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Abstract: The water produced from the coalbed methane
(CBM) wells contains abundant geochemical informa-
tion, which is of great significance in evaluating the
productivity of these wells. Based on the data of water
produced from five CBM wells, geochemical character-
istics of the produced water and its influence on the
productivity of the wells are analyzed in Laochang
Block. The results show that with the increase in the
produced water of the five wells, 8D and §'®0 show a
downward trend in general, reflecting that the influence
of coal seams and surrounding rock on the produced
water is weak, while the water—rock interaction of the
Y-3 and Y-5 wells is more stable than that of the Y-1,
Y-2, and Y-4 wells. Combining the water production
characteristics of the Y-3 and Y-5 wells with better drainage
and recovery effects, it is proposed that 0 < oy < 0.3 and
0 < oy < 600 or 0.7 < oy < 0.8 and 1,200 < oy < 1,300,
and the fluctuation ranges of Ca?*, Mg®", HCO;~ and
S0,* can provide a basis for quantitative characteriza-
tion and evaluation of CBM well production.
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1 Introduction

Coal rank, tectonic settings, hydrogeological conditions, and
other factors affect the generation and migration of coalbed
methane (CBM), among which the hydrogeological condi-
tions are one of the most important [1-3]. Hydraulic
dissipation, plugging, and sealing directly affect the
occurrence of CBM. At the same time, hydrological
conditions control reservoir fluid pressure and water-rich
property, which have a great impact on the drainage and
reduction of pressure of CBM wells [4-8]. For the desorption
and the production of CBM, a large amount of water needs
to be discharged [9]. Based on the mechanism of gas
migration, researchers have found that the study of the
hydrogeochemical characteristics of coal reservoirs can
improve the evaluation of the CBM exploration prospects
through geological evaluation, gas transport modeling, and
physical simulation methods [10-16].

In the CBM wells, during the processes of drainage
and methane production, various physical and chemical
reactions occur between the water in reservoirs and the
surrounding rocks and coal seams. With the prolonga-
tion of drainage time, the geochemical characteristics of
produced water also change, and the water quality
varies with the wells and basins [7,17-19]. The change in
the water quality of the produced water with drainage
time is the result of mineral dissolution in aquifer [20].
In addition, chemicals injected to improve permeability
during coal seam hydraulic fracturing also affect the
quality of the produced water in the early stage [21,22].
Existing research shows that the quality of the water
produced in CBM wells is poor because of high
concentration of sodium ions and the presence of trace
elements such as lead and arsenic [10,23].

The amount of water discharged from a well varies
considerably at different time intervals as well as for different
wells during the same time interval. Furthermore, the amount
of hydrogen and oxygen isotopes and trace elements exhibit
the same behavior. Therefore, by comparing the water
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produced from different CBM drainage wells, we can better
understand the changes in the water quality [14,24]. In the
initial stage, because of the influence of the fracturing fluid,
the type of water quality is Na—Cl; in the transitional stage, the
type of water quality gradually becomes Na—-Cl-HCOs because
of the constant discharge of the fracturing fluid; in the stable
production stage, the type of water quality is Na-HCOs. From
the initial stage to the stable production stage, the concentra-
tions of Na*, K*, CI", Ca®*, and Mg”" decrease continuously,
HCO;™ increases gradually, SO,*" changes slightly, and the
salinity decreases significantly until the ion content and
geochemical characteristics tend to be stable and close to the
original formation water [25,26]. Previous studies on the
changes in hydrogen and oxygen isotopes [7,26-28], trace
elements [29], and conventional ions [6,30-32] in the
produced water have been conducted to varying degrees,
but there are few reports on the geochemical characteristics of
the produced water from CBM wells in Eastern Yunnan. Based
on the latest results of conventional ion, trace element, and
hydrogen and oxygen isotope tests of water samples produced
by CBM wells in the Laochang Block of Eastern Yunnan, an
analysis of the hydrogeochemical characteristics of CBM wells
and the influence of surrounding rocks and coal seams on
water production was conducted, as well as an evaluation of
the influence of the geochemical characteristics of produced
water on the performance of the well was conducted.
Suggestions are provided for the optimization of the drainage
and the production system of the CBM well.

Geochemical characteristics of produced water from CBM wells
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2 Geological background and
samples

2.1 Geological background

Laochang Block is located in Fuyuan County, Qujing
City, on the southwestern margin of the Yangtze
Platform and the inner Laochang anticline zone of the
Huangnihe Reflection Arc on the Eastern wing of the
second arc of the Shanzi structure in Yunnan Province.
The faults in the block are mainly NE-trending, with NW-
trending transverse faults and NW-trending arc faults,
mainly distributed in the margin of the block. Most of the
faults with a drop greater than 100 m are boundary
faults, while the internal faults are scarce and mostly
distributed near the folds (Figure 1). The main coal-
bearing strata are the Upper Permian Longtan Formation
with a thickness of 415-475 m. The main coal seams are
No. 3, 7 + 8, 16, 17 + 18, and 23. The coal grade is
anthracite, black to steel gray, with a glass-like metallic
luster, heterogeneous fracture, hardness, and slight
brittleness. Coal petrographic composition is mainly
semi-dark to semi-bright coal. This area is located in
the watershed of the Huangni River, Xijiuxi River, and
Seyi River, with high terrain and an undeveloped surface
water system.
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Figure 1: Study area structure and well location map.
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Table 1: Characteristics of production wells
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CBM wells Water production date Main Depth (m) Cumulative water Cumulative gas
coal seam production (m?) production (m?)

Y-1 Apr. 2018 7 + 8/13 717.9-780.0 297.17 27832.19

Y-2 Apr. 2018 16/18/19 698.5-735.6 395.60 35357.89

Y-3 May 2018 13/16/18/19 665.3-681.9 474.91 77461.46

Y-4 Jun. 2018 13/19 750.0-789.2 355.57 12341.49

Y-5 May 2018 14/16/18 687.4-745.8 398.76 72798.60

There are five CBM development test wells (Well Y-1,
Y-2, Y-3, Y-4, and Y-5) that adopted the “segmented
fracturing, combined layer drainage” developmental
mode in the Laochang Block. The data of the cumulative
water and gas production of the five wells by September
2018 are presented in Table 1. Well Y-3 produced most
gas (77461.46 m>) during this period, followed by wells
Y-5, Y-2, Y-1, and Y-4. Well Y-3 had the highest
cumulative water production, at 474.91 m>, followed by
wells Y-5, Y-2, Y-4, and Y-1.

2.2 Samples

Since April 2018, five CBM wells in the Laochang Block have
been tracking and collecting water samples. The water
sample was uniformly collected using a 25L pure water
bottle directly from the wellhead. The samples were sent to
the Institute of Geochemistry, Guiyang Academy of Chinese
Sciences within 72 h. The experiments conducted include the
determination of the conventional anion and cation mass
concentration of the produced water, the determination of
stable hydrogen and oxygen isotopes, and the determination
of trace element mass concentration. As of September 2018,
well Y-1 had been collected six times, well Y-2 had been
collected six times, well Y-3 had been collected five times,
well Y-4 had been collected four times, and well Y-5 had
been collected five times. These test results are the basis for
this analysis (Tables 2 and 3).

3 Results and discussion

3.1 Characteristics of conventional ions and
variation with time

The water produced from CBM wells has similar ion
characteristics, that is, Na*, K*, and Cl~ concentrations
are higher, while Ca**, Mg®", and SO,>~ concentrations

are lower. It is generally believed that Ca?* and Mg** are
more abundant in an open groundwater environment,
while Na*, CI~, and HCO5™ are more abundant in a closed
groundwater environment [14,33,34]. The water pro-
duced from the five CBM wells shows the same result,
that is, Na*, Cl7, and HCO;~ concentrations are higher,
K*, Ca®*, Mg**, SO,*", and F~ concentrations are lower,
and the SO,>~ concentration of the Y-3 well and Y-5 well
is the lowest (Table 2).

With the increase in the drainage time, the type of
water produced from the Y-1 and Y-2 wells changed from
Na-Cl to Na—Cl-HCOs. The type of water produced from
Y-3, Y-4, and Y-5 wells changed from Na-Cl to Na—HCOs.
The concentrations of K, Na*, Ca*", Mg*", and Cl” in the
five wells fluctuated and decreased with time (Figure 2).
The K* concentration in the Y-2 well changed more with
time, followed by the Y-1 well, and the changes in the
Y-3, Y-4, and Y-5 wells were the smallest. The Na*
concentration of the five wells does not vary significantly
with time. The variation trend with time of the Ca®',
Mg2+, and Cl™ concentrations in the five wells is similar
to that of K* concentration. The concentration of SO, in
wells Y-1, Y-2, Y-3, and Y-5 showed a decreasing trend,
while SO,* concentration in the Y-1 and Y-2 wells varied
greatly with time. SO,>~ concentration in the Y-4 well
increased initially and then decreased with time. The
HCO;™ and F~ concentrations in the five wells increased
with time, among which the HCO5;~ concentration
increased in a similar range. Meanwhile, the change in
F~ concentration in the Y-1, Y-2, and Y-4 wells showed
larger temporal variations, while the change in F~
concentration in the Y-3 and Y-5 wells depicted smaller
temporal variations.

With the increase in drainage time, the fracturing
fluid gradually discharges, which reduces the concen-
trations of Na*, K*, CI", Ca*", and Mg?*, indicating the
weakening of the water—rock interaction. The concentra-
tions of HCO3;™ and F~ increase with time, showing that
the produced water is groundwater in a closed environ-
ment with a higher degree of retention. This indicated
that the water produced from the five wells is
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Table 2: Conventional ion date, hydrogen, and oxygen isotope date from water samples

CBM  Date K* (mg/L) Na® (mg/L) Ca®* Mg?*  Cl (mg/L) SO,>  HCO5~ F 5'®0 (%0 0D (%o PH
wells (mg/L) (mg/L) (mg/L) (mg/L) (mg/ V-SMOW) V-SMOW)
L)

Y-1 Apr.2018  391.24 2337.93 22.77 9.62  3693.08  40.27 756.37  1.02  -9.82 -58.54 8.2
May.2018 388.14 2841.09 21.73 1196  3566.23  22.89 899.61 0.80 -10.09 —72.55 7.3
Jun.2018  448.06 2507.00 579 1128  3622.01 19.57 1085.56 0.82 -10.5 -70.69 7.5
Jul.2018  430.12 2393.63 19.22  9.48  3192.00  15.89 1483.55 0.86 -10.42 -68.35 8.3
Aug.2018 271.02 2127.24 15.31 7.69  2841.46  17.33 1687.00 124 -10.71 -71.73 8.5
Sep.2018 160.01 2006.09 12.35 5.08  2242.71 12.93 1830.97 1.24  -11.03 -72.2 8.4
Mean 348.10 2368.83 16.19 9.18 3192.91 21.48 1290.51  1.00 -10.43 -69.01 8.0

Y-2 Apr.2018  653.81 3022.21 33.37  12.40  4742.68  34.82 1389.61  1.63 -10.47 -72.97 7.8
May.2018 413.98 2979.60 22.48 859 339258  24.20 1683.62 152 -10.98 -82.04 7.2
Jun.2018  360.69 2711.59 18.91 7.73  2941.82  24.38 1826.85 156  -11.68 -80.69 7.3
Jul.2018  298.37 2416.54 16.39  6.57  2539.78  19.89  2400.60 155  -1L.11 -76.28 8.0
Aug.2018 233.85 2202.94 17.20 5.54 2112.89  17.87 2519.54  1.83 -11.76 -82.18 8.3
Sep.2018 242.97 2191.07 12.93  4.85 2315.70  14.61 2463.20 211 -11.9 -83.77 8.2
Mean 367.28 2587.32 20.21 7.61  3007.57  22.63 2047.24 170  -11.32 -79.65 7.8

Y-3 May.2018 362.71 3228.39 19.29  9.29  3436.52 0.37 2168.60  0.49  -11.59 -78.69 7.3
Jun.2018  330.54 3123.74 14.79  8.89  3235.61 0.19 2291.73  0.60 -11.76 -79.1 7.7
Jul.2018  276.25 2883.28 20.35 7.92  2813.12 0.20 2967.11 052  -11.09 —-74.36 7.7
Aug.2018 235.56 2734.76 22.92 7.11 2702.08 0.32 3045.35  0.54  -11.89 -78.54 7.9
Sep.2018 206.35 2564.84 17.49  5.46  2454.66 0.46 3170.55 0.66  -11.69 -79.46 7.9
Mean 282.28 2907.00 18.97 7.73  2928.40 0.31 2728.67 0.56 -11.6 -78.03 7.7

Y-4 Jun.2018  227.40 2270.35 10.42 570  2302.85 0.05 1756.49  1.38 -12.11 -82.41 8.1
Jul.2018  174.65 2077.51 11.55 4.81 1995.86 3.88 212518 122 -11.37 —77.65 8.1
Aug.2018 150.75 1867.78 15.81 4.42 1811.29 4.24 222533 171 -11.49 -81.43 8.4
Sep.2018 136.65 1766.55 9.44  3.36 1554.92 3.33 2322.36 174 -12.03 -83.38 8.2
Mean 172.36 1995.55 11.81 4.57 1916.23 2.87 2107.34 151  -11.75 -81.22 8.2

Y-5 May.2018 348.91 2609.78 9.92 731  2637.24 3.87 1884.65 0.60 -11.95 -82.34 7.6
Jun.2018  299.72 2501.88 7.52 6.54  2525.99 1.61 1939.93  0.67 -11.92 -82.20 8.1
Jul.2018  259.45 2316.31 11.08  6.55  2383.26 1.13 2381.82 0.55 -11.25 -77.20 8.1
Aug.2018 213.25 2093.49 15.42 5.50 2171.06 0.29  2488.24 0.72 -12.12 -81.70 8.2
Sep.2018 197.32 2006.94 11.07  4.38  1910.23 0.74 260091 0.70 -12.03 -83.96 8.1
Mean 263.73 2305.68 11.00  6.06  2325.56 1.53 2259.11  0.65 -11.86 -81.48 8.0

characterized by closed groundwater, and the water—
rock interaction of the Y-3 and Y-5 wells is more stable
than that of the Y-1, Y-2, and Y-4 wells, as shown in
Figure 2.

3.2 Characteristics of hydrogen and oxygen
isotopes and variation with time

The hydrogen and oxygen isotope values of the water
produced in the CBM wells are distributed near the
atmospheric precipitation line. The hydrogen and
oxygen isotope composition research method adopt the
Yunnan atmospheric precipitation line equation: 8D =
6.56 8'°0 — 2.96 [35].

Because the produced water is derived from the
mixture of atmospheric precipitation, surface water, and

groundwater, it generally exhibits significant D-drift
characteristics or O-drift characteristics [24,36,37].

The water isotope values of the Y-1 and Y-3 wells are
basically located to the left of the atmospheric precipita-
tion line, showing D-drift characteristics (the Y-1 well
exhibits O-drift characteristics on the right side of the
atmospheric precipitation line in May), while the isotope
values of the Y-2 and Y-4 wells are mostly located on the
right side of the atmospheric precipitation line, showing
O-drift characteristics. The isotope value of the water
produced in the Y-5 well fluctuates on the atmospheric
precipitation line and exhibits insignificant D-drift or
O-drift characteristics (Figure 3).

In the reducing environment of coal measures,
hydrogen and oxygen isotope drift in the formation
water can be caused by isotope exchanges of minerals in
the formation water rich in light isotopes such as H and
160, coal seams rich in heavy isotopes such as D and '#0,
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Table 3: Test data of trace elements in produced water
CBM wells Date Li (ng/L) Ba (pg/L) Sr (pg/L) Rb (pg/L) Mn (pg/L) As (pg/L)
Y-1 Apr. 2018 636.40 786.40 6305.70 138.40 110.60 0.79
May 2018 553.29 1085.81 15573.14 108.88 43.57 0.97
Jun. 2018 607.41 1155.50 15150.34 122.26 136.16 0.49
Jul. 2018 839.27 910.09 10398.55 133.99 134.01 0.74
Aug. 2018 689.23 652.18 4618.43 101.28 150.97 0.50
Sep. 2018 964.36 606.34 4322.43 85.82 162.35 1.03
Mean 714.99 866.05 9394.76 115.11 122.94 0.75
Y-2 Apr. 2018 447.00 1718.90 8945.50 143.80 242.30 0.79
May. 2018 328.44 1445.35 13106.44 95.87 135.98 0.90
Jun. 2018 330.90 1229.76 10888.72 83.89 112.36 0.63
Jul. 2018 491.07 1062.38 8081.89 87.67 135.67 0.77
Aug. 2018 401.40 926.87 4035.61 75.89 89.81 0.96
Sep. 2018 611.73 1042.32 4851.31 85.03 89.43 1.75
Mean 435.09 1237.60 8318.25 95.36 134.26 0.97
Y-3 May 2018 585.42 6372.22 16419.17 100.29 151.96 0.73
Jun. 2018 485.44 4325.69 10880.58 68.54 103.00 0.68
Jul. 2018 779.40 4062.65 9504.99 71.57 214.87 0.94
Aug. 2018 635.03 1698.04 4988.76 59.74 183.61 1.04
Sep. 2018 964.92 2004.51 5542.35 62.54 197.87 2.78
Mean 690.04 3692.62 9467.17 72.54 170.26 1.23
Y-4 Jun. 2018 459.37 1902.53 7734.81 48.22 56.06 0.39
Jul. 2018 629.67 1663.16 6153.24 43.58 136.24 0.77
Aug. 2018 483.35 1708.09 3101.90 36.30 94.26 0.71
Sep. 2018 718.12 1786.39 3415.53 38.21 118.75 1.19
Mean 572.63 1765.04 5101.37 41.58 101.33 0.76
Y-5 May 2018 644.30 1923.74 9617.75 75.44 56.30 0.32
Jun. 2018 662.97 2169.40 7684.82 65.23 30.61 0.75
Jul. 2018 1055.99 1915.36 7557.30 66.44 84.91 0.56
Aug. 2018 852.83 2037.78 3922.86 53.44 61.44 0.63
Sep. 2018 1284.98 1941.72 4206.15 54.44 85.69 1.18
Mean 900.22 1997.60 6597.77 63.00 63.79 0.69

and the wall rock. In addition, microorganisms can
produce HDS in a weakly alkaline and closed reduced
coal seam environment. HDS dissolves in water and
exchanges isotopes, which can also lead to the D-drift of
formation water. Because of the enrichment of 0 in
carbonate strata, the oxygen-bearing mineral compo-
nents in limestone are continuously dissolved in the
process of runoff, which makes the heavier oxygen
atoms in oxygen-bearing minerals easy to exchange with
lighter oxygen atoms in limestone water, resulting in the
continuous enrichment of 0 in roof limestone water
and 0 isotope drift [25-28].

In the process of the fluid production, the following
reactions may occur:

SO2~ + C(organic) + H,0 — HDS + HCO; 1)

HDS + H,0 — H,S + HDS )
H,0 - H* + OH- 3)
H* + HCO; — H,CO; (4)

In the reduction environment of coal measures,
sulfate can produce hydrogen sulfide, resulting in a
decrease in SO,>” concentration, an increase in HCO5™
concentration in the produced water, and the odor of
hydrogen sulfide. It also reflects the fact that the
produced water has the characteristics of coal seam
water, equations (1) and (2). Because the produced water
is weakly alkaline (Table 2), it can be inferred that there
is a slight reaction of H* consumption (equations (3)
and (4)).

The 8D and 80 of the water produced in the Y-1
and Y-2 wells vary greatly with time, while those of the
Y-3, Y-4, and Y-5 wells change slightly (Figure 4),
indicating that the coal seams and surrounding rocks
have great influence on the water produced in the Y-1
and Y-2 wells, but relatively small influence on the water
produced in the Y-3, Y-4, and Y-5 wells. In August, 6D
and §'®0 of the five wells decreased with time, probably
due to seasonal precipitation. Even in September, 8§D
and 630 of the five wells decreased with time, but the
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decline was less than that observed in August. The
sudden increase in §'®0 of the Y-3 and Y-5 wells in
September was probably due to the fluid penetration of
the surrounding rock.

3.3 Characteristics of trace elements and
variation with time

In the previous studies, the contents of Li, Ba, Sr, Rb,
and Mn on the roof and floor are much higher than those
in the coal seam, and their changes can indicate
the change in the degree of influence of the roof and
floor on the produced water. As, Hg, and Co mainly
exist in the coal seam, and particularly, the high
amounts of As in coal is a unique characteristic of this
region [38-40].

With the increase in the drainage time, the trace
elements Li, Mn, and As in the produced water of the five

wells show an upward trend, while Ba, Sr, and Rb show
a downward trend, and their changing trends are
approximately the same (Figure 5). The reason may be
that the water produced daily is gradually stabilized, and
the water—rock reaction tends to be stable. Among them,
the trace elements Ba and As in the Y-3 well vary greatly
with time, which may be due to the continuous influence
of the surrounding rock and coal seam on the produced
water.

3.4 Effect of geochemical characteristics of
produced water on gas well productivity

There has been considerable study on the impact on the
production capacity of the production of water in the
CBM wells [26,27]. Because Ca?* and Mg** are the main
elements of rock-forming minerals [41], and HCOs™ and
S0,>" mainly reflect the coal-bearing environment under
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Figure 5: Changes of trace elements in the produced water with time.

closed conditions, based on previous studies and
combined with the characteristics of the produced water
and the changes in drainage and production curves in
the study area, four characteristic ions-Ca®", Mg*",
HCO;™ and SO,> - are selected to further analyze the
relationship between the water production characteris-
tics and productivity of the CBM wells. The degree of
influence of the coal seam and surrounding rock on the
produced water has dual effects on the gas production
rate. Conversely, the degree of influence of the coal seam
and surrounding rock on the produced water is greater,
which can improve productivity. In addition, if it causes

wellbore collapse or reservoir damage, it will be
disadvantageous to productivity.

With the increase in the produced water in five CBM
wells, 8D and §'®0 show a downward trend in general,
reflecting that the influence of coal seams and sur-
rounding rocks on produced water is weakening, as
shown in Figure 4. The reason may be the influence of
the fracturing fluid on the produced water in the early
stages of drainage. That is, with the gradual production
of the fracturing fluid, the produced water gradually
returns to the normal formation state, but in September,
the 80 of the Y-3 and Y-5 wells suddenly increases.
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Figure 6: Distribution of characteristic ions in the produced water.
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Figure 7: Standard deviation of trace elements in five wells in the
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the fracturing fluid on the surrounding rock; oy denotes the
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This suggests that the influence of the surrounding rock
on the produced water is increasing because the
surrounding rock is penetrated by the fluid.
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According to the influence of trace elements on
produced water, characteristic trace elements such as Li,
Ba, Sr, Rb, Mn, and As were selected. By analyzing the
standard deviation, the characterization parameters of
the influence of the surrounding rock and coal seam on
produced water were established.

oy = o(Li) + o(Ba) + o(Sr) + o(Rb) + o(Mn) (5)

(6)

Equation (5) denotes the discrete degree of the influence
of the fracturing fluid on the surrounding rock, and the
magnitude of the value indicates the fluctuation of the
influence of the fracturing fluid on the surrounding rock,
which can indirectly reflect the patency of the fluid
passage. Equation (6) denotes the discrete degree of
the influence of the fracturing fluid on the coal
reservoir, and the magnitude of the value can indir-
ectly reflect the extent of the fracturing fluid expansion
in the reservoir.

The standard deviations oy and oy can indirectly
reflect the extent of the influence of the fracturing fluid

oy = 0(As)
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Figure 8: Gas production variation charts of five wells in the study area.
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on the reservoir and surrounding rock. When oy is large,
wellbore collapse can easily occur, which is not
conducive to the production of fluids. When oy, is large,
damage to the coal reservoir can easily occur, which is
unfavorable to later gas production.

The Y-3 and Y-5 wells have the best production
status, as shown in Figures 4-8. Moreover, it also reflects
that the process that takes place in the Y-3 and Y-5 wells
(ellipse and triangular areas in Figure 6) in the flow
through the surrounding rocks, and coal seams is
beneficial for enhancing productivity. However, the
water produced in the Y-1, Y-2, and Y-4 wells in the
process of flowing through surrounding rock and coal
seam is not conducive to enhance productivity, which
may be caused by wellbore collapse or reservoir damage
[42,43]. Based on the characteristics of water produced
in Y-3 and Y-5 wells with better drainage effect, the
quantitative characterization range of produced water in
high-production CBM wells is proposed: (1) 6D is in the
range of —85%o0 to —-75%0 with the fluctuation range
spanning 5%o, 8'%0 is in the range of —12%o0 to —11%o0
with the fluctuation range spanning 0.5%o, and the
fluctuation range of Ca*" spans 10 mg/L. The fluctuation
range of Mg®" spans 4 mg/L, the fluctuation range of
S0,> spans 3mg/L, and the fluctuation range of HCO;~
spans 1,000 mg/L. (2) 0 < oy < 0.3 and 0 < oy < 600 (the
influence of the surrounding rock and coal seam on
produced water is relatively stable, taking the Y-5 well as
an example, and the poor drainage effect of the Y-4 well
is likely to be caused by human factors) or 0.7 < oy < 0.8
and 1,200 < oy < 1,300 (the influence of the surrounding
rock and coal seam on produced water fluctuates greatly,
taking the Y-3 well as an example). Because the tracking
time is not long and the number of CBM wells is limited,
the characterization method proposed earlier will be
further improved by more drainage data from the
drainage wells.

4 Conclusions

In this article, the geochemical characteristics of
conventional ions, trace elements, and hydrogen and
oxygen isotopes in the produced water from five CBM
wells in Laochang Block, Eastern Yunnan, and their
relationship with productivity were analyzed, and the
following conclusions were presented:

With the increase in the drainage time, the type of
water produced in the Y-1 and Y-2 wells changed from
Na-Cl to Na-Cl-HCOs. The types of water produced in the
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Y-3, Y-4, and Y-5 wells also changed from Na-Cl to
Na-HCOs.

The concentrations of K*, Na*, Ca**, Mg?*, and Cl” in
the five wells fluctuated and decreased with time. The
concentration of SO,%” in Y-1, Y-2, Y-3, and Y-5 wells
showed a decreasing trend with time. The HCO5™ and F~
concentrations of the five wells showed a tendency to
increase with time. The water produced in the five wells
was characterized by closed groundwater, while the
water-rock interactions in the Y-3 and Y-5 wells were
more stable than those in the Y-1, Y-2, and Y-4 wells.

Four kinds of chemical reactions in different stages
of the production process were proposed. With the
increase in the produced water in the five CBM wells,
8D and 68%0 show a downward trend in general,
suggesting that the influence of coal seams and
surrounding rocks on the produced water is weak. In
September, §®0 of the Y-3 and Y-5 wells suddenly
increases, indicating that the influence of the surrounding
rock on the produced water is increasing, because the
surrounding rock is penetrated by fluid. Combining with
the water production characteristics of the Y-3 and Y-5
wells with better drainage and recovery effects, it is
proposed that 0 < gy < 0.3 and O < oy < 600 or 0.7 < Oy <
0.8 and 1,200 < oy < 1,300, and the fluctuation ranges of
Ca**, Mg*", HCO;", and SO,* can be used to quantita-
tively characterize and evaluate the productivity of the
CBM wells.
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