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Abstract: Deep coalbed methane (CBM) resources have great potential and are significant fields for China’ s future large-scale
increase in reserve and production of unconventional natural gas. Reservoir geomechanics plays a vital role in the exploration
and development of deep CBM and is the key support for achieving efficient development. In order to find out the current status
and progress of geomechanical research within deep CBM reservoirs, in this paper it explored the future development direction
based on the analysis of geomechanical characteristics and key technologies of deep CBM reservoirs. The results show follows.
(1) The deep geological environment shows characteristics of high geotemperature, high in-situ stress and high fluid pressure,
which dominates and controls the changes in the mechanical behavior of coal and rock, and is the key factor in the transition
from shallow brittleness to deep brittle-ductile and even ductile. It creates the core research challenges of low porosity/ultralow
permeability, strong heterogeneity and anisotropy in the reservoir. Fluid-solid-thermal coupling analysis considering the
heterogeneous development characteristics of cleats is an important research content in the geomechanical analysis of deep CBM
reservoirs. (2) Fine inversion of in-situ stress field based on multi-data fusion, digital fracture network model construction based
on CT/deep learning algorithm, and multi-field coupling numerical simulation are important technical methods for the
geomechanical research of deep CBM reservoirs. Intelligent and real-time monitoring technology is the key to reducing costs and
increasing efficiency in deep CBM development. (3) Future research should break through the boundaries of traditional single
disciplines and focus on developing multi-objective collaborative optimization algorithms that integrate geomechanics, seepage,
and economy, building a digital twin system, and realizing the safe, efficient, and economic development of deep CBM.

Key words: reservoir geomechanics; deep coalbed methane; progress; mechanics; numerical simulation.
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Fig.1 Schematic diagrams of deep and shallow coalbed methane division and development stage of deep coalbed methane in

China
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Table 1 Coalbed methane resource quantity at different depths in major coalbed methane-bearing basins in China (after Li ez al.,2023)
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Table 2 Statistics of geological information for typical deep coalbed methane exploration and development areas in China
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Table 3 Comparison of parameters between shallow to moderately deep coal seams and the deep No. 8 coal reservoir in the

Daning-Jixian Block, Ordos Basin (after Xu ez al.,2024)
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Fig.2 Hydraulic fracture propagation pattern influenced by in-situ stress heterogeneity and natural fractures
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Fig.3 Influence of varying roof and floor lithology combinations (a) and coal seam thickness (b) on in-situ stress distribution in

deep coal reservoirs in the Daning - Jixian Block, Ordos Basin (after Yan ez al., 2025)
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Fig.7 Rock mechanical profile of coal seams considering fracture weakening effect in the Jiaxian area, Ordos Basin
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Fig.8 Present-day in-situ stress distribution in deep coalbed methane reservoirs considering fracture influence effect in the Jiaxian

area, eastern margin of the Ordos Basin
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Fig.9 Comparison of in-situ stress distribution before and after fracturing in deep coalbed methane reservoirs in the Jiaxian area,

eastern margin of the Ordos Basin
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I3 ok R V6 K KA Ry 2408 i 5 5 iz 3l | i 2
A 32 05 1 A BT FEM A BRAR AL F VM A L)
K BRIl B ek DEM 8 KB EE & 284 i
FEfil o B HERE DL K 24 AR i DF N AR R A] R
FAE I 2% KR 24 8% ) 4% (Scholtes and Donzé, 2012;
Ji K Bk 4, 20235 Cheng et al., 2024 ; Chen et al.,
2025) .DFN-DEM i & 834 ¥ DEM X & # ek
SEAT N BORE 0L 5 DEN X K 4K 55 1 & 48 RO A% B
RAELE G, Be T B S 15 90 R 249 A RAR M4 1
Wl LB  CR M A R 5T P iR 2
L& B S L R O A] 8 B VPG R AR AR R M
JE R R B R U RS L 25 G O AT I A
ARAE TR AR 120 , DEN-DEM iR & 5 i
E R AT IR R 2 A e A Y AL A ) T
H o KU 45, 2025a). i A 3B 1 24 4% A
(EDFM) 2 Ab #1155 2% 448 ) 45 1) e 0 1T HL o 4 4%
VER BRI LU AR 7 1) S e vk 7Ok B
FHEJ5T P A 1 R B L4 O A AR R T I B AR
A JE e BE T AR SR M A% 1% 45 (NNC)BEOR A LHERR
e FE BB A It R e 5 sk Rk
FLEER I BN OC R R R4 K Bh 8 5 R 1 22 4k
(CRRABEE,2020) . 52D 7, AH 3L T 4% 8 WAL
B 9 B R K Al S5 44 Ak A% 17 EDF M 7E iz 55 3
JE CHL R 5L B0 A AT A0 Ak Ty T X S B M R AR T
TRERIE 2 ST AT E 2 S i I 2 i - b )
J135—4k 223 (Thermo-Hydro-Mechanical-Chemical,
THMCO) 2ot BB ZUHE & 1 2 28 & 48 (Yang ez al.,
2023; M B 5 45, 2024; Mao et al., 2025; 5K B8 g 45,
2025). #5235 (19 THMC A5 AR 1 2 B A7 2= i B |
Al TR 22 B SRR 0537 TR v i s R B
52N RREA P B ) 2 T ) o 2 AR Ak S AR S e
TE YA 2% B e LU i 5 2 A BB AL
WFFE T, R R R AT I 22 kAR5 R PR R4k /
JERLREE P ZIE A H2 fil ¢ 3R BB TR O B R

WA TE G, Z YR G A PR AE R AR G OC R Y
SRk T W SME S SR BOCR B A B R
BN 1) DG I AL o) A G A PR, R R TRDORG S TR
SR AF AE A 223X 2 JR PR M 2 ) ) 29 T X B g A
J R Ak 22 S RS AT N R G A R R T
33 FgmiNSRHEAR
331 MM ABBBKRE K EE N Y X
g 25 A8 Ak J2 52 B0 IR I 2 AR Ot kR E
ST R RN S B = W P~ e i = L VAP BN
FLBR R Ty 3R 55, Hu R g RS A AR ) 5 % )2 TR R
S4 5% () SiE A 5 ] DR 25, AR B3 52 o T R 5 A
& 245 g 1 A CPE T R ST T A R
SR Y 4 b N S AR DL A R 51N B R R
WEZE AL, fE e B R T AT R, HOAE D K A
F7 PH X He 52 A8 25 JF & BB R M5 b R
ORI R W ) (ol BT A 2018 5 X1 B R 4%
2022) , B2 ASHE R I EE I R o O BE AR E
PO R R R SRR S
AR HE T R T WE ML TR IA (INSAR) 1K
J0 FL R R M T A W R | Ay b T i )2 A A
TEA /TR R 8 = 4 1y g 0 AR S i AL SR T Ay
PEBAE R . 255 BB 2 M 45 (CNN) A i 01iE 42
26 (LSTM) 55 T i 2 > 533, vl 4 o vy ) sty A5 78, B
F ] [E] 7 41 (9 InS AR JE 722 8040 v B0 427 > TS ik
J2 N = 4 1 ) 78 3 R I S A R R RE 6%
S I M) R AR e 2 A ) SR AT 5 | A g K X B
FIA Bl UV A T AL S 1 R KU Xk, 4 S
SRV 2h 25 VR 5 R B, AT Sk B A 44 XA 3 AR
DX 3 - 1 A A A B2 1t Bl 25 07 ) 3 A S A
Jo AR B AL A TR R RO R i S, e
B TE R R I AR TR KRS (kST {45, 2022).
332 HSH/REZIFHERAFRET KR
ZVTHIE DN 50 3K 3 105 1) Ei 4l 5 A AL XK B i
FE Tk B B . HIL 4 /R B2 2 > A5 R 6L 1 K o Iy sl e 2
Jiti T B T O R R SOME Ak L S R S 5OR
XoF IO ) A b, 5 A 48 AR kg AR 5 sl A e g, AT 2
B2 )RR L B AL AR R R R TR AL TR B R I
% SRR SHE RIR A 6 2 ) i JE
W I 56 2R, R A T T AR S b S SR OR ) R ik
THOF LR R 2R R SR Sk B A
T2 7 T RE 175 T 110 4 4% Do) 245 52 24 . A5 00 68 0 J01) oG g
P R 2R oK ) 22 MRS R R Rk
A 1] 5 200K BE 19 22 AR T, O B Ak o e
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HE Y R RSO T 4k - 44 58 I SRV WS L 25 A
5 Ak 2% 2 SR A RSO R SR RS L R & T A
Bl AR e K AL B 8% 5T % B S T RE 19 A 1 Ak
FE 24811 5 %8, KO A X N T2 56 B Al
ERRTE B ROCR A M, SC B M T TR — K
1678 e Bt GBI Rk 3% 55, 2025 ; £ AU %%, 2025a
JA N7 % A, 2025) , 0 HaE H T b BT S5 R A2 A 0 TR
FOBE R AR X B (RIS, 20213 Wen ez al., 2023 5
J1 42024 5 Wel e al., 2024 5 5K B 45 2024 ) .
333 RAERBRIMHUNERHETE H4X
A IR A B R 3 A1 2055 I A% B (DAS) Fl 43
A R AL B (DTS) , hy o X PR R 2 Ak 2 5 R
Y 5 v b S g DA R AR 2 T AR A T e S
B W 5 P B E IR R R R R
DAS i i 4 4 R 20 i 3 R R A S A
J'& SIS B B w2 AR I TR U /R B R S
B8 2 I 12 W7 e 24 24 e ke A 8 W DU 9 1) o
KRB B AT R DA K 2 R R T g, S
5 T VEAL = H N g % 1T RO AR N 2
JEIEZAS DTS W 3d o W I AR 240 5 B IR 2 5
SRR E 20 25 S AL I HE R AOR R R R R s
JrAn K B W A i L 48 R it )2 el i 8 AT
TE R 2 ST & F ,DAS 5 DTS B BEA I
FH AT 52 B0 24 4 3 R m Ak R o T G 498 7
RS BE B, DA 2 )/ ) 303 22 5, O Sk v Ml vE
I3 v SV b 2 v 2T B I BILAR A RN R A S TG i AR S
I PSR AR R AR R B T T e R B 09 B % 1
5 AL, O TR 2 S R RO s RN A
il B2 O AL $ A 7 oG B AR U S 4 R St I Be L TR
LR BB AL AL O FR (PR 25 5%, 2022 7 1
IRAE 2024 5 X0 K B A, 2025 5 £ RUER 45, 2025b) .
334 HENHEEHEER HTRTEZ A6
FEAEmE G KRN L BT FBUERBE S R
S JE Y TR) L, 3 T B 1 R R L
Sy B O B A S A A e s R L AE T
JO7 FH I RO B RS L BB Bk L pHL ) R ROk S R RE
M o7 A4 RE , AR AR E IR PR B 0 v IR B =
25T fih J A AR B K LR BE BB C TR 1Y S IR
i JE B K SR a0l 5 22 R R 10 9T O 3
M EE 5y LM IR B MG R G L ARTRT
1 G BR 58 Ak 25 T 3% 00 07 BN ATk DL GE TR
A B, B R TN E 2 E S R A v
R SRV, L HEH FREZHAET N2 /N &

TR IR B M 45 1 TR A 2 (A et al., 2018;
Santos et al., 2018 ; JH £ 45, 2020 ; FE B 2, 2025 148
RUAR &5, 2025b 5 A< B AL 4F, 2025) . P AL 5 e #4 kL Y
M 1 ) (A R 2 Vi e AN T i )22 R B LR R M
fiff P ) AR S IR R 0 KE ME R R ) B A 0 B

4 RAHETE A S TT 1]

41 fEBEHMRHZ-ER-ZFEHERHKEE

MR, TR AR A )2 T & I 2 Pk AR
G TSNS BT R E R K
ik 205 SRR ARG A5 ) AL . B A R B A ARG 3 R AR A
2 98 BRI P & T, TR B0 3K B i R
ZRE AR T 2 B A BN (E B W 5 O 1) L A IR
B 2 ST A AR, BE A RE TR T 5 IR A 4
WO R 5 AT R 2 PR Y BT 1 SR AN W T, b
T2 BB MA T = F Z Wi £ bR
P AR 32 8 1 R 2 R B Tl A ] O v A A EE R
RO R 0 ML BT ) A A L R e 4 T I R 2 T AL
il LA R 8¢ e 1 28 0% KU, i 4t ST A 2 b B ) o B
-G THE 2 TR A PR R DAL Sk AR R e )

TE DR 5 2 Ak 2 Ml s ) 22 o 5 B RO &
b 5T ) 2 0 LB D) 43 A N D) 3 T Ak A G
TR ORS00 20 i, g % A AR TR 5 (W
85,2023 BT A, 2024 [ B2 45,2025) s B i HLiE
RAE T WARTE Z AL B b A% i AL, 38 o = Ak
U SR SR, B ) AR AR IR S AR R
(Wu et al.,2010; Liu et al., 2016, 2017 ; 7K 358 F1 X1 X
B, 20165 A< 8 B FIX 42 8, 2023) 5 2 F Mk % 4k U2
W R e BUR 5 T A ALE A B R A
5 7E LA e AR B B AR 150 A S8 30 A R U 7 A A
SR, =35 Z (B I AR IS A7 A8 T2 AH B 29 A B
MRHFMERRGE WE-EEGMZME T F4
B WAL B A DL R 2 5 = ) 9 2 H As B R
AT B AS I Ry Sk ML ) - B -2 £ H
i O [ 10 Ak 75 A By 5 3 1 5 (B B 0L B R 5 4 e 53
e X A R PR B IR AT 2 4k R R ARCR A O i A
PG o g TS NI o R 8 NS B2
FF G B A A — Sl i 2 APk e e S & TR
A A BT i ke 5, | O S IR TR 2 AR AR T R
42 HFELERINEELSEGEAHERE

fith )2 B0 7 28 AR 2 Bl 25 W O W BELAE 2 8 B
BRAR G, 30 o A S i A I B ) BRI A
2 ) B BT A 1) s R R R A 2 L 2
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TR SR PERRAE (ETEMT SR, 2025) . 3% 4 AR ) i 5
W) PR A 5 OO Y B R ) e S AL D, SEEE T
W PRI A 3 2 7 b B 4 A R AR R4S B
76 TR F8 B 2 S BB B, 38 o il b BT 48
2 b BR A B R 5 S0 AR BRI L A A
SORE AR IR0 AL BB B 2 RS S (Han
et al., 2020; Yao et al., 2020; X1 3¢ W& F1 5 K E
2022) s F KW Be A Bh 2 W) B # G A A, 3l S A
JEHAMEY AR S WIAB WA SRR T Z
Z 4805 JF M) BE R Ak 3 1 (X SC s Fi il K E
2022) 3 A5 7™ B B AR FE S i 250 UK B A 8 B R BIL A
) 25 H B TR SR W DA SE 2 il 208 35 R U R S Y
BN 3 5 708 0 VEAR SR Ay i 3t A TR B R
J2E B3 AR R AR ARl . A% O BOR AR R TR o BTG
s RE 2 Y B 0 A, DA SN T RE 3K )
19 SO 5 MRS S RT R R Pk T
B AR HEAL AR R Bk 5 e I RE T SO T, AR [h]
B E R R gk IR RS s E R IR T K5

5 %58

(1) 5 AL, 2 R =7 (g M i |
JOL 3 e i A T ) M R B I AR R U )2
TEHL T ) e e LA A 35 25 S e AT ok
AR OO, et e S R B A SRR R B B R
R BT 00 I R O TR 3 L T S AR
T Bl BRI 2% LR A | 22 3 R A B R AL
J TR AR JZ UMK )2 M B g 2 W 5T R I

(2) TR AR T2 AR 2 A3 2 A U — [T i 2
B RE R Z G O kR W R N TE A%
MR Y 7 9 AR R R R AR R 4% 00 Rk T
15 00 L BB A BB 72 45 1 ek SRR ) T
Ji AR (S R PR R B 45 4 BIE 2SR RE AL
IS I 0 AR R TR A R R T R R AR B R
KHE . EETHLER/RE 7 S B T er
e JEARY S IR S 0 D R RE B ORE B BT B B ) £
VNI )R o i R (NG R ) TN o U UK 5
ARPAT R e B2 o % AL i )2 e 2 3 A 2R 7

(3) A SR TRABIEJZ U8 2= 1 5 ) 2 ) i i o <52 B
Z 2 PR 4 A i R A B IRAR R SO R A
THRZ )% B 05 G T HETE O SRR B 2 X
B, R Z H R U R AR AL 2 i R AR A R
G, ok S BUIR AR = OB R 4 I e 1) G i A
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