ObPABOTKA bYPOBOI0 PACTBOPA NPU BYPEHUU
CKBAXKUH C TOPU30OHTAJIbHbIM OKOHYAHUEM

DRILLING MUD CONDITIONING FOR HORIZONTAL WELLS
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B npouecce 6ypeHnA ONbITHO-TEXHONOrMYECKON CKBa>KNHbI
1557/22 CyrmyTCKOro MeCTopoXXAEeHNA B FOPU30HTAIbHOM y4acTKe
CKBaXXUHbI 6bI/T NPUMEHEH B Ka4eCTBE OCHOBbI MONIMMEPTTIMHUCTbI
HapabaTtbiBaeMbli 6ypoBOW pacTBOP, KOTOPLIV NPUMEHANCA B
06bIYHbIX HAKNOHHBIX CKBaXnHax (HoAbpbCckoro pernowxa).

XumobpaboTka pacTBopa BKYana marepuarnbsl U peareHThbl:
6eHTonopowok NMNBEMA, CMC, CannaH, MNMonnkem-4, JIYB-167.
Moaudumkauma pacTeopa 3aknyanacb B AOMNONHUTENbHON
06paboTKe pacTBOpa nonumMepammn n cmas3oyHbiMu gobaskamm
(NYB-167 n rpaduT), a Takxe komnnekcHoim MAB — CHIMX-
MKAO-515. MocnegHuii npuaaean pacTBopy MHrMbupyowme
(rmppartaunio rmuH) 1 NOBEPXHOCTHO-aKTMBHbIE cBOWCTBA. AnA
NOBbIWEHNA NNOTHOCTU pacTBOpa UCMNONb30Bany KapboHaTHbIN
yTAXenutenbs. B 3anace nmenace npotusonpuxsatHaA gobaska
Mann-Nakc.

B ropusoHTanbHOM y4acTke npegycmatpuBanocb yCTaHOBMIEHNE
dunbTpa OCIr-146. MNMepen repmeTnsaumen npocTpaHcTBa

Bbile hunbTpa ¢ nomouybto nakepa MAM-146, NpoMbIBOYHBbIN
pacTBOp, Haxo4ALWENCA B rOPU30OHTANbHOM CTBOME, 3aMeLlaeTca
Ha cNaboOKOHUEHTPUPOBAHHYIO COMAHYI0 KUCNOTY ¢ A06aBKOW
katunonHoro MNMAB - 0,5-1,5% rugpocobusartopa VIBB-1.

PaspaboTka HepTAHbIX 3aneXxen HaKOHHO-HanpaBeHHbIMY
CKBaXXMHaMMn C ropM3oHTaNbHbIM Y4acTKOM CTBOMa B
NPOAYKTUBHOM Mnacte BeAeTCA [ABHO M ycnewHo. [pumeHeHne
rOPU3OHTalbHbIX CKBaXWH MO3BONAET YBENNYUTb 06beM
[06bI4M HePTN N3 3anexmn 3a cyeT: NOBbIWEHHbIX 4e6UTOB

Hed TN NO CPaBHEHMIO C O6bIYHBIMU HAKITOHHO-HaMNpPaBeHHbIMU
CKBa)XkMHaMu; yMeHbLUEeHNA BEpOATHOCTeN obpa3oBaHusA
KOHYCOB BOJbl U rasa; fo6bl4n HedTN M3 30H, HEAOCTYMHbIX

ANA TpaguumMoHHoro 6ypeHnsa (Moa HaceneHHbIMU NyHKTamu,
NPOMbILNEHHbIMU 06 beKTamu, yroabAMM B MPUPOAOOXPAHHbIX U
BOL0OXPaHHbIX 30Hax v Ap.); peHTabenbHOCTN fO6bIYN HEDTU U3
HU3KOMNPOAYKTUBHBIX 3anexen n ap.[1,2].

B HoAbpbCckoMm pernoHe, B 4HacTHOCTU Ha CyrmyTckom
MECTOPOXAEHUN FOPU3OHTASTbHBIE CKBaXKMHbI Ha4Yanun 6ypuTb 1
akcnyaTtupoBaTh ewe B 90-x rogax. YNomMAHyTOe MeCTopoXaeHne
HaxoAMTCA B 30HEe NMPUOPUTETHOrO NPUPOAONONbL30BaHNA. 3anexb
HeTM Ha OAHOM K3 ero y4acTkoB bbina BckpbiTa B nnacte bC 9-2,
KOTOPbIN NPeACcTaBNAET CO60M CIOXHOMOCTPOEHHbIA NeCYaHo-
TMIMHWUCTBIW KONNMEKTOP C XapaKTepHbIM AS1A MECTOPOXAEHUIA
3anagHon Cnbupu nepecnaviBaHneM ruapoduIibHbIX MecHYaHNKoB
n aprunnuTtoB. KpoBnA NpoAyKTUBHOrO nnacTa AMA LeHTpanbHOn
4acTu 3anexu HaxoanTcA Ha oTMeTKe 2708 — 2714 m. Bogabl
nnactoB BC 9-2 n AC 7 OTHOCATCA K X/TOpKanbLuMeBoMy TUMY, a nx
MUHepanusauma meHaeTcAa B npegenax 12,10 — 17,03 r/n. CpegHAna
nnacTosan Temneparypa Ha ypoBHe BOAOHE(TAHOIO KOHTaKTa
(BHK) nnacta BC 9-2 cocTtaBnaeT 88e C, nnacTtoBoe AaBneHune

- 28,1 MMNa.

Ha CyrmyTCKOM MeCTOpOXAEHMUM OTNIOXKEHUA CEHOMaHa

He NpoAyKTuBHbI. Micxoaa n3 onbita 6ypeHna HakoHHO-
HanpaBnEeHHbIX 3KCMyaTauMOHHbIX CKBaXXVH, B UHTEpBane 4o
2700 M BO3MOXHa NOTepPA YCTOMYMBOCTUN CTEHOK CKBaXXMHbI U
npuxsaTbl MHCTpyMeHTa. Mpn 6ypeHnn ckBaxnH Huxe bawmaka
KOHAYKTOpa 06bI4HO NPUMEHAIOTCA CONECTONKUE NoONMMep-
IMIMHUCTbIE PacTBOPbI.

KayecTBeHHan TpaHCNOPTUPOBKA LifaMa v xopoLian
yaepxusatowan cnocobHOCTb pacTBoOpa ABMNAOTCA BaXXHbIMU
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When drilling pilot-operational well 1557/22 in the Sugmutskoye
field, polymer-clay replenished mud was used as a basis in a
horizontal section of the well in the same way as conventional
directional wells in Noyabrsk region. Chemical treatment of the
mud included the following materials and chemicals:

* Bentonite powder PBMA
CcMC

Saipan

Polikem-D

LUB-167

The mud was modified via additional treatments with polymers and
lubricants (LUB-167 and graphite) and a comprehensive drilling
mud surfactant - SNPH-PKD-515. The latter contributed to inhibition
(hydration of clay) and surfactant properties. Carbonate heaver was
added to increase the mud weight, with Pipe-lax additive in reserve
in case of any sticking problems. Following that, a filter(perforated
sub) was installed, FSG-146, in a horizontal section. Before sealing
the space above the sub with a PDM-146 packer, the drilling

fluid, contained in the horizontal section, was displaced with low-
concentrated HCI with some cationic surfactant — 0,5-1,5% wetting
agent IVV-1.

Oil reservoirs have been developed successfully for quite a while
through directional drilling where the horizontal section of a wellbore
targets the pay zone. Horizontal wells allow increased oil recovery
from a formation due to the following factors:

Increased oil rates as compared to conventional directional wells.
Decreased probability of emerging water and gas cones.

Recovery of oil from zones which cannot be reached with
conventional drilling techniques (underneath communities, industrial
facilities, agricultural lands in conservation areas and water
conservation zones etc). Profitability of oil recovery from low-
payable reservoirs. Drilling and production of horizontal wells began
in the Noyabrsk region, particularly in Sugmutskoye field in the early
1990’s. This field is in an area of prioritized use of natural resources.
Oil deposits were tapped within the field in formation BS 9-2 which
represents a complex sand-shale reservoir with West Siberia’
generic interlaying of hygrophilous sandstones and mudstones. The
roof of the payable formation in the center of the deposit is between
2708 — 2714 m. Waters of BS 9-2 and AC 7 are of the calcium
chloride type, with the salinity ranging from 12,10 — 17,03 gr/I.

The average formation temperature at the water-oil contact of the
formation BS 9-2 is 88°C, with a formation pressure of 28.1MPa.

The Senoman deposits of the Sugmutskoye field are not productive.
From experience of drilling directional production wells, there is a
chance to impair well bore stability, which may result in pipe sticking
at intervals above 2700 m. Drilling the interval below the surface
casing shoe usually requires utilization of salt-resistant fluids of a
polymer-clay nature.

Efficient transportation of cuttings and good carrying capacity of
mud are critical factors when drilling wells with a horizontal bottom-
hole. Effective transportation of solid particles can be achieved

via imparting adequate energy. This provides a turbulent flow with
a high velocity. If there is a higher concentration of cuttings in the
mud due to a high drill rate, it may exceed the sand-lifting ability of
the mud. Therefore, mud velocity in the annulus is regarded as one
of the main parameters of bore cleaning. At a very high velocity of




hakTopamu Npu BypeHUn CKBa>KMH C ropu30OHTaNbHbIM OKOHYaHMEM
[3]. BdbhekTnBHO TpaHCNOPTUPOBATL TBEPALIE YAaCTULbI

MOXHO MyTeM NpUAAHNA COOTBETCTBYIOLWEN UM 3Heprun. 3T1o
obecneynBaeT TYpOYNeHTHbIA NOTOK BbICOKOW CKOPOCTbIO TEYEHUA.
MoBbIWeHHaA KOHLEHTpauumA Wwnama B pacTBoOpe, BO3HMKatoLanA
NP1 BbICOKON CKOPOCTUN MPOXOAKW AONOTa, MOXET NPeBbICUTb
NecKoHecylLLyto cnocobHocTb pacTeopa. [MoaToMy CKopocTb
TeyeHnA pacTeopa B 3aTpybHOM MPOCTPaHCTBE paccMmaTpvBaeTcA
KaK OAUH 13 rMaBHbIX NapaMeTpoB O4YUCTKK cTBona. [pn oyeHb
BbICOKON CKOPOCTMN TYpOYyNEeHTHOro NoToka 60MbWNHCTBO BCEX
TBEPAbIX YaCTUL MOTYT 6blTb BbIHECEHBLI MOTOKOM. [py HN3KOM
CKOPOCTM NOTOKA YacTuLbl MOTYT KOHLEHTPMPOBATLCA Ha HUXHEN
CTOPOHE CTEHKUN CKBaXXWHbI, U B UTOre popmmpyeTca wnamosan
noayLka.

CnoXxHo onpenennTb CKOPOCTb, HEO6X0AUMYIO ANA CO34aHUA
TypbyneHTHOro NOToKa B KONbLEBOM NpocTpaHcTBe. Kpome
TOro, TYypbyneHTHOCTb He crieayeT co3faBaTth NPU HANMYUK
3PO3UNOHHO-4YBCTBUTENbHbIX hopmaumin v Npu orpaHNYeHHon
MOLLHOCTMK Hacoca. BpauweHne 6ypunbHOro MHCTpPYMeHTa
WHULMNPYET CnupanbHbIA NOTOK, KOTOPbIA NomoraeT 6bICTpO
yoannuTb I/IMeIOLLl,I/II7ICF| wnam n npenoTepawiaeT noABIeHNUe HOBbIX
HannacToBaHui - AloHoob6pa3oBaHme.

Mpremnemon cTeneHn OYUCTKU CKBaXKMHbI (pPaCTBOPOM) MOXHO
OOCTUFHYTb U MPU YMEPEHHbIX CKOPOCTAX TEYEHUA, TO €CTb Npu
naMUHapHOM MOTOKe, KOraa peonornyeckne CBoncTea pacteopa
nofo6paHbl NpaBUbHO.

Peonornyeckue ceoricTBa pactesopa B TypOyneHTHOM NOoToke
HeNMMHEWHbI. |-|03TOMy MO>XXHO O4HOBPEMEHHO UMeTb HU3KUe
3HaYeHMA BASKOCTM pacTBopa 1 obecneunBaTtb AOCTATOYHYIO
BbIHOCHYIO CMOCOBHOCTb.

BbiCOKUE BbIHOCHbIE U TUKCOTPOMHbIE CBOWCTBA PacTBOPOB
Ccrnocob6CcTBYIOT NPeAOTBPALLEHNIO B HUX CEAMMEHTauun TBepaomn
¢asbl. B ToXXe BpeMA OHM A0MKHbI CNOCO6CTBOBAThL NOAAEPXKAHUIO
MWHMMAaIbHbIX TMApPaBNMYECKUX COMPOTUBNEHUIA B npolecce
6ypeHnA. OTO NOMOXMTENBLHO BMAET Ha nokasartenu paboTbl
[onoT.

KayecTBO O4YMCTKU Npu NamMmMHApPHOM pexume 6onee
YYBCTBUTENMBHO K BbICOKUM 3HAYE€HWAM BA3KOCTM NPU Manbix
BeNMYMHaXxX ctaTudeckoro HanpaxeHusa casura (CHC), koTopble
[OMXKHbI 6bITb MPONOPLUOHANbHBI AMHAMUYECKOMY HanpAXEHUIO
casura (OHC). CywecTByeT onpeaeneHHasa 3aBUCUMOCTb MeXAy
3TUMM BENIMYMHAMM U KAYECTBOM OYUCTKU. Vicxoaa us onbiTa
paboT, AnHaMU4eCKoe HanpAXeHue cABuUra fOMKHO H6bITb OKONO
30-40 plla, a nnactuyeckanA BA3KOCTb — 15-20 mlMaec npu
CpPaBHUTENbHO HEBOMbLUMX BEMIMYMHAX CTATUYECKOrO HaMnpAXeHWA
casura (CHC1 - go 10 aglMa n CHC10 - po 40 alla). YcnoBHyto
BA3KOCTb XenaTtesnbHO yaepXunsartb Ha yposHe 20-30 c.

PerynupoBaHune peonoru4eckux cBocTe 6ypoBbIX pacTBOPOB
MOXET OCYLeCTBAATLCA ABYMA NYTAMU: UBMEHEHNEM
KOHLEHTpauMmn KOIIOMAHOW MMUHUCTOW COCTaBNAOLWEN TBEPAON
chasbl pacTBOpa 1 BbICOKOMOSIEKYIAPHBIMU NOSIMMEPHbBIMU
CcoeaAuHEHUAMM.

YCTOMYMBOCTb CTEHOK CKBaXXWHbI obecneynBaeTca

noA60poM NNOTHOCTM pacTBopa, a TakXe UHIMbUpYLoLWnX
(rmapodobuampyownx) n unbTpauMoHHbIX CBONCTB. B
YacTHOCTW, NokasaTenb punbTpaumm NONUMEpP-rMUHUCTbIX
pacTBOPOB AOMXKEH 6biTb NpeaenbHO HU3KKUM, oKoslo 3-5 cm3/30
MUH no npubopy BM-6.

MHrmbunpytowmne cesonctea ounbTparta pactsopa 04HOBPEMEHHO
BNIMAIOT HA pa3Mep 1 CBOMCTBA YacTuy wnama. LlenecoobpasHo
OpraHn3oBaTb 4-X CTyneH4aTyto CUCTeMy O4MCTKN 6ypoBOro
pacTtBopa, a AnA NoBbIWEeHNA 3PPEKTUBHOCTM PaboTbl OHUCTHBIX
yCcTponcTB (B 6onbluen cTeneHn Bubpocuta, LeHTpudyru n

turbulent flow, most cuttings may be carried away with the flow. At
low velocity, of the stream cuttings may accumulate on the low side of
the wellbore wall resulting, eventually, in a cuttings pad on the bottom.

The task of defining what velocity is required to create a turbulent
flow in the annulus is difficult. Moreover, turbulent flow should not
be created when erosion-sensitive formations are the case, or if the
pump is at limited capacity. Rotation of the drilling tool initiates a
spiral flow, which in turn assists in cuttings removal and prevents the
formation of new layers and sand drifts.

Acceptable levels of well cleaning (with mud) can also be

achieved at moderate velocities. For example, at the laminar flow
when mud flow characteristics are accurately defined. Mud flow
characteristics (rheology) in a turbulent flow are not linear. Here,
there may be concurrently low viscosity and have appropriate
carrying capabilities. High carrying and the thixotropic properties

of fluids precludes from the inner sedimentation of solids. At the
same time such fluids should contribute to a minimal hydraulic
resistance during the course of drilling. This favorably influences the
performance of a drill bit.

Cleansing quality at the laminar flow is more sensitive to high
viscosity at low gel strength (GS), which should be proportional to
the yield point (YP). There is a certain dependency between these
values and the quality of cleaning. Experience shows that the YP
should be in the region of 30-40dPa, plastic viscosity should stay
within 15-20 MPa*s, with relatively low gel strength (gel strength (1)
not higher than 10dPa or gel strength (10) not higher than 40dPa).
Favorably, funnel viscosity should be kept within 20-30sec.
Adjustment of mud flow characteristics can be done by altering

the concentration of the colloidal clay components of mud solids
and high-molecular polymer compound. Stability of bore walls is
achieved through adequate mud weight as well as the selection of
inhibiting (water repellant) and filtering properties. In particular, fluid
loss of polymer-clay mud should be ultimately low, ca. 3-5 cm3/30
min using the BM-6 meter.

The inhibition properties of the filtrate influence the size and
properties of the cuttings particles. It is practically good precedure
to have a 4-stage mud cleaning programme; in order to enhance
performance of the cleaning equipment (mainly a shaker, centrifuge
and settling tank) one should use coagulants and flocculants.

The optimal content of solids within the drilling fluid fed into a well
bore is 20-22%, including a colloid clay component percentage of
1.6-1.8%. There should be virtually no sand (or it should not exceed
0.5%). Drilling horizontal sections requires the usage of lubricants
that minimize the friction factor between the filter cake and the drill
pipe. Drilling fluids successfully used in conventional directional
wells serve as a basis that certainly requires modification before
drilling a horizontal section.

Polymer-clay types of mud are widely spread in drilling operations
in the Noyabrsk region. The chemical composition of drilling mud is
mainly the following:

Powder-like low molecular polymers that are derivatives of cellulose
High-molecular polyacrylamides

Surfactants of comprehensive effect

Acid-soluble heavers (e.g. carbonaceous)

Therefore, the chemical treatment of drilling mud when drilling out
from surface casing to 2700 m is performed in accordance with
operations procedures applicable for directional drilling. Chemical
treatment has a number of features within the highly deviated drilling
sections below the intermediate casing shoe (when the building
angle is as high as 90%), as well as when drilling a horizontal well
in productive formation. In particular, it does the following:

¢ Prevents pipe sticking

e Enhance bore cleaning from cuttings
e Preserve quality of well bore
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0CajuTenbHON eMKOCTH) crieayeT NPUMEHATb KOarynaHTbl U
PNOKYNAHTHI.

OnTumansHoe coaepXxaHme TBepaon dasbl B 6ypoBOM pacTBoOpe,
nogaBaemMoM B CKBAXXWHyY, cocTaBnAaeT He 6onee 20-22%, B TOM
4yucne KoNM4YecTBO KOMMOMAHOW [MMHUCTOW cocTasnAwoLwen — 1,6-
1,8%, Necok B pacTBOpe OOMKEeH NPakTU4eCcKn OTCYyTCTBOBATb
(vnu, no kpawHen mepe, He npeBbiwatb 0,5%).

Mpu 6ypeHnn ropusoHTanbHOro y4acTka CKBa>KMHbl HE06X0ANMO
NPYMEHATb CMa304Hble f0HaBKU, CHUXKaKOWUNE A0 MUHUMYMa
KO3(hPUUNEHT TPEeHNA PUNbTPALMOHHOWN KOPKUN C BYpUITbHBIM
MHCTPYMEHTOM.

BypoBble pacTBOpbI, KOTOPbIE YCNELIHO BbINOMHANN CBOU
PYHKUUM Npu 6ypeHnn 06bI4HbIX HAKMOHHbBIX CKBaXXWH ABMAIOTCA
ocHoBoOW, 6e3ycnoBHO Tpebytolen moamcukaunm ana 6ypeHua
rOPU30HTaNbHOrO yyacTka.

Monumep-rMMHNCTLIA TMN pacTBopa Hanbonee LWMPOKo
pacnpocTpaHeH B nNpakTuke 6ypoBbix paboT B HoABpbCKOM
HebTerasoBom pernoHe. Xummyeckuit coctas 6ypoBoro

pacTBopa B OCHOBHOM NpeACTaBeH: NOPOLLIKOOBPasHbIMK
HU3KOMOMNEKYNAPHBLIMA MOMMMEPaMnN- NPON3BOAHBIMU

LieN1ono3sbl, BbICOKOMONEKYNAPHbIMU nonuakpunamuaamu (MAA),
NOBEPXHOCTHO-aKTUBHbIMK BelecTBamu (MAB) koMnnekcHoro
[encTBMA, cMasbiBalowmMm 4obaBkamm, U KUC0TOPacTBOPUMbIMU
yTAXEeNUTeNAMun (Hanpumep, kapboHaTHbIMMN).

Takum obpasom, xnummyeckan obpaboTka 6ypoBoro pacteopa

npv 6ypeHun ns-nof KoOHAyKTopa Ao rnybuHbl 2700 m BegeTcA

B COOTBETCTBUM C AEWCTBYIOWMM pernameHToM Ha 6ypeHve
HaKOHHO-HaMNpaBneHHbIX CKBaXWH. B nHTepeanax 6yperua
CWUMbHO UCKPUBEHHOrO y4acTka us-noj 6almMaka npomMmexKyTo4Hom
KOJOHHbI (Mpu Habope yrna ao 90%), a TakXe Npu Npoxoake
rOpM30HTasNIbHOro CTBOMA CKBaXWUHbI B MPOAYKTUBHOM racTe,
XrMuyeckana ob6paboTkKa NPOMbIBOYHOWN XUAKOCTN UMEET pAfL,
ocobeHHoCTel. B yacTHOCTKH, OHa NO3BONAET: NPeaoTBPaTUTL
nNpuXBaT UHCTPYMEHTA, NOBLICUTb APHEKTUBHOCTb O4YNCTKM CTBONA
OT Wama, COXpaHUTb KayeCTBO CTBONA CKBaXWUHbI, yNy4lWNTb
KayecTBO BCKPbITUA NPOAYKTUBHOIO ropu3oHTa 1 np.

[nA NpoBOAKMU ONbITHO-TEXHONOMMYECKON CKBaXKHbl 1557/22
CyrmyTckoro mectopoxaeHus (1997 r.) npegnaranace cnegytowas
TEXHOMOrMA NPUroTOBEHNA 1 06paboTku BypoBOro pacTteopa.

C NOMOLLBIO 3KEKTOPHOW YCTaHOBKMN rOTOBUTCA MMUHUCTAA
CYCNEeH3MA N3 MMMHOMNOPOLLKOB BbICOKOIO Ka4ecTBa Ni0THOCTbIO
1020-1030 Kr/m3. [MUHUCTLIV pacTBOp 0bpabaTbiBaeTCA peareHToMm
KMU-700 nnun CMC (CLLUA) n3 pacyeta 200-250 Kr cyxoro peareHTa
Ha 100 m3 6ypoBoro pacTeopa.

O6pabaTbiBaeTcA 6ypoBow pacTBop peareHToM KMLl kak B cyxom
BMAe, Tak M BOAHbIM pacTBopoM. B crniyyae HeobxoanmocTun
NOMOMIHEHUA 06beMa LUMPKYNNPYIOLEN XUAKOCTU NCNOMb3yeTCA
BOAHbIN pacTBop peareHToB KMLU u CannaHna (AnoHuA)

B COOTHOLWWEHUM 2:1. PacTBOpeHue nonMMepoB BeaeTcA B
rmuHomewarnke m3 pacyeta 2-3 kr KML u 1,0-1,5 kr Cannana

Ha 1 M3 Boabl. B panbHeniem B AaHHYO BOAHYO KOMMIO3ULMIO
nobaenaetcA peareHT Monukem [ (Kem-TpoH, CLLA) n3 pacyeta
0,5 kr Ha 1 M3 BOAbI.

PearenT KML-700 npegHasHa4vyeH AnA CHUXXEHWUA nokasaTensa
dunbTpaLnn 1 perynmposaHna peonornyecknx napameTpos
pacTBopa. AKpunoBbln nonumep CannaH Tak>xe noHuxaeT
nokasaTenb unbTpaumMm pacTeopa, U, Kpome Toro, obecnevmsaeT
YyCTOMYMBOCTb CTEHOK CTBOJa CKBaXWHbI 32 CHET CBOEro
kancynupytouwero (MHrmbupyouwero) gencTemA. BelcokoBA3KMMI
MAA - MNonukem [1 no3BonAeT ynpaBnATb PEONOrnMYeCKNuMun
cBOWCcTBaMu pacTeopa, NpoABNAA hNOKynMpyloLwmne un
MHTM6MpYyloWwmne CBONCTBA.
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¢ Improve tapping of payable horizon

For engineering support of the pilot operational well No. 1557/22
at the Sugmutskoye field (1997) the following procedures of drilling
mud preparation and conditioning were planned:

The ejector unit prepares the clay slurry by mixing high quality
clay powder, with a density of 1020-1030 kg/m3. The clay-based
mud is then mixed with chemicals KMTs-700 or CMC (USA) using
200-250 kg of dry chemical per 100 m3 of drilling fluid. The drilling
mud is treated with the chemical CMC, whether in a dry condition
or dissolved in water. If it is necessary to replenish the volume of
circulation liquid then a water based solution is used, consisting of
the chemical CMC and Saipan (Japan) in a ratio of 2:1. The mixture
is diluted in a clay mixer on the basis of 2-3 kg CMC, 1,0-1,5 kg
Saipan and 1 cubic m of water. Following that, a chemical called
Polikem D (Kem-tron, USA) is added to this water composition on
the basis of 0.5kg to 1 cubic meter of water.

KMTs-700 chemical is used for lowering fluid loss and adjusting the
flow rheology of the mud. Saipan, an Acryl polymer, also reduces
fluid loss value and, in addition to this, facilitates well bore stability
thanks to its encapsulating (inhibition) effect. The high viscosity of

- Polikem D allows a regulated flow rheology of the mud, showing
flocculating and inhibiting properties.

In order to achieve both inhibiting, hydrophobic and surfactant
properties, the chemical SNPH-PKD-515 was used, which is a
composition of non- ionogenic and cation-active surfactants.
Complex surfactant blends well with almost all chemicals currently
used in the region. The water solution SNPH-PKD -515 is then used
to condition drilling mud in a water-agent ratio of 3:1, and is thinly
jetted at the pump suction point. Mud conditioning should be started
from the interval below the surface casing.

Conditioning with LUB-167, a lubricant from Kem-Tron in the USA,
should also start when drilling out from the surface casing and to
ensure the concentration of thechemical is maintained in the mud.
Lubricant LUB-167 allows for the efficient reduction of torque, and
resistance to the motion of the drilling pipe (drag). Since LUB-167
is a chemical that blends well with almost every chemical used

in the region, it can be used in any water-based drilling mud. For
better lubricating mud, it is recommended to additionally use 2-3%
graphite for the volume of mud in circulation. Moreover, for well
engineering support it is important to have a 200kg reserve of Pipe-
lax, an anti-sticking additive made by Kem-tron. To achieve a higher
density of drilling mud to meet procedural parameters, a carbonate
heaver should be applied. In order to neutralize Ca2+ions when
adjusting pH, 1.5kgs of sodium carbonate per 1 cubic meter of mud
can be used.

As the length of the horizontal bore increases, and prior to drilling
completion, drilling mud is treated with combined water solution
KMTs-700 and Polikem D in a ration of 6:1. The water solution is
added evenly throughout circulation cycle.

The operational parameters of drilling mud at intervals between
2700 — 2900 and 2900 — 3100m vertically are presented in the
below table. The sequence of conditioning drilling mud at the above
intervals is as follows:

Between 2700 - 2800 meters: drilling mud is treated with the following:
up to 1 ton of KMTs-700 chemical

500 kg of Saipan

100 kg of Polikem D.

5-7 tonnes of preliminary hydrated bentonite powder, type PBMA,
then needs to be added for every 100 cubic meters of mud.

During mud circulation 2tonnes of LUB-167 lubricant need to be
added, 600 kg of SNPH-PKD-515 surfactant and 20 tonnes of
carbonic heaver.

Between 2900 - 3000 meters: At this depth, drilling mud will need
to be additionally treated with the following:
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[inA npuaaHuA pacTBopy OAHOBPEMEHHO UHIMOUPYIOLMX,
rmapotobm3npPYIOLLMX 1 NOBEPXHOCTHO-aKTUBHbLIX CBOMNCTB
npeasiaranock UCNonb30BaTh Takne peareHTbl KOMMNEKCHOIO
pencteuA, kak CHIMX-MKA-515. OH npeactaBnAeT coboun
KOMMO3WLMIO HEMOHOTEHHOTO U KaTUoHoaKTMBHOro MAB.
KomnnekcHbin MAB coyeTaeTcA NpakTUYeCKU CO BCEMU
npuMeHAeMbIMN B pernoHe peareHTamu.

[na o6paboTkn 6ypoBOro pacteopa MCMonb3yeTCA BOAHbIV
pacteop CHIMX-MNKA-515 B cooTHOWeEHMM BOAa — peareHT
paBHOM 3:1, 1 nogaeTcA TOHKOMW CTpyel noa NpuMeM Hacoca.
O6paboTky pacTBopa cneayeT Npon3BoAUTb, HAYNHAA C Bbixoda
bypeHuem us-nog KoHayktopa. O6paboTKy cMa3oyHon [o6aBKOM
NYB-167 (Kem-TpoH, CLA) cnepyeT Tak>e OCylWecTBNATb

npu Bbixoae 6ypeHnem us-nop KOHAYKTOpa v NOCTOAHHO
nooanepXxwuesaTtb HGOGXO,ﬂMMyIO KOHLUEeHTpauuio peareHTa B
pacTBope.

TNly6pukaHT N1YB-167 no3sonAaeT ahPEKTUBHO CHU3UTb
KPYTALWMA MOMEHT 1 CONPOTUBIIEHNE ABUXEHUIO 6YPUNBHOIO
MHCTpymeHTa. [NockonbKy peareHT JIYB-167 Takxe coBMecTum
NOo4YTN CO BCeMnN ncnonb3yembiMn B permoHe peareHTamu, 1o ero
MOXHO Mcronb3oBaTb B Nlo60M 6ypoBOM pacTBope Ha BOAHOM
OCHoBe.

[nAa yBennyeHna cmasbiBatoLen cnocobHOCTU pacTBopa creayet
[OMNOSTHUTENBbHO NPUMEHATL rpacmT na pacyeTa 2-3% Ha

06BbeM uMpKynupytowero pactesopa. Kpome Toro, AnA NpoBOAKU
CKBaXWHbl BaXKHO UMETb B 3anace npoTMBOMPUXBaTHYO A06aBKy
Mann-Nakc dompmbl Kem-TpoH B KonnyecTBe He MeHee 200 Kr.

[nA yBennyeHna nnoTHocTn 6ypoBOro pacteopa Ao
pernameHTMpyembIX napameTpoB HEOH6XOANMO MCNONb30BaTh
KapboHaTHbIN YyTAXENUTEenNb.

C uenblo HenTpanusaumm noHos Ca2+ npu perynupoBaHnm
YPOBHA pH MOXHO MCNonb3oBaTh KanbLUMHUPOBAHHYIO COAyY Mpu
pacxoge go 1,5 kr Ha 1 M3 pacTtBopa. 1o mepe yBennyexHma
ONVHBI TOPU3OHTANbHOMO CTBONA M Nepes, OKoHYaHnem bypeHuns
(npn nocnegHem gonbneHuun) 6ypoBon pacTBop obpabaTtbiBaeTcA
KOM61HUpoBaHHbLIM BoAHbIM pacTBopoM KML-700 u MNonukem O
B COOTHOLLEHUN 6:1. BogHbIN pacTBOp paBHOMEPHO BBOAUTCA NO
LUMKNY NPOMbIBKW CKBaXWHbI.

400 kg Saipan

400-800 kg of KMTs-700 chemical
up to 50 kg of Police D

up to 700 kg of LUB-167

and up to 600 kg of SNPH-PKD-515.

When drilling a horizontal bore, drilling mud must conditioned with:
2 tonnes of KMTs-700

Up to 700 kg of polymer Saipan

up to 100-150 kg of Polikem D in combination with up to 2 tonnes
LUB-167, Up to 1 tonne of graphite

up to 600 kg of SNPH-PKD-515

It is quite logical that during the construction of the first horizontal
wells at each field, as a rule, the number of unreliable sections not
covered with casing is reduced to minimum. Thus, for example,
before drilling the horizontal section of a well bore an intermediate
casing is run into the hole in order to cover the unreliable well bore
lengths. Accumulating experience in the construction of sloped
and horizontal wells and increasing the quality of drilling mud will
ultimately lead to drilling without intermediate casing, which allows
for significant savings in capital expenditure.

Indeed, construction of a well with a horizontal offset bears certain
risks associated with the potential loss of well bore stability from
the moment of drilling-in, untill casing running and cementing. The
probability of stability loss of rock is most likely at high inclination
angles. However, rock properties across the geological profile of
Sugmutskoye field at high inclination angles has not been studied
sufficiently enough. Therefore, at key well No. 1557/22, the plan was to
run in an intermediate casing at a maximum vertical depth of 2680m
in order to achieve a minimum or zero probability of stability loss in the
open hole interval when drilling horizontal section of a well bore.

Since running intermediate casing with a diameter of 245 mm results in
a considerable cost increase for horizontal well construction, new data
obtained during key-well drilling has enabled operators to optimize the
design of other horizontal wells at the Sugmutskoye field.

During the drilling of this well, a new completion program was in effect.
The program provided for setting a 146-mm non-cemented casing in

a horizontal section with pre-fabricated and installed perforated subs
(FSG-146). When running the casing, subs play a role of casing,
ensuring the hole circulation through a shoe; and later on, when the

TVD Mud parameters
0, AV, FL, K, [pH| GS | o, n, SP, S, | Ck, | Kie,
kg/m3 s |cm3/30| mm 110, | dPa | mPaes % % | % | degree
min ndPa
Drilling section of high deviation
2700- | 1150-| 25 5 05| 9- | 6/10 30 15 12 | po |18] 1-2
2800 1170 10 0,5
2800 - 1170 | 30 4 03| 9- | 3/5 40 20 12 | po |16]| 1-2
2900 10 0,5
2 Dirilling the horizontal section
2900- | 1170 | 35 3 02| 9- |24 | po |20 13 o 1,6 no 1
3000 10 50 0,5
3000- | 1170 |35-| 3 02| 9- |35 | pmo 20 13 | mo 1,6 no 1
3100 40 10 50 0,1
Legend: p — density, AV — apparent viscosity, FL — fluid loss, K — filter cake, pH — hydrogen ion
exponent, GS1/10 — gel strength in 1 and 10 minutes, T, — yield point,  — plastic viscosity,
SP - content of solids, S — sand content, Cx — content of colloidal phase, K;p — friction factor of
filter cake.
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TexHonornyeckne napameTpbl 6ypoOBOro pacteopa no nHTepsanam
6ypeHua 2700 — 2900 n 2900 — 3100 M nNo BepTUKanNu AaHbl B
Tabnuue. NocnenosarenbHOCTb 06paboTku BypoBOro pacteopa no
yKasaHHbIM nHTepBanam 6ypeHuns cnegytoLias.

B nHTepBane 6ypexua 2700 — 2800 m 6ypoBoW pacTsBop
obpabartbiBaeTcA peareHTamn KML-700 B konnyectse Ao 1

TH, CawvinaH — go 500 kr, MNMonukem [ — 100 kr. NMpeasapuTensHo
npornapaTUpoBaHHbIN 6EHTOHNTOBbIV MTMHOMOPOLIOK BBOAMTCA
B pacTBop U3 pacyeta 5 — 7 TH 6eHTOonopoLwka mapku NbMA
(Bonrapusa) Ha 100 M3 pacTBopa. B npouecce uupkynauum
pacTBopa Heo6xoaMMOo BBECTM 2 T cMa304Hou aobasku JIYB-167,
600 kr komnnekcHoro MNAB tuna CHIMX-MKA-515 n kap6oHaTHbIN
yTaXxenuTens B konudectsee 20 TH.

Mpwn 6ypeHun B unTepsane 2900 — 3000 m 6ypoBoun pacTBop
pononHuTenbHo obpabaTbiBaeTcA peareHTamu KMLU-700 B
konun4yectBe 400 — 800 kr, CannaH — no 400 «r, MNonukem [ — oo 50
Kr, IYB-167 — po 700 kr, CHIMX-MNKA-515 — go 600 kr. Mpu 6ypeHun
HenocpeacTBEHHO rOPU30OHTaNbHOrO CTBONA, BypoBOW pacTeBop
obpabartbiBaeTcA nonumepamn KML-700 B KonmyecTBe A0 2 T,
CavinaH — go 700 kr v MNonukem [ — 100 — 150 kr B codeTaHum ¢
nobaskamu J1YB-167 — go 2 TH, rpacputa — 1 TH, CHMX-MKO-515

— [0 600 Kr.

BrnonHe nornyHo, 4To NpM CTPOMTENLCTBE NEPBbIX FOPUIOHTANBHbLIX
CKB@XWH Ha Ka>A0M MECTOPOXAEHUN, KaK nNpasuno, 40 MUHUMyMa
COKpaLaloT HeHaAeXXHble Yy4acTKU, He NepekpbiTble 06caaHbIMU
Tpy6amu.

Tak, Hanpumep, nepen 6ypeHnem ropu3oHTanbHOro y4acTka
CTBONA CNyCKalT NPOMEXYTOUYHYIO KOMOHHY C LieNblo
NnepeKpbITUA MaNoOHaAEeXHbIX YHaCTKOB CTBOMA CKBaXWUHbI.

Mo Mepe HaKonjeHnA onbiTa CTpoUuTeNnbCcTBa NOMOrnx n
rOpM30HTaNbHbIX CKBa>XWH 1 NOBbIWEHWNA KavyecTBa BypoBbIX
pacTBOpPOB MOXHO 6yaeT 060nTUCh 6€3 crnycka NPOMeXyTO4YHOMN
KOJTOHHbI, 4TO NO3BONIUT CYyWEeCTBEHHO CIKOHOMUTb KannuTtanbHble
3aTtparbl.

[encTBMTENbHO, CTPOUTENBCTBO CKBAXWH C FOPU3OHTASIbHbLIM
OKOHYaHWEM COMpPOBOXAAETCA ONpeAeneHHbIM PUCKOM, CBA3aHHbIM
€ BO3MOXHbIMW NOTEPAMU YCTONYMBOCTU CTBOMA B MEPUOL, C
MOMEHTa BCKPbITUA BypeHneM Ao KpenneHmA o6caaHoN KOMOHHOM.
BepoATHOCTb NOTEpM YCTOMYMBOCTHM FrOpPHBIX Nopog Haubonee
BbICOKa NPy H60NbLUMX 3€HUTHBIX Yrnax UCKPUBIEHWA.

Ho xapakTep npoABNeHNA CBONCTB FOPHbIX NOPOA reonIormM4eckoro
pa3pe3a CyrMyTCKOro MeECTOPOXAEHMA NPU BONbLIMX 3EHUTHbIX
yrnax UCKpPMBIEHNA CKBaXXWH NPaKTUYeCKM He n3y4eH. Moatomy
Ha ONOPHO-TEXHONOrMYecKon ckBaxuHe 1557/22 nnaHnposanocb
CMYCTUTb MPOMEXYTOYHYIO KOSTOHHY Ha MakCuMasbHYo

rny6vHy (2680 M no BepTMKanu) AnA Toro, 4Tobbl Nnpu 6ypeHun
rOPM3OHTaNbHOMO y4acTKa CTBOMa BCe e BEPOATHOCTb NoTepmn
YCTOMYMBOCTU HEMEPEKPbLITOrO KOMOHHON TPy nHTepBana 6bina
MWHMMAaIbHOW MM BOBCE OTCYyTCTBOBana.

[MockonbKy Cnyck NPOMeXyTOYHON KOMNOHHbI AnaMeTpom

0,245 M NpUBOANT K 3HAYNTENBHOMY YAOPOXKAHUIO CTOMMOCTU
cTpouTenbCcTBa ropmsoHTaanon CKBa>XWHbI, Nony4eHHaA

npu 6ypeHnn onopHO-TEXHONOMMYECKON CKBaXXWNHbI HOBaA
nHopMaLmA NO3BONNIa ONTUMM3NPOBATL KOHCTPYKLMIO APYTrnX
FTOPU3OHTaNIbHbIX CKBAXWH Ha CeryTCKOM MeCTOpOXAeHUN.

Mpun 6ypeHun aaHHOWM CKBaXXUHbI NpegycMaTpuBanach HoBa
TexHonornA 3akaH4nMBaHuA, 3akKn4yarwanaca B obcaxmBaHun
ropn30oHTaNbHOro y4acTKa He LieMeHTupyemoin obcaaHowm
KONMOHHOW gnameTpom 0,146 m ¢ 3apaHee N3roToBNEHHbIMU U
ycTaHoBneHHbIMU punbtpamm (PCIr-146). B npouecce cnycka
KOJIOHHbI, (OUSIbTPbI BbINOMHAT hyHKUMIO o6caaHom Tpy6bl,
obecneynBan NPOMbIBKY CKBaXXUHbI Yepes balimak, a B npouecce
aKcnnyataunnm CKBa>kuHbl obecneuunBatoT rmapoanMHaMmmn4yeckyto
CBA3b MnacTa Co CKBa>XMHOMN.

well is producing, the subs provide hydrodynamic communications
between the productive formation and the well. Before sealing the
casing annulus above the horizontal section with packer FSG-146,
clay mud in the horizontal bore section is displaced with acid.

The composition of acid solution includes 4-6% of concentrated
HCI, with the addition of 0.5-1.5% of water-soluble surfactant
cathion (wetting agent IBB-1). Particles of carbonic heaver
dissolve under the influence of the acid solution, which in turn
restores reservoir permeability. At the same time, the cathion-
active additive inhibits the corrosion process on the casing during
acid solution injection, inhibits deacidification and hidrophobize
pore space at the bottom-hole formation zone, which facilitates
cleaning of the bottom-hole formation zone from “impurities”
during well flow stimulation.

Because a horizontal well bore section has a non-cemented
perforated sub, the quality of tailing-in is, in fact, entirely
dependent upon the quality of drilling mud.

In conclusion, when drilling wells with a horizontal offset,
special care should be taken when selecting the type of
circulation fluid and its composition, as well as when setting an
ongoing monitoring process over the parameters of enriched
drilling mud. It should also be possible to easily adjust its
properties should the need arise.

Mepen repmeTr3aumen 3aKoNIOHHOIO NPOCTPAHCTBA Bbille
ropn3oHTaNIbHOro y4yacTka ¢ noMmoLbio nakepa MNMAaM-146,
TMUHUCTBIA PacTBOP, HAXOAALMINCA B FOPU3OHTANbHOM CTBONE,
3amMellaeTCA Ha KUCNOTHbIN pacTBop.

B cocTaB KMCNOTHOrO pacTeBopa BXoauT: 4-6%-aA conAHasa
KucnoTa ¢ gob6aBkon BOAOPaCTBOPUMOro KaTuoHHoro MNAB

( rmapoobusatop NBB-1) B konnyectee 0,5 - 1,5%. lNMog,
BO3/[ENCTBMEM KUCIOTHOrO pacTBopa 4acTulbl KapboHaTHOro
YTAXENUTENA PacTBOPAIOTCA, YTO NPUBOANUT K BOCCTAHOBIEHMWIO
npoHMLaemMocTn KonnekTopa. BmecTte ¢ Tem kaTMoHoaKTUBHaA
pobaBka no3BonAeT MHrMbuposaTb KOppo3unto obcapHon
KOJIOHHbI B NpoLiecce 3aKa4yku KUCMOTHOro pacTeopa, 3ameanuTb
HenTpanusaumio KUCnoTel U ruapodobusnposaTe NOPOBOE
npocTpaHCcTBO npu3aboriHon 3oHbI nnacTa (M3[1), yTo Npu BbI3OBE
nputoka obneruynt ouncTtky M3 oT «3arpA3HeHnn».

B cBA3WM C TeM, YTO B ropU30HTaNbHOM yHaCTKe CTBOMA CKBaXMWHbI
yCTaHaBNMBAETCA HELEMEHTUPYeMbIi (PUnbTP, TO KAYeCTBO
BCKpPbITUA NPOAYKTUBHOTO nacra no cytu 6yaeT Bceueno
3aBuCeETb OT KayecTsa 6ypoBoro pacTeopa. [MoaTomy npu
6ypeHun CKBaXKMH C rOPM30HTANbHBIM OKOHYaHUEeM HEOBX0AMMO
04YeHb OTBETCTBEHHO MOAXOAMTb K BbIGOPY TuMNa NPOMbIBOHHOM
XWUOKOCTU U ee KOMMOHEHTHOro COCTaBa, a TakXXe K opraHusauum
NMOCTOAHHOIO KOHTPOJIA 3a NapameTpaMu 0611aropoXXeHHOro
6ypoBOro pacTeopa, CBOEBPEMEHHOTO 1 IErKO yNpaBfiAemMoro
perynupoBaHuA ero CBOWCTB.
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