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Fig. 9. Third residual error map of coal seam floor.

structures, there could be high gas hazard potential
near them in a coal mining panel. In the process of
coal mining, with the continuous advance of the
working face, the mining stress field and the addi-
tional tectonic stress field of small geological struc-
ture are superimposed on each other in front of the
working face [31,32], which increases gas disaster
risk in coal mining panel. Therefore, to optimally
design and efficiently build preventing projects
against gas disaster, a 4D analysis of the gas hazard
potential of small geological structures in front of
the working face should be carried out based on the
fine geological survey in coal mining panel. The 4D
analysis follows the technical route listed below
(Fig. 10).

Firstly, based on the fine exploration and fore-
cast of small geological structures, the dynamic
simulation of stress fields (gas fields) near to the
small structures in front of working face are car-
ried out by use of numerical simulation technol-
ogy to understand the characteristics of the small
structures; And then, the prediction and

evaluation of gas geological anomaly area (zone)
and gas disaster risk around the small structures
could be made with gas parameter measurement
and dynamic phenomenon observation. Following
is a 4D analysis example around a small fault with
1 m drop at a coal mining panel in Henan, China
(Fig. 11).

There is a small oblique fault beyond mining face.
It could result in a local anomalous gas geological
area, where additional tectonic stress, tectonically
disturbed coal and pressured gas could appear
together (Fig. 11a); Based on the 4D analysis, the
additional tectonic stress field of the small fault
doesn't superimpose with the mining stress field
beyond 30 m ahead mining face. However,
a superimposed stress field has appeared around
the track roadway (Fig. 11b); An obvious super-
imposed stress field around the small fault appears
from 21 m ahead mining face (Fig. 11c), and the
most dangerous location could be at the middle of
the mining face near to the small fault while
recovering coal (Fig. 11d).
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Fig. 10. Technical route of 4D analysis.
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Fig. 11. Numerical simulation of stress fields around a small fault (a) Original tectonic stress field before mining (b) Stress field around the fault 30 m
ahead mining face(c) Stress field around the fault 21 m ahead mining face (d) Stress field around the fault 12 m ahead mining face.

5. Conclusion

Since small geological structures could result in
the local anomalous gas geological area, it is very
important to find them in advance before recovering
coal in the mining panel. It could be an economic
and efficient way for the fine survey on small
geological structures to be carried out using gas
drainage holes.

As soon as the small geological structures have
been found before coal recovery, the gas hazard
potential areas (zones) could be forecasted in time
while recovering coal. Furthermore, a numerical
simulation of stress and gas fields around the small
geological structures could make the forecast more
certainly with some other gas geological

information, such as abnormal coal thickness vari-
ation, dynamic phenomena, unusual gas parameters
or gas emission rate.

4D gas geological research could benefit the
optimal design and effective implementation of gas
hazard prevention measures in coal mining panel
with high gas hazard potential.
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