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BeeneHune

CTponTeNbCTBO MOPU30OHTaIbHBIX CKBaXKVH SIB/ISIETCS
OOHUM 13 3PIEKTUBHBIX METOL0B BOBIEYEHVS B
pa3paboTKy HEMPTAHBIX 1 ra30BbIX MECTOPOXXAEHWN,
VMEIOLLIMX CNOXKHOe cTpoeHme [1]. B HacTosLee Bpems Ha
akTrBax «[[asnpomM HebTU» B MPOLECCE CTPOUTENBCTBA
77 % CKB2XKMH MPUMEHSETCH CTaHOAPTHBIA KOMMEKC
reonanYeckmx nccnenqoBaHni ckeaxxmH (MC) Bo Bpems
OypeHVs, BKIFOHAIOLLMI NHOYKLUMOHHBIN KapoTax (MK)
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Introduction

Horizontal well construction is an effective method of
developing oil and gas fields with a complex structure [1].
Currently, 77% of Gazprom Neft wells under construction
use the standard set of Formation Evaluation (FE)
methods. These include resistivity logging (RL) and
gamma ray logging (GR) (GOST 32358-2013). The
application of the FE method presents certain difficulties
in distinguishing reservoirs and resolving geosteeing
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1 rammakapoTax (MK) (TOCT 32358-2013). Mpw ero
MCMNOMb30BaHUN BOSHUKAKOT C/IOMHOCTY NPV BblAEIEHUM
KOJNEKTOPOB U PELLIEHNM reOHaBUraLMOHHON 3aaau4u,
MOSIBNSIETCS PUCK MPOBOAKM CKBEXKWNHbBI B KOJIIEKTOPE

C HU3KUMU PUNbTRALMOHHO-EMKOCTHBIMM CBOMCTBaMM
(®EC) nnbo B HEKOIEKTOPE.

Bbi6op ontumanbHoro komnnekca M'C.
Matpuua LWD

[ns aHanusa CnoXmBLIENCH cUTyaummn bblna npoBeaeHa
cUcTeMaTm3aLMs reoorm4eckX OCOHBEHHOCTEN
KapPOOHATHBIX 1 TEPPUrEHHbIX paspe3oB. [1ns

KaKOOro TWNa paspesa Ha OCHOBE paspadboTaHHbIX
JIOTUHECKUX CXEM Bbl1 MPEAIOKEH MHCTPYMEHT BblbOpa
onTumaneHoro komnnekca [MC. «Paccmatpusancs
TONBbKO KapoTax BO Bpems bypeHus (LWD- kapoTax); 1
KapbOHaTHbI paspes KraccurUMpoBasCs Mo HATNYNIO
MPU3HAKOB: HEOObLLIOW TOMLLMHBI LIENIEBOrO NHTEPBAA;
MOPOBO-TPELUMHOBATOrO KOMIIEKTOPA; Handme

BnTymMa B MOPOBOM MPOCTPaHCTBE; HEOOXOANMOCTI
KOHTPOJISE COCTOSHUACTBOJIA CKBaXKVHbBI; aHaIOrMYHO

— TEPPUreHHbIN Ha HaM4YMe: ra3oHeTAHOrO KOHTaKTa
(MHK) 1 pagmoaKT1BHbBIX NECHaHVKOB; HEOOMBLUIMX
TOJILWH LIENEBOrO UHTEpPBAa; HEONMPEeaeIEHHOCT
NeTPOU3NHECKON MHTEPNPETALMN OAHHBIX;
HEOOXOAMMOCTI KOHTPOJIS COCTOSHNS CTBOJ1a CKB2XKUHbI».

Bbi6op ontumansHoro komnnekca I'IC nposognncs
cneayroupmm 06pasoM. Bbioenanmck oTaenbHbie

meTodbl [VIC, 4yBCTBUTESbHbIE K OOHOW ONpeaeeHHON
OCOBEHHOCTU pa3pesa [2], KOTOpble CBA3bIBA/IMCH C 3TOM
OCOBEHHOCTBIO.

CucTtemaTmsaumst TIOMMYECKMX CBA3EN MexXay

MEeTOAaMN 1 OCOBEHHOCTAMM Oblfia NpeacTaBeHa B
BMOE IOMMYECKOW CXEMbI — «OepeBa peLleHnin». Ee
MNCMOMIb30BaHVE 3aK/IH0HaUIOCh B MOCe00BaTEBbHOW
MPOBEPKE HANNYNS FEOIOMMYECKX OCOBEHHOCTEN,
XapakTepHbIX OS5 KaKA0ro Tuna paspesa. [py sToM nof,
HEeONPEAENEHHOCTLIO NETPOPUINYECKON NHTEPNPETALIMMN
noapasymMmeBaroTcd criydan, korga pesysistatos [K u

VK HegocTaTtouHo /1 BblAeNeHNst KOMNEKTOPOB, HO

npu 9TOM paccMaTpUBaEMbIV TEPPUNEHHDBIN PAspPes He
xapaktepuayetcs Hanndvem M'HK v pagmoakTyBHbIX
NeCHaHVKOB U He TPEDYETCS KOHTPOJIMPOBATb COCTOSAHME
CTBOJ1A CKBAXKWHbI.

Ha ocHoBe oepeBa peLleHns paspadboTaH noaxoa,
npeacTaBnstoLLmn cobon matpuuy LWD-kapoTaxxa B
npouecce BypeHns, KoTopas SBASETCS UHCTPYMEHTOM
Bblibopa MeToaos [VIC onsa npoBegeHVs KapoTarka BO
Bpems Bypenus (puc. 1).

Ha ocHoBe PeE3yIbTaTtoB aHa/IM3a PbIHKa

HEeTECEPBUCHBIX OpraHM3aLMii, OKasbIBaAOLLIMX YCIYrI
MO PACLUMPEHHOMY KapOTaxy BO Bpems BypeHus
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problems. In addition, there is a potential risk of
drilling a well in a reservoir with low filtration-volume
properties or in low-permeability rocks.

Selecting the Optimal LWD Tool.

LWD Matrix

In order to facilitate an analysis of the current situation,
the geological features of carbonate and terrigenous
sections were systematized. Logical schemes were
developed for each type of section, and a tool for
selecting the optimal FE method has been proposed.

Consideration was given only to logging while drilling
(LWD); and the carbonate section was classified

by the presence of the next attributes: low target
interval thickness; porous and fractured reservoir;
the existence of bitumen in the pore space; and the
requirement to monitor borehole condition. For the
terrigenous section the following features are typical:
the presence of gas-oil contact; low target interval
thickness; the existence of radioactive sandstone;
the indeterminate nature of petro-physical data
interpretation; and the requirement to monitor the
borehole condition.

The best FE method was chosen in the following manner.
Individual FE methods were distinguished, each of which
was associated with one specific feature of the section
[2] in terms of sensitivity.

The logical connections between the methods and
features were systematically presented in the form

of a logic scheme or «decision tree». This approach
allowed consistent verification of the existence of
geological features typical of each type of section.
Moreover, the indeterminate nature of petro-physical
interpretation suggests that there are cases when
induction logging and gamma logging are not sufficient
to isolate reservoirs. However, the terrigenous section
under examination reveals neither gas-oil contact nor
radioactive sand stone and does not require monitoring
of the borehole condition.

Using the «decision tree», an approach was developed
that utilizes the LWD matrix as a tool for choosing FE
methods for logging while drilling (Fig. 1).

An analysis was conducted of the market of oilfield
services organizations which provide extended logging
services when drilling in the Russian Federation. The
available LWD tools were systematized and their specific
names indicated [3]. These tools are designed for wells
with a diameter of 4 34 «(121 mm) or more. Table 1
shows the classification of currently existing LWD tools
and methods. This classification is an additional result of
creating the common LWD matrix.
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Kap6oHaTtHbI pa3pes - Carbonate section

[ HTePBaJ‘Ia
Small thickness of the target
interval

He6onbluas TonuyHa uenesoro

MopoBO-TPELLWHOBATbIN
KOJLNEKTOP .
Porous fractured reservoir

[eomexaHn4eckue ceoncTBa
Geomechanical properties

OcobeHHocTu Features

Hannive butyma
Presence of bitumen

Ne petueHus Solution No.

n!.n!!n 14

JITONIOCKOCTHOM KapoTak,
T,
Litho-density logging, NP, CL.

BoKoBOI KapoTaxx
Lateral logging

VIHAYKUVOHHBI KapoTadk
asVMyTanbHbI
Azimuthal resistivity logging

OneKTpu4ecKuin
MUKPOUMIKED
Electrical microimaging

AKYCTUHECKIN KAPOTaXK
LUVPOKOMONOCHBIN
Full-wave acoustic logging

MeTonpbl TMC GWL methods

[amma-kapoTak
Gamma ray logging

Selective gamma-ray logging

CenexTvBHbIN ramMma-KapoTak

TepureHHbI pa3pes - Terrigenous section

Hannane MHK
Presence of gas-oil contact

Hebonbluas TonuwHa
LieNesoro VHTepsasia
Small thickness of the target

interval

eomexaHn4eckue ceoncTBa
Geomechanical properties

Hannuve pagyioakTBHoOro
necyaHunka

Presence of radioactive
sandstones

OcobeHHocTn Features

MeTpodumanyeckoe
OCTIOXHEHME
Petrophysical complication

N2 pewueHus Solution No.

1711819120 21 |22 23

VIHAYKUVOHHBI KapoTabk
asvIMyTanbHbI
Azimuthal resistivity logging

OneKTpu4eckuin
MVIKDOVMUKEP
Electrical microimaging

AKYCTUHECKIIA KapOTaXK
LUVPOKOMOOCHbIN
Full-wave acoustic logging

[amma-kapoTaxk
Gamma ray logging

Metogbl TUC GWL methods

CenexTviBHbIN
ramMma-KapoTax
Selective gamma ray logging

JITONNIOCKOCTHOMN KapoTax,
HHKT, KB
Litho-density logging, NP, CL.

Oa - Yes

Puc. 1. Matpuua Bbibopa metoaos 'MC anst ropnsoHTasbHbIX CKBaXKMH (HHKT — HEMTPOH-HEMTPOHHBIN KapOTadK Mo TEMI0BbIM HENTPOHAM,;

KB — kaBepHOMeTPYS)

Fig. 1. FE selection matrix for horizontal wells (TDT - thermal decay time logging: CL - caliper logging)
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Ha Tepputopum Poccuinckon Gegepaumm, 6einm
CcUCTEMATU3NPOBaHbI AOCTYNHble Npubopbl LWD ¢
YKa3aHMEM X KOHKPETHOrO Ha3BaHus [3]. 3Tn nprbopsl
paspaboTaHbl A7 CKBaXKWH AnameTpom oT 4 34" (121
MM) 1 6onee. B Tabn. 1 nprBegeHa knaccuhunkaums
CYLLECTBYIOLLMX Ha CErOAHSLLHMI OEHb KOMMIEKCOB

n metopos LWD. NaHHas knaccudrkaums SBnseTcs
OOMOSTHUTENBHBIM PE3YNBETATOM (hOPMUPOBAHMS OBLLIEN
mMaTpuupsl LWD.

Momumo Trna nprbopa LWD Ha adhdekTBHOCTb
MPOBOAKN CKB2XKWNHbI BAVSET PACMOSIOXEHE MPrOOPOB B
eanHom cBAsKe. C TOUKM 3PEHVS reOHaBUMraLN BXKHBIM
SABNSETCH pacnonioxkerve gatimkos LWD oTHOCKMTENBHO
00J10Ta KOMMOHOBKW HU3a BypuibHOM KOMOHHBI (KHBK)

— PacCTosiHME OT JaTyMKa KapOTaxKHOrO nprbopa 00
3a605. PaccMOTprM Ha MOOENBHOM MPUMEPE BIUSHNE
3TOr0 PacCTosHUA Ha 9D(PEKTUBHOCTL rEOHaBUraLN.

B03MOXXHOCTb OnepaTuBHO BEPHYTLCS B LIENEBOMN
WHTEPBaUT (M1aCT) SBASETCS KPUTUHECKW BaXKHOM
XapaKTepUCTUKOW, 1 OiMHa CTBOS1a B 061acTu
HEKONEKTOpa onpenenseT ahPEKTUBHOCTb
CTPOUTENBCTBA MOPU3OHTAUTbHON CKBaXKWHBI.

Cmopgenvpyem cutyaumto Boixoga KHBK 13 Lienesoro
obbekTa, cobaaas ycnosms No MakCUMaibHOW
NPOCTPAHCTBEHHOW MHTEHCUBHOCTU UCKPVBAEHUS
CKBaXKMHbI, YI/1y aTakm BXOXXOEHWS CKB2XKWMHbI

B N1aCT U pacCTOSHWIO OT 40/10Ta A0 AaT4MKa.

3afaanM BO3MOXKHbIE YIilbl MEPECEeYEHUs KPOBI
naacta co CTBOJSIOM CKB&XKMHbI B MHTEpPBae OT

1° 0o 5° (Mpw 6oNbLLEM Yr/ie LenecoobpasHOCTb
NPOOOKEHNS BypeHNs AaHHOro CTBOJSIA TpebyeT
OOMOSTHATENBHOMO aHanNM3a 1 4acTo He SOdeKTVBHA).
Ha obbekTax koMnaHum «[ asanpom HedbTb» Hanbonee
pacnpoCTpaHeHHas MakClMasibHO O0MnyCTrMas
WHTEHCWBHOCTb UCKPWBEeHUS B cocTaBnaeT 1,5° Hal10 m,
NPUMEM 3TO 3HAYEHVE 3a BEPXHIOKO rpaHuLly. PaccTosaHne
OT gonoTa oo gatymka LWD (3oHa Henpomepa) X = 3—15 m.

[onycTm, 4TO rpaHnua KPOBW M1acTa NepecekaeTcs
CTBOJIOM CKB&XXMHbI NMof, yriioM. B aTom cnyyae noka
OaT4iK Mprbopa, Mo KOTOPOMY UAET reoHaBuMrauuvs,

HE OKaXKeTCs BHE njacTa, nHdopmMaums o
NepeceyeH CTBOSIOM CKBaXKMHbI MpaHuLbl niacTta

He ByLeT 3apervcTpupoBaHa. Cuntaem, 4to

curHan ¢ 3abost pacnpPOCTPaHAETCS MIHOBEHHO, Y
MHOPMaLMS O TaKOW CUTYaLN MHTEPNPETUPYETCS
cneuyanMcTaMmM MOMEHTATBHO (OaHHbIEe KapoTaxka
4YETKO ANPHEPEHLIMPYIOTCS MO 3HAYEHVISIM B NNacTe U
kpoBsse). B Takom cnydae KHBK BbIMOET 13 nnacta Ha
paccTosiHUM Henpomepa X. C 3TOro MOMEHTa Ha4MHaETCS
YMEHbLLEHWE 3EHUTHOIO yriia TpaeKTopun CTBoNA 14
BO3BpaLLEeHMs B nnacT. OUeHUTb ASIMHY CKBaXKVHbI BHE
KOJIJIEKTOPA MOXXHO MO CyMME OTPE3KOB b + C + C + b.
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Mpu6opsb! ons npoBeneHus LWD-kapoTaxka KoMnaHum
LWD tools and companies

MeTtog, TNC
GWL method

Schlumberger | Weatherford Halliburton
J'Imonnocmo'_'c&Ho&B
KapoTax, T, P
Lnﬁ)or ensity logding, ADN AZD/TNP LithoTrack ALD+CTN
10T, CL
Eﬁg%\a%‘gg%%mm MicroScope SineWave StarTrack AFR
VIHAYKUMOHHbIA KapoTavk isi
Reswgu\/\t\/ logging P ARCVision ImPuls MFR OnTrack EWR
VIHOYKUMOHHbI KapoTaxk
asumMyTalibHbIn PeriScope GuideWave AziTrack ADR
Azimuthal resistivity
logging
OnekTpuyeckmin
MUKPOVMWU, G B
HoepompeR MicroScope - - AFR
microimaging
AKYCTUHECKIIN KapOoTaK
mmpoxononocwg SoniScope CrossWave SoundTrack Qbat
Full-wave acoustic logging
Famma-kapotax SlimPuls HAGTR Onfrack/ | pGR/GABI
Gamma ray logging ZoneTrak G
CenexTBHbIN
raMma-KapoTax
Selective gamma ray - SpectralWave - -
logging

Tabnuua 1 - Table 1

In addition to the type of LWD tool used, well drilling
efficiency can be influenced by the tools being positioned
in a single cluster. Regarding geosteeing, LWD sensors
must be positioned in relation to the drill string bottom hole
assembly (BHA) - i.e. the distance from the logging tool to
the bottom hole. Let us consider a model example showing
the influence of this distance on the efficiency of geo-
navigation.

A critical element is the ability to be able promptly to
return to the pay zone (reservoir). Also bore length in a
low-permeability rock area can influence horizontal well
construction efficiency.

We will create a model situation of BHA output from the
target area. It will comply with conditions of maximum
spatial borehole inclination, angle of borehole attack into the
target formation, and the distance from the drill bit to the
sensor. We shall specify the possible angles of intersection
of the formation roof with the borehole. This will be in the
interval between 1° and 5° (if the angle is any greater, the
viability of continued drilling would require further analysis
and is quite often ineffective). In the case of Gazprom Neft
assets, the most common maximum permissible inclination
Bis 1.5° for 10 m. We shall assume this value as the upper
limit. The distance from the drill bit to LWD sensor (non-
measured zone) is x = 3-15 m.

We shall assume that the formation roof boundary
intersects the wellbore at an angle of a. In this case, until
the moment that the tool’s geosteeing sensor exits the
formation, any information concerning borehole intersection
with the formation boundary will not be recorded. Let us
assume then that the bottom hole signal is propagated
instantly, and that the relevant information is interpreted
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B cuny cuMMETpUYHOCTU CUTyaLmm U MasbIx yrioB: cosi®
~Ccosb° =1, b =X, c=ap.

B Tabn. 2 nprBeneHbl pesybTaThl pacyeTa PaccTOSHUS C
1 O/IMHBbI CKBaXKMHbI BHE M1acTa.

Taknm 0B6pasom, BENNYMHA HEMPOMEPA CYLLIECTBEHHO
BJINAET Ha OJIMHY CKB2XKWHbI, I'IpOBe,EI,eHHOVI BHE nnacTta.
Tak, 019 Henpomepa

X = 3 M, 1 yrna nepeceydeHrs a = 1° anmMHa CKBa>KMHb!
BHe Mnyiacta coctasuT 19,4 M, B TO Bpems Kak npu X

= 15 M oHa yBemumBaeTca 0o 44 M (bonee yem B 2
pa3a). AHanornyHas cuTyaumst oTMedaeTcs As XyaLero
CLeHapusa nNpu yrie nepece4veHns a = 5°: COOTBETCBEHHO
72,7 1 96,8 M, Npu 3TOM CreayeT 0bpaTuTb BHYMaHNE,
YTO pa3HMLIA 3HAYEHU OSIVH CKBaKMH BHE MacTta
COKpaLLaeTcs.

Mpn yrne nepeceyeHrst a = 6° MUHUMaTbHO BO3MOXXHAs
OnmHa coctaBniseT 86 M, a = 7° — 100 M, 4YTO O3Ha4aeT
MOTEP CKBAXKMHOW C OJIMHON FOPU30OHTasIbHOIO y4acTka
1000 M okono 10 4svHbl MPU OOHOM Cllyyae BbIXxo4a

13 KonnekTopa. [oaTomy npu nepecedeHnn nnacra

nog, 60bLLIVIMK yriaMm1 PEKOMEHOYETCS NepebypuBaThb
CKBaXKMHY, CPE3asCh C TEKYLLErO CTBOJ1A B UHTEPBAsIE
KOJINEKTOPA.

PesynbTaThl METOOA OLIEHKM, OCHOBAHHOIO Ha FEOMETPUM
PAaCMOIOXKEHNS AATUMKOB, TOJILLMHE NNacTa 1 3HAYEHMAX
Yr/IOB 3a/ieraHns niacTa, Takke MOXHO 1UCMOJ1b30BaTh
npwv onpeaeneHuy NPOrHO3HOM 3HEKTUBHOCTM
MPOBOAKM FOPU30OHTASIbHOW CEKLIMW CKBaXKMHbI, YTODbI
n3bexkaTb 3aBblLLUEHNS NNaHNPYEMbIX NOKa3aTenemn

3 dHEKTUBHOCTY MO0 N 060CHOBaHNA 6onee
NPOaKTUBHbIX METOAOB reoHaBUraLm Ast AOCTUMKEHNS
MaKCUMasTbHOW 3 EKTUBHOCTN.

Mpepnocbinku BHegpeHusa matpuubl LWD

Ha psine MeCTOpPOXOEHWN B KA4ECTBE UANOCTPALN
LIeN1eco0bpasHOCTY pacnpocTpaHenrus matpuubl LWD
nokasaHo yBesnydeHne 3 eKTVBHOCTU BypeHns
FOPU30HTa/TbHbIX CKBaXXMH NP BbIOOPE paCLLNPEHHOO
komMnnekca LWD. Ha CyrMyTCKOM MECTOPOXOEHNN B
FOPV3OHTA/TbHOW CKBavKMHE, MPODYPEHHOW Ha NnacT
BC9-2, 6bin NpoBeaeH pacLunpeHHbin komnneke MG Ha
Tpy6ax nocne 6ypeHus (puc. 2), NoKa3aBLUNIA 3aBblLLeHVE
3PDHEKTUBHOCTU MPOXOAKM MPY UCMONb30BaHUM
CTaHOoapTHOro Habopa metonos [VIC B mpouecce
BypeHus. B gaHHOM cnyyqae BKIIOHEHNE OONONHUTENBHbIX
METOA0B MO3BOJISET YTOYHUTL 3DMEKTUBHYIO OSIMHY
CKBaXKVHbI 1, BOSMOXHO, MOB/IMSIET Ha TPaEKTOPWIO
CKBaXMHbI. OTMEYaEeTCS CyLLIECTBEHHOE N3MEHEHVE
MOPUCTOCTY MPW MPaKTUYECKN MOCTOAHHbBIX MOKa3aHNAX
'K, 4TO He JaeT BO3MOXXHOCTU LUCMOJ1b30BaThb
pesynbTaThl 'K B JaHHOM NnacTe C LEenbto reoHaBuraLmn.
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by specialists immediately (log data is clearly differentiated
in terms of the values presented by the formation and

roof). In this case, the BHA will exit the formation at offset
(unmeasured) distance of x. It is at this moment that the
zenith angle of the borehole trajectory begins to decrease
before return to the formation. The following formula can be
used to assess the length of the well outside the reservoir:
sum of segments b + ¢ + ¢ + b.

By virtue of situational symmetry and small angles: cos1° =
cosb’ =1, b=x,c=a/p.

Refer to Table 2 for the results of calculating the distance ¢
and the length of the well outside the reservoir.

a, rpapyc C, rpagyc

a, degree c,m
1 6,7 13,4+2:
5 33,4 66,7+2:1

Tabnuua 2 - Table 2

Thus, the size of the offset (unmeasured) area significantly
affects the length of the well outside the reservoir. Thus, for
the offset (unmeasured) area x = 3 m and the intersection
angle a = 1°. The length of the well outside the reservoir

is 19.4 m, while for x = 15 m the length increases to 44 m
(more than 2 times). A similar situation is observed for the
worst scenario with an angle of intersection a = 5°: 72.7
and 96.8 m correspondingly. However, it should be noted
that the difference in the lengths of the wells outside the
reservoir is reduced.

At an angle of intersection a = 6°, the minimum possible
length is 86 m, while at an angle a = 7°, it comes to 100
m. This indicates an approximate loss of 10% of length
for a well with a horizontal section 1000 m in the case of
a single exit from the reservoir. Therefore, in the case of a
large reservoir intersection angle, it is recommended that
the well be re-drilled, cutting off the current well bore in
the reservoir interval.

The results obtained using an estimation method based

on sensor location geometry and formation thickness

and inclination angles can also be used to determine the
predictive efficiency of drilling the horizontal section of the
well. This will both obviate overstating planned performance
indicators and justify more proactive geosteeing methods
for achieving maximum efficiency.

Preconditions for the Introduction of the LWD Matrix
As an illustration of the viability of promoting the use of the
LWD matrix, the selection of the expanded LWD method
has led to increase in the drilling efficiency of horizontal
wells in a number of fields. At the Sugmutskoye field, the
extended FE method was applied to a horizontal well
drilled into the BS9-2 formation after drilling (Fig. 2). This
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Puc. 2. OueHka aththekTMBHOCTY BypeEHUs MpY MPUMEHEHM pacLLMPEHHOro Kommiekca MNIC Ha Tpybax () 1 CTaHgapTHOrO KOMIIeKca
LWD (6 ) Ha npumepe CyrmyTckoro mectopoxxaeHust (MK — ramma-ramma naoTHOCTHOM KapoTak)

Fig. 2. Evaluation of drilling efficiency using the extended FE method applied to pipes (a) and the standard LWD method (b) using the
example of the Sugmutskoye field (GGDL-gamma gamma density logging)

ODDEKTVBHOCTL BYPEHUS MPU MPUMEHEHN
orpaHmnyeHHoro komnnekca LWD coctasuna 100 %,
pacLumpeHHoro komnnekca [IC Ha Tpybax — 46 % npw
OJIMHE ropU30OHTaNIBHOMO yYacTka 204 M.

ng Meccosxckoro MecTtopoXxaeHust (purc. 3)
oTMevatoTCst 06/1aCTW MOBbILLEHHOW PaaMOaKTUBHOCTU

B 30HAX KOJIIEKTOPA, KOTOPbIE MOIYT MOBAVSTL Ha
cTpaTerio NPOBOAKN CKBaXKWUHbI. B gaHHOM cnyyae
PEKOMEHOYETCS MCMOIb30BaTh PACLUMPEHHbIA KOMMIEKC
"MC B npouecce BypeHns, BKoYas HEUTPOHHbIA 1
NJIOTHOCTHOW METOAbI, YTO MO3BOMNT MNOATBEPANTL UM
OMPOBEPIHYTb HA/IMYME KONIEKTOPA B 06/1aCTAX BbICOKOM
pPagoaKTUBHOCTU.

O DHeEKTUBHOCTL BYpeEHNS NP MPUMEHEHU

cTaHgapTHoro komnnekca 'C coctasuna 87 %,
paclumpeHHoro komnaekca MNC — 94%.

www.rogtecmagazine.com

demonstrated an overestimation of penetration efficiency
when using the standard set of FE methods in the drilling
process. In this case, the use of additional methods allowed
for the effective length of the well to be determined, possibly
influencing well trajectory. A significant change in porosity
with virtually constant gamma logging values can be noted.
This renders it impossible to use gamma logging results in
this formation for the purpose of geosteeing.

Given a horizontal section length of 204m, drilling efficiency
using the limited LWD method was 100%, while the
extended FE method applied to pipes produced 46%.

In the case of the Messoyakhskoye field (Fig. 3) there are
areas of increased radioactivity in the reservoir zones. These
may affect the well-drilling strategy. In this case, the use of
the extended FE method in the drilling process including
neutron and density methods is recommended. This will
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Puc. 3. OueHka athdeKTBHOCTM BypeHst Mpy MPUMEHEH PaCLLMPEHHOTO (a) 1 CTaHaapPTHOrO (B) komnnekcos [IC Ha mpumvepe
MeCCosxCKoro MeECTOPOXXAEHNS
Fig. 3. Evaluation of drilling efficiency using extended (a) and standard (b) FE methods, based on the Messoyakhskoye field example

Ha LlapriyaHCKOM MECTOPOXAEHWN N3-3a CIIOXKHOWM either confirm or refute reservoir existence in areas of high
MVHEPaUTIOr i 1 BTOPUYHBIX Npeobpa3oBaHuii Nopog, radioactivity.

criaratoLMxX KOIIEKTOP, MNPOBEAEHME CTaHAaPTHOIO

KOMMIEKca KapoTaxka He pekoMeHayeTcst. CAoXHbIN Drilling efficiency using the standard FE complex and
MVHepasTbHbIM COCTaB MPWY MPOBOAKE CKBaXKMHbI MO extended FE method was 87% and 94%, respectively.
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Puc. 4. OueHka achdexkTBHOCTY BypeHNs Mpu MPUMEHEHNM PacLLMPEHHOrO (a) 1 cTaHaapTHoro (6) komrnnexkcos LWD Ha npvmepe

LlapryaHCKOro MeCTopOXaeHS

Fig. 4. Evaluation of drilling efficiency using extended (a) and standard (b) LWD methods, based on the Tsarichanskoye field example

OaHHbIM [K He No3BOMSET TOYHO OLEHUTL NPOAYKTUBHbBIN
VIHTEPBA 1 MOXXET MPUBECTU K OLLIMOOYHOMY PELLEHMIO HE
KOPPEKTUPOBATL TRAEKTOPWIKD CKBEXKMHBI MOCE MyOUHbI
4200 M, a BypuTb FOPUBOHTASTBHO, B TO BPEMS Kak Mo
naHHbIM [TKN KoNnexkTop 3aneraeT Ha Apyrux riybuHax
(pvic. 4). B paHHOM cryydae NiIOTHOCTHOWM KapOTavK MO3BOSN
YBENMUATL MPOXOAKY U AOCT/Yb MPOrHO3UPYEMOro aebua.

OhPEKTMBHOCTL BYPEHMS MPU MPUMEHEHM
CcTaHgapTHoro komnnekca LWD coctasuna 77 %,
paclmpeHHoro komnekca LWD — 66 %. B topcknx
nnactax HoBoMOPTOBCKOrO MECTOPOXAEHWS aKTyanlbHO
BblOENEHNE UHTEPBANOB YrNedULMPOBaHbIX U
BbICOKOPaANAKTUBHbIX OTJ'IO)KeHI/II7I, KOTOpPblEe NO AaHHbIM
CTaHOAPTHOMO KapoTaXKa OTHOCATCH COOTBETCTBEHHO

K KOJIIEKTOpaM 1 HekonekTopam. B ¢BA3n ¢ aTum
ObI/10 NPUHSATO PELLIEHVE MCMONb30BaTb PaCLUNPEHHDIN

www.rogtecmagazine.com

At the Tsarichanskoye field, due to its complex mineralogy
and the secondary rock transformations constituting the
reservoir, the application of a standard logging method is
not recommended. When drilling a well based on gamma
logging data, complex mineral composition does not allow
accurate estimation of the production interval. It may even
lead to the mistaken decision not to correct well trajectory
after a depth of 4200m, but rather to drill horizontally even
though GGLD data suggests that the reservoir lies at other
depths (Fig. 4). In this case, density logging is allowed for
increased penetration and for the predicted production rate
to be achieved.

Drilling efficiency using the standard LWD method
and the expanded LWD complex was 77% and
66%, respectively. Intervals of carbonized and highly
radioactive deposits in the Jurassic layers of the
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Puc. 5. OueHka achdexkTBHOCTY BypeHNs Mpu MPUMEHEHNM PacLLMPEHHOrO (a) 1 cTaHaapTHOro (6) komnnekcos LWD Ha npvmepe

HOBOI'IOpTOBCKOFO MeCTOPOXOeHA

Fig. 5. Evaluation of drilling efficiency using extended (a) and standard (b) LWD methods, based on the Novoportovskoye field example

komMnnekc VIC oig CBOEBPEMEHHOMO MPUHATUSA
PELLEHUI B MPOLIECCE MeOHaBUraLMM CKBEXKNH 1

0N ONTUMaIbHOM OLIEHKW MPOAYKTUBHBIX YHaCTKOB
(pnc. 5). OPDHEKTUBHOCTL BYpeHNs NP MPUMEHEHU
cTaHgapTHoro komrnnekca LWD coctasuna 31 %,
paclmpeHHoro komnnekca LWD — 45 %.

B ckBaxkuHax, B KOTOPbIX NpeanosiaraeTcs NpoBeagHne
rmapopaspbiBa nnacta (MPr), Heobxoammo
1CMNOMb30BaTh aKyCTUYECKUIA KaBepHOMEpP Mbo
pacHeTHbIN MHOEKC KaBEPHO3HOCTU A1 KOPPEKTHOM
VHTEPNPETaUMM PE3yYNLTATOB U BbIOOpa ONMTUMAasIbHbIX
30H C LIeSIbl0 YCTaHOBKW 3/1EMEHTOB 000PYAOBaHNS A5
MHorocTagunHoro IPr.

3aksitoueHue

ABTOPbI BbIpaXKatoT 61arogapHOCTb BCEM CreLmaincTam
LleHTpa ynpasneHuns dypeHvem «[ eoHasuratop»,
y4acTBOBaBLUMM B 0OKaTKe NoAxoAa Ha peasibHbIX
JaHHbIX, OCODEHHO XO4YeTCs OTMETUTb BKIaL,
netpodusmkos B.W. MacTyxa n A.1O. VirHaToBa, ¢
y4aCcTMEM KOTOPbIX AEPEBO PELLEHNIN CTano bonee
JIaKOHMYHO U CTRYKTYPUPOBAHO.
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Novoportovskoye field need to be noted. Based on
standard logging data, these are related correspondingly
to reservoirs and low-permeability rocks. Thus in the
aims of timely decision-making in the well geosteeing
process, it was decided to use the extended FE method,
allowing for optimal assessment of productive areas

(Fig. 5). Drilling efficiency using the standard LWD
method and extended LWD method was 31% and

45%, respectively.

In wells which presume the use of hydraulic fracturing, an
acoustic caliper or a calculated cavernous index must be
employed for the purpose of accurately interpreting the
results and selecting optimal zones for positioning multi-
stage hydraulic fracturing equipment.

Conclusions

The authors would like to place on record their thanks

to all the specialists from the GeoNavigator Drilling
Management Center who participated in the collection and
processing of the data, especially the contributions from the
Petrophysicists V.I. Pastukh and A.Yu. Ignatov, whose input
was critical to the decision making process.
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LWD W

Mpennaraembin UHCTPYMEHT — MaTpuua LWD — He
ABMIFETCS NaHaLeern Npy onpeaeneHnm HeobxoaMoro
KOMMJIeKCa METOIOB M HE OCBODOXXAAET OT aHa/IM3a
VIMEIOLLIENCS Fre0NOrMYECKOM MHOPMAaLN O CBONCTBAaxX
njacTa no paspesy 1 narepasauv, HO MO3BONSAET
aBToOMaTM3MpoBaTh Bblibop MeTonoB LWD, npoBecTy nx
HaYasIbHYtO COPTUPOBKY.

[Mpy HaAMHMM HEOBXOAMMOW Fe0IOMMYECKON 1
neTpogusmnyeckon nHpopmarmm marpuua LWD paet
BO3MOXXHOCTb Y4ECTb CYLLECTBYIOLIME B HACTOSLLEE
BPEMSI METOMb! KAPOTadKa B TEXHNYECKMX 3a0aHMSAX
0151 CEPBUCHBIX KOMMaHUA 1 3aA4aTb MEPCNEKTVIBHbIE
HanpaBnerVs pas3padboTky HoBbIX Mprbopos LWD.
Mpy 3TOM HeOOXOOMMO BCErAa y4UTbIBaTb BAXKHOCTb
pacnonoXeHnsa gatyumkos LWD oTHOCUTENBHO
nonota KHBK.
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The LWD matrix tool proposed herein does not represent

a panacea in determining the requisite set of methods, nor
does it exclude the need to analyze the available geological
information relating to section and lateral properties of a
formation. However, it does allow for the selection of LWD
methods to be automated and facilitates primary classification.

Given the requisite geological and petro-physical
information, the LWD matrix allows for existing logging
methods to be taken into account by service companies
in their technical operations, while offering promising
directions for the development of new LWD tools.
Furthermore, the importance of positioning LWD sensors
relative to the BHA bit should always be considered.
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