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Abstract: This paper discusses four kinds of hole sealing technologies for gas drainage in soft coal seam, which are polyurethane hole sealing, cement mortar hole sealing, 
full-length screen pipe hole sealing and pipe direct connection technology. Through the observation of negative pressure loss, the sealing effect of four sealing technologies 
is analyzed, the polyurethane sealing effect is poor, the cement mortar, the full-length screen pipe combined with cement mortar and the direct connection technology of 
pipe are good; through the observation of gas concentration, the gas drainage effect of four sealing technologies is analyzed, the polyurethane sealing technology is the 
worst, and the direct connection technology of pipe is the worst. The gas drainage effect is the best; according to the sealing effect and gas drainage effect, the traditional 
polyurethane and cement mortar sealing technology cannot meet the gas drainage demand of the soft coal seam. In the case of slow drilling deformation, the full-length 
screen pipe sealing technology can be used. In the case of rapid drilling deformation, the direct connection of pipe sealing technology should be used. 
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1 INTRODUCTION 
 

Gas disaster is one of the main disasters in coal mines. 
Drilling in coal seam for gas drainage is an effective 
technology to solve the gas problem. After the formation 
of the drainage borehole, there is a stress concentration 
phenomenon dominated by the stress of the overlying coal 
strata around. For soft coal seams, due to the soft coal body 
and strong plasticity, with the advance of time, there is a 
phenomenon of shrinkage or even closure of the borehole, 
resulting in the stagnation of the gas drainage work [1]. 
After the geological tectonic movement, the firmness 
coefficient of coal changes greatly. The coal with firmness 
coefficient greater than 0.5 is called hard coal, and the coal 
with firmness coefficient less than 0.5 is called soft coal. 
Therefore, the coal seam where coal is soft coal is called 
soft coal seam. 

In the triaxial creep test of Mishra and Verma [2], the 
axial stress and radial stress increase in stages. Under the 
condition of complex stress, the strain of coal rock will 
occur with the passage of time, and it will change into 
complete failure of the specimen. Lu and Zhao [3] have 
carried out triaxial creep test on outburst coal and its 
adjacent mudstone samples. The influence of confining 
pressure and axial pressure on creep test is analyzed. An 
accelerated creep model parallel to the nonlinear viscous 
and plastic components is established. 

Whether it is shrinkage or collapse caused by creep, 
the borehole will lose its stability eventually. Haimson and 
Chang [4] analyzed the stability of the borehole wall based 
on the borehole stability model; Zhao et al. [5] established 
the viscoelastic model about the borehole deformation in 
granite; Gelet et al. [6] give the balance control equation of 
three-phase medium of heat flow solid, and apply it to the 
stability analysis of borehole. Yao et al. [7] simulated the 
stress field, displacement field and plastic failure area 
change of the coal around the borehole based on Kastner 
formula; Liu et al. [8] study the influence of confining 
pressure unloading on soft coal strength reduction, 
providing basis for borehole stability analysis. Yin et al. [9] 
used the triaxial creep test device of gas bearing coal to 
complete the creep test of the prefabricated shaped coal 
samples under different confining pressures and different 
gas pressures. Based on the experimental results, the 

change trend of axial deformation under different stress 
levels is studied, and the creep instability characteristics of 
gas bearing coal under different confining pressures are 
analyzed. 

The study of creep law of coal and borehole instability 
is to better serve gas drainage engineering technology. 
With the progress of drilling technology, long drilling and 
directional drilling are more and more widely used [10], 
but for soft coal seam, once there is serious shrinkage 
phenomenon in the drilling, no matter how long the drilling 
is, no matter how accurate the positioning is, no gas 
drainage can continue. Only by adopting the technology of 
the combination of hole protection and gas drainage can the 
gas drainage work be effectively carried out. Wang and 
Sun [11], based on the elastic-plastic "urrounding rock 
support" theory, established the mechanical model of 
borehole wall protection, and used the numerical analysis 
method to analyze the change rule of stress and 
deformation of coal around the borehole under different 
internal pressure conditions. Zhai et al. [12] analyzed the 
instability and deformation mechanism of borehole in the 
soft outburst coal seam in the coal mine, and believed that 
after the construction of the coal seam fracturing borehole, 
the hole wall is easier to be damaged and unstable than the 
soft structure, the borehole is easy to collapse, and the 
borehole is difficult to form. The essential reason for these 
is the distribution of the rock stress around the tunnel and 
the borehole restress. Hao et al. [13] studied the change rule 
of borehole diameter and effective extraction time of 
different buried depth, established the gas migration model 
under the coupling effect of creep and seepage, and 
determined the effective extraction radius of different 
buried depth borehole. Liu et al. [14] studied the axial 
deformation, radial compression deformation and shear 
deformation characteristics of the liner. The correlation 
between test results and different loads is discussed. The 
influence of sieve density and sieve diameter on the 
mechanical properties of lining was studied. Liu et al. [15] 
studied the new technology of directional drilling, which 
provides a safe and reliable method for early detection of 
gas emission and drainage, and also provides exploration 
data of long drilling. Packham et al. have studied the fiber-
optic induction technology, which can detect the flow of 
the borehole and the situation in the borehole, so as to 
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improve the gas drainage [16-18]. Because of the 
secondary distribution of stress around the hole caused by 
mining activities, for the soft coal seam, it is easy to cause 
the displacement and deformation of the coal body around 
the hole, and then cause the collapse of the hole [19]. Due 
to the soft coal seam, under the action of deep in-situ stress, 
the soft coal seam cannot bear the self weight of coal and 
rock mass in a short time, resulting in rapid borehole 
shrinkage and borehole collapse and closure. Therefore, it 
is necessary to protect the borehole. The use of large-
diameter gas drainage borehole protection technology is 
helpful to improve the gas drainage effect [20, 21]. 

Although the hole protection technology in soft coal 
seam has made great progress, some holes in soft coal seam 
are shrinking too fast, or even the holes are completely 
closed within one or two days. In this case, the traditional 
hole sealing technology cannot meet the actual needs. 
Adopting the full-length down sieve pipe hole protection 
technology and the through pipe direct connection 
technology can solve the problem of hole sealing in soft 
coal seam. This paper compares four kinds of borehole 
sealing technologies in soft coal seam, in order to explore 
the applicability of borehole sealing technology to gas 
drainage in soft coal seam through the analysis of hole 
sealing effect and gas drainage effect, in order to obtain 
good gas drainage effect. Through the comparative 
analysis of hole sealing technology in soft coal seam, 
practitioners can choose suitable hole sealing technology 
for different coal seams to guide production practice, 
which is also its significance and value. The article mainly 
includes the following parts: introduction, introduction of 
gas drainage borehole sealing technology, hole sealing 
effect analysis, gas drainage effect analysis and conclusion. 
 
2 SEALING TECHNOLOGY OF GAS DRAINAGE 

BOREHOLE 
2.1 Polyurethane Sealing Technology 
 

Polyurethane sealing materials are composed of 
isocyanate and polyether polyol. According to their 
proportion formula and additives, they are divided into soft 
foam and hard foam. The principle is that the adducts 
formed by various types of isocyanates and active 
hydrogen containing compounds expand first and then 
solidify in the process of chemical reaction. It is mainly 
used for gas drainage drilling and sealing of various hole 
pipes. Polyurethane sealing hole is as shown in Fig. 1. One 
end of the extraction pipe has a sieve hole, which can 
extract as much gas as possible. The sieve pipe surface is 
wrapped with gauze to prevent coal dust from blocking the 
extraction pipe. Polyurethane is injected from the liquid 
injection pipe. Due to the function of baffle, polyurethane 
expands towards the orifice, and the orifice is plugged with 
wooden wedge to make polyurethane expand evenly. 
 

 
Figure 1 Schematic diagram of polyurethane borehole sealing  

(1. Liquid injection pipe, 2. Polyurethane, 3. Baffle, 4. Gauze net, 5. Sieve pipe, 
6. Extraction pipe, 7. Extraction hole) 

 

2.2 Sealing Technology Of Cement Mortar 
 

Cement mortar is a kind of mortar composed of 
cement, fine aggregate and water. It is a common 
construction material in the construction field and a 
common material for drilling and sealing holes. Cement 
mortar hole sealing is a traditional hole sealing technology 
(as shown in Fig. 2), which is widely used. For hard coal, 
the traditional cement mortar hole sealing technology can 
achieve better results, but for soft coal seam, due to hole 
collapse, the drilling failure is caused, and the pumping 
effect is poor. Cement mortar shall be used to seal the hole 
in the form of two ends blocking and middle sealing. 
Polyurethane or baffle shall be used to block the two ends 
of the hole sealing length first, and then the grouting pipe 
shall be injected with cement mortar. When there is liquid 
flowing out of the return pipe, grouting shall be stopped. 
After a certain time, cement mortar shall be solidified. 
 

 
Figure 2 Schematic diagram of cement mortar hole sealing 

(1. stop valve, 2. Pressure gauge, 3. three way, 4. grouting pipe, 5. slurry return 
pipe, 6. yellow mud, 7. wooden wedge, 8. polyurethane, 9. cement mortar, 10. 

baffle, 11. casing wall, 12. mesh, 13. sieve 14. drilling, 15. extraction pipe) 
 
2.3 Sealing Technology Of Full Length Sieve Pipe 
 

The outburst coal seam has the characteristics of large 
gas content and soft coal body. Drilling in the soft coal 
seam often occurs with the phenomenon of sticking and 
drilling. After the hole is formed, the hole collapses 
seriously, resulting in the closure of the hole and low gas 
extraction rate. By adopting the hole protecting device and 
the method of full-length sieve pipe for the soft coal seam 
(as shown in Fig. 3), the problems of drilling difficulty and 
hole collapse are solved, and the gas drainage rate can be 
increased. 
 

 
Figure 3 Schematic diagram of full-length sieve pipe  

(1. Sieve pipe; 2. Sieve hole; 3. Support pulley; 4. Suspension fixture; 5. Hollow 
spiral drill pipe; 6. Drill bit; 7. Drilling; 8. Coal body) 

 
After the completion of drilling construction, the drill 

bit and the spiral drill pipe stay in the drilling, and the drill 
bit and the drill pipe exit a certain distance (about 1 m), so 
as to reserve a fixed space for the hanging fixed device. 
Connect the suspension fixture with the sieve pipe, and 
transport it to the deep part of the borehole. After the first 
sieve pipe is transported into the borehole, connect the 
remaining sieve pipes in turn. In the process of connecting 
the sieve pipe, a sliding device is clamped on the sieve pipe 
every 10 m. When the suspension fixture is against the drill 
bit, stop connecting the sieve pipe, force the drill bit to 
open, and transport it to the deepest part of the drilling hole. 
Push and pull the sieve pipe repeatedly until the suspension 
fixture is fixed on the coal wall. After the sieve pipe is 
output, exit the drill bit and drill pipe. 
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2.4 Sealing Technology of Pipe Direct Connection 
 

After the formation of drilling holes in soft coal seam, 
there are hole collapse and hole closure phenomena. 
Because of the rapid deformation of the drilling hole, it is 
too late to plug the drainage pipe into the drilling hole, so 
gas drainage cannot be carried out. In addition, because of 
the hole collapse phenomenon in the drilling hole, as long 
as there is local hole collapse in the drilling hole, resulting 
in the failure of the deep drilling hole, a kind of fast straight 
plug integrated gas drainage device is needed, which solves 
the problem of pipe route; the second problem is to solve 
the hole collapse failure. 

Through pipe direct connection technology adopts a 
straight plug type integrated gas drainage. It changes the 
original connection mode of the extraction pipe section by 
section (as shown in Fig. 4 and Fig. 5). The PE material 
(Polyethylene material) is used to make the sectional pipe 
called the integrated pipe. It can be wound together at 
ordinary times for convenient storage and transportation. 
When it is used, it can be straightened. The straightening 
has certain strength and toughness, and can be directly 
plugged into the borehole. It solves the problem that the 
borehole is closed too fast and the extraction pipe cannot 
be plugged. At the same time, the full-length pipe is 
lowered and divided into the main body. Sieve pipe and 
sealing pipe solve the problem of hole collapse leading to 
drilling failure. 
 

 
Figure 4 Schematic diagram of gas drainage device directly connected with pipe 

(1. Sealing pipe; 2. Connecting pipe; 3. Main pipe; 4. Sieve hole; 5. Drilling) 
 

 
Figure 5 PE pipe and sealing joint 

 
The application diagram is shown in Fig. 6. After 

drilling, the PE hard material gas drainage main pipe (with 
sieve hole) shall be straightened and plugged into the hole. 
According to the actual length of the hole, when there is 
still 10 m from the hole bottom, the main pipe shall be cut 
off, and the sealing pipe (without sieve hole) shall be 
connected with the main pipe with a connecting pipe. After 
that, continue to plug into the deep part of the hole. When 
the pipe is plugged to the hole bottom, the liquid injection 
pipe shall be plugged. The liquid injection pipe is located 
in the sealing pipe. Wrap the removable adhesive capsule 
around the orifice. Inflation pump is used to inflate the 
capsule in the hole, and then inflate the capsule in the hole 
until the capsule is close to the coal wall. Then, inject 
cement mortar around the sealing pipe with liquid injection 
pump to complete the sealing. 
 

 
Figure 6 Application diagram 

 
3 ANALYSIS OF SEALING EFFECT 
 

The negative pressure loss reflects the quality of hole 
sealing. The negative pressure in the hole is measured by 
negative pressure measuring steel pipe and mercury 
differential pressure meter. The measuring steel pipe is a 
steel pipe that goes deep into a certain depth of the 
borehole. The deep position is to measure the negative 
pressure at the current position. Mercury differential 
pressure gauge is a device for measuring negative pressure. 
When polyurethane is used for hole sealing, the quality of 
hole sealing is poor, the negative pressure of the hole is 
14.51 kPa, the negative pressure of the hole at the depth of 
70 m is 11.87 kPa, and the negative pressure loss is 18.2% 
(as shown in Fig. 7). When cement mortar is used for hole 
sealing, the quality of hole sealing is good, the negative 
pressure of the hole is 14.45 kPa, the negative pressure of 
the hole at the depth of 70 m is 13.57 kPa, and the negative 
pressure loss is 6.1% (as shown in Fig. 8). When using the 
full-length sieve pipe technology to seal the hole, the 
negative pressure of the hole is 14.41 kPa, the negative 
pressure of the hole at the depth of 70 m is 13.56 kPa, and 
the negative pressure loss is 5.9% (as shown in Fig. 9). 
When using the full-length sieve pipe technology to seal 
the hole, the negative pressure of the hole is 14.39 kPa, the 
negative pressure of the hole at the depth of 70 m is              
13.36 kPa, and the negative pressure loss is 7.2% (as shown 
in Fig. 10). 
 

 
Figure 7 Negative pressure loss (polyurethane hole sealing) 

 

 
Figure 8 Negative pressure loss (cement mortar hole sealing) 

 
Through the observation of the negative pressure of the 

drilling hole, the sealing effect of the full-length sieve pipe 
and the through pipe direct connection technology with 
cement mortar is good. In order to prevent the hole from 
shrinking and be easy to insert, the diameter of the 
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extraction pipe is smaller when using the pipe direct 
connection technology. Because the diameter of the hole is 
smaller than the traditional cement mortar hole sealing 
technology, the negative pressure of the hole has a certain 
loss. 
 

 
Figure 9 Negative pressure loss (full-length sieve pipe hole sealing) 

 

 
Figure 10 Negative pressure loss (direct connection of pipe) 

 
4 ANALYSIS OF GAS DRAINAGE EFFECT 
 

Gas concentration is an important manifestation of the 
effect of gas drainage. The optical gas detector (The optical 
gas detector is made according to the principle of light 
interference) is used to observe the gas concentration in the 
borehole, and the gas drainage concentration under 
different hole sealing technologies is quite different. When 
polyurethane is used for hole sealing, the gas concentration 
is not high, the highest is 18.2%, the lowest is 6.3%, the 
30th day attenuation is 65.4%, and the attenuation range is 
large (as shown in Fig. 11). When the cement mortar is 
used to seal the hole, the gas concentration is 40% at the 
highest and 23% at the lowest, the 30th day attenuation of 
42.5% (as shown in Fig. 12). When using the full-length 
sieve pipe technology to seal the hole, the gas 
concentration is 56.8% at the highest, 32.1% at the lowest 
and 43.5% until 30th day (as shown in Fig. 13). When the 
direct connection technology is used to seal the hole, the 
gas concentration is 64.9% at the highest, 33.4% at the 
lowest, and 48.5% until 30th day (as shown in Fig. 14). 
 

 
Figure 11 Gas drainage effect (polyurethane hole sealing) 

 
Through the comparison of the effects of the four 

technologies through the average gas concentration (as 
shown in Fig. 15), the best effect is the direct connection 
of pipe, followed by the full-length sieve pipe, and the 
polyurethane sealing effect is the worst. 

 
Figure 12 Gas drainage effect (cement mortar hole sealing) 

 

 
Figure 13 Gas drainage effect (full-length sieve pipe hole sealing) 

 

 
Figure 14 Gas drainage effect (direct connection of pipe) 

 

 
Figure 15 Comparison of drainage effect 

 
Through the observation of gas concentration, when 

the pipe direct connection technology is adopted, the gas 
drainage effect is the best, and when the polyurethane hole 
sealing technology is adopted, the gas drainage effect is the 
worst. Therefore, for the soft coal seam, polyurethane 
sealing can be used as an auxiliary role, not as the main 
technology. Through the promotion of direct connection of 
pipes, the pumping concentration and attenuation have 
been greatly improved. 
 
5 CONCLUSIONS 
 

Through the above analysis, the full-length screen pipe 
sealing technology and pipeline direct connection 
technology have good hole sealing effect and gas drainage 
effect. In particular, the pipeline direct connection 
technology is more convenient for soft coal seams with fast 
shrinkage rate, and it is also the direction of future research. 
The specific conclusions are as follows: 
(1) This paper discusses four kinds of hole sealing 
technology for gas drainage in soft coal seam, polyurethane 
hole sealing technology and cement mortar hole sealing 
technology are the traditional technology with long use 
time, and the hole sealing technology for under drilling 
sieve pipe and pipe direct connection technology are the 
new hole sealing technology for gas drainage. 
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(2) The negative pressure loss of gas extraction is used to 
analyze the hole sealing effect of drilling. The results show 
that the hole sealing effect of cement mortar, full-length 
screen pipe and pipeline is good, but the hole sealing effect 
of polyurethane is poor, and the negative pressure loss is 
18.2%. Due to the small drilling diameter, the negative 
pressure loss is large, which is related to the diameter of PE 
pipe. 
(3) The gas drainage effect is analyzed by using the gas 
drainage concentration. The results show that when the 
hole is sealed with the pipe direct connection technology, 
the gas concentration is 64.9% and the gas drainage 
concentration is the highest. When the full-length screen 
tube technology is used to seal the hole, the gas 
concentration is the highest 56.8%, followed by the gas 
drainage concentration. Polyurethane sealing technology 
has the lowest gas drainage concentration. 

Although some achievements have been made in this 
paper, some new technologies affect gas drainage due to 
the small drainage aperture. Therefore, it is a new problem 
to carry out large-diameter drilling and hole sealing in soft 
coal seam. 
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