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JIAHHOU CTAThE PACCMATPHUBAETCS OIBIT
IIPUMEHEHHUS TEXHOJIOTUH KOMIIAHUH
«IImombeprke» B 06J1aCTU UHTEHCU(PUKAITUU
JI06b191 HA OPEHOYPrCKOM HE(PTErA30KOHIEHCATHOM
mecropoxaeHuu (OHI'KM). boliu npoBeeHbl TPU
MATPUYHBIE KUCJIOTHBIE OOPAOOTKH IJIACTA C IOMOMIIBIO
ycraHoBKU [HKT u crie1yIomux TEXHOIOTUH KOMITAHHUH
«IImom6eprke»: VDA", OiISEEKER", SXE* 1 FoamMAT".
OHI'KM #BJj1s1€TC KPYITHEHUIINM MECTOPOXKICHUEM
B OpeHOYpPrcKon 06J1aCTH, ETO MPOMBIIIIEHHAS
3KCIUTyaTaluud HayaTa B 1974 rogy. B 1979 rony
MECTOPOXK/IEHUE ObLIO BBIBEICHO HA MAKCHMAJIbHBIA
06'bEM TIOOBIUH U YAECPKUBAJIOCH HA TOM YPOBHE
110 1984 ropa. C 1985 roga MECTOPOXIEHNUE BCTYIIUIIO B

CTAIUIO TTaAaI0mEe JOOBIYU. OCHOBHAS I'Aa30KOHACHCATHA S

3aJIEXKb IIPUYPOUYEHA K KAPOOHATHOH TOJIIE APTUHCKO-
CPEAHEKAMEHHOYTOJIBHOI'O BO3PACT4, CJIOKEHHOM
U3BECTHSIKAMHU C IIPOCIOIMH JOJIOMUTOB. [T1yOrHa
3asiera’us 3ajexu — 1350-1900 M, MOIITHOCTB OT 275

10 525 M. ['A30Basd 32J1€2Kb HA 3HAYHUTEIbHOU IO
KOHTAKTUPYET C JJOCTATOYHO AKTUBHBIM BOZIOHAIIOPHBIM
6accertHoM. Teky1ee II1aCTOBOE JABIECHUE COCTABIISIET
BCeTO 30% OT HAYAJIBHOI'O, INIACTOBASA TEMIIEPATYPA
27-31 °C. B pazpese OCHOBHOM 34JI€KU BBIIEIAIOTCA TPH
IKCIUIYATAIUOHHBIX OO'BEKTA, XAPAKTECPUSYIOIIHUXCS
Pa3IUYHBIMA KOJJIEKTOPCKUMHU CBOMCTBAMM (TA01U11a 1).
IIpoayKTUBHAA TOMA IPEACTABIECHA YPE3BLIYANTHO
CJIOKHBIM 4EPEJOBAHUEM IIOPHUCTBIX, HOPOBO-
KaBEPHO3HBIX, TPEUIMHHBIX U [IJIOTHBIX U3BECTHSIKOB.
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his article shows the first experience of using

Schlumberger technologies for production

stimulation on Orenburg oil-gas-condensate
field (ONGKM). 3 matrix acidizing treatments via
Coiled tubing were successfully performed using
several technologies: VDA", OilSEEKER", SXE”,
FoamMAT",

ONGKM is a biggest field in Orenburg region, field
was started to operate in 1974. Maximum production
was achieved in period from 1979 to 1984. Since 1985
production of the field started to decline. The main gas-
condensate formation confined to carbonate layer of
artinsko-srednekamennougolny geological age which
consist of limestone with dolomite interlayers. Reservoir
TVD is 1350-1900 m with gross height between 275 to
525 mand low BHST (30 deg.C). Gas saturated layer is
in contact with active aquifer. Formation itself consists
of 3 sublayers with different reservoir properties called
Object I, I and III (Table 1). Productive layer consists
of porous, porous-vuggy, fissured and tight sublayers.
The worst reservoir properties have an object 1. Better
reservoir properties is a characteristic features of
object I and III which are porous fissured formations.
Particularly, they have zones with extremely high
permeability (several hundreds of mD). All 3 objects
mentioned below are differ as well according to
production, usually production of object I and III is
several times higher in comparison with object L. So,
during production there is a different process of drain



HauxyAmmnMu KOJJIEKTOPCKUMU CBOUCTBAMHU OTINYAIOTCS
OTJIOKEHUS IEPBOT'O OO'BEKTA. SHAYUTEIBHO JIYUIIINE
KOJUIEKTOPCKHE CBOMCTBA UMEIOT U3BECTHSIKH BTOPOTO

U TPETBETO OO'BEKTOB, KOTOPBIE ABIAIOTCS HIOPOBO-
TPEIMHOBATBIMU KOJJIEKTOPAMU. B 4aCTHOCTH, B HUX
BCTPEYAIOTCS NPOIIACTKH C IPOHUIIAEMOCTBIO B COTHHU
MWJUINJAPCH, B TO BPEMS KAK B IEPBOM OO'BEKTE TAKUE
OPOMIACTKH OTCYTCTBYIOT. YKA3aHHBIE OO'BEKTBI PE3KO
OTJIMYAIOTCS IO IPOAYKTUBHON XAPAKTEPUCTHUKE —
CpeHUI JEOUT CKBAXKUH I10 IEPBOMY OO'BEKTY OOBIYHO HA
OJJUH-7IBA IOPA/IKA HUKE JEOUTOB 11O BTOPOMY U TPETBEMY
O6BEKTAM. B CBA3M C 3TUM ITPH OJJHOBPEMEHHOM BCKPBITUH
BCEX OO'BEKTOB OHU JPEHUPYIOTCA B PA3HOU CTENEHU,
ITACTOBOE JIABJIEHHE 10 BTOPOMY U TPETHEMY OOBEKTAM
HIKE, 9EM ITO IEPBOMY. TpeTUi1 OObEKT NOBCEMECTHO
BeixoauT Ha [DKK. HabmogaeTcss u3adupareibHOe
OOBOHEHHUE MO IIJIACTAM BTOPOT'O U TPETHETO OOBEKTOB,

B IIEPBOM OO'BEKTE CYIIECTBEHHBIX BOAOIPOSBICHUNA
MNPAKTUYECKHA HE OTMEYEHO. TPETUI SKCIITyaTAIIMOHHBIA
OOBEKT HA OOJIBIIEN YACTU MECTOPOXKAECHUA U30JIUPOBAH
MO IPUYHHE IPOPHIBA BOJIBL.

B 1ie1AX MOBBINEHUS U3BJIEYEHUS YITIEBOJOPOJIHOIO
ceIpbsag Ha OHI'KM Ha mo3gHer cTaiun pa3paboTKu
MPUMEHAIOTCA PA3JIMYHBIE BUBI PAOOT ITO
WHTEHCU(PHUKALITUY TPUTOKA CKBAXKUH. OTHAKO
YCIEIHOCTD JAHHBIX PA6OT, BHIITOJHAEMBIX
TPAAUIIUOHHBIMH METOJAMHU, HEAOCTATOYHO BBICOKA,

K TOMY K€ HAMETUJIACh TEHJEHIIUA K €€ CHIKEHUIO. }

technologies

for these sublayers and as a result formation pressure for

object I higher rather than for object I and III. Object II

is significantly depleted and object I1I is not producing

on most part of the field due to water break through.

In order to improve hydrocarbon recovery on
ONGKM field different production stimulation
methods are applied. However, success ratio of
conventional matrix acidizing treatments is quite low.
There are several reasons of that:

1. Formation heterogeneity, which is demanded to use
special acid diverting systems which in turn allowed
to treat the well uniformly despite of heterogeneity
presence. The regular acidizing allow all acid to
be pumped into the most drained and permeable
strikes while porous low permeable upper zones left
untreated.

2. Unoriginal approach to acidizing treatments without
taking into account specific character for each well
individually.

3. Depleted reservoir pressure, which is not allowed
to fully cleanup the well after matrix acidizing
treatment.

4. Water breakthrough for high permeable strikes
in objects II and III. Regular acid treatments lead
to increase communication with water. Selective
diverters which are able to temporarily block
water saturated layers need to be applied for this
circumstance. }

Ta6nuua 1 — Xapaxmepucmurxa KCniyamauuoHnsLx 06sexmoé OHITKM

Table 1 — Formation properties

IKxcnayama- cp eg HAR K %
UUOHHDLIL 2ryouna P ’ Mbﬂ'l it P m ?t Xapaxmepucmurxa Koarexmopa Tun xoanexmopa
oo0sexkm 3“;'827""”’ M ermeasitity, orgsz Al Sublayer properties Reservoir type
Sublayer uorayer mD %
TVD, m
Xapaxmepras monxonoposas Cmpyxmypa nopoo2o
nPoOCMPArCmea, nOBbLULEHHAL HeDMEHACHIUCHHOCITb, Lipeumyujecmseenio
I 1350-1470 3,6 13 CYNGAMUSAUUA U OOTLOMUINMUSALUSL TTOPOO. nopoewili
Thin porous structure of entire sublayer, bigh oil saturation, Porous
rock sulphatization and dolomitization.
Bepxnas uacms obsexma ll npedcmasnierna uepeoosarnuem
KOJKMOPOE NOPOB020 MUNC C NJLOMHBIMU USEECINHAKAMU.
Omioocens HUXICHeLL Hacmi 61mopozo 00sexma
Xapaxmepusyromcs nOSbLULeHHOU KABEPHO3HOCIIbIO, d
maiaice cooepicaruem 8 paspese MATLOMOULHBLX NPOCTLOCE [opossii, noposo-
KOJLLEKINOPOB C MACCUGHO~DOIXOU UL NAUMHAMOU mpeugibii
I 1470-1630 149 128 mexcmypoti. Hab1mo0aromcsa MHO20UUCICHHbLE MPeUjLHbL mpeuqurrivl i
ke , DPA3NUMHOL HANPABACHHOCNU, DACKDOUIMOCIU U 2)CIMOMbL.
Upper part of object I represented by alternation of porous For (f us, por O%‘b
S o ; ) [fissured, fissured
and porous-fissured tight limestone formation types.
Depositions of low part of the object Il partially have high
cavernosity as well as presence of thin interlayers with massive
bulky or tabular geological texture.A lot of differently directed
[issures occurred.
TIpeocmasner 6osee umeree Hacmuoim Hepeoosariem
NAOMHBLX U NOPUCTTBLX USBECINHAKOB. Kacoblil
VEDPYNHEHHbLLL NAACT NPEOCAasiaen cOO0t UHmMepeaJ Tloposuiti, noposo-
paspesa cpeoreri mouyHocmsro om 5.m 00 30 m, mpeuummbliL,
/4 1630-1830 21,2 114 00pA306aHHBLILI COBOKYTTHOCIIBIO PAS/IUHHOZ0 YUC/A mpeuunbLLL
NOPUCIBLX U NAOTNHBLX NAACHIOB. Porous, porous
Object Il represented by more frequent alternation of tight and [fissured, fissured
bulky porous limestone. Every interlayer with gross beight of 5
0 30 mrepresented by number of porous and tight interlayers.
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TCXHOJIOI'MHU

Cpenu NpUYUH HU3KOM 3(D(PEKTUBHOCTU IPOBECHU

KUCJIOTHBIX O6PAa00TOK MOKHO BBIIETTUTD CJIEAYIOIIHE:

1. CJI0KHOE reOJIOTMYECKOE CTPOEHHUE IIACTA, TPEOyIoNee
06432TEIBHOIO NPUMEHEHM S CIIELNAIBbHBIX
KHUCJIOTHBIX OTKJIOHUTEJEH, TO3BOJIAIOMNX
PaBHOMEPHO O6pPa60TATh NPOIUIACTKU C PA3HBIMU
KOJUIEKTOPCKUMU CBOUCTBAMHU. [TOCKOJIbKY TPU
MIPOBEAECHUU KUCIOTHBIX OOPA6OTOK MPOUCXOAUT
MOIVIOIIEHHUE BCETO 3aKAYaHHOI'O OObEMA KUCIOTEI
Hanb60JIE€ TPOHULIAEMBIMH, PA3JPEHUPOBAHHBIMH
MPOIUIACTKAMU, OCTABIIASI HEOOPAOOTAHHBIMHU
BBIIIEJIEKAITNE HU3KOIIPOHUIIAEMBIE IIJIACTBL

2. IIa6n10HHBINA TOXO/] K IPOBEICHUIO OOPAO6OTOK,

5. Formation damage due to using of killing fluid
which cannot fully cleanup from the well.

6. Formation damage due to iron particles flushed
away by treating fluid from tubing.

So the main challenge related to matrix acidizing on
ONGKM is to provide uniform stimulation by means of
temporary block thief zones 11, III and stimulate object
I'simultaneously. At the same time existing wellbore
equipment does not allow to run inflatable packers or
other mechanical diverters with CT due to tubing ID
restrictions. Well kicking-off process and well cleanup
after treatment are also very important tasks for wells
with significantly depleted reservoir pressure and have

HE YYUTBIBAIONIUI CIIEITU(PUKY CKBAYKHH.
. AHOMaJIBHO HU3KOE€ INIACTOBOE JABJICHUE,
HE MO3BOJIAIOINIEE B IOTHOM OObEME U3BJIEYb )KUJIKOCTh
06pPa60OTKH U IPOAYKTHI PEAKIIUU B IIPOLIECCE OCBOCHU S
CKBAKUHBL
. TIpOpPBIB BOJBI 1O BEICOKOITPOHHUITAEMBIM IIPOILIACTKAM
BTOPOI'O U TPETHEI'O OOBEKTOB. KUCIOTHBIE OOPAOOTKU
Ha OOGBOJTHEHHBIX CKBAXKUHAX IIPUBOAAT B JIYUIIIEM
CJIy4ae K PACHIUPEHUIO BOAOIIPOBOAAIINX KAHAJIOB,
IIOP U TPEIHH. JJaHHOE O6CTOATENBCTBO TPEOYET
NIPUMEHEHHNS CENIEKTUBHBIX OTKJIOHUTEJIEN, CHOCOOHBIX
OJIOKHMPOBATH BOJJOHACHIIEHHBIE MHTEPBAJIBL
. IoBpexaenue npu3adboMHON 30HBI IIJIACTA
3HAYUTEIBHBIMH OO'BEMAMHU KUJAKOCTHU ITTyIHIEHH S,
KOTOPBIE 34TEM IPAKTUYECKU HEBO3MOXXHO OTTY/14
U3BJICYb.
. TToBpexieHne Npr3a00nHOM 30HbBI OCA/IKAMU
C PaCTBOPEHHBIM JKEIE30M, CMbIBA€MbIM C HKT
SKUIKOCTIMHU OOPAOOTKU.
OCHOBHOM CJIO)KHOCTBIO IPU ITPOBEAEHNUM KMCTOTHBIX

to be taken into account during technology selection
process.

In order to improve efficiency of matrix acidizing
treatments new integrated stimulation approach was
applied including several Schlumberger technologies
along with CT placement technique.

1st treatment was performed on horizontal well X55
with 600 m of openhole section. Deviation angle of
openhole section is 82 deg, there are 2 sublayers:
objectTand Il.

As far as offset wells are producing some water
decision was made to use selective diverter OilSEEKER®
before main acid treatment to prevent water saturated
layers to be treated. OilISEEKER" is a water based
viscoelastic surfactant and initially has high dynamic
viscosity (up to 10 000 cP) and during matrix acidizing
treatment it selectively block water zone, and vice
versa in hydrocarbon saturated sublayers OilSEEKER®
viscosity is decreasing up to water viscosity. So, there
is no opportunity for acid to stimulate these water

06paboToxk Ha OHT'KM s1BIs1€TCS CEIEKTUBHAS
06pabOTKA IEPBOI'O OO’BEKTA U OJHOBPEMEHHAS O6JIOKA/A
TOIVIOIIAIONIUX 30H (BTOPOU U TpEeTUN OO'bEKTHI). [Ipr
3TOM CYIIECTBYIONIE OIPAHUYEHNSA IO BHYTPEHHEMY
JAUAMETPY BHYTPUCKBAXKUHHOI'O OO0OPYJOBAHUS HE
MO3BOJIAIOT UCIOIb30BATb MEXAHUYECKUE OTKJIOHUTEIHN
U HayBHBIE ITakepbl HAa THKT. OTpadoTKa IpOayKTOB
PEAKIIUN U OCBOEHUE CKBAKUHBI TAKIKE ABJIAETCA
CEPBE3HON 33/1A49€M BBH/TY HU3KOT'O IIJIACTOBOI'O IABJIEHUA
U JJOJIPKHA OBITh IIPUHATA BO BHUMAHUE IIPU BEIOOPE
TEXHOJIOI'UH.

[ noBpIIeHU ST 3(PPEKTUBHOCTH OIIEPALIUH
M0 UHTEHCU(PUKALUN IIPUTOKA ObLII IPEIJIOKEH
KOMITJIEKCHBIM II0AX0/[ C HpI/IMCHCHI/ICM HCCKOJIBKUX
NPOAYKTOB KOMIIAaHUU «[IIIIoMOeprke» ¥ UX PA3MEIIEHUEM
B ckBaxkmHe yepe3 'HKT ¢ yueTom crielrtuuKu Kaxjomn
CKBA’KHHBL

ITepBori nog 06padOTKY C IPUMEHEHHUEM TEXHOIOIUH
KoMIaHuu JIlomoep:xe» 6bl1d BBIOPAHA TOPU3OHTAIBHAS
CKBaKMHA X55, IPEJCTABICHHAA OTKPBITBIM CTBOJIOM.
IlirHA TOPUBOHTAMBHOL ceKirnu 600 M. YTon HaKJIOHA
CKBaKMHBI B MHTEPBAJIE OTKPBITOI'O CTBOJIA COCTABJISIET
82 rpajyca, CKBaK1HA BCKPBIBAECT IIEPBBIH U BTOPOH
AKCITYATAIIUOHHBIE OO'BEKTHI.

saturated sublayers and this technology provide
redirection of acid from water saturated sublayers

to hydrocarbon saturated sublayers (Figure 1). Asa
result producing formations uniformly stimulated
involving new sublayers and water saturated sublayers
temporarily blocked during treatment.

As far as we were pumping via 1.5” CT we are dealing
with pump rate limitation due to high friction inside
CT, as a result modeling using StimCADE software
showed us that only face dissolution will occurred
for this well with long production interval when
pumping HCL with 0.15 m3/min pumping rate. For
deeper wormholes penetration decision was made to
use Super X Emulsion (SXE®) as main treating fluid due
to its high retardation effect (14—19 times higher than
normal HCL). Retardation effect is provided due to acid
is a inner part of mixed emulsion and it is not spending
instantly during treatment. So due to this retardation
effect the length of wormbholes are significantly
increased even with less pumping rate.

In order to provide uniform stimulation of long
production interval there is need to use effective
diversion agent. For this purpose non-polymeric
viscoelastic diverting acid (VDA") was applied.
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TTOCKOJBKY PiJ COCEAHNX CKBA’KHUH PaAb0OTAIOT C
BBIHOCOM ILIACTOBOI BOJIBL, OBLJIO PEMIEHO UCIIONIb30BATh
cenexkTuBHbIN OTKIOHUTENb OIISEEKER® nepe; 3akaukorn
KHCJIOTHBIX COCTABOB B CKBaXUHY. OilSEEKER" — 3TO
BBICOKOBA3KAs1 OECKHUCIOTHASA )KU/IKOCTh HA OCHOBE
ITAB. B BOZOHACHIIEHHBIX NPOMJIACTKAX B TEYEHHE
HeCKONbKUX MUHYT OIISEEKER" HA6MpaeT 3HAYUTETBbHYIO
JUHAMHYECKYIO BA3KOCTD HA C/IBUT, JOXOASAIIYIO
110 10 000 cI1, a B ItacTax, CoOAepKanux yIIEBOAOPO/,
BSI3KOCTb, HA000POT, agacT 70 1 cI1. Takum 06pas3om,
MHOCEAYIOINE NOPLHUYU KUCIOTHI HE IPOHUKAIOT
B BOZJOHACHIIIEHHBIE UHTEPBAJIBL U CEJIEKTUBHO
OTKJIOHSIIOTCS B KOJIJIEKTOPBI C YITIEBOJOPOJAHBIM
HACBIEHUEM (PUCYHOK 1), B pe3y/IbTaTe 4ero
OPOAYKTUBHBIE YIACTKU PABHOMEPHO OOPA6ATBIBAIOTCSA
KUCJIOTHBIMH COCTABAMU, BOBJIEKASI HOBBIE TPOIIACTKH,
4 BOJIOHACBIIIEHHBIE YYACTKU OCTAIOTCS BDEMEHHO
33a0JIOKUPOBAHHBIMH [IJI1 IPOHUKHOBEHU A KUCJIOTHIL.

ITOCKONBKY CKOPOCTB 3aKauky yepe3 'HKT guameTpom
38,1 MM OrpaHUYE€HA BBU/1Y OOJIBIINX OTEPD IABJICHHUS
HA TPEHUE, MOJEIUPOBAHUE OOPA6OTKHU B IPOTIPAMMHOM
komiuiekce StimCADE’ mokasano, uro npu 3axkadke HCI
CO CKOPOCTBIO 0,15 M?/MHH B CKBA>KHHY C OOJIBIIUM
06pabaTBIBAEMBIM HHTEPBATIOM
OyZEeT IPOUCXOIUTD TOIBKO

technologies

Initially SXE* has low viscosity like water (Figure 2a).
At reservoir conditions while the acid spends, the
fluid viscosity is gaining up to 200—-250 cP that is
temporarily block stimulated channels (Figure 2b)
and redirected flow to less permeable un-stimulated
before zones. After treatment VDA" break down by
hydrocarbons. Also for better well cleanup after
treatment VDA" was foamed with nitrogen and
pumped via coiled tubing.

So, integrated matrix acidizing treatment for well X55
was consist of several stages: OilSEEKER” was pumped
at the beginning then SXE* and foamed VDA" stages
were alternated and placed with coiled tubing
providing additional mechanical diversion along entire
production interval.

Well X39(deviated) and X47(vertical) have chosen
for 2nd and 3rd treatment. Both wells are cased hole,
object I and IT are perforated, net pay is 38 m and 55 m
accordingly.

There several changes related to less production
interval of both wells were made in design in
comparison with horizontal well treatment (well X55).
First of all, FoamMAT" technology was used as a

ITOBEPXHOCHOE PACTBOPEHHE
HOPOABI 6€3 0OPA30BAHUS

Jna ynydmeHnus 3pHEKTUBHOCTH
06pabOTKH OBLIIO PEMIEHO B
Ka4eCTBE OCHOBHOM KUJIKOCTH
UCIIOJIb30BATD AMYJIBIUPOBAHHYIO
KHCJIOTY C BBICOKOM CTEIEHBIO
3aepPKKU peakuun SXE”.
ITOCKOJIbKY KHMCJIOTA ABJIAETCSA
BHYTPEHHEN (DA3011 IMYJIbCUH, TO
OHa HE CPa3y BCTYIAECT B KOHTAKT .

Pacxo0 (0onu) / Fractional Flow

. P
Conesoti p-p Yruueepcanvrolit

25 4 Brine | pacmsopument Brine Acid
| MutualSolvent ‘ ‘ m\
BBICOKOIIPOHUIIAEMBIX KAHAJIOB. LU 410m0 npu 80% 60ddHACHIUEHIOCIU - 1

410:md with 80% wa?ersaturation

0 390 .m0 npu 20% soabﬂacumemwc u
: 390 md with 20% water saturation

Conesoiip-p | OSEEKER® Kucnoma

:
edpmenacouyennan 3ona
¥ Oil Zone

| BOOOHACHILUEHHAS 30HA

C TOPOJIOH, 61aroAAPSt IEMy 0 .
JOCTHUTAETCA 3aEPKKA PEAKLINH
B 14—19 pa3 110 CpaBHEHUIO C
o6bryHOM HCI, 3TO MO3BOSIET
06PA30BBIBATH BEICOKOIIPOBOIUMbBIE
KaHaJIbI 3HAYUTEJIbHOU JIUIMHBI TAXKE
MPU HEOOBIION CKOPOCTH 3aKAYKH.
J1711 paBHOMEPHOM O6PA6OTKH BCETO IMTPOAYKTUBHOI'O
MHTEPBAJIAa HEOOXOAUMO IPUMEHEHUE 3(P(PEKTUBHOTO
OTKJIOHSIOHIETO areHTa. C 3TOM 1IEbIO B
K4a4€CTBE OCHOBHOI'O OTKJIOHUTEJIS IPUMEHUIIN
CAMOOTKJIOHAIOIIYIOCA KUCIOTHYIO cUcTeMy VDA" —
O€ECTIOIMMEPHBIN OTKJIOHUTENDb HA OCHOBE ITAB. ITpn
34Ka4YKe B CKBAXKMHY VDA' nMeET BA3KOCTD, COIIOCTABUMYIO
C BA3KOCTBIO BOZBI (PUCYHOK 22). B INTACTOBBIX YCIOBUAX,
IO MEPE PEATUPOBAHMA COIAHOUN KUCIOTDL, BXOAAIIEH B
COCTAB 3TOU CUCTEMBI, IPOUCXOANT HA60P BA3KOCTHU JIO
200-250 cIl 1 BpeMeHHasA 3aKYIIOPKA CO34AaHHBIX VDA"
KaHAJI0B (PUCYHOK 26). TakuM 06pa3oMm, Caeyonas

MTOPITNSI KUCJIOTBI HATIPABJISACTCS B IPYTUE, PAHEE HE }

41 B0 B0 L] 12 40 160 )

Bpems (mun) / Time (min)

Pucynox 1 — Jlabopamopnbstii mecm cucmemst OilSEEKER* na xkepne
Figure 1 — Core lab test of OilSEEKER* system

diverter. FoamMAT" service is one of the most
applicable technologies which allow foam to be
generated in the matrix and plug the pore spaces.
This causes temporarily plugging of the acid-etched
channels and allows acidizing of un-stimulated
zone. One of the most important part of FoamMAT"
technology is proper choosing liquid and nitrogen
rate to be able to maintain stable foam at downhole
conditions. One of StimCADE" module was used for
proper calculation of foam quality. Application of
FoamMAT" technology is also very effective in case
of presence of water saturated layers that is very
important for ONGKM field conditions. Another }

Ne 6 (038) Hosi6ps / November 2011 39



33aTPOHYTHIE KUCJIOTHOM O6PaBOTKOM yUACTKH.

B ganpHerimeM Ba3kui VDA® paspylaeTcs 11pyu KOHTAKTE
C YITIEBOJOPOJAAMU. 17151 O6JIETUEHUS YAAIEHN S IPOAYKTOB
peakumu VDA' 13 CKBAKUHBI IIPU €T0 3aKAYKE OH
JIOTIOJIHUTEIBHO BCIEHUBAJICSA A30TOM IIPH IOIA4E

uepes3 'HKT.

Takum 00pa3oM, KOMILIEKCHASI KUCJIOTHASI OOpAb0TKA HA
CKBAXKMHE X55 COCTOAIA U3 CIAEAYIONNUX CTATHUI: CHAYAIA
3akayuBanack nopuus OilSEEKER®, a 3aT€M HECKOJIBKO
pa3 yepenoBanuch craanuu SXE* 1 BcrieHeHHOro VDA', ipu
3TOM HU3 KoMnaHOBKU I'HKT nepemeniancs BJjojb BCETO
TOPU3OHTAJIBHOTI'O CTBOJIA, CO3/ABAas1 JJOITOJIHUTEIBHOE
MEXAHUYECKOE OTKJIOHEHHE PAOOUUX KUJKOCTEL.

17151 IpOBEZEHN I BTOPOU U TPETBhEN 0OPabOTOK
OBLIH BBIOPAHBI CKBA’KUHBI X39 (HAKJIOHHAA) U X47
(BepTHUKAIbHAS). BUJI BCKPBITUSA CKBAXKHH — IEPQOpaLus,
3(pPeKTUBHASA MOIITHOCTD BCKPBITBIX UHTEPBAJIOB 55 U 38 M
COOTBETCTBEHHO. MHTEPBAJIBI SKCILTYATALIUN CKBAXXUH
NPEACTABIEHBI KOJUIEKTOPAMU IIEPBOI'O U BTOPOI'O
IKCILTYaTAITUOHHBIX OO'BEKTOB.

ITo cpaBHEHMIO C O6PAOOTKOU T'OPU3OHTAJIBHOM
CKBAXXKUHBI, B CXEMY KUCJIOTHOU OOPAO6OTKH OBLIIA BHECEHBI
HEKOTOPBIE U3MEHEHU S, CBA3AHHBIE CO 3HAYUTEIBHO
MEHBIIIUM UHTEPBAJIIOM OOPAO6OTKU.

Bo-nepBhIX, B KAYECTBE OCHOBHOI'O OTKJIOHUTEJIA
OBLI UCTIOIb30BAH IIEHHBIN OTKIOHUTENb FOamMAT™.
Texuonorus FoamMAT” mo3BoIsSIET TIEHE AOJITOE
BPEMS NOAJIEPKUBATHCA B CTAOMIBHOM COCTOHUH
B IIPU3a00MHOM 30HE, YTO J1A€T BO3MOKHOCTh
3P PEKTUBHO O6JOKUPOBATH KAK IIOPOBOE IIPOCTPAHCTBO,
TAK 1 CO3/IaHHBIE BBICOKOIIPOBOIUMBIE KAHAJIBL
DTO OOYCJIOBIMBAET BDEMEHHOE 3AKYIIOPUBAHUE
06pabOTAHHBIX 30H, CIIOCOOCTBYS JAJIbHENIEN OOPAOOTKE
paHee HE 3ATPOHYTHIX KUCJIOTHOM O6PabOTKOM y4aCTKOB.
BaKHBIM 37IEMEHTOM TEXHOJIOrUM FoamMAT" asiseTcsa
NOAO0P COOTHOIIEHU A JKUJKOCTH M 430T4 JJI ITOJTyYEHUA
ONTUMAJIBHOM KOHCHUCTECHIIUU IIEHBI B IPU3a00MHOM
30HE. [TogOOHBIN pACUYET JENIAETCS B CIIELMAJIBHOM MOJYJIE
IPOrpaMMHOIo KoMIuiekca StimCADE". TexHo1orus
FoamMAT" XapaKTepusyeTcs OTINYUTEIbHON
CIIOCOOHOCTBIO IO CEJIEKTHUBHOMY OJIOKMPOBAHUIO
BOJJOHACBHIEHHBIX MHTEPBAJIOB, YTO IIEPBOCTENEHHO
st yenosut OHI'KM. IpyruM BasKHBIM IIPEUMYIIECTBOM
IIEHHOTI'O OTKJIOHUTENA FoamMAT” saBysieTcst 6bICTPOE U
3P PEKTUBHOE YAAJICHUE €I'0 U3 IUIACTA, YTO OCOOEHHO
BA’KHO B CKBXKMHAX C HU3KHUM IIJIACTOBBIM JIABJICHHUEM.

BTOpBIM BaXKHBIM OTJIMYHEM ObLJIO IIPUMEHEHHE
TEXHUK «[JTMHAMIYECKOTI'O OTKJIOHEHUS U PA3/Ie/IbHON
34KaYKU», KOI7TIA KUCJIOTA 3aKAYUBACTCS YEPE3 MAJIOE
KosblLieBoe pocTpaHcTBO Mex 1y HKT u I'HKT, a
TIEHHBIN OTKJIOHUTEJIb B 3TO XKE CAMOE BPEMS ITIOCTOSHHO
3akauyusaeTcsa yepe3 'HKT, Hu3 KOMIIOHOBKH KOTOPOI'O
HaXOAWUTCSA HAIIPOTUB MOITIOMIAIONIEr0O NHTEPBAIA. TaKUM
06paszoM, pacnionaras THKT HanpoTHUB BTOPOTO OObEKTA
Y TTIOCTOSTHHO HACHIIAs €r0 OTKJIOHUTEaeM FoamMAT?,
MBI MOXXEM CEJIEKTUBHO OOPA6ATHIBATH ITEPBBII OO'EKT
KHUCJIOTOM.
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a

Pucynox 2 — Hamenenue 6A3K0CMuU KUCIOMHOTL
cucmemst VDA* npu 3axaure 6 ckeancuny (a) u 6
naacme npu peazupPo8anun KUCai0maoi ¢ OPoooti (b)

Figure 2 — Changing VDA* viscosity initially (a) and
inside reservoir during acid spending (b)

important advantage of FoamMAT" application is fast
and effective well cleanup just after the treatment
especially for such depleted reservoir.

The next important thing is an application of “Dual
string pumping” technique when acid is pumping
to CT-tubing annulus (with higher pumping rate)
and foam — via CT across thief zone (object II)
simultaneously saturating this thief zone by foam
which is providing effective dynamic diversion during
treatment allowing perform stimulation of object L.

And the last but not the least is main treating
fluid was changed from SXE* to 15%HCL. It became
possible due to ability to pump acid with higher
pumping rate to CT-tubing annulus. Besides, less
treating interval is promoted for creating high
conductivity channels in near wellbore area, that
was confirmed by treatment modeling results in
StimCADE" software: quantity change from SXE* to
15% HCL on the wells X39 and X47 was not affect
to creating of high conductivity channels during
the treatment. Summarizing all mentioned above,
integrated approach for matrix acidizing treatments
applied for wells X39 and X47 was composed of next
stages: OIISEEKER" was pumped at the beginning,
after that object II was treated by alternation of
15% HCL and FoamMAT" diversion system pumped
via Coiled tubing, finally “dual string” pumping
technique was applied by simultaneously pumping
foam via Coiled tubing across object II and 15%HCL
to CT-tubing annulus to be able to stimulate object L.
Treating plot for well X47 is presented on Figure 3.

Application of all solutions and technologies
mentioned above allowed to resolve all assigned
tasks related to matrix acidizing on ONGKM
field. All treatments were performed in the end of
2011 showed 100% success, average production
incremental for gas is 61%. It should be noted that
production incremental for wells X39 and X47
higher in comparison with production incremental
of horizontal well X55 (Figure 4). One of reasons is
application of less viscous fluid systems for wells
X 39 and X47 which was positively affected to post-
treatment N2 kick-off in conditions of abnormally



TpeTbUM OTIIMYHUEM CTAJId 3aMEHA OCHOBHOM
JKHUJIKOCTH 06paboTku Ha 15% HCl BMmecTO SXE.
DTO CTAIO BO3MOKHBIM O1arOfiapsi TOMY, UTO
CKOPOCTD 3aKAaYKHU YEPES KOJIBLIEBOE TPOCTPAHCTBO
I'HKT — HKT 3Ha4UTEIBHO BHIIIIE, YEM UCPE3
I'HKT. Kpome 3TOro, 3Ha4HUTEIBbHO MEHBIINHI
06padaTBIBAEMBII THTEPBAJ CLIOCOOCTBYET
06PA30BAHUIO BBICOKOITPOBOJANMBIX KAHAJIOB
B IPU3A60MHOI 30HE IIJIACTA, YTO OBLIO
HOATBEPAKIEHO MOJIEIMPOBAHHEM KUCJIOTHOM
06pabOTKU B IPOTPAMMHOM KoMILIeKce StimCADE™
3ameHa SXE Ha 15% HCl Ha ckBaxknHax X39 u
X47 He CKa3bIBAETCSI HA CIIOCOOHOCTH CO3/IABATh
BBICOKOIIPOBOJJMIMBIE KAHAJIBI B XO/I€ OOPAOOTKU.

O6061m124 BBIIIECKA3aHHOE, KOMIIEKCHAS
KUCJIOTHAsI OOpabOTKA HA CKBAXKUHAX X39 1
X47 cocTosiyia U3 CJIEAYIONUX CTAIUMI: CHAYAIa
3akaumnBajiack nopuus OilSEEKER’, 3atem
IPOU3BO/INIIACE OOPAOOTKA BTOPOT'O OOBEKTA
uepeioBanyeM craaui 15% HCl 1 OTKIOHUTEN ST
FoamMAT" uepe3 THKT, nocne atoro F'HKT
pacronarajcs HaIpOTHUB BTOPOT'O OOBEKTA U
4Jepes HET'O MOCTOAHHO 3aKA9HBAJICS IEHHBIN
OTKJIOHUTEJIb, B 3TO JKE€ BPEMS YEPE3 KOJIBbLIEBOE
npoctpancTso 'HKT — HKT nponssoaunach
3aKauka 15% HCl gyt 06paboTKH NEPBOro OObEKTA.
I'paduK 3aKaYKU HA CKBAKMHE X47 IPUBE/ICH HA
PHUCYHEKE 3.

IIprMeHeHye ONMCAHHBIX BBILIE PEIICHUM 1
TEXHOJIOTUI TO3BOJIUJIO 3(P(PEKTUBHO PENTUTD
33/1a4H [0 IIPOBEJEHUIO KMCJIOTHBIX O6Pab0TOK
Ha OHI'KM. IIposenieHHBbIe B KOHIIE 2010 rozga
06paboTKN nokazann 100%-10 yCIENTHOCTD,
CpEeHUT TPUPOCT JCOUTA TIO T3y COCTABIII 61%.
ITpn 3TOM IPUPOCT AEOUTA TTO CKBAKUHAM X39
1 X47 BbllIIE, YEM 10 TOPU3OHTAILHON CKBAKIHE
X55 (pucyHOK 4). ITpeArioaraeTcs, 4To OHOMU
W3 IPUYYH SIBJISIETCS IPHMCHEHUE HA 3THUX
CKBA’KMHAX MEHEE BS3KNX CUCTEM B KAYCCTBE
PA0OYMX )KHUJIKOCTEHN U OTKJIOHUTEJIEH, UTO
ITOJIO’KUTEIBHO CKA32JI0Ch HA KAYECTBE OCBOCHUS
CKBa>KHHBI [10CJIE KUCJIOTHOM OOPabOTKHU B
YCJIOBUSIX aHOMAJIBHO HU3KOT'O IIJIACTOBOI'O
J1aBJieHUsL. JJOCTUTHY TBIE PE3YIBTATHI 10
JIeOMTY ra3a 3HAYMTEJIHO IIPEBBIIIAIOT TOKA3aATEIH,
TIOJTy4Ya€eMBbI€E IIPU IIPOBEACHUUN OOPA0OTOK
TPAAULIMOHHBIMH METOAAMH, U 3(PPEKT OT 0OPAbOTOK
MIPOJIOKACTCS IO CEIO/IHATHUN JIEHb.

[THUIOTHBIE PAGOTHI, TPOBEJCHHBIEC HA CKBAXKHHAX X55,

X39 u X47, nokazann a(pPEKTUBHOCTD ITPEAJIOKEHHOTO
KOMIUIEKCHOTI'O TIO/IXO/1a K [IPOBEJIEHUIO KUCJIOTHBIX
06paboTok Ha OHTKM.

B pesynbrare NpeIoKEHHbBIE TEXHOIOTMU ObLITH
BBICOKO OII€HEHBI pYKOBO/ICTBOM KOMITAHUU

OOO draznpom Jobsrdya OpeHbypr», IIaHUPYETCS
JIaJIbHEHIIIEE COTPYAHUYECTBO C KOMIIAaHHEH
JIlmoMb6ep:xe» B 06J1ACTH NTHTEHCU(DUKAITUU IOOBIYN.
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B

i

I (VA
——— ..II_L'ﬂ

ra Ly 413
Y TR T TSR

— e e
- . ﬂ-u-- T

Jlaenerue (ammy) / Pressure (atm)

|
IR =l
-

Bpefvtﬂ mun) / sze (mzn) >

[asnenue naycmeoe (0ap) / Wellbead Pressure (bar)
= Pacxo0 wcuorxocmu 6 THKT (W mur) / Coil Tubing Pump Rate
(m/min)
— Pacxo0 wcuorxocmu 6 HKT (w?/mur) / Tubing Rate (m’/min)
— Jaenenue e unuu (oap) / Pressure in Line (bar)
Pacxo0 azoma (cgp*/1000) /N2 Rate, (s¢f/1000)

Pucynox 3 - I'pagpux 3axaurxu no ckeancune X47
Figure 3 - Treatment plot for well X47
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Fifure 4 — All treatments results

low reservoir pressure. Achieved gas production

incremental results considerably exceed results of

conventional treatments and treatments effect is
holding up to date.
This pilot project performed on the wells X55,

X39, X47 proved the efficiency of new integrated

stimulation approach applied on ONGKM field.

As a result, all proposed technologies were highly

estimated by management of “Gazprom dobycha
Orenburg”, so further collaboration is planning

Production enbancement

with Schlumberger company in terms of production

(©) stimulation. ©
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