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BeeneHune

Kak nokasbIBaeT OMbIT, MPaKTUYECKN BCE DypsALLMECS
CKB2XXMHbI B OpeHBYPrcKOM PErMoHE OCTOXKHEHb!
MOr/IOLLEHNSIMU B TOM U HOM UHTEPBaUTE, MPY STOM
BEPOSITHOCTb BO3HMKHOBEHWSI MOMOLLIEHVS B MPOLIECCE
BypeHns coctaBnseT npumMepHo 50 %. [JaHHble O
rpagueHTax rigpopaspbeia nopog, (MPI) no paspeay,
KOTOPblE MPVBEAEHDI B MPYMMOBbIX Paboymx MpoeKTax

Ha CTPOUTENILCTBO CKBAXKMH, ABSKOTCS pacHeTHbIMU 1
4acTo He noaTBeEPXXAAOTCH. Bonpoc BO3HMKHOBEHNS
MOrNOLLEHNST OCOBEHHO aKTyasieH NMpu HAIMYM BCKPbITbIX
MPOAYKTUBHbIX MHTEPBAUIOB, YTO HEN3OEXHO BEOET

K CHVDKEHWIO (DUbTPALIMIOHHO-EMKOCTHbIX CBOVICTB
NPV3aboMHOM 30HbI MJIACTa, a TakKe NP LEMEHTUPOBaHN
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Introduction

Based on experience, in aimost all of the wells drilled in the
Orenbourg region there is a mud loss issue at various intervals,
where the probability of mud loss occurring, during drilling,

is approximately 50%. Frac gradient data which is included
into the Group Well Designs for well construction are only
estimated and are, very frequently, not verified. The mud-loss
issue is particularly of concern where there are penetrated pay
intervals present, which, inevitably results in the deterioration of
the poroperm properties in the bottomhole area. It also leads
to a deterioration of the poroperm properties during cementing
of the production and intermediate casings. This in turn affects
the cement top, quality of the well cementing, well production
and the well’'s potential on commissioning.
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DRILLING

SKCMyaTaUMIOHHOM 1 TEXHNYECKOW KOJIOHH, YTO
OTPaKAETCs Ha BbICOTE NMOAbeMa LIEMEHTa, Ka4ecTBe
KPEMMeHNst CKBaXKWHbI, ee pecypce 1 NoTeHumane npu
MycKe B aKCryaTaLyio.

[ns NporHO3MpPoBaHKs MOrIOLLEHNIA BYPOBOrO pacTBopa
HEOOX0aVMbI OLIEHKA MUHUMASILHOMO rpaaveHTa
rmapopaspbiBa nopom, Mo CTBOJY CKBadKWHbI, MOSTy4YeHne
peasbHbIX AaHHbIX O rpaaveHTe Pl B bypsiencs
ckBakMHe (cTaHgapT NORSOK D-010 3 2004). nsa aToro
TPebyeTCs peLLeHNe HECKOSbKIMX 3aaa4: NepepacyeT
rpaaneHToB MMapopaspbiBa ¢ YHETOM OnbiTa BypeHus
OKPY>KaOLLIMX CKBaXKMH; MPOrHO3UPOBaHWE NOrOLLEHS!
NpW LEMEHTMPOBaHM C NOMOLLIBHO MPOBEAEHMS!
MOVHTEPBASIbHOV OMPECCOBKM CTBONA; YHET MOSYHEHHbIX
OaHHbIX MPY MPOEKTUPOBaHNM 3aKaHYMBaHNS BYPSILLIMXCS 1
MIaHMPOBAHNM CTPOUTENBCTBA BYAYLLIMX CKBEXKMH.

MpennpoekTHOe uccriegoBaHne

[ns ocylecTBAeHUS 3MEKTUBHOMO BYPEHNSA HY>XXHO
3HaTb MPEeAeIbHO AOMYCTUMYIO MIOTHOCTL BYPOBOro
pacTBoOpa, MPW KOTOPOW AaBfieHVe Ha 3aboe He byaeT
MpeBbiLLaTb AaBNEHVE HaYa1a PaCKPbITUS TRELLVIH.

OTO oaBneHve Ha 3ab60e B MPakTuKe BYPEHNS CKBaXKMH
Ha3bIBAIOT AaB/ieHnem «yTeukmn» P [2]. [laHHbIn BONpoc
OCOBEHHO aKTyaneH O/ NpaBusIbHONO Bbibopa cnocoba
3aKaH4MBaHNSA CKBaXKMHbI (MPUMEHEeHE MO0 OTkas OT
MPUMEHEHWNSI YCTPOWCTB CTYMNEHYaTOro LIEMEHTMPOBaHYIS
(YCL), rmppasnudeckmx naxkepos (MM v gp.) v nogdopa
MJIOTHOCTU LIEMEHT- HOrO pacTBopa.

[Mpu aHaM3e NPUYMH NOrNOLLEHMS B CKB. N
PocTalumHCKOro MeECTOPOXAEHWS BbISB/IEHO, YTO [TPT1
MPOV30LLIEST B MOMEHT, KOraa 3abonHoe aaBeHne Obino
paBHO 47,6 Mla, B TO BpeMsi Kak COriaCHO OaHHbIM
rPYNNoBOro paboyero NpoeKkTa AaBieHne rmapopaspbisa
nnacta P, OO/KHO COCTaB/|Th nopsaaka 73,2 Mlla.

[Npn conocTaBneHnn haxkTnieckoro gasnenus Pl c
[OaBfieHVEM, KOTOPOE BbIfIo Bbl HA JAHHOW FyOUHE Npur
LEMEHTUPOBaHM, AaBNeHme CTonba LieMeHTa 1 pacTBopa
MpPeBbILLAIO Obl AAHHOE AaBeHE MUHUMYM Ha 1,2 MIMa,
YTO CBWOETENBCTBYET O HAPY-LLIEHUM HOPMa/IbHOMO Xoaa
pPaboT NPY LIEMEHTUPOBAHUN U HEOOCTUXKEHWN MPOEKTHOrO
3HaYeHNs BbICOTbI MOAbEMA LIEMEHTA.

Bbi6op crnocoba peLueHns

Bonpoc nporHosmpoBaHyis 30H MOrIoLLEHWIA HEOOXOOUMO
paccMaTpurBaTh, ONMPAsaCh Ha NepepacHeT AaBAEHUN

[Pl no cTBOJY C Y4HETOM OMbITa BYpPEeHNst COCeaHVX
CKB2XXVH U 3Ha4eHnn koadhduumeHTa [yaccoHa cornacHo
«PykoBoactay no koHTposto MHBIM» komnaHum THK-

BP (man, 2011 r.), Tak Kak 3Ha4eHns KoadduumeHTa
VNMEHHO 13 3TOMO UCTOYHMKA NO3BONSIOT MNOMYYUTh
3Ha4eHnst JaB/IeHVs MapopaspbiBa, Hanboiee BMsKMe
K dhakTnieckmnm. Takim 0bpasom, NOorfoLLEHME
CTaHOBUWTCS BMOSHE NpeackasyembiM. [dasnerue Pl ¢
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To forecast mud losses it is necessary to estimate a minimum
frac gradient in a wellbore and obtain the actual frac gradient
data in the well being drilled (NORSOK D-010 2004). This
means addressing several problems: the re-calculation of the
frac gradient taking into account the experience gained during
the driling of the adjacent wells; forecasting mud loss during
cementing by the interval wellbore pressure testing; taking into
account the obtained data to design the well completions and
the plan for future well construction.

Feasibility Study

To drill efficiently it is necessary to know the maximum
permissible mud weight at which the bottomhole pressure
would not exceed the fracture opening pressures. In drilling
practice this bottomhole pressure is called the “leak-off
pressure” P (leak-off) [2]. This issue is particularly important
when selecting a well completion method (whether to use
stage tools, hydraulic packers as well as selecting the
cement slurry weight).

The analysis of the reasons for the mud loss in Well N in the
Rostashinkoye Feld showed that fracturing occurred when
bottomhole pressure reached 47.6 MPa, whereas according
to the Group Well Design data formation frac pressure P, (
fracking) should be approximately 73.2 MPa. When comparing
the actual frac pressure with the pressure which would

have been at this depth, during cementing, the pressure of

the cement column and the mud would have been, as a
minimum, 1.2 MPa above this pressure which clearly shows
disruption of the operation during the cementing and the failure
to reach the design cement top.

Choosing Solutions

The issue of forecasting the lost-circulation zones should be
considered on the basis of re-calculation of the frack pressure
in the borehole, taking into account the experience gained
from driling the adjacent wells and the Poisson ratio according
to the Guidelines for Well Control (Controling Gas, Oil and
Water Shows) published by TNK-BP (May 2011), as this
source provides ratio values most close to the actual values.

Frac pressure using Poisson factor is calculated using the
following formula:

w
Prer1 = (ﬂ)'(pmp _pnop)+pn0p’ )

Where u is Poisson ratio; P, (overburden), P (pore) -
overburden and pore pressures, respectively.

It was observed that in most cases the difference between
the mud and cement solution’s hydrostatic pressure was
equal or close to the pressure test value at the shoe of the
previous casing and it also corresponds to the shoe test
pressure which is always above or equal to the pressure
which is required to enable the cementing of the casing in one
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B GYPEHVE

MOMOLLIbIO KoadhduLmeHTa [NyaccoHa paccymTbIBaETCA Mo
cnenyoLen hopmyne

u
Preo =(1.:)'(prop _pnop)+pnop! (1)

rAe w— koaduLmeHT MNyaccoHa; P, P, — faBreHvie
COOTBETCTBEHHO rOPHOE 1 MOPOBOE.

BbI110 0TME4EHO, UTO B GOSBLUMHCTBE ClydaeB pasHuLa
MOPOCTATUCTUYECKMX JaB/ieHni OypoBOro 1 LIEMEHTHOMO
PaCTBOPOB paBHa W 6JIM3Ka K 3HAUYEHWUIO AaB/IEHs!
OMPECCOBKM NMopop, Ha balliMake npeablayLLein KONIOHHbI,
a TaKkXKe COOTBETCTBYET JaBEHNIO ONPECCOBKM GalliMaka
- Bcerga 60sblUe WV paBHa OaBfeHN, KOTOPOIo He
XBaTAET, YTOObI 3aLIEMEHTVPOBATb CKBRXKMHY B OAHY
CTyneHb. TakM 06pa3oM, eCriv OMPeccoBKa Mopof,

Ha HallMake NpoBeaeHa YCreLHo, TO CyLLecTByeT
BO3MOXXHOCTb BYPUTb CKBAXKMHY U MONHTEPBA/IbHO
NPOBOOWTL OMPECCOBKY CTBOJIA HA 3TO JaBsieHve. Bo
BPEMSI OMPECCOBOK BO3MOXHO AOCTVPKEHVE OaB/IeHs
«yTeYKW» OJ191 BHOBb BCKPbITOrO ropu3oHTa (Apyca).

Ecnm ctaTtuyeckoe dasneHvie OypoBoro pacTeopa
MPEBbILLAET HANPSPKEHHOE COCTOSIHME FOPHbIX MOPOL,

TO B NpU3aboHOM 30He nyacTa 6yaeT NPOMCXOOUTL UX
JedopmMaLyis, ConpoBoXKaeMast PACKPLITVEM TRELLH.
[nst ropHbIX MOPOM, MOCTENEHHOE Harpy»KeHe JaBeHnem
COMPOBOXAAETCS U3MEHEHNEM [aBSIEHVS B HUX BO
BPEMEHM B 3aBMCUMOCTM OT 0Obema 3aKa4BaeMoro B
CKBaDKVHY pacTBopa.

CyLLEeCTBYOLLMIA B HACTOSILLIEE BPEMSI METOA, ONpeaeseHns
OaBJIEHUN «yTeYKM» U MMApOoPa3pbiBa Nopo, 3aKIK0HaeTCs
B C/IEMYOLLIEM: YEPE3 KOMOHHY TRYO C MOMOLLIO

HaACOCOB LIEMEHTUPOBOYHbIX arperaTtoB HarHeTatoT
BypoBOM PACTBOP NIMBO B KOMTOHHY BYPUIIbHBLIX TRYD Mpw
3aKpPbITOM 3aTPyBbHOM NMPOCTPaHCTBE, MO0 B 3aTpybHOE
MPOCTPAHCTBO MPW 3aKPbITOM TPYOHOM MPOCTPaHCTBE.

B npoLiecce HarHeTaHWst 3aMepsitoT AaBIEHNE Ha YCTbe
CKBaXKVHbI Hepes MPOMEXKYTKY BPEMEHM MPY MUHUMaUTEHO
BO3MOXKHOW nogade HacocoB. OAHOBPEMEHHO C 3aMepamm
OaB/ieHus onpedenstoT 0ObeMbl 3aKa4MBaEMOro B
CKBaXKHy BYPOBOIro pacTBopa, a Noc/e ee OTKPbITUS

— 06beM BblleALLEro 6ypoBoro pacTteopa. 1o gaHHbIM
3aMEepPOB CTPOAT rpatmk N3MEHEHNS OABIEHUS Ha YCThe
CKBaXKWHbI B 3@BMCMMOCTI OT 0Obema HarHeTaeMoro
OypOBOro pacTeopa 1 (MNn) OT BPEMEHW HarHeTaHus. [pu
onpeneneHnn aBNeHNs «yTeYKM», Kak TOJIbKO MPOUCXOaNT
OTKJIOHEHWE JTMHENHOWM 3aBUCUMOCTU OaBNEHNst OT
obbemMa 3akaqnBaeMoro 6ypoBoro pacteopa nam ot
BPEMEHW, 3aKayKy pacTBopa npekpaLlatoT. 1 oLeHKN
OaBJIEHVS rOpOPa3spbiBa FOPHbIX MOPO[, 3aKadKy CrieayeT
npoao/mKaTb 40 Tex nop, noka He npowsondet PI1[2].
TunnYHas KpBast USMEHEHNS AABNEHNS «<yTEYKN» BO
BPEMEHM NpeacTas/ieHa Ha puc. 1.
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stage. Thus, if pressure-testing of the rock at the casing shoe
is performed successfully, it is possible to drill the well and
perform interval borehole pressure testing at that pressure.
During pressure testing it is possible to reach leak-off pressure
for the newly penetrated horizon (sequence). If the static
pressure of the drilling mud is above the rock stress, rock
deformation will occur in the bottomhole area accompanied
by fracture openings. Gradual pressure loading of the rocks is
accompanied by pressure changes in these rocks with time,
depending on the volume of driling mud injected into the well.

The current method to determine the leak-off and fracture
gradient consists of the following: driling mud is pumped
through a tubing string using the cementing units’ pumps
either into the drill string with a closed annulus or into the
annulus with a closed tubing string. Wellhead pressure is
measured during injection at time intervals with minimum
possible pump delivery. Concurrently with measuring pressure,
the volume of driling mud injected into the well is measured,
and after the well opening up - volume of returned drilling mud.
The data is used to build a wellhead pressure change curve
versus the volume of injected driling mud and/or injection
period. When determining the leak-off pressure, injection of
driling mud is stopped as soon as the deviation from the linear
relationship, between pressure and volume of injected drilling
mud occurs. To estimate the rock frac pressure, the injection
should be continued until rock fracking occurs [2]. A typical leak-
off pressure change over time curve is shown in Fig. 1.

20

S

P, MMa/MPa
S

T,MWH / min

Puc. 1. lNpymep pervcTpaLmm AasneHnin «yTedku» P

Y rMapopaspblBa ropHbIX MNopof, P, -

A — Havano drkcaumn aasneHvs; [ — nasneHue CMblkaHyis
06pa30BaBLLENCA TRELLVHbI

Fig. 1. Sample of recording leak-off pressure P_ (leak-off)
and frack pressure P, (frack):

A — start of pressure recording; [ - closing pressure of a

formed fracture

It can be seen from the Figure that the straight line reaches
point B, starting from when the value and pressure curve
deviates to the right. Starting from B, the pressure increase
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13 Hero BUAHO, YTO NpsiMas IMHVA NPOOO/KAETCH 00

T. B, HaunHas ¢ KOTOPOW KpMBas 3HAYEHU 1 OABIEHWIA
OTKJIOHSETCS BNpaBo. HaumHas ¢ T. B cHvkaeTcs
npvipaLLeHne OaBneHns B 3aBUCUMOCTI OT OAHMX N TEX XKe
0OBbEMOB 3akauBaeMoro 6ypoBoro pactesopa. B ¢Basu ¢
3TUM MO T. B, B KOTOPOW MPOUCXOOMT NEpexXon, OT ynpyromn
nedopMaumm K NaacTUHECKONM, ONPeaensaeTcsl AaBaeHve
<YTEUKU»,

[Mpu panbHenLwemM nosbILLEHW aaBneHns oo T. C
OTMEYaETCH NMoTepst YacTh BypOBOro pacTeopa B
pe3ybTare PacKpbITUS TPELLIWH M ero NorsioLeHns.
T. C oTBEYaAET AaBNEHNIO, MPU KOTOPOM MPOUCXOAUNT
rMapoPaspbIB rOPHbIX NopoM, P, [pn ganbHenLem
HarHETaHUM XXMOKOCTU B STOW TOYKE OaB/IEHNE PE3KO
nagaeT, YTo CBMOETENLCTBYET 06 06Pa30BaHMM TRELLVH

rmapopas3pbiBa.

Mocre Toro Kak AaBJieHe HarHeTaHNs Ha YCTbe CKBaXKMHbI
B T. B GyOeT 3adhnkcmpoBaHo, MOXXHO ONpeae T
JaBSIeHNe «yTeuK» Mo hopmyie

Pyr =Pyt 065’8 H-ADy, |,

rae P, — NaB/ieHVe HarHeTaH!s Ha yYCTbe CKBaXKVIHbI;

P, — CPEAHSIS MIOTHOCTL GyPOBOrO PacTBopPa B
CKBaYKWHE FNyBUHON H B 3aBUCUMOCTU OT CPEAHMX
3HAYEHUIN [aBNEHNS 1 TemnepaTypbl; AP, — CHIKeHne
MOPOCTATUYECKOrO JAB/IEHNS Ha 3a60e CKBaXKMHbI,
06YCNOBNEHHOE CTATUYECKM HampshkeHem cagura 6 npu
HarHeTaH1M 6yPOBOro PacTBopa B KOJIOHHY 6YPUIbHBLIX

TpYo.

MnaHnpoBaHme OesaTesnibHOCTU MO peasin3auum

BbIGpaHHOro crnocoba peLueHus

Ha ocHOBaHWN BbILLEN3IOXXEHHOIO PaboThl

NaHNPOBASIOCh BbIMOSHUTL B COOTBETCTBUN CO

CeytoLLIM aIrOPUTMOM.

1. OnpeccoBka nopop, Ha balMake Ha gaBieHne
COr/IaCHO NPOEKTY (MK HAa OABNEHME YTEYKM).
[aHHoe naBneHne BbIBpaHO kak 6a3nCHOE, KOTOPOE
COBMECTHO C M'MAPOCTaTUHECKM ByaeT
BO3OENCTBOBATL Ha LEMEHTHBI KaMeHb 1 Mopoabl Ha
Balumake npu HedbTerazonposeneHusx (HIBIM) n 100%-
HOM 3amelLeHM BYPOBOIro PAcTBOPA B CKBRXKMHE Ha
nnacToBbIv haova [2].

2. PasbypuBaHue HpKenexaluyx nopog ¢
1NCMONb30BaHVEM BypPOBOro pacTBopa (MHTepBabl,
rAe MPOoUCXOOST MOMOLLEHNS]) W MOVHTEPBasTbHas
OMPECCOBKa CTBOJA Ha AaBMeHME OMPECCOBKM
fallMaka B COOTBETCTBUM C npoLeaypoit Leak-off
test. Takum obpasom, Mo Mepe yrnybneHns CyLLIECTBYET
BOSMOXXHOCTb MOJTy4aTb MOATBEPXKAEHHbIE CBEAEHWS.
Mpoueaypa NpPoBOAUTCS MPWY MN1aHOBOM MOAbEME MNP

drops versus the same volume of injected drilling mud.
Consequently, point B, where the transition from elastic to
plastic deformation occurs, this is used to determine the
leak-off pressure.

With further pressure increases upto point C, partial mud
loss is observed due to opening of fractures and lost
circulation. Point C corresponds to the pressure at which
rock fracturing occurs - P, (frac). With further liquid
injection at this point, pressure drops dramatically which

testifies to the formation of fractures.

After the injection pressure at the wellhead at point B is
recorded, leak-off pressure can be determined using the
following formula:

Pyr = Dy + p6-p'g'H—Ap0, @),

Where P, (injection) — injection pressure at wellhead; Pep
(drilling mud) — average mud weight in a well of H depth
depending on average pressure and temperature _ values;
AP, - drop in bottomhole hydrostatic pressure due to static
shear stress 6 when drilling mud is injected into a drilling
string.

Planning Activity to Implement the Selected Solution
Based on the above it was planned to perform future
operations using the following scheme:

1. Rock pressure testing at the shoe using the design or
the leak-off pressure. This pressure is selected as
reference pressure which together with the hydrostatic
pressure will affect the cement and rocks at the
shoe during oil, gas and water production and 100%
replacement of drilling mud in the well by formation fluid [2].

2. Dirilling out underlying rocks using drilling mud (lost
circulation intervals) and interval borehole pressure
testing at shoe testing pressure using the Leak-off
test procedure. Thus, with increasing depth it is possible
to obtain confirmed data. The procedure is performed
during planned trip out of the bottomhole assembly
at the column shoe. To take into account the effect of the
drilling mud’s static shear stress on the pressure
distribution in the borehole described above, the annulus
and tubing pressures are measured.

3. When the target depth is reached, the actual well data
becomes available which could be used to model the
cementing. This enables the task of reaching the
required cement top to be achieved and, with all the
other conditions being equal, to commission a well
which is fully in line with the design solutions.

4. The data received should be taken into account in
accordance with the suggested geostatic model [3].



B GYPEHVE

HaxoxxaeH KHBK B Ballmake KooHHbI. s yyeTa
B/IVSHUS CTATUCTUHECKOTO HaMPSPKEHVA CABUMra
OypOBOro pacTBopa Ha pacrpeneseHne 4asnieHns

no CTBOJY, KOTOPOE OMNMUCHIBASIOCH BbILLIE, 3aMEPAETCS
OaBfieHVe B TRYOHOM 1 3aTpyBHOM MPOCTpaHCTBaXx.

3. 1o JOCTWXKEHNM MPOEKTHOMO 38605 NMEIOTCS PeasibHbIS
JaHHbIE, KOTOPbIE MOXXHO Y4YUTbIBATL /14
MOJE/IMPOBaHVS LIEMEHTVPOBaHUS — peLlaeTcs
3aa4a nogbemMa LUeMeHTa 4o Hy>XKHOW FyBuHbI
1 NMPY MPOYMX PaBHbIX YCNOBUAX COaqa CKBaXKMHbI,
MOJSIHOCTBIO COOTBETCTBYHOLLIEN MPOEKTHBIM PELLEHUSM,
B OKCMyaTaumio.

4. MMonyyeHHble AaHHble HEOOXOAMMO YYUTLIBATL B
COOTBETCTBUM C NpeanosaraeMom ropHo-
reosJIorN4ecKon Moaesbto [3], a Takke VHULMMPOBATL
nepecHeT rpynnoBOro MNPOEKTa COrlacHO YTOUYHEHHBIM
OaHHbIM WX YYUTBIBATL YTOYHEHHYHO MHDOPMaLIMIO Mput
pa3pabdoTKE HOBbLIX MPYMMOBbIX PAbOUMX MPOEKTOB.

Peanusauusa nnaHa

BrnepBsble LieneBas onpeccoBka CTBOMA bblna NpoBeaeHa

B CKB. 2 KOHHOBCKOIro MeCcTopoXaeHus. OObekT Obln
BbIOpPaH He CJly4anHO (MECTOPOXKAEHNE OTHOCUTCS

K KaTeropum COXXHOMOCTPOEHHbIX), 11 MPOBEOEHNIO

paboT NpeaLlecTBoBa1a TLLATeIbHas MOAroToBKa. B
npeablayLen CkB. 1, HAXOOSLLENCS Ha 3TOM e KYCTe, B
npoLecce BypeHrst Moa, SKCrlyaTaUMOHHYKO KOSTOHHY Bbl10
BCKPbITO 13 30H MOrnoLeHns.

Bce 3HaveHns rpagreHToB rmapopaspbiea Oblm

YYTEeHbIl MPY NJIAHNPOBaHUN BypEHNS CKB. 2, MpoBeaeHa
onpeccoBka cTeoMa Npu rayduHe 3162 M. JaHHble
PEe3y/IbTATOB OMNPECCOBKN U rpatnk OaBEeHUN
npeacTasfieHbl B Tabanue v Ha purc. 2. CnemyeT OTMETUTD,
YTO JaBJIEHVE HAYaUuTa YTEYKM HE BbITO JOCTUMHYTO,
npUYeM LesieHanpaBieHHo, Mo paay MPUHMH: NePBbI
OnbIT, 3Ha4YeHWe, AOCTATOYHOE A5 BblOep>KMBaHNS
OaBNEHVS LEMEHTHOrO CToM6a, U T.4,

PeaynbTaTomM cTano 6ecnpeueneHTHOe YCKOPEHME
CTPOUTENBCTBA CKBAXKMHLI HA KOHHOBCKOM
MECTOPOXOEHUM B CBA3W C TLLATEBHOM MPOPaboTKOM
TEXHOMOMYECKINX PELLIEHNI MO MPEayNpPEXaeHNIO
nornoueHnin. Bo Bpems 6ypeHns Obina BCKpbITa 30Ha
MOrOLLEHNS TONMBKO Ha rnybuHe 3693 M. Bce ocTanbHble
30HbI MPOLLM 6€3 NOrNOLLEHW, a 30Ha Ha rydrHe 3693
M DOblfia IMKBMOMPOBaHa 3a0aBKOW KONIbMaTUPYHOLLEN
nayky Npu gaBfeHnn, onpeaeseHHOM BO BpemMs
OMPEecCOoBKM Ha rnybuHe 3162 M. 3HadeHvs P, Ans
OaHHOW rNy6BUHBI BblIN YUYTEHDBI U MCMOAB30BaHbI MK
MOOEMPOBaHUN MPOoLECCa LEMEHTUPOBAHMS.

Tpeboarusa OT, Tb n OOC npu NpoBEOEHUM OMPECCOBKMN
OTKPbITOrO CTBOJIA HE OT/IYAIOTCS OT TPeboBaHN
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Group Well Design re-calculation should be also initiated
using verified data and the updated information should
be used in development with the new Group Well Designs.

Plan Implementation

For the first time, targeted borehole pressure testing was
performed in Well No. 2 at the Konnovskoye Field. This field
was selected for a reason (it is classified as a structurally
complex field) and thorough preparation was performed
before the work started. In the previous well No.1 at the
same well pad, during drilling to run production casing, 13
lost circulation zones were penetrated.

All the frac gradient values were taken into account when
drilling Well No. 2 and the borehole was pressure-tested at
3162 m. The pressure-testing data and the pressure curve
are shown in the Table and in Fig. 2. It should be noted that
the pressure at which the leak starts, was not reached. This
was done on purpose for a number of reasons, such as,
that it was the first attempt, the value required to withstand
the cement column pressure, etc.

This resulted in an unprecedented acceleration of well
construction times in the Konnovskoye Field due to the
careful consideration of all the technological solutions for

O6bem 3akayaHHOro 6ypoBoro
pacTBopa, n
Volume of injected drilling mud, |

[aBneHuve Ha ycTbe
CKBaXkuHbl, MlNa
Wellhead pressure, MPa

io)
2
53 o
Bpewms, | <, =5 o ] [}
MUH Z 3 .o S iSESRE 5T g S
ODI=0 4 S TO Q= 8 O3
153858 3 O TQ eZ @ ET 52 5
Time, min EEgE z g%‘i ~58 *E 50
= = ~ 4
89835| %2 |Ee3SE| 7| % g
REEB s 832 =
2 8,04 37,98 37,98 0.5 0.5 0
4 24,13 75,96 113,94 1,0 1,0 0,5
2 43,43 18,99 132,93 1,2 0,8 0,6
2 65,95 37,98 170,91 1,4 1,2 0,8
2 91,69 56,97 227,88 1,6 1,2 1,0
1 120,64 18,99 246,87 1,8 1,4 1,2
2 152,81 56,97 303,84 2,0 1,5 1,3
11 193,03 140 443,84 2,5 2,0 1,8
5 241,29 80,00 523,84 3,0 2,4 2,2
7 299,19 55,00 578,44 3,8 2,7 2,5
360,32 3,8

MprmedaHve. PTP, P__— [aBfeHne COOTBETCTBEHHO B
TPYOHOM 1 KOMBLIEBOM MPOCTPAHCTBE 00Pa30BaBLLENCS]
TPELLMHbI

Note: P (tubing), P_ (annulus) — tubing and annulus

a

pressures respectively
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-@— Mnax - Planned
—l- ®axr - Actual

LaeneHve Ha cTosike, MIMa - Standpipe pressure, MPa

500 1000

O6beM 6ypoBoro pacteopa, 11— Volume of Injected Driling Mud, litres

Puc. 2. 3aB1CcrMOCTb gaBnieHns Ha CTosike OT obbema
3aka4aHHOro 6ypoBoro pacTteopa

Fig. 2. Standpipe pressure versus Volume of Injected
Drilling Mud

NPV ONPECCOBKE NPOTMBOBLIBPOCOBOrO 060PYAOBHMS,

a OLIeHKa TeXHOJIOMYECKIX PUCKOB CBOAMTCH K
MUHUMaJTBHO AOMYCTUMOMY YPOBHIO NP TUPaXKMPOBaHM
onepaLvin 1 TakumM 06pasoM CBLOETENbCTBYET O
NnoBbILLIEHW OnbITa NMPMBJ1IEYEHHOI O NepcoHasia.

3aknoueHne

[MpOrHo3MpoBaHme NOrnoLLEHWI BypPOBOro pacTBopa
nyTeM NOVMHTEPBA/IBHOM ONMPECCOBKW CTBO1A
CKBa>KVHbI MO3BOJIAET B COOTBETCTBUN C peasibHbIMU
YCTOBUSIMU, MOCIIE COrNacoBaHns C MPOEKTHbBIM
NHCTUTYTOM, NogobpaTb LEMEHT HEOOXOONMOM
CUCTEMbI U MJIOTHOCTU ON4 obecne4vyeHns NPOYHOCTN
1 OOCTVXEeHWHA BbICOThbl NOAbEMa LeMeHTa COorJiaCHoO
npoekTty. KpomMe Toro, ato gaet nHhopmMaumo o
hakTn4eckom «camomM cnabom MecTe CTBONA»

ONs pacyeTa KpUTUYECKOro obbema npuToka u
HeOoMyLLEHUS MOA3EMHOrO BbIGpoca B Cry4ae
['HBI. MNony4yaemas yTodHeHHas reosiornyeckas
NHpopmauns o rpagueHTax 6ygeT ncnonb3oBaHa npu
naaHNpPoOBaHNN CTPOUTESIbCTBA 6y,qyu_|,|/|x CKBa>XH

N NPUNHATUSA 386ﬂaFOBpeMeHHbIX TEXHONOIMM4YeCKnxX
PELLEHUI C LIENBIO NPEOYNPEXOeHs MOrTOLEHNN.

OKOHOMUNYECKMIN 3DAEKT OOCTUrAeTCs 3a CHET
3KOHOMMM Ha CYTOYHOM CTaBke BypOBOro CTaHka

1 oTKasa oT obopyaoBaHnga YCLI, a Takke 3a cyeT
MPOrHO3MPOBAaHUS 30H MOMIOLLEHUS: EC/IN YYECTb, YTO
KaTaCTpoUHeCKmne 30HbI MOrMOLLEHNS, KaK Npasusio,
[OBCKPbIBAIOTCA C HEOAHOKPATHOW YCTaHOBKOM
KOJIbMaTUPYIOLLIMX MNa4eK 1 MOCTeayoLLMM UX
3aKpenseHnemM LEMEHTHbIM MOCTOM, TO OTCYTCTBME
O[HOIO TakOro MoroOLWEHUs NO3BOSET COKOHOMUTL
HECKOJIbKO MUIIMOHOB py6nen.
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the prevention of lost circulation. In the course of drilling
only one lost circulation zone was penetrated at 3693 m.
All the other zones were drilled without circulation loss and
the zone at 3693m was eliminated with bullheading at the
pressure determined during the pressure testing at 3162 m.
Values of P__ (frac) for this depth were taken into account

(
T'PIT
and used to model the cementing process.

HSE requirements to the interval borehole pressure testing are
no different from the requirements for pressure-testing of the
well control equipment, and assessment of the technological
risks, which comes down to the minimum permissible level
when replicating the operations, thus testifying to the increased
experience of our employed personnel.

Conclusion

Forecasting driling mud losses through interval borehole
pressure testing allows, in accordance with the actual field
conditions and after being approved by a design institute,
the selection of the required cement system and mud
weight to ensure reaching the designed cement strength
and top. Apart from this, it will provide information about the
weakest area of the hole. Such information could be used
to calculate a critical kick influx and prevent an underground
blowout in case of gas, oil and water production. The
received and updated geological information on the
gradients will be used to plan future well construction and
provide timely technological solutions to prevent mud loss.

The economic effect is attained due to saving on the drilling
rig daily rates and on abandoning the use of cementing stage
collars, as well as forecasting gas, oil and water production.
Loss areas: considering that areas of mud loss are, as a
rule, additionally penetrated through bullheading and the
subsequent installation of a cement plug, the elimination of
one such area of mud loss saves several million Roubles.
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