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Study on the permeability model and in-situ testing of coal seams using repeated

injection pressure drop method
LI Wei'?, YANG Shilong'?*, ZHOU Hongxing'*, LIU Jinzhao'?
(1. National Engineering Research Center for Coal Mine Gas Control, China University of Mining and Technology, Xuzhou 221116, China;
2. Faculty of Safety Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Permeability of coal seams is an important indicator for assessing the difficulty of gas seepage and extraction, and its accurate
determination holds significant significance. In light of the existing issues with long testing cycles, unstable results, and imperfect models,
this research focuses on developing a rapid and accurate method for determining coal seam permeability and the corresponding computa-
tional model. Based on the radial unsteady-state gas flow control equation within coal seams and the volume flow equation for gas under
different pressure differentials within the coal seam, we have established an injection pressure drop calculation model that utilizes the en-
tire pressure drop dataset for measuring coal seam permeability. The COMSOL numerical simulation software, equipped with the Darcy
flow module, is employed to solve the model. To address variables affecting the pressure drop curve in field engineering design, a univari-
ate analysis of the length of the pressure measuring gas chamber is conducted. According to simulation results, the gas chamber length for
pressure measurement in boreholes can be designed as 2.0 meters. Field arrangements are made based on the numerical simulation results,
and an underground repeated gas injection pressure drop test system is established. This system, in conjunction with coal seam gas occur-
rence conditions and tunnel conditions, facilitates the drilling of two cross-seam boreholes for each of the two test points. These boreholes
are injected with compensatory gas twice, each time exceeding the coal seam gas pressure, to conduct in-situ permeability tests. The test-

ing periods are approximately 6 days and 17 days for the first and second rounds, respectively, with the second round having higher injec-
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tion pressures. Combined with theoretical derivation, it was verified that the Reynolds numbers of coal seam gas remained within the lin-

ear Darcy flow regime during the gas injection pressure drop process, and gas flow within the coal seam adheres to Darcy's law, thus satis-

fying the assumptions of the calculation model. When compared to traditional methods for calculating coal seam permeability, the results

indicate that this method aligns closely with the radial flow rate method, effectively meeting the requirements of practical engineering ap-

plications. The testing results of the repeated gas injection pressure drop method are stable and reliable, offering the advantage of rapid de-

termination.

Key words: repeated injection pressure drop method; coal seam permeability; gas injection parameter optimi-zation; in situ test; gas ex-

traction
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i
c1s %
ERFLAPEAR/m 0.047 0.047
LK% /m 33 26
M ESH
ALK E/m 30 23
AR B /m 3.0 2.5
WIRFLER /% 0.04
U Eh 12 Fh 8 R B (Pas) 1.08x107°
TR TR /K 298
HEBIRLRE / (kg-m ) 1350
VIR FUTE 1/ MPa 120 1.14
JRIZ IR S
L A/ (m® 1) 951  10.65
WIERBERN07 m? 227 385
Langmuir (% /7)/MPa 1.02  1.64

Langmuir SR HHE (m* t1)  26.88  39.26

K& R H/(m’ (m* MPa") ) 12,17 13.96
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Fig.1 Geometric modeling for measuring coal seam permeabil-
ity through repeated gas injection
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Table 2 Permeability of coal seams measured with

different lengths of compressed air chambers

MESZE  HERH FEAJE WEsiE HERES
KB /m JESi/MPa  JEJ)/MPa  #/10"¢ m? B /m?
1.0 2.23 0.525
1.5 1.94 0.767
1.20 1.0
2.0 1.78 0.944
2.5 1.67 1.072
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Fig.6 Schematic diagram of the test system
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Table 3 Calculation of coal seam permeability using

repeated injection pressure drop method
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Fig.7 Schematic diagram of radial flow of gas in the enclosed

space sealed by bags

B R DN AT, I3 AR TR A R U
P P 1) S22 5 RSO e, RIS 39, 3 N
M D AR BHRIR IO 70 56 1 fe kUil —
F 23 ST T A L AR P IR R, 00 95 325 5% A
BIRRPRBIER . 15 1 R ERENNA IR B 5
PEATE A, O 2 RUBCEME RN & T 15,
o —He T AR W P, R I g T
SRR B I E ST o), WA AR5 8 R
HSHH,

B C1 5, C2 Sl LRI 3 0o 5 i £k A 46
YA J7 R AR A B (6), TR 2%
PR BB, WK 3.

H WS R, 7R PN R E R ZRAE R, A
W Tt ) L s g A2 i A2 B8 80 3 /),
A FLIURII R T 114 s 5 0 ) 4 P A X D58, ot )2
BiEARIEHAE . BB AW A R A,



2= B4 ERIAURMOAIRE S SR 5 JF A AT 2024 45 4 )
10
. 25 F
2075 14 ¢ y=6.52c-7.14 22 y=22.62¢-32.19 z
. s 0 I R=0.961 20 + R=0.936
. r |
< = =
£ w Z 6l S
S | T 6 < I5r
< 16+ | [ I
B ! =y &
1 = = 10f
14t |
| 2t 5t
12}
N Ml N N N 0 N N N N N 0 N L N N N
0 100 200 300 400 12 14 16 18 20 22 12 15 18 21 24 27
oEl 3 3
TR o/ Ig (tPT(t)) Ig (tP?(z))
18 12t 25 I
AlA | W24 1=7.86x-8.09 1=18.26x-21.69
JE B JE B R>=0.954 20 + R>=0.934
< 1.6 e ‘ = ot o = o
= 1 & =15
S 14y | s ¢ &0t
14 | N = =
2 oy, | 3 st
o .M M
1 1 | 1 1 0 1 1 1 O 1 1 1 1 1
0 100 200 300 400 12 18 21 24 12 15 18 21 24
) 3 E
1A #/h g (t P;([)) Ig (tP4(t))
K8 Cl15,C2 537 BBk A & Bt xd 4o 4

Fig.8 Pressure changes and semi logarithmic curves at different stages of No. C1 and No. C2 boreholes

JORC 14 5 A 2t AN BB T, AR B ] A A7 3508 i
T PAFEE AR, XHE 3R R ] —E R M
e AU R I DU I 8 LB ) s L TR AT,
AR 149 02 B 2 S0 0 A 2 98 32 3 B R A B 4R
T BT 1 98N B 3 AR e AR T, 7R A F
BE A AN Z I, S B R A RS HeR th X 2 5
B2 BB ERIEES

4 EEFSEREETMEMEST

4.1 HERENAEZRIE

TEHE ST SR IR 208 05 R R, 1 R
LR Z B RS Gl v e . EREESR
JR R 3 A e AR R R = bR 2 v BT
B, DR B PGEIN E 80E 20 5 1Y, (H LR
BB RS BB MRS G BT, &
XT ELHT R SR A A TR IE

22 FLAv o AR ) 3 SR A A A Ao R A A
Re KA 5E, a5 Y BRSO EME 1 SRR
B B AR, FHEECE A9 A8 fh mT LR AR e 2 LA T
THB TR . EVETIR I R FE R ik kY
Femb FHEH Y Reynolds #2353, FH44 H )2 I A I
TECR 7~ 9, BFFE B P g KRS Y B
a5, BRI ECS TC RN ) R ARk, TN
B AU f~Re KR, IPRAKZ L5378 54
WA, Horh ik a s wiod B R o 107 ~ 10,
DY BT T 107 ~ 7 i, FOIHEIE 2 P 0B i

R N2, HBFLe kv .

WP (3) AR Y =R, BHEZ AR R L
BB B, A TR W R AU
_ pd N2aK (p,~p)

nu Ampiiu

PRI S S5 2= 2 S B RAS (7),
AT ASAS R Ay 2] 6 107 ) B A AN
_2x107°
oV

2T = W i = a1 BT TR DA e~ I PC =3 )
F 25 3 Wi KA, R 0 66 B 3K 3l 04 B30T T 1 1 AN Wt
REEARR, XN 1 B T Bt S AN T AR R e A . e B8R
it B 8 bW — s, 26 1 YOI ] +=1/3 d,
IHCERE X I B B TR 3.46% 1072, M2 vh B3 1 37 3
FLEE R 2T 24 =400 d I35 315G SR 5O 1074
214 SO i () 20 52 18 i s, BU30T B4 8 R3S A R
LME, AP IRVIB

A VAR Rl e = s e T X, 4 e
RN E IR 2052 FU R 1 (R el RS Y
SO JE) B — e AE 17 d LA, 3t A o A2 L 0T 1)
TR AL T MR VB T B, W 2 Z LA i )2
T EYHIE S, FUITAE 2 B AT A IR P e .
42 HEERFTEESH

TR R T 3l SR FH AR [ it 1 725 0 g IR 2 8
B3R AHZ R E K, R S8, A e i

199

Re (7)

Re (8)




2024 4F5 4 34

# £ M FH K 5550 %

A AR R RIS R 2R K, HER R
Wy B s e it — e . R IEAURRME
RS A M AR DAl D SR B 281
R, 248 e ) 40, 0 e A A A O R R AN
FROE I Bl 7 R, g8 ST P RS 4 DX ) AT ()T
R AR BRI IR B A AR B IR, R T AR
YR ZE SR . R e B R ARSI R4S
SRATRE R RTEE N, 7 3200 295 38 R TR
HER

2B M R R R R IR AR E, 12
)i ik — AR 10 d DL A HERC ) J5, 0 A
BERME TR ED, R R AR
Cl SILIHRBBEF N 2.271x10 " m?, C2 5L
PR IERN 3.850%10 " m?, RmEEITESE
RS HOLE 4.

x4 REEMSH

Table 4 Basic parameters of coal seams
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Table 5 Coal seam permeability values calculated by
repeated injection pressure drop method and radial

flow rate method
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