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Abstract: The Bayanhua Sag in the Erlian Basin is a critical experimental area for coalbed methane (CBM) develop-
ment from low-rank coals in Inner Mongolia. However, the relatively low exploration level and the limited understand-
ing of the CBM origin in the sag restrict the CBM exploration and development to some extent. This study tested the gas
components, stable isotopes and hydrochemistry of the gas and water samples from CBM wells in the Bayanhua Sag. It
also conducted radioisotopic dating for these samples. By combining the classic charts for the identification of natural
gas origin, this study clarified the gas origins, further analyzed the gas-generating potential, and identified the critical gas-
generating factors. The results show that the CBM from the sage is characterized by C,/C ratios greater than 0.99, CO.-
CH, coefficient [CDMI=¢(CO,)/p(CO,+CH,)*100%] roughly less than 5%, drying coefficient (C,/C,,) between 104-5 540,
high CH, contents, and low heavy hydrocarbon and CO, contents. Furthermore, the 6 °C(CH,), SD(CH,), and 6"°C(CO,)
values of the CBM range from —51.80%o to —67.70%o, from —226.20%0 to —291.00%o, and from —20.30%o to —37.60 %o,
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respectively, suggesting the characteristics of continental biogenic gas. In the identification charts, the CBM samples

mostly fell within the biogenic gas zone, indicating that methane originated from acetic-acid and methyl fermentation

and that CO, is primarily the associated product of microbial methanogenesis. Coalbed water, originating from meteoric
water, is NaHCO; type of slightly alkaline water primarily, with ¢"°Cp,c and 6'°O(H,0) values of —2.6%o and —16.4%o,
respectively. Based on these findings, as well as the '*C dating results, the coalbed water is inferred to be the Quaternary

water and modern mixed water rather than primary water. By combining the analysis of the structures and hydrogeolo-

gical conditions in the Bayanhua Sag, it can be concluded that the runoff areas in the sag are favorable for gas produc-

tion from acetic acid fermentation and that areas with weak runoff are conducive to the enrichment and accumulation of

biogenic gas. The low-rank coal reservoirs in the sag exhibit high pore permeability, suitable geotemperature, and superi-

or hydrogeological conditions, which are beneficial for the generation of biogenic gas. Furthermore, biogenic gas reser-

voirs of the hydraulic sealing type have developed in the confined area. Therefore, hydrogeological conditions, which

play a vital role in the formation of biogenic gas, should be emphatically concerned in selecting CBM exploration tar-

gets in the sag.

Keywords: Erlian Basin; Bayanhua Sag; low-rank coal; coalbed methane; genetic type; gas-generating potential
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Fig.1 Geological map of the Bayanhua Sag
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Table 1 Gas component analytical results of well B-T1
HIZ S LA C/C. CDMI/% C/C s
CH, Co, N, Gy
5-1 74.72~97.18 0.19~1.07 1.76~24.59 0.19~0.37 211~423 0~1 >0.99
5-2 81.78 1.05 16.75 0.36 227 1 >0.99
5-3 70.70~80.00 0.55~0.82 18.85~23.94 0.29~0.35 219~244 1 >0.99
5-4 58.10~75.55 0.32~0.38 23.81~41.06 0.20~0.30 252~291 0~1 >0.99
5-5 70.87~93.59 0.23~0.92 9.60~27.84 0.33~0.42 202~257 0~1 >0.99
6-1 80.47~85.07 1.03~1.06 13.43~18.08 0.39~0.41 206~207 1 >0.99
6-2 80.68~83.02 0.96~1.02 15.57~17.84 0.40~0.43 188~208 1 >0.99
6-3 71.40~96.14 0.36~0.89 6.10~27.72 0.28~0.37 213~332 0~1 >0.99
6-4 76.33~84.91 0.72~1.07 14.00~22.24 0.35~0.37 217~218 1 >0.99
6-5 71.50~79.29 0.37~1.17 19.94~27.20 0.33~0.38 199~240 0~1 >0.99
6-6 71.00~88.74 0.38~0.93 10.12~27.20 0.33~0.42 192~267 0~1 >0.99
6-7/6-8 72.99~99.21 0.39~0.84 0.02~25.96 0.27~0.38 104~327 0~1 >0.99
¥: CDMI=[p(CO,)/p(CO,+CH,)]*100%.
x2 BRESASHEMIKMCESTEE
Table 2 Geochemical analytical results of gas samples from CBM wells
KA BRGNS A C/C..  CDMI/%  C/C,; 5 %EITM%/%O
CH, CO, N, C,. ¢ "C(CH,) 6 °C(CO,) O0D(CH,)
5-1 39.43 3.84 56.73 0.01 3943 9 >0.99 —67.7 -20.9 —285.5
5-2 52.66 2.79 44.55 0.01 5266 5 >0.99 —67.0 -20.3 —274.7
6-2 62.27 1.93 35.58 0.22 283 3 >0.99 —65.9 -32.8 —-270.8
i 6-6 55.40 2.64 41.96 0.01 5540 5 >0.99 —64.0 -21.0 —291.0
6-7 28.21 4.04 67.66 0.10 282 13 >0.99 —54.8 -37.6 —226.2
6-8 79.70 0.87 18.38 0.34 234 1 >0.99 —61.4 -37.0 —263.6
5-1 73.21 2.13 24.46 0.20 366 3 >0.99 —51.8 -23.9 —235.2
5-3 75.43 2.06 2220 0.31 243 3 >0.99 —56.6 -28.0 -262.1
B-T3 6-1 60.82 1.56 37.36 0.26 234 3 >0.99 —61.1 -32.5 —269.1
6-3 50.01 3.05 46.75 0.18 278 6 >0.99 —61.8 -20.7 —-283.9
6-7 91.98 1.65 5.97 0.41 224 2 >0.99 —55.7 -29.9 —263.0
%3 REMKRHHIE
Table 3 Water quality analytical results of coalbed water
KB/ (mg- L™ )
LGS BT —— —— I ——— HERRS HIARN
K Na Ca®* Mg®* HCO, SO; Cl COy Fe* NO, FH{LJE(TDS) pH
3-K1 1.6 2746 425 168 4604 1.2 2727 8.9 0 0 850 8.0 1.0 12
4-01 45 3992 2218 1048 5115 78 10040 O 0 0 1999 7.2 04 3
5-K1 2.0 3268 156.6 720 4393 82 6988 0 0 0 1484 7.6 0.5 3
9-3 35 3958 211.8 895 7522 80 7823 0 0 0 1873 7.6 0.5 4
11-3 24 333.0 1003 41.1 4798 58 5284 0 0 0 1253 7.6 0.6 6
13-7 SW—NE 09 219.0 245 102 3460 1.7 196.0 0 0 0 626 7.8 1.1 16
172-3 1.7 2336 266 9.6 3821 04 2131 0 0 0 6717 7.8 1.1 17
22-13 224 1668 154 15 3054 176 752 115 0 0 464 8.2 22 14
48-7 2.0 511 37.6 109 2308 4.4 20.5 16.1 0 0 258 8.5 2.5 5
74-9 3.6 3616 43 1.9 7972 22 709 390 0 0 822 8.5 5.1 138
B-T1 166.0 13500 12.0 52 25410 55  919.0 0 0 4.9 3741 8.2 1.5 179
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Table 4 Isotopes and “c dating data of the water produced

from a CBM well
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0"C(CH,) W R 57, A il s K38 43 75 6 o0 1 2 8K
0=1.03~1.06, a=[1 000+5"C(CO,)})/[1 000+5"C(CH,)],
N R S R i % R A R, HA K TR 0<1.03
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RIKIREE, K Bh 11 505508, W K P A HE iy F
HIHTEEA B, AR T CR KB RGER 3). &ib, 18
EALM PG ER FEN LR R T 3 R R AR,
Jry s Hb I F S AT REAETE R R A

4 BREKEGLESH

B-T1 HHEZ 7= KAk 22 4 36 3. B-T1 I
JE7= K pH Sy 8.15, g5t tsK, BHE 7L Na™h &,
K%z, &1L HCO, b &, CIkZ, SO; . NO; &
I, 7L 3 741.5 mg/L, /KALF2A 3%k NaHCO,
B i 3 AT, HERKE™ bR AR FL A K ARG Dl
WS o B-T1 4k 3 N2 H, FEARHERR T R4
BRI RE I, 3 ok — BSR4 I R ] RS i K s 4
XL ol hBE ) AR, SEOK RSN

)2 K IR AR HCO; Y 0°C (L HAT RIFHI/R B
VERA, T LR LA A JT D b J22 v 2 75 HE o B e
FA B AR A A B T SR AR, AR MR 2
S H K ) A, 2R K 25 SR 3 B, K b A LR
0" Cric H—2.6%o, F 1 AT fEL S EL 0" Cpye TUEIE N,
FHEI AR X R A Bl e R et F 2 AP0, oD(H,0) Ry
—119%o, HLF kg OD(CH,) F 160%0 2247, £ 6 4 H ot
FRAEN

RIKHMNA AR A ) SR S a2 7
WF7E XA 2 K 0 AL B AR, S R (Na /CHZ K
F 0.5, UL T L A R P R OK B AL, AT
et A g MK SCHL RS . W2 R KA
EBEER 1 5" O(H,0)(+6 %o~+9%0 )2, 7 IX 4 J22 7= 7k
5" O(H,0) H—16.4%o, Al AIAEIF A=K, KEER AR &
VEAE S M RSB AK A M, 256 W5 XK SCHB T 43 #T
A KAREAR DGRV (E 3), 27 oK
UC BAEMTICER LN 0.8+0.1, FEMAERS (38 790+
1 020) a, HEEPUZE K (E 4)o XFE—H UL THFFE X
IR ZIK N SR K A B R SRR TR A K. ELE
AE TS M AL TRV AL L IX, 56 DU 20 DIORAFE -3 25 k&
e TR, AR SR 0 X K sl Ty A X

%, AP HFRIKHNG, 7o B E B ss . 456
AR A AR FIK SCHL BT A5 14 0 AT, B AR T 48
G EL S KA AN, w7 F e 1R B8 35—
J it ABEIZ, IR B AR B | A A AC ™ A {2 ik
St = A, AR R e AT B T OKAE RS 2 5548 I X ARAE,
D] A D A28 38 DX A A 4 PR SRR B b 72

[ — dEkSkL

0k B S 80 BOR UK ZR
O EEAEMH

—140 1"" L L 1 I I 1 )
-20 -18 -16 -14 -12 -10 -8 -6 —4
0"30/%o
K3 EE K SRR A R RHIE

Fig.3 Hydrogen and oxygen isotopic characteristics of

coalbed water
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Table 5 Maceral data of coals

i RELA % _ TSR %
JEFE A (BRI A RBEdGEm)

5-1 91.9~99.0/96.20(10) 0.3~8.1/2.85(10) 0~3.1/0.94(10) 0.31~0.49/0.39(10)
5-2 97.1~99.5/97.75(4) 0.3~2.8/2.10(4) 0~0.3/0.18(4) 0.29~0.47/0.37(4)
5-3 94.1~100.0/98.65(12) 0~5.7/1.08(12) 0~2.0/0.27(12) 0.31~0.51/0.40(12)
5-4 95.2~99.5/97.87(6) 0.5~4.8/2.13(6) 0(6) 0.31~0.48/0.40(6)
5.5 97.90(1) 2.10(1) 0(1) 0.47(1)

6-1 91.1~100.0/98.25(8) 0.2~8.1/1.40(8) 0~1.7/0.35(8) 0.35~0.50/0.42(8)
6-2 98.4~99.8/99.30(5) 0.2~1.6/0.70(5) 0(5) 0.42~0.48/0.44(5)
6-3 99.1~99.8/99.44(7) 0.2~0.7/0.44(7) 0~0.4/0.07(7) 0.31~0.44/0.38(7)
6-4 99.0~99.8/99.50(7) 0.2~1.0/0.50(7) 0(7) 0.42~0.46/0.43(7)
6-5 97.9~98.4/98.18(4) 0~2.1/1.43(4) 0~1.5/0.40(34) 0.38~0.47/0.43(4)
6-6 96.8~99.7/98.40(5) 0.2~2.2/1.08(5) 0~2.5/0.52(5) 0.31~0.49/0.40(5)
6-7 97.4~99.8/99.24(8) 0.2~1.7/0.60(8) 0~0.9/0.16(8) 0.31~0.45/0.38(8)
6-8 96.5~99.5/98.06(8) 0.4~3.5/1.41(8) 0~1.7/0.53(8) 0.29~0.59/0.39(6)

T 0~2.0/0.27(12)F R/ MR KRB AFHIEFERED, HAEHER

F B & i /(m t)
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Fig.4 Relationship between methane content and R,
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BRI KB IBER H4(0.135~0.692)x107° um?, Jy i
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Table 6 Statistics of coal
FEf S A A LA — d —
K /em E B /em FEEF/um BHEE/(%-em ) KB /em B /em FEEE/um BE/(S-em )
B-19  ARBUE  0.020~0.800/0.27 0.005~0.800/0.14 1~20/5 3.7 0.010~1.100/0.23 0.010~1.100/0.32 1~15/4 3.8
B-28 ABE 0.010~0.900/0.20 0.010~0.800/0.20 1~16/5 3.0 0.010~0.800/0.08 0.010~0.600/0.07 1~21/3 32
B-49  ARFUE  0.005~0.700/0.30 0.005~0.600/0.19 1~25/5 3.1 0.005~0.600/0.15 0.005~0.500/0.14 1~20/5 3.1
B-67 AJBUE  0.010~0.800/0.33 0.005~0.800/0.24 1~20/5 3.2 0.010~0.950/0.23 0.010~1.000/0.32  1~20/4 32
B-114 WEHE  0.005~0.700/0.20 0.005~0.700/0.19 1~25/5 2.8 0.005~0.700/0.18 0.005~0.600/0.14 1~20/5 2.8
B-138  AJUE  0.010~0.900/0.20 0.010~0.850/0.20 1~22/4 3.1 0.010~0.800/0.11 0.010~0.600/0.10 1~21/3 3.5
B-157 WJEHE  0.005~0.700/0.20 0.005~0.700/0.19 1~25/5 3.0 0.005~0.600/0.09 0.005~0.500/0.10 1~20/5 32
B-18 ARBTE  0.010~0.700/0.32 0.005~0.650/0.14 1~18/3 32 0.005~0.450/0.07 0.005~0.500/0.11 1~20/4 3.5

H: 0.020~0.800/0.27 At/ M KAEAEHIME, HAERE IR

BERIN TR X R, AR K BN LA T A2 A2
N, HUON LFRBK B ARG, KK 5 EOKTER
TR B TR AN G R, MR 5K 201 B 52w B
o MBAARPIPIH S H 2N FARP GelE kA . T
BGRDH MAC A, B2 KRR, TR LB
ZB R R K 5 /K 2 ELEE 551U PN 352 o T2 1 e, %
UL VA T, AR T AN 2R R o T KR P R B
(Na'+K'+HCO;)/(Ca®>*+Mg*+S02 )Hi SW [i] NE 25K,
TR AT A R B 18 g, bR A At AT A i T K R
Ko GA % IBBIZ KONGRS
Bk 43 /K SCHT BT, ELEEAE MG R AR X, 5542
WX FEA TG — 8w L /N T 4 000 mg/L
i, 7 F e R S M i, P RO R pH A A
JEE 6.4~8.0, —fEIN K 7~8 H4F 3 SO . NO, ¥
JE ATV N PR EREE S AP R A S, |
AR B B2 KB 46 B 7N T 4 000 mg/L, pH A T
7.2~8.5, AEITIEK, SO . NO; ., Fe” WA, A F T+
PG A ST SRR E £ . BRI R
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B 208 AR O 5948 X IR SR T . B 2 AL Mg v
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Fig.7 Hydraulic sealing-type accumulation mode of biogenic gas
in the confined area of the Bayanhua Sag
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