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Abstract 
In order to solve the problems of small gas extraction range, low gas extraction 
concentration, and less pure gas in thick and hard coal seams, the layered directional 
long drilling hydraulic fracturing technology is adopted to transform the coal body into 
segmented fracture network. Based on the limited range and uneven fracturing of 
traditional fracturing tools, and combined with the actual situation on site, a set of 
hydraulic fracturing equipment for directional long drilling has been integrated and 
developed. A bidirectional nozzle drag open hole sealing tool is used to increase the 
impact radius of a single fracturing, thereby achieving the requirements of uniform 
fracturing effect and fast coverage of the entire area. The results show that compared to 
the extraction data of ordinary directional long boreholes, the hydraulic fracturing and 
permeability enhancement process based on the dual nozzle test packer for directional 
long boreholes increases the gas extraction purity by 40%, with an action time of up to 2 
months and a fracturing impact range of 45-50m. The experimental results indicate that 
the fracturing technology and complete equipment can effectively improve the 
permeability of coal seams and enhance the effectiveness of gas extraction. 
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1. Introduction 

The coal seam mining in China is transferred to the deep, the proportion of coal seams with low 
permeability, high gas and complex structure is gradually increasing, and the control of gas disaster 
is more difficult[1-4].The conventional gas drainage borehole has the advantages of fast attenuation, 
short control distance, long construction period, limited influence radius and poor gas control 
effect[5].In order to solve these problems, the related technologies of increasing permeability and 
pressure relief mainly to change the properties of coal reservoir are emerging, including hydraulic 
technology (hydraulic slotting, hydraulic punching, hydraulic fracturing), blasting technology (CO2 
phase transformation fracturing, chemical explosive fracturing, etc.) and chemical modified 
technology (coal acidizing), etc. Hydraulic fracturing anti-permeability technology has been widely 
used in underground because of its wide range of influence and high feasibility. In the process of coal 
seam fracturing, it is mainly with the help of high-pressure pump to inject high-pressure liquid into 
the coal seam to force the coal body to crack and extend, so as to change the overall fracture net 
structure of the coal seam and improve the permeability of the coal seam. With the accumulation of 
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technology for many years, fracturing methods such as frequency conversion fracturing, compound 
fracturing, segmented fracturing, multi-stage synchronous fracturing, pulsating fracturing and sand 
fracturing have been formed[6-10]. 

However, due to its sealing mode and jet structure, there are some problems, such as fracturing fluid 
leakage, drilling hole sealing effect is not ideal, fracture direction is not clear, fracturing is uneven, 
and finally affect its fracturing effect. At the same time, with the improvement of drilling equipment 
and technology, directional long drilling technology has made great progress, and the existing 
construction scheme of directional long drilling sectional fracturing in hard thick coal seam and 
related tools are relatively less [11]. There is an urgent need to develop a technical approach and 
equipment to improve the single fracturing radius, suitable for multiple repeated fracturing and 
improve the sealing effect. It is urgent and necessary to study the complete set of hydraulic fracturing 
technology and equipment and field engineering test. 

2. Sectional Fracturing Technique of Bedding Directional Long Boreholes 

2.1 Reconstruction Principle of Sectional Fracturing Network of Bedding Directional Long 
Boreholes 

The essence of the reconstruction of sectional pressure fracture network of bedding directional long 
boreholes lies in the construction of directional long boreholes with the help of complete sets of 
drilling equipment and perfect drilling technology[12]. According to the construction trajectory and 
hole-forming parameters of boreholes in coal seam, combined with the structure in coal seam, the 
whole bedding directional long borehole is divided into several fracturing sections according to the 
distribution of dominant fracturing zone. Using a complete set of double-seal fracturing tools, 
fracturing fluid is injected into the hole for high-pressure coal breaking operation. When the pressure 
and displacement are greater than the coal seam fracture pressure and formation leakage rate, the coal 
body breaks and the fracturing fluid collects inside the fracture. Stress concentration occurs at the 
crack tip to drive fracture expansion and fracture net extension [13].After the completion of fracturing 
in one area, the fracturing tool string is moved to the next area to repeat the fracturing operation in 
the previous section. The whole bedding directional long drilling hole is divided into several 
fracturing according to the actual construction conditions to ensure the fracturing uniformity and 
repeatability of the coverage area, so as to make the fracture net dense in the affected area of the 
fracturing area. However, hydraulic fracturing will inevitably lead to the destruction of the original 
"adsorption-desorption" balance in the coal seam matrix and the continuous desorption of adsorbed 
gas, and at the same time, the dense fracture network formed by multi-stage fracturing will further 
enrich the gas migration channel in the fracturing affected area. increase the permeability of the coal 
seam, so as to achieve the purpose of increasing permeability and eliminating outburst. The principle 
of sectional fracturing with bedding directional long boreholes is shown in fig. 1. 

 

 
Fig.1 Sectional fracturing principle of bedding directional long boreholes 

 

The reconstruction technology of sectional fracturing network with bedding directional long 
boreholes has the following characteristics: (1) the fracturing area is uniform and covered. Compared 
with traditional cross-layer fracturing and full-hole fracturing, sectional fracturing with directional 
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long boreholes avoids the problem that fractures are limited to weak surfaces and prevents the 
formation of fracturing blind areas. (2) the problem of fracture closure is alleviated to a certain extent, 
and the multi-stage fracturing technology makes the expansion tip of different fracturing segments 
cross, and the fracturing fluid runs through each other, thus reducing the attenuation rate of extraction 
boreholes; (3) the operation boreholes are directional long boreholes along the coal seam, and the 
whole fracturing area is located in the coal seam, the fracturing effect is remarkable, and the influence 
range of a single drilling hole is large. (4) the engineering quantity is low, the applicability is wide, 
and the technological process is simple, which alleviates the shortage of mining to some extent. 

2.2 Development of Towed Open-hole Sealing Tool String with Two-way Nozzle 

In view of the problem that in the fracturing technology of long boreholes in coal mines, the fracturing 
tool string only uses a single nozzle to spray the fracturing fluid, which leads to a small fracturing 
radius, it is proposed to use the combined tool string to carry out large-scale coverage fracturing, so 
as to increase the coverage area of single fracturing. In view of the difficult problem of sectional 
fracturing and sealing in directional long boreholes, the traditional ball throwing and unsealing 
method of fixed string is more complicated. A "double seal-four seal" recoverable Packer is 
developed, the maximum pressure can reach 70MPa, and the tool string can be split and assembled 
according to the actual working conditions in the field, which solves the problems of fracturing fluid 
leakage, lax drilling plugging and complex unsealing. The two-way nozzle towed open-hole sealing 
tool string has two or more nozzles at the front end of the fracturing equipment, and the front and rear 
end of the nozzle is a "double seal-four seal" structure, and the combined tool string is modified as 
shown in fig. 2. 

 

 
(a)Schematic diagram of combined structure 

 
(b)Physical drawings used in the field 

Fig. 2 Towed open-hole sealing tool string with two-way nozzle 

2.3 Sectional Fracturing Equipment and Technological Process of Bedding Directional Long 
Boreholes 

The sectional hydraulic fracturing equipment for bedding directional long boreholes is composed of 
fracturing pump group, sealing tool string, orifice device, monitoring and safety guarantee system, 
etc. This test selects the BZW250/50 water injection pump developed by China Coal Science and 
Industry Group Chongqing Research Institute Co., Ltd. This type of pump is specially designed for 
underground fracturing and is mainly used for underground fracturing and high pressure water 
injection in coal mines. 
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Fig. 3 BZW250/50 water injection pump 

 

The construction process of sectional fracturing with bedding directional long boreholes is as follows 
[14]: Pre-fracturing preparation→ Directional long drilling construction→ Drilling hole washing→ 
Lower tool string→ Equipment connection trial operation→ Setting high pressure fracturing→ 
Pressure and flow monitoring→ Unpacking Mobile Packer tool string→ Repeat the fracturing 
operation until the end of all sectional fracturing and exit the equipment. 

3. Engineering Test 

3.1 General Situation of the Test Site 

The site of the sectional fracturing test of bedding directional long boreholes is Xida No. 05 drilling 
site of Daning Coal Mine in Shanxi Province, which is responsible for gas drainage in a large part of 
the west. At present, the drilling site is mainly constructed along coal seam directional long boreholes. 
The test coal seam is No.3 coal, and the coal thickness is 2.21~6.97m, with an average of 4.45m, 
which belongs to thick coal seam. The apparent density of the coal seam is 1.36t/m3, the true density 
is 1.47t/m3, the hardness coefficient of Platts is about 1.48, the structure is simple, the buried depth 
of the test site is 256~288m, and the dip angle of the coal seam is less than 9°, which is a near-
horizontal thick coal seam. According to the report of gas emission from Daning Mine of China Coal 
Mine, No.3 coal belongs to gas outburst coal seam, and the determination results of gas basic 
parameters are shown in the table 1 below. 

 

Table 1. The No. 3 coal gas parameters 

Coal seam gas parameters Parameter value Unit 

Original gas content 10.71~20.2 m3/t 

Measured gas pressure in coal seam 0.69~1.16 MPa 

Permeability coefficient of coal seam 1.3~1.95 mD 

3.2 Sectional Fracturing Scheme for Directional Long Boreholes 

Based on the construction experience of directional drilling near the drilling site of Xida No. 05 
drilling site and the geological conditions of the coal seam, four directional long boreholes along the 
No. 3 coal seam are designed in the test area. The opening point is about 1.5m from the floor, and the 
diameter of the borehole is 96mm, and the length is 500-528m. Among them, D-1 and D-2 are 
sectional fracturing test holes. On the outside, D-3 and D-4 directional long boreholes are constructed 
as comparison holes for fracturing effect investigation. The fracturing position of the first section of 
D-l 1 is 490m, and the fracturing length is 10m, and then gradually backward fracturing according to 
100m fracturing spacing, with a total of 4 segments, while the first section of D-2 borehole is at 460m, 
with a fracturing length of 10m, and then gradually backward fracturing according to 100m fracturing 
spacing, with a total of 4 segments. The sectional fracturing scheme of bedding directional long 
boreholes in Xida No. 05 drilling field is shown in fig. 4. 



International Core Journal of Engineering Volume 10 Issue 4, 2024
ISSN: 2414-1895 DOI: 10.6919/ICJE.202404_10(4).0010

 

74 

3.3 Construction of Sectional Fracturing with Directional Long Boreholes 

In this test, a total of 4 bedding directional long boreholes are constructed, of which the construction 
depth of fracturing hole D-l 1 is 501m and the construction depth of fracturing hole D-2 is 474m. The 
actual construction depths of D-3 and D-4 are 474m and 516m respectively. In view of the fact that 
the hardness of the coal seam in the test area is large and the structure is relatively simple, fracturing 
starts from the position 10m from the bottom of the hole, and the fracturing is gradually backward 
according to the design plan of 100m segment interval and 10m segment length, with a total of 8 
sections and total water injection 596m3. 

 

 
Fig. 4 Segmented fracturing design 

4. Engineering Test Results 

4.1 Characteristics of Fracturing Parameters 

There are two long borehole fracturing holes in bedding direction, 4 segments of D-1 hole fracturing 
and 4 segments of D-2 hole fracturing, with a total of 8 fracturing segments, the total fracturing time 
of D-1 hole is 517min, the total fracturing time of D-2 hole is 524min, the cumulative fracturing time 
is 1041 min, water 327m3 is injected into D-1 hole, and water 269m3 is injected into D-2 hole. The 
construction parameters of each drill hole are shown in Table 2. 

According to the typical fracturing curves of D-1 and D-2 boreholes, the open hole tool string of hard 
coal seam can be divided into two stages according to the peak pressure of the pump, namely, open 
hole setting stage and open hole fracturing stage. At first, the fracturing pump group rises slowly with 
low pressure, at this time the Packer drum begins to expand and deform, the string pressure increases 
continuously to about 6MPa, and the hard coal open hole setting is completed, and then enters the 
second stage of high pressure open hole fracturing. Due to the heterogeneity of coal seam and the 
uncontrollable coal structure, the setting time of open hole is different, and the difference of drilling 
time between D-l and D-2 is more than 5min, as shown in fig. 5. 

 

 
(a) fracturing curve of D-1 borehole (paragraph 1) 
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(b) fracturing curve of D-2 borehole (paragraph 1) 

Fig. 5 Typical fracturing curve 

 

It can be seen from fig. 5 (b) that obvious periodic fracture occurs in the coal seam during the 
fracturing water injection operation, and the initial fracture pressure is about 8.5MPa, then the fracture 
pressure gradually increases and the difficulty further increases, at the same time, the fracture period 
is prolonged and tends to be stable after about 50min. The pressure drops sharply after 90min, which 
is considered to be that part of the coal seam has been penetrated, and the fracturing fluid exudates 
with the fracture. 

4.2 Fracturing Influence Range 

The comprehensive discrimination is carried out according to the transient electromagnetic test 
combined with the water outlet on both sides, and the transient electromagnetic test results show that 
the influence range of fracturing is 45 ~ 47m. The water seepage of coal and rock is obtained by on-
site real-time video surveillance video capture. According to the change of water seepage and water 
outlet area, the fracturing fracture connected area can be calculated[15], which can further support 
the transient electromagnetic test results. According to the field calculation, the projection distance 
between the seepage area and the fracturing hole is about 47-50m. For this reason, it can be concluded 
that the fracturing influence range is in the range of 45-50m, and the fracturing construction 
technology is different and floats slightly. 

 

Table 2. Bedding directional long borehole fracturing parameters 

Drill hole 
number 

Depth/m
Number of 
segments 

Fracturing 
time/min 

Fracturing water 
volume/m3 

Peak 
pressure/MPa 

D-1 501 4 517 327 19.78-22.89 

D-2 474 4 524 269 17.24-23.37 

Total  8 1041 596  

4.3 The Gas Extraction Effect 

The drainage effect of the test site was investigated in October 2023, and the gas drainage 
concentration and the pure amount of gas extraction before and after sectional fracturing in long 
directional boreholes along the bed were compared respectively, as shown in figs. 6 and 7. The pure 
amount of gas drainage in fracturing boreholes is significantly higher than that in unfractured 
boreholes, and the gas concentration is slightly higher than that in unfractured boreholes. At the same 
time, the gas concentration of the four directional long boreholes is relatively high, which is 
maintained at about 75%. Combined with the research content of Section 3.2, it can be known that 
the fracturing influence radius is in the range of 45-50m, while D-3 and D-4 boreholes are at the 
boundary of their fracturing influence range. therefore, after the implementation of fracturing 
operation, the overall gas concentration is higher, which further confirms that the influence range of 
sectional fracturing of bedding directional long boreholes is wide and the effect of increasing 
permeability is good. While the pure amount of gas drainage in D-1 borehole is 0.8~2.45m3/min, the 
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average is 1.74m3/min, and the cumulative gas extraction volume is 78336m3. The pure amount of 
gas drainage in D-2 borehole is 0.82~2.12m3/min, with an average of 1.51 m3/min, and the 
cumulative pure amount of gas drainage is 71712m3. Among them, the pure amount of gas drainage 
in drill hole Dmi 4 without direct fracturing is 0.5~1.7m3/min, with an average of 0.78 m3/min, and 
the cumulative pure amount of gas drainage is 41760 m3. 

 

 
Fig. 6 Difference of gas drainage concentration before and after fracturing 

 

 
Fig. 7 Difference of pure amount of gas drainage before and after fracturing 

 

Through the comparison of data in the past two months, the cumulative pure amount of hydraulic 
fracturing boreholes with the same extraction time is about 40% higher than that of normal boreholes. 

5. Conclusion 

The main results are as follows:  

(1) in view of the limitations of traditional fracturing tool string, combined with the characteristics of 
thick and hard coal seam, the towed open-hole sealing tool string with two-way nozzle is selected, 
and the sectional fracturing process of bedding directional long boreholes is summarized. The 
recoverable sealing tool string bears pressure above 70MPa and the recovery times are more than 15 
times. 

(2) according to the requirements of fracturing and increasing permeability in thick and hard coal 
seam, a set of backward sectional fracturing technology with long directional drilling is developed, 
which is suitable for thick and hard coal seam. Two directional long borehole fracturing tests were 
carried out in the No.3 coal seam of Daning Coal Mine, Shanxi Province, with a total of 8 sections 
and cumulative fluid injection 596m3. 
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(3) the test results show that the transformation of the sectional fracturing network of directional long 
boreholes greatly improves the air permeability of the coal seam, the fracturing influence radius is in 
the range of 45-50m, and the cumulative pure amount of extraction is increased by about 40% in the 
same time after fracturing operation. 
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