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Xiaojihan coalmine is a typical high-intensitymining inWestern China. The real-timemonitoring of deformation
and failure for the working face was carried out by using IMS microseismic monitoring system. The change pro-
cess of microseismic parameters such asmicroseismic event rate, energy release, apparent volume, energy index,
Schmidt number, b value and coefficient of seismic response and the relationships with the surrounding rock fail-
ure were studied. This research indicates that some parameters have obvious precursory characteristics before
the large scale failure. The predictive periods were divided by these parameters, and Schmidt number has the
highest predictive sensitivity, b value the second, energy index the third. Coefficient of seismic response and en-
ergy release have no direct contactwith the excavation volume of ore body, but depend on themine pressure be-
havior of working face.
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1. Introduction

Microseismic (MS) monitoring is a technical method of monitoring
the stability of engineering rock mass using elastic waves generated
by rock deformation and failure. By the middle of the last century, MS
monitoring has carried out a lot of applications in Poland, South Africa,
America, Canada and other major mining country (Gibowicz and
Kijko, 1994; Cai et al., 2001; Young and Collins, 2001; Ge, 2005; Li,
2009). With the development of electronic technology and signal pro-
cessing technology, multi-channel MS monitoring technology began to
be applied. China started research work of MS monitoring in some
mines to carry out mine pressure activity in the mid 80's. Beijing
Mentougou coal mine introduced the SYLOK mine tremer system pro-
duced by Poland in 1984 and good results were achieved in the moni-
toring (Lu and Zhang, 1989). Li et al. established a 16-channel MS
monitoring system in Fankou lead-zinc mine, which realized all-
weather, digital, informationalized and automatic monitoring of mine
disasters (Li et al., 2005). South Africa ISS microseismic monitoring sys-
tem was introduced to achieve continuous monitoring and real-time
forecasting of rock burst in Dongguashan copper mine and studied the
law of ground pressure activity in deep mine (Yang et al., 2007; Tang
andXia, 2010). Jiang et al. developed theMSmonitoring systemwith in-
dependent intellectual property rights. It had applied inmonitoring and

forecasting coal mine rock burst and water inrush (Jiang et al., 2006,
2008). A ISS microseismic monitoring system was established in
Hongtoushan copper mine to study the prediction of mine dynamic di-
sasters (Zhao et al., 2009; Liu et al., 2013). Xu et al. obtained the MS ac-
tivity laws of the left bank slope in Jinping first stage hydropower
station using ESG microseismic monitoring system (Xu et al., 2011).
Some scholars carried out MS monitoring during TBM tunneling in
Jinping II hydropower station and discussed the feasibility of rock
burst forecasting in TBM tunneling (Tang et al., 2010; Feng et al.,
2012; Chen et al., 2011). These studies do a lot of good attempts and ex-
plorations onMSmonitoring andmake somemeaningful achievements.

At present, the focus of coal resource development in China has
transferred to the West. Because of the unique natural geography, geo-
logical structure and ecological environment, there are serious geologi-
cal disasters and environmental damage caused by the high-intensity
mining in Western China. It seriously restricts the development of coal
resources and the protection of ecological environment, which has
drawn the great attention of the government. According to statistics,
roof cutting and water inrush accidents in the Western China mining
area occurred 83 times and caused 541 people died since 2000. To
achieve safe production, it is urgent and important to carry out the
study of rockmass damage and ground pressure activity under the con-
dition of high-intensitymining based onMSmonitoring technique. This
paper introduces the MS monitoring system in Xiaojihan coal mine,
which is a typical high-intensity mining mine in Western China.
Through the real-time monitoring, the relationships between the sur-
rounding rock failure and the characteristics of MS activity are studied.
Attempt ismade to providefield basis for the research on roof instability
and disaster control under the condition of high-intensity mining.
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2. Establishment of a MS monitoring system at Xiaojihan coal mine

2.1. Geological and mining conditions of Xiaojihan coal mine

Xiaojihan coal mine is the first modernmine of tenmillion tons pro-
duction in Yuheng mining area (north area) of China Northern Shaanxi
Jurassic coalfield. The mine is located in Yuyang District, Yulin City,
Shaanxi province, 12 km away from west of Yulin City (see Fig. 1). It
has mining area of 251.75 km2, geological reserves of 3.17 billion tons
and recoverable reserves of 1.89 billion tons. There are 9 layers of mine-
able coal seam, among them 2# and 4−2# coal seams are themainmin-
ing coal seams. Because coal seams are horizontal and their dip angles
are less than 1°, geological structure of the mine is simple. Meanwhile,
Xiaojihan coal mine is a low gaseous mine. The mine is using inclined
shaft development and panel strip mining method, which has the de-
sign production capacity of 10 Mt./a.

Fully mechanized working face 11203 is the first mining face of
Xiaojihan coalmine, located in panel 11 of 2−2# coal seam. The floor el-
evation of coal seam in working face 11203 is 826 to 890 m, and the
ground elevation is 1208 to 1225 m. The advance length of working
face before retracement is 2651.2 m, and the face width is 240 m. The
dip angle of coal seam is 0 to 1°, average 0.7°. The thickness of coal
seam is 1.6m to 2.95m, average 2.67m. The immediate roof is grayme-
dium thick bedded medium-grained sandstone and thin bedded
siltstone, containing muscovite fragments and dark minerals, which is
poor sorting, subangular and medium hardness. The lower part of
main roof is gray green medium-grained sandstone, and the upper is
gray green thin siltstone, sandwiched gray thick layered coarse sand-
stone with thickness of 2.7 m. The immediate floor is gray thin bedded
fine sandstone with thin layers of sandstone, which is medium hard-
ness. The main floor is gray white thick layered medium-grained sand-
stone, which is granite and medium hardness. The coal seam roof and
floor conditions are shown in Table 1. The mining area terrain is gener-
ally flat, relative difference is less than 20m. The surface area is covered
by eolian sandwith thickness of 12.1m to 50.62m, butmost area about
25 m. The bedrock thickness is 290 to 321 m.

Working face 11203 is using inclined longwall retreating all caving
fully mechanized mining method and all collapsing method of treat-
ment ofmined-out area (see Fig. 2). Every day there are two production
shifts and a maintenance shift. The maintenance shift need to ensure
that the coal cutting 2 knives, and the rest time for maintenance. Two
production shifts are mining all the time, and each shift cut coal 5
knives. Every knife cutting depth of the coal mining machine is
865 mm. Thus mining speed of working face 11,023 can reach 8 to
10 m/d, which is a typical high-intensity mining working face.

2.2. MS monitoring system

According to the high-intensitymining characteristics of coal cutting
height, the length of the working face and the mining speed, South
African IMS microseismic monitoring system with good real-time and
high sensitivity was adopted as the monitor method. The hardware of
this system is mainly divided into three parts, namely, sensors, data ac-
quisition (NetADC) and data communication (NetSP) (see Figs. 3 and 4).
The sensor is used to convert the ground motion (ground speed or ac-
celeration) into a measurable electronic signal. Analog signals from
the sensor are converted into digital signals by data acquisition. The
data can be collected by continuous recording, or use the trigger mode
through a special algorithm to determine whether the MS event data
is recorded or not. MS data is transmitted to a central computer or
local disk storing or processing. The system can use a variety of data
communication to meet the needs of different system environments.

2.3. Sensor layout and installation

According to the characteristics of working face mining, it was ap-
propriate to select the speed sensor with natural frequency of 14 Hz,
monitoring range of 9 Hz–2000 Hz and response range of hundreds of
meters. Considering the spatial characteristics of rock mass fracture
and the convenience of MS sensor installation, the sensor layout had
been optimized. For eight channels data acquisition, it was reasonable
to adopt five uniaxial geophones and one triaxial geophone. Due to

Fig. 1. Regional map of the Xiaojihan coal mine.
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