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Abstract. The article describes the main types of technological schemes for working out the flooded strata of sand
deposits using hydraulic shovel excavators. The analysis of scientific and technical literature describing the
experience of using hydraulic shovel excavators in the open-pit mining, including pits for the extraction of construction
sand, has been carried out. The proposed technological scheme is that the development of reserves of the flooded
strata without preliminary water reduction is carried out by a hydraulic shovel excavator from under water by a
downward digging with the storage of the extracted rock mass in bulk (for dewatering), placed in such a way that
when working out the next mining bench width, it is located within the working area of the excavator for
simultaneous processing of the next bench width and loading of dewatered sand from the pile. Calculations of the
parameters of the operating platform and the excavator block of the proposed technological scheme for conducting
open-pit mining were carried out. The dependence for determining the minimum length of the mining operations front
of an excavator for drawing up a technological scheme of operation of a backhoe hydraulic excavator on working out
the flooded strata with the pile formation for dewatering sand and its subsequent uploading from the pile by the same
excavator is presented.
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Introduction. The development of the mineral resource base of the country is due to the in-
troduction of advanced technologies and technological production schemes that allow efficient
and rational use of available resources and reserves. Advanced mining enterprises are guided
by modern technologies and technological schemes, which are characterized by high knowledge
intensity [1]. The development of mining technologies and technological schemes of mining
production is based on the introduction of advanced information technologies in the design
and production of mining operations, the results of interdisciplinary research in the field
of mining and consumption of mineral raw materials, production automation, environmental
protection [2].

Mining industry is one of the key sectors of the economies of many countries of the world,
it determines the efficiency of functioning of other industries, and the enterprises of the mineral
resource complex of Russia provide about half of the gross domestic product [3-5].

High rates of civil and road construction lead to increased demand for such common minerals
as sand and gravel, therefore, deposits located near settlements and transport communications are
increasingly involved in development. These circumstances lead to the need for mining operations in
cramped conditions, when the land allotment of a mining enterprise is limited by various infrastructure
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facilities. Complicating circumstances are also that deposits involved in mineral reserves development
are located below the groundwater level.

The open-pit mining method of mineral deposits is prevalent in the sand extraction, which is mainly
used in the construction industry (especially as a fine filler in concrete), road construction, for the for-
mation of new territories (alluvial artificial islands) and other fields of activity [6, 7]. The choice of means
of mechanization and technological schemes in sand extraction pits is determined by the mining
and geological conditions of the deposits, in particular, the degree of flooding of the mineral reserves
being developed, the presence and composition of rubbles.

Currently, about 60 % of the sand and sand-gravel deposits being developed and planned for
development are characterized by the presence of a flooded strata in mineral deposits. The degree of
flooding of a mineral deposit plays an important role in determining the development schemes
and choosing the means of mechanization. Pumping groundwater out of the face leads to an increase
in the cost of purchasing fixed assets and energy resources. The slightest change in the water level
requires consideration of a number of problems, such as changes in the physical and chemical
properties, gas and bacterial composition of groundwater, complete disappearance of groundwater
sources, drainage of rivers and lakes, changes in the state and properties of the rock mass, the occur-
rence of karst and other processes.

The technology of conducting open-pit mining operations on flooded deposits of construction
sands usually includes the separation of the developed deposit into dry and flooded parts. The
development of the flooded part of the sand deposits is carried out mainly by means of hydro-mechani-
zation, in some cases hydraulic or mechanical excavators with equipment such as backhoe or dragline
are used for the downward digging of rock from the flooded face [8, 9].

The development of flooded reserves of sand deposits and sand-gravel mixture is associated with
the need to bring the mineral to the required degree of humidity. For this purpose, a pile is formed at
the pit (in the case of using an excavator method of mining minerals) or an alluvial map (if mining is
carried out using a dredger).

Since open-pit mining causes significant damage to water, biological and soil resources [10],
mining enterprises should take urgent measures for the ecological recovery of disturbed lands and
their return to economic use even at the initial stage of operation [ 11], and besides, the main direction
of recultivation of flooded sand deposits is water management. Due to the fact that the flooded pits for
the extraction of construction sand are located in close vicinity to settlements, in order to ensure the safe
use of these territories by the population, it is necessary to pay attention to the formation of the developed
space of the deposit in the form of a flooded pit, the parameters of which depend on the depth of the
deposit development, the type of extracted minerals, the technological scheme and technology used [12].

The development of partially flooded and flooded deposits by the excavator method is carried
out using mainly draglines and less often backhoe hydraulic excavators. With a high content of
rubble, the effectiveness of the draglines use decreases [13].

Shovel excavators with hydraulic drive in combination with road transport are increasingly used
in mining industry in the development of mineral deposits of various types [14]. Shovel excavators
with hydraulic drive are widely used in excavation and loading operations, especially when the
supply of electricity to mining areas is difficult, as well as in pits of small and medium production
capacity [15]. Insignificant linear parameters of operation of hydraulic shovel excavators are not
restrictions to their use in flooded deposits, since the appearance of elongated working equipment
for these machines allows to consider them as alternative options for draglines and even for
dredgers.
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One of the main advantages of hydraulic shovel excavators with working equipment is the
presence of a backhoe, in comparison with other types of excavators, makes it possible to set any
trajectory of the shovel movement [16], which allows to clean and form the necessary contours
of the excavators operating platform, the lower bench platform and the face without the use of
additional equipment.

The main technological scheme, according to which the open-pit mining of mineral deposits
is carried out using backhoe hydraulic excavators in combination with road transport, is the location
of the excavator on the bench roof with the working out by the downward digging and loading of
vehicles on the horizon of the hydraulic shovel excavator installation [ 17, 18]. The preparation of the
operating platform is an important factor, especially when loading vehicles, because road conditions
at loading and unloading sites predetermine up to 70 % of the wear of truck tires.

The main suppliers of hydraulic shovel excavators to mining enterprises are manufacturing
companies: Caterpillar Inc. [19-21], Hitachi [19, 20, 22], Komatsu Ltd. [22-24], Liebherr [19, 20],
Volvo, etc. [19].

Backhoe hydraulic excavators with a bucket capacity of up to 10 m®> and maximum parameters
of working equipment (shovel booms and dipper handles) are mainly used in pits developing flooded
sand deposits. The relative characteristics and efficiency of the excavator are determined, first of all,
by a combination of the main parameters of the excavator working equipment. Therefore, a complex
study of their interrelations is one of the most important tasks in the theory of general calculations of
hydraulic shovel excavators [15, 25].

The shape and size of the working area of the excavator have the greatest impact on the techno-
logical capabilities of the equipment and, as a result, the possibility of its use in specific mining and
geological conditions. Such geometric parameters as the maximum height and depth of digging, the
height of loading and unloading, the radius of digging at the level of the excavator parking, etc. can
be determined by the axial profile of the working area [26]. These characteristics are given by
manufacturers in numerical format or in the form of graphic kinematic schemes in specialized pass-
port literature.

The design of hydraulic shovel excavators is based on the use of articulated working equip-
ment, in this regard, the radius of action of the excavator does not depend on the height of digging
and unloading. The radii of digging and unloading are determined based on the conditions of safe
mining operations and efficient loading of the tipper [27].

The use of hydraulic shovel excavators determines the cyclic mode of equipment operation [28,
29], in this regard, downtime and break-ups may occur at any stage of work. This allows changing
the type of activity of the equipment after the completion of the excavator cycle, the duration of which
is about 25-60 s, depending on the dimensions of the machine.

Methodology. The analysis of technological passports of hydraulic shovel excavators operation
showed that the main parameters of the operating platform are the widths: the excavator bench width
along the pillar, the additional safety strip (safety bench), the roadway (depends on the linear parameters
of vehicles), the shoulder of the pit road, the auxiliary strip and the base of the prism of a possible
fall, including the safety shaft.

The minimum width of the operating platform of a hydraulic shovel excavator in road transport
depends mainly on the size of the excavation and loading machine, the overall dimensions of tippers
and traffic patterns within the working area, as well as on the height of the benches being developed
and the physical and mechanical properties of the rocks composing it [30].
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The installation of hydraulic shovel excavators in the face during mining is determined by the
width of the safety bench, which is determined by the natural slope angle of the rocks being developed,
as well as the height of the rock thickness being worked out [31, 32].

The limited space at the loading site affects the maneuverability of the tipper truck during its
loading due to the fact that when the tipper truck approaches the excavator for loading, it needs
to make turns to position the body in a safe and correct place directly under the shovel of the
excavator [33].

The volume of rock extracted from the face for one excavator working parking spot (the volume
of the face block) is determined by the excavator movement step (the distance between adjacent parking
spots of a backhoe hydraulic excavator), the width of the rock strata being worked out (the height of
the bench or sub-bench) and the maximum radius of the excavator digging at the level of the lower
platform of the bench. The maximum distance between the adjacent working parking spots of the
excavator is determined by the difference between the maximum radius of the excavator digging at
the level of the lower platform of the bench and the product of the width of the rock strata being
worked out by the cotangent of the slope angle of the bench according to the condition of safe exca-
vator installation.

The bench width of a backhoe hydraulic excavator, working with a downward digging, including
when working out a flooded face, is determined by a directly proportional relationship between the
radius of the excavator digging, set based on the linear dimensions of the excavator working equip-
ment and determined by the kinematic scheme of work, and the sine of the rotation angles of the
excavator from the axis of its stroke when digging, not exceeding 30-45°.

Development of flooded deposits without preliminary water reduction with sand excavation
by hydraulic shovel excavator under the water is produced by downward digging with storage of
the extracted rock mass in bulk for dewatering. Flooded sands are worked out taking into account
the abandonment of a protective layer of dry sands. Sand is shipped from the drained bulk by an
excavator or loader to the means of transportation.

When unloading a mixture of water and sand from an excavator shovel into a dewatering pile
located on the horizon under development, the minimum width of the operating platform increases
by the width of the base of the dewatering shaft and the safe distance between it and technological
equipment. The operating platform during the development of flooded deposits of construction sand
should be installed at least 0.5 m above the groundwater level in order to create a safety cushion above
the aquifer. The distance between the bench crest and bench toe of the dewatering pile includes the
placement of trench or side ditch that provides the discharge of water coming from the dewatering
pile and safety shaft, limiting the prism of possible bench fall.

The width of a pit road includes the width of the roadway and the shoulder, determined by the
number of traffic strips and the overall width of the tipper, as well as, if necessary, other elements,
such as dewatering structures (trays or side ditches), a side ditch shelf, etc.

The length of the excavator block, or the length of the mining front per excavator, is one of the
key parameters of the field development system, which affects the productivity of the complex of
excavation, loading and transport equipment. The considerable length of the excavator mining front
allows to reduce the loss of time for the transition of the excavator to a new bench width and the re-
laying of transport communications. The operation of the excavator with minimal excavator blocks
in length allows reducing the transport mileage on in-pit roads and increases the intensity of mining.
In this regard, the choice of the optimal length of the excavator block is an important research task
for the geological and mining conditions of each specific mineral deposit.
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The development of small flooded pits for the
production of construction sand, such as line road pits,
causes cramped conditions for mining operations,
therefore, there is a need for the dewatering of minerals
in the contours of the mining bench width. Dewatering
in the bench width contours leads to the need to leave
the pile for a long time so that the water coming from
digging sand or sand-gravel mixture from the flooded
face drains from the entire body of the pile.

To transport the dewatered mineral from the pile
to the vehicles, a second excavator and a shovel

loader can be used, which moves after the mining ex- iig-li}-lThi Szheﬂ;e of mining Oper}?tions using

. . . . a backhoe hydraulic excavator on the excavation
cayator ata chstance sufﬁglent for dewaterlng the pile of the flooded strata with the formation of a pile
(Fig.1). This technological scheme requires the for dewatering sand 1 and subsequent loading
presence of two excavation and loading units of equip_ of the dewatered mineral from the pile into vehicles

: . 2
ment in one bench width. by a second excavator

In order to ensure the development of the flooded
face and the loading of the dehydrated mineral from the
pile by one excavator, a technological scheme can be used
in which the development of the reserves of the flooded
strata without preliminary water reduction is carried out
from under the water by a downward digging with the
storage of the extracted rock mass into a bulk for dewater-
ing, located in such a way that during the development of
the next mining bench width, this bulk is located within
the working area of the excavator. After the completion
of the first mining bench width, the excavator moves
to the beginning of the second bench width and,
with an advancing stroke, ships the dehydrated mineral
from the pile to the vehicles, then, with a retreating
stroke by a downward digging, it works out the flooded
reserves with the storage of the extracted rock mass
in the dewatering bulk, located in the next mining

bench width (Fig.2). Fig.2. The scheme of mining operations using
The minimum length of the mining front of the ex- a backhoe hydraulic excavator on the loading
cavator in the considered technological scheme should of sand from the pile 1 and its subsequent

. . working off the flooded strata with the formation
ensure the necessary productivity of the excavator during of a pile for dewatering sand 2

the dewatering of the mineral in the pile to the required

values. In the case of pits with limited parameters, when drawing up calendar plans for the development
of mining operations, it is necessary to take into account the time interval between the formation of the
pile and its loading, required for the dewatering of the mineral in the pile to the desired values.

When unloading rock from the shovel of an excavator for dewatering into a pile located on the
horizon under development, the parameters of loading by a hydraulic excavator of the vehicle become
irrelevant. The main parameters in the technological scheme under consideration that affect the
hydraulic excavator bench width are the width of the bench and the area of the dewatering pile,
the dimensions of which can be determined depending on the volume of rock extracted from the face
during one working parking of the excavator.

When excavating sand from under water, the mineral is placed on the work site in a pile for
dewatering, therefore, when determining the width of the work site, it is necessary to take into
account the parameters of the pile, the size of the base of which depends on the height and slope angle
of the pile [34].
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h,m | Volvo EC250DLR Disgussion. P‘it sand anc_i sand-gravel mass in
2; i _ O Volvo EC250DL the Leningrad region are mined at more than 50
. developed sites, sea sgnd — in the Gulf of F'mland
§ b [35]. The total extraction volume of these minerals
4 1s about 70 % of'the extraction volume of minerals
3 at all objects operated in the region [36].

2 In order to test the results of theoretical re-
(1) - search, the conditions for the development of the

12345678 9101112131415 Ls,m  Agalatovo construction sands deposit in the Len-

ingrad region were considered, which is carried

F'i g.3. Diagram of'the dependence of thq distances between out according to the technolo gical scheme with the

adjacent work parking spots on the capacity of the sand strata .

being worked for the Volvo EC250 hydraulic excavator excavation of the flooded s!:rata by a dredger an.d

with various working equipment loading sand from the alluvial map by a hydraulic

shovel excavator. The sand is drained in three al-

luvial maps, the area of which is more than four hectares, which determines the increase in the cost
of using the land allotment for the enterprise.

With the aid of computer modeling, the values for the maximum distances between adjacent
working parking spots of a backhoe hydraulic excavator Ls for different capacities of the strata
being worked out / are established. The development takes place by downward digging with a slope
angle of the bench equal to 33°, using the example of a hydraulic shovel excavator Volvo EC250
(with a boom length equal to 6 m with a handle length of 2.97 m), similar in technical characteristics
to the excavator Volvo EC 249 BLC, which is used at the Agalatovo pit, but is not currently available,
and models on a similar base with extended DLR equipment with a boom length equal to 10.2 m with
a handle length of 7.85 m (Fig.3).

Based on the obtained values of the distance between adjacent excavator parking lots, it
is possible to determine the volume of rock extracted from the face in one parking lot, which deter-
mines the parameters of the dewatering pile during excavator operation according to the scheme
shown in Fig.2.

As a result of the calculations carried out using a program to determine the parameters of the
excavator bench width into the flooded face (registration number 2020614350, registration date:
01.04.2020), the values of the optimal bench width and the width of the operating platform of backhoe
hydraulic excavators were revealed when unloading the shovel into pile for dewatering with subse-
quent loading into motor vehicles. For the Volvo EC250 excavator with extended DLR equipment
with a boom length of 10.2 m, a handle length of 7.85 m, when it is worked out with a downward
digging of a flooded strata with a capacity of 3 m and a slope angle of 33°, the optimal excavator
bench width will be 6.4 m, the excavator movement step is 6.5 m, the height of the pile for dewatering
1s 3.4 m, and the width of the operating platform is about 20-25 m.

The minimum length of the mining front of the excavator for the technological scheme with the
operation of a backhoe hydraulic excavator on the development of a flooded strata with the formation
of a pile for dewatering sand and its subsequent loading from the pile by the same excavator is cal-
culated according to the following dependence:

¢ EKf.stKus.st
sh
T EKfK”S 1 _ Ztc.stl<1.st
“ thl (Rs.max - s.saf)hAst
f = hA ’

st
where T — dewatering time of rock in the pile, min; £ — excavator shovel capacity, m’; Ky, K — the
coefficients of loading the excavator shovel with minerals when digging from the face and from the
pile, respectively; Kus, Kus.sc — the coefficients of the excavator use when digging from the face
and from the pile, respectively; f., f.s — the duration of the working cycle of the excavator when
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digging from the face and from the pile, respectively, min; K;, K;s — the rock fragmentation indexes
when digging from the face and from the pile, respectively; z;, — time required to move the excavator to
an adjacent bench width, min; Rs.max, Rs.sof —maximum and safe excavator digging radii when digging
from the face, respectively, m; 4 — bench height, m; 4y — the excavated bench width of the excavator, m.

Dewatering of sand in the formed pile is carried out by drainage due to the action of gravitational
forces. The duration of rock dewatering in the pile depends on the height of the pile, granulometric
and mineralogical composition, climatic and other conditions.

For the conditions of the development of the Agalatovo construction sands deposit in the Lenin-
grad region, the minimum length of the excavator mining front for the technological scheme with the
operation of a backhoe hydraulic excavator on the development of a flooded strata with the formation
of a pile for dewatering sand and its subsequent loading from the pile by the same excavator will be
200-300 m, depending on humidity.

Conclusion. The conducted studies show that the use of the technological scheme of mining
operations when working out the flooded strata using hydraulic shovel excavators will reduce the area
of the land allotment occupied by the enterprise for the formation of alluvial maps and bulk for de-
watering sand. The dependences of the distances between adjacent work parking spots on the capacity
of the sand strata being worked out for modern and promising models of backhoe hydraulic excava-
tors from the most well-known manufacturers allow to establish the shape and dimensions of the
working area for these excavators.

The introduction of the proposed technological scheme for the extraction of construction sand
with dewatering in the bench width contour at the construction sand deposits will lead to a reduction
in the required fleet of working equipment of the enterprise and will allow the development of the
flooded strata of the deposits, taking into account the optimal operating parameters of the equipment
available at the pits.

Prospects for the development of technological schemes with in-hole dewatering are associ-
ated with the development of excavator construction, so the appearance of the class of heavy
backhoe hydraulic excavators will significantly expand the possibilities of excavator development
of the flooded strata of sand deposits.
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