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Fig. 1 Distribution of sampling points in the study area
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Table 1  Analysis of hydrochemical test on water samples in the study area (some indicators)

i BURER (A4 PHERAL  TDS/mg L' BEEE/mgL’  so2/mgL'  pH kAl
GWO1 TH2 TERAR YUIRK 1364.34 964.86 531.68 6.96 SO,-HCO,-Ca
GW02 T TER BRIK 1511.24 1028.70 514.32 6.93 SO,-Cl-Ca
GW03 SHO4 BHEMNTE LY/ Y 1693.99 1291.00 877.72 6.74  SO,-HCO,-Ca-Mg
GW04 #1 ERT BRIK 893.65 650.17 319.61 7.33 SO,-HCO;-Ca
GWO05 1 WARFARAL BRI 966.81 725.16 257.04 7.04 SO, CI‘HCO,-Ca
GW06 BJ1 FIARMAR HKIK 464.35 415.29 90.78 7.25 HCO,-Ca
GW07 T4 WARNKRE  BKK 1221.54 814.30 294.63 7.10 SO,-Cl-Ca
GW08 2 AR BRIK 809.08 642.97 243.61 7.24 SO,-HCO,-Ca
GW09 1 HTHARE HRIK 783.23 613.66 236.01 722 SO,-HCO,-Cl-Ca
GW10 PR AR BRIK 619.73 411.80 189.56 7.19 HCO,-SO,-Ca
GWI1l1  X-Fi#h2 BE A P TR 7K 1500.41 1077.53 627.11 734  SO,-HCO;-Ca-Mg
GW12 Jei3 Byl BRIK 997.92 611.13 376.02 7.15  SO,-HCO;-Ca-Na
GWI13 Jeig Jes AR BRIK 1631.19 561.96 714.61 7.20 SO,-Ca'Na
GW14 R2 REHARI LY/ 796.70 587.95 251.75 7.27 SO,-HCO;-Ca
GW15 A3 KERER BRIK 903.58 655.81 300.62 7.20 SO,-HCO,-Ca
GW16 SHO6 REREARIL HRIK 987.65 605.79 379.33 723  SO,-HCO;-Ca-Na
GW17  X-%R05 REEM JEw K 1411.37 1035.19 625.40 7.35 S0,-Ca
GW18 29 L] TR 7K 2129.16 1402.96 1252.58 7.24 SO,-Ca-Mg
GW19 %2 i S IK 1056.72 777.00 572.85 7.06 SO,-Ca-Mg
GW20 K01 B R HRIK 2051.44 1427.37 1145.16 7.09 SO,-Ca-Mg
GW21 SH02 REHF T BJRIK 2329.44 1610.57 1343.75 6.95 SO,-Ca-Mg
GW22  X-Ké6 KEHA K 2598.16 1743.05 1563.77 7.03 SO,-Ca-Mg
GW23 X-K7 KEHAAL TR 7K 2075.75 1479.05 784.43 7.34 SO,-Ca
GW24 1 =P Jiiie]d T K 2677.71 1731.76 1442.48 7.17 SO,-Ca-Mg
GW25 X-53 RN TR 7K 1474.18 1003.10 755.46 7.26 SO,-Ca
GW26 WAk BEKIIRR K 2 880.77 1 856.28 1678.23 6.56 SO,-Ca-Mg
GW27 %2 BRI 4R HIKIK 1324.03 805.40 760.58 7.41 SO,-Ca-Mg
GW28 1 BRI HRIK 1 688.10 285.35 872.55 7.92 SO,-Na
GW29 2 IR BRI 2589.87 1 484.70 1 466.70 6.98 SO,-Ca-Mg
GW30 X-Ht3 PEAAE XY BRIK 2276.24 1436.52 1373.18 6.80 SO,-Ca-Mg
GW31 Mik2 UNERE K 1950.88 1212.60 893.80 7.45 SO,-Ca
GW32 1 ZELET] HFoK 2 832.90 1300.29 1 426.65 8.05 S0,-Cl-Ca-Na
GW33 X-/N3 INESAT A P JEE K 2 806.59 1826.10 1652.36 7.05 SO,-Ca-Mg
GwW34  X-T3 T REAS BRIK 505.22 440.93 104.53 7.80 HCO,-SO,-Ca
GW35 X-HiE2  HrEMN™ BRIK 538.36 463.88 125.65 7.34 HCO,-SO,-Ca
GW36 mK N3RIX MK 22.90 5.03 6.97 503  SO,-CI-HCO;-Ca

xR 2 AREFEBKHFEEEKLZERRITLE
Table 2 Comparison of main hydrochemical indexes of different types of water samples
il pH SO H¢ i /mg-L™! TDS/mgL" BB /mg L FEERA AR
7K 5.03 6.97 22.9 5.03 S0,-CI-HCO,-Ca

K 7.45~8.05 893.80~1 426.65 1950.88~2 832.90 1212.60~1 300.29 SO,-Ca, SO,-Cl-Ca-Na

LY/ 6.74~7.92 90.78~1 466.70 464.35~2 589.87 285.35~1 610.57 HCO;-80,-Ca, SO,"HCO,-Ca

MK 6.56~7.35 572.85~1 678.23 1056.72~2 880.77 777.00~1 856.28 SO,-Ca. SO,-Ca-Mg
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Fig.2 Piper diagram of water samples in the study area
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Table 3  Sulfate sulfur isotope compositions of

different types of water samples

S ELD 8'S 5 /%o 5 *S-441/%0
FR7K 2.50 -
K —0.24~0.97 0.37
HRIK -3.08~3.71 0.95
JEHIK -5.95~0.89 -2.13
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Fig. 3 Relational graph of concentration between the sulfate

sulfur isotope and SO3~ from different types of water samples
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Table 4 Comparison of hydrochemical characteristics before and after treatment in some water samples

e B a] No/e S /mg- L TDS/mg-L™ TREREL 15 YAk

g 2015.2.26 243.13 454.56 718.32 N
2019.12.8 319.61 650.17 893.65

T 2013.11.8 568.12 932.99 1403.13 .
2019.12.8 514.32 1028.70 1511.24

T 2015.2.26 1539.85 1961.56 2763.54 .
2019.12.7 531.68 964.86 1364.34

O] 2014.1.22 355.52 660.23 1019.68 N
2019.12.12 1145.16 1427.37 2276.24
2013.10 49.88 16.72 460.28

2 2015.8.19 183.17 150.77 795.66 0
2019.12.13 760.58 805.40 2051.44
2013.10 690.98 373.19 1841.72

1 2014.7.29 534.89 515.26 1436.62 0
2019.12.13 872.55 285.35 2598.16

5> 2013.11.18 162.11 177.33 1437.26 N
2019.12.13 1 466.70 1 484.70 2075.75

o 2013.11.18 1076.97 1037.07 1978.62 N
2019.12.11 1252.58 1 402.96 1688.10
2013.10 208.45 576.52 880.30

H1 2015.2.26 291.76 619.86 991.93 !
2019.12.9 236.01 613.66 783.23
2013.10 221.58 648.88 1027.07

1 2014.5.8 244.16 601.59 968.49 1
2019.12.8 257.04 725.16 966.81

i 2014.7.29 159.77 414.97 695.07 N
2019.12.9 243.61 642.97 809.08

i 2014.5.8 223.16 718.50 1254.91 N
2019.12.9 294.63 814.30 1221.54
2013.10 142.82 392.70 641.61

FHR1 2014.7.29 151.90 420.58 687.90 0
2019.12.10 189.56 411.80 619.73

. 2013.11.8 897.86 593.18 2238.65 .
2019.12.10 714.61 561.96 1631.19
2013.10 261.48 551.40 915.90

2 2014.6.12 396.42 623.86 124537 !
2019.12.10 251.75 587.95 796.70

3 2013.11.8 264.11 559.80 1014.27 N
2019.12.10 300.62 655.81 903.58
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Analysis on the hydrochemical and sulfur isotope characteristics
of the groundwater in cross-strata pollution control area
of Hongshan and Zhaili coal mines in Zibo

DIAO Haizhong', YU Sang’, LI Hongliang®’, YIN Xiuzhen', ZHOU Jianwei', LIU Hong’, WANG Yuanxin’
(1. Shandong Geological Prospecting Institute, China Chemical Geology and Mine Bureau, Jinan, Shandong 250013, China; 2. Shandong Provincial
Lunan Geology and Exploration Institute (Shandong Provincial Bureau of Geology and Mineral Resources No.2 Geological Brigade), Jining, Shandong
272100, China; 3. Key Laboratory of Karst Geology , Shandong Provincial Bureau of Geology and Mineral Resources, Jining, Shandong
272100, China; 4. School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China )

Abstract  Since the closure of Hongshan and Zhaili coal mines in Zibo City, Shandong Province, the pumping and
drainage of groundwater has stopped, leading to the rise of water level in coal mines. Consequently, Ordovician
limestone water was polluted to different degrees through the hydraulic connection channels such as broken well pipes.
The main pollution factors, like SOi’ , TDS, total hardness, etc., resulted in the deterioration of karst water below the
drinking standard in the study area, and hence seriously affected local residents’ living and economic activities. The
main water-bearing strata in the study area include loose rock pore aquifers, clastic rock fissure aquifers or interlayer
karst fissure aquifers and carbonate rock karst aquifers. As the main coal measure aquifer in the study area, the fissure
aquifer is the direct water source of coal mining. In the natural state, there lacks hydraulic connection between the
fissure aquifer and the underlying Ordovician karst aquifer. But because the impermeable layer was damaged by coal
mining, the water channel has been formed. During the mining process, the fissure water in the coal measure strata was
basically drained, and the Ordovician limestone water entered the pit by the way of jacking recharge. After the coal
mine was closed, the level of the coal mine water rose, and the Ordovician limestone water was replenished through
the connecting place.

In order to provide a scientific basis for future remediation of groundwater pollution in Hongshan and Zhaili coal
mine areas and other similar mining areas, this study was carried out on the hydrochemical and isotope characteristics
of the water after treatment in the study area, and a qualitative and quantitative analysis was conducted on the quality
characteristics and treatment effects of the groundwater. To conduct the hydrochemical and isotope analyses based on
hydrogeological conditions, characteristics of groundwater flowing field and sampling points before treatment, a series

of monitoring points were set up along the groundwater flowing direction from the upstream of the pollution source


https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306
https://doi.org/10.11932/karst20170306

Fak H1y AW REE T L —ZE EURR T A ER 2T e B DR A R [ 45 R AR 181

area. Sampling types include coal mine water, Ordovician limestone water, rain water, surface water, etc. Coal mine
water includes mine water, goaf water and mine drainage.

Through the sampling test, the results of hydrochemical and isotope analyses show that there is a hydraulic
relation and mutual influence between Ordovician limestone water and coal mine water in the study area. The sulfate in
groundwater in this area mainly comes from the oxidation of sulfide minerals in coal-bearing strata, and the Ordovician
limestone water is polluted by the coal mine water in cross-strata, which leads to the increase of sulfate concentration
in Ordovician limestone water.

Results show that the hydrochemical type of Ordovician limestone water is complex, and some Ordovician
limestone water is characterized by high SO;” concentration, high hardness and high TDS. The concentration range of
high SO;" is basically consistent with the coal mine area and its downstream. The normal Ordovician limestone water
environment in the area has been disturbed, because of the mixture of extraneous water. The hydrogen and oxygen
isotopic compositions of some Ordovician limestone water and coal mine water are similar, and S values present
positive and negative deviations. According to the characteristics of sulfates and sulfur isotopes, the sulfates in
Ordovician limestone water mainly come from the cross-strata pollution of coal mine water, and the pollution is more
serious than it is before treatment. It is speculated that there is still a hydraulic connection between coal mine water and
Ordovician limestone water. Therefore, further treatment is suggested to identify and control the water channel,
strengthen the pumping and drainage of coal mine water and encourage the comprehensive utilization. Besides, the

water level of mine pit should be controlled to avoid the pollution of Ordovician limestone water.

Key words abandoned coal mine, hydrochemical characteristics, **S isotope, cross-strata pollution
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and quartz in the groundwater of Jinlong Cave. Results show that the saturation indexes of gypsum and quartz do not
change significantly with the change of precipitation and spring water, but gypsum is in an unsaturated state and quartz
in a slightly saturated state. Calcite and dolomite are in unsaturated states when the spring flow is large, while they are
in saturated states at other times. Aragonite is always in an unsaturated state, but when the spring flow is large, the
degree of unsaturation increases. These phenomena prove that dilution is one of the main factors controlling the
chemical dynamics of spring water. Therefore, it is considered that the groundwater of Jinlong Cave can be divided
based on two periods: during the period of intense precipitation, the groundwater of Jinlong Cave is mainly recharged
by the precipitation infiltration in the carbonate rock area where karst fissures such as karst caves are very developed
and can quickly convert precipitation into groundwater; during the period of small precipitation, the groundwater is
mainly recharged by the groundwater with relatively slow flow rate in the volcanic sedimentary rock area dominated

by weathered fissures at high altitude.

Key words the northern section of Taihang Mountains, karst spring, hydrochemical dynamics, isotope, water-rock
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