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Abstract. First on the basis of comprehensive analysis of the cause of ground sunk seeper and 
its relation with coal collapsing, this paper proposes the feasibility of monitoring surface collapsing by the 
use of information of ground sunk seeper caused by coal mining collapse; then take the Kailuan Coal Field as 
an example, by means of the ground sunk seeper information extracted from 6 temporal RS image, the 
relation between Kailuan coal field collapsing and ground sunk seeper are analyzed. The trend of the coal 
ground collapsing can be reflected more clearly by using the information of ground sunk seeper. 
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1. Introduction 
Ground subsidence in mining area not only do serious damage to land resources, surface engineering project, 
ground facilities and the surrounding environment but also badly influence people’s work and lives and 
greatly hinder the economic development in the mining area. It has become a hazardous environmental 
problem which needs prompt treatment. Based in Tangshang city, HeBei province, Kailuan Coal Mine is a 
large mine where the hazardous problem of ground subsidence is really severe. This paper is devoted to 
analyzing and investigating the cause and affecting factors of ground sunk in Kailuan Coal Mine field, and to 
the way to detect and evaluate ground subsidence through studying ground subsidence, which is expected to 
have positive influence upon research and monitoring of the mine area subsidence. 

2. The principle of using ground sunk seeper information to monitor coal 
mining collapse 

2.1. Submitting The cause of ground sunk seeper and its affecting factors 
Ground sunk seeper in coal mining area is mainly caused by the following three factors: 

1. Because of continuing ground subsidence in mining area, groundwater will emerge on the ground 
when the depth of the ground subsidence is lower than the level of groundwater. 

2. With lots of rivers and lakes in the subsidence area, when the ground surface in the mining subsidence 
area is lower than the level of the river dam and the subsoil of that area is pervious easily, water will seep in 
the subsidence area and raise the groundwater level, causing ground sunk seeper. 

3. The main cause of the ground sunk seeper in the subsidence area is that the penetrating quality of that 
area is low. For example, the subsoil is composed of mud of clay, when the coal mining collapses, ground 
surface will become a closed basin, and the precipitation is high, water will accumulated in the subsiding 
basin. 

2.2. The role of ground sunk seeper information in monitoring the mining collapse 
Obviously, the ground sunk seeper is caused by ground subsidence, which means that the emerging of the 
ground sunk seeper area is later than the collapse and the area of ground sunk seeper is far smaller than the 
area of subsidence area. The ground sunk seeper area is the area which collapses most dramatically. The 
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depth of the accumulated water is lower than the depth of the ground subsidence, so the expansion of 
accumulated water area means the collapse area is widening. Consequently, the ground sunk seeper 
information will show some marks of collapse, which means that the mining collapse trend can be indirectly 
reflected by monitoring the change of the accumulated water through RS skills. 

3. Case study 
The monitoring scope of ground sunk seeper in Kailuan coal mine is from E118°20′~~118°34′ to 
N39°33′~~39°46′，lies in the sloping basin area in Kaiping, the east of district TangSan. Apart from the 
northern part of Zhao Coal Mine located in the hilly area, the other are mainly located on the plain with small 
ups and downs. The ground sunk seepers are formed in the fields, towns, coal mining factories and coal 
mining collapse. We extracted the ground sunk seeper information through the 6 temporal RS image by 
adopting the sensor of TM, ETM, and ASTER in Kailuan Coal Mine. The detailed information is shown in 
table 1. 

Tab. 1: Parameter of Image used in Detection 

 
 
 
 
 
 
 

3.1. The role of ground sunk seeper information in monitoring the mining collapse 
First, eliminating the information of waters like reservoir, lake, and others which aren’t formed by collapse 
from the 6 temporal water information, we got the distribution of the ground sunk seeper in coal mining 
collapse area (figure 2). By superposing the distribution of ground sunk seeper and coal mine (figure 1) and 
analyzing, we work out the accumulated water area of the ten coal mines in Kailuan coal mine field. Please 
look at the table 2, and the concrete image is in figure 1. 
 

 
Fig. 1: The Coal Mine Distribution of Kailuan 

Sensor Bands Temporal Resolution
TM5 7 3/7/1988 30/120M 
TM5 7 10/8/1990 30/120M 
TM5 7 30/7/1992 30/120M 
TM5 7 6/9/1994 30/120M 

ETM7 8 11/8/1999 30/60/15M
ASTER 14 9/29/2002 15/30/90M
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 Seeper 

Fig. 2: (a)The Ground Sunk Seeper of 1988, (b)The Ground Sunk Seeper of 1990, (c)The Ground Sunk 
Seeper of 1992, (d)The Ground Sunk Seeper of 1994, (e)The Ground Sunk Seeper of 1999,  
                                          (f)The Ground Sunk Seeper of 2002 

Tab. 2: The Seeper Area of Every Coal Mine 
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3.2. Dynamical analysis of coal mine collapse 
From the table 3 and figure 3, the accumulated water area in the studying area increased from 6128100 
square meters to 12915810 square meters during the14 years from 1988 to 2002. It increased 2.1 times. 
Averagely it increased 484836.4 meters every year. The non-water accumulation area decreased gradually 
from 1988 to 1994, then it reached its maximum area, 7128220 square meters in 1999, and then fell back to 
6580905 square meters; generally speaking, it changed little. The whole area of the waters increased from 
12498300 square meters in 1988 to 19496715 square meters in2002, it increased 499887.0 square meters 
every year. It can be find out that the increasing area of waters in this district is caused by collapse. From the 
table 3 and the figure 4, we can see the obvious changing regulations during different times. Except that 
increasing speed from 1999 to 2002 is slower than that from 1994 to 1999, the fastest increasing period of 
ground sunk seeper area and the whole water area is from 1992 to 1994, the former reached 1663913 square 
meters per year, and the latter 1913478 square meters per year. The increasing speed of non-water-
accumulation area reached its maximum, 259604 square meters per year. 

Tab. 3: The Change Velocity of Water Area in Each Period 

 1990-1992 1990-1992 1992-1994 1994-1999 1999-2002 
Seeper Area 827550 172087 1663913 42610.5 415852.5 

Non-Seeper Area -467550 -52015 249565 259604 -182438.3 
Total water area 360000 120072 1913478 302214.5 233414.2 

 

 
Fig. 3: The Develop Trend of Water in Study Area from 1988 to 2002 

 
Fig. 4: The Water Area Change Velocity Trend of Study Area in Each Period 

According to the dynamical analysis of the ground sunk seeper information in the study area, the 
collapsing area is expanding. The increasing speed of collapsing area is consistent with that of ground sunk 
seeper. According to the increasing speed of the ground sunk seeper, the collapse is becoming seriously, 
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which is the true circumstance in China. Due to shortage of resources, the output of each coal mine is 
increasing dramatically, which expanding the collapse of the coal mine, at the same time, the ground sunk 
seeper will increase a lot. 

4. Conclusion 
Collapse can be effectively monitored by means of ground sunk seeper information, which also can detect 
the centre point of the collapse area. With multi temporal RS image the ground subsidence area in the mine 
is put under dynamic monitoring and can be predicted properly. But there are also some shortcomings in this 
method; for example, in arid areas the collapse may not cause ground sunk seeper. It is difficult to ascertain 
the size, scope of collapse. 
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