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JIyHCKO€ 0@4)1[10}?7—!06 za307c0naeHcamnoe Mecmopoofcaeﬁue xXapaxkmepusyronics
0CMamoyuHou 2A30HACLIULEHHOCNBLIO 6 noaKOHmaKMHOﬁ 3one. Umeromces (966 Zpynnovl
KapomdasiCHblxX adHHbLX.’ Kapomagic Ha Ka6€]l6 6 CMapuvilx pQSBGaOHHblx cKeaMdcunax

U xapomasic 60 e6pemst 6ypeHuﬂ 6 COBPEMEHHOM IKCNAYAMAUUOHHOM CKEANUHHOM c])om)e.
KepH 0m06paH UCKIITIOYUMEIIbHO 6 pweeaouubzx CKeAIMCUHAX, 6 MO BPEMS KAK }ZaepHO-
MAZHUMHDBLU KapomagiC u przue cneyuajivnole memoowvr TH C 7’lp06€aeﬂbl

6 IKCNJIYadmauuOHHbLX CKEANCUHAX. B cmamwe usnazaromces aemaﬂu onpeaeﬂenuﬂ
JAUMOJI0ZUU U MPOHUUAEMOCMU KOJJIEKMOPO8 6 CUMYyavuuu, zae AMK uzpaem ceA3yrnuyo
Ppojib Meofcay pa306u46HHbmu KEePpHOM U Kapomdadincem 60 6pemsi 6yp€HUH (L WD )

Knto4eBble cnoBa: ra3oHacbILLEHHbIE KONINEKTOPbI; TUMbI KOekTopos; LWD; a4epHO-MarHUTHBIA KapoTax; NPOHMLAEMOCTb

TOCTH U TpoHHUIaeMocTu. KaporakHbie maaH-

VHCKOEe mpejicTaBisteT coboit odd-

[IOPHOE Ta30KOHAEHCATHOE MeCTO-
pokzieHue co creruGuIHOl 30HOU

OCTATOYHOW  Ta30HACBINEHHOCTU

B obsactu akBuepa (TaK HasbIBae-
Mad 30Ha IajeorazoHacibiiienus). Mectopox-
Jerue pacmosokeHo B OXOTCKOM Mope BOIM3N
CeBEPO-BOCTOUHOIO T10bepesxkbs octposa Caxa-
suHa. VInTepBas NPOAYKTUBHBLIX KOJJIEKTOPOB
MpPE/ICTABJICH TEPPUTECHHBIMU OTJIOKEHUSIMHU
MUOIIEHOBOTO BO3pacTa M MPUOPEKHO-MOPCKO-
ro reHesuca ¢ IIUPOKUM JMAIA30HOM I1OPUC-
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HbIEe TO/IPA3/IEAIOTCS Ha J[BE TPYIIIIBI: KAPOTAK
Ha Kabese B CTapbIX Pa3BEOYHBIX CKBAKMHAX
U KapoTask BO BpeMst OYPEHUST B COBPEMEHHOM
AKCILTyaTallUOHHOM CKBakuHuom ¢ouze. Kepn
oTo6paH UCKITOYNTETHHO B PA3BEIOYHBIX CKBA-
JKUHAX, B TO BPEMs KaK S/€PHO-MATHUTHBIN
kaporax (AAMK) u npyrue cnernumanbHbie Me-
toasl VIC mpoBe/ieHbl B 3KCIIyaTAIIMOHHBIX
CKBa)KMHAX.

CoBpeMeHHbIe KCILIyaTallMOHHbIE CKBAYKU-
Hbl 1 Kapotaxk LWD urpaioT OCHOBHYIO pPOJb




MPU TOCTPOCHWHN TETPOMDUBUIECKOI MOJIEIH.
ITockonbky kapotax LWD u orbop kepHa ObLIn
IPOBEJIEHBI B PasHbIX ckBaknHax, AMK 6bLi mc-
MOJIB30BaH JIJIs1 0OBEMHEHUST 3TUX U30JUPOBAH-
HBIX TPYIIIT JAHHBIX C TIEJIBIO TOCTPOEHUST MOJIEJN
JINTOJIOTUN U TIPOHUIIAEMOCTH.

AHanM3 KepHOBbIX JaHHbIX U Bbile/ieHHue
THUNOB KOJI/IEKTOPOB

Ha nepsom srarie ObLIM MIpOaHAIU3UPOBAHBI BCE
NMeIOIINecs: KepHOBble naHHbie. Kak pesysib-
TaT, ObLIM BbIJAEJEHBI HATH TUIIOB KOJJIEKTO-
POB, XapaKTePU3YIONUXCS OTIUIUTETHHBIMU 3a-
BUCHUMOCTSIMU TIPOHHUIIAEMOCTH OT TMOPUCTOCTH
(puc. 1).

Heo6xoauMo 0TMETHTD, UTO BECh KePH ObLI
oTo0paH B CTapbX pa3BEIOYHBIX CKBaKMHAX
1 TOJBKO B 30HE Ta30HACHIIMIEHHBIX KOJIJIEKTO-
POB. ITO OOCTOSATEIHCTBO OUEBUAHBIM 0OPa3oM
OCJIOJKHSIET TIOCJIEIyToTee PACIIO3HAHNE THIIOB
KoJLTeKTOpoB 10 anabiM [MIC.

Mpepcka3zaHue TUNOB KOJINIEKTOPOB

B NMPOAYKTUBHOM ra30HacbIlLleHHOM
HHTEpBane

Puc. 2 nnmocTpupyeT pasindre KapoTasKHBIX
XapaKTePUCTUK JIJIsl 30H C Pa3HON HaChINEH-
HOCTBIO. OTUETINBO BUIHO, YTO WHTEPBAJBI CO
cxoskeit nopucrocteio (K ) n nponunnaemocTbio
(Knp) XapaKTepU3yTCsS pa3HON KOHMUTyparmei
KapOTaKHBIX KPUBBIX B CIydae MpeebHOTO Ta-
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30HACBIMIEHNS, OCTATOYHON Ta30HACBHIITIEHHOCTH
U TIOJIHOCTBIO BOJIOHACBIIIEHHBIX KOJIJIEKTOPOB.

ITo sToit mpuYnHe GBLIO PEIIEHO HAYATh pac-
MO3HAHNE TUTIOB KOJIJIEKTOPOB CHAvasla TOJBKO
B 30HE IPeJeSbHOr0 razoHaceimenus. Heobxo-
ZIFIMO OTMETHUTB, YTO U 3/1€Ch €CTh CBOU OCJIOMKHSI-
iotue (haKkTopPbI:

— BO-TIEPBBIX, HAGJIOAETCS PA3JINYUE B KOH-
urypannn KpUBbIX HEHTPOHHOTO W TIIOTHOCT-
HOTO METOJIOB B Pa3BEJIOYHBIX W IKCILTyaTallH-
OHHBIX CKBOKMHAX U3-32 CUCTEMAaTUYEeCKU GoJiee
riy6OKOro TIPOHUKHOBEHUs (hurbTpaTta GypoBo-
TO PAacTBOpA B TIEPBOH IPyTITIE CKBAKUH;

— BO-BTOPBIX, HEOOXOIUMO €Ille pa3 HaloM-
HUTH, uTo AMK He TpoBOAMICS B pa3zBeOUHBIX
CKBa’KUHAX (TOJIbKO B 9KCILIyaTallUOHHDIX).

B aT0il curyanuu nmpuMeHneHme HOMOIPaM-
MBI Y7IEJTBHOTO 9JIEKTPUYECKOTO COTIPOTUBJICHUS
(YOC) u nopucroctu nopox (K ) 6vimo mpu-
3HAHO ONTUMAJbHBIM BapUAHTOM, T.K. 3TH Iapa-
METPBI OCBOOOKJIEHBI OT BJIUSHUS 30HBI TPO-
HukHOBeHUst DBP 1 B KOMOWHAIMY JOCTATOYHO
XOPOIIIO OTPAKAIOT U3MEHEeHUe «KauyecTBa» KOJI-
JIEKTOPOB. Acnexmul onpedenenus nopucmocmu
KOLIEKMOPO8 He 00CyHc0aiomes 6 Imot cmamve
u mozym 6vimv narioenvl 6 npedvioyuels nyoIuKa-
yuu [1]. Takum o6pasom, Homorpamma Y IC-K
ObLyIa HACTPOEHA HA KEPHOBBIE IAHHbIE U UCTIOJIb-

Puc. 1.
Bbtaeﬂeuue OMJIAUYUMENDHBLX MUNOE KOJIEKMOPO6 1NO
KepHOBbIM aLZHHblM

nec4yaHWK M. 3epH.

Vnecy, a.e.
(0-1)

Vrn, g.e. Vanes, a.e.

(0-1) (0-1)

Kn, a.e.
(0-0.3)

Keo, p.e. Knp, mA
(0-1) (0.1-10000)
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30BaHa JJIs1 YCIENTHOTO PACIIO3HAHUS TUTIOB KOJI-
JIEKTOPOB B HPOJAYKTHBHOM TIa30HACbIINIEHHOM
unrepsaie (puc. 3, 6aox 1).

Ponb AMK npu npeacKkazaHuy TUNOB
KOJI/IEKTOPOB B 30HE OCTaTO4YHOro
rasoHacbiujeHus M aksudepa

ITocie Toro kak paciiosHaHune THUIIOB KOJIJIEK-
TOPOB B 30HE IPEAEJTBbHOIO Ia30HACbINIECHUA 3a-
BEPIUINIIOCH, OBLIO PElIeHO MPUMEHUTH JaHHbIE
AMK st petienust 9Tol 3a/1a4M B 30HAX € OCTa-
TOYHOU Tra30HACBIIIIEHHOCTbBIO U /1JId ITOJTHOCTBIO
BOJOHACBITIEHHDIX KOJIJIEKTOPOB. IIJIH 9TOTO CHa-

yaya ganubie AMK Obuin CKOPPEKTHPOBAHBI 32
acdekr razonaceimennd. Ilocne yero mponu-
aeMoctb 1o IMK Oblia npuBesieHa K yPOBHIO
KEPHOBBIX JTAHHBIX:

— cHavaJia nopucrocth 110 SIMK 6bL1a ckop-
PEKTHPOBaHA 3a MCKaKalolllee BJIMIHUE Tasa 1o
metonuke DNMR [2];

— T0CJie TOTO OCTATOYHAS BOJOHACHINICH-
Hocth 10 SIMK Obura mepecurtaHa ¢ y4eTOM

Puc. 2.
Kapomaofcmm Xapaxmepucmura 301 C pa3iudrHbiM
2a30HAacvleHuem

VEL T2 A Kn (DNMR)

A f 140 QAP 120 [ 195
2 /50

Knp (DNMR!

mi 000[03 ww OIn

395 |1 ohmm 500 |25

o 32501
(
[
o (
[
<.
8 \ 13500+
(v
=
o)
@
137501

42 aBrycT 2017




HAYKH 0 3EMJIE
CEPBHC ¥ MUMNOPTO3AMELLEHHE

JIOJIA CBSI3aHHOM BOJBI B 00beMe MOPOIbI ¥ KC- — JlaJiee IMOJIy4YeHHbIE IIOPUCTOCTD U OCTATOY-
TPaBJIEHHON TOPUCTOCTH; Hadg BOJOHACBHIIEHHOCTb ObLIN MCHOJb30BAHDBI

JUIST TIPOTHO3a TIPOHUIIAEMOCTU TI0 M3BECTHOU

Puc. 3. mozenu Tumypa-Koarca [3], orkamunbpoBaHHOi
Cxema pacno3nanis Keprosvlx munos KoLLeKmopos no Oauoim na nponunaemocts no I'MC B rasosoii some,
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OTIPEIEJICHHYIO, B CBOIO OU€Pe/lb, C YUE€TOM THITH-
3a1uu KOJJIEKTOPOB.

3aTeM, TOJUTOHBI KWP-Kn (cooTBeTCTBYIO-
e Pa3JIUYHBIM TUIAM KOJIEKTOPOB) OBLIH
lepeHecenbl U3 KepHOBOro kpocc-miora K -
K, B anHajornysenii Kpocc-mjioT, MOCTPOEHHDIH
1O WCIIPABJICHHBIM 32 3(PDEKT ra30HACHITIECHUS
nanuabiM IMK. Kak pesysbrat, 9TO 1103BOJIMIO
9KCTPAIMOJNPOBATh MCXOIHBIE KEPHOBbIE THITBI
KOJJIEKTOPOB B 0OJIACTH OCTATOUYHOTO TA30HACHI-
menus n akBudepa no gannsim AMK (puc. 3,
onox 2).

NMpeacka3saHne TUNOB KOJUIEKTOPOB Mo
AAHHBIM PaiMOAKTUBHOr0 KapoTaxa

[lanee omnpenesennbie 110 ganHbiM AMK Tumb
KOJIEKTOPOB OBLIM MCIOJIb30BAHbI A1 <00yde-
HUsT» cTaHAapTHBIX MeTo0B [ IC BO Bcex 30Hax
Pa3JIMYHOTO XapakTepa Hacbilenus. BaxkHo or-
METHUTh, YTO B CJydae BOJOHACBHINEHHBIX KOJ-
sekTopoB Y IC CTAaHOBUTCS HEYYBCTBUTEIBbHBIM
K Ka4eCTBY KOJLUIEKTOPOB, OTPaXkasi, B OCHOBHOM,
usMenenne ux nopucroctu. Ilo aroil npuum-

Puc. 4.

Conocmasnenue pe3yiomamos npozro3a
pesynvmupyiowei nponuyaemocmu no I'UC

¢ anvmepnamushvimu sapuanmamu ouenxu K

Knp (FAC) Knp (AMK)

HE JUIT BCEX 30H Pa3JNYHOTO HACHIMIEHUST Obl-
JIW TIOCTPOEHBbI MHAMBUAYATbHBIE HOMOTDAMMBI,
MpeICTaBIIAIONIE KOMOUHAIIMY TIOKA3aHMi Ka-
poraxka ecrectBenHoil pagaunoaktuBHoctu (I'K),
HENTPOH-HEUTPOHHOTO KapOTaXKa IO TEIJIOBBIM
weritponam (HHKT) 1 ramma-ramMmma mioTHOCT-
Horo kapotaxka (ITKm) mig pasqundaHbIx THUTIOB
KoJLIeKTOpoB (puc. 3, 6aox 3). llpu atom s
VIPOIIEHNS BOCIPUATUS M BU3YaJU3alUU 110
panubiv HHKr w TTKn 6bun paccunTan mna-
pametp AKI ;e e, IIPEACTaBASIONNIL co6Oi
PasHUILY MEXIY KaKyIIUMCS BOJOPO0CO/EP-
sxaaneM noposi mo HHKT n xaxymteiicsa mopu-
croctbio 1o I'TK (paccunTantoii ¢ NJI0THOCTHIO
dmonga — 1r/cm?).

KomnneKcHbI# anropuTm TUNU3auum
KOJIJIGKTOPOB M aHa/Iu3 fOCTOBEPHOCTH
NpPorHo3a NPOHMLAEMOCTH
Kax pesyzbrar mpogenannoil paGoTel ObLI CO3-
JIaH KOMIIJIEKCHBIN aJTOPUTM TUIU3AIUKA KOJI-
JIEKTOPOB, IPEICTABJISIONINET COOOH TIPUMEHEHNE
COOTBETCTBYIOIINX HOMOTPAMM IJIsT 30H C pas-
JINYHBIM XaPaKTEPOM HACBIIIEHMUSI:

— rasoBad 30Ha — Homorpamma YOIC-K|
(n FK-AKH(HHKT_HKH) B KauyecTBe BCIIOMOTaTeJib-
HOTO BapuaHTa);
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— 30HAa OCTATOYHOHW Ta30HACHINMIEHHOCTH
u akBudep — HMHAUBUAYAJIbHbIE HOMOIDAMMBI
TK-AKH(HHKT-FTKH).

Takum 00pasoM, TUMHU3AIUS KOJJIEKTOPOB
OblJIa BBITIOJHEHA JUIA BCErO MECTOPOIKICHUS
U BCEX 30H pa3amyHoro Hackimenus. [Tocie gero
ObLT TIPOBEJIEH MTPOTHO3 MPOHUIIAEMOCTH Ha 0C-
HOBAHUM MHAMBUAYAIbHBIX 3aBucumocteil K -
K, /1151 pasHbIX THIIOB KOJIIEKTOPOB.

ITockoJbKy KepH He OTOMpajcs B COBpe-
MEHHBIX JKCILIyaTA[MOHHBIX CKBLJKUHAX, pe-
3yJbTUpyomas nporunaemocts 1o T'MC Gbuia
COTIOCTaBJIEHA € MPOHUIAEMOCTBIO 1O CKOPPEK-
TupoBanubiM 3a ra3 ganubiM AMK (puc. 4).
Bask#o oTMeTHTh XOpoIiiee COOTBETCTBHE 06enX
HE3aBUCUMBIX oneHOK K 'BO Beex 30Hax ¢ pas-
JIMYHBIM XapakTepoM Hachinienus. Kpome Toro,
9TO, BO3MOKHO, GoJiee BayKHO, TakkKe ObLIa TOJTy-
yeHa Xopoliasi CXOAuMocTh ¢ orerkoit K *H

p ad

10 pe3yJibTaTaM UCIbITaHUs CKBUKUH (puc. 4).
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BbiBOAbI
OcHOBHBIE Pe3yJIbTaThl IPOAEIAHHOI PabOTHI.

— KomriekcHBIN aaTOpuUT™M TTPOTHO3a TUTIOB
KOJIIEKTOPOB M WX TPOHUIIAEMOCTH C YYETOM
Pa3IMYHON KOH(UTYpPAIUM KapOTa)KHbIX KPHU-
BBIX B 30HAX C Pa3HBIM XapaKTePOM HaChITIIEHUS.

— TloaTBepskiaeHreM JOCTOBEPHOCTU TIPO-
ruo3a rnpouunaemoctu 1mo ['MC sBumack xopo-
mras CXOIMUMOCTD C OIIEHKON Knp mo AMK u pe-
3yJIbTaTaM UCIIBITAHUS CKBASKITH.

— Yoayumennas apantanusg 3D aunamunye-
CKOI MOJIEJIN.

B saxmouenne HeoOXOANMO TOXYEPKHYTDH
0coby10 posib IMK, 1ocrysKuBIIero cBoero poja
[IPOBOIHUKOM MEKIY PasOOIIEeHHBIMI JaHHBIMI
KepHa B Pa3BEIOYHBIX CKBAKUHAX U KaPOTaKEM
LWD B skciutyaTaiiuoHHoM (hOH/IE, a TAKIKE C 30-
HOM OCTAaTOYHOM Ta30HACKHIIEHHOCTH W BOJO-
HOCHBIMM TIJTACTAMW, HE OXapaKTePU30BAHHBIMU
KEPHOBBIMU JIAHHBIMU. @
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The Special Role of Nuclear Magnetic Logging in Constructing a Model of Lithology and
Permeability of Reservoirs with Variable Gas Saturation

Abstract. Lunskoye offshore gas condensate field is characterized by residual gas saturation in the subcontact zone. There are two groups of log data: wireline
logging in old exploration wells and logging while drilling in a modern production well. The core is selected exclusively in exploratory wells, while nuclear
magnetic logging and other special methods of well logging are conducted in production wells. The article describes the details of the determination of lithology
and permeability of reservoirs in a situation where NMR plays a connecting role between disconnected core and logging while drilling (LWD)

Keywords: gas-saturated collectors; types of collectors; LWD; nuclear magnetic logging; permeability
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