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Abstract

Deep coal-rock gas has become a research focus in the field of unconventional oil and gas exploita-
tion. However, challenges remain, including insufficient understanding of coal-rock characteristics
and low accuracy of gas content logging evaluation model derived from shallow coalbed methane
reservoirs. Consequently, it is urgent to carry out research on coal-rock characteristics and logging
interpretation method for gas content evaluation. This study investigates the deep coal seams of the
Jurassic Xishanyao and Badaowan Formations in the Dinan-Baijiahai block of the Junggar Basin. The
coal rank, macroscopic coal rock type, maceral composition, pore-fracture characteristics, physical
properties and gas content of coal rock are systematically studied by integrating the analysis and
test data of core, physical properties and scanning electron microscope. The logging interpretation
and evaluation model for gas content in deep coal rock is established. The results show that: (1) The
vitrinite reflectance of the coal rock ranges from 0.43% to 0.85%, corresponding to long-flame and
gas coals of medium to low coal rank. The Xishanyao Formation is characterized by semi-dark to
semi-bright coal with primary-fragmentation structure. The coal rock of Badaowan Formation is
mainly semi-bright to bright coal with preserved primary structure. (2) The Xishanyao Formation
coals exhibit low to medium volatile matter, ultra-low ash yield, and medium to high fixed carbon
content. In contrast, the Badaowan Formation coals are characterized by medium to high volatile
matter, low ash yield, and low to medium fixed carbon content. (3) The types of reservoir space are
primarily composed of cellular pores, gas pores and fractures, among which cleats and microcracks
are the dominant fracture typs. (4) The porosity of Xishanyao Formation rangs from 10.48% to
21.47%, with an average of 15.71%, and the permeability ranges from 0.98 x 10-3 pm? to 23.82 x
10-3 um?, with an average of 6.67 x 10-3 pm?, indicating a medium-high porosity and permeability
reservoir. The porosity of coal rock in Badaowan Formation ranges from 0.95% to 3.88%, with an
average of 3.00%, and the permeability ranges from 0.0044 x 10-3 pm?2 to 0.0681 x 10-3 pum2, with
an average of 0.028 x 10-3 pm?, indicating a low porosity and permeability reservoir. (5) Sensitive
logging curves are optimized to construct composite parameters (Gxfor Xishanyao Formation and
Gi for Badaowan Formation) representing the total gas conten in deep coal rock. Based on the rela-
tionship between total gas content and these composite parameters, a gas content logging interpre-
tation model is established. Compared with the multiple linear regression model, the proposed
composite-parameter model demonstrates superior accuracy and good applicability, suggesting
promising potential for feild application.
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BEE SRS . AR, AR EEE R DAk - R BEE N, B R R, A
T 0.4%~0.8%2 A, FER B AL AIEIEE7] (8]0 J\IE S H A IR E IR, PR B
ZONSIERIEIE o T 1 25 4 27 W TR DA vk R RN 2 vk B )\ T 4 ) D2 2 AR R e AR g
NE AR TIAy & 2N AP ZERBER: ERMIX ) GBS HEE B s AR AN E,
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1%~3% (8], K53~ F35) Ji B 7 BUTE 10%~20% 2 18], #8553~V 350 5 2 0 B0 33%; 78 Ll 25 4R K 43
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FEVPAN AL 12 SR X I PP A 2R RE B AR AT FR T, L v S RS B AR T ARk X R A 4 A PR At b s B
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B, SRS A G A 75 B SO0 ) 5 e 5 4 2y 2 R 7S R B, A TH A7 T AR v L0 R i
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Figure 1. Structural unit map of Junggar Basin
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Figure 2. The distribution map of the main coal rank types of coal and rock in the study area
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Figure 3. Macroscopic coal rock type and coal structure core diagram
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Figure 4. Comparison of industrial components between Xishanyao Formation and Badaowan Formation
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Figure 5. Photographs of microscopic pores and fractures of coal rock in the study area
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Figure 6. Distribution characteristics of coal physical properties in the study area
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Figure 8. Construction process of gas content parameter Gas considering weight coefficient
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Figure 9. Correlation between total gas content and construction parameter G
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Figure 10. Gas content logging calculation results of Well A in Dinan-Baijiahai Block, Junggar Basin
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