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Abstract

Shale reservoirs commonly exhibit strong heterogeneity and are controlled by multiple factors.
Qualitative evaluation based on a single parameter or simple superposition of multiple parameters
is insufficient for accurately assessing shale reservoir quality. To quantitatively determine the
weighting of evaluation parameters for shale gas reservoirs, this study takes the Wufeng Formation-
Long 11 Sub-member in the Z3 Well Block of the central Sichuan Basin as an example. Based on log-
ging and experimental data, four key parameters were selected: porosity, total organic carbon con-
tent (TOC), gas content, and brittleness index. Using the productivity index (PI) as the reference
sequence, grey relational analysis (GRA) was employed to quantitatively evaluate the influence of
each parameter on productivity. The results show that: (1) The order of relational degree between
the four parameters and the productivity index is: gas content > TOC > porosity > brittleness index,
with weight coefficients ratios of 0.2626: 0.2334: 0.2739: 0.2301, indicating that gas content is the
main controlling factor for productivity in the study area. (2) Class I geological sweet spots are
mainly located in the upper part of the Wufeng Formation-Long 11 Sub-member, exhibiting good
lateral continuity. The southwestern part of the study area is recommended as the next target for
exploration. This study provides a basis for target layer optimization in shale gas exploration and
developmentin the Z3 Well Block of the central Sichuan Basin and demonstrates that grey relational
analysis is suitable for multi-parameter comprehensive evaluation of shale reservoirs.
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Figure 1. Regional structural location map of Z3 Well Block and single-well histogram of Well Z3
1. 723 FXXSEEMLEE K 73 H 2 HERE

2.2. BEERIESAE

AR FCEI) I Z3 FEX FIEH - o— | WETUAE)Z 75 BFESh, FFRE OFET R SRS O
25, EXAREMRERIAT BRENRSN . & X T8 RIS LI SRBCR BIR E S5dE, T4E
LightGBM SyE ST FiA e, SREUHE 7T X H B2 B TOC. FLBREE . &8 M 1 18 B0 S0 H ih 2% .
3. fiRAG=E
3.1. ZREXBEIIRE

TUE RO IE R A 2 R R0 SR AR RS, S 2HE 7 RERIN R R R
R HEAWI, FFERORGHIRIL. KEOKBRD TR IZBEIRIIAZOITEL —, IR O RIRIE A

DOI: 10.12677/me.2025.136138 1244 i AR


https://doi.org/10.12677/me.2025.136138

FEfbna &%

SAEE VAN RN AL [10] [11], HAEEA AR @ b RGBS 5T SE Uk &R, SRIG& B
IR RINE, B2 TR, SREREDIOR, UL 7 P90 B 51 A 2 Bl 8 25 12].

3.1.1. ERFIISFFYI
LREFBEIUEUERERNN S8, BB AGT AR S5 55E SOVRF S, 8 BT AR
RERZ P

{v,(0)}, i=1,2,3,--.n M

RS H AR R PE R BT 552 SO 1781, BT B BN AR R
(Y (k)}, i=12,.n; k=1,2,---,m 2)

MRAE 1M 2, ELTUE R SRS PR TR bR B AR HE RS -

Y(0) %(1) - ¥i(m)
1.(0) %,(1) - X, (m)
3.1.2. BRI EHLATE
BTSN S ECEPNBCR AR, JyE BRI, 6 R B AT AR e AL B] R AR BE D5
AHMEN . BAEAG S BIMEAEE[13]-[15], AURBE TR B E A BT b 2, At S A RO
Y (k
(k)= @
- 1)’1(")
Hrp, i=0,1,2,n, REFIIRS: k=012, ,m, REHIE SRS . LIEFHFIHNICH
X, =[Xp. X, X, X, ] -
3.1.3. HHEXBKRARH
L LT AR BRI X 5% 91 X BIXBER S (k)
_ min, min, |X0 (k)-X, (k)|+pmax,. max, |X0 (k)-X, (k)| 5)

|X0(k)—Xi(k)|+pmaxi max, |X0(k)—X.(k)|

X, |X0(k)—X,-(k)| NEEF A S A 48555 2 min, min, |X0(k)—Xl.(k)| FH maximaxk|X0(k)—Xl.(k)|
DI NI G IR p e %, BV 2 R B 1, 8 BUEE 0~1 Z
6], AWFFCE p=0.5,

3.0.4. THERE XEKERNAR
RIRRELE (k) RS R IRBAE, IR BR800 X 578 Xo FRIRRERE, X RECRHOR
A, SRR ORI 5, -

1 m
=Z;é‘i(k) (6)

KRR A, HEERNE M SHORE ST A R ML, B AR R o, -

DOI: 10.12677/me.2025.136138 1245 i AR


https://doi.org/10.12677/me.2025.136138

a5

o= ()

3.2. EEREX

TCE SR Th & S EAAERNA S, SBOCEERMBULE, AU TR H B 2%
X IE M S e BB HAT IR AL AR B, KR DU R 258 S FUTANMEL(G M) » 2071300 S A J2 o i )
SEMEP RBATIRE, NN S 5HAIE R E R E, AT SEIUEEE T B AL MTbRHELL o

3.2.1. MESHES XTMIRESRE
2% TUE SN B AR IENB/T 10398-2020) LA K117 73 H X FLIELH - T8 IR 20 A S HE 70 Rk
B, H5E T AT X E S B 0 N AR AE,  FEONREAS B T A N o 1E

3.2.2. ERSHESY
Xt H 2 B N AR — AR ST R SEIe R s, A O BRAE 2V S EUr 2 SR A vE, B %
SHTE R, F3RAGH XS B AIFRHELL 2 MEL(S)) -

3.23. HHEHEEENE
R B3R A A0 ST T B B E R B (@, ), FFRAELL R 0 AT AR AT, SN
B TUA 8 2 28 6 S RPENE(G 1H). HE AT

G- s, ®)

i=1

SR, S RN TR AR T R LA
AR B G ECLEIE T BT 02 5 1.0 2 J80), X7 B 53K
4, R
4.1. FREMEXLMESHT
TUR A B B 2 AR R TR I, & R A T2, SER R TR B R0s. &
VORI MR T, I T RS . RIS . R R B B e AR, B X T
o B T R I 2 . PR EG AR T
s Tk
g 9
R = R B B ©)
4P R S H R S AT RIS, 25 IR A, TOC 4k 5 72 A i 2 I 2 AR S
R2 51309 0.7748 15 0.6528, FLBAJE . o P45 80 57 A6 KRB SR M JC (1 2). WIHWTAEIR Bl ()RR
PR LT S AU S TOC S, DUMI HIN LM 28 TOE A0 2 8 T b b
e ERE STOC S > JUIBEE > Melkrast.
4.2. IREXBEEDT
G R 0 B L A T 2 PSR R S MR 73 FEIX TR — T B TUE R,
REREHS MO EE A, TOC 4B, FUBIRE. A/ MEtEtaMON T Eal, % ILRRIF I € JC I S5 A R A
WL FRIRGE 1)

DOI: 10.12677/me.2025.136138 1246 i AR


https://doi.org/10.12677/me.2025.136138

Efbna %

2.0 2.0
1.6 4 1.6 4 L
y =0.3445x - 0.6193 -
y=02931x - 1.3315 B RP= 0.6528 RS
127 R’=0.7748 PR 12 -7
hvjing - ym - u
= - Bzl .
& e EX -
408 g . 0.8+ w7
- -
o ® o_'_/’. am /‘l’ 2 |
04 P 0.4 -
. -
0.0 ° ° 1 1 1 0.0 - 1 u 1 1
5 6 7 8 1 2 3 4 5 6
GRE ) TOC (%)
2.0 2.0
1.6 1.6 g
o y=0.0426x-2.0254
- 2= .
w124 y=04791x - 1.2586 ,k P F 121 Kol -
& R?=0.4246 LT & ¢ .
& s e -
0.8+ P 0.8 P *
/‘/- A /""
0.4 P 0.4 -
.
0.0 Ll 1 0.0 ‘ 1 1 ’ 1 1
3 4 5 6 55 60 65 70 e ] 80
FLBREE (%) He TG 5

Figure 2. Correlation analysis of controlling factors for productivity index in the Wufeng-Long 11 Sub-member reservoir, Z3
Well Block

2. 23 #XERREE =R RIEH R RE X 2

Table 1. Statistics of grey relational grades and weight coefficients
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Figure 3. Comprehensive evaluation histogram of Well Z3
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Figure 4. Cross-well profile of comprehensive shale reservoir evaluation for the target interval in Z3 Well Block
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Figure 5. Thickness distribution of Class I reservoirs in the Wufeng Formation-Long 11! Sub-member, Z3 Well Block
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