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[IpruMeHEHUE HOBBIX TeXHOJIOTUM ['PI1
C IIPOIIIAHTOM B KAPOOHATHBIX KOJUIEKTOPAX
BEPENCKOT'O TOPU30OHTA CPEHETO KAPOOHA
HA MECTOPOXKICHUAX C TPYAHOUIBICKACMBIMU
3aI1aCaMH HA TEPPUTOPUU
Pecniybirku TaTapcTan

Application of New Proppant Fracturing
echnologies in Carbonate Reservoirs
of Vereiskian Stage at the Oilfields with
Hard-To-Recover Reserves on the Territory
of the Republic of Tatarstan

P.III. TAXAYTIWUHOB, P.®. BAJIHEB, 0.3. HCMATHJ/IOB, M.I. HOBHUKOB, OOO YK JllemMaorii»;
A.P. TABJIETOB, A.M.TA3HU30B, B.C. MUPOHOB, StrataGen

R. TAKHAUTDINOYV, R. VALIEYV, O. ISMAGILOV, M. NOVIKOYV, ‘Sheshmaoil’ Management Company LLC;
A.DAVLETOV, A. GAZIZOV, V. MIRONOYV, StrataGen

Pecrry6mka TaTapCTaH ABISETCAI OTHUM U3
CcTapenmux He(pTeJOOBIBAIOIIUX PEFTHOHOB
Poccuy, 3HAYUTENIBHAS YACTh CTPATUTPAPUIECKOTO
paspes3a KOTOPOro NPEACTABIEHA KAPOOHATHBIMU
OTJIOKEHUSAMU. JIO IOCJIEHETO BDEMEHU CUUTAJIOCD,
YTO OCHOBHBIM METO/IOM HHTEHCU(PUKAITUU
JIOOBIYM B KAPOOHATHBIX KOJUIEKTOPAX SBJISAETCS
KHUCJIOTHAs1 00paboTKa n1acTa. [TociegHue OnbITHO-
MIPOMBIIUIEHHBIE PA6OTHI HA MECTOPOXKICHUSAX
VK JdIlemmaoir Ipyu NHXKXEHEPHOU HOAJEPKKE
KOHCYJIBTAHTOB StrataGen IOKa3aJI1 3HA4YUTE/IbHbIE
NPENUMYIIECTBA HOBBIX TeXHONMOruu I'PI1 o
CPAaBHEHUIO C TPAAUIITMOHHBIMU KUCJIOTHBIMUA
06pabOTKAMH, 4 UMEHHO: 60JIEE BBICOKHUE CTAPTOBBIE
JIEOUTBI U IOJITOCPOYHBIA IPUPOCT JOOBIYH.

B yc10BUsIX HEOOXOAUMOCTH CTAOMIN3ALIUHN JOOBIYN
HePTHU HEPTAHBIMUA KOMITAHUAMU Pecriybmnku
TaTapCTaH NPEeINPUHUMAETCA MHOT'O YCUJIHH 11O
Pa3BUTHIO ¥ BHEJIPEHHIO PAZIUYHBIX TEXHOJIOTUH
MOBBIIMIEHUA HE(PTEOTAAUHN IIJIACTA. YKA3AHHOE B
OCOOEHHOCTH OTHOCHUTCH K BBICOKOIIPOJYKTUBHBIM
KPYITHBIM MECTOPOXKICHUAM, HAXOIAIIHUMCS
H4 IIO3[JHUX CTAAUAX pa3paboTku. Kpome Toro,
YAENAETCA MHOT'O BHUMAHUA ITPOOIEMAM OCBOECHUSA
CJIOJKHBIX 3AJIEXKEN YITIEBOJOPOIOB: JOOBIYE ChIPbA U3
OUTYMUHO3HBIX IOPOJ, IEPCHEKTUBAM ITOMCKOBBIX
PaboT B KAPOOHATHBIX OTJIOKEHUAX IEBOHA U IPYTHM.

I1pyr 3TOM OCTAETCA OTKPBITBIM BOIIPOC MOBBINEHUA
PEHTAOEIBHOCTU PA3PA6OTKY 3HAYUTEIBHOI'O YUCIIA
Mas103(P(PEKTUBHBIX MEJIKMX MECTOPOXKIAECHUI
pecnyb/IMKHU C TPYAHOU3BIEKAEMBIMH 3aITACAMU.
OJHUM 13 OOBEKTOB PA3PAOOTKU SABIISIETCS BEPEUCKUN
TOPU3OHT CPEAHETO KapOoHa. Pa3zpaboTKa JaHHOIO
OO'BEKTA B OCHOBHOM OCJIO’KHEHA JIBYMS (DAKTOPAMHU:
CJIOKHOE T€O0JIOTUYECKOE CTPOEHUE, BA3KAA TAXKEIAS
CMOJIMCTO-IapaduHUcTas HePThb. IIpu 3TOM Ha
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The Republic of Tatarstan is one of the oldest oil
producing regions in Russia. Its geology is mainly
represented by carbonate deposits. Until recently,
acid treatments were considered the only EOR
method in carbonate reservoirs. Latest field trials
conducted at the fields of Sheshmaoil Management
Company with the engineering support of
StrataGen consultants showed considerable
advantages of new fracturing technologies
compared to conventional acid treatments — in
particular, higher initial well yields and long-term
production build-up.

Striving to stabilize oil production rates oil
companies of Tatarstan make a lot of effort to
develop and introduce various EOR technologies.
This, in particular, concerns highly-productive
large mature oilfields. Besides, attention is paid to
the development of less accessible hydrocarbon
deposits — hydrocarbon production from
bituminous rocks, hydrocarbon exploration in
carbonate deposits of Devonian period, etc.

However, increasing profitability of development
of great number of small inefficient oilfields with
hard-to-recover reserves remains an open issue.
Formations of the Vereiskian stage are one of the
targeted areas. Development of such formations is
complicated by two factors: complex geology and
heavy viscous paraffin-resinous oil. Meanwhile,
sizeable proportion of Sheshmaoil’s recoverable
deposits (14 to 35%) is located in the Vereiskian
stage. Oil recovery factors are 0.25 to 0.29,
development rates are not high — 0.006 to 0.032.
Average well yields are also quite low: fluid yield is
2m?/day, oil yield — 1.4 tons/day, water cut — 24%.

Additional features of the formation in question
are: low oil saturation according to logging data



MECTOPOXK/ICHUSIX JIOOBIBAIONINX KOMIIAHUH YK
«Ilemmaory» Ha BEPEUCKUM TOPU3OHT IIPUXOANUTCA
3HAYUTEIbHAS JOJISI U3BJIEKAEMBIX 3211ACOB — OT 14% 110
35%. YrBepxaeHHble KMH nipu 3T1OM OT

0,25 10 0,29, TeMITbI pa3paboTKu HU3KHue — ot 0,006

110 0,032, CpegHue oKa3aTeNan 10O CKBAKMHAM TAKXKE
OTMEYAIOTCA HU3KUMU 3HAUYECHUSIMU U COCTABJISAIOT:
JEOUT KUJKOCTH — 2 M?/CyT, 10 HEPTHU — 1.4 T/CYT,
OOBOJTHEHHOCTD — 24%.

JIONOMHUTENBHBIMU OTIUYUTEIBHBIMU (DAKTOPAMH,
XAPAKTEPUIYIOIIUMHU PACCMATPUBAEMBII OOBEKT,
ABJIAIOTCA (PAKTOP HU3KOIM HE(PTEHACBIILIEHHOCTH IO
I'MC 1 OTHOCUTENIBHO HU3KAA [IJIACTOBAS TEMIIEPATYPA
(19-21 °C). B 60nee uem 90% CKBaKHUH KO3 PUITUEHT
He(dTEHACHIIIEHHOCTY, 1O AaHHBIM ['YIC, McHEe
55%, 9TO ABJIAETCA HYDKHEN I'PAHULEH KOHAUITUHU
MPOMBIIUIEHHO-IIPOAYKTUBHBIX IIJIACTOB. Kpome
TOT'O, YKa3aHHOE HE COITIACYETCS CO CPEJHUMHU
MOKA3aTEIAMU PA6OTEI CKBAKHH 11O OOBOJHEHHOCTU
JIOOBIBAEMOU ITPOAYKIIUH U, CKOPEE, CBUIETE/ILCTBYET
O HEJJOHACBIMIEHHOM XaPAKTEPE OOBEKTA. DTO
MOJKET NOATBEPKAATHCA HU3KUMU 3HAYEHUAMU
JIACTOBOI'O JJaBJIEHUS (OCOOEHHO B 30HE OTOOPA)

C KO3 (PUITMEHTOM aHOMAJIBHOCTH MeHee 0,5,
MNOCTOSAHHBIMHY 3(P(PEKTAMHU MOIVIOIMEHU S )KUIKOCTEN
B IIPOLIECCE PA6OT HA CKBAKUHAX (B TOM YUCJIE
HAT'HETATEIbHBIX).

Beperickuri ropu30HT HPEACTABIEH ABYM ITAYKAMU.
BepxHsAA CIOXKEHA ATIEBPOIHUTO-TTIMHUCTEIMUA
nopogaMu TONMHOM 20—30 M. B HEM npakTU4eCcKn
OTCYTCTBYIOT HOPUCTO-TIPOHUIIAEMBIE ITPOIIACTKHU, U
BCSI OHA ABJIAETCS PETMOHAJIBHBIM BOJOHEMTEYIIOPOM
JULA 3A7IEKEN CPEHETO KApOOHA. B 60IBIIMHCTBE
CKBAXXWH BEPXHUE IIACTHI BEPEHCKOIO TOPU3OHTA
(Bp-4-Bp-6) u HuskHUH (Bp-1) c1abopasBUThL U
BKJIIOYAIOT B OCHOBHOM YIIJIOTHEHHBIE PA3HOCTHA
INIMHUCTO-KAPOOHATHBIX NOPOA. HUKHHME TITACTHI-
KOJUIEKTOPHI (Bp-2 u Bp-3), 3aeraoomue noy,
PETUOHAJIBHO BBIAEPKAHHOM IIJIOTHOM ITAYKOU TOPO/I,
MPOCJEXEHBI B PA3PE3aX OOIBITUHCTBA CKBAKHUH
¢ ob1ert TomuuHou Bp-2 (1-3 m), Bp-3 (3—7 m).

YHCJI0 HOPUCTO-TIPOHUILIAEMBIX ITPOIIACTKOB B HUX
cocTapisaeT 1-3. ITnacTel OTAEAEHbI ITTHHUCTOM ITAaYKOM
TONIMHON 0,8—1,0 M 1 0OPA3YIOT €JMHBIN IIPUPOAHBIN
pe3epByap MIaCTOBOrO THMA. [TO (PU3UKO-XUMUYIECKHUM
CBOMCTBAM HE(PTH BEPEUCKUE OTIOKEHUS OTHOCITCS K
CMOJIMCTBIM, TAPAMPHUHUCTBIM, BICOKOCEPHUCTBIM

(3% 1 60s1€€) 1 BBICOKOBA3ZKUM (80—90 MITa.0),
IVIOTHOCTB IIOBEPXHOCTHHBIX ITPO6 0,912-0,918 1/cM?,
ra30BbIA (PAKTOP HU3KUU CO 3HAYEHUSIMHU MEHEE 5 MY /T.

Pa3paboTka BEPEHCKOTO OO'bEKTA TPAJTUITMOHHO
BEZIETCS C IPUMEHEHUEM CJIEAVIOIMIUX OCHOBHBIX
HAITPABJIEHUU: KUCJIOTHOE BO3/ICHCTBUE HA
KapOOHATHBIN KOJUIEKTOP MO PA3JIMYHBIM
TEXHOJIOTHAM, 3aBOJHEHME (IPEUMYIIECTBEHHO
HECTALIUOHAPHOE) C IPUMEHEHUEM B KAYECTBE ATEHTA
CTOYHOMH WJIN IJIACTOBOM BOJIBI C IIEJIBIO ITOAAEPKAHMSA,
MOBBIIIEHUA I1ACTOBOIO Aasnenusd (ITI110) u
BBITCCHEHUSI HE(PTU.

B yC/IOBUAX BBIMIEYKA3AHHBIX OCOOEHHOCTEN U
KaBEPHO3HO-TIOPOBO-TPEIIUHOBATON CTPYKTYPBI
KOJUUIEKTOPA 3aKA4K4d BOZABI TA2KE B €€ IUKJINYHOM

and relatively low reservoir temperature (19-21 °C).

In more than 90% of wells oil saturation factor
isless than 55%, which is the lowest acceptable
quality threshold of a producing formation.
Besides, the abovementioned is not consistent with
the average fluid water cut data and is indicative of
the undersaturation of the formation in question.
This can be confirmed by low reservoir pressure
(especially in the oil recovery zone) with the
anomaly ratio below 0.5, and continuous fluid

loss effects during well interventions (including
injection wells).

Vereiskian formation consists of two units. The
upper unit is represented by siltstone-clay rocks
20-30 meters thick. Porous and permeable layers
are almost non-existent; the whole unit serves as
water and oil confining stratum to the deposits
of Middle Pennsylvanian. In the majority of wells
upper layers of the Vereiskian formation
(Vr-4-Vr-6) and the bottom one (Vr-1)are
underdeveloped and are represented by consolidated
varieties of carbonate and clay rocks. Lower
reservoirs (Vr-2 and Vr-3), which are located under
the solid rock unit, can be observed in the majority
of well logs. Total thickness of Vr-2 is 1-3 meters,
Vr-3 — 3 to 7 meters. They contain from one to
three porous and permeable layers. The layers are
separated by a clay unit 0.8-1.0 meter thick and
constitute a single natural formation. In terms
of physical and chemical properties Vereiskian
formation crude is tarry and waxy with high sulfur
content (3% and more). The crude is highly viscous
(80-90 mPa.s); gravity of surface samples is
0912-0918 g/cm?; gas factor is low — less than
5 m3/ton.

Vereiskian formations are traditionally
developed with the use of the following methods:
acid treatment of carbonate reservoirs employing
various technologies, water flooding (mainly
non-stationary) with the use of waste water or
formation water with the aim of increasing or
sustaining reservoir pressure and oil displacement.

Under the abovementioned conditions and
taking into account the porous and fissured
structure of reservoirs, water injection (even
cyclical) is not very efficient. One can surely say
that there is no piston-like displacement effect;
great portion of the injection is wasted. Quite
often we observe negative effects of injections
in the form of water breakthrough in first line
wells. Authors believe that the attempts to boost
injection efficiency by introducing conventional
diverter technologies and polymer flooding do not
yield desirable effect. On the contrary, they lead to
negative effects: diverting agent breakthrough into
the producing wells, clogging of the oil containing
carbonate rock and, consequently, reduction of oil
recovery.

As far as acid treatments are concerned, a
number of technologies and methods were used:
conventional hydrochloric acid treatments,
hydrochloric acid treatment in combination with
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MIPOABICHUH HECET HU3KYIO 3(P(PEKTUBHOCTD.
MOKHO OJHO3HAYHO YTBEPXKAATD, YTO 3(PPEKT
MOPIIHEBOI'O BBITECHEHUS OTCYTCTBYET, BEJIMKA OIS
HEMPOU3BOAUTENBHOM 3aKa4Ku. Hepeaku NposBIeHUSA
HETaTUBHOT'O BO3ZEHMCTBUA B BUJIE IPOPBIBA BOJLI HA
CKBaKMHBI IIEPBBIX PANOB. [TONBITKY HOBBIIIEHU S
3(PPEKTUBHOCTH 3AKAYKU ITYTEM BHEAPEHUS
KJIACCUYECKUX MTOTOKOOTKJIOHSIOMUX TEXHOJIOTUH,
MOJIMMEPHOT'O 3aBOJHEHHUS, IO MHEHUIO aBTOPOB,

HE IIPUHOCAT KEJAEMOI'O PE3YIBTATA, 4 HAOOOPOT,
BJIEKYT OTPULIATEIBHBIE TIOCIECTBUA: IPOPBIBBI U
BBIMBIB OTKJIOHUTEJEN B JOOBIBAIOIINE CKBAYKHHBI,
KOJIbMATALIHIO HE(PTECOAEPKAIIEN MATPHUIIBI
KapOOHATHOU ITOPOJBI, 1, KAK CIENCTBUE, CHHUKEHHE
HedTeoTnauN.

I1o HAaIPaBJIEHUIO KUCJIOTHOI'O BO3IEUCTBUSA
Ha JAHHOM OO'bEKTE NPUMEHATIOCH MHOKECTBO
TEXHOJIOTUH: OOBIYHBIE COJIITHO-KHUCIOTHBIE
o6paboTtku (CKO), komrnekcupopanue CKO ¢
3aKa4KOM pacTBOpHTEIEH, HanpasjaeHHoe CKO-
BO3JIENCTBHE, CEJIEKTUBHOE BO3AECHCTBHUE, IPHMEHEHNE
PA3JIMYHOTO PpOJid OTKJIIOHUTENEHN, BO3JIEUCTBHE
OMHAPHBIMU CMECSIMU U T.ZI. [IPAKTHKA IOKA3bIBAJIA
KpariHe HU3KYIO 3(P(PEKTUBHOCTb NIPUMEHAEMBIX
METOJIOB, KOTOPBIE HE NO3BOJIAIN OOECTIEYNUTD
MPUEMJIEMYIO TEXHOJIOTUUYECKYIO U 9KOHOMHYECKYIO
3(pPEKTUBHOCTE.

Jlonroe Bpems yAEIAIOCh HEAOCTATOYHO
BHUMAHM A JTAO0OPATOPHBIM UCCJIEJOBAHUAM (TECTHI
HA COBMECTUMOCTD 34KAYHBAEMBIX PEATEHTOB
C IIJIACTOBBIMH (DIIONIAaMU, (PUIBTPALIMOHHBIE
3KCIEPUMEHTDBI HA KEPHE U PAJL IPYTUX) U
MATEMATUYECKOMY MOJAETHUPOBAHUIO (PACYET
IIPOLIECCOB PACTBOPEHMS) OOpabOTKU. B pamkax
PadoT IO NOBBIIEHUIO 3(PPEKTUBHOCTU KUCJTOTHOI'O
Boazaericteus B 2013 rogy VK «llemmaoi» ¢
MPUBJIEIEHUEM HAYYHO-HUCCIIETOBATEIBCKOTO
MHCTUTYTA IIPOBEJIA IIOJTHBIN [IUKJI OOOCHOBAHUA
PadoT, BKJIIOUAS JIAOOPATOPHBIE UCCIEAOBAHMUS HA
KEPHE U COCTABJIEHUE IUIAHOB 3aKA4EK HA OCHOBAHUU
OIITUMAJIBHBIX MOJIEJIEN ITpoLecca. B Hos6pe
2013 rozsa Ha pacCMATPUBAEMOM OO'BEKTE OBLIIN
IIPOBEAEHBI ONBITHBIE PA6OTHI HA IBYX CKBAXKUHAX
KpacHOOKTAOPbCKOTO MECTOPOXKACHUSA: OJTHA C
KHCJIOTHBIM BO3/ICHCTBHEM YBEIUYECHHBIM OObEMOM
KHCJIOTBI B KOMIIJIEKCE C 3aKAYKOH PACTBOPUTEI,
apyras — KI'PIT ¢ MCIio/ib30BaHUEM 3MYJIbI MPOBAHHOI'O
KHUCJIOTHOI'O COCTaBa. D(PPEKT OIyU€H HE ObLIL

B cBs13u ¢ HU3KOU 3(PPEKTUBHOCTBIO KUCJIOTHBIX
06pabOTOK KOMITAHHUA IIPUCTYIIUIA K OIBITHO-
MMPOMBINIJICHHBIM UCITBITAHUAM TCXHOJIOT U
IHJIPABINYECKOIO Pa3phlBa IIJ1ACTA C IPOMNIIAHTOM Ha
BEPEICKOM I'OpU30HTE. B nione u asrycre 2013 roga
ObUIN IPOBEJEHBI TponnanTHbie ['PIT HA 1By X
CKBA>KHMHAX TOTO k€ KPpaCHOOKTA6pbCKOIO
MECTOPOXK/ICHHUS IPU YIACTUU HHKEHEPOB-
KOHCY/IBTAHTOB StrataGen. ITosydeH NoNIoXKUTENbHBIN
ad¢exr. ITo cocrosnuio Ha 01.12.14 1ONOIHUTEIbHAS
JOo6BIYa HEPTHU COCTABUIA 3,4 THIC. TOHH IIPU
cpeaHeld HapaboTke 477 CYT., 1 CAMOE BAKHOE, UTO
apdpexT npopokaercs. B 2014 rogy paboTe! 66111
NPOJOKEHEL Beero 3a mosrropa roga nposegenns I'PIT
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solvent injection, targeted acid treatment, selective

treatment, application of various diverting agents,

application of binary mixtures, etc. Events proved

these methods to be inefficient, since they did

not ensure the necessary technical and economic

feasibility.

For quite a long period of time little attention was
paid to laboratory studies (tests for compatibility
of injected agents with formation fluids, filtration
tests on the core, etc.) and mathematical simulation
(modelling of dissolution processes) of treatment
operations. In 2013 in order to improve the
efficiency of acid treatments Sheshmaoil in
cooperation with research institute conducted a
feasibility study, including tests on the core and
preparation of injection plans based on optimal
process models. In November 2013 they conducted
trials at two wells of Krasnooktyabrskoye oilfield:
one well — acid treatment with higher acid volume
in combination with solvent injection, the other
well — acid fracturing with the use of emulsified
acid composition. There was no effect achieved.

Due to low efficiency of acid treatments
the company started field trials of proppant
fracturing at Vereiskian formation. In June and
August 2013 proppant-based hydraulic fracturing
operations were done at two wells of the same
Krasnooktyabrskoye oilfield with the participation
of StrataGen consultant engineers. The results
were positive. As of December 1, 2014 incremental
oil production amounted to 3.4 thousand tones
with the mean operation time of 477 days. Most
importantly, long-lasting effect was achieved.
Treatments continued in 2014. Within
1.5 years’ time more than twenty hydraulic
fracturing jobs have been conducted at the wells of
Vereiskian formation.

When planning and conducting hydraulic
fracturing in carbonate reservoirs the main
challenges faced are:

1. High permeability (50—-450 mD) due to natural
fissures system,

2. Low reservoir pressure ("40 bar, vertical
reservoir depth — 7850 m), low reservoir
temperature (19-21 °C),

3. Weak streaks and bridges that separate the
target formation;

4. Formations with high closure gradients and
Young’s modulus.

Typically, carbonate formation matrix does
not exhibit considerable permeability or
porosity, while a system of natural fissures might
considerably affect porosity and permeability
properties of the formation. That is why hydraulic
fracturing of carbonate rock, unlike conventional
terrigenous rock, requires injecting larger volumes
of fluid.

We try to select fracturing method with lower
volumes of guar in order to reduce damage to the
formation done by polymers. Under low reservoir
pressure polymers remain in the fracture and
around it, they clog the proppant pack and when



Ha CKBA’KMHAX BEPEHICKOIO FTOPU3OHTA BBIIIOJIHEHO

6onee 20 T'PIT.

OCHOBHBIE TPOOIEMBL, BO3HUKAIOMINE IIPU
OPOEKTUPOBAHNU U TPOBeicHNHU I'PIT B KapOOHATHBIX
IIACTAX:

1. Bercokas nponuraeMmocts (50—450 m/1),
OO6YCJIOBIIEHHASI HATUYUEM €CTECTBEHHON
TPEIMUHOBATOCTH;

2. Huskoe miactroBoe gasnenue (“40 arM, 1pu
BEPTHUKAJIBHON INTyOHHE 3ayIeTaHusA ~ 850 M), HU3KAs
miacrosad remueparypa (19-21 °C);

3. Ciabple IEPEMBIYKU, OTACISIONINE IEJIEBOU
TOPUBOHT;

4. T11aCThI C BLICOKUMU I'PAIUEHTAMU 3AKPBITUA U
MoayiasamMu IOHra.

Marpuiia KapOOHATHOIO IJIACTA Y4IIE BCETO HE
00612/12€T KAKOH-THUO0 3HAYUMON IIPOHUIAEMOCTBIO
WA TIOPUCTOCTBIO, 4 HAJTUYHE CETH €CTECTBEHHBIX
TPEIINH MOKET 3HAYUTEIBHO MTOBJIUATD HA
(PUIIBTPAITMOHHO-EMKOCTHBIE CBOMCTBA IJIACTA,
noatomy nposegieHnue I'PIT B KapOOHATHBIX TIOPOJAX B
OTJIMYME OT TPAJUILIMOHHBIX TEPPUT€HHBIX OTIMYAETCA
OOJIBLIINM OO'BEMOM 3aKAYUBAEMOM JKUJIKOCTH.

C LIEIBIO YMEHBIIEHUS TOBPEXKJECHU IIACTA
MOJIMMEPAMH B YCJIOBUAX HUZKUX IIACTOBBIX
JIABJIEHUH, KOTOPBIE OCTAIOTCS B TPEIINUHE U BOKPYT
Hee, 3a6MBAS YITAKOBKY IPOIITAHTA U NTOMNA/Jas B IIACT,
06pa3ys IMJIOTHYIO KOPKY Ha TIOBEPXHOCTHU TPEIIUHBI
U NPEMATCTBYA JOOBIYE YITIEBOJOPOJOB, BEJETCS
HOA00P PELENTYP B CTOPOHY YMEHBIIEHHU 3T DY3KU
ryapa. OCHOBHOU padouei ;kuaKkoCThio ['PIT ssBsieTcs
CHCTEMA Ha OCHOBE T'yapa C 3arpPy3Kor 2,8 Kr/m?

(cyxoi 3kBUBAJIEHT). ['paduK CTA6UIBHOCTH (pa3pylie-

HUS) TeJIs C 3arPy3KOI 2,8 KI/M? TIPEACTABIIEH HA PUC. 1.
C 1esIbIo ToAHOPA ONITUMATLHOM CUCTEMBI CO

CHH>KEHHOM 3aI'Py3KOM IIPU YCIIOBUU JOCTATOYHOU

BAI3KOCTU U TPAHCIIOPTHBIX CBOKCTB ObLIN

IPOTECTUPOBAHBI IAGOPATOPHBIE OOPA3IIHL C

3arpyskamu 2,5 u 2,0 Kr/m>. B pe3ynsrare 115t OnbITHOH

33KaYKH OblJIA BBIOPAaHA CUCTEMA C 3ATPY3KOH el

2,0 kr/M? (CyXOU 3KBUBAJIEHT). ['papuK CTAOUIBHOCTH

(paspyuieHus) reis ¢ 3arpy3koi 2,0 Kr/M> IpefcTaBaeH

Ha puUC. 2.

IIpoBeAEHUE U AHAINU3 ONBITHBIX pa60T I'PIT HA
CHMIKEHHBIX 3aI'Dy3KaX, IOMHUMO U/IEH CHUKECHUS
3arps3HEHUSA IIIACTA, HOBBIIIEHN S TPOBOJUMOCTH
TPEIIMHBL, TAKXKE UMEET BAXKHOE 3HAYEHUE [T
YIIPABJICHUS '€OMETPUEH TPEIUHBL. KaK U3BeCTHO
U3 MEX/TYHAPOAHON OOIIENPU3HAHHON IPAKTUKH,
YMEHBIIECHUE BA3KOCTU paboden :KUAKOCTU I'PIT
OPUBOJUT K YMEHBIIEHUIO BBICOTHI TPENIUHEI,
YBEJIMYEHHUIO JUIMHBI TPEMUHBL, YTO OYEHD BA2KHO
MPU BO3AECHCTBUU HA KOHKPETHBIHN 11€JIEBOM OOBEKT
B YCIIOBUSIX OTCYTCTBUSA 6APbEPOB U OTPAHUYEHUNA
1O BbICOTE. CHUKEHUE BABKOCTU TTO3BOJIAET
ONTUMH3UPOBATH BO3IEHUCTBUE HA IIJIACT IIPH
OJJHOBPEMEHHOM UCKIIOUYEHUHN B TPHOOIIEHUHN IPYTUX
OO'BEKTOB PA3PAO6OTKHU. TAaKUM 0OPa30M, MBI UMEEM
BO3MOXKHOCTB YBEJIUYUTb O6'beM PaboThI I'PIT (TOHHAXK
U Ky0aTypy paboder JKUJKOCTH) JIJI LEJIEBOT'O IIIACTA,
TEM CAMBIM JJOOMBASACH MAKCHMAJIBHOI'O U JUIMTEIBHOT'O

adexra.

they get into the reservoir they form a solid crust
on the fracture’s surface hampering recovery of
oil. Main fracturing fluid is a guar-based system
with guar concentration of 2.8 kg/m? (dry
equivalent). Gel stability (destruction) chart (with
concentration of 2.8 kg/m?) is shown in Figure 1.

In order to select an optimal system with lower
guar concentration (provided that sufficient
viscosity and transportation properties are
achieved), we tested laboratory samples with
concentrations of 2.5 and 2.0 kg/m?3. After
laboratory testing we have selected a system with
gel concentration of 2.0 kg/m? (dry equivalent). Gel
stability (destruction) chart (with concentration of
2.0 kg/m?) is shown in Figure 2.

Besides the aim of reducing reservoir
contamination and improving fracture
conductivity, field trials of hydraulic fracturing
with lower gel concentrations and analysis of its
results is also important for managing fracture
geometry. As we know from internationally
recognized practice, reduction in fracturing fluid
viscosity leads to reduction in fracture height and
increase in its length, which is important in case
of particular target area provided that there are
no barriers and height limitations. Reduction in
viscosity allows optimizing formation stimulation,
and at the same time allows excluding other
productive layers. Thus, we can increase the scope
of hydraulic fracturing job (tonnage and volume
of the fracking fluid) for the targeted formation,
achieving maximum and long-time effect.

Beyond all doubt, another important concurrent
factor is the reduction of the surface injection
pressure when using systems with lower viscosity.
It allows reducing load on the equipment,
performing treatment operations with higher flow
rates, ensuring safety of works.

Lower viscosity of the fracturing fluid helps
to transport proppant deeper into the fracture
and to ensure its penetration into natural small
fissures in the formation that allows achieving
better coverage by fracking and involving natural
fissure system. Taking into account all the
abovementioned factors a decision was made to
conduct a series of field trials at the Vereiskian
formation. Well No. 3725 of Dachnoye oilfield
became the first well for trial.

Taking into account lack of fracking experience
with gel concentration of 2.0 kg/m? we prepared
the design and a model of hydraulic fracturing
for 20 tons (quartz sand plus ceramic proppant).
Geometry simulation done with the use of
Fracpro software showed a 30% longer fracture
compared to similar fracking operation with gel
concentration of 2.8 kg/m?3.

Before the main job some standard test injections
were made: injection of 5 m? of water, displacement
with linear gel, stepwise flow rate reduction test
and mini-fracking using a 1-ton quartz sand
pack. We analyzed the data of test injections and
calibrated the fracturing model, as well as changed
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Pucynox 1 - I'pagpux cmaouavnocmu (paspyuenus) zeasn c 3azpy3xou 2,8 kz/m?
Figure 1 — Gel stability (destruction) chart (with concentration of 2.8 kg/m?)
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Pucynok 2 - I'pagpux cmaounrsnocmu (paspyuwenusn) zeasn c 3azpy3xoi 2,0 kz/m?
Figure 2 — Gel stability (destruction) chart (with concentration of 2.0 Rg/m?3)

HeCOMHEHHO, BAXKHBIM COITyTCTBYIOIIUM (DAKTOM fracturing programme (increased the volume
SIBJISIETCSI CHUXKEHHUE TOBEPXHOCTHOTO /IABJICHU S of displacement fluid). Hydraulic fracturing was
3aKa4YKU MPU UCITOIB30BAHUU CUCTEM C IOHUKEHHOU successfully conducted in November 2014 (see
BSI3KOCTBIO, YTO YMEHBIIIAET HAIPY3Ky HA pabouee Figure 3). At present this well is in operation and
060PYJOBAHUE, JAET BO3MOKHOCTb IPOBOAUTH shows high productivity. Sheshmaoil decided to
06pabOTKY HAa MOBBIIIEHHBIX PACXOAX, OOECTIEYNBAET continue trials at other wells of Vereiskian horizon.
6€30MaCHOCTb IPOBEAEHUS PAOOT. Hydraulic fracturing with lower gel

IToHMXEeHME BAZKOCTHU PAOOYEN XKUJKOCTH YIY4IIIAET concentration has a number of constraining
TPAaHCHOPTHUPOBKY NPOMIMIAHTA BITTyOb TPEIIHUHEL, 4 factors: a) use of mainly quartz sand and fine-
TAKKE €I'O IPOHUKHOBEHUE B CUCTEMY €CTECTBEHHBIX fraction proppant; b) use of lightweight proppant;
MEJIKUX TPEIIUH I17IACTA, TEM CAMBIM YIy4IlIast OXBAT ©) limitation in terms of maximum proppant
BO3AEUCTBUA U BOBJIEKAS B IIPOLIECC ECTECTBEHHYIO concentration; d) inclination angle limitation in
TPELUIMHOBATOCTD. YUUTBIBAS BbIIECIIPHUBEICHHDBIEC the perforation interval.

(paKTOPBL, 6BIJIO PEMIEHO IIPOBECTU CEPHIO OMIBITHO- Creation of a fracture largely depends on
MPOMBIIUIEHHBIX PA0OT B YCJIOBUAX BEPEUCKOTO the distribution of stress in the formation. In
ropu3oHTa. [1epBOIt CKBA>KUHOM CTAJ1a CKBAKUHA porous and fissured carbonate formations stress
Ne 3725 JIa4HOTO MECTOPOXKIECHUA. distribution is anisotropic. That is why the
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Pucynox 3 — I'eomempusn mpeuwsunot I'PII ckgadxcunovt Ne 3725 Jaunoe m/p
Figure 3 - Fracture geometry. Well No. 3975, Dachnoye oilfield

YuuTeIBAsA OTCYTCTBHUE OIbITA NpoBeaeHMs I'PIT Ha
reJsie € 3arpy3kor 2,0 Kr/m?, 6611 HOAIOTOBJIEH IU3AUH
U paccyuTaHa Mojenb nposeaenus ['PIT 20 ToHH
(KBapLIEBBIN IIECOK + KEPAMHUYECKUH IIPOIIAHT). Pacuer
reomeTpuu I'PIL, oCy1ecTBI€HHBIN HA IIPOrPAMMHOM
npoaykre Fracpro, HOKa3aJ1 yBeJIM4YEHHUE JJIUMHBI
TpemuHbl HA 30% B CPaBHEHWUH C AHAJIOT'MYHBIMU
paboTaMu Ha 3arpy3Ke rend 2,8 Kr/m?>.

Ilepen paboTOM 6BUIN IPOBEAECHBI CTAHJAPTHBIE
TECTOBBIE 3AKAYKU — TECT C 3aKAYKOI BO/IBI B OObEME
5 M?, 3aMEIIEHUE TMHEUHBIM I'€JIEM CO CTYIIEHYATBIM
TECTOM CHMXKEHUA pacxona U MUHU-T'PII ¢ maukon
KBapLEeBOro rnecka 1 1. I1o pesyabraram aHaau3a
JAHHBIX TECTOBBIX 3aKadeK Mojeab I'PIT 6bL1a
OTKAJIUOPOBAHA, IpOorpamma nposeaeHus I'PIT
u3MeHeHa (yBenndeHa o 6ydpepa). I'PIT 6611
YCIIENTHO 3aKa4aH B HosA6pe 2014 roga (puc. 3). B
JAaHHDBIN MOMEHT CKBA>KUHA HAXOAWUTCS B PEXKUME
IKCIUIYATALUU U XAPAKTEPUIYETCS BBICOKOI
NPOAYKTUBHOCTEIO. [To pemenunio VK dllemmaoitn
3KCHEPUMEHT OyJIET IPOAOJIKEH HA IPYTUX CKBAKMHAX
BEPEUCKOI'O TOPHU30HTA.

OrpaHUYUBAIONIUMHU (PAKTOPaMU TpoBeaeHus I'PIT
HAa IeJie C IOHUKEHHOM 3aI'DY3KOU I'eJIs ABJIAETCS: A)
UCIOJIb30BAHME IIPEUMYIECTBEHHO KBAPLIEBOI'O IIECKA
U MIPOMIAHTA MEJIKUX (PPAKLINL; 6) UCITOIb30BAHUE
OOJIETYEHHBIX MTPOIIIAHTOB; B) OrPAHUYEHUSA 10O
MAaKCHUMAJIbHOM KOHLIEHTPALIMH IIPOIIIAHTA;

I') OrPAaHUYEHMU 110 3EHUTHOMY YIJIY B MHTEPBAJIE
nepdopanuu.

Cosanue TPEYH B IVIACTAX B 3HAYUTEIbHOU
CTENEHU 3aBUCUT OT PACHPENEIEHN A HAIIPAKEHU
B IIOPOZE. B KaBEpHO3HO-TIOPOBO-TPEIIUHOBATBIX
KapOOHATHBIX IUIACTAX PACIPEIEICHIE HATIPAKEHUA
SAIBJIAECTCA 110 CBOEMY XAPAKTEPY AHU30TPOITHBIM.
[ToaTomy appeKTUBHOCTD TpoBeacHUs1 ['PIT 1
06PA30BAHUE TPEITUHBI MJIM CUCTEMBI TPEIIUH 3ABUCHT
OT CTENEHN AHU30TPOINH TEKYILETO HAIIPAKEHHO-
J1e(POPMHUPOBAHHOI'O COCTOAHUA IIIACTA. MTHUIIManus
Y PA3BUTHE TPEMIUH B TAKUX IIJIACTAX MOXKET

efficiency of the hydraulic fracturing job and
creation of a system of fractures depends on the
level of anisotropy under the current stressed and
deformed state of a formation. Fracture initiation
and propagation in such formations might

occur in different directions depending on the
orientation of natural fissures that appear on the
pathway of propagating fracture. Due to this fact,
hydraulic fracturing operations in such formations
are mainly aimed at expanding the fracking
coverage and inclusion of the maximum possible
reservoir area.

Conducting hydraulic fracturing in carbonate
reservoirs of the Vereiskian formation, which
is interstratified by clay bands, is to a great
extent stipulated by the need to create a highly-
conductive canal that would link producing
carbonate reservoirs together.

Table 1 shows average operational data of the
stimulated wells.

As one can see, the technology allows increasing
the yield of fluid by more than six times. At the
same time, increase in water cut was the only
factor that affected the level of oil yield. Logging
conducted after the fracturing operation showed
that the wells were in good technical order and
fluid was coming from target perforated reservoirs.

In that context a decision was made to conduct
hydraulic fracturing with the use of non-
radioactive traceable proppant in order to asses
fracture geometry and to find the reason for water
cut increase after fracking.

Well No. 9873 is located at the
Krasnooktyabrskoye oilfiled of Sheshmaoil
Management Company. Target interval —
Vereiskian formation — is located at the depth
of 909 to 947 meters and is represented by
heterogeneous carbonate rock dating to Middle
Pennsylvanian with interstratified clay bands.

The proportion of clay bands is higher in the
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IIPOHUCXOAUNTD B PA3HBIX HAIIPABJIECHUAX B 3ABUCMOCTU
OT KOJIMYECTBA U HAIIPABJIEHHOCTU €CTECTBEHHBIX
TPELIUH, BCTPEYAIOIINXCA HA ITyTU PACIIPOCTPAHEHU
TPEIWHBL B CBsA3M € 3THM nnposegeHue 'PIT HA JTaHHBIX
IUIACTAX HAIIPABJIEHO HA YBEJINYEHHE OXBATA U
BOBJIEYEHHE MAKCUMAJILHO OOJIBIIENH 30HBI OOBEKTA.

IMposenenue I'PIT ¢ TponmaHTOM B KapObOHATAX
BEPENICKOI'O TOPU3OHTA, IIEPECTAUBAIOIINXCSA
IVIMHUCTBIMU NPOILJIACTKAMH, B OOJIBIIEN CTENEHH
06YCIIOBJICHO HEOOXOAUMOCTBIO CO3/IAHUS
BBICOKOITPOBOANMOTO KaHAJIA, OObETUHSAIOMIETO
NPOAYKTUBHBIE KAPOOHATHBIE IPOILIACTKU MEXY
COOOI.

B tabnuiie 1 npeacTaBieHbl JAHHBIC ITO CPEAHNUM
MOKA3aTENAM PAOOTHI OCBOEHHBIX CKBAKUH.

Kax BUZIHO, TEXHOJIOTUS TO3BOJISAET OTYUYUTh
[IPUPOCT ACOUTA JKUIKOCTHU Gosiee ueM B 6 pas. [Ipu
3TOM OCHOBHBIM (DAKTOPOM, BIIMSAIONIUM HA BEJTUYUHY
addexra 1o HePTH, CTATT POCT OOBOJHEHHOCTH.
ITpoBOANMBIE reO(PU3NIECKUE UCCIIENOBAHNA B
CKBXKMHAX nocse I'PIT mokaspiBaay UCIIPABHOE
TEXHUYECKOE COCTOAHNE CKBAXKUH, IIPUTOK BbIABJIEH
U3 11EJIEBBIX NEP(MOPHUPOBAHHBIX IJIACTOB.

B 37071 CBA3U 6BLIIO IPUHATO PEMIEHUE U
nposegeH I'PIT ¢ MCnonb30BaHUEM MAPKHUPOBAHHOI'O
HEPAJUOAKTUBHOI'O ITPOIITAHTA IS OLEHKHU
T€OMETPHUHU TPEIIHMHBI U BBIABJICHUA IIPUYHH POCTA
OOGBOAHEHHOCTH NPOAYKIIUU CKBAXXUH 1tocie T'PIT.

CkBakuHa Ne 9873 pacriosiokeHa Ha
KpacHOOKTA6PBCKOM MECTOPOXKAECHUN KOMITAHHUH
VK dIlemmaoiin. MTHTEpBa 00pabOTKH — BEPEUCKUI
TOPHU30HT, 3aJIETaeT HA IyouHe OT 909-947 M u
PEACTABIISIET COOO HEOJTHOPOAHBIE KAPOOHATHBIE
MOPOABI CPEJHETO KAPOOHA, TEPECTIOCHHBIE
ITIMHUCTBIMU IIPOCIOMKAMU. [IPOLIEHTHOE OTHOIIEHUE
ITIMHUCTBIX BKIIOYEHU YBEJTMYUBACTCA B BEPXHEN,
MaJIOIIPOHMIIAEMOM YaCTHU UHTEPBAJIA. CBEPXY (BBILIEC
900 M) IUIACT NEPEXOAUT B MOIIHBIN BOJIOHACHIIIICHHBII
IUIACT KAPOOHATHBIX OTJIOKEHUN (KA PCKUH
TrOPU30HT). HMKe — € TIyOUHBL 959 M ITACT IEPEXOAUT
B BOJIOHACBIIIEHHBIE KAPOOHATHBIE OTIIOKEHU A
(GamKUpPCKUI TOPU30HT). YIOJI HAKJIOHA CTBOJIA
CKBA’KMHBI B MHTEPBAJIE ITEP(POPALIMU COCTABIIAET
4,1 rpag. CymMapHas HE(PTEHACHIEHHAA MOITHOCTD
IJIACTOB BeperiCKOTro TOpU30HTa COCTABIACT 4,60 M.

CxBaxnHa Ne 9873 KpacHOOKTAOPBCKOI'O MECTO-
POXAECHUS IPOOYPEHA U BBEJICHA B KCILIYATALIUIO
B 2012 rogy. B nexabpe 2012 roga Ha CKBAXKUHE
IIPOBEJEHA CONISTHO-KUCJIOTHASI OOPA0O0TKA C
Ucronb3osaHueM 24%-1 HCI B o6beme 3 M2,

1 onpeneneHus NOTEHIMAIbBHBIX BO3MOXKHOCTEN
CKBa>KUHBI MHXXKEHEPaMHU StrataGen 6bl1 IPOBEJCH
4AHAJIN3 T€0JIOTO-TEXHUYECKOH NH(OPMALTUH 1O
COCEJTHUM CKBAKMHAM M CKBAXKMHE OOPAOOTKHY,
IOCTPOEHO HECKOJIBKO INU3ANHOB JIJ1 OIIPEICICHUA
OIITUMAJIBHOI'O C UCIIOJIb30BAHHUEM IIPOI'PAMMHOIO
obecnieyenusd Fracpro. M3-32 pocTa O6BOAHEHHOCTHU B
MIPOAYKLIMHU CKBAXXKUH 110Cj1€ I'PIT OueHb OCTPO BCTAL
BOIIPOC KAJIMOPOBKH MEXAHUYECKUX CBOVCTB ITOPOJ,
UCHOJIb3YEMBIX B MOJie/iv I'PIT, YTOOBI UCKIIOYUTD
BEPOATHOCTD IIPOPBIBA TPpemUHbL ['PIT B HYDKHUNA
OOGBOJHEHHBI TOPU3OHT. 1JIs1 pELIICHU S 3TOU 33/1a4U B
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Taoauua 1 - Jannsie no CPeoHUM ROKAIAMENAAM
pabomuL 0OC60eHHBLX CKEANCUH

Table 1 — Average operational data of the
stimulated wells

Cpeonue noxasamenu padomot CKEANCUH
Average operational indicators
Ilocne I'PIT mexyuyue na
Konu- o IPIT 01.12.14
uecmeo 3
OCGO TN Before fracturing After fracturing as of
CKBANCUH December 1, 2014
Number of
stimulated
wells g3 5 g 3 5
- D O | | I I
Aol 8 $| {|AQ| x| g 8|~ ¢
SE| ~ SE[l =
15 14 1,2 7% 7 95 36 | 59% 10

upper (less permeable) part of the target interval.
On top of that interval (above 900 meters) the
formation passes into a thick water-saturated
carbonate deposit (Kashirskian stage). Below the
target interval (below 959 meters) the formation
passes into water-saturated carbonate deposit
(Bashkirian stage). In the perforated interval
borehole deviation angle is 4.1 degrees. Total oil
saturated thickness of reservoirs in the Vereiskian
formation is 4.6 meters.

Well No9873 at Krasnooktyabrskoye oilfield
was drilled and put into operation in 2012. In
December 2012 the well was subjected to 24% HCI
acid treatment. Injected volume was 3 m?.

In order to identify well potential StrataGen
engineers analyzed geological and engineering
data of the neighbouring wells and treatment
well, as well as prepared several designs using
Fracpro software. Due to increase of production
fluid water cut it was important to calibrate
rocks’ mechanical properties that are used in the
fracturing model in order to avoid the possibility
of fracture propagation into the lower water-
saturated horizon. In order to accomplish this task
and to identify the fixed fracture height after the
fracturing operation we used CARBOPROP NRT
traceable proppant of 16/30 and 12/18 fraction.

As a fracturing fluid we used water-based
guar-borate crosslinked system with polymer
concentration of 2.8 kg/m?. The following data
were obtained as a result of displacement and
mini-fracturing analysis:

* ISIP — 50.6 bar

¢ Bottomhole closure pressure — 99.8 bar;
* Fracturing gradient — 0.11 bar/my;

¢ Wellhead closure pressure — 10 bar;

* Closure time — 5.6 min;

« Fluid efficiency — 36%;

» Estimated effective pressure — 40 bar.

As a result of stepwise flow rate reduction test,
friction pressure drop in the bottomhole area
was 45 bar, in the perforation area — 0 bar. Data
analysis revealed that test results are close to the



Ka4eCTBE PACKINHUBAIONICTO AI'€HTA OBLIIO
PEIIEHO UCIOIB30BATh MAPKUPOBAHHBIA
nponnadT CARBOPROP NRT pazmepom
16/30 u 12/18 piist onipeAecHuUst

32KPETIEHHON BBICOTHI TPEIUHBI ITOCIIE IInacmoesoe daenenue — nauwdanrvhoe / mexyujee Mila 32/3
TPII Reservoir pressure — initial / current MPa
) Texyuyee 3abotiroe oaenerHue MIla
1
B kauecrtBe xuaxocTu I'PIT npuMeHsiach | currens vottompote pressure MPa
ryapo-60parHas CIIUTAasI CUCTEMA Ha BOJHOMU unamumeckutl,] cmamwecruii yposerts m )
OCHOBE C KOHLICHTPALIMCH TONUMEPA 2.8 KI/M. | pynamic /static level m 922/585
1o pesynbraTaM aHaJIM3a 3aMEICHUS U Koagppurguerm npooyxmueHocmu my/cymMna 0,089
MUHU-T'PII 110/1y4eHsI ClIeAyIOoME JaHHbBIC: Productivity index tons/day ’
e ISIP — 50.6 ATM; Harxonnennas 000bi4a : negpmu (m) / 600b6L (M?) 1204, 1474
* 3260MHOE JaBJIEHUE CMBIKAHUSA — 99,8 aTM; Cumulative production oil (tons) / water (m?)
o TpaguenT paspbisa — 0,11 aTv/m; Oncuoaemolii npupocm om I'PIT 3
Expected gain as a result of hydraulic fracturing
e JlaBJIeHHE CMBIKAHMA HAa yCThe — 10 aTy; :
Tercyuee cocmosrue no ckeaxcure 3a 6.mecsies
* Bpems cMbikanus — 5,6 MUH; 1PeObIOYUeLE SKCNAYAMAUULL
* DPDHEKTUBHOCTD KUIKOCTU — 36%;. Current well conditions over the period of recent
* PacueTHoe appeKTUBHOE JaBIEHHE — BT
0 0e6UM HCUOKOCIIU M fcym
D am Fluid yield m Jday 39/22/23/20/17/16
ITo PE3YAbTATAM TECTA CTYIICHYATOI'O
oebum rnegpmiu m/cym 5 10/20/17 /1571
CHHIKCHUS PACXOAA ITOTCPH JABICHU Crude yield tons /day 32/19/20/17/15/14
HA TPDEHME B IPU3A60HHONU 30HE IIACTA PTG %
12/8/8/8/5/5
COCTAaBUJIH 45 aTM, B Iepopariuu Water cut % 78787873/
notepu cocrasuau O atMm. [Tocie anannsa Tlopucmocmo % 150
JAaHHBIX IOJy4YEHHbIX HA MUHU-TPIT, B Porosity % :
CBSI3U C IOy YCHUEM GITU3KUX K IU3ANHY Cpeonasn negpmenacoiyernocmo % 63.1
napaMeTpoB 06pabOTKH, GbLIO TPUHATO Llegiohaaion i
. B; [1a.
peleHe OCTaBUTh PACITUCAHNIE OCHOBHOE ASKOCIG He@Mmiu 6 IAGCMOHIX yonosuAx  mIlac 759
o In-situ oil viscosity mPa.s
34KA4YKM O€3 U3MEHEHMI.
Hepeﬂ IIPOBEJCHUEM I'PIT Ha paHHOM Tercyujee cocmosmue 1no cOCCOHUM CKBANCUHAM = < 3| . d
.| (monnacmy) i%’ §§ SN P IS
CKBaKHE TAK)KE IIPOBOINJICS AKYCTHUYECKUH ) ) SN R RS N
Current status of the neighbouring wells T RIS SRS RN a
KApOTaK C LEJIbIO OIIPEICIICHUS MOYJIS (in the reservoir) = S x® S &
IOHra u koaddunuenTa Ilyaccona. ITo —
JAHHBIM AKYCTUYECKUX UCCIIEIOBAHNL, CreaxcunalNe 9874 Y[ 2] o | 8|S
» Well No9874 = S |8
JUHAMUYECKU MOoaysb FOHTa f11a
~
KapOOHATHBIX KOJIJIEKTOPOB COCTABUJI B Creancuna /Ne 9872 \3 ) Y 3 i
cpennem 3,8'104 MIla, nj1s IMMHUCTBIX Well No9872 S |

OTJIO}KEHHUH BBIIIE UHTEPBAIA OOPAOOTKU —

Taonuuya 2 — I'eonozuueckue OanHsle GCKPBIIMOZO
naacma/napamempuot Paoomvl CKEaANCUHbBL

Table 2 — Reservoir geological data / well parameters

2,5"104 MIla, nepecyeTHhIA CTATUYECKUA MOAYJIb
IOHTra 1719 KapOOHATHBIX KOJUIEKTOPOB COCTABHII
npuMepHoO 2104 MIIa, ;1A IIMTUHUCTBIX OTIOKEHUNA
BBIIIIE UHTEPBAIA 00paboTKU — 1,2°104 MIIa, uTO
XAPAKTEPU3YET PACCMATPUBAEMBIE KADOOHATHBIE

IIOPOZBI KaK 6OJIeE TBEP/BIE B CDABHEHUH C
IJIMHUCTBIMU [IOPOJAMU, T.€. BEPOSITHOCTD

B/IABJINBAHUS IIPONIIAHTA B INTHHUCTYIO IOPOJY

6OJ'IbH_IC, YCM BCPOATHOCTD €T'O BJABJINBAHUS B

KapOOHATHYIO IOPOZAY.
ITo peaynbraram 'MC BeICOTA TPEIIHUHBI C

MaKCHUMAaJTbHOM IIPOBOUMOCTBIO COCTABUIA 16 M

(B uHTEpBAJIE INIYyOMH 934,3-950,4 M), OBHAKO BHICOTA
OTKAIUOPOBAHHON MOZIE/IN TPEIIMHBI HECKOIBKO
BBIIIIE, TAK KaK [IpOrpaMmma Mmozaeanposanus I'PIT
CUMTAET IPOBOAMUMOI O6IACTDL C HAMMEHBIIEN
[IPEAEIbHON KOHLIEHTPALIUEN IIPOMNNAHTA,
HEOOXOAMMOI /I CO3/JaHHA IIPOBOJUMOCTH
TPCIIUHBI C YI4CTOM BAABJIVMBAHUWA IIPOIIIAHTA,
MOBPEXKACHUS T U APYTUX 3(PpdeKTOB. HanMeHbInas
NpeJebHAA KOHIEHTPANA IPOMNIIAHTA 10
YMOJIYaHMIO paBHA 1,0 KI/M?, T.€. HEMHOTI'O MEHBIIIE,
4eM CIJIOMITHOM MOHOCJION npornmanTa 20/40.
ABTOPBI HEKOTOPBIX HEZJABHO OITyOJIMKOBAHHBIX

designed mini-fracturing treatment parameters,
therefore, it was decided to leave main injection
schedule without any changes.

Before the fracturing operation an acoustic
logging was done in this well in order to
determine Young’s modulus and Poisson’s ratio.
According to acoustic logging, dynamic Young’s
modulus for carbonate reservoirs is, on average,
3.8"104 MPa, for clay bands located above the
treatment interval — 2.5°104 MPa. Static Young’s
modulus for carbonate reservoirs was about 2104
MPa, for clay bands above the treatment interval —
1.2°104 MPa. Such results describe carbonate
rock as harder one compared to clay band, i.e. the
probability of proppant embedment into the clay
band is higher than the probability of proppant
embedment into the carbonate rock.

Logging data showed that the height of fracture
with maximum conductivity was 16 meters
(934.3-950.4 meters interval). However, in the
calibrated model the fracture is higher, since
the fracturing simulation software considers an
area to be conductive, if it contains minimum
necessary proppant concentration for ensuring
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Pucynox 4 — Pegyavmamst uccaeooganuii HHI'K u HHI'K-C (C/O kapomadic)
Figure 4 — Results of pulsed neutron gamma logging and pulsed neutron gamma spectral logging
(carbon/oxygen logging)

HAYYHBIX CTATEN CYUTAIOT, YTO JJIS1 CO3/JaHUSI XOPOIIO fracture conductivity, with account of proppant
IPOBOAMMOI TPEINHBI MUHUMAJIbHASI KOHIIEHTPALIUA embedment, gel damage and other effects.
OPONIMAHTA JOJIKHA COCTABIIATD 2,5 KI/M?. By default, minimum necessary proppant

To ecTp IpU HAIMYNH MATKUX IOPOJI HUKHUH ITOPOT concentration is considered to be 1.0 kg/m?
KOHIIEHTPALINHU JIOJIKEH OBITH BBIIIIE U3-32 O0JIee i.e. a bit less than complete monolayer of 20/40
WHTEHCHUBHOT'O B/JABJIMBAHM A IIPOIIIAHTA B IOPOAY. proppant. Some authors of recently published
Ha npeacTaBaeHHOM HUKE PUCYHKE (PUC. 4) BBICOTA C scientific articles believe that in order to ensure
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HAUOOJIBIIEN IPOBOJUMOCTBIO TPEIINHEL, HAN60IEE
npuemaeMas s (PUKCAUN reO(PU3HIECKUMU
MMPUOOPAMHU, TAKIKE COCTABIIAET MOPsAAKa 16 M. Takum
06pa30M, OTCYTCTBHE 3aMETHOU JIJIs1 TIPHOOPOB

LU PUHBI TPEIUHEI BBIIIIE UHTEPBAIA Iepopaniuu
MOJKET OBITB CBA34AHO C HAJTUYHUEM MOITHBIX TTTMHUCTBIX
OTJIOKEHHH B KPOBJIE IIJIACTA, YTO TAKXKE OOBACHSIETCS
UX IVIOXUMH (PUIBTPALMOHHO-EMKOCTHBIMUA
CBOUCTBAMU. HU3KME YTEUKU B INIMHUCTBIX [IOPOAAX
CO34AI0T YCJIOBUA JJI YXYAIEHUA TPAHCIIOPTHPOBKU
CMECH C IIPOHITAHTOM, HECMOTPS HA CO34ABAEMBIH B
HUX I'UJPABIMYECKUI KaHaJl BO BpeMs ['PIT

ITocne I'PIT CKBa’kMHA OCBAWBAJIACH JJINTEIbHOE
BPEMS, B TEYEHHE JIBYX MECALIEB OOBOJJHEHHOCTD
MIPOAYKLIUU COCTaBIIsIa 98%. IToce yero
OOBOTHEHHOCTD HAYAJIA CHUKATBCA Y HA JAHHBIA
MOMEHT B CpE€HEM CcOoCTaBgeT 70%.

IToMHUMO OLIEHKH I'€OMETPHU TPEILIHUHBI, OCHOBHOU
LIEJIBIO TAKIKE ABJISAJIOCH BbISIBJIEHHE IIPUYUH POCTA
O6BOTHEHHOCTH NPOAYKIIUH CKBAKUHBI IToce ['PIL
B nnporiecce kommiekca 'MC Ha ckBaskuHE Ne 9873 ObL1
nposejicH CO-KapOTaX, IO TJAHHBIM KOTOPOT'O O6bLIA
OIpe/Ie/IEHA BETMYNHA HE(PTEHACBIIIEHUS, PABHAA 1O
MNPOIUIACTKAM OT 23 10 72%, 4TO OOBACHSET BEICOKYIO
O6BOTHEHHOCTD NPOAYKIINHU ntocie I'PIT 1 uckmovaer
MPEAIIOJIOKEHUE O IIPOPLIBE TPEILIHMHbI
B HIMJKEJIEKAIY IO BOAOHACHIIIECHHYIO 30HY.

Ha pucyHxke 5 IpuBOAUTCA F€OMETPUSA
KIMOPOBAHHON MOAEIN TPEUIUHBI I10 IN3AHHY
nepey I'PIT n kannbpoBaHHAA MOJEb TPEINUHEI IO
pesynbraram MuHu-TPIT Ha puc. 6.

IIprMenenne HOBBIX TeEXHOIOTHUHN ['PIT Ha
CKBA)KUHAX BEPEHUCKOI'O ITOPU3OHTA IIO3BOJIUJIO }

good fracture conductivity minimum proppant
concentration should be 2.5 kg/m?. It means that

if we have a soft rock, lower threshold of proppant
concentration should be higher due to more
intensive proppant embedment into the rock.

The figure (Fig. 4) shows that the height of fracture
with maximum conductivity, which can be best
recorded by logging tools, is also around 16 meters.
Thus, absence of recordable fracture width above
the perforation interval may be due to thick clay
deposits in the top of the formation, what can

also be explained by their poor porosity and
permeability properties. Low leakages in clay

rock create conditions for poor transportation of
proppant mixture despite the hydraulic canal that
is created during the fracturing operation.

Well stimulation took quite a time after
fracturing job. During two months water cut level
was 98%; after that water cut started to reduce and
is currently at the level of 70%, on average.

Besides assessment of fracture geometry, our
aim was to find the reasons for increase in water
cut after hydraulic fracturing job. Within the
framework of logging operations a carbon-oxygen
logging was conducted at well No.9873, which
helped to identify the degree of oil saturation in
different layers, varying from 23% to 72%. This
explains high water cut of the production fluid
after hydraulic fracturing and does not confirm
the hypothesis of fracture breakthrough into the
underlying water-saturated area.

Figure 5 shows calibrated model fracture
geometry according to the design before hydraulic }
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Pucynox 5 — Ilnanoeasn zeomempus mpeujunot
Figure 5 — Designed fracture geometry
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Pucynox 6 — I'eomempus mpewunst, omxaauoposannan no peyyromamammunu-IPI1
Figure 6 — Fracture geometry, calibrated as a result of mini-fracturing

HOBBICUTB 3(PPEKTUBHOCTD PA6OT IO
MHTEHCU(PUKALINY JOOBIYH HE(PTH, YBETUUUTD, 4
TAKIKE BOBJIEYDb B PA3PAOOTKY IIPOILJIACTKH, KOTOPBIE
paHee CYUTAIUCh TPYJHOU3BIEKAEMBIMHU.

Bornee riyboKUil NCCIETOBATENBCKUI U
WHKEHEPHBIH MOAXO/, ITO3BOINII HAUTH K104
K 3P PEKTUBHOM pa3pabOTKE 3a11ACOB HEPTU
KapOOHATHOTO BEPENCKOrO rOPU30HTA. Ternepn
CTOUT 32/Ja44 MO MOBBIIIEHUIO 3(PPEKTUBHOCTU
JIAHHBIX METOJIOB, €CTb IIJIAHBI OITPOOOBATH HOBBIE
TEXHOJIOI'MH, TAKHUE KAK I'€JIb C HU3KO 3aIPy3KOHA
ryapa nunu jaxe Slickwater (Boga ¢ HOHU3UTENIEM
TPEHMU), OOJIETUEHHBIIN IPOMNITAHT, KOMOMHUPOBAHHNE
JIMHEHOTO U CIIUTOTO I'eJis, MOBBIIIEHUE CKOPOCTH
34KA4YKH, IO00P CHELNAIBHOTO I'PadHKA U P
JPYTHX.

C Ipyrou CTOPOHBI, ITOTyYEHHE TOJTOKUTETBHOI'O
a(dpeKTa B PE3YABTATE HIPUMEHECHUS HOBBIX
TexHonorut I'PIT, yauTbiBas JOIIOJIHUTEIBHYIO
BAXKHYIO UHPOPMAIUIO 06 OOBEKTE, KOTOPYIO MBI
MOJIYY4€EM B IIPOIIECCE 3AKAYEK, B COBOKYITHOCTH C
Tre€OJIOTUYECKUMU OCOOEHHOCTAMH, IPOBEJEHHUEM
JIOTIOJIHUTEIBHBIX UCCIIEAOBATENBCKAX PAO6OT
MOJKET CTATb OOOCHOBAHHEM JIJIS IPUMEHEHUA
HAJIOTOBBIX JIBI'OT HA JOOBIYY HE(PTH 11O aHAJIOTMYHBIM
O6BEKTAM. DTO MTOCTYKUT CTUMYJIOM JIS1 BHEIPEHUA
BBICOKOTEXHOJIOTUYHBIX MEPONPUATHI, TAKUX KAK
['PTT, OTAN4AI0NIUXCA BBICOKOU CTOUMOCTBIO.

ABmopbL 8bIDANCAIOM NPUSHATNCNLHOCHTL
VK dlleiumaoiin 3a 603MONCHOCIIG 1) ODUKAUUL
amoti cmamuoit. OmoensHy10 6aa200apHOCHIb A6IMoPbL
BLIDANCAIONM UHICCHEPAM-KOHCYILIMAHINAM KOMNAHULL
StrataGen 3a uriceneproe conposoNCOeHUe, AHANUS
OaHHBIX 1L TO00EPICKY 8 meueriie 6ce2o npoexmad. ©
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fracturing. Figure 6 shows a calibrated fracture model
based on the results of mini-fracturing.

Application of new hydraulic fracturing
technologies at the wells of Vereiskian formation
allowed improving efficiency of oil production
stimulation, increasing oil recovery factor, as
well including into the production process those
reservoirs that were previously considered hard to
recover.

Deeper research and engineering approach helped
to find a ‘key’ to efficient recovery of oil deposits
from Vereiskian formation. At present there is a task
to further improve efficiency of these methods;
there are plants to try new technologies such as gel
with lower guar concentration or even Slickwater
(water with friction reducer), lightweight proppant,
combination of linear and crosslinked gel, increase
in injection rate, choosing special schedule and some
others.

Positive effect of new technologies application,
taking into account important information about
reservoirs and wells that we get during the injection
process, in combination with geological peculiarities
and additional research and exploration could
become a good ground for obtaining tax relief for oil
recovery from similar wells and reservoirs. This will
serve as an incentive for application of costly high-
tech methods, like hydraulic fracturing.

The authors would like to express appreciation to
Shesbhmaoil Management Company for the possibility
to publish this article. Separate acknowledgements
go to engineers of StrataGen for their engineering
assistance, data analysis and support throughout the
project. ©



