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ABSTRACT  

The Siberian Federal District of the Russian Federation has a significant number of placer gold deposits. Many of 

them are developed by hydraulic mining. Significant clay content in host rocks complicates the process of breaking them, 

which ultimately leads to an increase in the cost of work. Based on the authors’ earlier research, technological solutions for 

rock jetting with ejection of abrasive particles having density of 1.7 t/m3 are proposed to apply for overburden and mining 

operations in placers. The presence of solid particles in a jet makes it abrasive, and then it is possible to break the hard-to-

wash clay mass with much greater efficiency, thus increasing rock jetting performance. 

 
Keywords: placer deposit, hydraulic monitor, rock breaking, rock jetting, technology, clay mass, abrasive particles, rock jetting 
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INTRODUCTION 

The Siberian Federal District of the Russian 

Federation has a significant number of placer gold 

deposits. Many of them are developed by hydraulic 

mining, such as rock jetting that is rock breaking with a 

hydraulic monitor. 

However, at present, there is a clear tendency of 

worsening mining and geological conditions of the 

developed deposits, in particular, the predominance of 

high clay content in the host rocks. This factor 

significantly complicates rock jetting, requires an increase 

in the consumption of production resources of a mining 

enterprise and leads to an increase in the cost of mining 

operations. Thus, it affects the production capacity of a 

mining enterprise that is one of the key indicators 

characterizing its work as a whole, and each process of 

mining technology, in particular. To enhance rock jetting 

performance is a relevant objective. 

The main criterion characterizing rock jetting 

performance is the specific consumption of pressure water. 

It is possible to reduce the value of this indicator, for 

example, by engineering changes, by using additional 

technical operations [1-5] or by adding abrasive particles 

to a hydraulic monitor jet [6-7]. Introduction of an 

abrasive in a water jet has also shown high efficiency in 

water jet cutting [8-13].  

In the mining industry, studies are known on the 

application of an abrasive water jet to increase rock 

breaking performance using a conical pick [14]. Raimondo 

Ciccu and Battista Grosso’s research was aimed both at 

studying the processes by which mechanical excavation is 

improved and at quantifying the increment of the 

excavation performance parameters with water jet. In 

particular, the mechanisms involved in the rock–tool–

water jet interaction have been studied with the goal of 

putting into evidence the contribution of the jet both as a 

way to weaken the rock and to increase the stress leading 

to scale formation [15]. 

 

MATERIALS AND METHODS  

Based on the results of our earlier research [6-7], 

we have developed a technology for rock breaking with 

ejection of abrasive particles into a pressure water jet of a 

hydraulic monitor. 

Rock jetting with this technology is possible 

when conducting both overburden and mining operations. 

 

RESULTS 

To carry out work using the technology of rock 

jetting with ejection of abrasive particles, a hydraulic 

monitor must be equipped with an ejection device (RF 

patent No. 2702442 [16], Figure-1). Abrasive particles are 

supplied to the ejector from a special container 

(accumulator of abrasive particles). The size of solid 

particles (according to customaries, [6]) should not exceed 

10-30% of the ejector mixing chamber outlet diameter. 

The abrasive particles are classified with a screen. 

mailto:NShkaruba@sfu-kras.ru
https://context.reverso.net/translation/english-russian/having+density
https://context.reverso.net/translation/english-russian/t%2Fm3
https://link.springer.com/article/10.1007%2Fs00603-009-0068-7#auth-Raimondo-Ciccu
https://link.springer.com/article/10.1007%2Fs00603-009-0068-7#auth-Raimondo-Ciccu
https://link.springer.com/article/10.1007%2Fs00603-009-0068-7#auth-Battista-Grosso
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Figure-1. The diagram of a hydraulic monitor with an ejection device 

1 - Supply pipeline; 2 - primary valve; 3 - water conduit; 4 - valve; 5 - mixing chamber; 6 - skid-mounted container 

of abrasive particles; 7 - anti-surge valve trim; 8 - flexible pipe 

 

Abrasive particles are supplied from a hydraulic 

monitor sump (overburden operations) or from a 

lixiviation dump of a washing plant (mining operations). 

Abrasive particles are applied based on the graph 

data (Figure-2), depending on required jetting 

performance.  

 

 
 

Figure-2. Relative jetting performance change from a jet containing abrasive particles with variable nozzle 

diameters dn (where 100 % is performance when using pure water). 

 

Jetting performance change is calculated with 

equation (1) [6]. 

 

,%,1.05С) + d83.29)d(-0.265 + d27.37)-d290.0((QΔ hpn
2

hpn +=
   (1) 

 

where coefficient C depends on the angle between a face 

line and jet axis α: 

 

)71010.839d5462.(-8+ α)16.13

d(0.00700 + α)23850.0d(-0.00025 С

n

n
2

n

++

+−= when α<19°;  (2) 

 

)24477.987d8.22290(  α)00108.1

d0.01450- ( α)01193.0d(0.00010 С

n

n
2

n

+−++

++−= when α≥19°.   (3) 

 

 

 

 

150

250

350

450

550

650

750

850

950

1050

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

R
el

a
ti

v
e 

je
tt

in
g

 p
er

fo
rm

a
n

ce
 c

h
a

n
g

e,
 %

Fine soil particles content in a jet, g/l

dn=52 mm dn=76 mm

https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/with+equation
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Technological Solutions for Rock Jetting with Ejection 

of Abrasive Particles during Overburden Mining  

During overburden mining (Figures 3, 4), jet-

broken rock mass in the form of pulp flows by gravity into 

the sump. From the sump, a part of the jet-broken rock 

mass goes to the screen, where the undersize is taken - 

abrasive particles with a size of -4 + 0 mm, and the 

oversize is dumped back into the sump and then 

transported by the hydraulic dredge to the dump (Figure-

5). 

The screen is mounted onto the trestle, under 

which there is a container of abrasive particles - a skid-

mounted one for the undersize product of the screen, with 

a bulldozer attachment that transports it from under the 

trestle to the face. 

For operations according to the technology, the 

minimum number of containers for abrasive particles is 

three units: one of the containers is in the face, the second 

is under the screen for loading abrasive particles, and the 

third is for handling between the face and the screen. 

The container volume of abrasive particles is 

defined based on the jetting performance (Figure-2) and 

the directly related consumption of abrasive particles, the 

screen capacity and the support bulldozer power operating 

in the mining face. 

Since the ejection device of the hydraulic monitor 

(Figure-1, Pos. 5) is a jet pump, it is necessary to supply 

pressure water to it. 

This can be done using an additional pump that 

provides equal or greater head than the head supplied to 

the hydraulic monitor. Alternatively, it is possible to 

supply water from the hydraulic monitor pipeline, but only 

in the case the supply pump provides given pressure head 

to two devices.  

 

 
 

Figure-3. The flow chart of rock jetting with ejection of abrasive particles during overburden operations 

 

 
 

Figure-4. The flow chart of rock jetting with ejection of abrasive particles during overburden operations (cutaway view). 

 

The container of abrasive particles is made with a sloped bottom for their concentration in the place of their intake by the 

ejection device. 

 

https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2
https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2
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Figure-5. The diagram of obtaining abrasive particles: 

1 - Container of abrasive particles; 2 - abrasive particles (undersize product); 3 - screen, 4 - soil pump; 5 - sump. 

 

From the container of abrasive particles, 

delivered by a bulldozer into the face, the picked fraction 

is taken by the ejection device of the hydraulic monitor 

(since it is essentially a jet pump) and supplied into the 

hydraulic monitor jet.  

 

Technological Solutions for Rock Jetting with Ejection 

of Abrasive Particles during Mining Operations  

In the course of mining operations (Figures 6-8), 

the eroded rock mass from the face goes by gravity to the 

hydraulic monitor sump, where from the suction dredger 

supplies it for flushing, for example, to the hydraulic 

elevator sluice box (according to the traditional mine 

scheme). 

The ejection device is supplied with abrasive 

particles from the hydraulic elevator sluice box tailings. 

This is done as follows (Figure 9): in the lower part of the 

trestle, a part of the lixiviation tail fraction is shifted, 

which is sent to the screen, where it is classified to the 

fraction -4 + 0 mm and stored in a special container 

located under the trestle, which the screen is mounted 

onto. The oversize product is discharged from the screen 

into the lixiviation dump of the hydraulic elevator sluice 

box. 

This screen is mounted onto the trestle, under 

which there is a container of abrasive particles - a skid-

mounted one for the undersize product of the screen, with 

a bulldozer attachment that transports it from under the 

trestle to the face (Figure-10). 

To work according to the technology proposed, 

the minimum number of containers for abrasive particles 

is three units: one of the containers is in the face, the 

second is under the screen at loading abrasive particles, 

and the third is transported. 

The container volume of abrasive particles is 

defined based on the rock jetting performance (Figure-2) 

and the directly related consumption of abrasive particles, 

the screen capacity and the support bulldozer power 

operating in the mining face. 

The container of abrasive particles is made with a 

sloped bottom for their concentration in the place of their 

intake by the ejection device. 
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Figure-6. The flow chart of rock jetting with ejection of abrasive particles during mining operations. 

 

 
 

Figure-7. The flow chart of rock jetting with ejection of abrasive particles during mining operations (cutaway view) . 

 

 

https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2
https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2
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Figure-8. The flow chart of a hydraulic-mine dump and settling pond. 

 

From the container of abrasive particles, 

delivered by a bulldozer into the face, the picked fraction 

is taken by the ejection device of the hydraulic monitor 

(since it is essentially a jet pump) and supplied into the 

hydraulic monitor jet. 

https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2


                                VOL. 16, NO. 17, SEPTEMBER 2021                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1791 

 
 

Figure-9. The diagram of shifting a lixiviation part of hydraulic elevator sluice box tails and setting a screen 

and container of abrasive particles: 

1 - Hydraulic elevator sluice box trestle; 2 - hydraulic elevator sluice box; 3 - shifter of lixiviation part of the 

tailings; 4 - skid-mounted container of abrasive particles; 5 - screen 

 

When the hydraulic elevator sluice box is 

elevated not far from mining, gravity flow delivery of 

abrasive particles is possible to the screen, which in this 

case is installed in the face, and the container of abrasive 

particles does not need moving. 

At considerable distances, when it is inefficient to 

use a bulldozer, it is possible to transport abrasive particles 

to the face by pumping equipment. 

Since the ejection device of the hydraulic monitor 

(Figure-1, Pos. 5) is a jet pump, it is necessary to supply 

pressure water to it. 

 

 
 

Figure-10. The container of abrasive particles: 

1 - bulldozer attachment; 2 - container of abrasive 

particles; 3 - abrasive particles (undersize product);  

4 - skids 

 

This can be done using an additional pump that 

provides equal or greater head than the head supplied to 

the hydraulic monitor. Alternatively, it is possible to 

supply water from the hydraulic monitor pipeline, but only 

in the case that the supply pump provides given pressure 

head to two devices. 

The list of support equipment required to carry 

out work according to the proposed technology (relative to 

the traditional one) is shown in Table 1, the flow chart is 

shown in Figures 6-7. 

 

Table-1. The list of support equipment required to use the 

proposed technology for mining operations (per one 

hydraulic monitor). 
 

Name of equipment Number, ea 

Ejection device of a hydraulic 

monitor 
1 

Soil pump 1 

Screen mounted onto the trestle 1 

Container of abrasive particles 3 

Ejection device pump 1 

 

This technology makes it possible to increase 

jetting performance for rocks, including flow-resistant clay 

mass. 

The proposed technology achieves the greatest 

efficiency when the incident angle of the jet with the face 

surface is 25-45 °, that is, when the step is washed out by a 

passing or side face [6-7].  

 

CONCLUSIONS 

The proposed technological solutions for rock 

breaking with ejection of abrasive particles into a pressure 

water jet of a hydraulic monitor can be used during both 

overburden and mining operations. 

https://www.multitran.com/m.exe?s=flow+chart&l1=1&l2=2
https://www.multitran.com/m.exe?s=steel+trestle&l1=1&l2=2
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Ejection of abrasive particles allows enhancing 

rock jetting performance. Rock jetting performance 

change depends on the number of ejected particles.  

Enhancing rock jetting performance happens as a 

jet gets abrasive properties due to having solid particles. 

Moreover, the proposed technology makes it 

possible to reduce the specific consumption of pressure 

water for rock jetting. 
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