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Simulation Research on Electrical Characteristics of Shale Fractures
Based on Orthogonalization Method
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Abstract ; Shale reservoirs are rich in fracture networks, which are the result of a combination of natural and artificial interactions. Most of
the existing theoretical models for predicting the electrical properties of reservoirs are based on the assumption of homogeneous media.
The prediction accuracy of the electrical properties of heterogeneous media is low, which is difficult to apply to high—precision inversion
of reservoirs with dense fracture networks. Based on the orthogonalization method, we employ computer simulation technology to model
the two—dimensional fracture network. Under the condition of keeping the equivalent electrical parameters unchanged,the complex frac-
ture network structure is mapped to the simple orthogonal structure formed by the orthogonal main fractures and the heterogeneous medi-
um. While simplifying the calculation of the two—dimensional fracture network, the orthogonal structure also retains the original connec-
tivity of the fracture network. In order to verify method in upscaling, the fracture network is divided into several regions and orthogonal-
ized in sequence. Then,the application of the orthogonalization obtained orthogonal model is compared with the electrical parameter val-
ues of the fracture network. The error analysis shows that the dielectric parameter values of the orthogonal model are slightly different
from the original fracture network. However , the electrical parameter values obtained by the upscaling of the traditional theoretical model
are quite different from the original fracture network. Compared with traditional upscaling method, the results confirm that the orthogonal-
ization method is effective in complex fracture networks. The orthogonalization method has shown great potential in the aspects of its fea-
sibility, accuracy and computational efficiency.

Key words ; computer simulation modeling ;electrical characteristics ; FEM ;electrical tensor ; orthogonal model

%5 B 83 :2022-07-02 &0 H#8.2022-11-09
E£TH . HEKARFAEA T 1 H (41874140,42074170) ; v El A I A Fo Be b 2R P H 5 512 90 % T i Ik 4 ¢ B8 ( 2022 -KFKT -
24)

EERN R R(1984-) L0, B2, WL OF90 07 160 A B b R B AL 15 7 L A8 BB AR B 7 5 0 s Sl TR 2« S B (1996-) , 2, i
WFFELE  WF5ETT 16 A BROG B A B L S {5 B



5534

B RAF T IR T R R REE RO HATF ST <17 -

0 51 &

TERM A ROR PR K T 5 T B ALEOR B H
TAATE M, AR B 7 1 R R KL, 4R
K B N V8 X RE R T SR i AR WG 2T TR
W ZHMEMREE ., TUSTHAE KA Rl %
], Al HE R A B A e B A SR SE PR Yy
FER TAESZIRES  RAGEAS R R Z BRI, A BEAS S B
BRI SLBRAG 280 . TR L B AT SE B
DUIEAT B HAR T DR R 0 A e S B TR Y
2RI Al Ry S PR T AR SRS T Bk,

02 78 ) TS 54 % W 24 TE 25 4 T LA BE ML , gy
AAFAE 22 ROBERRAE >, 33k Ay R 5 45 R £ 8 57 47 O
—EPki, 2014 45 Gale 25 A" il 5 % 18 Fh A [H] Y
FREMER G A8 T REETT S R T A A —
SE UL T P o 308 %) 5 i ( RP SRS AR ) 22 T) ) e e
KR, AT SE F R, 51 rh (10 24 4% ) 2 315 3
I —FEAE FR AN ] DU R AR 11 DX 0 A B A 2
SR L KON ST AT UL R BE W 4% o0 A FLHE R AR A
PREET PSR IR, 2018 4F, Han 25 A @ 1 415
PUEUE R R B R B 2 LA A 1 B R PR 3
BET—FE XM IR, 2019 4, Han F1 Matthew 451
H—2DHE5E T 0] BEEETE A BUE A T SRR FLURE
PE, &7 1 HAE A [6) 05 %3 N A 2 1 i A ALl
2020 4F , ¥R A F R AL AR TUA N
HRIEATHAR A5 2 TN R 4549 1) 01 A AE HL A B REE
IR AR, [F] sp 2 B AR 3k P9 7% 0 7 A [m) O ) 2
PSR 45 1) S, 2021 4F WU AN RS
HUREADLI T 3 4 ol FH i el 2 e b 4 e o SR e 7
H LA T S A T 400 . T AL S R F ik B
S R PE S F oY 2 4 X 2 AR — PR T R
Ik

BUA B Tt 2 B RR M P B B R R 2 3 T4 —
A JABIAE , X AR XA — A ot e A 1) TN B A, A b
AR FH 4% I 2% S )2 1) v s B B i, B X 448 )
LR AN IZOCRE T IR T O FLE A T T IEsE Ak
2 T AL B T IEAC S M T R S EL,
P LA I 2 TE 32 7 1) ) PR RS 38 1 A 2 B RN
B — M BOE S AR EAC S5 i b i s i A AR
SEIS T A0 IE AC S5 F R A 5 A b 3 i i 2R 2 1) 245 1) Fi

Fitk s

1 EBigFHE
1.1 HREEESERITHHXRER

Gale % N 1S B MEE TR b (2K ) 5 HXT Y
WL f Z AR R

f=Kb (1)

TER IR A1 LB 5 o | 0 () Bk B 2 1
54 9 BE B AT/, B K2 T A T 2 S
SRR 0 E R | Gale %5 AT TAEHE 2 IESLAR
IR0 4 A 1 K BRI
1.2 HESENRONEKBESHT

L T R 11 5 A R T LA R B L R

D=eck (2)

Horh, E ORI (RER/K) | D LRI K
(BEAR/FHHK) | & AR R CERL/ K ), 1545 10 [
PR T A L3 e — A bt s (R T4 A
0T A I 5 1 T R R 45 T ] S ST 0 e
P A B R B B 2, AR T AR 3T
T S R (1 S A o B Bk R
AN

Dxx va gx.r grm Exx E.vy
= ' (3)
DVX D)')’ 8}‘6 8}'}' E}'é\' E)'}'
FETH A R B 5K (R, X B U AToR
SUINEIEG P

8"1 8"}' Dxx DX) Exx E,’C}' -
= ‘ (4)
8}"5 8.”' D)"‘ D}'}' E)’—T E}'V
1.3 FERBEREESARERZE
1.3.1 Lorentz—Lorenz, Clausius—Mossotti ( LLCM)

FEF N E W 53 A 1) F6 B i 12, Lorentz — Lorenz il
Clausius—Mossotti £ i LI F A2, F T 118 W # ki 4
FITR & P ) S35 L H 4R

e

et — €1 _ &, ~ &

(1-¢) (5)

geff + 2‘91 82 + 2‘91

Hot, e RNSWEABER, o, RIS R
B o AL
LR

= RIER (6)

1.3.2  The Complex Refractive Index Method ( CRIM)
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