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Abstract The growing demand for water in China’s coal-
producing regions requires enhanced coal mine drainage
(CMD) utilization. Mine water quality was analyzed for
269 mines distributed in 11 of China’s large coal-produc-
ing regions. We found that China’s CMD can be broadly
characterized as: slightly contaminated, acidic, high salin-
ity, high sulfate, high fluoride, and containing elevated iron
and manganese. When CMD had properties of more than
one category, its most distinctive characteristic was used
for classification. When this was done, the chemical char-
acteristics tended to correlate with the hydrogeological
conditions of the region. Appropriate treatment technolo-
gies and pollution prevention measures based on these
chemical characteristics could enhance the likelihood of
mine water being used to relieve China’s water shortage
crisis and promote environmental protection for China’s
coal-producing regions.
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Introduction

China has the world’s third largest coal reserves and is first
with respect to coal production and consumption. Coal
production and consumption account for 76 and 69 %,
respectively, of China’s primary energy (Ju et al. 2009).
Total coal production and consumption in 2001 was 1.16
and 1.05 billion tonnes (t), increasing to 3.66 and 3.82
billion t in 2012, respectively, which is three times what it
was 11 years ago. Even though China has started devel-
oping alternative energy technologies, coal will be its
major energy source for a long time.

Coal resources are unevenly distributed in China, with
much of it in the north and west, with a few deposits in the
south and east. Most of the coal resources occur in less
developed areas, such as Shanxi, Inner Mongolia, Shaanxi,
Xinjiang, Guizhou, and Ningxia. These provinces have
833.4 billion t of coal reserves, accounting for 81.8 % of
China’s total reserve. East and southeast Chinese provinces
such as Beijing, Tianjin, Shanghai, Shandong, Jiangsu,
Zhejiang, Fujian, and Guangdong require large amounts of
coal while their reserves stand at 553 million t, only 5.4 %
of China’s total coal reserve.

The water resources of China are likewise not well-
distributed; the north holds 80 % of the total coal reserves
but only 20 % of its total water (Sun et al. 2012; Yuan and
Shi 2008). Most of the large coal-producing regions in
China, except for Yunnan-Guizhou, Huainan-Huaibei, and
eastern Inner Mongolia, suffer from severe water shortages.
This is especially true for Shanxi, Ningdong, and Shen-
dong. Additionally, with nearly a quarter of the world’s
population, but just 8 % of its freshwater. China’s water
resources only total 2,300-2,700 m> per capita, which is
one-fourth of the world average (Liu and Liao 2007).
However, because 97 % of China’s coal is produced by
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underground mining, the pumping and discharge of large
quantities of mine water is generally required for miner
safety. However, the resultant contamination is now rec-
ognized as both a serious pollution problem and a waste of
water resources.

Coal mine drainage (CMD) is typically contaminated by
coal and rock dust, and can be used after treatment for
industrial production, ecological, and domestic purposes to
effectively alleviate water shortage problems. However, in
China, CMD chemical characteristics differ greatly
between the different regions (Feng et al. 2004; Gu et al.
2009; Li et al. 2006; Liu et al. 2013; Sun et al. 2007; Zhao
et al. 2007). Previous work has mostly focused on single
mining regions. As a result, it is difficult to gain the
national perspective on CMD quality that is needed to
assist decision making by the government. This perspective
is necessary because different types of CMD require dif-
ferent water treatment technologies. We collected and
analyzed a total of 73 CMD samples and obtained data for
an additional 196 samples from 11 large coal-producing
regions from mining companies and from the published
literature. Based on this data (summarized in a supple-
mentary table that will accompany the on-line version of
this paper), we classified the CMD to provide a basis for
district planning and management, anticipating that water
research professionals and others simply interested in
learning more about the CMD within their area will benefit.

Chemical Characteristics of CMD in China

Coal mine drainage (CMD) can contain a variety of con-
taminants (Banks et al. 1997; Cravotta 2008a, b; Plumlee
et al. 1999; Rose and Cravotta 1998). Others have found
that chemical characteristics of CMD tend to differ
depending on an area’s hydrogeological conditions (Brady
et al. 1998; Cravotta and Ward 2008; Geidel and Caruccio
2000; Lottermoser 2010). In China, CMD is normally
classified as: slightly contaminated, high salinity, acidic, or
based on their contaminant levels (Hu 1998; Shan 1999).

Table 1 shows the CMD quality statistical data of 269
mines in 11 large coal-producing regions and other coal
mining areas. The data indicates that China’s CMD can be
divided into six types: slightly contaminated, high salinity,
acidic, high sulfate, high fluoride, and containing elevated
levels of iron and manganese. The levels that we used to
define these categories are provided in the last row of
Table 2. Since CMD can contaminate water that can be
used for drinking, these classification standards of CMD
make reference to the Standards for Groundwater Quality,
Standards for Surface Water Quality, and Standards for
Drinking Water Quality (Table 2).

@ Springer

Table 2 Water quality standards related to major pollution sub-
stances in CMD and the classification standards for CMD in China
(in mg/L, except for pH)

Standards pH TDS F SO, Fe Mn

Drinking water 6.5-8.5 <1,000 <1.0 <250 <03 <0.1

Groundwater (III 6.5-8.5 <1,000 <1.0 <250 <03 <0.1
level)

Surface water 6-9 - <1.0 <250 <03 <0.1

Classification >6 <1,000 <1.0 <250 <03 <0.1
standards

Table 3 Approaches for utilization of CMD in China

Approach Details % of all
utilized
CMD?
Industrial use coal-to- Coal production, coal washing, 70
chemicals, etc. coal coking, etc.
Ecology, agriculture ~ Mine area greening, dust 15

resistance, farm irrigation, etc.

Domestic supply Drinking, bathing, cleaning, etc. 10

? According to the mine water utilization development planning of
China

There are some correlations between these types of
CMD. For instance, acidic CMD often contains higher
levels of sulfate, iron, and manganese. In addition, sulfate
is often the major component in highly saline CMD. But
because of its wide distribution, heavy impact on envi-
ronment, and different treatment methods, high sulfate
CMD and CMD with elevated concentrations of iron and
manganese were separated based on their dominant char-
acteristic. In this study, the fluoride concentrations of 46
CMD samples exceeded groundwater quality standards,
posing great potential harm to human health. So, this type
of CMD was singled out. Some CMD in a few mining areas
contains elevated levels of trace contaminants, such as Hg,
Cr, As, and Pb, but because the number of such sites in
China is low, this type of CMD was not a focus of this
study. The sampling distribution is shown in Fig. 1.

Slightly Contaminated CMD

This type of CMD is widely distributed in all of China’s
large coal-producing regions. This water usually contains
pollutants such as suspended solids (SS), chemical oxygen
demand (COD), oil, and small amounts of organic con-
taminants. The characteristics of this type of CMD are high
SS, low concentrations of trace contaminants, circumneu-
tral pH, and grey or black color. SS comes mainly from the
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Fig. 1 The distribution of water
samples for 269 coal mines in
China
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Fig. 2 Distribution of acidic CMD in China

coal and rock dust produced during mining. COD, oil and  Acidic CMD

small amounts of organic contaminants come from mining

equipment, human excrement, etc. This kind of CMD, with ~ This type of CMD has pH values below 6 and generally
its relatively light environmental influence and simple and  between 2 and 4. As shown in Fig. 2, acidic CMD is mainly
inexpensive treatment requirements, was widespread. distributed in three large coal-producing regions located in
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southwest Shandong, Yunnan-Guizhou, and Shanxi. In In China, the formation of acidic CMD is generally
addition, there are a few other mining areas with scattered  due to the varying amounts of sulfur, with mass fractions
acidic CMD, such as Longyong of Fujian province, Chang-  between 0.3 and 5.0 % found in the coal seam, mainly
guang of Zhejiang province, Tianhe of Jiangxi province, and  pyrite (FeS,) (Wang 2010; Yin et al. 2008). This type of
Jinzhushan of Hunan province. Notably, the CMD in Yon- CMD often contains elevated concentration of iron and
g’an of Fujian province has a pH as low as 2.0. manganese, as well as other trace metals.

Fig. 3 Distribution of CMD
with high salinity in China
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CMD with High Salinity Eastern Inner Mongolia, Jizhong, Ningdong, and Xinjiang
(Fig. 3). In coalfields such as Zibo and Juye of southwest
This CMD has salinity (SO,*, C1~, Ca®*, Mg”" K*, Na™,  Shandong and Jincheng of the Shanxi region, the salinity
HCOj;™, etc.) concentrations greater than 1,000 mg/L and  concentration can be greater than 2,000 mg/L, and in the
usually has neutral or alkaline pH and a bitter taste. The = Dananhu mine of the Xinjiang region, the salinity reaches
samples had salinities between 45 and 22,225 mg/L, with a 22,225 mg/L.
median of 1,197 mg/L. The more saline water was mainly Highly saline CMD is mainly formed by sulfide oxida-
distributed in Huainan-Huaibei, southwest Shandong, Shanxi,  tion and the resultant free acid reacting with carbonate and

Fig. 5 Distribution of CMD
with high fluorine in China
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Fig. 6 Distribution of CMD
with elevated iron in China
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alkaline minerals, increasing Ca®*", Mg®", and SO,*~
concentrations. Also, in some mining areas, salt water
intrusion can cause highly saline CMD. For example, the
CMD in the Longkou coalfield of southwest Shandong
region, which is near the sea, has high levels of Cl~ and
relatively low SO,*~ concentrations because of seawater
intrusion. The CI™ concentration for Wali, Beizao, and
Liangjia mines in the Longkou coalfield is 930, 3,207, and
2,827 mg/L, respectively, while the respective SO4°~
concentrations are 74, 81, and 88 mg/L, which is much less
than the SO427 concentrations of the other coalfields in the
region.

It should be noted that even in the same coal mine,
differences in exploitation location and depth can lead to
differences in salinity. Generally, salinity increases with
depth. For example, in the Zhaolou mine of the south-
west Shandong region, the exploitation depth increased
from 600 to 1,000 m during 2002-2009, and the salinity
concentrations increased from 4,314 to 5,266 mg/L.

CMD with High Sulfate

Sulfate concentrations in the analyzed CMD samples
fall in the range of 1-4,654 mg/L with a median of
328 mg/L (Table 1), which exceeds the groundwater
quality standard. Non-acidic CMD with high sulfate is
mostly located in southwest Shandong, Huainan-Huai-
bei, Shendong, Jizhong, Ningdong, and Xinjiang
(Fig. 4). There are two main causes of this CMD: sul-
fate produced by pyrite oxidation (followed by natural
neutralization) and by dissolution of sulfur-bearing and
gypsum minerals. For example, the Ordovician lime-
stone aquifer, which is mostly composed of dolomite
and is the main source of CMD in southwest Shandong,
Huainan-Huaibei, Jizhong, and other regions, often
contains anhydrite.

CMD with High Fluoride

Fluoride concentrations greater than 1.0 mg/L is mainly
found in northern China CMD, including the Huainan-
Huaibei, southwest Shandong, Henan, and Shanxi regions
(Fig. 5). The CMD of the Panzhuang Mine of the Shanxi
region has especially high Fl concentrations, up to 5.9 mg/
L, far exceeding the groundwater standard. The coal-
bearing stratum in these areas contains a small amount of
fluorine-bearing minerals, such as fluorapatite (Cas.
F(PO,)3), cryolite (Na3zAlFe), and fluorite (CaF,). In addi-
tion, the strata contain magmatic intrusions that contain
fluorine-bearing minerals that have dissolved into the
groundwater after many years of physical and chemical
reactions. Fluorine-bearing minerals and adsorbed fluorine
in the soil are also FI sources.

@ Springer

CMD with Elevated Iron and Manganese

In this study, CMD with Fe concentrations greater than
0.3 mg/L and Mn concentrations greater than 0.1 mg/L
were considered high, based on Chinese groundwater
quality standards. This type of CMD is mainly concen-
trated in the Yunnan-Guizhou region. In addition, CMD in
Feicheng of southwest Shandong, Xishan of Shanxi, Hebi
of Henan, Shizuishan of Ningdong, Jinzhushan of Hunan,
and Yong’an of Fujian, also exceed these standards
(Figs. 6, 7).

There are two reasons for high Fe and Mn in CMD. One
is that iron- and manganese-bearing minerals can dissolve
in groundwater; the other is FeS, oxidation. The acidity
created by pyrite oxidation can react with manganese-
bearing rock, increasing Mn levels. Most of the CMD in
this study that had elevated Mn in this research had a pH of
6-9 (Fig. 8). When the pH was less than 6, Fe concentra-
tions increased as pH deceased.

CMD Utilization and Treatment in China

Similar to the Mineral Council of Australia’s Water
Accounting Framework definition of Reuse Efficiency and
Recycling Efficiency, the Chinese Ministry of Land and
Resource has defined Utilization Efficiency of Coal Mine
Water as the difference between generated CMD flow and
discharged CMD flow to the environment as a proportion
of generated CMD flow.

Utilization efficiency
_ Generated CMD flow — Discharged CMD flow
B Generated CMD flow

China’s government is paying increased attention to the
utilization and management of CMD each year. According
to China’s National Energy Administration, about 6.1 bil-
lion m® of CMD was generated in 2010 and the utilized
CMD was about 3.6 billion m3, with an efficiency of 59 %,
which was 28 % better than in 2005.The Mine Water
Utilization Development Planning of China has stated that
by the end of 2015, the national annual CMD discharge
may reach 7.1 billion m’® and that in order to increase
utilization efficiency to 75 %, 5.4 billion m> of this will
have to be used (NDRC 2012).

The Mine Water Utilization Development Planning of
China has indicated that by the end of 2015, laws, regula-
tions, macro-management, and technical support of mine
drainage utilization should gradually be established to
industrialize mine drainage utilization. By 2016, 448 pro-
jects, with a total investment of RMB 1.04 billion (over $171
million U.S), will be constructed to enhance CMD treatment
and utilization capacity by 2.25 billion m> per year.
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Fig. 7 Distribution of CMD
with elevated manganese in
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CMD utilization in China usually follows one of three 15 % of the utilized CMD). The third approach is through
approaches (Guo et al. 2008). Two only require simple  advanced treatment such as ion exchange, absorption, and
treatment (i.e. flocculation, sedimentation, and filtration) to ~ reverse osmosis to supply water to residents of mining
supply water for industrial use, which is less demanding in ~ areas; this currently accounts for 10 % of the utilized
terms of water quality. After simple treatment, CMD can =~ CMD. In some arid areas of northern China, this treated
be used for coal production, coal washing, etc., which is CMD is the major water resource. Table 4 shows common
presently 70 % of the total utilized CMD; it can also be  treatment technologies for the different types of CMD
used for planting and irrigation (currently accounting for  (Chen et al. 2007; Cui et al. 2010; Guo et al. 2008; He et al.
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Table 4 Typical treatment technologies for CMD in China

CMD Methods
Common Sedimentation, flocculation, filtration
Acidity Neutralization, microorganism, wetland, fly ash

High salinity Ton exchange, membrane separation
(electrodialysis, reverse osmosis), evaporation
concentrates, diluted excretion

High sulfate

High fluorine

Lime, adsorption, ion exchange, flocculation

Chemical deposition, coagulation and
sedimentation, active alumina, absorption

High Fe and Mn Aeration and neutralization, oxidation, media

filtration

2010; Jiao 2012; Wang and Cheng 2007; Yang et al. 2009)
Table 3.

Pollution prevention and management can effectively
reduce CMD discharge and treatment costs. Pollution
prevention and management is gradually being promoted
and some success, such as pre-dewatering and limiting
contact of groundwater with mine operations, has been
achieved. For example, after limiting contact of ground-
water with mine operations, 20,000-30,000 m’ a day of
clean groundwater is being pumped from the Xinhe coal
mine to supply the city of Xuzhou.

Conclusions

Over 6.1 billion m* of CMD is being discharged annually
in China, which is not only a serious environmental pol-
lution problem, but also a waste of available resources,
since most of China’s coal-producing regions are in water-
deficient areas and could benefit from CMD utilization. We
analyzed the chemical characteristics and distribution of
CMD based on analysis of discharge water from 269 coal
mines in 11 large coal-producing regions in China. Six
broad types of CMD were identified: slightly contaminated,
acidic, high salinity, high sulfate, high fluoride, and CMD
with elevated iron and manganese.

Acidic CMD is mainly located in southern China, where
the lowest pH observed was 2, while little acidic CMD is
located in northern China. Acidic CMD is often treated by
chemical neutralization or passive treatment. In western
China, the CMD often contains high levels of salinity, with
22,225 mg/L being the highest TDS detected. Saline CMD
can be treated by ion exchange, reverse osmosis, or elec-
trodialysis in order to meet drinking water quality stan-
dards. In eastern China, the salinity of CMD is generally
less than 2,000 mg/L. when shallow coal seams are being
exploited, but rises as exploitation goes deeper. Floccula-
tion and sedimentation are used for medium and low
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salinity CMD to allow its use for coal production or agri-
cultural irrigation. High sulfate CMD areas are mainly
concentrated in southwest Shandong, Huainan-Huaibei,
Shanxi, Henan, and Ningdong. Lime, adsorption, and ion
exchange are often used to treat this type of CMD.

CMD with high fluoride is mainly located in northern
China, with the highest fluoride concentration detected
being 5.9 mg/L; fluoride can be removed from CMD by
active alumina, ion exchange, and absorption.

CMD with elevated iron and manganese is concentrated
in the Yunnan-Guizhou region, while some occurs in other
regions. This type of CMD can be treated by flocculation,
sedimentation, absorption, ion exchange, and membrane
separation.

In recent years, with the increase of environmental con-
sciousness and water shortages, mine drainage treatment
technologies have obtained considerable development and
wide use in China. But the utilization efficiency of mine
drainage is still only 59 %, so there is extensive room for
enhanced CMD treatment and utilization. For China, it is
important to improve relevant laws and regulations,
strengthen research, develop better CMD treatment tech-
nologies, and encourage the utilization of CMD by economic
and administrative means to protect the environment and
relieve the water shortage of China’s mining regions.

Acknowledgments We gratefully acknowledge financial support
from both the Chinese Public Welfare Research Funds for Environ-
mental Protection Industry (201109011) and the Priority Academic
Program Development of Jiangsu Higher Education Institutions
(PAPD). We also express our sincere gratitude to Drs. Ping Lu, Yan
Zhang, Yue Sun, Pei Liu, and Xin Wang for their instruction.

References

Ablizi W (2004) Analysis of water treatment measures of Liuhuang-
gou coal mine. Environ Protect Xinjiang 2:14—16 (in Chinese)

Banks D, Younger PL, Arnesen R-T, Iversen ER, Banks SB (1997)
Mine-water chemistry: the good, the bad and the ugly. Environ
Geol 32(3):157-174

Bao D (2001) The character of acid mine water and its cause in
Yongding mine area. J Huainan Ind Technol 4:25-27 (in
Chinese)

Brady KBC, Hornberger RJ, Fleeger G (1998) Influence of geology
on postmining water quality: Northern Appalachian Basin. Coal
Mine Drainage Prediction and Pollution Prevention in Pennsyl-
vania. Department of Environmental Protection, Harrisburg, PA,
pp 8.1-8.92

Cao J (2007) Brief talk on wastewater treatment of coal mine. Yunnan
Environ Sci S1:1-3 (in Chinese)

Chang Y, Wei Z, Zhu X (2001) Comprehensive utilization of draining
water resources in Laiwu mining area. China J Geol Haz Contr
1:26-30 (in Chinese)

Chen H, Zhang K (2010) Study of removing iron from mine water in
Feicheng Dafeng power plant. Clean Coal Technol 1:120-123
(in Chinese)



Mine Water Environ (2014) 33:276-286

285

Chen N, Fu Y, Cai C (2007) Study on fly ash treatment of acid mine
drainage. Energy Environ Protect 4(27-29):32 (in Chinese)
Cravotta CA III (2008a) Dissolved metals and associated constituents
in abandoned coal-mine discharges, Pennsylvania, USA. Part 1:
constituent quantities and correlations. Appl Geochem

23(2):166-202

Cravotta CA III (2008b) Dissolved metals and associated constituents
in abandoned coal-mine discharges, Pennsylvania, USA. Part 2:
geochemical controls on constituent concentrations. Appl Geo-
chem 23(2):203-226

Cravotta CA III, Ward SJ (2008) Downflow limestone beds for
treatment of net-acidic, oxic, iron-laden drainage from a flooded
anthracite mine, Pennsylvania, USA: 1. field evaluation. Mine
Water Environ 27:67-85

Cui L, Qiu R, Wu J (2010) Mineralized mine water treatment with
combined method of coagulation and electrodialysis. J Shanxi
Univ Nat Sci 4:591-595 (in Chinese)

Dai Q (2012) New ideas of the coal mine water treatment and
utilization in the Dashucun coal mine. Energy Environ Protect
5:50-52 (in Chinese)

Dong F, Zheng L, Liu Z (2007) Improved gray association analysis of
mine water quality in the Fuxin mine region. J Liaoning Tech
Univ S2:234-236 (in Chinese)

Dong H, Zhang R, Wu P (2012) Experiment study on treatment of
acid mine drainage contaminant by sulfate reducing bacteria.
Technol Water Treat 5:31-35 (in Chinese)

Fan H, Han S, Zhou R (2011) Research on the technology and mode
for step utilization of water resources in Dongtan coal mine.
Energy Environ Protect 4:44-47 (in Chinese)

Feng Q, Wang H, Li X, Hao L (2004) Characteristics and utilization of
mine water in east China. J China Univ Min Technol 33(2):193-196

Ge H (2007) Brief talk on treating acid mine water discharged from
water inrush accident of coal mine. Yunnan Environ Sci 6:64-65
(in Chinese)

Geidel G, Caruccio FT (2000) Geochemical factors affecting coal
mine drainage quality. In: Barnhisel RI, Darmody RG, Daniels L
(eds), Reclamation of drastically disturbed lands, 2nd edn,
chapter 5. Agronomy Monograph 41, American Society of
Agronomy, Madison, WI, pp 105-129. ISBN:0-89118-146-6

Gu T, Dong H, Li L, Zhang L (2009) Analysis on water quality and
drainage of productive waste water in main coal mine of
Changji. Arid Environ Monitor 23(1):37—40 (in Chinese)

Guo X (2011) Research on utilization of mine water in Tongchuan
mining area. Clean Coal Technol 17(1):80-83 (in Chinese)
Guo Z, Wang S, Zhu L (2008) Applied technology of mine water

treatment and utilization. Coal Sci Technol 7:3-5 (in Chinese)

He X, Yang H, He Y (2010) Treatment of mine water high in Fe and Mn by
modified manganese sand. Min Sci Technol China 20(4):571-575

Hu W (1998) The technology of treatment and utilization for coal
mine water and wastewater. China Coal Industry Press, Beijing

Huang P, Chen J (2011) The chemical features of ground and FDA
model used to distinguish source of water burst in Jiaozuo mine
area. Coal Geol Explor 2:42—46 (in Chinese)

Huang Y, Zhang G, Hu J (2010) Application of pellet fluidized bed on
coal mine wastewater purification of Nanshan Colliery. Water
Wastewater Eng 7:62—66 (in Chinese)

Jiao Z (2012) Treatment and research on containing fluorine mine
water. Shanxi Coking Coal Sci Technol 5:30-33 (in Chinese)

Ju J, Dou S, Li X (2009) Basic ideas of circular economy in the
mining industry. Conserv Util Miner Resour 5:1-6 (in Chinese)

Kou Y, Zhu Z, Xiu H (2011) Research on ecological use technology
of highly mineralized mine water in Shendong mining area.
China Water Wastewater 22:86-89 (in Chinese)

Li A (2008) Research on the exploitation of coal mine drainage and
the economy benefit analysis. Shandong University of Science
and Technology, Qingdao (in Chinese)

Li L, Jiang Y, Guo Y (1999) The research of a comprehensive
industrialization technology on the treatment of mining water
containing much more sulphate anion. Coal Geol Explor 6:51-53
(in Chinese)

Li F, Yang J, He X (2006) Characteristics and treatment mechanism
of mine water with high concentrations of iron and manganese.
J China Coal Soc 6:727-730 (in Chinese)

Li X, Wang L, Liu H (2012) Mine water resource evaluation: with the
Fuxin mining area as an example. Coal Geol Explor 2:49-54 (in
Chinese)

Liu B, Liao S (2007) The present situation, utilization and protection
of water resource. J Southwest Petrol Univ 6:1-11 (in Chinese)

LiuJ, Guo J, MaZ (2005) Preliminary study of comprehensive utilization
of mine water in Ningdong mine. NW Coal 1:42-44 (in Chinese)

Liu Y, Wu Q, Zhao X (2013) Mine water quality characteristics and
water environment evaluation of inner Mongolia Dongsheng
coal field. Clean Coal Technol 1:101-102 (in Chinese)

Lottermoser BG (2010) Mine wastes: characterization, treatment and
environmental impacts. Springer, Berlin

NDRC (2012) The mine water utilization development planning of
China. National Development and Reform Commission, Beijing

Plumlee GS, Smith KS, Montour MR, Ficklin WH, Mosier EL (1999)
Geologic controls on the composition of natural waters and mine
waters draining diverse mineral-deposit types. In: Filipek LH,
Plumlee GS (eds) The environmental geochemistry of mineral
deposits. Part B: case studies and research topics, vol 6B. Society
of Economic Geologists, Littleton, CO, pp 373-432

Qin S, Zhu J, Zhu L (2001) Application of the new technology of iron
acid mine drainage treatment. Coal Mine Environ Protect
05:41-43 (in Chinese)

Rose AW, Cravotta CA III (1998) Geochemistry of coal mine
drainage. Coal mine drainage prediction and pollution preven-
tion in Pennsylvania. Department of Environmental Protection,
Harrisburg, PA, pp 1.1-1.22

Shan Z (1999) Chinese coal industry encyclopedia. China Coal
Industry Press, Beijing

Sun H, Zhao F, Li W (2007) Geochemical characteristics of acid mine
drainage and sediments from coal mines. J China Univ Min
Technol 02:221-226 (in Chinese)

Sun W, Wu Q, Dong D, Jiao J (2012) Avoiding coal-water conflicts
during the development of China’s large coal-producing regions.
Mine Water Environ 31:74-78

Wan J, Li Y, Yang R (2004) Mine-environmental-geologic issues and
their restoration and treatment in Zaozhuang city. J Geol Haz
Environ Preserv 03:26-30 (in Chinese)

Wang J (2000) The environmental influence of coal resource
development and its treatment policies—take Xiazhuang coal
mine of Shandong province as an example. J Heibei N Univ
4:544-547 (in Chinese)

Wang J (2009) Study on the purification process optimization for
high-iron and manganese mine water. Hebei University of
Engineering (in Chinese)

Wang H (2010) Characteristics of acid mine drainage and its pollution
control. In: Proceedings of 4th international conference IEEE on
Bioinformatics And Biomedical Engineering (ICBBE), pp 1-3

Wang Y, Cheng Q (2007) Experimental study on removing fluoride
and sulfate from mine water. Jiangsu Environ Sci Technol
20:18-21 (in Chinese)

Wang H, Tang D, Zhou F (2008) Application of integral water purifier in
processing coal mine acidity water with high suspended substances.
J Guizhou Univ Technol Nat Sci 5:293-296 (in Chinese)

Wu D (2008) Research on treatment of acid mine water with high
salty and high iron. Coal Sci Technol 8:110-112 (in Chinese)

Xi G (2011) Experimental research on reclamation of coal mine
drainage in Bingchang mining area. Xi’ An University of
Science and Technology, Xi’an (in Chinese)

@ Springer



286

Mine Water Environ (2014) 33:276-286

Xiao X, Wei L (2008) The research comprehensive use of the mine
drainage of Pingmei Group. Ind Saf Environ Protect 1:12-13 (in
Chinese)

Xiu H, Zhu Z (2009) Recycle on high-salinity mine water in
Shendong mining area. Energy Environ Protect 6:31-33 (in
Chinese)

Xu Y (2009) Study on mine water utilization in fourth mine
Pindingshan mining area. Henan Polytechnic University, Jiaozuo
(in Chinese)

Xu C (2010) A simply analysis of the comprehensive treatment
technique of mine water of Lingzhou mine of Shenning industry
Group. Shenhua Sci Technol 4:46—48 (in Chinese)

Xu J (2011) Water treatment and utilization of Xiaotun coal mine.
Guizhou Chem Ind 5:42-43 (in Chinese)

Xu G, Yue M, Yan J (2007) Analysis on chemical property of acid
mine water and prevention in Sitai coal mine. Coal Sci Technol
9:106-108 (in Chinese)

Yan Y, Huang F, Cai X (2004) Preliminary study on the water
chemistry features of the groundwater system in Renlou coal
mine. West China Explor Eng 10:89-91 (in Chinese)

Yang H, He X, He Y (2009) Application of reverse osmosis
technology in the treatment of highly mineralized mine water.
Technol Water Treat 10:82—-85 (in Chinese)

Yin G, Deng Y, Zheng J (1997) Source of high content sulphate in
underground water of Yuezhuang in Yanzhou mining area.
J Jiaozuo Inst Technol 1:18-22 (in Chinese)

@ Springer

Yin G, Fu X, Zhao Q (2002) The source of high fluorine content in
groundwater and its geological structure factors in Yongcheng
mining area. J Jiaozuo Inst Technol Nat Sci 2:110-113

Yin G, Wang Y, Xu H (2008) The formation mechanism and major
treatment technology of acidic mine water. Environ Sci Manage
9:100-102 (in Chinese)

Yuan H, Shi H (2008) Research progress and prospect of coal mine
water resource utilization. J Water Resour Water Eng 5:50-56
(in Chinese)

Zhai Y, Li Z, Deng Y, Wang X (2010) Experiment research on
modified zeolite applied to adsorb flurine ion from mine water.
Coal Sci Technol 9:121-124 (in Chinese)

Zhang X (2004) The research of coal mine drainage resources in
Kailuan mine area. Hebei University of Technology, Tangshan
(in Chinese)

Zhang X, Yin J (2010) Combination of lime and coagulation
removing SO42- and F- from mine water. Energy Environ
Protect 5:20-23 (in Chinese)

Zhang J, Shen Z, Li D (2000) Hydrochemical characteristics and
formation mechanism of drainage water in coal mines of Zibo.
Geol Rev 3:263-269 (in Chinese)

Zhao F, Sun H, Li W (2007) Migration of hazardous elements in acid
coal mine drainage. J Coal Soc 3:261-266 (in Chinese)



	Chemical Characteristics and Utilization of Coal Mine Drainage in China
	Abstract
	Introduction
	Chemical Characteristics of CMD in China
	Slightly Contaminated CMD
	Acidic CMD
	CMD with High Salinity
	CMD with High Sulfate
	CMD with High Fluoride
	CMD with Elevated Iron and Manganese

	CMD Utilization and Treatment in China
	Conclusions
	Acknowledgments
	References


