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Potential Analysis on Ground Subsidence Hazards of Abandoned Coal
Mines, Northern Taiwan
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Abstract

The ground subsidence could be caused by underground mining activities. In Taiwan, the
coal mines are abandoned completely and not reclaimed during the past decade. The crucial
point is how to characterized the unknown spatial geometry from underground data.
Fortunately, such data had been reorganized and digitalized by Bureau of Mine, M.O.E.A.,
R.O.C.. The main purpose of this study is to identify the phenomena of subsidence,
characterize the geospatial data by using GIS technology, predict the maximum subsidence by
profile model, and evaluate the risk assessment of such hazard that might be affected on
residences and their surroundings.

As mentioned above, three phases are identified following by data collection, site
investigation and characterization, and risk evaluation. In the second phase, Kriging
geostatistic is used to characterized the geometric elements of coal seams ( strike planes and
dip directions ) by putting the elevations of underground data into Arc-GIS software. Then the
excavated surfaces, the configuration of mined adits and inclined shafts, even the thickness of
overburdens could be generated by GIS-3D spatial analysis. There are many methodologies to
predict the subsidence. The empirical method developed by National Coal Board ( 1965,1975)
is still commonly used in the worldwide coal mine experiences. But it depends on large
amount of records measured from mined area: The most popular one is profile function. It is
the simple way to calculate the maximum subsidence by using limited data such as depth of
overburdens, extracted height, angle of draw (in'experience ), and dip of coal seam. Torano, et
al. (2000) proposed a new methodology called multiple subsidence troughs that combined
the concepts of profile function and finite element analysis to explain the mechanism of
subsidence acted on inclined coal beds.-The result-of predicted calculation is very closed to
the observed data. In this study, by the integration of GIS map algebra and mathematic profile
function, the maximum subsidence in each point could be calculated and the new subsidence
contours would be created.

There are many hazardous cases in studied area. The most serious one is the Ton-yung
clay mine which located in Chung-Ho City of Taipei County is. It was characterized by
secondary mining activity for silicate-sand deposit after coal mine finished in 1975. The
secondary mining had the scale of ground deformation enlarged during these years. Hazard
phenomena such as sink holes, fractures on buildings and roads, acid mine drainage, slope
collapse, are easily to find in this mine area. The records of level measurement also showed
that ground deformation is still proceeding in a rate of 3 cm per year. The spatial variation of
subsidence trend are similar to each other, though the subsidence amount was not compared
very well between mathematic prediction and level measurement in this case. Also, the
predicted data revealed that subsidence behavior is dominated by roof strata slip mechanism
rather than breaking one. It is meaningful in making the difference between horizontal strata

and inclined strata when subsidence occurred.



The strength of roof rock is also considered as geological factor in the study. Coal Mine
Roof Rating (CMRR ) is developed by former Bureau of Mine, U.S. ( Molinda and Mark,
1994 ) with extensive experiences in coal mine ground control. The rating system is ranging
from 0 to 100 and divided into 3 types naming weak, moderate and strong roof, respectively.
According to the geo-mechanical test of 28 rock samples drilled from coal-bearing strata, the
CMRR unit rating are ranged from 15~45 ( weak roof ) . In recent years, the investigation of
geo-engineering property of rock mass in slope area had been finished by Central Geological
Survey, M.O.E.A.. According to the hazard investigation in situ, it shows that most of cases
are located in “weak roof” area. In other words, such data might be provided for the risk
assessment of subsidence.

Finally, the study is tried to integrate modern technology with classical subsidence
models to solve the uncertain problem. The powerful GIS calculating system could provide a
better way to characterize the spatial geometry underground and the prediction of subsidence.
But there are still lots of works to do if we want to make “prediction” getting closer to “real”
subsidence. For the potential hazard of subsidence it is difficult to find and the rock mass
system is heterogeneous. What we know is still limited. Nowadays, land-use and planning is
an important issue in Taiwan. Most.of abandoned coal mines are located in urban area. The
economic interests and conflicts might-hide the subsidence problem. It is important to pay

more attention to ground subsidence caused by abandoned coal mines.
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