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Abstract: The differences in gas content and their controlling factors in the deep coalbed methane (CBM) reservoirs of the
Carboniferous-Permian strata in the Dacheng Uplift of the Bohai Bay Basin remain critical challenges in exploration and
development efforts. This study analyzes gas content data from existing wells in the Dacheng Uplift and conducts numerical
simulations. The results demonstrate that the Dacheng Uplift exhibits a distinct “lower in the north and higher in the south” gas
content distribution pattern in its Carboniferous-Permian coal seams, with gas contents in southern exploration wells generally
exceeding 10 m*/t. Key controlling factors on coalbed gas content include reservoir temperature, pressure, water saturation, coal
rank, and pore characteristics. As coal rank (R,) increases, methane adsorption capacity strengthens while free gas content
decreases. Pore volume shows a significant positive correlation with gas content, whereas total porosity negatively correlates with
coal rank (R,). Increased ash content also leads to reduced total porosity. This study further constructs isothermal adsorption and free
gas content prediction models for deep coal seams under the influence of reservoir pressure, temperature, coal rank, and apparent
density. Model validation demonstrates good correlation between predicted results and experimental data, validating their
applicability for estimating methane adsorption capacity in deep coal seams. Calculations reveal that methane saturation adsorption
reaches a critical value of 14 m*/t at approximately 1 100 m burial depth, while free gas content increases with depth before stabilizing.
The critical burial depth for total gas content is around 1 200 m, where gas content reaches 16 m?/t. Considering gas content, gas
occurrence state, and burial depth comprehensively, the optimal development depth range for the Dacheng Uplift is identified as
1500—2 600 m, where total gas content ranges between 14— 16 m®/t with free gas accounting for 25% —60%. This depth interval
combines high gas content with mobile free gas advantages, representing the most favorable target zone for CBM exploitation in this

area. The high gas content zones in the Dacheng Uplift are significantly influenced by coal rank and thermal maturity, with the gas

generation capacity of the coal seams being the primary controlling factor for the enrichment of deep coalbed methane in this area.

Key words: coalbed methane (CBM); gas content; controlling factors; prediction model; Dacheng Uplift; petroleum geology.
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Fig.3 Analysis of coal seam thickness distribution (a) and maceral characteristics (b) in the Dacheng Uplift
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Table 1 Basic information of experimental coal samples
4 W (m) R, (%) M, (%) A (%) V(%) Ca(%) M (g/cm®) FLBRE (%)
KiE1 1164.75 1.04 1.47 60.90 0 37.63 1.86 6.06
KiE1 1167.25 1.07 1.04 19.95 29.19 50.25 1.40 3.45
KiE1 1261.83 1.25 0.96 6.38 27.38 65.28 1.30 2.26
KIFEL 1262.90 1.25 0.94 16.27 27.08 55.71 1.38 2.82
KIE3 1533.32 1.25 1.02 19.03 23.76 56.19 1.34 3.38
K3 1516.75 1.38 0.94 9.31 24.09 65.66 1.43 2.90
KEE4 1629.23 0.98 0.60 25.76 35.13 38.51 1.48 3.90
K4 1 800.80 1.05 0.90 15.04 28.49 55.57 1.38 3.50
K4 1803.70 1.09 0.80 20.03 29.96 49.21 1.43 3.38
KK 4 1 805.00 1.13 0.87 13.18 30.50 55.45 1.37 2.84
K6 1600.10 0.95 0.84 16.98 34.33 47.85 1.37 2.84
K6 1751.78 1.23 0.69 15.38 26.33 57.60 1.38 3.50
KK 6 1753.78 1.31 0.68 27.89 25.83 45.60 1.52 2.21
KIK6 1755.78 1.35 0.96 15.91 25.05 58.08 1.39 4.35
KIR7 1892.68 0.78 1.50 22.88 34.31 41.31 1.46 1.35
KE7 1977.40 0.84 1.41 20.44 35.57 42.58 1.41 3.42
FHE 1604.82 1.12 0.98 20.33 27.31 51.41 1.43 3.26
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Table 2 Comparison of gas content-related parameters from different exploratory wells
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Fig.5 Comparison of saturated adsorption capacities of typical coal samples in the Dacheng Uplift
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Fig.6 Distribution characteristics of gas content in tested coal samples from the Dacheng Uplift

it 53 B, KI5 BRI B2 0 B RPE S R R
ERBEESS BELEEHEHALS IR
BT & RIS T AR B A R R
B, & AR AR R LI
SRR, E0.70~7.13 m?*/t, 14 3.1 m*/t, KiF
4 R B R E, fE 6.45~18.31 m¥/t, ¥ {H
12.3 m*/t 3R B LA w7 0 o A A R, B
AR I & A% 10 mP/t W RE J7 22 IR
VoA F 5.29~18.88 m¥/t, K 3 -t , 3 M{H M
15.4 m?®/t, J2 e H W B o8 ) e b . 22 IR ) Pt
£ 1.80~2.99 MPa, K 4 -5 i, ¥ {8 2.81 MPa,

8 7% % I DXCBE 5 X B b Y W B SR R T R
32 MEHME
TR e Tk e R R T 249 26 52 SO IR RS L 7
JE 3 TE 08 FIRLEE 72800 AV R 82 BRE A7 7 i
TREE  TE G FETREE LA, W B3 B0l 0N , i g <o
B, e B e R A (A S22 55, 2025b) . HRTT,
TR HB I B A SR A R, AT AR S A 20 (1) B R 1
Langmuir 75 & 31 5 5K B 57 7% 4%, 2025b )
V.=V XP/(P+P), (1)
W B A< AU AN R 52 PR B R S B R R Y
A E, HOE AU



5% 9 1] R T B FER R R A2 TR 7 43 L B g 3569
S,=(V,/V,)x100% , (2) f‘; a
H V2 RIK , em®/g; PR 22 IR JE ) ,MPa; P 16
FAEE T, MPa; V, o S0 & A, em®/ g T2 f ij
SR L K R R B 114~ e —t
14.6 m®/t, KAF 4 H- M 35 14.6 m?/t. W 6 0 2 5L = 8
RO e P SEIS s WL IR CT i
A7.5% , T RE IR 79F B E @A, B 215.8% 2 -
) 75 A7 TE 5 B0 figp W 388 350 A W R A FR S 1 Ui % 1 2z 3 4 5 s 7 8 9

B KR T DX B AR A EE =200 %6 1) 55 IR
%, SRS R T BB B A S DDA O
& GE W A& Ry IR 2 AR AR B A = R A D B A
I b dwe KOAT IR 1006 R 3k b XA 23 g W A 1 A
FE R 5.8%~253.5% ,F 3 115.8% , H A | b T
AR AR, Bl 2 S5 TR 0, TR AR 2 D) A A
T BOE L AR S AR AR IR B T i AR A (&
5FNE 6) , W 7~ B 2 v A7 AR mT WL B i B

4 PR kS R

MRS R F R AR R )E SR
PRAF S A s ) A 5 7R R 3™ A M XA B2 <
AR AR A A B 45 il DR 3R 3 A 4 i 2 IR
fitt J2 T 7 S K R B AR B R B AL B AR 4
4.1 BERE

it J2 5 BE T, TP o 1) Wi BT £ 328 7 RIS (T )
T 3 AT DU G A 001 1 Bl e 3 O, I
B S4B 0 1 R, T SO RS e 0 R AR b )2
T B[] B A 5 o 30 R LU BE R ) R i R
R 45 R A, i il 29 & R b (Flores,
2014) . 7% M BT 45 1R v, Y 8 )2 SR AE T B B 6K
R ot R N Sl 3 ) | B S S G N Rl
14932 2 ), E 53 W B ASTE R AR R R A R
W, B 4 U B R0 Y R R AR 2 R) R R IR &
BF i )23 L B 38 n 25 14 5 H B A 0 3R HRE ) .
42 EEEN

it 2 51 RBUR AR & R A NG S
IERUE SIS TN S SUARI Y S LS SRIUP S YR SR
1o B ) F B AR A SR 2% 1 A 2 T T 2 8
K. P YBECAENEITRESHZEERT RN
RBOESR BoR R 28R T 118, R KT
T 40 MPa B85 1 & A (] 8a~8b) , 28U e
TR & A 2 E A K 8b) . K™ i K 4
A2 TE J 2B T 1.02~1.29,F ¥ 1.12, £ K
1E B 55 A 2 R IR AE %2 R 1 K S T8

JE 41(MPa)

W Bt #5 4k (m'/t)

0 1 2 3 4 5 6 7 & 9
i )J(MP'A)

—_ e e B
= o o o

(oS

W B B (m'/t)

0 I 2 3 4 5 6 7 8 9
Jt 71(MPa)

7 R ™ e A5 T W B S 36 20
Fig.7 Analysis of isothermal adsorption experiments in the
Dacheng Uplift
a. AN TA) L BE 2% 10 B e B ol £ 5 b AS TR KO R R Y b T A
iR 5 oL A [ JRE AR T R T e W R o £k

FH It 95 3 08 K 08 5 W e 43 09 BE B /DN L 4 T T
Y 738 a8, DT A 45 H J6 B 25 ) 0k R I 58] 5 3% 1
AN it 2 R ) 1 K 25 5 B0 3 T i PR aR R S
W BAF R 8 3 5 T 5 %) TR R A BB DR /N, A A5 FH e W B
W Z HE RN E G RRE R AT 2
S4 I DA TT 485 O R o 1) WA B s ) e 0 e A o
KOG EAE,2015) WF5% WoR  EM R R S 444 F
W & it )2 B T e, AR i AT Y R R 1, i 2 X
Eim AN N (Li et al., 2022 ;Hu ez al., 2023).
TOUJFC A 3 47 2 52 ) TR i 2 T ) RS 2
AU R SR R (XA SE L 2025 48 4 RESE , 2025).
KAR TSI 10 5B EHRAE 2 010~2 050 m Z



3570 HiBR B 27

http://www.earth-science.net

51 %

K¥dx| O J

e kif2
40 o f{iF1
2 . e 50
35 ® 5403
® X3
L ® 56
30 o1
= e X7
S ° o ® | o Kife
£ ® K9
1 20 .
Ir ® i1l
4115 ® X7
» e H4
10}F 3. ° ® %60
°
5 » ..
0 i 1 e 1 i 1 " 1 L 1
10 20 30 40 50 60
fitiz & 71(MPa)

P8 Rl b S B 3 DX 3ol 5

® K2
® (51
409 p ® 50
. e 37403
354 - XF3
® is6
304 41
L~
=25 ° e Jife
B o % . e ki
= 204 ® FiFax
n& e il
% ® K¥7
<1154 . * 34
® Ji60
104 : 2 ®
[ 3 PY 2
54 = @
0

T T T T T T T T
1.00 105 1.10 L15 120 125 130 135 1.40

5442 1 ()R ) 2 B ()R &

Fig.8 Relationships between gas content and reservoir pressure (a) and pressure coefficient (b) in wells from the Dacheng Uplift

and adjacent areas

[, THUJR Al M 18 o SO e A U8 A Bk TR
AL BB B O ARG, B 8% A SCRH 1R e SR
RS ARS8 W5 NE A (U= i ) P R SR W 2N
EHRE P EE K ) Gl E T, TR 3
RO X e, R R Z e 7E 0.8~1.3 Z ],
TE R 2 W T 35t 1A 2R G, I T W R A B A T
S8, A RT W e L A B A B AR A TR
B (Lu er al., 2023) 3% X 38k 4 3 A0 X £ %€
W 2 B R R ORI )2 B LTS A e T R
FERUT, Y B = i )2 TR ) S T b B 45 1
4.3 EkEFE

WFFEIE S, A SRR AE 5 2 RIAH 2 B
UM OGP B KPR R B R R, 2% TG AR R I
(& 7b). 22 [ AR B R B PR B A v vl I B
A ) 388 e K25 o, L AE 32 FL B 45 4 R I B e
PEAEE 24 B KT R EE e DA R B e 43 1Y
25 (8] 22 WK 43 F o5 4 L 5 B0RT R B AR Y A B
[ 9 70, AT e A 22 TR B L SR IR 22 17 40 b 7R 2%
JZ S, M 40% 38 & 80% B, Vi 16.3 m¥/t & &
9.8 m*/t, P MR = 35 40 % (A fE 4 5%, 2023 s XB 4§,
2024) 7K 4y & BB 2 o A K a0 LB 2 ]
SEOE AT E MRBE TR, AR R
AR B AR O 45, 2023 4% 55 55, 2024b) . L |
SN T A2 R S KRR i SR E R R
A AR O 3 (18] 10a) , 3 55 AN [R]85 7K 1 RS B0 25 0
IR DL SR I T RS A5 RS L (P, 2020) .
44 BTRREE

IR AL I R G TR B AR B R iR A A LR
SR A TR W B S 55 F o 3R B, B A ) T I T B

| BB mpnm [0 IMOO__g | mmms
m
B
A
—1950
.
17
il
X
& 2000
el TR I 4
AR T
7N
pa 2050
A

B9 RN KR 7 A A RS TR A A 5 R
A7 b7

Fig.9 Analysis of representative coal seam roof and floor
combinations and gas measurement values for the
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Fig.11 Variations of adsorbed gas content (a) and free gas content (b) of coalbed methane with burial depth for different coal ranks

and water saturations
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