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depends on the precise identification of water sources and gas contributions from each produc-
tive layer. Current methods for identifying water sources exhibit deficiencies, presenting sig-
nificant challenges in optimizing layer combinations and designing drainage systems for multi-
coalseam gas wells. To address this, this study leveraged exploration and development data
from 85 CBM wells in the Baode block, coupled with chemical testing, to identify aquifer stra-
ta and establish criteria for classifying drainage water types. Using principal component analy-
sis (PCA) and Bayes discriminant analysis, a model for identifying drainage water sources in
multi-coal seams is constructed, yielding methods for aquifer identification, drainage water
type classification, and drainage water source identification within multi-coal seam integrated
mining. Validation using 27 drainage water samples confirmed the accuracy of the model and
assessed the interlayer interference strength under varying drainage water source conditions
during integrated mining. The results indicate stable and thick aquifer strata at the top and
bottom of coal seams 4+5 and 8+9, significantly impacting well production. Both the classifi-
cation of drainage water types and the drainage water source identification model are useful for
analyzing the origins of drainage water. The classification is based on geological engineering
characteristics and provides a preliminary qualitative division of the drainage water sources.
This approach is particularly effective for identifying recharge water sources throughout the life
cycle of coalbed methane wells. The drainage water source identification model integrates con-
ventional ion characteristics of the produced water to dynamically pinpoint the source of the
drainage water. This approach offers insights for analyzing interlayer interference intensity in
combined layer drainage. Single-coal-seam water sources in integrated development wells re-
sult in severe interlayer interference and poor gas production, whereas a mixture of coal seams
and aquifer water leads to moderate interference and average gas production. Solely integrated
coalseam water sources exhibit weak interlayer interference and improved gas production. This
study offers a viable method for identifying drainage water sources in integrated coal seam min-
ing, providing insights into interlayer interference evaluation and facilitating adjustments to
drainage equipment and work systems for multi-coal seam integrated mining.

Key words: coalbed methane; identification of water source in production and drainage; princi-

pal component analysis; Bayes discrimination method; interlayer interference
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Py =—16.94+0.09z, + 0. 06x, + 0. 022, — 0. 052, — 0. 0525 s

Py =—11.24 4 0. 052, + 0. 04x, + 0. 032, — 0. 032, + 0. 0725 s
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Fig. 8 The flowchart of the method for identifying the
source of multiple coal seam co-layer drainage
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Table 1 Chemical characteristics and water source identification of coalbed methane well drainage water in Baode block
g JAR R e EK Hek PP (g 1 D Ak
LI /m T FARSY  (m® e d D NaTLKT Cal Mg Cl SO’ FIR
Bd-1 4+5,8+9 1.18 BB TG I\ 4.39 811 99 60 862 15 I\
Bd-2 8+9 0 R ToHh 2R I 1.43 210 39 35 192 6 I}
Bd-3 4+5,8+9 15.08  EEE RERZEHS VI 7.68 1149 278 121 1978 2 VI
Bd-4 8+9 3.15 B To kb 25 I} 3.03 1022 221 107 1957 5
Bd-5 4+5,8+9 1.80 B Te b 4 I\ 1.22 827 248 77 1165 35 \}
Bd-6 8-+9 0 S PN | 1.52 375 176 43 580 10
Bd-7 4+5,8+9 7.90 BbE RWEEAN S I 5. 82 771 99 50 1058 16 I
Bd-8 4+5.8+9 0 B To#h 45 I} 1.83 872 88 65 1018 6 \}
Bd-9 4+5.8+9 9.66 B RBEREEANS VI 6.96 880 150 68 1057 7 v
Bd-10 8+9 0 g Jorb s 3. 65 590 112 55 894 8 Il
Bd-11 445,849 0 b T \} 3.27 1095 174 70 1389 7 I\
Bd-12 4+5.8+9 15.79 B REFZEHS VI 7.29 672 167 74 901 49 I
Bd-13 445,849 0 B TG v 2.45 601 365 62 825 22 I\
Bd-14 445,849 9.30 Bk RBEREANS VI 8.26 609 99 74 822 30 VI




%1 KT WREKZ R ZHZEERACREANR T DLl va R 18 X 3 4 123
g1
N - = Lk E -1 N
a “a g Cl SO}

Bd-15 849 0 Bk T I 1.93 532 254 62 965 6 I
Bd-16 8+9 8.70 BB ROEREANS VI 10. 17 512 256 42 627 4 VI
Bd-17 §+9 5.12 [ LBEREE Wi 9. 27 732 161 59 900 3 W
Bd-18 4+5,84+9 9.84 R R E AN M 6. 47 450 39 51 346 27 Wl
Bd-19 849 2.53 R T 25 Il 2.49 226 41 44 163 26 I
Bd-20 4+5.8+9 11.32 & RBEWEHS I 13.08 753 301 103 1157 32 il
Bd-21 4+45,8+9 13.41  #l¥E  REERZEHNG I 12. 48 395 44 84 424 39 I
Bd-22 4+5.8+9 1.29 R oAb G I\l 2.61 661 30 52 544 22 N
Bd-23 §+9 3.32 R TeAb 4 I 1.43 265 42 55 321 25 I
Bd-24 §+9 0 R TeAb 4 0.51 218 112 36 253 6 1l
Bd-25 445 3.20 RHE T 25 I 4.73 390 25 9 225 11 Il
Bd-26 445,849 9.37 B RBERRZEANS I 5.94 688 200 47 649 28 4
Bd-27 445,849 4.15 R T4 I\ 3.59 153 44 31 144 1 I

TE « 22 T R R 57 3 7 HE SR 7K O B IR 25 24 5 1l SR K 28 A0 3 4 45 R AR T,

5.2 Zi5itie

7 R TR 3R — b SR T 0 A A ) 3
ANTR] A 7 SR AL/ K™ s il BE 4 2 RO AR
PRI T B SR AT ] T I T B AT T AN TR
DIERRE S ARG EHER 445 55 849
SREIERY 3 TR S A7 8] T R S AR
FRENESHEAT T M, LI IE AR ST R HE R K ok
TR R B A k. 3 T R A 7 ) T K 2
UL 2 AHBE A HER i & 9 R,

F2 A ENREE
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Fig. 9 Drainage curve of coalbed methane well
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Fig. 10 Average daily gas production of different
drainage water sources in CBM commingled wells
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