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Abstract: As oil and gas exploration extends into deep and ultra-deep areas, well logging is faced
with great technical challenges such as ultra-high temperature and high pressure, harsh wellbore
environment and low signal-to-noise ratios. Addressing difficulties in logging evaluation of deep-
ultra-deep carbonate reservoir, this paper focuses on four key technical problems that restrict the
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exploration and development of deep and ultra-deep carbonate fields in China: lithology and
lithofacies identification, characterization of effective fracture-cave reservoirs, fluid property
identification and evaluation of subsurface fracture-cave reservoirs. In order to solve these problems,
based on the core-calibrated image logging, the key image features corresponding to different rocks
are identified, and the logging lithofacies identification method under the core constraint is formed.
Based on in-depth analysis of typical logging response characteristics of effective fracture-cavity
reservoirs, a method for identifying and quantitatively characterizing fractures and solution holes
is established. For the high-resistivity background formation, the accurate identification of reservoir
fluid properties under oil-based mud conditions is realized by re-processing the array induction
logging data. The acoustic reflection imaging technology is used to identify the hidden fracture-
cave reservoirs within 3~50m of the borehole, expanding the radial detection scope Consequently,

a technical framework for logging evaluation of deep/ultra-deep carbonate reservoirs—centered on
imaging logging technologies—has been developed, which reflects the innovation and development
of logging evaluation technology.

Key words: deep carbonate reservoir; lithology scanning logging; electrical imaging logging;
array induction logging; acoustic reflection logging; log evaluation.
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Fig.2 FMI and NGI image characteristics of well X2 reservoir section
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Fig.3 Array induction, dual lateral and array lateral resistivity comparison of well X3
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Fig.7 Quantitative characterization of dissolution holes based on imaging logging
BT G M AL R4S B IS8T 280 (AT FLER D) AT BLE &R AE R SRR R B FEEE,
A NHER T A RS AL T S . 2R MR SR e SRR N SR A R, SEBRES I
AR EPIR G A, IR 22, 1SS S8R 0 M Bk} ot & DL 2 VR K, G2
IV S BRI B2 (% FE I it £, &l 8 P, R M4 /AR AE S, S e I h 4R
LRCIEZE, 5 FEDNH: 42 1) 2Kk B BUAE R VANt 2P T B, B P B 22 00 32 AR
RGLFEI LN, B S s 4 B 5B 2 D G 0L, T O AR i i LR S AN BURR .
Bl 8 S LI AT, I FH 75 I B 22 T SR A FLBRURE Bl Sl 4 B AR A O FLBRURE BH SRR IG o XX
THOL, SR T — B E I 5 BG5S R 28RO Tt S 5077, RIVR A
Iy ZE S A B B BT AL BRI, M FH R B AR DN SR P 48 T 2 BOR RAE & 7 (R AR LR LR
B, PIEHSEE NG ZRESLBE (FlLucia., 2011) . FEFEEMZE, ETRGENHE
) B0 LA S R S BE 1 ALK B RO, Joik s B AR Z ALIRFLIREE, (HA2M
B NAFAEIEAIROC AR, O mT DR R0 70 X 9 00 RAF B, i Sr i FLA 5 AR FLIR AL
B EE 2t O 27, AT SEEL L3 30 2B ALIR SRR R i) e e . 181 8 26 )\ 2 T HL UG DN
AEFEARF R TALE ;B 8 B I8 R PR T VAR AR B ALIR B 5 25 0 A T FLBREEXTLE
AT LLRIL, B E ik R LB R S A B O g B A B — B0k, AT REBE LS
S EIVERE L, At R B
FESMRAIF RGO, LR TEA KA — TP a2 i Z VR ) T B AER AR H]



I AR N LA 1y HFIRCRDUA BEXS BUR DI G s 2 el A AR D HE
PRI EET A, AL R S 5 3. AREBGNH R (FMI. MCI Al XRMID
XTSRRI SRAEAE 2257, BT R AN ] AR ZR 9 ST AR S PR T AL R 5 LI FLRR P R i 7

AtEdhe || BEHEE M | FLIR R BEEg L 42 HL fLil % #4 FL B LB &
, DEN _
CAL 1.95 g/em’ L 161 1% 0 T L B R s 43 B L
0 m 10 RT 5 1 0 0 73 BT AL BE DE L o 43 B L I 1
______ KTH _ 2 Ohmm 200000 CNL { o % wlo % 10
_ .45 VIV - i A 1] (6 _ o e
" e Ml mxo D B il AL sl | s
API___200 2 Ohmm 200000[770 is/ft 40 11 2: {1 po o v/v oosfo % 10f0 % 10
1 6690 :;:;.‘.;,.—_—.ﬁ z ? ?
] : k 2
e 4 <
P P P
- > >
5%
6700~ > >
\
I X
6710 i ?:_
] é
720
1 E
e
1 = =
730+ L L
1 f e g =

8 T AM AL P S IR FLIR R TR AR

Fig.8 The calculation results of reservoir porosity after compensation treatment
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Fig.9 Data processing results of X6 well array induction logging
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Fig.10 Extraction method of reflection wave distribution in remote acoustic logging (according to Li Ning et al.)
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Fig.11 Acoustic processing results of remote detection in well X7, Tarim Basin (according to Li Ning et al.)
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