Application of water based mud systems with
oleophilic filter cake
to improve well production
and reduce water cut
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PacTBOpPEI ITepBUYHOIO BCKPBITIS —
pa3paloTKa J1I IpaKTU4ecKoe
JICITOAb30BaHNe

PacTBOpBI Ha BOAHON AU
yIA€BOAOPOAHON OCHOBE?

Cy1ectsyroniye npo0aeMbl
3dKaHYMBaHI 1 AeOnTa

HoBr1i1 104X04 K IPOEKTUPOBAHUIO
p1ABTPALIIOHHOV KOPKI

Byp013b1e é)aCTBOpI)I Ha BOAHO OCHOBE C
TAPOPOOHOI PUABTPALIVIOHHON KOPKOIL

PesyabTaThl 22800paTOPHBIX
11CCAeAOBaHUI

Or1piT IIPpUMEHeHVLs]

BriBOABI
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Key elements to RDF design
OcHoBHbIe 3/51eMeHTbl npoekTupoBaHusa PIB

Well construction has an
ultimate goal of effective
extraction valuable natural
resources — oil & gas

In most cases we can’t kill two
birds with one shot — change in
well design is required along
with specialized reservoir drill-

in fluid (RDF)
Primary objectives:

keep near weelbore zone
undamaged

ensure compatibility with
formation

put well into production
earlier

ensure environmental safety
Secondary objectives:

drillability (wellbore stability,
hole cleaning, etc)

stability, reliability, simplicity
cost

KoneuHas 11e4b 9KCI11yaTaliOHHOIO
OypeHms1 — 400bI4a [TOZAE3HBIX
1ICKOITaeMBbIX (HeTh, ra3)

B DoapIMHCTBe cAydaeB BCKPBITIIE
KO/A/A€eKTopa — OTA€AbHAasl
TeXHOAOI4ecKas 3adada, TpeOyomas
M3MEeHeHVsI KOHCTPYKIMI CKBa>KVIHBI
Y1 VICIIOAb30BaHI
CIel1aAM3VpOBaHHBIX PaCTBOPOB

OcHoBHBIE 3a4a4:

samnuta 11311 ot 3arpsasneHms

COBMECTMMOCTD C ITA4aCTOM I
IT121aCTOBBIMM JKNMAKOCTSIMMU

CHII>KEHMEe CPOKOB I 3aTpaT Ha
OCBO€HII€e U MHTeHCUPYKaLINIO

HKOAO0TIMUYeCKasa 1 HpOMBILHAeHHa}I
0e30I1acHOCTD
«Bropnunslie» 3agaun:

YCTOIZ‘II/IBOCTB CTBO/a, BBIHOC IIIdaMa
T.II.

TEXHOAOIMMYHOCTD, ITPOCTOTa
IIPpVMEHEHI

CTOVMIMOCTD

MiSWACO.



Key prerequisites
OcHoBHble TpeboBaHusa ans PriB

Thin section XRD

Porosit Fluid compatibility
MopucTocTb BoccT. npoHuLaem. COBMECTUMOCTb
Mi S\NA/C‘J‘___Q/



Execution
NMpakTUuyeckoe UcnoJsib3oBaHue

Correct bridging I'pamoTHasA KOABMaTaL L
Fluid maintenance Iloaaep>kaHue IPOEKTHLIX CBOVICTB
rheology and fluid loss peoaorus u BoOAOOTAa4a
MBT and solids MBT u cogep>kaHne BEIOYpeHHOTO
contamination I11amMa
Right equipment CrieninaansmupoBaHHOEe 00OpyAOBaHIe
calcimeter KaAbLIIMETP
HTHP fluid loss on aloxite nsmepenne BTB/ Bogoorsaun Ha
disks KepaMI4eCcKIX AVICKaX
low shear rate rheology BSI3KOCTD TP HUBKIX CKOPOCTSIX
Hydraulics and hole cABIira
cleaning I'mapaBanKa 1 o4nCTKa CTBOAA
Solids control O0opya0BaHVe O4MCTKY pacTBopa

Good on-site engineering is ® [ PaMOTHBIN MHXUHUPUHT Ha
paramount!!! oyposoii!!!
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Water-based or oil-based?
PIMNB Ha BOAHOW WM YriesoAopoaAHOU OCHOBeE?

Qil-based fluids are often PYO 3auacTyio cuMTaroTCs «Ay4dInMIU»
thought as “best for the AASI BCKPBITUS KOAAEKTOPa, HO TaK AN
reservoir”, but: DTO?

compatibility with the reservoir COBMECTMMOCTD C KOAA1€KTOPOM

aggressive emulsifier package [TaKkeT ®MyAbraropos i1 1IAB

water wet reservoir respond BCKPEITIE I1APO(IABHEIX

quite bad KOA/A€KTOPOB
solids TBepaas Ppasa
organo clay, barite, fluid loss OpraHOTAMHBL, OapUT, BelllecTBa,
control additives IOHIDKAIOIINE PUABTPALINIO
cost (direct and indirect) CTOMMOCTH (3a M3 1 KOCBEHHBIE

: 3aTpaThl)
environmental acceptance

YKOA0IM4IecKasr 1 IIpOMBIIIA€HHAasI

0e301acHOCTb
Advantages: IIpeumymecrsa PYO:
low filter cake lift-off pressure HII3KO€ JaBJeHVie OTPBIBA KOPKI
low friction HU3KII KODPPULIMEHT TpeHN
temperature stability TepMOCTaOMABHOCTD
easy to re-cycle and re-use IIPOCTOTa HOBTOPHOIO MCIIOAb30BAHIAS

MiSWACO.



Existing issues with completion
CyuwecrByrowue npobsembl Cc 3aKkaHYMBaHUEM

Return permeability, %
BoccT. npoHuuaemoctu, %

Filter cake lift-off pressure, bar
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Return permeability — active solids

Return permeability — inert solids
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New approach to filter cake design
HoBbiM noaxoa K puibTPaLMOHHON KOpKe

" Annulus with mud (RDF)
CkBaxuHa, 3anonHeHHas Pl1B

Jﬂ Hydrocarbons (breaking through)
HedTb (MpopbIB Yepes KOpKy)

Oil channels in filter cake
OneodunbHbIE KaHarbl B KOPKe

. Initial filter cake
PUNLTPaLMOHHAs Kopka

.| Oleophilic solids
OneodunbHas TBepaasa gasa

ﬂ Oleophilic starch associates / links
OneodunbHbIN Kpaxman / MOCTUKK

E Oleophilic starch
OneodunbHbIN Kpaxmarn

~ Near wellbore zone / filtrate invasion
M3I1, 30Ha BTOp>XEeHUSA dunbrpaTa

. Far wellbore zone / oil wet / hydrocarbons
YnaneHHas 30Ha nnacrta / He(pTb

MiSWACQ...-



Fluid formulation

“Classic” WB RDF New RDF

Water Water

KCL 30 kg/m3 | KCL 30 kg/m?

Xanthan gum 3-5 | kg/m?® | Xanthan gum 1.5-2.5 | kg/m3

Modified starch 8-12 kg/m?® | Oleophilic starch 20-28 kg/m?
Oleophilic CaCO, 15-25 kg/m?

Magnesium oxide 3 kg/m3 | Magnesium oxide 3 kg/m3

Calcium carbonate 80-100 | kg/m3 | Calcium carbonate 60 kg/m3

Shale inhibitor 10-20 I/m3 | Shale inhibitor 10-20 l/m3

Biocide 0.1 l/m3 | Biocide 0.1 I/m3




PeuenTtypa

“Kaaccmueckumn” PIIB Hosbin Tui PIIB

Boaa Boaa

KCL 30 kr/m® | KCL 30 Kr/m3

buornoanmep 3-5 kr/m® | buornoanmep 1.5-2.5 Kr/m3

Kpaxmaa 8-12 kr/M® | Oaeod. kpaxmaa 20-28 Kr/m3
Ozaeod. CaCO, 15-25 Kr/m3

Okcna Marams 3 kr/m® | Okcna Mmardumst 3 Kr/m3

CaCO3 80-100 | xr/m3® | CaCO3 60 KI/m3

Varndurop 10-20 a/m® | Vlaruburop 10-20 a/m3

Bakrepurnug 0.1 a/m® | bakrepuriua 0.1 a/m3

Mi SWACQ




The result
Pe3ynbTaT

Oil and Water filtration through Flo -Thru filtercake
) dunbTpauma Boabl U HepTH Yepe3 PUNbTPALIMOHHYIO KOPKY
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The result
Pe3ynbTaT
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3% KCL brine and oil filtration through Flo -Pro and Flo -Thru filtercake
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The result (HTHP, aloxite disk, 35 minutes)

Pesynbtat (HTHP, kepaM. AuckK, 35 MUHYT)
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The result (actual core, return permeability)

Pe3ynbtaTt (PaKT. KEpH, BOCCT. NPOHMLL.)
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HavyankHaA Y Obbem % BocTaHOENEHHAA HNaeneHue
NEOHWLARMOCTE fHNBTRALMM NEOHWLAEMOCTE npopeiea, PSI
BFLOPREOMNT 493 A4 7 G2 2 452
mFLOTHRL 523 255 954 7465

ODFLOFPROMNT BmFLOTHREL
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Pe3synbTaTt (pakT.

KepH, BOCCT. MPOHMUL.)
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Field experience
NMonesou onbIT

Worldwide — over 250 wells

US, Canada, Argentina, Africa, Australia, Austria, Romania

Russia — over 80 wells YTD

All key customers
Lukoil, Surgutneftegas, TNK-BP, Rosneft, Gaspromneft, Hoptras
Over 20 different fields

Samotlor, Vostochno- & Zapadno-Surgutskoye, Sporyshevskoye,
Sutorminskoye, Komsomolskoye, Yaunlorskoye, Tarasovskoye, Severo-
Pokachevskoye, Krainee, Severo-Urengoyskoye, Vankor, etc.

boaee 250 ckBa>kmH BO BCeM MUIpe

CIITA, Kanaga, AprentuHa, Appuka, Ascrpaans, ABCTpus,
PymbIiapL

Poccns — 0oaee 80 ckBakyH
Bce xpymnHble 3aKka34yukmu
Ayxona, CprytHedreras, THK-BP, Pocuedts, I'asmpomuedts, Hoprras
boaee 20 pa3HbIX MECTOPO>KACHUI

Camotaop, Bocrouno- n 3anagno-Cypryrckoe, CIIOpEBIIIeBCKOe,
Cyropmunckoe, Komcomoanckoe, JIynaopckoe, Tapacosckoe, Cepepo-
okaueBckoe, Kpaiinee, CeBepo—ﬂ’perHOMCKoe, Bankop u ap.

MiSWACO.



Field experience (W. Siberia 1)
NMonesou onbiT (3an. Cnbupsb 1)

TI;}I?U FLO-THRU | FLO-THRU | FLO-PRO FLO-PRO FLO-PRO
Horizontal
drain, m
I 513 422+415 448 555 562 520
OpM3. Y4acCTOK,
M
Effective length,
m
bd. Hedre. 345 593 348 507 302 375
MOIITHOCTD, M.
Production
index
O 2.1 2 1.8 2.18 1.87 1.49
THOCUTEAbHAs
IIPOAYKTUB.
Production,
m3/day 340 320 260 138 350 138
Aeburt, m3/cyT

MiSWACO.




Field experience (W. Siberia 2, initial)
Monesou onbIT (3an. CM6upsb 2, Hauy.)

Production data/ HavanbHbIn oebut

O Offset wells / Coceanune ckBaxuHbl @ Wells with new RDF/ CkBaxunHbl ¢ HoBbiM PI1B

50
44.5 420 42 7
40
31.7

S0 245
20
10 6-6

; , , -

Total well production  Crude oil production Water cut
Oowmn gedut [1ebuTt no HepTH O6BOOHEHHOCTb

MiSWACO.




Field experience (W. Siberia 2, sustained)
Monesou onbiT (3an. Cuébmpb 2, Tek.)

Sustained well production
Tekywun neour

O Offset wells / CoceaHue ckBaxkmnbl B New RDF / CkBaxkunHbl ¢ HoBbIM PI1B

60

510 53.6
50
39.8
40
30
21.6
20 5 ——
0 ' .
Total well production Crude oil production Water cut
Oowmnn nedbut [ebuTt no HepTK O6BOOHEHHOCTb
Mi SWA
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Field experience (W. Siberia 2)
Monesou onbIT (3an. Cnébups 2)

250

200

150

100

50

O Offset wells/ Coceanune ckBaxuHbl BNew RDF/ CkBaxuHbl ¢ HoBbiM Pl1B

230.7
118.1
41 .0
191 245
5.5
Time to production (days) Flow index (I/m) Gamma
Bpemsi ocBoeHus1, oHu [MpuBeaeHHbIN OebUT [amma




Conclusions
BbiBOADbI

New water based RDF with
oleophilic filter cake provides a
number of advantages over
classic WN fluids with water-
wet filter cake:

lower formation damage

lower filter cake lift-off
pressure

lower water cut

higher hydrocarbon
production rates

faster cycle to production
lower friction
better drill solids tolerance

New water based RDF with
oleophilic filter cake works best
for long horizontal wells in
depleted reservoirs with complex
completion assemblies

Hosbli1 TIIA pacTBOpa C 01€0(]pNALHOM
(prabTpalIIOHHOV KOPKOI 001asaeT
PsIA0M IPEUMYILECTB, II0 CPaBHEHUIO C
«TPagVIIVIOHHBIMI» TE€XHOAOIVSIMIA:

002ee BBICOKII KOBPP.
BOCCTaHOB/AEHVIS ITPOHNIIaeMOCTI

00./ee HI3KOe gaB/AeHle OTPbIBa
(PpUABTPaALIIOHHOV KOPKI

CHII>KeHIe OOBOAHEeHHOCTI
IPOAYKIIN
yBeAndeHue A4e0UTOB 110 He(pTu

OBICTPBINT BBOJ, CKBasKIIH B
DKCIIAyaTaLIO

HU3KUI KOD(PPUIIMEHT TPeHs

0o.ee BbICOKAasl yCTOMYMBOCTD K
3arpsI3HeHMIO i1aMOM

MaxcumaabHbIe Pe3yAbTaThl
AOCTUTAIOTCS Ha TIPOTSI>KEHHBIX
TOPM3OHTAABHBIX CKBa>K/HaX B
ycaosuax AHITA nipu ncrmoaszoBanum
«CAO>KHBIX» KOMIIOHOBOK
3aKaH4YVBaHI

MiSWACO



Comments?
KommeHTapumn?

Questions?
Bonpochbi?
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