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Precise Determination Technology of Coal Seam Gas Content Based on Position
Fixed and Pressure Maintenance Sampling
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Abstract; The determination of coal seam gas content is fundamental to daily production in coal
mines, prevention and control of gas dynamic disasters,and the utilization of gas resources. To en-
hance the accuracy of coal seam gas content measurements,a position fixed and pressure mainte-
nance sampling device was developed based on the technical requirements for regional fixed-point
and in-situ environmental preservation. This development was based on an analysis of existing chal-
lenges in current measurement methods. A precise method for determining coal seam gas content u-
sing position fixed and pressure maintenance sampling was proposed, with the process comprising
five steps;device connection, drilling, core sampling, drill withdrawal, and gas content determina-
tion. Field experiments were conducted to compare the position fixed and pressure maintenance
sampling method with traditional sampling techniques. The results indicated that the gas content of
the No. 2-1 coal seam measured by the traditional method ranged from 2. 61 to 3. 09 m’/t, with an

average of 2. 83 m’/t. In contrast, the position fixed and pressure maintenance sampling method
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yielded a range of 3.09 to 3.63 m’/t, with an average of 3.32 m’/t,representing a 17.31% in-

crease over the traditional method. The precise determination technology based on position fixed

and pressure maintenance sampling eliminates interference from hole wall impurities and minimizes

coal sample exposure time during sampling , thereby improving the accuracy of large-scale regional

coal seam gas content determinations in underground coal mines. This technology provides essential

technical support for regional gas control and gas drainage compliance evaluation in coal seams.

Key words: position fixed and pressure maintenance ;coal seam gas content ;directional drilling ;re-

gional coal seam ;precise determination
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Fig.1 Schematic of the position fixed and pressure maintenance sampling device for regional coal seams
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Fig.2 Schematic of precise measurement of coal seam
gas content based on the position fixed and pressure

maintenance sampling technology
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Fig.3 Process flow of precise measurement of coal seam
gas content based on position fixed and pressure

maintenance sampling technology
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Fig.4 Layout of the sampling holes
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HITEL 5 AT LA AE I X BGE N By 1%
GEIOREI s A By 282 m, A -, BRERF
PR 2. 83 m’/t; BT AT S (R EURE I A5 A
PRy 261 m, WAF = R FH RS &R
3.32 m*/t; R A GRIURE J5 AT A BU ST 2 ik
PRI AL Gl 7 SN A5 64 B30T & 2 v, P 24
T0.49 m’/t MR EH AR 17.31% , E PRHURE

I RSS2 BU S i B, X —
A2 BT o BT R AR AL AN
SE PRIBUREIN G P &5 B W, AR BEE HR H 1

KIHEI, KB W, =0.001 9H +2. 817 7 1784k
FUHE, EOR BT AR 4 0.19 m*/ (t-hm) ;1%
SRR FUH o i W SRR BE SRR H 38 s
IN,RELIRM W, = —0.005 4H +4.343 6 (W78 {L M
B EOKR & E A e BN -0.54 m/(t-hm)
E PR IURE R GE BORE 7 =X A5 09 OK B &
AR B —1E — 17, AR AR T N — 3K, e SRR
ISP R A L A e BRI 55/ 21 m, 17 D A5
(- 2 FOI A AN T 0. 49 m'/t, R0 E
KECr & A BRIl 2. 33 m’/ (t-hm) , B K
F BRI D7 X RIS AR 2 A B R BL
A B U B SR AR SO VA DN AR i 2 B
i R R A A2 WURE 7 5 e R I S 4
ESAENTE N

T 2t J5T ) 3 8 DR A 25 1) 32 8 ol A )5 T
FETCH IR BIA 1 & AR AR Ak, A3 18 W 2 01 1 B B



94 % M

¥ I XK ¥ F Ik

% 44 %

[ NI AL , A W7 J2= B R BU ST B 1) B e, R
08 DA 22 5 TR R DRI B G0 4 O U
SR PR A SO X Al 0 P 2 A AE A
PSR ——ZR B AR A BT 2 T R b & B 2=
10 Syt W7 J2 o8 AR S 2 2R 1 52 0, BF 5
JZ FCr 5 5 0 22 W = B K B (A
0 35 BT 2= ) i /0N P R 0 2 )= ) S 42
29 BUARSCHE, 25 2R I 6 Bz, b I 4 445 21
PATERAERLS AL TIRT, a e
D, 1 D, 7351 F 755 W 1355 W J2= 1) e /D B 85 0
W P S

Sr e JESKIER/NER o WSAEWETHER
_________ SHHSELS SR _ _ _ &R0
4 v/ NEE) PHREED)
o A3
é N . & e TR ...@..-..:.- “5====- o
i
g 27 Wy=0.0015D,,43.4243  W,=-0.0023D,,+3.6156
= ) R=0.1167 R*=0.2882
0 50 100 150 200 250
W5 Z W 20 MK BE RS /m
(a) E AR EBUR
Sroom RRSHES/NERS o JSAEEEFEERS
,,,,,,,,, RYRAOAEIE  __ AEANSENE
4 INEEES) S
3 | ¥ m] [m]
o Pt i-- 2o o

& &/(m® 1)
(8]

W,=-0.0012D,,,+2.949 0

W,=-0.0011D,,,+3.030 6
R*=0.0297

R’=0.0642

—_
T

0 , , , , , ,
240 250 260 270 280 290 300
W 5 Z W7 2R KBRS /m
(b) e G TRE

6 HEMNEERRLHSENHMN

Fig.6 Effect of burial depth on coal seam gas content

HI1&l 6 (a) AT UL . Fifi 5 D0 o 55 W7 )2 B /N B
D, W3 7 CRIBURE DU AR (R L2 BL AT 5 1 W, 38
W/, REUIRM W, = —0.001 5D, +3.424 3
(S PR ; BB ) A 2 T2 - B BE S D, 1 3
R, RE DR IBURE IS (4 15 25 BU T 3 £ W, B 008/ )N
RERM Wy, = -0.002 3D,,, +3.615 6 1724k
MAE,

HI1E 6 (b) A] UL . B 2 0 5 1 2 e /N B B
D, HET AL GEIORE A 0 J5E2 FOI & & W, 0%
W, REARM W, = —0.001 2D, +2.949 0
(AR LR ; BE A DU A 2 T2 - Y B B D, 3
R AL GERE I A5 23 BU AT 3 1 W B s/ )N

KEBURM W, = -0.001 1D, +3.030 6 7254k
A,

25 L AT LA B 0 a5 22 DR J2 8 8 i N, o
PRIBUSEIIN 08823 U3 5 i V38 K, Y T
BOR AR PO & AR (LB 0.23 m*/ (t-hm) , &
SR HURE I I A 2 T2 S S BRSO 177 m, e AR
FURE B0 8 Z2 T 2 1 S BE B O 132 m, AL 4t
WUREIT 45 m, T I0 A5 04 ~F- 34 088 23 B 307 5 £ 385
T0.49 m'/t, FERCH K T AR B N
1.09 m*/(t-hm) , BT KT 30 1) oA o K oK
T & RS (0. 23 m*/(t-hm) ), BEHI R
AR SCT5 DA A 2 B B e 4 K R WU
M W72 X o 45 SR AN

SCHR[ 28 ] HBIFST 45 3 I B FLaE o 2 B R
DA O & BT e UHEFL D HORE 7 11.3% ~
22.3% . AR ML g R Oy s = R
ST AR 2. 83 m/t, SR P AR HURE 7 =
B B AR 332 m'/t, AL S
FE 3N T 17. 31% 5 R FA% 42 BUkE Oy =80 45
MR RKREWE RN 3.09 m/t, R R
HEJ7 NS = R R IO & & R 3.63 m’/t,
WALGRE I SR T 17.48% , A SCHF9E 45 1
SEA MR 45 R — 2, B UE T BURE 7 1A 1Y
ATEEPE . B AL ZHORE AL 5 BORE 7 U B AL
KR, — At 100 m, & 45 FL— K 300 ~
500 m; B FLAERK | BORE 8 i ) U 5T B0 AR ] 4,
M BT G d R, JE T RO R A SRR A
SR %) B 5 2 M BRAEG 5 oE DRIBURE ISP ARG LS, R
FER ] B H SR FH 2% P 1 1) 7 201 g
FRBERERY RO R . INIRORE 7 OR & < A% SR HURE
T3 2R AL TR R IR e 2 2 B T A1 BE 5 L RE
AR A T 5 R IBURE 2 — i (o BORE 7 =X J
ALHURE J5 5 P DR, BERE R A AE IO P fe b 1R 4
TR ICFLREZ% BT, AR A B T I 4l e, U
SESE R ANAER , DREAE 5 58 I [A] SR B - fR X
FERYEEFLAS , BURE R[] B {H S B 52 e B 2 BT
I S R PR 0 2 PR 2 O i R R R Y
TRFEITT] | 8 ORIURE B JEAE 2% A O A B (6 B85, 52
BRI R R IR, B8 AR/ N, R BRCEZ B
W T A E 75 (GB/T 23250—2009)
HSURF 30 [0 P JHEAE 3 60R sF () 15 7 5 30 A A 2
2 ST [V) AN 2 L SRR, S 1) MR 5 R 1 0 B
R R AT TR TR] , AR R — AN L, ek
ERA AR, WO M 52 B0 0 5 s A 00 T 2 I
AN A SR T A7 AR R 22 R I S I AR 2 B



%5

AR R T R RRARM M B BT A4 A 2 R 95

W A I I /D 28 1 R E SR IURE A
AT R TUT & i BORSHEI 7E

1) B 7 XS 2 i R R O e 1
BLEEMA T H B3k R 22 W shilig  E L A4z
g4k OSBRI 28 JALA  BGE R L 55

2) % JEMER WA I AL B A B 4R T —
Tt DX B 22 PO 30T 2 i DR A TR o 7 i, )
E T R AR R A B FLR R B LGS B AL
IRAG B2 O & I 5 5 NP ER

3) RAARGBORE Jr A4S 1 =, 2 F T
N 2,61 ~3.09 m*/t, IR &R 2. 83 m'/t;
SR PR BORE AR i = R S s
3.09 ~3.63 m’/t, PRI & 0 3.32 m*/t, K
g By SO T 17.31%

4) DX S 2 T 5 i DR N N 2 T 3
TCALEEZR BT T, SR E % G I Jm) A et 4t vy 1 A
FET I DI 23 B 30 2 s U O HERA . A
SO L B 1 I Tk T o I BUT K B R
FVEL GV A FH B L S AT S (R R S H

£ % Lk ( References) :

[1] = FREM R R 4w It KR ) B H R B

(7). P EBbERE BT ,2023,38(1) 111 - 22.
YUAN L. Theory and technology considerations on high-qual-
ity development of coal main energy security in China[J].
Bulletin of Chinese Academy of Sciences,2023,38(1) .11 —
22. (in Chinese)

(2] SR, TIAHSE 2. FRIR DU T 2 S HROT & itk
PSR T]. AR, 2024,29 (1) 21 -13.
WU Y G,MEN X Y,LOU Y. New progress and prospect of
coalbed methane exploration and development in China during
the 14th Five-Year Plan period[ J]. China Petroleum Explora-
tion,2024,29(1) :1 —13. (in Chinese)

[3] 2RV, RG. FWREE MR iR 2 2 ORI T]. Ik
PR TR 2274z ,2021,40(3 ) :90 - 94.

WU P,WU L. Study on safety technology of gas tunnel pass-
ing through outburst coal seam[J]. Journal of Shenyang Li-
gong University,2021,40(3) ;90 —94. (in Chinese)

[4] DAIL C,LEI H Y,CHENG X Y, et al. Prediction of coal
seam gas content based on the correlation between gas basic
parameters and coal quality indexes[ J]. Frontiers in Energy
Research,2023,10:1096539.

[5] LUZ,WANG L,LV M Z,et al. Experimental study on coal
and gas outburst risk in strong outburst coal under different
moisture content [ J |. Frontiers in Earth Science, 2022, 10
782372.

[6] OUYANG Z Y,WANG H C,SUN B, et al. Quantitative pre-
diction of deep coalbed methane content in Daning-Jixian
block,Ordos Basin, China [ J ]. Processes, 2023, 11 (11):
3093.

[7] WANGCJ,LI X W,LIU L T,et al. Dynamic effect of gas
initial desorption in coals with different moisture contents and

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

energy-controlling mechanism for outburst prevention of water
injection in coal seams[ J]. Journal of Petroleum Science and
Engineering ,2023,220:111270.

NPT AL, FR RS, S B BUHT A I E BOR B
WEIEHE I T]. BERAL AR 2024 ,52(4) 1164 - 176.

SUN S Q,YANG F,ZHENG Y Q,et al. Research progress of
coal seam gas content determination technology and equip-
ment[ J]. Coal Science and Technology,2024,52(4) :164 -
176. (in Chinese)

JtR S R, EA R, BB RS R — i A
SR E Jr 35 [ 7], A7 i, 2022,47 (8) : 2873 -
2882.

ZHOU F B,KANG J H,WANG Y P, et al. Method of under-
ground integrated automatic and accurate determination of
coalbed gas content[ J]. Journal of China Coal Society,2022,
47(8) :2873 —2882. (in Chinese)

AR XA B, A5 0 DU SR 2 B Y
WIEAHILI]. %A =R HR ,2018,14(3) : 102 -
108.

ZHAO F J,LIU Y W,HAO F C,et al. Analysis on measure-
ment error of gas content in coal seam by normal atmosphere
method[ J]. Journal of Safety Science and Technology,2018,
14(3) :102 - 108. (in Chinese)

XUREAG, v R, b 300 Aok 393 A S22 B 3 A8 X O i R
[J]. BEm T#E,2012,44(11) ;105 - 108.

LIU Z W, FENG K W. Discussion on correctionmethod of
seam gas content during geological exploration period [ J].
Coal Engineering,2012,44(11) ;105 - 108. (in Chinese)
R, BRI, 22308 . BB T A7 BIL A 5T
DR SRR T]. A% 42,2020,51(5) :10 - 15.

QIN Y J,CHEN Y P,JIANG W Z,et al. Research status and
prospect of gas occurrence mechanism in deep coal seam[J].
Safety in Coal Mines,2020,51(5) :10 —15. (in Chinese)
Mrag ) N BEZ BUHR IR ) 5 A i R BOR AT o
[J]. fEdb b 22 B 2% 40,2023 ,20(5) .1 - 14.

CHEN X X. Research progress of direct measurement of gas
pressure and content in underground coal seams[ J]. Journal
of North China Institute of Science and Technology,2023,20
(5):1 -14. (in Chinese)

TRANE. FC3T 3 e 00 5 ORE BRI ST BUAR B [ 1] s
A ,2021,40(6) ;147 - 149.

ZHANG D X. Present situation and prospect of research on
gas content measurement and sampling technology [ J]. Coal
Technology,2021,40(6) ;147 - 149. (in Chinese)

TR S PR A PR ORE B A 7 AR 2 B 407 5 o o 1
SE PRI IRFIE L T] . BEAREAR 2022,41 (1) 111 - 114,
HAN C Q. Study on application of reverse circulation in situ
rapid sampling technology in accurate determination of gas
content in coal seam[ J]. Coal Technology,2022,41(1) ;111 —
114. (in Chinese)

R B, SRR, SOK AT U R AL AT R 4
TEVG B AR [ 0] BEs224x 2021,52(8) :123 - 127.
HUANG H, YUAN Y M, ZHANG D X. Application of gas-
water switchable deep hole quick sampling device in Xima
Coal Mine [ J]. Safety in Coal Mines,2021,52(8):123 -
127. (in Chinese)

ZEWE DR M, R AR A )2 TU I % o 5 S R ORI
S R RH[J/OL ). R 15 24 TREA 4, 20241 - 14
[2024 - 11 - 06 ]. https://link. cnki. net/urlid/32. 1760.
TD. 20240912. 1401. 002.

LI H,YI J H,WANG R H,et al. Research and application of
negative pressure fixed-point sampling law for coal seam gas
content[ J/OL ]. Journal of Mining & Safety Engineering,
2024:1 -14[2024 - 11 - 06 ]. https://link. cnki. net/urlid/
32.1760. TD. 20240912. 1401. 002. (in Chinese)

TR 5K P BT, A 5 U BORE 2 BT A
DNRE AR 1 3 J7 1 [ 0], o [l K24 2431, 2017, 46



96

Yo

¥ L X

¥ ¥ K %44 K

[19]

[20]

[21]

[22]

[23]

(4):776 -782,802.

WEN Z H,ZHANG H T,WEI J P, et al. Gas loss calculation
method for gas content determination by sampling method
based on negative pressure pneumatic conveying [ J]. Journal
of China University of Mining & Technology,2017,46(4) :
776 -782,802. (in Chinese)

ikaEE A, AN, A5 VKR DR R IBORE 6 vh oK iR TE
TREER L S 80 [ T]. MR E Tl R 22 41, 2017, 49
(4):162 - 166.

ZHANG X X,PENG J M,SUN M Z et al. Numerical simula-
tion and experimental studies on the formation process of ice
valves for an ice-valve-based pressure corer [ J]. Journal of
Harbin Institute of Technology,2017,49 (4):162 - 166. (in
Chinese)

FIRF, e, R, . VR VRIBGE I B % BU B AT TR
G AL T [ 7] BSR4 41,2021, 46 (1) :199 -
210.

WANG Z F,WANG L,DONG J X, et al. Simulation on the
temperature evolution law of coal containing gas in the freez-
ing coring process| J]. Journal of China Coal Society,2021,
46(1):199 -210. (in Chinese)

ZEEUH, Or R VR A I TR B R S s B PR RO
PRI BRI [ T]. R BEFIAR ,2017,45(7) 168 - 73,
166.

LI Q X,FANG J,XU C,et al. Sampling technology for meas-
uring gas content in coal seam with long distance fixed-point
pressure sealing in underground mine[ J]. Coal Science and
Technology,2017,45(7) :68 —73,166. (in Chinese)
SEOGS. IREJZAR P B  E 2  R E R [T] . Y
BRHIR 22412019 ,39(4) 603 - 609.

JING X P. Testing device of methane content sealed coring and
measuring technology[ J]. Journal of Xi’an University of Sci-
ence and Technology,2019,39(4) ;603 —609. (in Chinese)
BREAZS I SR, A5, « B — JF — B AU B R
Fakm [ V], AR B4, 2024,21(3) 1 - 5.

[24]

[25]

[26]

[27]

[28]

CHEN S J,ZHOU T,HUANG Y H,et al. “ Seal-open-seal”
type seal sampling device and test[ J]. Journal of North China
Institute of Science and Technology,2024,21(3):1 -5. (in
Chinese)

SRR BRI AL P 2 i AT IBURE 25 e o) K 3%
N[ T SHLH 2024 ,45(2) 30 - 34.

GUO K M. Development and on-site application of a new type
of long borehole normally closed fixed-point sealed sampling
device[ J ]. Colliery Mechanical & Electrical Technology,
2024 ,45(2) :30 —34. (in Chinese)

AT AR T A A TR L R R IO B R
J 35 B30T 2 000 s BE ST U e (). O I b BT S B AR
2023,51(8) .1 -12.

XIE H P,CUI P F,SHANG D L, et al. Research advances on
the in situ pressure-preserved coring and gas parameter deter-
mination for deep coal seams|[ J]. Coal Geology & Explora-
tion,2023,51(8) :1 —12. (in Chinese)

BRI A sl S DRI A AL TR B R
SR R[], Aa %5 TR ,2020,39(5) 1865 -
876.

XIE H P,GAO M Z,ZHANG R, et al. Study on concept and
progress of in situ fidelity coring of deep rocks[ J]. Chinese
Journal of Rock Mechanics and Engineering,2020,39(5) .
865 —876. (in Chinese)

SRR B, AR A — T DRI A e R T
PRI 5 266 B K J7 1% : CN118362702A[ PJ. 2024 - 07 - 19.
RSCHE, A, XN, S5 2 B JIURE 56 B 7 ok DU R O
WIS SR [T ], AP, 2024 ,45(4) ;142 - 144,
ZHANG W K,ZHAO W ,LIU D C,et al. Research and appli-
cation of fixed point sealing sampling device in Chensilou
Coal Mine[ J]. Coal Mine Machinery, 2024 ,45 (4) :142 -
144. (in Chinese)

(TG4 RFH)

(1922 88 51)

[13]

[14]

[15]

[16]

[17]

[18]

VLA 2SN, AR U, 45 M J2 IS M 28 7K T frY) PCA-
OPF 8 RI[ J]. b TFEHFSY ,2021,36 (1) :49 - 54.

JIANG Z H,YUAN Z G, XIE D H, et al. Prediction of coal
seam floor water inrush based on PCA-OPF model[ J ]. Miner-
al Engineering Research,2021,36(1) :49 —54. (in Chinese)
Jit e 7, s A, 245 L TR ) 5 IR A R 3 TR R 4R
SRR BINAARL T, LR BB R ,2020(10) 1176 - 178,
181,184,

SHIL Q,SHI Y D,LI Y. Prediction model of maximal water
bursting discharge from stope roof [ J]. Shandong Coal Sci-
ence and Technology, 2020 (10) 176 - 178,181, 184. (in
Chinese)

XHa A, K, 228, S BT ZOA-CNN-GRU FER! i
JRIRAR F K ST [ 1] . R 2024 ,50(6) 44 - 51.
LIUY D,LIU Y,LU L P,et al. Prediction of water inrush
grade of coal seam floor based on ZOA-CNN-GRU model
[J]. China Coal,2024,50(6) :44 —51. (in Chinese)
ABDEL-BASSET M, MOHAMED R, ABOUHAWWASH
M. Crested porcupine optimizer:a new nature-inspired meta-
heuristic[ J] . Knowledge-Based Systems,2024 ,284 .111257.
BEELRE , B OH  AR  , 5F. 25T DBO-SVM 2R %5 XM 1 444
FE RV [T] . PhBH B TR %2441, 2024 ,43(6) 185 - 90.
XUE K L,CUI X C,QI Y,et al. Prediction of spontaneous
combustion fire in goaf based on DBO-SVM[ J]. Journal of
Shenyang Ligong University,2024,43(6) :85 - 90. (in Chi-
nese )

RVLIE SR AR AT, 2Rk, AR HE T GRA-MSWOA-SVM 1
IS RO 28 A B M T ATF 5T [ 7). 4 s 4 R, 2024, 43

[19]

[20]

[21]

[22]

(7):159 - 163.

GUO J F,ZHANG M Q,LI Y H,et al. Study on coal and gas
outburst risk prediction based on GRA-MSWOA-SVM [ J].
Coal Technology,2024,43(7) :159 - 163. (in Chinese)
WRIGZE A0 e B 48 BT KPCA-LSSVM (19 [l 5% T-AF
T PUIHTIR HE i B S0 [ 7] o [ 2 A A PR R A R 2024,
20(4) .78 - 84.

CHEN Q J,YU H,LI Y C,et al. Prediction of gas emission
quantity in mining face based on KPCA-LSSVM[ J]. Journal
of Safety Science and Technology,2024,20(4) .78 - 84. (in
Chinese )

ZEIRIG B I LT /INVREA B LA 25 ) BB IS B R
IR I, 284 ,2025,56 (1) 171 - 179.

LI C X,LU H F. Prediction of water inrush from coal seam
floor based on machine learning with small sample data[ J].
Safety in Coal Mines,2025,56(1) :171 —179. (in Chinese)
XR5 5K T, R HE T R BT 28 ) 45 R AU 1) A 2
JEARFER BT [ J]. R JFIE TR 22440, 2021 ,52(5)
810 -816.

DENG Q, ZHANG Z Q, WANG Z. Dynamic prediction of
water inrush from seam floor based on gate recurrent unit neu-
ral network model[ J]. Journal of Taiyuan University of Tech-
nology,2021,52(5) :810 —816. (in Chinese)

TR IFOR. F T BP Bl I 45 1 2 R A 58 K a4 G T
[J]. BEVRERBELLD 2022,36(6) :101 - 109.

ZHANG C B. Prediction of the level of water inrush from coal
seam floor based on BP neural network[ J]. Energy Environ-
mental Protection,2022,36(6) :101 —109. (in Chinese)

(DTG ARFE)



