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BeepneHue

B nocnegHve pecatnnetus obbem 6ypeHns
FOPUBOHTaTbHBIX CKBaXKMH (TC) € 60MBLLIMM OTXOA0M OT
BEPTUKAN HEYKSTIOHHO pacTeT. ['eonoro-reonanyeckas
VMHopMaUus, NOSyHeHHas No pesysbTartam OypeHns
TaKNX CKBaXKMH, TPaOMUMOHHO MCMOb30Basiach SLLb

019 KQ4YECTBEHHOW OLIEHKM BCKPbITBIX OT/IOMEHUN, a BCe
KOJIMHECTBEHHbIE ME0SIOr0-reodU3nNYECKE NapameTpb!
0715 OLIEHKM 0ObeKTa B LIESTOM PaCCHUTLIB/IUCH TOSBKO MO
BEPTVKATbHBIM CKBaXKMHAM.

C nosiBnieHreM annapaTtypbl 4719 MOTHOrO KOMIMeKca
'MC B ropr3oHTasIbHbIX CKBaXKMHAX CTas10 BO3MOXKHBIM
onpeneneHne KOMYECTBEHHbIX MapamMeTpOoB MiacTa.
OpHako B OCHOBHOM /191 3TOMO MCMOb3YOTCA
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Introduction

Horizontal and extended reach drilling has been steadily
growing over the last decades. The geological and
geophysical data acquired as a result of such drilling

has traditionally been used to evaluate the quality of

the drilled sediments. The total field and prospect
parameters were obtained and calculated based on data
from vertical wells.

With the advent of the complete well logging (WL)
equipment for horizontal wells, it became possible to
assess the quantitative parameters of the well. However
the basic curves are primarily used for that purpose, which
results in significant errors specifically due to the strong
impact of the neighbouring formations on the tool readings
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WELL LOGGING W

NCXOOHbIE KPUBBIE, YTO MPUBOANT K 3HAYUTESTBHBIM
oLnbKam, B HaCTHOCTU U3-3a CUITbHOMO BAUSHAS
Bnmsnexalyx N1acToB Ha MokasaHus NpbopPoB BO
BCKPbITbIX OTNIOXEHUSAX. KpoMe Toro, MoaempoBaHme

C LesIblo MoAcHeTa 3anacoB 1 MocneayroLLero NporHosa
000bl4M, Kak NpaBusio, OCHOBAHO Ha alropuUTMax
MPOCTPaHCTBEHHOIO aHaN3a, UCMOSIb3YOLLMX
VMHOOPMALMIO Kak O FOPU30HTAaIbHON, Tak 1 O
BEPTVKAIbHOM BApUaTBHOCTU CBONCTB. [daHHbIX O
BEPTUKaA/IbHOW BapUaTMBHOCT CBOCTB MUccneaoBaHns [C
MPaKTUYECKM He JatoT, 3aTO, B OT/IMYME OT UCCIIEN0BaHM
CKB&XXVH C MaUlbIM OTXOA0M OT BEPTUKaN, MO3BOSOT
YTOYHUTBL JlaTepasibHOE PachPOCTPaHEHNE MIaCToB

M X CBOMCTB. [pr 3TOM B clly4ae BEPTUKasIbHOM
CKBaXKVHbI CBOMCTBA BCKPbITbIX OT/IOXKEHNIA OAVHAKOBO
pPacnpPOCTPaHAOTCSt Ha AOCTAaTOYHO DBOSILLLION paauyc
(MepBble OECATKN — COTH METPOB) OT CKBaXKMHb
KOaKCUasIbHO-UMIMHAPNHECK BO BCEX HANPaBIEHNSX C
YYETOM M1IaCTOBOW CTPYKTYPbI, TOAA Kak CBOMCTBA MO

'C MOMyT pacnpOoCTPaHATLCS ML flaTepasibHO BOOb

€€ TPaeKTOPUM, MOCKOJIBbKY MOSIOXKEHNE MPaHWL, M1acToB
OaKE Ha MaUTOM YOQJIEHUN OT CKBaXKVHbI MO BEPTUKAIM
onpeaennTb HEBO3MOXXHO. JTa npobnema ycyrybnseTcs ¢
YBENMYECHMEM OTX04a OT BEPTMKASIM, MPU re0sI0rMyYecKom
N3MEHYMBOCTU, @ TaKXKE B CIIOMHOMOCTPOEHHBIX
MECTOPOXAEHUSX (KITMHOOPMEHHBIX, PYCIOBbLIX U Ap.).

C y4eToM HeoNpeaeneHHOCTN CENCMUHECKIX AaHHBIX MO
BEPTUKa/IM NMPVBSA3KA JaHHbIX FTOPU30HTaSIbHOV CKBaXKMHDI
K pe3y/ibTartaMm CEMCMUYECKIX MCCEO0BaHUN TakKe
OC/IOXKHEHa.

Oco6eHHOCTM NMpoBeaeHNA reocon3n4ecKnx
nccJiegoBaHU B rOpU30HTasIbHBIX CKBaXKMHAX
CTtaHpapTHble METOAVKM MOACHETA 3anacoB
npennosaraloT Hanm4dve onpeaeneHHbIX BXOAHbIX
napameTpOB, YacTb 13 KOTOPbIX TPYAHO ONpeaennTb

C OOCTaTOYHOW CTEMEHBID AOCTOBEPHOCTY MO AaHHBIM
reoun3nHECKUX NCCeA0BaHNIN FTOPU30OHTasIbHbBIX
CKBaXXMH. K TakM napameTpam OTHOCHATCS, Hanpumep,
ahhexTmBHbIE HEDTE- 1 FA30HACHILLEHHbIE TONLLMHBI. B
Cnyyae HermeprneHauvKysSpHOro BXOAa B MPOOYKTUBHbIN
nnacT ero TonwmHa TST (true stratigraphic thickness

— «VCTUHHasA cTpaturpadnyeckas TONLLHA»)
PaCCUMTLIBAETCH HYEPES MPOXOAKY MO MNAacTy U CUHYC YIa,
Mo, KOTOPbIM CKBaXKMHA Er0 MEPECEKAET, ONPeaeIeMbIi
no gaHHbIM nmnopxepos LWD.

HeonpeoeneHHOCTb B TaKOW OLEHKE yrna Tem 60/bLLUE,
Yem 60/IbLLE MPOXOAKA MO KOHKPETHOMY MacTy (pucC.

1), 4TO NPVBOOUT K HEOMPEAENEHHOCTI B ONpeaeneHnm
TONWWH. Kpome Toro, B Cily4ae M3MEHYNBOCTM TONLLMHbI
naacTa BOO/b TPAEKTOPWM CKBaXKMHBI TMOO NepeceyeHns
CKBaXKMHOW KPOB/N 1 MOAOLLBLI MacTa Nof pasHbIMm
yriamm HeM3BeCTHO, Kakyto 13 TONLWMH A nnm B (cm.

puc. 1) cneayeTt Ncnonb3oBaTh B KA4YECTBE MOACHETHOMO
napamMeTpa npu NPOCTPAHCTBEHHBIX MOCTPOEHNSX. K ToMy
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in the drilled sediments. Furthermore, modeling for the
reserves estimate and subsequent production forecast is
generally based on the dimensional analysis algorithms,
utilizing both the horizontal and vertical properties.
Horizontal well (HW) logging does not actually produce data
on vertical properties but, unlike the insignificantly deviated
wells logging, it allows us to determine the formations
lateral spread and to determine their properties. In case of
a vertical well, the properties of the drilled sediments spread
uniformly for a considerably large radius (the nearest tens to
hundreds meters) from the wellbore in a coaxial-cylindrical
manner. They spread in all directions consistent with the
formation structure, while the HW properties can only
spread laterally along its path as the formation boundary
position cannot be determined, even in case of a slight
vertical deviation. This problem worsens with an increase in
vertical deviation, geological variability and in the complex
formations (clinoform, channel, etc.). Given the uncertainty
of seismic data on vertical wells, the horizontal well seismic
survey data is also a challenge.

Special Aspects of Horizontal Well Logging

The standard reserve estimate methods assume the
availability of relevant input parameters, some of which
could hardly be determined with significant confidence
using the horizontal well logging data. Such parameters in
particular include net oil and gas saturated thicknesses.

In case of a non-perpendicular reservoir entry its thickness

Pwuc. 1. OnpeneneHvie TONLWHGI M1acTa, BCKPBITOrO
FOPUSOHTASTBHOW CKBEXKMHOM
Fig.1. Determining a the thickness of a horizontal section

TST (true stratigraphic thickness) is calculated by the
formation penetrated and angle sinus at which the wellbore
crosses the formation determined by the LWD imager data.

Uncertainty in the evaluation of such an angle grows with
the increased penetration of a specific formation (Fig. 1),
which leads to uncertainty when trying to determine the
thickness. Moreover in case of the variable formation
thickness along the wellbore path or if a wellbore crosses
the formation top or bottom under different angles, it is
unknown whether the thickness A or B (refer to Fig. 1)
should be used as an estimate parameter for plotting
dimensionally. In addition, if a wellbore crosses only the
top or bottom of the formation, the thicknesses cannot
be determined in principle. Thus development of the net
thickness maps frequently used for reserve estimation using
the HW data is impossible.
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XKE, EC/IN CKBaXKMHA MEPECEKAET TOJIbKO KPOBJIO U
noaoLLBY MjacTa, TO ONPEAenNTb TOWMHBI B MPUHLIMNE
Henb3sa. Takum 06pa3oM, Mo AaHHbIM nccnenosaHu 'C
HEBO3MOXKHO MOCTPOEHME KapT 3PAEKTUBHBIX TOMLLIMH,
4aCTO MPVIMEHSIEMbIX MPW MOACHETE 3aMacoB.

MonoxxeHre aronaabHbIX KOHTAKTOB Takxe OnpeaenTsL
HeNb3s1, MOCKOSbKY B CJlydae eaMHOro NiOCKOr0 KOHTaKTa
B 3au1exu [[C nponpeT napannensHo emy. C gpyromn
CTOPOHbI, MOCKOJIbKY MOPU3OHTasTbHbIE CKBaXKWHDI,

Kak MpaBWo, OTHOCATCS K SKCM/TyaTaUyOHHOMY

doHay 1 BypaTca Ha pasHbIX aTanax paspadoTkm
MECTOPOXAEHNS, MHpopMaLs, noydeHHas B [C,
MO3BOJIFET OLIEHUTb PacnpenesieHe HauaabHom
HaCbILLEHHOCTW MO, AEVCTBNEM KanUISPHBIX SBAEHNI
WM ee N3MEHEHME B MpoLiecce pagdpaboTku. Ha puc. 2
NpVIBE4EH NPVIMEP MPOpPbIBa BOObI MO CpeaHer 4Yactn
niacTa, NpPeacTaBAeHHON MOPOAAMA C YITyHLLIEHHBIMMN
PUNbTPALIMOHHO-EMKOCTHBIMW CBOVICTBaMM,
TorAa Kak coceaHne MHTepBaUbl MiacTa eLle

He 0OBOOHWNCH, XOTS U BbIf 3aTPOHYTHI
pa3paboTkon. Takyto nHdopmMaLmio,
N3MEHMBLLYIO MPEACTABIEHNE O MOBEAEHNN
dhnonaos B NiacTe, HeNb3sa NOMyYUTb 5
MpW UCCNEOOBaHUN OOHOWN BEPTUKATBHOM :
CKBaXXMHbI. Tak, CkB. 1 Ha puc. 2 BCKpoeT
HeTAHYIO 30HY TOJSIbKO BEPXHEMO

nsacTa, a CKB. 2 — BCeX TPex NacTos,

The fluid contacts position also cannot be determined
because in case of a single flat contact in a formation the
HW will pass parallel to it. On the other hand, since the
horizontal wells belong primarily to the production well stock
and are drilled at different field development phases, data
acquired in a HW enables evaluation of the initial saturation
distribution under the capillary phenomena or its change

in the course of development. Fig. 2 features an example
of the water breakthrough in the middle part of reservoir
represented by formation with better reservoir properties
while the neighbouring reservoir intervals are not watered
- even though they have been affected by development.
Such information which changes the perception of the
formation fluids behaviour cannot be obtained through
logging one vertical well. For instance the well 1 on Fig. 2
will only penetrate the upper reservoir zone, but the well

2 will penetrate all three horizons and that will not allow
immediate detection of the formations uneven elevation.

YTO He MO3BOJSIUT Ccpasdy 0BHAPYXUTb
HepaBHOMEPHbIM MOObEM KOHTaKTa.

¥

Puc. 3. l'eomeTpus cUCTEMBI
FOPU3OHTA/TbHAS CKBaXKMHA — M1aCcT

BTOpbIM MCTOYHNKOM HEOMPEAENEHHOCT
ABNSIETCS HEMPUMEHNMOCTb METOANK
KOJIMHYECTBEHHOW OLIEHK CBOWCTB MacToB
no paHHbIM MIC 6e3 1x cneupm-anbHON
06paboTKN. 3TO CBA3AHO C YCIOXKHEHUEM
FeOMETPUN CUCTEMbI CKBaXKMHA — M1acT,
B/IVMSIOLLM Ha MOKa3aHNsi PErMCTPUPYEMBIX
npu TIC rsNHECKUX BETNHMH U
MPVBOAALLMM K HEHETKIM KapOTaKHbIM XapaKTeEpPUCTMKaM
rpaHuL, M1acToB U APYrX HEOAHOPOOHOCTEN paspesa
(HamprMep, KOHKPELMIA CLEMEHTUPOBAHHbBIX MECHAHMKOB).
Kak nokasaHo Ha puc. 3, Mpu nepeceveHnn niacta nog,
HeBOIbLIMM Yr/IOM 0BNacTb MCCNEA0BaHMS KapOTaXKHbIX
NpVbopoB BYAET BKOYATL HECKOSIbKO M1aCTOB, U cama
CKBaXKMHA MOXKET YaCTUYHO HaXOOUTLCS B OAHOM MacTe,
4aCcTU4YHO — B ApyromM. bes HdopmMaLmm 0 reoIoMHeCKOM
CTPROEHUN 1 OCOBEHHOCTSIX 3aUleraHnsi M1acToB
HEBO3MOXXKHO OMpPeaenTb, Kakon 13 HUX 60sbLE BANSET
Ha nokasaHns NHTerpasibHoro npubopa. CylecTBEHHOE
B/IVSIHVIE HA PEMUCTPVPYEMbIE AaHHbIE OKa3bIBAIOT
nepecavBaHne 1 0COBEHHOCTM BMeLLatoLLIMX nopos,. B
OT/INYMNE OT BCKPbITUS NSIACTOB BEPTUKANIBHOM CKBaXKNHOWM
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Puc. 2. aveHeHvie NoNoXeHNs KoHTaKTa B M1acTe, BbIABNEHHOE B
FOPVIBOHTANbHOM CKBaXKUHE
Fig. 2. Change of the contact position in a reservoir found in a horizontal well

The second source of uncertainty is the inapplicability of
the horizon properties quantitative evaluation methods
based on the WL data without a special processing. That
is because of the wellbore-reservoir system geometry
complexity impacting the physical value readings
obtained in the course of WL and resulting in unclear
logging characteristics of the reservoir boundaries

and other cross-section non-uniformities (for instance,
consolidated sandstone concretions). As seen on Fig.
3, when a formation is crossed at a shallower angle the
logging tool survey field will include several formations
and the well itself could be placed partly in one formation
and partly in the other. It is impossible to judge which
formation will impact the integral tool readings more
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Puc. 3. 'eomeTprst CUCTEMbI TOPUSOHTASTbHAA CKBEXKHA —
nnacT
Fig. 3. Geometry of the horizontal well — horizon system

B rOPW30HTasIbHBIX CKBEDKVHAX aHU30TPOMMSA, B PasHON
CTEMNeHM CBOMCTBEHHASA MPaKTUHECKM BCEM MEOSIOMMHECKUM
Pa3HOCTSAM, 3HAYNTENBHO B OOMBLLIEN CTENEHM OTPaKaeTCs
Ha KapOTaXKHbIX AaHHbBIX, YTO SABMSETCS OOHON 13
KJTFOYEBBIX MPOBIEM A9 MPOrHO3a XapakTepa HaChILLEHNS
1 OVHAMWNYECKX CBOMCTB OOBbEKTOB 1CCe00oBaHus.
®opma CTEHOK 1 FrEOMETPUS FOPUSOHTASTbHOW CKBaXKMHbI

B 3HAYNTETBHOM MEpPEe ONPeaenstoT HEOBXOOUMbIE
MOMpPaBKM Ha YCIIOBUS U3MEPEHUS B MOKa3aHWa METO0B
"MC. >Kenobebl, BbiBasbl, OBaM3aLMs, yCTyNbl 1 Apyrie
OCNOXXHEHWST (DOPMbI CTBOA AO/PKHbI TLLATESTbHO
YUUTbIBATLCH 1 KOHTPOJIMPOBATLCS MPU MOMOLLM AaHHbIX
a3VMyTasIbHOM KaBEPHOMETPUM 1 apyrx metogos LWD.

Bce nepeuncneHHble hakTopbl yCyrybnaoTcs
pasnmyremM B obbeme 1ccneayemMblX nopomq, ans
KapPOTa>KHbIX MPUBOPOB U VX MHONBUOYa/IbHbIX 30HO0B
(0151 MHOrO30HOOBbLIX MOAVdVKaLWK). [NokazaHMs
NPUOOPOB C BONbLLEN FMYOUHHOCTLIO UCCNeaoBaHWA
OyayT XapakTepn3oBaTb CPeaHMe CBOMNCTBA PadHbIX
nopop, HAXOOALLMXCA Ha HEKOTOPOM YAaIeHUM OT
CKBaXKWHbI, & C MEHbLLIEN — COOTBETCTBOBATL Mopoaam

B HENOCPEACTBEHHOM 6/IM30CTN OT CTEHKW CKBaDKWHDI.
MW OPTOrOHaTEHOM MepeceYeHnn rpaHKL, NIacToB
CKBaXKMHOW NaTepaUibHble BapuaLmi JIMTONOMMYECKOro
COCTaBa 1 CBOWCTB UCCAEeOYEMbIX OT/IOXKEHWUM B Npeaenax
paspeLlatoLLe CrnocobHOCTM BCEX METOA0B KOMIIEKCa,
Kak NpaBusio, MPeHedPeXXNTENbHO Mallbl, YTO NO3BOSIAET
KOMIMJIEKCUPOBATb MOKa3aHVs PasindHbIX METOA0B 415
OUEHKM MNHUCTOCTU, MOPUCTOCTU 1 APYINX NapamMeTpoB
nnacta. B cnyyae 6n13Kkoro K napasnnesibHoOMy
PaCMNONOXXEHUS Fe0NOrMYECKMX rpaHuL, OTHOCUTESIBHO
ocu npubopa 3To AoMyLIEeHNEe, a COOTBETCTBEHHO

I OCHOBAHHbIE Ha HEM METOOVKN COBMECTHON
nHTepnpeTaLmmn daHHbIx [IC yacTo HenpuMeHnMbl. Taknum
0bpa3oM, /1 NMOJyYeHV aaeKBaTHbIX NapameTpoB
nopoa B CKBXKNHE N HEMOCPEACTBEHHOM OIN30CTN OT
Hee N YTOUHEHVIS! MOMOXKEHNS IPaHILL re0NIOMMYECKNX Tes
HeoOX0aVMbl UCTMOSIb30BaHWE asnMyTaslbHbIX METOOOB
1ccneoBaHNi, NMO3BONSIIOLLIMX YHECTb TPEXMEPHOE
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without information about the geological structure and
bedding peculiarities.

The recorded data are significantly impacted by
interbedding the particulars of the adjacent formation.
Unlike the formation penetrated by a vertical well,

in horizontal wells the anisotropy, which in a varying
degree is typical to almost all geological differences, is
significantly more reflected in the logging data. This is
one of the key problems for the fluid content and studied
zone dynamic properties forecast. The wellbore wall
profile and geometry to a large extent determine the
measurement condition adjustments of the WL methods.
The key seats, breakouts, hole shoulders and other
wellbore geometry complications should be thoroughly
detected and controlled by the azimuthal caliper logging
and other LWD methods.

All the above factors are affected by the difference of

the surveyed rock volume for the logging tools and their
individual probes (for the array versions). Readings of the
deeper logging tools will characterize the average properties
of different formations located in at various distances

from the wellbore, and to a smaller extent correspond

with same in the wellbore wall proximity. In case of an
orthogonal formation crossing the wellbore the lateral
variations of the lithological composition and properties

of the surveyed sediments within the resolution capability
of the entire methods array are, as a rule, negligible. This
allows you to compensate for the different method readings
for assessment of shaliness, porosity and other formation
parameters. In case the geological boundaries position
relative to the tool axis is close to parallel, that assumption
and accordingly the joint WL data interpretation methods
based on that are frequently inapplicable.

In order to obtain adequate formation parameters in a well
and its immediate proximity, as well as more accurately
determine the geological boundaries, azimuthal logging
methods need to be used. This allows us to take into
consideration the the 3D spatial distribution of the
formations, as well as generating new approaches and
software solutions in order to reduce uncertainty.

New Approach to the Horizontal Well Logging
Data Application

In recent years the aforementioned problems have been
widely discussed and software and methodological
approaches to address are being developed. One of
those approaches was used in the course of logging the
wells with very lengthy horizontal sections drilled offshore
off Sakhalin Island. The study zone was the terrigenous
sediments of the Nutovo formation. The following software
packages were used in the course of work: Petrel
(including Geosteering module) and Techlog (module 3D
Petrophysics).

www.rogtecmagazine.com
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MPOCTPaHCTBEHHOE pacnpenesieHne O6beKToB U

X CBOWCTB, pa3paboTka HOBbIX METOONYECKMX
NOOXOAOB U MPOrPaMMHbBIX PELLEHWUIA AN CHVKEHUS
HEeoNPEOEeEHHOCTU 1 KOMAEHCALM BAVISIHNST CKBEDKHbI
1 6amsnexaluyx nopom, a Takke 41 3 deKTBHON
VIHTErpaLmm reosioro-reouamnyeckon MHopmaLmn
pas3nMyHbIX MacLLTaboB.

HoBbI Nnooxon, K NCMoJib30BaHMIO OaHHbIX
nccnenoBaHUmM rOpU3oHTaNIbHbIX CKBaXKUH

B nocnenHvie roabl nepeymcieHHble Npobiembi

LUMPOKO 06CY»KAatoTCs, A1 UX PELLEHNSt CO30at0TCs
NpOrpaMMHOEe 0BecredeHne 1 METOANHECKME MOAXOOb!.
OpyH 13 Taknx NOAxXoa0B Obl MPUMEHEH MPW NMPOBEOEHNN
MCCNeA0BaHNI B CKBaXKMHAX C 04EHb OObLLIMMI
OJIHaMUM FOPUSOHTAUTbHBIX CEKLIMIA, MPOBYPEHHBIX HA
wenbge CaxanmHa. O6beKTOM NCCAE00BaHNS SBASSIMCH
TEPPUrEHHbIE OT/IOXKEHWS HYTOBCKOWM CBUTHI. B xoae
paboThl NCMONB30BA/IUCH TakMe MPOrPaMMHbIE MPOAYKTHI,
kak Petrel (B Tom umcne moaynb Geosteering) n Techlog
(Mopynb 3D Petrophysics).

OCHOBHOW MPUHLUMN AHHOIO NMoaxoaa 3ak/4aeTcs B
KOMMIEKCUPOBaHUM pa3HOMAaCLLTabHbIX AaHHbIX (PUC.
4). Tak, OCHOBHOE MPEACTaB/IEHNE O ME0STIOMYECKOM
CTPOEHUV MPOAYKTUBHBIX OTIOMEHWIA, MOJSTYHYEHHOE Ha
OCHOBaHUM CENCMUYECKIX OaHHbIX 1 MCMONb3YETCA ANs
CO3aaHVs 6a30BOM re0Oro-reohrsnyHeckon Mogenm 2.
Ha ocHOBaHMM 3TOM MOOEeV MPOEKTURYIOTCH TPAEKTOPM
CKB2XXMH U BbINOMHSAETCS NMpeaBapuTebHbIA MPOrHo3
CBOVICTB [0 Hadauia 6ypeHus. [Npy noayYeHnin HOBbIX
OaHHbIX KapOoTaxka Kak B nMpouecce bypeHnst, Tak 1

13 NamsTV NPUBOPOB MPOBOOSTCH KOPPEKTUPOBKA B
VHTepBasax, MPOMAEHHBIX CKBEDKVHOW, U NENecMoTp
MPOrHO30B OJ151 ELLIE HE BCKPbITbIX MHTEPBAIOB.
[MONOXKEHME MPAHWLL FEONOMMYECKMX TeNT YyTOUHAETCSA
MyTEM CPaBHEHWS MPOrHO3HbIX U 3aPEMCTPUPOBAHHbBIX
KapOTaKHbIX AaHHbIX 1 MOCTOSHHOrO OOHOBJIEHMS pa3pesa
BOOJb TPAEKTOPUN CKBaXKMHbI B FEOHABUMALMOHHOM
nporpaMMHOM obecnedeHnn 3. o peaynbtaram
BCECTOPOHHEMO aHauM3a NoJTy4HaemMon MHopMaLn
MOXET ObITb MPUHATO PeLLEHNE 06 M3MEHEHN
rE0NOMNYECKMX LIENEN, NNIAHOBOW TPAEKTOPUM U CXEMBI
3aKaH4YVBaHMSA CKBaKMHbI.

Taknm 06pa3oM, yKe B MpoLecce BypeHns yTOHHSAETCS
re0s1IorM4ecKast KoHLENUMs, KOTopas Cy>kKUT OCHOBOW OJ15
CO30aHNS KPYMHOMACLLITAbHOMO paspesa B MpOorpaMMHbIX
MPWIOXKEHNSX, NCMIOMB3YIOLLMX YACNEHHbIE METOLPI
PELLEeHNst MPsAMON 3ada4m pas-nmdHbix Metogos MVIC ¢
YHETOM OCOBEHHOCTEN 3aseraHns BCKPbITbIX OTIOXEHUI
4. MNprMeHeHVe cneuyarbHbIX opMaToB BU3yamaaumm
MO3BOJIFET MHTEMPUPOBATE PA3NINYHbIE TUMbI OAHHbIX,
Takre Kak CTPYKTYPHbIE MOAEN pa3peda Ha OCHOBE
CENCMVIKM COBMECTHO C rPaHuLiaMy re0I0OM4YECKNX
OOBEKTOB, MOATBEPXKAEHHBIMM MPY COMPOBOXAEHUM
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The basic principle of this approach is the different scale
of data integration (Fig. 4). For example, the general
understanding of the producing sediments structure
obtained on the basis of seismic data 1 is used for
generating the base geological and geophysical model
2. By virtue of that model the wellbore path is designed,
and preliminary property forecast is made, before drilling.
Once new logging data is acquired while drilling and from
the tool memory, corrections are made in the intervals
penetrated by the drill, as well as forecasts done for the
sections that have not been drilled. The geological body
boundaries position is more precisely determined through
comparison of the predicted and actually recorded
logging data and continuous cross-section along the
wellbore path update in the geosteering software

3. Based on results of the acquired data, as well as
comprehensive analasys comprehensive analysis a
decision could be made on the geological targets, target
path and well completion design.

MMHAK NNOTHOCTH

Puc. 4. Cxema nogxoga K Mcrnonb30BaHo reosoro-
recUsNHECKON HDOPMALIMIV B YCIIOBUSAX DA3paboTKN
MECTOPOXAEHS TOPVBOHTANTBHBIMN CKBaXKMHAMI

Fig. 4. Approach to the geological and geophysical
information application for the field development with
horizontal wells
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OypeHVIst, 1 pesynbTaTbl UHTEPNPeTaLm UMUOXKEPO0B

"MC B npoLiecce BypeHrs 5 Ans NnocTPOoeHs
MenkoMacLLTabHoM Moaenn paspesa 6 (cm. puc. 4). Ctout
OTMETUTb, YTO 3TOT MNPOLECC He aBTOMaTN3MPOBaH, 1 Ha
JaHHOM aTarne NOCTPOEHNE BCEX MEONTOMMYECKNX MPaHiL
BbINOJIHAETCH BPYYHYHO.

CnenyoLlym aTanom 06paboTKn SBNSETCHA COo3aaHne
OeTasTbHOM MOAE N Fre0hU3NHECKIX CBOVICTB

nyTem NMPUCBOEHUS KabKOOMY MPOCSIOK 3HAYEHWS
reoun3n4eckoro napameTpa (ecTecTBeHHas
PaaVOaKTBHOCTb, MIOTHOCTL 1 (DOTOSEKTPUHECKIN
haKTop, HENTPOHHAs MOPUCTOCTb, BEPTUKATbHOE

1 FOPU3OHTANIbHOE COMPOTUBNEHUS) 1 pacyeT
CUHTETUHECKIMX KAPOTaKHbBIX KPUBLIX C MPUMEHEHMEM
ANTOPUTMOB PeLLIEHUS MPAMON 3afa4m Ha OCHOBaHN
3TOW CNOUCTOM MoAenn. KayecTBO MOAEIMPOBaHMS
NPOBEPSIETCHA COMOCTABIEHMEM PACHETHBIX U
3aPErncTPUPOBaHHBIX B CKBaXKUHE KpuBbIX. Moaesb
KOPPEKTMPYETCS [0 AOCTVKEHWS YO0BIETBOPUTEIbHOM
CXOOVMMOCTV MyTEM UTEPATUBHOW HACTPOVKM
pacnpeneneHns CBOMCTB M MOJIOXKEHNS rpaHnL,. Mpoexkuyst
reou3nN4ecknx NapaMeTPOB Ha TPAEKTOPWIO CKBaXKWHbI
B BME CTyNeH4YaTbiX KPUBbIX ABIAETCS UCXOOHBIM
MaTepmanoMu s NeTpomUsNYeCKOm MHTepnpeTaUmm.
[Mpy 3TOM OHW ByayT OTpaXkaTb CBOWNCTBA NOpPOoM, He
NCKaXKEHHbIE BVSIHUEM CKBaPKUHbI 1 Bn3nexxaliiyx
reoIornyecknx 06beKTOB. [Icnonb30BaHne
CTyMNeHYaTbIX KPVBbIX, MOSTYYEHHbIX B PE3YIbTaTe
OMnncaHHOro npoLiecca 06paboTKy, NO3BONSET
0O0CHOBaHHO MPUMEHATL eanHY0 NeTPOMUINYECKYIO
VNHTEPNPeTaLUMOHHYIO MOAE/ b KaK OJ1s BEPTUKasIbHbIX,
Tak 1 419 ropusoHTaNbHbIX CKBaXKUH. CrneayeT
OTMETUTb, YTO 3TOT NpoLEecC TPebyeT OT
reouanka-nHTepnpeTaTopa NoHMMaHns He

Thus the geological concept is updated during the course
of drilling, which is the basis for a large-scale cross-
section generation in the software applications utilizing
the numerical methods for solution of the direct task for
different WL methods in line with particularities of the
penetrated sediments bedding 4. Application of special
visualization formats enables integration of different types
of data such as the cross-section structural models based
on seismic data jointly with the geological play boundaries
confirmed in the course of the drilling support and LWD
imager interpretation results 5 for the small-scale cross-
section model generation 6 (refer to Fig. 4). It should be
noted that the process is not automated and at this stage
all geological boundaries are mapped manually.

The next stage of processing is the creation of a

detailed model of geophysical properties by attributing a
geophysical parameter (natural radioactivity, density and
photoelectric factor, neutron porosity, vertical and horizontal
resistivity) to each interlayer and calculating synthetic
logging curves using algorithms based on this layered
model. The modeling quality is verified by comparison of
curves estimated and recorded in a well. The model is
corrected to achieve satisfactory convergence by means

of an interactive tuning of the property distribution and
boundary positions. The geophysical parameter projections
on the well path in the form of the step-like curves serve
the baseline data for the petrophysical interpretation.

In that case, they will reflect the rock properties and be
undistorted by the wellbore and neighboring geological
plays. Use of the step-like curves, obtained by means of the
abovementioned process, allows the justified application of
an integral petrophysical interpretation model both for the
vertical and horizontal wells.

TOJIbKO MOBEAEHMS KApOTaXKHbIX KPUBbLIX B
3aBUCKMMOCTW OT INTONOMNW, MOPUCTOCTU
1 PNONOOHACHILLEHVSI B CKBaXKMHE U
HenocpeacTBeHHOM BIM30CTN OT Hee, HO

1 OCOBEHHOCTEN TPAEKTOPUM N FEOMETPUMN
CTBOJ1a CKBaXKMHbI. [NogobHas paboTa
ABNAETCA UTEPATUBHOM M Ha BCex aTanax
0OJDKHA MPOBOANTLCS B YC/IOBUSIX TECHOIO
B3aMOOENCTBNA reosiora n neTpoduanka
BO 130eXXaHue OLLNOOK MHTepnpeTaumm.
Mpumep adPPEKTUBHOMO UCMOSIb30BaHNSA
JaHHOV METOAVIKM MoKa3aH Ha puc. 5.
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CtaHpapTHas nHTepnpeTaums
HeobpaboTaHHbIX JAaHHbIX

LWD npennonarana Hann4yve
HedTeHaCbILLEHHOrO KOJIIeKTopa, HO
pe3ybTaT BU3yanm3aLmy CKBaXKMHbI
1 paspesa 1 NOCTPOEHUSt CITIONCTOM
MOOENV ANS PeLleHns NPSIMOon 3aaaqm
Nno3BOINN caenaTb BbIBOM, O HANUYNN
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Puc. 5. VgeHTndumkaLys NokasibHOM HEOOHOPOOHOCTM 3a CHET
MPUMEHEHVIST CIOVICTOM MOOE/ M
Fig. 5. Local non-uniformity identification by application of a layered model
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MJIOTHOMO MecyaHnKa ¢ KapboHATHBIM LIEMEHTOM,
KOTOPbI NOBbILLIAET NoKasaHUs MeTOA0B YAE/IbHOIrO
3NEKTPUHECKOrO CONPOTUBNEHUS, OAXKE ECMIN OH HE
BCKPbIT CKBa>K/HOW.

Taknm 0bpa3om, NMpv MNOCTPOEHNN KOPPEKTHOM
C/IOUCTOM reonoro-reonanyeckon Moaean B0 b
TPaEKTOPUM CKBaXKMHbI BaxKHA ltobas nHdopmaLms

0 TPEXMEPHOM pacnpeneneHnn reopnsanyecKmx
CBOWCTB, 3aperncTpUpOBaHHbIX B CKBaXKNHE. OaHOM
13 OCODEHHOCTEN annapaTypPHbIX KOMMIEKCOB

MN/IC B npouecce BypeHns ABASIETCS BOSMOXHOCTb
perncTpaLmm gaHHbIX PasnyHbIX METOO0B
NCCNeNoBaHUN B peXXMMe a3uMyTasibHOro 3amepa

— MPOCTPAHCTBEHHO-OPUEHTUNPOBAHHbBIX MacCBOB

113 HECKOJTbKMX 3aMEPOB Ha OOHOWN FyONHHOW

TOuUKe. 10 CTeneHn asanmyTasibHOM ONCKPETU3aLNN
JaHHble KapoTaka B npoLecce bypeHus 3Ha4nNTeIbHO
VBMEHSIHOTCS OT BbICOKOPAa3peLLatoLLmMX 64-CEKTOPHbIX
VIMUOKEN 0O KBaOPAHTOB — YeTbIPEX 6a30BbIX KPUBbIX,
OPUEHTUPOBAHHbLIX BBEPX, BHW3, BNPAaBO U B/IEBO
OTHOCUTESIbHO OCW CKBaXKMHBI.

|_|pl/l npUMeHeHn onMcaHHbIX Noaxo4oB, CBA3AHHbIX
C peLueHnem npsmon 3agadv M'IC ymcneHHbIMN
MEeTOOamMK, CyLLECTBYET BO3MOXXHOCTb pacyeTa
CUHTETUHECKMX BbICOKOPA3PELLIAIOLLIMX UMUIKEN
raMMakapoTaxa 1 MI0THOCTHOIO KapoTaxka, a
Tak>Ke MIOTHOCTHOIO KapoTarka Mo YeTbIpeM
KBagpaHTaM. [103TOMy B MPOLIECCE HACTPOWKMN
CIOUCTOM MOAENN HEOBXOAMMO MUHUMN3UPOBATL
OLIJI/I6Ky B BOCCTaAHOBJ1EHN BCEX YETbIPEX NN

[t should be noted that the process requires not only
understanding of the behaviour logging curves in line with
lithology, porosity and fluid saturation in a well and immediately
adjacent area by the interpreting petrophysicist, but also of

the wellbore path and geometry particularities. This kind of
work is interactive and at all stages shall be conducted in close
interaction between a geologist and petrophysicist so that
interpretation errors are avoided. Please refer to Figure 5 for an
example of efficient use of this technique.

Standard interpretation of unprocessed LWD data assumed
the presence of an oil-saturated reservoir, but the results of
the well and cross-section visualization, as well as layered
model generation allowed us to come to the conclusion
conclusion that the presence of tight sandstone with a
carbonate cement which elevates readings of the electrical
resistivity tools even if it is a not penetrated by well.

Therefore there is a need for a correct layered geological
model of the well path, and any information regarding
the 3D properties recorded in the well are also important.
One of the specific features of LWD tool assembly is the
capability of recording the different survey method data
in the azimuthal logging mode — spatially aligned arrays
of different measurements at a common depth point. In
terms of the azimuthal sampling the LWD varies from the
high-resolution 64-sector images to quadrants — four base
curves directed up, down, right and left relative to the
wellbore axis.

When applying the described approaches associated with the
WL direct problem solution by numerical methods there is a

Puc. 6. Cosnanre CYHTETUHECKUX a3UMyTalTbHbIX KpVBBIX B MOAYNE 3DP: CURMMM NIMHNAMA OTMEHEHDI YTTbl, ONPEaeeHHbIE
MO UMWIKY MIIOTHOCTU
Fig. 6. Creation of synthetic azimuthal curves in 3DP module: blue lines reflect the angles determined by the density image
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Bonee asanMyTanbHbIX KPVBBIX, MOCKOJbKY CPeaHss
NHTErpasibHas 06bemMHasi MIOTHOCTb He OTpaXkaeT
peanbHOro N3MEHEHMSI CBOMCTB NEPECEKAEMbIX
nnacToB. [py 3TOM BaXKHO Y4UTbIBaTb AaHHbIE
asumMyTanbHom kaBepHoMeTpum (UCRA), MOCKONbKyY
COCTOSHMNE CTBOJIA CKB2XKMHbI HANPSMYHO BANSET Ha
Ka4yeCTBO PEMMCTPUPYEMbBIX a3MyTasTbHbIX KPUBbIX
NAOTHOCTY (puc. 6). Ha puc. 6 KpacHbIM LIBETOM
BblOE/1EHbI YHaCTKM paspesa, XxapakTepusyroLmMecs
PE3KUMN UBMEHEHNAMU AraMeTpa U POPMbl CKBaXKMHI,
4YTO 3aTpPyOHSET NoA60P ONTUMAasIbHBIX CBONCTB

B C/IOVICTOW MOAENN NS yOOBNETBOPUTESIBHOMO
CXOXOEHNS peasibHbIX M CUHTETUYECKUX KPUBBIX.

K coxasieHuto, B HacTosILLiee BPEMS OTCYTCTBYET
BO3MO)XHOCTb aBTOMaTU3MPOBaHHOIO y4eTa MMmUaKa
KaBepHoMepa npu obpadoTke KpuBblx MC, nosTomy
OfHOW 13 3afa4 NHTepnpeTaTopa Ao/HKHa ObITb
OLlEHKA BIMSIHWS COCTOSIHNS CTBOA CKBAXKUHbI U
noobop Hanboee OOCTOBEPHbIX CBONCTB 3/IEMEHTOB
paspesa Ha HECOBEPLLEHHbIX YHaCTKax CKBaXKMHbI.
[Mpw 3TOM B 4YaCTu pas3pesa, BblAeNIeHHOM Hac puc. 6
3€e/1eHbIM LIBETOM, BMAHO, YTO onpeaesieHre yria no
NMNOKY MIOTHOCTU He BCeraa JOCTOBEPHO, Toraa Kak
NPUMEHEHNE aNrOPUTMOB PELLEHNS NPSMON 3a4a4um
07151 KPVBBIX MIOTHOCTU MO BEPXHEMY U H/DKHEMY
KBapaHTam NOo3BOSOT YMEHbLLIUTL HEONPEAEIEHHOCTb
B OLIEHKE Yyria nepeceyeHnst niacTa U CKBaXKMHbI U
CKOPPEKTUPOBATb MOJIOXKEHNE MEONOMMHYECKINX MPaHNLL.

[eTanbHOCTb CAONUCTON reodn3nN4eCKon Moaenn,
obecnevrBaroLLas NosTyYeHNe KOPPEKTHBIX AaHHbIX
NCCNenoBaHnU CKBaXKMH O NOCAEAyOLLEN
WMHTepnpeTaLmm, 3aBUCUT OT CBOWCTB paspesa,
reosIorn4ecKmnx 1 NeTporanyecknx 3agad,

nosHOTLI koMnnekca MG, cneumnyecknx pUCcKoB

1 OOJPKHA NoAdMpaTbCs MHOMBUOYATbHO A5

Ka>XKO0W CKBaXKWHbI. [1py aTOM 06LLMe NpUHLUMMbI

1 NOCNenoBaTelbHOCTb AEUCTBUN OCTalOTCS
Hen3MeHHbIMU. Pe3ynbTaTtbl re010ro-reouanyeckomn
WMHTepnpeTaumm ¢ NPUMEHEHUEM MOLEM ONTUMAasIbHOM
OEeTalbHOCTU BOOb TPAEKTOPUM CTBOSIA CKBaXKWHBbI
Ha pagHbIX 3Tanax ee CTPoUTENbCTBA UK
nepevHTEPNpPEeTaLMM AaHHbIX NepenatnTcs B 6a30BYyHO
reosIorMyecKyto MoaesNb 19 FEOMETPUYECKOWN
KOPPEKTUPOBKM U YTOYHEHNSA NPOCTPAHCTBEHHOIO
pacnpeneneHns CBOMCTB NOPO Ha OCHOBaHUM
JAHHbIX FTOPU30HTaNbHOro 6ypenus. MNpu 3Tom
MHTEerpauus 1 CUHXPOHM3aLMs pa3HOMacLLTabHbIX
reosIoro-reomanyeckx Moaenen n TecHoe
MEXANCLMNIVHAPHOE B3aUMOOENCTBIE CNELMAINCTOB
ABMATCS KOYEBBIM YC/TIOBUEM YCMELLHOIO
NPUMEHEHNS MPEONTIOXEHHONO NOAX0Aa U MOBbILLIEHNS
9P HEKTUBHOCTIN MCNOMb30BAHNS COBPEMEHHOTO,
4aCTO OOPOroCTOALErO BbICOKOTEXHOIOMMYHOIO
obopyaoBaHus.
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possibility of calculating high resolution gamma and density
logging images, as well as the four quadrant density log.

This is why, when adjusting the layered model, it is
necessary to reduce errors in at least four or more
azimuthal curves as the volume density does not reflect
the actual change of the drilled section. We must

also consider the azimuthal caliper log data (UCRA)
because the wellbore diameter and profiel changes. This
complicates layered properties of the model.

Unfortunately at this point there is no possibility of
producing an image from an automated caliper tool

while processing the WL curves. This is why one of the
objectives of the interpreter should be to evaluate the
welbore condition and select the most credible cross
section in the incomplete wellbore. Moreover, the cross
section highlighted in green on Fig. 6 shows that the angle
determined by the density image is not always credible.
This is due to to crossing of the wellbore angle and the
adjusting of other geological boundaries

The layered geophysical model degree of detail which
enables us to correct well logging data acquisition for
further interpretation, depends on the cross-section
properties, geological and petrophysical objectives, WL
assembly completeness and should be selected individually
for each particular well. On this basis, the common
principles and sequence of actions remain constant. The
results of the geological and geophysical interpretation,

with the application of an optimal activity model along the
wellbore path at different stages of its construction, or

data re-interpretation should be transferred to the base
geological model for the geometrical correction and rock
property spatial distribution adjustment based on the horizontal
driling. Integration and synchronization of the different scale
geological and geophysical models and close inter-discipline
interaction of experts is the key condition for a successful
application of the proposed approach and modern and
frequently costly equipment usage efficiency improvement.

Conclusions

1. Lack of information concerning the vertical cross-section
variability and complex geometry of the wellbore-formation
system limits the application of data acquired in the
extended reach drilling wells.

2. In order to reduce uncertainty in the horizontal well
logging content and interpretation, we should introduce
hardware and software packages that record azimuthal
measurements and 3D WL problems.

3. The standard approach integrating geological and
geophysical information, as well as the interaction between
experts, requires us to adjust and adapt to the complex
geological conditions when driling horizontal wells. The

latest software and tools can aid this and allow more efficient
decision making.
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BbiBoObl

1. OTcyTCTBrE MHOPMALIN O BEPTUKATBHOW
BaPUATVBHOCTW Paspesa 1 YCAOXKHEHWE FEOMETPUM
CUCTEMbI CKBXKMHA — MACT B FOPU30HTaSTbHBIX
CKBaXKVHaX OrpaHnN4mMBatoT BO3MOXKHOCTb UCMOIE30BaHMS
OaHHbBIX, NOJTYHYEHHbIX B CKBaXKMHAX C BObLUMM OTXOO0M
OT BEPTUKa/M, C MPUMEHEHWEM CTaHAAPTHbIX MOAXOA0B K
NHTEPMPETaLMM reonoro-reoPnaNYeCKNX JaHHbIX.

2. [1ns noBbILLEHVS HOPMATUBHOCTU U CHVXKEHUS
NHTEPMPETALMOHHBLIX HEONMPEAENEHHOCTEN NCCNEnoBaHIA
FOPU30HTASTbHBIX CKBEXKUH TPEDYETCHA BHEOPEHME
NPOrPaMMHO-annapaTHbIX KOMIMIEKCOB,
06ECNEHNBAIOLLINX PEMCTPALMIO N YHET a3UMyTalbHbIX
3aMEePOB C BO3MOXXHOCTHIO BbICTPOrO PeLLEHNS MPAMbIX
TpexmepHbix 3aaad [VIC.

3. CTaHOapTHbIV NOOX0a K MHTErpaLmm
reos10roreou3anNYECKOmN N TEXHOIOMMYECKON
NHPOPMaLIML 1 YPOBEHb B3aUMOOENCTBUSA
CNeLUVanNCTOB Pasd/INYHbIX ONCUMMIVH TPEBYIOT
KOPPEKTUPOBKM 1 aganTauum K CI0XKHbIM Fe010ro-
reour3n4eCcKM YyCI0BUSM FOPUSOHTANIbHOIO
OypeHns ong onTuMmusaumm MHMOPMaLMOHHbIX
NOTOKOB, YCOBEPLIEHCTBOBAHUS NMPOrPaMMHbIX

N METOAMNYECKUX MHCTPYMEHTOB A5 MPUHATUS
MaKCUMasTbHO 3 EKTUBHBIX PELLIEHUN.
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