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ABSTRACT 
 
Coal mining wastes is traditionally dumped as a cone-shaped tip in China, which will 
pollute air, soil and water environment and landscape by dust, leachate, self-ignition and no 
vegetable cover.  Since 1980s, the technique for coal mining wastes disposal has been 
changing into transporting them directly to fill subsided land for reuse of subsidence land. 
And now coal mining wastes dump and filling subsided lands are in existence 
simultaneously. However, the impact of different disposal and treatment of coal mining 
wastes on environment and farmland has not been probed in detail. Taking Dongtan (DT), 
Nantun (NT) and Xinglongzhuang (XLZ) Coal Mines as examples, the components of coal 
mining wastes and their potential pollution on soil, surface water and ground water are 
tested in-situ. The results show that contaminants are released after self-ignition and 
weathering of coal mining wastes, but they are not super the allowance of environmental 
standards. Even though, we must pay more attention to the transportation and accumulation 
of these contaminants. 
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INTRODUCTION 
 
The mining and utilization of coal may cause environmental impacts in different ways. The 
emissions of CO2 and other poisonous gas from coal burning have been paid more and 
more attention recently. In adverse side, the environmental problems due to coal mining 
were neglected by mine owners and our society. In fact, coal mining has drastically adverse 
environmental impacts, including interference with ground water, land subsidence, impact 
of water use on flows of rivers and consequential impact on other land-uses, mining wastes 
disposal, geological hazards, visible and aesthetic offenders, sometimes damaging 
infrastructure, and potential ecological havoc (Bell, 2000; McKinnon, 2002; Earle & Robert 
1996; Sengupta, 1993; Bian, 2006), among of which mining wastes disposal has less 
progress considering disposal methods, utilization of mining wastes and its impact on 
environment. Since around 1800 coal became the main energy source for the industrial 
revolution and Britain developed the main techniques of underground mining from the late 
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18th century onward with further progress being driven by 19th and early 20th century 
progress, coal mining wastes have been transported into dump to fill a gully or tip as a hill. 
 
Waste products from coal mining comprise coarse discard (minestone) and fines produced 
by the washing process. The former comes to the surface, mostly with 'run of mine' coal as 
a result of the cutting of roadways, drivages, other underground development work and the 
high degree of automation applied to variable geology. While the coalfield operator does 
not seek to produce waste unnecessarily, geology and mining methods combine to add to 
the quantities involved. Theoretically mining methods could be made more sustainable by 
minimising the production of waste. It is the need to accommodate both dry minestone and 
'wet' fines which imposes the main engineering constraints on tip design and controls the 
pace of progressive restoration. Though waste reduction and reuse have recently become 
the most preferable methods in waste management, for example, minestone has been 
accepted in many places as alternative aggregates in embankment, road, pavement, 
foundation and building construction, lots of coal mining wastes have still been transported 
into dump to fill a gully or tip as a hill. This paper introduces the situation of coal mining 
wastes disposal in China, the results of investigation of the impact of mining wastes on the 
environment and farmland in Yanzhou coalfield and proposes two innovative ways for 
mining wastes disposal. 
 
 

THE SITUATION OF COAL MINING WASTES DISPOSAL IN CHINA 
 

The production of coal mining wastes 
 
China is the world’s largest coal producer and consumer with production of raw coal 2.21 
billion tons in 2006 and the share of coal in total energy production in China is over 70%. 
95% of total coal production is from underground coal mines. The average production of 
coal mining wastes is about 15% of coal production, which varies from 10% to 30% with 
the change of geological and mining conditions. Therefore, it is estimated that the annual 
production of coal mining wastes is about 315 million tons for underground coal mining 
after 2005, which accounts for a quarter of total industrial solid wastes. There are about 4.5 
billion tons coal mining wastes stockpiled at 1700 waste dumps which occupied 15 
thousand hectares lands and about 200 dumps self-igniting. According to the latest statistic 
data, the rate of raw coal washing is about 35% and the rate of separating undesirable 
materials from coal is about 15%, so there are about additional 116 million tons mining 
wastes produced by the washing process. 
 
 

The reclamation, treatment and utilization of coal mining wastes in China 
 
Since P. R. China founded in 1949, Chinese coal mines have been constructed after the 
pattern of former Soviet Union with the mining wastes being transported into dump to fill a 
gully or tip as a hill. Till the end of 1970s, a research and pilot project was carried out in 
Huaibei coal mining area, Anhui Province in which the minestone from underground 
mining was transported to fill and reclaim subsidence lands. Almost at the same period, the 
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comprehensive utilization of coal mining wastes as construction material and fueling power 
plant was widely the rage. Now the average percentage of mining wastes treatment, 
utilization and reclamation is about 42%, which varies from 20% to 73% with the change of 
resources condition in different regions and the amount of different uses is shown as figure 
1. Suppose the average rate of utilization of coal mining wastes reached 50%, 25% of them 
were used as fills in 2006, there were 215.5 million tons coal mining wastes being dumped 
and 107.75 million tons coal mining wastes were used as fills which would exist potential 
pollution to soil and ground water. Besides the utilization and treatment of coal mining 
wastes above stated, since 1980s, some abandoned mining wastes dumps also have been 
reshaped and planted in China. 
 
 

The main environmental problems from coal mining wastes dump 
 
As stated above, majority of coal mining wastes in China was dumped as a cone-shaped 
heap shown as figure 2 (left), which had potential slope failure and a series of 
environmental problems. The various failure modes that occur in mine waste embankments 
have been sumarized by Caldwell and Moss (1981) who review the methods of analysis. 
But the situation of self-igniting mining wastes dump and the effect of water and plant 
growth on slope stability have not been considered. On May 15, 2005, mining wastes dump 
of No. 4 coal mine of Pingdingshan coal mining company exploded because of inner vapor 
pressure accumulation after it rained continuously, which resulted in 8 local residents died, 
123 peoples hurt and 18 residents house buried. Besides the slope failure and explosion, 
following environmental problems from mining wastes dump are also involved: 
 

1) slope stability and erosion; 
2) occupation of lands; 
3) potential contaminants leachability into ground water; 
4) dust pollution by wind, air pollution and explosion by self-igniting; 
5) visual and landscape impacts and landuse constraints. 
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Figure 1.: The amount of different uses of coal mining wastes in China in 2002, million 

tons. 
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Figure 2.: Cone-shaped mining wastes heaps being self-igniting. 
 

 
Figure 3.: The location of Yanzhou coalfield 
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XLZ, YC, BD, DT, NT, BS, TC, J2, J3 represent Xinlongzhuang, Yangcun, Baodian, 
Dongtan, Nantun, Beisu, Tangcun, Jining No.2 and Jing No.3 coal mines respectively.  



International Conference “Waste Management, Environmental Geotechnology and Global Sustainable 
Development (ICWMEGGSD'07 - GzO'07)” Ljubljana, SLOVENIA, August 28. - 30., 2007 
 

THE IMPACT OF MINING WASTES ON THE ENVIRONMENT AND 
FARMLAND IN YANZHOU COALFIELD 

 
Physical condition of Yanzhou Coal Mining Company 

 
Yanzhou coalfield is located in the south of Shandong Province, which is of typical features 
of east China plain mining with subsidence flooded lands and dense villages in minin areas 
and with 444.2km2 of mining area. The headquarter of Yanzhou Coal Mining Company 
founded in 1976 is at Zoucheng city, which is passed by railway of Beijing to Shanghai. 
The total raw coal production reached 34.66 million tons produced by NT, XLZ, BD, DT, 
BS, YC, TC, J2 and J3 coal mine. The annual average temperature is about  and 
average precipitation is about 712.99mm. 

C°1.14

 
 

The situation of coal mining wastes disposal at Yanzhou coal mining area 
 
The total raw coal production produced by Yanzhou Coal Mining Company from 1977 to 
2005 is 461.58 million tons. If we calculate the production of mining waste in terms of the 
rate of 15% of coal production, it would be 69.24 million tons. In fact, there are only 15.51 
million tons wastes piled and occupied 28.44 hectares land in disorder. Majority of mining 
wastes were utilized as fills for subsided land reclamation and road construction and, a 
small proportion about less 10% was used as construction materials to make bricks, fuel for 
power plant. Now there are 9 mining wastes’ dumps in Yanzhou coalfield, among of which 
two were reshaped and planted as a recreational site. Therefore, we can find whatever coal 
mining wastes have been used for, their potential pollution should be considered, especially 
when they were used foe fills they may pollute ground water and soil. 
 
 

The impact of cone-shaped mining wastes dump on environment 
 
If coal mining wastes were tipped as a cone-shaped heap being naked, dust and leachability 
will affect soil and surface water in Yanzhou coalfield. 
 

Soil pollution investigation 
 
Dust from mining waste dump does not only affect human health, but contaminate the 
adjacent soil also. We made a field investigation on its impact on the soil. 
 
Investigation site is a mining wastes dump of Dongtan Coal Mine with 45m of height and 
27550m2 of area. The dominant wind direction is from Southeast to Northwest. From the 
north edge of mining wastes dump, we took a soil sample every 30m along the wind 
direction and every sample was obtained by mixture of soil of three points with the same 
distance from the edge of mining wastes and every sample was separated in different depth 
of 20cm, 40cm� 60cm. 
 
The results of soil sample analysis are as table 1, which can be illustrated as figure 4.   
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Table 1.: Soil sample analysis (mg/kg) 

Sample Distance 
m 

Depth 
cm 

pH Cu Pb Cd Cr 
(total) 

Zn 

  20 8.0 38.0 19.5 0.051 38.85 75.0 
1 30 40 8.3 33.3 22.8 0.030 43.55 76.6 
  60 8.2 30.1 17.4 0.033 44.85 76.6 
  20 8.0 30.8 19.2 0.045 43.15 81.0 
2 60 40 7.7 21.7 27.7 0.030 32.90 67.8 
  60 7.9 21.3 23.1 0.019 24.15 87.4 
  20 7.8 24.9 34.5 0.057 46.30 91.2 
3 90 40 8.0 23.1 19.5 0.056 37.60 77.4 
  60 7.3 60.4 21.4 0.034 47.15 69.6 
  20 7.0 52.8 22.4 0.041 43.80 72.6 
4 120 40 7.0 25.3 27.7 0.049 43.40 80.2 
  60 7.1 61.0 20.9 0.055 50.65 79.0 
  20 7.0 34.3 19.1 0.048 40.05 86.4 
5 150 40 7.3 20.8 22.8 0.048 60.10 79.0 
  60 7.5 30.4 21.7 0.041 67.20 78.6 
  20 7.0 35.6 22.0 0.057 64.70 83.0 
6 180 40 7.0 23.6 24.8 0.034 67.20 79.8 
  60 7.2 34.1 32.1 0.036 71.60 75.0 

Note: pH was tested by the ratio of water to soil being 1� 1. Sampling date: August 8, 2006 
 
 
From table 1 and figure 4, we can find that: 1) the closer distance, the higher pH; 2) As for 
the depth of 20cm, the maximum of Zn, Cd, Pb, occurs at a distance of 90m, the maximum 
of Cu appears at a distance of 120m, and the maximum of Cr also appears at a distance of 
90m if we exclude the last sample with a distance of 180m; 3) As for the depth of 40cm, the 
maximum of Cd occurs at a distance of 90m, the maximum of Pb appears in two samples of 
60m and 120m, the maximum of Zn appears at a distance of 120m, and the maximum of Cu 
also appears at a distance of 120m if we exclude the first sample with a distance of 30m, 
the value of Cr is in disorder; 4) As for the depth of 60cm, the maximum of Cd, Cu appears 
at a distance of 120m, the maximum of Zn appears at a distance of 60m, and the maximum 
of Pb also appears at a distance of 60m is we conclude the last sample with a distance of 
120m, the value of Cr is still in disorder. Considering the effect of dust mainly on surface 
soil, we can conclude the maximum of main contaminants appear at a distance of 90m 
which is about twice of the height of mining wastes’ heap. 
 
 

Surface water pollution investigation 
 
Lixiviation experiments were conducted, by which mining wastes were soaked in the liquid 
of pH 7 and soaking time was 24h and 96h. The results of the experiment are as table 2. 
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Table 2.: The results of lixiviation experiments on mining wastes (mg/L) 

Site Soaking time Cu Pb Cd Cr� �T  Zn pH 

NT 24h 0.050 0.256 0.002 0.797 0.519 7.7 
NT 96h 0.057 0.331 0.002 0.909 0.643 7.7 
DT 24h 0.104 0.296 0.0025 0.837 0.452 9.2 
DT 96h 0.276 0.476 0.0025 0.975 0.658 9.3 

 
By lixiviation experiments, we found pH and heavy metal concentration of mining wastes 
at DT site are higher than those at NT site. In fact, the results are relevant to the time of 
weathering of mining wastes, the longer of weathering time, the lower pH. Compared with 
“the Pollution Control State Standards for Storing, Treatment Site of General Industrial 
Solid Wastes”� GB18599-2001� , the concentration of heavy metal of lixiviation water of 
mining wastes is not over standards, but the pH at DT site is a little bit high.    
 
Field sampling of water leaching from mining wastes dumps of NT and DT coal mines also 
was taken. The results of field sampling water test are as table 3, which is in accordance 
with lixiviation experiments.  

 
Table 3.: Leaching water from mining wastes dump (mg/l) 

Site Cu Pb Cd Total C r Zn pH 

NT 0.051 0.087 — 0.441 0.318 7.5 
DT 0.187 0.098 — 0.672 0.327 8.4 
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Figure 4.: Soil contamination by dust from mining wastes dump. 
 

Ground water pollution investigation 
 
To investigate whether ground water is polluted by mining wastes, 5 sites at XLZ coal mine 
were monitored which locations are shown as table 4. The monitoring results are as table 5. 
 
Table 4.: Monitoring sites 

site location Monitoring 
purpose 

Direction in terms of 
subsidence basin 

The distance 
from subsidence 

basin 
1 South side of 

mining wastes 
dump 

Ground water 
underneath the 

dump 

Southeast 100m 

2 Power plant 
water well 

Deep ground 
water 

Southeast 150m 

3 Subsidence 
basin 

Water in 
subsidence basin 

— — 

4 West ventilation Downstream of West 660m 
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shaft ground water 
5 Sizhuting water 

well 
Downstream of 
ground water 

Northwest 793m 

 
Table 5.: Monitoring results (mg/L) 

site pH Cd Pb Ni hexad Cr cyanide chloride sulphate TR 
1 7.44 — — — — — 103 145 466 
2 
3 
4 
5 

7.39 
7.45 
7.18 
7.35 

— 
— 
— 
— 

— 
— 

0.001 
— 

— 
— 
— 
— 

— 
— 
— 
— 

— 
— 
— 
— 

113 
110 
46 
38 

88 
69 
48 
113 

453 
449 
470 
488 

Site PI fluoride As Hg Coliform 
individual/L

Temperatur
e 

� � �  

Water 
table 
� �m  

Depth of 
water 

well� �m  
 

0.49 
0.5 
0.37 

16 
16 
16 

1 
2 
3 
4 

0.68 
0.69 
0.72 
0.74 

0.33 

— 
— 
— 
— 

— 
— 
— 
— 

27 
11 
38 
24 

16 

7.2 
40 
3.2 
7.4 

40 
140 
40 
48 

 

5 0.73 0.39 — — 27 16 6.3 40  
Note: 1) PI, permanganate index; 2) TR, Total rigidity, counted by calcium carbonate; 3) 
The lowest for workout: cyanide with 0.004mg/L, Pb with 0.5μg/L, Cd with 0.5μg/L, hevax 
Cr with 0.004mg/L, Ni with 1μg/L, As with 0.01 mg/L, hg with 0.05μg/L; 4) “—” 
represents not founding the test. 
 
Table 6.: Standards for Drinking Water Quality, GB 5749—2006� �mg/L  

pollutants pH Cd Pb Ni Hevax 
Cr cyanide chloride 

Standards 6.5-8.5 ≤0.005 ≤0.01 ≤0.02 ≤0.05 ≤0.05 ≤250 
pollutants sulphate TR PI fluoride As Hg coliform 
Standards ≤250 ≤450 ≤3.0 ≤1.0 ≤0.01 ≤0.001 forbid 

 
Compared with Standards for Drinking Water Quality shown as table 6, two pollutants, TR 
and coliform of the ground water from 5 sites are super the standards. Because coliform is a 
biological index, mining wastes is not the source of coliform, which must be from other 
sources. TR is a little bit higher than the standard, and the TR of the ground water just 
underneath the subsidence basin is not super the standard. Therefore, we can conclude that 
mining wastes have few effect on ground water. 
 
 

The main effects of mining wastes on environment in Yanzhou coalfield 
 
After excluding the effect of mining wastes on surface water and ground water, we can 
conclude that the main effects of mining wastes on environment in Yanzhou coalfield will 
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be dust pollution, air pollution from self-igniting, visual impacts and potential slope failure 
of mining cone-shaped wastes dump. 
 
 

THE WAYS TO ELIMINATE THE EFFECTS OF MINING WASTES ON 
ENVIRONMENT IN YANZHOU COALFIELD 

 
Tipping mining wastes for landscape construction 

 
Yanzhou Coal Mining Company recognized that mining wastes are by-product of coal 
mining, which can not be fully used as resources or fills for reclamation and some of which 
must be tipped to a cone-shaped dump for land saving. To alleviate the impacts of mining 
wastes dump on the environment, our institute was requested to develop a technique to 
rehabilitate mining wastes dump and construct recreational site while mining wastes were 
tipping at J3 coal mine by Yanzhou Coal Mining Company.  
 
The main problems involved into such request are slope stability, especially after covering 
soil and planting trees and shrubs on the slope, demands for recreational purpose from 
aesthetics and the limited space for tipping enough mining wastes.  
 
By means of geotechnical theory and the model of critical balance, when H1=9m, H2=5m, 
H3=4m, 1׃ m1= 3׃ 1  (or 2.5), 1׃ m2= 2.5׃ 1  and 1׃ m3= 2׃ 1  shown as figure 6, we can keep the 
safe coefficient of slope stability more than 2.0. 
 
To meet the demands for recreational purpose, the road up to the peak of dump was set up 
when we designed the mining wastes dump, which can be used for transporting the wastes 
and materials during tipping mining wastes and constructing the landscape and after wastes 
tipping stop, the road can be used for sightseeing, which width is 6 m, and the slope is less 
50. 
 
The rational drainage system on the dump is a effective measures for slope stability. The 
ditches of drainage system fall into three classes, the first class is set up around each step, 
and the second is set up at the side of road, which is up to the peak, the third is built around 
the hill at the foot of dump. The rainfall from the dump flows from each step to the second 
ditch, and then into the third ditch. 
 
After tipping mining wastes 50 cm thickness with its water content 7-11%, mining wastes 
dump was pressed by road roller. The index to examine the effectiveness of compaction is 
the change of elevation. In general, when it is less than 5 mm, we can determine the 
compaction is satisfactory. 
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Figure 5.: Rehabilitate mining wastes dump and construct recreational site while mining 

wastes at J3 coal mine. 
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Filling mining wastes into subsidence basin to reclaim lands for different purposes 
 
In coal mining area, because of land subsidence, there are only few cultivated lands to be 
left at some towns and villages, therefore there are strong demands for local farmers to 
reclaim subsidence lands for agricultural purpose. How to reclaim flooded subsidence lands 
duo to mining for croplands is an important technical problems to be solved. In past 15 
years, cultivated lands decreased 426.8 hectares and flooded lands increased 372 hectares 
due to coal mining by DongTan Coal Mine for Zhongxin town of Zoucheng city. The 
elevation of farmland before mining is from +43.4 to +45.6m� with an average +44.50m. 
Coal mining resulted in maximum subsidence about 4.5m and the depth of flooded water 
about 0.5m. To fulfill the targets of overall land use planning, which ensure the area of 
farmlands will not decrease in the period of planning term, coal mine must provide fund 
and technologies to reclaim subsidence lands into cropland. 
 
The distance from coal mining wastes dump to subsidence lands to be reclaimed is only 
1000m. After optimized, the technique of filling mining wastes into subsidence basin for 
reclaiming lands is selected. The shop drawing is as figure 6. The working sequence was as 
followings, taking humus soil out from plot A and plot B for constructing dam on the north 
side of plot A and plot B and then filling mining wastes into plot A and plot B; taking 
humus soil out from plot C and plot D for covering plot A and Plot B and then filling 
mining wastes into plot C and plot D; the rest may be deduced by analogy till plot K and 
plot L which can be covered by humus soil from adjacent subsidence lands which were 
reclaimed as fishponds. By employing filling method, 2 million tons mining wastes can be 
used as fills and 81 hectares lands were reclaimed for croplands. 
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Figure 6.: Drawing for subsidence land reclamation by filling mining wastes. 

 
 

            
 
Figure 7.: Subsidence lands before reclamation and after reclamation at Dongtan Coal 

Mine. 
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Utilizing mining wastes for making bricks, fueling power plant and filling 
underground cavity due to coal mining 

 
Now the majority of mining wastes were used as fills for subsided land reclamation, the 
cost is relative high for agricultural lands compared with their benefits and the value of 
resources of mining wastes, especially remainder burnable carbon, does not make full use. 
Therefore, first choice to treat mining wastes is to promote the ratio of utilization of mining 
wastes for making bricks, fueling power plant and then filling underground cavity due to 
coal mining to lessen mining subsidence, filling subsided basin to reclaim lands for 
construction purpose, afforestation purpose and agricultural purpose, and reshaping or 
tipping mining wastes dump for landscape construction.    
 
 

CONCLUSIONS 
 
Mining wastes disposal is an important problem for mine environmental protection or 
construction, into which multi-disciplinary knowledge is involved in accordance with the 
methods being taken. First of all, the composition of mining wastes, which changes with 
the geological background is important for utilization of mining wastes and the measures 
we should take to treat. For acidic mining wastes, lime should be used for neutralizing 
acidic pollution; for high carbonaceous mining wastes, the first choice for its utilization 
should be the fuel for power plant. There are different kinds and different uses of mining 
wastes in Yanzhou coalfield. The first choice to treat mining wastes should be filling 
subsided lands for construction purpose in terms of consumption amount, and then used for 
materials of bricks, filling underground cavity, filling subsided basin to reclaim lands for 
afforestation purpose and agricultural purpose, and reshaping or tipping mining wastes 
dump for landscape construction. 
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