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Abstract: The chemical characteristics of produced water from coalbed methane (CBM) wells are critical indicators of high productivi-
ty. This study targets at the produced water from vertical CBM wells in the Zhengzhuang block of Qinshui Basin, which have entered
a stable drainage and production phase. Long-term sampling and testing were conducted to analyze the salinity and major ion charac-
teristics of produced water, and then explore chemical features and response mechanisms of produced water to high CBM productivi-
ty. thus providing valuable insights for production practices. (1) After entering the stable production stage, the produced water from
CBM wells has the salinity ranging between 2 000 mg/L and 3 000 mg/L, and is mainly of Na-HCO; type, reflecting a well-sealed
hydrogeological environment. (2)During the drainage and production process, the migration of salinity centers in the Zhengzhuang
block led to the W-shaped variation in the salinity and the main ionic components, such as Na® + K" and HCO, , across different
production areas. Specifically, the salinity fluctuation amplitude in the Zhengl, Zheng3, Zheng4, and Dong production areas shows
the characteristics of increasing, decreasing, becoming smaller and then larger, and larger and then smaller, respectively, as com-

pared with the average salinity of the block. (3)1In the relatively high-yield Zheng3 and Zheng4 production areas, the contents of
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Ca’" and CI show positive and negative correlations with the gas-water ratio over time, respectively. The change rate in Zheng 3
production area is significantly higher than that in Zheng 4 production area, while other areas show no significant correlation.
(4)Two response models of chemical characteristics to high productivity in CBM wells are proposed for the produced water. As gas
production efficiency increases, more CO, dissolved in water promotes the dissolution of calcite veins, leading to a Ca’" enrichment;
hydrated Cl reacts with maceral components in the coal via polar nitrogenous functional groups, which can increase the likelihood of
forming organic complexes, leading to a Cl consumption.

Key words: coalbed methane wells; produced water; chemical characteristics; salinity; major ions; Ca?* enrichment; Cl consumption
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Fig.1 Salinity of produced water in southern Qinshui Basin and top structure of coal seam No. 3 of Shanxi Formation in Zhengzhuang block
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Table 1 Comparison of gas and water production of vertical wells in different well areas of Zhengzhuang block
1 750~1000/830 5.1~5.7 22.38 iU X 106 814. 00 1.71 28 43 35
% 700~950/816  5.1~6.3 25. 88 il I X 20 760. 21 1.02 3 12 5
3 700~800/730  5.1~5.7 17. 66 i I X 84 1098. 63 1.13 38 30 16
4 650~800/715 5.2~6.3 17. 00 L X 136 1116.79 0. 49 58 52 26
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Fig.2 Gas and water productions in the well areas
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Table 2 Chemical characterization parameters of produced water of typical coalbed methane wells in Zhengzhuang block

[ & 7y fiE / 7
RK I HF?R?T\#(/ BT/ (mg/L) - AL/ (mg/ L)
Na* + K* Mg2* Ca2* Cl SO42 HCO;3

365 417.45~1016.12/ 1.21~9.71/ 2.00~12.07/ 17.68~247.55/ 4.80~167.94/ 949.76~2337.41/ 1492.55~3620.39/
666. 40 2.67 4.45 131.63 10. 56 1555. 24 2370.97

51 34 1095 595.80~1385.38/ 0.18~5.66/ 6.81~26.44/ 75.01~436.06/ 1.99~76.58/ 1017.00~2237.40/ 1856.82~3916.61/
841.19 1.74 10. 05 176. 89 16. 04 1544. 94 2590. 86

1825 589.02~1300.37/ 1.09~9.91/ 3.49~32.36/ 21.34~860.74/ 1.37~11.52/ 813.60~2237.40/ 1537.69~3730.13/
733.76 2.52 9. 45 140. 35 3.95 1501. 41 2391. 44

365 636.23~682. 39/ 1.19~3.58/ 1.19~3. 48/ 88.41~123.78/ 4.72~9. 44/ 1289.20~1675.15/ 1924.90~2473. 40/
638. 92 2.39 2.39 106. 09 5. 90 1590. 30 2350. 00

% 6 1095 649. 20~776. 12/ 1. 14~3.06/ 1.14~3.06/ 39.57~248.82/ 3.41~24.57/ 610.20~1627.20/ 1519. 02~2640. 02/
707. 06 1.89 1.89 141. 03 11.87 1495. 64 2370. 00

1825 473.53~869. 22/ 1.28~5.47/ 1.28~5.47/ 16.79~241.94/ 1.65~151.94/ 1017.00~1627.20/ 1583.54~2756.50/
596. 42 2.68 2.68 103. 32 42. 49 1423.02 2180. 00

365 165.81~771.85/ 1.19~7.28/ 1.19~7.28/ 35.36~1503.01/ 4.72~19.19/ 1289.21~1780.81/ 1858.92~3477.73/
587.50 4. 41 4. 41 221.00 7.83 1486.70 2311.76

53 2 1095 647.69~797.71/ 1.14~2.97/ 1.14~2.97/ 55.80~125.62/ 7.97~15.31/ 1322.10~2034. 00/ 2074.63~2925.90/
734.33 1.63 1. 63 85.97 10. 47 1484.18 2328.54

1825 62.40~714.97/ 1.13~2.87/ 1.13~2.87/ 23.36~173.07/ 1.72~28.67/ 1322.10~1627.20/ 1528.12~2399.52/
585. 36 1.85 1. 85 66. 71 7.95 1457.70 2127.96

365 433.53~1516.31/ 2.39~14.33/ 2.39~14.33/ 53.05~1626.79/ 4.72~23.99/ 687.57~1948. 12/ 1546.01~4631.54/
680. 89 5.81 5.81 286. 03 12. 60 1351.88 2345. 04

5 4 28 1095 511.40~1690. 04/ 1.28~6.30/ 1.28~6.30/ 46.73~1462.02/ 0.00~32.80/ 1017.00~2288.25/ 1624.90~4833.89/
778.17 2.30 2.30 206. 49 12.95 1494. 02 2507.22

1825 590.46~1012.59/ 1.43~8. 44/ 1.43~8.44/ 36.96~566. 64/ 1.65~12.88/ 1118.70~2237.40/ 2037.28~3451.02/
760. 75 4. 48 4.48 207.58 5.63 1550.93 2500. 49
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Fig.4 Salinity distribution of produced water in Zhengzhuang block

FEFR 1 2R DR T A MRORT 0 0 i AR 0 A B e 0 LI 4(e) .
HER 365 d 2 1460 d K BE O A9 A7 BAS AN K 57 LI B HER O RE AT LA A0 B rp oo 19 Ak JEE (i R
RIS PR AR L 40— 4D T B A EEh AL E TR RS L E AT X 4 B AL B A
TEHER 1095 d WAy w i AL EE D LI 4Co 1L 7EHE RGBONRRRE . AN, IXBRNIETE B 1 — S8 AL7E A S 4
K 1460 d I FEEHON R AL EE R0 LI 4 (D T HER i Blp s AL BE ot B0 HER 730 d IF A ARCR IX
1825 d. H L e O RO AL 10) NW SRS 208 1 R X AL PUMIRS AR AT A 2 rpots s LA OB 3 SR IX 58 4 R IX



%11

OB DK IR DCHUBE R S 7 Hh K A2 0 T A B KL e 7 W 1643

Z a0 AR O L 4 15 HER 1095 d B 1Y 4R 5%

DAL P PR B o LB 4o s LR HER: 365 d

11825 d B 1 o EQAE PG e 06 UG LI 4(a) (B 4D

3.2 FEHAKAY KB TR 4L 4 AE R H X oKk 32 b R E 1
KR

Piper = & & AF 78 #b 7K Ak 22 B0 o B K BU A
ROTIERY L e S e A A T AR T = A TR X )
ST I 7K AR H 25— R B 25 - A R X 5 i 22 0 XSl i
IKBERI AR 5. X Piper =4k B Y22 TE X 38k (1 5) it
Tt —2% 455 O T XK E & F Mg-HCO; B, Ca-
HCO; A, ik R 5 5 B2 3 50% . 77 K R 2 Rk 2
H R K SRK s @ 1T X KBS F Na-HCO; B, 77 i
KNTEIZH T KO X H KB JE F Na-Cl R, 7= ok
K R AKE IR @IV XA KA JE T Ca-Cl #  Ca-
SO, B, 7= H K b R K 8 K IR A K,

Hi &L 6 AT DA M« 76 28 T8 DX P s 6 1 X R )
IKFREE TR A3 A AT BRS040 TG B 8 e B 5 K R
fiff TN 55 R S = IX s AE 2 O BH B F = B X3 B
ROKME R B AR R BOA T M RERZE SR A
R HER B B = oK R i Na” ZEFHE F b i 2 5

A7 o HLBEHER 0 EAT - WS B0 BEE s £ A7 U B S
AR DX R R KRR 32 B A A DXCORR S . KR 23K
FEAETFZEM S LA T A 73 A1 A A7 5 2 W 0k AR HE
R B KA B HCO, 5 5 iz

I X :Mg-HCO, &, Ca-HCO, %

I X :Na-HCO,

Il X : Na—-Cl1 & 30
V X :Ca-ClE, Ca-SO, &l

80 60 40 20 20 40 60 80
Ca** Na'+K'HCO,” cr
5 Piper =%
Fig.5 Piper trilinear chart

80 60 40 20 20 40 60 80
Ca® Na'+K'HCO, e Ca™
(a) HEXR 3654

80 60 40 20

Na'+K'HCO," cr Ca™
(b) #HE% 7304d

80 60 40 20 20 40 60 80
Na'+K'HCO,” cr
(c) HEFR 1095d

20 40 60 80

V #B1RX

A FREK
B3RE

® HARK

wf N

80 60 40 20 20 40 60 80 80 60 40 20 20 40 60 80
Ca® Na'+K'HCO,” cr Ca* Na'+K'HCO,” cr

(d) HeR 1460d

(e) HER 1825d

B 6 ¥PERXHRHR 365d E 1825d Yy Piper = E
Fig. 6 Piper trilinear chart of drainage and production from 365 d to 1825 d in Zhengzhuang block



1644 al H

¥ ki 2024 4 45 %

LA ORAE B X B KA 2227 F Piper =%k
B I IX 7™ 7K 1K B g T Na-HCO, BY, /5 53 A
T, H Na-ClL A, 53 3B K43 77 1 7K R I T IR
W 2 U 2K L Z K K I R N

PLIRAR 205 ¥ A 28 EOK 946 2 1808 45
IK T IR EE 47 K R 43 A 4 A DY G —
rer )/ rsor <<0.5 BF 7 KR Na-SO, K @Y (ry,e =
rer )/ rsor =>0.5 B, 7 K Na-HCO, 7KL O Gy —
)/ a2t <<0.5 BF L PR KO Me-Cl K @24 (rer —
raat ) /g >0, 5 B, PR Kl Ca-Cl K3,

DL b ROk BUHER 5 — i 1Y FR AR & L Na-SO, /K
RUFEAEFF I T R Bl B 455 30 5 35 705 7K S b 3 3 1A Pk
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Tl 7K 750 (14 35 9 B 5 s Mig-Cl 7K B8 47 78 31 % B F ¥ 7 35
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B PR, Wang 5 DUV E R (e /1o ) AR
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et /1o SEYNTF 6, 0Kk Na-HCO, B2 11y 7=
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H O 28 K E 9 D B2 A 0 7 K R 4y
4 PR A O K SCHb BT B P PR 2% AR EEAE 1000 ~
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Fig.7 Changes of cation contents in produced water with drainage and production time in different mining areas
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Fig.8 Changes of anion contents in produced water with drainage and production time in different well areas
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Fig.9 Correlation of Ca’™ and CI' changes with gas-water ratio
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Fig.10 Schematic diagram of Ca’>" enrichment process and CI" consumption process in produced water
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