT'PBIII B IOOBIYE, B CPDABHEHUH CO CKBAXKMHAMH,
UHTEHCU(PUITUPOBAHHBIMU METOAOM OOBIYHOTO I'PIT.
OauH 13 YCBOEHHBIX YPOKOB, BIIOCIEACTBUHN YCIIEIITHO
BHeApeHHbIN KaroMoBbIM ¢ Kosuteramu (2012 rox) ansa
HU3KOIIPOHUIIAEMBIX HEPTAHBIX IJIACTOB TaIMHCKOrO
MECTOPOXKAEHUSA, COCTOSAI B TOM, YTOOBI IPOEKTUPOBATD
pacnucanue I'PIT ¢ 601b11eH MAKCUMAIbHOMU
KOHIIEHTPALIMEN ITPOIITAHTA, OBICTPEE YBEJIMUYUBATD
KOHLICHTPALWIO U UCTIOIb30BATh OY(PEPHYIO CTATHIO
MEHBIIEr0 06'beMA 151 CO3AHUS TPEUHBI OOJbIIICH
IMUPUHBL

I'PIT ¢ co3paHMEM KaHAJIOB IIPELJIOKUI IIPEBOCXOAHYIO
HAJIEKHOCTB U TUOKOCTD IPH IPOEKTUPOBAHUN
PaCIMCaHUA IPU TTOJTHOM OTCYTCTBUH «CTONOB» U3-34
CJIOXKHBIX T'€OJIOTUYECKUX YCJIOBUI B CDABHEHUH C
06br9yHBIM ['PIT, umeBieMm 10% «cTomos». Hage:xHbIi
TPAHCIIOPT NPOIMIAHTA BO BpEMs KaHAIbHOTO I'PIT
HaOJII0/1A€TCS U3-34 YEPEJOBAHMS IOPLUI YHCTOH
JKMJIKOCTH O€3 MPOIIAHTA U XKUAKOCTH C IIPOIITAHTOM,
4 TAK>Ke BOJIOKOHHBIX JO6ABOK, KOTOPBIE CIIOCOOCTBYIOT
JBHKEHHIO ITPOINITUPOBAHHBIX OOJIACTEN BJIOJIb
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and gave further information for optimization of
the channel fracturing in subsequent campaigns.

Edge wells of Priobskoe have formations with low
net pay (12 mD.m on average). The wells also have
high heterogeneity which consists of thick shale
streaks in between productive intervals with a very
low stress contrast. As a result, hydraulic width less
than desired and modeling showed the channels
were barely opened at such conditions. While all
the wells met their production targets, there was
no visible productivity gain when compared to
offsets treated with conventional fracturing. One
of the lessons learned that was later successfully
implemented by Kayumov et al., 2012 for the tight
oil formation of Talinskoe field, was to design a
higher maximum proppant concentration, create
an aggressive proppant ramp, and use a low
percentage of pad to create a wider fracture.

Channel fracturing offered superior reliability
and flexibility in the job design with a zero
screenout rate versus conventional fracturing
which had a screen out ratio of ~10% due to
complicated geology. Reliable proppant admittance
was seem with channel fracturing due to the
pumping of clean pulses and fibers which support
proppant slug flow inside the fracture. For Siberia
applications, where large mesh proppant is used to
increase conductivity of the pack, but represents
significant risk of screen-out, channel fracturing
offered an advantage of using a smaller mesh
proppant due to the removal of the link between
proppant mesh size and fracture conductivity.
Since the proppant clusters do not significantly
contribute to the hydrocarbons flow through the
fracture, proppant size is more flexible. Due to this
fact, all subsequent channel fracturing campaigns
were performed with 16/20 proppant.

In the Prirazlomnoe area, production is from the
BS4-5 sandstone formation of the Neocomian age,
which is very laminated with a permeability in the
range of 2—3 mD. Some areas, like the one where
channel fracturing was implemented, has very
high pore pressure gradients which makes wells
flow naturally but tends fracture to grow outside
of the zone. Due to this, the hydraulic width of the
fracture is often insufficient and does not allow
for reliable proppant admittance of conventional
fracturing treatments (even though a smaller mesh
size proppant was not used, screen-out ratios
were 10—-15% in the area). Channel fracturing
eliminated this risk as all the treatments were
placed according to design. In order to increase the
fracture width, it was decided to increase the size of
the treatment. In Prirazlomnoe operations, channel
fracturing proppant mass was about 75-80%
compare to conventional fracturing treatments
in the offset wells. Also total slurry used for the
jobwas increased which resulted in an increased
channeled length and width of the channels.
Opverall production gain was an additional 18%



TpEmUHBL 151 npuMeHeHYs B CHOUPH, TAE 111
YBEJIUYEHUS IIPOBOAUMOCTHU TPELUHBI UCIIOIb3YETCS
MIPOMIAHT OOJIBIIOIO PA3MEPA, YBEINYUBAS IIPH 3TOM
3HAYUTEJIbHO PUCK «CTOIIA», HOBbIY MeTox I'PIT npepiaraer
IIPEUMYIIECTBA UCIIOIb30BAHMA IIPOIIAHTA MAJIEHBKOI'O
pa3Mepa U3-3a IMKBUJALUU CBA3U MEXKY PA3MEPOM
MOPOMMIAHTA U IPOBOJUMOCTBIO TPEMUHBL Tak Kak ipu I'PIT
C CO34aHHEM KAaHAJIOB YIVIEBOAOPOALI B TPELIUHE HE TEKY'T
4Jepes NPONNUPOBAHHBIE OOMACTH, OTCYTCTBYIOT KECTKUE
Or'PaHUYEHM HA BBIOOP NPOMMIaHTa. birarogaps aTomy
(pakTy BCE NOCIEAYIONINE KAMITAHHUH 1O UCIIOIB30BAHUIO
KaHaIbHOTO I'PIT pOBOAMIINCE C UCIIOJIb30BAHUEM
[poIanTa pazmepom 16,/20.

IIprpas3IOMHOE MECTOPOXKIAEHUE SKCILUIYATUPYETCA U3
iacta bC 4-5, npeACcTaBIsonero COOOHU NECYUaHNK
HEOKOMCKOTO ITIEPUO/IA, O6JIAAAIONTUI CUIIBHOM
PACYWIEHEHHOCTBIO ¥ UMEIOIIUI IIPOHULIAEMOCTD ITIOPAIKA
2—-3 m/I. HeKOTOpPBIE PAYIOHBI MECTOPOKAEHI S, BK/IIOYAs
TOT, I7I€ OBUIN 3aKa4aHbl paboThI 11O I'PI1 € co3annem
KaHAaJIOB, ABJIAIOTCA 30HaMH ABI1/I, 3TO mOBBIIIAET
TEHJEHLINIO BEPTUKAJIILHOI'O POCTA TPEMHBL Kak
CJIEACTBUE, TUPABINYECKAs MPHUHA TPELUHBI HE BCETA
JOCTATOYHA /I PA3MELIEHU KPYITHOI'O IIPOIIAHTA 1
CTaHJApTHBIC paboThl 'PIT NIMEIOT NTOBBIIIEHHBIIN IPOLICHT
«CTOMNOB» (IasKe pu BrIGOPE mpornmanTa 16/20 B KayecTBe
OCHOBHOW (PPAKIIH IIPOLICHT «CTOMNOB» COCTABIsI 10—15%
o TakuM o6bekTaMm). I'PIT ¢ co3anremM KaHaJI0B CHU3HUII
PHCKHU «CTOIIOB», U BCE PAOOTHI OBLIIN 3aKA9aHBI COIVIACHO
JU3AIHY. B [IEJIAX MTOBBIIEHNA NTUPHUHBI TPEIUHBI PA3MED
padoT 6bL1 yBenudeH. [1o paboram Ha [Iprpas3ioMHOM
MECTOPOXKJAEHNH Macca nnponmanTa npu I'PIT ¢ cospanmnem
K4aHAJIOB COCTABJISLIA TOPSJIKA 75—80% OT MaCChI
NPOHITAHTA CTAaHAAPTHBIX ['PI], 3aKa4aHHBIX HA COCETHUX
CKBAKMHAX. TaKkKe O0Iee KOMMIECTBO CMECH, 3aKA4YaHHOI
Ha paboTax 110 HOBOY TEXHOJIOI'MH, ObLJIO YBEJIMYECHO,

YTO BbIPA3UJIOCH B 6OJIBIIEN ITOTYJJIMHE TPEIWUHBI 1

MU PUHE KAHAJIOB. B IEJIOM NPUPOCT TPOAYKTUBHOCTH
CKBAXHH COCTABUJI 18% 110 CPABHEHUIO CO CTAHAPTHOM
TexHosioruen I'PI1.

OCHOBBIBA5ICh HA PE3YJIBTATAX BBIIICOIINCAHHBIX PA60T,
OBUIO IPUHATO PENMIEHUE O JAJbHENIIEM YBETUYEHNU
pasmepa padoT, Mmacca nponnanTa npu I'PIT ¢ cozganuem
KaHAJIOB ObLJI4 JOBEAECHA 10 MACCHI PA0OT IO CTAH/LAPTHOM
TEXHOJIOTUU. M3-32 cneliuprKy HOBOX TEXHOJIOT MU
paBHAsA MACCA IPOMITAHTA O3HAYAET 3HAYUTEIBHO
OONBUINIT O6BEM 3AKAUYUBAEMON CMeCHU B crydae I'PIT ¢
CO3/IaHHEM KAHAJIOB. YBEJIMUCHUE OO'bEMA CMECH IIPUBOAUT
K YBEJIMYCHHUIO [TAPAMETPOB '€OMETPUN TPELUHBL. [1J151
KPATKOCTH B JJAHHOI CTATbE TAKUE PAOOTHI C YBETUYEHHOM
Maccon 6yyT HazsaHbl K-100. IX KOHIEIIINA U300PAKEHA
Ha PUC. 5, 7€ Tpemmnna cranaapTaoro I'PIT pazmepom
60 TOHH (CBEPXY) TPAHCHOPMUPYETCS B 6OJIEE ITUHHYIO
TPEIMMHY C HAJIMYUEM KaHAJIOB IIpU 3akauke I'PIT o
TexHosmoruu K-100 pazmepom Bee Tex ke 60 TOHH (CHU3Y).

PHUCYHOK 6 IEMOHCTPHUPYET MOJIETUPOBAHUE FCOMETPHU
TPEIWHBI 11 CTaHAAPTHBIX ['PIT pa3janyHoro pasmepa,
HO IIPU (PUKCUPOBAHHBIX [TAPAMETPAX IIACTA U
CKBA>KUHBL [IBaI11aTh MOJE/IEH ObIN IIOCIEA0BATEIBHO
CO3JaHBbI IIPH OJIMHAKOBBIX BXOJHBIX JJAHHBIX I10
I€OMEXAHUYECKHUM U JIUTOJIOI'MYECKHUM CBOMCTBAM 4

e Pucynox 5 - Konuyenyusn
actay e, = mexnonozuu K-100: yeeruuenue
o nOSYOIUNBL HPUMACCE
chamsil i 4 tore
i s e | MPONNAHMA

Figure 5 — Concept of CH-100:

i : increase of channel length with
| proppant mass equal to the one
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Figure 6 — Dependence of fracture length and width on
increasing treatment size

over the average results of conventional fracturing
treatments.

Based on the results of the treatments described
above, it was decided to further increase the size
of the job so the amount of proppant pumped
matched those of the conventional fracturing
treatments. Due to the characteristics of channel
fracturing design, the increase of proppant used
results in a further increase of the fluid needed for
the treatment. This increase in fluid significantly
increased the overall fracture geometry. This
paper will refer to this type of design for channel
fracturing as CH-100. Its concept is illustrated in the
Figure 5, where conventional fracturing geometry
of the 60-tons treatment (top) is transformed to a
much longer fracture with open channels created
with the same 60 ton proppant amount with a
channel fracturing design (bottom).

Figure 6 represents the modeling results of the
conventional fracture simulations in a typical
well and formation. Twenty models of different
proppant mass were created assuming same
geomechanics and lithology of the formation and
barriers; fracturing design was proportionally
changed to give adequate geometries of the fracture
in relation to the slurry and proppant volume
increase. As seen in the cart there is still sufficient
increase of propped half-length and fracture width
as the size of the treatment increases.

There were two important contributing factors
for designing the channel fracturing treatments
with an increased treatment size (as the size of
the conventional treatment was determine to be
optimized): 2
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nopog. Inzarin 'PIT nponopruoOHaaIbHO U3MEHSIICS I
06€eCIeueHU 4JIEKBATHOI'O POCTA TEOMETPUU TPEIUHEI
OT YBEJIMYEHH S MACCHI IPONMAHTA. Kak BUJHO 13 rpauka,
PU JAJbHENHIIIEM YBETMYEHUN PAa3MeEPA PA6OT MOXKHO
HAOIIOAATH CYIIECTBEHHOE YBETUYEHUE TTOTYAINHBL
TPELIUHBL, PABHO KAK U €€ IHUPUHBL

OTMEYAI0TCA 1BA (PAKTOPA, OTIIMYAIONIIX HOBYIO
TEXHOJIOT'UIO OT CTaHAAPTHOr'O I'PI1 1 MO3BOIAIOIINX
TOBOPUTbD O LIENIECOOOPAZHOCTH JATBHENIIETO YBEJTUICHU A
06beMa PabOT C CO3AAHUEM KAHAJIOB (HECMOTPS HA TO, YTO
pasmep crangapTHOro I'PIT yke 6611 ONTUMHU3HNPOBAH):

e Kanasipl 06€CIIEUNBAIOT TYUIIYIO OUUCTKY TPENUHBI
OT HNOJIMMEPOB, TAKUM OOPA30M, YBEJIMUEHHUE Pa3MeEPa
PabOoThI BEJET K YBEIMUEHHIO U 3(PPEKTUBHOI
MOJYAJIMHBL YBEIUUYCHUE O6'beMa PA6OTHI B
cirydae cranaapTHOro I'PIT conpsKeHo ¢ norepen
3(PHEKTUBHOCTU OUUCTKU TPEUIUHBI I MOXET HE
MPUBECTH K JKEJIAEMOMY ITOBBIIIEHHUIO TPOSYKTUBHOCTH
MU3-34 3HAYUTEIBHOI'O 3AIPA3HEHNA POMNITAHTHOM
MAYKH BAAIN OT CKBAKUHBL

e T'PII ¢ cO31aHMEM KAHAJIOB ITOATBEPANII HAIEKHOCTD
B PA3MEIECHUN IPOMNITAHTA U MUHUMAJIBHBIA PUCK
«CTOIOB» IO PE3YIBTATAM IIPOOHBIX PAOOT. ITpu
YBEJIMYEHNH Pa3Mepa padoT cranaapTHoro I'PIT puck
«CTOIIOB» TAKXKE O6yJIET BO3PACTATh BMECTE C 3aTPATAMH
HA YCTPAHEHUE MTOCIJIEJCTBUH «CTOMOB.

Hauwnnas ¢ 2011 roga 6pU10 IPUHATO PEMIEHUE O 3aAKAYKE
I'PIT 10 HOBOM TEXHOJIOTMU UMEHHO C MOBBIIIIEHUEM MACCHI
nponmanTa. [nacter 6€3 pruckoB 06BOHEHMS 110cie T'PIT,
Jla’K€ HECMOTPSA Ha TEHAECHITUIO K BEDTHUKAJIBHOMY POCTY
TPEMUHBI, KOTOPBIE IPEOOIANAIOT B PETUOHE, TO3BOIAIN
BHEJIPUTH TAKYIO CTPATETHIO B IPOU3BOACTBO. [IprMep
NPHUMEHEHUA TEXHONOTUM K-100, KOTOpas OKyIaer
CONPSAKEHHBIE C HEM JOMTOTHUTEIbHBIE 3ATPATHI 34 CYET
3HAYUTEJIBHOI'O YBEJIMYEHHU ITPOJYKTUBHOCTH CKBAXKHH,
OyZET IIPUBEJIEH B CIIEAYIOIIEM PA3JIEIIE.

AYMMOBCKAas [TAYKa IPECTABIEHA ITOPOJOU C BBICOKOU
HEOAHOPOAHOCTBIO XU HU3KOH IPOHUITAEMOCTBIO
(0.5—-5 m). I[T1aCT 339aCTYIO Pa3/E/IEH MOIHBIMU
6apbepaMM Ha HECKOJIBKO MPOIJIACTKOB O€3
TUAPOAUHAMHUYECKOM CBA3U APYT C Apyrom. Kak ciencrsue,
Jlake OOJBIIEOOBEMHBIN I'MJPOPA3PHIB IIJIACTA HE
BEJIET K IIOBCEMECTHOMY ITOKPBITHUIO BCET'O UHTEPBAJIA
TPEMNHON. AMMMOBCKAS TOJIIA 3AJIETAET HAJT U3BECTHOMN
Oa’KEHOBCKOU NTOPOJIOI, KOTOPAS ABIACTCA MATEPUHCKON
JUISL BEPXHEJIEKAIUX KOJJIEKTOPOB. biraromgaps cBoum
TUT'AHTCKUM Pa3MEPaM, A4UMOBCKAS U 6A3KEHOBCKAS TOIIHA
IIPEACTABIEHBI IIOYTH 10 BCEN TEPPUTOPHUU 3a11aJHOM
Cubupu. baXXeHOBCKAs CBUTA, ABJISASACHh MATEPUHCKON
THOPOJIO, BCETIA HE(PTEHACHIIIICHHAS, TOT/IA KaK
AYMMOBCKAS1 TOJIIA MOYKET COJIEPKATH KAK HE(PTh, TAK U BOALY,
WJIU TJTACTBI CO CMENTAHHBIM HACHIIMeHHUEM. CKBa>K1HA B
HE BCKPBIBAJIA IIJIACTOB CO 3HAYUTEIBbHBIM COIEPKAHUEM
BO/IBL. DTO OBLIIO MOATBEPKACHO MO3XKE PEIYIBTATAMU
O6BOAHEHHOCTHU NPOoAYKIMY ntocse I'PIT Ha faHHON!
CKBA)KMHE U B OKPYyXEHNN. KaK MOXHO BUJIETh HA PUC. 7,
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* Channels lead to better fracture cleanout from
polymers and increasing treatment size results
in an increase of the effective fracture length. An
increase in the size of conventional treatments
causes a reduction of cleanout effectiveness
and the additional propped length does not
contribute effectively to the production since
significant damage remained in the farther
sections of the proppant pack

¢ Channel fracturing is proven to have very low
risk of screen-outs as demonstrated during
the field campaign. As the size of conventional
treatments increase over a certain optimum
value, the risk of screen-outs increase along with
the remedial work that comes along with it.

Since 2011, it was made a decision to pump

all the channel fracturing treatments with an

increased proppant mass since the formations of

Nefteyugansk do not impose any water risks even

though fracture height growth is significant. Later

sections will describe the following trial campaigns
in the area where additional oil production of the
wells after implementation of CH-100 version of
anew technique which paid out the incremental
costs of the treatments associated with pumping
more fluid.

The Achimov formation consists of high
heterogeneity, low permeability (0.5-5 mD) rock.
It is often subdivided into several hydraulically
isolated layers with massive shale strikes in
between. Due to this, is not possible to stimulate
the whole Achimov interval even with increasing
the size and rate of a fracturing treatment. Achimov
formation above Bazhenov which is the source
rock for the upper reservoirs including Achimov.
Due to the large areas, these formations can be
found in most places in western Siberia. Bazhenov
shale, being a source rock, is always saturated with
hydrocarbons, but Achimov formation can be
water saturated or a mixed oil and water saturated.
Well B did not contain significant water sections.
This was later confirmed by the low water cut at
the production stage of this well and most of the
offset wells. As it can be seen from the Figure 7,
stimulation treatments with CH-100 technique
were performed in two stages; a large treatment of
120 tons of proppant placed into lower Ach-2 layer
and followed by a smaller treatment in upper Ach-1
formation with 60 tons of proppant.

Since Well B has two layers, it was decided to
combine fracturing, perforation and cleanout
stages in one integrated process with use of a coiled
tubing fleet. Many multi-layered wells of Priobskoe
and Malobalykskoe fields are completed with
abrasive perforating and stimulation technology
which was recently described in details by Yudin



PaboThI IO I'UIPOPA3PHIBY C IPUMEHEHHUEM TEXHOJIOTUU
K-100 6b1/11 BEIIIOJIHEHBI B IBE CTAIUH — HAYUHAS C
maccuBHOrO I'PIT pazmepom 120 TOHH HA 11aCT Ad-2 1
3aKAHYUBAA TUIPOPA3PHIBOM I1J1ACTA Au-1

C 3aKa4YKO 60 TOHH MIPOIIITAHTA.

TTOCKOMBKY CKB. B MMena ABa 11acTa, ObJIO IPUHATO
pemenue o npusiiedeHnu paota F’HKT a1s yckopeHus
I[IHKJIA 3aKAaHYUBAHUS CKBAKUHBL TaKOM ITOaX0/1 ObLT
IIUPOKO OIPOOOBAH HA MHOT'OITJIACTOBBIX CKBAXKUHAX
[Ipro6CKOro 1 Mao6aIBIKCKOTO MECTOPOXKICHUH, IT1€
¢notel THKT obecnieunBaiu rTiipoOneCKOCTPYHHYIO
nepdopanuio (I'TIIT) CKBA’KHUH U B IEJIOM UX HOATOTOBKY U
KOHTPOJIB B IIPOLIECCE MHOTOCTAJUHHOIO TUAPOPA3PhIBA,

Kak onucaHo IOauHbIM u Koyuteramu (2012 rox). OCHOBHBIM

MIPEUMYIIECTBOM TAKOI'O KOMIUIEKCHOI'O IIOAXO044
ABJIAETCS COKpAIleHUE 60s1ee yeM Ha 50% MOITHOTO

[IMKJIA 3aKAHYUBAHUA CKBKUH. [TII T mpoBoanTCA C
IOMOLIIBIO CIIEJUA/IbBHOY KOMIIOHOBKH HI3a KOJIOHHBI
I'HKT, ¢ pOpCyHKaMU JJ11 CO3[AHUS CTPYU BBICOKOH
CKOPOCTHU. AOPA3UBHBIN MATEPUAJI IOAACTCS JJIsI
obecrieueHNs OTBEPCTHUH B OOCATHOM KOJIOHHE. [Tpn
3TOM B [IEMEHTHOM KOJIBLIE U IPHUCTBOJIBHON OOIACTU
OPOABI OOPA3YETCA KaBEPHA. B nccnenoBanuax 66110
MOKA3aHO, YTO HECKOJIbKMX KaBepH (10—-12) gocTaTo4yHO
JUTA 3aKaYKH 601bIMNUX Pa0OT I'PIT HA BBICOKHUX

pacxonax, B TO BpEMs KAK [IPU KYMY/IATUBHOM METOLIE
nep@oparyu 11 STOro UCIONb3YETCA HECKOIBKO

coreH oTBepcTri. IlpenmymecTBo TexHoaoruu ITIIN
3AKJIIOYAETCA B ITUX KABEPHAX, Ybs IUIOM[A/Ib KOHTAKTA

B IIPH3a00HUHOM 30HE 3HAYUTEIBHO IIPEBOCXOAUT
IJIONIA/1b Y3KOI'O ITEPOPALIMOHHOIO KaHana. [TocnegHui
K TOMY K€ CTAHOBUTCA OKPYKEH Ae(POPMHUPOBAHHON U
CIIPECCOBAHHOM IOPOAOA B PE3YIILTATE B3PbIBA. JlaBiieHue
TUIPOPA3PbIBA TAKXKE CHUKAETCA ITPH UCTIOIb30BAHUH
I'TIIT B CpaBHEHMHU C KyMYJISITUBHOU ITEPPOPALIUE, KAK
OBLJIO IOKA3aHO PAHEE. 3
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et al, 2012. The main advantage of such integrated

completion approach is in a reduction of over 50%

in the total completion period for multi-layered

wells. Coiled tubing perforating use a special
bottom hole assembly, an abrasive gun which
pumps sand through nozzles and generates a high
velocity flow which creating a connection to the
formation through the casing and cement bond.

It was shown in the study that large proppant

fracturing treatments can be pumped at high

rates through a small number of abrasive caverns

(10-12 being typical number) which is a significant

reduction in cumulative perforations which can

be several hundred shots per fracturing stage. This

advantage of abrasive caverns is their large surface
area near the wellbore zone over conventional
perforating which has narrow channel with
compressed and damaged formation everywhere
around it. Fracture initiation pressure were also
shown to be significantly lower with abrasive
caverns compared to cumulative perforation in the
middle and channels geometry on the right

Channel fracturing uses cluster perforation
for better division of relatively large proppant
slugs coming to the formation from surface into
smaller proppant pillars. All channel fracturing
jobs done worldwide used cumulative perforations
until abrasive perforating were used with this
fracturing technology for the first time in history in
Nefteyugansk area.

Over the course of treating 5 wells and 12
channel fracturing stages (Well B being one of
them) that use of abrasive perforating via coiled
tubing to supplement in channel fracturing
operations is not only possible, but contains
advantages:

* In case of abrasive jetting, there are only limited
number of stations produced, but it allows for
both flow distribution due to limited holes
area and reliable proppant admittance due to
abrasive caverns in near wellbore area at the
same time;

TECHNOLOGIES

* Number of abrasive stations and distance >
Treatmg preaure/ Prone. — ORI B . Shairy rane. " fesn
Moy npaen. ik Pacmos cvecn e

Tirrak | Bipat o padiomu

Pucynox 7 — Kapomasicnuvie mamepuanst cke. B (creea),
KagepHbL adpa3ueHnoli pe3xu (Kpactsim 6 uenmpe) u
zeomempun Kananoe (cnpasa)

Figure 7 — Well B log data on the left, abrasive perforation
intervals (inred)

Pucynox 8 - I'pagpux 3axauxu I'PII c co30anuem
KAHANO0E

Figure 8 — Channel fracturing treatment plot
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I'PIT ¢ co3zpanmrem KaHAJIOB IIPEAIIONAraeT HAJIn4ue
KJIACTEPHOM Nep(OPaALIUH, KOIZA Tep(POPUPOBAHHbBIE
UHTEPBAIbI YEPEAYIOTCA LIEIbHBIMY YIACTKAMU
KOJIOHHBIL. TaKOH KJIACTEPHBIN CHOCO6 NTEpdOpPATIUU
THO3BOJIAET PA3JENATh OTHOCUTEIBHO KPYITHBIE [TAUYKH
CMECH JKHU/IKOCTH U IIPONIIAHTA HA 60JIEC MEJIKUE
OpPONNAaHTHBIE CTPYKTYPHL Bce mpoBeiecHHbBIE PA6OTHI
1o I'PIT ¢ cO31aHNEM KAHAJIOB JIO CUX ITOP OBUIN CACIAHbI
4epe3 KYMY/SITUBHBIE NEP(POPAITUOHHBIX OTBEPCTHUSL.
OnpIT UCiob30BaHuA I'TII AJ151 HOBOM TEXHOJIOTUU
TUpOpPa3pbiBa B He(hTEIOraHCKOM PETMOHE CTAJ IIEPBBIM.

ITo pa6oTam I'PIT B IgTU CKBAXKMHAX U 12 m1acTax
(ckB. B 0Ha U3 HUX) MOXKHO 3aKJIIOYUTD, YTO
UCHOIB30BAHUE A0PA3UBHON PE3KMU SIBISIETCS HE TOJIBKO
BO3MOKHBIM B codeTaHuH C I'PI1 ¢ co3maHnmneM KaHaJIOB, HO
U UMEET IIPENMYIIECTBA:

* B ciydae abpa3suBHON PE3KU MHTEPBAJIA IPOU3BOAUTCA
JIUIIb HECKOJIBKO OTBEPCTUI B KOJIOHHE, OJTHAKO 3TO
MO3BOJIAET OAHOBPEMEHHO U PA3AE/IATD [IOTOK 34 CYET
MaJIOr'O YMCJIA OTBEPCTHI, 1 OOECTICUNBATD HAJICKHYIO
34KA4KY [IPONITAHTA 61aroapsi CBOHMCTBAM KABEPHBI B
NpU3a60HHOI 30HE.

e KomnuecTBo U pacnioioxkenue kasepH I'TIIT 1o
AHAJIOI'MH C JU3AMHOM KJIACTEPOB KYMY/IATUBHOMN
nepdopanuy NIPpOEKTUPYETCS C HOMOIIIBIO
IPOIrPaMMHOIO OO6€eCIIeYeHU . MOIETMPOBAHNE
OCHOBBIBACTCSI HA TECOMEXAHUYECKUX U T€OJIOI'HYECKUX
XAPAKTEPUCTHUKAX OPOJ, HIMPUHE TPEIIHHBI,
CKOPOCTH 3aKAYKU U YACTOTE MyAbCAUN. TakuM

O6p330M, JOCTUTACTCA OIITUMH3AINA KAHAJIOB B ITICJIOM.

Ba’XxHO OTMETUTD, YTO, HECMOTPS HA BBICOKYIO
KOHIEHTPAIIMIO BOJIOKOH B 3KUJKOCTH 'PIT, ipo6siem ¢
padotoii THKT B CKBaskMHAX HE HAGJIIOAATIOCh. BO-TIEPBBIX,
BOJIOKHA MCIIO/IBb3YIOTCA JIUIIb BHYTPU TpemuHbl I'PIT u
PabOTHI IPOEKTHUPYIOTCS TAKUM OOPA30M, YTOOBI BOJIOKHA
HE OCTABAJIUCh B CKBA)KUHE. BO-BTOPBIX, JAXKE B CIydae
MOIaJaHUA BOJIOKOH B CKBA)KMHY UX IIPOYHOCTD PEZKO
TEPAETCA NOJ AEUCTBUEM TEMIIEPATYPHI U BDEMEHH,
BBIPAXKAACH B OTCYTCTBUU PUCKOB ABAPUIHOCTHU IIPH
onepanusax 'HKT 110 IpOMBIBKE CKBAXKHH.

OpHa u3 padoT no I'PIT, npoBeAEHHBIX B CKBAKHUHE B,
MPEJCTABJIEHA HA PUC. 8 OCHOBHBIMH ITAPAMETPAMHU
06pabOTKH, — U300PAKEHBI JABJICHUE, PACXO/ U
KOHILIEHTPALIUU IPOMITAHTA. MOXKHO BUETD, HACKOJIBKO
44CTO NYJAbCUPYET KOHLIEHTPALIWA IIPOINAHTA, TAK
4TO I'PAPUK KAKETCA MOJTHOCTDBIO 3aKpAIeHHBIM. Ha
CaMOM [I€JI€ JJINHA YUCTOT'O U I'PAZHOIO ITYJIbCOB PABHBI
MeXy cCO60M. ITogada nponnanTa Npeanoaaract
PaBHOMEPHBIN POCT KOHLIEHTPAIIUHU IO AHAJIOTUU CO
crangaptHbiM ['PIT. Ha KaX 0¥ CTa AU OCYIECTBIIACTCA
HECKOJIBKO ITYJIbCOB IMOJIa49U ITPOIIAHTA. BOJTOKHA
JOOGABIAIOTCA KAK B YHUCTBIE, TAK U B I'PA3HBIE ITYJIbChI
Ha BCEX CTAAUAX, KDOME ITOCJIEHEN, I7I€ ITYIbCALTAA
MIPOIIIAHTA OTCYTCTBYET. [TocneHAa CTaAr Ha BCEX
paboTax 3aKAYUBAIACH C mponmanTom 12/18 RCP.
[TpuMedaTeIbHO, YTO MOAABIIAIONIEE OONBITMHCTBO
PaboT IO HOBOM TEXHOIOI'NH, BKII04ast K-100, ObLin
BBITIOJIHEHBI CO 3HAYUTE/IbHBIM CHUKECHUEM PACXOAA
32Ka4YKH OTHOCHUTEJIBHO PAa6OT MO CTAHAAPTHOMY
rupopa3peiBy. Takas ONTUMH3AIINS ObLIA IPOBEJICHA

54 Ne 2 (048) Mait / May 2014

between them, similarly to cumulative clusters

design, is made with use of fracture modeling

simulator. Design is based upon geomechanical

and geological formation properties, fracture

width, pumping rate and pulses duration. Thus,

optimization of the whole process is achieved.

It is important to note, that despite of high
concentration of the fibers inside fracturing
fluid, no problems occurred while coiled tubing
operations in the wells. Firstly, fibers pumped
inside fracture only and treatment is designed
specifically to prevent fibers occurrence in the
well after placement. Secondly, even in case of
accidental fibers occurrence inside the wellbore,
their mechanical stability is greatly reduced with
temperature and time, resulting in no risk for
cleanout operations with coiled tubing.
One of the fracturing stages performed in Well

B is represented by Figure 8 with main execution
parameters — pressure, rate and proppant
concentrations. One can note the high frequency
of the pulses of proppant so on the plot it visually
seems to be filled entirely when in reality intervals
of clean fluid between the proppant pulses are
equally long. The schedule assumes a gradual
increase of proppant concentrations with several
pulses of proppant. Fibers are added continuously
to both clean fluid and dirty pulses to ensure
maximum proppant transport capabilities until
the last stage which is pumped without pulses.
This last stage was consistently done with 12/18
RCP material in all the described campaigns.
Interestingly, many channel fracturing treatments
in the area, including CH-100 jobs were pumped
with significantly reduced slurry rates to move
proppant pillars closer to each other when
hydraulic width of the fracture is limited and
closure stresses are high. In Well B, the pumping
rate was only 2.6 m?/min, while conventional
treatments were pumped with slurry rate of
3.5 m?/min or higher. The main reason for is due
to the increased risk of screen-out in conventional
treatments as the rate is lowered. Since channel
fracturing greatly reduces this risk, lower pumping
rates are advantageous: minimizes fracture vertical
growth, provides wider fracture according to
the models, and reduces the friction pressure
significantly. The ability to reduce the friction
pressure is particularly important for stimulation in
deep wells since it allows for significant reduction
of surface pressure. For instance, Figure 8 shows
that surface treating pressure during proppant
stages was about 300 bars while conventional
treatments have a range of
400-500 bars. While pumping rate reduction
reduced surface pressure, there is another
contributor which is the presence of fibers inside
fracturing fluid. Since the interest in friction
pressure reduction is recently high worldwide,
separate analysis for effect of fibers on friction



M13-34 HEOOXOIUMOCTHU PACIIONOXKUTD IIPOIITAHTHBIE
CTPYKTYPBI KaK MOXKHO OJIHIKE IPYT K JPYTY, YTOOBI
06€eCeYUTDb CTAOUIBHOCTD KAHAJIOB B YCJIOBUSAX
OI'PAHUYEHHON I'MIPABINYECKOMN IIMPUHBI TPEIIWHEI,
BBICOKUX IIJIACTOBBIX HAIIPSYKEHUH U 3HAUYUTEILHOI'O
pOCTa TPEUUHBI IO BEPTUKAIN. TaK, B CKBAXKUHY B
OPONMAHT ObLI 33KA49aH C PACXOJOM CMECH JIUIITb

2,6 M3/MUH, KOTJIa Ha COCETHUX CKBAKUHAX JIJIsA
CTAHJAPTHOI'O I'NAPOPA3PhIBA IIACTOB UCIIOIb30BAIUCH

Pacxojpl OT 3,5 M?/MHH U BbIIe. OCHOBHAS HEOOXO/IUMOCTD

B BBICOKOM pacxoze I'PIT cBsa3aHa ¢ BO3pACTAIONIUM

PHICKOM «CTOIIOB» ITPHYU CHHUKCHHUH PACXO0B CTAHJAPTHOI'O
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Pucynox 9 — Pacnonodxcenue cké. Bomnocumensno
€coceook (creéa) u cpasHenue no nPoOyKmueHoOCmu

(cnpaea)
Figure 9 — Well B and offset wells locations (left) and
productivity comparison (right)
rugpopaspoiBa. [IOCKONbKY HOBbIA MeTOL I'PIT
3HAYUTEJIBHO CHUDKAET PUCKU «CTOIOB», HU3KUH PACXO[]
npu I'PIT 06ecneunBaeT CIEAYIOMNE IPEUMYIIECTBA:
YMEHDBIIAECTCSA BEPTUKAJIBHBIN POCT TPELIUHBL,
YBEJIMYMBACTC LINPUHA (COITIACHO PE3Y/IbTATAM
MOZEIUPOBAHMA) U JOCTUTI'ACTCS CHUKEHUE ITIOTEPD
Ha TpeHue KuJIKoCcTu B HKT. BO3MOXHOCTD CHUKEHU S
MNOTEPD HA TPEHHUE OCOOEHHO MPUBJICKATEIBHA /IS
INIYOOKHUX IUIACTOB, TIOCKOJIBKY CHHIKAET IOBEPXHOCTHOE
JaBieHue. Tak, pUcC. 8 TOKA3bIBAET, YTO IOBEPXHOCTHOE
TPEHMUE COCTABJIAIO TN NopsAakKa 300 atM Ha
NPOTAKEHUU IIPOIIIAHTHBIX cTaani npu I'PIT HOBbIM
METOJIOM, TOI1a KaK cTaHaapTHele [Pl Ha coceqHNX
CKBAXKMHAX IIPUBOJUJIIH K TABJIEHUAM B 1HUanazone 400—
500 atm. XOTs CHUKEHHE PACXOAd IPUBOANT K MEHBIIINM
JABJIEHHAM HA [IOBEPXHOCTH, €ECTh €€ OAUH (PAKTOP,
BJIMAIOIIMHI HA TPEHUE XUIKOCTU: HAJIMYHE BOJIOKOH
B KUJKOCTHU IIPUBOAUT K 3HAYUTE/IbHOMY CHUDKEHUIO
noTepb Ha TpeHUeE. ITOCKOIbKY MHTEPEC K CHUXKEHUIO
OTEPb HA TPEHME BLICOK B LIEJIOM 110 MHAYCTPUH,
CJIEAYIOIINH PA3/1e/l JAHHOM CTATbU IIOCBAIIECH AHAIU3Y
CHMJKEHM A TPEHMA HA OCHOBE IPEACTABUTEIbHOMN
BBIOOPKH CKBAKHH, CTUMYJIMPOBAHHBIX XKUAKOCTAMU ['PIT
C HAJIMYUEM BOJIOKOHHOI'O MATEPHAId HA OAMHAKOBBIX
pacxoax 3aKavyku co crangaptabiMu I'PIT B coceHux
CKBAKMHAX.

INopsoasa nroru onepanuu K-100 B ckBaknne B,
puc. 9 IpeaCcTaBiseT CPABHEHNE O€3Pa3MEPHON
NPOAYKTUBHOCTU CKBAXWH MexXay ['PIT ¢ cozmannem
KaHAJIOB M CTAHAAPTHBIM I'MPOPA3PHIBOM HA COCEAHUX
ckBaKMHaX. [llecTb CKBAXKUH CO CTAHAAPTHBIM
I'PIT mOKa3aHBI 3€JIEHBIM LIBETOM (PHUC. 9, C/1EBA) 1
COITOCTABJIEHBI CO CKBAKUHOU, CTUMYJIMPOBAHHON HOBBIM
METO/IOM (CUHUM). 3HAYUTEIBHOE IIPEUMYIIECTBO B
NPOAYKTUBHOCTU I'MAPOPA3PHIBA C CO34AHUEM KaHAJIOB

pressure gradient were conducted based on a
representative number of treatments in the area
where fiber-laden fracturing fluid was used at the
same pumping rate as conventional treatments
which is discussed in the following section.

To summarize achievement of CH-100
treatments in Well B, Figure 9 provides a result
of dimensionless productivity comparison
between channel fracturing and conventional
treatments in the offset wells. The six offset well
with conventional treatments are shown in green
(Figure 9 (left)) versus the channel fracturing
wells shown in blue. Significant benefits from
channel fracturing technology can be obtained
as a result of proper candidate selection, use of
integrated completion approach with coiled
tubing (abrasive perforating and timely well clean
out) and treatment size enhancement (CH-100).
Thus, within one year of production period, Well
B had 51% higher dimensionless productivity
when compared to the average of the offset wells
stimulated conventionally.

Friction Pressure Reduction by Fibers in
X-linked Fracturing Fluid with High Proppant
Concentrations

There are two contributing factors identified
for lowered surface pressure: reduced pumping
rates compare to conventional fracturing and the
presence of fibrous material in channel fracturing
fluids. Since majority of channel fracturing
treatments in the area were pumped with
reduced treatment rate compare to conventional
treatments, it is suggested to divide the combined
effect into two parts. This section will describe
the mechanism of friction pressure reduction
with fibers, and for that purpose fiber-laden
fracturing treatments were analyzed with similar
pumping rates as the conventional fluids. Fiber-
laden fracturing was widely performed in the area
in 2008-2010, Sitdikov et al., 2009 gave detailed
description of the technology and first attempt
to estimate friction reduction was made, perhaps
not considering hydrostatic of the proppant.

The analysis shown below is updated with more
wells in the comparison from both Priobskoe and
Malobalykskoe fracturing operations.

The fiber laden fluid described above used
similar fibrous materials under the same
concentrations as channel fracturing, but the first
technique incorporates a homogeneous proppant
addition similar to a conventional schedule. Table 2
provides a calculated results of friction gradients
(total friction loss divided by the frac string length)
representing fiber-laden treatments on top and
conventional stimulation operations at the bottom.
For a more representative comparison, proppant
concentration between 400 and 800 KgPA were
selected which used the same proppant
(12/18 ISP). 10 wells in each of the groups were
analyzed for this study. It is shown that rate 2
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Table 2 - Comparison of friction gradients between fiber-laden and conventional fracturing fluids

KO/ CKBakMHBI/ well ID F1 F2 F3 F4 F5 F6 F7 F8 FO F10
pacxoj; CMecH, M?/MUH
pump rate, m*/min 55 4 =
g = 68 68 72 72 72 70 78 70 76 69
%3 ZE
L
g S | n | e |72 3| 6| a8 75| 75| 84
£ -
g% =g 70 [ 70 8 | 79| n |6 | 85| 0| M| 8
Qo v o
=gta) L oo
g= £g 71 | 74 | 8 | 81 | 86 | 84 | 79 [ s0 | 82 | 86
S ps
S 75 | 75 | 73| s6 | ss | 83| 85 | 87 | 88 | o
average by rate 71 78 30
CPEJIH. ITO PACXOJy
KOJI CKBa>KMHBI / well ID Cl1 C2 C3 C4 C5 C6 Cc7 C8 C9 C10
pump rate, m?/min
pacxoj CMecH, M>/MUH 35 4 4.2
i 2 Z . 83 | so | 71 [ 90 [ os [ s2 | 79 | 85 | s0 | o5
= o
SE gz | o | 8 | 79 | 107 | 106 | 90 | 84 [ 92 | 99 | 99
£ Q e
g Sg [ 9o [ o8 [ ss | uz | 2| o5 [ 93 [ 103 [ 100 | 107
ol = U &
=] on
£8 ec 106 | 107 [ 97 | 120 | 120 | 100 | 101 [ 113 | 119 | 116
=D
82 1 | 114 | 111 | 126 | 127 | 105 | 107 | 118 | 126 | 118
CPEOH. 1O pacxony
average by rate 95 1D 106

Ha JaHHOM CKBAKMHE OOECTIEYEHO 34 CIET KAUYECTBEHHOI'O
noAa60pa KAaHAUAATA, HCIIOIb30BAHUA KOMILIEKCHOT'O
HOJXOAA K 3aKaHUYMBAHUIO CKBAKUHBI C [IOMOIIIBIO

I'HKT (mposeaenue I'TIIT 1 CBOEBPEMEHHAS IPOMBIBKA
CKBAKMH) M YBEJTUUYEHUIO pa3dmepa padboTsl o I'PIT (K-100).
TaxkuM 06pa3oM, Ha IPOTSIKEHUU I'O/1a SKCILIYATALIUU
CKBAXMHA B IpOIEMOHCTPHUPOBAJIa Ha 51% GOJBIIYIO
OPOAYKTUBHOCTD B CDABHEHNHU C COCEJHUMU CKBAKUHAMU,
CTUMYJIUPOBAHHBIMU OOBIYHBIM METO/IOM.

CHW>KEHUME ITOTEPbL HA TPEHUE
C ITOMOLIBIO BOJIOKOH
B KUAKOCTAX I'PIT

JIBa (paxTOpA, BAUAIOMINX HA CHUXKEHUE TTIOBEPXHOCTHOT'O
Jasnenus npy I'PIT, — menblne pacxoapl 3aKa4Ku
B CPABHEHHU CO CTAHAAPTHBIMU TEXHOJIOI'UAMU
TUAPOPA3PbIBA U HAJIUYHE BOJJOKOHHOI'O MATEPHAIA B
KUJAKOCTH I'PIT € CO3AaHMEM KAHATIOB — YK€ OOCYXAAITHCh
BbIIIE. [TOCKOIBKY OOIBIIMHCTBO PA6OT IO HOBOMY
METOAY TUAPOPA3PEIBA B HE(PTEIOraHCKOM PETUOHE
OBUIM BBITIOJTHEHBI CO CHIPKEHUEM PACXOZA 3aAKAYKU,
OPEJIATAETCA PA3ACTNUTD OO 3(PMEKT HA JIBE
COCTABJIAIOIIYE. DTOT PA3JEJI IHIOCBAILIECH CHUXXEHUIO IIOTEPD
Ha TPEHUE 34 CYET BOJIOKOH, U C 3TOM LIEJIbIO BOJJOKOHHBIE
KUAKOCTU ['PIT 6bUIN COMOCTABJIEHBI CO CTAHJAPTHBIMH,
3dKA4YdHHBIMU HA TEX K€ pacxogax. Kugkoctu Ha
BOJIOKOHHOI OCHOBE OBbLJIA U POKO TPUMEHEHBI B DETHOHE
B 2008-2010 rogax. CUTAUKOB C KOJJIETAMU JICTAJIbHO
OIUCAJIU AaHHYIO TexHoioruio I'PIT (2009 ron) u caemanu
MEPBYIO IIONBITKY OLICHKU BJIUAHMSA BOJIOKOH HAd CHHKEHUE
TPEHMS, XOTA B TEX PE3YJIBTATAX HE YIUTHIBAJIACH
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distribution between the treatments was equal
between the groups along with the polymer
loading (3.6 kg/m?).

An important note on the wells selection was a
frac string of 3” ID was consistently used for both
groups of wells. Friction losses below the frac string
were considered as insignificant (fluid was flowing
through 5” ID casing for 40 meters consistently
between the wells).

Figure 10 represents one of the outcome from
Table 2, when averaged values of friction gradients
(F.G)) at each proppant concentration steps were
compared — by absolute values (in bar/km) or in
relation to each other (% of F.G. reduction with
fibers). It can be concluded from both Figure 10
and Table 2 that fibers reduce friction pressure
losses significantly under similar treatment and
wells characteristics. Also, the reduction in friction
is increased from 17% to 29% as the proppant
concentration increases from 400 KgPA to 800 KgPA,
respectively. For example, when at Priobskoe
conditions at relatively high rates
(4.5 m3/min and above) fibers can reduce the
friction by 100 bars or more. This is absolutely
critical when dealing with deep and laminated
formations where the maximum surface pressure is
a significant limiting factor.

CONCLUSIONS
Based on the five years of channel fracturing
development and implementation in Priobskoe,



T'UAPOCTATHUKA IIPOIITIAHTHON CMECU. Pe3y/IbTaThl aHAIN34,
TPUBE/ICHHBIEC HUYKE, OCHOBAHBI HA IOPAO0OTAHHOMU
CTATUCTHUKE C OOIBITUM KOJTMYECTBOM CKBAKUH KAK HA
IIpruo6CKOM, TaK U Ha MaJI06ATIBIKCKOM MECTOPOXKICHUSIX.
BoiOKOHHBIE JKUIKOCTU, OITMCAHHBIC BHIIIIC,
BKJIIOYAJIN CXOHBIN BOJIOKOHHbBIIN MATEPHAI U IIPU
TEX XK€ KOHLIEHTPALIUAX, YTO UCIIOJIb3YIOTCA B CJIydade
TUPOPA3PBIBA C CO3JAHUEM KAHAJIOB, HO B OTIIMYUE OT
HOCJICTHUX 3AKAYUBAIHCH O€3 TYIbCAITUH IPOMIIAHTA.
Tabnuia 2 NpeCTABISAET PACCUNTAHHbBIC 3HAYCHUS
I'PaIMEHTOB ITIOTEPH HA TPEHUE (CYMMAPHAA IOTEPS
JIaBJICHUS HA TpeHUe, oTHECeHHAd K JiymnHe HKT). Pacuersr
JUUIS1 BOJIOKOHHBIX JKUJJKOCTEN IIPUBEICHBI B BEPXHEI
TOJIOBUHE TAOIUIIBL, CTAH/IAPTHBIC JKUKOCTH I'PIT
OIHUCAHBI B HIPKHEH ITOJIOBUHE COOTBETCTBEHHO. /11 60J1ee
TMTOKA3aTEIbHBIX BEIBOJIOB B AHAJIN3€ UCIIOIb30BAJIHCh
KOHIIEHTpanuu npomnmnanTa ot 400 10 800 Kr/m?,
IOCKOJIbKY HA JJAHHBIX CTAJUAX ITOCIEA0OBATEIBHO MEXAY
CKBA)KMHAMM 3aKAYUBAJICS OJJUHAKOBBINA THUII IIPOIMIAHTA
(12/18 ISP). I1o gecATh CKBAXKMH B KK OM U3 IPYIII ObLIH
NPOAHATIUZUPOBAHBI B XO/I€ CPDABHUTEIBHOTO AHAIN34.
B Tabnulie OTpakeHbl 3HAYECHUS PACXOOB HA pabOoTaX,
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Pucynox 10 — Cpasnenue nomeps Ha mpenue medxncoy
CULUMOTL HCUOKOCBIO U CULUMOTE HCUOKOCIBIO C
6OJIOKOHHBbIMU O00asKamu

Fi§ure 10 - Friction gradient comparison between standard
X-linked fluid and with fibers

MOKHO YOEJUTBCS, YTO OHU COOTBETCTBOBAJIU MEXKY
JIByMs rpynmamMu. Kpome Toro, 3arpyska nojImMepoB Obl1a
OIMHAKOBOM MEIK/Iy BCeMH padoTamu (3.6 Kr/m?). BaskHO
Taxxe, 9To TUM HKT 66171 OTMHAKOBBIM MEXY BCEMU
pa6oramu — 889 mm. ITotepu Ha TpeHue Hike HKT 6b11n
MIPEHEOPEKUMO MBI (KUAKOCTD IIPEOAOJIEBAIA TOPSAKA
40 m B KOsToHHE 146 MM Mexy HKT u ieppoparimoHHbIM
WHTEPBAJIOM BO BCEX CKBAXKUHAX).

Pucynok 10 npeacTaBasieT OAUH U3 BO3MOKHBIX BBIBOJIOB
U3 TA6JIL 2, KOITla OCPEHEHHBIE I'PAJUEHTDI IOTEPDL HA
Tpenue (FG.) 1o Kax1011 U3 KOHIEHTPALUMA IIPONIIAHTA
OBUIM CPABHEHBI — IO A0COIIOTHBIM 3HAYEHUAM (aATM/KM)
U 10 OTHOCHUTEJIbHBIM U3MEHEHUAM (96 CHIDKEHUA F.G.
pU JOOABJIEHUH BOJIOKOH). M3 rpacduka 10 1 Tabir. 2
MO’KHO CAEATh BBIBOJ] O 3HAYUTEIBHOM CHHKEHUH
HOTEPD HA TPEHUE NTPHU JOOABJIECHUH B >KHUIKOCTb ['PIT
BOJIOKOH, OCHOBBIBASICh HAd OIMHAKOBBIX IVIACTOBBIX
XAPAKTEPUCTUKAX M 3aKAHYHUBAHWUU CKBAKHUH. Takke
COKpPAIllEHUE TOTEPD HA TPEHUE CTAHOBUTCS OOJIEE
BBIPAKEHHBIM 10 MEPE YBETUYEHU A KOHIIEHTPAIIUH
NPOIITAHTA (BO3PACTAET OT 17% 10 29% npu yBETNYEHNHN
KoH1eHTpanuu ot 400 10 800 KI/M? COOTBETCTBEHHO).
[ npuMepa: Ha paborax o I'PIT Ha ITpro6ckomM
MECTOPOXK/ICHUH C JOCTATOYHO BBICOKMMU PACXOJAMU
3aKaYKH (4.5 M?/MUH U BBIIIE) BOJIOKHA CHUXKAIOT IOTEPU

Prirazlomnoe and Malobalykskoe oil field, twenty
two treatments were divided into five groups for
comparison. Following results can be givenin a
summary:

» Zero screen outs occurred during the whole
implementation period proving a unique
reliability of the new technique in proppant
placement

¢ New directions in channel fracturing were
invented and successfully implemented to
Achimov and Neocomian sandstone reservoirs:

- Combination of channel fracturing with
abrasive perforating

- CH-100 version of the channel fracturing
to maximize channels length and width by
placing an equal proppant amount as the
conventional design

* Impact of channel fracturing

- Depends on the size of the job and the
formation kH. Production differential versus
conventional techniques increased with
increasing these parameters. Production
increase of up to 51% was realized with this
technique.
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NOMENCLATURE

B oil volumetric factor, m®/m?®

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

GOR gas/oil ratio, m3¥/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?
P_r average reservoir pressure, atm

P, bottomhole flowing pressure, atm (bar)
q fluid production, m3/day

RCP resin-coated proppant

TOPD tons of oil per day, t/day

TSO tip screenout

TVD true vertical depth, m

g fluid viscosity, Pa*s

CH-100 channel fracturing with 100% mass
equivalent

SI METRIC CONVERSION FACTORS
atm x1.013 250" E+05 =Pa

bar x1.0* E+05 =Pa
bbl x 1.589 873 E-01 =m?®
cp x 1.0* E-03 = Pars }
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Ha TpeHue Ha 100 at™ U1 60s1€€. DTO OCOOEHHO BAXKHO, KOT[A
OO'BEKTOM OOPAOOTKHU ABIAETCA INTyOOKHUH M PA30OIIEHHBIN
IUIACT ¥ OTPAHUYEHHE TOBEPXHOCTHOI'O JIABJICHUS
SIBJISETCSA PEMIAIONIMM KOMIIOHEHTOM B in3arine I'PI1.

OCHOBBIBASICh HA TIATUIETHEM OITBITE BHEJPEHUA
TexHosioruu I'PII ¢ cozranmem kaHaaos Ha [IpHo6CKOM,
[Ipupa3s10MHOM U Ma106aJIBIKCKOM MECTOPOK/ICHUSX,
JIBa/ILIATh JIBE IIPOBEICHHBIC PAOOTHI ObUIN MO/ICICHbI
HA4 IIATh IPYIII IS CDABHEHUA. B KAUECTBE UTOT'OBBIX
TIPUBEJIEHDI CJIEAYIOIINE PE3YIBTATHL:
¢ Hu O1HOU NPEKIEBPEMEHHON OCTAHOBKH PAOOTHI

(«cTomna») npu I'PIT HE MPOU3OIIO, UTO HOATBEPKIAAET
YHUKAJIBHYIO HAJIEKHOCTDb HOBOIM TEXHOJIOI'UHU B
Pa3MEIIECHUHN ITPOIIIAHTA.

* HoBBIE NEPCIIEKTHUBHBIE HATIPABIECHNS B
UCIIOJIb30BAHUU I'MIPOPA3PLIBA C CO34AHHUEM KAHAJIOB
OBbLIIY PA3PAOOTAHBI Y BHE/IPEHBI B A4MMOBCKUX U
HEOKOMCKUX IIECYAHUKAX:

+ Kom6bunuposanue I'PIT ¢ cO3/jJaHUEM KAHAIOB U
TEXHOJIOI'MH A6pA3NBHOM NEPHOPALINU C HIOMOIIBIO
THKT.

+ Onnwya rexnonornu K-100 BBeeHa B IPOU3BOICTBO
JUISI MAKCHMJIBHOT'O YBEJTUYEHU S JIJTMHBI U I PUHBI
KAaHAJIOB 34 CYET PA3MELIECHUA PABHOMU MACCHI
IIPONIIAHTA B CPABHEHNH CO CTAHAAPTHBIM I'PIT.

¢ Oddekr ot I'PII € CO31aHMEM KAaHAIOB

+ 3aBUCHT OT pa3zMepa paboThl U napaMmeTpa kH
CTUMYJIMPYEMOI'O MHTEPBAJIA. [IpH poCTeE JAHHBIX
IAPAMETPOB BO3PACTAET JONOTHUTENBHBIA 3(PMEKT OT
HOBOM TEXHOJIOT'MHU. YBEJIUYEHHE IIPOAYKTUBHOCTHU 10O
51% 6bL10 32(PUKCUPOBAHO B XOJIE€ UCCIIETOBAHUIL

ABTOPBI BBIPAKAIOT 6IAarOIAPHOCTD KOMIIAHHUAM
«PocHe(P 1> U JIImoM6€epKe» 32 TOAACPIKKY U
paspemeHmne ONnyoINKOBATD JAHHBIE MATEPHUAJIDL.
OTaE/IBbHYIO IPU3HATEIBHOCTb XOTEJIOCH Obl BBIPA3UTh
HoBOCHMOHPCKOMY TEXHOJIOTUYECKOMY LIEHTPY KOMITAHUU
JIImoMbepxe» 32 pa3zpaboTKy HOBOH TEXHOJIOTUU
U IIEPCOHAJIBHO NO6aroaputs Onera MeBecsa,
PYKOBOJUTENS NPOEKTA, U AH/Ipes borgana 3a ero pabory
10 BU3YAJIM3ALUN MOZEIEH KAaHAJIOB. ABTOPBI KpariHe
omarogapHasl AHapero I'epoeBuuy [TaCBIHKOBY, OBIBIIEMY
IJIABHOMY I'€0JIOT'Y KOMITAaHUM «FOraHCKHedTeras» 3a
BCELIEIIYIO NOAJEPAKKY B Pa3PAOOTKE TEXHOJIOIMH HA
CTAIUU IIOJIEBOI'O TECTUPOBAHUA. ©

S| METPUYECKUE NEPEBOAHBLIE KOQ®®ULIUEHTDI

atm x 1.013 250 E+05 =Pa
bar x 1.0* E+05 =Pa
bbl x 1589873 E-01 =m?®
cp x 1.0* E-03 = Pars
ft x 3.048* E-01 =m
ft2 x 9.290 304* E-02 =m?
ftd x2.831685E-02 =m?
°F (°F-32)/1.8 =°C
gal x3785412E-03 =m?®
Ibm x 4535924 E-01 =kg
psi x 6.894 757 E+00 =kPa

* Koahp1LMEHT TOYHIN
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ft x 3.048* E-01 =m

ft2 x 9.290 304* E-02 =m?
fte x2.831685 E-02 =m?
oF (°F-32)/1.8 =°C
gal x3785412E-03 =m®
Ibm x 4535924 E-01 =kg
psi x 6.894 757 E+00 =kPa

*Conversion factor is exact.
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