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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, pore
characteristics. As coal rank (Ro) 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 (Ro). 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 1100 m burial depth, while free gas content increases
with depth before stabilizing. The critical burial depth for total gas content is around 1200 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
1500-2600 m, where total gas content ranges between 14-16 m® /t with free gas (5t 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: Deep coalbed methane (CBM); gas content; controlling factors; prediction model;
Dacheng Uplift
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WA K= A . RIS AR/ X O MBI E 2, e (09 15 0. H,
KB 1RSI RN 3R 6390 m/d (1 TS RN X R SR E SR R
FEAS oA B e HA I R 3R, 0 TR SR R 26+ $ s R R ke L EE 2 1)
BB AP o KIR 7 HAE 2021.85-2024.35 m. 2026.7-2034.5 m MEABIERE”, f
H 75 2898 m/d, P2 E>10 /7 m’, IXbREE R XM Z S HF R IEEEM 800 m LAY
J& % 2000 m iAo PRI EIAEE R, G SRR AR 7 2 0 1 R A Ay A 2 A g R
SEWEESIATE . BEE RS JEE)Z 1 S BE DL R 3 PR 2% 4 2 AT AR DT i 06 2R A2 R
E A E (B E, 2023, 2024; FASLZE5E, 2025). K™ EC iR X 7 5 A,
W A o DX A i 7 1) B B (X B AN 5T R T S e 4 DI A e X P R
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Fig.1 Structural Unit Division of the Jizhong Depression, Location of the Dacheng Uplift, and
Comprehensive Columnar Diagram of Coal Measure Strata
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Fig. 2 Top Structure Map and Well Location Distribution of the No. 6 Coal Seam Group in the

Taiyuan Formation, Dacheng Uplift.
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Dacheng Uplift
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Table 1 Basic Information of Experimental Coal Samples

4 HEF/m Ro/% M.o/% Awl% V% Cail% MWL/ (g/em®) FLBREE/%
PN 1164.75 1.04 1.47 60.9 0 37.63 1.86 6.06
K1 1167.25 1.07 1.04 19.95 29.19 50.25 1.4 3.45
KR 1 1261.83 1.25 0.96 6.38 27.38 65.28 1.3 226
K1 1262.9 1.25 0.94 16.27 27.08 55.71 1.38 2.82
KR 3 1533.32 1.25 1.02 19.03 23.76 56.19 1.34 3.38
K3 1516.75 1.38 0.94 931 24.09 65.66 143 2.9
KiR 4 1629.23 0.98 0.6 25.76 35.13 38.51 1.48 39
KR4 1800.8 1.05 0.9 15.04 28.49 55.57 138 35
KR4 1803.7 1.09 0.8 20.03 29.96 49.21 143 3.38
KR4 1805 113 0.87 13.18 30.5 55.45 1.37 2.84
KK 6 1600.1 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 57.6 138 35
KK 6 1753.78 131 0.68 27.89 25.83 45.6 1.52 221
K6 1755.78 1.35 0.96 15.91 25.05 58.08 1.39 435
KT 1892.68 0.78 1.5 22.88 3431 41.31 1.46 135
K7 1977.4 0.84 1.41 20.44 35.57 42.58 1.41 3.42
T 1604.82 112 0.98 2033 27.31 51.41 143 3.26
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Table 2 Comparison of Gas Content-Related Parameters from Different Exploratory Wells

SRAF3>10 /e, T A7 22 B ARBL Vi AT 5.29-18.88 mve, o 3 JRA,
2[RIy PLVEH 1.80-2.99 MPa, K4% 4 JF iR,

P=r=%

I & E(m/) Langmuir 771 Langmuir /£ 77 LRI PR (/) R B A R
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N 0.7-7.13/3.1 5.29-18.88/13.4 1.91-2.26/2.08 12.09-15.9/13.5 5.8%-190.2%/47.5%
®1

K 2.14-4.98/3.7 14.03-16.77/15.4 1.80-1.82/1.81 12.48-14.93/13.7 52.3%-172.8%/112.6%
3
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4
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Fig.5 Comparison of saturated adsorption capacities of typical coal samples in the Dacheng Uplift
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under Different Water Saturation Conditions; (c) Methane Adsorption Curves for Different Coal
Metamorphic Grades.
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HAEBSME S REL AR R EE ) REBURE . SEPiah X OS85 1EE
1 HUZE 2B Eor, A REGST 118, HZE 1T 40 MPa 85 &S & (K
8a, b), ZHIMIENRBEHAELEEFTEE 8b). KM KR ABEEE I ZBANT
1.02-1.29, “F¥y 1.12, RICHIEHE 558 K2R IR 62 138 K 2 5 80T e 2 i 1
Ko B FBE S ROBE BS08/0N, F TR F 3858, AT 45 PR o B 25 5 4 TR B B T
WAk, IR SR 2 S BURER T R B 5, R W B PR 0 P 5 PR VR B 34 B S, 5645
ST E e E AN ) AV U PA NI NS O 8 s il U 2V N B PNGEPSHIB LA RSl TR
T ECH G M G R (B AA A, 2015). BEFC R, TEARRE I 6AF R, BEEMEZ R &
SAREATIRE RGN, RS A ARG (L et al.,, 2022; Hu et al., 2023).
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Fig. 8 Relationships between Gas Content and Reservoir Pressure (a), and Pressure Coefficient (b)

in Wells from the Dacheng Uplift and Adjacent Areas.

TR A7 & SR T R 2= 5 ) RS R e M E B R R (A A Res%, 2025; X
PR, 2025). KR 7 HNHEAL 10 SHZHEA AT 2010m 2 2050m 2 7], H IR A 1
BINECE e s Ve i BUR e FLIR EE RIS R ARAR, RERSAT R0H L B b Uk m) BBl i) R 3%
B TERECORARIE R, AR E PR (B 9). WO, TR E I R AT
X, HIENRBE UL 0.8 £ 1.3 28], JHREERE B ARG, 0] 1 b
Fr54H#, AR T DA A8 2 B B ZASIAE TR BT (Lu et al., 2023) IZIX A& AH XS
FasE, W=t RORE , HEIE B TR o8 BV DR AP B, TR R i J s 5t 1
WEEAE
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Fig. 9 Analysis of Representative Coal Seam Roof and Floor Combinations and Gas Measurement
Values for the No. 6 Coal Group in Well Datan 7, Dacheng Uplift
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WETUESE, B S /KA 5 22 IR R 2 B U DR, RIS K MR i, 24 QAT
FRAG(E 7b)o 22 IR SRR A op AT B A B B K B, LB 2 ALBR A ) A
R BRRFPE S o 2 SR LRI EE SN, JRUASIR B R B 20 (0 2 () S K o F i B, B0
AR R A B 2 ) L 5 AT FEATG 22 AR AR - SRR 2 T 3 AR 2 Sw I 40%48 22 80% 1
Ve H16.3 m¥t B 9.8 m/t, FEIEEIE 40%MfEASE, 2023; XBASE, 2024). HIT /K&
B2 2 KRR R, S0 8 T IRAE S R AR T R, A S8 Uk S &
PEARCHERSE, 2023; 2545, 2024). LA LRSrirfiee 16 R Sk WA B SR &8 2
FAHREE S (B 10a), X GANE S 7K HAIEE TUAMASE R A MES 53 TS SR IME,

2020).
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4.4 BRFER

WA TR RE X W B RN B8 R A B o SRR SE g o o R T, R e AR R
AE/IBE Ro AUHEINZ B B HISES (A 7c). BALIERIERES, AYLUR D TaiHIZHsesE L e
BURE P ROKIILIR ARl /NMLEERRIERE, 2014). —BUBOLT, B2 MsLE R
3R BEBORII LR TR, AR T IR RIRAF (L et al., 2020). AHXT T, KAL, GeLAN
FLIHER AR, AT LAY e B £ B 22 AR BT, AT v FP e (R B o AR o e P
Xl B R AR EAR IR FLRR BE AL R AS H 0224k b B A RAR G K, SR AR A
RALHA, TR NLIE 2, BRI R AR AR . FLAE>3 nm L. RALMBIERER 2
W T 1 I 2 A 2 ] o DRI 90 B SR B s B A SR R ) 18 i B0/ N R 5

4.5 FLERARFE

e 70538 DL R I P U775 FLRR T i s URT e 1 ERAAAE AL KT 3 nm 19
B LB o MR AT B S B SN AT 0.69%-1.5%, T8 1.1%. BEELER T
i IR R R FL & LR R, AL ER B BT (Rl —H5%, 2020), flefL B4R THI IR 7T,



EBAEFLAR S EUR be o152 0B B AR, SEBRTT B R oKL B4 8 SR U,
U ARG, BONIEE AR S SRR DB . I LA AR I A RS R 24 43 AL
BIGHAL FHL. KAL), BAITHESXFFLAR . AR SRR SRR EE EHX
(& 10b), ESEHRFL A T ik B 2 (R0 i B URAF B BRIV E - o Sk, B ARmis
BN R FBUR A PO AR T, M2 R TR R 51 R AR, RAE SR 25 BRI SRR &
HERD . SIS Ro fAE—ERHAHRNE, Ro FanafLBREERAG. BT X FLBR A
T 0.1%-6.34% 18], P34 3.20%(Kl 10c). FLBRZHRAEHI S EMNERE, K. K
G RS RE R AT P E S Hh K5 Ro ERMFLERSE M) 2 2
o BT FLBR EEAAAE — € I FURHINE, KA FHEFLBREE FEAR (B 10d). FLFREE PesE fig <
IR, BRI R A, 28 <& 22K (Bustin & Clarkson, 1999; Flores,
2014).

d

5 BEESETNER

5.1 RS S B MR

BT BIREmE RS, EIRAR Vi 22IREJ) Py HFREREE AR, T2 B R AR
TAE Ak, SEERAR I Ro EZRE T FFLIE . KSR RH KA, 2023).
W PR oy B B BRI B AR, NI RIS B XSS R IR e 77 AT 52 R
(Ro)~ B2 (T)FIREE LB FE (po) 73] 5 22 IR AR Vi i Py HEAT 2 70 R PRI 20 #T, W2 IR
SRR

V=55.751-0.218x T+4.072xR0-23.604xp, (x3)

P =-1.887+0.07xT+0.911xR0-0.651xp, (X 4)

X, TRFREE, AT Ro REFEFUESITE, %: p ARBEEWHE, glom’ .
¥ (:03). (R HBEGER 1), BRI ERIEEEME RS B A PR BRI % B
SR (R SR PRI A o e LU SRE, ) A TS 2 B9 380 Py FRY Jo e ROl e B 3 1
2 T PR A S 5 T R R B A 0 A PR TR Y B R B R R M (RP=0.76) , B
] TR A 2 FE e R B 8 0 Tt o

52 EAEETIEE

S ' TR T AMRE 2 X Mariotte 7€ (Lewis et al., 2004). 5
BRI E A, AR ERE, BRI NEGEH F 2, BI3ET Boyle-Mariotte 5E 13 (1]
JE 48 K5 RS TT R S SE Bl B U (4R, 2023 MJRIRAE, 2025; SRS, 2025).
TR A BRI R 3R A, — MRAR 2 SRR VRIS FREER S T Bl 02 F b 7 7 IR AL
), AR AFUBRARAR U B AR DRI 5 B 22 BRoK 3 BT o3 25 R (R AR 45 3800 S B s
J2 i B AR U SRR W B RT A I ALRR A T, DRI TSR B AU R P AR B B
W ARG RS, 2023), K FLER I B BN il B S FLIRE -



V= (¢.620)(1-Sy)PTse/pPscZ (X 5)
A VAR A SR, m PONMEEIE S, MPa; T 2%, K & AFLBE,
AR A R LIRS : S\ A B KMRIEE : p WIERIRLEE FE s glem’s Py AHATET T bR /7,
MPa; Ty NI FERAEIRE, Ki Z NSRS T
WA e i FLBR FETH SR O G, 2021 A4, 2023):

$ad=VadPePe/Pad (=X 6)
pe AFMEIRZS (1 AMFRERSE 20°C) FHEEI# R, BUE 0.66673x10°tm’ . H Ozawa
SE(1976)FI R 43 07 14 R B S 360 g 37 PR 28565 2 QR v R 4 PR e 28

Paa =pa exp[-D(T-Ty)] (7
o pg W E T I BE0wh S8, BUE 0.423 tm®; Ty % N B AIWE SR A 111.65
K
D B R B, B 2.5%10°K s

AR AR R Z i@k NIST #d PR s 21, U 0~30 MPa AN AR J%(303.15.318.15,
333.15. 353.15. 373.15K). J&73(0~30 MPa)H 5t 1 45 K - %45 K A Rational Taylor 75 72
PL L-M J5i%HE4T LA (Conca et al., 2024; #JK%%, 2025)

2.0840.2624p —0.06371T + 2.39 X10 'T? —9.81 xX10 'pT
140.4199p —0.05737T — 0. 00287p" +2.30 X10 'T* —0.00118pT Gt 8)

5.3 SR EIEN AR SRR KR

BET g S AR PRI A A5 B P MR it 2 AN [R1 SRR AR R PR PR 0 i 5 PR o 5 B A
SESHRIKR . RFFCECAFLRE 8% T AT, 255 R HBEIERIG K, St
BER VLRI B B AR AR “G SFHREE” WP SR BN T 1100 m 247, H&®EWIAR] 14
m’ /(B 11a). FE<1100 m SR P, KEAE 2 7706 PR S B4 P 0 L 20k 7 T4 B A A7 3
D] S F 7 100 R 8 A R B B R VR R R I T R (R s B TR AR SRR, IR X FR e R B
AR FH A2 5 3 23, S R 2 v F e 10 TR A2 T R DT 2 300 L 224 PRI 1 A
s . X— MRS TRZ W ARG, RS /R 2ttt X (2 SRR e 4 R A (F R A 55
2023; A B4, 2023). I B A R BE A SR AL BRI = R T AR E AR B (B 11b).
I TR I KR 7 T i 3 B0 B U BE BT K, AT A A0 2 A 2 i i MR 8 K 2 0
MBS . B TR A B R 2 R IR 2 FLRR R AR T W N, T LA A =
BEHRRZETIG I SEBRHI SR A T, PRI TE R R /R T I S AU S AL Rt R
1K, BLALRGRE SHER ARG RBEHEN A A 22 5, S B0 NI S b, iR
GRS E NG A4 (L etal., 2013; K574, 2016).
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Fig. 11 Variations of (a) Adsorbed Gas Content and (b) Free Gas Content of Coalbed Methane
with Burial Depth for Different Coal Ranks and Water Saturations.
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