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Abstract: The No. 8 coal seam in the Nalinhe area, Ordos Basin, with a burial depth exceeding 3 000 m, exhibits
reservoir temperature and pressure fields significantly different from those of shallow to moderately coal-rock gas
reservoirs. Investigating the coal-rock gas accumulation characteristics of this coal seam holds great significance for deep
coal-rock gas exploration. This study systematically analyzes the geologic factors controlling deep coal-rock gas
accumulation in the Nalinhe area, delves into the geological characteristics concerning coal quality, reservoir
characteristics, temperature and pressure fields, gas-bearing properties, and coal-rock gas preservation conditions in
the area. Using data from well M1H, which has undergone prolonged coal-rock gas production, we analyze the
production characteristics and predict the coal-rock gas productivity of the Nalinhe area. The results indicate that the
coal-rock gas reservoirs in the No. 8 coal seam at burial depths exceeding 3 000 m exhibit characteristics significantly
different from shallow coal-rock gas reservoirs at burial depths less than 1 500 m, which feature low pressure, porosity,
and permeability and gases dominated by undersaturated adsorbed gas. The specific characteristics of the No. 8 coal
seam are as follows: (1) This coal seam is thick and mainly composed of semi-bright coals, and of the medium to high

rank; (2) Under compaction and coalification, the medium to high-rank coal reservoirs are dominated by micropores
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smaller than 2 nm, which account for up to 79. 8 % of the total pore volume. Additionally, micron-scale endogenetic
microfractures, which remain open under deep in-situ stress field, are well-developed in these reservoirs, leading to a
high matrix permeability of up to 3. 949 x 107 um?; (3) At burial depths exceeding 3 000 m in the Ordos Basin, the
formation temperature and pressure reach up to 97 ‘C and 32 MPa, respectively. The formation pressure tends to exert
stabilized impacts on the adsorption capacity of coals, which predominantly hinges on the negative effect of temperature.
Consequently, the adsorbed gas in the coals is in supersaturation, with free gas accounting for approximately 30 %; (4)
The deep coal reservoirs in the study area are situated in a confined aquifer zone, while the coal seam itself manifests a
low water-yielding capacity. The formation water produced is identified as the primary depositional water remaining in
the roof and floor of the coal seam; (5) The consistency between the production curve characteristics of well M1H and
the traced coal-rock gas geochemical characteristics demonstrates the stable production and great exploitation potential of
coal-rock gas in deep reservoirs at burial depths exceeding 3 000 m.

Key words: dewatering and production, accumulation-associated geological characteristics, coal-rock gas, Nalinhe

area, Ordos Basin
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Fig. 1 Map showing the location of the Nalinhe area, Ordos Basin
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Fig. 2 Thickness map of the No. 8 coal seam (a) and column showing the macroscopic coal rock types in well J54-31 (b) in the Nalinhe

area, Ordos Basin
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Fig. 3 SEM images showing the pore types in the No. 8 coal seam in the Nalinhe area, Ordos Basin
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Fig. 4 Distribution of pore structures of the No. 8 coal seam in the Nalinhe area, Ordos Basin
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Fig. 5 Reconstructed 3D model (a) and histogram showing the pore size distribution (b) for micron-scale fractures at the reservoir interval

with burial depths ranging from 3 293. 46 to 3 293. 76 m in the No. 8 coal seam in the Nalinhe area, Ordos Basin
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BB IR 22 3 4 KAk 4k 05 B 8D=6. 88%3'50+
0. 2374 3l R AIF A XCBREA 0™ K R4 22 85
SRR L T FEVEAT X HE b, K BRAF 5 X A2
AR H K 80 (HAE -3.9 %o~-3.0 %o, FHI{H N
~3.3 %o , D {H 7F —58.2 %o ~-51.9 %o , ¥ ¥l K
=55. 1 %oo 7 /KB AR ZAE (3D, 80 ) F) ki B
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KR B9 0 IE TR LG e 1A R K=
AR I e, R [R5 2% i 21 1) 55 S8 ) B i
fift 2K H R 0 55 A R PO K A TR R AL
e, A7 K B AR 0, R B WL A 0 [
RIEH . TR, &80 S BRI,
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3 HER MR L RE T

3.1 MIHH =S4T

MI1H 5285 5 062 m, 8" E T 3 222 m, /K
P B 1500 m, Bl R R K BE N 760 m, i R
50. 67 %. ZIT 20224F 10 A 21 HIFEAIRR iR R AT
£ JE 15. 40 MPa, #11 H 7 ¥ i 200 m*; 2022 4F 11 H
14 H IR HER , B BeHER B ™= A fa o 78 (3..00 ~
5.00) x 10" m*; ] 2023 4F 10 A 29 H HER 45 B, %
4.75 MPa, H =5 42.08 x 10' m’, H P2 i 24 m®, &
THr= W i 22 270 m*, IR HEH 61.1 %, Bl =< &
1 060. 50x10" m’. ZH =it R TR R, R
PR B BORS=RRIE () 9) o 36T MIH A =4 AE 43
Br, 1 LK IR 2 S = A R R 40 4 A B
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H ™ WGt fE 48 ~ 516 m’, “F¥ H il i 212 m’. @H]
WS B B R AR AR TE 3. 31 ~ 6. 27 MPa, ¥ EE
4.61 MPa, H /=W & 111~291 m®, *F ¥ H 7= i &
188 m’s H =it AW LT+, /- F(1.0~5.7) x 10* m*,°F
BIH A4, 4 x 100 m?®, 387 B WA, s AUt ™= 1

&2 SR ETEMMNTIERX REE MR =M AFSH

Table 2 Triaxial mechanical parameters of strata with different lithologies in the Nalinhe area, Ordos Basin

5 H % /m Eox i Fil /M Pa ST K 71/MPa HUEGRJE/MPa W B /GPa NEL/N A
SP1 2525.60 TR 32.4 20.53 181.35 37.30 0.20

M172 2429.29 L= 29.0 — 80. 81 4.58 0. 44

M172 2434.90 SRRV 29.0 5.03 147. 25 45.99 0.38

T =" FR AR M

®3 SBREEEMBANTXRAZEH SR B R ESKEHEK S

Table 3 Analytical results of formation water in the coal-rock gas reservoirs of the No. 8 coal seam in the Benxi Formation,

Nalinhe area, Ordos Basin

¥ 2K F i/ (mg/L) L (L) e
K*+Na* Ca* Mg cr S0, HCO,
8 092~ 8 729~ 589~ 29 097~ 1182~ 294~ 53. 4~
i 12079 15 407 905 45578 4649 621 78.0 CaCl, %Y
SEIME 10 084 12318 797 37 068 3134 473 63.9
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