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Abstract: Significant productivity differences exist among high-rank coalbed methane (CBM) wells in the southern Qinshui
Basin, and the water-blocking effect is a key microscopic factor limiting CBM desorption and efficient production. To reveal the
pore-water occurrence law, water-blocking effect, and the control on CBM production in high-rank coal, the southern
Fanzhuang Block (Block A) and eastern Qinnan Block (Block C) were selected, and the No.3 coal samples were collected from
Sihe Coal Mine (SH, anthracite) and Gucheng Coal Mine (GC, lean coal). Low-field nuclear magnetic resonance (NMR) pore-
fluid test and high-pressure methane isothermal adsorption experiment were conducted. Combined with long-term production data
from CBM wells, the differences in pore-water occurrence and water-phase distribution in coal pores were systematically
analyzed, and the coupling response mechanism of pore-water occurrence, water-blocking effect, and CBM desorption-
production was clarified. SH coal is dominated by water in transition pores (10—100 nm) with a proportion of 55.97% , while
micropores (<C10 nm) account for 40.87%. In contrast, GC coal has a micropore water proportion of 81.72% and a transition
pore proportion of 14.51%. After centrifugation at 1.61 MPa, the adsorbed water proportion of SH coal is 73.89% , significantly
lower than 97.94% of GC coal, indicating that Block C has well-developed micropores, a high volume of adsorbed water, and
strong capillary binding forces, making the risk of damage from water-blocking effect significantly higher than that in Block A.
Under reservoir pressure, the average methane desorption rate of Block A reaches 5.27 m’+t'+MPa', far exceeding 1.45 m’+("-
MPa" of Block C, demonstrating stronger desorption driving force and lower fluid migration resistance. Production data confirm
that Block C exhibits a longer single-phase water drainage period, greater difficulty in pressure reduction and desorption, limited
pressure-drop funnel expansion during the two-phase flow stage, and slow productivity improvement. Both the cumulative gas
production and the peak daily gas production capacity in Block A are significantly higher than those in Block C. This paper
analyzes the effect of the microscopic pore-water occurrence on macroscopic CBM production performance of high-rank coal. It is
clarified that enriched adsorbed water in micropores induces high-intensity water blocking and restricts efficient gas-water
migration, which is the core cause of block productivity differentiation. The results provide theoretical support for productivity
evaluation, water-blocking damage prevention, and production parameter optimization of high-rank coal reservoirs.

Key words: coalbed methane production; low - field nuclear magnetic resonance; pore - water occurrence characteristics; water

blocking effect; desorption efficiency.
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Fig.1 Location of the study area and sampling sites
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Fig.2 T, spectra of water-saturated and centrifuged (1.61 MPa) coal samples
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Table 2 Pore-water occurrence characteristics of the coal samples
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5
" (%) (g) (g) (mL/g) 0~10 nm 10~100 nm 100~1 000 nm ~ >1 000 nm
SH 6.86 31.996 33.578 0.049 4 40.87 55.97 0.71 2.45
GC 4.76 34.534 35.703 0.033 8 81.72 14.51 1.5 2.27
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Table 3 Water saturation of the coal samples under different
centrifugal pressures
FRMAE(2)
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GC 97.55 92.56 91.62 90.59 89.91 89.39 89.39
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Table 5 Desorption stages under reservoir pressures
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Table 6 Production-performance parameters during the single-phase water-production stage

IX B W, (m*) R(%) H #9577k i (m?/d) e IR RF 1) ()
A 0.7~1648.8(171.6) 0.01~27.76(7.87) 0.57~9.75(2.8) 1~229(45.5)
C 31~10 436(584.1) 4.1~69.46(32.91) 0.24~28.36(3.26) 24~659(145.3)

TE AR5 N, R A

RT7 BEHKMERIRBERESH

Table 7 Bottom-hole flowing-pressure parameters during the single-phase water-production stage

IX B fiff )2 15 71 (MPa) I 1 i W & J7 (MPa) it LE (26) JE R A (kPa/d)
A 0.9~3.44(1.92) 0.99~2.51(1.72) 40.48~100(85.13) 0~131.4(7.68)
C 3.79~6.43(4.53) 0.25~3.23(2.12) 0~80.48(43.96) 3.3~147.7(18.8)

®8 WMHRVHLFMRERSESH

Table 8 Production parameters during initial two-phase flow stage

X e Iy H =50k (m®) W,(m*) R, (%) H 257 K 8 (m®/d) EEmiE(d)
A 985~21 456(5 795) 75.3~62 720.4(2 300.7) 7.59~95.21(44.42) 0.18~50.1(3.02) 69~2 132(560.7)
C 305~4 743(1 051) 68.1~29 705.3(1 108.7) 6.78~72.97(31.28) 0.13~44.87(1.52) 122~1765(626.3)
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Table 9 Production-performance parameters of representative wells in A and C blocks
FRH R K BT BL AR L 90 400 7 B B )
4 EPK L RH aagpek R RIS
7 . e s N .
R E(D) W (m?) R (%) Y W,(m®) R,(%) s (m”) (m?)
(m*d) (d) (m’/d)
A-14 58 104.1 13.7 1.8 394 437.7 57.6 1.1 759.9 8 270
C-170 130 163.9 30.2 1.3 551 159 29.3 0.3 542.6 1831
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