
Post-Mining 2005, November 16-17, Nancy, France 1 

A STUDY OF SINKHOLE HAZARD AT AREA OF LOCKED COLLIERY 

KOTYRBA Andrzej 

CENTRAL MINING INSTITUTE, 40-159 Katowice, Pl. Gwarków 1, Poland; 
a.kotyrba@gig.katowice.pl

 

ABSTRACT: Transformations of polish industry began the process of mine closures. Among various 
mines being in process of abandoning, there are a large number of collieries, which exploited coal 
since 17th century. The depth of mining openings ranged from some to hundreds meters. The height 
of primary mining openings ranged from 1 to 9 m. Mining operations have left in geological 
basement large number of cavities, which still create a hazard to the surface stability. Post mining 
deformations of the surface can take continuous and discontinuous forms. The last ones are the 
topic of paper. Although those deformations can take various forms, they are commonly called as 
sinkholes. In paper, the sinkholes hazard has been analyzed in a scale of selected one mine area, in 
regard to various parameters. The selected “Siemianowice” mine is located in northern part of the 
Upper Silesian Coal Basin. A database containing full set of sinkholes, recorded within area of 
mine in a period of 50 years, has been tested in geomechanical and statistical approaches. 
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RESUME: La fermeture de mine a commencé avec la transformation de l’industrie polonaise. Parmi 
les mines en train d’être fermées, on trouve de nombreuse mines de charbon exploitées depuis le 
17e siecle. La profondeur de travaux miniers varie de quelques mètres à plusieurs centaines de 
mètres. La hauteur des galeries principales est comprise entre 1 et 9 m. Les opérations minières ont 
laissé dans le terrain beaucoup des vides qui sont toujours une menace pour la stabilité de surface. 
Les déformations de surface induites par l’instabilité des anciens travaux miniers peuvent avoir une 
forme continue ou discontinue. Les déformations discontinues sont le sujet de cet article, elles sont 
généralement appelées fontis. Dans cet article, on a analysé le risque de fontis en terrain minier 
dans le cas de la mine de charbon de « Siemianowice » localisée au nord du Bassin Houiller de 
Haute-Silésie. On a examiné, du point de vue géomechanique et statistique, une base des données 
concernant les fontis qui se sont produit dans le secteur depuis 50 ans. 

MOTS -CLEFS: Fermeture des mines, Vides, Fontis, Alea, Risque 
 

1. Introduction 

The study concerns the post-underground mining-induced surface subsidence hazard. This hazard 
arises from the mined-out voids left, following the mine closure. The void-related ground surface 
subsidence can occur at an indefinite time after the mine closure, and especially is essential for the 
sinkhole process formation. The post mining subsidence events can be tested in regional and local 
scale. Usually, only local scale is a matter of interest due to economic reasons. It leads to simplified 
solutions and limitation of subsidence hazard only to sinkhole events. The regional scale studies 
should be undertaken especially in areas, where still operating mines coexist with locked ones in 
which (as it is in Poland) are observed also distant, continuous effects [Kotyrba et al. 2004]. 
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The sinkhole processes are the cause of characteristic surface disturbances, that usually bring about 
breaking out of the strata continuity and lead to formation of the local ground surface subsidence 
phenomena such as funnels, troughs, steps and cracks. In the majority of cases, they can suddenly 
occur at the surface without advance warning (typical sinkhole process). In some cases however, the 
subsidence formation process develop during a longer period of time and can be indicated by 
progressive ground surface subsidence. 
 
None of the past mining techniques, in particular exploitation conducted on shallow depths (range 
from 0 to 100 m) have offered a total self-backfilling of the old mine workings in coal seams. Many 
old mine workings neither have undergone caving at all nor they have been backfilled in the mine 
closure phase. Because of the afore-mentioned factors, leaving the voids in massive rock body 
should be considered to be a persistent element of the altered and degraded geological environment 
that creates hazard for the post-mine ground surface stability both at present and in the future. In 
methodology of the surface hazard assessment over voids various approaches are applied. Generally 
they are based on theoretical assumptions, geophysical/geological testing, surveying and 
observational data. In one mine case described in presented paper, theoretical and observational 
data are compared and analysed. 

2. Geology and mining  

In geology of the studied area anthropogenic, quaternary, Triassic and carboniferous sediments take 
part. The anthropogenic soils in many parts are thick up to 10 m. They consist of different origin 
wastes. Most frequently the wastes come from mines (stone) and metallurgical plants (slag). They 
are also frequently mixed. The thickness of quaternary sediments ranges between 2 to 60 metres. 
Those glacial origin soils occur in form of sands, sandy clays, clays and clayey sands. The 
occurrences of particular soils are irregular. Therefore quaternary sediments are generally 
permeable for water.  The Triassic sediments in form of limestone and dolomites occur in the 
northern part of mine area. Their thickness increases to the North and ranges from some to 200 m. 
The outcropping on the terrain surface younger geological strata is shown on fig.1 [Buła and Kotas, 
1994]. All three stratigraphic units mentioned form the overburden to the carboniferous strata, 
which consist of sandstones, mudstones, shale stones and coal beds. Coal seams thickness ranges 
from 1 to 11 m. 
 

 
Fig. 1. Stratigraphic units in the overburden of coal deposit at the area of “Siemianowice” mine.  

(1 - mine lease area border, 2 – Triassic, 3 - quaternary sediments of thickness not exceeding 2 m, 4 – quaternary 
sediments of thickness exceeding 2 m, 5 - faults). 
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The surface of the carboniferous formation is not even and has been created by tectonic movements 
and erosion. Tectonic movements uplifted the central part of area creating saddle. Therefore the 
dipping of carboniferous beds has different directions. In the northern part of area dominant is 
dipping to the north. In southern parts, the beds are dipping generally to the south. The dip angle 
ranges from 8 to 15 degrees. Tectonic movements left in rock formation numerous ruptures (faults). 
Some of them are visible on the Triassic surface (fig.1). The faults cut the rock formation mainly on 
directions SW-NE and NW-SE. Less numerous are faults spreading parallel to latitude. 
 
The water conditions in area are shaped by geological structures. Water horizons have been 
recorded in quaternary, Triassic and carboniferous sediments. Those waters are drained by central 
pumping system designed to keep the water on the level, which is regarded as safe for operating 
mines located in the vicinity.   
 
The earliest information on organized hard coal mining in the Upper Silesia Coal Basin (USCB) 
area dates back to the second half of the 18th century. At that time there were simple, small-sized 
mines supplying local blacksmith’s shops, brickyards, breweries and Limestone quarries with coal. 
Rapid development of the coal mining industry began on the turn of the 18th century. It was caused 
by the rising demand for hard coal needed in the iron and lead smelters, for generating steam in 
machine boilers and mostly, in the zinc smelters. The border of Siemianowice mine lease area 
shown on fig 1, illustrates the state on the date of mine closure. This line changed many times in the 
past according to divisions mining region among smaller mines. Filed records of that mining 
activity are known from the end of XIXth century. In the early phases of mining, the coal seams 
were being opened out by the two following methods: 

1. Sinking of vertical shafts from the surface. 
2. At first, opencast mining, next driving a dip heading (inclined shaft) after the overburden 

became thick enough, and then extraction galleries along strike were driven from the dip 
heading. 

 

 
Fig. 2. The layout of mining works in coal seam 501 at the southern part of the Siemianowice mine. 

The similar method of coal exploitation was used in many parts of the Siemianowice mine area 
even in XX century. On fig.2 is shown the mining map from year 1943, showing the shallowest 
exploitation performed in southern part of studied mine area (site cross hatched on fig.1) in so 
called “wide galleries” system. Anyway, the dominant systems of exploitation performed in depth 
range from 0 to 100 m b.g.l., were based on room and pillar scheme (early stages of XIX and 
beginning of XX century). 

 3



Post-Mining 2005, November 16-17, Nancy, France 

3. Description of sinkholes recorded 

One of the methods, which characterize quantitatively the hazard of the discontinuous deformations, 
is a detailed study of events, which have occurred in the past. The polish mines were obliged to 
keep a so-called “register of discontinuous surface deformations”. Those data can serve as a 
valuable tool, both for the risk assessment and creation of future scenarios of surface stability 
(prediction). The use of registers for quantitative analysis is limited only to a few polish mines, 
which filled them in proper form (full data about time, deformation type and dimensions, geological 
and mining conditions). 
 
One, such a register has been analysed in the study. The selected “ Siemianowice” mine has been 
locked finally in the year 2000. The register contains data gathered in period of fifty years (1952-
2002). Not all, separate records in register are complete. Anyway, they allow building a data set for 
further analysis. Distribution of the events on the area of shallow exploitation (depth from 0 to 80 
meters), performed within mining lease area, is shown on fig. 3. 
 

 

Fig. 3. Distribution of sinkholes (red dots) recorded within or near by the mine border  
(1- mine lease border, 2 – location of sinkhole, 3,4,5  - areas of mining works in depth range 0 – 80 m marked in 3 point 

hazard rating scale – low, medium, high). 

It can be observed, that near all deformations, have been recorded within extraction panels or 
nearby their borders in the southern part of mine area, where the carboniferous strata are over lied 
by quaternary sediments (southern part of the mine area shown on fig. 1) The largest sinkhole 
occurred at the site of an old shaft “Piaskowy II”, used in the past for sand transport to deeper parts 
of mine (fig.4).      

 
Fig. 4. A sinkhole at location of shaft “Piaskowy II” (approximate diameter 40 m, depth 15 m). 

 4



Post-Mining 2005, November 16-17, Nancy, France 

Although within analysed area, there were recorded also three cases, in which deformations of the 
surface had a form of fissures, those records were rejected from the data set. The origin of two 
events is not clear and difficult to determine. In third case (which has occurred in 1971 in 
Katowice), the fissure was due to the spontaneous fire in extracted coal seam residues. In the air out 
flowing from the fissure, the increased content of gases CO, CO2 has been observed. The 
temperature of the out flowing air was also relatively high. This event caused serious damages in 
the building structure located at the area, due to subsidence of the foundations. 
 
The sinkholes can occur within all types of mining openings (extraction panels, shafts, adits, caving 
zones) and can induce spontaneous fires in coal residues what creates gas hazards to humans. In all 
cases the primary reason of sinkhole process the presence of void within geological basement.  
There are generally four methods, which can be used to assess the surface hazard due to cavities, 
left in rock strata by mining operations (theoretical approach, experimental approach, statistical 
approach, geological approach). 

4. Theoretical approach 

Among various geo-mechanical concepts regarding the assessment of surface deformation hazard 
due to shallow mining void migration phenomena, the most interesting is the method based on 
theory of pressure vault [Jarosz and Janusz 1976; Chudek et al. 1988; Kwiatek 2002]. In this 
method all phenomena in mined rock overburden are due to the static pressure distribution. The 
theoretical intersection of the strata with mining void is depicted on fig. 5. The primary, rectangular 
void in vertical plane of width 2a is done on whole thickness of the coal seam (g). Over the void is a 
layer of hard rock of thickness h, over lied by soils of thickness hn. The rock in the void roof 
relieves the stress creating the elliptical distressed zone. Over that zone the static pressure in rock 
strata distributes in form of “pressure vault”. Circular, horizontal shape of the void allows foe 
assumption, that the pressure vault has a form of rotational ellipsoid. 
 

 
Fig. 5. Model of coal mining void in pressure vault theory. 
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The vertical, longer half axis of ellipsoid has dimension c. The horizontal half axis has dimension b 
and equals to the half width the primary void. The ratio of half-axes can be expressed in equation 1.      
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Where: 
m=1/ν - Poisson number (ν-Poisson’s ratio) 
Rr – tensile strength, 
Pz – vertical pressure at the half height of void, 

 
Making additional assumption, that the tensile stresses are absent in the rock over void (Rr =0), we 
get formula 2. 
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It is assumed further, that the rock inside pressure vault tends to fissuring and crushing and falls 
down on the void bottom at the end, creating the caving zone of height hz. Over the caving zone a 
secondary void is created. The caving process can be multiplied to the moment, when the void is 
fully filled with crushed rock (void migration process). If the   pressure vault reach the roof of hard 
rock, it’s possible that the soil from overburden fill the void. In result, the deformation of the 
ground surface can occur. The deformation will not occur if the following inequality is filled:   
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The width of primary void (lc) which fills this inequality, can be expressed by condition 4:  
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Due to safety reasons, the recommended permissible width of void (lp), should not exceed 0.5 lc. It 
leads to condition 5: 
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The use of theory in practice is difficult, because usually we don’t know the width of void left in 
mined strata. Nevertheless, described model shows that in geomechanical approach very important 
are two following parameters: 

hz -  caving height (void migration height), 
k  - bulk ratio (defined as a ratio of volume of caved rock to volume of primary void). 

The height of caving zone (vertical half axis of pressure vault) increases with primary void width. It 
can be proved that there is such a horizontal width of void at which the void can be self filled.  
Using parameters from theory it can be derived a condition for total backfilling of the void with 
caved rock (maximum void migration height) written as formula 6. 

                                       ⎥
⎦

⎤
⎢
⎣

⎡
+

−π
==

4
1

)1k(
6ghh maxzz                                                 (6) 

In such a case, the height of caving equals f on fig. 5.  If the width of void increase further, the 
height of pressure vault increase too. In the absence of secondary void, the rock above the caving 
zone gets only fissured, creating a zone of fissures of height has. According to theory, the fissures 
can propagate to the height of 1.5 hzmax. If the pressure vault reaches the rock over this height, the 
strata can deflect up to the ground surface only.  
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On the base of pressure vault theory, there are following cases in which the surface deformations 
can be met: 

- , Discontinuous deformations of the surface can occur, maxzs hh ≤
-  and maxmax 5.1 zz hhh ≤< mhn 30≤ , discontinuous deformations of the surface 

can occur, 
-  and , discontinuous deformations will not occur 

but it can be met local, continuous subsidence of the surface, 
maxmax 5.1 zz hhh ≤< mhn 30>

- , Discontinuous deformations of the surface will not occur but the 
continuous subsidence is probable.  

max5.1 zhh >

 
For geological conditions of the studied area, where the exploited layers of coal ranged between 1 
and 9 m, the possible void migration height is shown on fig.6. The voids migration height depends 
highly on bulk ratio. If this parameter is low, the largest voids can migrate up to the heights over 
100 m. It can be assumed that weak, soft, brittle rocks (eg.shales, thin sandstone beds, coal beds) 
have high bulking ratios (k=1.4). The hard (stiff) rocks (e.g. mudstones, sandstones) have low 
bulking ratios (k=1.1-1.2 and exceptionally less). Plot from fig. 6 can be applied for theoretical 
assessment of void migration height, if the mining and geological data are known. It should be 
noted, that in described theory, the soil stratum covering the bedrock acts as a safety pillow. If it is 
enough thick (>30 m), it can split the deformation process.  
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Fig. 6. Plot of mining voids migration height versus primary void thickness in the pressure vault theory (k – bulk ratio). 

On fig.7 is depicted plot between fissuring zone height and the primary void height for the same as 
on fig. 6, range of void heights. It can be noted that fissures in exceptional cases (g = 9m), can 
propagate up to the height of 260 m, above the void. 
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Fig.7. Plot of fissuring zone height versus primary void thickness with bulk ratio as a parameter. 
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5. Analysis of sinkhole data set 

For the study needs, the two-layer model of geological basement with post mining void, migrating 
from the extraction level to the surface, has been analysed [Kotyrba et al. 2004, Kotyrba 2005]. The 
top model layer consists of quaternary sediments and due to difficulties with thickness 
determination is treated similarly to bedrock (fig.8). On base of that model various mining and 
geological parameters have been set or calculated as shown in tab.1. Some of them come directly 
from the mine register such as year of exploitation completion, year of sinkhole event, coal seam 
number identification, diameter or shape of event, deformation depth and the depth to extracted coal 
seam. 
 

H

G

w

Rock

Soil

Void

Collapse zone

D

S Sinkhole

 
Fig. 8. Descriptive model of sinkhole process for data set from the  “Siemianowice” mine. 

The rest of parameters have been calculated according to preliminary data (the area of deformation) 
or model (time elapsed, migration parameter – H/w, collapse parameter G/w). 
 
The shaft collapse event shown on fig. 4 has been rejected from the data set. The variability ranges 
of analysed geometrical parameters are summarized in table 2. It should be noticed relatively low 
values of collapse ratio and relatively high values of migration parameter. In specific geological 
conditions (where the rock outcrops on the terrain surface) the collapse ratio, could determine how 
many collapses of mining void roof can occur. 
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Table 1. Data set of sinkholes recorded at area of the “Siemianowice” mine. 

Extracted 
Coal 

Thickness 

Deformation
Diameter 

Deformation
Depth 

Deformation
Area  

Depth of shallowest 
seam extracted 

Parameter 
 H/ w0

Parametr 
G/w0

Nr 
of  

Event 

Year 
of 

event

Year 
of exploitation 

end  

Time 
Elapsed 

Nr of 
coal 
seam 

W0, m D, m G, m S, m2 H, m 

Deformation 
Shape 

    
1 1952 1952 0 501 3 17 x 3 8 51 33 Trench 11 2,666667

2 1954 1952 2 501 2,4 10 3 78 20 Sinkhole 8,3 1,25

3 1959 1957 2 510 5 11 3 95 48 Sinkhole 9,6 0,6

4 1959 1957 2 510 8 8 2 50 59 Sinkhole 6,5 0,25

5 1966 1958 8 510 7 4 3 12,5 42 Sinkhole 6 0,428571

6 1967 1883 84 501 5 1,5 5 1,8 30 Sinkhole 6 1

7 1967 1889 90 501 5 5 3,5 19,7 30 Sinkhole 6 0,7

8 1968 1873 95 501 4,2 3 8 7 55 Sinkhole 13 1,904762

9 1968 1957 11 510 8,5 3 1 7 40 Sinkhole 4,7 0,117647

10 1969 1953 16 501 4 8,5 5 57 55 Sinkhole 13,8 1,25

11 1969 1954 15 501 5 9,5 7,5 71 60 Sinkhole 12 1,5

12 1970 1933 37 501 2 4 2 12,6 18 Sinkhole 9 1

13 1970 1880 90 501 7,5 4 8,94 12,6 125 Sinkhole 16,7 1,192

14 1971 1899 82 510 6 1 1 0,8 15 Sinkhole 2,5 0,166667

15 1971 1899 82 510 6 15 7 177 15 Sinkhole 2,5 1,166667

16 1971 1928 43 501 3 0,4 2 0,1 140 Sinkhole 46,7 0,666667

17 1971 1928 43 501 3 1 4 0,8 140 Sinkhole 46,7 1,333333

18 1971 1888 20 501 7 0,8 5 0,5 20 Sinkhole 2,9 0,714286

19 1972 1953 19 501 4 6 3 28 22 Sinkhole 5,5 0,75

20 1972 1883 89 501 5,5 4 4 12,6 10,5 Sinkhole 1,9 0,727273

21 1974 1916 48 501 6 1,5 1 1,7 30 Sinkhole 5 0,166667

22 1974 1885 89 501 7 3 1,8 7,1 35 Sinkhole 5 0,257143

23 1974 1933 41 501 2 2,5 5 4,9 16 Sinkhole 8 2,5

24 1976 1859 117 501 6 3 11 7,1 46 Sinkhole 9,1 1,833333

25 1977 1875 102 501 5 5 9 19,6 45 Sinkhole 9 1,8

26 1977 1845 122 501 5,5 3 8 7,1 30 Sinkhole 5,5 1,454545

27 1979 1884 95 501 7 4 8 12,6 60 Sinkhole 8,6 1,142857

28 1983 1880 103 501 7 2 6 3,1 30 Sinkhole 4,3 0,857143

29 1987 1874 113 501 4,5 3 2 7,1 35 Sinkhole 7,8 0,444444

30 1989 1900 89 501 6 8 3 50 58 Sinkhole 9,7 0,5

31 1989 1886 103 501 7 3,5 3,7 9,6 32 Sinkhole 4,6 0,528571

32 1989 1859 140 501 5,5 11 10 95 18 Sinkhole 3,3 1,818182

33 1991 1890 111 501 6,5 10 2 78,5 41 Sinkhole 6,3 0,307692

34 1992 1894 98 510 5,5 3,5 7 9,6 16 Sinkhole 2,9 1,272727

35 1994 1882 112 501 5 2,6 7 5,3 69 Sinkhole 13,8 1,4

36 1996 1924 72 504 1,7 1 0,6 0,8 42 Sinkhole 24,7 0,352941

37 1997 1859 138 501 5 15 7 177 18 Sinkhole 3,6 1,4

38 1998 1878 120 501 3 6 14 28 34 Sinkhole 11,3 4,666667

504 1,5 0,75
39 2002 1872 130 

510 
8 6 6 28 12 Sinkhole 
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Tab.2. Variability ranges of geometrical parameters shown in table 1. 

Geometrical parameters 

Statistic 
parameter 

Deformation 
diameter, 

m 

Deformation 
depth, 

m 

Deformation 
area, 
 m2 

 

Depth to 
extracted 
coal seam 

 

Parameter 
H/w 

(Depth/thickness 
of coal extracted 

Parameter 
G/w 

(Deformation 
depth/thickness of 

coal extracted 
Maximum 

value 15 14 177 140 46,7 4,7 

Minimum 
value 0,4 0,6 0,1 10,5 1,5 0,12 

Average 
value 7,7 7,3 88,55 75,25 24,1 2,4 

 
As opposite to above conclusion, high values of migration parameter indicate that also other than 
analysed factors influence the sinkhole processes. Note should be given also to the similarity of 
average values for the deformation diameter and depth. 
 
To assess the correlation between specific parameters of the data set, a basic trend analysis has been 
performed. The results of analysis of the relations between area of deformation and basic mining 
factors, such as depth of exploitation and thickness of coal extracted (fig.9, 10), show that there are 
no correlations between them. 
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Fig. 9. Plot between deformation (sinkhole) area and thickness of extracted coal for the data set from the “Siemianowice” 

formation (sinkhole) area and depth to extracted coal seam fo

mine. Trend approximated by straight and exponential lines. 

Fig. 10. Plot between de r the data set from the 
“Siemianowice” mine. Trend approximated by straight and exponential lines. 
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The c 1. It 
can be observed, ween parameters 

orrelation plot of sinkhole diameter versus depth of extracted coal area is shown on fig. 1
that correlation between them is only a little better, than bet

described earlier. 
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Fig. 11. Plot between deformation diameter and depth to extracted coal seam for the data set from the “Siemianowice” 

mine. Trend approximated by exponential line. 

T  
extracted coal seam (fig.12).  

he similar is observed when we compare the vertical size of sinkholes (G) versus the depth to
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Fig. 12. Vertical size of sinkhole (depth of hole) versus the depth of extracted coal seam plots for the data set from the 

“Siemianowice” mine. Trend approximated by straight line. 

T  
stability over void, have he first one parameter 

wo indirect geometrical parameters, which are usually used in theoretical analyses of surface
 been tested (migration ratio, collapse ratio). T

(fig.13) characterizes the ability of void migration to the surface (depth to extracted coal seam 
thickness). The second one (fig.14) intermediately, shows the ability for natural backfilling of void 
(deformation depth/thickness of coal extracted). 
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Fig.13. Plot between migration ability (parameter H/w) and thickness of coal extracted for the data set from the 

“Siemianowice” mine. Trend approximated by straight and exponential lines. 

On plot shown on fig. 13, it can be observed that in prevailing number of events, migration ratio 
does not exceed a number of 15. Similarly, analysing plot shown on fig. 14 it can be concluded, that 
in prevailing number of recorded events, collapse ability (height of collapse in units of extracted 
coal seam thickness) does not exceed a number of 5. This parameter is connected with natural 
ability of rock strata to backfill the void by defragmented rock particles and soils on its migration 
way.   
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Fig. 14. Collapse ability (parameter G/w) versus extracted coal thickness (primary void height). Trend approximated by 

straight and exponential lines. 

The correlation ratios squared (power ratios) for both plots are of order 0.2. Although the results of 
approximation show, that the correlation ratios are low, it should be noted that they are relatively 
higher than for parameters analysed earlier. Nevertheless, on both plots is observed that migration 
and collapse ratios tend to decrease with the thickness of extracted coal (primary void thickness). It 
can indicate, that smaller voids have higher ability for collapses and migration phenomena.              
The last one analysed was the dependence of the area of deformation and time, which elapsed from 
exploitation completion (fig.15). 
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Fig. 15. Plot between area of surface deformation and time, which elapsed from exploitation end for the data set from the 

“Siemianowice” mine. Trend approximated by polynomial of second order. 

Although the correlation between analysed parameters is also weak, the power ratio obtained is the 
highest comparing to others. On plot depicted on fig.15, three intervals can be distinguished, which 
are characterized by following trends: 

1. Period 0 – 40 years – the size of crown holes decreases, 
2. Period 40 – 80 years – the size o crown holes is stable and low, 
3. Period  > 80 years – the size of crown holes increases.   

The 3rd period is most interesting for long-term assessments of post mining voids behaviour. 
According to plot, the number of sinkhole events shows increasing trend with time, which elapses 
from exploitation end.   

6. Sinkhole hazard in statistical and probabilistic terms 
The void migration parameter can be used out for estimation of the surface deformation hazard 
analysis in statistical terms. On fig. 16 a block chart, between the numbers of sinkholes (as a 
percentage of total number of events), which have been recorded at the Siemianowice mine area, in 
a function of parameter H/w classes, is presented. On chart, the location of two points, in which the 
number of separate events, divided by total number of events in data set, overcome 90 and 95 
percents are marked. The corresponding values of migration parameter are respectively 14 and 26. 
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Fig. 16. Plot between the number of events in classes (percent) and values of parameter H/w (depth of 

exploitation/thickness of coal extracted) for the data set from the Siemianowice mine (arrows indicate the values of 
parameter for which percentage of events is 90 and 95 percent - confidence levels). 
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The chart can be used for estimation the limits of mining depths (which respectively to confidence 
levels) are likely to create the sinkhole hazard for the surface in a function of typical thickness of 
coal seams, exploited in the “Siemianowice” mine (table 3). 

Table 3. Estimated values of mining parameters, which can generate deformation (sink holing) 
effects on the surface. 

Thickness of extracted coal 
W, m 

Depth limit,  m 
Hg (90 % confidence level) 

Depth limit, m 
Hg (95 % confidence level) 

Depth limit 
Hg(100 % confidence level) 

1 14 26 48 

2 28 52 96 

3 42 78 144 

4 56 104 192 

5 70 130 240 

6 84 156 288 

7 98 182 336 

8 112 208 384 

9 126 234 432 

 
It should be noted, that the estimated values of depth limits are higher, than those which have been 
usually taken for division of exploitation for shallow and deep (up today 80 metres in polish 
collieries). Performed analysis shows that new depth criteria should be determined, in accordance 
with values set in table 3. It should be pointed also, that exploitation depth limits which can be 
hazardous for the surface, depend on the thickness of coal extracted (primary void height) and 
should not be generalised. It’s questionable, which confidence level should be taken in hazard 
assessment tasks. 
From engineering point of view, the horizontal size of deformation is the most important in hazard 
assessment for structures. It characterizes the area of ground at which the foundation can loose 
support. The depth of ground displacement has a minor effect. The frequency plot showing the 
percentage of deformations and corresponding areas is shown on fig.17. It can be observed that near 
50% of deformations, have the area lower than 10 m2 (app. diameter equal to 3 m). Nevertheless, 
95% level of confidence is met for the set of events, which area is less than 100 m2 (approximate 
diameter 33 m). 
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Fig.17. Plot between the percentage of events and area of deformations for the Siemianowice mine data set (arrows 

indicate the values of parameter for which percentage of events is 90 and 95 percent - confidence levels). 

 14



Post-Mining 2005, November 16-17, Nancy, France 

Tested data allow estimating the probability of sinkhole event occurrence within mine’s area. The 
probability (p), that such incident will occur at any site of shallow exploitation, can be calculated 
from formula 7.       

                                              
c

i
i at

anp
×

×=                                                            (7) 

Where:  
p – probability, 
ni – number of incidents recorded (39), 
t – time period (50 years), 
ai – area affected by one incident (32.5 m2) 
ac – area of shallow exploitation (10 km2). 
 
In result of calculations we get, that probability of incident occurrence equals p=2.5x10-3 per 
annum. The reference value for the whole area of shallow exploitation in the Upper Silesian Coal 
Basin (Poland) equals p= 1.53 x10-6 per annum [Kotyrba et al 2004]. The corresponding value for 
the South Wales Coalfield in United Kingdom is 1 x 10-7 per annum [Statham and Scott, 1994]. 
This shows, how regional approach can give fictious results, when we deal with specific area (in 
studied case one mine area). High probability value for the “Siemianowice” mine area is due to 
geology of coalfield overburden. It is composed mostly of thick, competent sandstone layers (saddle 
beds), not suitable for defragmentation. That type conditions are characteristic for the northern part 
of the Upper Silesian Coal Basin. 

7. General conclusions 

Comparing theoretical solutions and experimental data presented in the study one can see that they 
fit only in rough range. This remark applies mainly to the possible void migration height. It is 
difficult to set a terminal value of depth below which the void would not create the sinkhole hazard 
to the surface. This is due to differences of modelled and real geological environments. Dynamic 
processes shape the equilibrium of geological strata in post mining period. Therefore, all geological 
and mining parameters, which derived from geomechanical, static model of mining void show weak 
correlation. Relatively low horizontal sizes of sinkholes can idicate that in post mining period, they 
have rather fissure than the void roof collapse origin. Neverthless, the analysis of data set allow to e 
the sinkhole hazard at the mine area in three degrees scale, on the base of void migration ability 
parameter (tab.4). 

Table 4. Sinkhole hazard ranking at area of the “Siemianowice” mine. 

Category Hazard rank Void migration ability 
parameter (H/w) 

I Low > 20 
II Moderate 10 – 20 
III High < 10 

 
The sinkhole data set recorded in the “Siemianowice” mine area enables to assess the risk for 
structures in probabilistic terms. Performed study reveals that the hazard and related risk for 
structures located at mine area is higher than in the rest of Silesia Region. The value of probability 
equals p=2.5x10-3 event per annum (whereas for whole Upper Silesian Coal Basin is equal to 1.53 
x10-6 per annum).  
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The study results order clear-sighted examination of post mining lands with voids ine bedrock. 
Procedures of examination should include a wide variety of data and “in situ” testing methods. 
Special attention should be given to neogenic rock movements and dynamic loads such as rainfall 
water circulation, seismic tremors and parasesimic vibrations.    
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