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Abstract. When choosing equipment for working out a coal-bearing zone 
of a quarry field, one of the most important factors is the use of excavator 
equipment available at the enterprise. From previously published works, 
the main advantages and disadvantages of the most common types of 
excavators (rope shovel and backhoe) are known. In this article, the authors 
propose an organizational scheme for the development of a coal-bearing 
zone using both types of excavators. A technological scheme of the 
development of a coal-bearing and a coalless zone of a quarry field by the 
complexes of these excavators is given. The advantages of the given 
scheme of mining are determined.  

1 Introduction  
At formation of excavation and loading complexes and creating of technological schemes 
of   mining operations in coal-bearing zones of open pits it is necessary to consider 
conditions of occurrence of coal seams and a set of the serially made mining equipment. 
Technological schemes of mining operations based on the use of mining and loading 
complexes, should meet the following conditions. 

Requirements to the elements of excavation and loading complexes: the ability to work 
in the same climatic conditions; comparability of performance of separate elements of the 
complex; mobility of elements of the complex; possibility to work out the coal-and-rock 
massif at one method of preparation of rocks for excavation; use of mainly the same type of 
energy; possibility of spatial manipulation of the working body of the machines of the 
complex [1-12]. 

Requirements for construction of technological schemes with the use of excavation and 
loading complexes:  
- elimination of mutual hindrances in joint operation of the complex elements;  
- ensuring completeness and quality of coal seams extraction;  
- maximum use of working parameters of the elements of the excavation and loading 
complex;  
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- minimization of shunting non-productive operations of the complex elements;  
- creating conditions for the movement of vehicles mainly on the unblasted rock massif;  
- possibility of visual mutual review of the complex elements;  
- ensuring the safety of the work of the elements of the excavation and loading complex. 

The basis for the formation of excavation and loading complexes for the development of 
coal-bearing zones of the quarry fields is a serial mining equipment for opencast mining 
operations. 

2 Methods 
In the practice of Kuzbass open pits for the mining of coal formations two systems of 
mining according to V.V. Rzhevsky classification [13, 14] mainly use: a longitudinal single 
or double-sided deepening system. Let's consider preconditions to formation of 
requirements of technology of extraction of a rock mass from a position of formation of 
structure of an excavation complex (Table 1). 

Table 1. Characteristics of the mining system from the point of view of formation of development 
requirements by the excavation complex. 

Parameter name Detailed specification description 

maximum coal extraction from subsoil some of the coal reserves are not worked out, 
because of the cutting trench link to the 
powerful seam of the formation and the 

movement of the mining front from the hanging 
side of the deposit to the lying one 

provision of optimal conditions for separate 
mining of coal seams by existing and 

prospective equipment 

coal is first extracted by longitudinal motion of 
the front, then overburden, which ensures 

separate mining 
minimizing the potential for coal dilution 

by bedrocks 
depends on excavation equipment at stripping 
and mining operations, clogging reaches 10-

15% due to the use of rope shovels and 
decreases with the use of hydraulic shovels and 

backhoes 

ensuring the stability of the quality of 
mined coal 

the condition is provided by the technical 
complex for handling, sorting and processing 

capacity of excavators during mining of 
coal-bearing zones 

capacity is ensured by the excavator moving 
along the long axis of the quarry field 

creation of conditions for free maneuvering 
of excavation and transport equipment in 

the face zone 

Difficulties associated with the peculiarities of 
the longitudinal mining front: simultaneous 

deepening of the thickest seam of the formation 
and stripping of the sides on the overlying 

benches 

separate extraction of rock and coal layers clogging and losses depend on the existing 
mining equipment fleet 

ensuring that all components of the face are 
handled separately 

components are handled alternately – 
longitudinal mining front 

coal mining of the same grade composition 
during the day 

one brand of coal - one coal seam is mined 
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3 Results 
Taking into account the above mentioned advantages and disadvantages it is proposed to 
use the advantages of each type of mining complex. The principal organizational scheme of 
rock mass development is as follows (Fig. 1).  

In case of transport technology, excavation of the coal-and-rock massif is performed by 
horizontal layers: after one layer within the block is removed, deepening and mining of the 
underlying layer takes place. For the coal-bearing zone, alternating the advantages of each 
excavator (rope shovel and backhoe) in accordance with the principle set out in Fig. 1, the 
coal-bearing zone is worked out, and outside the coal-bearing zone only rope shovels are 
used. 

 
Fig. 1. Principal scheme of mining of the coal-bearing and coalless zone of the quarry field by set of 
rope (or hydraulic) shovels and backhoes.  

In order to meet the requirements to the technology mentioned above, the following 
organization of work is proposed for coal seams development. The excavator can be 
installed both on the roof of the bench, and if the thickness of the rock partings allows, and 
on the bottom of the bench. Loading of coal and rocks – on the ground level or above it. 
Initially, excavation of the seam or a group of close seams, the coal grade of which is 
necessary for a given period of time, is performed, with longitudinal motion of the mining 
front. 

The coal is transported to a coal storage or technical complex for processing. After all 
the coal seams are excavated, a solid rock mass (i.e. coalless zone) is formed within the 
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excavation layer. Then, when the mining front is moved crosswise, the rock partings and 
the coalless zone are mined off. The overburden zone can be stripped out with powerful 
high-capacity stripping equipment. 

 Advantages of the technology are:  
- continuous stripping front is created, which can be stripped out with a powerful high-
performance equipment;  
- stability of the branded coal composition over a certain period of time (for example, daily 
production);  
- mining front direction changes only within a short time; 
- angle at which the coal seam meets the excavator stope is not important;  
- organization of works is simplifying. 

4 Conclusion 
Joint study of requirements to the technology of development of coal-and-rock massif and 
sources of scientific and technical literature shows that there is a clear separation of the 
joint use of excavation complexes based on excavators such as rope shovels and backhoes 
with the combined development of coal-bearing and coalless zones of the quarry field.  

It is established that in some papers the preconditions for the layer mining of coal seams 
are given according to the criteria mutually linking the location of the seams relative to 
each other in the excavation layer and the parameters of their excavation by backhoes, but 
not providing for the layer mining of rock partings and coalless zone by stripping 
excavators (rope shovels).  

The proposed technology of transformation the coal-bearing zone into a coalless one by 
means of outpacing coal seam excavation is very promising for the mining of inclined and 
steep seams, especially in complex-structured coal deposits. 
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