CHEEE N R wOAROKR A G Bk B 2 RO Vol.54  No.5
2024 4 9 A Journal of Jilin University(Earth Science Edition) Sep. 2024

ZEHOG INVE L ZOR B S R CE A i M AR AE T KRR RN R e DG R LI DALl G T AR R B A . RO A 2 A (b R
ZERRD ,2024,54(5) :1724 — 1735, doi:10.13278/j.cnki.jjuese.20240006.

Li Jianguang, Sun Chao, Cai Laixing, et al. Experiment on Quantitative Relationship Between Electrical Properties and
Water Saturation of Coal-Bearing Rocks: A Case Study of Yushupo in Ningwu, Shanxi. Journal of Jilin University (Earth
Science Edition), 2024, 54 (5):1724 —1735. doi:10.13278/j.cnki.jjuese.20240006.

B &0 A L PERFAIE S & R TR RIS s 100 &R 94
—LALL PG 7 A B 35 191

BRELH BLERELEOW L EERLEREL EAN
1. W ResE B sl s R A IR AR LIPS I 048000
2. PEEL R AR UR S M BR R E B VIO RN 221116
3. BUERHR TR 2= UL AR b S BIF 9% B¢, GEB 610059
AP T R A BR AR L IDPE T E 036700

WEILESKESEZZAMNS TMET FKREF R RIS S REIRKF BT ERE
FRABANANERGHRT %o 52F XA AL ATLEL, AFAHREARETEZEZRMN. ALERALET
AMHIH SR EEAALARRASTKREEZ e, MBTELHIBBA LM ERBEA TN ZT LR, S>HAHL
Archie 2% 2L 2 W R IR AL CHELEKE S K0 E MEEN ERARILRHEZETLE, TR
AW DBEETRME B LA RIUARSAFIE., D EHZEA I ETRR E B W ILELKH Y@, H RN
Jn § BAKIA B (10 Hz) W [ & A& A2 33 & 0B (100 kHz) & fL & JL-F £ %k, 3) 4 Kiafe 2t B AR
B LB LR R E, A KA T3 e BUAK IR B P AR, 42 A & SR Bk PR ol L 5S AR A K e A
B EAERE B RELNR, HE Kt d LR K Y amd s, 2k ETAEMERKY
W, DEETRMERAS EA L ANBEERE AEF ERLEFH TR BFPRERARLEZY W, R
Rk e amEZFTARNATR, DREBR IR ERHARERZARXAMEE T 2 ELE
FITFE AL AN AN B B I E R A KA B AT R TR,

KPR RARE ;0 E; B LHEZH;EZTHN

doi:10.13278/j.cnki.jjuese.20240006 FESES:P631.8 XHERFR ARG A

Experiment on Quantitative Relationship Between Electrical
Properties and Water Saturation of Coal-Bearing Rocks:
A Case Study of Yushupo in Ningwu, Shanxi

Li Jianguang', Sun Chao®*, Cai Laixing’, Qu Shaobo*, Tong Xuerui’, Dou Zhonghao®, Jiang Zhihai’

Y5 B #3:2024 - 01 - 10

EZ R L1974 —) R E S TR, 32 8 S MEH IF R 7 18 A 0F 5T E-mail . 242612372@qq.com
BEEE PVE 1988 —) 3B Bl 247, 8N E A A W) 3 I A L ER Y P2 5 T ) WF 5 . E-mail . sunchao@ cumt.edu.cn
ESTH:HEAARFESIH (42104111,42230811) ; [H 4 8 s b & X130 H (2023 YFC3008901) 5 il <5 I 5 48 I

Supported by the National Natural Science Foundation of China (42104111, 42230811) , the National Key Research and
Development Program of China (2023YFC3008901), the State Key Laboratory of Oil and Gas Resources and
Exploration Open Project (PRP/open 2207) and the Science and Technology Bureau Young Talents Project of Xuzhou
(KC22018)



# UL, SF R A A R AE S B KRR E B G AR S DA P T R R 3 4 1725

#
(2]

1. Jinneng Holding Equipment Manufacturing Group , Jincheng 048000, Shanxi, China

2. School of Resources and Geosciences, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China
3. Institute of Sedimentary Geology , Chengdu University of Technology, Chengdu 610059, China

4. Yushupo Coal Industry Co., Ltd., Ningwu 036700, Shanxi, China

Abstract: The quantitative prediction of water content in coal seams is of significant importance for
solving the problems of water disasters in mines, improving the technological level of water prevention
and control in coal mines, reducing the economic costs of water prevention and control, and enhancing
the safety and economic benefits of coal mines. In order to realize the quantitative prediction of coal seam
water content, this paper selects the rock of the Carboniferous Taiyuan Formation aquiferous area above
the No. 5 coal seam roof in Ningwu Yushupo, Shanxi, and measures its physical properties and
resistivity parameters. Based on the measurement results, the parameters in the Archie’s formula are
analyzed and determined, and the rock physics model is established to quantify the relationship between
electrical parameters and water saturation, reservoir pressure, lithology and pores. The study shows
that: 1) The rock of the coal seam roof has the characteristics of low porosity and low permeability. 2)
The effective pressure of the reservoir affects the resistivity of the coal seam roof rock.The increase of
effective pressure leads to the decrease of the resistivity at low frequencies, but has almost no effect on
the resistivity at high frequencies. 3) Water saturation significantly influences the resistivity of the coal
seam roof rock. An increase in water saturation causes a decrease in resistivity at low frequencies, but
has a weak effect on high-frequency resistivity. Low water saturation has a more significant impact on
resistivity dispersion, high water saturation has a relatively weak effect on resistivity dispersion, and full
saturation has no effect on resistivity dispersion. 4) The lithology of the coal seam roof is mainly
sandstone, with the presence of mudstone, limestone, etc. Lithological differences have a significant
impact on both dry and water-saturated samples, and the resistivity difference between different
lithologies can reach two orders of magnitude. 5) Cementation index, saturation index, and lithology
coefficient all change with depth, but at a relatively steady rate, and the water saturation can be
effectively predicted by the rock physics model constructed by its average value.

Key words: water inrush disaster; resistivity; rock physics model; quantitative prediction

BORAEIED B 36 K B T — 72 B9 1 F RO S (L7

0 313 T AR BT K 04 R BER L IS 7 vk L3

i E g A AR (L E % 2
B GEit AR RO K E R AOR TR
Wi dEny K F B R 2022 4 FRE L EBT K ESF
BORE 1 200 UYL FEBEDT R F R K E BT
JIGH 22 T 48 7 R R S A S R M E K A
A A 7 B s I () 45 5 T B A SR . T4 B B
KBRS 1 52 0 5 8, 7 B R 5 MO 1) BT
SR WA R AT SR F O K A OB AR T
R B R BR A R ny et . B B iR K
AR 5 B Tl L A B4R Se R 5 i Je iR )
SR H SR, 52 2R 25 DX 5 K gl 7 B Y 1L P A 2D
SEAL TN L BOR A PR . R BN I
TUWRSEAT R BRE AR BRI A ORI .
IR BOARFE T A HE Sk % M BR P B K S 5 PR

ARG R A 5 T 2 0 — 20 AR S L LS R
IR A 5 ARG T AN Bl S A SR R SR K R K TR R
P2 THEER™ B 16 7K B AR K, B AR By i 7K 28 57 I
RN P 4 4 5 2P

SRR B 6 7K R SR T S B A T o Af Pl S T K X
I BV SRR . A Y B EOR R R
P TR B A 43 R AR 9 G B 41 R, 3T A R R R
UYL A SRR TR A B AR R R A
EOKM L e U S 8, Ahmed 00, Bk
T Archie 22 30152 56 00 5 4 i BE < AL B RE W]
R A KRB . Archie 282X Hp d5 E L 0 A
SRR EE B Gn) R N EFE B () o Hovpr B 4
TRECZ Z A0 R 0 A OCHTSE A ElFAswad 451
NP 5 04 T 45 i K5 0 g R L B RE 8 U0 A Ok



1726

BOMK R o RO BR B 2 O

5% 54 &

Keller ™ W 5¥ 25 5 3 W 5 Pk AL R L 52 1 | e 45
T 0 s (1) 359 2% 5% W) 25 A S 445 48 8805 Atkins 51 [f]
FEIA Sy I 45 48 3058 ZUAK 361 T A JURL A FL B 1Y OB
MROBLEE A - R A AR I B R R
SN DL R GTRR S A AR TR & AR AR A
SRS FE B IE 0.  REE 8 0 i R 1 R
B YIAE G 3 H R SR AR AR L A R A
TR, HA R m R W BF 5T AL S Zhao
AEEEIOT (R BF 5T 5 SR 2 T L AR RN R 0 AL R R K Y 43
A3 RS2 3 ) B P K A R /N A A
v/ s Keller™ ™ B0 58 R WY, 4 38 1) 108 V044 () B
23 5% WA 400 R 2 48 %80 Toumelin A5 58 i 5 45 Y
ST T 1000 32 4 500, 45 R 3% WAL 50 0T A 0 B 4 40
M) LK. LA o A 0 4 ) R 25 32 B I 0 s
s v AR R AR A R A ST R WL N ) )
T JEE i 00 B e ELAT R M AT e 8 OR
SV . IR T 2 B8 R W 1 RN B A HIORT R 2
B2 Z P R 5, FL R AR IR AR AE 22 5.
ARG T A R m B EUE VL 1,52~
2.02,n BYBUETEE 2 1.15~3.80, 5 Archie A%
WA RE (n=n=2) FEBE K EF; ¥
VR SE T LR ERARAE SL T Archie 232X 1 I 45 45
BN N SR IA n (BEBUE TS BBl N 1.5~2.5; 2%
JEME BT R I [A]— 2 0 L B 5 42 A W) 1 A
ALy s G845 48 BRI R B B R R T BB AE TE 2% 5
Shankar 8" (W HIF52 R B , FLEBR 25 # il 5 2 B B R |
LS A5 2 A AR Ak, X R Y e BU(E YW B R 0.8 ~
1.03Jackson &M HF ST T ARV ER B R A A 00 45 18
B R RW om B HUE B A 1.39 ~ 1. 58;
Anderson" ™) [ F 75 45 F 2 B, 52 FL B 3% 30 1 ol B
WA R M, e B HRCME S BN 2.0 ~ 3. 5;
Spangenberg ™" #F 5T T K A Wi )2 5 A0 10 10 RN B 48
BORRAE 25 R 0 16 0.5~4.0 Z [ 28 4k, 1645
F R on (AT 3K 6; Bahuguna 255 F— 48 H L A
—H AR TR] Z B NI RS 45 e H5OR it RN B A At AN
), E3 40 0k 1.89 A1 1,46, H &R 43 %) K 1.88 F
1,405 Li Z B GET 245 A0 10 R0 K 6 00 B e 485 i 250N
TN E i By BU(E, 4o S 0.167 7 A 1,601 9
Mohamad Z£PY (HF5E 00, n £F 0.84 ~3.40 2Z[d]
AL BB K om 7E 1.49~2.19 5 Bl 9 A 5 o Ar
fb. LRWFITaE SR B, A A IR R 2 X i 4 4
B RE 8 B LA B S B R e 2

W2 TURMCA A 1 & K 25 KK E %V

S, AR 2 IR TR AR A A B KL
BRREP S WA ST 0 TIRALIR B A 1 S
PEREL R AR S e I 1.01~2.22,m J1.32~
158, A EREL b N 0.78~1.64,n J 1.56 ~4.44,
2B SCRERS I A AT T IR AL AR B U8 B A K 2
F) L PR AE , S5 R 3R e HUEYE A 1.4~1.8,n HL
HEE N 1.9~1.5, 4BFEyT %) & ALK =
A1 S5 8 B tE — e Y Bl A8 4k, Tan 555 & 3
RILEBWEH AR E o 40 4.8, LR HE5E &
& WAL AR B 00 2 14 152 205 i B3O i R B 4 5038 1
FRIAR K R S X 22 TOURS Al A s S 8 AT
FERESE R B 20 % Archie 23 2 26 A 188 2 0 AR 2
A7 R L3R A 5 A S O R S K R T T AR A
FERRR . A SCREICLL PG 77 AT AR B 5 O T AR 32
KB Al 5L o B i e Archie 223 US %K,
ST A 3L R, TR A S B R TN B K R E
PO 4 R A RS AR AR

1 KBEERFE

XHiEFRFEE
AR SO At 2 Sy e T R 2 B R
4 o U e P P BHL R B R A% . X IR AS G T H R
TP ER P I e AT R BH R 2R G, ] [ A
it b AR B R P B Y S SR SR AR B
FRrE il R E AR MRS ERMES. B 1K
WA BT L, AT 2 R R B AR R R 255X
38 mm, B B AT A I 8 [ 0~ 1 MHz, & #
LRI il I 2805 2 (IR 1, A FH I 28 5l 1) 1
J1, 0] g E] 60 MPa; AR (E 1,B), LN H
JE L FE AR N BBk EE R (PEEK) , T 4 S pE R
U B 540 s A ST (B 1, O, AT #& R 2] 60 MPa,
M F] 100 °C; FHEMK(E 1,D), # K PEEK, 7]
T R R TOU S o R M R A SR AR I A (L,
E), HF & WEE(E 1L,F.G.H. D, ¥
2 AN S SE DS s = R v B TP I 7 2 N <O
AR # A  0~1 MHz,

H B ok ) Sk e . TR A DT
W D AR A R v U RE S B R AR W i ko
ELXT T CE 38 3 RN R TR Ty, R R A R
B DATH BR B A e BH X e B R A R R A R
st W00 5 BF AT R i T B A PR O S L E , DA SR AR
At P i P R P L 20 SR A P AR IR B R IR IR L R

1.1



UL, SF R A A R AE S B KRR E B G AR S DA P T R R 3 4

1727

i
A

T
I‘U
N\
o 4
bl

KQ L ; X
—

AR NEEZE B, B C SIS ;D T HLRGE. K FL
WES ;). R R A,

1 BSEESEREENEEEE
Fig.1 High-temperature and

high-pressure  resistivity

measurement equipment schematic
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Fig.2 Measured samples from the roof strata of Yushupo coal

mine
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Table 1 Parameters of 37 samples from the roof strata of Yushupo coal mine
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Fig.3 Property statistics of 37 rock samples from the roof

strata of Yushupo coal mine
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