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FRACTURING
TECHNOLOGIES
DIMINISHING THE
RISKS OF WELL
WATERING

Mpouecc ruapaBnmM4eckoro paspbiBa
nnacta (TPMN) aBnaeTca ogHMM U3 Hanbonee
BOCTPeOOBaHHbIX METOA0B MHTEHCUPUKALUN
pPaboTbl CKBaXXWMHbI. YCMELWHOCTb NpoBeAeH S
rnpouecca 3aBUCUT OT MHOTUX (PaKTOPOB:
CTPOEHUA NnacTa, COCTOSHUSA CKBaXMUHBbI,
BblOpaHHOM TexHonoruu P, kayecTBa
XUAKOCTU pa3pbiBa. B nabopatopusix
Hay4yHO-obpa3oBaTtenbHoro ueHTpa (HOLL)
MPOMbIC/IOBOM XUMuK rpu PIY HedTn 1
rasa umenun .M. lybkunHa paspaboTaHsbl
TexHonoruu NP1, ymeHbLatoLwme pnuckm
yBeNMYeHusi NpoLeHTa o6BOJHEHHOCTU
HedTM nocne npoBeaeHNs onepaumm
UHTeHCcnduKaumn.

Fracturing process is one of the most
demanded methods of production
enhancement. Its success depends on many
factors like the composition of the formation,
the state of the well, the selected fracturing
technologies, the quality of fracturing
fluid. The laboratory of Industrial Chemistry
Scientific and Educational Center at
I. M. Gubkin Russian State Oil and Gas
University developed a technology that
brings down the risks of oil watering after
production enhancement operations.
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racra (IPIT) aBasgeTcs OGHUM U3 CAMBIX

HOMYJIIPHBIX METOJOB MHTEHCU(PUKALTUU
HedTenoobun (MH) 1 NOBBIIIEHUS HEPTEOTAAUH
rractos (TTHIT). Ha npumepe OO0 «JTYKOMJI-
3anagHas Cuéupb» (puc. 1) BUIHO, 9YTO
3(pPEKTUBHOCTD I'MJIPOPA3PHIBA ObLIA OKA3aAHA
BPEMEHEM, IPOCIEKUBACTCA JTUHAMUKA YBETUYEHHU A
KOJIMYECTBA ONePaIinii 1o rogaM. Ha Mectopox-
nenuax <JIYKOMJI-3anaanas Cubupb» [PII cranu
MIPUMEHATD OKOJIO AABYX A€CATUIETUI Ha3ak, C Tex
MO BBIIIOJIHEHO 6071€€ 12 THIC. CKBAXKUHO-OIIEPALTNT,
4 JOIIOJIHUTEJIbHAS JJOObIYa HE(DTU ITPEBLICUIA
24 My T [1].

B navane 1990-X roOB KOJTMYECTBO ONEPALTNH
TUAPOPA3PBIBA UCUUCIIAIOCH AECATKAMHU, HO K KOHITY
2000-X roJIoB CYET NEPENIE] HA COTHU U THICAYH.

K npumepy, Tos1bKO B 2011 roty Ha MECTOPOXKIAEHUAX
JIYKOWJI-3anagnas Cubupb»> IpoBeaeHo 6oee
1300 onepanui.

W3 IpeICTaBIEHHBIX JAHHBIX, O€3yCIOBHO,
MPOCIEXUBAETCA AKTYAJIBHOCTD IPOBEACHU A
JaHHOTO npouecca. OgHAKO NOBAJIBHOE IPUMEHEHNE
I'PTT 9aCcTO MOXET IPUBOJUTD K IPOOJIEMAM,

BHaCTomuee BpEMS I'/IPABIMYECKUH PA3PHIB
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present hydraulic fracturing is one of the
Atmost popular methods of production

stimulation and enhanced oil recovery. The
example of LUKOIL-Western Siberia (Fig. 1) shows that
the efficiency of hydraulic fracturing has been proven
over time — the number of operations has increased
from year to year. Hydraulic fracturing was first used
in the fields of LUKOIL-Western Siberia around two
decades ago. Since then over 12 thousand jobs have
been performed and the incremental oil production
has exceeded 24 million tons.

In the early 1990s the number of hydraulic fracturing
operations were several dozen whereas in the late
2000s their number reached hundreds and thousands.
For instance, only in 2011 over 1300 operations were
performed in the fields of LUKOIL-Western Siberia.

The reports prove beyond doubt the applicability of
this process. However, indiscriminate use of hydraulic
fracturing can cause problems related to increased well
watering (Table 1).

Increased post-frac well watering can be attributed
to premature water breaking through the body of the
fracture; to the penetration of the fracture into the
upper and lower water-saturated interlayers; to behind-



CBSI3aHHBIM C ITOBBIIIEHHOI OOBOAHEHHOCTBIO
(Ta6mn. 1) [2].

PocT 06BOgHEHHOCTHU Tocjie I'PIT MOXXeET OBbITh
CBSI3aH C KMHXXAJIbHBIM IIPOPBIBOM HAIHETAEMOI
BO/IBI 10 TEJIY TPEIMIUHBL, C TIPOHUKHOBEHUEM
TPEIIMHBI B BBIIIIE- UJIW HIDKEIEKAUE
BOJIOHACBIIIIEHHBIE MIPOIUIACTKHY; C 3aKOJIOHHBIMU
NEPETOKAMU IIPU HAPYIIEHUU TEPMETUYHOCTH
LIEMEHTHOT'O KAMHS U3-34 A€HCTBUS OBBIITIEHHOT'O
JIaBJIEHHS; CO CHUXKEHUEM (DA30BOM IPOHULIAEMOCTH
O HE(PTH U POCTOM €€ MO BOJE.

ITopori JOOBIBAIOINE KOMITAHHUH, DYKOBOZACTBYSCh
TEKYIIEN PEHTAOETIBHOCTBIO MEPOIIPUATHH 11O
UHTEHCU(PUKAUU HEPTETA30400bIYH, HE IPUJAIOT
JIOJIKHOT'O 3HAYEHUA CYIIECTBYIOMUM PHUCKAM.
VMIMEHHO NO3TOMY «IIJIOXA51» BOJIA MOXKET B TEUCHUE
BCET'O HECKOJIBKUX JIET CTATh IPUYUHO «TUOETN»
CKBaKMHBL

B xauecTBE NprMeEpPa HETATUBHOI'O BO3IEMCTBUA
nporecca I'PIT Ha O6BEKT pa3paboOTKU MOXKHO
PacCMOTPETH OAHO U3 HE(PTAHBIX MECTOPOXKACHUNA
Pecniy6nuku Kazaxcran, Ha KOTopoM B 2003 rogy €
LEJIBIO YBEJTMYEHHUS JOOBIYU HE(PTH ObLII BHELPEH
METOJ] THIPABINYECKOIO pa3peisa rutacta (I'PIT).

OOBEKT XAPAKTEPUIYETCS CACIYIONUMHU
APpAMETPAMHU: TEPPUT'CHHBII KOJJIEKTOP, MAJIast
m1y6uHa 3aseradus — 10 1100 M, HEBBICOKAs
nacrosas remneparypa 40 °C, 6onpias
HEOJHOPOJHOCTD I10 IPOHUIIAEMOCTH — OT 0,03 10
1,5 MmkM?2. CpeiHsAs OOBOAHEHHOCTb IPOAYKIIMU HA
2003 rog cocrasJsina 81,2%.

B nepuog ¢ 2004 no 2009 roa B o611eit
CIIOKHOCTHU OBbLIIO TIPOBEAEHO 60s1ee 400 onepanuil
I'PT1, B pe3yabTATE KOTOPBIX ObLIA IOTYYEHA
JOTIOTHUTE/IbHAS JOOBIYA HEe(TH B paiioHe 2,6 MITH T,
OJIHAKO, HECMOTPSI HA YBEJIMUYEHHUE OOIIEH T0OBIYU
HeMTH, OBUIO OTMEYEHO YBETNYEHHE OOBOJHEHHOCTU
IPOAYKLMHU A0 88,5%. Onepanyiv riipopas3pbliBa
IJIACTA B MACCOBOM MOPSJKE OBUIN IPEKPAIIEHBI
BO30OHOBHJINCH TOIBKO B 2011 ro1y B BU/JIE TOUEYHBIX
paboT HA OO'BEKTAX NOCIIE OYPEHHSL.

K 2014 rony cpensas O6BOAHEHHOCTB IO
MECTOPOXKAEHUIO COCTABHUIIA OKOIO 89,4%. OTHAKO
BCJIC/ICTBHE NTAICHUS OOIIEH JOOBIYH HEPTU U
BBH/1y TOT'O, YTO TUJPOPA3PHIB IIJIACTA SABJISAECTCSA
OJJHUM U3 HanoboJee 3(P(PEKTUBHBIX METOJOB
HOBBIIICHUS HEPTEOTIAYHN, CTAJIO HEOOXOJUMBIM
coBepuieHCTBOBaHMeE nponecca I'PIT ¢ nenbro
BO3MOKHOCTH IIPUMEHEHHUA JJAHHOT'O METO/1A HA
00'BEKTAX C HOBBIMIEHHON OOBOTHEHHOCTDIO THOO
onau3nesxanieit 300 BHK.

B 2000-x ropax 3apy6eKHbIE 1 OTEYECTBEHHBIC
KOMIAHHUM HAYAJIM BECTU AKTHBHBIE PAOOTHI IO
MOUCKY Y BHEPEHHIO HOBBIX TeXHOJIoruu I'PIT,
MO3BOIAIONIUX CHU3UTH OOBOJHEHHOCTH IIOCJIE
NPOBEAEHUA ONEPALUI TUAPOPA3PHIBA.

MOXKHO BBIJIEJIUTH TPU OCHOBHBIE I'PYIIIIBI
TEXHOJIOT'HUH, 3aPEKOMEH/IOBABIINX CEOS1 B
KaudecTBe 3(pPeKTUBHBIX. Kaxk/1as U3 3TUX I'PyIIT
HAIIPABJIEHA HA PEIIEHHUE KOHKPETHOU ITPOOIIEMBIL,
CIIOCOOCTBYIOMIEH TTOBBIIIEHNUIO OOBOJJHEHHOCTH
CKBA)KUHHOM IIPOAYKLUH 1TOCIe nposeaenus I'PIT 4

Konuyectso [P, ep. CPE/HsA MACCA IPOIIAHTA, T/CKB
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Figure 1 - History of bydraulic fracturing jobs by
territorial branches of LUKOIL-Western Sngleriu

Tabauya 1 — Pezyarsmamuot TPIT no OO0 JIYKOH/I-3anadonasn
Cubupv» 3a 2005 200

Table 1 - Fraccing results at LUKOIL-Western Siberia in 2005
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the-casing flows in case of leakages in the cement
stone caused by increased pressure, and to decreased
oil relative permeability and increased water relative
permeability.

Occasionally producing companies motivated by
the current cost efficiency of oil and gas production
stimulation do not attach due significance to the
existing risks. That is the reason why in the course of
several years ‘bad’ water can cause ‘demise’ of the well.

One of the oilfields in Kazakhstan, where in 2003
hydraulic fracturing was introduced to enhance oil
recovery, can serve as an example of adverse impact of
fraccing on the production site.

The site has the following characteristics: terrigenous
reservoir, shallowness — up to 1100 m, low reservoir
temperature — 40 °C, high permeable heterogeneity —
from 0.03 to 1.5 p? The average watering in 2003 was
81.2%.

From 2004 to 2009 a total of 400 fraccing jobs had
been performed which yielded around 2.6 million tons
of incremental ultimate recovery; however, despite
the increase in the total oil production, reportedly,
watering increased up to 88.5%. Mass-scale fraccing
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1. TIpuMeHeHuE MOIU(PUKATOPOB OTHOCHUTEIBHOM
(Hpa30BO IIPOHULIAEMOCTH BO BPEM S IIPOBEICHU
onepanuii I'PIT € L1e/IbI0 CHUKEHU S IIPUTOKA
MOACTHJIAIONIEH UJIN 3AKOHTYPHOU BOABL [JaHHAA
I'PyIIIA TEXHOJOT U 3(PPEKTUBHA K IPUMEHEHUIO
B YCJIOBHSIX OJIM3KOI'O BOJOHEPTIHOTIO
KOHTAKT4a B BLICOKOOOBOJJHEHHBIX CKBA’KHHAX,
NPHUYEM B CKBAKUHAX C 6OJIbIIECH HAYaIbHON
OOGBO/THEHHOCTBIO JJAHHAS TEXHOJIOT U
IIOKAa3bIBAET 60JI€E€ BBICOKUI 3(P(PEKT. DPPEKT
JIOCTUTAETCA 34 CUET ACOPOIUH IOTUMEPA-
MOJU(PUKATOPA HA IOPOJIE U €TO CEIIEKTUBHOMY
HaOYyXaHMIO B BOJHOU cpene [3].

2. OrpaHU4YEHUE HEKOHTPOJIHUPYEMOI'O POCTA
TPEIIHUHBI B BBICOTY IPU OTCYTCTBHUU JOCTATOYHOMH
KOHTPACTHOCTHU F'OPU3OHTAIBHBIX HATIPSIKEHUT
MEXY HIKEJIEKAIUM U BBIIIEICKAITUM
NPOILIACTKAMU. DP@PEKT JOCTUTAETCS 34 CUET
Pa3MEIIEHUS UCKYCCTBEHHBIX IPOMITAHTHBIX
0apbEPOB B IPOAYKTUBHOM ILJIACTE IPU
IIPEABAPUTEILHOM 3aKAYKE CMECHU IIPOIIIIAHTOB
Pa3HbIX (ppakuii nepes; OCHOBHbIM ['PIT.
OcCaxxIEHUE CMECHU B IIPOLIECCE PAZBUTUA
TPEIIUHBI OTPAHUYUBAET €€ POCT B BBICOTY.

3. OrpaHUYEHUE POCTA TPEIIHHEI B BBICOTY 34
CUET CHUXKEHUS 3(PPEKTUBHOTO JIABICHUS,
JIOCTUTAIOMIETOCS IPUMEHEHUEM MAJIOBA3KUX
JKUJKOCTEN Pa3pbIBa. K MAJIOBA3KUM XUIKOCTAM
Pa3pbIBa MOKHO OTHECTH JIMHENHBIE
MOJIMCAXAPUAHBIE T€JIH WU 6ECTIOTUMEPHBIE
JKHJIKOCTH Ha OCHOBE [IOBEPXHOCTHO-AKTUBHBIX
BEIIECTB. 34 CYET HEBBICOKOH BI3KOCTHOM
COCTABJIAIONIEN TAKUX JKHUJIKOCTEN UX
YTEUKA B IUTACT ABJISAETCA 3HAYUTEBHOI, YTO
IIOMOTA€ET JEPKATD APPEKTUBHOE JABJICHUE
Ha JOCTATOYHO HU3KOM YPOBHE, OHAKO UX
BBICOKAs YIIPYI'asd COCTABIIAIONIAS IO3BOJIACT
6€30043HECHHO ITIPUMEHSTD TAKUE KUJIKOCTH JIJIST
TPAHCIOPTHUPOBKHU MPOIIAHTA.

B maboparopuax HAyIHO-0O6PA30BATEIBHOIO
nenrpa (HOL) «[IpombicioBas XuMus» npu PI'V
HedTH U raza uMmeHu .M. I'ybknHa NpOBOJUTCA
pa3paboTKa HOBBIX XMMHUYECKUX PEATEHTOB U
TEXHOJIOT'MH, HAIIPABJIEHHBIX HA OIITUMHU3AIIHIO
npouecca I'PIT u yBenmmuenue a(p(pEKTUBHOCTU OT
06pPabOTKU.

Crnenmanucramu HOLJ JIpoMbIC1OBAA XUMU >
OBbLIH Pa3pabOTAaHBI U BHEAPEHDI TEXHOJIOTUH
MPONITAHTHOTI'O TUPABINYECKOTO PA3PhIBA,
YMEHBIIAIONUE PUCK MTOBBIMEHNA OOBOJHEHHOCTH
JIOOBIBAEMON TPOLYKIIUU:

* nponnaHTHBI ['PIT c npuMeHeHEM MAJIOBA3ZKUX

JKUJKOCTEN PA3PbIBA;

* nponnaHTHBIHN ['PIT ¢ n3014A111€ei BOLOIIPUTOKA.

OCTaHOBHMCA HA JAHHBIX TEXHOJIOTUAX
oApOBHEE.

Kax y>xe 6bIJIO OITUCAHO B CTATHE, IIPU ITPOBEJAEHUN
I'PIT HA rTOPU3OHTAX C GIIN3KOPACIIONOXKEHHBIMU
30Hamu BHK u THK cymecTByeT OOJIBIION PUCK
MIPOPBIBA MEKILIACTOBBIX IIEPEMBIYEK KUJTKOCTBIO
Pa3peIBa U PE3KOI0 OOBOJHEHUS (BIUIOTE 10 100%)
WY HACBIIEHUA IIPOAYKIIUN CKBAKUHBI ITOITY THBIMHU
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operations were suspended and then resumed only in

2011 in the form of post-drilling pin-point jobs.

By 2014 the average field watering was around 89.4%.
However, as a result of the decline in oil production
and due to hydraulic fracturing being one of the most
efficient methods of enhanced oil recovery it became
necessary to improve the fraccing process to ensure
the applicability of this technique on sites with high
watering or a nearby oil-water contact zone.

In 2000s foreign and domestic companies started
active search for and introduction of new hydraulic
fracturing technologies which would reduce post-frac
watering.

It is possible to single out three main groups that
proved to be efficient. Each of those groups aim to
solve a specific issue which facilitates high post-frac
watering.

1. Use of relative permeability modifiers during
hydraulic fracturing to reduce the influx of bottom
or edge water. This group of technologies is efficient
when used in close oil-water contact in highly
watered wells; moreover, better effect is achieved
in wells with higher initial watering. The effect is
produced due to the absorption of polymer modifier
and its selective swelling in water.

2. Restriction of uncontrolled fracture in-height
growth in the absence of sufficient contrast of
horizontal stresses between the lower and upper
interlayers. The effect is achieved by placing artificial
proppant barriers in the producing formation with
the preliminary injection of the blend of propping
agents with different fractions before the main
hydraulic fracturing. Sedimentation of the blend
during the fracture widening restricts its growth in
height.

3. Restriction of fracture in-height growth by reducing
the effective pressure achieved by using low-
viscosity fracturing fluids. Low-viscosity fracturing
fluids include linear polysaccharide gels or polymer-
free fluids based on surface-active agents. Due to the
low-viscosity component of such fluids their leakage
into the formation is considerable which allows
maintaining the effective pressure at a sufficiently
low level; however, their highly elastic component
ensures easy use of such fluids to deliver the
proppant.

The laboratories of the science and study center
Promyslovaya khimiya (Oilfield Chemistry) at Gubkin
Russian State University of Oil and Gas are developing
new chemical reagents and technologies aimed at
optimizing hydraulic fracturing and increasing the
efficiency of treatment.

Specialists from the Center have developed and
implemented technologies of proppant fraccing which
reduce the risk of increased watering;:

* proppant fraccing using low-viscosity fraccing fluids;

* proppant fraccing with water zone isolation.

Let’s discuss the above technologies more in detail.

As it has already been mentioned in the article,
when performing hydraulic fracturing in horizons
with close oil-water contact and gas-oil contact
zones, there is a great risk of the fraccing fluid



razamMu. OZHUM U3 CHOCOOOB KOHTPOJIS PA3BUTHS
TPEIMUHBI IO BBICOTE ABJIAECTCA IPUMEHEHNUE CPETHE-
U MAJIOBSAI3KUX JKHUJAKOCTEN pa3pbiBad. Kak M3BeCTHO,
PAaCTBOP NOJIMCAXAPUJA — TAK HA3bIBAEMBIA
JIMHEUHBIH I'eJIb — O6IAJA€T TOPA3/JO MEHBIIICH
BSI3KOCTBIO, YEM OOBIYHO IPHUMEHSIEMBIE CIITUTHIC
T'€JIN, HO, KAK IIPABUJIO, ETO TEXHOJIOTNYECKHE
OKa3aTeNu (PUABTPATOOTAAYA U CIOCOOHOCTD
TPAHCIIOPTUPOBATH IIPOIIAHT) CHUKAIOTCA IPU
YMEHBIIEHUU BA3KOCTU. OJJHAKO pa3pa00TAHHbBIC
B HOLI «JTX» MaJIOBSI3KUE >KUAKOCTU OOJIATAIOT
MaJION (PUJIBTPATOOTIAYEH, IPUOIMKEHHOM K
CHIUTBIM HOJUCAXAPHUAHBIM I'€JIAM, U PEMIAIOT
OJIHY 13 YIIOMSIHYTBIX ITIPO6GJIEM, YTO ITOBBIIIACT
3(PPEKTUBHOCTD KUAKOCTU I'PT1.

ManoBSI3KHE KUJKOCTU PA3PbIBA BKJIIOYAIOT B CEOS:

[Monucaxapuj I'yapoBOro psjja — reJico0pa30BaTEIN
I'TIT-1 ymu ITIT-crtoppy B KOHLEHTpanuax 2,0—-3,0 Kr/m?
1 5,0—6,0 71/M? COOTBETCTBEHHO;

ITAB komruiekcHOTO fiericTBus — [TAB-PII;

CmuBaiomum aredT — cimuparenb bC-1 nnu CIT-

P/ B koHuieHTpanusiax 0,2—-0,5 1/m> u 2,0-4,0 1/m°
COOTBETCTBEHHO.

IIpumMepoM Xopouie paboTOCIOCOOHOCTHU
CHIUTOI'O MAJIOBA3KOI'O I'€Jisd B CDABHEHUH C
JIMHEMHBIM T'€JIEM CJIYKUT IPAPUK TEMIIEPATYPHON
CTAOMJIBHOCTH, JKUJIKOCTEH Pa3pbIBA — CIIHUTOIO,
MaJIOBSI3KOT'O Y IMHEWHOTO I'ejis — C 3aTPy3KOI
resieobpaszosaresns 3,0 Kr/M?, IpeCTaBICHHBIIN HA
puc. 2.

—— Jlunerinpiiirens Linear gel
—— CluThIi resp (kraccuyeckas rexnonorus IPIT)Cross-linked gel (classic fraccing)
Temneparypa Temperature
— Manossa3skuii resn 1o TexHosoruu PI'Y Low-viscosity gel developed by RSU
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Pucynox 2 - TepmocmadourbHOCIs CULHINOZO,
MAN0EAZKO20 USUHEITIHO20 NOIUCAXAPUOHOZO0 2€T .
3azpyska zeneoopaszosamenallll-1 — 3,0 K/,
memnepamypa — 40 °C

Figure 2 — Temperature stability o[ the cross-linked,
low-viscosity and linear polysaccharide gel. GPG-1
gelation agent fed at 3.0 kg/m?, temperature 40 °C

BsIBKOCTHBIE XAPAKTEPUCTUKHU KUJTKOCTHU
U3MEPSUIUCH HA TIprbope Fann 50 B COOTBETCTBUU C
ISO 13503-1.

HiccneoBaHUS CTATUYECKON (PUIBTPALIUUN
IIPOBOAUJINCE COITIACHO ISO 13503-4. Pe3ynbrarhl
(PHUIBTPAITMOHHBIX UCCIEJOBAHUN IIPE/ICTABICHBL B
TabI. 2.

B 2013 rojry 66110 IPOBEEHO 5 06paboTOK I'PIT €
MaJIOBSI3KMMU KUJKOCTSIMU PA3PbIBA 10 TEXHOJIOTUU
PI'Y, ipu 3TOM TEXHOJOTUYECKUU ITPOLECC — TEMIIBI
334Ka4YKU, O6’bEMBI U KOHIICHTPAIIUU IPOIIIAHTA,

0O'BEMBI JKHUIKOCTHU PA3PbIBA — OCTABAJINCH }

breaking through the inter-reservoir barrier and of
rapid watering (up to 100%) or saturation of the well
products with associated gases. One of the ways to
control the fracture growth in height is to use medium
and low-viscosity fraccing fluids. As it is well-known,
polysaccharide solution — so called linear gel — has
much lower viscosity than commonly used cross-
linked gels; but, as a rule, its technical characteristics
(filtrate return and ability to transport the proppant)
deteriorate with the decrease in viscosity. However, the
low-viscosity fluids developed by the Center have low
filtrate return similar to cross-linked polysaccharide
gels and solve the above mentioned problem which
improves the efficiency of fraccing fluid.

Low-viscosity fraccing fluids include:

Guar-type polysaccharide — gelation agents GPG-1
or GPG-slurry concentrated 2.0—-3.0 kg/m? and
5.0—6.0 I/m? respectively;

Surface-active agent with combined effect — PAV-RD;

Cross-linking agent — cross-linker BS-1 or SP-RD
concentrated 0.2—-0.5 1/m? or 2.0—-4.0 1/m? respectively.

An example of the high performance of a cross-
linked low-viscosity gel compared to a linear gel is
given in the diagram of temperature stability of the
fraccing fluids — cross-linked, low-viscosity or linear
gel — with the gelation agent fed at 3.0 kg/m? as shown
in Fig. 2.

The viscosity characteristics of the fluid have been
measured using Fann 50 according to ISO 13503-1.

Filtration tests have been run according to ISO
13503-4. The results of the filtration tests are given in
Table 2.

Taoauuya 2 — PuavsmpanuonHnsle Xapaxmepucmurxu
CMUMOZO0, MANOBAIKO20 UIUHECHUHOZO
nonucaxag)uduozo zeasn npu memnepamype 40°C
unepenade oaerenun 1000 psi (6,89 MHaf

Table 2 - Filtration characteristics of the cross-linked,
low-viscosity and linear polysaccharide gel at the
temperature of 40 °C and pressure differential

of 1000 psi (6.89 MPa)

Tlomepu npu
Koagpgpuvuernm M2HOBEHHOLL
Koproobpasosanus, | duasmparui,
JKuoxocmo paspoiea C, 10 m/mur'”? S, 10 mi/m?
Fraccing fluid Wall building Losses at
coefficient, instantaneous
C 10 m/min'? Jiltration,
S,'10 mé/m?
Jlunerinoiii 2e1t
Linear gel 114 119
Manosasruti 2eas 1o
mexnono2uu PI'Y negpmu
ueasa
Low-viscosity gel 71 54
developed by RSU of Oil
and Gas
Cuumaiti 2es1o
(Knaccuveckasn
mexnono2us I'PIT) 54 1,7
Cross-linked gel (classic
Jfraccing)

In 2013 five fracturing treatments were performed
using low-viscosity fraccing fluids with the technology
developed by RSU; furthermore, the technological
process — the injection rate, proppant volumes and

concentrations, fraccing fluid volumes — remained the 4
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TAKMMU XK€, KaK 1 IpH KiaccudeckoM I'PIT. I'papuk
NPOBEAEHMA ITPOLIECCA IIPEACTABIEH HA PUC. 3.

Eme oqfHUM CIOCO60M NPENOTBPAIIECHUA
YBEJIMYEHU I OOBOJHEHHOCTHU JOOBIBAEMOI
NPOAYKIIMU ABJIAETCA COBMEIEHUE IIPOLIECCOB
U3O0JIALUY IIPUTOKA BOABI M UHTEHCU(PUKALIU
J06BIYU HEPTH.

CymHOCTb pa3dpaboranHoi B HOLL «[1TX»
TexHosioruu I'PI1 ¢ n3onanumen BogoprUTOKOB
(T'PIT ¢ UBII) 3aKJI11049a€TCA B 3AKAYKE B IVIACT
Ha CTaguU «0yepar reIuPpOBAHHOM JKUJIKOCTH
HA YITIEBOJOPOJHOM OCHOBE, KOTOPAs, C OHON
CTOPOHBL, co3aeT Tpemuny I'PIT Heo6XonMMONn
Tr€OMETPHH, 4 C APYTON CTOPOHBI, ABJIAETCA
CEJIEKTUBHBIM BOJJOU30JIMPYIOIIMM areHToM. Ha
BTOPOM CTAIUU IIPOUCXOIUT 3aKAYKA JKUJKOCTH-
MECKOHOCUTEJIA HA BOJHOM NOJIMCAXAPUHOM OCHOBE
c nponmanToM. CxemaruuHo nporuecc I'PIT ¢ UBIT
MOJKHO IIPEICTABUTD, KAK ITOKA3aHO HA PHUC. 4.

OCTaHOBHMCS NOAPOOHEE HA MEXAHU3ME JICHCTBHS
BOJIOU3OIMPYIOIIErO AT€HTA. YITIEBOJOPOJAHBIA
resib NPEACTABIIIET COOOU IN3EIbHOE TOILUINBO,
3aryiieHHOEe peareHTaMy KOMIIJIEKCOB IeJIMPYIOIMNX
«Xumeko-T» 1n60 «Xumeko-H».

B cocTaB KOMILJIEKCA I'EJTUPYIOMIETO «XUMEKO-T>
BXOJAT:

* ['e1e06pa30BaTENDb «XHUMEKO-T» — ABJISAETCS CMECBIO

OPraHUYECKNUX OPTOPOCHPOPHBIX IPUPOB.
¢ AKTUBATOD «XUMEKO-T> — NPECTABIISIET COOOM

YIVIEBOJOPOAHBIN PACTBOP OPIAHUYECKUX

COEJIMHEHUH AJIIOMUHHUSI.

CoCTaB KOMILJIEKCA MeJIMPYIOLIETO «XUMeEKO-H»

BKJIIOYAET B CEOST:

* reJIe06pPa30BaATENDb «XUMEKO-H» — ABIIAETCA CMECHIO

OPraHUYECKUX 3(PUPOB OPTODPOCHOPHON KUCIOTHI

U BLICOKOMOJIEKYJIPHBIX CITMPTOB;

* aKTUBATOP «XMMEeKO-H» — nipeacrasiser

COO0U MULIEJITIAPHBIA PACTBOP COEJUHEHNNI

TPEXBAJICHTHOT'O JKEJIE34.

Cxaxuna Well

A

mxnxom paspmi?
fluid

Frassin

* HHAKOCTD DASPHIBA
Frassing fluid

W rciib HA OCHOBE
}}P‘ ITTAHT . ey
- PIC t <XHMEKO-B>
Bedplate ageous
el based on
himeco-B

Pucynox 4 — Cxema npoeedenus npouecca
nponnanmnozo I'PII c HBII no mexnoaozuu PI'y
Helpmu u 2a3a

with water influx isolation according to the

Figure 4 — D:';ﬁram of proppant bydraulichfracturing
technology developed by RSU of Oil and Gas
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same as during classic hydraulic fracturing. The process
diagram is shown in Fig. 3.

SiLT T

— i

Pucynox 3 - I'pagpux nposeoenusn npovecca I'PII c
npumenHeHuem Maro6A3K02z0 zeasn no mexnonozuu Pry
Hedhmu za3a. O06eMm 3aKauannozo nponnanma —

12'm, cpeonan konyenmpauua nponnanma —

350 xz/m? cmecu

Figure 3 - Diagram of bydraulic Sfractum'ng using a
low-viscosity gel developed by RSU of Oil and Gas.
The amount of injected proppant is 12 tons, the
average concenitration of the proppant is 350 kg/m’
of the blend

One more way to prevent increased watering is to
combine water influx isolation and oil production
stimulation.

The essence of the fraccing technology
accompanied by water influx isolation developed by
the Oilfield Chemistry Center lies in injecting oil-
based gelatinized fluid into the reservoir at the ‘buffer’
stage; on the one hand, this fluid will create a fracture
of the required geometry and on the other hand it
will serve as a selective water-isolating agent. At the
second stage, a sand-carrier on a polysaccharide
basis with a proppant are injected. Figure 3 shows a
schematic diagram of hydraulic fracturing with water
influx isolation.

Let’s discuss the mechanism of action of the
water-isolating agent. A hydrocarbon gel is diesel
fuel thickened by the reagents of the gelling systems
Khimeko-T or Khimeko-N.

The gelling system Khimeko-T consists of:

« gelling agent Khimeko-T — a blend of organic
orthophosphates.

¢ Khimeko-T activator — a hydrocarbon solution of
aluminum organic compounds.

The gelling system Khimeko-N consists of:

« gelling agent Khimeko-N — a blend of organic
orthophosphates and high-molecular alcohols;

» Khimeko-N activator — a micelle solution of ferric
compounds.

In such hydrocarbon systems viscous cross-linked
gels are created thanks to complex compounds —
due to aluminum or ferric, depending on the given
reagent, salts of organic orthophosphoric esters.

If we consider the formation of salts of organic
orthophosphoric esters by the example of the gelling
system Khimeko-T, we’'ll see that upon interaction
of the gelling agent with the activator Khimeko-T in
hydrocarbon medium tri-basic salts of aluminum and
orthophosphates are created (Reaction 1).



B TakuX yIy1€eBOJJOPOAHBIX CUCTEMAX BA3KHE
CTPYKTYPUPOBAHHEBIE T'€JIN OOPA3YIOTCS 6/1arofaps
KOMIIJICKCHBIM COCIMHCHUWAM — aJIIOMHMHHCBBIM
(I/IIII/I JKCJIC3HBIM, B 3dBUCHMMOCTH OT BbI6paHHOI‘O
pearenTa) CoMAM OPraHUYECKUX OPTOPOCHOPHBIX
3(UupOB.

Ecnu paccMaTpuBaTh O6PA30BAHUE CONIEH
OPraHHUYECKUX OPTOPOCHOPHBIX 3(PHUPOB HA
MIPUMEPE KOMIUIEKCA TETHUPYIOMIETO «XUMEKO-T», TO
BH/IHO, YTO IIPU B3aMMOJECHUCTBUH I'€JIEOOPA30BATEIA
U AKTUBATOPA «XHUMEKO-T» B YITIEBOJTOPOIHOU Cpeie
00PA3YIOTCS TPU3AMEIIEHHBIE COIN AJIIOMUHUS U
3a(prpa opToPOoCcHOPHON KUCIOTHI (PEAKIINA 1).

OH,

0
[R1—o—|F||>—oﬁ3—A| — [R1—o—|F||>—o—]2—A|—0H
O

| ?
R2 R2

Peaxuyun 2/ Reaction 2

BriocsieicTBIY O6Pa30BABIINECS ATKUI(POCHATHI
AJIIOMHHUS, BCTPEYAACH C BOAOM, BCTYIAIOT C HEU
B PEAKIHIO (TUAPOIU3ZYIOTCS) C OOPA3Z0OBAHUEM
JIMTIKOTO OCAJKa TUAPOKCHU(POCHATOB ATIOMUHUSA
(CENEKTUBHOI'O U30JIMPYIOIIEIO AI€HTA) 110 PEAKLINU 2.

INonmy4eHHBIE TUAPOKCH(POCHATHI ATIOMUHUSA
06/13JAaI0T BBICOKOU aATE€3UET K TOPOJE U ABISAIOTCS
MAaCJIOPACTBPUMBIMU ITAB — HE pacTBOPAIOTCA B BOJE
U COJIEBBIX PACTBOPAX, OAHAKO PACTBOPAIOTCA
B HE(PTHU U HEPTENIPOAYKTAX.

B cBOIO 0O4epens yrieBogOpOAHbIN I'€/Ib HA OCHOBE
KOMIUIEKCA I'eINPYIOIEro «XUMeKo-H» B pesynbrare
B3aMMOJIEHCTBHUS C BOJOI 0O6pA3yeT TOMHUMO
HEPACTBOPUMBIX B BOJIE OCHOBHBIX COJIEN —
TUIPOKCU(POCHATOB XKENE3d, — YCTOHUIUBYIO
OOPATHYIO AMYJIBCUIO, YTO CIIOCOOCTBYET
JOMOTHUTENBHOMY CHHKEHHUIO MPOHUITAEMOCTH IPU
dpuabTpan iy BOAHI [4].

VIJIEBOAOPOAHDIE I'€/IH, IIOJIyYEHHBIE C
NPUMEHEHUEM KOMILJIEKCOB I'eJINPYIOMNUX «XHUMEKO-T»
U «XUMEKO-H», 3aKa4UBAIOTCS 6€3 ACCTPYKTOPA, HO
nocne nposeaenna I'PI1 CHUKAIOT CBOIO BA3KOCTD IIPU
KOHTAKTE C YIVIEBOJOPOAAMH 34 CUET PA3OABICHUA U
CHIKEHM S KOHLIEHTPALIUH I'eIE0OPA3YIONTUX BEECTB.

Bogouszonupyromuye CBOMCTBA YIVIEBOAOPOLHBIX
reJIEH UCCIEJOBAINCH HA (PUIBTPALMOHHON
ycranoke HP-CFS B maoparopuu
3KCMEPHUMEHTAIBHOTIO LIEHTPA (PU3UYECKOTO
MOZIETUPOBAHUA NTEPCIIEKTUBHBIX METOOB
NOBBIIEHYS HepTeoTRaYHr n1acToB HOLL
JIpOMBICIIOBAS XUMU >, B 3KCIIEpUMEHTAX
HCIIOIb30BAJIMCh BOJOHACHIIIEHHBIE HACHIITHBIE
MO/JIEJIM IVIACTA C HAOUBKOU (PPAKIIVIEI KBAPLIEBOI'O
TECKA 33/IaHHOT'O BDEMEHU ITIOMOJIA.

JJTrHA KaK 0 MOJIEIU COCTABIsAA 48,7 CM.

[10Mmaap MOMEPEYHOTO CEYEHUS — 7,5 CM2,

Temnieparypa sxkcnepumeHTOB — 80 °C.

B punbrpaliuiOHHOM 3KCIIEPUMEHTE IIPHUMEHAIACH
MOJIEJIb IUIACTOBOM BOABI XJIOPKAJIBIIMEBOI'O THUIIA C
CYMMAapHBIM COIIEP/KAHUEM KATUOHOB Ca’+ 1 Mg+
1000 mry/m.
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Peaxuusn 1/ Reaction 1

Subsequently, the newly-formed aluminum alkyl
phosphates when contacting water react with it (are
hydrolyzed) creating an adherent deposit of aluminum
hydroxyphosphate (a selective isolating agent)
illustrated by Reaction 2.

OH, C o
—> R1—0—P—0—A—{OH|,

?

R2

The obtained aluminum hydroxyphosphates have
high adhesion to the rock and are oil-soluble surface-
active agents — they are not soluble in water and
salting liquids, yet they are soluble in oil and petroleum
products.

In its turn the hydrocarbon gel based on the gelling
system Khimeko-N upon contacting water forms
in addition to water-insoluble basic salts — ferric
hydroxyphosphates — a stable inverted emulsion
which facilitates further reduction of the permeability
during water filtration.

Hydrocarbon gels obtained by using gelling systems
Khimeko-T and Khimeko-N are injected without a
destructor but after hydraulic fracturing their viscosity
decreases upon contacting hydrocarbons due to
dilution and lowering of the concentration of gelling
substances.

Water shut-off properties of hydrocarbon gels were
tested at the filtration system HP-CFES in the laboratory
of the research center for physical simulation of
enhanced oil recovery methods Oilfield Chemistry.
Water-saturated sand-packed reservoir models and a
silica-sand packing with the specified grinding time
were used in the experiment.

Each model was 48.7 cm long.

The cross-section area was 7.5 cm?.

The experiment temperature was 80 °C.

The filtration experiment used the model of
calcium-chloride stratum water with the total contents
of Ca%+ and Mg?+ cations of 1000 mg/1.

Table 3 shows the results of the filtration studies of
the plugging and selective properties of hydrocarbon
gels.

As it has been mentioned before, the function of the
sand-carrier fluid in this technique is performed by
polysaccharide-based gel using the chemical reagents
developed by Oilfield Chemistry Center. The formulas
for polysaccharide fluids are designed based on the
geophysical characteristics of the reservoir, fraccing
fleet configuration features, customer’s requests and
preferences.
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B Tabnulie 3 NpeCTaBICHBI PE3YIbTATH
(PUIBTPAITMOHHBIX 9KCIEPUMEHTOB 10 U3YYEHUIO
TAMIIOHUDPYIOINX U CEJIEKTUBHBIX CBOCTB
YIVIEBOJOPOAHBIX I'eJieH [5].

Kak yke yIIOMHUHAJI0Ch PAHEE, B KAYECTBE
JKUJKOCTU-TIECKOHOCUTEIIA IS JAHHOM TEXHOJIOI'UU
BBICTYIIAET I'€JIb HA IIOJIUCAXAPUIHON OCHOBE
C IIPUMEHEHUEM XUMUYECKUX PEATEHTOB,
paspadoTanHbIX B HOLL JIpOMBICIOBAS XUMUST>.
PenierrTypbl HOMUCAXAPUAHOU JKUAKOCTH
MOAOUPAIOTCA UCXOJA U3 FE€OJIOrO-(PU3UIECKUX
XAPAKTEPUCTHUK IJIACTA, OCOOEHHOCTEN
KoMIuiekTanuu ¢iora I'PIT, TpeboBanuii u
MOXKEJIAHNUH 3aKA34YHKOB.

JInnerika KOMIIJIEKCA I'ETUPYIOIErO Ha
MHOJIUCAXAPUIHON OCHOBE IIPEACTABIECHA
PA3/IMYHBIMU PEATEHTAMMU:

* res1Ieo6pa3oBATENN HA OCHOBE ITOJIUCAXAPUIA
I'yapOBOI'O KJIACCA — CYyXOH IreJIe00Pa3oBaTENIb
I'TIT-1 1 ©KUAKUM> CyCIEHAUPOBAHHDIN B
YIJIEBOJIOPOJHOU CPEZIE rENe0Opa30BaATEND
I'TIT-cnoppy O3BOIAIOT FOTOBUTD PACTBOD
HOoJMHUCAXapua (JIMHEHMHBIN I'eJIb) KaK
PEABAPUTE/ILHBIM I'€JIMPOBAHNEM B EMKOCTAX, TAK
U <B IIOTOKE» C IPUMEHEHUEM I'MIPATALMOHHOM
YCTAHOBKH,;

e 6oparnbie cnuBareau bC-1 u BC-2 no3BOIsIOT

IOJIYYATh CHIUTHIN [IOJTUCAXAPUAHBIN I'€JIb B

YCJIOBUAX IVIACTOBBIX TeMItepatyp ot 20 1o 120 °C,

IIPUYEM BPEMSA OOPA30BAHHNA CITUTON CTPYKTYPHI

3aBUCUT OT IIPUMEHSAEMOI'O PEATEHTA U MOXKET

BAPBUPOBATHCA B UHTEPBAJIE OT 5 10 300 CEKYHT;

JECTPYKTOPBI OKMCIUTEIBHOI'O X KUCIIOTHOI'O

JIEVICTBUA — ECTPYKTOP XB, AECTPYKTOP

KaICyJIMPOBAHHBIN, AKTUBATOP AECTPYKIUY;

e TOGABKM B )KUJKOCTb pa3pbiBa — [TAB-

PETYIATOP AECTPYKIIMU, OUOLIN], «Bromany,

TEPMOCTAOMINZATOP NOJUCAXAPUAHBIX reieit TC-1.

INopgpobHee O peareHTax I NOJIyIYEHUA
MOJIMCAXAPUIHOU XKUAKOCTH ['PIT, pa3zpaboTaHHBIX
B PI'V HedpTu u raza umenu .M. ['yOKuHA,
PACCKA3BIBACTCS B CTATHIIX [6], [7].

B ycioBuaxX HEPTAHOIO MECTOPOKACHUSA
Pecny6iinku KazaxcraH ObLIU IPOBEJCHBI IPOOHBIE
onepanuu I'PIT c UBIT. O6bekTamMu O6paAOOTKHU
OBLJIN BEIOPAHBI CKBAXKUHBI CO CPEJHEN JOObIUECH
HedTH 2,1 T/CyT 1 06BOAHEHHOCTBIO 92,3%. Bee
TEXHOJIOTUYECCKHE onepaunn HpOI_HJII/I YCIICOIHO,
IUIAHUPYEMBIF OO'bEM IPOMITAHTA ObLI PA3MEIEH
B TpemuHe. 'papuk 0gHOM U3 IPOBEAECHHBIX
TEXHOJIOTMYECKUX ONEPAIINi IPEJCTABICH Ha PUC. 5.

ITocne nposefeHus paboT CPEHAS 10ObIYA
HedTH yBEJIMYMIIACE B 2,5 pa3a, IPU IIPAKTUYECKU
HEU3MEHEHHON OOBOJHEHHOCTH — 91,3%.

Jla6oparopuu HOLL «IIpOMBICTIOBASI XUMU 1>
NPOJIOJLKAIOT UCCJIEJOBAHUS, HATIPABJICHHBIE
Ha pa3pabOoTKy HOBBIX, 60j1ee 3(P(PEKTUBHBIX
TEXHOJIOTMH U PEATEHTOB /15 TUPABINYECKOIO
Pa3pbIBa IIJIACTA, KOTOPBIE ITO3BOJIST PENTUTD
po6JIEMY BAJIOBOI'O YBEJINYEHUS OOBOHEHHOCTH
IUTACTOB IIPH OJJHOBPEMEHHOM YBEJIMYECHUH OOIIEH
JOOBIYM HE(PTU.
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Tabnuua 3 — Pe3yrsmamot GuismpPauyioOHHsLX
IKCnePuUMenmo8 MaMnOHUPYIOUUX U CeNEKINUBHBLX
C601ICME Y2/1e6000POOHBLX 2eneli

Table 3 — Results of the filtration studies of the plugging
and selective properties of bydrocarbon gels

TIporuyaemocns no
PURLMPYCMOLL HCUOKOCINIU,
MEM
Dmansi sxcnepu- %Z‘/ftj:l Filtrated fluid permeability, 1°
Ne _ Mmenma mpayuu | Y221€6000poo- | Veneeooo-
n/m | Stages of the ex- Filtrate nowizens | poomwiiizens
periment e Xumerxo-T»" | Xumero-H»"
Hydrocarbon | Hydrocarbon
gel gel
Kbimeko-T* | Kbimeko-H""
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* Yenes000poonubLii 2enb cooepucum 0,9% zeneobpasosamens u 0,3%
axkmueamopa <Xumexo-T».

** YVeneeo00poonutii 2enws cooepocum 1,2% zeneoopasosamens u 1,4%
axmueamopa <Xumexo-Ho.

* The hydrocarbon gel contains 09% of gelling agent and 0.3% of Khimeko-T

activator.
" The bydrocarbon gel contains 1.2% of gelling agent and 1.4% of
Khimeko-N activator.

The line of the polysaccharide-based gelling system is
represented by various reagents:
» gelling agents based on guar-type polysaccharide —
dry gelling agent GPG-1 and ‘liquid’ gelling agent




KoHeyHO, OCHOBBIBASICh TOJIBKO Ha
Y3KOCTICTTUATIU3NPOBAHHOM XUMHUYCCKOM
ITOJIXO/IE K PA3PA0OTKE PEATCHTOB, HEJIB3S CO3/IATh
YHHBEPCATIBHOE TEXHOJIOIMYECKOE PEMICHUE /IS
BCEX ITPOGIIEM.
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Pucynox 5 - I'pagpux npoeedenus npoveccalIPII c
HBII. O6sem 3axauannozo nponnanma — 10,0 m,
cpeonan konuenmpavua nponnanma — 350 kz/m?
cmecu

Figure 5 — Diagram of bydraulic fracturing with water
inflow isolation. The amount of injected proppant is
10.0 tons; the averagitproppant concentration is

350 kg/m’ of the blen

Taxk, B YaCTHOCTH, BBLIOOP OO'BEKTA U TEXHOJIOTUU
JULS TUJIPABJIMYECKOT'O PA3PhIBA IIJIACTA
JIOJIPKEH IPOU3BOAUTBCS HE OTHUM YETIOBEKOM,
4 rpyNnoi CIEIUAIUCTOB U3 PA3JITMYHbBIX
ob1acTent — reo(PU3UKHU U TEOTIOTUH, Pa3Pa00TKU
MECTOPOXK/JCHUI U XUMHUH, MEXAaHUKH U SKOHOMHUKH.
ITo3TOMY BO BCEM MUPE HEMPTAHBIMU U CEPBUCHBIMU
KOMMOAHUSMH CO3/1aI0TCSA CUTYAIIMOHHBIE LIEHTPBHI,
ABJIAIOIINECS CAMOU COBPEMEHHOM (POPMOIT
peanu3anuu CUCTEMBI NOAAECPKKH IPUHATHA
PEMEHNN, OCHOBAHHONM HA TEXHOJIOTUAX
MOJIEJIMPOBAHUSA M AHAJIN34 CUTYALIUI, IPEJETBHO
KOHIIEHTPHUPOBAHHOM IIPEACTABIEHUN NH(POPMALTUHN
U1 OOECNIEUNBAIOIICIH HHTETPATIBHOE YIIPABJICHUE.

AHAJIOTOM TAKOro LIeHTPa B PI'Y HedpbTr 1 rasa
ABJIAETCA KOMMYHUKAITMOHHAA T10maaKa IIYPM
(LIEHTP YIIPABJICHUS PA3PAOOTKOI MECTOPOKICHHS).

LIYPM COBMECTHO C aBTOMATU3UPOBAHHBIMU
PabOYNMH MECTAMHU CHELUATHCTOB (APM)
['YOKMHCKOIO YHUBEPCUTETA IPEICTABIAIOT
COO0M KOMIIJIEKC CIIELTUAIBHO OPTAaHU30BAHHBIX
paboYnx MECT, OOOPYAOBAHHBIX CAMBIMH
COBPEMEHHBIMHU ITPOIPAMMHO-AIIIAPATHBIMHU
OPOAYKTAMH, CPEJICTBAMU BU3YATU3ALIUH JAHHBIX 1
KOMMYHUKALIMH, /I IIEPCOHAIBbHON U KOJJIEKTUBHOM
AHAIMTHUYECKON PabOTHL B XOz€ TaKOM PaOOTHI
MOYKET OCYIIECTBIATHCA MOHUTOPUHI COCTOAHHUSA
O6'BEKTA YIIPABJIEHU, IPOIrHO3UPOBAHUE PA3BUTHA
CUTYAIIUH HA OCHOBE aHAIN34 ITOCTYIAIOMEN
UH(pOPMALIUH, MOAETUPOBAHHUE IIOCJIEICTBUM
YIIPABJIIEHYECKHUX PEMIEHU C UCITOIb30BAHUEM
MH(MOPMALMOHHO-aHAIUTHYECKUX CUCTEM,
3KCNEPTHAA OLIEHKA IPUHHUMAEMBIX PEMIEHUI U UX

OITUMH3AITNS U YIIPABJICHNCE B KDU3HUCHOM CUTYAIHIH. 4

suspended in hydrocarbon medium GPG-slurry allow
preparing polysaccharide solutions (linear gel) by both
preliminary gelation in tanks and ‘in the flow’ using a
hydration unit;

borate crosslinkers BS-1 and BS-2 make it possible to
obtain a cross-linked polysaccharide gel at the reservoir
temperatures of 20 to 120 °C; furthermore, the time
required to form a cross-linked structure depends on the
reagent used and can vary from 5 to 300 seconds;
oxidizing and acidizing destructors — XB destructor,
capsular destructor, destruction activator;

fraccing fluid additives — destruction regulating
surface-active agent, Biolan biocide, heat stabilizers of
polysaccharide gels TS-1.

More information about the reagents required to obtain
the polysaccharide fraccing fluid developed by Gubkin
RSU of Oil and Gas is given in the article ‘New reagents for
hydraulic fracturing’ by L. Magadova,

M. Silin, D. Malkin, E. Gayeva, V. Marinenko,

V. Magadov.

Pilot operations of hydraulic fracturing with water inflow
isolation were performed in an oilfield in Kazakhstan.
Wells with the average oil production of 2.1 tons/day and
watering of 92.3% were chosen as treatment sites.

All technological operations were successful; the intended
amount of proppant was placed in the fracture.

The diagram of one of the performed technological
operations is given in Fig. 5.

In the aftermath of the operations the average oil
production increased 2.5-fold while the watering kept
practically at the same level of 91.3%.

The laboratories of the Oilfield Chemistry Center
continue studies aimed at developing new more effective
technologies and reagents for hydraulic fracturing which
solve the problem of watering while enhancing oil
production.

Obviously, it is not possible to create a universal
technological solution to all problems based only on a
highly-specialized chemical approach.

In particular, the site and the technology for hydraulic
fracturing should not be determined by one individual
but by a group of specialists in various areas — geophysics
and geology, field development and chemistry, mechanics
and economics. That is why oil and service companies
worldwide set up situation centers which are the most
advanced form of decision-support based on modeling
technologies and situation analysis, provision of highly
focused information and integrated management.

The communication platform FDMC (Field Development
Management Center) is an example of such a center at RSU
of Oil and Gas.

The FDMC along with specialists’ automated workstations
from Gubkin University form a set of specially organized
workstations equipped with the cutting-edge software
and hardware, data visualization and communication
devices intended for personal and team analytical work.
Such work can be accompanied by monitoring of the
site, forecasting of the situation development based
on the analysis of the incoming data, modeling of the
consequences of managerial decisions using information
and analysis system, expert evaluation of decisions and
their optimization and crisis management.
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