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1. Kak Bbl npousBoauTe UamepeHns n
paccunTbiBaeTe onNTUMaribHble CBOMCTBA LLEMEHTHOIO
pacTtBopa/wiama, 3aKaH4YMBaemoro B 3abon?

«Besepdoopo»: [NpoeKkTnpoBaHe peLenTypbl

LieMeHTa OCYLLECTBISIETCS HA OCHOBaHWUM NMapamMeTpoB
CKBaKMHbI, BK/TKOHAOLLMX OVHAMUYECKYHO U CTATUHECKYHO
TeMnepaTtypbl Ha 3a60€ CKBaKMHbI, MOPOBOE AABNEHME,
rpagneHT rmapopaspbiea. Takke HeobXoanMO 3HaTb O
HaNN4YMN OCINIOXKHEHWN B CKBaXKWHE, TaKMX Kak obBasibl
CTBOIA CKBaKMHbI N MHTEPBaSIbI C MOTEHLMATbHBIM
MOrSIOLLEHNEM, aKTUBHbIE BOJOHOCHbIE NMACTbI U MIaCTbI
C NOTEHUMaIbHbIMW HETE- 1 ra30NPOSBNEHNSMM.
HemanoBa)kHO MOHVMAaTb, Kak KOHKPETHasi CKBabKMHa
OyOeT B AasbHENLLIEM NCMOMb30BaTLCS, UMES B

BUOY Pa3/IMYHbIE TEXHOOMMM 3aKaHYMBaHUS Ha

aTane ee sKcnayaraumm. Bee BbILLEN3NOXKEHHbIE
(haKTopbl B COBOKYMHOCTM C OMbITOM LIEMEHTUPOBaHNS
Ha KOHKPETHOM MECTOPOXXAEHUM UM YHaCTKE
MO3BOIAT ONTUMASIBHO MOA0OPaTL HEOOXOAUMbIE
CBOWCTBA LIEMEHTHOIO pacTBopa U LIEMEHTHOIO
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1. How do you measure and calculate the optimum
properties for the cement/slurry which will be pumped
down hole?

Weatherford: Cement slurry design is based on the
well data, such as bottom hole circulating temperature
(BHCT), bottom hole static temperature (BHST), pore
pressure and fracture gradient. Challenges faced by
well operators include open hole instability, potential
loss zones, water-bearing intervals and gas/oil bearing
reservoirs which also have to be considered during
cement design. We are able to design optimal recipes
of cement and spacer based on all data above together
with experience gained in specific regions or areas.

We have labs with modern equipment certified by

ISO 10426 and ANSI/API10 Standards for full cycle
laboratory testing of cement and cement slurries. The
tests include rheology test, thickening time test, fluid
loss test, gel strength analysis, compatibility test,
compressive strength test and special tests for flexible,
expandable, self-healing and gas tight cement systems.
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ROUNDTABLE W

KamHs. [ns namepeHns 1 nogdopa CBOWCTB LieMeHTa
HaMK CNOMb3YETCS COBPEMEHHOE NabopaTopHoe
0bopynoBaHme, KOTOPOoe CepPTUPULMPOBAHO MO
cTaHgapTam ISO 10426 1 ANSI/API10, a Takxke
KBaIMULMPOBaHHbIN nepcoHan. Npon3soaaTca
nabopaTopHbIe UCTbITaHNS 019 ONpeaeneHns
PEe0SIOrNYECKNX CBOMCTB PACTBOPOB, BPEMEHM
3arycreBaHus, MUbTPALMOHHBIX XapakTEPUCTUIK,
MPOYHOCTUN LIEMEHTHOMO KaMH$, a Takxke
MAaCTUHECKNX, PACLUMPSIOLLIMX, CAMO3KMBIAIOLLNX U
ra306IOKMPYIOLLIMX CBONCTB LIEMEHTA.

«LLlntombeprke»: Bce HaUMHaeTCst ¢ JOMKHOMO
niaHnpoBaHW4A; 3akadka UeMeHTHOro pactBopa B
3aTpybHOE MPOCTPAHCTBO — 3TO TOMbKO (DUHABHbBIN
3Tan B NPOLECCe, KOTOPbIM HAYMHAETCS 3a00/1r0 A0
Havaa BypeHNst CKBaXKMHbI. Kak TONMbKO Tpebyemble
CBOVICTBA LIEMEHTHOIO PacTBOpa U LIEMEHTHOMO KaMHs1
Mosly4YeHbl, UCMOMb3YETCS MPOorpamMMHOe obecredeHVe ans
MOZEMPOBaHMS MPOLIECCa LIEMEHTUPOBAHNS 1 CBOMCTB
LIEMEHTHOMO KaMHs1 B JO/TTOCPOYHOM MEPCMEKTUIBE.

Cnemyrowmn Lar - BoCrponaeseaeHne TpebyemMblix
CBOWCTB LEMEHTHOrO pacTBopa B slabopaTtopum

C UCMNOIb30BaHMEM PEMPE3EHTATVBHBIX MPOO, a

Takke 0o6aBoK, NOA0OpPaHHbIX 4Ng Moauukaumm
CBOWICTB LEMEHTHOIO PacTBOPA; PeLenTypa pacTeopa
MOANULIMPYETCS A9 NOAYHEHUS ONTUMASIbHBIX
pe3ybTaToOB BPEMEHW 3aryCTeEBaHNS, BA3KOCTH,
PEOSIOrNYECKIX NapPaMeTPOB, CTabUbHOCTU, KOHTPOSS
BOOOOTOA4YM, 0O6bema cBoboaHOM BOAb! 1 T.4. Kakapin
13 3TUX MoKas3aTenen NPOBEPSETCS HE3ABMCMMO APy
OT Opyra, UCNonb3ys cneuyanbHoe, paspaboTaHHoe s
3TVX Uenen obopyaoBaHMe.
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Schlumberger: It all starts with the proper planning;
placing the cement in the annular is only the final step in a
process that begins even before the well has been drilled-
out. Once the required properties of the slurry and the

set cement properties are establish. Computer software
are utilized to simulate the job execution and the cement
performance long term after its placement.

The next step is to replicate the designed properties in the
laboratory out of representative samples of the designed
components, including the selected additives used to
modify the cement behavior; the design is fine-tuned to
optimize thickening time, viscosity, rheology, stability, fluid
loss control, free fluid, etc. Each one if these properties
are independently measure with laboratory equipment
specifically designed for the purpose. The sample is

also cured under simulated wellbore conditions and its
properties are also measured.

Halliburton: There are two major perspectives on cement
design. One is the slurry design, where the fluids are
tailored to allow successful placement in the wellbore,
effectively displacing the drilling fluid in place and
avoiding either influx from the wellbore due to insufficient
hydrostatic pressure or inducing losses due to excessive
hydrostatic pressure. The second aspect is the design of
the set cement to be able to withstand the loads during
the lifecycle of the well without failure. Obviously the
second aspect requires the successful placement of the
cement slurry first.

To characterize a cement slurry, there are lab tests,

which are standardized under the ISO-10426 and ANSI/
API 10 series of standards and specifications, which are
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Halliburton: ECTb ABa OCHOBHbIX MyT pa3paboTKu
peLEenTypbl LIEMEHTHOrO pacTeopa. [1epBbIf - USMEHeHVE
napameTpOB PacTBopa C Le/bto YCMELHOro ero
3aKaurBaHNs B CKBaXKMHY, obecneumBast ahhekTBHOE
BbITECHEHME OYPOBOro pacTBopa 1 HEAOMNYLLEHNE
NPOSIBIIEHNSI N3 CKBaXKMHbI 13-3a HEOCTATOYHOrO
MMOPOCTATUHECKOrO AaBNEHUS U MOTEPL LUMPKYNSLMN
3-3a YPE3MEPHOro MNMAPOCTATUYECKOrO AaBNEHNS.
BTopon - pagpaboTka LeMEHTHOrO pacTBopa,
BbIOEP>KMBAIOLLIErO Harpy3KM B TEYEHME BCEMO
YKUBHEHHOMO LMKIIA CKBaXKMHbI 6€3 HapYLLIEHNS
LIeNoCTHOCTY Bapbepa. O4eBMaHO, YTO A1 BTOPOro Nyt
TpebyeTcs, B NEPBYIO 04epedb, YCNELLHOe pa3MeLleHmne
LIEMEHTHOrO pacTeBopa.

CBoMCTBa LIEMEHTHOIO pacTBopa ONpeaenatoT
NabopaTtopHbIMU UCTIbITAHVSMM, OTBEYAOLLIMM
TpeboBaHUAM
cTaHgapTos ISO-
10426 1 ANSI/API

10 1 TEXHNYECKIMX
[OKYMEHTaLum ¢
aHanornyHbIMM
TpeboBaHNSMMU.
Taknummn
nabopaTopHbIMA
MCNbITaHNSMM
onpenensaTcs Bpems
MPOKa4MBaEMOCTU
(Bpems, korga
LIEMEHTHbIN

pacTBOP COXpaHsieT
CMOCOBHOCTL ObITh
3aKadaHHbIM B
CKBaXKWHY), peosiornyeckume CBOMCTBa (noBedeHne
rMOPaBANYECKOrO NOTOKA XUAKOCTEN), (DUNbTPALIMOHHBIE
CBOVCTBA(CTENEHb NOTEPU BOAb! 3aTBOPEHNS, HAXOOSCh
B MOPWCTOM Ccpede Nof AaBfeHunemM), ceoboaHast Boga

1 ceaMMeHTaLVs, XapakTepuaytoLme CTabuibHOCTb
LIEMEHTHOWM CUCTEMbI U OMHAMUKY Habopa NPOYHOCTY Ha
oxarue.

CsoucTBa pacTBopa NopTiaHa-LUeMeHTa, SBMASIOLLErOCs
MPVPOOHBLIM NPOAYKTOM, 3HAYNTENIBHO OTAINYAIOTCS Y
pasHbIX MPOM3BOOANTENEN, U OaXKE B PA3HbIX MapTUSX
13 OOHOM LIEMEHTHOM MNeyn. [1oaToMy, Kak npasuso,
VICMbITaHVEM NOOBEPraroT BCE PELENTYPb! LIEMEHTHOO
pacTBOPa, B COCTaB KOTOPOrO BXOAAT (DaKTUYECKM
MCMOMb3YEMbIE HA MECTOPOXKAEHUN LIEMEHT U
XMPEeareHTbl 419 NoJyYeHVst ONTMasibHbIX CBOWCTB.

[ns onpeneneHns MexaHN4eCKyxX CBOMCTB LIEMEHTHOMO
KaMHS! MPUMEHSIKOTCS METObI ONPeaeneHns
PUBNKO-MEXAHNHECKIX CBOMCTB MOPHbIX MOpo[, C
OOHOBPEMEHHBIM UCMOJ1b30BaHMEM MOOENEN aHanmM3a
HaNPSPKEHNI, KOTOPbIE NEPEdAtOT padoume Harpy3ku B
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identical. These include tests for Thickening Time (the
time a slurry remains pumpable under agitation), Rheology
(the hydraulic flow behavior of the fluid), Fluid loss (how
much fluid is lost if the slurry is filtrated against a porous
medium under pressure), free fluid and sedimentation
characterizing the stability of the slurry system and
compressive strength development.

Portland cement being a natural product, the slurry
properties can vary quite significantly from producer to
producer and even from batch to batch in one cement kiln
plant. That is why typically every cement slurry design is
tested with the actual cement and chemicals to be used in
the field to ensure suitable properties.

To characterize the mechanical performance of the cement,
methods from rock mechanics are used in combination with
stress analysis models,
which translate the
operational loads on
the well into stresses
actually experienced

by the cement. The
mechanical behavior of
the cement is measured
on cores exposed to
uniaxial or triaxial stresses.

2. What are the
critical wellbore
3 properties which
must be considered
when designing a
cement job?

2017 Schlumberger, Bce npasa 3aLLUpLLeHbI
2017 Schlumberger Rights Reserved

Weatherford: Al critical well factors and challenges
should be considered before cementing to mitigate

the risks and prepare a contingency plan in case of

any deviations from the cementing program. Those
challenges include caving, lost circulation and
potentially oil/gas bearing zones, high bottomhole
temperatures and mud density. Optimal cement
thickening time depends on bottom hole static and
circulating temperatures. Cement thickening time is
critical to design, when there are rate limitations during
cementing pumping due to high equivalent circulating
density (ECD) or low fracture gradient of the well. Lost
circulation materials (LCM) are successfully used in the
cement slurry to prevent losses during cementing in
potentially weak zones.

Schlumberger: The well conditions shall be assess
from two main perspectives, the required properties
of the liquid slurry that allows an effective and safety
placement and the long-term performance of the
set cement.

www.rogtecmagazine.com



I." ;ﬁ'-r - -.:.___J'_,.. 1 I||
! w

S,

A -5 |

\:..-.-"' |

v !

™ et S

= e

.'l_'-.-.f # {
v = “*

- ¥

> -

HAPYLLEHNE
LIEJTOCTHOCTA
CKBAXWHbI BEAET K
NOTEPAM BPEMEHW
N SATPATAM?

Cwmona WellLock® moxeT 6bITb M3rotoBneHa 6e3 cogepxaHus
TBEPAOW asbl, YTO YCTPaHAET pUCK 3aKynopuBaHMA nnacrta npu
PWP, no3sonss LemMeHTy NpOHMKaTb B CaMble MENKNe TPELLWHbI,
NPUBOASALLME K YXYALIEHNIO LIeNIOCTHOCTUN CKBaXMHbI. Kpome Toro,
OTCYTCTBYEeT HebnaronpusaTHas peakuusi Ipyu KOHTaKTe C BOAHbIMU
cocTaBaMu, YTO AaeT BO3MOXHOCTb BbITECHEHWS LLEMEHTOM WMK
CMelumBaHus ¢ uemeHToMm. B pesynstate cmona WellLock ycnewHo
NPMMEHSETCA AN BOCCTAHOBINEHMUSA LLeNOCTHOCTH CKBaXXMWH, KOTOpbIe
paHee He yAaBanoCb PEMOHTMPOBATh TPAANLIMOHHBIMU METOAAMMW.

halliburton.ru

HALLIBURTON | Gementing




B KPYIbI CTON

CKBaXKMHE B /19 (DAKTUHECKMX UCMbITAHUM LIEMEHTHbIX
KamHewn. NapamMeTpbl LEMEHTHOIO KaMHS ONpPeaenstoT

Ha nMpobe, KoTopas NoABEPraeTcst OAHO- U TPEXOCHbIM
HanPSHKEHMAM.

2. PaccKaXknTte 0 KpUTUYHbIX MOMEHTaxX U CBOMCTBaX
CKBa)>XMH, KOTOpble crieayeT yunTbiBaTb NMpun
NMPEKTUPOBAHUMN LLEMEHTUPOBAHMNA?

«Besepdhopo»: [NMpu nnaHnpoBaHny paboTbl MO
LEMEHTMPOBaHNIO HEOOXOOVIMO MPUHMMATb BO BH/MaHMe
BCE BO3MOXHblE KPUTUYECKME PaKTOPb! U OCIOXKHEHS
B CKBaXKVHE A1 TOr0, YTOObI MUHUMMU3UPOBATbL PUCKM

1 NPoAyMaTh NyTW 1 CrOCOoObI pearnpoBaHVs B criydae
BO3HMKHOBEHWST HELUTATHBIX CUTYaLUA 11 OTKITOHEHUI

OT MPOEKTHOrO NiaHa pabor.

K HUM OTHOCATCS: HanM4me
06BasoB CTEHKMN CKBaXKWHbI, 30H
MOrIOLLIEHMS], aKTUBHOE HedTe-
1 ra3onposiBNeHME N1acToB,
BbICOKME TemMnepaTypbl Ha 3a60e
CKB&XXWHbI, MIOTHOCTb BYpPOBOro
pacTtBopa. Heobxognmo

TaKXKe orpaHNYMTb CKOPOCTb
3aKa4kM Npu LEMEHTUNPOBaHUM

1 NogodpaTh ONTUMAaNbHOE
BPEMS 3aryCTeBaHNS
LLlEMEHTHOrO pacTaopa npwu
onpeaenéHHbIX Temneparypax
Ha 3a60€ CKBa>KMHbI.
OrpaHuyeHnst CKopocTn
3aKa4yku MOTyT OblTb CBSA3aHb!

C BbICOKOW SKBUBAJIEHTHOM
LNPKYNALMOHHOM MMOTHOCTHIO
OypoBOro pacteopa 1 HU3KUMU
3HaYeHVIMU rpagneHTa
rMOpaBIMYEecKoro paspbisa
nnacta. Kpome Toro, BaxKHO
NPeayCMOTPETL MPUMEHEHME
KOJIbMaTUPYHOLLIMX 4OBaBOK

B LIEMEHTHbIN PacTBOP MPU HaIM4YMM NMOTEHUMa IbHbIX
30H MOr/IOLLEHUS 1 BO3MOXHOW MOTepy LMPKYIALMN BO
BPEMS LEMEHTVPOBAHUS.

«LLntom6epke»: [Npn OLIEHKE COCTOAHNSA CKB2XKUHbI
HEeOOXOAVMO yYMTbIBaTb [Ba M1aBHbIX acrekTa: CBOMCTBA
XKNOKOMO LIEMEHTHOMO pacTBoOpa HeobxoouMble 15
3thdeKTMBHOM 1 BE30NaCHOM 3aKaykM 1 moKasaTesn
LIEMEHTHOIO KaMH$ B 4OJITOCPOYHON NEPCNEKTUBE.

BayxHO NoOHMMAaTL NUTONOMMIO MOPOAbI B TOM y4acTKe
OTKPbITOro CTBOMA, rAe NNaHNPYyeTCs pa3meLLleHne
LIEMEHTHOrO PacTBOpa, Tak Kak 3TO UMEET BO/bLLIOE
BMSIHE HA (POPMY CKBaXKWHbI, CTABUIbHOCTb €€ CTEHOK,
HanM4e NPOHULIAEMbIX 30H, TaK XXe Hann4me 30H C
NOHMXXEHHBIMM OaBfeHnsMK niiacta unm 3oH ¢ ABI.
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It is important to understand the lithology of the formation
across the open hole section to be cemented since it
strongly impact the hole shape, stability of the wellbore
walls, the presence of permeable zones, as well as over-
pressured or depleted formations.

The cementing fluids are designed to replace the
drilling fluid while maintaining the well control in terms
of hydrostatic pressure, rheology, fluid loss, stability
and to prevent potential flow of any formation fluids,
including gas. Once the cement sets, it must withstand
the stress generated due to the subsequent activities of
putting the well on production mode like perforations,
stimulation jobs and even during the life of the well.

Halliburton: The first
consideration when designing
a cement job needs to be what
the cement job is supposed

to achieve. This leads to
understanding of what slurry
properties will be required, and
where the cement needs to be
placed.

Cement slurry properties
(rheology, Thickening Time,
Compressive Strength) depend
strongly on the temperature

of the fluid. Therefore it is
important to understand the
temperature regime in the
wellbore under static
conditions and while pumping
into the well.

To understand the wellbore
response (inflow or fracture),
the lithological column
identifying rock types and
possible reservoir fluids and pore- and fracture pressure
profiles, as well as the borehole and pipe geometry need
to be known.

3. Why is the temperature differential between the
Bottomhole circulating temperature (BHCT) and
Bottomhole static temperature (BHST) such an
important factor when managing cementing costs and
well control?

Weatherford: Dynamic (cementing pumping) and static
(compressive strength development) stages have to be
considered during cementing design.

Bottomhole circulating temperature, or BHCT, is used for
designing cement characterized by optimal thickening

www.rogtecmagazine.com



ROUNDTABLE M

PKnokoCcTu o1 LEMEHTUPOBaHMS MOAOVPAaOTCA TaknM
0bpasoM, HYToObI 3aMecTUTb BYPOBOW PacTBOP, COXPaHsAs
NpY 3TOM KOHTPOJSIb Ha, CKBaXKMHOW OTHOCUTESNIBHO
rMAPOCTATUYECKOrO AABEHVS, PEOSTOMNYECKIMX
napamMeTpoB, BOAOOTAAYN, CTAOUIBHOCTH, a TakxKe

0719 NpefoTBPaLLEHNsT BO3MOXHOW MUrpauum

ntoboro nnacToBoro dawunaa, Bkayas raa. locne
3aTBepAeBaHUs, LEMEHTHbBIV KAMEHb OO/MKEH ObITh
YCTONYMBBIM K Harpy3ke BbI3BaHHOW NOCAEeLyHOLLMMN
onepauvsiMmn TakuMn Kak BBEAEHNE CKBaXKMHbI B
aKCnyaTauuo nytTem nepdoparmm, MHTeHcUgmKaumm
000bI4N HEPTU 1 HA MPOTSKEHNN BCEN XKNBHN
CKBa>KVHBbI.

Halliburton: Bo-nepBbix, Npy paspaboTke amsanHa
pPaboT MO LEMEHTVPOBAHNIO
HeOBXOAVMO OMNPEOENATD,

YTO Mbl XOTUM MOSY4UTb

B pe3yfibTate. Tak Mbl

CMO>XEM TMOHATb, Kakne

MMEHHO TPebytoTCS CBOMCTBA
LEMEHTHOrO pacTBOpa W, Kakow
Ccnocob ero 3akaykm HeOHBXOOUM.

CBoncTBa LEMEHTHOro
pacTBOpa (PEONOrM4eCKme
CBOWICTBa, BPEMSI COXPaHEHs!
NMpoKa4BaeMOoCTW, BPEMSA
Habopa NPOYHOCTU) CUTBHO
3aBUCAT OT TeMnepaTypsl
pacTBopa. [Mo3aToMy BaXKHO
onpeaennTb TeEMNepPaTypHbIN
PEXNM B CKBEDKNHE B
CTaTUYECKMX YCTOBUSX 1 MPK
3aKaudrBaHuM pacTBopa B
CKBaXKUHY.

Peakumto cKBaXKMHb!
(MposiBReHve nnn Ha4ano
NPUEMUCTOCTU) MOXXHO
YCTaHOBUTb MO JINTOSTIOMNYECKM
JaHHbIM, onpeaenstoLLVM TUMbl MOPOA, 1 BO3MOXXHbIE
nnactosble haonabl, Mo NPOMUISM OABNEHNS Pa3pbiBa
nnacTa, a TakKe reOMeTPM CTBOJIA M 0OCAAHON KOOHHbI.

3. MNoyemy paszbpoc mexxny LVpPKYNSLUOHHON
TemrnepaTtypoun u ctaTm4eckom 3abomnHON
TeMnepaTypon ABISETCA TaKUM BaXXHbIM OaKTOPOM
npuv oNTUMM3aLLMKM PAcXon0B Ha LLleMEHTUPOBaHUe U
yrnpaBfeHnn CKBaXKNHOW?

«Bezepdhopmy»: Moy NPOEKTUPOBaHNN LIEMEHTUPOBAHVISA
1 pa3paboTke peuenTypbl LEMEHTA HEODXOOVIMO
pa3nenaTb AMHAMUYECKUN (3aKadka LIEMEHTHOrO
pacTBOpPa) 1 CTaTUYECKUI (HABOP NPOYHOCTU LEMEHTHOMO
KamHs1) aTansbl.

www.rogtecmagazine.com
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time, rheology, and fluid loss. All those parameters have to
be controlled during cement pumping (dynamic stage).

Bottomhole static temperature, or BHST, is important for
compressive strength development to prevent the cement
from strength retrogression during whole well life in case
of high temperatures. BHST is often used for cementing
design of HT wells with long horizontal section because it
increases through heating of cement slurry during cement
pumping in the horizontal section characterized by one
temperature gradient.

Temperature is one of the most critical well parameters
which has to be considered for cementing design. It
effects cement slurry thickening time and compressive
strength development.
Cementing design with
improper temperature data is
associated with major risks,
such as loss of hole or well
control. Cement can set before
the placement is completed
and in this case it may be left
in the casing. Also, if cement
setting time is too long, it can
increase the risk of formation
gas or fluid influx in the cement
structure and lead to cross-
flows in the annulus.

Schlumberger: Chemical
additives are used to modify
the time in which the cement
sets and develop compressive
strength. The setting time

is modified to make it long
enough that allows the
adequate placement in the
annular, but it also shall

be shorten to enhance

the develop compressive
strength. The set cement must prevent any migration
of unwanted formation fluids, provide support to the
casing and allow resuming operations to drill out the
subsequent section below.

The setting time design is based on the BHCT, This one
is lower that the BHST due the constant circulation of
fluids along the wellbore and other heat interchange
processes between the formation and the fluids.

Temperature is extremely important when designing

a cement job; if temperature is under-estimated, the
cement could set earlier in the pipe creating major cost
due to the time to drill it out and to repair the failed
primary cement job. On the other hand, if temperature

ROGTEC |53
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[VHaMuueckas TemnepaTypa UCosb3yeTcs npu
CO3IaHVM PeLIenTyPbl LEMEHTHOrO pacTBopa C
ONTUMATTbHBIMI XaPaAKTEPUCTUKAMM, TAKAMMN KaK BPEMS]
3arycTeBaHvs, Peosiora U UbTPaLWs, KOTOpble BaXKHO
KOHTPOJIMPOBATBL MPW 3aKaqke LEMEHTHOro pacTBopa.

CraTtnyeckad TemMnepartypa BaXkHa Ha aTane Habopa
MPOYHOCTW LEMEHTHOIO KamHs 1 ganee. Heobxoonmo
noaotpaTh Takyro PELENTYPY LEMEHTA, KOTOPbIN

He Oy[eT TepsTh NMPOYHOCTHbIE XapaKTePUCTVKM
OJTENBHOE BPEMS 1 HA BCEX 3Tamnax XW3HN CKBaXKVHbI.
CTtaTnyeckas TemnepaTypa 3a4acTyto UCMONb3YeTCH Mpwn
NPOEKTMPOBaHNM LIEMEHTa O/151 CKBaDKUH C AJIMHHbIM
rOPU30HTasIbHBIM YH4aCTKOM U BbICOKOW TEMMEPaTypOm
Ha 3ab0e, MOCKOJIbKY MPOUCXOONT YBEIYEHNE
LMPKYISILMOHHOM TeMnepaTypbl 3a CHET Harpesa
PAaCTBOPOB BO BPEMS MPOXOXKAEHUS MO rOPU30HTaIbHOMY
y4yacTKy C OOHUM nokasaTesieM rpagueHTa TemMrnepaTypbi.

Temnepatypa
NPEOCTaBIAET COBON
OOMH U3 KITIOHEBbBIX
NapameTpOB
CKB&XKVHbI, KOTOPbIN
HY>KHO 0643aTebHO
YYUTBIBATL MPW
MPOEKTVPOBAHNN
uemeHTupoBanus. OT
Hee 3aBVCUT BPEMS
3aTBEpOEBaHUA
LIEMEHTHOIO pacTBopa
1 MPOYHOCTb
LIEMEHTHOIO KaMHsi.
LlemeHTpoBaH1e npu
HECOOTBETCTBYIOLLEM
TeMNepaTypHOM
PEXNME MOXET OC/IOXKHUTBLCS 13-32 PUCKOB, CBSA3aHHbLIX C
NOTEPEN CKBaXKMHbBI UM KOHTPOA 3a HEW. LIeMeHT MOXeT
3aryCTeTb 00 3aBEPLUEHVS €M0 3aKaqK/ B CKBEXKVHY, 11 B
3TOM CJly4ae OH MOXKET OCTaTbCS B 06C3HON KOMOHHE.
Kpome Toro, ecnn sarycteBaHue LeMeHTa npoucxoamT
CJMLLKOM OO0, STO MOXET CMPOBOLIMPOBATL PUCKA
MPOHVKHOBEHWS MIACTOBOrO rada vm qorovaa B CTRYKTYRY
LiEMEHTa, 1 B pesy/ibTaTe NPUBEOET K BO3HUKHOBEHNIO
NEPETOKOB B 3aTPYBHOM MPOCTPaHCTBE.

«LLintom6eprxe»: [1719 U3BMEHEHN BPEMEHW, B TEYEHU
KOTOPOro LIEMEHTHbIV pacTBOP 3aTBEepAEBaET U
Pas3BMBAET MPOYHOCTb, UCMOMb3YIOTCS XMMUYECKME
nobaskun. Bpemst 3arycteBaHust 4OMKHO ObITb 4OCTATOYHO
OJHHBIM A1 HaO1eXKaLLEro pa3MeLLeHNs LIEMEHTHOrO
pacTBopa B 3aTpybHOM MPOCTPAHCTBE, HO B TOXXE BPEMS
Kak MOXXHO 60/1ee KOPOTKMM A1 HAUCKOPENLLIErO
Habopa NPOYHOCTU LIEMEHTHOIO KaMHs. 3aTBEpAEBLUNN
LLlEMEHTHbIV PacTBOP AOJ/DKEH MPeaoTBpaLLaTh MUrpaLImio
nnacToBbIX PNOMAOB, 0becnevrBaTb NOOOEPXKKY
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is over-estimated, the cement could take much longer
than required time to set; formation fluids, including gas
can migrate thru it and create a hazardous well control
situation, not to mention the delay time to resume
operations.

Halliburton: The circulating temperature is the
temperature the cement slurry will be exposed to during
its placement in the wellbore. It will determine how long
the slurry will be pumpable, and also its rheology. However
this circulating temperature is dependent on the pumping
program and the heat exchange processes taking place in
the wellbore.

After completing the cement job, the wellbore will recover
its static temperature profile over a period of approx.
24-48 hrs. This temperature will determine how fast the
cement will build strength and therefore how long the rig
will have to wait before
continuing drilling.

BCe MpaBsa 3aLLyLLeHbl
2017 Schlumberger Rights Reserved

From a cost
perspective, the
slurry needs to be
optimized to provide
sufficient Thickening
Time while minimizing
chemicals- and slurry
cost, while also
minimizing the required
wait-on-cement time
to minimize the rig
time taken up by the
cement job. However
these two parameters
are interrelated.

While attempting these optimizations, it is important to
keep in mind that the cost incurred by a failed cement job
is by magnitudes higher than the cost for the cement job
itself, given that rig downtime, lost wellbore sections and
delayed or missed production can result.

4. What are the key strategies for testing a cement
bond and what draw backs are there to these
techniques?

Weatherford: Integrated approach should be used for
cement quality determination. Effective mud displacement
is the primary goal for good quality cementing job. It

can be performed effectively by designing optimal
rheology of spacer and cement slurries and optimal
rate of cementing for achieving a turbulent flow regime
in the annulus during cementing. Casing stand-off and
centralization program also effect mud displacement
efficiency and cementing quality. Expandable and
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obcaaHbIX TPYO 1 MO3BOSISITE BO30OOHOBUTL BypeHne
NOCNEAYIOLLMX HXKE CEKLINI.

PacueTt BpeMeHN 3arycteBaHd OCHOBbLIBAETCA Ha
LUMPKYISLUMOHHOW 3aB0MHOM TeMnepaTtype, KoTopas
HKE CTaTUYECKOWN 1N3-3a MOCTOSIHHOW LIMPKYNSALMM
YKNOKOCTEWN B CKBabKMHE U APYriiX B3aMOOOMEHHbIX
MPOLECCOB MEXy MacTOM U XUOKOCTSAMU.
TemMnepaTypa YpesBbiHaNHO BadKHA MPW MAaHUPOBaHWN
LLleMEHTHOW paboTbl; B TOM Clly4ae ecnn Temneparypa
3aHKeHa, LIEMEHTHbI PacTBOP MOXXET 3aTBEPAETb B
obcagHoOM KOMOHHE BO BPEMS 3aKayku, YTO NpuBedeT
K BOMbLUMM pacxogam Ha pasbypyriBaHNE LEMEHTHOIO
KaMHs$ 1 Ha 1CnpaB/ieHne HeyaaquHOro LIEMEHTUPOBaHMS.
C Opyroi CTOpOHbI, ECN
TemnepaTypa 3aBbllLeHa, TO
noHagobuTcs ropa3no bonbliee
BpeMS 015 3aTBepAeBaHNS
LEMEHTHOIO PacTBOpPa;
nnacToBble hauabl, BKIKOYas
ras, MoOryT MUrp1poBaTh

Yepes pacTBop, co3aaras
OMNacHOCTb NOTEPSATb KOHTPOS1b
Had, CKBaXKVHOW, HE rOBOPS

O BPEMEHM MPOCTOS Nepen,
MPOOOSHKEHNEM NMOCAEOYOLLIMX
onepaumi.

Halliburton: LinpkynaupmoHHas
Temnepatypa - 370 TeMneparypa,
KOTOPOW LIEMEHTHbIN PacTBOP
OyOeT noasepratbCcsi BO BPEMS
€ro 3aKaykn B CKBaXKMHY.
OnpenensaioTcs Bpemst
COXpaHeHVs MPOKaYBaeMOCTH
1 PEOSIOTMHECKME CBONCTBA
LeMeHTHOro pacteopa. OgHako
UMPKYSISILMOHHAsA TeMnepartypa
3aBUCUT OT NPOrpamMmbl 3aKaqKkum
1 TEMNNOOBMEHHbBIX MPOLIECCOB B
CKBaXKMHE.

Mo 3aBepLUEeHUM LEMEHTUPOBaHNS TeMneparypa B
CKBaXKMHE BEPHETCS Ha CTaTUYECKUI YPOBEHb B TEYEHWE
OOHVX-ABYX CYTOK. [0 aTOM TemnepaType onpenesnsioT,
HACKOJ1bKO ObICTPO LEMEHT OOCTUMHET CBOEM MPOYHOCTA
1, cnegoBaTesibHO, Kak 4ONro BypoBad yCcTaHOBKA DyaeT
HaxXoOnTbCA B OXXMOaHW, npexxge 4em npoao/mKunTb
OypeHue.

C TOUKM 3PEHNS CHKEHNSI PACXO0B, CBOWCTBA
LiEMEHTHOIO pacTBopa HeO6XOAMMO OMTUMN3MPOBATb
TakyM 0Bpa3oM, HYTOObI MOYYUTb AOCTATOHHOE BPEMS
NpPOKa4MBaAEMOCT, YMEHbLLIMB MPW 3TOM PacXofpbl Ha
XVMpEareHTbl U B TO »KE BPeMs CBOASA K MUHUMYMY
TpebyeMoe BPeEMS OXKMAAHMS 3aTBEPAEHUS LIEMEHTA
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flexible cement systems have been designed for better
cement coverage and prevention of cement bond
destruction during well life including the completion
stage. All those methods are integrated into cementing
design and simulation by the special software CemPRO+
which is able to determine mud displacement efficiency
and annular cement coverage. Those methods are not
perfect as they can’t factor in real well conditions during
cementing, such as the size and form of caverns and
actual stress on cement bond, in the course of well
completion.

Schlumberger: The quality of the cement behind the
casing can be evaluated in different forms, depending on
the desired grade of certainty
required, it includes positive and
negative pressure test to confirm
annular seal, playback software
simulations can also provide
decent information about the
expected cement quality, but the
most informative source is by far
the cementing bond logs.

There are occasions in which the
cement detach from the casing
for different reasons and therefore
the response on the cement bond
logs cannot be properly evaluated,
in some cases it is recommended
to re-log the section while applying
pressure in the casing in an
attempt to close the possible
micro-annulus existing between
the casing and the cement
sheath. This operation implies the
pressure containing equipment

is available at the wellhead while
logging and the cost associated
for this operation and extra rig time
consumed.

Halliburton: The simplest test on cement after placement
in the wellbore is some form of pressure test to see if the
cement provides the required pressure isolation. These
can either add pressure to the hydrostatic column by
pumping on the wellbore (positive pressure- or integrity
test) or reducing pressure by selectively reducing the
hydrostatic pressure with lower fluid density (inflow test).
These pressure tests will mimic the expected loads, but
they will not provide much insight into the mechanism of
any possible failure.

Another way is diagnosing the top of cement in the

wellbore. The easiest method here is a mechanical tag
with the drill string or slick- or wireline, but this requires
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M npegesibHO yMeHblUadA BpeMsAa OXXNOaHNA 6ypOBOI7I
YCTaHOBKW. OTn opa acnekTa B3aMOCBS3aHb!.

[Mpy oNTUMM3aLMM BEXKHO MOMHUTbL, YTO pacxompl,
NMOHECEHHbIE B PE3YIbTATE MI0OXOr0 LIEMEHTMPOBAHUS,

B HECKOJIbKO pas 60/blle CTOUMOCTU CaMmX
LEMEHTaLMOHHbBIX PaboT, yUMTbIBas BO3MOXXHbIE MPOCTOW
OypPOBOW YCTAaHOBKM, MOMIOLLEHNS!, 3a0EPXKY MN
OTCyTCTBME O00bIYM.

4. KakoBa OCHOBHas cTpaTrerusi UCrnblTaHUS
cuenneHud LemeHTa n KakoBbl HEOOCTAaTKN
npuMmeHAeMbIX MeToo0B?

«Bezepdhoppgy»: K onpeneneHnio KadecTsa

CUENeHNs LIeMeHTa CTOUT NOAXOAUTb KOMIMIEKCHO.

B nepByto ouvepenps HeobxoamMmMo obecnedmTs

3P (heKTMBHOE 3aMeLLiEHME BYPOBOro pacTeopa BO
BPEMS LIEMEHTVPOBaHMS. 19 3Toro nogdvparoTcs
ONTUMaIbHbIE PEOIOTNYECKNE NapamMeTpbl BydhepHbIX U
LIEMEHTHbIX PACTBOPOB, a TakXKe BblBMPaeTCs CKOPOCTb
3aKadku PacTBOPOB W MPOAABKM A1 CO3AaHVIs
TYPOYNEHTHOro NOTOKA B 3aTPYOHOM MPOCTPAHCTBE.
Kpome Toro, Hy»>xHO 06eCrneymTb Ka4eCTBEHHOE
LEHTPUPOBaHNE KOJTOHHbI, KOTOPOE TakxKe BNUSET

Ha Ka4ecTBO 3aMmelLieHVs BypoBOro pacTBopa U,
CnegoBaTesibHO, Ha Ka4eCTBO CLEMIEHNS LIEMEHTA.
BarkHo nogobpaTh cneupanbHble LEMEHTHbIE PeLenTypbl,
KOTOpble 06/180a10T PACLLUMPSOLLIMMN U 3AACTUHHBIMM
CBOWCTBaMM, ONd Ay4LIEero 3anojHEHNS 3aTPyOHOro
NPOCTPaHCTBA U NMPeaoTBpaLLEHNs Pa3pyLIEHNS LEMEHTA
Ha Opyrux aTanax aKcryaTaLumm CKBaXKMHbI, BKIKOYast
OCBOeHME. Bce 3T METOObI yHMTbIBAKOTCS MPW pacyeTax
B creumanmanpoBaHHon nporpamme CemPRO+, KoTopas
CnoCcobHa MPOBECTU CUMYIALIIO LEMEHTUPOBaHNS 1
ONpeaennTb Ka4eCTBO 3aMeLLieHMs BYpOBOro pacTeopa.
HepocTaToK »e NepevncieHHbIX METOA0OB COCTOUT B TOM,
YTO HEBO3MOXKHO YYECTb 1 CMPOEKTUPOBATL peasibHble
YCJIOBMSI B CKB2XXMHE BO BPEMST LLEMEHTVPOBAHNS
(pasmepsbl 1 hopMa KaBEPH, PEXXM NOTOKA B 3aTPyOHOM
MPOCTPAHCTBE), a TaKXXe peasibHbIE HAarpy3Kn Ha
LIEMEHTHbI KaMeHb BO BPEMS UCMbITaHWM JaBfieHeM
3aTpybHOro MPOCTPAHCTBA Ha STarne OCBOEHNS.

«LLinom6eprke»: OLeHKa Ka4yecTBa LEMEHTA B
3aTpybHOM MPOCTPAHCTBE MOXKET ObIThb NMpoBeaeHa
pasHbIMM criocobamm, BbIOOP KOTOPLIX 3aBUCUT OT
YKenaeMon cTeneHn TouHocTy. [NoaTeep kaeHne
repMeTUYHOCTM 3aTPyOHOrO NPOCTPaHCTBa
MPOBOAUTCS MyTEM OMNMPECCOBKM CHVKEHWEM YPOBHS.
N3psgHyto nHdopmaumio 0 npegnosaraeMom
Ka4yeCTBEe LEMEHTHOMO pacTBOpPa MOXXHO MOMy4YNTb
npw 06paTHOM BOCMPOW3BeaeHW MOAEIMPOBaHNS C
MOMOLLIbIO MPOrPaMMHOIO 0BEeCreYeHUs!, HO CamMbIM
MHOOPMATUBHBIM CMOCODOOM ABMFETCA MPOBEAEHVE
aKyCTMYECKOro KapoTaxa.
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access to the top of cement. Alternatively, this can be
estimated by analyzing the pressure behavior recorded
during the placement and deriving the hydrostatic
pressure exerted by the cement column. Also the
temperature increase caused by the cement hydration in
the wellbore can be measured by wireline log, giving an
indication of where cement is and where it is not.

A dedicated method to analyse cement bond across the
wellbore is by means of cement bond wireline logging.
There is a suite of sonic and ultra-sonic wireline tools
available, which derive information about the material
behind pipe in the wellbore from analyzing the behavior

of a sonic or ultrasonic waveform that travels through

the casing and behind the casing. The attenuation of the
waveform and the measured impedance of the material
behind the pipe allows the distinction between solid matter
and fluids. Recent developments also use eltromagnetic
waves, as well as statistical waveform analysis to refine the
results. However all logging methods are not quantitative,
and are also influenced by environmental factors such as
pipe wall thickness.

5. How do you over come the challenge of uneven or
irregular wellbores and ensure you have the correct
annular spacing?

Weatherford: Driling, mud and cementing services
should participate in preparation for cementing. This
includes additional reaming runs, conditioning of the

well by circulation of specially designed mud before
cementing job. Our product lines Cementing Products
and Cementing Services ensure high quality casing
centralization (stand-off) using special software and
competent engineering service to select required
centralizers and places for their installation depending on
inclination and caliper logging data.

All requirements to centralizers are included into APl 10D
standard which sets centering index at 67%. Weatherford
rates reach 80-90% depending on well design complexity.

Schlumberger: One of the most important aspects

while designing a cement job is to achieve a proper mud
removal for the cement to be able to fill the annular space
uniformly. Therefore, the selection and amount of the
proper centralizers, strategically installed along the casing
and/or the interest areas where the hydraulic isolation is
most required.

Once the casing is centralized to the best possible option,
then it is up to the mud removal strategy, which is based

in rheological and density properties combined with
displacement rates to maintain friction pressure hierarchies
between the fluid that is pushing and the one that is

being displaced.
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CyLLecTBYIOT Cry4an OTCOEANHEHWS! LIEMEHTHOIO KamHs1
OT 06CcaAHON KOMOHHbI B CNEACTBUM PasHbIX MPUYVH U
3TO MeLLaeT NPOBECTV afeKBaTHYO OLIEHKY KadecTBa
cueneHns. B HEKOTOPbIX Crydasix peKOMeHOyeTcsl
MPOBECTW NOBTOPHbIM KAPOTaXK 30HbI MHTEpeca, HarHeTas
JaBneHne B 06caaHyto KOMOHHY U TEM CaMbIM MbITasCb
3aKPbITb BO3MOXXHbIE MUKPO3a30pPbl CYLLECTBYIOLLIME
Mexay 06CcagHON KOMOHHOW 1 LIEMEHTHBIM KaMHEM.

Halliburton: Camoe npocToe ncnbiTaHne LieMeHTa
nocne Habopa NPOYHOCTY - MPOBECTU VCMbITaHVE

nog gaBneHveM, YTobbl onNpenenTb 0bpasyeT

JIV UEMEHTHbBIN KaMEHb HaOEXHYIO N30ALIIO
3aKOJIOHHOIO MPOCTPaHCTBA. 3TO MOXKHO CcAenaTh

NmBOo NyTeEM YBENNYEHVS AABNEHNS B CKBEXKNHE
(MCMbITaHMe N36bITOYHBIM OaBNEHNEM MW HA Pa3pbiB),
B0 YMEHBLUUTL OaBNEHME, MyTEM YMEHBLLEHNS
rMOPOCTaTUHECKOrO AaBNEHUS, UCMONb3Ysa pacTBOP C
MeHbLLIEN MIOTHOCTBIO (UCMbITaHVe Ha NPUTOK). Bo Bpems
3TUX UCMbITaHWM NOA, AaBneHnemM ByayT CMOAENNPOBAHbI
OXXMAAEMbIe Harpy3Ku, HO MOJTYUYUTE MOSHYIO KAPTUHY
MexaHV3Ma BO3MOXHOIO PaspyLLUEHMS Mbl HE CMOXEM.

Lpyron cnocob - gnarHoCTUPOBAaTb KPOBJIO LIEMEHTHOIO
MOCTa B CKBaXKVHe. CaMbl MPOCTOM CNocob - 3TO
MexaHNn4ecKoe onpeaeneHne «rofoBbl» LEMEHTHOMO
KaMH$1 C MOMOLLIbIO BYPUIBHOM KOMTOHHbLI UK Kabens,
O[HaKO, 30eChb TPEOYETCA AOCTYN K KPOBNE LIEMEHTHOO
MOCTa. Kak anbTepHaTVIBHbIN BapUiaHT, MOXXHO BbINOHUTL
aHanM3 OVHaMUKL JaBNeHus], 3apericTppoBaHHOM BO
BPEMS 3aKaunBaHUS, 1 ONpeaenTb MapoCTaTM4eckoe
JaBfieHVe, CO30aBAEMOE LIEMEHTHbIM CTakaHOM. [TOMMO
3TOro, MOBbILLEHVE TEMMEPATYPbI B PE3Y/IbTATE rapaTaumm
LleMEeHTa B CKBaDKVHE MOXKHO V3MEPUTb KapOTaKHOM
OviarpamMmon, yKasbIBatoLLLen Ha MecTa, rae eCTb LEMEHT, U
rOe OH OTCYTCTBYET.

[na aHannsa cuenneHns LIeMeHTa B CKBaXKMHe
NCTIOSB3YETCS aKyCTUYECKUIN KAPOTaXK CLIEMIEHNS LIEMEHTA.,
CyLLECTBYIOT aKyCTUUYECKME 1 YIbTPA3BYKOBbIE TPOCOBbIE
WNHCTPYMEHTBI, KOTOPbIE MOMOratoT MOJTyUMTh MHGOPMaLMIIO
O COCTOSHNM 3aTPYBHOMO MPOCTPAHCTBA B CKBaXKUHE Mon
aHaM3e NnoBeagHUS aKyCTUYECKMX BOSTH, MPOXOOALLIMX
4epes KOMOHHY 1 B 3aKOSTOHHOM MPOCTPAHCTBE. 3aTyxaHue
BOJIH 1 M3MepeHHast MPOBOOVMOCTL MaTepuana 3a
KOJIOHHOVI MO3BOSIAOT ONPede/UTL PasrpaHYeHne MeXXay
TBEPObIMA U XKUOKMN hazamy BelLecTsa. B nocriegHmx
PaspPaboTKaxX TaKXKe UCMOMb3YHOTCHA S/IEKTPOMArHUTHbIE
BOJIHbI C MOCEAYOLLIMM CTATUCTUYECKM aHaIM30M

BOJIH 419 YTOUHEHUS peaynkTaToB. OaHako Bce MeTofpl
KapOoTaXKa He JaloT KOMMUYECTBEHHbIX XapaKTepUCTIK, a
TaKXKe 3aBUCAT OT OKPYXKAKOLLWX (DAKTOPOB, TaKMNX KaK
TOJILLHA CTEHKW TPYOb!.

5. Kakum o6pa3om Bbl peLuaeTe npobriemy ¢
HepoBHbIMX UJIN NCKPUBJ1IEHHbIMWX CTBOJ1aMi
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Halliburton: Stand-off, which means how far the pipe is
away from the open hole wall, is crucial, as eccentricity
results in a preferred flow path along the wider side of the
annulus, with in extremis, a gelled fluid channel remaining
in place on the narrow side of the annulus. The result is
that not the entire borehole is filled up with cement, and
channels can remain, which allow fluid movement and
leakage after cementing.

Typically, the pipe is kept in the center of the open hole by
centralizers, which are installed on the pipe body and kept
in place by stop collars. There are numerous models and
designs available, but they fall into two basic categories.
Rigid centralizers have a fixed outer diameter (OD), which
is not dependent on the load imparted on it. However this
OD has to be smaller than the gauge OD of the hole, as
the centralizer would otherwise get stuck. This limits the
maximum achievable stand-off, especially if the actual
hole size is larger than the gauge due to wash-out or other
hole stability issues. Bow-spring centralizers incorporate
some sort of a spring blade, which can extend beyond

the gauge hole size. The centralizer can still run through
tighter spots by compressing the spring blade elements.
However, the deflection depends on the load imparted,
and is higher in deviated boreholes, where part or all of the
pipe weight are supported by the centralizer.

Modern cementing simulation packages such as
Halliburton’s iCem® service can predict stand-off and

the effectiveness of cement placement, considering the
properties of the fluids to be used on the cement jobs,
the performance characteristics and the spacing program
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CKBaXXMHaM, 1 Kak ornpenensete HEoOXoOnMbIn
ob6bem 3aTpybHOro NnpocTtpaHcTBa?

«Besepdhopo»: Npobnemy obecneveHnst HeOBXOaNMbIX
napamMeTpOB CKBaXKMHbI ClIeAyeT peLlaTb COBMECTHO

CO cny>xbamm, oTBeYaroLLIMK 3a BypOBbIE PaCcTBOPbI U
OypoBble CEPBUCHI. BaykHO Ka4eCTBEHHO MOArOTOBUTL
CTBOJ1 CKBa2XKUHbI MyTEM OOMNOJTHATESIbHbBIX MOOXOO0K
[0SI0TOM U LMPKYSISILN 3apaHee onTUMasibHO
noao6paHHbIM BypPOBbIM PACTBOPOM BO BPEMS CrycKa
KOJTOHHbI 1 A0 LEMEHTUPOBaHWA. Halum nogpasaeneHms
Nno UeMeHTNPOBaHMIO CKBabKNH 1 OCHACTKe

obcagHbIX KONTOHH, B CBOKD o4epedp, obecrneumBatoT
Ka4eCTBEHHOE LIEHTPMPOBAHNE KOMTOHHbI B CTBOJIE MyTEM
NHAVBMOYaIbHOrO Nogbopa LEHTPaTOPOB U ONpeaeeHns
MECT X YCTaHOBKW B 3aBNCUMOCTW OT OaHHbIX
MHKITMHOMETPa 1 KaBepHOMETPUN.

Bce TpeboBaHus, NpeabsaBnseMble K LeHTpaTopam,
CBEAEHbl B CTaHOaPT AMEPUKAHCKOIO HEDTAHOIO
nHcTuTyTa APl 10D, cornacHo KOTopoMy KOhdULMEHT
LeHTpaLUMn OO/MKEH CoCTaBNSaTb 67 %. NokasaTtenu
Weatherford gocturatot 80-90% B 3aBMCUMOCTU OT
CITOMHOCTU KOHCTPYKLMN CKBaXKWHbI.

«LLntombeprke»: OOuH N3 HAMBaXKHENLLIVIX aCMEKTOB B
MIaHMPOBaHNM LIEMEHTHOW paboThbl SBASETCA OOCTVDKEHME
HaO1eXXalLLlero BbITECHEHMA BypOBOro pacTBopa 4714

TOro YTOObI LIEMEHTHbIN PACTBOP PaBHOMEPHO 3arONHM
3aTpPybHOE MPOCTPAHCTBO, MO3TOMY BaXKEH MoAO0op Tvna

N KONIMYECTBA LIEHTPATOPOB U X YCTaHOBKa Ha 06caaHble
TPYObI /N 30HBI MHTEPECA, FOE MMapaBMYecKkas
M309UMa Hamboee Heobxoayma.

Korga nogobpaH onTuMarnbHbI BapuaHT LeHTpaLmm
06CaaHON KOJTOHHbI, AeNo OCTaeTcs 3a CObNOOEHNEM
cTpaTerum sameLleHns OypoBOIro pacTBopa, KoTopas
OCHOBbIBAETCH Ha PEOSIONMYECKMX NapamMeTpax U
MNOTHOCTSAX B KOMOMHALIMN CO CKOPOCTLIO MPOaaBKMU,
COXPaHSAs Nepapxmio PEONOTUM MEXAY BbITECHAOLLMMA 1
BbITECHAEMbIM PaCTBOPAMN.

Halliburton: CteneHb LIEHTPUPOBaHUS, TO ECTb,
HacKOJ1bKO Tpyba OTK/IOHWIACh OT CTEHKM OTKPbITOro
CTBOJ1a, SBMSIETCS KOUTUYECKM MOMEHTOM, MOCKOSbKY
SKCLEHTPUCUTET MPUBOAUT K TOMY, YTO MOTOK >XKNOKOCTU
NpoxXoauT no 6oJ1ee LLNPOKOW CTOPOHE 3aTpyOHOro
MPOCTPaHCTBA, MNPV 3TOM, KaHas 3aryLeHHOro BypoBoro
pacTBOpa OCTaeTCs Ha MECTe Ha Y3KOW CTOPOHe
3aTpyOHOro MPOCTPaHCTBA. ITO NPUBOANT K TOMY, YTO He
BECb CTBOJ1 3aMOJIHSAETCS LIEMEHTOM, Y MOMYT OCTaTbCH
KaHaJslbl, MO KOTOPbIM MNOCS1E LIEMEHTMPOBaHNS ByaeT
MPOXOANUTb U YXOAUTb PacTBOP.

OBbI4HO TPYOY YOEPXKMBAIOT MO LIEHTPY OTKPLITOrO
CTBOJ1a C MOMOLLIO LIEHTPATOPOB, KOTOPbIE
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of the centralizers and the actual borehole geometry as
measured by an LWD- or dedicated wireline caliper. With
these tools, the influence of the borehole can be assessed,
and the centralizer selection and -spacing optimized to
ensure that the cement can isolate the critical zones.

6. What systems and technologies do you have in
place to help an operator achieve a cement job for the
whole life of a well?

v
WEEH]MM.

-2017 «Besepthopz», Bce Mpasa 3aLLyLLieHb!
2017 Weatherford ed

Weatherford: Cementing design depends on well

data, regional challenges and stress on casing and

cement bond during well life. Weatherford offers various

technologies to meet customer’s requirements. The
following technologies are in high demand at the moment:

e Gas tight slurry CemTite™ for gas wells prevents gas
migration into the cement structure during the transition
period when cement goes from liquid to solid state.
These properties are ensured by the chemical which
provides high fluid loss control and generates tight film
on the cement slurry surface.

e Light-weight slurry such as CemLite™ is very common
for wells with low fracture gradient and potential
lost circulation zones.

¢ Flexible and expandable cement systems such as
CemPly™ and CemPand™ which are getting
increasingly popular for horizontal wells with multistage
fracturing completion.

e Self-healing cement CemHeel™ designed for the wells
with high formation pressure and high risk of annular
fluid migration to the surface (such systems are used in
the upper part of the annulus and include special
additives which expand when the fluid goes through
micro-annular cracks and block fluid migration
through cement).

High mud displacement efficiency is a very important factor.

We offer an integrated approach consisting in high-quality
design of spacer and cement slurries, development of
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ROUNDTABLE M

YCTaHaB/IMBAIOT Ha TENO TPYObI U (PUKCUPYIOT
CTOMOPHbIMN KoJbLaMK. CyLLLECTBYHOT Pa3iNyHbIE
MOLEeNn 1 pagpaboTkn, HO BCE OHW NONaJatoT B ABE
KaTeropum. Y »eCTK1X LEHTPATOPOB HapY>KHbIM ANAMETP
(PUKCUPOBaHHDBIVI 1 HE 3aBUCUT OT NpuiaraeMbix
Harpy3ok. OgHaKo, 3TOT HapPY>KHbIA AMaMETP AOSPKEH
ObITb MeHbLLE AMaMeTPa 0010Ta, NHAaYe LeHTpaTop byaeT
NPEenNATCTBOBATL CMyCKy 06CaAHON KOMTOHHBI A0 3a004.
OTO OrpaHN4MBaET MaKCUMasIbHO OOCTUrAEMYIO CTEMEHD
LEHTPUPOBaHWS, OCOBEHHO, eCNM HaKTUHECKUI Pa3MEpP
cTBOJ1a 60/J1bLLIE HOMUHATBHOIO 13-32 KaBEPHO3HOCTU U
Opyrx Npo6eM, CBA3AHHBIX C YCTOMYMBOCTBIO CTBOA.
Y MPY>XUHHBIX LIEHTPATOPOB BHELLHWI OVaMETP MOXET
NpeBbILLAaTL HOMUHAMBHBIV AMAMETP OTKPBLITONO CTBOA.
[MPY>XKUHHBIV LIEHTPATOR MOXKHO CMyCKaTb Yepes3 Cy>KeHs
CTBOJIA, CXUMas ynpyre npy>KuHbl. OgHako npornt
NPY>XVH TakKe 3aBUCUT OT Harpy3kK, nepenaBaemon
06caaHON KOIOHHOM, 1 YBENNHYMBAETCS B UCKPUBIEHHBIX
CKBaXXMHAX, rae BeC TPYObl MOMHOCTHIO UM YaCTUYHO
nepefaeTcs Ha LeHTpaTop.

CoBpeMeHHblE CUCTEMbI MOAEIMPOBaHNS
LeMeHTUpoBaHus, Hanpumep, Halliburton iCem®, moryT
paccunTaTb CTENEHb LEHTPaLMY U 9(DHEKTNBHOCTD
3aKayKM LIEMEHTA C YH4ETOM CBOWCTB, MCMO/Ib3YyEMbIX MPU
LIEMEHTUPOBAHNN XXUAKOCTEN, paboumx XapakTePUCTUK
1 CXEMbI PA3MELLIEHMS LIEHTPATOPOB, a TakxXe
haKTNYECKOW rEOMETPUN CTBOA, n3mMepeHHon LWD-
W MHBIM TPOCOBBIM KaBEPHOMETPOM. C MOMOLLbIO
3TUX UHCTPYMEHTOB MOXXHO OLIEHNTb CTEMNEHb BAVSIHUS
CTBOJIA CKBaXKWHbI, & TaK »Xe NpaBuiibHO Noaodbpath T1n
LIEHTPATOPA W MHTEPBAUT MEXAY HMW, YTOOLI 0BECreYnTb
N30MALMIO KPUTUYHBIX 30H LIEMEHTOM.

6. Kakme cncrtembl 1 TEXHOJIOTMU Bbl UCMOJIb3YETE,
yTOObI MOMOYb OMnepaTopy 006UTbCA KA4eCTBEHHOIo
LLEeMEHTUPOBAHUS Ha BECb CPOK CJTY>KObl CKBa>KUHbI?

«Besepdhopo»: Mogbop TEXHONOMN NN PELENTYPDI
TaMMOHaXKHbIX PaCTBOPOB VMHAMBMAYANEH N 3aBUCUT OT
PErnoHa, CKBaXKNHHbBIX YCITOBU 1 HArPY30K Ha KOJTOHHY U
LEMEHTHBIV KaMeHb MPW 3KCMTyaTaumm

ckBaXKMHbI. Weatherford npefnaraet pasnmyHsie

TEXHOIOMMYECKME PELLIEHNS, KOTOPbIE YAOBNETBOPSIOT

TPeBOBaHMAM Pa3HbIX KOMMaHUI-0MepaTopoOB.

Celnvyac 0cobeHHO BOCTPebOBaHbI:

e [azobnokmpytoLme cuctembl CemTite™ ot CKBaXKUH
C ra30HOCHbIMM M1acTaMu, KOTOPbIE MPEAOTBRALLIAIOT
MUMpaLMIo rada B CTPYKTYPY LiEMEHTA MpU Nepexone
€ro 13 XXNOKOro B TBEPAOE COCTOAHNE. Takune
XapaKTEPUCTUKM JOCTUratOTCS 38 CHET XVMUYECKIMX
BELLECTB, KOTOPblE 06ECNEUMBAOT KAYECTBEHHbIV
KOHTPOJTb NOTEPb (htovaa U CO3LAK0T MIOTHYIO MIEHKY
Ha MOBEPXHOCTU pacTBOpA.

e ObneryeHHble LIEMEHTHbIE pacTBopbl CemLite™
0151 CKB2XKMH C HUSKMMU MoKasaTensaMy rpaameHTa
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centralization program and providing tools for casing rotation
and reciprocation before and during cementing. We are able
to determine and design mud displacement efficiency during
casing rotation and reciprocation using special certified
software CemPRO+ to determine flow regimes for efficient
mud displacement and good cement bond.

Weatherford is the only service company that can apply
integrated approach including Cementing Pumping
Service, Cementing Hardware and equipment for
casing rotation and reciprocation to ensure high
cementing quality.

Schlumberger: The oil industry had moved from easy
access to more challenged environments in terms of
depth, pressure, water depth, and formation properties.
The most advanced cement systems include self-healing
systems that can reestablish its integrity at the contact
with hydrocarbons if ever lost for any reason. There

are also flexible systems that withstand extreme well
conditions during the life of the well including, perforation,
stimulation jobs, changes in temperature and pressure
during production and even up to a limited extend the
natural events.

Halliburton: As already discussed, the placement of

the cement slurry in the wellbore is only the first step.

To ensure that the cement will maintain its function
throughout the well lifecycle, the mechanical properties of
the cement need to be designed to withstand the loads
placed on it.

There are finite element software packages such as
Halliburton’s WellLife™ software available, which can
translate the planned operational loads during the
different stages, such as commissioning pressure

testing, completion of the well in lighter completion fluid,
stimulation treatments etc. into the stresses experienced
by the cement sheath. With these, the cement properties
such as Young’s Modulus, Poisson’s ratio, compressive
strength, tensile strength and expansion/shrinkage can be
design to maintain competent isolation. With the identified
property requirements, cement systems can be selected,
tested and qualified in an iterative process to ensure a
dependable barrier under the planned wellbore conditions.

The required resources for the characterization of cement
mechanical properties are available in a network of
Halliburton Technology Centers, which offer compression
load frames and other specialized test apparatuses.

Reactive cement blends like Halliburton’s LifeCem™
cement can provide additional assurance, where
wellbore conditions outside the planned envelope cause
cement cracking. These systems react on contact with
hydrocarbons to seal cracks and stop hydrocarbon flows
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raopopaspbiBa niacTa 1 BO3MOXHbIMM MNOMIOLLEHNSMMA,

e D/laCTUYHbIE U PACLLUVPSIOLLNE LIEMEHTHBIE CUCTEMBI,
Takne kak CemPly™ 1 CemPand™, koTopble
aKTyanbHbl 4719 FOPU3OHTasTbHBIX CKBAXKWNH C
MHorocTaguiiHeIM [Pl BO Bpemsi 0CBOEHNS.

e CamosaxusnstoLumecs cuctembl CemHeel™, koTopble
3 (heKTMBHO pPaboTatoT B CKBaXKMHAX C aHOMasTbHO
BbICOKOM MacToBbIM AasneHnem (ABI1) 1 BbICOKMMM
pryCKamm NMOSIBIEHNS MEXKKOJTOHHbBIX MEPETOKOB (Takme
CUCTEMbI UCMOJBb3YIOTCH B BEPXHEN HaCT 3aTRyOHOrO
NPOCTPAHCTBA, 1 B MX COCTaBe paboTaloT cneumasibHbie
000aBKK, KOTOPbIE PaCLUMPSAOTCA MPU MPOXOXOEHUM
hnonaa Hepes MUKPOTPELLMHBI B CTRYKTYPE LieMeHTa
1 TEM CaMbIM MEPEKPBLIBAIOT UX, NPpeaoTBpaLlas
MEXKOJIOHHbIE MEPETOKN).

HemanoBaXkHbIM aCrekTom
BbICTynaeT 1 shPeKTBHOE
3aMeLLieHme BypoBOro pacteopa

B 3aTpybHOM NpocTpaHcTBe. Mbl
npenaraeM KOMMAEKCHbIM NOOXOM4, K
peanMsaumm 3agadm Ka4eCTBEHHOMO
LIEMEHTUPOBAHWS, BKITKOHAIOLLIMN B
cebs nogbop peuentyp bydhepHbIx

1 LEMEHTHbIX PacTBOPOB, Noabop
Ka4YeCTBEHHOM OCHACTKM, B TOM
YMCIIE LIEHTPATOPOB, a TakxKe
obecrneuBaeM BO3MOXXHOCTb
BPALLEHNSA U paCXaKMBaHNS
obcagHOW KOMOHHbBI 4O U BO

BPEMS LEMEHTUPOBaHUS. Kpome
TOro, CneunanncTbl Hallemn
KOMMaHNN BbINOJIHSIOT pacyeT 1
MPOEKTUPOBAHME LIEMEHTVPOBAHMS
NPy BPALLEHUM W paCXavKUBaHNN,
MCMNOMb3ys creuyasbHble
nporpaMmmHble NPoayKTbl, Takme kak CemPRO+,

019 ONPEeaENEeHNst ONTUMAaSbHbBIX PEXXMMOB 3aKaqKW
LIEMEHTHbIX PaCTBOPOB C Liesbto 60/1ee aheKTBHOMO
3aMeLLIeHMst BypOBOro pacTBopa W HaOeXXHOCTU
cLenneHrs uemMeHTa ¢ 0bcagHom KOSTOHHOM 1 CTBOJSIOM
CKBaKWHbI B 3aTPYOHOM MPOCTPAaHCTBE.

Weatherford - equHCTBEHHas CepBUCHas KOMMaHN4,
KOTOpasi MPUMEHSIET HTEMPUPOBaHHBIN NOOX0[4,
npeniaras yeayri no 3akadke LemeHTa, obopynosaHmne
0151 OCHACTKM U LIEMEHTUPOBaHNS, a TaKXXe NHCTPYMEHTbI
015 BPaLLEHNS 1 pacxaknBaHusa 06CadHbIX KOSTOHH 15
obecnedeHns HaOEXHOCTU U Ka4ecTBa LIEMEHTUPOBaHNS.

«LLintom6eprke»: HetbTeqobdbiBatoLLAA MPOMbILLNEHHOCTb
nepemMecTuiachb 13 NerkogocTyrnHon B 06/1aCTb
NPeacTaBNSAOLLYIO CIIOXHOCTb B MiaHe ryouHbl,
OaBneHNs], TOMLWWHbBI CNOS BOAbI M CBOWNCTB NMOPOL.
Camoe nepeoBoe PeLLeHNe B LIEMEHTUPOBaHN
CKBaXKVH — CaMO 3aKMBJISAOLLAACA CUCTEMA, KOTopas
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to maintain the integrity of the cement sheath.

7. What specific solutions do you offer for high
temperature and high pressure wells and wells in a
corrosive environment?

Weatherford: The primary challenge in designing cement
for HPHT wells is to solve the problem of cement bond
strength at high temperatures and low fluid loss to prevent
formation gas and fluids from getting into the cement
structure. This is attained by using microsilica and silica
flour with different particle size and concentration as well
as plasticizers and fluid loss agents. We also offer special
recipes of heavy cement slurries such as CemRock™ with
the density of 2,3 g/cm? for use in HPHT wells.

2017 «Besepdopa», BCe Npasa 3aLlyLLeHb
2017 Weatherford Rights Reserved

Schlumberger: Our portfolio includes system specifically
designed to withstand high temperature environment for
geothermal injection wells; we also offer systems with the
ability to maintain its integrity when exposed to aggressive
formation fluids like CO, and H,S. These systems are
based on engineered dry blends of proprietary products
that are carefully arranged to exhibit superior properties
compared to conventional cement.

Halliburton: Portland cement is susceptible to strength
retrogression, caused by a change in phases at
temperatures above approx. 110°C and to attack by
wet CO,, the primary corrosion mechanism typically
encountered in applications such as Carbon Capture
and Storage and water injection. Sulfate attack might
be another issue, but the oilfield-specific cement
classifications cover this in a variety of specifications on
Sulfate resistance in the basic cement classes. Buying a
High Sulfate Resistant (HSR) basis cement will prevent any
issues on that side.
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BOCCTaHaB/IMBaET LIe/TOCTHOCTb LIEMEHTHOrO KamHsl

NP KOHTaKTe C YrNeBoaopoaamm, B TOM Crlydae ecim
OHa MO Kak1M-TO MpudnHam Gbina yTepsaHa. Tak e
CYLLIECTBYET a/1acTyHas LieMeHTHas cucTemMa, crnocobHas
BblAepXKaTb SKCTPEeMaUTbHbIE YCIOBUS Ha MPOTSHKEHN
BCEW >KN3HW CKBaXKMHbI BKJTlOYast nepdhopalim, paboTsl
Mo CTUMYNALMW NacTa, U3MEHEHVs B TeMrneparype U1
JABNEHUN BO BPEMS SKCM/lyaTaLmi U JaxKe HEKOTOPbIe
npUpoaHbIe SBEHNS.

Halliburton: Kak y>xe roBopunioch, 3akadka LeMEHTHOrO
pacTBOpa B CKBXKWHY - 3TO BCErO /MLLb NEPBbIV LLAr.
YTOObI LEMEHT MPOJOSKAS BbIMOHATL CBOK (DYHKLIIO
B TEYEHWE BCEMO »KMBHEHHOIO LMKI1A CKBaXKMHBI,
MeXaHN4eCKme CBOMCTBA LIEMEHTHOMO KaMHs NoaoupatoT
Takmm 006pa3oM, YTOOb! OH BblOEPXKNBA HAMPY3K.

CyLuecTBytOT

nporpamMmbl 2017 Schlumberger, Bce npasa 3aLmLLEHbI
pacyeTa Harpy3ok 2017 Schlumberger Rights Reserved
Harpumep,

Halliburton

WellLife™, koTopas
MOXXET MepeBoaUTb
3annaHNPoBaHHbIE
pabouyne onepaumm
B HarNpspKeHns,
VCMbITbIBaEMble
LIEMEHTHBIM
KOJIbLIOM, Ha
pa3nNYHbIX aTanax:
MCMbITaHWA Mog,
OaBneHnemM

npw BBOAE B
aKcnyatauuto,
3aKaH4YMBaHVe
CKB&XKVHb!

¢ obneryeHHbIMK pacTBopamm, padboTa no
WHTEeHCcUVKaLmm npuToka 1 T.4.. Mpv aToMm, ans
JOCTWKEHWS TPEDYEMOWN U3OMALIMM MOXHO NoaodpaTh
Takme CBOVICTBA LiIEMEHTA, kak Moadys1b FOHra, KoathuLmMeHT
[MyaccoHa, CONpPOTMBEHME Ha CXKaTUe, CONMPOTUBIIEHVE
pa3pbIBy, paclumperHme/ycaaka. 3Has Tpebyemble

CBOWCTBA, LIEMEHTHbIE CUCTEMbI MOXXHO MOABUPaTb,
VCMbITbIBATH U aTTECTOBbIBATL B HTEPAKTVIBHOM PEXMME,
4TOObI 06ECMNEYUTE HAOEXKHbI 3aKONOHHBI 6apbep B
3aMnnaHMPOBaHHBIX YCIOBUSX CKBaXKVHbI.

TpebyeMble pecypchbl A7 ONPeaeIEHNS MEXaHUHYECKIX
CBOWICTB LieMEHTa JOCTYMHbI B TEXHOMOMMYECKMX
LeHTpax koMmnaHum Halliburton, KoTopble npegnaratoT
YCTPOWVICTBA OnpeaeneHnst Harpy3ku Ha cxxate U UHble
cneunanvanpOBaHHbIe NCTbITaTeNbHbIE CTEHbI.
XUMMNYECKN aKTVBHbIE TAMMOHAXKHbIE CMECU, TaKe Kak
Halliburton LifeCem™, moryT oatb AONOSHUTEbHbIE
rapaHTUM TaMm, rae B YCNOBUSX CKBAXKMHbI, BbIXOOSALLIMX
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The thermal strength retrogression can be controlled by
adding Silica components to the cement blend, which
will prevent the formation of the destabilizing phase up
to temperatures around 300°C. But the increasing Silica
requirement will also affect the cement properties, so
that alternative non-Portland systems might have to be
considered.

Halliburton has two main products in the non-Portland
high temperature field, Thermalock™ cement, a non-
Portland cement, and Thermatek fluid, a temperature-
activated sealant developed primarily for water shutoff and
plugging operations.

Thermalock cement has the added benefit that it is not
susceptible to CO, attack and is therefore suitable for a
corrosive environment.

8. With Russia
drilling more
directional wells,
what challenges
do highly deviated
wells pose and
how do you
overcome these
challenges?

Weatherford:
As noted above,
integrated
approach to
cementing of
directional and
horizontal wells
is required.
Customers often
request high-quality cementing from cementing services
providers when the quality of centralization is low. And for
efficient cementing Weatherford always recommends to
drilling and cementing contractors to properly condition
the wellbore. Rotation before and during cementing
also positively impacts the quality of cement bond, if

it is impossible to ensure good centralization. Apart
from that, we select cement slurry recipes with low
rheological properties and optimal spacers to ensure
cementing in narrow annular zones and highly deviated
intervals without essential pressure increase due to
cement friction during pumping.

Schlumberger: The mud removal and well-clean
processes are among the biggest challenges for deviated
wells. [t is important to highlight the importance of the
proper planning and the positive impact of working
together with the operator to achieve the hydraulic
isolation objective.
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3a 3an1aHNPOBaHHbIE MPaHNLbl, LEMEHT ODbIMHO
OaeT TPEeLLMHbI. ST CMecK, B3aMMOAENCTBYS C
yrneBogopodamMu, repMeTU3NPYOT TRELLMHbI 1
OCTaHaBJ/IMBaKOT MOTOK YryieBogopoaoB, COXpaHAA
LIE/TOCTHOCTb LIEMEHTHOIO KOMbLiA.

7. Kakne KOHKpeTHO peLLeHNs Bbl Npeasiaraete
[J191 BbICOKOTEMMNEPATYPHbIX CKBaXKWNH, CKBaXKMH
BbICOKOIO [,aBJIEHUS, a TaK)XKe CKBaXKUH C
arpeccuBHoOM cpenon?

«Besepdopo»: OCHOBHOM 3agaden npu
MPOEKTUPOBAHUM PELIENTYpPbI LieMeHTa aJ1st
BbICOKOTEMMEPATYPHbIX CKBaXXUH 1 CKB2XKWNH C
BbICOKMM [aB/IEHNEM SBASETCS peLleHne Npobiemsl
noTepu NPOYHOCTU LEMEHTHOIO KaMHS MPU BbICOKMX
TemMneparypax 1 MoHMmKeHHas uibTpaums LeMEHTHbIX
PacTBOPOB 419 MPefOTBPALLEHUS MPOHUKHOBEHNS
NaacToBbIX ra30B 1 (DOVAOB B CTRYKTYPY LEMEHTA.
3TO gocTUraeTcs NyTemM NPUMEHEHNS MUKPO-
KpemMHe3éma 1 KBapLEeBOM MyKIN C pasimyHbIMM
pasmMepamm HacTuL, 1 ONpPedesEHHON KOHLEHTpauum,
a Takke NNacTUgrKaToOpoOB 1 MOHU3UTENEN BOOOOTAAUM
(bunbTpaumy). Mbl npegiaraem 1 0Cobble peLenTypbl
YTSDKENEHHbIX LIEMEHTHbIX pacTBopoB CemRock™
MIOTHOCTBIO 2,3 I/CMS, MPUMEHSIEMbIX OJ151 CKBaXKMH

c ABIMA.

«LLintom6eprke»: Halua nnHeka npoayKToB BKIKOYAET
B cebs1 CMCTEMBI, CreuvanbHO paspadoTaHHble ANs
BbIOEP>KMBAHMS BbICOKMX TEMMepaTyp B reoTepMasibHbIX
CKBaXXMHAX HarHeTaHWs; Mbl TaKKe npeanaraeM CUCTeMb!
CMNOCOBHbIE COXPaHATL LIeSTIbHOCTb LIEMEHTHOIrO KaMHs
Mpv BO3OENCTBUN arpeCcCyBHbIX MIacTOBbIX (htona0B
Taknx kak CO, 1 H,S. BT CrCTeMbl OCHOBbIBAKOTCA Ha
CMPOEKTNPOBAaHHbIX CMECSX U3 creLmasibHbIX 106aBOK,
KOTOPbIE TLATeSIbHO CKOMOVHMPOBaHbI 1 0b1afatoT
CBOWMCTBaMM, MPEBOCXOAALLMMMN OObIYHbINA LEMEHTHbIN
pacTBop.

Halliburton: lNopTnaHa-UueMeHT CKIOHEH TEPSTH
MPOYHOCTb B Clly4Yae M3MeHeHN B (hasax npu
TemnepaTtype Bobiwe 110 °C 1 NoaBep>XeH BO3OENCTBIIO
CO, B XnaoKom Bufe, a npw NpoLeccax yiasimsaHms

v xpaHeHna CO,, a Tak e HarHeTaHun Bofpl, 0ObI4HO
NMEET MEeCTO NepBUYHasA koppoans. [pyras npobnema
- cynbhatHas Kopposus, HO KNacCcumrKaums LEMEHTOB
0N HeDTAHBIX MECTOPOXXAEHUI YUUTBIBAET 3TO MPU
onpeaeneHun PasinyHbIX TEXHUYECKNX TPebOoBaHUI K
COMPOTUBIEHNIO BO3OENCTBMSA Cy1b(aToB A1 OCHOBHbIX
knaccoB LiemeHTa. CybhaToCTOMKUN LIEMEHT MOMOXXET
NPeAoTBPaTUTL NOAOOHbIE NPOBIEMBI.

MoTepro TEPMIMYECKOI MPOYHOCTI MOXKHO

KOHTPOMMPOBAaTb, eCM [06aBUTb B LEMEHTHYIO CMECh
KOMMOHEHTbI KPEMHMS, KOTOPbIE HE AOMYCTAT hasbl
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Drilling fluid selection, proper pipe centralization

and the ability to rotate it, mud conditioning prior to
the cement job, hole cleaning, correct selection and
design of cementing fluids, ability to control friction
pressure hierarchy, annular velocities, and the adequate
temperature simulations are among the list to

closely control.

Halliburton: For cementing, higher deviations cause
two kinds of problems. Firstly the installed centralizers
in a near horizontal section will have to support almost
the entire weight of the pipe, or the pipe will be pressed
against the borehole wall. The resulting standoff might
not be sufficient to ensure coverage of the entire
annulus with cement. Rigid centralizers or high-strength
bow spring centralizers will be required to achieve
standoff for successful cement slurry placement. Pipe
rotation, which will break gels on the narrow side of

the annulus and distribute cement around the entire
circumference is also an effective mitigation mechanism
here. A collateral issue in this context is the ability to
get a pipe string to the bottom of the hole without

the support of the casing weight pulling down and
increased drag friction on the pipe or centralizer
touching the borehole wall. Low friction Protech™
composite centralizer blades, which are molded directly
onto the pipe body, can help keepthe pipe body away
from the wall and reduce friction factors. Good torque
and drag modelling, available in Halliburton’s iCem™
and DecisionSpace™ software packages allow a
prediction if a string can be run to depth successfully
or is likely to hang up prematurely.

The second challenge for cementing is that density
hierarchy (heavier fluids displace lighter fluids upwards)
does not work if the wellbore direction is no longer up
or down, but horizontal. Fluid rheology design needs
to receive additional care to ensure effective fluid
displacement, where thicker fluids will displace thinner
fluids along the direction of flow, irrespective of the
direction of gravity.

9. With Russian fields operating over a wide area, in
remote and harsh locations, this has a direct impact
on cementing operation. How do you monitor and
maintain the QA and QC of the slurry and equipment
in harsh locations?

Weatherford: In remote areas with extremely low
temperatures we use only dry additives for preparation
of cement slurries and spacers. Weatherford has
special pre- and post- operation procedures for vehicles
in place. The vehicles shall be prepared for each trip
and operation well in advance. It is highly important to use
and properly control cement and spacer mixing liquids.
The temperature of mixing liquids shall be close to the
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Jectabunmaaumm npu Temnepatype Bnaotb Ao 300 °C.
Ho yBe 4B 000 KPEMHUS, MOXHO yXyOLLNTL CBOMCTBA
LIEMEHTa, MO3TOMY MPUXOAUTCS paccMaTprBaTb
BapvaHTbl 6e3 MCNOJIb30BaHWUS MOPTAaHA-LEMEHTA.

KomnaHua Halliburton npegnaraet gBa rinaBHbIX
npoayKTa ANs BbICOKMX TeMnepaTyp 6e3
HEeobXoOMMOCTV B NOPT/AaHA-LEMEHTE. OTO LIEMEHT
Thermalock™, He cogep>kallyii NoPTNaHO-LUEMEHT, U
pacTtBop Thermatek, TemnepaTypHO-aKTUBMPYEMbIN
YIIOTHUTENb, pa3paboTaHHbIN, B NEPBYO OYepedb,
019 N30ASLMM BOAOHOCHbBIX FOPU3OHTOB U YCTAaHOBKM
LIEMEHTHbIX MOCTOB.

Y uemeHTta Thermalock™ ecTb JONOHUTENBHOE
NPenMYLLIECTBO - OH He NoaBepxeH BosaencTemio CO, 1
NoOXOOUT ONs arpeCCUBHbBIX cpeq.

8. YuutbiBasi, uTo B Poccum 6ypaTt Bce 6onbLue
HaKJIOHHO-HarnpaBf1EHHbIX CKBaXXUH, pacCKaXXuTe,
Kakue TpyOgHOCTU BO3HMKAIOT MPU BbINOJIHEHUN
paboT, U Kakmm o6pa3om Bbl UX NpeoaosieBaete?

«Bezepdhopo»: Kak y>xe roBopmiioch paHee,
Heo6X0QNM KOMMJIEKCHbIN MOAXOA K LEMEHTNPOBAHMIO
HaK/IOHHO-HaNpPaBeHHbIX N FOPU3OHTasTbHbIX
CKBaXKMH. 3a4acTyto 3aKa3umk TpebyeT KayeCTBEHHOEe
LIEMEHTNPOBAHME OT TaMMOHaKHbIX MOAPAOAYMKOB, HO
npy 3TOM NPUMEHSIET HEKAYECTBEHHOE LIEHTPUPOBaHNE
1 HaobopoT. 15 peweHns Npobaem 1 BbINOSTHEHNUS
Ka4yeCTBeHHOro LemeHTupoBaHna Weatherford Bcerpa
pekoMeHayeT NoapsayrKam no BypeHuto 1 bypoBbIM
pacTBopam NpaBuibHO FOTOBUTb CTBOJT CKBaXKMHbI.
BpallieHne 00 1 BO BpeMs LIEMEHTUPOBAHUS Takxe
LIEMEHTHOIO KaMHs B 3aTpyOHOM MPOCTPaHCTBE

NpPY HEBO3MOXXHOCTM 0H6EeCcneveHs BbICOKMX
nokasaresien LleHTpUpoBaHus. Kpome Toro, Hamu
NpoBOAMTCS NOABOP PELENTYP LIEMEHTHbIX PACTBOPOB

C MOHVPKEHHOW PEOJIONEN, a TakKe OMTUMasTbHbIX

no xapakTepucTkam BydepHbIX PacTBOPOB, YTOObI
0becnevnTb LIEMEHTUPOBAHNE B Y3KMX 30Hax 3aTpybHOro
NPOCTPaHCTBa W MHTEPBaNax HanbOsbLLIErO NCKPVBIEHNS
6e3 CyLIEeCTBEHHOMO MOBbILIEHWS OABMEHNS MPY 3aKaqke
3a CYET TPEHWNS LIEMEHTHOIO pacTBopa.

«LLntomb6eprke»: MNpouecchl 3aMmeLLeHns 6ypoBOro
pacTBopa 1 OYMLLEHNS] CKBaXKNHbI MPEeacTaBnsioT

O[HY U3 CaMbIX CIIOXHbIX 3a0a4 B HAK/TOHHbIX
cKBaXKMHaX. O4eHb BaXKHO 3a0CTPUTb BHMMaHME Ha
HEeOOXOAVMMOCTY HaAEeXXallero NiaHPOBaHNS, a Takxe
Ha NOSIOXKUTESIbHOM BIINSIHAM COBMECTHOW C OrnepaTopoM
paboTbl 419 OOCTVKEHUS 33024 MO MAPaBINYecKoM
N30MALMN.

Bhibop 6ypoBOro pacteopa, Hagnexallas LeHTpoBKa
06caHOM KOMOHHbI 1 BO3MOXXHOCTb €€ BpalleHus,
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specific design temperatures for the cement and spacer
to retain their properties in line with laboratory test results.
We also provide recommendations on pressure testing of
cementing lines before cementing using brines to prevent
freezing.

Weatherford provides mobile labs designed for laboratory
tests at remote fields. Heating units for the personnel at
the rig sites in areas with extremely low temperatures are
also available.

Schlumberger: Our organization has deployed and

wide range of operating bases across the territory, we
have a strong technical population present in every
location. We are very proud of our high standard in
regards of providing standardized training to our technical
community; our engineers are engaged in a fixed step
development process that includes technical schools in
Russia and overseas.

The entire job process is also standardized to cover
from planning to after execution. The quality control
process are monitored to ensure the right performance
of our additives, cement, equipment and as well as

our personnel competence. We have built a technical
network structure, which starts from the field locations
and laboratories and grows to the district and county level
until reaching a global community support, engaged in
providing support and sharing knowledge across

the globe.

Halliburton: Harsh locations pose a whole range of
challenges for Cementing operations. Conventional
cementing equipment might refuse to operate at
low temperatures, water based fluids might freeze
and possibly damage equipment, heat generated
by hydrating cement could destabilize Permafrost
soil near surface, and remote locations can make
the mobilization of additional materials, spares and
equipment seasonally impossible.

Halliburton is offering a range of ruggedized equipment like
the Ruggedized Global Truck (RGT), which can operate in
temperatures between -35°C and 45°C with self-contained
mixing tanks and a winterized 8x8 heavy duty chassis.

To quality-control slurry designs in remote locations,
Halliburton typically dispatches a self-sufficient service
fleet to remote fields, which include a dedicated field
laboratory, which can perform the operational testing for
the fluids to be pumped on the location.

On the permafrost side, Halliburton can offer a variety of
technologies, which can limit the heat release and ensure
fill-up of unconsolidated and soft top holes.
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B KPYIbI CTON

noarotoBka 6ypoBOro pacTeopa Nepes LleMeHTHOM
paboToNn, OUMLLEHNE CTBOJIA CKBaXKWHbI, MPaBUIbHO
noaobpaHHble TaMMOHAXKHbIE XXUAKOCTU, CMOCOBHOCTb
KOHTPO/IMPOBAaTb NEPAPXMIO PEOSIOTUIA, CKOPOCTb
NoTOKa B 3aTPYyOHOM MPOCTPaHCTBE, NPaBUIbHOE
MO[EeNMPOBaHe TeMnepaTypbl - BCE 3TO AO/MKHO ObITb
nopa, NpucTanbHbIM KOHTPOEM.

Halliburton: YTo KacaeTcs LueMeHTUpoBaHWs, 60bLINE
OTKJIOHEHUS YpeBaTbl MpobnemMamMmu AByX TUMOB.
Bo-nepBblIX, YCTAHOBIEHHBIM Y TOPU3OHTaIbHOIO
paspesa LeHTpaTtopam NpuxoauTcsa NPUHUMAaTh Ha
cebs BeCb BeC TPyObl, MHaye Tpyba byaeT npwxaTa

K CTeHKe cTBONA. B pe3yneTtare LeHTpupoBaHmne

Oy[eT HeOOCTaTOYHbIM, YTOObI 3aNO/HUTL BCE
3aTpybHOE NPOCTPAHCTBO LIEMEHTOM. [oTpebytoTca
YKECTKME LIEHTPATOPbI UM BbICOKOMPOYHbIE
MPY>XXUHHBIE LIEHTPATOPbI, YTOObLI MOJTYYUTb CTENEHD
LEeHTPUPOBaHWA, TpebyeMyto 0N YCNELWHOM 3aKaqkm
LemMeHTHoro pactaopa. Odpyrum ahdekTUBHbIM
CPEACTBOM SBNAETCA BpalleHe TpyObl, paspyLuarollee
resIMeBYIO CTPYKTYPY OypoBOro pacteopa Ha

Y3KOW CTOPOHE 3aTpyOHOr0 MPOCTPaHCTBA U
pacnpenensoLllee LEMEHT N0 BCEN OKPY>KHOCTU.
3A€eCb BO3HUKAIOT MOBOYHbIE MPO6EMbI — Kak
CNyCTUTb 06CaAHYIO KOIOHHY A0 32605 CKBaXKMHbI

npwn OTCYTCTBUN YBEMHEHNS CODCTBEHHOIO BECA B
rOPU30OHTasTbHbIX MHTEPBAIAaX, 1 MOBLILLEHHOE TPEHUE O
CTEeHKy CTBOJ1a TPYObl UK LieHTpaTopa. KOMNosuTHbIe
LueHTpartopsbl Protech™ ¢ HU3KMM KO DULMEHTOM
TPeHUs, OTNIMBaEMble HEMOCPELACTBEHHO Ha TE0
TPYObl, MOFYT MOMOYb YAEeP>KaTb ee nogasblie

OT CTEHKM U YMEHbLUNTL TpeHre. CMoaenmpoBaB
BpaLLaloLLi MOMEHT 1 COMPOTUBIIEHNE HA TPEHME

B nporpamme iCem™ u DecisionSpace™ komnaHum
Halliburton, Mo>xHO npeackasaTtb, AOCTUIHET /n
obcagHas KONoHHA NNaHNPyemMon riybuHbl Nav Xe oHa
NPeXx4EBPEMEHHO 3aCTPSHET.

Bo-BTOpPbLIX, NPV LEMEHTUPOBaHMM MPUHLIMM MepapXum
NJIOTHOCTU (Bosiee TsKesble PaCTBOPbI BbITECHAKOT
BBepx 6onee nerkne daonael) He paboTaerT,

ecnv Hanpae/ieHne BypeHnst He BEPTUKAbHOE, a
ropu3oHTasibHoe. Peonornyeckmne CBoMCTBa pacTBopa
cnenyeT MccnenoBaTb OCOBEHHO TLATENBHO, YTOObI
rapaHTnpoBaTtb adHEKTUBHOE BbITECHEHWE, KOorga
bonee Tskenble MOUAbI BbITECHAOT MEHEE MIOTHbIE
Mo MOTOKY HE3ABUCKMMO OT HanpaB/ieHNs OeNCTBUS
CUNbI TSHXKECTMU.

9. Poccuimckne mectopoXXaeHust pacnoJsararoTcs
Ha OGLLUMPHON TEPPUTOPUN, B yOaNEeHHbIX
pernoHax ¢ HebnaronpuUATHbIM KJIMMaToM,

YTO HaNpPsIMylo BJIMAET Ha BbINOJZIHEHUE paboT
no uemeHTnpoBaHuio. Kakum o6pasom Bbl
KOHTpoONMpyeTe u obecrnevymBaeTe Ka4ecTBo
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pactBopa u paboTy o60pynoBaHUSA B permoHax c
He6aronpuATHbIM KiMMaTom?

«Bezepdooppny»: B yoaneHHbIX pernoHax ¢ aHoMasibHO
HU3KMW TemMnepaTypamMy UCMoNb3yem XUMUYECKME
006aBKM TOSTBKO B CyXOM BUAE 015 NPUrOTOBEHNS
LEMEHTHbIX 1 ByepHbIX PacTBOPOB. YTO KacaeTcs
TEXHVIKM, TO B HaLLIE KOMMaHUM pa3padoTaHbl
cneupanbHble nepen- 1 NoceonepaumoHHble
npoLeaypbl NOAroTOBKM 060pyaoBaHus. Heobxoanmo
3a61aroBpPeEMEHHO rOTOBUTb BCE CUCTEMbI K K2XKAOMY
Bble3ay 1 paboTte. HemanoBa)KHO MCNONb30BaThb U
NPOBOANTb KOHTPOb XXWUOKOCTU O715 3aTBOPEHNS
LleMeHTHbIX 1 BydepHbIX pacTBOPOB. Temnepartypa
TaKoW XXWAKOCTU OOJSKHA COOTBETCTBOBATh
TemnepaTtype, NP KOTOPOW Bbl/IM CAPOEKTNPOBaHbI
KOHKPETHbIE LIEMEHTHbIE U ByhepHble pacTBOPbI

0191 COXPaHEeHNs UX XapakKTeEPUCTUK COrlaCHO
nabopaTtopHbIM UCMbITAHUAM. TakXXe CyLLEeCTBYIOT
peKOMeHOaUMN NO NPOBEAEHNIO UCMbITAHUIA OaBIEHNEM
HarHeTaIbHbIX IMHUM LLEMEHTUPOBOYHOIO KOMMJIeKca
nepen LeMEHTUPOBAHNEM COJEBLIMU PacTBOpPaMU ONs
npenoTBpaLleHnst 3aMep3aHnsg.

Weatherford npegoctaBnseT MObUbHblE nabopaTopui,
KOTOpble NpeaHasHa4eHb! 419 NPOBEAEHNS
NabopaTopHbIX UCMbITAHWN Ha OTOANEHHbBIX
MECTOPOXOEHUSAX. TaKKe Mbl UCMONb3YEM KOMIMIEKCHI
oborpesa /19 NepcoHana, paboTaroLLero Ha 6ypoBbIX B
PEernoHax ¢ aKCTPEMaIbHO HUSKMMIK TeMnepaTtypami.

«Lintom6eprke»: Halla opraHn3aums passepHyna
UesbI psia OencTBYOLLMX 6a3 Mo BCen TEPPUTOPUM U B
KaXXOOM PervoHe NpUcyTCTBYET KBAIMMULIMPOBAHHBIN
nepcoHast. Mbl 04eHb ropAYIMCS BbICOKUMW CTaHAapTamMu
B OOy4YeHNM Halero TEXHUYECKOro COOBLLECTBa; BCe
HaLLW MHXeHepa 3aeCTBOBaHbl B (DMKCHPOBAHHOM
nporpamMme PasBuTS, BKIKOHAOLLIME TEXHUYECKNE
LWKoJbl B Poccumn 1 3a rpanmuen.

Becb pabounii NpoLecc Takke CTaHOapTU3NPOoBaH

OT MOMEHTa NNaHMPOBaHNS OO MOJIHOrO 3aBepLIEHUS
paboTbl. KayecTBo npouecca TwaTesibHO
OTCNEXMBAETCS, YTOObI YOEauTLCA B CTEMEHU
athheKTUBHOCTI 006ABOK, LieMeHTa, 0bopyaoBaHns, a
TaKXKe KOMMNETEHTHOCTM COTPYOHWKOB. Mbl paspaboTann
CEeTb TeXHNYECKMX CTPYKTYP, KOTOPbIE HA4YMHAKOTCA

Ha MEeCTOPOXOeHW 1 B TabopaTopum, a 3aTem
paspacTaroTcs A0 PErvoHaIbHOro YPOBHS 1 YPOBHS
CTpaHbl Noka He OOCTUMHYT NoAAePIXKM MUPOBOIO
CO00LLEeCTBa, 3aAeNCTBOBAHHOIO B MPeaoCTaBIeHnn
nogaep>KKn 1 ObMeHe 3HaHNSMKX BO BCEM MIUpPE.

Halliburton: [1ng LuemMeHTHbIX onepaumin CypoBble

YCNOBUA NPEencTaBAaoT AOMNOSHUTENbHbIE TPYAHOCTU.
OB6bI4HOE LUEMEHTVPYIOLLEE 060PYA0BaHNE MOXKET HE
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ROUNDTABLE M

BblAEP>KaTb HN3KNX TeMNepaTyp, PacTBOPbI HA OCHOBE
BOAb! MOMYT 3aMEP3HYTb 1 MOBPEOUTL OOOPYAOBaHME.
Bbigensemoe npu rugparauun LEMEHTA TEMMIO MOXET
HapyllaTb YCTOMYMBOCTb B 30HAaX BEYHOW MEP30ThI

y MOBEPXHOCTU, a U3-3a YAANIEHHOCTY MIoLWaaoK
nocTaBka OOMOSHNTENBHBIX MaTEPUAIOB, 3an4acTen 1
000opyoOBaHNUS 3aBUCUT OT BPEMEHW rofa.

Komnanus Halliburton npegnaraet pasnnyHoe
obopyaoBaHve ansa HeEBIAroNPUATHbIX YC0BUI,
HanpuUMep, LEMEHTVPOBOYHbBIV arperaT NoBbILLEHHOMN
MPOYHOCTN, paccyMUTaHHbIM Ha TemnepaTtypy oT -35 oo
45 °C 1 060pyaoBaHHbI aBTOHOMHbIMW CMECUTENBHBIMM
EMKOCTSAMW N YCUMIEHHBIM 8X8 Luaccu.

[na KOHTPOIA Ka4ecTBa LIEMEHTHOIO pacTBopa Ha
yaaneHHblX naowankax komnaHmsa Halliburton obbiuHO
HanpaBieT aBTOHOMHbIN OBCTY>XMBatOLLMA NapK,
BKJTKOHAIOLLMIA MOEBYIO NTabopaTopuio 415t MPOBEAEHNS
WCMbITaHNA PaCTBOPOB, MCMOIb3YEMbIX HA AAHHOM
MECTOPOXOEHNN.

[na Be4HOMEP3/bIX MPYHTOB KoMnaHus Halliburton moxxeT

NPE/IOKNTb Pa3/INYHbIE PELLIEHVS, KOTOPbIE OrpaHnyaT
BbICBOGOXKAEHME Ternna 1 obecneyaT HanoJHeH e B
PbIX/IbIX 1 BEPXHMX YYACTKAX CTBOJIA CKBaKMHI.

HALLIBURTON

XKenvmup Exkny

Zelimir Jekic
Halliburton

Kenummp Ekny, aBaaach 1aBHbIM TEXHOIOTOM B pernoHe
EBpasusg, pabotaet B Halliburton B8 Poccun ¢ 2015 roga. OH
nmeeT 6onee 18 neT onbita paboThbl B LIeMeHTUPOBaHUW. B
1998 r. oH 3akoH4un Benrpagckuii yHuBepcuTeT (Cepbus) no
cneunanbHOCTU «fopaHOA00bIHA 1 reonorns». Mo OKOHYaHUK
OH nocTynun Ha padoTy B H/C-HadTaras 8 Cepbum, 3aHnman
pasfnYHble OHKHOCTU, BMIOTh A0 PYKOBOAUTENSA OTAENa MO
LIEMEHTPOBaHWNIO N KMCIOTHOM 0bpaboTke. B 2008 r. oH Hayan
paboTaTb B fenapTaMeHTe no LIEMEHTUPOBAHWIO CKBEXKMH B
Halliburton B Poccumn, paboTan Ha cTpatermiyecky npoexkTax, B
TOM YuMCIe Ha CKBaXKMHe YHMBepcuTeTckas-1 B Kapckom mope
onsa Cl 3kcoHMobun n PocHedTb.

Zelimir Jekic is the Eurasia technology manager for Halliburton
based in Russia since 2015. In total he has over 18 years of
experience in cementing. He graduated in 1998 from Faculty

of Mining and Geology, University of Belgrade in Serbia. After
graduating he worked in NIS-Naftagas, Serbia in different roles
and up to the position of team leader for cementing and acidizing
department. In 2008 he joined Halliburton cementing team in
Russia and led many critical operations including the University-1
well in Kara Sea for ExonMobil and Rosneft JV.
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Weatherford

Tumyp OkcrokoBckum - Timur Oksyukovskiy
«Besepdoopp» - Weatherford

Tumyp OKCIOKOBCKMI paboTaeT MEHELKEPOM MO NMpoaaXKam

B AernaptameHTe LieMeHTupoBaHne CKBaXKMH KOMMNaHmnm
Weatherford ¢ 2016 roga. [1o aToro pabotasn B KPyrnHoM
crneunanM3npoBaHHON CEPBMCHOM KOMMaHNM Ha MpoeKTax
rn ®opg, XanHecsunn, Ganetresnnna, Mapuennyc B
CeBepHOM AMEPUKE KOOPAMHATOPOM MPOEKTOB N NHXXEHEPOM
B AenapTameHTe LleMEHTUPOBaHVSA Ha NPOTSHXKEHUM NATN NET.
BoeinyckHuk PIY HedbTtv 1 raza um. M. M. T'yBK1Ha, OKOH4YMA
hakynbeTeT nHxeHepHom mexannkn B 2010 rogy.

Since 2016 Timur Oksyukovskiy has been working for
Weatherford as Sales Manager, Cementing Services. Previously
he worked for a high-profile oil and gas service company as
Cementing Project Coordinator and Technical Engineer in North
America at Haynesville, Eagle Ford, Fayetteville and Marcellus fields
for 5 years. He graduated from Gubkin Russian State University of
oil and gas in 2010.

Schiumherger

Meppo ®nopec - Pedro Florez
«LLIntom6eprxe» - Schlumberger

TexHu4eckun nHxeHep «LLntombepxxe» B Poccumn n
LleHTpansHon Asun.

[MpoBeas 20 NeT B LLEMEHTUPOBaHUM CKBaXXWH, [eapo Hakonun
onbIT paboTas Ha HECKObKMX LLENbMOBbLIX MPOEKTaxX B
MekcunkaHckoM 3anmee, MNMepcuackom 3annee, CpeanseMHoOM
Mope, HepHom Mope, Kacrnminckom mope, OXOTCKOM Mope 1
HECKOJIbKNX Ha3eMHbIX NpoekTax B KO>xHom Amepuke, Mekcuke r
CpenHem BocToke.

Cpeay NpoYero, Ha NPOTSXKEHWN CBOEN Kapbepbl OH Bbi
HagdHa4eH Ha pa3Ho0bpasHble TEXHUYECKME NMO3NLIMN BKITHOYas
TEXHMYECKOro ANPEKTOopa MO LEMEHTMPOBAHWMIO FyO0KOBOAHBIX
LenbdoBbIX MPOEKTOB B MEKCUMKAHCKOM 3a/IMBE 1 TEXHUYECKOrO
WNHCTPYKTOPA MO LIEMEHTMPOBAHWNIO B LLEHTPE 0OYy4eHs
cneuvanncToB Mo LemMeHT1poBaHuio B CeBepHol AMepUKe.

Schlumberger Technical Engineer for Russia and Central Asia.

With 20 years spent in the cementing business, Pedro has
accumulated experience from several offshore locations in the
Gulf of Mexico, Persian Gulf, Mediterranean Sea, Black Sea,
Caspian Sea, Sea of Okhotsk and several land locations in North
America, Mexico and Middle East.

Among others, he have been appointed in a variety of technical
positions during his career including Deep-water Technical
Manager in the Gulf of Mexico and Cementing Technical
Instructor in the Schlumberger School in North America.

ROGTEC |65



