0BT 6 ¥ ® 5 & B Vol.42,No.6
2018 4£ 12 A GEOPHYSICAL & GEOCHEMICAL EXPLORATION Dec.,2018

doi: 10.11720/wiyht.2018.0175

L ER BR S —FMETHTELBEARMEGFRRSBOTE T £ ()] WIR 5K, 2018,42(6) : 1280~ 1288. http://doi. org/10.11720/

wiyht.2018.0175

Jin Z,Wang F,Guo C,et al.A calculation method for the effective electrical properties of rocks based on digital core technology( J].Geophysical and Geo-
chemical Exploration,2018,42(6) :1280-1288.http ://doi.org/10.11720/wtyht.2018.0175

— FE TR O HOR M SR
BRI

e, EU,HRE, XA, %W

(KZAF EEIRFREOHEMNRAFARN , BE BL

710064 )

i E: OTRHEEE O RSREFSECR BT AT O SEE 0 AR, DU r 0T R i 5 i
SR FSEOTR I T A Ay SIS SR TEREEEBNANHSHAAERNEL, HFEL
BARME R —FPE A LT EBB AN R A OSBEFSHNER T BEZ —, EEETHRFEORE
B EEAR, RGEMIT R T AR BEEEAE =488 A BEERELRRSRE Y SEOTES TE N85
FUAS 4 ME A AT T ER AT X —ES R A O B R R REL T BEE AR U RS BT T
¥ AT TR M AT R AR T A ORI R E R R R R SRR TN A O TR EEIT

METBRBEBRHNSHIRE,

KR BFE O LB AR BRI 5

RESHES . P584 X ERARIRED; A

i

0 7l

REE 2% kBT RERF SR 2R A
RA S R LR, ERENFHILE &2
ERMERZE LTI R, X A HRRS
RS R AR TERMERY, EA LY
A E U, MR A 4 AR A S R B
FEA B TR T 9ok <R 8 o A A e K R R
A B R TR (B LR ) RSB A
SRR PG TE M E BB AESE H A MK
BT 2 ALE S AN R B AR BRI B K Se 3 oA 77
BT RIS KRR R 2 4 X R E A
554, T B EEE A MNEMP KRR s A
ABTRA RFR Y 75 IR B A 5 AR
ERAEGFERBFSENE T A B AN
LREFIEWE, M THHMEEREEK, EH A

KFmB . 2018-05-02; 8 EIHHA . 2018-06-20

XEHRS; 1000-8918(2018)06—1280-09

B\, KREH0a A 0 TR P BOEE i#1T
HAMTAR REMHEREREHITHE, L
WEMEN A AR M TERE S, HHANTE
EFRARBHR,

AL B B DB ARNE R — MBS aTE A
ARt TR BA A IR R R AT E
BERE RARFELTEEARGN RS
BEFZHOAERT IR RN ZE, BRH
i [E 37 K 2 (australia national university ) f Mark A
Knackstedt 25177 &1 %t £ i b 5 470 38R f9 B7 FH A 5T 4R
HEF A O (digital core) BIME &I H4T T — 8085
THE RILRFER AR MBS BT RS g
ARG R, BT A ORI AT Y 5 P
MR EFMBESHEHE, T E G Wik
NG RN Z 6] B 52 & o E A K 1
Bk CE P R — R R R B T IR IR B B
B R AR G5 R A0 BR0 T /R B e i i E A

E£WA . BASEE I E (2018CY-019) ; F REKEAE T F ST H (310824173702) ; B K B R B F R LI H (41874140,
41704107 41404095 ) ; BP9 & S AR M E 4 A A HE234 TR H (20180107)
EEBA HE(1982-) B B TR SRARE I+ KERFFEETREENEE B 4E S0, TENE XL FE BT L Fam

TR BV T E KBTI












w5 &R 2%

- 1284 -
wy = ZP.' =wr,
o (5)
w, = ZPL.=1 - w;,
i=T
i C, F1 C, W& HIEE p, R p, 53510 .
L f, x P(L)
my = Z
1=y w,
11 I xP([) (6)
/'1’2 = Z : 1 y
;=T wz

Hepit R EGORE Y E w T R ME p, Fp,
Fon, Rk R
M= w iy + Wyl (7)

BT BENSETLUTEHER f(x,y) &

HEE T oaEEeEE T E o .
o =w (g —p)? +wy(p, —p)’
=w1w2(/.L2—,u2)20 (8)
i EXTLUUER, o B— R THE T R, &
BUs R o B RAIBIE T, Ji e B K28 Jr 2= HE
BB AE R,

BRI E BN T ZHATETH
EHYERET B NERWBRERSE R
f7 ) L BAR HAS T A B, ) dn s O REAFL R B /N T
10%6F , FUBR o5 LA /N B 28 0 o L, X AHE L T
HRER ZBKEEEFBEBEEMNRE, HARK
RlEHEER RN RESBOTR WA G L E R
K, B AE SEBR R o 7 BT 2K 8] 7 E AT
Bt

EERBE /N ROI XK EME/ DT HHEN
ZEM, 3FLAZE /NG B ROT FUIR BE 3B w fE R B R
T Bk 6 FhE AREAT LU B, X B {E A 4R
/NG ROT 89K B 39 E B, T+ B A FLBR EE 294 30%,

TG K F X B8 A R A B SE PR FLBR B, DR I % iX
A A REAGH TR ik, LA4E /NG ROL MI¥ME u
YEX R AR 1 #1738 Dt B AR E N
= FFHTHBERESER T ERKNEERE, R
B THIREXR.
T=p-a;0 <a<up,T>0, (9)
it e KA 2w, HABLTRUT .
DitBEAEARFA CT A BRI K EYE, B
TR BE YA 20 M )84 VE M 48 /NG B9 ROT IX 8k
2) 4iit ROI KB or A, B IR EEfE M & A, it
B ROl I E p, BB REN T=p-a,a=
1B RBEIE B A S ECRTAEAY, Sr SR E B A, (A<
TY A, (A=T);
3)HHE A, (A<T) FA, (A=T) W2l Jr &
o’ FieEFHEES;
H¥ o MEM L BEELR2 PR3, HEET<
L;
S) LR e AT RO ZE R 25, B e 2 B &
(LB KRS BT Xt o B BB R e A RME Ty
2.2.2 XU R S F T ik
HABILES BRI AR, FLIR A TR K
FEME SRSy , B9 F R KA 4, MR T3 — B
S8 B{E, LB 5538 H S TR 17 s8R 4, A
AHGENMRZ BN ER S E BB R IEE,
— R KR TR, NERFRILBRER 7, H1LER
ARRBEFLBRSALBR R S 43 S5 AP i, 5
RN NAR™, H e 0 FHEREARE
ATR P | B B v W VB v 0 ( TR RR A /N0 ) BT X
I TR BE A, T n A A REZAS B FRAR 431 B, 003
ZEWMERNE 1 (RE—L/M)

F1 BEERESHEEZERHNXER

HAM%E LB A S B E
BH 26.26% T=g,+(g,-g,) x0.9=0.9xg, +0.1%g,
®H 26.62% T=g,+(g,~g,)*x0.9=0.9xg,+0.1xg,
yed 0.51% T=g,+(g,-8,) x0.1=0.1xg, +0.9%g,
oREREY: 28.58% T=g,+(g,~2,)%0.6=0.6xg, +0.4xg,
MITE 14.7% T=g,+(g, ~&,) %0.4=0.4xg, +0.6Xg,
WE 15.11% T=g,+(8,-&,) x0.6=0.6xg, +0.4xg,

BERTSER A (CKRERIE) M v (/DEK
BE) , 17
T=AXg +7Xg,, (10)
Hepd+r=1,10 M 7 BHIER, g, NERIERKE
1H,g, RFE/NERIKEE,
AR W0 2 B B o5 AN B Y AR AL B S o U 1L

F LA R R (L7 AR o3 UK E 26 1F , 153 DU
RIB B ARy B E, BB EEY R—FMET
{8 Bt i AR v 9 LR R B S B vk, X
b 77 ¥ 9 A B AR X4 2 XN 89 BB AT 38
FUT, HR B BRAE R A (6 70 %15 19 B AR H SR8
fEfR, B #G FE 8 B s 55 R PR E



6

B —METEFEOBEARNEASRESETETE

- 1285 -

BEERK, A7 A3 BIEGNBERMUR
BARKE/EDIBHR P,, £ LI B RE 5
5.

P. P
HB( T) == Z _1052 F»
T

11
2 p (11)

L . .
H,(T)=- —1lo —,
v ,~=ZT+.1—P, &1-p,

Het. Py= 2 P fEABIE(E
Hr( T)= HB( T) + Hu/( T),

(12)

(13)

Y H,(T)BUS B K, Bir Xt B &Y 5 {8 BP o B 1% R {E
t:

H,(t) = lrgfl}L{Hr(t) fo (14)

223 FRSHEBEEGSFISR LR

R R P 07 v % B0 B SUE RS RY 5 5 47
B 57 B8 52 B A o0 ) BMELHF AR ML B R A 0 LR
B, 2 B 4 MEGRFHNIRESERILE, &
i 5 EBRE A FLBR BEREAT LB, AR IR 2R IFTE
5%k, rEMAREE, N TS EHRITELRRE
BERRFESHRBRIE,

K2 AABFAMELARLER

BB LR EE

B

HkitEE HAMiRE

BHa
BED
T a
A b

12.6%
19.9%
24.4%
7.09%

27
52
67
64

1.19%
3.56%

0.94%
5.2%

12.45%
19.19%
24.17%
6.72%

23 ZHRERAYERRNES
HAl, M FAASHBRESEOME, FRHE
BWERREREE R#MXENREES, X T
DEFENREARBTEFERTHELRERH
A X EE A AEEARRR S, AR TFEARN KA
M. ETEFhHELCERTEEANERBESH
AUEREaRAHNZRAA, XRFENESGH
FHITEAHBEBERME BB 5XhRE
AEEARAIREN — W = HHEER ARG
ERGPHEITBERIEANFRRESH,
EERAETAMRIT(FEM) W =B REHE
BEHFSS EA AR EASHBFESHNT

B, BTEARAERMILEHEISHER, Bt =
#AAPESRGE RBE LY PRENEER
B ArERE B B E G _EL LB EF I
SRR EQEEMILRNERERESE h x
4, i#32 Fortran {49 5 —Fh 7] H 5 A B HF-
SS WA X 14, 7E HFSS K modeler 354 T F7E
SAMSHIIEE, Z I EE ¥ HFSS PEBHS A
S UFURFTERERFERER—E&XKERER
HFSS 8] LLR BIB9S 1446 B R] § A B HFSS 38
i R SRR FNE REEENST ANEE,
Bk IGES & ME R AHRIER, B4
% FF) F Fortran 4E i, IGES SUE R FiRITIRE,

*a”;ggg?ﬁ  »  GIMIGESH#
AR A
HRBREA S A BN \
SREREHATE [C | BBZHATE “"Mﬁgm"j
Hwritc B M & HEA MG
BAABENEE | | FHFRLEH -
NIGES 4+ 1RFIGES 4

B4 T/ Fortran £ 5 IGES X4 RFZHRE

HFSS Xt T EAE R T E TR EA AL IR, ™

ANEEEE, B T AR RHERRESEX,

AR _AFERRTEREMN BH=450 SEERNAERERNBEIERES, v TR

BIEERFHE MR AR A LFRR X —

Hit B ERTEXMNEFETRA, SHRRH#TE






6 % - METRFAOEARNEAFHRSEOTE T &

- 1287 -

PUE B U R EBR S EDFE AL HRRER ST
Aot SCHE RIS =40 A A BUER R f
PR B OREAS B txt SO0 B0 AT 7 mi 7 LKA
HFSS Fi#t T R EIE A RIREY 45 A O REA A
PR B R ANFLBRAR B UE AR R B8 BRI, X
AR AS 0 B LA ROR i B, & SR R A
HFSS AW WSt ESRX T ASRETHE , REE
FEORER R ESH, FIR HFSS (i it B a0
SREFESHHWBIE 7 IR,

v
7R A ] EME
v
WERBERT e BERNENS
v
7 4 Wit ERIT SR

7 HFSS (FEITEAERSHBESHMNITERE

HiI T HFSS 7] LUafT A SO, B i B4R
B AN B K i B U] 7R A T — IR E,
MTSITESTE TaaBRRE S EE, it
BREERMRIELSK, HIR TR SRS
GIAR REHREA T IHE

3 IEERIE

it E R R R E A A N E SO ST
IR ME R EREESHA SRR
MEBLERHAITIE, £ 3 AN EFRDNGET
HERRESHWITEL BN EREN B

R,
®3 BAHAFZEINEAREXESNBENER
WMEZS HEITE \
BEARZFR vy o xR ZE
WA a 4.5536 4.8349 6.18%
AIKE 8.2273 8.8877 8.03%
TEa 7.6352 7.4076 2.98%
i et 7.4631 7.0891 5.01%
4 %

ETHTEOER, B3 E AR RERHET

Wiab3 AL E =48 A BUEBR R ST, HFSS
HETBES—BEFEITERIAGNERRY¥S
¥BOHITEERSITRMESERY & RS, (H2H
B AN E TR LR ES Ak
iR TR, 3 H AT LU A BT T2 45
BN, MiTEEAOHMEHWNER SR
T —-MARNTE, X—EHXARE CERY
BiEab 7 BUER R DL R B S BT k]
I F TR KB A BT R R R BB A O R A B
¥ OHSREBBERN A AW R
BRI FHR M EE NS ERKE,

X 30K

(1] F&E AANBMABR A BmmERRER[D]. Fi.
FMKEE,2017.

(2] BV RAESKBEGHRFSOEERFRERERTR
[D]. b EMAERE(LR) , 2014,

[3] Reint de Boer. Reflections on the development of the theory of por-
ous media{ J].Applied Mechanics Reviews, 2003,56(6): R27 -
R42.

(4] PER, 28, MEE F LFEOERUHANASRE
[J]. M3EEA, 2012, 36(1):1-7.

[5] XI#H, F&E, Hae, % SRARSOARAT RO
{447 (1] sIRYIEM , 2012, 55(12) ;4239 ~ 4248,

[6] Golab A N, Knackstedt M, Averdunk H. 3D porosity and mineral-
ogy characterization in tight gas sandstones[J]. Leading Edge,
December 20101476 - 1483.

[7] Andersson L, Jones A, Knackstedt M, et al. Permeability pore
connectivity and critical pore throat control of expandable polymer-
ic sphere template macroporous alumina[ J]. Acta Materlia, 2010,
59(3):1239-1248.

[8] kfE,HE EBEAEAYEHARIERLI]. AMBRYEBDE,
2014,49(6) : 1138 — 1147.

(9] #BAK, ERR BE S IEERBMRLREH T &
[J].HeERFLA: 2016 ,41(6) : 1067 — 1073.

(10] 3k3&, ZEHE BV, S ETHRTERNRFEE L FHERE
B[ J] BRI B LI, 2017,32(5) ;2148 - 2151,

[11] . ZTRAMSHEENE A SR A REGE 52
(D] PU% . KEXE,2017.

[12) BR#E. BT CT ERALEESILBEMNBEARMR(D]. &
K ERK¥,2013.

[13] Barrett H, Swindell W. Radiological Imaging[ M]. New York: Ac-
ademic Press, 1981.

[14] Ostu. A Threshold selection method from Gray-Level Histograms
[J]. systems man and cybemetics, IEEE Transactions on, 1979,
9(1). 62-66.

[15] Hays J D, Pfirman S B, Blumenthal. Earth Science in struction
with digital data. Computer & Geosciences [ J]. Journal of systems
and software, 2000, 26(6) . 657 — 668.

[16] X1 AFEFEAIMIMBRENRITSXLH[(D]. &
% RERE,2017.



. 1288 - B 5 4 B 0%

A calculation method for the effective electrical properties
of rocks based on digital core technology

JIN Zhao, WANG Fan, GUO Chen, HE Zhi-Li, WANG Xiao-Li
( Electromagnetic Exploration Technology Laboratory School of Information Engineering, Chang’an University, Xi’an 710064, China)

Abstract: The study of the effective electrical properties of reservoir rocks can be used to determine the distribution of underground oil
and gas storage and identify the oil and water layers. The accurate evaluation of the effective electrical properties of rock models by dig-
ital means is of great significance not only forthe theoretical rock physics but also for the development of experimental methods and the
application of electrical logging methods. As a new core analysis method, digital rock core technology has gradually become one of the
effective methods for studying the effective electrical properties of rocks. Based on the technology of digital core and electromagnetic
simulation, the data processing for sample image dataset, the authors carried out the numerical 3D rock model transformation and the
computation of the effective electrical properties systematically. Furthermore, four types of rock samples such as sandstone and shale
were investigated to discuss the validity and accuracy of the numerical core analysis method. This set of methods for data processing,
numerical model conversion and calculation of electromagnetic parameters for scanned core images can be used to efficiently and accu-
rately analyze different types of digital core dielectric constant, conductivity and other properties, which can provide important reference
for such fields as rock physics, logging interpretation and reservoir evaluation.

Key words: digital core; porosity; core images; electrical properties; electromagnetic numerical simulation

(A3 £15)



