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Evolution path of water produced from coalbed methane wells and its significance
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Abstract; The water produced from coalbed methane (CBM) wells contains rich information on geology and productivity, which can
reveal the geochemical characteristics and main controlling factors of produced water and make clear the evolution path of produced
water and its inherent link with production capacity, thus helping understand the heterogeneity of production capacity and provide a

basis for the optimization of development programs. In recent years. significant breakthroughs have been made in the CBM explora-
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tion and development in Zhijin block of western Guizhou Province, providing a technical demonstration for the CBM development
multiple thin coal seams in South China. However, there are still a number of problems, including great variability in produced water
quality, high uncertainty in production capacity, and unclear control factors for gas production. In this study, hydrogeochemical
tests were performed on the water produced from CBM in Zhijin block of western Guizhou Province, which aims to explore the
hydrochemical characteristics, evolution path and its significance in judging productivity. The quality of the produced water can be
divided into Na-HCO); and Na-Cl types; the total dissolved solid (TDS)of the former ranges from 944 mg/1. to 2681 mg/L, and that
of the latter ranges from 3603 mg/L to 8800 mg/L. According to the scale of TDS, the five clusters of samples show the successively
increasing degree of groundwater retention. Desulphidation, cation exchange adsorption, and concentrating action are the main fac-
tors controlling the hydrochemical characteristics and evolution of produced water. The produced water is of Ca-SO, type with low
TDS (<200 mg/L) under oxidation conditions, Na-HCO; type with medium TDS (900-3 000 mg/L)dominated by desulphidation and
cation exchange adsorption under reduction conditions, and Na-Cl type with high TDS (3500-9000mg/L)dominated by concentrating
action under high retention rate. The evolution process of produced water can be divided into reduction stage and retention stage, and
the produced water (TDS>3 000 mg/L) in the retention stage corresponds to high-yield wells. High-yield wells can be effectively
identified by extracting key hydrochemical indicators and their critical values for identification of CBM production capacity, and ana-
lyzing the concentrations of characteristic ions such as CI~, Na™ and Sr** ; the desulphidation coefficient ySO,?~ /yCl~ can be used
to effectively identify low-yield wells. The CBM wells in Zhijin block of western Guizhou Province should be located in groundwater
retention areas with high TDS, high Cl™ and low SO,?" . instead of strong groundwater runoff zones. The axial part of Zhucang sub-
syncline is a favorable area for deployment of CBM wells. Hydrodynamic interference and its resulted low pressure reduction efficien-
cy are still the key factors restricting the multi-seam co-production capacity of vertical and directional wells. In conclusion, these
findings can serve as a foundation for the efficient CBM development and produced water treatment in Zhijin block.

Key words: produced water; water chemical evolution; western Guizhou; coalbed methane co-production; fluid interference

S| AR M R SR G A BRI B o R 2 I K A AR R R S DL Y X 2R
G XY BILT]. AR 2024,45(3) :517-530.

Cite ; GUO Chen, LI Ruiteng, QIN Yong,LU Lingling, YI Tongsheng, CHEN Zhenlong, YUAN Hang, GAO Wei, CHENG Xi. Evo-
lution path of water produced from coalbed methane wells and its significance in judging productivity;a case study of Zhijin
block in western Guizhou Province[ J]. Acta Petrolei Sinica,2024,45(3) :517-530.

V4 DR [ R O MR ORI A M X
JEARIL K AR B SRR Z W A AR % 2 e B R
ARl I i S 0 3 DX 22 B 3 S OBk HL AL R
Ji IR SO RO M E R R SN R T
GRS ETIT & T 30 A4E 2 T 2 et i 78
SR G E AR M Z B AR TN B AR P R
I BRI A TEA P K I B2 XA 4R G
RBZSHE . BV IX 814 X BT 2009 4R FF IR 7 |- —
BH R — e AT IR SOT APl . = 10
e U e R R A L AR A R X i L
PLHAE S HBA R SOT R0 . BT 2la X
BIE R T B R /N e e — O I A
TFRHIFEATE e B S T Z2 )2 R R &
FHER IR B SE 1 2 243 % + K Bk
ST 202 R RBYZ AT R RE SR O v [
R 7 MR 2 AR RO AR T AR R

H— IR B E T K i 3 0 X HE K R L
HK 2R F W RS R AR R R R
H K 5 2 18] 14 2 S A A TR A9 7K SCHB 5 4% 1F L HESROR
DL BORIFIEI T 2RI 1T 7 A8 RE SR A ) T LR JE
AR R 30T R HE2BOR B T AR 1 P K A A2
b2 35 T2 WOK N 1 55 R K 3 1 sl <ok

P AT B A s 2 S an 2 S HER K TR
AR EK S MK Hodr SMNEK B B A 45 2%
IR P AR BR S JERK ™. Rivera ™
T JGFR & 7K 2 (infinite acting aquifer) AT &, F G5 AE
TR B (5 J23) b 25 A i 1) 4 eb i 1O . PRGN
& E A v Ferron 21 203 19 7 H K J5 722 4k e
F A1 HE )R 5 Ferron 20 = M PNTTRUA RN E JPEAEIX
BORE EAE G T Kb 25 FIAR I L 7E SR B R b 4%
1) 2 AN R AR 4 3t 7K o) B S A D 8l T A A Fer-
ron YU 2 FEREARE . IWER/R Z T A AR G2
SRR SR E T 3 F R ARk Bl ) G40 S
AL BE RSN L & KR AR B FIIR K #b 25 Y. 5 P b
JB TR K W B2 B AR A i

KX L oSHEHEMZIRES D T IREAE
FH 2R AE BN SR B I 5 000 ms 6 11 3 4 35 13
S {6 1 2 H6 T Rl R MR AR R (E R A L R
PR R B 35 2 06 AL T T I 5 35 SRR L 21 Xk
A BB T W 32— 20 R S B4 T R N T
1000m, FRRFEHFFIAN B 76 Hb X 24 X B
JE AT K A 8 R 7 R R JZ K T, 3R K 51K
JZE MR KO e FR R 2 Y HE SR A R R e O o 1
R IR G R BOR AR A B2 LT R



5% 33 B R AR KA AR B i R R S LA G M DX 4 4 X B £ 519

TR AU X — AR BT K SEER PR SE L I
B TR 16 530 SR N BRI R
SR 0T R JZ AL F B K 5 R S5 i [ 22 53¢
HRARAFAE Lz (AR AL B 5 7R DR O R A B IR A
BB L 20 7T R AR . I B DUES P X 414 X
B ] 38 5 7GR G MR I 7 KA i 2 i
H KA i BR A 2 R AL, P 37 KA 25 ()R 1 19
Pk AR e R B K AL 2 AR T 3487 K i Al B B 5
AE B DL 5C A5 5 $R O 7= B B A 16 78 SR AR K 4K
FARAR IR RS i U O R K 8l D 3 0
VI SIV-SIE RIS ST
(I S S RN

KT 1L AR CMRAE BE R O FR 7™ HKRE
ity SRAETHIT H AR KRR sh B LA 3 V. SR 5 S 2K B I
R LB T 4 CROGRIAT N L R TR SR T K f
M. — PR AR 12 DRI = KRR LRE

5S-G X R 1 G T SR AR I A HE R I (E] S 7E 3 a L)
o RHEERRAE 75% LA L R de KRR b R AT R S T A
SRR 7 K BT T A B R R K R AE
T3 Ah  TE TG SV Hi X2 4 X R 2 ) R AR T
FKRE N By o IRTE o ERE 27 B 0 5 3R Ak 27 B K
SIS (B D S8 1 MR 00 H AL 4 - SN R (TDS)
&t pH (. BB F (HCO,  ,SO,* \Cl” \F~ \Br )
Eig, BHE F(Ca’" \Mg>® \Na" K" . Sr*" [Fe’" )& &
S o HLARIE J5 1 < 2R R R e a2 vk HCO, -
B R B A e At B S = R R
MESEEFIRFRIGIERMA S F &, RAT
PRFRE P TDS & & 75 R AE 337 A8 485 2K s il
WEMK T pHE. AFEGYIFRET EE AL,
SR BAA — B IR k2 5 Y BB LB B A
5T DU B AR L A X R 22 Y AE 5% LA SR 4 R ]
HE. T3 AN R B A S B T TS (TICP-MS) # ARl
T KR ETE &&=,

T o | B
1 & Uiz
1 w 7K BF
i F=&% — g -
: & 2|
h ) -4 =} iﬁ
1 BUA @ 3 [
""""""""""""""""""""""""""""""" il & §§ <
wmE (27E
g =zie®
c9 = i,q:
c11 E i
ci2 [ o
£ £ c13 2 = #B
3 % o
= B moaakd | WE
= N
jE . o [HST| ﬁ
f —13 ]
w | £ oa| FE
% 4 23 [
c27 - b g
F o) M
29 [ (©|B W =
. 5|2
¢ N
ciat| |
csa2| |
1206 TR 2
ZRE

(a) WEREE
[oo] [2] B [es]

———1 [F—/——=]
= B B D

(b) GAHBRIE
1 B 0 ] [e]

16 5HE HIRKX  BE ﬁ;g# K& WE  a s #its BE KA XRE BE O BHE MR BB

TR M4
HEL /m

KB KB KB HE

. TST M RAREGHST S AR R SQL.SQ2.SQ3.5Q4 JZ 74 5 .
B 1 BEMXASXRESHREFE

Fig.1 Geological characteristics of Zhijin block in western Guizhou Province
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Table 1 Information of coalbed methane wells
B FE 25 1R 2 _ P”E(éﬁf)ﬂﬁ%ﬁ / ﬁﬁ?ﬁ%’i’/(mﬂd) %ﬂ{%{ﬁr"‘ﬁ'/(m}/@

PR /m REERE /m EJE B /m = K Bt K
1 HIt 20/23;6/7/8/10312/14/16/17 240. 4~432.3 191.9 5.0 118 1. 04 146 1.24
2 IR 23(8) 585.3~587. 4 2.1 2.1 2660 4. 24 3066 5.07
3 HIt 23/30332/33/34 477.2~546.1 68.9 2.1 0 16.53 0 16. 81
4 HIt 23/24/27;30/32/33 1093.4~1155.0 61.6 5.4 1022 1.58 2382 3.27
5 HIT 14516 562. 0~615.7 53.7 3.9 358 5. 45 1107 6.74
6 HIt 20/21/23;27/30 517.5~598. 1 80. 6 5.1 1058 1.45 1209 1.99
7 HIT 19/20323/27 509. 8~557. 6 47.8 5.2 1302 0.73 1529 0. 80
8 HIT 20/21/23;27/30 806.3~899. 3 93.0 6.7 17 6. 82 147 7.25
9 E 16/17,20/23,27/30 415.0~663. 8 248.8 9.9 1324 1. 20 1455 1.58
10 KFI 23(7) 539.3~542. 1 2.8 2.8 2118 0 2215 0
11 IK - 3009) 602. 4~604.8 2.4 2.4 2219 0 2438 0
12 EmitE 11712/13;16/17/18/19; 453.3~642.0 188. 7 9.9 2662 0 3140 0

20/21/23;27/30

/7 B R — R BOR RIRR s 3655 ON KT 19 R B

2 Iy B A5 R
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TDS & i W K F = oK. = oK FES B pH AN
7.73~8.65, ¥ K 8. 05, HA7 55 6l M #EE . Na-Cl
RUKFER) TDS.Na® (Cl™ K" \Sr*" & 8 % & T Na-

HCO; Bk #E, 5] 41, Na-C1 E K R 952 TDS £ &
#5642 mg/L, 1 Na-HCO; I /KFER) 34 TDS & &
91655 mg/ L, & &g, Jo i vk BE O 34908 B K Y i
3 KR HCO, ~ (Na™ fil CI™ (% 2) A8 7 AU K
B SO, JCL Fil Se2* L 0] I CLU B4R AE 1k 5 Al
Do P2 403 B35 WA O 2 A0 7 B 0 A A K U
PRI S8 B 7. SO BARFEHEMRAM,. HAF R
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Table 2 Test results of water samples
O -/ -/ N - 2- N2 2+ / + + 32+ /
il P(Ir(r1(g)/31)/ (mI‘g//I) (;lg/{) (S:;;/L/) ((r;lag/IC) (l\rfxgg/l,/) (iag/l/) (nlfg//L) (rbnrg/l/,) (IE/SI/) pH i K
1 1555. 49 6.70 6.28 0. 03 2.25 0.35 543. 80 1. 38 0.37 949 8. 18 Na-HCO;
2 1897. 89 2.41 2958.02 0.22 30.59 5.95 2440.18 13.39 9. 80 4523 7.73 Na-Cl
3 1643. 54 8. 11 4.39 1. 36 2. 06 0.25 549. 98 1.78 0. 40 944 8.29 Na-HCO;3
4 2876.19 3.90 876. 36 0.08 9.53 1.95 1528.09 10. 78 3.53 2681 7.77 Na-HCO;
5 1858.76 3.94 37. 31 0.29 3. 66 0.63 664. 17 1.79 0.59 1123 7.79 Na-HCO;
6 2719. 66 8. 99 21.49 0. 20 3.88 0.90 937. 09 5. 60 1. 05 1562 8. 38 Na-HCO;
7 3404. 47 4.28 266. 90 0. 05 8. 81 1.23  1313.53 6. 41 2. 41 2152 7.93 Na-HCO;3
8 2690.31 10. 14 31.16 5.25 4.41 1. 30 940. 24 8.53 0.92 1568 8. 01 Na-HCO;
9 2827.27 9. 14 56.12 13.24 6.59 1. 26 993. 64 4. 68 1. 08 1678 8. 00 Na-HCO;
10 1213. 09 2.66 5516.03 0. 03 22.52 11.32  3977.76 94.75 23.12 8800 7.73 Na-Cl
11 2162.03 2.85 1994.29 1.17 4.51 3.33 2485.85 46. 80 5.72 3603 8. 65 Na-Cl
12 2837.05 7.94 488. 65 1.22 5.09 1.38 1277.35 20.75 2.23 2240 8. 42 Na-HCO;
13 68. 48 0.13 2.32 69. 62 59.23 4. 94 4.72 1.52 0.55 166 7. 81 Ca-SO,
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(b) %5 PC2 WARR R B TR

DARE it 13 ey AR AN 2 R IR LU fr 2 5 #F b
10, 5 F B2 Wi B 2% 1F
FeTF A58 TG TR R B K B R A
T2 T S R O AR B R ARAR A A e AE P
EIT L AT T3 (Seer +Seea ) ¢
Seer == 0. 067yHCO, ™ — 0. 370yS0,> + 0. 976yCl” —
0.352yF 4 0. 076yCa®" + 0. 835yMg*" +

0.984yNa'+ 0. 932yK" '+ 0. 974ySr*" (3
Spex =— 0. 818yHCO; + 0. 850yS0,* + 0. 188yCl —
0. 739yF + 0. 958yCa’" 4 0. 528yMg>" —
0.073yNa’"+ 0. 052yK "+ 0. 187ySr*' 4

TSR ILER 4. 48 e 22 ) A 2 1520 ST 1B (B 10)
Dot s e K E AL AR IR S TR SR . B 10 Al p O 4
AGIRCT — N AR KA A R 25
FEF AN SRR S g JEUVE 5 3 AT A 7 K 5
i .

FEIE 10 A B dh 13 A F 0 b A7 B AR T4
LK BRI AE s B 16 R @ (RERD 1URERS 3 FIRER 5)

x4 HEREERS LHERES

Table 4 Load scores of samples on principal components

PR Spci Spca
1 21.68 —22.68
2 185. 82 - 15.61
3 21.76 —23.94
4 87. 09 -38.29
5 27.45 -26.77
6 37.77 —39.44
7 60. 15 —48. 06
8 38.24 - 38.91
9 40. 95 —40.50
10 326. 26 2.43
11 161. 02 —25.81
12 65. 66 —39.42
13 0.27 3.37
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