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BeeneHue

OCHOBHbIM HanpaBNeHeM Pa3BUTUS COBPEMEHHOM
HehTegoObIBAOLLEN MPOMbILLIEHHOCTV SBNSETCS
noBbILLIEHME 3MHEKTUBHOCTU V3BEYEHS 3aracoB
MECTOPOXKAEH HEDTU Ha MO3AHEN CTaauM Pas3pPaboTKM.
OnHVM 13 CNOCOB0B NOBLILLIEHVSA 3NMEKTVBHOCTH
aBnaeTcs OypeHme BOKOBbIX 11 FOPVIBOHTAaSIbHBIX CTBOIOB
CKBEXKVH 11 KOMIMIEKCHas MHTepnpeTaLys reonU3NHECKX U
re0noro-TEXHONOMAYECKUX AaHHbIX.

BrepBble naes Ncnonb3oBaHUsa AaHHbIX ra30CcoaepKaHis
OypPOBOro pacTBopa Npw BYPEeHU CKBaKMH 019 BbISBIEHS
HedTerasoHachILLEHHOCTV pa3pesa Obina Bbicka3aHa B
1933 r. B.A.Cokonosbiv 1 M.B.A6pamosrdem. BHeoperre
B NpaxTuKky xpomMatorpadim razos B.A.CokonoBsIM,

AM. Typrensraybom 1 B.AKYKOBULKM BbIIO
OCYLLECTBNEHO B 1951-19585rT. [TV MOSIBMNOCH TOMBKO

B 60-X rogax, SBNasCb NOMbITKOM PacLLMPTL KOMMIEKC
FEOXUMNYECKYIX UCCNEAOBAHUM MyTEM UBMEPEH
TEXHONOMMHECKMX MapameTpOoB B npouecce 6ypeHns [1].

B HacToswlee Bpema aaHHble [ T akTBHO MCMONb3yoTCA
MHOM/IMU HEDTAHLIM KOMMaHWSMM, B TOM Y/Ce Ha
mMecTopoxaeHusax OAO «HK «PocHedTb» B pexkume on-line
MPY MPOBOAKE MOPUSOHTATbHBIX CTBOIOB CKBADKVH.
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Introduction

The main aim of the oil industry, at present, is to increase
operational efficiency and increase production in mature
fields. One way to achieve this is to drill lateral and
horizontal wells and to combine this with the interpretation
of the geophysical and geotechnical data.

The idea of using the mud gas data while drilling,

in order to detect the hydrocarbon saturation of the
borehole, was first suggested in 1933 by V. A. Sokolov
and M. V. Abramovich. Gas chromatography was
introduced by V. A. Sokolov, A. M. Turkeltaub and

V. A, Zhukovitsky in 1951-1955. GTI then appeared

in the 1960’s, and was an attempt to expand the
geochemical surveys through measuring drilling process
parameters [1]. At present, GTI data is widely used by
many oil companies, including Rosneft, while drilling
horizontal wells.

Mud Logging

Mud logging enables the evaluation of the level of
hydrocarbon saturation of the formations by comparing
the various hydrocarbons in the mud with the existing
background levels.
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Fa30BbLIV KapoTax.

PesynsTaThbl ra3oBoro KapoTaka, Kak Tirna reousnyeckoro
METOAa, MOSBONAIOT AaTb KONMHYECTBEHHYIO OLISHKY
rasoHeTeHaCkILEHHOCTI MacToB MO U3MEHEHIO
COOEPXKaHNA PA3NINHHBIX YITIEBOAOPOAOB B OYyPOBOM
PACTBOPE MO CPABHEHMIO C (DOHOBBIMI SHAUESHUAMU.

C LENBbIo NOBbILLEHVA SMMMEKTVIBHOCTY MHTEPNPRETALMM
PEe3yNLTaToB ra3oBoro kapotaka I 11, HeobxoaumMo
VICNOMNBb30BATL AaHHbIE KaK B (DYHKLMM MyOVH, Tak

11 BDEMEHW. Hannume MCxoaHoM nHdopmaumy B
PYHKLMM BPEMEHM MO3BONSET MPON3BECTY KOHTPOMb
CHOPMMPOBAHHOIO apXvBa B QYHKLM MYyOUH 1
NpoaHaNN3MPOBATL ra30roKa3aHUsA Mocne 6ypeHns.

Vlcnonb3oBaHne nHpopmaum B MacLutade rmyouH — npu
NPOBOKE CKBaXKVHbI B MpoLIecce OypeHyis.

lIcnons3oBaHme MHmopMaLUM B MacLITabe BPEMEHM:

» JaHHbIE ra30BOro KapoTaka Nocne BypeHst
(OO DY3MOHHOTO KapoTarkay;

» MPVBA3KA ra30BOM aHOMa M K KOHKDETHOMY MHTepBasy
ryOUH MOCHE pac-LUMPKK, NMPOPadboTKY, HapaLLBaHMM,
MNEPEPbIBOB B LIVPKYSIALIMM, B MPOLIECCE MPOMbIBKM;

»  aHa3 MOMOLLEHUM MPOMBIBOHHOM MOKOCTU 1
nposiBReHn hnonaos [2].

[e0noro-TexHoNorM4ecKre NccneqoBaHns,

TeNeMETPUYECKME CCNEOBaHNSA C MPUMEHEHVEM

asuMyTalbHbIX METOAOB KapOTaXKa W CUHTETUHECKNIA

KapoTaxK ABAAOTCA OCHOBOW ANA MPUHATVSA PELLEHN

npY NPOBOAKE BOKOBBIX U MOPU30OHTANbHBIX CTBOIOB

CKBaXKVH. KonmyecTBeHHast OLeHKa NpoayKTUBHOCTY

KONNEKTopa HEMOCPEACTBEHHO B MpoLecce bypeHis

OCHOBbBIBAETCHA B TOM HMCIE U HA pe3ynbraTax rasoBoro

kapoTaxa. CyllecTByeT Lefbi pag hakTopos, OT

KOTOPbIX 3aBMCUT OTMEYaEMOE KONMMHECTBO rasa Ha

yCTbe, JTO CnemyroLLme daxkTopsbl:

» TVIN U CBOMCTBA OypOBOro pacTBopa v AOOAaBOK;

» Teonormyeck/e YCIoBUA paioHa NCCnenoBanHiis;

» OCOOEHHOCTM TEXHONOM M BypeHs;

» COCTaB U Ka4eCTBO rasoaHaMTUHeCKoro
obopyaoBaH/s.

PaccMoTpYiM BO3MOXHOCTI CNONb30BaHVS AaHHbIX [T
NPV MPOBOAKE CKBaXKMH Ha COBETCKOM MECTOPROXKASHMN
(OAO «TomckHedTb» BHK).

MecCTopoXaeHME PacroIOKEHO Ha TEPPUTOPUIN
Tomckom 11 TioMEHCKOW 0bnacTen, OTKPLITO B

1962r., B paspaboTky BeeaeHo B 1966r. OcHOBHOM
0OBbEM HaqabHbIX FTEONOMMHECKIX 3aracoB HedTw
COOEPXNTCA B MPOAYKTVBHOM ropmaoHTe ABT. o
re0IOrMHECKOMY CTPOEHUIO MECTOPOMAEHE OTHOCKTCS
K CINO>KHbIM, YTO OBYCOBNEHO MHOTOMIaCTOBOCTHIO

N MaKPOHEOHOPOAHOCTBIO CTPOEHNS MPOAYKTUBHbIX
nNacToB. B paspese BepxHeM NonoByHbI 06bekTa ABT
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In order to be more effective when interpreting the GTI mud
logging results, it is necessary to use the data in respect of
both depth and time. The availability of the source data in the
time aspect makes it possible to monitor the depth aspect
and therefore analyse the gas indications post-driling. So, you
would use the information in the depth aspect when driling
the hole, and use the information on the time aspect when:
» mud logging data post-driling (diffusion log);

» associating the gas anomaly with a specific depth interval
after hole enlargement, reaming, adding lengths,
mud-retum breaks, during clean-up;

» analysis of the lost circulation and fluid kicks [2].

Geotechnical surveys, telemetry surveys using azimuthal
logging methods, and synthetic logs are the bases for making
intelligent decisions when drilling lateral and horizontal wells.
Evaluating the reservoir's productivity during drilling is based
on, above all else, the mud logging results. There are a
number of factors that affect the amount of gas observed at
the wellhead. These are as follows:

» type and properties of the driling fluids and additives;

» geological conditions within the survey area;

» driling technology specifics;

» composition and quality of gas analysis equipment.

h4

Let's discuss the possibilities of using the GTl log data while
driling in the Soviet era field. The operating company was
OAO “Tomskneft” VNK.

The field is situated in the Tomsk and Tyumen oblasts, it was
discovered in 1962 and came on stream in 1966. Most of the
original ol in place is contained in the pay zone AB1. In terms
of its geological structure, the field is complex, which is due to
its multiple formations and the macro heterogeneity of the pay
zone structure. In the upper section of the AB1 productive
formation, high shale content was identified with textural
features that are commonly called “hazel grouse” in the
Russian oil patch. This increases the degree of heterogeneity
of the oil bearing part of the reservoirs and deteriorates the
whole hydrodynamic drive processes.

One of the main sources of information obtained while

drilling horizontal and lateral wells in this Soviet era field is GTI

velocity & mud logging. The assessment was carried out for

pay formations with good poroperm properties, which were
selected on the basis of velocity logging and compulsory
geological surveys (such as mud description and analysis,
calcimetry, luminescent-bituminological analysis, porosity and
density analysis, gas content). The following were used during
the assessment:

» residual gas saturation factor (Fgas) for gas bearing
formations, residual hydrocarbon saturation factor (Fhc) for
hydrocarbon bearing formations;

» base triangle methods;

» fluid coefficient methods;

» Pixler charts;

» RAG diagrams, etc. [3]
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BLIABUIMCH MOBLILLEHHbBIE ITINMHACTOCTD U TEKCTYPHbIE
OCOBEHHOCTW, YTO B MPOMBICSIOBOV MPaKTVIKE VIMEHYeTCs
«PAOUNKOM», 3a CHET 3TOro NOBLILIASTCA CTeneHb
HEOOHOPOOHOCTY HEDTEHACHILLIEHHOM YaCTV KOMNEKTOPOB
YXyOLLAOTCS MPOLECCH! MAROANHAMYECKOrO BITECHEHKIS
B LIESIOM.

OAHVM 13 OCHOBHBIX UCTOYHUKOB HOPMALMN,
Mony4asMon Mpu ByPEHUN FOPU30HTATBHBIX 11 GOKOBbBIX
CTBOSIOB CKBaXKVH Ha COBETCKOM MECTOPROMAEHN,
ABMFETCHA MEXAHUHECKM 1 Fa30BbI KapoTaxk [ T,
OLeHVBarOTCA BblAENEHHBIE MO MEXAHYECKOMY KapOTarKy
11 KOMIMJIEKCY 00S3aTENBHBIX MEONOrMHYECKIIX MCCNEO0BAHN
(onucanve 1 aHanua WnamMa, kKapboHaToMeTpVs,
JIBA, aHanma nopucToCTU 1 MAOTHOCTU, U3MEPEHME
ra30CoAePaHMs) MPOOYKTVBHBIE MNAACTLI C XOPOLUVMMA
DUNBTPALIMOHHO-EMKOCTHBIMK CBOMCTBaMM. [pr STOM
VICMNONB3YHOT:
» KOPMULIMEHT OCTATOYHOM ra30HACHILLIEHHOCTN
(Fr) ona rasocogepallyx mnacToB, KO3MMULIEHT
OCTaToO4HOWN HedTerazoHachILLeHHOCTV (FHM) os
HedTerazoconepallyx NnacTos;
» MEeTOObl 6a30BbIX TPEYIONbHUKOB;
» METOMb! (DIIOUAHBIX KOSPMULIMEHTOB;
» nanetkn [vkenepa;
» anarpammbl PAI v np. [3].

B paboTte renonb3oBaHbl METOAbI MOUAHBLIX
KOS(PDULIMEHTOB.

i

e

The following methods of fluid coefficients were used in the

study: From June 2013 to June 2014, GTI data for 20 wells

from the Soviet era field were analysed using the “PS KIUSS”

software package (developed by OOO “Petroviser”).

During the interpretation, the following basic intermational fluid

coefficient methods were used:

» OPUSS (composite indicator of hydrocarbon
composition, version 3);

» X-log (Wh, Bh, Ch);

» Pixler ratios (C1/C2, C1/C3, C1/C4, C1/C5) |4, 5].

Generally, line graphs plotted using the first and the last methods
(OPUSS3 and Pixler's) help determine the the gas-oil contact
(GOC) and the entry into the formation and give a more accurate
representation of the fluid type (gas / gas condensate / ol
condensate / ail / water), while the x-log diagrams provide us
with a more generic picture of the fluid segregation between gas
and oil. The interpretation results make it possible to:
» detect the entry into the target interval;
» perform further well placement (Fig. 1);
» assess the degree of hydrocarbon saturation

of the formations;
» perform correlation with the data acquired from

other logging types;
» identify commercial hydrocarbon deposits.

Interpreting the geophysical logging data in order to forecast
the GOC and WOC locations presents a problem. However,
by comparing the well placement data (Fig. 1) and the results
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Puc.1 CkearkvHa Ne4. 10 fiaHHBIM ME0SI0MMHECKOrO COMPOBOMAEHUA OYPEHMA CKBEK/H.

Fig. 1. Well No. 4. As per data of the well placement.
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Fig. 2. Well No. 4. Based on the GTl mud log analysis.

3a nepuog BpemMeHy nioHb 2013 - uoHb 2014
npoaHaManpoBaHbl AaHHbe [TV no 20 ckBavkHaM
COBETCKOrO MECTOPOXAEHVIA C UCMOBb30BaHEM
nporpaMmmHoro komrnexca «NC KnyCC» (pa3paboTymk
nporpamvHoro obecnedeHus — OO0 «[leTpoBanaep»).

oy HTEPNPETaLUY NCMONB30BaHbI OCHOBHbLIE

NpPUMEHSEMbIE B MMPOBOM MPAKTUKE METOANKM DAIONOHLIX

KOS DVLMEHTOB:

» OlNYC3 (0606LLEHHBIV NoKazaTesb YreBOOOPOAHOrO
cocTara, BepcKst Ne3);

» X-log (Wh, Bh, Ch);

» CooTHoweHws Mnkenepa (C1/C2, C1/C3, C1/C4, C1/
Cb) [4,5].

Kak npaBuno, rpaduki KpUBbIX, MOCTPOEHHbLIE MO
nepBomy 1 nocnegHemy metoay (OrNYC3 v MNukcnepa)
nomMoraroT B onpeaeneHnn KoHtakta ras-Hedtb (MTHK)

1 BXOAa B MnacT v gatoT 6onee To4Hoe NpeacTaBneHve
0 TMNe hnomaa (ras-ra3okoHaeHcaT-HeTeKOHOEH CaT-
HeMTb-BOAA), B TO BpeMs Kak Mo avarpaMmam x-log
nofyyaem 6onee 06LLYIO KapTuHy pasaeneHns dpnovia
Ha raz-HedTb.

www.rogtecmagazine.com

of interpretation of mud logging while driling using “PS KiUSS”
(Fig. 2), we can identify the entry into the pay formation,
determine the saturation behaviour and the possible presence
of commercial deposits. In Fig. 2 we can clearly see the
increase of C1-C3 gases in the bottom graph and the rise of
the Wh line in the x-log method of the middle graph from the
1945-m depth, the saturation has changed from the gas one
to the ol one. When driling the hole in the "hazel grouse” shale
interlayers (in Fig. 1 these are 2060-2120 m and 2180-2250 m
depths), gas indications drop in these intervals (Fig. 2).

Fig. 3 shows the placement of the horizontal hole of Well No.
12, and Fig. 4 shows the interpretation of GTI mud logging

for the same well. It can be seen that there’s a clear match
between the GTI data and well placement data (entry into the
target at 1970 m measured depth (1683.5 m vertical depth)
and exit from the formation within 2040-2100 m measured
depth intervals; hole holding in the middle of the target with
the best poroperm properties from 2300 m measured depth
(1689-1692.5 m vertical depth). The saturation determined by
OPUS-3 and x-log methods gives oil, while the Pixler ratios do
not provide a clear picture of the saturation behaviour due to
the low C2 (ethane) content in the mud while drilling.
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Fig. 3. Well No. 12. As per data of the well placement.

PeaynsTathl MHTEprpeTaLy i NO3BOASKOT!

» BbIABUTbL BXOL, B LIENEBOV NHTEPBAJT,

» OCYLLECTBUTL OabHENLLIEE MrEe0NornHeckoe
conpoBOXaeHvie (puc. 1);

» OLEHUTL CTemneHb HeTeHaChILLEHHOCT NNacTos;

% BbINOMHUTBL KOPPEAALWMIO C JaHHBIMM pYrAX
TUMOB KapOTaXKa;

» BblOENUTb TEXHOMEHHbIE 3anexin YB.

BoisbiBaeT 3aTpyaHeHve MHTepnpeTaums faHHbIX [C ons
nporHo3a MectononoxeHra I'HK 1 BHK. Tem He meHee,
CPaBHVBasA AaHHbIE reONOrM4eCKOro COMPOBOXIEHNA
OypeHNa CKBaXKVH (pVIC. 1) 1 pesynsTaThl HTepnpeTauym
ra3oBoro kKapoTaxka B npoLecce bypeHus no «1C KnyCC»
(pVIC. 2), MOXHO BbIAENUTL BXOL B MPOAYKTVIBHBIV MIacT,
ONPeNeTL XapakTep HaChILLIEH/S 11 BO3MOXKHOE Hailn-me
TEXHOMEHHBIX 3aN1eXxer. Ha pirc.2 XOpoLo BAOHO yBENNHEHE
rasoB C1-C8 Ha HWxHeM rpadvike 1 pocT Kpueor Wh

B MeToAVIKe X-log cpeaHero rpadvka ¢ rmyduHsl 1945w,
HaCbILLIEHME CMEHMTOCH C ra30BOro Ha HedTsaHoe. [pn
MPOBOKE CKBAXXVHbBI B IMIMHACTbIX MPOMNACTKaxX «psibHmMKa»
(Mo puc. T mybrHbl 2060-2120M 11 2180-2250M) CyMMapHbIe
ra30roKasaHyg NanatoT B STUX MHTepBasax (pyc.2).

Ha pricyHke 3 npeacraBneHa npoBOAKa MOPUSOHTabHOMO
CTBOMA CKBaXUHBI Ne12, Ha pu1C. 4 nokagdaHa MHTeprnpeTaums
rasoBoro Kapotaxa [ 111 no Tom »ke ckBavkvHe., OTveqaeTcs
SBHOE COOTBETCTBME JaHHBIX [ TV 1 COMPOBOXAEHWS OypEHS
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Conclusion

The behaviour of the fluids, in the Soviet era field deposits, when
they have been determined by conventional geophysical logging
(GIS) methods is controversial. The use of the mud logging data
and a combined interpretation of GIS and GTl data, honouring all
the specifics of the driling work and field geological structure,
increases the effectiveness of the performed survey.

Mud logging interpretation to differentiate gas- and oil-saturated
sections in structurally complex resenvoirs of the AB1 formations
increases the horizontal well placement efficiency and helps
increase the rates of production from the Soviet era wells.
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Fig. 4. Well No. 12. Based on the GTl log and mud log analysis

(BxO[, B LENeBor 0ObexT Ha mybrHe 1970M no cTeony
(1683,5M MO BepTUKaIv) U BbIXO 3 MacTa B VHTepBasiax
myourH 2040-2100m Mo CTBOSY; yOepKaHe CTBOMA B
cepeayHe LUeneBoro HTepsana ¢ HannyHwmvn OEC ¢
yOuHbl 2300M Mo cTeony (1689-1692,5M NO BERTVKA).
Hacbiwervie no metogam OINYC3 1 x-log 0aéT HedbTb, Mo
COOTHOLLIEHUAM [ IMKCNepa xapakTep HaCbILLEHA HEACEH
B CWIY HM3KOIO copepxaHiis C2 ataHa B MOOMbIBOYHOM
PKAOKOCTU MK OYREHNN,

BbiBOoOpbl

XapakTtep cocTosHuA dntonaa B 3anexkax COBETCKOro
MECTOPOXXAEHMA 0ObMHBIMK MeToaamu [VIC onpenenseTca
HEOOHO3Ha4HO. VIcnonb3oBaHMe AaHHbIX ra30BOro
KapOTaXKa, a TakKe KOMMIEKCHasA MHTeprpeTaumsa AaHHbIX
NC v T, ¢ y4eToM BCEX OCOBEHHOCTEN BYPEHMSA U
Fe0NOrMYECKOrO CTPOEHNST MECTOPOMOEHMA MOBbILLIAET
3DODHEKTVBHOCTb MPOBOAUMBIX MCCNEO0BAHUN,

IHTepNpeTaLms ra3oBoro KapoTarka 4/
onbdepeHumaLv ra3o- 1 HedTeHaChILLEHHbIX
YHaCTKOB B CIOMHOMOCTPOEHHbBIX KOMIEKTOPAX MiacToB
AB1 noBbllaeT adhdeKTVBHOCTb MeONormyeckoro
COMPOBOXAEHMS BYPEHUS TOPUSOHTANIBHBIX CTBOIOB U
CMOCOBCTBYET YBENNHEHIO OeOUTa HEATV CKBEXKWH Ha
COBETCKOM MECTOPOXKAEHWN,
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