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Abstract: The occurrence state of coalbed methane (CBM) is one of the key factors influencing the resource assessment and the
development efficiency of deep CBM. In order to elucidate the dynamic evolution laws of free gas and adsorbed gas within deep coal
reservoirs, as well as their geological controls, thereby deepening the understanding of deep CBM accumulation processes, this study focuses
on the No. 8 coal seam of the Taiyuan Formation in the Daning-Jixian Block, Ordos Basin. Prediction models for free gas content, adsorbed
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gas content, in-situ porosity, and water saturation were established. These were integrated with a systematic reconstruction of the coal seam
burial history, thermal history, thermal maturation, and reservoir pressure evolution, to investigate the dynamic evolution of gas occurrence
states during CBM accumulation. The results indicate that the dynamic evolution of free and adsorbed gas during CBM accumulation in the
study area can be classified into four stages: (I) Late Permian—Early Jurassic: a period of rapid coal seam subsidence, accompanied by a
sustained rise in adsorbed gas content and negligible free gas occurrence; (I1) Early Jurassic—Early Cretaceous: a stage of minor fluctuations
in burial depth of coal seam, during which free gas content gradually increased, while adsorbed gas content exhibited oscillatory variations;
(1) Early Cretaceous—Middle Cretaceous: second rapid subsidence phase of coal seam, in which free gas content first decreases and then
increases, with adsorbed gas content rising slowly; (1) Middle Cretaceous—present: rapid uplift of coal seams, during which free gas content
gradually decreases, while adsorbed gas content continues to increase. The findings of this study can provide a theoretical reference for
favorable zone selection and efficient exploitation of deep CBM resources.
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Fig.1 Location, coal-bearing strata, and structural characteristics of the Danning-Jixian Block in the Ordos Basin
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Fig.2 Schematic diagram of the experimental apparatus for measuring overburden porosity of coal samples
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Table 1 Experimental scheme for overburden porosity tests on coal samples in the study area
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Fig.4 Relationship between measured and predicted normalized porosity for coal samples from the study area
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AR RETMIRE
3.1 BESSENBIRZEETNER

RAE RS TT R, A7 SR IR ) i AU R, NIRRT MO & SRR T S A oy (R 48,
2015):
Pon, @i (1-S,)
pcoaIMCH4
KA, Vi MBS SR, Mt pons AFBEEE, glem®s peoa NIERIE, glem®s Meps NHEERI 7> T8
g/mol; g AIFAIEEFLBRE, %.
AR FR e LS ARSI 12, A FRE T b2 BT Ry (TR, 2010):

PMes, (4)
ZRT

V... =22.4x10°x

i

(3

Pen, =



b, PRRGLN KT, MPa; Z SRS T, TEWN: RANUEEL: TARGALNRE, K.

THE RGN, FEkfeXEgRN T Z M. KT Z EfE, BarERamERs. 28405, %
360 vk DL R B TR S TR vk (¥, 2012) . Hodr, RK (Redlich-Kwong ) 77 2. SRK
(Soave-Redlich-Kwong) J7#£. PR (Peng-Robinson) 772, BB (Beggs-Brill) 2 EARE M. ¥ (2021)
M EEUEAGE, 73K T RK. SRK. PR A BB J7 FEAEA AU H 26 A7 T 50 B2 (9 FR b 4 81, e vk B
B . BiJG, AR oA g L 5 M [ K bRviE SRR ST e (NIST) $dfi &2 Chemistry #5HeHh AH R &
ST e AT, THE TR 2% ¢ (BN 5). ZEREM, ENUREER G, RK 5 (R 6) (3%,
2021) Pt SR R /NP AR %, Z009 0.19%, LT LS . PRIk, ASHT IR R AT RK A
X AN [ S A T 1R Y e 5 AT TE

Phist
R, p o B AR B B BEE, glem®s pist A NIST B et R gR 35 B8, glem?®,
Z®-7?+(A-B-B*)Z-AB=0

At irZe (%) = (5)

ap Y
A= ——-=0.42748—"
R*T*® T (6)

r

8= _o08664Pc
RT T

A, Z RGN T, RN T xR, RVEEE Sim FEREEHAE, POAXSELIS YT, R S5
il o=

3.2 IS & EFNEE

BT8R 2 7 R - 5t L DX R R R AT X BB PR R o v i v s S8 U R B 2 3 K 45 R, 27« Langmir
R (VD) 5IER (Roma) ZIIEMRK R, B Roma G, VLIZHIIE R (B 6a); 1M VL SIERE (T) 25
TSR (B 6b), WIERTHE 11, MK CHy W BT FAMR 0.2 mft, S X AR B 1 LA e 1
TREEHURME. Ak, Langmuir JE 77 (P 5% (Roma) EFL “IE U M7 565, RIBE Romax (IR, P I
S FRMCE I RIS, HATuAL T Romax 2 2.3% 754 (B 7).

BT RS RN, FIHAREYERA S0 750E, WEeE T 70 XU Langmuir S5 W% B 4 (Vs
PL) TR (FEEICAREEME, R

V, =(8.17R, ., +16.39) exp(-0.0041T) R?=0.52 (7
P =0.69R?,, —3.85R, ., +2.51 R*=0.49 (8)

BT 2 ) Langmuir WP BRI AR, AT %0
V= V, xP
P+PR
(T (8 AT (9, AIFE1EH T 7t XA BRI S B A, R

(9




_ Px(8.17R, , +16.39) exp(~0.0041T)

O.max (100
P+(0.69R?, —3.85R, . +2.5)
60 40
(a) B 30°C ® 40°C A 50°C (b) BR,,.057%®R,,, 084%AR,,, 092%
v 60°C ® 70°C » 100°C I YR, 1.18PR . 158%®R, 176%
50 | * R, 2.18%
2 o *
5 ° ~
;5 40 . - 4 P4 o ~e b
N> .V u > v/ ® @® & I g -
& 9 i A .V/ > v = 12 Y *
<30t > m, "4 > £20F A" : o o
= A > W% e = A i *
2 a vPV ‘/ s o 5
% ] A ese ® a4 5 N
s 20 . . =S = B [}
< * A < " v '
- . a0 8- ~ 1o}
S e
il T wF W v
o >
0 1 1 1 1 1 1 n 1 1 1 L 1 n 1 1 1 1 0 f 1 n 1 n 1 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 20 40 60 80 100 120
Romax (%) 1l|n“1i G

Bl 6 Langmuir 815 R, na () UKIBE (b) BIXFRE

Fig.6 Plots of Langmuir volume versus R, max (2) and temperature (b)

20
m 30°C ® 40°C A 50°C
v 60°C ¢ 70°C B 100°C
A

15 F <
’;‘. A
E ’\ >
* *\e »
=) \ /
=10} Ny ™
= K 7
E .\\ A
£ |
& \ / e
E /
3 /

5 -

',
Av’.! K %o v, e
>} 4.
0 1 L I n 1 n
0 0.5 l. .5 2 0 2 5 3.0 3.5 4.0 45
Romar (%)

B 7 Langmuir EH5 Ry max HIEXRE
Fig.7 Relationship between Langmuir pressure and Ry, max

3.3 FaaKInMETUNRE

MBI S b, SRR SRMAIEE (Sy) RZBNTIRIIAEE 5 OB Uk )2 D SR MG issh. ek
FAER Chnpes - AZBAE D KB LLRIRZ B S TERHE CIALERIE . BIER) X HEER Al
PRI, e A ROt g 1 SR A TR P AR B 5 K MR P AR A R B L R o AR, AT AR 0 R 22 i L 4> AN TR
AR RE JSEJEFR) 5 7K VR B SISl 0F 5 73 SIS S o 2 5 K AR B AT 5 BRI

A FEXS GO 2 B B A FRE R R AT T Sy S BARIRAE IR (1) ALY FINUR R 2
(T SRR ) 2 LA (25mm < 50mm), FFLSREAIME TR (my); (2) FEHEFEE T 105°CH) A T i T
24 /NI, BUREFRETRBR (mp); (3D X THMFESEAT TIMEALEE (920 BURMERE (pu) MiE. Sy T
HAKIT:



Swz(ml—mz)x/om
rnZ)(pWXQ)2

K, S N ERMAE; m AR T AT E &, g5 my AIREEME TS =&, g5 p w N TIRIEEEL T, glem;
pw KIERE, B 1g/em®s gp N TIRERESNLEALBREE, %

RG], SRR 2 B a OB (0 S & /K A 2 S, BRI TE LR, /T 5.85%~62.72% 2 7], ~F-1{E N
20.48%. JSAEREMR AR R BB, BRI Sy SRR Z A UG RIK R, Wl BEE Roma IR, &
AKULRIEE R % (B 8a). WAk, Sy 5RAMEMSILBE (p) ZRIRIHEAFIIHAIEK R (R?=0.65),
B ALRs R s, A SR MR B ERAIG (1] 8b). FHIE] 8a W, B FE X BREE 11 Romax - EAL T 1.3%~2.5% 2 [H],
FEZIEIN B, A2 1 R ZU I A R Al A AR AR AR e o i ARt 1 I FLBR TR R R R A, 8
T BORERI AL A FLAE SLARAR PR R I, HA 2 LRI o B2 (GKIESE, 2024b), SBUE S S LR
Bl Romax TH i M BEAASE K (B 5)0 SULRI, 2R B RS KR A USRI A BN . A i) <A
FEIS RS R AR R IR A FLRR A A s SRR A ], S BUK M BOREHR N o 125 UM B BAT B (R HE AN
REFUAE, HA BRI BeE S ekt o T2V 2 B AL BR B O ERE s 1818 Sk 1 5 LR RGE A
BRI, XS K O R AP IR B, DAL, S SFLBR B R AR, R LR R S
BORE, KOHFHBT 7, RARINERMMBGRAC, TR T 2 Z AR K R .

(1D

60% 70%
(a) . (b) I's)
50% | P 60% I
- y=-0.326In(x)+0.8256
JU% I~ =
40% |
2] o
=z = 40%
f 30% F ® El
A ~ 30%
20%
® °o® 20% |
m fRiE
10% @ H 133 HJ 10% F
MR K iR b
002’ 1 1 1 1 1 ()Q/u 1 1 1 1 1
0 0.50 1.00 1.50 2.00 2.50 3.00 0 2 4 6 8 10 12
Ro.max (%) B FLEBERE (%)

E 8 SRRZEMBMERESINEKIBFMES Ry nax (@) UIRIMDFLERE (b) BIXH
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Fig.10 Accumulation processes of deep CBM in the Daning-Jixian Block and dynamic variation laws of free gas and adsorbed gas
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