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1.  MINE INTRODUCTION AND THE SIGNIFICANCE OF 
RESEARCH

Wulan Coal Mine, a key coking coal production base in the west of China, 
affiliated to Shenhua-Ningxia Coal Industry (Group) Co. Ltd, was started in 
1966 and put into production in 1975. The mine field located in mining area of 
Hulusitai, Alashan is about 5 km in strike length, 3 km in inclined width and 15 
km2 in area. The original design of mine production capacity is 900 000 t and the 
actual mine production reached 1 870 000 t after extension in 2007. The mine is 
mainly exploited in coal seams of 2#, 3#, 7# and 8#. In particular, 2# is a medium 
thickness seam with an average thickness of 3.28 m; 3# is an extremely thick 
coal seam with an average thickness of 9.22 m covering 57 percent of the mine 
reserves; 7# is 1.89 m thick (average) and 8# is 2.77 m. The seam angle is 20-25º. 
The distance between 2# and 3# is 24-37 m with an average of 75 m along with 
2-13 m and 4.2 m on average of 7# and 8#. The mine consisting of fat coal and 
1/3 coking coal has a possible reserve up to 133.639 Mt and workable reserves 
estimated to be 81.43 Mt. Wulan Coal Mine is a mine of coal and gas outburst. In 
2007, the absolute gas emission is 104.64 m³/min and the relative gas emission 
is 29.96 m³/t. 

2# and 8# coal seam are outburst coal seams while 3# and 7# are non-
outburst coal seams. On January 11, 1987, when uncovering 2# coal seam in 2# 

cross-cut, north-first mining district of 1350 level, coal and gas outburst occurred 
bursting the volume of coal for 90t together with gas 15 000 m3. As a result, 
2# coal seam was tested as outburst coal Seam, subsequently, 5232 and 5233 
machinery road leaned out successively while driving, therefore, 2# coal seam 
could not be exploited afterwards. Despite the indication of outburst that had 
emerged several times during the period of driving wind and machinery road, 8# 
coal seam finally encountered coal and gas outburst releasing coal of 3-5 t and gas 
as much as 1600 m3 in August 14, 2007. Accordingly, 8# coal seam was tested 
as outburst coal seam. The mine belongs to hard extractable coal seam due to its 
low permeability between different seams. After the detection, the permeability 
coefficient of 3# coal seam is only 0.025 ~ 0.98 md. The pre-extracting rate was 
only 10.17% far below the standards of the requirements. The mine focused on 
the exploitation of the lower 3# coal seam after 2# coal seam came up against coal 
and gas outburst and was forced to suspend exploitation. As the average extent 
of space between 2# and 3# coal seam was 31.2 m and gas emitted from 3# coal 
seam is under exploitation, its neighboring 2# coal seam seriously constrained 
the safe production of 3# coal seam. Despite the application of surface borehole 
extraction, gas drainage through buried pipes in goaf, in-seam drainage, layer-
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through boring drainage, gas in the working face and upper corner often exceeded 
the limit. It led to a lot of high-quality coal resources wasted and had a serious 
impact on the production of coking coal in Ningxia because of the shortage of 
coking coal. Therefore, aiming at completely solving the outburst problems in 
2# and 8# coal seams and the high content gas in 3# coal seam according to 
these coal seams’ actual situation by the adoption of effective ways to ensure the 
safe exploitation of 2# main coking seam, Shenhua-Ningxia Coal Industry group, 
Wulan Coal Mine and China University of Mining and Technology proposed 
to carry out the scheme of “the surface extraction of pressure-relief gas from 
outburst coal seams with the technology of protective seam” after full research 
and evaluation in April - May, 2006.

2.  TECHNOLOGY SCHEME

2.1 General Planning
After comprehensive calculation considering both technological and economic 
factors, the overall exploitation scheme can be described as follows: first, 7# coal 
seam is exploited to protect the lower coal seam i.e. 8# seam, then, the exploitation 
of 8#, at the same time in 2#, 3# seam the danger of outburst can be eliminated 
by secondary protection and twice relief drainage after the exploitation of 7 #, 8 
#. The sequence also can be described as follows: 7 # $  ® 8 # $  2 #$  3 
#. In 2# and 3# coal seams surface well extracting pressure-relief gas method is 
adopted (Yu, 1992; Klaus, 1998). The firstly exploiting working face is 5757 in 
2# level, 2# district. Extracted gas can be used for power generation. Surface well 
extracting pressure-relief gas is shown in Figure 1.

2.2 Basic Parameters of the First Coal Face
5757 working face which is between 12 and 13 exploration lines, located in 2# 
level, 2# district, mining area of south wing. Wulan coal mine has a minimum 
vertical depth of 211.4 m. 5757 working face fits to single longwall coal caving 
method. The total roof caving method has some features such as sedimentary 
stability, simple seam structure and little change in seam thickness. The parameters 
of working face are: Working face strike length: 600 m; Working face incline 
length: 210 m; Coal seam thickness: 1.4-2.3 m (1.9 m average); Coal seam slope 
angle: 15-25º (20º average).
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Figure 1  The theory of coal and gas exploitation after pressure relief.

3.  SURFACE WELL EXTRACTING DESIGN AND 
CONSTRUCTION

3.1  Surface Well Survey
In order to survey the gas pressure change and relief boundary in 2# coal seam, 8 
gas piezometric wells were arranged in first mining area.

3.1.1 Well spacing:  Piezometric wells P1-P3 were arranged at the open-off cut 
to survey the change of gas pressure and relief boundary (Figure 4); Because 
3# coal seam neighboring wind road had been exploited and 2 # coal seam had 
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caved already, so piezometric wells P4-P6 were arranged at machinery road to 
survey the change of gas pressure and relief boundary; P7~P8 were arranged in 
the centre for surveying the range and effect between drainage.P1~P8 went on 
drilling until their drills reached 10 m below the floor of 2 # coal seam. Distance 
between P1-P2 was 20 m; it was 18 m between P2-P3, 15 m for P4-P5, 12 m for 
P5-P6, 120 m for P3-P7 and 230 m for P7-P8.

3.1.2 Construction: The details of the construction are as follows:

1)	 Well engineering-First well: The casing pipe should not be put until drill into 
the bedrock for 3-5m with down-the-hole hammer (ø311mm), and then fasten 
the casing pipe with cement; Second well: Drill the roof of the 2# coal seam 
upwards for 10m with down-the-hole hammer (ø215.9 mm); Third well: Drill 
the floor of the 2# coal seam downwards for 10m with down-the-hole hammer 
(ø114 mm). 

2) 	 Project Completion-Put ø50 mm steel pipe into 2# coal seam above the roof 
for 2m and cement wells with cement grout with specific gravity 1.50 - 1.75 × 
103 kg/m3 from 10 m above 2# coal seam roof to orifice. The structure of well 
is shown in Figure 2.

3.2  Surface Well Extracting
3.2.1 Well spacing: According to engineering practice of surface pressure-relief 
gas drainage in relevant mining area, gas from surface single-hole drilling flows 
up to 22 000 m3/d with CH4 concentrations more than 80% during active pressure-
relief drainage period. This requires mobile gas drainage pump with a flow rate 
not less than 60 m3/min. In Wulan Coal Mine, after calculation it was estimated 
that in a single-hole drilling gas was flowing at 14 m3 per minutes, 20 000 m3 
a day and the permeability coefficient increased more than 1500 times (l = 60 
m2/(MPa2•d)), so the calculation results were: By a single well for the effective 
drainage time calculation of 90 days, was 139.7 mm in diameter effectively 
drilling spacing 60 ~ 130 m, at the same time the number of drainage drilling 14. 
In order to survey relevant coefficient of well extracting, the non-uniform well 
spacing method was employed. Gas drainage drillings were arranged in two rows 
along the seams, specially, 1 #, 1 #, 3 #, 5 #, 7 # and plus 3 # were arranged in a 
row closing to 5757 machinery road, # 2, plus 2 #, 4 #, 6 #, 8 #, 9 #, plus 4 # and 
plus 5 # were arranged in a row closing to 5757 wind road. 1 # and 2 # spaced 
58 m apart, plus 2 # and 3 # spaced 65 m apart, 3 # and 5 # spaced 80 m apart,  
5 # and 7 # spaced 100 m apart, 7 # and plus 3 # spaced 100m apart; 2 # and plus 
1 # spaced 61 m apart, plus 1 # and 4 # spaced 55 m apart, 4 # and 6 # spaced 70 
m apart, 6 # and 8 # spaced 75 m apart, 8 # and 9 # spaced 60 m apart, 9 # and 
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plus 4 # spaced 60 m apart, plus 4 # and plus 5 # spaced 60 m apart; The distance 
between 1 # and 5347 machinery road was 30 m which is shown in Figure 2.

Figure 2  The theory of coal and gas exploitation after pressure relief Don’t put the 
casing pipe (ø244 mm) until drill into the bedrock for 3-5 m with down-the-hole 
hammer (ø245 mm), then fasten the casing pipe with cement

3.2.2 Construction: First well: Don’t put the casing pipe (ø244 mm) until drill 
into the bedrock for 3-5 m with down-the-hole hammer (ø245 mm), then fasten 
the casing pipe with cement; Second well: Go on drilling for 50 m with down-the- 
hole hammer (ø219.5 mm), then put the casing pip

3.2.3 Well completion: After three wells were completed, put the casing pipe 
(ø139.7 mm). Put the solid pipe at the range of 0 ~ 110 m and don’t put the screen 
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pipe 10m above the roof of # 2 seam until it is 10 m above the roof of 7 # coal 
seam. The structure of drainage hole is shown in Figure 3.

Table 1  Gas extracted from surface wells

Well Time began 
to extract

Time 
stopped

Concentration 
(%)

Total extract 
amount (m3) Reference

1 2007.8.1 Working 35-90 1309545
2 2007.8.1 2007.12.17 16-70 1319381 Stopped for 

concentration 
<16%Plus 1 2007.9.18 2007.12.6 16-73 231974

Plus 2 2007.9.29 Working 25-70 385402
3 2007.11.2 Working 20-95 58361
4 2007.11.8 Working 18-70 648182
5 2008.1.8 Working 60-90 88022
6 2008.1.8 Working 18-90 69458

Total 4635574

From 1# to 6 # wells as well as plus 1 # and plus 2 # wells, the gas extract 
information can be seen in Table 1.

The total extract volume of every well in a month is shown in Table 2. 
The figure gives each of the extract volume, 2# having been stopped extraction 
reached up to 1 319 381 m3; Meanwhile, 1 # with the extract volume for 1 309 
545 m3 is still continuing to extract. The extract volume of every surface well in a 
month is minimum in August about 532 466 m3 with few working wells because 
the surface wells reached the pressure-relief area while in September the extra 
volume were the maximum reaching 918 774 m3; From October, 2007 to January, 
2008, the extract volume declined along with the lower temp.

Table 2  Data of gas volume extracted from 5757 surface wells, m3 
(August 1, 2007-January 31, 2008)

Well Aug. Sep. Oct. Nov. Dec. Jan. Total of 
single-hole 

1 323863 390614 184765 110258 142390.08 157654.94 1309545.024
2 208603 469500 368771 253086 19421.28 Stopped 1319381.28

Plus 1 58660 137447 29694 6173.568 Stopped 231974.568
Plus 2 124680 184075 52543.152 24104.16 385402.312

3 105716 218770.56 259123.68 583610.24
4 90418 259209.216 298555.2 648182.416
5 88020 88020
6 69458.4 69458.4

Total 532466 918774 815663 773247 698507.856 896916.384 4635574.24
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