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Summary

1 Status of the damage mining is causing to the eco-environment

1.1 General assessment of the damage to the eco-environment in the mining area

On the whole, the eco-environment problems caused by exploitation of mineral
resources in China appear are displayed in the following four aspects:

1) Mining has occupied and damaged lands, including land excavated for open mining,
sites for stacking of mullock or earth, sites for stacking gangue, land occupied by mine
tailings and land sinking as a result of underground mining.

2) Mining has triggered secondary geological calamities, such as soil erosion, land
sliding, mudrock flow, collapse, etc.

3) Mining has polluted the eco-environment, which has in turn led to ecologicai
disorder. Wastewater from the mining and beneficiation processes discharged direct
into surface water bodies (rivers or lakes) in the mining areas has caused the waters
seriously polluted with organic substances and heavy metals. After a long period of
exposure to rains and air, huge stacks of stripped gangues, waste solids and mine
tailings containing sulphur compounds in the mining areas would have got oxidated,
generating heavy-metal containing acidic water, which seeps into and seriously pollutes
surface water and groundwater therein. Draining water from the mine has greatly
lowered the groundwater table, resulting in large cones of exhaustion, which in turn
disturbs the dynamic balance between surface water and groundwater. The use of
wastewater from the mine and water contaminated with acidic leachate from the huge
stacks of mine tailings for irrigation has severely polluted farmlands nearby with heavy
metals and eventually led to salinization of the soil and degradation in soil fertility and
function. Waste gas emitted from mining has seriously polluted the atmosphere in the
mining areas, and waste solid and ore tailings have become the major sources of flying
dust suspending in the air in the mining areas.

4) Mining has changed the original landscapes and damaged native vegetations, thus
leading to land degradation and desertification.
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1.2 Zonal characteristics of the ecological disturbance in the mining areas

In terms of zonal characteristics, the ecological damage caused by mining varies in
manifestation with the physical geographic zone. In the Qinghai-Tibet Region,
Northwest of China, the land occupied and damaged by mining is dominated by
grassland, in Northeast China, South China and Southwest China by forestland, and in
the middle and lower reaches of the Yangtze River by farmland. In South China and
Southwest China, open mining occupies more land than underground mining and in the
Qinghai-Tibet Region and the middle and lower reaches of the Yangtze River, the other
way round. The impact of mining on landscapes is displayed as wind erosion and
desertification of the soil, damaging the structure of the soil layer in the arid and semi-
arid regions, as soil erosion and acidic wastewater pollution of valleys in the humid
regions, such as South China, Southwest China and the middle and lower reaches of
the Yangtze River.

The lands damaged by mining in China are distributed in dots mainly in the eastern and
central parts of the country, which is consistent with the status of the exploitation of the
mineral resources. Among the minings, coal mining and iron mining often causes
larger areas damaged in North China, and nonferrous metal mining does in South
China.

1.3 Characteristics of the ecological damage in major mining areas

The ecological damage in major mining areas has the following features. In Shanxi,
Central and North Henan and the west edge of the Heilongjiang Sanjiang Plain, coal
mining is the major land destroyer and land sinking or subsiding is the major type of land
damage as a result of underground mining. On the east edge of the Liaohe Plain and
western part of the Liaodong hilly region, open mining of coal and iron ores leads to land
loss caused mainly by excavation and occupation. In the northeastern part of Hebei
Province exist both open mining and underground mining of iron ores, gold and coal that
result in land loss through excavation, occupation and subsidence. In the Gun-Teng
Lianghuai Region, which is an important coal belt in East China, the ecological damage
is characterized by serious subsidence of the surface ground, resulting from underground
mining, thus making it an area that has suffer most from land subsidence in China. In the
hilly regions alongside the Yangtze River in Anhui Province mining of copper, iron and
sulfur has damaged large tracts of land through occupation, excavation and pollution of
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farmlands with wastewater and acidic water from the mines. The joint region of Hunan,
Jiangxi and Guangdong Provinces is rich in nonferrous metal reserves, of which the open
mining needs to remove the overlays and set up dumping sites for mine tailings and
mullock, thus covering large tracts of land and pollutes the water systems and soil in the
surrounding areas. The mining of gold in the bordering region between Henan and
Shaanxi is the major wrong doer. The Qinling Branch Range in that region is the major
gold metallogenic belt of the country. Random dumping of the slag has resulted in
serious damage to the eco-environment of the region. Moreover, the native approach to
beneficiation of the gold ores generates large amounts of Hg-containing wastewater that
seriously pollutes nearby waterbodies and farmlands in the down-stream area. In areas in
between Yunnan, Guizhou and Sichuan Provinces, the mining and smelting of sulfur has
seriously damaged the eco-environment therein and especially the native technology of
smelting the mineral has gravely contaminated the soils around.

2 Ecological reconstruction in the mining areas in China

In China the ecological reconstruction in the mining area started in the 1960s. By the
1980s, the work had stepped on to a new stage, an organized one with a certain scale.
Currently, the ecological reconstruction in mining areas has been going on dealing with
the four major types of ecological damage discussed above, open mining, dumping site
for mullock, dumping site for mine tailings (including hills of gangues from coal
mining) and ground subsidences resulting from underground mining.

2.1 Ecological reconstruction in goafs left from open mining

Based on the projected targets of ecological reconstruction of the goafs, the following
three patterns of reconstruction can be summed up: 1) Agroforestry, that is, to fill up
the goaf with soil, which is then leveled for establishing an agroforestry system.
Depending on the material used to fill up the goaf, this pattern of reconstruction can be
further divided into three models, i.e. filling with stripping, filling with slurry and
filling with artificial soil layer; 2) Impoundment, that is to build the goaf into a
reservoir for development of tourism and fishery and utilization as a water head source
or wastewater treatment pool; 3) Comprehensive utilization, that is, to dig the deep
places and fill up the shallow ones; and 4) Restoration of natural vegetation coupled
with artificial restoration of vegetation on side slopes. To promote artificially
restoration of vegetation can be done in several ways, for instance, supplying seeds,
preparing the slopes to create conditions for settlement of the seeds, etc.
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2.2 Ecological reconstruction of the dumping site for mullock

Ecological reconstruction of the dumping site for mullock is mainly based on
establishment of agroforestry. For that, the following technologies has been used to
restore vegetation.

1)Stabilization

In order to stabilize the dumping site, it is essential to set up a sound draining system,
set up a biological protection system on its slopes, dump mullock into piles at the late
period of the dumping operation and level the dumping site to slopes different in
degree in light of the target of the ecological reconstruction.

2) Soil amelioration

To ameliorate the soil at the dumping site, generally two approaches can be adopted.
One is to overlay the site with a layer of soil and the other is biological amelioration.
The former is to overlay the site with a layer of alien soil, which varies in thickness
depending on the nature of the subsoil and the utilization. Normally, the overlay will be
10 - 60 cm thick, which is good enough for agroforestry. The latter includes growing
green manure crops, using bio-activators, applying organic manure and neutralize soil
pH chemically, all of which are oriented to ameliorating soil. Besides, in the field of
management, adoption of reasonable crop rotation and tillage may also help speed up
the process of making the soil mellow and fertile.

3) Selection of plant species and matching plantation and configuration techniques

To plant trees and grow grasses, hole plantation for trees and broadcasting for grasses are
adopted on dumping sites. The former means to dig holes and then transplant saplings
with soil around their roots or fill the holes with alien soil and then transplant saplings.
Depending on the time of land preparation, the pattern can be divided into two models,
spring-preparation-spring- transplantation and autumn-preparation-spring-transplantation.
Besides on the side slopes, the technique of hydraulic broadcasting of seeds and turfing
the slopes. On the flat beds and side slopes, vegetation of different composition can be
established, such as grass only, grasses-shrubs, and grasses-shrubs-arbor trees.

Based on different conditions of the mullock dumping sites, they can be sorted into
three categories for ecological reconstruction. The first category is of dumping sites
containing mostly bedrocks and kingles. In this category of dumping sites, which are
often located in areas lacking soil sources, the high content of bedrocks and kingles
goes against survival of plants. It is advisable to make use of wastes, such as debris,
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mine tailings, slag, flyash, sludge, garbage, etc. as filling and then plant stress-resistant
trees. The second category of dumping sites has little surface soil but much
weatherable rock. These sites are often located in hilly regions with little surface soil,
so it is hard to gather enough soil to overlay the site. But the rocks there are liable to
weather. It is, therefore, adequate to level the ground somewhat and directly plant
stress-resistant and fast-growing trees and grasses. The third category of dumping sites
is rich in surface soil, which can be used to overlay the site with. And then agroforestry
can be established thereupon.

2.3 Ecological reconstruction of the dumping site for mine tailing

Ecological reconstruction of the dumping site for mine tailing includes amelioration of
the soil on the dumping site, screening and planting of plants and selection of
configuration models.

As mine tailings are often very simple in mechanical composition, poor in moisture
and nutrient retention, either too high or too low in pH, and excess in content of heavy
metals and salts, which are unfavorable for establishment and growth of plants. It is,
therefore, essential to take positive measures to ameliorate the soil first, such as
neutralizing acidic mine tailings with lime, readjusting alkaline ones with gypsum or
calcium chloride, and overlaying those containing toxic heavy metals with an
insolating layer and soil.

In selecting pioneer plants, it is advisable to choose native tree species that have strong
vitality and tolerance to infertility of the soil and introduce in properly some species
from elsewhere.

On these sites, seeds can be sown directly or saplings transplanted in dug holes. And
the pattern of the vegetation to be restored can be of forestry-pasture, orchard-pasture

or agroforestry. .

Depending on conditions of the mine tailing dumping sites and economic conditions of
the mines, the ecological reconstruction of the dumping sites could be grouped into two
types, with overlay and without overlay. The latter is often adopted in areas lacking soil
resources. It saves the work of overlaying the mine tailings, but limits the range of
plant species for choice and calls for intensive field management. The former is
preferable in areas rich in soil resources. The overlay is generally 50 cm or more thick.
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In South China, mines are generally in areas lacking soil resources. It is a common
practice to stack the stripped surface soil aside and later to overlay the dried mine
tailings with the soil.

2.4 Ecological reconstruction of gangue mounts

Gangue mounts are huge piles of gangues, also a kind of mine tailing, thrown out
during mining and beneficiating coal. Ecological reconstruction of the gangue mounts
can also be accomplished by artificial afforestation. Currently the following
technologies are available for adoption.

1) Technology for leveling gangue mounts and erosion control. As gangue mounts are
coarse in mechanical composition and poor in water holding capacity, it is advisable to
prepare the mounts into holes or terrace fields in fall and plant trees in spring.

2) Technology for amending acidic gangue mounts. To neutralize the acidity or strong
acidity resulting from spontaneous combustion of the gangue, generally CaO or CaCO,
is used and broadcast evenly over the gangue mounts in crushed form at a rate
depending on pH value of the gangue, purity of the neutralizer used and thickness of
the gangue layer.

3) Technology of overlaying. To solve the problems of nutrient deﬁciericy of the
gangue mounts and high temperature of the surface layer, the mounts are overlaid with
a layer of soil 5 ~ 10 cm thick or 50 c¢m thick or nothing depending on weathering
degree of the surface of the mounts before they are planted.

4) Technology of afforestation on gangue mounts. For afforestation, different plantation
patterns can be adopted in light of the species of plants chosen, For deciduous arbors
and shrubs, a small amount of earth is needed in each pit for transplantation, for
evergreen trees, they are transplanted with earth around their roots, for flowers and
grasses, their seedlings are transplanted with their roots dipping into slop first and their
seeds are sown in mixture with fine earth, and for some deciduous arbors and shrubs,
such as loblolly, acacia, etc. they are cut short or heavily pruned before transplantation.

2.5 Ecological reconstruction of subsidence areas

The ecological reconstruction of subsidence areas can be designed for a range of
targets, such as agriculture, building, waters (fish ponds, parks, reservoirs) etc.,
depending on types of the subsidence. Currently ecological reconstruction of
subsidence areas tends to be oriented for comprehensive utilization. In light of types of
the damage of subsidence to the eco-environment, the ecological reconstruction of
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subsidence areas can be sorted into the following patterns:

1) Agriculture-based comprehensive exploitation of steady-going subsidence areas
without waterlogging. Fill up the subsidence area with gangue flyash or other materials
(silt from rivers or lakes), level the filling and overlay it with soil. Then the area is
ready for cultivation of agriculture and afforestation. Or Prepare the side slopes of the
subsidence area direct into terrace fields or slope fields instead of filling it up, and then
set up an farmland eco-system of farming combined with orchards so as to conserve
water and soil.

2) Construction-development-based utilization of steady-going subsidence areas
without waterlogging.

3) ' Agriculture-forestry-fishery-based comprehensive ecological reconstruction on
steady-going seasonal waterlogged subsidence areas, Make the hollow area hollower
for raising fish, cultivating lotus or conserving water for irrigation, and place the earth
excavated from the hallow part over on the part that is less subsided and prepare it into
paddy fields or upland fields for growing crops.

4) Agriculture-forestry-fishery-based comprehensive ecological reconstruction on
steady-going permanent shallowly waterlogged subsidence areas. Build the area into a
fish pond and set up agriculture and forestry in some parts by making the hallow part
hollower and the shallow part filled up.

5) Aquiculture-based comprehensive exploitation of the steady-going permanent
deeply waterlogged subsidence areas. Besides, developing fish rearing, build up
aquatic parks, water purification plants, wastewater treatment plants or reservoirs by
making use of the deep water area if it is large enough.

3 Ecological rehabilitation and reconstruction of mines in other countries

Ecological reconstruction started the earliest in the US and Germany. In 1920, the US
passed an act on “Mine Leasing”, which stipulated specifically conservation of the land
resources and natural environment. And in the 1920s a campaign of afforestation was
launched on deserted coal mines in Germany. In the 1950s some countries began
systematic afforestation of the areas planned for ecological reconstruction. In the 1960s
most industrially-developed countries sped up their paces in formulating laws or rules
for ecological reconstruction and intensified promotion of ecological reconstruction
projects, which show that they were conscientiously entering into the age of scientific
ecological reconstruction. In the 1970s, ecological reconstruction had developed into a
systems engineering that technically integrates various disciplines, such as mining,



