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Abstract: Hydraulic Borehole Mining (HBM) method is an important mining technology that has advantage for 

some special ore formation. However, the traditional hydraulic borehole mining tool’s nozzle is fixed that limits 

the single well ore production. In this paper, hydraulic borehole mining tool with ratchet controlled expandable 

nozzle was designed. High pressure water channel, ore pulp discharge channel and ratchet controlled 

expandable nozzle are three important parts in this design process. Then, the tool was conducted preliminary 

filed experiment in nong’an area and infrared camera was used to observing breaking condition of the wall of 

experiment hole. The experiments showed that the ratchet controlled expandable nozzle can expand and back in 

the experiment hole. And the hydraulic borehole mining tool can break the wall of experiment hole obviously. 

This research is a preliminary study that provides an ideal mining method and mining tool for thin ore 

formation. 
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1. Introduction 
 

Hydraulic borehole mining method is researched from 

19 century, which is different from traditional open 

pit and roadway mining [1,2]. Firstly, a well is drilled 

in the mining area and this well must drill through ore 

formation. Secondly, high pressure jet device is put 

down the hole at the place of ore formation and 

generates high pressure jet. High pressure jet broken 

ore formation and ore fragments peel off from ore 

formation. Finally, ore pulp mixed by ore fragments 

and water is delivered to the ground using hydraulic 

(pneumatic) lifting device and ore is filtered from ore 

pulp [3,4]. Hydraulic borehole mining method is 

mainly used for weak cementation and low strength 

ore and shallow burial depth, thin layer and lean ore, 

lake or ocean ore. In the 1920s, the United States has 

carried out the research of hydraulic borehole mining 

technology, which used for mining uranium, asphaltic 

sand, granular phosphate rock and so on. Russia had a 

lot of hydraulic borehole mining technology research, 

and application in coal and iron ore. In addition, 

Poland, India, Australia, Hungary, Yugoslavia also 

carried out the research of hydraulic borehole mining 

technology [5,6]. Hydraulic coal mining technology 

has been widely applied in China. Chen Chen, Yan 

Xuanchen, Zhao Guijie et al., have conducted some 

fundamental researches on hydraulic borehole mining 

[7-12]. However, Successful field cases of hydraulic 

borehole mining with expandable nozzle are few. 
 

This paper put forward that hydraulic borehole mining 

method is applied to mining thin oil shale seam. 

Hydraulic borehole mining tool with expandable 

nozzle was designed and preliminary filed experiment 

was conducted using hydraulic borehole mining tool 

with ratchet controlled expandable nozzle. 
 

2. Hydraulic Borehole Mining Tool 
 

The hydraulic borehole mining tool must have high 

stability in consideration of that the mining tool works 

in the hole for a long time. Thus, hydraulic borehole 

mining tool with ratchet controlled expandable nozzle 

was determined, which has high reliability. Hydraulic 

borehole mining tool with ratchet controlled 

expandable nozzle have three main parts: high 

pressure water channel, ore pulp discharge channel 

and ratchet controlled expandable nozzle and others, 

shown in Fig.1. 
 

2.1High Pressure Water Channel  
 

High pressure water channel is the red part in Fig.1. It 

includes high pressure water pipe, high pressure 

rotary joint, hydraulic giant and nozzle. The high 

pressure water flow in above parts in turns and forms 

water jet out of nozzle finally. High pressure rotary 

joint is an important part that it is rotation axis of 

hydraulic giant. 

2.2Ore Pulp Discharge Channel 

Ore pulp discharge channel is the yellow part in Fig.1. 

It includes ore pulp suction mouth and ore pulp 

discharge pipe. Ore pulp discharge pipe is coaxial 

double pipe that two pipes can up and down along the 

central axis. This construction can match up with high 

pressure water channel’s motion. 
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Fig.1 Hydraulic borehole mining tool with ratchet controlled expandable nozzle schematic diagram 
 

2.3 Ratchet Controlled Expandable Nozzle 
 

Ratchet controlled expandable nozzle is the green part 

in Fig.1. It includes ratchet, pawl, connecting rod arm, 

positioning plate and slide rod. The pawl fix on the 

positioning plate and positioning plate move along 

slide rod. The pawl located on the ratchet when 

positioning plate moves to down the tool, which 

hydraulic giant expand a certain angle under force 

from the connecting rod arm. The nozzle can broken 

more ore formation with hydraulic giant expanded.  

Single well ore production can be calculated by 

following process. 
 

 
Fig.2 Schematic diagram of mining cavern                      

    HLRV
2

e r-π                                         (1) 

Where, eV is volume of ore production using designed 

tool; R is effective crushing distance of high pressure 

water jet; L is length of the hydraulic giant; r is radius 

of well; H is thickness of the ore formation. 

Single well ore production using HBM with fixed 

nozzle is following: 

  HRV
2

f r-π                                                    (2) 

Where fV is volume of ore production using HBM 

with fixed nozzle. Increase production rate can be 

calculated: 

 

2

r-R
L1 






 K                                            (3) 

As can be seen from the formula (3), K increases with 

the lengthen of hydraulic giant L. however, the length 

of hydraulic giant is limited by ore formation’s space 

and stability. 
 

3. Field Experiment 
 

Hydraulic borehole mining tool with ratchet 

controlled expandable nozzle was processed and 

debugged in consideration of mechanical reliability 

(Fig.3). Then, this tool was conducted preliminary 

filed experiment at “National Pilot Project for Oil 

Shale in-situ Exploitation” that conducted by Jilin 

University in China nong’an area. 
 

 
 

Fig.3 Part of hydraulic borehole mining tool with 

ratchet controlled expandable nozzle 
 

3.1Experiment Equipments 
 

Main experiment equipments are hydraulic power 

head drilling rig, slush pump, sand pump, high 

pressure pipe and drilling tools, infrared camera, 

computer and the mining tool. (Fig.4)  
 

GK-5 type hydraulic power head drilling rig is special 

hydraulic borehole mining rig developed by Jilin 

University. It can conduct multiple drilling methods, 

such as directional (reverse) circulation drilling, air 

DTH hammer drilling and foam drilling. Of course, its 

main performance parameters are designed for 

hydraulic borehole mining. Its main performance 

parameters are following. 
 

 
 

Fig.4 Schematic diagram of the field experiment 

equipments 



Design and Preliminary Field Experiment of Hydraulic Borehole  

Mining Tool with Expandable Nozzle
 

International Journal of Earth Sciences and Engineering 

ISSN 0974-5904, Vol. 10, No. 03, June, 2017, pp. 473-477 

475 

Table1: Main performance parameters of GK-5 
 

The parameter Data 

Drill pipe diameter(mm) 89/102 

Drill pipe length(mm) 4500 

Rotary torque(N*m) 11000 

Rotary speed(r/min) 3-150 
 

BW250 type slush pump provide high pressure water 

in this experiment. Its main performance parameters 

are following. 
 

Table2: Main performance parameters of BW250 
 

The parameter Data 

Power(KW) 15 

Maximum pressure (MPa) 8 

Maximum flow (L/min) 250 
 

Sand pump lifts ore pulp from bottom of the hole to 

the ground. Its maximum return flow is 15m
3
/h. 

 

3.2Experiment Design 
 

The experiment purpose is testing work feasibility of 

the tool. There were two different diameters nozzles 

selected in this experiment. Thus, two experiments 

were conducted and the experiment parameters were 

shown in Table 3. 

 

Table3: Experimental parameters 
 

Number Nozzle 

diameter 

(mm) 

Pump 

pressure 

(MPa) 

Pump 

flow 

(L/min) 

Flow 

velocity 

(m/s) 

1 4.8 4 90 82.9 

2 6.4 4 145 75.1 
 

3.3Experiment Procedure 
 

Fig.5 shows field experiment site. First of all, a 

ϕ500mm hole was drilled by hydraulic power head 

drilling rig. Then, the casing was put on the top of the 

mining formation. After that, hydraulic borehole 

mining tool was put down the hole. High pressure 

water was transported into the tool and drill pipe 

string began rotating. High pressure water jet out from 

expandable nozzle broken hole wall constantly with 

the tool going up until the expandable nozzle at the 

top of mining formation. The tool was put on the hole 

bottom and press a distance using hydraulic power 

head for opening the expandable nozzle. Above steps 

were repeated again. A cylindrical mining cavern 

formed. Infrared camera was put down the hole to 

observing broken hole wall, which is more intuitive 

observation means. 

 

 
 

Fig.5 Field experiment site 
 

4. Result and Discussion  
 

(1) Part of ore particles that was filtrated from settling 

basin during mining process was filtrated as different 

particle diameter, shown as Fig.6. And, Fig.7 shows 

ore particle size distribution. From two figures, ore 

particles that particle diameter less than 2cm have a 

percentage of 60%, which proves the mining tool can 

fully broken this formation. This particle diameter is 

suitable for reverse circulation pipeline transport. 

Percentages of that particle diameter is 2-5cm, 5-

10cm, ＞10cm are 15%, 10%, 15% respectively. Low 

mechanical strength and natural fractures in this 

formation may lead to some big particle peel off. 

 

 
 

Fig.6 Ore particles filtrated from settling basin 
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Fig.7 Ore particles size distribution 
 

(2) Infrared camera was put down the hole to 

observing broken hole wall and computer record 

video, shown as Fig.8 and Fig.9. A obvious annular 

boundary between hole wall and mining cavern was 

formed on the top of mining formation according to 

Fig.8. This explains that high pressure jet cutting the 

formation and the mining cavern become a larger 

diameter cylindrical space. The tiny fracture faces in 

Fig.9 account for high pressure water jet has broken 

the formation into small diameter particles. 
 

 
 

Fig.8 Top of the mining formation 
 

 
 

Fig.9 Middle of the mining formation 
 

5. Conclusion 
 

(1) Hydraulic borehole mining tool with ratchet 

controlled expandable nozzle can open and back in 

field experiment. The ratchet controlled mechanism 

can accurately lock and control the expandable nozzle 

opening angle. So, this tool can expand mining 

volume and increase single well ore production. 

(2) Most particles have a suitable size for hydraulic 

transmission. However, some big particles generate in 

field experiment because low mechanical strength and 

natural fractures in formation. Also, it is relate to 

water jet pressure, rotational and lifting speed of drill 

pipe string. Mining parameters will be modified 

according to formation mechanical strength and other 

special properties in future research. 
 

Acknowledgements 
 

This work was supported by the National Cooperative 

Innovation Project on Chinese Potential Oil and Gas 

Resources (Grant No.OSR-04). 
 

References 
 

[1] Bojan Dimitrijevic, Ján Pinka, Vladimir 

Mitrovic, “Selection of technological 

parametersin borehole mining production by 

technical deep drilling and hydroexploitation”, 

Acta Montanistica Slovaca, 9(3), PP.160-167, 

2004. 

[2] XIA Bairu, ZENG Xiping, MAO 

Zhixin，“Research on One Borehole Hydraulic 

Coal Mining System”， EARTH SCIENCE 

FRONTIERS, 15(4), PP. 222-226，2008. 

[3] I B Bondarchuk and I V 

Shenderova.，“Classification of hydraulic 

borehole mining technological processes during 

pay zone development”， IOP Conference 

Series: Earth and Environmental Science, 

2015，Vol. 24, conference 1. 

[4] Bondarchuk I B and S Ya 

Ryabchikov，“Modern concepts of 

technological processes in development of 

productive formations by hydraulic borehole 

mining”，Bulletin the Tomsk Polytechnic 

University, 325,PP:180-190，2014. 

[5] FUChun, YAN Enfeng，“New Mining 

Technique——Bore Hydromining”，MINING 

AND METALLURGICAL 

ENGINEERING,24（4）,PP:7-8，2004. 

[6] Yang Lin, Tang Chuanlin,Zhang Fenghua，“The 

Technology of Hydraulic Borehole for 

Underground Mining and Its Application” 

Chinese Journal of Underground Space and 

Engineering, 2（4）,PP:662-665,2006. 

[7] Chen Chen，“Drilling Hole Hydraulic Mining—

—A New Method of the Mining Technology”， 

World Geology, 17（4）,PP:85-87,1998. 

[8] Chen Chen, Zhang Zupei，“Borehole 

hydromining”，China Mining Magazine, 

7（6）,PP:40-43,1998. 

[9] Chen Chen, Li Gang, Wen Jiwei, et 

al，“Borehole hydraulic mining drilling 

http://iopscience.iop.org/journal/1755-1315
http://iopscience.iop.org/journal/1755-1315
http://iopscience.iop.org/volume/1755-1315/24
http://iopscience.iop.org/issue/1755-1315/24/1


Design and Preliminary Field Experiment of Hydraulic Borehole  

Mining Tool with Expandable Nozzle
 

International Journal of Earth Sciences and Engineering 

ISSN 0974-5904, Vol. 10, No. 03, June, 2017, pp. 473-477 

477 

system”，International Symposium on Oil Shale 

Exploration and Utilization, PP:18–20,2011. 

[10] Yan Xuanchen, Chen Chen, Liu Xinpeng, et 

al，“Physical And Mechanical Parameters Of 

Borehole Hydraulic Mining Of Nong’an Oil 

Shale”，Oil Shale, 29（3）, PP:237-

247，2012. 

[11] Zhao Guijie, Chen Chen, Dong Xuejiao,et 

al，“Application Of Flac3d For Simulation Of 

The Borehole Hydraulic Mining Of Nong’an Oil 

Shale”，oil shale, 31（3）, PP:278-288, 2014. 

[12] Pei Jianghong, Liao Zhenfang，“Mathematical 

model of air-lift in borehole hydraulic jet 

mining”，JOURNAL OF CHINA COAL 

SOCIETY, 35（3, PP: 373-376, 2010. 


