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Abstract: The interval from the second member to the top of the Permian Maokou Formation in southern Sichuan Basin is dominated
by limestone reservoir with developed fractures and vugs and strong heterogeneity, which has complex resistivity response mechanisms
and faces difficulties in reservoir effectiveness evaluation and gas/water layer identification. In order to effectively evaluate the
fractured-vuggy carbonate reservoir and improve its fluid identification accuracy, this paper studies the characteristic parameters such
as conventional resistivity curves and means and variances of electrical imaging logging porosity spectrum based on physical property
modeling, to classify reservoir effectiveness. A comprehensive fluid identification index is established by applying the synthetic S-wave
time-difference stacking method, the P-S wave velocity ratio overlap method, and the P-S wave equivalent elastic modulus difference
ratio method. Additionally, fluid identification is researched based on the means and variances of resistivity spectrum. The following
results are obtained. First, it is for the first time that a reservoir effectiveness classification index (AVRT) is established by using
parameters such as the normalized resistivity curve of sliding variable windows and the mean and variance of electrical imaging porosity
spectrum. According to the classification standard, the reservoirs are classified into three types, and 155 intervals in the study area are
interpreted, with a logging interpretation coincidence rate reaching 91.1%. Second, a fluid identification index is constructed based on the
weighted average of multiple methods such as the synthetic S-wave time-difference stacking method, the P-S wave velocity ratio overlap
method, and the P-S wave equivalent elastic modulus difference ratio method, and its coincidence rate of reservoir fluid identification is
85.7%. Third, a fluid identification chart based on AVRT and mean apparent formation water resistivity spectrum is developed based on
the influencing mechanism of each parameter on fluid type, combined with the mean and variance of apparent formation water resistivity
spectrum. It is verified to have a coincidence rate of reservoir fluid identification up to 100%. In conclusion, in the new method, the
normalized resistivity of sliding variable windows can highlight the thin layers with high reservoir quality, and the fluid identification
index can better identify weathered crust and fractured-vuggy gas reservoirs. This new method significantly improves fractured-vuggy
carbonate reservoir evaluation and its fluid identification accuracy, and effectively overcomes the difficulties in fluid identification in
fractured-vuggy carbonate reservoirs of strong heterogeneity.

Keywords: Sichuan Basin; Permian Maokou Formation; Carbonate rock; Porosity spectrum; Reservoir effectiveness evaluation; Apparent
formation water resistivity spectrum; Fluid identification

EEWAB  PEAMRATERARATIESIE “PU) 2RSSR AR, TR RIS (%5 : 2023YQX10104).

YRR - Ch5E, 1976 44, IR, Wk, A EA AR A F RS 2 RN AR R R S8 AT I L
o $dik - (138000) FHAREFAE T FIT XTI AR ES 1219 5. ORCID: 0009-0002-4942-3453 . E-mail: wenshh@petrochina.com.cn

BIE1ESE : BAR, 1999 F4, WA o EBNHEL 0 Z MRS I TAE. Hihk : (2665800 1R i & X KT
P 66 5. ORCID: 0009-0002-6016-3293, E-mail: 2401069709@qq.com



16 PN S

2024 fFEE 44 5

0 315

PN R RIS HEEE, KEEBRIT 4.
FRALERA, —BRMEHAMFOH, =& R
AL ERHBREESZER Y, TR
IR, P AEBAKENEN ZRFOHLN
N ZEH ARG (AR SRR 1 E SR 2
AL paEsk, EHIX S O AR ZIESE, X
WHFHH B (LR B KE—ERA—
SEWIHRIT R FT R & B a8 A K82 5 BN Y2
HAEF ZBOREE 60X 10* m*/d = Tl KRS
Wi, JEHALE LS1 e B IX B A KA )2 M. AR
F 50 XA DY )1 w30, AL T )1 e A B 4
W, XWFZBRAMENE—, ZTENAKE, E
R A= RIS F - B&REBEEE. Y
Rk, 2T R VR A s iR LIRSS
MAEHERXARESR, BEFWHPNEHEEZ, FHA
IKIE R AIHMEFE K

fits 20 RO VPR 7 T - H UK IR L A 2
FEURIE A E. PITE. R G AR A ) R S R VRN
AR R U RO A R, R
FE VPRI I RS SR, B A JE A R
Wriebr. AKX —BORRIR 662, B 1R —,
FLBREEN 2% ~ 4%. WM Ze R It iRy 42, =41
BREE 4R (RMER B AMEFE . wMEF T b
BONHAFERE, DA TENARRZE. B g
FHHERR B bR R £ 7 3t 2 28 T B R %4, skig
2 USISURI) P ol A% 0 H: 20 R BUFL B BE S 8 {8
TSR, PSS RS RN S G 8k,
BUAS LT L 38R

il J2 A I S VU 7 T < 3 A P A AR TR
59 5 9% 3 AR T R A ik R U
FLIX 4 BBk IR 3625 i 2 L BHL R B sg i (R R %2
HL BH 26 il 2R R R R 2 . B AL X A 2 T A R
SRIRAR s 75 T 220 i 7 e M RURR » 3 S iR 2 B
IR AR e Bk, TR 22 b SRR
PR RS HOR AN R)ZE, TR0 LR AN B 7 v AR
%o BRAE R ZEM IS, SNBSS R B RE—
ERRERRRZ, KBS PP RHBANO SRS
SME R E. BRIMEM RS E RS2
SOKEZE KZ. HEE AL 2 7K B 23l 7 —
TR b E i S ERKE . ZEpeigss B ) ] e
B A% DU A0 2 7K H BH R 3 RN 7 22 S S R T
FHRFLRRE . R ICBE R A48 )2 AR IR B BR, <2

W& ZIE 91.7 %.

BExT R )@, A SCEEY I AR B, E
PRUT 5 M0 L BE 2 il 28 H A W LR E 1 32 4 AN
77 22 SRR S R o3t S5 A Rk . N FH B BSORE I
ZE B INE . YR I T LU AE B B vk AR I 4 A
PR & 22 LA S 8 5 B AR IR TR 3L, R4 &
RH 26 1% 3548 A1 7 22 55 S 0T R AR RO B 98 . B 5T
g5 R MR B2 15 52 TR BB IR 6 5 4 /25 8 R PR At
PR AR B

| BERANIMRHN R

Aol BB TR ORI, B TTIXCSF B
BRI #h o il )= s 1) £ DLLBR AR G N T2, TRIRZ
N T HERA SR ICAL R BEANB 8 FOF P A Rk, H i
PR FLBREE . FEBIALBRE . RAESLIE . BiBE R,
TS E R NREEBIERTE 6 DMSHUNTHE
L1 FLERERE

T w AN S FA G B IR A A R R ILIR B

AR 00 R T, R AR S R
figg G2 2 IRV, Fp 7 000 S R 305 ) o 5 s e )
Vi FBL A AL R AN B2 1) B AR AR b, B ALRRIE, A
SH AR PR e 00 e LR R R 0 S+ LB T T A
SEAFLBEE TR [ 5K (1) 15 TS I 22 P A
SRME AL AL, AN RE SR IR A SLER, WO S
FLBE L S e B A b IR L, RV R LR EE, AR
AIWR 2 AT T [ 30 (2 o

2 2
6. = Hht+dy D)
5=\~
DT — DT, DT, — DT,
b C ST SHX—E T (2)

(DT, - DT, )< CP

HH @ Pus I I P IRTR DAL . o FLEREE
WREALBREE . FESLBR AL s DT Ron I 22, ps/ft
(1ft=03048m, N[E); DTy DT DTy, 535l 3
INEAVE B U RR T R 22, ps/ft; CP 3R
INESERIE R, TCEM 5 SH RoRVETRE &
112 AT SR ORI e R AE U A

FH RSSO 0 R R e B M S kb R g R H
FERE, Wit DL A 7] Techlog *F & K [ Poro Tex
BT DLad o A R AR O B R R B 4, 15 B
BEFLIRE B % VR B KA A AE T RE S IR ) 9F
E BT L S AN FN A, (H AV B4 B

DT, - DT,



12

SR B DU S i A DX S AR B0 o 2 A R PP AN AL A U T vk 17

G AR FLIR B, TR IE S s FLBR
i 2% .
1.1.3 T A 09 R AU B ALA

I TT ) FH A5 S R H R A LR EE AL
AN IR E R E et H O R REFR. 2
36 2 2 O T )P UM i) e PR R SR S S LR
SEERR R, RTS8
R ARA A 2 Y LR [ G). ) 1.
BT F RGN AR i, FF R HR I8 TG R A
e, BRI A o B 3 RN i) 00 S - B 2 % AL B
FEo VR TR ) R BH A 22 A IR A2 3 R AL . M
JERARIEAL . SOKMIRIEE . Bl RS S5 IR K,
Al B e R AR B B S G LR B AT AL OE,
B8 43l b 5 K] 25 R

Y = RLLD — RLLS 3)
RLLD x RLLS
¢ = i"' 4, +4; (¥R (4)
RLLS LLD

X Y FRBERENSH, Y<OH, NEKAER
B;0<Y=<0.1, UL Y > 018, A~
JERGE 5 ¢ RNFLEILBATE 5 Ryps Rusn R 0
IR VR FES H R PR, Qem; 4, 4,
A 5y RN SREERTM K S5, BARTUE LR 1.

* 1 REFLBEERBRIEHEER

ey St Y A, A, A,
RAmERE <0 —0.992417  1.972470 0.000318

iR e 4

FAERE > 01

0~0.1 —17.633200 20.364 510 0.000 931

8.522 532 —8.242788 0.000 712

10° ¢ & KI5yl
10'F °
10° °

10'F

HAONBIER / mD

¥=0.003 4x"*7
R'=0.3249

0 2% 4% 6% 8% 10%
AL

1 XS REBETAIEILERS

1.2 EFRENBATNSERER

12,1 R, A ifeEbg FHEA
WFHERBNME, HEBERLILRBE
K, MHEENIEIE R 3 B2 KT R EH] .
B AR BY SRR R R, REETIT R 5B E R N T ok
R, HBEREETFRERIEIN, 318 R EUE kLR E
M EILFE T S N R REEITE X5 P, Ak
T Techlog A HREL 24 4% 5K FF B N7 i85 KA
K, =1.647x107 B’ (5)
NP K RREEBIFER, 10°mD; YRy, > Ry

1
i, B:2800><Rmf><( ];%.RLLD<RLLSH¢,

LLD RLLS

1

B=2800xRMx[ !
R

LLS

} 4 Ryp=Rys i, B=0,

TEN.

XTI BUEE R, R A LB 5 5 i 7 3

€, Gaa OB, [FRARETEERITE AN
K, =0.002 9x " % (6)
Arh K, #RHEFBIESR, 10° mD.,

T REALBEA B, HBERARFERES
BHRMIEFUBER, HERRBEF NP M,
Pl SIB B RN

K=K, +K, 7
A K FoRBBIER, 10 mD.
122 AFRzEAMEEFER

S B B T AR GRS 3 A DR ik = R BAR I S R DL
AERASR I, 14w i AL 208 280 SR B IR R
B ICHE. BN ITZ AR Yo g R4 ) B,
AR 4 L AR AE PR AS () i 4 2 1) 23 B AN [ 97 )
76 P mE 1 poR, RIS ARERE IR, BiER

1o b kISR

y=0.102 35"
R'=07274

¥=0.007 6x™""
R'=0.9414

HILBIER / mD
=

»=0.000 1x**“*
R'=0.9230

0 2% 4% 6% 8% 10%
A ALBREE

[



18- xR A

2024 fFEE 44 5

BRI R B T R SRTT

RQOI=0.0314 ¢£ (8)
4
¢z——1_¢e D)
ROI
Fzr =2 (10)

P ROI R R Z fh R 1, TR 5 ¢, RonbrifE
WALBRERbS, TR ; ¢ Ron AL s FZI R
AN IR, RN

2 EEBMMETNIR

ORI s EE A . W, R AR
73 () 8RS P4 2 it M, Heh i R AL 2
R RRAL BRI #hom P PE R AL ) 2 8. AT A
CENIEE TS PO VA Y SR QAR e 2
2.1 BEEEOREERE—K

RS BB SP TUHE 2 o 2 R KA .
B R R WL R, R BRERCK,
ZHAEE EE ALY Z BB AT« 58
AR R R R R, BRERBUN, E
B BN B, 2 Fifi 2 2R B 72
52 BAROUE AR T Rl ROy &R 2R
SHIR kR R FERN, 2 A MUK, T B R
SRR R, AW/ iRk

A R s A & D R R A — 7k [ (D ],
ML 2 AR B R VL P A B R A AT A
—ACAL B, XA VR BE S 58 H o f BE R 2 10 )R
FAAL, IR B R

RT —MIN(RT _,RT,)

2 2

RT,=
* MAX(RT ,,RT,)—MIN(RT _,RT,)

2 2 2 2
A RT, R A — R L, Qe m; RTRIR
SRR AU LR, Qe mos RT, 371 2 R 4G

2
I x/2 m AL SHEBEES, Qe m ;s RT RN FIAR LI

2

/N2 m kb A LB EE, Q +m s MINQRT ,, RT) %
2 2

TRMHIRIE A L T x2 m R ARME, Qem;

MAX(RT , RT,) F7R SETRRE A Ly T x/2 m R

BB, Q- mx BRI LB T, 2454
Fril B 15 m B &id .

W 2-a s, % 9F 2 952.3 ~ 2 955.8 m BL i)
SEHHBAE N 800 Q « m, Wi 2-b AR, 3 056.6 ~
3063.5m B FHHBHAEN25Q-m, H—1b)5,
2952.3 ~2955.8 m Bt MIFIHE (RTyor) 5 3056.6 ~
3063.5 m Bedzilr, HEFEEN 0~ 0.5, WD E~
Pkl 29523 ~ 29558 m B H &N 10.5X 10'm’,
3056.6 ~ 3 063.5 m Bt H S &N 8.5X10'm’, 4B
HG— BB . MR T — @B
77, B FEBH 2R i 2R AR AN B B ) SUE U I, T

(1D

MBI ¥ (g + om )| 00 i v 2/ AMEEBEIE /(g + om )| 1) R L 36/
2.95 195 (Q-m) i 2.95 1.95| (Q+m) i
pRpEE| AR in |FERE (s f)2 200 000)H LG ML B | |wkEp|  FFAR/in |FEEE @ f2 200 000)H b5 EELE| B
/m [0 30[20 120{74 1l H L%/ [0 | 4| [/m 0 30[20 120[3 40 i B2/ [0 1
HoRNS / API| M (Q+m) e HARN L, / API|  fhME 1 (Q-m "
0 150[—15%  45%|2 200 000 0 150~ 15%  45%
T 3040
B 5ii\
2940
<N /,ﬂ/;
3060 E5E
2960 2:;2 //f//
1 { 3080 2 AR

a. T F KGR

b EAEE

B2 FORBNTEOT—HEEEERERE
e 1in=0.0254m, F[FE.



12 LA

VU1 3t e 8 M X 2 VLB 3 b 2 RV VA B A U B 77 3 19~

HAb g EVHEARG /NS, X RO iE %5 E ROR,
IR G 75 45 A HoAth BE 0% S Wi |2 LB 1) 4% 2 R AE &
T A R
22 FLEEEIESEIZE

BIF 50 DX B IR 3 o iy 4 2 IR) =6 2 el 48 RN FL IR 4
o RRFLRR BE VSR N RE TSRS FLRRE, BTk
a3 5 AR FL IR B AN IR A FLRR B o R AR FLBR B I SR AR
WA B 2 R - RESLIR T, SR R I, B
Fo DAL WG IR I I BT R R 2, RS B B
FLBR B S fe R I AEFLIR R B R .

FIAF (120 (13D, o] BLvH S LR 2 3k 35 {8 0
T3 % o LB BE VG SAMEAN 7 22 2 e 1 e e JiR AR FL R AR
ALRE ERENEESH. @ ILRERE 58 3
LA . O g, T8 s A fLE ; @5 F% sk,
FE R BLRA LI @2 0, ALHE JiE AR R A LB
N7 BRI 5 B B, ) P LB B 1 3448 AT 151
JRAEFLBR AR A FLER 5 2 8 ZUEAEAERT, FLBR RS

20% - &
o Mk ER °
A R ®
150 | A BEESR
NS
iy A
}.Q o
HI A ooO A
o 10% . A
& Ao
= S
VN [¢] A
5% A, a4fa AA
A % A
£
1 1 1 ]
0 10% 20% 30% 40%
FLIR

T5 ZEAERIR . ST AN R A AL B o3 A S R
FLIRA A A i 1

6=2 9P| 2P, (12)
i=1 i=1
o= ($=¢) P I 2P, (13)

Rbg . ¢ 45 97 AR AL IR BE M . FLIREE
P, Fem ML BE (AR, TR 5 o, Fom LI
ST, BN n FoRILEERE, AT
FUBREE, BUEVEHEAN 0 ~ 1000, JEEHN.
23 BEAMMIINEASH

AR SR AR OB, B PR T S i 2
MRS WHFF X B AR ZORH 11 A
T FLIEFE % () BB A0 )7 ZEAb T, 2t —
ZERIPR CJ] 3-a)0 FLISE PR e 247 R 5 b FL R FEE AR BT /1N
TR R ey 2= AR R LR R B AR, MK, JH
FERN YA LB AR R . LI R (i Ay 2
fEEREFRERIFAX LR,

b.
10° [
o A
o B o °
> A EREAE AR O Ay
07 & et ol
R ‘}A A © AA
= PV e
210 e A
& S M 4
W% A A
[N A
10°
A
A
A
10*1 1 1 1 1
0 10% 20% 30% 40%
FLBRFE 58

B3 FLEREEMNE—HSEMHEERARIEX 5 EM

SEE LB E S E MIE . WA E 1 — 1k
fyFBE e 2k, 8 A R A AR Ay B 2R A 4 K AR
B (AVRD) . Guit AN FIHR)Z BB S5 1R 2R &
FFREL (AVRT) (HE 3-b), BEENN—REE. =
FM=KAhEZ

A Gyn RANFLBRERE I ; pyar R TLIREIL T7 22,
ToEN ¢ Ronor 28 BNAL T HH — 405 0 L FH 22
2%, Qe+ m,
RA/RIMEEA SRS SHE (K2, A
it 2R AR R E . 0 — b S B PH R, LR B3

AVRT— Pt X e ay | CBROPEEIUEEEG RS, AR AVRT e
NOR 515 21 AH X BH B 1 SRR
#2 HEAERMEISSHE
(et FLFEE /(Q » m) JH—4b 5 HfE SR FLBR B P31 FLBR R B 5 72 LRA T RIREL
—% <5000 <03 > 16% > 4% > 70
-k 1000 ~ 10 000 02~0.5 10% ~ 14% 4% ~ 10% 20 ~ 70
=% > 2500 04~ 1.0 < 12% < 6% <20




2024 fFEE 44 5

24 EEBAYMITN SR LS

B 4 EFE X A 28 DAL it 2 A RovE R 43 B
BB B EES 7 MG 8 38 73 i TR A R B
X BB AN B AL B A — A0 A A E R AR i 2 6
R WA 4 FroR, B TURIN ) E R R Ak SR SR A

B, 29523 ~29558 m EBCNHKMHE, PRIETR
WA R N 2= FET A% HIH— A B 6 =
IREERN— Ak E, MR H S &N 10.5X 10" m?,
MRS R B R A —RK)Z. Wk, MR 04
— B A R A SRR BUICR T A

IMEETE LI E S 5 2%
@rem?) | .. . e AN e
2.95 1.95 TR [ B P 2R/ " .
J4% / in P 2 / (Q*m) - FLBREE e M g g
0 30 sy |2 200000 ABE | =4 10 100% [ s S i
20 20| wmpshi | " FLB i LI
EAMD /APL | 3MEhE @ m) |
0 150(—15% 45%|2 200 000 o 0 =KAhEE — R
|
% 29401
, éii: — e Y
) Hy=
g ¥ KA
| q = 10.5%
}E 10'm’
% # otz
% 2960 -
Tz
|
y
¢

B4 HREX A HFOEBEDFEISLE

B aza K (AVRT) N THFRIX 155 A4
it Z BV Ao LA RN ) e B A 2 A S o 2
TRETT RV, 123 NEBIPN S5 R 5 45 AT,
FFErEaN 79.4%, 11 NG 348 2 1 H— 1k Fa BH 2R 11
it B RIEEOTRVEN, A 14N BEBIVMME RS

R R, AR 911%, AR RE
HeTt
3 RIRRIFG AR

B IR ok T2 M VR KR R B RUIR N TR B R
B — P T VR IR B AR 2 o AR SCHE TR R B
PR S AR AR R Ty, A R R
BN, R U R TR AT %, Il
TR — R AR SR & 1R DA A B — 5 ik B
RBVTARA A K. BT ERZ A SR BRE,
A 73 T Bk ath BB 2 B0 BOR DN I B R, 25T
PRI T3 BRI -

3.1 REMNHEMERE

RGP RIR SR A tET Wit H N, A sim
FHCE B = AUBR B A A BME, XX R Z
BB /N SR, B FL X B A KA B0 H =
FLIRBE Hh 26 AR AL BN, T i 2 A G B 1 38 A7 AE
oA WA ISR, Rk, ARSCEE e DA
B E R (Litho Scanner) & 75 31 (45 |
B, BELRSE, BdE MG R ES B0
PWorara B, R, SERINVERE, RIEMICER
DN 25 A ) e 4D 7 9 P 222 B R A 3 R i SR

DT = Voor X DTpor +Vear X DTear +Voua X DTgya (15)
" Voor +Vear +Voua
DEN,; =(Vpo X DENpo +Veu X DEN, +
Vaua XDENQUA)/VDOL +Vear +Voua (16)

X DTy RN BRI RN 225 98ME, ps/ft s DENy
%%EWEEG%E%%'fE’ g/CIIl3: VDOL‘ VCAL\ VQUA
SRR T RGN A =4 J7 AR A S



124 SCABEA VU1 AR 5 LRI B 8 S R VP A0 B AT 9 21
F & ;s DTpors DTear~ DTgua 73 5 R R BN A = R =R, +mp (20)

v AR WD RN 2B AR, o i B
msmm 47.5 us/ft. 55.5 ps/ft ; DENpo ~ DENgy
DENg, MR REIN A A ARA WA
BUE, r BIBUE 2.87 glem’, 2.71 glem®, 2.64 glem’,

3.2 ETNEKBIMHRAAIR A
321 AmARIEET £ & ik

HEET, WA KSE AN Z /N TS
A, AT A A I I ZE T R
KCE AT BTN BT 22, T A K 5 AT R I = KT

VLR A AR I 2, LRIt A A B 22
TR A R 2 B, B
DT, ,<DT,,,DT,,~DT,, (17
DT, >DT,,, DT, ~DT, (18)

A p DT, DT, DT, 53 HIERARMHRIK, v M
HAMNR Z, ps/ft; DT, DT, DT, 5 53K
PIRIZK . S A A RN 22, ps/ft.

BT B SR Z W2 E S, A
e LWL A S E . N EAE A FE e, il
1) IR I 2 0 ot 0 2 e il RO R N 22, AR
JFATS 9 i RS i B 28 R U=

ADT. —ADT,

ADT,, = ——t——"m pp o
" " ADT, — ADT

(1_ ADTC—ADTma]
ADT, —ADT,_, e
X ADT,,, Ron 6 B B B 22, ps/ft s ADT,, RoR
AL B b 2K A5 O B 22, s/t s ADT,,,, KR
MRS 2, ps/ft s ADT, RoRNHPIERT 2, ps/ft ;
ADT,, F7R LI b 27K I e it 22, ps/ft s ADT,,,
FONE BT 2, ps/ft

20 A U N 22 /N T A OB R N ZE I, 4R R R
J2 s 2R R N 22 T G R I 2, FRORAE
SE
322 YMEGR WA E &k

OB FE LG 2 RN R B R, IR T
AT AR AR AR B A B, DL R )AL B FE R AL
AR, A A BT VR A S A i FLBR B AR
5%, HILBRRARTE I Mo 18 ik J2 55 A FLIRURE AR [T
RZYNBE BE/NT K R PR B, TR B R
KT K EREBE o b2 58 4 AR ) A S
FELLAEAE AT Sl 5 A FLBR A R & A 5K,
A AN AR -

(19

A R FoRPREPEE L, RN R, g R
IREBEEE L, RN m Fon 5REIPRIE 1746 K1)
IR, KRN ; o RonHZILEE .

DN ()RR IS 22 I B T b 2 IR R RRAE, T
PSR T 22 ) e e 1 b2 (P NI ARFAIE o 240 B PR A B
i Z S A RN ZAES, HIEEEZR
I, 48RO s T E A B ZE A, T
R NAERE
323 FEGEMAES EE

NI ek o A ERR A B P R 5 B

DEN,

E, =F7fX10 QD
X E, RN FE MR, g« (ft/ps) » om
ADT, FoRIEIS 2, s/t s DEN, FonARERE, gom'.
SR RO R 2 LB &5 T K S A A R
PEREE 25 H ) Z B R S RO IR, RS R
H I Z B R SRR R &, RN
DR—E —-E,

(22)

U DR Fonih A 3 R 4L, %%éﬂ i B RANIKIZE
A SRR ERI R, g (fus) ccm C; E, #on H
(2 S A B, g = (ft/ps) = om s

*4DR >0, fima2 )= DR <0, fimaa
ERE. I, HEMHMREMERHEREZEL
KFEEET 015, 0.15 0 /EA FR{E
324 FARIRA| GEAFRAL

BEXE B3R 3 B AR ik, R B oK 4B
B3 1 77 ST AMAOR B 45 B Fe . B KB I
(Maximum Likelihood Weighting, MLW) & —Ff 41t
T, IR G RO I I 22 B A AR I R L
BV I S5 A A R 22 L VA B R AR TR A e K
TabrIR T RCE, ISP RS 15 B4R
AAEE. B A INMBLRE RS A ROt 2% G 2 Bl - 2 4L,
ST AT S RS A (1) R 59 5

HC = Z AMAX(HC,) (23)

fQEP HC %Tﬁ${mﬁ:Hﬂia%ﬂﬁ{fﬂllibdﬂﬁaﬁ TEEN;
C, 7y MR IR A BRI 22 8 vk BRIl LA
Eﬁ&' REP ERGR R E 2, BN 4R
INUUARTRPRALE,  EECEMBUE, 0.50.
wE s B HMRZE, 7 ~9EDHNE
PSR U B 22 28 T VAR U O B LA VR . B
SRR 2 LR A N S R, 58 10 TENSGRA R



22 ZaE - T I 4 2024 55 44 %
. P/
FMEEL ) (o et Vs
g%z%%g@m%m i amkam |mamamn| s |mamp| SW
Z Q- S S0 n =40 Ty = LUY: AN ix v e
aﬁgﬂ%sfﬁﬂ? oMl - ) | | i | i | (0 B
é%ﬁﬂ%/z&m 1; Ny 1%@%M£P 05 0505 03-05 035-05 05
APL | fhptepy | %/ (Q m) (us = 1) Zk
0 150[—15% 45%2 200 000 - 200 250 0 50%
7 [ R
%‘ E—
h > ~
B MR,
K S| H R
30704 S > 25.7X 10" m]
R
>l
% > >
3080 P D> P “E
B ®EX B % OAMFRMARESEEITNE
RRGIREOE . B 5 R R 8 O E AR B B 100 - L
T IAE A TR A 8 TR AR 2, A BB U8 R 22 2 o vk R 2 5k wl LA
B A R LR O B BT, MR SRR S LAl a
BRI R RSO, R Gl A Tt e .
= Lo °
33 ETHEEZREFHESHAREIRR E 40 A Aiaal %o
OENEE SRS S R S TS TR Ll e S ) S oA o WIE
BN RS EE R, A28, B F 2op . L, Agﬁaw
> > ! la A GRTL= K [F
FHA G B, S 2 0 P R 2 L A L ﬁﬁ%%
N 0F \ \ EES
ARG AR, TEKET, BT HA S B R B, , , O | ARETRE
B IR e LN, DR SRR b 2 7K ERL B 28 AR A A X 10" 10t 10t 10t 10t 100 10t 10’
22 AN\ S e R
BN B BET bk, A BB R 7 2 AT LT B4 S R
HiJZAK LB A (R, Do B TSRS — i PR o WRKEGEDREH IR EREHRSE
AR 5 Bl i

K R A, FFUL R, MENBER. SN, L
Ptk 2 7K BE 2R 20 A ik, DT AR 488 AS TRl 2 0 A [X
REFIKE.

FEL S A N S 5 ) 22 3t 33 0] e v L 23 3000 S 2]
FE 5, AT AR 45 A0 kb 2 7K H BH 26 1 R E 4 3 i 2 O
PRV . AR 7K R SR TR B 2 1% o A b 2=
S, R (240, (25) TR R BE I E AT % .
4hi4 AVRT, UL AVRT ARHIRAEAEE A 8k, DA
Hiy 2 7K H BH 2R G5 I O IR R AR TR AR T, B AR
FFOHSE KB TER S ERR, f6ifk A—R B,
Wik 6 s

RT=Y'R P /Y P,
i=1 i=1

(24

o-lle = ZPRWM (Rwai - ¢RwaV )2 / ZPR\W;
i=1 i=1

P RT RN ARG Z K BRI E, Q- m;
Ry BN HE M AR AL K B BHZ, Qem; Py
RN AH L P JZ K B R AR, TR 5 open
MR K BB ZR A T 22, e

Kl 6 FIH 255 43 2650 (AVRT) IR )2 K Bl
PHATEIME 2 NS HCR R 570 9 4 B0« 24 AVRT
> 70 I, [ R Z 7K BB ZE S (A i K 0, 2
FIRAR K E . ZUKRE . REIE - 25 AVRT <70
i), B AVRT ¥4, FZRRAA T2 22

(25)



o512 SCREEAE T B R I X 2 AL BR IR

i A PN SR T i ©23-

3.4 RARZ RSB ARG RN 85.7%, HMEMRHEKTH
GATRX 6 O 7T AN R, dufifsasyy BB ER L. HROEZ EE. ABEER

HAKERTE. WEEIEMETRG 3 REE 5
H EI& 5 Bt AR RE B (R 3). LRG0

bR T 4R BRI GS
N 100%, 4EREHYIE .

F3 ARIFERERAGERLCR

. R R LIRS
[T LU [T LK HE UFUR W R 2UR R OMUR W E TIMUR W E SR
A R I I 72 2 ik v J J J J
YR FE LU Bk v v v J
N R 2 ik v J J J J
KL ZSE Rl NS v v J J J J
FoL B 2R B dE A 1R v v v v v v J J
Bl 7 Dy g0 IXORT A OE, R R S A N BCEAR A INE BAR, B L AL B 5 A0 e BH 22 1 1)

2895.8 ~2907.0 m 12 908.3 ~ 2 919.4 m Bt N2,
HIEERR. HHBERM, (BTN T2,
FIFASCI 5 IR RIS, TAH 2 884.0 ~ 2 887.0 m
BB EMITRE /. B 728840 ~2887.0m

WEMTT Z AR, NRRFE. madilRE,
HH " 24.5X 10" m® 1R AR, HOZE
WA RIGUE T A—R BN ZE& 70 B4R HOH A
HERAE «

T e L2 ﬂ@ﬁﬁé?ﬁf [EES A
Mt o) (@om) A I 4k "
o %@Fmﬁﬁ%ﬁ$mﬂﬁ o] | B
e B 32 20000008 = o 100%][0 100 0 L0 |
4% /in F«ﬁﬁﬁ/ s+ ) o v g b | o
0 3012 120 b%f)"JJFﬂEEEE@ FUBREERE | M PHAE | Bk a k[ EREAEN 2k LA IEGE 50%| i | %
EW?JHEB/API %MA‘EP? (Q+m) o o | o o R | R (HC) s
150[—15% 45%|[2 200 000, - 0 0/=0.5 0.5 —0.5 0.5[—0.5 0.5]—0.5 0.5[0 50%
<l
= = D |
% — P — [~
2900 % =

=

p

- o L I

> g Fai
o]

s > > ol E—

2 oo =
124 P AR
7 AR CHFOENFEEHRREE
4 ZEip A J5 PR A 1) e BEL 2Rl 2L R AR L R % Y 3 4

D NI BIX S = R a2 R BN R
filt 2 RAE P IR . AR SCES S s AR B 1 H

=

S

M ESH, & T EH BV S5 AVRT, %
WAL X Ak 2R o R — et )2 #*{%F‘ﬂ_*ﬁﬁ};,
FEXTFFCIX 155 NZ BT R, SR ERFFE



2024 fFEE 44 5

N 91.1%.

2) FIH A R T 22 S ik P E B e fE
HEBVE PSS RGP 22 LRSS 2 PR R
M2, il =0 A It B gk AT A0, I 38 A R AE I AL
SE38 1 7 A5 B2 T HE i 2R IR AR IR HC S48,
TR BT BN 85.7% 5 FF&5 A WL HE)Z /K HL BHR 3
BHEMTT Z S5, &S BOS A S B 52 00 (1) HL
PR A, FESLIET AVRT AR HEZ 7K H B 4% 55 (1)
AR BB, AR A RN 100%.

30 R FEIX 7 AN H 2 BB AR S,
S5 R B R B AT EE N 100%. (HHTHE5T
X PN 4 A H BH 2R 1) 2 B D, H R R 35 4
AT AVRT AR Sl B W ATy 75 a3k — 2D B0 A 52 35

2 £ x #

[1]300, Waks, sk, 45 . 00 )1 2 Al B — 22 b v Kk

TR B RIT A RARTERE ORI = L[] RARR
Tk, 2023, 43(11): 7-18.
WEN Long, XIE Jirong, ZHANG Benjian, et al. Well Datan
1 in west side of Deyang—Anyue rift, Sichuan Basin: Great
breakthrough in natural gas exploration in Sinian Dengying
Formation and its significance[J]. Natural Gas Industry, 2023,
43(11): 7-18.

[2] EEE, KM, X, & . DU A ot XS DA

il 2R B RFE S BN [7]. RS T, 2022, 42(9): 63-
75.
WANG Guofeng, ZHANG Dawei, DENG Shouwei, et al.
Development characteristics and main controlling factors of
Maokou Formation karst reservoirs in Zigong Block of the
Sichuan Basin[J]. Natural Gas Industry, 2022, 42(9): 63-75.

(310, Waka , SOk, & . W EHUARIEH Al R4 & g 50

AT ) R LB 1 IR AR RS L [7]. RARAE

Mk, 2023, 43(9): 1-13.

YANG Yu, XIE Jirong, WEN Long, et al. Discovery of early

platform-margin oolitic shoal zone of Feixianguan Formation

in the northeastern Sichuan Basin and natural gas exploration

breakthrough in Well Xuantan 1[J]. Natural Gas Industry, 2023,

43(9): 1-13.

SN, Bk, sk, A U0 2 AR PH — 22 % TR T O 2 2

STRZALIURHNR SR [J]. RIR T, 2024, 44(8): 13-28.

ZHOU Gang, LUO Bing, ZHANG Xin, et al. Formation

[4

—

mechanism of Deyang—Anyue trough and new sedimentation
pattern of Dengying Formation in the Sichuan Basin[J]. Natural
Gas Industry, 2024, 44(8): 13-28.

BEss, W, s, 55 DU G Ib i =& RS L 4L
FURFAE B AR S [I). P g A ol oK 2 24 ( B AR AR ),
2023, 45(1): 1-12.

[5

—

ZENG Deming, XIE Xiaobin, HUANG Dong, et al. Sedimentary
Characteristics of the Maokou Formation of the Permian in
Northern Sichuan Basin and Its Petroleum Significance[J].
Journal of Southwest Petroleum University (Science &
Technology Edition), 2023, 45(1): 1-12.

(6] X%, FRE, EE, 5. )1 Lo < i i A 85 20 WA J= Tl

D4 PR (7], UG R Al OR AR Ak (AR RE SRR, 2023,
45(4): 19-30.
LIU Hong, WANG Shuangqin, TAN Lei, et al. Thin Reservoir
Prediction and Exploration Area Selection of Qixia Formation
in Longnvsi Structure, Central Sichuan Basin[J]. Journal of
Southwest Petroleum University (Science & Technology Edition),
2023, 45(4): 19-30.

[71ERB), /NG, BROWES, &5 DY) 1 0 v b X ok % &R b

B TOR A ZR I A R AR B RHE )] RS Y, 2022,
42(1): 12-24.
YANG Yueming, WANG Xiaojuan, CHEN Shuangling, et al.
Sedimentary system evolution and sandbody development
characteristics of Jurassic Shaximiao Formation in the central
Sichuan Basin[J]. Natural Gas Industry, 2022, 42(1): 12-24.

[8 1856, BRI, SRELHE . DU 0 — 8 S iU J B4R

BEAIXHFTE (7], RERS Tk, 2004, 24(1): 10-12.
HUANG Xianping, YANG Tianquan, ZHANG Hongmei.
Research on the sedimentary facies and exploration potential
arcas of Lower Permian in Sichuan Basin[J]. Natural Gas
Industry, 2004, 24(1): 10-12.

(91 %, T, £/, & WIS b == LT 5
e O R JR R A E (0], RARR LMK, 2022, 42(1): 170-175.
HE Chunlei, WANG Baicang, GU Sui, et al. Strategic
management for the sustainable high-quality development of
tight sandstone gas industry in the Sichuan Basin[J]. Natural Gas
Industry, 2022, 42(1): 170-175.

[10] 2= A%, SUORE , 2, 45 DU E B 2 5 O R 0],
RIS T, 2022, 42(5): 1-10.

LI Guohui, YUAN Baoguo, ZHU Hua, et al. Genesis of super-
rich gas in the Sichuan Basin[J]. Natural Gas Industry, 2022,
42(5): 1-10.

(s, wdee, E A, 45 . IR = X S0 D25 2 VA

AR B A (D). BSRAT BT | 2022, 43(5): 537-545.
HE Zhao, GAO Zhaolong, LI Guorong, et al. Dissolution stage
and pattern of reservoirs in Maokou Formation in Yunjin area,
southern Sichuan Basin[J]. Xinjiang Petroleum Geology, 2022,
43(5): 537-545.

(12 M7k, m) oo, 58, &5 . IR roF — BRI Eh e il =0
HA BT (). BREEAR S TR |, 2023, 23(3): 998-1007.
YANG Yonghang, SIMA Liqiang, WANG Liang, et al.
Effectiveness evaluation of carbonate reservoir by well logs
in Mao-first member in southeast Sichuan Basin[J]. Science
Technology and Engineering, 2023, 23(3): 998-1007.



12 SCREEAE T B R I X 2 AL BR IR

R 2 U VAN SRR S T =25

[13] H, BEAT , 25, &8 . BRIR #hoa S8 R 2 A RO TN BT
ﬁ&uym#&ﬁgma%mn%Jy
TIAN Han, FENG Qingfu, LI Chang, et al. A new method
for evaluating the effectiveness of fractured-vuggy carbonate
reservoirs[J] Well Logging Technology, 2019, 43(2): 135-139.

[14] B2 . BRIV Tishirine i FH &2 % iR 6 4 At 2 A SR G 1 F

®|[H HAGEPFA 5K, 2020, 10(2): 30-36.
JIA Jun. Comprehensive evaluation for effectiveness of complex
carbonate reservoir: A case from Tishirine Oilfield in Syria[J].
Petroleum Reservoir Evaluation and Development, 2020, 10(2):
30-36.

[15] okl , /b, 252, & . D)1 S8 VA i i R =
RAEHEPPA ], Al AHREOR |, 2020, 48(6): 116-122.
ZHANG Feng, LUO Shaocheng, LI Zhen, et al. Logging
evaluation on the effectiveness of karst fractured-vuggy reservoirs
in the Maokou Formation, Sichuan Basin[J]. Petroleum Drilling
Techniques, 2020, 48(6): 116-122.

[16] 27, MRS, MNRLL , 55 . BBl #h 8 i 2 PP -
FE HBHT S AR ], WIEER |, 2014, 38(1): 1-10.

LI Ning, XIAO Chengwen, WU Lihong, et al. The innovation and
development of log evaluation for complex carbonate reservoir in
China[J]. Well Logging Technology, 2014, 38(1): 1-10.

[17] BRSCHE, AT/, 2o, &5 . 2T o BRSO T O B8 kR 26
820 B VAN 51 (7], HRR | 2020, 44(1): 49-54.
CHEN Yixiang, REN Xiaofeng, MU Yu, et al. Effectiveness
evaluation method for tight carbonate reservoirs based on
electrical imaging logging data[J]. Well Logging Technology,
2020, 44(1): 49-54.

(18] % , TR, TkZZE , &5 . T Bl IRB) I K-FIF 2 b 2
AR PR FBAL (1] RIRS L, 2023, 43(9): 132-140.
SHENG Mao, ZHANG Jialin, ZHANG Yanjun, et al. A new data-
driven effectiveness evaluation model of temporary plugging
fracturing for horizontal wells[J]. Natural Gas Industry, 2023,
43(9): 132-140.

[19] AN, BT, Erl, & . SRR ML TG M [X S AR IR #h e
fitt AR BB 75 [9]. PIIFEOA | 2021, 45(2): 149-155.
SHE Gang, WEI Li, WANG Gaoke, et al. New method for fluid
identification of complex carbonate reservoirs in western Qaidam
Basin[J]. Well Logging Technology, 2021, 45(2): 149-155.

[20] 4t , WRARZ . R ARG B #EATIRFLAGE i 2 <2 R

SRS ECE RN [J]. B MORSZ24R GBERBFERR ), 2010,
40( 3T 1): 106-109.
BIAN Huiyuan, PAN Baozhi. Gas identification and quantitative
evaluation of low porosity and low permeability reservoir
parameters using dipole shear wave data[J]. Journal of Jilin
University (Earth Science Edition), 2010, 40(S1): 106-109.

[(21] B, S, BoCE , & . BRIR A 682 AR
BORFZ L5032 (7], RARSEIR ST , 2008, 31(3): 30-32.
LI Guobao, TANG Xueping, YANG Wendu, et al. Distinguishing

method of P-S wave velocity ratio of fluid property in carbonate
reservoir[J]. Natural Gas Exploration and Development, 2008,
31(3): 30-32.

[22] AL, BliAR . BRIR Ehoh 12
A, 2002, 26(1): 60-63.
SHAO Weizhi, LU Fu. A new method to identify fluid property

PRPEBRBIHEA (3], JHEL

in carbonate reservoir[J]. Well Logging Technology, 2002, 26(1):
60-63.

(23] &Mk . IS5 RO AR 22 B R N R R VE SR 7] RARA
Tk, 1985, 5(1): 12-20.

TAN Tingdong. Identification of fractured gas layers using the
equivalent elastic modulus difference ratio method[J]. Natural
Gas Industry, 1985, 5(1): 12-20.

[24] KRB, MIZLI, EER , & . WAL —=CI BDRE H il

KRR R 6 i S22 AR R b R AT (0], M R AR
2022, 41(3): 140-149.
ZHANG Pan, LIU Hongqi, WANG Weijun, et al. Application of
conventional logging and gas logging data to fluid identification
of carbonate reservoirs in K reservoir of H Oilfield[J]. Bulletin of
Geological Science and Technology, 2022, 41(3): 140-149.

(251 2= . PR XX il A ASKIH-AR 75 2 5T [D]. 8 -
Pa R AR5, 2019,

LI Peng. Study on gas—water logging identification methods in
volcanic gas fields in Western China[D]. Chengdu: Southwest
Petroleum University, 2019.

[26] 5 PRI , ZEelg , X . [ )= B R R K B

MARBIBAR [J]. THHA , 2017, 41(4): 412-415.
LI Qingfeng, LI Xiaofeng, LIU Yan. Fluid identification
technique based on imaging apparent formation water resistivity
in dolomite reservoirs[J]. Well Logging Technology, 2017, 41(4):
412-415.

[27] ZEHEAN , SRAE . WIFEER A S 4G
AR AR A, 2007
YONG Shihe, ZHANG Chaomo. Logging data processing and
comprehensive interpretation[M]. Dongying: China University of
Petroleum Press, 2007.

(28] ZRFIAL . HE T uh [ 1L ZEL BRI ik B D VT O vk B A2 4%
B3R [D]. Abat A B R (b)), 2023.

LI Yuhang. Logging evaluation method and main controlling

fiRE M]. R

factors of carbonate reservoir in the Lower Yingshan Formation
of Tahe Oilfield[D]. Beijing: China University of Petroleum
(Beijing), 2023.

[29] =32, H7RSC, i,
SR ) RGE AL IR I E
39(6): 845-852.

LI Shanjun, XIAO Chengwen, Wang Hanming, et al.

- SB[ SOUAD [ 00 e v 87 ) %5
g%ﬁﬂ}ﬂ@%@%mJ%@

Mathematical model of dual laterolog response to fracture and
quantitative interpretation of fracture porosity[J]. Chinese Journal
of Geophysics, 1996, 39(6): 845-852.



- 26 PN S

N 2024 1R 44 5

[30] 7 2 & . BTyl F BRI #h s e S ALRR B T 5007 v 19 58 3 [J].
W A T, 2023, 49(6): 116-119.

LIN Xuemin. Improvement of calculation methods for fracture
porosity in carbonate reservoirs of the Tahe Oilfield[J]. Inner
Mongolia Petrochemical Industry, 2023, 49(6): 116-119.

[31] 85T, mRbE , MR, . RERFIEEXMRALRE S

ABTRHERI RN [7]. BLoAHoR S TRE , 2023, 23(23): 9809-
9819.
SHANG Suogui, GAO Kechao, GAO Qiangyong, et al. Influence
of fracture development on seepage characteristics of low-
porosity rocks[J]. Science Technology and Engineering, 2023,
23(23): 9809-9819.

[32] X5t , B, PR, A5 L G B 2 S K00 v
Fma S AL [J]. ATmENR S5 K L 2012, 39(6): 706-712.
DENG Shaogui, MO Xuanxue, LU Chunli, et al. Numerical
simulation of the dual laterolog response to fractures and caves
in fractured—cavernous formation[J]. Petroleum Exploration and
Development, 2012, 39(6): 706-712.

[33] HEARN C L, EBANKS W J, Jr, TYE R S, et al. Geological
factors influencing reservoir performance of the Hartzog Draw
field, Wyoming[J]. Journal of Petroleum Technology, 1984, 36(8):
1335-1344.

[34] R, TLRISC, FHMubl | & . TR R TiIIRIR L & 55 %
BATE [1]. KA T, 2007, 27(2): 46-48.

ZHAO Jun, JIANG Tongwen, WANG Huanzeng, et al. Flow-
unit-based modeling of carbonate reservoir permeability[J].
Natural Gas Industry, 2007, 27(2): 46-48.

[35] Mtk sz, HEd =, £, &5 . BT UUAR RO — il 02 25 [ 28 2 1y
fifi e R B B e R 7y —— CASZ M O A B AR R o i 4
JZ a0 [0, AT | 2020, 41(4): 435-443.
HE Chuanliang, KANG Jianyun, WANG Xin, et al. Reservoir
flow unit division based on sedimentary microfacies—reservoir
space type: A case of carbonate reservoir of Leikoupo Formation
in Pengzhou Gas Field[J]. Xinjiang Petroleum Geology, 2020,
41(4): 435-443.

[36] WEEM . JUFIE RO T5 % (D], R B A, 1992,

B EHY 2024-07-20 2wt = 2

35(1): 111-120.

TAN Tingdong. Several effective methods for finding gas by
well-logging[J]. Chinese Journal of Geophysics, 1992, 35(1):
111-120.

[37] WAEHE . MR ATE R R —2 % (R LR k&

BT AR [0]. RARR L, 1991, 11(4): 39-42.

TAN Tingdong. Advances in well logging methods for gas
detection: Commemorating the 10™ anniversary of the journal
"Natural Gas Industry" [J]. Natural Gas Industry, 1991, 11(4): 39-
42.

[38] FZ2t , W, T2 . A MR SORE B R T IR T

SR I SRR | 2018, 42(5): 503-508.

YAN Xuehong, CAO Chunfeng, WANG Hui. Research and
application on processing and interpretation of litho scanner
logging data[J]. Well Logging Technology, 2018, 42(5): 503-508.

(391 BRIE , FKET 55, et . A VR I FRORTE S et HH A R

0], MFHFEA | 2015, 39(2): 213-216.

WEI Guo, ZHANG Shenqin, HOU Songyi. Application of
LithoScanner logging technology in Qinghai Oilfield[J]. Well
Logging Technology, 2015, 39(2): 213-216.

[40] G 52, WA R, 30K, & IRE—BIRRRIR LA )=

0 3 5 A R B i 5 ok T 1) (U], A S R AR R,
2023, 44(1): 16-33.

HE Zhiliang, ZHAO Xiangyuan, ZHANG Wenbiao, et al.
Progress and direction of geological modeling for deep and ultra-
deep carbonate reservoirs[J]. Oil & Gas Geology, 2023, 44(1):
16-33.

(417 XIEBE , VESERR . FLIGRE R UL AR 550 AR A v 57 1%

U1 AR S TF A, 1993, 20(5): 33-41.

LIU Guogqiang, TAN Tingdong. Porosity and gas-saturation
determination using elastic moduli[J]. Petroleum Exploration and
Development, 1993, 20(5): 33-41.




