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IIPOLIECCE AJIUTEIBHOU 3KCILIyaTALUN
Ir'a30BBIX CKBA’KUH BCE BO3PACTAIONIEE
HEraTUBHOE BO3/ICHUCTBUE HA IPOAYKTHUBHBIC
KOJJIEKTOPBI OKA3BbIBAET MJIACTOBAS BOAA. DTO
YETKO MPOCIEKHUBACTCS HA ONBITE PA3PAOOTKU
UCTONIEHHDIX 3aJI€KEN MeIBEKBETO, YPEHTOHCKOI'O
U SIMOYPICKOrO MECTOPOXKIEHHUH, I7I€ B HACTOAIIEE
BpEMS, B IIEPUO/ TTA/IAIONIEN JOOBIYH, BO3HUKIIU
U IPOI'PECCUPYIOT MPOLIECCHI, OTPULIATEIBHO
BJIMAIOIIE HA (PHUIIBTPAIMOHHO-EMKOCTHBIE
csoricTba (PEC) NpOAYKTUBHBIX IVIACTOB 1
MNPUBOAAINNE K CHUKEHHUIO JEOUTOB raza (HedTH) [1].
OOBEKTUBHO MHOTUE I'A30BbIE MECTOPOK/ICHHUS
Ha cesepe 3anaiHON CUOUPU HAXOASATCS HA
HO3AHEN CTAIUU PA3PAOOTKY, IJI€ UMEET MECTO
WUHTEHCUBHOE NOCTYIVIEHUE IJIACTOBOM )KUJKOCTH A.B. Kycmwoiues (careéa) uIO.B. Bazanoe
U €€ HAKOIJIEHUE HA 320051X CKBAKUH, YTO Y4CTO A.V. Kustysbev (at the left) and Yu.V. Vaganov
IIPUBOAUT K CAMO3AaAAB/IMBAHWIO CKBA’KWH 1
IVIYIIEHWIO IIPOAYKTUBHOI'O I1acTa. OMHUM U3

IJIABHBIX OTPULIATEIBHBIX ITOCJIE/ICTBUH OOBOJJHECHUSI ormation water has an ever increasing
NPOAYKTUBHBIX HHTEPBAJIOB SABJISAECTCSA PA3PYIIEHHE negative impact on the producing
npu3abortHou 30HbI Iacta (I13I1) ¢c o6paszoBaHmeM reservoirs during long-lasting operation
B CTBOJIE U HA 3200€ MECYAHO-TIIMHUCTBIX IPOOOK of gas wells. This is confirmed by the experience
(TIT'T) [2, 3]. of developing depleted reservoirs of Medvezhye,
YCIemnoCTh TEXHOJIOTUHA OIPAHUYEHUSA Urengoyskoye and Yamburgskoye fields where we
BOJIOIIPUTOKOB U ITOBBIIIEHUE NTPOAYKTUBHOCTHA currently observe progressive processes that have
CKBa’KMH ITO HE(PTU U I'A3Y OIIPENETAECTCA TEM, a negative impact on porosity and permeability
HACKOJIBKO BBIOPAHHBIN MEXAHU3M UX PEATU3ALTUN properties of the producing formations and lead
COOTBETCTBYET MEXAHU3MY BO3HUKHOBEHUA to reduction of gas (oil) output [1].
BOJIONIPOABJIEHUI [4]. Objectively, many gas fields in the northern part
BSPHEKTUBHOCTH BOJOUOIAIUOHHBIX PAOOT HA of Western Siberia are mature ones with intensive
ra30BbIX MECTOPOXKAECHUAX, IKCILTYATUPYIONUX inflow of formation water and its accumulation
CEHOMAHCKYIO 3aJ1€Kb (YPEHI'OUCKOE, IMOYpPrcKkoe, in well bottoms what leads to self-killing of such
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3anonsapHoe, MeBEXbE), COCTABIIAET OKOJIO 80% [3]. wells and producing formations. Destruction of
I1pu 5TOM IPOLECC BEIOOPA U IPOBEACHUSA bottomhole zone and appearance of sandy-clayey

HEOOXOAUMOU TEXHOJIOI'H BOJOU3OISIIMOHHBIX plugs in a wellbore — these are the main

PaboT OCTIOXKHAETCS JOTOTHUTEIBHBIMU (PAKTOPAMU, negative consequences of water encroachment

TAKHMMU KAK: of producing horizons [2, 3].

* ITAJICHUE IIJTACTOBOI'O AABJICHU S, The success of this or that technique aimed

* IO’/BEMOM I'da30BO/ISTHOTO KOHTAKTa (I'BK); at stopping water inflow and increasing the

* HU3KUE TEMIIEPATYPBI OKPYKAIOIIEI CPE/IbI B productivity of a well can be judged by whether
3UMHUI IEPUOJ, PAOOTHL, YTO CKA3BIBACTCS HA this or that water shutoff technique matches the
YCIIOBUSIX IPUTOTOBJIEHUS U 3AKAYUBAHUS COCTABA mechanism of water inflow [4].

B CKBAKUHY; Water shutoff efficiency at the gas fields

* BBICOKASI IPOHUI[AEMOCTb CECHOMAaHCKOT'O exploiting the Cenomanian reservoir
KOJIJIEKTOPA — 10 1 MKM? U 60JIEE; (Urengoyskoye, Yamburgskoye, Zapolyarnoye and

* BBICOKASI PACWIECHEHHOCTb I'A30HACHIINCHHOTO Medvezhye fields) is around 80% [3].

IJ1ACTA IO IIPOHUILIAEMOCTU B COBOKYITHOCTHU CO Moreover, it is worth mentioning that the
3HAYUTEIbHOU TONIUHOMN 11acTa — CBBIIIE 100 M. process of selection and implementation of
B 3THUX YCIOBUAX K TEXHOJIOTHMH IPOBEACHUSA PAOOT the necessary water shutoff technology is

O OTPAHUYECHHIO BOAOIIPUTOKA K 326010 ra30BOU complicated by the following factors:

CKBAXKUHBI IPEIBSBISIOTCS JONOTHUTEIbHBIC « formation pressure decline;

TpeOOBAHUSL: * rise in gas-water contact (GWC);

* pabOTHI JOIKHBI TPOBOAUTHCS O6€3 Iy IIEHUS * Jow ambient temperature during winter time,
CKB2’KUHBI, C IPUMEHCHUEM KOJITIOOMHI'OBBIX what affects the process of preparing and
YCTAHOBOK; injecting a compound into a well;

* U3OJISIIMOHHBIN COCTAB JIOJIXKEH 001a/1aTh * high permeability of the Cenomanian reservoir —
CEJIEKTUBHOCTBIO, 06ECTICUNBAIONICH up to 1 um? and above;

U36MPATEIBHOE CHUXKEHUE IPOHUIIAEMOCTH JIUIIb * high compartmentalization of the gas saturated
BOJIOHACHIIEHHON YACTH IIACTA [IPU 3AKAYUBAHUN bed in terms of permeability coupled with
U30JIMPYIOIINX PEATEHTOB MO BCEH €T'0O TOIIIHUHE, considerable thickness of the formation — more
IIPU 3TOM IIPOHULIAEMOCTD I10 I'd3y HE JOJLKHA than 100 m.

CHMIKATBCS. The abovementioned conditions stipulate
OCHOBHOM IPUYUHON HEAOCTATOYHOM additional requirements for water shutoff

YCHENTHOCTH BOJOU3OISIIIMOHHBIX PA6OT HA operations in a gas well:

ra30BbIX MECTOPOXKACHUAX 3anagHon Cubupu » operations should be conducted without well

ABJIAETCS OTCYTCTBUE BBICOKOA(D(PEKTUBHBIX kill with the use of coiled tubing;

BOJOU30ISIIUOHHBIX KOMIO3UILIUH U TEXHOJIOTUH  water shutoff compound shall be a selective

nposefeHns paboT. Tak, HaIpuMep, Ha MeIBEXbEM one to ensure reduction in permeability of

MECTOPOXKIEHHUH BOJOUOIAIUOHHBIE PAOOTEI only the water-saturated part of the formation

IPOBOJSITCSA B 1B 3TANA IyTEM 3aKAYNBAHU S while leaving the permeability of gas-saturated

reJist KpEMHHEBOM KMCJIOTBI, OOPA3YIOMIEHCA formation parts unchanged.

CMENIUBAHUEM HA YCThE CHJIMKATHOT'O PEATEHTA The main reason for insufficient success of

«MoHacum» (MOAEPHU3NPOBAHHBIN HATPHUEBBIH water shutoff operations at Western Siberian gas

CHJIMKAT) U OPIraHUYECKOM (JIMMOHHOF) KUCJIOTBI fields is the lack of highly-efficient water shutoff

C IOKPENJIEHUEM BOJIOM30JIMPYIOLIETO IKPAHA compounds and proper job techniques. For

TAMIIOHAXXHBIM TTopraHaremMenTom [111T1-50, example, at the Medvezhye field water shutoff

4TO, B CBOIO O4EPE/Ib, UCKIIOUAET U30UPATEIBHOE operations are done in two stages: injecting silica

BO3ZEHUCTBUE TAMIIOHAXXHOI'O COCTABA HA gel, which is produced at the wellhead by mixing

NPOAYKTUBHBIN IUIACT U B KOHEYHOM UTOI'E€ BEJIET K silicate agent “Monasil” (modernized sodium

CHMKEHUIO Ie6UTOB ra3a [3, 5). silicate) and organic (citric) acid; and reinforcing
ITpu 3TOM pabOThI HPOBOASITCS C the waterproof effect of the compound by adding

NPEJABAPUTEIBHBIM ITTyIIEHUEM CKBAKHHBI, Portland cement type TILIT1-50’, what eliminates

YTO SBJISIETCS OJJHOU U3 IIPUYUH CHUKCHU S selective effect of the plugging compound in

razoruaponposogHocTu I13I1 3a cuer the producing formation and finally leads to a

IPOHUKHOBCHMUS YACTUL U (PUIIBTPA KUJKOCTU reduction in gas flow 3, 5].

IVIYIIEHWA U TTOCJIEAYIOMIE KOJIbMATALIU IIOPOZ, In the abovementioned case the wells were

WJIN CO3/IaHMA B HUX OIIOKMPYIOIIMX 30H HA ITyTH } killed before performing all the operations. }
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JIBHKEHUS I'a34 K 320010 CKBAKUHBL [Ipryem
CYILIECTBEHHO MEHSAIOTCS (PUBUKO-MEXAHUYECKUE
CBOMCTBA NOpoy racta u 1311, cHuKaeTcsa

IIPOYHOCTD IJIACTA, YTO BIIOCJICACTBUU IIPUBOAUT K

€ro PA3PYIIEHHIO,

M3BECTHO, YTO METO/IbI, HAIIPABJICHHbIC Ha
OI'PAHUYEHHUE IPUTOKA BOJL B IOOBIBAIOIINX
CKBA’KMHAX, OCHOBAHbI Hd IPUMEHEHUU
BOJIOM30/IUPYIOIIUX KOMIIO3ULIMI U3 HECKOJIBKUX
XUMHYECKUX PEATEHTOB, KAXK/IBII U3 KOTOPHIX
HUMEET CBOU ClIelM(PUIECKUE CBOMCTBA. [Ipr
3TOM ACCOPTUMEHT XUMHUYECKUX PEATEHTOB
JUISL OIPAHUYEHHSA BOJOIIPUTOKOB MOXKHO
PA3JEINTh HA JIBA KJTACCA — BOJIOU3OJIUPYIONIUE U
BCIIOMOTaTeNIbHBIE [6].

Bozousonupyomue MpoayKThl UI'PAIOT [NIABHYIO
POJIb IIPU O6PA30BAHUH 3aKYIIOPHUBAIOIIETO

MaTeprana. B 3aBUCUMOCTH OT (DU3UKO-XUMUYIECKOTO

nporecca 06pa3oBaHUSA 3aAKYIIOPHUBAIOIIETO
MaTepUaJia BCE BOAON3OIHPYIOIINE IIPOLYKTbI
JIEJIATCA HA TPH KJIACCA: OCAAKOOOPA3YIOIIHE,
reyIeo6pasyIome U OTBEpKaatomuecs. Ilpuuem
TAKHE MATEPHAJIbL, KAK [IOJIMMEPDBI KMCJIOT
AKPHJIOBOT'O PsAZA, OTHOCATCA U K IIEPBOMY, U KO
BTOPOMY KJIACCAM.

BcrnmomorarenbHble IPOAYKTHI BBIIIOIHAIOT POJIb
OTBEPAUTETICH, OCATUTENCH, CTAOUIU3ATOPOB,
HATIOJIHUTENEN NN MOAU(PHUKATOPOB,
PETYIUPYIOMNUX (PUZUKO-XUMUYECKUE U
IKCILTYAaTAITUOHHBIE CBOMCTBA BOAON3O0IUPYIOMUX
COCTABOB.

B HacTosmee Bpems TPy PEMOHTHO-
BOZIOHU3OISILIMOHHBIX paboTax (PUP) B CKBasKMHAX
HCIIOJIb3YIOTCA CJIEYIOIINE TAMITIOHAKHBIE
Marepuasl [1, 7]:

e cMecHu Ha 6a3e MHWHCPAJIbHBIX BAXKYIINX BCHICCTB;

* cMecH Ha 633€ OPraHUYECKUX BSDKYITAX
MAaTEPHAJIOB — IOJIMMEPHBIE TAMIIOHAKHBIE
MaTEpUAJIBL;

* PaCTBOPBL, IPUT'OTOBJICHHBIE HA 633¢€
MUHEPAJIBHBIX BSKYIUX TAMIIOHAKHBIX

MAaTEPHAJIOB C PA3JIMYHBIMHU O6IAIOPAKUBAIOIIUMH

JI00ABKAMH — IIEMEHTHO-TIOJIMMEPHBIMH
pacTBopamu;
* MHOT'OKOMITIOHEHTHBIE TAMIIOHAXHbBIC CMECH;
* CKHMMAIONINECS TAMIIOHAXKHBIE MATEPHUAJIBI U JIP.
IIpy 3TOM IPpEAIIOYTEHME IIPU IIPOBEJCHUN
BOJZIOM3OJISILIMOHHBIX PAOOT CIEIYET OTAABATD
MaTe€pHaIaM U METO/IAM CEJIEKTHBHOI'O JIEHCTBHUSL.
OIHAKO U CEJIEKTUBHBIC TEXHOJIOTUH HE OOIAAI0T
a6COMIOTHOM U30UPATEIBHOCTBIO. [ToKazareneM
CEJIEKTUBHOCTH METOJIA SIBJISIETCS CTEIIEHD €TO
U36UPATETBHOI'O CHIKEHUS POAYKTUBHOCTU
O6GBOJJHEHHBIX MHTEPBAJIOB 10 CPABHEHHIO C
HE(TEra30HACKITCHHBIMU. YeM 6O0JIbIlIe CTEIEHD
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This is one of the reasons for reducing gas and
water conductivity of the bottomhole formation
zone due to penetration of killing fluid parts,
subsequent clogging of the rock and creation of
deadlocked zones preventing gas motion to the
bottomhole. Moreover, physical and mechanical
properties of the formation rock change
considerably, formation becomes less strong and
stable resulting in its failure.

It is a well-known fact that techniques of water
shutoff in producing wells are based on the use
of water shutoff compounds consisting of several
chemical agents, each of them having its own
specific properties. At the same time the whole
range of water shutoff chemical agents can be
divided into two main classes — water shutoff
agents and auxiliary agents [6].

Water shutoff products play a crucial role in
the process of plugging material formation.
Depending on physical and chemical process of
plugging material formation all the water shutoff
products can be divided into three classes:
sediment-forming products, gel-forming and
hardening ones. At the same time such materials
as polymers of acrylic acids belong to the first
and to the second class.

Auxiliary products fulfill a function of
hardening, precipitating, stabilizing, filling
or modifying agents that regulate physical-
chemical and performance properties of water
shutoff compounds.

The following plugging materials are currently
used in wells during squeeze jobs [1, 7]:

» compounds based on mineral binding
materials;

* compounds based on organic binding agents —

polymer plugging materials;

solutions prepared on the basis of mineral

binding materials with various additives —

polymer-cement slurries;

multicomponent plugging materials;

compressible plugging materials and others.

It is worth mentioning that one should prefer

selective materials and techniques for water

shutoff operations. However, even selective

techniques do not ensure absolute selectivity.

The degree of selective reduction in productivity

of water-saturated sections of formation

compared to oil or gas-saturated ones —

this serves as a selectivity indicator of a given

method. The higher the degree of reduction

in formation water inflow — the higher the

selectivity of the method.

Under the conditions of low reservoir pressure
it is preferable to use the techniques that do
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CHHKEHUS IPUTOKA IIJIACTOBBIX BOJI, TEM BBIIIIE

CEJIEKTUBHOCTb METO/IA.

B yCc10BUsAX HU3KUX IUIACTOBBIX JABJICHU
OPEAIOYTUTETBHBIMU SIBJISIIOTCS TEXHOJIOTHH,
UCKJIIOYAIOINE [VTYIIEHUE CKBAXKUHBI U 3aTPA3HEHUE
[I3ITIpOAYKTAMMU [Ty IICHH L.

I1pu NpOBEACHUHN U3O0ISITMOHHBIX PA60T C
HOMOMIBIO THOKOI TPYOHI (I'T) K TAMIOHUPYIOIINM
CMECSIM NPEABABIISIIOTCS CJICIYIONUE
JIOTIOJTHUTEJIbHBIC TPEOOBAHM ST, OOOCHOBAHHBIE
CreM(PHUIHOCTBIO IPOBEICHU S ONIEPALITUU:

* CMECB JJOJIKHA 06J1AJaTh XOPOIIEH TEKYYECThIO U

COXPAHSATDH ITO CBOUCTBO B IPOLIECCE 3aKAYNBAHU S

U IPO/JIABIUBAHUS B IIACT;

PAaCTBOP JIOJIKEH 006J1a1aTh MUHUMAJIbHOM

BOAOOTIAYEN JJIA IPESOTBPAIEHUA

IPEXICBPEMEHHOI'O 3AT'YCTEBAHUS;

PAaCTBOP JIOJIKEH OBITh CEIUMEHTAIBHO

CTAOUJIBHBIM, YTOOBI B HEM B COCTOSIHUH TTOKOSI

HE 0OOPA30BbIBAJIMCh KAHAJIbI, 3AIIOJITHEHHBIC

JVCIIEPCUOHHON CPEAOU (BOLON);

* COIPOTUBJIEHUE HEIIO/IBIXKHOI'O PACTBOPA
(pUIBTPALUHU IVIACTOBBIX BOJ| JOJIPKHO OBITh 11O
BEJIMYMHE HE MEHEE U30BITOYHBIX IJIACTOBBIX
JIABJIEHUH, 4 TAKXKE IIEPEIA/IA JABICHUI MEXTY
O6JIN3KO PACIOIOKEHHBIMH IPOHUITAEMBIMU
TOPHU30HTAMHU B CKBAXKUHE;

* CPOKH CXBATBIBAHUS JOJIKHBI JIETKO
PETYINPOBATHCS, YTOOBI HAYAJIO CXBATBIBAHUS
CMECH IIPEBBIIIAIO BPEMS BCEH OIIEPAIIUHU 110
3aKAYMBAHUY €€ B IU1acT HA 10-15 MUHYT;

* CMECH JJOJIKHA OBITh YCTOMUYMBA K PA30aBJICHUIO
IJIACTOBBIMU BO/IAMU, UMETb BBICOKHE 3HAYECHU
CTPYKTYPHO-MEXAHHUYECKUX CBOYICTB;

* CMECH JJOJDKHA COXPAHATH CTA0MIBHOCTD IIPH
TEMIIEPATYPE U IABJICHUU CKBA’KUHBI HA BpEMSI
IIPOBEJICHM I BOJONU3OISAIIMOHHBIX PA6OT.
YuuThIBAS BBIIIEIIEPEYUCICHHBIE TPEOOBAHUS K

COCTAaBaM, 4 TAKXKE 'OPHO-TE€OJIOTMYECKUE YCIIOBUSL

IIPOBEICHUS PadOT (I1A[€HUE IUIACTOBOI'O JABICHUS,

PACYIEHEHHOCTD I'dA30HACHIIEHHOI'O I171ACT4 1O

IIPOHUIIAEMOCTH B COBOKYITHOCTH CO 3HAYUTEIbHOM

TOJIIIUHOMU IIJIACTA) IPEIATAETCA IIPOBEACHNE

BOJIOM3OJISILIMOHHBIX PA60T OCYLIECTBIISATD C

HUCIIOJIb30BAHUEM COCTABOB ' pOPOOU3UPYIOIINX

IIOPOBOE IMIPOCTPAHCTBO KOJIJIEKTOPA.

HCio/1b30BAHME JAHHBIX COCTABOB HAPSZY CO

CHUJKECHHUEM HpOI[yKTI/IBHOCTI/I O6BO/1HCHHbIX

WHTEPBAJIOB BE/IET K ITOBBIIEHUIO TPOHUITAEMOCTH

HEPTETra30HACHIIIECHHBIX UHTEPBAJIOB IJIACTA.

K TakuM cOCTaBaM OTHOCSTCS Pa3pabOTaHHBIE

N.H. Knemenko u A K. AAradpapoBeIiM KpeMHe-

OpraHuYeCcKue ruJpoPOOHBIE COCTABBL JJIs1

CEJIEKTUBHOM U30JIALIMU IIACTOBBIX BOJL B HEPTAHBIX

CKBAXKMHAX [8].

not require well killing and allow avoiding

contamination of the bottomhole formation

zone with well kill products.

When conducting water shutoff operations
with the use of coiled tubing unit the following
additional requirements for plugging compounds
should be met:

* the compound shall have good fluidity and
should be able to retain this property during
the process of injecting and squeezing into the
formation,;

» the compound shall have low water loss
properties to prevent its premature thickening;

* the compound shall be sedimentally stable,

so that to eliminate formation of cavities and

channels filled with dispersive medium (water)

when compound is in a standstill state;

static compound’s resistance to formation

waters filtering shall be no less than excessive

formation pressure, as well as pressure
differential between the closely adjacent
permeable beds in a well;

» compound’s setting time shall be easy to
regulate in order to ensure that the
compound starts setting 10-15 minutes
after the completion of a squeeze job;

» compound shall be resistant to dilution
by formation waters and shall have good
structural-mechanical properties;

» compound shall remain stable under the
conditions of well’s temperature and pressure
for the whole period of squeeze job.

Taking into account the abovementioned
requirements and geological conditions
(formation pressure decline, high
compartmentalization of the gas-saturated
bed in terms of its permeability, considerable
thickness of the formation) it is proposed to
conduct squeeze jobs with the use of compounds
that will hydrophobize the pore volume of the
reservoir. The use of such compounds along with
reduction in productivity of watered intervals
will lead to an increased permeability of oil and
gas-saturated beds of the formation. These are
organosilicon hydrophobic compounds for
selective water shutoff jobs in oil wells developed
by LI Kleschenko and A K. Yagafarov [8].

Organosilicon water shutoff compounds can be
used in a wide range of formation temperatures
(0—200 °C) regardless salt content in formation
waters. Compounds’ congealing temperature is
below minus 40 °C, what is especially important
for the northern parts of Western Siberia [4].

The results of practical application of such
compounds at oil fields are specified in Table 1 [9].}
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Tabnuua 1 — Pe3ynsmamst npumeHenus Kpemueopzanunueckoti U3oNAUUOHHO
KOMRO3UUUU HA HEPMAHBLX CKEANCUHAX

Table 1 — Results of organosilicon compounds application at oil wells

Bogousonupyromue
COCTABbI HA OCHOBE
KPEMHHUNOPIaHUYECKUX

COC/IMHCHMIT MOT yT AT OO OO i Jle6um nocie U30nAUUL, M>/CYm
M d Flow rate before squeeze job, g
HCIIO/IB30BATHCA B IIUPOKOM eCmOPOJ’CaeHW, e n/day Flow rate after squeeze job, m3/day
7710406 Bed
HWHTCPBAJIC IIJTACTOBBIX Field, area regpmu 6008 negpmu G000
Temneparyp (0-200 °C) oil water oil water
HE3aBHUCHMO OT CTCIICHU Bocmouno-TTaymuHcKas. - 41 205 =5 B
MUHCPATUIALNH IIJTACTOBBIX Vostochno-Pyakutinskayc 10 g b /
BOJL. TeMriepaTypa 3aMep3aHUI e i B o 0 ot
pearenToB HrKe MUHYC 40 °C, Yermakouvskoye 21 ’ ’ ’ ’
4TO OCOOEHHO BAJKHO B ) B icnoe i s ss o -
YCJIOBUAX CeBepa 3amaJHOU Van-Yeganskoye 3 ? ’ g
Cubupu [4].
Pe3y/IbTaThl IPAKTHYECKOTO 4¢, 93 1772 G 5,2
bapcyrosckoe
TIPUMCHCHN A JTAHHOI'O Barsukouvskoye
BC e 89,0 2,0 67
COCTaBa HA HEPTIAHBIX 1 film , ) b
MECTOPOXKICHUAX o
NPEACTABJIEHH B TabnuIe 1 [9). T, 29 87 10,7 06
B pesynbrare
Em-Ezo6croe /- 3,5 10,5 11,2 2.8
NPOHUKHOBEHHS COCTABA Yem Yegovskoye 7
B BOJOHACBINICHHBIC YaCTHU Tomae
12CTOB (POPMUPYIOTCS 30HBI, The 35 5,1 6,8 04
COCTOSIIHE U3 IIOPUCTOH same
CpEeJibl, HACHIIIEHHOM Husazansckoe ~
b ’ Nivagelskoye Al 25 475 245
Tabauuya 2 — Pe3yasmamst 6030€tiCmeus 6000u30ﬂupymu§eeo cocmaea na keprvt nracmallK,
(abcontomnan zazonponuyaemocms K, , = 676,00 mxm*-107)
Table 2 — Results of core (bed ‘IIK; with absolute gas permeability (K, pem) of 676.00 um?-103)
treatment with water shutoff compound
Koagppuyuernm
¢IZZ”CZ;Za;ZP Zu ITepenao I'paouenm sﬁgiszoﬁeefzg BOCCMAHOBNCHUA
> . | pogpunsmposaro 3 iy oaenenus, | oaenenus, | Iponuyaemocms, NPOHULACMOCTNLL
UMDY IOULULL cw/mac 2 NPOHULACMOCTIUL
parouda xlla wlla/m Mmrm?-10 10 Kepocumy, eo
paroud Voi i Pressure Flow P P P bili no 2a3y, eo X
Filtrating fluid oume Gt rate during L ressure ressure OIS Gas permeability erosene
Siltered : 5 differential, | gradient, um?-1073 z permeability
Sfiltration, ©Pa kPa/m restoration e ——r .
5 2 barod .
cm?/bour coefficient, units coefficient, units
]jl/lfei;)n;;e 22 3000,0 0,624 2072 614,00 1,00 _
Kepocumn
Kerosene 522 425,15 10,005 33238 603,90 - 1,00
Kepocumn +
Teneobpa3yrouuti
cocmas 1,02 10,00 0,241 847 - - -
Kerosene+
+gelling agent
gjf(;’scelzé 0,53 10,00 0,241 8,02 - - -
Teneobpa3yroujuti
cocmas 042 10,00 0,345 11,48 = = =
Gelling agent
Rebocur 0,57 10,00 0310 1030 - - -
3azycmumens
Thickening agent 012 10,00 0,521 1732 - - -
ey 611 32722 w002 | 33230 464,90 - 077
Meman
Methane 832 2054,13 10,005 33241 26,20 0,04 -
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technologies

Tabauua 3 — Pe3ynsmamst npumenHeHus u30oNAUUOHHBLX KOMNOSUUUT HA 2306011 CKEadicune

AmoypzcKozo mecmopoicoenusn

Table 3 — Results of water shutoff compounds application at a gas well of Yambergskoye field

Pexcumovl pabomnl CK8ANCUHBL 00 PeMOHMA Pexcumot pabomot CK8ANCUHBL NOCTIC PeMOHMA
Well operation parameters before treatment Well operation parameters after treatment
Juamemp mszc Z;;‘Z’ " Q 80006l M3/ . mb?c ZJZ;?;;’ m Q 8006l M3/
ouagppazmol, Mm 0 'Of . my cym P, Mlla T,C 0 b i 3} cym P,,Mla T,,°C
Diaphbragm o Q of water, P,MPa T°C ’ O ofwater, P,MPa T,°C
diameter. mm thous;md m/ i day thousand m?/ mi/day
ay day
22,03 3197 96 5,56 9 4034 82,95 5,67 14,2
25,08 3906 144 531 10 4876 89,66 542 14,7
30,03 489,1 171,84 4,88 11 621,6 110,59 5,06 14,7

THOJIMMEPHOM MACCOM, BA3KOCTb KOTOPOH 110 Mepe
POCTAa KOHIIEHTPALIUY BO3PACTAET BILJIOTH /IO ITOJTHOM
NOTEPH TEKYIECTU. [IpU 3TOM IPOHULIAEMOCTD B
YIJIEBOJIOPOAOHACHIIIIEHHBIX UHTEPBAIAX ITOYTH
MOJTHOCTBIO COXPAaHAETCS. Peakiins ruiponnsa
IPOUCXOAUT TOJBKO 34 CUET CBA3AHHOI BOJIbI

C O6PA30BAHUEM HA MOBEPXHOCTU KAHAJIOB
MOJIMMEPHOU IVIEHKU. B pe3ynbrare peakijuu
THOJUKOH/ICHCAIIUU 06pa3yeTcs TuApodoOHast
MOBEPXHOCTb, KOTOPASI CHUKAET (PUIBTPALTUOHHBIE
CONPOTUBJIEHUS 11O BOJIE U YBETMUUBAET (PAZOBYIO
IPOHUIIAEMOCTD JIJIA YITIEBOZOPOIOB (VY B).

B pesynbprare 3aKa4MBaHUA U IIPOJABINBAHUA
B ILJIACT THAPO(POOU3UPYIOMEN X KUJTKOCTHU
3aKAaYaHHBIA COCTAB IPUMET (POPMY OOOJIOUKH,
HIDKHSAS 9aCTh KOTOPOY CTAHOBUTCSA
HEMPOHUIIAEMOM JIJISI BOJBI, 4 BEPXHAA 4ACTh
BBIHOCUTCS B CKBA>KHUHY IIPU €€ ITYCKE B paboTy [10].

Pe3ynbraThl IPAaKTUYECKOTO MPUMEHEHHU A
KPEMHEOPTAaHUYIECKOT'O COCTABA HA HE(PTAHBIX
CKBaKMHAX [OKA34JIU JIOBOJBHO BBICOKYIO
3(PPEKTUBHOCTD AEHUCTBUSA B IMIMPOKUX ITPENETAX
MPOHULIAEMOCTEN MOPOA-KOJIEKTOPOB.

C 1I€1bI0 BO3MOKHOCTHU IIPUMEHEHN A
JJAHHOI'O COCTABA B I'A30BbIX CKBAXKUHAX,
IKCILTYaTUPYIOMIUX BBICOKOITPOHHUIIAEMYIO
CEHOMAHCKYIO 34JIEKb, IPOBEIEHBI TA00OPATOPHBIE
HCCJIEJOBAHMS IIPEJJIATAEMOIO COCTABA HA
MO/IEIY IPUCKBAXKUHHOIO (prbTpa (KepH). KepH
PEACTABIISAECT COOOH I'Aa30HACHIIIICHHBII OOpa3el]
TOPHOI ITOPOJBI C IPOHUILAEMOCTBIO IO 1 MKM? 1
C OCTATOYHOI BOJJIOHACBIIIIEHHOCTBIO, PE3YJILTATHI
JIaGOPATOPHBIX UCCJIETOBAHUI IIPE/ICTABJICHDI B
TAOIULIE 2.

B pesynbrare npoBeIeHHBIX UCCJICAOBAHUN
ObLIa ONPE/E/IEHA ONTUMAIbHAS KOHLIEHTPAI U
COCTABJIAIOIINX PEATEHTOB JJISI IPOBEAEHHUS PAO6OT
B I'A30BBIX CKBAXKUHAX B YCJIOBUAX KCILTYATALTUU
CEHOMAHCKOI 3aJ1eKH SIMGYPI'CKOrO MECTOPOXACHMSL, P

The compound penetrates into the water-
saturated parts of a formation creating porous
zones saturated with polymer material, viscosity
of which increases with the increase of its
concentration up to the complete loss of fluidity.
At the same time permeability of the intervals
saturated with hydrocarbons remains almost at
the same level. Hydrolytic reaction takes place
only due to bound water and results in creation
of a polymer film on the surface of the channels.
As a result of polycondensation, a hydrophobic
surface is created that reduces water filtration
resistance and increases phase permeability for
hydrocarbons.

As aresult of injecting and squeezing
hydrophobizing fluid, the compound takes
the shape of an envelope lower part of which
becomes impermeable for water while the upper
partis carried out into a well when it is brought
into production [10].

Practical application of organosilicon
compounds at oil wells showed quite good
performance of such compounds in a wide range
of reservoir permeability values.

The proposed compound was subject to
laboratory tests on the core to check the
possibility of its application at gas wells drilled
to the highly-permeable Cenomanian reservoir.
The core is a gas-saturated piece of rock with
permeability of up to 1 pm? and residual water
saturation. The results of laboratory tests are
specified in Table 2.

As aresult of the tests there was identified the
optimal concentration of component chemical
agents for application at gas wells exploiting the
Cenomanian reservoir of Yamburgskoye field.

The technology employing coiled tubing unit is
as follows: coiled tube is run into the production
string to flush the bottomhole in order to remove P
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TEXHOJJIOTNH

TexHOIOrNusA paboT HA CKBAXKUHE C
UCIHOJIb30BaHUEM THOKUX TPYO (I'T) 3axmiouaeTcs
B cnepyomeM. Yepes I'T, cnyimeHHbIE B IM(PTOBYIO
KONOHHY (JIK), IPOBOAAT HIPOMBIBKY 320051 CKBA>KHUHBI
C LIEJIBIO yaJIeHus1 06pazoBaBmuxca II'TI, ¢ BEIXOJOM
rasa Ha (PAKEIBHYIO JIMHUIO, U NOAHUMAIOT I'T B
Gammax JIK. JINTEPATYPA / REFERENCES

3aTeM B MHTEPBAJI NEPPOPALINH, YEPES KOJIBIIEBOE
npocTtpancTBo Mexay I'T n JIK, 3akauuBaior
ruipoHOOUUPYIONINI COCTAB, 0OPA3YIONIHH
BOJOU3OIALTMOHHBIN 3KPAH U OTTECHAIONUNA
MJIACTOBBIE BOJIBI OT 326051 B INIYOUHY IJ1ACTA IO
paguycy. B He(DTAHBIX M ra30BbIX CKBaXMWHax: Y4eb. nocob. /

Ipu nogxozA€E NEPBOU MOPILIUU PACTBOPA K
6ammaky JIK 3aKpBIBAIOT 3aTPYOHOE MPOCTPAHCTBO
CKBaKMHBI U IPOJABIUBAIOT COCTAB B ILJIACT.
B ciryuae yBeTM4eHMs YCThEBOT'O JABICHU A
BBIIIIE JJOITYCTUMOT'O HEOOXOJUMO IPOBOAUTH
NPOJABINBAHUE COCTABA UMITYJIbCAMH.
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sandy-clayey plug; gas is supplied to the flare
line. Then the coiled tube is pulled up to the
production string shoe.
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I'lo JaHHOM TEXHOJIOT MU IPOBEIEHBI

BO/IOM3OJISIIITMOHHbBIC PA6OTHI HA I'A30BOI CKBAKHUHE
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