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Bonro-Ypanbckum 6accenH — 3T0 OAMH U3 KpynHenwwnx HedTeqobbiBaloLX peroHoB B Poccum. OpeH-
Oyprckas obnactb ABMSETCA HEOTHEMNEMOW YacTbio Bonro-Ypanbckoro baccenHa 1 xapakTepunsyetcs 6onb-
LWMHCTBOM Mpo0seM, CyLecTBYIOLLMX B APYrMX HacTax OaccerHa. bonee NonoBuHbI CKBaXWH AAIOT HeMTh UC-
KJTIOYNTENBHO 13 KAapOOHATHBIX M1ACTOB M NePUOAMHECKI HY>KAAIOTCSA B MPOBEAEHNN KUCIIOTHOM 06paboTky
ONs noaaepXKaHus ypoBHs Aobbi4n. MNpoBeneHme KUCNoTHON 06paboTKm KapOOHATHBIX KONNEKTOPOB 00bIYHO
OCHOBAHO Ha 3aKayke COMIIHOW KMCMOTbI B MAACT C UCMOMb30BaHMEM CreLManbHbIX OTKIOHAIOLLMX areHTOB AJ1s
yBENMYEHMS 30HbI MOKPbITUS. HEKOTOPbIe XapakTepHble CBOMCTBA NnacTa B Bonro-Ypansckom baccenHe cozpa-
0T LONONTHUTENbHbIE CNOXHOCTY ANS YCNEeLWHOro NpoBeaeHUst KUCIIOTHOM 00paboTkim. OHKM BKITIOHAIOT B Ce0s,
HO He OrpPaHUYMBAIOTCS CleayWMN: 3HAYUTENBHBIM CHXEHWEM NAACTOBOro AaBeHMs, BbICOKON 0OBOA-
HEHHOCTbIO, HEOAHOPOAHOCTAMW C MPOMIACTKAMW BbICOKOM M HU3KOW MPOHWULIAEMOCTU, HU3KOW TemnepaTy-
pOW MnacTa, HedThio C TEHAEHLMEN K 0OPA30BAHMIO 3MYNbCUN 1 0CaAKO0OPA30BaHMIO, OFPOMHBIMU 30HaAMM
KaBepH OT NpeAblAyLLmX KUCIOTHbIX 06paboToK. Bo MHOMX Cnyyasx HeonpeaeneHHOCTM B CBOMCTBAX NOpoL,
YCIOXHSIOT 3a4a4y.

Ha npoTsxeHn nocnefHNX WeCTu neT npakTuka NPOBEAEHNS KMCNOTHOM 00paboTky KapbOHATHbIX KOMeK-
TOPOB NOCTOSIHHO COBEpLLEHCTBOBANAck B OpeHOyprckor 0bnacTu. Bce HaunHanock ¢ NpUMeHeHus pasnarae-
MbIX LLIAPUKOB M MONIMMEPHOV CAMOOTKIIOHSIIOLLENCS KUCIIOThI ANS YBENNYEHWS 30HbI MOKPbITUS. [103xXe Obina
npeacTaBneHa BA3KOYNpyras CaMOOTKIOHSIOWLAN KCIOTa A8 YCTPAHEHWS COXPAHSIIOLLLErocs MOBPeXAeHMs,
CBSI3aHHOIO C MONMMEPOM. B TO e Bpems MCNonb30Bancs BA3KOYNPYrin CeNEKTUBHbIN OTKIIOHNTESb NS MU-
HUMM3aLMM pUCKa yBeNMYeHUs 0OBOAHEHHOCTM nocne obpaboTkn. HakoHeL, MPUMEHUIIN CUCTEMY OTKITOHe-
HWSt NEHOW C NCMOMNb30BaHMEM M 0e3 CNonb3oBaHWA rnmokmx HKT Manoro anameTpa ¢ y4eToM UCTOLLEHMS Mna-
CTOBOro faBneHus. MHOro ypokoB ObIno M3BNEYEHO 3a 3TOT Nepuof, C PEKOMEHIALMSMM MO UCMONb30BaHMIO
Donee CoBEPLUIEHHbIX TEXHOMOIMM B Pa3HbIX MAACTOBbIX 1 CKBAXKMHHbBIX YCIOBUSX.

BonbLUNMHCTBO MecTopox AeHNn B OpeHbyprckom 06nacT JOCTaTOMHO AAaBHO HAaXOAATCA B pa3paboTke, U 3TO
03Ha4aeT, YTO Ka4eCTBO CKBAXKWH-KaHAMOATOB YXYALLAETCS 13 rofa B rof. Ho C NOCTOSIHHBIM YCOBEPLLEHCTBO-
BaHMEM MPAKTUKM CTUMYNSLMN 1 XKECTKMM KOHTPONIEM Ka4ecTBa HaM yaaeTcs NoAAePXKMBaTh A00bIYY Ha KO-
HOMWYECKOM YPOBHE U axe yBeNn4MTb 00beMbl paboT MO CPaBHEHWMIO C NpedblayLLMMM FrofaMu. STa CTaTbs
OMUCbIBAET OMbIT, HAKOMEHHbIN 3a LWECTb NIeT KUCOTHbIX 00paboTok B OpeHbyprckon 0bnacT € y4eTom m3-
BJIEYEHHbIX YPOKOB 1 NepefoBbIX MPaKTUK.

The Volga-Ural basin is one of the largest oil-producing regions in Russia. Orenburg region is an essential part
of Volga-Ural basin and represents most of the challenges existing in other parts of the basin. More than a half
of the wells produce exclusively from carbonate formations and require periodic acidizing treatments to maintain
economical production. Carbonate stimulation treatments are usually based on pumping of hydrochloric acid into
formation using special diverters to maximize zone coverage by acid treatment. Some of the formation properties
in the Volga-Ural basin create additional challenges for successful acidizing treatment. These challenges include but
are not limited to significant reservoir pressure depletion, high water cut, formation heterogeneity with high and
low permeable streaks, low reservoir temperature, crude oil tending to form emulsion and sludge, enormous thief
zones created by previous acidizing treatments. Uncertainties in formation properties in many cases make the task
even more complex.

Carbonate stimulation practices were continuously improving during the last six years in Orenburg region.
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It started with implementation of degradable balls and polymer self-diverting acid to improve zone coverage. Later,
viscoelastic self-diverting acid was introduced to eliminate retained damage associated with polymer. At the same
time, viscoelastic selective diverter was used to minimize risk of water cut increase after the treatment. Finally, foam
diversion with and without small-diameter coiled tubing (CT) placement was implemented to account for reservoir
pressure depletion. Many lessons were learned during this period with recommendations for better technologies

utilization at different reservoir and wellbore conditions.

The majority of the fields in Orenburg region are old, and this implies that quality of well candidates became
worse from year to year. However, with continuous improving stimulation practices and rigorous quality control,
we manage to maintain stimulation at economic level and even increase work scope compared with previous years.
This paper will describe experience gained during six years of acidizing treatments in Orenburg region with lessons

learned and best practices.

BBEAEHUE
HeKOTOPBIE 13 CBOUCTB I1acTa B OPEHOYPrCcKOMN

06JIACTH CO3AAI0T JONIOTHUTEIBHBIE TPYIHOCTH AJIS

YCIENTHOT'O NPOBEAEHUS KUCIIOTHOIM OOPabOTKH. DTH

OPOOGIEMBI ONTUCAHBI HXKE.

* MICTOIIEHNE MIJIACTOBOT'O JABIECHHU . BONBITUHCTBO

KapOOHATHBIX IIJIACTOB HAXOAATCA B Pa3paboTKe

HA IPOTSIKEHUU MHOTUX JIECATHIIETHH, U 3AKAYKa

BOJIbI ObLJIA BBE/ICHA /IS TOAAEPKAHUS ILITACTOBOTO

JIABJIEHUS. DTO MO3BOJIET OIPAIUTh CPEAHEE

IUIACTOBOE JJABJIEHUE OT PE3KOI'O UCTOMIEHUSL, HO

HE MOXET ITOJTHOCTBIO OCTAHOBUTD TOT MPOLIECC.

CpenHee TeKyLee IIIACTOBOE AABJIEHUE COCTABIIAET

oT 60 10 75% OT NIEPBOHAYATBLHOT'O TABJICHUS IS

OOBIINHCTBA KAPOOHATHBIX IIACTOB.

Bricokast OOBOIHEHHOCTB NPOAYKIINU. Kpome

[TYOOKUX ICBOHCKUX TUTACTOB ([15-116), cpemHsist

OOBOHEHHOCTD 3HAYHTEJILHO BhITIE 50%.

VICTOYHUK 3TOI BOJBI MOXKET OBITh PA3/TMYHBIM

(OT HArHETATEIBHBIX CKBAKUH, TIOBBIIICHUS

BOJOHE(MTAHOI'O KOHTAKTA, MEXKIITACTOBOTO

IIEPETOKA 32 OOCATHOI KOJIOHHOH, TPHUPOIHBIX

TPENMNH, HEYAAYHOU cTuMyianuu ¢ I'PI 1o coceqamnx

BOZJOHOCHBIX CJIOEB U T.[1.).

* Huzkas TeMnepartypa riacTa. Y HOAaBIAIONIErO
OOJIBIIMHCTBA KAPOOHATHBIX IJIACTOB B OPEHOYPIrCKO
06J1aCTH CTA0MIBHAS TeMuepaTypa nacta (CT3C)
ot 30 10 60 °C. TO/IbKO y IeBOHCKMX T1acTOB CT3C
Bbiire 60 °C, HO KOJIMYECTBO CKBAYKMH, TOOBIBAIOIIHX
U3 IEBOHCKUX IUIACTOB, 3HAYUTEJIBHO MEHBIIIE, YEM U3
KAMEHHOYTOJIbHBIX.

* HeopHOpOAHOCTD 1171aCTa. KapOOHATHBIE IIJIACTHI B

OpeHOYPrcKor 061aCTU OYEHB CJIOMCTHIE. KonmnuecTBo

MPOAYKTUBHBIX [IPOIUIACTKOB B OTMHOYHOM IJIACTE

MOKET BAPBUPOBATHCS OT 3 10 30 U Jjasxe O0IIbIIE.

IIpOLYKTUBHBIE ITPOIIACTKU PA3ZEIEHBI INIOTHBIMHA

1 HETTPOHHULAEMBIMH ITPOCJIIOUKAMU CPABHUTEIBLHO

OJIMHAKOBOM BBICOTHL I IpHUCYTCTBUE BOJJOHACHIIIEHHDBIX

30H BOJIN3U LIEJIEBBIX MHTEPBAJIOB TAKKE OOO3HAUEHO.

ChIpast HEPTb, IOJBEPKEHHAS OOPA30BAHUIO

3MYJIbCHUH U 11aMa. B ob1ieMm, ceipast HeTb B Bonro-

YPpasIbCKOM PETMOHE TsKEIasA U BA3Kas. [TouTn n3 Bcex

CKBA’KHH JJOOBIBAIOT TAXKENYIO HEPTD € 70% CKBAYKHMH,

JOOBIBAIONINX YIVIEBOJOPO C IIIOTHOCTBIO API MeHee

40 rpaaycos. [Ipn3aboriHasa BA3KOCTb HEPTHU

cocTasasgeT 6onee 3 cll 111 TOJOBUHBI CKBAKIH.

XOpOoHIO U3BECTHO, YTO BA3KAA TSXKEIAd HEPTb UMEET

TEH/ICHIIMIO K OOPA30BAHUIO IMYJIbCUHU U1 1I1JIAMA C

KHUCJIOTAMU. PUCYHOK 1 2) M1 6) IPEACTABIIAIOT IJIOXHUE

U XOPOIIUE PE3YJIBTATH TECTOB HA COBMECTUMOCTD

INTRODUCTION

Some of the formation properties in Orenburg
region create additional challenges for successful
acidizing treatment. These challenges are described
below.
* Reservoir pressure depletion. Most of the carbonate
formations have been in development for many
decades, and water injection was establish for
formation pressure maintenance. It allows keeping
average reservoir pressure from sharp depletion
but cannot completely stop this process. Average
current reservoir pressure is from 60 to 75% of the
initial value for most of the carbonate formations.
High water production. The specific of the Volga-
Ural region is that oil saturated layers are usually
located just near water saturated zones, or have
active aquifer. Not surprising that after decades
of production most of the formation produces at
high water cut. Except deep Devonian formations
(D5-D06), average water cut is significantly above
50%. The source of this water may be different
(from injector wells, rise of water oil contact, cross
flow behind casing, natural fissures, unsuccessful
stimulation with breakdown to adjacent water
layer, etc).
Low reservoir temperature. Vast majority of
carbonate formations in Orenburg region have
stable reservoir temperature (BHST) from
30° to 60 °C. The only formations with BHST above
60 °C are Devonian, but amount of wells producing
from Devonian formations is much lower than
from Carboniferous.
Formation heterogeneity. Carbonate formations
in Orenburg region are highly laminated. Amount
of productive sublayers in single formation may
vary from 3 to 30 and even more. The productive
sublayers are separated by tight and impermeable
streaks with comparable height. The presence of
water saturated zones near target intervals is also
noted.
Crude oil tending to form emulsion and sludge
creation. In general, the crude oil in Volga-Ural
region is heavy and viscous. Almost all wells
are producing black oil with 70% of the wells
producing hydrocarbon at API value less than 40
degrees. BH viscosity of the oil is more than 3 cP
for half of the wells. It is well known that viscous
black oil tends to create emulsions and sludge with
acids. Figure 1 a) and b) represents bad and good
results of compatibility test between crude and
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ChIpOU HEPTH C 15%-11 COMSTHOU KUCIOTOMU /1151 OTHON
U3 CKBAXUH B OpEHOYPrCKOM PETHUOHE: JIEBBIN CHUMOK
IIOKA3BbIBAET OOPA30BAHUE OCAJKA B PE3Y/IBTATE
CMEMMBAHUSA 06PA31]a CBIPOH HEPTU C KUCIOTOMN. [l
JIOCTHKEHUS XOPOLIUX PE3YIBTATOB COBMECTUMOCTU
HEOOXOJUMO UCTIOIb30BATh CIELIUAIBHBIE
J06aBKU. CpeAH A KOHIIEHTPAIUS TAKUX JOOABOK B
OpeHOYPrcKOM PETMOHE OYEHD BLICOKA U JJAXKE BBIIIIE
PEKOMEHJOBAHHBIX MAKCHMAJIbHBIX 3HAYEHUI 17151
KaK/JI0M JO6aBKU. HO Takas BBICOKASI KOHLICHTPAITUS
JI06ABOK ObLIA IPUHATA JIJ/ISI MUHUMU3ALIUU PUCKA
06pPa30BaAHM ITOBPEXKICHUS IIACTA BO BPEMSA
KUCJIOTHON OOPAOOTKH.

¢ MHOTOKpaTHBIE KUCIOTHBIE O6pabOTKU. B X0/1€
KaK/IOM KUCJIOTHOM OOPabOTKH PACTBOPAETCA
3HAYUTEJIBHOE KOJIMYECTBO MOPO/BI IIJTACTA, TAKUM
06pa30M YBEIMUYUBAA IJIOMIAb KOHTAKTA C IVTACTOM
U OTEHIIUAJIBHO CO3/1aBas 30HBI IOITIOMICHUS,
KOTOPBIE MOI'YT HOIVIOIIATh OOJBIIYIO YACTb KUAKOCTH
UHTEHCU(PUKAIHN IPU NTOCTAEAYIOMNX OOPAOOTKAX.
TaxuM 06pa3om, 3PHEKTUBHOCTD KAXKJOM
OCJIEYIOIECH OOPAOOTKHU, KAK IIPABUJIO, CHUKACTCSL.
Ha prcyHKe 2 NOKa3aHO KOJIMYECTBO IOBTOPAIOLUXCSI
KUCJIOTHBIX OOpabOoTOK B iepuoz ¢ 2007 o 2012 rog.
O4eBUIHO, 9YTO KOJTMYECTBO ITIOBTOPHO OO6PA6OTAHHBIX
CKBA’KHH ITOCTOSTHHO PACTET CO BPEMEHEM, 1 JIOTUYHO,
4TO 3TA TEHJEHIINA OyJET MPOAOIKATECA U B OYIYIIEM.

* HeonpeeneHHOCTU B CBOHMCTBAX ILJIACTA.
KapOoHaTHBIE IJIACTHI PEIKO OBIBAIOT PABHOMEPHBIMU,
U CBOVICTBA IUIACTA MOT'YT BAPBUPOBATHCA OT
OJTHOM CKBAKMHBI K JIPYI'OU JA’KE HA OJTHOM U TOM
JK€ MECTOPOXK/IEHUH. PaHee ObUIO OTMEYEHO, UYTO
OpeHOYPIrCKUI PErHOH XAPAKTEPU3YETCS OOJIBIIINM
KOJIMYECTBOM HEOOJBIINX MECTOPOXKIEHUH C
PAa3/IMYHBIMU IUIACTOBBIMM CBOUCTBAMU. [ IpoBenenme
UCTIBITAHUI CKBAYKHUH IS KAXKJOT'O MECTOPOXKACHUA
HE ABJIAETCA 9KOHOMUYECKHU LIENIECOOOPAZHBIM,
4 MHOTI/IA U IIPOCTO HEBO3MOXKHO, [IOTOMY YTO Y
MHOTUX CKBaKHH ObIBACT OJHOBPEMEHHA 1006bIYA
U3 HECKOJIBKUX IIJIACTOB. Kpome TOro, nsmepeHus
NpOodUIA IPUTOKA HE MPOBOAUTCS HA KAKAOHN
CKBAKMHE JJO U IIOCJIE KUCIIOTHOM OOPabOTKU. DTO
JIEIAET 3a/1a4y [IPOBEAEHUS YCIIENTHON KMCJIOTHON
06pabOTKU enie 60JIee CIOXKHOM.

SBONOUMA METOAOB
OTKJTIOHEHWNS, NCMONb3YEMbIX
B OPEHBYPITCKOM PETMOHE

PaBHOMEpPHA O6PAOOTKA IPOAYKTUBHON YaCTH
TJIACTA ABJISIETCSI HAMOOIee BAXKHOM 3a4a4€H 111 JIIOOOH
KHUCJIOTHOHM OOPaBOTKH B KAPOOHATHBIX KOJUIEKTOPAX.
J1J151 yCIIETHOTO BBIIIOJIHEHH S 3TOU 32/1a49U ObLIN
Pa3pabOoTaHBI PA3TMYHBIE TEXHOJIOIMU OTKJIOHEHUS.
MHOrue u3 3TUX TEXHOJIOT U OBUIN OIPOOOBAHBI B
OpeHOYPIcKOH 06/1aCTH, U HEKOTOPBIE U3 HUX ObLIN
YCHENTHBIMH U JIJINTEJIBHOE BPEMS UCIIOIb30BAINCH
JUIS CTUMYJISIIMH, HO HEKOTOPBIE ObLITH OTMEHEHBI
IOCJIE IIEPBBIX UCTIBITAHNH. Ha puCyHKax 3 14 —
KPAaTKU 0630p JOCTUTHYTBIX PE3YIBTATOB IO KAXK/I0MU
KOHKPETHOU TEXHOJIOTUH JIJI1 MECTOPOXKICHUH
B OpPEHOYPrCKOU OOIACTH, TAE HAUOOIEE YACTO
IIPOBOAWIIACH CTUMYJIALUA. PUCYHOK 3 IIOKA3bIBAET
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Pucynox 1 - Ilnoxue (a) u xopowue (6)
pe3yrsmamusr mecma Ha cCOBMeCmMuUMOCG
Figure 1 — Bad (a) and good (b) results of
compatibility test

15% HCIl for one of the wells in Orenburg region:
left picture shows sludge creation as a result of
mixing crude sample with acid. To achieve good
compatibility results, some special additives should
be used. Average concentration for such additives
in Orenburg region is very high and even higher
than recommended maximum values for each
additive. But such high concentration of additives
was accepted to minimize the risk of formation
damaging during acidizing treatment.

Multiple acidizing treatments. Each acidizing
treatment dissolves significant amount of
formation rock, thus increasing the contact area
with formation and potentially creating thief
zones that may consume most of the stimulation
fluid during subsequent treatments. Thus,
effectiveness of the each subsequent treatment
will usually decrease. Figure 2 shows amount of
repeated acidizing treatments in period from 2007
to 2012. It is clear that amount of re-treated wells is
continuously increasing with time and it is logical
that this trend will continue in future.
Uncertainties in formation properties. Carbonate
formations are rarely uniform and formation
properties may vary from one well to another even
on the same field. Previously was mentioned that
Orenburg region is characterized by large amount
of small fields with variety of formation properties.
Providing of well test operations for each field

is not economically feasible and sometimes just
impossible because many wells have commingled
production from multiple formations. Additionally,
production logging is not performed on every
well before and after acidizing treatment. This
makes the task of performing successful acidizing
treatment even more complex.

EVOLUTION OF DIVERSION TECHNIQUES
USED IN ORENBURG REGION

Uniform zone coverage is the most important
task for any carbonate acidizing treatment. Different
diversion technologies have been develop to succeed
with this task. Many of these technologies were
tried in Orenburg region, some of them succeeded,
and continuously used for stimulation treatments,
but some were cancelled after initial trials. Figures
3 and 4 provide the summary of the achieved
results with each particular technology for the most
frequently stimulated fields in Orenburg area. Figure



YBEJIMYEHHNE IPOAYKTUBHOCTHU 34 CYET CTUMYIIALIUN
CKBAKUH C UMEIOMIECHCS IMHAMUKOM JOOBIYH J1IO
KUCJIOTHOHN OOPAaOOTKHU («CTAPBIE» CKBA’KHUHBL). 3HAUEHHE
YBEJIMYEHHN I HOPMATTU30BAJIOCH 10 HAUOOJIBILIETO
3HAYEHUS JJIS1 KAKJOT'O MECTOPOXKAECHUA. TakuM
06pa3oM, 3HaYEHHE «1» Ha TPAPHUKE NOKAZBIBAECT JTYUIINI
CPEIHUN PE3YJIBTAT, IOy YEHHBIN HA KOHKPETHOM
MeCTOpOXAcHUN. Ha prcyHKe 4 peAcTaBiacHa
OPOIYKTUBHOCTD IOCJIE KUCJIOTHOM OOPAOOTKH JIJIsT
CKBAKUH 6€3 UMEIOMICHCI JUHAMUKH JOOBIYHU JIO
KUCJIOTHOHN OOPAabOTKH (<HOBBIE» CKBA’KHHBI), KAK
MPAaBUJIO, /111 BHOBb IPOOYPEHHBIX CKBAKIUH, CKBAKUH

C 3aPE3KOI HOBBIX CTBOJIOB WJIM C UBMEHEHHUEM
OPOAYKTUBHOI'O UHTEPBAIA. [IpOyKTHBHOCTD ITOCJIE
KHUCJIOTHOH OOPAabOTKH TAKKE HOPMAJINU30BAIAChH

JIO MAKCUMAJIbBHOT'O 3HAYEHU JIJI KA2KIOTO
MECTOPOXKAEHUA. YEPHBIMU TOPU3OHTATIBHBIMHA
JIMHUAMUA HA PUC. 3 1 4 ITOKA3aHO YBEJIMYEHNUE CPETHETO
HOPMAJIM30BAHHOT'O KO3 dunrenTa Pl ninn sHadenus Pl
MOCJIE KUCJTOTHOM O6PA6OTKHU IO KAXKJOM KOHKPETHOMN
TEXHOJIOTUU. 3EJIEHBIMH TOYKAMH ITOKA33aHO O01Iee
KOJIMYECTBO PAOOT J1JI KAXKAOU TEXHOJIOTUH HA
KOHKPETHOM MECTOPOXKIAECHUN, KDACHBIMH TOYKAMH
NPEJCTABICHO KOJIMYECTBO HEYCIIEITHBIX PAOOT.
[TpUYHUHBI HEYCIIENTHOCTUA MOI'YT OBITh PA3HBIMHU, HO
Hanb0JIEE PACIIPOCTPAHEHHBIMHU SIBJIAIOTCA IPOPLIB
BO/IbI 1 HEBO3MOKHOCTb OCBOOOANUTD CKBAKHUHY OT
JKMJKOCTEN OOPAOOTKU M3-34 HUZKOT'O IIIACTOBOT'O
JaByieHUs. O6CYKIEHHE PEZYIIBTATOB, IIPEACTABIEHHBIX
Ha pUC. 3 U4, 6yeT U3JI0KEHO B CJIEIYIONINX PA3/Ie/Iax
3TOM CTATBH, BKJIIOYAA OIIBIT, ITIOJIYYEHHBIN OT KAJKJ0U U3
HCIIOJIb3YEMBIX TEXHOJIOT .

BA3KOYTIPYTAs1 CAMOOTKJ/IOHAIOLLASI KUCJIOTA (BYCK)
Baskoynipyrasa camooTkinonaonasa kucaora (BYCK) —
3TO OE3MOIUMEPHAA CUCTEMA OTKJIOHEHUA. OHA COCTOUT
M3 COJIAHOM KHUCJIOTBI, CMENTAHHOM C BA3KOYIIPYTUM
MOBEPXHOCTHO-AKTUBHBIM I'€JIEOOPA3YIOIINM AT€HTOM.
[TOBEPXHOCTHO-AKTUBHOE BEIIECTBO 3AT'€JIUBAETCA 1O
MepE PACXOAOBAHNA KMCJIOTBL YBEJIMUYEHUE BA3KOCTH
BBI3BIBAET BPEMEHHYIO 3aKYTIOPKY IIPOTPABIEHHBIX
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4 represents Pl increase due to stimulation for the
wells with existed pre-acidizing production history
(“old” wells). Value of PI increase was normalized

to the largest value for each field, so the value of

1 on the chart represents the best average result
achieved on particular field. Figure 4 represents
post-acidizing PI for the wells without existed pre-
acidizing production history (“new” wells), usually
newly drilled wells, sidetracks or wells with change
in producing interval. Post-acidizing PI was also
normalized to the maximum value for each field. The
black horizontal lines on figures 3 and 4 represent
the average normalized Pl increase or post-acidizing
PI values for each particular technology. Green dots
show the total jobs count for each technology on
particular field and red dots represents amount

of unsuccessful jobs. The reasons of job’s failure

can be different, but the most common are water
break through and inability to unload the well

from treating fluids due to low reservoir pressure.
Discussion of the results presented on figures 3 and
4 will be provided in the following sections of this
paper with experience gained from each of the used
technologies.

VISCOELASTIC SELF-DIVERTING ACID
Viscoelastic self-diverting acid (VSDA) is a polymer-
free diverting system. It consists of hydrochloric acid }

CopoymHcko-Hukonbckoe O2 — O5 / Sorochinsko-Nikolskoe 02 — O5
MpoHbkuHckoe A4 / Pronkinskoe A4

[onrosckoe T1 / Dolgovskoe T1

Kopsikosckoe 3n / Kodyakovskoe Z1
Mokposckoe A4 / Pokrovskoe A4
Bobposckoe T1 / Bobrovskoe T1
Bobposckoe O3 — 06 / Bobrovskoe O3 — 06

Tokckoe T1 / Tokskoe T1
CamopypoBsckoe T1 / Samodurovskoe T1
Kopskosckoe T1 / Kodyakovskoe T1
CpepnHee 3HaveHne / Average value
Bcero pabor / Total jobs

HeycneluHble onepaumn / Unsuccessful jobs

Pucynox 3 — Cpeonue pesyarsmamot KO 6 «cmapoix» CKEANCUHAX ONAMECMOPOHCOCHUT,

20e yaue 6cezo nPoeoOUNACE CIRUMYIAUUA

Figure 3 — Average results of acidizing treatments performed on “old” wells for the most

Jrequently stimulated oil fields
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Figure 4 — Average results of acidizing treatments performed on “new” wells for the most

Jrequently stimulated oil fields

KaHAJIOB, YTOOBI OOECIIEYUTD HETPEPBIBHYIO KUCIOTHYIO
06pabOTKY HEOOPAOOTAHHOI 30HBI (YaHT U COaBT., 2001,
Tan0p 1 coasT, 2003) .

Ha pucyHKe 5 NOKa3aH TUITNYHBINA TPO(MUIIb BAZKOCTH
BYCK KaK (DyHKIIMU PACXOAOBAHUS COJISTHON KHUCJIOTHL
Baskocts BYCK HAaUMHAET YBEJIMUUBATHCA, KOIA COJIAHAS
KHMCJIOTA PACXOAYETCA C KOHIEeHTpanyu 20% 1o 12%
(COOTBETCTBYET PACXOAOBAHUIO 8%-11 COJITHON KUCJIOTDI
Ha rpaduke). JKugkoCTb NOAJEPKUBAET BBICOKYIO
BA3KOCTD IIPU JAJIBHEUIIIEM PACXOAOBAHHUY KHCJIOTEI,
4TOOBI MOKHO ObLIIO JIOCTUT'HYTh HENIPEPBIBHOT'O
OTKJIOHEHM BO BPEMs 3aKa4KU. [Ip1 BO3OOGHOBJIEHUH
JIOOBIYH JOOBIBAEMBIE YIVIEBOJOPOABI 9(PPEKTUBHO
paspymarot [TAB u cHmxaroT Ba3kocts BYCK.

INpumenenue BYCK B Bonro-Ypanabckom 6accerine
OBUIO TAKXKE OITUCAHO JJIs JPYTUX YACTEN PETUOHA.
Wibacos ¢ coasT. (2010) onmcan npumenenne BYCK u
BA3KOYIIPYI'OI'O CEJIEKTUBHOIO OTKJIOHUTENA (BCO) B
7 ra30BBIX U 3 HEPTAHBIX CKBAKMHAX B CAPATOBCKONA
obmmactu. CKkBaXUHBL, 06paboTanHele BYCK 1 BCO,
nokasaju yseauuenue KII B 5 pas 11 1ra30BbIX CKBAKHH
U 12 11t He(PTAHBIX CKBAXKWH. [ITHUCTPAHCKUI C
coasropamu (2012) npeacTasuil JaHHbBIE CTUMYISALIUNA
¢ BYCK ropr30HTAa/IbHON CKBA’KMHBI B OPEHOYPrCKOM
o6nactu. BYCK 6b11a 3akauana yepe3 THKT. O6paboTka
BYCK npusena Kk 20%-My YBEJIMYEHHUIO I€OUTA.

Bcero 6p110 BBITIOHEHO 35 06paboToK ¢ BYCK Ha
OpeHOYPrckux MecTopoXxaeHuax ¢ 2007 o 2013 rog,
BKJIIOYAs] 23 HOBBIX CKBAXKUHBI U 12 06pabOTOK Ha
JIEUCTBYIOIEM (POH/IE CKBAXKMH. B OOJIBIIMHCTBE CIy4YaeB
06padoTKa ¢ BYCK nokasasa iy4ine pe3ynabTaTsl, 4eM
06pabOTKA COCEHNX CKBAXKUH JIPYTUMHU BA3KUMU
oTtkioHuTEeRsIMU (pUC. 15 1 16). HecMOTpst HA TO, UTO
BYCK pana nmyumne pesdynpsrarel, yeM CKITO nnu fpyrue
BSI3KHE OTKJIOHUTENN B OpEHOYPIrCKOM PErHOHE, OHA
HE CTaJIa CTAHJAPTOM PErHOHAIBHOIO IPUMEHEHUA
10 HECKOJIBKMM IPUYHHAM. [TepBO€ 1 caMOe€ TTIaBHOE —
3TO TO, YTO JAXKE UMESA JIyUIINE KAYECTBA OTKIOHEHUA
U PACIIPOCTPAHEHM S yepBOTOUYNH, BYCK T€M He
MEHEE OCTAETCA BA3ZKUM OTKJIOHUTEJIEM, KOTOPOMY
HEOOXOIUMO JOCTATOYHOE KOJIMYECTBO S3HEPT UM JIJIA
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mixed with a viscoelastic surfactant gelling agent.
The surfactant gels as the acid spends. The increase
in viscosity causes temporary plugging of the acid-
etched channels to allow continuous acidizing of the
unstimulated zone (Chang et al. 2001, Taylor et al.
2003).

Figure 5 shows a typical viscosity profile of VSDA
as a function of HCI spent. VSDA starts to develop
viscosity when the acid spends from 20% down to
12% (corresponds to 8% of HCl spent on the chart).
The fluid maintains a high viscosity with further
acid spending so that continuous diversion can
be achieved during pumping. When production
resumes, the producing hydrocarbon effectively
breaks the surfactant and lowers the VSDA viscosity.

The application of VSDA in Volga-Ural region has
been also described for other parts of the region.
Iliasov et al. (2010) described the application of VSDA
and Viscoelastic Selective Diverter (VSD) for 7 gas
and 3 oil wells in Saratov region. The wells treated
with VSDA and VSD showed Pl increase of 5 for gas
wells and 12 for oil wells. Dnistryansky et al. (2012)
presented data of VSDA stimulation of a horizontal

250
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150 / \\
/

. /
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Pacxop consHom knucnotsl % / HCL % spent

BsizkocTb(cp) @ 1701/cex
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Pucynox 5 — Pocm eazxocmu CKIIO 6 20%-i1
COJLAHOTL KUCI0Mme 6 3A6UCUMOCIIU OM
NPOUEHMHO20 00BeMa PAcXx0006aHUA
CONAHOU KUCIOMBL

Figure 5 — VSDA viscosity development in 20%

HCl as a function of volume percentage of
HCl spent



BBIHOCA ITOCJIE OOPAOOTKH, YTO YACTO HE NOAXOAUNT JIJISI
UCTOILIEHHBIX IIACTOB B OpeHOyprckoi obmacTu. [ozxe
TEXHOJOrUs npuMeHeHust BYCK 6b11a COBMEIIEHA C
430TUPOBAHUEM JIJ11 OOPA30BAHUS CTAOMIIBHOU BA3KOMU
TEHBI JUIS1 OTKJIOHEHUS U YIIYYIIEHHON OTPAOOTKH.
Bropas npru4nHa 3aKJII0YA€TCS B OOBOAHEHHOCTU:
SIBJISISICh KMCJIOTHBIM OTKJIOHHTENEM, BYCK He momMoraeT
COKPATUTD WIH JJA’KE COXPAHUTH OOBOJTHEHHOCTD Ha
TOM K€ YPOBHE, KAK JJO IPOBEJEHUS OOPAOOTKU. TaKUM
06pa30M, CYIIECTBOBAJIA HECOOXOIUMOCTD B [IPyTOTrO
POAa METOAAX CACPKUBAHUS POCTA OOBOJJHEHHOCTH

U 3(PPEKTUBHON CTUMYIISILIUNU UCTOMEHHBIX [JIACTOB,
pEelIeHHas1 BIIOCIEACTBUM C IOMOIIBIO IPUMEHECHU S
TIEHHOT'O OTKJIOHUTEIS.

BSI3KOYIPYIVI CEJIEKTVIBHbIVI OTKJIOHUTE/Tb (BCO)

Panee ObUI0 OTMEYEHO, YTO CKBA’KHUHBI C
KapOOHATHBIMU KOJUIEKTOPAMU B OpEHOYPICKOI
06JIACTH UMEIOT BBICOKYIO OOBOJTHEHHOCTS. [1pn
KHUCJIOTHOHM OOPa®OTKE CKBAKUHBI C BLICOKOM
O6BOJHEHHOCTBIO UJIH C U3BECTHBIM BOJJOHE(MDTAHBIM
KOHTAaKTOM (BHK) HEOOXOOUMO NPUHHUMATD
CHELMNAJIBHBIE MEPBI TPEAOCTOPOKHOCTH JJIS
MHHHUMHU3ALIUH PUCKA YBETUYEHNUS OOBOJHEHHOCTH
nocue 06padOTKU. OGBIYHO B TAKUX CIY4YASAX 3AKAYKa
KHCJIOTHI «B JIOO» 6€3 CIIEIINATbHBIX OTKJIOHUTEJICI
MNPUBOAUT K CTUMYJIALIMHA BOZOHOCHOM 30HBI U OCTABJISAET
HE(PTEHOCHYIO 30HY HEOOPAOOTAHHOI B CBA3H CO
CPOACTBOM KUCIOTHI K BOJE. ICTOPUYECKHU CIIOXKUIOCH
TAK, YTO CKBA’KHMHBI C BBICOKOI O6BOJJTHEHHOCTBIO
B OpeHObypPreKoi 061ACTH HE PACCMATPUBAIINCH B
K44€CTBE KAHNUIATOB /11 KHCJIOTHOM OOPabOTKU U3-
32 OTCYTCTBUS CIIELIUATIBHBIX TEXHOJIOI'UH, KOTOPBIE
MOT'YT OTKJIOHUTDb KUCJIOTY OT BOJIOHACHIIIIEHHBIX 30H.
Ho curyanmsa namennnacs B 2008 roay, KOrja Hadaamn
TIIPHUMEHATD BA3KOYIIPYTUH CEJIEKTUBHBIN OTKJIOHUTED
(BCO) B OpeHbypreKoit 061aCcTH.

BCO ucnonp3yeTcs 11s IPOBEACHUS MATPUYHOMN
KUCJIOTHOM OO6PA0OTKH 1151 OTKJIOHEHUSI KMCJIOTHI OT
30HBI BBICOKOH BOZJOHACBIIIIEHHOCTH B 30HY, 60TaTyIO
YITIEBOAOPOAAMU. DTO JKHUJKOCTb HA BOJHOM OCHOBE C
BA3KOYTNIPYIuM ITAB 1 ¢ ©U3HAYAIBHO BBICOKOM BA3KOCTBIO.
Bo BpeMs MATPHUYHOM KUCJIOTHOM O6pPA0OTKH OHA
3aKAYMBAETCS BO BCE 30HBI, HO €€ BA3KOCTb PEZKO
NaAA€T IIPH KOHTAKTE C HEPTDHIO B HACBIIIEHHBIX
YITIEBOAOPOAAMU IIPOIIACTKAX. M3-32 JOMUHHPYIOIIETO
IIPUCYTCTBUS COJIEHBIX IIJIACTOBBIX BOJ, BA3KOCTb BCO
OCTAETCsI CTAOWUJIBHOM B BOJIOHACHIITICHHBIX MHTEPBAJIAX.
DTO NPENOTBPAIACT 3AKAUYKY KHUCIOTHI B BOJJOHOCHBIC
30HBI, IEPEHATIPABJISIS KUCIOTY U3 BOJIOHACHIIICHHBIX
MIPOIJIACTKOB B IIPOIUIACTKH, HACHIITICHHBIC
YIIEBOJOPO/IAMHU. B pe3yrnbrare He(pTEHOCHBIE TIIACTBI
CTAHOBSTCS OOPAOOTAHHBIMH, 4 BOAOHACHIIIEHHBIC
MIPOIJIACTKU BPEMEHHO OJIOKUPYIOTCS BO BpEMS
06paboTKH. HUKAKMX OCTATOYHBIX ITIOBPEXKACHUI HE
OCTAETCH, [IOTOMY YTO MATEPUAJI HE IOJTMMEPHBIN.
Cepust 1a60PATOPHBIX TECTOB C JJAHHBIM CEJIEKTUBHBIM
OTKJIOHUTEJIEM ObIA ONTUCaHA YaHT'OM U COABT.

(1998). ’KnaxoCTH 3aKa4MBAINCh IAPAJIJIEJILHO Yepes
JIBA KEPHA C PA3HOM HACKIIIEHHOCTHIO. [IO TOT'O KaK
CEJIEKTUBHBII OTKJIOHUTEND ObLI 3aKa4aH, 60JIbIIAS
YaCTh BBEJICHHBIX KUIKOCTEHN IIPOIIIA YEPE3 KEPH C

well in Orenburg region. VSDA was placed via coil
tubing (CT). Treatment with VSDA system resulted to
20% production enhancement.

A total of 35 VSDA treatments have been
performed in Orenburg fields from 2007 to 2013
including 23 newly drilled wells and 12 treatments
on producing wells. On most of this treatments,
VSDA have demonstrated better results than in
offsets treated with other viscosified diverters
(fig.15 and 16). Although VSDA have shown better
results than PSDA or other viscosified diversion
techniques for Orenburg region, it has not become
aregional standard for a several reasons. The
first and the most important is that, even having
better diversion qualities and better wormhole
propagation, VSDA has still remained a viscous
diverter that needs sufficient energy to flowback
after the treatment which is often not the case for
depleted formations in Orenburg region. Later, VSDA
technology has been incorporated with nitrogen
energizing to form stable viscous foam for diversion
and enhance flowback. Second reason is water cut:
being an acidic diverter, VSDA didn’t help to reduce
or even retain water cut at the same level as prior the
treatment. A need for techniques of different kind to
retain water cut and effectively stimulate depleted
reservoirs was later addressed by implementing of
foam diverter.

VISCOELASTIC SELECTIVE DIVERTER

It was previously mentioned that wells producing
from carbonate reservoirs in Orenburg region has
high water cut. When acidizing a well with high
water cut or with existing oil water contact (OWC),
special precaution is needed to minimize the risk of
water cut increase after the treatment. Typically, in
such situations, bullheading the acid without special
diverters will result in stimulating the water zone
and leaving the oil zone unstimulated due to acids
affinity for water. Historically, high water cut wells in
Orenburg region was not considered as candidates
for acidizing due to lack of special technologies that
might divert acid away from water saturated zones.
But situation changed in 2008, when viscoelastic
selective diverter (VSD) was introduced in Orenburg
region.

VSD is used for matrix stimulation applications
to divert acid away from a high-water-saturation
zone into a hydrocarbon-rich zone. It is a water-
based fluid with viscoelastic surfactant and initially
has high viscosity. During the matrix acidizing
treatment, it is injected into all zones, but its
viscosity sharply drops in contact with oil in the
hydrocarbon-saturated zones. Due to the dominate
presence of formation brine, its viscosity keeps stable
in water-saturated intervals. This prevents acid from
being injected into water zones, redirecting acid
from water-saturated sublayers to hydrocarbon-
saturated sublayers. As a result, oil producing
formations became stimulated and water-saturated
sublayers are temporarily blocked during treatment.
No residual damage remains because the material is
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6071e€ BBICOKOH BOJIOHACHIIIEHHOCTBIO BCJIEICTBHEC
3a(ppeKrTa OTHOCUTETBHOU (PA30BOU TPOHULIAEMOCTH
(puc. 6). TTociie BBEACHUS OTKJIOHSIIOIICTO ATCHTA BSI3KAsI
Opo6KA 6bLIA OOPA30BAHA B 3TOM KEPHE C BBICOKOH
BOJIOHACBIIIEHHOCTBIO U PA3PYLIIACE IPU IPOTEKAHUU
4Jepes KEPH € 60s1e€ HU3KOU BOJIOHACKIIIIEHHOCTBIO.

Kaxk TobKO Bsi3Kasg IPOOKA ObLIIa O6PA30BAHA B KEPHE C
BBICOKOH BOZJOHACBIIIEHHOCTBIO, KUCIOTA U30UPATEIBHO
HOMNAJIA ¥ HA49a/1a OOPAbOTKY KEPHA C BBICOKOM
HACBIEHHOCTBIO YIVIEBOJOPOJAMHU.

ITpumenenune BCO B co4eTaHNU C JPYTUMU
TEXHOJIOTUSAMU OTKJIOHEHUS BO BPEMS OOPaO6OTKU
CTaJI0 OOBIYHON NTPAKTUKOI B BONITO-YpanbCKkoMm
pernone. B atom ciaydae BCO 3aKa4MBa€TCA HA CTAUN
3AKAYKH XKUJKOCTH JJI51 IPEJBAPUTEIBHOM O6pA6OTKH
IUIACTA A0 MOMAJaHUS XKUJKOCTEN PEATUPOBAHUA B
IUTACT. DTO NO3BOJIAET OJIOKUPOBATH MOTEHIIUATIBHBIE
BOZOHACBIIEHHBIE 30HBI OT ITOCJIEAYIOMIEN KUCTOTHON
06padoTku. ITocse Toro kak BCO nHUIIUHpPYET IPOLIECC,
NPOAOJDKAETCA OObIYHAA MATPUYHAA KUCIIOTHASA
06pabOTKA C IEPEMEHHBIMU CTA/IUSAMU KUCJIOTHOT'O U
XHMMUYECKOI'O OTKJIOHEHM . [IHUCTPAHCKNI U COABT.
(2012) nokasaju npumMepbl MCoab30BaHusa BCO Ha
HAYaJIbHOM CTAIUU BO BPEMA MATPHUYHON KUCJIOTHOMN
06pabOTKN HA FTUTAHTCKOM OpeHOYPICKOM HE(PTAHOM
rasokoHzgeHcaTHoM mecTopoxaeHruu (OHI'KM). Ecin
PEABIIYIINE KUCTOTHBIE 00paboTKU HAa OHT'KM
9aCTO IIPUBOJVIIM K IIPOPBIBY BOJIBL, TO BOJOIIPHUTOK HE
HaOII01AJICS HA CKBAKMHAX, 00paboTaHHbIX BCO Ha
HA4aJIbHOM CTAAUN. [Ipyron npuMep UCIIONIb30OBAHUA
BCO B Boiro-YpanbCKOM PETMOHE ObLI OITYyOJIMKOBAH
NibsicoBbIM U COaBT. (2010). OH cOO61IMII O
3HAYMUTEIHBHOM CHIKEHUH OOBOJHEHHOCTH IIOCTIE 6
onepauuti ¢ BCO, Ha Tpex 3 KoTopelx BCO 6bL1 3aKauaH
Ha HAYAJIbBHOM JTAIIE C TTOCJIELYIONUM UCTIOIb30BAHUEM
BYCK B KaueCTBE OCHOBHOI'O OTKJIOHUTEJIS.

B cirtyuae kucinoTHOM 0OpabOTKU CKBAKUH C OYE€Hb
BBICOKOHM OOBOAHEHHOCTBIO (OOBIYHO 60s1€ee 70%)

BCO ucnonp3yeTcst B KAYECTBE €AUHCTBEHHOI'O
OTKJIOHUTEJIS JIJIs1 BCEH OOpabOTKU. B 3TOM City4dae
PEAKTUBHASA XKUJKOCTD 3AKAYUBAETCS MEXK/Y STAIIAMU
3akauku BCO. CkBaknHa Ne 143 TOKCKOro He(OTAHOTO
MECTOPOXKACHUS (IU1ACT T1) MOXKET CIIYKUTh XOPOIINUM
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non-polymeric.

A series of laboratory tests with this selective diverter
were described by Chang et al. (1998). The fluids
were pumped through two cores with different
saturations in parallel. Before the selective diverter
was pumped, the majority of the injected fluids
went through the core with higher water saturation
because of the relative permeability effect (fig. 6).
Upon injection of the diverting agent, a viscous
plug was formed in this high-water-saturation core
and degraded while flowing through the lower
water-saturation core. Once a viscous plug was
formed in the highly water-saturated core, the acid
preferentially entered and stimulated the high-
hydrocarbon-saturation core.

It is common practice in Volga-Ural region that
VSD is combined with other diverting technologies
during the treatment. In this case, VSD is pumped as
spearhead stage before any reacting fluids penetrate
into formation. It allows to block potentially water
saturated zones from the following acidizing
treatment. After VSD spearhead, normal matrix
acidizing treatment is continued with alternating
stages of acid and chemical diverter. Dnistryansky
et al. (2012) showed examples of using VSD
spearhead stages during matrix acidizing on giant
Orenburg oil, gas and condensate field (OOGCF).
While previously acidizing treatments on OOGCF
often lead to water breakthrough, no water
production was observed on wells treated with
spearhead stage of VSD. Another example of using
VSD in Volga-Ural region was published by Ilyasov et
al. (2010). He reported significant water cut decrease
after 6 treatments with VSD, on three of them VSD
was pumped as spearhead stage with subsequent
usage of VSDA as main diverter.

In case of acidizing treatment of wells with very
high water cut (usually above 70%) VSD is used
as a sole diverter for entire treatment. In this case
reactive fluid is pumped between stages of VSD. Well
143 on Tokskoe oil field (T1 formation) can be used
as a good example of VSD treatment of well with
high water cut. Before the treatment, well produced
205 m?/d of fluid with 76% water cut. The source of
water was not known. Matrix acidizing treatment
with 4 stages of VSD and 15% HCl stages between
them was pumped. After the treatment, stabilized
production of 288 m?/day of fluid was achieved with
water cut dropped to 60%. As a result, post-acidizing
oil production was more than doubled, from 42.5 to
995 tons of oil per day.

But not all VSD treatments was successful, some
treatments resulted in substantial water cut increase
(red dots on fig. 15 and 16). The suspected reason
is the presence of natural fissures or channels in
cement behind casing that links perforated interval
with water saturated layers. In this case, the size of
the pathway to water is much larger compared with
porous media where VSD suppose to work. It is well
known that only viscosity can be not enough to
provide efficient diversion in fissures or channels.
Additional mechanical diversion (i.e. fibers or other



npuMepoM 06paboTku ¢ BCO CKBA>KUHBI C BBICOKOH
O6BOHEHHOCTHIO. [I0 06pabOTKN O6'BEM I0OBIBAEMOL
JKUZIKOCTH COCTABIIs1 205 M3 /CyT ¢ 76% O6BOJHEHHOCTH.
VICTOYHUK BOJBI ObLIT HEU3BECTEH. MaTpHUUHAA
KUCJIOTHAS1 O6Pa60TKA COCTOSIA U3 YETBIPEX ITATIOB
3aka4yku BCO M 3TANOB 3aKaYKU PACTBOPA 15%-11
COJITHOM KMCJIOTBI MEX Y HUMU. [Tociie 06paboTKn
ObLIA JOCTUTHYTA CTAOMIN3UPOBAHHASA JOObIYA
JKUIKOCTH B 0O6'beMe 288 M3 /CyT CO CHUIKEHHOI 10 60%
O6BOJHEHHOCTBIO. B pesynbsraTte 1066192 HEPTH TOCTIE
KUCJIOTHOHM OOPabOTKH YBETUYHMIIACH 60OJIEE YEM B /IBA
pasza —c 42,5 10 99,5 THIC. TOHH HE(DTHU B CYTKH.

Ho ne Bce 06paboTku ¢ BCO ObIN yCTIEITHBIMH.
HekoTopsle onepanuu NpUBEIn K CyIIECTBEHHOMY
YBEITUYEHHIO OOBOHECHHOCTHU (IIOKA3aHO KPACHBIMU
TOYKAMU HA PUC. 15 1 16). OCHOBHOM ITPUYHUHOMN
SIBJIAETCS HAJTMYHE TPUPOIHBIX TPEITUH WU KAHATIOB
B IIEMEHTE 32 OOCATHON KOJIOHHOW, KOTOPAsI CBA3bIBACT
UHTEPBAJI NEP(OPAITUYM BOJIOHACHIINICHHBIMHU CIOSIMU.

B aTOM Citydae pazmep npoxo/ia K BOJI€ HAMHOTI'O 6OJIbIIIE
IO CPABHEHUIO C IIOPUCTON CPEJIOH, ITIE, TIPEATIONATACTCS,
JIOJIKEH paboTaTh BCO. XOpOIIO U3BECTHO, YTO TOIBKO
BSIBKOCTH MOJKET OBITh HEJJOCTATOYHO JJISI OOECIICUYCHIST
3(PHEKTUBHOIO OTKJIOHEHUS B TPEUTUHAX UITU

KaHWIAX. B TaKUX Cy4asx C/IeIyeT pacCMaTPHUBATh
JIOTIOJTHUTENBHBIN METO/ MEXAHUYECKOI'O OTKJIOHCHUST
(T.€. BOJIOKHA UJI IPYT'HE YACTHUILIBL), YTOOBI
MHHUMH3UPOBATH ITOTOK KUCJIOTHI B BOJJOHACHIIIICHHBIE
30HBL.

MEHHBIVI OTKJIOHUTE/b (10)

MeToz OTKJIOHEHU I IEHOK ObLII BHE/IPEH OYEHD
JaBHO B UICTOPHM UHKEHEPHOM MATPHUYHOM
KUCJIOTHOM O6pa0OTKU. FICIIONIb30BAHNE BOJHOI
TICHBI JUT5T OTKJIOHEHHSI B KOHIIE 60-X I'T. 6BIJIO OITUCAHO
Cmurom u 1ip. (1969). TTozske 3ep6y6 u coanrt. (1991)
NPOAEMOHCTPUPOBAJIH YIYUIIEHHOE TPUMEHEHHNE
METO/IA OTKJIOHEHH IIEHOM U €TO IPEUMYIIECTBA 1T
OOJIBIIMHCTBA TPYAHOCTEN IIPU KUCJIOTHON OOPAOOTKE —
30H4 OXBAT4, IOBBIIIEHNE BEIHOCA IPOAYKTOB PEAKITUU U
CHIKEHHE OOBOTHEHHOCTH.

YacTo METO/ OTKJIOHEHU A IIEHOU HE PACCMATPHUBAETCA
B KAYECTBE NPEAITOYTUTEIBHOI'O METO/A U3-34
JIOTUCTHUKHU M OI'PAHUYEHUI O60PYAOBAHUA.
B OpeHOyprckoi 0671aCTH OTKJIOHEHHE IIEHOM OKA34JI0Ch
CaMBIM HAaJIE’KHBIM METOJJOM OTKJIOHEHUSA B YCIIOBUAX
UCTOIIECHHBIX IIJIACTOB C MHOI'OKPATHBIMU OOPa60TKAMU
U BO3PACTAIOIICH OOBOAHEHHOCTBIO. TAKMM 00Pa30oM,
¢ 2011 roza 60IPIIMHCTBO MATPUYHBIX KUCJIOTHBIX
06pabOTOK IIEPENLIN B OTKJIOHEHUE HA IIECHHOU OCHOBE
(puc. 4).

Ilena MUHUMM3HPYET MOBPEXIEHUE TIACTA
BO BPEM OTKJIOHEHMUS, C IPYTON CTOPOHBI, OHA
BKJIIOYAETCA B IIPOLIECC HAIJIEKAEN CTUMYJIALIUN
BCEX MPOAYKTHUBHBIX 30H KAK JJOKA3aHHbBIN AKTUBHBIA
OTKJIOHUTENb. Hammane a30Ta TIOMOTaeT BBIHECTH
l'[pO,/IyKTbI pCaKL[I/II/I, BHHYCTI/ITI) CKBA’KMHY B
IKCILIyATALIUIO CPA3Y ITOC/IE OOPAOOTKH, YETO OCOOEHHO
TPYAHO JOCTHUYD B CJIydae TPAJUITMOHHOM KUCIOTHOM
06pPaOOTKHU UCTOMEHHBIX CKBAXUH. /17151 JOCTUXKEHU S
Han60b1Ier 3PPEKTUBHOCTH IIEHHOI'O OTKJIOHEHHU S
6BLJIa PEKOMEH/IOBAHA CJIEIYIONIAs TOCIEA0BATEIBHOCTD

particulates) should be considered in such cases to
minimize acid flow into water saturated zones.

FOAM DIVERTER

Foam diversion has been implemented very early
in history of engineered matrix acidizing. Utilization
of aquatic foam for diversion purposes in late 60’s has
been described by Smith et al. (1969). Later Zerboub
etal. (1991) has demonstrated improved application
for foam diversion and its benefits for major acidizing
challenges - zone coverage, enhanced flow back and
water cut reduction.

Often foam diversion is not considered as preferred
method because of logistics and equipment
limitations. In Orenburg region foam turned out
to be the most reliable diversion technique under
conditions of depleted reservoirs with repeated
treatments and increasing water cut. Thus, since 2011,
the majority of matrix acidizing treatments switched
to foam-based diversion (fig. 4).

Foam minimizes formation damage while
diversion, on the other hand incorporates in proper
stimulation of all producing zones as proven active
diverter. Presence of nitrogen helps to flow back
reaction byproducts, kick-off the well and put
on production immediately after the stimulation
treatment, which especially hard to achieve in case of
conventional acidizing on depleted wells. For the best
foam diversion performance, the following sequence
of stages was recommended for foam diversion in
Orenburg region.

1. Clean the near wellbore, if necessary. A mutual
solvent removes oil from near-wellbore region (oil
destroys foam), and water wets the formation.

2. Inject a preflush containing surfactant. The
preflush displaces the mutual solvent (detrimental
for foam) and minimizes the absorption of the
surfactant inside the foam.

3. Inject a foam pill. The foam preferentially plugs
the high-permeability zones.

4. Shut in the well. Following the foam penetration
into the matrix, a short shut-in time is helpful to
attain a stabilized diversion regime quickly.

5. Inject treating fluids containing surfactants. If
surfactant is not added, the acid stage destroys
foam and the diversion effect vanished quickly.

Design sequence described above was revised
for the wells where acidizing treatment has been
performed previously. Usually, previous treatments
consisted of un-engineered bull heading of 0.5-1 m?
of 14% HCl per meter of perforation with no diverters,
performed by local workover companies. In case of
acidizing treatment performed on the well, vugs and
face dissolution can exist across the most permeable
zones. In this case, acidizing treatment may start
from foam diversion stage. It is recommended to
increase first foam preflush and first foam diversion
stage proportionally to the amount of carbonate rock
dissolved during previous treatment. For example,
1000 gal (3.78 m?) of 15%HCI dissolves approximately
80 gal (0.3 m?) of limestone rock before full spending.
Imagine 3000 gallons of 15% HCl pumped on
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3TANOB OTKJIOHEHUS NEHOH B OPEHOYPrCKON OOIACTU.

1. TIpoBeauTe OYUCTKY IPU3A60NHON 30HBI B CJIy4Yae
HEOOXOAUMOCTHU. VICTIO/Ib30BAHUE COBMECTHOTO
PaCTBOPHUTENA YAAIAET HE(PTh U3 IPHU3A00MHON
obmactu (HeTh PA3PYIIAET IIEHY), U BOZA 3aJIUBAET
IIACT.

2. Bsepure ITAB, copepxariee )KUJIKOCTb
NPEABAPUTENBHON NPOMBIBKI. [IpOMBIBOYHAS
JKMJIKOCTD BBITECHSET B3aUMHBIN PACTBOPUTEND
(pa3pymurTENbHOE AECTBUE HA IEHY) U CBOJUT K
MHHHUMYMY HOIVIOHIEHHE TOBEPXHOCTHO-AKTUBHOT'O
BEIIIECTBA BHYTPU IIEHDL

3. BBepuTe NEHHBIN COCTAB. [IeHa IPeATIOYTUTEIBHO
3aKYIOPHUBAET BLICOKOIIPOHHUIIAEMBIE 30HBL

4. OCTaHOBUTE CKBAKMHY. B TO BpeMs KaK II€HA
MPOHHUKAET B MATPUILY, KODOTKASI OCTAHOBKA
CKBA’KHHBI CITOCOOCTBYET OBICTPOMY JTOCTHKEHUIO
CTAOUJIBHOT'O PEKHUMA OTKJIOHEHHUSL.

5. Beeaure KUAKOCTU OOPAOOTKH, COACPKAIINE
ITAB. Eciti ITAB HeE 106aBAEH, KUC/IOTHAS CTAIUS
paspymaet neny ¥ 3p@EKT OTKJIOHEHUS OBICTPO
UCYE3AET.

OMnMCaHHAA BBIIIE TOCIEOBATEIBHOCTD ONIEPAIUIA
ObLIA IEPECMOTPEHA JJ11 CKBAKUH, I7IE PAHEE YKE
POBOAWIIACH KUCIOTHASI O6pa00TKA. OO6BIYHO
IpeapAyIue O6padoTKU COCTOAT U3 HEAOPAOOTAHHON
3aKa4YKHU «BJI0O» 0,5—1 M> 14%-11 CONTHOM KUCIOTHI HA
MeTp nep@doparmu 6€3 OTKJIOHUTEIIEH, BBIITOIHIEMON
MeCTHBIMU KoMnanuaMu 11o KPC. B ciydae nposeieHUA
KHCJIOTHON OOPA60TKH B CKBAKHHE, ITYCTOTHI U
MOBEPXHOCTHOE PACTBOPEHME MOT'YT OBITh B HAUOOJIEE
MPOHUIIAEMBIX 30HAX. B 3TOM CiTy4dae KUCIOTHASA
06pabOTKA MOXKET HAYATHCS C ATANA OTKJIOHCHUST
IEHOMN. PEKOMEHyeTCA YBEJIMYUTD CTAJUIO [IEPBOI
MIPEABAPUTEIBHOM IIPOMBIBKU IIEHOU U IIEPBOI'O
OTKJIOHEHH A TIEHOH NPONOPLUOHAIBHO KOTTHYECTBY
KapOOHATHBIX ITOPOJ], PACTBOPEHHBIX BO BPEMS
npeapayiie o6padorku. Hanpumep, 1000 ran
(3,78 M?) 15%-11 CONSAHOI KUCJIOTHI PACTBOPSIET
npumepHO 80 rai (0,3 M*) U3BECTHAKOBBIX ITIOPO/

JIO TIOJTHOTO pacxogoBaHus. [Ipeacrassre 3000

rain 15%-1 COISTHOM KUCJIOTHI, 3aKA9dHHOU BO

BpEMs NIPEABIAYIEH OOPAOOTKH, 3aTEM HA NIEPBBIX

CTAUAX IIPEBAPUTEIBHOU IIPOMBIBKH IIEHOM U

MEHOOOPA30BAHUS IOJIKHO OBITh YBEJITMYEHHUE TPUMEPHO

Ha 240 raJ 111 CKBa>KUHHDBIX YCJIOBUI.

HeCKonbKO 06padOTOK OBLIO BBIIIOJIHEHO C
NPUMEHEHUEM HU(PPOBBIX MAHOMETPOB 3260MHOTO
JIABJIEHUS, U TIOKA34HO, YTO IIPEJJIArAEMOE IIEHHOE
OTKJIOHEHHE MOXKET ObITh O4€Hb 3(P(PEKTUBHBIM U
CHOCOOCTBYET YBEJIUYEHUIO JIABJICHUSI OOPAOOTKH HA
3a60e€ 10 100 at™m (puc. 7).

st IIUTENBbHBIX OOPA6OTOK IIEHHBIN OTKJIOHUTEb
MOJKET PA3PYIIATHCA MPH 3AKAYKE KUCIOTHBIX CTAJUI.
BO3MOXXHBIM IPU3HAKOM TAKOT'O PA3PYIIEHUA MOXKET
OBITh CHIKEHUE TABJIECHUSA HA CJIEAYIOMEM KHCIOTHOM
Tane (HAIpUuMep, pyuc. 7), XOTd TAKOE CHUKEHUE
JIABJIEHUS TAKXKE MOXKET ObITh IPU3HAKOM IIPOPBIBA
KHUCJIOTBI YEPE3 NMOBPEXACHUE K OOPA3Z0OBAHUA HOBBIX
KaHaJ10B. ITocJie O1IeHKH JJAHHBIX 3200MHOT'O TABJICHHST
13 (POH/IA CKBAKUH IIEPHO, OCTAHOBKH IOCJIE 3TAIA
MEHHOI'O OTKJIOHEHHU ObLI 3HAYUTEIBHO COKPAIIIEH,
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[aBnenue (atm), CKopoCTb a3oTa (CMK/MUH)

previous treatment, and then approximately 240
gallons for downhole conditions should increase the
first foam preflush and foaming stage.

A number of treatments have been performed
with bottomhole pressure memory gauges, and it
is demonstrated that proposed foamed diversion
can be very efficient and provides an increase in
bottomhole treating pressure up to 100 atm (fig. 7).

For extended treatments foam diverter can
degrade while pumping acid stages. Possible sign of
this kind of degradation can be decreasing pressure
on the next acid stage (i.e. fig. 7), although this
pressure decrease can also be an indication of acid
breaking through the damage. After evaluation of
bottomhole pressure data from numbers of wells,
shut-in period after the foamed diverter stage was
significantly decreased in order to gain viscosity yield
and not compromise foam stability.

For low injectivity formations in order to
increase stability and diversion efficiency; it is
also recommended to use foamed, VSDA: being a
surfactant-based fluid, VSDA doesn’t need additional
foaming agents and has extended stability of 3 and
more hours of foam half-life.

Foam diversion was primarily used with an
application of CT placement. Acidizing was
performed on different formations with long
production intervals and low reservoir pressure.

The wells producing from deep Devonian
formation (D5) were chosen as trial candidates for
bullhead acidizing treatments with FD. Formation’s
TVD 4200-4300 m, average gross height 3—8 meters,
formation permeability typically ranging from 2 to
5 md, low reservoir pressure range 200-300 atm in
combination with very light crude about 48° APL
Without stimulation, wells were producing at low
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YTOOBI IOJIyYUTh BA3KOCTb U HE IOJIBEPTATh PUCKY
YCTONYUBOCTD IIEHBL

JIJ151 IJIACTOB C HU3KOU ITPUEMUCTOCTBIO C LIEIBIO
MHOBBIIIEHUS CTAOUIBHOCTU U 3(P(PEKTUBHOCTU
OTKJIOHEHU S TAKXKE PEKOMEH/IYETCS UCIIOIb30BATh
BCIIEHEHHYIO KUCIOTY BYCK: 6y1y4n *KUIKOCTBIO HA
ocHOBe [TAB BYCK He HyKX/1a€TCA B JOITOTHUTEIBHBIX
MEHOOOPA30BATENAX 1 OOIAAET IPOAOJIKUTEIBHOM
CTaOMJIBHOCTBIO OT TPEX U 60JIEE YACOB IIEPUO/IA
OJIyPACHa/A IIEHBL

IleHHOE OTKJIOHEHHUE U3HAYAJIBHO HCIIOIb30BATIOCh
c npumeHeHneM ruokux HKT. KucnotHeie 06paboTku
MIPOBOJWJIMCDH HA PA3/IMYHBIX IUTACTAX C JJIATEIBHBIMU
OPOAYKTUBHBIMUA MUHTEPBAJIAMU U HU3KHM ILJIACTOBBIM
JIABJICHHUEM.

CKBAKUHBI, JOOBIBAIOIIUE U3 IITyOOKHX IEBOHCKHUX
w1acToB (/15), ObUIN BEIOPAHBI B KAYECTBE MPOOHBIX
KaH/IUJIATOB HA IIPOBE/ICHUE KUCTIOTHON OOPAOOTKH «B
JIOO» C NIEHHBIM OTKJIOHUTENEM. BEpTHKAIbHASA [NTyOHHA
CKBaXKUHBI 4200—-4300 M, cpefHsst 0011141 BBICOTA 3—8 M,
MPOHHUIIAEMOCTD IUIACTA OOBIYHO BAPBUPYETCS
OT 2 10 5 M/, HU3KUU JTUATTA30H IIJIACTOBOTO JIABJICHU S
200-300 aTM B COY9€TAHUU C OYEHD JIETKOM ChIPOU
HedTBIO OKONO 48° AHH (API). be3 ctumynanuu
CKBAKMHBI 1ABAJIM HU3KUH 1COUT HEPTH, U
3HAYUTEJIbHBINA OJIOKUTENIBHBIN CKUH-(DAKTOP ObLIT
PACCYMTAH B IUAIIA30HE OT 5 110 15. XOTs, OCHOBBIBAACH
HAa JAHHBIX Y3JI0BOTI'O 4HAJIN34, CKBAKHMHBI TTOKA3AJIH
MOTEHIINAJI JUIS ECTECTBEHHOI'O ITPUTOKA, TPAJAUITUOHHAS
KUCJIOTHASI OOPAaBOTKA C BI3KMMU OTKJIOHUTEISIMU HA
COCETHUX CKBAKMHAX HE JJAJ1A XKETAEMBIX PE3YJIBTATOB
M3-32 TPYJHOCTEN BLIHOCA B INTyOOKUX CKBAKMHAX, JIEAS
IPUHSATHUE OKOHYATEJIbHOI'O PE3YJIBTATa OOPAOOTKHU B
OCHOBHOM 34BUCHMBIM OT Ka4€CTBA BBIHOCA U BEIOPOCA,
4 HE KAY€eCTBA CAMOM KMCJIOTHOM O6pabOTKU. Bbliia
pOBEJEHA OOPAOOTKA ITSITH JJIEBOHCKUX CKBAKHH B 2010
rO/ly B KA4€CTBE MUJIOTHOI'O IIPOEKTA JIJIs KUCJIOTHOM
06pPaOOTKU 3AKAYKOH «B JIOO» C IPUMEHEHHUEM [IEHHOT'O
OTKJIOHUTEIS1 B OpeHOYprckor obactu. ITocie
06pPabOTKH ObLJIO YCTAHOBJIEHO CPE/THEE YBEINYEHE
PI B 4,4 paza u npupocrt gebura Hedp1tu 48 TOHH Ha
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Figure 8 — Foam diversion productivity results
in comparison to other acidizing job on D5
Jormation
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oil rate and significant positive skin was estimated
ranging from 5 to 15. Although, based on nodal
analysis, wells have shown potential for natural
flow, conventional acidizing with viscous diverters
on offset wells didn’t give desired results because
of difficulties in flowback on deep wells making
the final result of the treatment mostly dependent
on quality of flowback and kick off rather than the
quality of acidizing treatment itself. Five Devonian
wells were treated in 2010 as a pilot project for
bullhead acidizing with FD in Orenburg region. Post
treatment production established average Pl increase
of 4.4 times and oil incremental of 48 tons per
well in average (fig. 8). Success of these 5 wells has
predetermined foam diversion to become a regional
standard for acidizing. Overall production results in
figures 15 and 16 showed good effectiveness of foam
diverter regardless of new or old wells were treated.
The specific of the Volga-Ural region is that
oil-saturated layers is usually located just near water-
saturated zones, or have active aquifer. Most of the
formations produce at high water cut and majority
of the produced fluid is water. After 2010, most of
the acidizing treatments performed in the region
incorporated foam diversion (fig.4) and statistic
showed trend of reduced post-acidizing water cut
increase after FD introduction (fig. 9).

USING COIL TUBING FOR MATRIX ACIDIZING
Conventional method for matrix acidizing is
bullheading. The approach is widely used but, under
some conditions has lower efficiency due to non-
uniform stimulation. Coiled Tubing has a number

of advantages over bullheading in matrix acidizing

especially for long interval treatments:

1. Ithelps to place treating fluids across the entire
interval during the treatment. Thomas et al.
(1995) using computer simulator and real case
studies showed that coiled tubing placement in
combination with chemical diverters yields good
zone coverage in horizontal and vertical wells
completed in massive carbonate reservoirs.

2. Using CT allows pickling the CT string on
the surface before running it in the hole, thus
eliminating the risk of iron invasion into the
formation with acid.

3. Performing the treatment through CT avoids
exposing the wellhead or completion tubing to
direct contact with corrosive treatment fluids.

4. Integrated treatments. Associated operations
can be performed as part of an integrated service
prior to the matrix treatment, for example,
fill removal prior to a treatment; acid wash or
cleanout of the rat hole from incompatible fluids.
It is imperative in many matrix treatments to
perform the well flow back as soon as possible
after the acid job. Nitrogen kickoff can be
performed right after the treatment to recover
as much treating fluid from the formation as
possible and easily put the well into production.
Production logging can be performed before and
after the treatment.
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CKBAXKHHY B cpegHeM (PUC. 8). YCIIEX ITHUX 5 CKBAXKUH
PEIONPEACTII CTAHOBIECHHE IEHHOT'O OTKJIOHEHUS
PETHOHAIIBHBIM CTAHAPTOM 151 KHCJIOTHOM
06paboTKU. O6IIME PEZYIBTATEL JOOBIYM HA PUCYHKAX
15 1 16 moKa3a711 XOPOIIYIO 3(h(HEKTUBHOCTD IICHHOTO
OTKJIOHUTEJISI HE3ABUCUMO OT TOT'O, B KAKUX CKBAKUHAX
MIPOBOJMIIACE OOPAOOTKA (HOBBIE WJIH CTAPBIE
CKBA)KWHBI).

Crenndrka Bonro-YpaabCKoro peruoHa 3aKaI04acTcs
B TOM, YTO HE(DTEHACBIIICHHBIC CJIOH, KAK IPABUJIO,
HAXO/ISITCS B HETOCPEACTBEHHOM OJIM30CTH OT
BOJIOHACHIIIECHHOM 30HBI TUOO UMEETCSI AKTUBHBI
BOJIOHOCHBII TOPU3OHT. B GOIBITMHCTBE I1JIACTOB JOObIYA
UJIET IIPU BBICOKOY OOBOJIHEHHOCTH, U OCHOBHBIM
JIO6BIBAEMBIM (DIIIOUIOM SIBJIsIETCS BojA. [Tocae 2010 roga
B COCTAB OOIBIINMHCTBA KUCIOTHBIX OOPa00TOK,
IPOBOAVMBIX B PETUOHE, BXOAUT IIEHHBIN OTKJIOHUTEIb
(puc. 4), 1 CTATUCTHUKA ITOKA34J1a TEHAEHIIAIO CHUKEHU A
YPOBHSI OOBOJHEHHOCTH ITOCJIE KUCJIOTHOHN OOPAOOTKHU
C BBE€JEHHUEM [IEHHOI'O OTKJIOHUTENIA (pHUC. 9).

MMPUMEHEHWE MHKT 47151 MATPUYHOW
KUCJIOTHOV OBPABOTKU
TpasruIIMOHHBIM METOJOM MATPHUYHOM KUCJTOTHOHU

O6PaOOTKU SBJISIETCS 3aKAYKA «B JIOO». [JAHHBIN METOJ,

IIUPOKO HUCIIOJIb3YETCS, HO B HEKOTOPBIX YCJIIOBUAX UMEET

60J11€€ HU3KYIO 3(P(PEKTUBHOCTD U3-32 HEOAHOPOAHOM

crumynsanun. Ilpumenenne ru6kux HKT nmeer pan

MPEUMYIIECTB IO CPABHEHHIO C 3AKAYKOM «B JIOO» B

MATPHUYHOU KMCJIOTHOI O6pabOTKE, OCOOEHHO [IJIA

JUIMHHBIX NTHTEPBAJIOB O0OPAOOTKU:

1. DTOMO3BOIAET PA3MECTUTD JKHUJKOCTb OOPA6OTKH IO
BCEMY HHTEPBAIY BO BpeMs 06paboTKH. ICcOnb3yst
KOMITBIOTEPHBIN CUMYJISATOP M PEATIbHBIE IIPUMEPDI
uccaeoBaHuu, Tomac u 1p. (1995) nokaszainy,
4TO UCIIOJIb30BAHUE I'NOKUX TPYO B COUETAHUH C
XUMHWYECKMMU OTKJIOHHUTENSAMH JAET XOPOIIYIO
30HY ITOKPBITHA B 3KOHYEHHBIX TOPU3OHTAIbHBIX
1 BEPTHUKAJIBHBIX CKBA)KMHAX B MACCUBHBIX
KapOOHATHBIX KOJJIEKTOPAX.

2. Hcnonp3oanue 'HKT O3BOISAET BEIIOJIHUTD
npoTpasauBaHue KoaoHHbI THKT Ha OBEpXHOCTU
MIEPEJ] €€ CITYCKOM B CKBAXXUHY, TAKUM OOPA30M
YCTPAHASA PUCK NOMNAJAHUA XKEJIE34 B IUIACT C
KHUCJIOTOM.

3. TIposenenue o6padorku yepes T'HKT nnossosnser
M36€XKaATD IIPAMOI'O KOHTAKT4 YCTEBOI'O
obopynosanus U noasecku HKT ¢ KOppO3ZMOHHO-
AKTHUBHBIMU )KUJIKOCTAMU OOPAOOTKH.

4. KomiuiekcHble O6pa0OTKH. COBMECTHBIC
OIIEPAIU MOT'YT OBITD BBHITTOJTHEHBI KAK YaCTh
WHTETPHUPOBAHHOI'O KOMIIJIEKCA /TO MATPUYHON
KHUCJIOTHOM OOPabOTKH, HAIIPUMED, Y AJICHUE
OTJIOKEHUI IO IPOBEJEHUS OOPAOOTKY;

IIPOMBIBKA KHUCJIOTOM WJIM OYHCTKA CTBOJIA OT
HECMEIITMBAIOIIUXCA XKUJIKOCTEN. BO BpeMs MHOI'MX
MATPHUYHBIX KUCJIOTHBIX O6PA60TOK KPAMHE BAKHO
KaK MOYKHO CKOP€€ IPOBECTU OTPAOOTKY CKBASKHUHBI
MIOCJIE KUCTIOTHOH OIIEPAaITHU. 3aITyCK 430Ta MOXKET
OBITD BBITIOJTHEH CPA3y IOCJIE OOPAOOTKHU, UTOOBI
W3BJICYb KAK MOXXHO 6O0JIBIIIE XXUIKOCTH OOPA6OTKHU
U 6ECIIPENITCTBEHHO 3aMIYCTUTh CKBAXKHUHY B

34 Ne1(051) Mapr /March 2015

40% 1

35%

30%

25%

20%

15% +

0O6BoaHeHHOCTL Nocne KO

CpepHss o6BogHeHHOCTb / Average Water Cut

10% - == Water Cut after acidizing
06BoaHeHHOCTb 0 KO
5% - = Water Cut before acidizing
0% 4 +
2007 2008 2009 2010 20M 2012

Pucynok 9 - Yeeauuenue 06600HeHHOCIU
nocae KO 66110 MUHUMU3IuPOGano
npumenenuem neHHo20 OMKJIOHUMENA
Figure 9 — Post-acidizing water cut increase
was minimized using foam diverter

5. Live well treatments. The CT pressure control
equipment configuration allows the treatment to be
performed on a live well. The potential formation
damage associated with well killing operation and
the corresponding loss of production time are
thereby avoided.

6. Mobile point of injection. Jetting effect is something
that can be effective in casings and provided if a
proper purpose built nozzle tool is used.

“Dual string” pumping technique was introduced in
Orenburg region in 2009. With this technique, treating
fluids are pumped into both CT and annulus between
CT and tubing at the same treatment. As friction pressure
in annulus is significantly lower than that inside CT, we
can increase pump rate significantly, thus increasing
wormhole penetration and decreasing pumping time.
If required, diverter and main acid can be pumped
at the same time. Acid is pumped at high pumping
rate to the CT-tubing annulus while foam is pumped
simultaneously through CT across thief zone. Thus, the
thief zone is continuously saturated by foam, providing
effective dynamic diversion during treatment and
allowing the stimulation to be performed selectively.

Well 608 Efremo-Zykovskoe oilfield is one of the
examples of using “dual string” pumping technique in

Orenburg region. This well has 4 perforated intervals

across different formations; table 1 demonstrates

properties of each formation. Df formation has
appeared to be the thief zone based on pre-treatment
production log. Low reservoir pressure, clear thief zone
and significant depth difference between treated zones
definitely made this well excellent candidate for matrix
acidizing through CT with foam diversion and “dual
string” technique.

Design was done in a way to exclude stimulation
of thief Df formation and stimulation of T1, ZI-1 and
Z1-2 was the main aim of this treatment. The following
sequence of stages was used during treatment:

1. Pickle CT on surface till returned acid will have less
than 2000 ppm of iron.

2. Riginhole CT. Establish circulation (2% KCI + N,
due to low Pres). Circulate 8 m? of 15% HCI+ N, with
direct circulation to surface. The aim of this step is to
pickle annulus between CT and tubing.

3. Preflush with mutual solvent through CT across all



IKCIUIYATAUIO. TUIPOANHAMUYECKUI KAPOTAXK
MOMKET OBITH ITIPOBE/ICH JIO U TTOCJIE OOPAOOTKH.

5. TIpoBenecHME O6PAOOTKU 6€3 3AKPBITHS CKBAXKUHBIL.
KoMIOHOBKAa OO0PYJOBAHUS KOHTPOJIA JABJIECHUSA
I'HKT no3BoisieT IPOBOJAUTL OOPAOOTKY B
CKBA>KMHE MOJ JaBJIEHUEM. TEM CAMBIM MOXKHO
U306€XKATh TOTEHITUAIBHOI'O TOBPEXACHUS IIACTA,
CBA3AHHOTI'O C PA0OTAMU MO ITTYMIEHUIO CKBA>KHUHBI,
U COOTBETCTBYIOIIUX OTEPh TPOJOJIKHUTEITBHOCTH
IKCIUIYATALTUN.

6. Mo6uibHas1 TOYKA HATHETAHUSL. DPPEKT CTPYHHOM
MIPOMBIBKU MOKET OBITh PE3YIBTATHBHBIM B KOJIOHHAX
TPYO U MOXKET OBITh IOCTUTHYT C UCIIOJIb30BAHUEM
HA/JIEKAIIEH, CIIENUAIBHO CKOHCTPYUPOBAHHON
HACA/IKU.

MeTo/ 3aKaYKU «IBOMHOM KOJIOHHOM» OBLT BBEACH
B Openobyprckor oo6mactu B 2009 roay. C HOMOIIBIO
3TOT'O METO/IA JKHUJIKOCTU OOPAOOTKH 3AKAYUBAIOTCS
opHOBpeMeHHO U B 'HKT, 1 B KOJIBLIEBOE MPOCTPAHCTBO
mexay THKT u HKT BO BpeMst OfTHOM M TOM ke
06paboTKU. TaK KAK JaBJICHUE TPEHUS B KOJIBIIEBOM
IPOCTPAHCTBE 3HAYUTEIBHO HIKE, yeM B THKT, MOXXHO
3HAYUTENIBHO YBEJTUYUTD CKOPOCTD 3aKAYKH, TEM
CaMBIM YBEJTUYHUBAS PACIIPOCTPAHEHNUE YEPBOTOYMH U
CHIDKAA BPEMS 3aKA4KU. [Ipr HEOOXOAUMOCTH MOKHO
OJHOBPEMEHHO 34KA4YUBATHh OTKJIOHUTEIIb U OCHOBHYIO
KHACAOTY. KMCIOTA 3aKAYHUBAETCA C BLICOKOM CKOPOCTBIO
34KA4KHM B KOJIbLEBOE NTpoCcTpaHcTBO 'HKT, B TO
BpEMs KAK [TEHA 3aKA9MBAETC OJJHOBPEMEHHO YeEPE3
I'HKT no Bcelt 30He NoIoumeHus. Takum o6pas3om,
30H4 ITOCTOSIHHO HACHIIIAETCA IIEHOM, OO6ECTIEUNBAs
3(PPEKTUBHOE TUHAMUYECKOE OTKJIOHEHHE BO BPEMSI
06pPabOTKU 1 IO3BOJISIS [IPOBEJEHUE CEJIEKTHBHOU
CTUMYJIALAH.

CxBaxnHa Ne 608 EppemMo-KyKOBCKOTO
MECTOPOXKIEHHUA ABJIAETCA OJHUM U3 IIPHMEPOB
HCIIOJIb30BAHUSI METO/IA 3aKAYKU «IBOMHOM KOJTOHHOM»
B OpeHbypPrcKoit 061aCTH. B 3TOM CKBAXKUHE €CTh
4 nepOpUPOBAHHBIX UHTEPBAJIA B PA3JTMYHBIX
mracTax. Taémuiia 1 ToKa3bIBAET CBOMCTBA KAXK/IOI'O
r1acta. ITnact ¢ oxka3asics 30HOH HOIIONIEHS Ha
OCHOBAaHUH IIPOMBICJIOBOI'O KAPOTAXKA, IPOBEJEHHOIO
J10 06paboTKN. HU3KOE IIaCTOBOE 1ABJICHUE, SIBHAS
30H4 IOIVIOIMIECHUA U 3HAYUTEIbHASA PA3HULIA INTYOHNH
MEXIY 30HAMH OOPA6OTKU — BCE ITO CAEAJIO CKBAXKHUHY
OTVIMYHBIM KaHINUIATOM JJIs IIPOBEAECHUA MATPUIYHOMN
KHCJIOTHOU 06paboTKU yepe3 'HKT ¢ nenHbiM
OTKJIOHHUTEJIEM U METOJIOM «IBOMHOM KOJIOHHBI».

JI13a11H ObLI BBIIIOJIHEH TAKUM OOPa30M, YTOOEI

HUCKJIIOYUTD CTUMYJISIIHIO TTOIVIOMIAIOMEro 11acTa Ih u

COCPEOTOYNTHCS HAa 06paboTKe 11acToB T1, 371-1 1 351-2.

Bo BpeMs 06paboTKU 6bl1a UCIIOIb30BAHA CJIEAYIONAs

[IOCJIE/IOBATEIBHOCTD ATATIOB:

1. TIporpaska THKT Ha MIOBEPXHOCTHU JIO TEX MOP, TTIOKA B
BO3BPATHOM KUCJIOTE OyIeT copepKarbcs MeHee 2000
4acTe Ha MUJIJIMOH JKEJIe34.

2. INoaroroska 'HKT B ckBaxkuHe. Co3paHue
UUPKYIALUU (296-s1 KCl+ N, 13-32 HU3KOTO
nasienus). 3akauka 8 m? 15%-i1 HCl + N, ¢ npsaMor
LUPKYJIALNEN Ha IOBEPXHOCTD. LIEJIbIO 3TOrO 3Tana
SIBJIIETCS IPOTPABKA 3aTPyOHOT'O MPOCTPAHCTBA
mex gy F'HKT n HKT.

Taoauya 1 - Ckeaxcuna Ne 608 E¢fhpemo-
Kyxoecxozom/P. XapaxkmePpucmurka CKeaMCunbL

00 00pabomKu

Table 1 — Well 608 Efremo-Zykovskoe oilfield.

Pre-treatment well data

HasBaHve nnacta / Formation name

T

711

Zl-2

Df

BepTvkanbHas rnybuHa cke. m / TVD, m

1734

1829

1854

1899

MnactoBoe fasnexve, atM / Reservoir Pressure, atm

77

87

89

93

Temnepatypa nnacta, ‘C / Reservoir Temperature, “C

40

40

40

40

QakTnyeckas fLobblya, M?/neHs /
Actual Production, m?/day

58

ObBoAHeHHOCTb, % / Water cut, %

12

dakTnyeckas [obbl4a HedTW, T/AeHb /
Actual Oil Production, t/day

44

YBenudeHune fobbm ot TUC (PLT), % /
Production contribution from PLT, %

0

64

SddekTrBHaA ToNnWwwmHa nnacta, M / Net Pay, m

6.4

8.4

OxunpaaeMas NPoHNLaemMoCcTb, M /
Expected permeability, mD

25

27

24

85

zones to dissolve heavy hydrocarbons in the near

wellbore zone.

4. Displace wellbore fluid by 15% HCl in the CT-tubing

annulus.

5. Pump surfactant solution through CT across all

zones.

6. Pump Foam through CT across all zones till ~
10-20 bars increase in circulation pressure (sign of
diversion). Shut in for foam stabilization. Place end of
CT across thief zone (Df formation).

7. Pump 15% HCI through CT-tubing annulus and
pump foam through CT at the same time.

8. Repeat stages 67 till finish of acid in the tanks.
Displace fluids in CT and CT-tubing annulus.

9. Kick off the well.

Unfortunately, production log was not run after the

treatments, so we cannot directly compare production
profiles before and after the treatment. But production
results showed that productivity index increased more
than 3 times: from 1.04 to 3.2 m?/day/atm at the same
level of water cut. In general, all treatments with “dual
string” pumping technique showed excellent results in
the complicated conditions of the wells in Orenburg
region. The thief zone must be well known before the
treatment to maximize benefits of this technique.
Utilization of highly retarded emulsified acid (REA)
can help to create wormholes even with a low pumping
rate through CT. Dnistryansky et al. (2012) provided
an example of using REA for stimulation of depleted
horizontal open hole well through CT in Orenburg
region with gas production increase after the treatment
of 20% compared with pre-treatment data. Some
other methods to improve the effectiveness of matrix
acidizing through CT will be described later in ways
forward section.

CONCLUSIONS

Aswas mentioned before, all coiled tubing jobs were
performed with 1.5-inch string at maximum pumping
rate of 0.15 m?/min because of the high friction and
circulation pressure limitations. Implementation
of bigger CT string (OD 1.75” or 2”) can increase
maximum pumping rate through CT, which will be
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3. IIpenBapuUTEIbHAS IPOMBIBKA C B3AUMHBIM
pactrBopurenem uepe3 THKT Bo Bcex 30HaAX
JUIS PACCTBOPEHUS TSIKEJIBIX YIVIEBOJOPOJIOB B
NPHU3200MHON 30HE CKBA’KMHBL

4. BbITECHEHHE CKBAXKUHHOTO (prmonpa 15%-11 CONTHON
KHCJIOTOMH B 3aTpy6HOM npocTpancTse THKT.

5. 3akauka pactopa I[TAB uepe3 THKT BO BCEX 30HAX.

6. 3akauka nieusl uepes THKT BO Bcex 30HAX 10
YBEJIMUEHU IABICHUS HUPKYIAnUU 10 ~ 10-20 6ap
(IpU3HAK OTKJIOHEHU). OCTAHOBKA CKBAKUHBI JJ11
cTabuan3anuu neHel Pazmemenue koxia THKT B
30HE NOIVIOIMEHUA (T11acT Ad).

7. OmHOBpEMEHHAA 3aKA4YKa 15%-11 COIAHOU KUCJIOTHI
uepes 3aTpyoHoe npoctpaHcTBO THKT u 3akauka
nensl yepe3 'HKT.

8. TloBTOpeHue 6—7 ATATMOB /IO TTOJTHOT'O PACXOOBAHHS
KHCJIOTBI B EMKOCTSX. BEITECHEHHE KUJTKOCTH B
3aTpybHoM npocrpanctse THKT n HKT.

9. 3amyCK CKBa’KMHBI B 9KCILTYATAIHAIO.

K coxaIEHUIO, TPOMBICJIOBBIA KAPOTAK HE OBLI
BBITIOJIHEH ITOCJIE OOPAOOTOK, HIOITOMY MBI HE MOYKEM
HAIPAMYIO CPaBHUBATb IPOMUINA JOOBIYHU JIO U
nocJie 06paboTKu. Ho pe3ynbraTel JOOBIYU TOKA3AIH,
4TO MHJEKC MIPOAYKTUBHOCTHU YBEJIMUUIICA OOJIEe
4yeM B 3 pasa: ¢ 1,04 10 3,2 M3/ieHb /ATM. C TEM K€
YPOBHEM OO6BOJJHEHHOCTH. B 06111€M, BCE OnEpaliuu
METOJIOM 3aKa4YKHU «TBOMHOM KOJIOHHOM» ITOKA34JIU
OTJINYHBIE PEYJIBTATHI B CJIOKHBIX YCIIOBHUAX CKBAKUH
OpeHOYpPrckoi 0671aCTU. 30HA MOVIOICHU S IOJIKHA
OBITh XOPOIIO U3BECTHA JIO IPOBEJICHUS OOPAOOTKH,
4TOOBI MAKCUMAJIBHO UCTIONIb30BATh IPEUMYIIECTBA
3TOrO METOJA.

HICrIONIb30BAHUE KHUCJIOTHBIX AMYJIbCUI CUIIBHOTO
3aMEIJIEHHOTO ACHCTBUS MOXKET IIOMOYb B CO3[JAHUH
YEPBOTOYUH JAXKE NTPH HU3KOU CKOPOCTH 3AKAUYKU YEPE3
I'HKT. JHUCTPSAHCKUN U COABT. (2012) mpUBEIU IpUMep
UCIIONIb30BAHUS KUCIOTHBIX AMYJIbCUI 3aMEIJIEHHOTO
JEUCTBUA 11 CTUMYIAIUH UCTOMEHHOI'O
TOPU3OHTAJIIBHOT'O OTKPBITOI'O CTBOJIA CKBAXKIHBI YEPE3
I'HKT B OpeHbyprckoi 061aCTH C YBEIUYEHHE T0OBIYN
raza Ha 20% 1nose 06pabOTKU IO CPABHEHUIO C JAHHBIMHU
JI0 06pabOTKH. HEKOTOPBIE IPYTHUE METOABI YIYYIICHUA
3(pPEKTUBHOCTH MATPHUIHOM KUCTIOTHOM OOPabOTKH
uepes 'HKT 6yayT OmHUcaHbl TO3AHEE B Pa3feie
«JlaJIbHENIIME IUIAHBI I10 PA3BUTHIO IIPOEKTA>.

BbIBObI

Kax 6110 yIOMAHYTO BbIIIE, BCE paboThl ¢ 'HKT 661111
BBITIOJIHEHHI C 1,5 TIOMMOBOM KOJTOHHOM C MAKCUMAJIbHOM
CKOPOCTBIO 3aKa4dku 0,15 M?/MHUH M3-32 BBICOKOT'O TPEHU S
Y OT'PAHHUYEHUI JABJICHU IUPKYIAUN. [IpuMeHeHne
xonoHHel THKT 6onbiiero guamerpa (Ol 1,75” nnu 27)
MOJKET YBEJIMYUTh MAKCUMAJIBHYIO CKOPOCTD 3aKAYKH
ugepes 'HKT, aTo OyAeT ONE3HO B YCJIOBUSX BBICOKOH
3(PHEKTUBHOCTU UCTOIICHHBIX MECTOPOK/ICHU
OpenHbypra.

INpumenenue 'HKT B OTKPBITOM CTBOJIE
TOPU3OHTAJIIBHOM CKBAXKUHEI B IIEJIOM CIIOCOOCTBYET
605ee PaBHOMEPHOMY CTUMYJIUPOBAHUIO
TOPU3OHTAJIBHOI'O YIACTKA B yCTAHOBJIEHHBIE
CpOKH. HaZtyBHBIE TAKEPDI OY1yT UCIIOIb30BAHBI 15
MPOBEJICHUS MEXAHUYECKOT'O OTKJIOHEHM B ITMHHBIX
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beneficial in high infectivity environment of depleted

Orenburg fields.

Coiled tubing application in open hole horizontal
well generally allows more uniform stimulation

of horizontal section in timely manner. Inflatable

packers will be implemented to provide mechanical

diversion in long intervals with known thief zones.

Another option for coiled tubing application in

horizontal open holes and slotted liners is to combine

acidizing chemical reaction with wellbore cleanout
using jetting energy. In this case jetting is performed
with jetting nozzle and organic solvent as a wellbore
cleanout stage before the main acidizing treatment.
The paper summarizes experience gained during
six years of acidizing treatments in Orenburg region.

Different pumping techniques and stimulation

technologies are described in details with case studies,

production results and analysis. Below is a short
summary of the described material:

1. Three quarters of wells in Orenburg region
produce completely or partially from carbonate
formations. The following challenges need to be
considered for successful stimulation treatment:

» Reservoir pressure depletion.

» High water production.

* Low reservoir temperature.

» Formation heterogeneity.

 Crude oil tending to form emulsion and sludge.
* Multiple acidizing treatments.

» Uncertainties in formation properties.

2. Some insight into carbonate acidizing is provided.
The main types of acidizing treatments are
explained and critical additives to acidic fluids are
described.

3. Arigid and comprehensive QAQC standard for
acid stimulation was established by operating
company in Orenburg region to enable the service
companies to perform at a higher service delivery
level. The standard established a set of obligatory
requirements to HSE, operations and laboratory
testing for any acidizing treatments.

4. Most of the performed treatments are bullhead
matrix acidizing. Coiled tubing (CT) placement
is rarely performed because of pump rate
limitations, but it has some unique benefits like
simultaneous pumping through CT and CT-tubing
annulus. Amount of acid fracturing treatments is
decreasing during the last 2 years because of the
limited amount of good candidates for this type of
treatments.

5. Degradable ball sealers showed poor diverting
efficiency due to multiple perforations and poor
cement quality.

6. The polymer-based self diverting acid provided
satisfactory results on new wells but failed
on old wells comparing with other diverting
technologies. Stimulation of “old” wells represents
the major challenge for diverter efficiency because
of previous treatments and potential existence of
drained thief zones in pay intervals.

7. Viscoelastic self-diverting acid has demonstrated
better results than other viscosified diverters, but



MHTEPBAJIAX C U3BECTHBIMU 30HAMH IOIJIOMIEHU .

Ene onHuM BapuanTom nnpumenenusi THKT B

TOPU3OHTAJIBHBIX OTKPBITBIX CTBOJIAX U ITIEJIEBBIX

(PUIBTPAX ABIAETCA COYETAHUE XMMHUUECKON PEAKITUHN

KUCJIOTHOM O6PA00TKHU C OYUCTKOM CTBOJIA CKBA’KUHBI C

UCIIOJIb30BAHUEM SHEPTUU CTPYUHOM IIPOMBIBKU.

B 3TOM Citygae cTpyiiHasa IPOMBIBKA CTBOJIA

BBITIOJIHSETCS C IOMOIIBIO CIIELNAJIBHOM HACAIKU U

OPraHUYECKOI'O PACTBOPHUTEIIS HA CTAJUH OYUCTKU

CTBOJIA CKBA>KHHBI IIEPE]; OCHOBHOM KMCJIOTHOM

06pabOTKOM.

HJanHast paboTa 0600IA€T OIBIT, HAKOIVICHHBIH B
XOJI€ MIECTHU JIET MIPOBEACHM I KUCIIOTHBIX OOPa00TOK B
OpeHOYPrcKor 06/1acTU. Pa3ImyHbIe METO/IBI 3AKAYKU
Y TEXHOJIOTUH CTUMYJISALIAHN NOAPOOHO OMMUCAHEI C
NPAKTUYECKUMU UCCJIEJOBAHUAMH, PEZYJIBTATAMU
JIOOBIYU M AaHATTU30M JAHHBIX. HYKe TPUBOAUTCS
KPATKOE OMHUCAHUE U3JIOKEHHOI'O MATEPHUAIA:

1. TpuueTBEPTU CKBAKUH B OPEHOYPICKOM OOIACTU
BEAYT AOOBIUY ITOJTHOCTBIO UJIA YACTUYHO U3
KapOOHATHBIX IJTACTOB. HEO6XOAMMO YUYUTHIBATD
CJIEAYIOMHE TPOOJIEMBI [JIA YCIIEITHOT'O IPOBEICHUA
CTUMYJIALAH:
¢ MCTOIIEHNE MIIACTOBOT'O JABJICHHUS.

* Bosnbimas 06BOJHEHHOCTD IPOAYKITUN CKBA’KHMHBL

» Huskas TeMnepaTtypa IIacToB.

* HeoqHOpOAHOCTD IVIACTOB.

¢ CpIpasg HEPTBH C TEH/ICHIIUEN K OOPA30BAHUIO
3MYIbCHUH U IIJIAMA.

* MHOI'OKPAaTHOE IPOBEAEHUE KUCIOTHBIX
06pabOTOK.

* HeonpeesieHHOCTH B IJIACTOBBIX CBOMCTBAX.

2. JlaeTcsa HEKOTOPOE NMPEACTABIEHNE O TPOBEJEHUN
KHUCJIOTHOU OOPAOOTKH B KAPOOHATHBIX IIJIACTAX.
OO6BSICHAIOTCS OCHOBHBIC BU/IbI KUCJIOTHOM
O6pPAO0OTKH U OMHCHIBAIOTCS KDUTHYECKUE JOOABKU
K KUCJIOTHBIM KUJIKOCTSM.

3. Crporuii ¥ BCEOOBEMIIIONINHI CTAHAPT IO
COOJIIOAEHHUIO O6ECTIEYECHU I KOHTPOJIS KA4ECTBA IPU
KHUCJIOTHOU O6PabOTKE ObLII CO3/1aH JEUCTBYIOLIECH
KOMIIaHUEH B OpeHOypPrcKor 001aCTH, YTOObL JaTh
BO3MOXXHOCTb NOJAPAAHBIM OPTAHU3AIIUAM PAOOTATH
Ha 60J1e€ BBICOKOM YPOBHE IIPEJOCTABIEHHA YCIIYT,
CraHaapTOM ObLI YCTAHOBJIEH DS/l O0S3ATCIbHBIX
TpeboBanmi K OT, Tb n OOC, onepanusam u
J1260pPaTOPHOMY TECTUPOBAHUIO JIJIs1 JTIOOBIX BUIOB
KHUCJIOTHBIX OOPabOTOK.

4. BOJBIIHUHCTBO IIPOBEACHHBIX ONIEPALI —
MATPHUYHAA KUCJIOTHASA OOPA00TKA 3aKAYKON
«B 7106»>. icnonbzosanue 'HKT nnpuMeHseTcs peako
M3-32 OIPAHUYEHUI CKOPOCTH 3aKAYKH, HO OHO
HUMEET pH,Z[ YHUKAJIbHBIX HpCI/IMyH_[CCTB, TAKHUX KaK
OIHOBpEMEHHAs 3aKauka yepe3 THKT u 3arpy6HOE
npoctpancTso FHKT. KonruecTBo onepanuii
KHCJIOTHOT'O PAa3pPbIBA YMEHBIIIACTCS B TEYCHHUE
MOCJIETHUX JIBYX JIET B CBSI3U C OTPAHUYECHHBIM
KOJINYECTBOM XOPOIUINX KAH/IUAATOB JIJIS1 3TOT'O BUA
06pPabOTKH.

5. Pazmaraemsle yIUIOTHSIONIME HIAPUKU ITOKA3aIN
HHU3KYIO 9P PEKTUBHOCTDL OTKJIOHEHUA U3-34
MHOXECTBA IEPPOPAITUOHHBIX OTBEPCTUH M HU3KOI'O
Ka4eCTBA [IEMEHTA.

it has not become a regional standard because
any viscous diverter needs sufficient energy to
flowback after the treatment, which is difficult in
case of depleted formations in Orenburg region.
Also, VSDA is an acidic diverter and can stimulate
water zones if they exist in perforated interval.
These challenges can be potentially overcome

by using nitrified VSDA or/and by decreasing the
surfactant concentration.

8. Viscoelastic selective diverter can provide a

temporary blockage of water saturated zones
during matrix acidizing. In Volga-Ural region,
VSD is often combined with other diverting
technologies during the single treatment. Some
treatments with VSD still resulted in substantial
water cut increase. The suspected reason is the
presence of natural fissures or channels in cement
behind casing that links perforated interval with
water saturated layers.

9. Foam diverter appeared to be the most reliable

diversion technique in challenging conditions
of depleted reservoirs with repeated treatments
and high water cut in Orenburg region. Overall
production results showed good effectiveness of
foam diverter regardless of new or old wells were
treated. Additionally, reduction of post-acidizing
water cut increase was noticed after foam
diversion introduction in the region.

10. Using coil tubing with foam diverter and “dual
string” pumping technique provides excellent
production results when location of the thief
zone is well known. In this case, CT can be
placed in front of thief zone and foam diverter is
continuously pumped through CT while acidic
fluids are pumped simultaneously through CT-
tubing annulus.

11. Most of the reservoirs in Orenburg region are not
suitable for acid fracturing because of two main
reasons: close proximity of water saturated zones
and high minimum in-situ stresses. However,
some massive, tight and heterogeneous formations
demonstrated better production results after acid
fracturing comparing to matrix acidizing. Further
implementation of acid fracturing technique
should be focused only on such formations.

12. Retarded emulsified acid in combination with
foamed diversion has demonstrated excellent
production results while matrix acidizing of
deep and relatively hot D5 formation. Achieved
productivity index is 3 times higher than offset
wells treated with straight 15% HCL

13. Proppant fracturing can be applied on carbonate
formation if proper candidate selection and
treatment design considered. Recent experience in
the region showed that candidate well should be
cased hole with good cement bond. Filling of the
created acid frac with proppant should be avoided
because fracture face will be significantly etched
by acid and formation may not be able to apply
enough stress on proppant pack to keep it from
flowing.

14. The following types of stimulation treatments
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6. CaMOOTKJIOHSIIONIASI KUCIOTA HA TIOJTUMEPHOL
OCHOBE IIOKA34J14 Y/IOBJIETBOPUTEILHBIE
PE3YNBTATHI HA HOBBIX CKBAXKUHAX, HO IJIOXHE HA
CTaPBIX CKBA’KMHAX 1O CPABHEHMUIO C IPYTHMH
TEXHOJIOTUSIMU OTKJIOHEHUSL, CTUMYJIALIUSA «CTAPbIX>
CKBAXKUH MPEACTABIAET CEPBE3HYIO TPOOIIEMY [T
3(pPEKTUBHOCTH OTKJIOHUTEIIA U3-32 IPEABIIYIITNIX
06pabOTOK U NOTEHITUATIBHOT'O CYIIECTBOBAHUSA
HUCTOLIEHHBIX 30H NOIVIOMEHUS B MPOAYKTUBHBIX
UHTEPBAJIAX.

7. Baskoylpyras CaMOOTKJIOHAOMmM A KUCI0Ta (BYCK)
NPOAEMOHCTPUPOBAJIA JIyUIITHE PEIYIBTATHL, YEM
JPYTHE 3aTYIAIOMINE OTKIOHUTEN, HO OHA HE CTAJIA
PETHOHAIBHBIM CTAHAAPTOM, IOTOMY YTO JIIOOOMY
BA3KOMY OTKJIOHUTEIO HEOOXOTUMA SHEPT U,
JIOCTATOYHAS JJ151 BBIHOCA MTOCJIE O6PAOOTKHU, YTO
TPYAHONOCTHUKUMO B YCJIOBUAX UCTOIIEHHBIX
w1acToB OpeHbyprckor oomactu. Kpome Toro,

BYCK — KUCIOTHBIH OTKJIOHUTENb, 1 OHA MOXET
CTUMY/IUPOBATH BOJOHOCHBIE 30HBIL, €CJTU OHU
CYHIECTBYIOT B MUHTEPBAJIE IEP(POPALITUN. DTH
PO6IEMBI MOXKHO ITOTEHIIUAIBHO ITPEOAOIIETD
C IIOMOILIBIO A30TUPOBAHHON BYCK 1/mim myrem
CHIDKEHNA KOHLIeHTpanuu [TAB.

8. Baskoynpyruii ceJIeKTUBHBIA OTKJIOHUTEND (BCO)
MOXET OOECTIEUUTD BDEMEHHYIO GJIOKUPOBKY
BOJIOHACBIIIEHHBIX 30H BO BPEMS MATPUYHOI
KHUCJIOTHOM 00paboTKH. B Bonro-Ypanbckom
perunone BCO 4acTo UCONB3YETCA B COYETAHUN
C IPyTUMH TEXHOJIOTUSAMH OTKJIOHEHH A BO BPEMSA
O HOM NpoLeyprl. HekoTOpbIE 06padoTKH ¢ BCO
€llle IPHUBOJAAT K CYIECTBEHHOMY YBEJIMYEHHIO
O6BOAHEHHOCTU. [TTABHOM IPUYHHOMU SIBJISIETCS
HAJIMYHE IPUPOAHBIX TPEMTUH WJIN KAHAJIOB B
LIEMEHTE 32 06CAJHOM KOJIOHHOI, KOTOPAsI CBSI3bIBACT
UHTEPBAI NEPPOPALTUUA BOAOHACHIIEHHBIMH CJIOSIMH.

9. TleHHBIH OTKJIOHUTEb OKA3aJICS CAMBIM HAJIEKHBIM
METO/IOM OTKJIOHEHHUA B CJIO’KHBIX YCJIOBUAX
UCTOIIECHHBIX IIJIACTOB C IOBTOPHBIMH OOPA60TKAMU
U BBICOKO¥ OOBOJJHEHHOCTBIO B OpEHOYPI'CKON
obactu. O61Ke IPOU3BO/ICTBEHHBIE PE3Y/IBTATHI
[OKA32JIU XOPOIIYIO 3(PPEKTUBHOCTD IIEHHOT'O
OTKJIOHUTEIA HE3ABUCHUMO OT TOT'O, B KAKOM
CKBaKHHE [IPOBOAMIIACH OOPA0OTKA — HOBOU WJIH
cTapoi. Kpome Toro, 010 3aMEYEHO CHIKEHHE
YBEJIUYEHUSI OOBOHEHHOCTU MOCJIE KUCJIOTHOH
06pabOTKH ITOCJIE IPUMEHEHUS METO/A IIEHHOTI'O
OTKJIOHEHH A B PETUOHE.

10. cionb3oBanue 'HKT ¢ TeHHBIM OTKJIOHUTEIEM U
METOJ], 3KAYKH «JBOMHON KOJIOHHBI> OOECTIEYHNBAET
IIPEBOCXOHBIE PE3YIBTATHI, KOI'Jd XOPOIIO U3BECTHO
PaCIIONOKEHME 30HBI IIOIVIOIIEHUA. B 3TOM Ciy4dae
I'HKT MOXET OBITh Pa3MellieHa ITepe/1 30HOH
IOIVIOIIEHU S, U IIEHHBIY OTKJIOHUTEb HEIIPEPBIBHO
3akaunBaeTcs yepes 'HKT, B TO BpeMsi KaKk KUCTIOTHbIE
SKMJIKOCTHU 3aKAYUBAIOTCS OTHOBPEMEHHO YEPE3
3aTpy6bHOE MpocTpaHcTBO T'HKT.

11. BOJBIIMHCTBO MIACTOB B OPEHOYPICKOM 06IaCTH
HE NOAXO/IAT /1151 TPOBEACHUSA KUCIOTHBIX
Pa3pPBIBOB IO JIBYM OCHOBHBIM IPUYHNHAM: 6JIM30CTh
BO/IOHACBIINIEHHBIX 30H U BBICOKOE MUHHMAIBHOE
HAIIPSIKEHHE B IUTacTe. TeM He MeHee HEKOTOpPbIE
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are planning to be implemented on carbonate
formations in Orenburg region in nearest future:
complex treatments against mixed deposits, CT
matrix acidizing and multi-stage fracturing on
horizontal wells, acid fracturing with high rate
nitrogen pumping, CT stimulation with inflatable
packers and some others.
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KPYIIHBIE, INIOTHBIEC ¥ HEOJHOPOAHBIE KOJUIEKTOPBI
IIPOIEMOHCTPHUPOBAJIN JTYUIITHE PE3YIIBTATH
IIOCJIE TTPOBEACHMS B HUX KHCJIOTHOTO PAa3PhIBA 11O

CPaBHECHMUIO C MATPUYHON KUCIOTHOU OOPABOTKOM.
JanpHeniee NpuMEHEHUE METOAA KMCIOTHOTO I'PIT

JIOJIZKHO OBITh COCPEIOTOYCHO TOJIBKO HA TAKUX
TJIACTAX.

12. KuC10THAA 3MYJIbCUA 3AMELJIEHHOI'O JEHUCTBUA
B COYECTAHHH C IIEHHBIM OTKJIOHEHHEM

IPOACMOHCTPHUPOBAJIA OTIIMYHBIC PEIYIBTATHI IIPU

MPOBEICHUN MATPUYHOU KMCJIOTHOH O6pabOTKH
ITyOOKOI'O M OTHOCHUTEJIBHO IOPSYEro macta 5.
JOoCTUTrHYTBIN KO3 OUITUEHT NIPOAYKTUBHOCTHA
(PI) B 3 pasza BbIIIE, €M HA COCEAHNX CKBAXKNHAX,
06pabOTAHHBIX TPAJUITUOHHON 15%-11 CONAHON
KHUCJIOTOM.

13. TIponmanTHbINA I'PIT II71aCTa MOXKET OBITE TPUMEHEH

JUI KAPOOHATHBIX IIJIACTOB, €CJIN ObLT BEITTOTHEH
MPAaBUJIBHBIN BEIOOD CKBAKUH-KAHJUIATOB 1
JIN3a1H 00pab0TKU. ONBIT HOCJICIHUX JIET B
PETHOHE NOKA34JI, YTO CKBAKMHA-KAHU/IAT
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cuennenyueM. CraegyeT n36erarb HAOIHEHU S
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3HAYUTEJIBHO NPOTPABJIEHA KUCJIOTOU, Y IIACT HE
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HAa IIPOIITAHTHYIO ITAYKY, YTOOBI yOEPEYb €€ OT
NPOTEKAHUA.

14. B 6mmkariiee BpeMs IJIAHUPYETCS BBIITOTHUTD
CJIEYIOUIUE BUIBI CTUMYJIALIAN HA KAPOOHATHBIX
w1acTax B OpeHOyprcKor 00IaCTU: KOMIUIEKCHYIO
06pabOTKY IPOTHUB CMEMIAHHBIX OTJIOKEHUI,
MATPHUYHYIO KUCIOTHYIO 00paboTKy ¢c THKT n
MHOI'OCTaAUMHBIN I'PIT HA rOPpM30HTAIBHBIX
CKBAKMHAX, KUCJIOTHBIN I'MIPOPA3PHIB C BBICOKOHU
CKOPOCTBIO 34KA49KHU a30T4, CTUMYAnuio ¢ THKT ¢
HAJyBHBIMH ITAKEPAMU U HEKOTOPBIE JIPYTHE.

ABTOpPbI OnarogapsT KOMMaHum «PocHedTb» U
«LLIntombepxke» 3a Mx NOJAEPXKKY U paspeLleHme
Ha NybnMKaLMIo 3TOW CTaTb. ABTOPbI BbipakatoT
MPU3HATENBbHOCTL CreuUmancTaM reoiormyeckmx
otaenoB «OpeHOyprHedTb» 3a X MOCTOSIHHYIO
NOOAEPXKY B peann3aLm HOBbIX TEXHONOMMM Ha
OpeHbyprckmx MecTopoX AeHMsX. ABTOPbI TaKKe
BbIpa>kaloT CBOO OniaroAapHOCTL rpynnam no
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Pumy 1 CrenaneHko MapuHe, Yb paboTbl ObIu
MNCNOJb30BaHbI NPW HAMMCAHWUK 3TOW CTaTbW.
HakoHeL, aBTOpbI XoTenu Obl nobnarogapuTb
KoMaHay nabopatopum TEXHUHECKOM NOAAEPXKKM
koMnaHun «LLintombepske» B TIOMEHM 3a UX

MNOCTOAHHYIO MNOAAEPXKKY B MPOBEAEHUM KMCOTHbIX
0bpaboTok B Bonro-Ypanbckom pernmoHe, ocobeHHo

bopuiceHko Anekces, JTtoHrBKLA bepHxapaa v
MapxoHtoka Cepresi. ©

10.

11.

12.

13.

14.

15.

16.

Grace, J.D. 2005. Russian Oil Supply. Performance
and Prospects. Ney York: Oxford University Press Inc.

llyasov, S. et al. 2010. Chemical diverters for
production enhancement and water cut decrease
(XuMuyeckme oTKNoHUTENM AN1s MOBbILEHWS
NPOAYKTUBHOCTU U CHUXKEHUSt 0OBOAHEHHOCTU
ckBaxwuH). Oil & Gas Journal Russia, May 2010,
pages 62-64.

Lungwitz, B. et al. 2004. Diversion and Cleanup
Studies of Viscoelastic Surfactant-Based Self-
Diverting Acid. Paper SPE 86504 presented at the
SPE International Symposium and Exhibition on
Formation Damage Control held in Lafayette,
Louisiana, USA, 18-20 February 2004.

Navarrete, R.C. et al. 1998 Emulsified Acid Enhances
Well Production in High-Temperature Carbonate
Formations. Paper 50612 presented at the SPE
European Petroleum Conference held in The Hague,
The Netherlands, 20-22 October 1998.

ONAKO. 1997. Geological Structure and Oil - Gas
Content of the Orenburg Region (lfeonorunyeckoe
CTpoeHuve n HedbTerasoHocHocTb OpeHbyprckomn
O6nacTu). Orenburg: Orenburg Book Publisher.

Smith, C.L., Anderson, L.J., Roberts, P.G. 1969. New
Diverting Techniques for Acidizing and Fracturing.
Paper SPE 2751 presented at the 40th Annual
California Regional Meeting of the SPE of AIME held
in San Francisco, California, USA, 6-7 November
1969.

Taylor, D. et al. 2003. Viscoelastic Surfactant based
Self-diverting Acid for Enhanced Stimulation in
Carbonate Reservoirs. Paper SPE 82263 presented at
the SPE European Formation Damage Conference
held in The Hague, The Netherlands, 13-14 May
2003.

Thomas, R.L., Saxon, A., Milne, A.W. 1995. The Use of
Coiled Tubing During Matrix Acidizing of Carbonate
Reservoirs Completed in Horizontal, Deviated, and
Vertical Wells. Paper SPE 50964 presented at the SPE
Asia Pacific Oil and Gas Conference held in Kuala
Lumpur, 20-22 April 1995.

TNK-BP. 2008. Combined Quality Assurance Quality
Control Standards for Frac/Acid Stimulation.
Version 11.1.

Williams, B.B., Gidley, J.L., Schechter, R.S. 1979.
Acidizing Fundamentals, monograph series. Dallas:
Society of Petroleum Engineers.

Zerhboub, M. et al. 1991. Matrix Acidizing: A Novel
Approach to Foam Diversion. Paper SPE 22854
presented at the SPE Annual Conference and
Exhibition held in Dallas, USA, 6-9 October 1991.

Ne 1 (051) Mapr / March 2015 39

TECHNOLOGIES



