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Abstract: This study evaluates the CO, geological storage potential and optimizes the favorable zones in the deep
No. 3 coal seam of Juye Coalfield in southwestern Shandong. Based on the supercritical phase mechanism of CO, .
the critical storage depth was determined to assess the feasibility of coal seam storage. The study area was divided
into storage blocks and units according to geological structure and burial depth, and the corrected adsorption curves
were used to calculate CO, adsorption capacity and free gas content in each unit. Numerical simulation and principal
component analysis were employed to identify key controlling factors and quantitatively determine favorable CO,
storage zones. Results show that the No. 3 coal seam exhibits a temperature range of 42. 4~72.5 ‘C, critical depth
of 700~910 m, porosity of 3.51% ~5.27%, permeability of 0.12~0.62 mD, and CO, adsorption capacity of

0.91~1.01 mmol/g. The study area could be divided into five CO, geological units, with unit storage capacity
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ranging from 1. 01 to 1. 09 mmol/g. The value increases linearly with depth and the theoretical total storage capacity
amounts to 529. 2X 10" tons. Permeability, porosity, and gas content are the primary controlling factors and the
favorable zones are mainly located in the northern and central regions, covering an area of 355. 08 km®.

Key words: Juye Coalfield; deep coal seams; carbon dioxide; geological storage; potential evaluation
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Fig. 1 Distribution and structural schematic diagram of Juye Coalfield
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Table 1 Basic information of coal seam 3

I i35/ (°C /100 m) I SR & /m R IR EE/C R /m SR /m
o 2.78 719. 42 44.43~57. 83 663~1 145 0.38~8. 30
ZERE R 3.01 664. 45 42.40~72.50 545~1 545 0.44~10. 05

KA 2.45 816. 33 43.88~44.13 275~560 1.23~6.03
BB R 2.82 709. 22 46.45~59. 14 725~1 175 0.30~10. 48
F A 3.01 664. 45 43.27~58. 26 574~1 072 3.96~7.88
fog 2 e 2. 20 909. 09 41.40~49. 76 700~1 080 0~10. 33
PSR 1.20 1 666.67 29. 60~37. 64 300~970 0~9.23
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Fig. 3 Distribution of structural and fault dimensions of Juye Coalfield
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Fig. 4 Comparative analysis of coal specimen parameters from representative mines of Juye Coalfield
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Table 2 Unit @ storage calculation of Juye coalfield

e CO, 4% CO, fE4liK EE IR BLiNTo LR A
HE‘:&E Y o I /f}rll‘ﬁ"\’_g/ ) C()Z Zw*q l 4:_,;:4 b~E-
. TR/ C FEJi/MPa  FLBRBE/ % \ B 3t A7 it/ . AR, R A/
W /m (g/cm®) JE 45 K )
(mmol/g) (mmol/cm®) R (mmol/g)
800 50 8 5.55 1.61 1.00 0. 69 0.019 8.31 1.08
900 53 9 5.41 1.52 1.00 0. 66 0.017 8.31 1.08
1 000 56 10 5.51 1.59 1. 00 0. 64 0.018 8.31 1.09
1100 59 11 5.22 1.57 1. 00 0.61 0.019 8.31 1. 10
1 200 62 12 4. 89 1. 44 1.00 0.59 0.020 8.31 1. 10

E 1.4 IS R EAF R R (U5 R R X B O 15 AN H BT T ) BES H T B A
W% 3 iR, M3 3 WAL, AR ITIISH B B /28N 1. 99 X 10" ~60. 71 X 107 t, H i Ba50 1-5 35 77 1 AR £
K HE B H CO, #fEH 7t K (1. 09 mmol/g),

*3 EFABRROSRTERMAHNFEIESR

Table 3 Calculation for storage of units in Block 1 of Juye coalfield

P S o R B A B/ CO, Hfiff
5T JEZE S /m M E/(g/em®)
#/(1070 (10°m*) # 4/ (mmol/g)

1-1 3.89 3.74 6.09 1.57 1.09
1-2 10. 14 9.94 5. 87 1.63 1.07
1-3 7.50 7.22 6.04 1.58 1. 09
14 1.99 1.92 5. 89 1.62 1.09
1-5 60.71 58. 44 6. 36 1.50 1.09
1-6 31.95 31.33 6. 04 1.58 1.07
1-7 13.76 13.48 5. 87 1.63 1.07
1-8 29. 44 28. 33 6.28 1.52 1.09
1-9 2.93 2.87 6. 37 1.50 1.07
1-10 3.42 3.35 6.02 1.58 1.07
1-11 7.32 7.04 6.33 1.51 1.09
1-12 6.69 6.55 5.98 1. 60 1.07
1-13 11.97 11.51 6.07 1.57 1.09
1-14 5.77 5.66 5. 86 1.63 1.07
1-15 9.04 8. 69 6. 38 1.50 1.09

T BRI 3 5 K@ ~ Q@ AT H A BT e Rl 4 . AT XD, K@ ~OME AL E % #
HRGR AR A 3 Ry 14 A B A7 BT T #E AT IR, SRR, KO ~ Q& HAF R IT K CO, LB 7 it
5 1.01~1.06 mmol/g, IS HL R 8 K 0. 22X 107 ~114. 44X 10" t, B BFEEH CO, FHiE H T £ 77 S
529.2X10" t, Hi , XI@IT 2-1 HAA R R, X ATE, THEA 2R CO, e BT A7 &2 i 5 [l
ANSHEER IR CO, B 7 B PRAS A g — 50, #8907 i g, B T Sk
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4,3 comsol FAFXFFLIREE (B R, & i AT BUE AL T X CO, M B A, b, B iE
RO BIBEE N 0.1.1.0.2. 0 mD, FLELEE 438 B R 2% .5 % .7 % - & Al A 5 e ok 6% 2 FUHT R 1, 4
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Table 4 Simulation parameter values

it )2 S HfH RS HfH

Wl &S/ (em® /) 0.5.0.8.1. 1 CH, Langmuir &/ (cm®/g) 17. 96

SR/ m 6.70 CH, Langmuir JE JJ /MPa 0. 82

R/ m 1 000. 00 fiff )2 & 73 /MPa 10. 00
LR/ % 2.5.7 BiEH/mD 0.1.1.0.2.0

D BERNQE, 118 6.5 5 LU, BB ER QM ,CO, KRN BBIEEM A, W H5ER
901 mD B, CO, ERLEE AR Z B2 9 B 7 A R HE AR A 08 8 R 1 mD W,
A7 IR RICR A BT EsE . CO, OB B0 T - 23H 7T I8 0. 823 X10° m*, CO, By FHIHE A 0. 299 X
10° m’ s 498 &Ry 2 mD i, BORACHRBON AR, B Sk 1134 X10° m, CO, By Bk A3 51
0.389X10° m’. HULIREKNY B ERX CO, MEFHCREA W35 w0, H I AE R s CO, AR
R SRR

®5 HR300XFABREETRIUFSE

Table 5 Cumulative gas production under different geological conditions after 300 days of drainage time

BBER/ HEAE/ et v B Y HEAR/ - v RS/ AR/ e/
mD (10° m*) (10° m*) Sl (10° m*) (10° m*) MPa (10° m*) (10° m*)
0.1 0. 622 0.224 2 1.837 0.575 1.3 1.654 0.471
1.0 0.823 0. 299 5 2,013 0.615 1.5 1.775 0. 630
2.0 1.134 0. 389 7 2,079 0. 633 1.7 1.835 0.706

P1HE/m P1HE/m P /m
140 140 - 140 J% }1/MPa
2.98
120 120 120
2.59
100 100 100 -
80+ 80+ 80+ 1.82
60 60 60 1.43
40t 40t 40t 1.04
6.54
20 20| 20}
2.67
o R ——, ———, o e Y
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
PHE/m PHE/m P /m
(2) 0.1 mD (b) 1 mD (¢)2mD
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Fig. 6 CO, gas pressure migration diagram under different permeability
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Fig. 7 CO, gas pressure migration diagram under different porosity
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Fig. 8 CO, gas pressure migration diagram under different gas contents
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Table 6 CO, storage parameters in Juye Coalfield

LS HAATR/(10° m®)  BigH R E A/ Q07 © CO, BfiEfrE/(mmol/g) S/ (mb/o LBRIE/ % HZ MR/ m
1-1 3.74 3. 89 1. 09 0.23 5.35 700
1-2 9.95 10. 14 1.07 0.45 5.35 700
1-3 7.22 7.50 1.09 1.03 5.35 700
1-4 1.92 1.99 1. 09 0.98 5.35 700
1-5 8. 44 60.71 1.09 0.03 5.55 800
1-6 31.33 31.95 1.07 1.23 5.35 800
1-7 13.49 13.76 1.07 0. 89 2.05 800
1-8 28. 34 29. 44 1. 09 0. 89 2.05 800
1-9 2.88 2.93 1.07 0. 89 2.05 800
1-10 3. 36 3.42 1.07 1.16 3.05 800
1-11 7.05 7.32 1.09 1.07 3.67 900
1-12 6.56 6.69 1.07 1.16 3.67 900
1-13 11.52 11.97 1. 09 1. 24 3.67 900
1-14 5. 66 5.77 1.07 1.15 3.67 900
1-15 8.70 9.04 1.09 1.16 3.67 900
2-1 161. 03 114. 44 1.01 1.17 2.78 900
2-2 3.28 2.45 1. 06 1.15 2.78 900
2-3 1. 04 0.78 1. 06 1.16 2.78 900
3-1 104. 28 74.11 1.01 1.15 2.78 1 200
3-2 0. 29 0.22 1. 06 1. 26 2.78 1 200
3-3 2. 80 2.09 1. 06 1. 36 2.78 1 200
3-4 18.52 13. 84 1. 06 1.16 2.78 1 200
4-1 2.52 1.79 1.01 0.51 7.14 1 200
4-2 2.65 1.98 1. 06 0.56 7.14 1 200
4-3 6. 60 4. 69 1.01 0.52 7.14 1 200
4-4 3.10 37.73 1.01 0.72 7.14 1 200
4-5 8.63 6.45 1. 06 0.43 7.14 1 200
5-1 44, 41 31.56 1.01 0.58 7.14 1 200
5-2 42.98 30.55 1.01 0.53 7.14 1 200

®7 EHEHCO H#HEEHEXSHNEE

Table 7 The weight value of CO, storage parameters in Juye Coalfield

T CO, Hfi &7 i PG BR B A7 BB
A 10. 33
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Fig. 9 Favorable areas for CO, storage in Juye Coalfield
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