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aMOU MaCCOBOM OIIEPALIMEN C UCIIOJIb30BAHUEM

XUMHUYECKUX PEATCHTOB SABJISICTCS ONEPALINS ITIYIIEHH

CKBaXUH. [IpUMEHEHNE KAYECTBEHHBIX )KUIKOCTEN
rnymenus (OKI), THTMOUPOBAHHBIX /I IPENOTBPAILICHUS
HA0YXaHHUA INIMHUCTBIX MUHEPAJIOB, KOPPO3UU, OOPA3ZOBAHUA
HEPACTBOPUMBIX B BOJIE COJIEN U YCTONYUBBIX BOJOHEDTAHBIX
3MYJIbCUH HO3BOMSAET COXPAHUTD KOJUIEKTOPCKHE CBOUCTBA
IIACTOB.

B PI'Y nedptu 1 raza um. .M. I'yGkuHa pa3paboTaHbl
KOMIIJIEKCHI PACTBOPOB [NIYHIEHHU S, KOTOPBIE ITO3BOJIAIOT HE
TOJBKO COXPAHATD KOJUIEKTOPCKUE CBOMCTBA TPOAYKTUBHBIX
IUIACTOB, HO TAKXKE OE30IIACHO TPOBOJUTD TEKYIIUN U
KalIUTAJIbHBIA PEMOHT CKBAXKUH, IIPH 3TOM 3HAYUTEIBHO
COKpalas 3aTPaThl HA PACTBOP ITTyIIEHUS.

Bce pacTBOPHI I'TYIIEHU A MOXKHO Pa3eIUTh
HA ABa BHAA:

* PACTBOPBI C KOHTPOJIEM MOIVIOIEHUS;
* PACTBOPBI C KOHTPOJIEM NPOAYKTUBHOCTH.

PacTBOPBI C KOHTPOJIEM MOIJIOMEHUS TO3BOAIOT
OTPAHHUYHUTD (PUIBTPALIUIO COJIEBBIX PACTBOPOB INTYIIEHUSA
B ILJIACT ¥ HE CHU3UTD IPOJYKTUBHOCTD CKBA>KUHBI IIOCJIE
PEMOHTA.

PacTBOPHBI C KOHTPOJIEM TPOJAYKTUBHOCTH — TO
CTAHJAPTHBIE COJIEBBIE PACTBOPHI INIYIIEHU A, KOTOPHIE
COJIEPIKAT ONPENEIEHHOE KOJIMYECTBO XUMHUUECKUX ITPUCAZIOK,
MO3BOIAIONIUX MUHUMH3UPOBATh HEMATUBHOE BIMAHHE
JKMJIKOCTH INTYIIEHUSA HA JAJIbHEUITYIO SKCILTyATALAIO
CKBaKMHBL. OOBIYHO TAKHE PACTBOPBI OYEHD MAJIO OTIUYAIOTCA
O CTOMMOCTH OT COJIEBBIX PACTBOPOB, HO IIPHU 3TOM
3HAYUTEBHO COKPAMIAIOT PUCK CHUXKEHHUA IPOAYKTUBHOCTHU
CKBaKMHBI 1 IOBBIIEHN S OOBOJJTHEHHOCTH €€ ITPOAYKIIAH.

TEXHONOIMNU MYLWEHNA CKBAXKWH
C KOHTPOJIEM MNOITIOWEHNA

B nporiecce rnymeHus CKBa>KHUH C HU3KUM 3200HHBIM
JIABJIEHHEM, 4 TAKXKE CKBAXKUH, B IPU32060MHOU 30HE KOTOPBIX
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illing wells is the most frequent operation

with the use of chemical reagents. The

application of quality killing fluids (KF),
inhibited for stabilizing clay, preventing corrosion,
emergence of infusible salts and enduring
inverted emulsions, allows preserving reservoir
characteristics of the formation.

Complexes of killing fluids were developed
in Gubkin Russian State University of Oil and
Gas. It allows not only preserving the reservoir
characteristics of the formation, but also to increase
the safety of well workover and remediation jobs
and decrease the costs of the killing fluids.

All Killing fluids can be divided into two
categories:

* solutions with absorption control;
* solutions with productivity control.

Solutions with absorption control allow limiting
filtration of salt killing fluids in the formation and
keep the well productivity after workover on the
same level.

Solutions with productivity control is a standard
salt killing fluid containing a certain amount of
chemical additives providing for minimal negative
impact of the killing fluid on further exploitation
of the well. Usually such solutions cost as much as
other salt fluids, while they bring down the risks of
endangering well productivity and increasing the
rate of water in the product.

WELL KILLING TECHNOLOGY
WITH ABSORPTION CONTROL

The process of Killing wells with low BHP and
wells with natural or artificial bottomhole fractures
(produced by hydrofracturing) is accompanied by
intensive absorption of salt solution. It doesn’t only



COZEPXKATCA ECTECTBEHHBIE WJIM UICKYCCTBEHHBIE
TPELUHBI (BCIEACTBUE IPOBeAeHHBIX ['PIT), mpoucxoaur
MHTEHCHUBHOE IIOIVIOLIEHUE COJIEBOI'O PACTBOPA.
[TornomeHue ConeBoro pacTBOPa NPUBOLUT HE TOJIBKO

K YBEJIMYEHHOMY PACXOAY *KUAKOCTHU IVIYIICHU,

HO TAKXKE MOXET BBI3BATb HEOOPATUMOE CHIKEHUE

OPOAYKTUBHOCTH CKBAXKUHBI K POCT OOBOJHEHHOCTH.
IIpu ITyII€eHHU M CKBAKHUH IIPHMEHACTCA

HECKOJIBKO BAPHAHTOB TEXHOJIOTHH ITTYyIIEHUA:

* C IOJIHO¥ 3aMEHOI CKBA’KUHHOI )KUJIKOCTU HA PACTBOP
[JTyIIEHWS,

* C YAaCTUYHOM 3aMEHOM CKBA’)KUHHOM >KUJIKOCTH HA
6nokupyomyio nauky JKI, nepekprIBaomyo Ha
200-300 M nHTEpBAI Ieppoparuu. OCTaBIIYIOCH
4aCTb CKBAKUHBI 3AII0IHAIOT IJIACTOBOM MJIN
MHUHEPAIU30BAHHOM BOJOU (OJIOKUPYIONIAs
TEXHOJIOTUA).

MYLWEHWE CKBAXWH C BbICOKOU
NMPOHNUAEMOCTbBIO, B TPELLMHOBATBIX
KONNEKTOPAX, NMOCJE IPM

JIJ151 Ty IIEHU S CKBA’KUH B BBICOKOITPOHHUITAEMBIX
IIACTAX HEOOXOAUMBI XKUIKOCTHU, 06/1a1AI0IUE
MNOBBIIEHHON BA3KOCTBHIO M HU3KOM (PUJIBTPALIHEN.
[TonucaxapuHbIE XKUAKOCTH AJ15 [TYIIECHUS
ckBaxuH (ITCKT") Ha BOZHOM UIU BOJHO-CONIEBOU
OCHOBE IPEJACTABIAIOT COOOM T'€JIH HA OCHOBE
MOAU(PUILIMPOBAHHBIX I'yapos [1]. [Tpu fo6asnennu
CIIMBAIOIINX AT€HTOB IOJINCAXAPUJHBIN I'€JIb OOPA3yET
€IMHYIO CIIUTYIO CTPYKTYPY, 3(PPEKTUBHO GIOKUPYIOMIYIO
KPYIIHBIE TOPHI ¥ TPEIUHBL

INonucaxapyuaHbIA BOJHBIIN I'€JIb TEPMOCTAOMIIEH
IIpU I1ACTOBOU Temueparype 1o 100 °C, eciu
HEOOXOAMMO, MOKET UMETDH HU3KYIO BA3KOCTb, YTO
BAKHO /U151 6ecriepeb6orHON paboTel DLIH, oTnndaercs
HU3KON (PUIbTpALIMeEN, 2 PUIBTPAT OONALAET HU3KUM
MOBEPXHOCTHBIM HATSKEHHUEM, YTO CHUXKAET €I'0
CONPOTUBJIEHUE JISI TPUTOKA HE(PTU B CKBAXKUHY.

J17151 NONy4eHU s TOJIUCAXAPUIHBIX I'€JIEN UCTIOIb3YIOTCA
peareHTbl KOMIUIEKCA I'eJIMPYIOLIETO «XHUMEKO B»,
BbITYCKaeMOT 0 3A0 «Xumeko-TAHI»: resleob6pa3oBaresb
I'TIT-3, ciumBaromui areHT CII-PII, 60paTHBIN CIIMBATEIb —
BC-1 u 6uorug «bruoman».

B KauecTBE BOAHON OCHOBBI JJI IPUT'OTOBJIEHU A
MOJIUCAXAPHUIHBIX KUJKOCTEH IVTYIIEHU UCIIOIb3YETCS
MpeCHas TEXHUYECKAA WIN IIOATOBAPHAA BOAA C HU3KHUM
COIEPKAHUEM ITOJIMBAJIEHTHBIX KATUOHOB (<500 Mr1/1),
KOTOPAas IS YBEIMYEHUSA ITIOTHOCTU MOXKET COJIEPKATh
COJIN-MUHEPAJIU3ATOPDI C OJTHOBAJIEHTHBIMUA KATUOHAMU:
XJIOPUCTBIN KAJTMH UJIA HATPUH.

TICKT mpakTU4YEeCKU HE 3arPA3HAET IPOAYKTHUBHBIN
IUIACT, 9TO MTOATBEPKIAETCA IKCIIEPUMEHTAIbHBIMHU
uccnegopaHusamMu. Kak BUHO U3 pucyHka 1, punsrpanus
ress ITCKT B MOPUCTYIO Cpey HAYNMHAETCA TONBKO ITPU
repenaaax aAasiacHus 6omee 6,0 MIa.

TIC)KT o61aaeT XOpOUINM UHTUOHUPYIOIUM 3(P(PEKTOM
MO OTHOWEHUWIO K INTMHUCTBIM ITOPOJAAM. YBJIAKHAIOM A

technologies

results in the increased consumption of killing fluid,
but may also prompt irreversible production loss
and increased watering.

Several technologies are used for killing
wells:

« full replacement of well fluid with killing fluid;
* partial replacement of well fluid with blocking
pack of KF closing 200—300 m of perforation
interval. The rest part of the well is filled with
formation or mineralized waters (blocking

technology).

KILLING HIGH-PERMEABILITY
WELLS IN FRACTURED RESERVOIRS
AFTER HYDROFRACTURING

Fluids of high viscosity and low filtration are
necessary for killing wells in high-permeability
formations. Polysaccharide well killing fluids
(PSKF) on water or salt-aqueous base are gels
produced from modified guars [1]. When thickening
agents are added, the polysaccharide gel turns into
a single thick structure effectively blocking large
pores and fractures.

Polysaccharide water gel is heat-proof with
the formation temperature under 100 °C. If it
is necessary, it may have low viscosity, which is
important for undisturbed operation of the electric
submersible pump. It has low filtration and the
filtrate has low boundary tension, diminishing its
resistance to flow of oil into
the well.

Polysaccharide gels are produced from reagents of
gel producing complex Khimeko V, manufactured
by Khimeko-GANG, consist of gelling agent GPG-3,
thickening agent SP-RD, borate thickening agent
BS-1 and biocide Biolan.

Fresh industrial or bottom water with low content
of multivalent cations (<500 mg/1) is used as a water
base for producing polysaccharide killing fluids.

In order to make it denser, mineralizing salts with
monovalent cations like potash chloride or natrium
may be added.

PSKF makes very little contamination in the
productive formation, which was proved by
experimental researches. Figure 1 suggests that
filtration of PSKF gel into the porous medium
begins only when the pressures fall exceeds
6.0 MPa.

PSKF has good clay inhibiting effect. The
moisturizing property of PSKF (assessed according
to RD 39-2-813-82) PO =0, 05-0,1 cm/h, and clay
swelling rate (according to Zhigach-Yarov) W =
0,01-0,02 cm/h, which is enough for keeping the
productivity OP>0,94.

Starting from 2002 the PSKF is applied in various
oil and service companies at Russian fields: RN-
Purneftegaz, Varieganneft, Slavneft-Megionneftegaz, }
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crtoco6HOCTh I[TCIKT (o1ieHeHHast no PII 39-2-813-82)
10 =0,05-0,1 cM/49ac, a CKOPOCTb HAOYXAHUSA
mInHEI (110 JKurauy-fIposy) W = 0,01-0,02 cm/4ac,
4TO JOCTATOYHO JIJIS1 OOECIIEYEH NI COXPAHEHHU
npoaykrusaoctu OIT>0,94.

Hauwnnas ¢ 2002 roga noaucaxapuaHas
JKMJIKOCTB [VIYIIEHUS HIUPOKO MPUMEHSETCA B
Pa3MUYHBIX HE(PTAHBIX M CEPBUCHBIX KOMITAHUAX HA
MeCTOPOXJeHUAX PO — OO0 «PH-ITypHe(dTETa3,
OAO «Bapbperanue®rb», OAO «CinaBHEPTH-
Merunonnedreras», OO0 «YpeHroirasnpom», OO0
«Openoyprraznpom», OO0 «JIYKoun — 3anagHas
Cubupb», 3A0 HTL TEOTEXHOKWH» u z1p. [2, 3].

B 2002-2008 rT. B OOO «PH-ITypHedTeras»
OBLIO TPOBEIEHO 6osiee 800 onepanuii IMymeHns
IOOBIBAIOIINX CKBAKUH C UCcrIoab30BaHUEM ITTCKT.
Heo6xoamMo OTMETUTD, YTO PA6OTHI HPOBOANIIUCH
B CKBA’)KHHAX, BCKPBIBAIOIMIUX HU3KOIIPOHUIIAEMbBIE
TEPPUTEHHBIE KOJIJIEKTOPEHI C IIJIACTOBOM TEMIIEPATYPOI
80-95 °C, €O CKJIOHHBIMH K HAOYXAHHIO ITTMHAMH,
INIYIIEHHE B KOTOPBIX BOAHO-COJIEBBIMU PACTBOPAMHU
3HAYUTETBHO CHUXAJIO 1eOUT HEDTH, YBETMIUBAIIO
OOGBOSHEHHOCTB IIACT4, 4 BDEMS BBIBO/IA CKBA’KHUHBI HA
PEXUM COCTABIIANIO OT OJHOU IO HECKOJIBKUX HEZIEID.
OCOO6EHHO HEOOXOAUMO OTMETHUTB, YTO YCIIEITHO
npoBoanIOCH rnymeHue ¢ ITCKTI B CKBaXKnHAX,
HMMEIONUX BBICOKUI Ia30BbIH (pakTop (0T 300 10
1000 m?/T), — Ha XapaMIIYPCKOM MECTOPOXKJECHNUH
(Cesepublit 1 KOKHBIN KYIIOJ).

I'mymenue ¢ npuMmenenueM [NCKT npoBoguiocs
C MUCHOIB30BAHUEM KOMOUHHUPOBAHHOU 3AMEHBI
CKBAXKUHHOM KUJKOCTHU (PACXO *KUJKOCTU 3—5 M3, 2 B
CKBaKMHAX C BBICOKHUM I'a30BBIM (DAKTOPOM — 5—8 M’ Ha
OIHY CKBAXUHY). [IIIOTHOCTB HOJYYEHHOI'O PACTBOPA
cocrasnsna 1,02—1,18 r/cm?. CKBa>KHUHBI IOJIBEPIaJINCh
PAa3IUYHBIM BUJAM TEKYIIETO PEMOHTA: IPOBOJUIOCH
OCBOEHME CKBAXUHBI 110cs1e ['PIT ¢ ycranoskou OITH,
ycranoBka III'H, cmena IIT'H,

Urengoigazprom, Orenburggazprom, LUKoil —
Western Siberia, NTC GEOTECHNOKIN and so on.

In 2002-2008 RN-Purneftegaz applied PSKF

in over 800 production wells killing operations.

It should be noted that the works were done in

the wells, drilled in low-permeability terrigenous
reservoirs with the formation temperature 80-95 °C
and clays tending to swell. Salt-aqueous solutions
used to kill such wells substantially decrease oil
flow rate, increase the abundance of water in the
formation, and it took one or several weeks to make
the well operational. It should be noted that killing
with PSKF was successful in wells with high gas
factors (from 300 till 1,000 m3/t) at Harampur Field
(Northern and Southern domes).

Killing wells with PSKF was performed with the
use of combined substitution of well fluid (fluid
consumption 3—5 m?, 5-8 m? per well in well
with high gas factor). The density of the obtained
solution was 1.02 —1.18 g/cm?. The wells are
subjected to various types of remediation jobs:
well development after hydrofracturing with ESP
installation, installation of sucker rod pump (SRP),
replacement of SRP, installation of ESP, replacement
of ESP, replacement of ESP by SRP and vice versa.
Stable positive results were obtained in all these
operations.

The analysis of making the wells operational after
filling them with PSKF at 102 wells of Purneftegaz
fields showed that the average oil flow rate per 1
well increased by 3.6 t/day. The average water rate
per 1 well increased just by 0.7% and the average
term of making the wells operational was
2.2 days per 1 well. Figure 2 represents changes
in the content of water in the production (vol. %)
before and after service in 2002—-2007 (the analysis
includes 569 well killing operations).
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CKBA’KUHBI HA PEKUM COCTABMIIA 2,2 CYyTOK Ha
OJJHY CKBaXMHY. Ha pUCYHKe 2 IPeCTABICHO
M3MEHEHHE OOBOAHEHHOCTU NTPOAYKIIUU (% 06.)
JIO ¥ IOCJIE PEMOHTA CKBAXXKMH 32 2002-2007 1.
(aHA/IM3 BKITIOYAET 569 Orepariuiil Iy neHus
CKBAKUH).

MYLWEHWNE TA30OBbLIX N
FTA3OKOHAEHCATHbBIX CKBAXWH
C AHOMAJIbHO HN3KUM
MNIACTOBbIM AABJIEHVEM

IIpu IITYyMIEHNUHN CKBAKWH C HU3KUM IIJIACTOBBIM
ITaBJICHUEM HEOOXOAUMO, YTOOBI JKUJKOCTh
IyneHus 06124714 HU3KOH INIOTHOCTBIO U B TO
JK€ BpEMS OOECTIEUNBAJIA IPOTUBOABICHUE HA
MJIACT HA IPOTSKEHUH BCETO PEMOHTA.

Jns pemenus JanHou npo6aeMbl 3A0 «XHUMEKO-
T'AHI» COBMECTHO CO CHEHATUCTAMUN
OO0 «OpeHbypIrra3npom» pa3zpaboTaH
A39PHUPOBAHHBIN I'€JIb («IBEPHAA IIEHA»), KOTOPBIA
06J1a12€T MAJIOH IIJIOTHOCTBIO Y1 HU3KOM
(PHUIBTPYEMOCTBIO, YTO MO3BOJAET UCIIOIb30BATh
JIAaHHBIN COCTAB HA I'A30BbIX U I'A30KOH/ICHCATHBIX
MECTOPOXKIEHUAX C AaHOMAJIBHO HU3KHUM IIIACTOBBIM
JasneHueM (AHITN) [4].

TexXHONOrus IMymeHus «TBEPJOU MEHOI»
33KJIIOYAETCA B OJHOBPEMEHHOI 3aKAYKE B
CKBa’KHMHY I'eJIEOOPA30BATENS COBMECTHO C
430TOM (MJIU APYI'UM UHEPTHBIM I'Aa30M) U
pacTBOpa CHIUBATENA. B pe3yIbTaTe NPOUCXOIUT
06pa30BaHUE OOBEMHON CTPYKTYPHI C BLICOKUMH
CTPYKTYPHO-MEXAHUYECKUMHU CBOUCTBAMHU U
HU3KOH IJIOTHOCTBIO, YTO OO6ECTIEUNBAET BBICOKYIO
3(PPEKTUBHOCTD IPU INIYIIEHUU I'A30BBIX U
Tra30KOH/IEHCATHBIX CKBAXUH ¢ AHTI/I.

CocTaB pacTBOpPA rejieoopa3oBarei:

e ouonu «<broman» 3 mHa 50 M3

* resieobpazosarens [TIT-3 6,0 Kr/™m?;

e xoMIJIeKCHBIN [TAB Hedprenon BBl 1,0 1/m3.
CocTaB pacTBOpPa CIIHBATEIA:

* cmmBaomuii arexnt CIIP 6,0 /M3,

¢ 60parHbIi ciiuBarenb bC-1.3 4,0 /M2,

B cirygae Hanmu4udg B ra30BOM CKBAXKHHE
CEPOBOIOPO/A B PACTBOP CIHIUBATENSA HEOOXOAUMO
BBeCTH 10-20 j1/M3 HOTTIOTHUTENSI CEPOBOIOPOJA —
JUITAHOJIAMUHA.

ITpOMBICJIOBBIE UCIIBITAHHS HA I'A30BbIX
MecTopoxaeHUAX OO0 «OpeHOypPrrazsnpom»,
OPOBEAEHHBIE IO TEXHOJIOTHUH ITTYHIEHUS «TBEPAOHA
IIEHOM», ITIOKA3a/IM YCIIEIHOCTDb TEXHOJIOTUH.
[mymeHne NpOBOJNIIOCH C TIOJHBIM 3aII0OTHEHUEM
CTBOJIA CKBAXKMHBI «TBEPIOM IIEHOM». [Tocie
PETIAMEHTUPOBAHHOI'O OTCTOSA B TEYECHUE
12 9acoB U CTPABIUBAHUA I'A30BOU MIAIIKU
JIaBJIEHUE B 3aTPYOHOM U TPYOHOM IIPOCTPAHCTBE
cocTaBuio 0 aTm.

Ob6so0HeHrocmy, % / Water content, %
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Figure 2 — Changes in Water Content in the Product (vol. %)
Before and After Well Service in 2002 - 2007

KILLING GAS AND GAS
CONDENSATE ABNORMALLY LOW
FORMATION PRESSURE WELLS

While killing abnormally low formation pressure
wells the killing fluid should have low density and at
the same time provide for back pressure during the
whole service period.

In order to manage this problem Khimeko-GANG
and Orenburggazprom designed an aerated gel
(“solid foam”), having low density and filterability,
which allows using it on gas and gas condensate
fields abnormally low formation pressure (ALFP) [4].

The technology of killing with solid foam implies
simultaneous pumping of gelling agent with
nitrogen (or other inert gas) and thickening agent.
It results in a bulk structure with high structural-
mechanical properties and low density producing
highly efficient killing of ALFP gas and gas
condensate wells.

Composition of gelling agent:
¢ biocide Biolan 3 1per 50 m?
« gelling agent GPG-3 6.0 kg/m>;

» complex surfactant Neftenol VVD 1.0 I/m?.

Composition of thickening agent:

* thickening agent SPRD 6.01/m3;
* borate thickening agent BS -1.3 4.01/m>.

When there is hydrogen disulfide presentin
the well, it is necessary to introduce 10—-20 1/m? of
hydrogen sulphide scavenger — DEA.

Test on gas fields of Orenburggazprom held
according to solid foam killing technology, proved
the efficiency of the technology. During the Killing
the borehole of the well was completely filled with
solid foam. After specified sedimentation during 12
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TEXHONOTNW TNYWEHUA B CKBAXWNHAX
C BbICOKUM MNJIACTOBbIM JABJIEHUEM
N BbICOKOW TEMIEPATYPOU

Pemenue npo61eM COXpPaHEHUS KOJIEKTOPCKUX
CBOUCTB IJIACTOB JJOJIKHO ObITH KOMIIJIEKCHBIM. ECitn
npobaeMa OyJeT PEeNIeHa Ha CTAAUHN 3aKAHINUBAHUSA
CKBAKHH CTPOUTEIbCTBOM U HE PEIIEHA HA CTAAUU
IKCIUIyaTALUU, TO OHA IIPAKTUYECKH OCTAHETC HE
PEMEHHON.

OIHUM U3 IIyTEN ITOBLIIEHUA KA4ECTBA PEMOHTHBIX
PaboT B CKBAXKUHAX SIBJISIETCS HAYYHO OOOCHOBAHHBIN
BBIOOD KHUJIKOCTH ITTYIIEHUS, YTO MOXKET IPUBECTU K
OJHOBPEMEHHOMY BOCCTAHOBJIEHUIO [IPOHULIAEMOCTH
HE@MTAHOIO IJIACTA, TOBBIIIEHUIO IPOJYKTUBHOCTH
CKBaKMHBI U JIONIOJIHUTEIBHOMY OTOOPY HE(DTU U3 HEE.

Hanpumep, U3BECTHO, YTO IPOAYKTUBHOCTD
CHMIKAETCA MOCJIE INIYIIEHUS OJHUX U TEX K€ CKBAXKUH
IJIACTOBBIMM Bogamu Ha 10-20%, pactBopamu CaCl, —
Ha 14% 1 yBeIMYUBAETCA C IPUMEHEHHUEM PACTBOPOB
H2 YIJIEBOJOPOIHOM OCHOBE Ha 16—30%. [Ipu aTOM
T'UJPOAVHAMHUYECKHE UCCICIOBAHUA CBUICTEIbCTBYIOT
06 M3MEHEHUH IPOHULIAEMOCTH KOJJIEKTOPA B IIEPBBIX
JBYX CJIy4dsX B CTOPOHY €€ yMeHbIIeHus Ha 10-25%, a
JULA JKMJIKOCTEN HA YITIEBOAOPOJHOU OCHOBE B CTOPOHY
ee yBeandyeHus Ha 11-31%.

B 3A0 Xumeko-TAHI» pazpaboraHa *KUAKOCTb
IJIYIIEHUS HA OCHOBE OOPATHBIX AMYAbCUI — JKI-VDP.

IIpu npopaBKe XKUAKOCTH IIyLICHU HA OCHOBE
OOPATHBIX (MHBEPTHBIX) aMyIbCUIl JKI-MDP B mmact
BO3MOJKHO HE TOJIBKO CO3/[1aTh HEIIPOHULIAEMBbIN 3KPAH,
NPeAOTBPALIAIOINI ITONAJAHHE COJIEBOIO PACTBOPA IIPU
INIYIIEHUH HE(PTAHBIX U IA30BbIX CKBA’KWH, HO TAKXKE
MPOBECTH IPOMBIBKY 32005 1 PYTHE PAOOTHL, CBA3AHHbBIE
C HMCIIOJIb30BAHUEM TEXHOJIOI'MYECKHUX KUJKOCTEN HA
BOJHOM OCHOBE.

B cocras xuakocrer rinymenus JKI-UOP Bxopar
YIJIEBOJOPOAHAA (Pa3a — HEPTD WIH JUZETBHOE
TOILIMBO, COiEPKAIN A AMYAbraTopsl «Hedrenon H3»
nnu «Hedprenon H36», ninn amynerarop MP, 1 BogHas
$asza — BOJjA, MUHEPAJIIM30BAHHAS PA3JIMYHBIMU COJISIMHA
(X710pU bl HATPU A, KAJIWA, KaJIbLIWA U AP.). B 3aBucuMocTu
OT COOTHOIIEHUA (PA3 U CTENNEHU MUHEPATHU3AIUNA
PETYIUPYETCA BA3KOCTD U IJIOTHOCTb OOPATHONU
3MYJIbCHH [5].

COCTaB, INIOTHOCTD U TEXHOJIOTMYECKUE ITAPAMETPEI
JKT-MOP yTOYHAIOTCA I KAKJ0T'O KOHKPETHOT'O
Mmectopoxaenu. B ornmnuane ot [TICKT KI-MOP MmoxHO
UCHOJB30BATh IPU TEMIIEpaTypax 6osiee 100°C.

C 2000 mo 2008 roa B pa3anyYHbIX PafiOHaX 3aI1a/JHON
Cubupu (I'yoxknHackuit, Hosa6pbck, Cypryt, MErnox
1 HU>XHEBAPTOBCK) 6bLJIO ITPOBEEHO 60ee 2500
ONEPALINHA ITTyIIEHU JOOBIBAIOINX CKBAXKHH C
UCIIOJIb30BAHUEM KUJKOCTH IVIYIIEHHUA HA OCHOBE
UHBEPTHBIX aMynbcuil OKI-MOP). Oco6eHHO
HEOOXOAMMO OTMETHUTD, YTO YCIIENTHO ITPOBOAUIIOCH
mrymenye ¢ JKI-MOP B 3uMHee BpeMsI Ha CKBAKMHAX
TapacoOBCKOTO MECTOPOKACHUSL.
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hours and bleeding gas-cap, the pressure in annular
and tube space was 0 atm.

KILLING TECHNOLOGIES IN
WELLS WITH HIGH FORMATION
PRESSURE AND TEMPERATURE

Solution to the problem of keeping reservoir
properties of the formation should be all-inclusive.
There is no point in managing the problem on
the completion stage and neglecting it at the
operational stage.

One of the ways of improving the quality of
well service works is science-based choice of
killing liquid, which can lead simultaneously to
the restored permeability of oil formation, better
productivity and additional recovery.

It is known that productivity is going down by
10-20% after killing wells with formation waters,
by 14% after using CaCl, and increases by 16—-30%,
when solutions on hydrocarbon base are used.
Hydrodynamic researches state that in the first
2 cases the reservoir permeability goes down by
10-25% and increases 11-31%, when fluids on
hydrocarbon base are used.

Khimeko-GANG devised a killing fluid based on
invert emulsions — KF-IER.

When a killing fluid based on invert emulsions
KF-IER is forced into the formation, it is possible to
create an impermeable barrier against salt solutions
during killing oil and gas wells. It also provides for
bottom washing and other operations involving
technological fluid on water base.

KF-IER consists of hydrocarbon phase — oil or
diesel fuel containing emulsifiers Neftenol NZ
or Neftenol NZb or MR and water phase — water,
mineralized with various salts (chlorides of
sodium, kalium, calcium etc.). Viscosity and density
of invert emulsion depend on correlation of phases
and degree of mineralization [5].

The composition, density and technical
parameters of KF- IER are specified for each field.
Unlike PSKF, KF-IER can be used in temperatures
over 100 °C.

More than 2500 well killing operations with
the use of KF-IER have been performed in various
regions of Western Siberia (Gubkinsky, Noyabrsk,
Surgut, Megion and Nizhnevatorsk) from 2000
through 2008. It should be remarked that the
successful killing operations with KF-IER were
held at the wells of Tarasov field in winter time.

WELL KILLING TECHNOLOGIES

WITH PRODUCTIVITY CONTROL
Water-salt solutions penetrate the bottomhole

zone during the conventional well killing. While

contacting rock minerals, oil and formation water,

they may seriously affect the well productivity. The



TEXHOJIOTNW TNYLWEHNA CKBAXWH
CKOHTPOJIEM NMPOAYKTUBHOCTU

IIpu CTAaHAAPTHOM ITTYIIEHUH CKBAXKHH B IPU3A60HHYIO
30HY IUIACTA IPOHUKAIOT BOJHBIE COJIEBBIE PACTBOPHI,
KOTOPBIE IPU B3AUMOJEHCTBUU C MUHEPATIAMU
HOPOABL, HEPTHIO U IJIACTOBOH BOJOH MOI'YT OKA3bIBATh
3HAYUTEIBHOE BIIMSAHUE HA TPOAYKTUBHOCTD CKBA’KHHBIL.
OCHOBHBIMH OCJIOKHAIONIUMHU (PAKTOPAMH MOCJIE
IJIYIIEHN CKBAKUHBI BOJHBIMU PACTBOPAMU SABJIAIOTCS:
¢ 0OpPa30BAHUE BOJIHOM OJIOKA/IBI;

* 06pPA30BAHME BOJIOHEPACTBOPUMBIX COJIEW;
* 06pA30BAHMNE CTOMKHX BOAOHEMTAHBIX IMYJIbCHM;
* HAOYXaHHE [NTMHUCTBIX MUHEPAJIOB.

MConMb30BaHUE PA3IMYHBIX UHTHOUTOPOB U
XUMHUYECKUX JOOABOK MTO3BOJISAET 3HAUYUTEIBHO COKPATUTD
PHCK CHIDKEHU S TPOAYKTUBHOCTH MOCJIE INIYIIEHU
CKBAXUH 1 BBIBECTH CKBAXKUHY ITOCJIE PEMOHTA HA
3aIUTAHUPOBAHHBINA PEKUM PAOOTHL

K IIymeHuIo CKBaXKUH B HU3KOIIPOHUIIAEMBIX IIJIACTAX,
JIOBOJIBHO 44CTO COJEPKAIMUX OOIBIIOE KOJIUYECTBO
IJIMHUCTBIX MUHEPAJIOB, HEOOXOANMO MOAXOANUTD
HanOOJIEE TIIATENBHO, TAK KAK UCIIOIb30BAHUE B
TAKUX IJIACTAX CTAHJAPTHBIX BOJHBIX PACTBOPOB
IJIYHIEHN IPUBOAUT K 3HAYUTETBHOMY CHUXXEHHIO
IIPOAYKTHUBHOCTH, BOCCTAHOBJIEHUE KOTOPOI MOBJIEYET 32
CO60I1 JOMOJTHUTEJIBHBIE 3ATPATHI BDEMEHU U CPEJICTB.

IIpriMeHEeHHE B KA94eCTBE HHIHOUPYIOIIEH
J006aBKH MHOTO(YHKITHOHAAHOTO ITAB
«Hedrenona K» mO3BOJISIET PEUINTH CJICTYIOIIHE
IPOOIEeMBbI:

* CHU3UTb HA0YXA€MOCTB INMITMHUCTBIX MATEPUAJIOB;

* IPEJOTBPATUTH OOPA30BAHUE CTOMKUX BOJOHEPTAHBIX
3MYJIbCUH,

* CHU3UTb KOPPO3UOHHYIO aKTUBHOCTb COJIEBOI'O
pacTBopa.

BbLiii TpOBEIEHDI (PUIBTPALTMOHHBIE TECTHI ITO
OLIEHKE BOCCTAHOBJIEHHA IIPOHUIIAEMOCTH NOPUCTHIX
CpeJ, IIPH MOJAEIMPOBAHUH INIYIIEHUA CKBAXUH. [IJ1
OIBITOB OPAINCh OOPA3LIbI KEPHOB, XAPAKTEPUIYIOIHUXCS
I'UAPOPUIBHOCTBIO U THAPOPOOHOCTBIO, U ONIPEEIISAIACH
IIPOHHUIAEMOCTB OOPA3ILI0OB IO BO3AYXY. [lasiee 06pasibl
HACBIAJIN BOJOM M MPOBOJIU/INA BEITECHEHUE KEPOCHUHOM,
HeThIO, ITAB 1 cHOBa HeTBIO. B T€ueHME BCero
IIEPHO/A OIPEAEIIAINUCE IIOKA3ATENN IIPOHULIAEMOCTHA
U KO3(PUITUEHT BOCCTAHOBJICHUS IIPOHUIIAEMOCTHU
10 HE(TU. PE3yIBTATHI 3KCIEPUMEHTA IIPE/ICTABIICHDI B
Tabnuie 1.

[ rTuAPOMUIIBHBIX KOJUIEKTOPOB KOA(PPUITUEHT
BOCCTAHOBJICHH S IPOHUITAEMOCTH ITOCTIE 3AKAYKU
JKMJIKOCTH INIYIIEHUA C JOOaBKOU 4% «Hedrenona K> pasen
0,72.9TO0 CBA3aHO C r'uAPO(POOHU3UPYIOIIUMH CBOHCTBAMU
JaHHOro ITAB, a rupodo6mrs3anus IOBEPXHOCTH
KPYIIHBIX U CPETHUX ITOPOBBIX KAHAJIOB PE3KO YMEHBIIIAET
KOJIMYECTBO 3aIEMJIEHHON B HUX BOJIbI B IIPOLIECCE
JPEHUPOBAHU U TEM CAMBIM CIIOCOOCTBYET Hosiee
ITIOJIHOMY BOCCTAHOBJICHUIO (DA30BOH IMMPOHUIIAEMOCTHU
110 HEPTHU.

technologies

principal complicating factors after killing wells
with water solutions include:

e water blockades;

* built-up of water insoluble salts;

* build-up of steady water-in-oil emulsions;

* swelling clay minerals.

The use of various inhibitors and chemical
additives cut the risk of decreased productivity
after well killing and make the well operational
soon after service.

Killing wells in low-permeability formations
that often contain a large amount of clay
minerals should be carried out in a thorough
manner, since the use of conventional water
killing solutions in such formations brings
about serious productivity slump. Its restoration
requires additional time and resources.

The application of multifunctional
surfactant Neftenol K as inhibiting
additive allows solving the following
problems:

* reduce clay swells;

 prevent the emerge of steady water-oil
emulsions;

* curb the corrosion activity of salt solutions.

Filtration tests for assessing the permeability
restoration in porous mediums were made
during well killing modeling. The researchers
took samples of cores with hydrophilic and
hydrophobic behavior and the air permeability
of the sampleswas measured. Then the samples
were filled with water, which then was pushed
out by kerosene, oil, surfactant and oil once
again. During the whole period the coefficients
of restoring permeability for oil were calculated.
The results of the experiment are summed up in
Table 1.

In hydrophilic reservoirs the coefficient of
restoring permeability, after the killing fluid with
4% of Neftenol K was pumped, was 0.72. This
is explained by hydrophobic properties of the
surfactant. Surface hydrophobization of large
and small porous channels significantly reduce
the amounts of water, accumulated in them
during the drainage and contribute to better
restoration of phase oil permeability.

In hydrophobic reservoirs coefficient of
permeability restoration after pumping killing
fluid with 4% Neftenol K added was 0.875.

Table 2 demonstrates the impact of Neftenol
K on the corrosion activity of killing fluid. The
solution of sodium chloride with the density of
1.18 g/cm?® was applied as a well killing fluid.

Table 2 suggests that Neftenol K produces a
protecting impact diminishing the corrosion
activity of sodium chloride solution by more
than 2 times. }
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I ruipo(POBGHBIX KOJIEKTOPOB KOA(PPULTUEHT
BOCCTAHOBJICHU S IPOHUIIAEMOCTH MOCJIE 3AKAYKU
JKHJIKOCTH ITTYIIEHUS C J06aBKOI 4% «Hedrenona K»
coctasuia 0,875.

Test application of killing fluid with Neftenol K
on the fields of Western Siberia provided for
effective prevention of water accumulation in the
production wells after service. Figure 3 represents

Tabauua 1 — Bauanue 800HbLX pacmeopos «Hegpmenona K» na nponuuaemocms 2udpoPuisHozo Koanexmopa
Table 1 — Influence of Neftenol K Water Solutions on Permeability of Hydropbhilic Reservoir

TIporuvyaemocms no Hegpmiu (Ppas3osasr)
o npu cea3anmoti 600e, m/
s § Tporuyaemocnio (Phase) permeability for oil with interstitial water, Kosgppurjuenm
s | 10 8030YxY, M/ mD B80CCMAHOBNCHUS Peazenm
§ % Air permeability, mD NPOHULACMOCITIU sgent
EIRS o so30eticmeus: Iocne 6030eiicmeus P ermeabzlz‘ty‘resttormg
2 Before treatment After treatment coefficien.
2Kuorocmo enyuenus
1 188 0,383 0,58 Ha ocrose CacCl,
CaCl, — based killing fluid
2Kuorocmo enyuwenus
2 135 0361 072 c 006@37‘«)%2 4% «‘Hegj.)meHOﬂa K>
Killing fluid with 4%
of Neftenol K added

B Tabnune 2 IpeCTaBICHbl PE3YIbTATHI
BAUSHUS 06aBKU «<HedTenona K» Ha
KOPPO3HUOHHYVIO ATPECCUBHOCTD PACTBOPA
IJIyHIEHUA. B Ka4eCTBE )XUAKOCTHU IVTyIIEHU
UCIIOJIb30BAJICS PACTBOP XJIOPUCTOTO HATPHSI
C IJIOTHOCTHIO 1,18 r/CcM?.

W3 Tabnune 2 caepyer, uro «<Hedrenon K»
OKa3bIBAET 3ANUTHOE JICUCTBUE, CHUKAS
KOPPO3UOHHYVIO ATPECCUBHOCTD PACTBOPA
XJIOPUCTOTO HATPUA 60JIEE YeM B 2 pasa.

changes in water share in the product before and
after treatment.

The analysis included wells, where the
downhole equipment was replaced without
changing the type and productivity of the pump.

Khimeko-GANG produced a dry brand
Neftenol K (SNK-30) for working in hard-to-
reach fields, where there are no stock facilities for
keeping chemical agents.

Taonuya 2 — Bauanue 0oo6aéxu Hegpmenona K» na KOPPO3UOHHYI0 AKMUEHOCHH CONLEE0Z0 PACMEOPA 2Ny UeHUA
Table 2 - Impact of Neftenol K on Corrosion Activity of Salt Killing Fluid

JKuoxocmes 2nyuierus Jlosuposka lIAB CKopocmsb Koppo3ui,
Killing Liquid (Hegpmernonak»), % 2/ uac Bpems onvuma Sawummnoe oeticmeue, %
Surfactant share Corrosion rate, Time of experience Protective activity, %
(Neftenol K), % g/m: per hour
Pacmeop X10pucmozo Hampus, - 0,17 6
p=118z/cm’®
Solution of sodium chloride,
p=118g/cm? 4 0,08 6 53

OnBITHOE NIPUMEHEHUE PACTBOPOB INTYIIEHUS C
nob6asneHueM «HedreHnona K» Ha MECTOPOKICHUIX
3anagHort CubHpH NO3BONMIIO 3(P(PEKTUBHO
60pOTHCA C POCTOM OHBOJJHEHHOCTH B JIOOBIBAIOITX
CKBA)KMHAX TOCJIE peMOHTA. Ha prcyHKe 3
[IPEACTABICHO U3MEHEHUE OOBOJJTHEHHOCTH
IPOAYKIIUU CKBAKUH JIO U ITOCJIE PEMOHTA.

B aHaM3e yuyacTBOBAIU CKBAKUHBI, B KOTOPBIX
MIPOU3BOAMIIACH CMEHA ITOI3EMHOI'O OO0OPY/IOBAHUS
6€3 U3MEHEHUSI TUIIA U IIPOU3BOIUTEIBHOCTH
HaCOCA.
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TECHNOLOGY OF WASHING
AND KILLING WELLS WITH SELF-
GENERATED FOAM SYSTEM

One of the methods of developing gas, gas
condensate and oil wells is application of self-
generating foam systems (SGFS) [0].

The application of SGFS for forcing out
the washing fluids provides for effective well
development without a nitrogen unit. The self-
generating foam system is produced from SGFS
composition and fresh technical water.
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J17151 pabOTHI HA TPYAHOAOCTYITHBIX 80

MECTOPOXICHUAX, II€ HET CIIELINATIU3UPOBAHHBIX
043 XpaHEHU XUMHUUYECKUX PEATEHTOB,

3A0 «XumeKO-TAHI» BBIITYCKAET CYXYIO MAPKY
«Hedrenomna K»(CHK-30).

W O6800HeHHOCMb 00 2nyuerus, % / Water content before Rilling, %
W O6600HeHHOCMb nocae 2ayuenus, % / Water content after Rilling, %

734

73,6

~
S

TEXHOJIOTNA NMPOMbIBK 1 OCBOEHUA
CKBAXWH C MPUMEHEHWEM
CAMOTEHEPUPYIOLLENCA

NEHHOW CUCTEMbI

ODHUM U3 CIOCOO0B OCBOEHUS I'A30BBIX,
Ta30KOH/ICHCATHBIX U HE(PTAHBIX CKBAXKHH
SBJISIETCSI IPUMEHEHHE CAMOT€HEPUPYIOMIEHCS
nieaHo cuctemsl (CITIC) [0].

ITpumenenue CITIC 11 BeITECHEHUA
IPOMBIBOYHO! KUIKOCTH TTO3BOJIIET
3(pPEKTUBHO OCBOUTD CKBAKUHY 6€3
UCIIOJIb30BAHUS A30THOU YCTAHOBKHU. JIJ1s1

0O6800HeHHOCmY, % / Water content, %

2
]

N
S
1

679

L nywenue conesoim pacmeopom
Killing with salt solution

Lnyuierue conesolm pacmesopom
¢ oobaeneruem Hegppmernona K»
Killing with salt solution and Neftenol K

Pucynox 3 — Hamenenue 00600HeHHOCMU NPOOYKUUU CKEANCUH

MOJIyYEHU S CAMOI'€HEPUPYIOLIEUC IIEHHOMN 00 u nocne pemonma
CUCTEMBI TpUMeHsAeTCa Komnosunusa CI'TIC Figure 3 — Changes in Water Rate of the Production Before and
After Service

U IPECHAS TEXHUYECKAS BOJA.

Jo6asnenue B coctas CITIC, cogepskaniei
PACTBOPBI HEOPI'AHUYECKUX COJIEN — IIEHOT'€HEPATOPA
U AKTHUBATOPA, FEHEPUPYIONUX BbIJICJIEHHE
430T4, IOBEPXHOCTHO-AKTUBHOI'O BEMECTBA —
IEHOOH6PA30BATEIS, — ITIO3BOJISIET KATAJITU3UPOBATH
TPOLIECC BBIJIEJICHUS 430Ta O6€3 BPEAHBIX IPUMECEH
(OKHCJIOB 230T4), IIOJIy4YUTh YCTONYHBYIO
MEJIKOAVCIIEPCHYIO IIEHY U TEM CAMBIM YBEJIUYUTD
3PPEKTUBHOCTh OCBOCHH S CKBAKUH.

B xauecTBE BOAHONM OCHOBBI /1A TpUroTosaeHusa CITIC
UCIIONB3YETCA NPECHAA TEXHUYECKAA BOJA
(pH=6-7).

TEXHONOINA NMPOMbIBKIA
NOMOLWAKWNX CKBAXNH

[Tpu npoMbIBKe CKBAKUH 11ocse I'PIT crangap THBIMU
PacTBOPAMU IIPOUCXOJUT UHTEHCUBHOE IIOIVIOIEHUE, K
TOMY K€ CTAH/IAPTHBIE PACTBOPLI IPOMBIBKH HE O0JIA1A10T
JOCTATOYHOH BA3KOCTBIO U IIECKOYACPKUBAIOICH
CIIOCOOHOCTBIO, YTO HE TTO3BOJAET I(PPEKTUBHO BHIHOCUTD
3arpa3HEHUS C 326051 CKBAKUHBL

s pemenus JaHHbIX 1pooaeM B 3AO0 «Xumeko-TAHT»
pa3paboTaHa IPOMBIBOYHAS XKUAKOCTD JUIS YAAJICHUS U3
32005 CKBA>KMHBI IPONIMIAHTOBBIX TPOOOK. [IpOMBIBOUHASA
JKHJIKOCTB OOJIAIAET CJIEAYIOMNMU IIPEUMYIIECTBAMU:
BBICOKAs IECKOHECYIASI CIOCOOHOCTD;
HU3Kas (PUIBTPYEMOCTD B IIJIACT;
HU3KUE MOTEPU HA TPEHHUE IIPU MPOKAYKE UYEPES TPYORI
MaJIOr'O JUaMETPa.
CocTaB IPOMBIBOYHOM *KHAKOCTH HA 1 M3:

* reseobpazosarens ['TII-3 4,00—-6,00 K3
* cuuBarensb CIT-PII 4,00—6,00 1
e 6uouu «bruonan» 0,06 .

O6BEM JKHUIKOCTH, HEOOXOIMMOM JIJ151 IPOMBIBKU
CKBAKUHBI OT IMPONIIAHTA, PACCYUTBIBACTCS IO
creayiomen (hopmysie:

SGFS consists of inorganic salts solutions (a
foaming agent and an activator), which catalyze
nitrogen emission. Addition of the foaming agent
surfactant allows catalyzing nitrogen emission
without harmful additives (nitrogen oxides),
obtaining steady fine foam and thus improving
well development.

The water base of SGFS consists of fresh
technical water (pH=6-7).

ABSORPTION WELLS
WASHING TECHNOLOGY

‘When the walls are washed with standard
solutions after hydrofracturing, an intensive
absorption is observed. Besides, the conventional
washing solutions don’t have enough viscosity and
sand retaining ability and can’t effectively remove
the contamination from the well bottom.

In order to solve the problems, Khimeko-GANG
developed a washing fluid for removing proppant
plugs from the bottomhole. The washing fluid has
the following advantages:

* high sand retaining ability;
e low filtration in the formation;
¢ low friction losses while pumping through low

diameter pipes.
The composition of washing liquid
per 1 m3:
« gelling agent GPG-3 4.00-6.00 kg;
« thickening agent SP-RD 4.00-6.001,
* biocide Biolan 0.061.

The following formula is used to calculate the
volume of liquid necessary for washing the wall
from proppant:
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‘/n.th.z ‘/G.O.S,K.+ ‘/o.n.m—i_ Vm?mc ’
raeV,  — Heo6GXOAMMBIN OObEM IIPOMBIBOYHOMN

SKUJIKOCTU, M?;

V. o — OOBEM, HCOOXOAMMBIH JJI 3AIIOIHEHUSA TPELIHbL
I'PIT (MoskeT ObITh paccuuTan 1o gpopmyne: V. = (0,3 +04) x
X 8eC 3aKaA1aArH020 NPONNAHMA), M;

V. s — BHYTPEHHUI OOBEM SKCIUTYATALMOHHOMN KOJIOHHBI, M?;

V. mae — OOBEM KUAKOCTH /I HENPEABUACHHbIX CIIyJacB
(MOXKET ObITh paccunTaH o popmyne V, = (0,1 +0,2) x gec
3aKAUAHH020 NPONNAHIMA), M.

ITJIOTHOCTB IPOMBIBOYHOMH KU KOCTH OIIPEAEIIAETCS
B KA2KJJOM KOHKPETHOM CJIy4ae C y9€TOM 3300HHOTO
JaBeHus. [Tpyu BBIGOPE MJIOTHOCTU IPOMBIBOYHOI
JKMJIKOCTH HEOOXOJUMO UMETD B BUZTY, YTO B PE3YJIBTATE
TUAPOCTATUYECKOE AABJIEHUE HE JOJIKHO IIPEBBIIIATD
3a00rHoe 6onee yeM Ha 5—10%. IIIOTHOCTb MPOMBIBOYHOM
JKHJIKOCTH MOXET PErynupoBaTbcs oT 1,00 1o 1,15 r/cm?.

IIpOMBIBOYHAA KHIKOCTH 00/Ia5a€T CIIEXY IO MH
CBOHMICTBAMH:

* IIOTEPHU JABJIEHUS IIPU MIPOKAYKE YEPES KONTIOOUHT
quaMeTpom 60,3 MM COCTABIISIIOT He 6osiee
0,007 atm/Mm;

* IPAAMEHT JABJICHUA HadaIa (PUABTPALIIH HA MOJIE/IN
IOPUCTOU CPEJIbl HPOHUILAEMOCTBIO 2 MKM? COCTABJISET
20 MITa/m;

* IIECKOHECYIAS CIOCOOHOCTD IPOMBIBOYHOM XKUAKOCTHU
coctasngeT 100—-300 kr Ha 1 M?> IPOMBIBOYHOM XKUAKOCTH;

* CKOPOCTB OCAXKJEHHUS IPOMNIIAHTA JUAMETPOM JIO
1 MM cocTasisieT He 60osee 0,01 M/MUH.

Ilocne OTaeNneHns IPOMBIBOYHOM )KUJIKOCTH OT
MOPONIAHTA BO3MOXKHO €€ IOBTOPHOE UCTIOIb30BAHHE.

IIpuMEHEHUE JAHHON TEXHOJIOTUH HA MECTOPOXKICHUAX
OAO «CypryrHedTeras» no3B0JINIO TOBBICUTH
3(POEKTUBHOCTD BHIHOCA IMMPOMNMIAHTA B CKBAXKMHAX
nocneI'PII. ©
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‘/w = I/ilps—‘r Vb[f+ I/reserve

whereV, — the necessary amount of washing fluid,
m?;
V. — the amount necessary for filling the HF
produced fracture, which can be calculated
by using the formula:V, = (0.3 + 04) > weight of
proppant), m?,
Vp— INNEL volume of the production string, m?
Vv — the volume of liquid for unprecedented

cases, which can be calculated by the formula:

V erns= (01 = 0,2) x weight of proppant), ny.

The density of the washing fluid is specific to
the BHP. When the density of the washing fluid is
selected, it is necessary to take into account that
hydrostatic pressure should exceed BHP by no
more than 5-10%. The density of washing fluid
may be regulated within 1.00-1.15 g/cm?.

Washing liquid has the following
properties:

* losses of pressure during pumping through the
coiled tubing with the diameter of
23/, ‘mm shouldn’t exceed 0,007 atm/m;

« early filtration pressure differential on a porous
medium model with permeability of 2 mkm?is
20 MPa/m;

« sand bearing ability of the washing fluid is
100 — 300 kg per 1 m?® of the washing fluid;

« the fall velocity for proppant with the diameter
under 1 mm is no more than 0.01 m/min.
After the washing fluid is separated from

the proppant it can be used again.

The application of the technology on the fields
of Surgutneftegaz raised the efficiency
of proppant backflow after hydrofracturing. @
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