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Water saturation evaluation method for coal seams
based on complex resistivity spectrum experiments under
high temperature and high pressure
HUANG Hang', XU Wei'*, WEI Ran'

(1. College of Geophysics and Petroleum Resources . Yangtze University » Wuhan, Hubei 430100, China;2. Key Laboratory of
Exploration Technologies for Oil and Gas Resources s Ministry of Education, Yangtze University , Wuhan , Hubei 430100, China)
Abstract; In the field of applied geophysics, complex resistivity spectrum technology has been widely used in ex-
ploring metal deposits and solving hydrogeological problems. However, the dispersion mechanism of coal com-
plex resistivity and the evaluation methods of water saturation need to be further studied. In this paper, coal
samples from Jiaozuo area of Henan Province are selected, so as to measure the complex resistivity spectrum un-
der high temperature and high pressure. Furthermore, the dispersion characteristics of coal complex resistivity
are analyzed under different temperatures, pressure, and water saturation. The study results show that the inter-
facial polarization frequency of the coal complex resistivity spectrum has a significantly linear negative correlation
with pressure and water saturation and is negatively correlated with temperature in terms of its power function.
In addition, the dispersion of the coal complex resistivity spectrum is remarkably correlated linearly with tempera-
ture, pressure, and water saturation. The study results provide an experimental basis for quantitatively evalua-
ting the influence of temperature, pressure, and water saturation on the dispersion characteristics of coal complex
resistivity and offer a theoretical model for quantitatively evaluating the water saturation of coal seams under high
temperature and high pressure.

Keywords: high temperature and high pressure, complex resistivity, interfacial polarization frequency. induced
polarization, water saturation of coal seams

EHL, TR, BAETSESERFIESRMER S /KIEMEITN A ELI] A ih b3k 32 8148 ,2023,58(1) :
145-151.

HUANG Hang, XU Wei, and WEI Ran. Water saturation evaluation method for coal seams based on complex resistivity
spectrum experiments under high temperature and high pressure[J]. Oil Geophysical Prospecting, 2023, 58(1): 145-151.

x WAL A BB T R ) X R ) KA 111 5 K VL R 2E M ER P B 5 0 9l W8 R 2 5, 430100, Email : xwei206 @sina. com
AIF 2022455 A 6 HUCH B 208 00k T4 11 B 14 H sl
AT T 32 00 IR R [ 5K A S 0 RO A T E I A )2 S R R B S L BERE 5 (PRP/ open-1704) FLH A< BE IR 5 )45
HOR B E T A S50 = TP A 0 H 3 T2 0 &l B RS 0T AP O R (K2018-12) kA R B o



146 190 L ER B B IR

2023 4

0 515

KA AN R — > B ESRC MIR
B UL FLITR L BN 4 AR o SR A B
ARy B LI 9 TR BEAN T B L BU T R 55 AR
14 245 A5 T ¢ BT IR 0 B RO kA A R
PRSI L 2 S K R T T R LB
P REL T S A I B 2 RO AT E M EE BEE
Mo AR R TR g LR N e Sz i R T Bz
— o FL T B R o 0 R ) P S B T O R
fife T AN VTN 42 AL A 1y st R B AT ST . SR L AR
PR S HLPE 32 B A L0 1 URE A L BRI A 45 22 i [
R, PR AL A 2wl = R
T2 5 7K 0 BE 1 S A A7 R B RIS

W AR IR A PR AE D — Lk B R TP B )
Z N T 7 A oK SO R A S U AR AR
TAL G0 B — B A ) FRL B R Tk AR O
PAL B BT 25 B R ARk, s
B R A H IV IR TR A R I A AR S0 ik
SAEE MR E SIS R W E R IR
RO 2 3 B A B AT E B R B A B B
IR RE 114 A R T 6 56 i 8 98 1 B2 119 38 55 T Dk
550 IR DB BIE ST S B A BT AR AR
PR JBE B AR A TE A 56 56 AR 5 X O G R S P L 3R A5
H5 SR R VE AN R R R, Bl EEN
AV BT 5 S BIF 5 %k R A5 B A ) 0 1 B2 0 A
I 0 0 J3E S A 15 52 BHL SRR 56 3R A A fL
R E RSB EASHMHE. Xu FH
XF e A 2 BB AT R T ORI 4R T — FOR) ]
T AR AT T A R R BE Y O k. L AR
FE T NI R S R S i o 2 A3 R B 30 M it B I 1] 5
FUBRIE R B KRB 1 G R o Jia S BF5E T D
S L R A (L A R A5 5 K AR A B8 B LB 1Y
KA IFUESE T3 T 38 1 Bk ) AR A RE A B 1Y
AIATPE. Lei SENTBESE TR L SR T AR BUR
52 L 9L 3 52 0 0 e S % K A A E AR A R AR

B NTE A7 O A P8 | 52 v BEL AR A Y
ST WA TR BRI s TR A SRS
R PES RO R G . SR . R 2 R BE TS0 4
FE AT I BRI AR H L R R SRR T T RS
T 1 R E A R e i o e 25 1R B 5 KA

AIE 1) 5 R PPN AR

A S 3k % ) R £ A b DCBERE T R v I L T
ZE T O BTG S 0 00 A B A S TR LR TR
T3 Be E R ML AN BE 25 AF T R i i 2k . 2 T Cole-
Cole #5 1 fz JH $ UK RE (19 51 2 R B R L it = WL
FEL 75 | ot P50 s [A] 28 2 00, 9 T 34030 4+ 81 5t T AR A AR
AIBTHLSE » o3 M7 1 3l BE s 7 B35 K R RS X AL
S HES R AT A ey UM R DR R T T
R HIRE P JREAE 5 K A R BE 158 7 05 Ol A
JE IR ERIR A T SRR SRl 5 RS K

1 BRI

1.1 EHERREFMLE

ZHE B W 2 BB R LB &
SRS L K AR N R A SR SRR B R R
Brag o R I B L BRI T AR AR
b DX S AR 2 R R . B B Dl SR o LR A 2R
Loy LIRS IR Ry 32, (5 HL ol 6520 ~T70% . e el
306~35% ., LML S A Ny o I B R 2R 2
TN HRE L ERE A R S BN 1 PR .

R 4 S o ) Sk 25 B R 2 B L PR BRI R B 1
Ut B BERE Y E o B A2 25 mm, K 25 ~40 mm HY)
FEZERE BRI TSR 1P 4% B /N T 0. 02 mm,
PAGRIE 5500 2 AR A R AT . K 0 T 1 A v A
K7 58 S 4l A R AR R (2000 mg/ L ) NaCl
VD o N ORFFRRE I S AR 54 B R AE 50 C TR
I+ 15 MPa 77 T $l B2 R A0 A, 990 4 3 5

2% 35

BT AR ORI A

Rl BEREFSY

R 1 LB/ % B R/ mD
1 1= B R 9.775 0.051
2 A 3. 893 0.099
3 18 i A S 6.771 0.039
4 B A 5. 342 0.036




B8k 1M

&

B L A5 T R R o TS AT S R KA R A vk 147

PO O AR DR PR R AR 0 B T N T TR
R o Al Ao R R R SR I AN R R &R
1.2 HIRELE
A IR AR B A B Sk ) AR ) L
filt o AN [ 450 25830 ] P9 A B A HOPL B O E A AR TR] . AR
bt A0 52 F B8 L A R i AR A L B
AT N EB Y IE BB 7R A 0 e 3 B9 AR R E R A
G E i . A8 3 5 E i s 3 A AR
| A H A Jo 9 g S B H s i AR AR A . AR I T 3k )
P40, A 14 FRATARORIL B DR A8 3] g 4 i) o R
S Hb A AR IR R B OB Z R A R TE R AR
e Ak A K L F A AE
E ST AR AL 32 08 4 380 B L A i A LR
R ALBEE B35 % E KM R EE TR B Ak
BEREHFEA L, FE IS X ], 5 A 1 A S
BEOME LA AT 84k 43 BT« 181 i A% 8 1) A R 7 ik A AT R
X RGN SRR R A R ' P AGA Maxwell Jy
T, 15 B0 v Ui
D =¢E+P = ¢¢.E (D
A E RN ME 60 e R FRRNESNE
RO AR XA o8 2L
B S h  E RE H e B 5 T 5 i
WD RSB M
vxH="D ] (2)

XF B8 H G . TR b S B R R F 8o D /o
TR J o o iw il oE (H o IR Al
WEE o Fem LA L T L 1R A L S (2)
A RIR N

VXH:iw(e—ii)E (3)

e BATHFRL.

LRTESTE ¥ sk Gl g u e S TR G L R o
TESMIN w=2m f BRI Cf FR B30 L S5 20
BHEN B e ()RR N

ew =e—1 2% (4)
w
) L, B TT R0 A, A L TR Ny
6 (w) = lwe "= o+ lwe (5)

R WA TRl A T R B R A M R
FW,

506 9 PR LT 92 00 R T o
LA A7 0 BORRE 200 T 8 6 B

P Hs 2 A0 T 55 L CBH BT 20 B AR 7 428 i 32 40) 4L
(P 2) o HUBTE 52 56 v o oK T4 B 1) R T e
Fi i 5 — T 0 5 P AR R R T B A A 7 S 5 R
Ui TT FE 0 W Ao AR BELHT 20 A7 A3 B8 3 0 L
20~10M Hz., %J %45 (8] B Mo 41 f 101 A>3 I 6
SRR 1) P T R RRL 3 R e o 5 BEL O 2 i A E)
HREA: S v HL 25 119 52 350 M0

3 S AE AN TR) (9 3t JBE s T RS R AR R E 26 1R T
07 SRR A2 PR L R A o T At DXOBEAE e
JEE 5 R W)y B P B 5 6 = 0 0 2 P AR TR S B e
o ik B2 R 5 K T 0 39 B E D 90 C T 9. 0 MPa, 8K
BHEHEE R 1.2 MPa,

R A
@ B A
S ————
s = \
o BRI TR
‘ 1% B

. R
HIER W

P2 BURE S H BH A R SR A

H R T P A AR B E O E TR 3 MPa, 2
Je AU I B A KRR AE 27 C (3R .50 C .70 C
90 C A TF IR BE CT) T A 52 v BHL 32 43 R 8072 IR B2
BN B AS N T 2h, AR AR BERE R AR . AT
T2 T 52 56 75 ) A9 B vl A il £k DL 18D 3, T DL B
AU BE ) TR BERE H AU R L A2 H B AR AL
i JSE 335 o0 R 94 v BEL 23ty 2 A0 (L 5 X I 1 B T A Ak
AR ) AR AR T 1] B8 5

() R e L s H A A e B O = IR
27°C AR 0 B K REAETE 3.5.7.9 MPa 5 AN []
JEJ3 (P) R i 52 vt B, 459 2K W] 1R ) 25 1 T BEAE
F18 F A A (I 4D o A Uk ek L I R PR IE
O N B #RE RS E A 5 min J5 TR IR0 5%
i, DR 4 AT UL Bl T A S O SRR H A )
R L A B 38 A A M G R R e Bl e
(L AORT IO P A T R A 930 238 1) EARE 7 1) B8 5

I 3 O CON ) Bk 42 1) E AR ) 5 7K A R RE 0
K Ak A e R b VA Y R 9E T A BB RE Y S K
TAEE . TEA T BB FLI h AR BT R I O F



148 FANRTIie: A= 7/ I I 2023 4f
HERE K A MBS 0L Bl 2K L E K 8 s
s _m—m—m oy PUCHEE TS0 . 52t LS 5 K 2
Vo AT 54 L 28 500 6 5 A

s ¢ RORBERESLBRIE 5y oms vy 0 590 275 A AN
ZRAF T RERE LT R B AR R B B B 5 o R
AN ALBR IR B R 5 VRN AR R

K v L o T A A B O &l 27 C L fE
J 3 MPa, MK UK SR . 1 1% & oA 0. 1,0, 2,0. 4,
0.6.0.8.1.0.1. 2 MPa, {fi i ¥ & KIWFIEE S, B
AR . B IR B R AT AR o A AN T 5 7K A 0 EE
FET I B AR L L 5,

—-—T=27C
2000 -+—=—=— —— T=50C

— — T=70C '

—_ T7=90C

E

G 1000

=

# 0 —

~1000 ‘

10' 10° 10° 10* 10° 10° 107

$i#% /Hz

3 3 MPa HJ3 FRTEREE CT) R AR 52 ey B3 A0 53 ity &
210 fh 2 F R HE R A M e R . 4 5T TR

_ —-— P=3MPa
2000+ ——— ~—=—=—= P=5MPa
B et — — P=7MPa |
2 A P=9MPa
& 1000 — =1
i
I N,
S e {
] '\_‘—~.-¢/f
\ %
~1000 !
10' 10° 100 10 10° 10° 10’
HH /Hz

Bl 4 27 Cs A ] i g 2% AR T A A v B 3 430 03 o 2

8000

e 8= 100%

— e 5 =83%
-—-+-=I\ - - S=TT%
! ~ - — S, =68%
""""" — §,=56%

FALBH % /(Q-m)
s
S
| |
| |
' 1
/
oy
| 5/
/
]

s ————
.‘\‘-\.\——x _‘/
—-4000

10' 10° 10° 10° 10° 10° 107
M /Hz

P
i
|
/

J

5 AT 35 KA BE % 1R TR MR 2 e B 3043 i 2

T IR A 7 10 %2 30
1.3 BEEEEEs

B 1A FL P 2 52 B R LB v AR B
Wi o P T AR AL R R A AN TR A R
WF TSR T FL R I R A 45 2 00 S A &
e AUSBBOIE 52 45 R0 H % A D i o) iZ (9
ML Al A A 45 2 o 45 A0 O H BB O BB A R L
s A TSR S A Y S HLPE . Cole-Cole 45
B )32 B T oA S FRL B R0 R 1 A 3 S IR
B RORE

Ml Cole-Cole #5571 55 2% v e EFERHLAT Z 11

Z=R0{1—7][1—ﬁ]} %)
X p=1—Ru/R, FRWAbs, K R, 2R
W HL B8 Ry R JEFE R i B ¢ ROR G
i [F) 5 55 ¢ 2 A 3R AH 6 R AL
& 6 A fa Cole-Cole f 7 SF 3L B /R KT . S
F- Cole-Cole 5%, 7E 20~ 10M Hz #i 3% [ N 6 T 26
SR (1% R0 3 B SR FH e /N 3R vk R AT RO UL
UL 7, AT AT B B R A B R S L R
5B VAR EE 353 0. 99,

VA
M————/_\/
L R
— SRV
NR
NR iﬁ)r TN N 7 =
I

B 6 17 Cole-Cole 15 I 4555 vy i /1 7% &1
R 7R 70 A FL IR NR R A 7 0 A FL B

lwr FREBE TR .
— JRUR ST LB S
2000 — BURSAHA EE _
T TT=r BB
S - m bR
7 \\r2:0.99
& 1000
\
L N\
0 e
A
\_/
~1000
10' 10° 10° 10' 10° 10° 10’

Wi /Hz
K 7 FT Cole-Cole Ry f A1 AR AL rit BH A S 3 #0175 45



B8k 1M

B L A5 T R R o TS AT S R KA R A vk 149

2 BdEsrbr

5: T Cole-Cole #5# Jiz i 1T 4 2 K AL Y 5t 75 i
] A P 23 25 v % 2 200 T 0 A S T AR A 0 R
AR RE 55 BEARE TR BE TR ) B 2 7K A R 19 2
KA,
B A A0 3 1) 1 R R I B AR A & vl B R
W L ) 1 R, LA DR R ) L 1 43 38 AL T A A 4
2, FD TR P55 A i O HE . ARG 45 L
LN SRR R T T S RSN AR CTRNIES
E V]
_ b
2nFl

FIIT» K 52 56 BF 52 35 W a0 19 52 A B R 52
NI R SRR S AR SN R s
BAFEI R BRI T 5 5w AL R F1 A58 2
K. ol RUA LB I T A I T i KRR 5
WA FTAGM G B J5 218 B, Bk R R
DRSS

TEA 25 JEMERE B 20 3 PR I 25 1 L B3 A
G0 L H PR 38 O R o ) AL B 2 32 B4 [ A JE 1Y
Fe 2 o 5 BOBORE S o 2 D5+ FL LR R O O D
Wk, B9 RSB BB P 5 R E AL
AR FLH R . nTLLW A . b K P
AN BT 38 DA W JREARE AL T A AR R FT AR . — 3% S ]
WA ERPE SRR

HREARE 55 7K A R0 B2 AR 15 P EL e o el A 2 R
B R B 2 D R B R R RO Y
B LOJEBERE &K M A S, 55 ST B AL A% FI Y
B VL T DL A A 5 70U A JE ) AN T 38 O L SR i
AR, — 3 2 W R AP AT SCE &R

(8)

T

2.5 T
FI=169588T %
7=0.99
2.0
= N
=
2
= @
1.5
\
o
\..
1.0
20 40 60 80 100

1/C

P8 AT 3l BE A AR T B T TR A 00 R i £

2.5

FI=-1941.41 P+29201

\ 7=0.98
2.0 \

\\

ENE

2 4 6 8 10
P/MPa

FI/(10'Hz)

B9 ANT) IR 7 2 A T JEARE AL T A0 A 33 3 ol 46

10.0
FI=-133.09 S, +15849.60
72=0.99
" .\\\
N |
o P
5.0 l.——
z
2.5
0
0 25 50 75 100

S./%
P10 ASTR] 5 AU R JBE 26 01 T AR A T A0 P A3 ol

L SR HICRE 45 P IR AIE 22 (8] A7 TE 22 %
P XE LLE S PP B 114 P A RICRE A o DR b ) 923
W EIRE S B VE A e O USRI AE AN B . (H
T o0 SV BEL AR G R S S T L b R A R
I R AT RICRRAIE . A SCAZ L BEL 3 A A0 AL S

— ‘RLX‘*‘RHX‘
| Rix|

o [ Rux [ A Rux [ 43 991 2 7 AR A5 & 45 52 L BH %
HEFRARME . PFE 32 % 3R AE iy J2 F 1w A% Ak &% N Y
B . 5L T Cole-Cole 5 Jz 3 T 15 2| BEFE 10
AR g 90 S v BEL 38 ) R A L AR B AT B A
FORRRE o JRAE A9 M0 AR 5 308 B2 L T T B 5 AR A A
JEE B A WO 2R 43l DL P 1L 1 12 A 18,

A 11 AT UL B R B T Y T v o B AR 430 1
PFE AW K. T 5 PFE £ Bk &, K
12 Al WL BEE T3 P Rgsg o IR I PFE AN B
HOR . PFERMEER NI BRI R, A 13 a]
W B E K AN S, BOSE I AR ST PFE AN
Wl /Iy, W 0 5 B B R OC &R . R, R A
FH R R AU PRE n] £247 3 0 0 AR 79 25 7K 1
FEE .

PFE X 100% (9)



150 A9 BR Y B R

2023 4

20 T
PFE=0. 19 7T+1.44

2=0.99 |~
’ /
12 /
8 ./
4

20 40 60 80 100
T/°C

1L AN [ i B2 A T A A0 1 i £k

15 PFE=1.27 P+1.35
2=0.99
12 "
)
[=9)
6 //
3
2 4 6 8 10
P/MPa
Bl 12 [ R ) £ 08T B A0 IR il 4%
60

T
PFE=-1.01 §,+108.81

72=0.99 \
40
20 \\

PFE

0 25 50 75 100
5%

P13 A [R] 5 A U A B A 1 T JEARR A0 B h 26

AR S Ao Xof ] R AR b DX AR 95 R RERE O R
i o e AR AF T FUBUE S 3 0 L RS T A R B R
TS RE ) RS KR A 5 AR LIS B LR A,

CL A SR T AW A A3 5 3 5 2 2% ) e o B
A5 H 7 RS RN S W AR SO SRR R

(2 e T JREARE AR o 431 52 it L 3% 14 i 488 (L
2 AR BRI 53 B L T T B K AR R ) S W

AR G AR 408 L T A 3t P A ) 5 K A B
ORI FEEE KA T —Fh il = R AR

PR BE)Z 5 KA BE 1R 37 5 1%+ DR R S A W A

TEAE R B R A R SR AL T B R S R Al

& % 3

C1] BT oo R AN ] 3 7K 3 S R 5 B 407 58 ik

B F e D] IL IR AR M - i 7l K2, 2020.
LYU Mingzhe. Experimental Study on Coal and Gas
Outburst in Strong Outburst Coal Seam with Diffe-
rent Moisture Content [D]. China University of Mining
and Technology, Xuzhou, Jiangsu, 2020.

L2] FERIK, ZE, REL, G AR G K& T 5

J2 A5 U B A A L BE R B 2 4R 2019,
47(6):158-163.
WANG Fenglin, YUAN Yu, ZHANG Suian, et al. Iso-
thermal adsorption and desorption of coalbed me-
thane under different water saturation and negative
pressure [ ] |. Coal Science and Technology, 2019,
47(6):158-163.

(3] RAEMR. I i B 2 <t LI I 4% R, 1999,
23(2):83-88.

TAN Tingdong. Evaluating coal-bed gas reservoir
with log data [J]. Well Logging Technology, 1999,
23(2):83-88.

4] ZoHwk RGBS, F. T AVO REHEANY

BEE A A B LT B ok % ik, 2014, 39(9):
1792-1796.
PENG Suping, DU Wenfeng, YIN Caiyun, et al. Coal-
bed gas content prediction based on AVO inversion
[J]. Journal of China Coal Society, 2014, 39(9):
1792-1796.

L5] A, Fokam, B ER, 55 . b i B Bob 5 R0 28

DX 358 T v B3 R i DAV R I — B R ) (M)
VLI o ol R 2 R, 2014, 68.
FU Xuehai. Theories and Techniques of Regional
Forecast of Coal and Gas Outburst During Coal Ex-
ploration: Take Panyi Coal Mine in Huainan as an Exa-
mple[M] . China University of Mining and Technolo-
gy Press, Xuzhou, Jiangsu, 2014, 68.

6] FEZ, RPN, 5. 11754 B2 02 W R
KBEPEPE A LML db mt: B Tl s b AL, 2015,
60-90.

WANG Xuejun, ZHANG Qinghui, FU Xuehai. Physi-
cal Characteristics and Resource Evaluation of Coal-
bed Methane Reservoirs in Shanxi Province [ M]. China
Coal Industry Publishing House, Beijing, 2015, 60-90.

[7] ARCHIE G E, 7k B . /i, BH 22 0 I 76 0 o Bt 26 4% 2
Rt mE D] AR, 2007,31(3) :197-202.
ARCHIE G E, ZHANG Gengji. The electrical resis-
tivity log as an aid in determining some reservoir
characteristics [J]. Well Logging Technology, 2007,
31(3):197-202.

L8] Xz, £, B, & . B RIEZESEE T BT



H58E 1M B L A5 T R R o TS AT S R KA R A vk 151

[9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

(18]

Mo srk 5 R[] ok ¥y # 2 HE &, 2020, 35(4)
1415-1423.

LIU Zhide, WANG Wei, YANG Junru, et al. Review
and prospect of study on conductive properties of coal
and CBM reservoirs [ J]. Progress in Geophysics,
2020,35(4):1415-1423.

B A% e R R A L i R (B T I 5
Ji LM . b 5 - ot A, 1983.

KOMAPOB B A. Induced Polarization Electrical Ex-
ploration (Revised and Supplemented the Second Edi-
tion) [M] . Geology Press, Beijing, 1983.

W2, WISCE, Y RAR, F ) B X 0UE 2 AR
SECR M (I A ol i sk i 218 4R, 2014, 49(5):
1013-1019.

XIANG Kui, HU Wenbao, YAN Liangjun, et al. Com-
plex resistivity dispersion characteristics of shale
samples in Sichuan and Guizhou area [J]. Oil Geo-
physical Prospecting,2014,49(5):1013-1019.
TR, B B DG, A e L BRI R
SEER ST LI] . Al KA 2 R CHARBR 2 D, 1994(1)
17-23.

FAN Yiren, LU Jieming, WANG Guanghai, et al. Ex-
perimental study on the dispersion of rock resistivity
[J].Journal of the University of Petroleum (Edition
of Natural Science),1994(1):17-23.

TR AL, TSR T, % 100Hz~ 10MHz 45 B &
K A 5 A e B AT 0 B 5 (. 3t 2R Wy 2 2 3 e
1999,14(1):93-103.

SU Qingxin, KE Shizhen, FENG Qining, et al. An ex-
perimental study on the impedance spectra of rocks
saturated with oil and water in frequency 100Hz ~
10MHz [J]. Progress in Geophysics, 1999, 14(1):
93-103.

R DB AT AR R R R
BFFE 0] H 48 AR, 2005,29(1) :11-14.

LI Jianjun, DENG Shaogui, FAN Yiren, et al. Study
on influential factors on core’s complex resistivity[J].
Well Logging Technology,2005,29(1):11-14.

XU W, KE S, YIN C, et al. Measurement and inver-
sion of complex resistivity spectra for different core
samples[ C]. SEG Technical Program Expanded Ab-
stracts, 2014,33:3015-3019.

LI1J,KE S, YIN C,et al. A laboratory study of com-
plex resistivity spectra for predictions of reservoir
properties in clear sands and shaly sands[J]. Journal
of Petroleum Science and Engineering, 2019, 177:
983-994.

JIA J,KE S, REZAEE R, et al. The frequency expo-
nent of artificial sandstone’s complex resistivity spec-
trum [ J]. Geophysical Prospecting, 2021, 69(4):
856-871.

LEI D,ZHAO C, ZHANG

study on characteristics of water containing coal com-

Y, et al. Experimental

plex resistivity dispersion[J].Journal of Loss Preven-
tion in the Process Industries, 2018,56:328-333.

e R, 5 EE A, B, AE 0 K A b R T A R

[19]

[20]

(21]

[22]

(23]

[24]

[25]

FRAE B ¥ il BB &R 4r b L0] . B 0% B 2= 8K, 2011,
39(2):94-97.

GAO Hequn, WEI Chongtao, SHEN Jian, et al. Gas
content saturation features of seams and control fac-
tors analysis in southern part of Qinshui basin[J].
Coal Science and Technology,2011,39(2):94-97.
FENE, B, 20,5 RAUER A )= R 3
Wi SuN 20K DA 7K 4 b 50 2R 22 37 4 AR 2%
S 1] . 5T 4%, 2008, 82(10) : 1363-1367.

WEI Chongtao, QIN Yong, JIANG Bo, et al. Dynamic
accumulation process of coalbed methane in residual
basins of North China: A case study of the Qinshui
basin and the eastern margin of Ordos basin[J]. Acta
Geologica Sinica, 2008,82(10):1363-1367.

HIZEM M, BUDAN H, DEVILLE B, et al. Dielectric
dispersion:a new wireline petrophysical measurement
[C]. SPE Annual Technical Conference and Exhibi-
tion, 2008, SPE-116130-MS.

WEIR W B. Automatic measurement of complex di-

electric constant and permeability at microwave fre-
quencies[J]. Proceedings of the IEEE, 1974, 62(1):
33-36.

MONFE AT, BURK N, S5 A0 52 v BH SR R
WFFE 0] . MFHH AR, 2016,40(2) :142-146.

LIN Xiaowen, KE Shizhen, HE Qiuli, et al. Inversion
study on complex resistivity spectrum of rocks[J].
Well Logging Technology,2016,40(2) :142-146.
B, VR, xR 1, 45 iR R B R A )
P B WF 5T [J]. B8R 5 T &, 2022, 22(21):
9223-9230.

DUAN Wei, XU Wei, LIU Junbo, et al. Complex re-
sistivity anisotropy of coal sample under high tempera-
ture and high pressure [J]. Science Technology and
Engineering, 2022,22(21):9223-9230.
XN, V80, Bk, 55 . i T i 2% 10 B A2 o BEL R 0
AR e i 5T L] . AT, 2022,51(10) :2300-2306 .
LIU Junbo, XU Wei, DUAN Wei, et al. Complex
resistivity dispersion characteristics of coal under high
temperature and high pressure [ J]. Contemporary
Chemical Industry, 2022, 51(10): 2300-2306.

0057 /R ST I O S IR T i U= BN E e Sy
WF5E 0] M FHH A, 2005, 29(3) :188-190.

TONG Maosong, LI Li, WANG Weinan, et al. Experi-
mental study on complex resistivity of shaly sands
[J].Well Logging Technology, 2005,29(3):188-190.

(R S % 4« ) A8
& & 0

WL WL A S AL 1999 A A
2021 AFERND FRIT K% KM EFH A S
TG 20 B KV K B
Hb 5 B R b TRl B 2 A, T
FET7 1] Ay R BE R I 7 1 e i





