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Abstract: At present, there are more than 300 coalmines in
Ordos City, China, which annual coal output accounts for
about 1/6 of the national output. A coalmine often includes
several small mining operations, which are at different
development stages. Generally, coal is extracted using the room
and pillar mining method. The small coalmines sometimes lack
detailed geological and mining information. The surface
impacts are in a form of subcritical subsidence troughs. There
are also many hidden undocumented old goafs, without any
visible impacts on the surface. These old hidden goafs
frequently result in disasters such as sudden roof collapses and
toxic gas or water gushes. Such effects are dangerous for
people, surface buildings, and underground excavation works.
In recent years several accidents were related to the occurrence
of hidden goaf in Ordos City. Therefore, it became very
important and urgent to carry out research on geophysical
detection and development of a technology reducing or
eliminating hazards related to old hidden goaf.

At present, the most of old small goafs are located in the three
major coalfields of Erdusi Zhunger, Dongsheng, and
Zhuozishan. Many integrated geophysical exploration
technologies were tested and adapted to the characteristics and
conditions of the regions by comparative experiments. The
distribution status of goaf and flooded goaf was determined for
the area of 213 km® of the Ordos region. The ground drilling
and grout filling technology, to stabilise and protect important
buildings, was also tested in the goaf regions characterised by
the un-collapsed roofs of mine workings. In hilly areas, without
any protected objects, the old hidden goaf was treated by
ground drilling and blasting to force roof collapse and caving.
It is shown that these technologies provided good control of the
existing old hidden goaf. Many hidden hazards produced by
coalmines were eliminated over the six years period of
engineering practice and application. The methods for the
detection and treatment of an old hidden goaf were developed
and documented.

I. INTRODUCTION

At present, there are more than 300 coal mines in Ordos
City, whose annual coal output accounts for about 1/6 of
China. About two-thirds of the coal mines were developed
from several or dozens of small mines from the past through
several stages of integration. Small-scale coal mines were
generally exploited by room and pillar mining method in the
past with little data left, and the distribution of left goafs
was unclear. So that now there are many unknown hidden
old goafs within the scope of coal mine with no data and no
subsidence signs on the surface. These old goafs may cause
disaster accidents, such as sudden collapse of coal seam
roof, gush of toxic gases or water, which endangers the
safety of personnel, surface building (structure) and nearby
mining work (He, 1994). Therefore, it is of great importance
to carry out the research of hidden goaf exploration and
hidden danger treatment technology.
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Geophysical exploration is an important method for goaf
exploration (Cheng, 2008). The United States, Japan and
European countries are more advanced in detection
technology for the goaf and underground cave, and are adept
at electrical, electromagnetic, micro-gravity and seismic
method. In recent years, lots of work has been done in china
to identify underground goafs by geophysical techniques
that are widely used in Shanxi and rich experience has been
got (Yan, 2005). For the past few years, with the rapid
development of coal industry in Ordos region, the number of
disaster accident caused by hidden mining goaf increases
year by year. Therefore, it is urgent to carry out research
work of exploration test aiming at the hidden goaf of room
and pillar mining in Ordos region.

According to goaf hidden dangers, many mines have
carried out research of treatment technology. For example,
some mines wholly or partially filled the goafs to eliminate
subsidence risk, in order to build some industrial factories,
office buildings, apartment buildings or expressways on
surface (Guo, 2001; Tong, 2006; Zhang, 2008). Related
researches of hidden danger treatment program of room and
pillar mining goaf need to be done in Ordos region.

II. EXISTING CONDITION ofF GOAF

The length of Ordos City from east to west is about
400km, and width from north to south is 340 km, and among
a total area of 87000 km? coal-bearing area accounts for
about 70%. Ordos coal mine is consisted of three main coal
fields, the eastern regions, the central regions and the
western regions. Zhungeer in the east is loess hilly region
and Zhuozishan in the west is low mountain gentle slope
and highland. Terrain in eastern and western areas varies
and ravines spread. In the central regions is Dongsheng
coalfield with rugged plateau, most of which are flat
depression and hollow land.

The strata of Zhungeer coalfield in the east are composed
of Permian lower Shanxi formation and Carboniferous upper
Taiyuan formation, containing a total of 10 to 12 coal
seams, 2 to 5 minable seams, among which the 6th seam is
the most developed coal seam with thickness of 20 ~ 40 m.
The overall structure is an undulating monoclinic structure,
with north-south trending, west tendency, inclination of 10°
or less. The main coal-bearing strata of Dongsheng coalfield
in central regions are Jurassic middle-lower Yanan
formation, with 6 coal groups, 23 minable coal seams, the
total thickness of the coal seam is 15.64 m on average. It is a
simple monoclinic structure, formation dip generally less
than 3°, with simple geological structure. The main coal-
bearing strata of Zhuozishan in the west are Carboniferous
upper Shanxi formation and Permian lower Shanxi
formation, second-rate are Jurassic middle-lower Yanan
formation, among them Carboniferous-Permian formation
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has 19 coal seams with 5 minable seams. Jurassic formation
(only located near Qianli Ditch) has 11 coal seams, two of
which are minable. The strata tend to southwest, dipping 6 ~
10°. Regional constructions are relatively complex.

Most of coal seams in Ordos region are shallow, thin
bedding and uneven distribution at the Quaternary strata,
covered by Aeolian landform in most areas. Compared with
Dongsheng coalfield in central regions, coal seams of the
two fields in eastern and western regions are slightly deeper.
Remained coal mine goafs, normally formed after outdated
mode of production by small-sized mines with low capacity,
are usually buried in shallow seams in the form of
occurrence, with a low recovery ratio less than 50% and
relatively more residual coal pillars. Coal pillars can be a
major accidental hidden danger, such as the collapse of goaf
roof and surface when they are destructed under the effect of
various kinds of load.

III. GEOPHYSICAL EXPLORATION TECHNOLOGY OF
GOAF

A. Geophysical exploration method

Physical differences like electric property and elastic
wave parameters are prerequisites for the research and
implementation of geophysical exploration. The stratum is
normally layered and integrated when the coal seams are
intact or not mined, and its electric property is relatively
steady. But after mined, there would be some cracked space
between the floor and the roof of the rock, which destructs
its integrity and continuity, leading to significant higher
electrical resistivity than that of the intact stratum around it.
However, if the goafs is filled with water, the electrical
resistivity would be very low because of electro
conductibility of the water. Coal seams are normally well-
developed. As the density of the coal is comparatively lower
than surrounding rocks, there’s great difference of wave
impedance between them, forming a preferable reflecting
interface. Travel time and speed of the waves can be
influenced greatly in goafs and the event would be distorted,
which gives a perfect way to estimate the location and range
of the goafs according to the reflected waves received above
surface at different intervals.

Some key problems for prospecting hidden goaf must be
solved. For example, how to prospect a hidden goaf of
different depths in different regions and under different
conditions, what method and construction parameters to be
chose. Extensive tests results are as follows. Transient
electromagnetic method is suitable for regions of different
terrain and different depths, but is vulnerable to the
disturbance of the ground conductor or high-voltage power
lines, which makes it superior in the prospecting of low
resistance goaf containing water. High-density electrical
method is suitable for the shallow-buried goaf in relatively
flat terrain, not that vulnerable to the disturbance of the
ground conductor or high-voltage power lines, which makes
it superior in the prospecting of high resistance and flooded
goaf. Figure 1 is the result figure of high-density electrical
method. There are three high resistivity anomalies between
dot number 8~ 15, 25~35 and 47 ~59. These three
exceptions are partial goafs, the core parts of which are
basically in the same depth of coal seam. Shallow seismic
method is applicable to shallow goaf with no loose layer on
the surface and smaller sound disturbance. This method is
free from the disturbance of the ground conductor or high-
voltage power lines, and has advantages in goaf of room and
pillar mining prospecting. Figure 2 is the result figure of
shallow seismic method. It is shown that there is a strong
energy reflection wave group whose two-pass reflection
interval is 100~130ms, depth is 60~78 m. This wave
group is supposed to be the reflection wave of the coal
seam. The seismic reflection wave group has obvious signs
of dislocation and subsidence at CD143~235 time section,
which means there is a goaf of 140 m wide. Controlled
source audio magneto telluric method is suitable for goaf
with larger buried area, vulnerable to the disturbance of the
ground conductor or high-voltage power lines the ground
conductor or high-voltage lines and is superior in the
prospecting of deep goaf containing water. EH4 magneto
telluric method is suitable for deep goaf in flat terrain,
vulnerable to ground conductor or high voltage power lines
interference, the prospecting accuracy is relatively high, but
the working efficiency is low. This method has an advantage
in deep goaf prospecting.

Figure 1. Cross-sectional view of apparent resistivity by high- density electrical method
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Figure 2. Cross-sectional view of reflection interval by shallow seismic method

Goaf geophysical exploration solutions were proposed
depending on regional conditions and the advantages and
disadvantages as well as the scope of various geophysical
methods: Zhungeer coalfield is buried deeply, so EH4
magneto telluric method and controlled source audio
magneto telluric method can be applied; For flat areas less
than 150m deep in Dongsheng coalfield, use instantaneous
varying electromagnetic method + shallow seismic method
or transient electromagnetic method + high-density
electrical integrated geophysical method, For the areas with
the depth more than 150m, use EH4 magneto telluric
method as supplement; Zhuozishan coalfield, we need to
detect the range of the Ordovician limestone water because
the 16th coal layer is close to the Ordovician limestone
water (average approximately 35m). Also because of the
depth (typically greater than 200m), we use transient
electromagnetic method + controlled source audio magneto
telluric method (or EH4 magneto telluric method) of
integrated geophysical method. By integrated geophysical
scheme and different methods advantages, multi-parameter
can be got and multiple solutions with few probe data can be
verified to improve the credibility of the results.

Geophysical exploration application

A certain coal mine located in the central southern part of
Dongsheng coalfield is integrated from three small-sized
coal mines. The coal bearing seams are Jurassic middle-
lower Yanan formation, the forth (average coal thickness
3.42m) and the fifth (average coal thickness 2.07m) are the
main minable seams. The average distance between two

seams is 30.6 m. The terrain is typical erosion hill landform
with ravines crossbar and bedrock exposed. Two collapsed
and dumped wells were found during the surface
exploration, and the goaf distribution couldn’t be identified.
Geophysical exploration was applied on an area of 0.42 km®.
Transient electromagnetic method and shallow seismic
method were integrated in the exploration. 8 lines were set
for transient electromagnetic method and 3 lines were set for
the seismic method. The measure lines of two different
methods coincided as shown in Figure 3.

According to the analysis on measured data, apparent
resistivity background value normally fluctuates from 80 to
100 Q.m, so the floor level of the forth seam goaf was set at
110 Q.m in synthesis analysis. High resistance exception
existed at the depth of 20-50 m, on dot 100-440 of Line
No.1 that the apparent resistivity was higher than 100 Q.m.
Meanwhile, the lack of seismic reflection wave of that line
and the ground fracture found on earth surface gave reason
to the speculation that this area should be the forth seam
goaf. The upper level of the fifth seam goaf was set at 70
Q.m set in synthesis analysis. Low resistance exception
existed at the depth of 20-50m, on dot 580-660 of Line
No.2, dot 450-660 of Line No.3 and dot 340-500 of Line
No.8 that the apparent resistivity was between 30—70 Q.m.
Meanwhile, the seismic reflection wave was missing, so this
area is speculated to be the fifth seam goaf. Low resistance
exceptions of resistivity between 30-50Q.m appeared in the
goaf area corresponding to Line No.4, No.5 and No.6, which
were cause by water in the goaf.
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Figure 3. The terrain, measuring line distribution and outcome of a certain coal mine
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Two mining goafs are detected during the geophysical
exploration, as shown in Figure 3. One is the fourth seam
goaf, and the other is the fifth seam goaf. The area of the
newly discovered goaf adds up to 0.15 km’. And a new
district of flooded workings is found, with an area of about
0.04km”.

Geophysical exploration practice

Two large-scale geophysical engineering tests were
carried out in Ordos region and the status of mining goaf
and distribution of flooded workings under the whole city
was achieved.

In 2009-2010, goaf geophysical exploration was carried
out in 158 coal mines across Ordos region. These coal mines
included 116 underground mines, the other 42 open pit
mines. Depending on different geological and mining
conditions, some regions used one geophysical method,
while other regions used 2-3 integrated geophysical
methods. The total exploration area was 122.61 km?’, newly
detected goaf area is 23.81 km?, area of flooded workings
was 0.552 km?, and burnt rock area was 24.09 km2. Many
hidden goafs were found during the geophysical exploration,
some avoidance measures were adopted to eliminate
accident potential.

In 2011, there were also two large-scale goaf geophysical
explorations in 113 coal mines across Ordos. The detailed
exploration was meant to verify whether there were goafs
and flooded workings in the area that was planned to be
mined in future 5 years (2011-2015). The total exploration
area was 90.80 km2, including 26.97 km? of goaf area, 3.96
km? of flooded workings area, 7.39km? water-enriched area
around roof and floor, and 3.28 km? burnt rock area. This
result laid a good foundation for the 5-year safety mining in
Ordos region.

IV.TREATMENT TECHNOLOGY OF GOAF HIDDEN
DANGER

A. Goaf grout filling technology

In a certain mine industrial square, some buildings were
located on the house mining goaf area by the geophysical
exploration, including a 6-storey office building, two 6-
storey dormitory building, a material warehouse, a highway
and other buildings. This goaf characteristics is 116~125 m
deep, mining thickness is about 3m, and the recovery rate is

about 40%. Because of not long-term stability for the room
and pillar mining goaf area’s residual coal pillars, on the
influence of external factors, goaf roof may collapse
suddenly at any time and a large area of surface may
suddenly subside causing surface building (structure), roads
damage. Therefore, grout filling treatment must be applied
on this goaf.

In order to protect the buildings and roads on the surface,
the determined goaf treatment area is 41,300 m2. Cement
and coal ash slurry were grouted via the drill hole from the
ground to the goaf, so as to fill the cavity and fracture in the
goaf. When the height of drilling fall was greater than 0.3 m,
some gravel, sand and other aggregates should be added
properly, so that the concreted slurry can effectively support
the goaf roof. To start drill holes, use 146 mm drill bit,
after drilling to stable bedrock, use @127 casing, consolidate
the casing with cement paste. After the pressure test was
qualified, use @108 drill bit to drill through the goaf or coal
seam into 1~2 m of the floor to finish the hole.

Firstly, a small area was chosen to conduct the grout
filling treatment experiment to determine the grouting
diffusion radius, grouting techniques and grouting
parameters. 88 drill holes were arranged, as shown in figure
4. Space between drill holes with curtains on three sides is
about 15~18 m, and space between the interior drill holes is
20~26 m.17 inclined holes were arranged on both sides of
the buildings with the inclination of 10°. Cement and coal
ash slurry were mixed with the ratio as water: cement: coal
ash = 1:0.3:0.5-0.9. A total grout amount of 53176 m® was
cosmpleted, including grout 43215 m® and aggregate 9961
m.

After the grouting project, 3 inspection drill holes were
constructed. By taking core samples, hydrological
observation, pressure test and other tests, it was shown that
the grouting effect was fine. For example, the grouting
filling rate reached above 95%, compressive strength of the
grout consolidation was greater than 0.5MPa. Meanwhile,
hole multipoint displacement apparatuses were buried in
these different three sites to monitor the displacement
situations of different layers of the overlying rock above the
goaf. The monitor result indicated that the overlying rock
was steady. The treatment purpose was achier.
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Figure 4. The layout plan of goaf grout filling under buildings
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B. Goafroof forced to cave treatment

In a certain mine area, there exist 48 house mining goafs,
with a total area of 4,233,000 m2. The goaf roof of room
and pillar mining is vulnerable to large area roof collapse,
which causes mine earthquake, threating surface and nearby
excavation work. In view of this, treatment of goafs must be
done. So, one area was selected to conduct the ground
drilling blast and roof forced to cave technique.

The depth of the test goaf was 63~207m, mining height
was 3.6 m, mining width was 3.6 m, leaving 1 m coal pillar.
The remained coal pillar can basically support the roof, but
will be destroyed after a long time, causing a large area of
surface subsidence. The surface of blasting test was rocky
and hilly, mainly covered by weeds with no buildings. Test
blast area was 1800m2, 25 drill holes were set. Three holes
of these served as the observation of internal rock
displacement, with no dynamite filling. The other 22 blast
holes drilled from the ground to the goaf roof was about 82
m deep each. Blast holes were arranged in square shape,
blast hole diameters were 190 mm, blast hole spaces were 9
m, line distance was 9 m. The goaf main roof was medium-
grained sandstone, with the average thickness of 6.5 m.
According to the mechanical strength experiment of rock
core from the main roof, the compressive strength was
40Mpa, tensile strength was 2.2Mpa. The dynamite filling
density was 20 kg/m, filling height was 12.5 m, filling dose
per hole was 250 kg, and unit consumption was 0.5 kg /m3.
Inverted funnel blast method was applied, mine permitted
water-plastic explosive was used, detonating fuse and
electric detonators were employed to detonate. By dynamite
blasting and artificial force, the goaf main roof collapsed,
filling goaf residual cavity to get the treatment purpose.

Two months after the blast, data from rock internal
displacement observation hole show that measuring point 10
m above the goaf has sunk 1.0 m, measuring point 30 m
above the goaf area has sunk about 0.8m, measuring point
50 m above the goaf area has sunk about 0.2m, making it
clear that this blast destroyed the integrity of the main roof,
causing gradual subsidence of the overlying, so as to avoid
the risk of the impact resulting from a sudden collapse in the
future.

V. CONCLUSIONS AND SUGGESTIONS

There are lots of hidden goafs in the coal mines of Ordos
region that pose tremendous potential risk. So the
exploration of the goafs and control of hidden danger is
indispensable.

Exploration technology of coal mine goafs in Ordos
region has been studied. Two large-scale goaf geophysical
explorations were carried out in 271 coal mines, the total
exploration area was 213 km®”. And the distribution status of
coal mine goafs and flooded workings was obtained.

Ground drilling and grout filling technique for goaf
without collapsed roof was achieved in the test, four
buildings were protected. Furthermore, drilling hole layout
technique, grouting material ratio, grouting process
parameters and the effect testing and inspection techniques
were obtained. On the other hand, ground drilling to blast
and then force goaf roof to cave technique was gained, as
well as the blast hole technique, layout parameters, blast
parameters and so on. All the achievements provide
technical support for goaf treatment with potential danger.

Planned, fine and step-by-step exploration work for goafs
in Ordos region was recommended. Schemes should be
made for gradual management of the goafs with potential
danger to ensure the safety of production, environment and
society.
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