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Coal is the primary source of energy in China’s energy structure system. With the large-scale mining of mineral resources, a large
amount of mine water will be produced in the process of development, construction, and production, which will pollute and
damage the ecological environment of mine water. At present, China vigorously advocates coal revolution, implements low-
carbon economy, and carries out clean production of energy development and utilization. Green mining, precision mining, and
other strategic ideas have been applied to mine development to guide production practice. +is paper does an in-depth analysis of
the physical, chemical, biological, and environmental characteristics of mine water, puts forward the basic classification of mine
water, and points out the characteristics of environmental hazards of mine water. Aiming at different types of mine water, such as
mine wastewater, drainage water, goaf water, mine water with suspended solids, high salinity mine water, acid mine water, and
mine water with special pollution, the paper puts forward the mine water treatment and resource utilization technology with
different characteristics and strong pertinence. On this basis, the comprehensive treatment and development direction of mine
water in the future are prospected.

1. Introduction

China is the world’s largest producer of coal and a major
consumer of coal. China’s coal recoverable reserves are
the third largest in the world. +e coal industry has be-
come an important foundation for the rapid development
of the national economy. China’s coal situation: in China’s
natural resources, the basic characteristics are rich coal,
poor oil and gas, which determine the important position
of coal in primary energy. Compared with oil and natural
gas, China’s coal reserves are relatively abundant, ac-
counting for 11.60% of the world’s reserves. China’s total
coal resources are 5.6 trillion tons, of which proven re-
serves are 1 trillion ton, accounting for 11% of the world’s
total reserves. As China’s basic energy and industrial raw
material, coal has provided a strong guarantee for

economic and social development, national energy se-
curity, and stable supply for a long time [1–3].

In the process of coal mining, groundwater is exposed to
coal seams, rock formations, and human activities, resulting
in significant water quality characteristics of the coal in-
dustry. Usually containing a large amount of suspended
solids, and poor sensory properties, some are highly min-
eralized or acidic, and even contain radioactive elements and
oxides. If they are directly discharged, the formed acidic
water will flow into the river or infiltrate into the under-
ground, which will pollute the water source, causing the
death of large-scale vegetation. +e polluted water will
spread to the farmland and easily lead to soil infertility.
Declining, silting up the river, and forming serious eco-
logical and social problems, the ecological environment is
seriously deteriorated.
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At present, the annual mine water discharge in China is
4.5 billion cubic meters, and the utilization rate is 43.8%,
which is far lower than the standard of 80% in developed
countries. Industrial production and mining will lead to a
sharp decline in the groundwater level, and there will be
leakage areas in the mining area and adjacent cities, which
may lead to ground collapse and seawater intrusion [4].

+erefore, in order to ensure the sustainable develop-
ment of coal resources, it is necessary to take relative
measures for the prevention and treatment of polluted water
in coal mining. In the process of coal mining, resources
cannot be exploited at the expense of massive destruction
and waste of water resources. After a series of treatment, the
mine water can be reused for production water, urban
greening, agricultural irrigation, and drinking water in the
mining area, so as to further realize the resource utilization
of mine water, optimize the coal production and environ-
ment, and rationalize water resources. Development has a
virtuous circle.

2. Characteristics and Classification of Mine
Water Pollution

2.1. Mine Water Characteristics. Mine water is the same as
the general groundwater before it is polluted. +e lithology
and water conservancy conditions of the aquifer determine
its water quality characteristics. +e pH of the mine water is
mostly neutral to weakly alkaline. If the mineralization is
low, the toxic content is generally below the detection limit.
In the process of coal mining, when the mine water flows
through the coal mining face and the roadway, it is artifi-
cially affected. +e rock powder, coal powder, and other
organic matter are mixed into the water. If the water is
polluted, then it is grayish black in color, and contains a large
amount of suspended impurities and a certain amount of
microorganisms [5].

Mine water in mine production is brought together in
various ways, and mining and ore dressing water account for
the largest proportion.+emain sources of mine wastewater
are as follows:

① Open-pit mine wastewater: wastewater formed by
mining production process; acidic water discharged
from waste rock pile after dissolution of waste rock pile
after rainfall.
②Mine wastewater: mainly production-contaminated
groundwater in the process.
③ Mineral processing waste water: waste water pro-
duced in the process of washing, crushing and mineral
processing. A large amount of waste water usually
contains ore, metal particles, or various mineral pro-
cessing agents, which are seriously polluted. Waste-
water accumulated in the dam.
④ Other mine wastewater: wastewater from washing
vehicles, hospital wastewater, and domestic waste-
water, containing solid suspended matter, oil, organic
matter, and other pollutants.

2.2. Mine Water Classification. +e general principles of
mine sewage treatment and reuse are: clean and diversion,
sewage and diversion, classification and treatment, and
quality and reuse [6]. Mine drainage is divided into three
main categories: dewatering water, water in the goaf, and
underground sewage in the mine.

Draining water: draining water in coal mines refers to
the wastewater that is generated underground due to the
formation structure in the coal mining.

Water in the goaf: after long-term mining, the coal mine
will easily form a goaf. +e goaf needs timely measures. No
water will accumulate in these goafs. If no measures are
taken, the generated water will be mined.+e process creates
water hazards and safety issues [7].

Mine underground sewage: in coal mining operations,
coal-based aquifers will be naturally drained, and these
waters will merge into the bottom of the well to form mine
water. Due to the different types of coal, the main pollution
characteristics of mine water are also different, mainly di-
vided into: clean mine water, suspended mine water, acidic
mine water with acid pollution, high salinity mine water, and
special contaminated mine water.

(1) Clean mine water: the quality of clean mine water is
good, the pH is generally neutral, with low turbidity
and hardening degree, and toxic and harmful ions
are basically not included. +is mine water can be
intercepted at the water source, discharged to the
bottom of the well through the pipeline, and
transported to the surface by the pump. +is type of
water can be used as drinking water after simple
disinfection, and water containing beneficial ele-
ments can be directly used as mineral water.

(2) Mine water containing suspended solids: in the
mining area, mine water containing suspended solids
is most common. +e pH is generally neutral, the
hardness and salinity are not high, the coal powder is
of very small particle size, and rock dust, rock
powder, etc., are present. +e main component of
suspended mineral water is generally black, and the
content per liter is about tens to hundreds of
milligrams.

(3) High salinity mine water: high salinity mine water
generally refers to mine water with a salt content
greater than 1000mg/L. It is also called salt mine
water. Groundwater is in contact with carbonate
rock and sulfate layer, resulting in Ca2+ in water and
an increase in Mg2+, Na+, K+, SO42−, HCO3−, and
Cl− plasma, so the hardness tends to be high. Such
water will be discharged if it is not treated, which will
cause the salt content of the river to rise, the soil to
grow salinized, and the crops to reduce production.

(4) Acid mine water: acid mine water mainly refers to
groundwater with a pH lower than 6. It is formed
when the groundwater flows through the coal bot-
tom layer of the coal mine, and the pyrite is oxidized
to produce sulfurous acid and sulfuric acid under the
action of sufficient oxygen and bacteria, resulting in
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the mine water being acidic with a large amount of
SO42−, Fe2+, Fe3+, and Mn2+ plasma. When the acid
mine water is discharged directly without treatment,
the water quality will be deteriorated. Fe2+ will
consume oxygen in the water, causing the death of a
large number of fish, algae, and other organisms.
Fe3+ and OH− combine to form Fe (OH) 3 reddish
brown precipitation, which leads to the red edge of
the water. Acid mine water is highly corrosive, and
long-term exposure of mine workers to such water
can affect their health.

(5) Containing special polluted mine water: mine water
containing special pollutants refers to mine water of
toxic substances such as fluoride, heavy metals, and
radioactive elements. +e pollution of such mine
water is serious and difficult to handle. Random
discharge will damage the ecological environment
and affect the utilization of mine water resources.

2.3. Environmental Hazards of Mine Water. Mine water
classified according to the main pollution characteristics,
except for the four types of mine water other than clean
mine water, has different levels of pollutants. It corrodes
the surface through which the flow passes, and the larger
the flow area, the larger the corrosion surface. In addition,
the water temperature of groundwater will also be affected
by mine water. For example, some large mining areas are
affected by mine water, and the hydrological underlying
surface of the basin is destroyed, resulting in water-level
decline, dry ground cracks, soil erosion, etc. It will further
lead to ground collapse, seawater intrusion, and other
disasters. Mine water containing pollutants flows into the
river. On the one hand, it is difficult to recycle, and it will
destroy the ecological balance, pollute the water body,
reduce the potential of the farmland near the river to be
cultivated, and destroy the vegetation. On the other hand,
the base flow is reduced, and the rivers are transformed
into seasonal rivers, eventually forming a situation in
which the time and space of the basin are unevenly
distributed.

Different types of mine water have different environ-
mental hazards.

+e suspended solids particles contained in the sus-
pended mineral water are prone to be hydrated with water
molecules, which not only forms a hydrated film in the
water but also hinders the aggregation of particles, and also
keeps the particles in a dispersed state. +e interface be-
tween the suspended particles is also affected by Brownian
motion, which makes the nature of mine water more and
more complex.

High-salinity mine water contains high concentrations
of inorganic salts. If it is discharged into water bodies
without treatment, it will easily lead to an increase in the
salinity of surface water and groundwater, affecting the life
of river creatures and surrounding residents, causing serious
soil salinization, and reducing crop production. At the same
time, for nearby factories and living areas, high-salinity mine
water purification costs are high. To maintain normal

industrial production and domestic water, it is necessary to
develop deeper groundwater, resulting in resource abuse and
economic development.

Acidic mine water is dissolved in water due to heavy
metals such as Cu, Zn, Mn, As, Pb, and Cd in coal mines
and surrounding rocks. It is more toxic and more harmful
than monomers. Acid mine water can dissolve and erode
the surrounding rock, and corrode mine working equip-
ment and drainage pipes. If discharged directly without
treatment, it will lead to an increase in the acidity of surface
water. If it flows into a highly biological river, it will cause
serious damage to the ecosystem, the acid-base balance will
be broken, many aquatic organisms will die, nearby soil will
be compacted, and production cuts in farmland crops will
affect the biodiversity. It causes serious damage to the
drinking water system in the living area, which worsens the
disparity between supply and demand of water resources
and affects human health.

Heavy metal components in heavy metal mine water are
complex, because most of the nonferrous metal ore contains
associated elements; so, there are cadmium, Mercury, ar-
senic, lead, fluorine, zinc, and other elements in the general
mine wastewater. +e heavy metal mine water penetrates
into the groundwater through surface seepage, changing the
pH of the water body, affecting the self-purification ability of
the water body, and causing serious pollution damage to the
surrounding rivers and farmland. In addition, heavy metals
are difficult to degrade, and the toxicity is very strong. Plant
growth has an impact and affects human health through the
food chain. In China, the mine water discharged from most
metal mines contains more lead and cadmium.+e pollution
by acidic mine water and excessive heavymetal mine water is
shown in Figure 1.

Lead is one of the most common pollutants and has
strong toxicity. Generally, the content of lead in water bodies
will not exceed 0.01mg/L. When the concentration exceeds
0.1mg/L, it will affect the self-purification of water bodies,
which will lead to algae. +e death of various plants will also
endanger human health through the food chain. If lead
enters the human body, it will destroy the activity of protein
and enzymes in the body, causing nausea and diarrhea, and
lead to excessive lead ions in the blood.

Cadmium is one of the heavy metal elements that are
symbiotic with zinc ore in the earth’s crust and is most
harmful to the human body. When cadmium ions enter the
human body, cadmium can replace zinc, calcium, and other
elements, which can soften the bones and affect the enzyme
system in the body. In addition, the toxicity of cadmium will
cause “bone pain” in Japan (long-term consumption and
consumption of cadmium-containing foods). Water causes
cadmium accumulation in human body and then causes
kidney damage and osteoporosis.

3. Analysis on Research Progress of MineWater
Treatment Technology

3.1.MineWastewaterRecycling. +e resource utilization of
mine wastewater is put forward on the basis of solving
the two serious problems that plague the coal mine
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industry, namely, severe water shortage in the coal
mine area and environmental pollution by mine
wastewater [8].

According to different mine water properties, the uti-
lization direction of various mine waters is determined.
Ensure that the mine water discharge obtained after the final
treatment will not pollute the environment; reduce the
discharge of COD, suspended solids, and other pollutants in
the water; and reduce the impact on the nearby waters.

At present, domestic and foreign mine wastewater has
the following uses: coal preparation, hydraulic trans-
portation, water mining, and hydraulic filling; boiler,
cooling, dust removal; the water extracted from the drainage
borehole can be used for drinking purposes; mine waste-
water can be used as a heat pump to regulate the indoor
temperature of the building.

In China, the overall utilization rate of mine water is
still low, with an average of only 22%. China’s conscious
comprehensive utilization of mine water is late, and the
comprehensive utilization rate is only about 15%. How-
ever, with the increasing shortage of mineral water re-
sources, many areas of the mining area have carried out
various degrees of comprehensive utilization work, of
which the most important is the use of industrial water,
domestic water, for agricultural irrigation [9]. In addition,
new utilization methods have been developed: On the one
hand, use mine water and power plant waste heat to
achieve office building cooling and air conditioning.
Water source heat pump technology is an emerging en-
ergy-saving air-conditioning technology, which can save
investment and operating costs, save energy, save water,
and reduce the effect of environmental impact. On the
other hand, the underground space should be treated and
utilized. Mine water resources can be brought into the
urban water resources management planning, and unified
management can be implemented.

3.2.MineWater Treatment Technology. For coal mine water,
the most common treatment processes in China are coag-
ulation, precipitation, filtration, adsorption, reverse osmosis,
and so on. For different kinds of mine water, the treatment
technology is different, and it must be treated in a targeted

manner. Combined with the pollution characteristics of
mine water, the treatment technology of mine water is
shown in Table 1.

3.3. Dredging Water. In some large coal mines, the spatial
distribution of the drain water is uneven, and in areas where
the drain water is abundant, in addition to being used by
itself, it will cause waste of water resources; but in an area
with water shortage, no water can be used. Coal mine
drainage water will lead to deterioration of water quality
after the runoff mining area, which makes the water quality
of mine drainage water more complicated and changeable,
with high hardness and high content of iron, aluminum, and
manganese. Drained water must be discharged in accor-
dance with the requirements of the effluent water quality.
After treatment, it should meet the discharge (reuse) water
quality standards, that is, the concentration of suspended
matter in the raw water needs to be reduced to below 50mg/
L [10].

+e main technological processes for the treatment of
dry water are coagulation, precipitation, air floatation,
filtration, and disinfection. +e process uses lime milk
plus soda ash to efficiently remove iron, aluminum, cal-
cium, manganese, and other metal elements in the water,
and uses the high sulfate in the raw water to remove the
calcium element while removing sulfate and reducing the
amount of soda ash. +e drained water can be discharged
into the pavement pool directly through the pipeline
pump, which can be directly recycled for production and
mining.

3.4. Water in the Goaf. In the process of roadway devel-
opment, excavation, and construction, the water in the goaf
passes through the water flowing fracture zone and carries
on the roadway under the action of hydrostatic pressure,
resulting in mine water disaster accidents.

For the study of water accumulation in the goaf, engi-
neering technology is required to discharge the water ac-
cumulation in the goaf, mainly through the following
methods: field survey; working face; water hole layout;

(a) (b)

Figure 1: Schematic diagram of mine water pollution. (a) Acid mine wastewater. (b) Excessive heavy metal mine water.
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analysis calculation; numerical simulation; and comparative
analysis method.

Technical route adopted:

① Collect geological and hydrological characteristics,
mining conditions, and other relevant data in the study
area.
② Perform statistical analysis on the collected data,
mainly including the water layer, groundwater hy-
draulic connection, and stratum.
③ Analyze the influencing factors of water accumu-
lation in the mined-out area, and calculate the devel-
opment height of the cracked zone in the mined-out
area.
④ Based on actual data, establish a hydrogeological
model of the study area, and identify and verify the
reliability of the model.
⑤ Use the big well method and numerical simulation
method to predict the water accumulation speed of the
goaf.
⑥ Prediction of the water accumulation space, water
accumulation amount and water accumulation time of
the goaf in different working faces.

3.5. Suspended Mine Water. Mine water with suspended
solids contains more coal powder, rock powder, and clay in
the water, which makes the mine water appear black, but the
hardness and salinity are not high. Suspended matter mine
water needs to choose different purification treatment
methods according to the characteristics of the suspended
matter.

+e most basic treatment processes for this type of mine
water are coagulation, precipitation, filtration, disinfection,
and sterilization [11].

Coagulation is the most critical process for removing
suspended solids from mine water. In the water treatment
process, whether it is for the entire clarification process,
pretreatment before biochemical treatment, or in-depth
treatment after biochemical treatment, coagulation tech-
nology is a necessary procedure. Coagulation includes two
processes: coagulation and flocculation. Coagulation refers
to the action of colloidal particles and flocculants in water
to neutralize and compress the electric double layer, to
destabilize coagulation, and then aggregate into primary
micro-flocculants. Large and dense settlement flocs are
formed [12].

+e removal effect of suspended matter is affected by
factors such as the choice of coagulant, the dosage of co-
agulant, and the conditions of coagulation reaction. +e
effects of the three coagulants, PAC, FeCL3, and Al2(SO4)3 ,
on mine water turbidity and SS removal rate were investi-
gated, respectively. Turbidity and SS removal rate changes
are shown in Figure 2. For the purification of suspended
mine water, the most commonly used is aluminum salt or
iron salt coagulant. At present, the most widely used and
effective coagulant for removing suspended solids in mine
water is PAC (Polyaluminum Chloride), and some will
choose polyaluminum iron. +e flocculant is polyacryl-
amide. PAC is an inorganic polymer type. It has strong
adaptability to changes in pH and water temperature, and its
turbidity removal rate is also very efficient. However, it is
expensive and has certain toxicity. It is rarely used for
treating mine water to convert to drinking water.

Q. Wu has studied the mine water containing suspended
solids by coagulation-microfiltration membrane separation
technology, and investigated the influence of the change of
microfiltration membrane operating characteristics on the
membrane filtration performance and the treatment effect of
this process on mine water containing suspended solids, and
carried out technical and economic analysis [13].

L. Zhao has determined the optimal physical and
chemical treatment process by combining the site conditions
and water requirements of the Gequanmine water treatment
project, that is, the “high-efficiency clarification plus gravity
valveless filter” combined process, wherein traditional hy-
draulic cycle clarification tanks and gravity valveless filter
tanks have been improved to make the operation more
suitable for the purification treatment of the mine
wastewater.

+e problems of traditional clarifiers are pointed out: the
water production capacity is small, the adaptation water
quantity and the water quality change are poor, the external
discharge of the sludge is difficult to control, and the surface
load of the water outlet is uneven, resulting in unstable water
output.

Improvement of high-efficiency clarifier: ① In order to
reduce the energy consumption of the pump, the nozzle
diameter can be increased, thereby reducing the nozzle head
loss. ② +e grid-reinforced reactor was added to the first
reactive type of the hydraulic circulation clarifier, which
strengthened the turbulent disturbance of the water flow,
shortened the reaction time, and strengthened the degree of
reaction.③ Improve the radiant water collecting trough into
an unequal-distance orifice water collecting trough to

Table 1: Mine water treatment technology.

Mine water type Processing technology
Suspended mine water Coagulation-precipitation-filtration-disinfection

Acid mine water Neutralization method, anoxic limestone ditch, permeable reaction wall, constructed wetland,
sulfate-reducing bacteria reactor, continuous alkali production system

High-salinity mine water Chemical desalination, distillation, membrane separation
Heavy metal mine water Precipitation method, adsorption method, membrane separation method
Fluoride-containing mine water Electrodialysis, ion exchange, chemical precipitation

Advances in Civil Engineering 5



improve the uniformity of the surface load. ④ In order to
solve the problem that sludge cannot be discharged in time,
which will affect the quality of the effluent, the sludge
discharge system of the clarifier was renovated, and the
sludge discharge time was timely, accurate, and good.

+e improved clarifier is more adaptable to changes in
water quantity and water quality, and the operating cost of
treatment facilities is reduced to keep the effluent stable.

Problems with the traditional gravity valveless filter: the
requirements for civil construction are increased; the
“turning plate” in the filter plate of the water distribution
system will affect the normal filtration; and the backwashing
is frequent or does not automatically backwash for a long-
time problem.

+e improvement of the traditional gravity valveless
filter:①+e transformation of the water inlet pipe can solve
the problems caused by the abnormal rise of the water level,
the uniformity of the water distribution in the filter chamber
is improved, and the local surface filter material collapse
caused by the impact of water flow is reduced.②+e steam-
water separation device is installed on the U-shaped pipe,
which can solve the problems of frequent backwashing. ③
Reform the setting method of the siphon auxiliary pipe to
form a siphon backwash to reduce the loss of raw water.

+e standard gravity valveless filter can basically meet all
the requirements, but for different raw water quality and
different purification processes, it is feasible to make some
modifications to it.

3.6. High Salinity Mine Water. +e pollutants of mine water
with high salinity mainly include coal-based suspended solids,
soluble total solids, sulfate, and chloride. +e overall hardness
is relatively high, and the content of pollutants exceeds the
standard. +e water quality of this mine water is very poor.

High-salinity mine water has three characteristics: +e
particle size of suspended particles is large in span, small in
density, and unsuitable for settlement; the content of sus-
pended matter is relatively unstable. +e carbon molecules
in the coal powder in mine water have organic reducibility,
which causes the mine water to be contained. It will be
removed along with the removal of suspended matter, so
generally no biochemical treatment is required.

+e direct discharge of mine water with high salinity will
cause waste of water resources, soil salinization, and vegetation
wilting, so desalination treatment is more necessary [14]. +e
purification treatment technology for the purpose of removing
suspended solids and the advanced treatment technology for
the purpose of desalination are used to realize the reuse of
high-salinity mine water. +e treatment process usually in-
cludes pretreatment and advanced desalination treatment.

Due to the high content of suspended matter, pulverized
coal, and colloidal particles in mine water, it will gradually
block the permeable membrane, reducing the permeation
efficiency, and the service life of the membrane using co-
agulation precipitation technology.

For the desalination of mine water, the current com-
monly used methods for desalination include chemical
methods, membrane separation methods, and distillation
methods.

3.6.1. Chemical Methods. +e ion exchange method is the
main method of chemical desalination. Anion and cation
exchangers are used to remove ions in water to reduce the
salt content of water. +is method is more economical for
water with salt content of less than 500mg/L and can be used
as a further desalination step after high-salinity mine water is
treated by membrane separation. +e demonstration of ion
exchange principle is shown in Figure 3.
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Figure 2: Influence of coagulant dosage on turbidity, SS removal rate. (a) Influence of coagulant dosage on turbidity removal. (b) Influence
of coagulant dosage on SS.
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3.6.2. Membrane Separation Method. Membrane separation
method uses selective permeable membrane as the separa-
tion medium. When there is a certain driving force (such as
pressure difference, concentration difference, potential dif-
ference) on both sides of the membrane, the solvent will be
separated from the solute or particles. +e most common
techniques of membrane separation are reverse osmosis and
electrodialysis.

+e membrane separation method has the advantages of
high efficiency, low energy consumption, simple device,
wide application, and easy operation. Membrane water
treatment has the characteristics of strong adaptability, small
footprint, high efficiency, and simple and economical op-
eration. However, the biggest disadvantage of membrane
separation is membrane fouling. In order to prevent
membrane fouling, the inlet water quality of these two
technologies must meet strict requirements, so the inlet
water must be pretreated. +e general pretreatment process
is coagulation, precipitation, filtration, adsorption, and
disinfection.

① Reverse osmosis
Reverse osmosis RO technology was applied in foreign
aerospace technology research in the 1950s and 1960s,
and it was actually applied in China in the early 1980s.
Reverse osmosis technology is a membrane separation
technology powered by pressure difference. It can
remove various impurities including ions, molecules,
organic matter, colloids, bacteria, viruses, and other
water. +is new technology is suitable for water
treatment with salt content more than 4000mg/L.
+e basic process flow of reverse osmosis treatment is
shown in Figure 4.

C. R. Wang has studied mine water in the Xuzhuang
Coal Mine after pretreatment of de-suspension, and
then through multimedia filtration and activated car-
bon filtration pretreatment process and reverse osmosis
desalination treatment process to achieve high-salinity
mine water reuse [15].
C. Tang has used magnetic separation and D-type filter
technology to remove suspended solids, ultrafiltration
equipment was used to further remove colloids and
suspended solids, and reverse osmosis and nano-
filtration equipment were used for desalination to
achieve the mine water treatment effect [16].
② Electrodialysis
+e process flow diagram of electrodialysis device is
shown in Figure 5.+e electrodialysis method ED refers
to a method for separating water and impurities using
electrical energy. +ere are two basic conditions for salt
removal by electrodialysis: one is the chargeability of
ions; the other is that the ion exchange membrane has
selective permeability.
+e electrodialysis desalination method does not re-
quire the addition of any chemical agents, the equip-
ment is simple, and the assembly and operation are
convenient. However, this technology also has some
disadvantages in certain aspects, such as: high-water
quality requirements; high power consumption,
membrane surface is prone to fouling, and membrane
life is short; the electrodialysis module is made of plastic
material, which is easy to be aged, resulting in the
increase of maintenance cost; the water quality and
quantity of water in the electrodialysis process can
affect the current and voltage during the operation.+e
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Figure 3: Schematic diagram of ion exchange.
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desalination process is unstable and is prone to per-
formance degradation.

Cui et al. jointly treated mine water through the co-
agulation-electrodialysis method, so that the treated
mine water met the drinking water quality require-
ments. +e best coagulant, the best voltage, and time of
ion removal are determined, and the energy con-
sumption is minimized [17].

③ Distillation
Distillation is an effective method of using thermal
treatment of brine to achieve desalination [18].+e heat
energy consumed by this method is very large, which is
suitable for the treatment of mine water with a salt
content exceeding 3000mg/L.
Due to the high energy consumption of the distillation
method, the popularization and application of this
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mine water Pretreatment Reverse

osmosis device Effluent

Add antiscalant

Figure 4: Reverse osmosis process.
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method has also been hindered. But, it has its own
unique advantages: it does not require any chemicals or
ion separation membranes; the range of salt content in
the treatment of mine water is very wide; the water
quality of the incoming water is not high; this method
produces distilled water and the rate of desalination is
relatively high.

3.7. Acid Mine Water

3.7.1. Formation of Acid Mine Water. To analyze and
process the acid mine water, we first need to understand the
formation of coal mine acid water: in coal operations; the
mining process will destroy the original reduction envi-
ronment of the coal seam, and the pyrite in the coal seam and
its surrounding rocks is oxidized to reduce under the action
of oxygen. In the form of sulfides, groundwater is in contact
with the top and bottom of the coal seam, which oxidizes the
sulfides into sulfuric acid, which makes the water acidic.
However, the formation of acid mine water is a complicated
process, which is related to many factors, such as chemistry,
physics and biology. +e main reactions are as follows:

(1) First, pyrite ore reacts with mine water to generate
sulfuric acid and ferrous sulfate.

2FeS2 + 7O2 + 2H2O � 2FeSO4 + 2H2SO4. (1)

(2) +e ferrous sulfate continues to react to form ferric
sulfate and other metal sulfates.

4FeS2 + 15O2 + 2H2O � 2Fe2 SO4( 3 + 2H2SO4,

4FeSO4 + 2H2SO4 + O2 � 2Fe2 SO4( 3 + 2H2O.

(2)

+e produced high-iron sulfate has the function of
dissolving various sulfide minerals.

2Fe2 SO2( 3 + 2MS + 2H2O + 3O2

� 2MSO4 + 4FeSO4 + 2H2SO4.
(3)

(3) Hydrolysis reaction. +e high-speed sulfate pro-
duced in the second step will undergo a hydrolysis
reaction when the pH value of the aqueous solution
is greater than 3.5.

Fe2 SO4( 3 + 6H2O � 2Fe(OH)3 + 3H2SO4. (4)

(4) +e role of microorganisms in the formation of acidic
water in sulfide ores: Some research data indicate that
microorganisms play a very important role in the
oxidation process of sulfide ore deposits. +iobacillus
ferro oxidants can transform iron, zinc, copper, ar-
senic, and nickel Such sulfide minerals are oxidized to
produce sulfuric acid and sulfate. For the typical
mineral FeS2 that produces acidic water, microor-
ganisms play an extreme role in its oxidation process,
making its natural oxidation rate slower [19].

3.7.2. Source and End Treatment of Acid Mine Water.
For acid mine water, the treatment is mainly meant to
control the water source, but in practical applications, the
treatment effect is more affected by the outside world.

In the application of the mine environment, there are
many difficulties in the control of the source, so the end
treatment of acid mine water has been studied more ex-
tensively [20]. AMD source and end-processing technology
is shown in Figures 6 and 7.

①Neutralization method: the neutralization method is
the most widely used treatment technology for acid
mine water. Neutralizing agents are added to acidic
wastewater to increase the pH of the wastewater. Under
alkaline conditions, metal ions generate hydroxide
precipitates and are removed from the wastewater.
Commonly used neutralizing agents are lime, lime-
stone, sodium carbonate, sodium hydroxide, etc.
Ding and Ding have used the limestone-lime milk, two-
stage neutralization method to treat mine acid waste-
water. In Suichang Gold Mine, the amount of sediment
produced by this method is only one third of that
produced by lime milk neutralization method, which
reduces the overall processing cost [21].
② Anoxic limestone ditch: anoxic limestone ditch is a
process in which acid mine water flows through the
limestone gully to dissolve limestone continuously,
thereby generating alkalinity. +erefore, the method is
particularly economical and has been widely used
abroad [22]. ALDs are very effective for the neutrali-
zation of acidic water; when using this method, com-
bined with other passive methods, it can greatly
improve the efficiency of wastewater treatment and
reduce the area of the treatment facility.
Genty et al. have used batch reaction and reaction
column methods to study ALDs. +e results show that
the smaller the particle size, the higher the alkali
production capacity, but ALDs are not suitable for the
treatment of high-concentration acid mine wastewater
[23].
③ Permeable reaction wall: the principle of permeable
reaction wall combined with microbial remediation is
used for acid mine water treatment [24].+e permeable
reaction wall is obtained by digging a ditch in the
direction of mine water flow and filling the ditch with
active materials (such as organic solid mixture, lime-
stone, or gravel). In the reaction wall, reducing mi-
croorganisms produce alkalinity after growing, and at
the same time, the alkalinity generated by the disso-
lution acts on the wastewater together, removing metal
ions as hydroxides, sulfates.
④ Constructed wetland: the wetland system is very
distinctive and unique. It contains the soil and substrate
of the wetland, unique hydrological conditions, and
wetland organisms [25]. Among them, the soil-plants
first intercept the suspended matter in the acid mine
water by adsorption and filtration. +e metal ions
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deposited in the wetland system are removed from the
water by ion exchange, oxidation, hydrolysis, and
microbial action.
Constructed wetland is a new type of ecological sewage
treatment technology, which has the characteristics of
low investment, low energy consumption, simple op-
eration and maintenance, and high treatment efficiency
[26].
⑤ Sulfate-reducing bacteria reactor (SRB): SRB is an
emerging acid mine water biological treatment
technology. In this technology, in a sufficient envi-
ronment, organic matter acts as an electron donor for
SRB, and as an electron acceptor, oxidizes the organic
matter, and obtains the energy required for life
through the alienation of the organic matter, while
reducing it.

Sanchez has used domestic sewage as an SRB carbon
source to mix with acid mine water for treatment [27].
Liu has made a pilot-scale UASB sulfate-reducing
bacteria bioreactor at the Zijinshan Copper Mine to
treat mine wastewater. +e project includes a two-stage
sedimentation tank and a UASB reactor. +e carbon
source comes from activated sludge after sewage
treatment [28].

⑥ Continuous alkali production system: the contin-
uous alkali production system can continuously pro-
duce alkalinity during the flow of acid mine water.
Because the process is in an anaerobic environment, it
will not produce hydroxide precipitation on the
limestone surface and affect the alkali production
process. It combines the characteristics of anaerobic
constructed wetland method, sulfate-reducing bacteria

AMD processing
technology
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method, and anoxic limestone ditch method, and also
solves the defects of these methods when used alone.
Chen and others have used calcined carbonate rock in
the continuous alkali production system, which failed
to demonstrate the superiority of the shake flask
experiment. +e acid mine water treatment capacity
was only slightly higher than that of the original rock.
+e complete set of treatment technology based on the
continuous alkali production system can remove the
sulfate and metal ions in acid mine water, step by step.
It has a stable and lasting treatment effect. It is suitable
for changing water quality conditions and can be
constructed in the field.

3.8. Specially Contaminated Mine Water. Mine water with
special pollutants refers to mine water with fluoride and
heavy metal toxic substances. Such mine water is more
polluted and difficult to handle. Arbitrary discharge will
destroy the ecological environment and affect the utilization
of mine water resources.

3.8.1. Fluoride-Containing Mine Water. China’s Hebei,
Henan, Shaanxi, Gansu, Qinghai, Xinjiang, and other places
are high-fluorine areas. If the fluorine-containing water in
the mining area is discharged without treatment, human and
livestock drinking this high-fluorine water for a long time
will cause chronic poisoning. Osteoporosis in mild cases,
convulsions and cramps in severe cases, and even death from
respiratory paralysis can also cause various skin diseases.

When groundwater flows through a mine rich in fluo-
rine, after years of physical and chemical action, the solid
state of the fluorine mountain migrates into the mine water,
resulting in high fluoride in the coal mine water [29].

Because fluoride is a toxicological index, the water
quality of the effluent is relatively strict. Commonly used
defluorination processes include electrodialysis, ion ex-
change, chemical precipitation, etc.

(1) Electrodialysis method: this method relies on F- in
aqueous solution under the action of an external
electric field, through an ion-exchange membrane
with selective permeability, so that F- that migrates
together with mineral ions in aqueous solution to
concentrated water was removed.+emain advantage
of this method is its simple operation. +e disad-
vantages are as follows: ① while removing F-, the
minerals that are beneficial to the human body in the
water are removed,making the treated water often not
suitable for direct drinking; ② when the fluorine
content is higher than 3mg/L, it is difficult to remove
F- at one time to meet drinking water standards; ③
equipment investment is large, not suitable for large-
scale water treatment projects; ④ water yield is low,
generally only 50%, and water resources are wasted;
⑤ equipment management is complicated and cost is
high. In view of the above reasons, the F- method of
electrodialysis is rarely used in actual water treatment
projects.

(2) Ion exchange method: this method relies on the ion-
exchanger and F-adsorption exchange function in
water to facilitate the removal of insoluble fluorides.
+is method, especially represented by activated
alumina, is currently widely used in small domestic
F-removal devices. +e main advantage of this
method is that the treated water meets the standard
once, without changing the mineral composition of
the water. +e problems are as follows:① large one-
time investment and high water treatment cost; ②
inorganic ion exchanger declines rapidly, and the
exchange capacity is significantly reduced; ③ inor-
ganic ion exchanger needs to be regenerated re-
peatedly, and the operation is troublesome.

(3) Chemical precipitation method: It is to add a certain
amount of cation and F- into the aqueous solution to
form an insoluble electrolyte, which produces a
precipitate and is separated from water to remove F-.
+is method is mainly used in the treatment of some
industrial wastewater with high content of F-
(20–4000mg/l). Because the solubility of CaF2 is
16mg/L, even if an excessive amount of Ca2+ is added,
the residual amount of F- in its aqueous solution is
difficult to be lower than 8mg/L, so this method is not
suitable for drinking water treatment with low F-.

3.8.2. Heavy Metal Pollution Mine Water. At present, the
development and mining activities of mineral resources
containing heavy metals have increased sharply, which has
led to the production of large amounts of heavy metal
wastewater in nonferrous metal mine mining and benefi-
ciation operations, causing serious environmental pollution
problems. Most nonferrous metal mines contain sulfur or
symbiotic sulfides, such as pyrite, chalcopyrite, and other
minerals. +e sulfide in nature undergoes the comprehen-
sive reaction of oxidation, weathering, decomposition, and
water-gas-acid-mineral reaction, and can form acidic
wastewater unique to mines. Most metal sulfide beds contain
iron sulfide ore. +e process of formation of acidic waste-
water in mines is the oxidation of iron sulfide.+e formation
of acidic wastewater containingmultiple metal ions is caused
by the further reaction of sulfuric acid, ferric sulfate, etc.,
formed by the oxidation of iron sulfide with ores containing
various metal ions.

Under the action of water and air, sulfide minerals react
to form sulfuric acid, which eventually generates mine acidic
heavymetal wastewater containing iron and other metal ions
[30]. Because most nonferrous metals and ores contain
associated elements, and the heavy metal components
contained in the wastewater of nonferrous metal mines are
relatively complex, elements such as mercury, arsenic, lead,
cadmium, copper, zinc, and chromium are often present in
general wastewater. Heavy metal ions are difficult to be
degraded by microorganisms and are persistent toxic pol-
lutants. Under the action of microorganisms, some heavy
metals can even be converted into more toxic substances,
such asmetal-organic compounds, which not only affects the
growth and production of animals and plants but also enters
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the human body through bioaccumulation and bio-
magnification of the food chain in the living body and may
eventually damage human health.

Current status of heavy metal wastewater treatment: at
present, there are a variety of treatment technologies for
heavy metal wastewater, but there are three main types of
methods for the treatment of heavy metal ion-containing
wastewater. Heavy metal ions are precipitated and removed,
mainly including neutralization precipitation method, sul-
fide precipitation method, ferrite precipitation method, etc.;
the second type is the physical chemical method, that is,
without changing the chemical conditions of heavy metal
ions, by using physical separation to remove heavy metal
ions in wastewater, there are mainly ion exchange method,
adsorption method, and membrane separation method; the
third type is to use the biological method to remove heavy
metal ions in wastewater, the biological method is to use
microorganisms and certain aquatic plants to absorb heavy
metal ions in water. +e heavy metal ions are adsorbed and
fixed, and gradually accumulated to increase the amount of
adsorption to remove heavy metals from wastewater. +e
main methods include the biological adsorptionmethod and
constructed wetland method.

+e above method has a good treatment effect for heavy
metal ion wastewater with conventional content, but it does
not mean that all are suitable for treating low-concentration
heavy metal ion wastewater. Regarding the water quality
characteristics of nonferrous metal mining well water with
low BOD, low pH, and the coexistence of lead, cadmium,
and arsenic, the content of heavy metals required for ad-
vanced treatment in heavymetal wastewater is relatively low.
+erefore, it is very important to study effective methods for
treating low-concentration heavy metal wastewater.

H. Zhao and F.Q. Li have used the chitosan complex-
ultrafiltration coupling process to treat heavy-metal-sim-
ulated wastewater in nonferrous metal mines. +e main
removal materials were lead ions and cadmium ions. +e
pH value, mass ratio, ionic strength, and other factors were
investigated for the retention of heavy metal ions +e effect
of the rate and membrane flux verified the effect of re-
covering chitosan after acidification-decomplexation [30].

Z. Huang and J.P. Xu have domesticated the tolerance of
SRB heavy metals, and optimized the process conditions of
SRB system, Fe-C system, and SRB/Fe-C system for pro-
cessing heavy metal ions, combined with permeable reaction
bed (PRB) Structural design; the effect and influencing
factors of in-situ treatment of heavy metal ions in acid mine
water were studied [31].

J.X. Chen has introduced the separation mechanism and
simple process technology of ion exchange resin and its
research and application in the treatment of heavy metal
wastewater, and introduced the research and development
and research results of the use of ion exchange resin to treat
heavy metal wastewater in recent years [32].

3.9. New Technology

3.9.1. 5e Medium Membrane Ultrafiltration Membrane
Product Was Successfully Applied to the National Energy
Group’s Large-Scale Mine Dewatering and Reuse Project.
In this project, in the face of the water treated by the co-
agulation plus heavymedium speed sink and V filter process,
Beijing Zhonghuan Membrane Material Technology Co.,
Ltd. (referred to as: Central Ring Film) of the Botian En-
vironmental Group uses thermal ultrafiltration membrane
products, using the ultrafiltration plus reverse osmosis
process to build a mine water reuse project with a scale of
30,000 tons per day in two phases, while achieving envi-
ronmental protection standards, reducing the water con-
sumption rate of industrial output value of enterprises, and
creating an economy for enterprises benefit. +e application
system of mid-ring membrane thermal ultrafiltration
membrane is shown in Figure 8.

According to reports, Botian Environment and user
units have fully demonstrated in the early stage of the
project, and have made careful considerations and project
management from design, process, and parameter selection,
equipment matching, installation implementation, and
commissioning operation, and finally realized the ultrafil-
tration membrane. +e operation of the device and the
whole system is stable, ensuring that the overall water reuse
rate index and the outflow index of the system meet the
requirements, realizing the dewatering and reuse of the
mine.

+e project is expected to reduce nearly 8.5 million tons
of annual emissions, and the treated water can be effectively
used in industrial production and other purposes in general.
+e project will reduce the environmental cost of customers
and promote the sustainable use of water resources.

Membrane products have been successfully applied in
hundreds of cases in more than 20 industries around the
world. With innovative technology and adherence to the
quality of the ingenuity, the Central Membrane is bound to
turn the project into another benchmark project in the field
of deep reuse of mine water.

3.9.2. Harbin 0.5–50m3/h Production Wastewater Treatment
Project. Biochemical Oxygen Demand (BOD) is the amount
of dissolved oxygen consumed by the biochemical processes
performed by microorganisms in decomposing certain
oxidizable substances in water, especially organic sub-
stances, under specified conditions. +e larger the BOD
value, the more pollutants in the water, and the more serious
the pollution. BOD is an environmental monitoringmethod,
suitable for monitoring water pollution.

+e adjustment tank of Harbin 0.5–50m3/h sewage
treatment adopts the aeration method to balance water
quality and water volume, avoiding the precipitation caused
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by aeration and stirring. An anaerobic tank is installed after
the adjustment tank, and the aerobic treatment adopts a two-
stage biological contact oxidation process. Sewage treatment
process is an urban sewage treatment process developed on
the basis of traditional technology.

+e structure includes a tank, filler, water distribution
device, and aeration device.+e working principle is that the
filler is installed in the aeration tank and used as the carrier
of the biofilm. After aeration, the wastewater to be treated
flows through the filler at a certain flow rate. After the
completion of the packing, contact with the biofilm and
work together. Anaerobic biological treatment is a method
of using facultative anaerobes and specific anaerobes to
degrade macromolecular inorganic substances into low-
molecular compounds, and then convert them into methane
and carbon dioxide, to treat inorganic wastewater. It can be
divided into acid digestion. Two stages and alkaline diges-
tion: In the acid digestion stage, exogenous enzymes secreted
by acid-producing bacteria convert macromolecular inor-
ganic substances into complex inorganic acids and alcohols,
aldehydes, ammonia, carbon dioxide, etc. In the alkaline
digestion stage, the metabolites of acid digestion are further
broken down into methane, carbon dioxide, and other bi-
ological gases.

+e advantages of this method are as follows: ① It can
reduce the floor space, the parking lot can be built above the
equipment, and there is no need to build facilities.②+ere
is no impact on the surrounding environment, the amount
of sludge generated is small, and the noise is less than the
standard of the second category.③ It is easy to operate, new
technology, good effect, and long service life.④ Equipment
can be arranged according to the standard, or it can be
specially arranged according to the terrain.

3.9.3. Water Retention Coal Mining. Water retaining coal
mining is a kind of coal mining technology which can keep
aquifer structure stable or water level change in a reasonable
range by controlling rock movement in arid or semi-arid
areas. It is a new coal mining technology to seek the optimal
solution between coal mining capacity and water resources
carrying capacity.

+e premise of coal mining and water conservation is
that there is water and coal, and they needs to be protected. If
there is coal, it is possible to collect it. Water conservation

under coal mining conditions is to protect the environment
and protect the ecology.

In the northern part of Shanxi, there are two ways to
achieve coal mining and water conservation. One is to ra-
tionally select the mining area (mainly in the planning stage
of the mining area) and the second is to adopt reasonable
coal-mining methods and engineering measures (such as
filling mining).

4. Conclusion and Outlook

China is a large mineral resource country. +e exploitation
and utilization of mineral resources is very important, and
the treatment of mine water is vital to the overall envi-
ronment. In general, the most widespread mineral water
pollution is acid mine water, and the most serious pollution
is heavy metal mine water. For different mine waters, it is
necessary to adopt a relatively appropriate method. Each
treatment technology has its advantages, characteristics, and
deficiencies. It is necessary to select the correct process
according to the specific conditions to ensure reasonable
technology and economical energy conservation.

+ere are new technologies, such as “high-efficiency
clarification plus gravity-type valveless filter,” for mine water
containing suspended solids. For high-salinity mine water,
reverse osmosis has been applied more highly. For acid mine
water, the most widely used method is the limestone trench
method, and there are also many emerging treatment
technologies, such as sulfate reduction bacteria reactor. +e
treatment method of fluoride-containing mine water widely
used in China is the ion exchange method, and for heavy
metal mine water, the precipitation method is widely used
due to its mature technology. +e treated mine water can
reduce the malignant impact of the direct discharge of mine
water on the whole environment, and can also reuse the
wastewater to improve the water shortage in the mining area
after production.

+e impact of mine water on the environment has be-
come a hot issue globally. +e formation, prediction, and
control of mine water pollution types and the development
of new technologies are not only the challenges faced by
environmental disciplines in various countries but also the
important problems that must be solved for the sustainable
development of national economy and society.
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