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Development characteristics and intelligent identification method of natural fractures: A case
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Abstract: The Upper Triassic Xujiahe Formation in the western Sichuan Depression, Sichuan Basin is an important area for the increase in
reserves and production of tight sandstone gas (hereinafter referred to as “tight gas”) in the Sichuan Basin. In practical production, high—yield
and stable production wells are highly correlated with the dense development of fractures. Fractures provide pathways and spaces for gas
migration and storage, and whether fractures develop is a key factor restricting the formation of high—quality reservoirs. To evaluate the “sweet
spot” enrichment area of the Xujiahe Formation gas reservoir, fracture development characteristics are identified and an effective fracture
recognition method is established based on core observation, logging data, and intelligent algorithms. The research suggests that structural
fractures, diagenetic fractures, and overpressure fractures all develop in the study area. The structural fractures are mainly divided into three
phases: Phase 1 (NW-SE orientation) predominantly develops low—angle fractures, with occasional high—angle fractures; Phase 2 (NNE-SSW

orientation) mainly develops high—angle fractures; Phase 3 (E-W orientation) predominantly develops high—angle fractures. The fracture
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segments in the tight gas reservoir display characteristics of low density, high neutron density, high sonic time difference, and positive
amplitude differences in deep and shallow lateral resistivity. The conventional logging data with fracture and non—fracture labels were
normalized, and machine learning algorithms were applied for fracture intelligent prediction. The F1 scores for the K—nearest neighbors (KNN),
support vector machine (SVM), extreme gradient boosting (XGBoost), and random forest algorithms were 0.65, 0.83, 0.88, and 0.91,
respectively. It was found that the random forest algorithm demonstrated strong robustness and anti—interference capabilities, with higher
prediction accuracy and efficiency compared to the other three algorithms. Additionally, to balance computational efficiency and accuracy, the
genetic algorithm was selected as the optimization algorithm for hyperparameter tuning, outperforming grid search, Bayesian optimization, and
particle swarm optimization algorithms. Shapley Additive Explanations (SHAP) were used to calculate the contribution of different influencing
factors to the predictions. It was found that the sonic time difference, neutron density, and compensated density were the main logging curves
influencing prediction accuracy. The fracture density exhibited a clear spatial distribution pattern, decreasing from the southwestern part to the
northwestern part of the Sichuan Basin. The research results can provide a practical and feasible intelligent prediction model for the fracture
“sweet spot” zone in tight gas reservoirs in the western Sichuan Basin, laying the foundation for increasing reserves and production of tight gas.

Keywords: western Sichuan Deoression; Xujiahe Formation; fracture development characteristics; intelligent prediction method; random forest
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Fig. 1  Structural zoning of Western Sichuan Depression and comprehensive stratigraphic column of Xujiahe Formation
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G AR R REEE A PERY SC R P R B, AR E T2
BAEJEA B RS B A S AR A TE T A T, B RO
BD A R T BV R RO 2 AR A 1k
HEIA T AR A MR P Rk 5 2 A e
B2 BAESA AR A LT Al e e e
BB b o 5 AR PR R JE D K 8 T B T B
Wb A 75 TR

2.3  EEWFH NG R FEFE

HR A 8 45 H HL I - il 26 2 57 3V 8], R 98 448 )7 B
5 AR 248E 2 BEGFARAE (B 5) o [ 2R s 2 0 2 11
FARHLAL W LG AR BREE R 5 A A BES 2 LAY
Ak, HAREAIA T 23.074~40.764 mV 3 A2 00 & R 74
KANHIRAR , 2488 K B 2B o) R A I R B8O K54
A TBCHZ AR 255 EREUE SR, SR 5 6 LR B T rh—
YDA B A KA FFIR AR AL R F 6,108~
6.565 in(1in=0.025 4 m) ; A R0 5 F - AR J) [l
JEI SR AR, 25 B4 a e T RE AR S Mot 2 S 80
ETF i (HR R ) A28 A S Dt 2 S B T

1, H AR, e 2445 2 BE Ay T 75.259~157.965 APL, 7E4E
2482 BIA T 61.089~169.037 API, [ SRS, 820 [R R 5%
%, AT LIAE R 5 465 )2 B 1255 5 M2 B 0 o 1 )23 11
TR BE b T TS 0 25 A 2 ERUEL /N SR, W2
R v L S22 A D S (M B DN BT X
HME R B AR 288 2 B/ T2.233~2.675 gfem®, TEAFSL5E)Z
B T12.373~2.675 glem’s 75 i1 Hif 2500 i 75 ) 2 3k b2 1)
PR 7R RBE B U 23 T B AR AR /N, 5k S
DS 2 HI 2B TR, SR T 15 A SR R L T X T B
WA AR /N AR A AN B S, 75 i 25 AR AR R BN T
57.693~87.477 ps/fi (1 fi=0.304 8 m) , I ZL 45 2 BN T
56.900~77.752 ps/ft; £z -0 £ Hiy 255 - 5 4 e
N, TERAE B, AR RAEAb T iR TP s A, 255 U
AR R, (H 2 285 vh HL A IRt Al 255 DR AR A A M F7E
25 BT 2.974%~16.471%, e F 2 5 Z B A T
3.166%~17.019%; Mt By BHLS | )23 i BHL 38 0 6 b 22
F14) EhL BEL 36 7 S 4% 22 B TR SR AR A A 7 3 2 1E e
FRRAE 2846/ T 17.039~73.577 Qem

L RS AT Rl A R B B IR B R M
T i 7 U 22 A RRAIE  [R] A R A BE 3 b 2 H B
SRR 25 (HJR X R O RN I LA 5E 4 R 4y 24 4k
JZBORNAE L% )2 B AR AR B R W B B3R 0y, 7 ZE A ]
BRI PR R 2B AR AR L O R, 5
PRk MER R 2 2 2 B AN AR SR R B

3 ZEER R TIN5V S ]

3.1 HEmALE

I — Ak P B &2 > 70 IS0 1 TR T A th T
A2 e ) B 0 ) HL 22 S 0K, AR B 4
P oA AN SRR, S oma RO SR . O T IHBR
A P RRCR BRI, 7 X RO A T — e Ab B
1 Kot/ N — A R EORE i A AR S 2 [0, 1], BIZ
AP KA 1, e/ IME 00 %E SCATE

x* — X~ Xin (1)
xmax = Xonin

P " RIS 50 AREAS S R/ IME 5, FRE
AR A H—b) , e D R EX A T10, 10

3.2 MEHHZRMEZE

Bl ML AR K (Random Forest, fii #% RF) 33502 1 Al
I 25 SR 5 R AL T30 7525 >R S 300 sy S0 A B 178 TR SRR 5
RO A P SRR X LA A AT 2% R AR AT 55 L AR
MR EE K S FEALAL A DR, X 3 2 [l R A T I A AR 552
P T e S R )



2025 4F

ETRE I oK ZEAG 5 RIRZAGE B RRIE B REAR RN i —— AU | B PGSR I T — B Ge 20 5l 2 M ) 447
8RN TS/APT HoZ AR, | #ME B (gfem)
w | w10 200 (Q-m) 1.8
gl o | Ay | oy 2T 2000 ()
m  |=100 ——100 i 150
I42fin MELARAQ-m)| s T
2 20 ] 2——2000{ 0 50
1880
il
-1 885
- 1890
‘F
-1 895 <5 i
N .

] [ o]
|| | |
MDA Wb R

7 1£1=0.304 8 m; 1 in=0.025 4 m,

)= PEE

w1
L TETs

A

fi&, Wi
BIYIBisE

BI3 a D WLEE R S TN it 20 i 5C &

Fig. 3 Corresponding relationship between core observation fractures and logging curves

4325 5 [0 T4 ( Classification And Regression Trees,
{7 PR CART) 5532 2 FH A TR SR A2 i3 vk 22—, il LAk
T B A AR Bl 22 25 R B ARG | o Tl Ak BRI 5T R
(25 B BRSSPSR TR R T, HLAE 5 e Ak R oy
FERN B R A Ty i UG 2 A RE AN, R 53 ) T4
A B RREAS (& b, 220 J e ) A R DG

BEDLARAREE T CART P SRR Ble it , 36 5 A7 0 1] il M
FEA N T I 7] e i AL A2 22 R, O3 3 A 4% 52 4
B R AT 25 3

BE DL AR AR 0 TARE TR S - (D% B 307 1Y L A3l B
PR J3- K IR s @ I ZRAE A £E S v BEALAT ik
W A>T REAEE 25 G R E S BN 2RISR s Ol
PO RS 45 8 5 AR FE AT X0 b, Jd 5 R s 18 R
VE AN [RRHE S BB s @ e e A I SR SRS
It e R A5 R

3.3 HEAESHIMLIE

T A% B e A BT S SV R, — R A 4
B K37 28 SUH IR 1 R A AL SR HUCGE  S 8 T k
T Bt AL AR AR 3 8 ST Y L B AR R TR o A TR
P BE R 0 55 A 00 2 80, 510 4n 22 4% v B (ol SR 450 ) i
2 5y FEGEIUA 2L AT RE R A4, 35 25 11 55 A5 78 1)
ZALTE ST o ARAR R AR B0 P B R o3 BT 1 RRAE
B BMEROIMBEHLYE A BT Bk BLA R T RERE
IEPERE . e R IR s A AL AT 20 1, i /N R
AR AE B 3 5 i R B i LG, vz fLag Fr . /v 24t
P18 R I B 2 M A D A M I R f v R
TR B SR /PR AR BRI T 95 AR T B O B 1k i
WG o BRI W E S MR E KN
F 1R,



2025 4F
448 2o A TARGEE e BRI SR RE AR vk —— AU 1| 2 )1 [ P34 L — B G0 KT 2 A 45 5% H3W

N
NNW : NNE s
301 | E#l
0 3
25
WNW ENE
20
S
i 15
10
3 WSW ESE
0
S SN S S NS P
NS NN R NN Gl N\ N
T S A S S W Sk
fisfi°) S
a. AEmfGEIT b. S5 K B IR BORAL R
O gk sd%E
L6r _ A 1287 W i DA
14 JIVE R JivEAE O£ e B )4

TR g YW R SO ST, S . S I o
WS ST N & PUARCAF A @%\w @;ﬁb \E
*H
WMEHAL T
. N 24555 A RREEE . RIFZERREE K & 48
B4 ZAETHE R KR B IE R GTT
Fig. 4 Fracture characteristics and development statistics
7.0 200 281 100
o JEZ4E 175 © ke _ 2l olimsE 3 P
oS4 = o st o? = 38 o 5% & 750 ®
2 65¢F 0258 Z150¢ %, © 5,267 o . 5 L@
¢ cf.o.-%cﬁ’ s} og %o R2sf % 0% @ = sof &
= 6.0 st £ 100 B e Eoal ‘® B P
T a | o2 S e ° £ st o bt
75t 5% %23} ° o £ o 4Lk
55 ' ' ' 50 : : : ' 22 : - 2, : : : ;
15 25 35 45 o 5 10 15 20 50 60 70 80 90 0 25 50 75 100
H AR HLA/mV AMET /% TS 22/ (pus/ft) )2 HBHAR/(Qm)
a. FERHN -2 ZEIC A b. kM- E ORI S c. PRI A AR AL IR o b2 i BEL R~ gy B R A
:111=0.304 8 m; 1 in=0.025 4 m,
5 8 ML i £ 2258 )2 B oz il K
Fig. 5 Intersection diagrams of 8 conventional logging curves for fracture zones
®1 BEHMHRNESEAEDR SRV IENE Ry . ZHSED ERTE S Bos 1
Table 1 Random forest hyperparameter types VAR N RESE SRS BORRG , #E BEPLAR RS
HSH 2R %5 1] PR RIE HRES A .
ERIH 100,500 20 1200 ; - ;
e e e (ERETTIBEHLEEE ORI, BT KNN SVM XGB R Rk
#* IR AR . : :
) FEATRLEE I, TERR AR BETSE e (6 2) .
TREE SRR 250 1o aso i AAEBUN IR ABRURRIROBALE T SALE (% 2)
PN iRV E S (1,50) 1.0 25.0 3.4 REELTH
245 i A/ MR AR B (1,100) 1.0 1.0

KA MR AR F, 53 EOF 0 o JEBA Y

P REA B B b Sl S S SCIRIE XS EY 4y 0 P A3 B0k A ol SR A A R R A 8, RS

SR . S-S RUBK I ZRAERGNL Y SA4F o AR 2 Ay BRI 3 (0 L bRl LA T4
R/NTFHE MO 40U VAR R ER 5 U, Ul An sl r



2025 4F
F15E E3W

A, 55 RAR R KRR SR REA RN I vk —— LA DU 1 2 Ve 3R b b = B G05m4 D 141) 449

R2 fERHEEBSYEE

Table 2 Hyperparameter types for traditional algorithms

Bk TAE B H WRWHEZN kK wiE
- " I (3,9) 1.0 4.0
SHREA KRl FL I T 8925 A E A BORRZE R UEA T 4328, sl ad i T 5 1 e Ly i . .
KNN AR 1T H A 1 0 -~ I R vk uniform/distance distance
R (1,6) 1.0 3.0
IENE S5 (20,75) 1.0 25.0
SVM T 7 i 2 (B) TR VAN B AN TR B B 22 05 4 I RS HL (5,15) 1.0 12.0
EAE . 2 (2,5) 1.0 3.0
PSR (10,100) 5.0 45.0
R 118 e R TR (3,12) 1.0 7.0
XCB A AT 2] 2% GE R PSR IR I T — AR 1 B 22 AT LA erz *‘

LA SR T R NP AR MEA (1,10) 1.0 10

A A ’
Sy S E (0,0.5) 0.1 0.1

T KNN Oy KT ABEEE s SV SRR LT s X GB A BB FE R TR BEIE s uniform S SJ [RIRARAE ; distance MEREF SRR

pP= 2
T, +F, (2)
— TP
R_TP+FN (3)
PR
Fr= P+R (4)

P Ry R FE TN A (6 TR A P T A5 O 1
T L2208 s R s 4238 RS IE AR AS v, 10000 1 A 1)
FEAPIT 7 18 BSR40 5 T, S ECE ] 38 0000 R E A IE AR AR s
DBRAEA , 68 5000 Ry AE (8 SAREAS 5 F AR 87450, 4 5000y
T IEREAR

I F A 4 FPRETL IO AR LS R AR A eRS
F 3803 3) , BEHLA AT R IE 8 T A REAR B BREA
BAY e Bl e = . KNNLSVM L XGB . RF 89 F, 50505 5 b
0.65.0.83.0.88.0.91, Fifi HLAR ARAGE R 1% T30 4= g 2 WL ey
RAF, 256 & BEN AR I 0 T HAth 3 b3

K3 AMEENEER BELREFHH

Table 3 Precision rate, recall rate, and F, score of four

algorithms
W TR bR FER(iES 4 F 538
RF 0.82 0.88 0.91
KNN 0.77 0.69 0.65
SVM 0.65 0.77 0.83
XGB 0.76 0.84 0.88

PASFZIBE TN . KNN . SVM  XGB . RF £ 351 1%
BETIUIN v 35 e I — 7 AT M (181 6) L (R A8 S B B
o SR BB R R OGS, HAAOR U, BHLAR
MASHILE ZFPPPAG R bR 3800 T AR, o5 ) H e
MBLTHEREFT o 3 2 B Bl ATLARPRCZE Ak 2 e 20 R s 4
RAEHRN, fEUS MR e R BUPERE . LEAb, ALK
BRALT 2I4E 2 BN 2445 2 BE A R R o 8, oy
VUG (AR SRRy ] op B R B . ARl

TERFNRSERR SR 1 i PUNHE BE R 1 80% , o 154!
(4 Az AL RE T, ME W AR 2L U A 55 R O I TR T

35 MHASHEEMST

SHAP (SHapley Additive exPlanations , { # SHAP, F
SCOR YR A AT A AR A BT ) LB th LUNDBERG
S L 11— L R IR AOE o e 1) i B AL 2 2 2T A 7Y
Mo VDA AT I R A B ok T SRS R
AEXT SR (4 TTHRAEL , AT DL T A R 5 A o SIS R (] I A A
FRAS T) 2 B50GH A% AR 0 245 S ) i DY S B LR AR
(AR AIE EE 2 S BT s G 12 > T ) PAEL (P value, FEH
SE AR B 45 R 1 1S 80 AL G2 07 AR LG, SHAP #4
RVTEPEAG FR AR 2 VR BE A i — 2D 4 i 1B AL (1 325 W]
JE T RS RRAE AR TR TR0 £ 5, (12 2 B 4 S R
PeAR AN

|SIt(p-S|-1)!
Ss(wz,-z-,x,,;\(x,) P!
s, J AL j A TTHRBE 5 S O AHFAIE B9 AT BE B9 T
R v x R ITA B ARRIE R 5 5 p i i A FRAE
A B85 {2, %, SR AYER RN ECRERNSIIEER TN
FEAE AT BE B9 R A 5 £.(S) M RRAE 7 & S B I
SREZ S s s s,
it FH SHAP J5 i AL - S8 et (181 7) , HLA5
FEWT, FE U 25 M kMR A T e I Ak
SRR 2

L£.(SU{x; )=/ (S)] (5)

3.6 REML

DA 2R BT BRI 1 el L B S RS Ik
{HOR A E SR B 2 R U 7 A — 2 I R R . 25
JEFIADLACTE | AR T A R AR ek Ky DL iS5 e 1



450 A, A5 RIRBUE R B R AE S REAL Ny i —— LAV | 23 ) [ P340 B b — B G s ing 20 1

2025 4F
15K HE3W

faniyaps | RS [FEEE Ggen | RF | xGB | svM | kNN
(Q-m) 3 1.8 2
0 150 |, — ’ Mo i i
| % 110000 | i/ e | HE D gy | o | oW | W
J2 | o) o lop | Bl m | om | om | ow
. sy |20 150 | B s p s !
m | I s | ae | om | @
2 20 |BHLRNQm)} gy i
1——10 000 0 50
F3930
7
-3940
-—
3950
-3 960
+ 3970
-3 980
s | || |
| | == ||
il Brib PSRRI JEBLE ik A T 4%
PRV AR 4 PIR7IE <2

7E: 1 ft=0.304 8 m; 1 in=0.025 4 m,

6 AFPRLRI TN RGE 5 0 WS A XT L

Fig. 6 Comparison of fractures predicted by four models and observed in core

TR 22
T
W

SRS IIE
BiRE

HoJZ B
gy L FEL R

0 002 004 006 0.08 0.10 0.12 0.14 0.16 0.18
SHAP- 3444 i

K7 SHAPJF LG 2 80 24
Fig. 7 SHAP method for quantifying importance of logging

parameters
BRI AT T AR A AR S IR PR g AL TR LA
B FRE AT, DUk — B4R THE S EOR L Y
RERAECR LIPS HAE B2 RO PP P RE 22 57
X EE RS R B0 DL S5 3 (R PR AL 3k AL
THEEL 4 PR (GR4) il e A 20 L Bas A7 i
[AIEAT X H, A BRI 18 2R Sk A e 47 A TR e S [ P

R4 AMRUEZRNERERSETHE

Table 4 Accuracy and running time of four optimization

algorithms
AL HERf BTl
[BFiEE T = R7R 0.903 625 2.87
IR RERPR 0.898 794 61.68
FEPH A S 0.927 711 38.05
KA 0.915 667 401.42

T 0 SR B TE R A L) o S AR AR LU B T 0 L

HAT B B R R (EUR S N s AL Rk B 4 Mk i
1o (R 5, LR Ao (R AT 2803, S 1 ) et i e
TR AT T] , e DR AL SR A LA Sk R R e e

37 REFTRUTNTTENMA

X VU1 2 S 2 ) P S 3 4 ML
Fr2sE BT (P 8) , 45 R W] 248 5% i 2 BT W] I



2025 4F

CARES

451

EREEVS]

it

4
7

—E&5

DAV 2 Hu v 3R 88 s L

533

uorssordo(] UBNYOIS UI9ISoM ‘FrG UISRY URNYOIS UIDISOM ‘[7 [[oM pur ‘() [[PM ‘TTd [[PM Ul uorjewio f syeiny toquow piryl oyl Jo uonoipaid aanjoriy g “81,]

eI

ezl fasiys Y

Flas=t

sl faRyY) ekl e

AL 3577% 2t = Mg 1 Z—H CITO—4f T1d Hllgghd 1 8134

Tt 7 AR e XD

0cl ¥ 4

(19273 T bt

=
3
=
3 080 ¥ 4
—_—
2
%
E 0v0 ¥ 4
3 L
w 000t
2
=
= 096 € -
3 026 € -
=
= 088 € -
-
3 0v8 € -
X
i
J\W o0g € ¥
>
=
yumm. 09L € -
0s 0
00001 — 1 -
N I A (s T e
MM M 0T ey 8 ERED g 00T —ooe-| w |
(N R i rev— AR | A
L % 8T——0¢ (w-73) 0ST 0
ST T 1dV/ Gl E

‘W CTO'0 =Ul [FW g $OC0=Y 1k

I
M

B

080 ¥ 4

|
J.\

010 ¥ 4

il

000 ¥ 4

[

&

096 €

0T6 €

sl

= | 088¢-

= 0v8 € -
008 € -
—— 09L €

08— 0 looo 01 —1 o

. ; Yol | (g ) sk B wr

% ki 700 w 3z

R B el B o

file | %% SRS | 000 01 — 1
2 81 0€¢ (W)

(o) gy | R RE

VAMMJ

A4

o

i

i
g

A

ISQUE|

WWWW

l

I
%«MWL

4

0S1 0
1dV/ s H

A iz ik el
1]
= 1
1
079 € -
009 € -
09 € -
i
0TS € o
08 € -
vt € -
== 00% € -
———<
——— 09€ €
—— T
——= oee € iy
= 08T ¢ 1
0s 0 — 0T T
00001 — 1 -
o | R gy e
4 M [ A Bz e —oo-| w | &
S T — R I
O Cyr—ot | (ww) 0sT 0
(oI | TH R AV 7




452

A, A5 RIRBLAE B RAE L REAL U D7 e —— LA DU £t )1 P 38 B b — B e A 5 il 21 R 1)

2025 4F
5% H3W

f1% 225 Ta] A AL, RIDDA DO 1 22 3t 76 e 0 2 D 1| 4 3 7 I
T, SRR AR A, iIX — LR B 1 i VR HIAEA )
DR SRR 2 5 o BT, )1V R B ) SR T
RUNZIX A 3E B B AR A B OFE X k)
Ak, a8 BE Rk /D , R W1 74 34 i 14 R s 1 P 7
P BEA 3R R R TALBE . X Ap oA BLEE T e X I i 1
S Y 22 5 N 37 0788 A AR M TR A Ao e v Y 22
A Ko

1) DU 20 v G 38 3 20 O 3 00 R 1 2R 4% | JE AR
6 VR s £ R SR, O BRI AR AT BRI s 1 5
1 J0] NW—SE [i] 32 2% 7 1 A 5 584 i 7Kl DL iy £ 56
UBE 5 2 I NNE—SSW [ F2 22 7 w3 1) 2 244 5 25 3 10
E—W 0] 2K F e RS
2) BUE A R OB B = Be R B AR L A
Brby R I 22 | R R H AR R M 2 A BH AR A
YRR 22 BOARAE o SR i PR 3t 4 8012 R AT S H0RE Y Bl
HILRR AR IR 7 A 3 v 722 S5 R0 o R 7P 50l I (R T
8 TN AR 1, BIA 2 MRCR I T HABRERY . 753
I 25 AR RS R Dy T R i I R A
k.
2 % 3wk
[ BB, MLz, $85. 55 P EBUED A UF R IR ST 5 2
(7] RER T, 2022, 42(1): 83-92.
JIA Ailin, WEI Yunsheng, GUO Zhi, et al. Development status and
prospect of tight sandstone gas in ChinalJ]. Natural Gas Industry,
2022, 42(1): 83-92.
2] AES. i E KRR T A BB 5 i 5 R 2 ). KRR Tk,
2021, 41(8): 1-11.
LI Luguang. Development of natural gas industry in China: Review
and prospect[J]. Natural Gas Industry, 2021, 41(8): 1-11.
3] BUEL BENL HIEE, 5. EEIRG - BOER A DRI
HERE BORTRHOR)]. H [ i 1, 2024, 36(6): 13-25.
ZHU Yanhe, ZHAO Zhigang, LU Yuanyuan, et al. Research progress
and key technologies for exploration of onshore tight sandstone gas
by CNOOC][J]. China Offshore Oil and Gas, 2024, 36(6): 13-25.
[4]  SREOHE, §195, Z2/NAN, A5 O R AR SO A DR 5 R
HERE[I]. RERA Tk, 2021, 41(12): 60-72.
ZHANG Liehui, HU Yong, LI Xiaogang, et al. History and key
technological progress of natural gas development in the Sichuan
Basin[J]. Natural Gas Industry, 2021, 41(12): 60-72.
[5]  SRIEAR, AR . DO % b Rk A B0 B s SR 0 5 Ry Tl
1. RS, 2022, 42(1): 1-11.
ZHANG Daowei, YANG Yu. Exploration potential and development

direction of continental tight sandstone gas in the Sichuan Basin[J].

[11]

[12]

Natural Gas Industry, 2022, 42(1): 1-11.

W, B, BT . KO R L REE Y RS KO LT RV AL
SWFFTLIL. AL, 2024, 52(8): 101-107.

WANG Su, CHEN Mian, LYU Jiaxin. Experimental study on fiber
strain evolution induced by multi—fracture propagation in hydraulic
fracturing[J]. China Petroleum Machinery, 2024, 52(8): 101-107.
e, B m, LI, A5 R A AR R IR R SR R A R
R EFERRN T EE BT, 2024,36(6):26-38.

CHEN Xuan, JIA Xueli, WANG Bo, et al. Main controlling factors
for the enrichment of oil and gas in deep tight sandstone in the
Qiudong Sub-sag of the Turpan—Hami Basin[J]. China Offshore Oil
and Gas, 2024, 36(6): 26-38.

X PR, X RHE, FEOCIS, L WIS ES | b PR A R L
A5 24 THUI R A NP < LD T )1 3 8 T 3 Ml X 20 5% i)
7 BEEUR D A SO I A0 5 R AR BT, 2021, 42(4):
973-980.

LIU Zhenfeng, LIU Zhongqun, GUO Yuanling, et al. Concept and
geological model of fault—fracture reservoir and their application in
seismic fracture prediction: A case study on the Xu 2 Member tight
sandstone gas pool in Xinchang area, Western Sichuan Depression in
Sichuan Basin[J]. Oil & Gas Geology, 2021, 42(4): 973-980.

B, H R, EORE, S PG XS 4 B EUOR b )2
AT M F PR B0, Al K, 2023, 30(5): 50-57, 66.

LEI Yue, HUANG Qian, WANG Xuli, et al. Reservoir characteristics
and main controlling factors of tight sandstone in member 2 of the
Xujiahe Formation in Northwest Sichuan[J]. Special Oil & Gas
Reservoirs, 2023, 30(5): 50-57, 66.

TR P B b B 2% b A T 5 5 2 AR I e
FEBFSEID]. JAS: BB HE TRz, 2020.

LIANG Xiao. The deep marine hydrocarbon accumulation process
under complex tectonic background in the Northern Segment of
Western Sichuan Depression[D]. Chengdu: Chengdu University of
Technology, 2020.

EDX4HE, THIERE, sk o, A5 MR A W) BRI Sl ) 2L 4% BT B AR
WFRBLAR G BRI ): T bR REE TN B ). ArihAIE, 2022,
61(3): 373-391.

YIN Xingyao, MA Zhengqian, ZONG Zhaoyun, et al. Review of
fracture prediction driven by the seismic rock physics theory ( II):
Fracture five-dimensional ~ seismic  data[J].
Geophysical Prospecting for Petroleum, 2022, 61(3): 373-391.

JEL R, i, FRoksE . el Tl s S5 0 o T A 64 g LR S
SR FR R SR A AR AR HI). s R 2 S ER R AR, 2011, 33
(4): 378-383.

ZHOU Kang, WANG Qiang, QIAO Yongliang. Control of the basin—

prediction  from

range coupling relationship between Longmen Mountain Orogenic
g plng P g S

Belt and Western Sichuan Foreland Basin to hydrocarbon
accumulation[J]. Journal of Earth Sciences and Environment, 2011,
33(4): 378-383.

Xk, 2=, g, 45 . BURT A AR U R EROR B
N TZCR: LA DU £ 4 1 PG B B 7 /<M =B G AR G e — B
I A1 KR THBIR, 2021, 42(4): 981-991.

LIU Zhiyuan, LI Hao, WU Qingzhao, et al. Characteristics and

application effect of logging—based fracture identification in tight



F15%

2025 4F

3 55 RRBUE R TR R fE

MR T vk —— L DU 1| VU R B b =B G 53 4 D 161

453

[14]

[15]

[16]

[17]

[19]

[20]

[21]

sandstones: A case study of the Upper Triassic Xu 2 Member in
Western Sichuan Depression, Sichuan Basin[J]. Oil & Gas Geology,
2021, 42(4): 981-991.

Wit [ A, 2D BE, BT R, A MR AR A I ) 11 B XU 4 B
AH A I i 2 0 O 2 4E B AR IR B (D] b ER B2, 2023, 48(7):
2690-2702.

LU Guoqing, DONG Shaoqun, HUANG Liliang, et al. Fracture
intelligent identification using well logs of continental shale oil
reservoir of Fengcheng Formation in Mahu Sag, Junggar Basin[J].
Earth Science, 2023, 48(7): 2690-2702.

R, XU AR, ARAS, S5 . )11V 340 6 g3 A Jmy B HC e PRI AL A 1)
SR TR 4R SARL 2 RT), 2009, 36(6): 645-653.

LI Zhiwu, LIU Shugen, LIN Jie, et al. Structural configuration and its
genetic mechanism of the West Sichuan depression in ChinalJ].
Journal of Chengdu University of Technology(Science & Technology
Edition), 2009, 36(6): 645-653.

2N, 2, TRAR, S )1 AV PRI G = R R T IR R
BRSPS B R DT | 0] A0S R R S B, 2023, 44(6):
1555-1567.

LI Shuangjian, LI Zhi, ZHANG Lei, et al. Hydrocarbon accumulation
conditions and exploration targets of the Triassic subsalt ultra—deep
sequences in the western Sichuan Depression, Sichuan Basin[J]. Oil
& Gas Geology, 2023, 44(6): 1555-1567.

HOAEAR, SRAE, B2, 5 NP IX = E GG 2 4l <
ARG AHA R, RIA T, 2023, 43(11): 40-53.
CAO Zhenglin, ZHANG Benjian, YANG Rongjun, et al. New

understanding of hydrocarbon accumulation model in whole
petroleum system of the Upper Trassic Xujiahe Formation in the
western Sichuan Basin[J]. Natural Gas Industry, 2023, 43(11): 40-53.
T, VRO, AR, A DO R X b = SR 2
o B i 2 0 VAR 2 KA R = UL, 5 R, 2024, 31
(3): 18-26.

QIU Yuchao, XU Qiang, LI Yibo, et al. Characterization of tight
sandstone reservoirs and prediction of favorable reservoirs in the
Fourth Member of the Upper Triassic Xujiahe Formation in the
Tianfu area of the Sichuan Basin[J]. Special Oil & Gas Reservoirs,
2024, 31(3): 18-26.

KRS, AR bk, XU ke, A5 DU F )1 M B TR 2 BB D R R
T AR ]. RARS T, 2020, 40(2): 31-40.

LIU Zhongqun, XU Shilin, LIU Junlong, et al. Enrichment laws of
deep tight sandstone gas reservoirs in the western Sichuan Depression,
Sichuan Basin[J]. Natural Gas Industry, 2020, 40(2): 31-40.

FEHAR, BIETT, XURE, A5 )1 VU BT S 0 2 4 5 e 4
K H SRR ). BRI LR A= 2 4 (SRR ), 2023, 50
(1): 34-42.

JIANG Ziran, LU Zhengyuan, LIU Fei, et al. Study of Xujiahe
Formation macro—fractures in Xinchang Gas Field in western
Sichuan Depression and their oil & gas geological significancelJ].
Journal of Chengdu University of Technology(Science & Technology
Edition), 2023, 50(1): 34-42.

BER,ARKE, EAS], S JNPE—Je Tl A5l R GeE 7] 22 53
RS | BT ANTURIC s M S AL 78 B I ). A 3 T
REF2EAR(FAABIERR), 2021, 48(3): 257-282.

[22]

(23]

[24]

[26]

[27]

[28]

LI Zhiwu, SONG Tianhui, WANG Zijian, et al. Strike variation
evolution of the basin-mountain system in western Sichuan
Longmenshan as recorded by deformation, exhumation and deposition
and discussion on the period of key structural transformation|J].
Journal of Chengdu University of Technology(Science & Technology
Edition), 2021, 48(3): 257-282.
BERIVE, FIEF, XU, 45 . )2 BORRY A U2 CA AT R
St B P AN 08 38 B R 2 20 3 A 20 = B 0. v Mk R
2FeEAR, 2022, 51(1): 107-123.
HUANG Lisha, YAN Jianping, LIU Mingjie, et al. Diagenetic facies
logging identification and application of deep tight sandstone gas
reservoir: A case study of the third member of Xujiahe formation in
Dayi area of western Sichuan depression[J]. Journal of China
University of Mining & Technology, 2022, 51(1): 107-123.
%lﬁﬂﬁ X SEHE, AR, A ) A PR X AR 2 3
WA SRIT S e 5 BT 1 )] A5 R AR, 2021,
42(4): 765-783.
ZHENG Herong, LIU Zhongqun, XU Shilin, et al. Progress and key
research directions of tight gas exploration and development in
Xujiahe Formation, Sinopec exploration areas, Sichuan Basin[J]. Oil
& Gas Geology, 2021, 42(4): 765-783.
L SCHE, 1R, sk ACEE, 45 m)llﬁiﬂ?ﬁﬂ P b DX 25 3] 2 B0 R
A BLAERAIE B KR AU RERSZ L], A1l 5 KR T,
2020, 41(3): 484-491.
LYU Wenya, MIAO Fengbin, ZHANG Benjian, et al. Fracture
characteristics and their influence on natural gas production: A case
study of the tight conglomerate reservoir in the Upper Triassic
Xujiahe Formation in Jian’ge area, Sichuan Basin[J]. Oil & Gas
Geology, 2020, 41(3): 484-491.
ﬂﬁfﬂk SRAT, FE AL . )2 B4R PEBUR IR A OB U B X
FUM: DUIVE B M 1 =& G5 A SR ] KRR T
ik, 2009, 29(11): 22-26.
YE Tairan, ZHANG Hong, TANG Jianming. Identification of high
efficiency payzones with high permeability in deep fractured tight
detrital reservoirs: A case study of gas reservoirs in the Upper
Triassic Xujiahe Formation of Xinchang gas field in western Sichuan
Basin[J]. Natural Gas Industry, 2009, 29(11): 22-26.

B, G, X EF, 55 EE R R RS R BOR R A ik
JEBEE B HATRNEL. At 5 RIATHBE, 2020, 41(6): 1212-1221.
MAO Zhe, ZENG Lianbo, LIU Guoping, et al. Characterization and
effectiveness of natural fractures in deep tight sandstones at the south
margin of the Junggar Basin, northwestern ChinalJ]. Oil & Gas
Geology, 2020, 41(6): 1212-1221.

AT, BRI, BN, A AR SR RO IR A A A
S B AU LR S 7% 2 4t e 2 1R 2 28 Sk il L B ). A4
R 51k, 2023, 50(6): 1221-1232.

GAO Zhiyong, CUI Jinggang, FAN Xiaorong, et al. Action
mechanisms of abnormal fluid pressure on physical properties of
deep reservoirs: A case study on Jurassic Toutunhe Formation in the
southern margin of Junggar Basin, NW ChinalJ].
Exploration and Development, 2023, 50(6): 1221-1232.
W&, KA, BREDE, %5 RT - S IXREERE 2 UE AL
SELSHRRAEL)]. FER I “URL, 2022, 29(5): 94-100.

Petroleum



454

A, 45 RIRH

SR B RFIE SR REAL U i —— LA 231 [ P9 38 B b =B G K T 2 15

2025 4F
5% H3W

[29]

[33]

YANG Xiuchun, SONG Bairong, CHEN Guohui, et al.
Characteristics of multi-scale pore—fracture structure of deep coal
rocks in the Daning—Jixian Block[J]. Special Oil & Gas Reservoirs,
2022, 29(5): 94-100.

B, sk/NET, B diR, 4F L SRR 2 A e i —
R RY 5 A )2 2AE NI U], Ml Bk ) 2 0k
1669-1675.

ZHONG Gaorun,

Mﬂlmliikfﬂ
J&, 2021, 36(4):

ZHANG Xiaoli, YANG Zhen, et al. Logging

identification method for fractures in tight sandstone reservoirs of

Yanchang Formation in Dingbian—Zhidan area, Ordos Basin[J].

Progress in Geophysics, 2021, 36(4): 1669-1675.

RIGATTI S J. Random forest[J]. Journal of Insurance Medicine,

2017, 47(1): 31-39.

BREIMAN L. Random forests[J]. Machine learning, 2001, 45: 5-32.

ZRTEAE, W ARAR . PR A3 FEHORBEFEI]. TS HLTRE, 2004(9):

94-96.

LUAN Lihua, JT Genlin. The study on decision tree classification

techniques[J]. Computer Engineering, 2004(9): 94-96.

LUNDBERG S M, LEE S I. Proceedings of the 31st information

conference on neural information proceeding systems[C]. California:

Curran Associates, 2017: 4768-4777.

[34]

[36]

(37]

(38]

KIM Y, KIM Y. Explainable heat-related mortality with random
(SHAP) models[J].

forest and SHapley Additive exPlanations
Sustainable Cities and Society, 2022, 79: 103677.
BAIG N, ABBA S I, USMAN J, et al. Bio-inspired MXene
membranes for enhanced separation and anti—fouling in oil-in—water
emulsions: SHAP explainability ML[J]. Cleaner Water, 2024, 2:
100041.

ZHOU N, SHANG B, XU M, et al. Enhancing photovoltaic power
CNN-LSTM-attention hybrid model with

Global

prediction using a

Bayesian  hyperparameter  optimization|J].

Interconnection, 2024, 7(5): 667-681.
SAHIN C, TEMEL F A, YOLCU O C, et al.

Energy

Simulation and
optimization of cheese whey additive for value—added compost
production: Hyperparameter tuning approach and genetic algorithm
[J]. Journal of Environmental Management, 2024, 370: 122796.

CHANG X, LIU T, SHI B, et al. An improved algorithm with particle
swarm optimization—extreme gradient boosting to predict the contents
of pyrolytic hydrocarbons in source rocks[J]. Journal of Asian Earth

Sciences, 2024, 276: 106367.

(L% 442 70)
[19]  EFE4, THE, 2985 55 30 m == 70 2 PR 0 2 R (D). S H

[20]

[21]

[22]

MLz, 2003, 26(8): 1009-1014.
LU Huijun, WANG Ye, LI Deyi, et al. The application of backward
cloud in qualitative evaluation[J]. Chinese Journal of Computers,
2003, 26(8): 1009-1014.

X H S, WORAE, A R T X AR R R S &R
Gefli L2441, 2004, 16(11): 2417-2420.

LIU Changyu, FENG Mang, DAI Xiaojun, et al. A new algorithm of
backward cloud[J]. Journal of System Simulation, 2004, 16(11):
2417-2420.

FHH, P00, TRz, 45 . I DUH B AR IR AL
ZHABIENE S HT)]. HuBRFL, 2023, 48(1): 267-278.
WANG Huijun, LU Shuangfang, QIAO Lu, et al. Parameter
sensitivity analysis in geology—engineering integration optimization
for shale gas in Nanchuan Block[J]. Earth Science, 2023, 48(1):
267-278.

EB, SRR, AR, S B BN G R AR I m R A T
T A1 GE ) LA 19 R IR (D], SR AR ML ER B 47, 2023, 34(8):
1316-1327.

WANG Ke, ZHANG Ronghu, ZHAO Jilong, et al. Implication of
strike=slipping to tectonic fractures in the Kelasu structural belt,
Kuqa Depression, Tarim Basin[J]. Natural Gas Geoscience, 2023, 34
(8): 1316-1327.

FdT, ZEAE KL, AR . B R GBI IR FR R A T R IR L
SEREAE 5 i R AR ALRID. 150 Tll, 2024, 31(2): 55-64.
WANG Ke, ClI Xinghua, DU Huanfu, et al

Geochemical

[24]

[25]

[26]

characteristics and oil & gas enrichment mechanisms of carbonate

rocks in Shunbei area of Tarim Basin[J]. World Petroleum Industry,
2024, 31(2): 55-64.

B AR, TRAEAR, TR R, 55 B R M GTIE Hb DX R B 5 T
ffHE A P A AL RAT ). 57 Toll, 2024, 31(6): 30-37.

HU Laidong, ZHANG Zhilin, XU Leiliang, et al. Internal connectivity
quantitative characterization of fault—controlled grid reservoirs in
Shunbei area, Tarim Basin[J]. World Petroleum Industry, 2024, 31
(6): 30-37.

BT, BB AL A B BUOR S Ll DX AR TR

AR P B R A 2 R (A SRR RR), 2014, 38(5):
18-24.

YANG Ning, WANG Guiwen, LI Chaoliu, et al. Reservoir diagenetic
facies  of  Bashijigike ~ Formation in  Dabei gas field

compartmentalization and quantitative evaluation[J]. Journal of China
University of Petroleum(Edition of Natural Science), 2014, 38(5):
18-24.

KBS, AR08, TV7G, 55 . A 0] AL BUR b AU BUR ORI
K AR 7 RE S0 AR B ()], 3 BT S R MR, 2024, 3103):
99-111.

DENG Meizhou, NIU Na, YIN Shuang, et al. Gas—water two—phase
productivity prediction model of multistage fractured horizontal wells
in anisotropic tight sandstone gas reservoirs[J]. Petroleum Geology

and Recovery Efficiency, 2024, 31(3): 99-111.
(%h#E FRE)



