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Abstract.  Modern the technology to extract and process rock mass have proved studies basic sources ore losses, 
what act to the technogenic objects: losses commercial ores from the stoping faces, non-commercial, they are not 
subject to record, oxidized ores which should be stored in a separate storage or dump and dry wastes of a processing 
plant. Required that ore losses and dilution while mining are determined by following mining, technological and technical 
parameters of open-pit mining operations. Determined that ore losses in an open pit depend polynomially upon technical 
characteristics of the equipment being directly proportional to the contact zone angle and inversely proportional to the 
processing volumes. A technique to process rock mass from hard-rock technogenic media has been developed, it is 
aimed at recovery of mineral losses, restoration of the environment at the territory of mining enterprises by means of 
rock mass extraction, its processing and redistribution for the purposes of land recultivation and landscape restoration. 
Classification of dry ore-containing hard rocks of dumps has been developed; that has made it possible to improve 
technological scheme of the processing of rock mass from technogenic media, emphasize its variants of use, and 
specify the required facilities and their productivity. Classification of hard dry dump rock is as follows includes of origin 
rock mass, reserves purposes, mineral type, rock mass lumpiness and specific magnetic sensitivity. Scientific value of 
the paper is in determining the effect of changes in the losses in pre-processing dry wastes upon the yield of industrial 
product and wastes; the effect has demonstrated that the yield of industrial product is in polynomial dependence upon 
the pre-processing losses while yield of tailings is in the power dependence. Practical implications of the paper are in the 
fact that the proposed method helps form mesorelief with the properties close to the natural one, it is involves restoration 
of the initial landscape with the help of opening hard rocks followed, completed by laying water-bearing and potentially 
fertile layers. 

Keywords: open-pit mining, technogenic and disturbed geological environment, mine dump formation, reclamation, 
restoration of landscape. 
 

Introduction. Open-pit mining is impossible without opening operations; 

moreover, further mineral processing is required to obtain commercial minerals. As a 

result, certain technogenic media surrounds any mining enterprise in the form of 

internal and external dumps, storages, and tailing facilities. The environment 

experiences certain changes owing to the increase in volumes and areas of 

technogenic media effecting it: fine rock particles enter the atmosphere resulting in 

dust storms; productive land areas are occupied with waste storages; both  

______________________________________________________________________ 
        © K.V.  Babii, O.O. Ikol, Ye.V.Malieiev , 2019  

https://doi.org/10.1051/e3sconf/201910900003


ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 147 
 

4 

hydrological and hydrogeological parameters of such areas change as well. One of 

the tendencies to control the technogenic areas is their processing with the recovery 

of losses of both minerals and associated products; that makes it possible to 

redistribute rock mass volumes and use wastes for recultivation and mesorelief 

development or restoration. 

The available technogenic media (dumps, storages of intermediate and potential 

raw material, tailing facilities) contain considerable mineral deposits of technogenic 

origin. They are formed while extracting mineral raw material since the extraction 

technique is not perfect; that results in significant mineral losses and dilution. 

Nowadays, numerous scientists are studying that problem; moreover, different 

methods to reduce the losses have been already developed. However, despite the 

considerable scientific and technical achievements, dumps and tailings at mining and 

concentration plants continue to accumulate numerous wastes of minerals and 

associated products. 

Studies concerning the technology to extract and process rock mass have proved 

that following ores are sent into dumps: 

a) commercial ores from the stoping faces where deposit structure is characterized 

by complex geological conditions, i.e. losses. Those mining conditions are controlled 

by special services with corresponding recording and deducting of the lost reserves;  

b) non-commercial, they are not subject to record. That concerns following 

mineral groups:  

– mineral with non-commercial composition,  

– ore interlayers,  

– ore nip into the barren rock,  

– mixture of mineral raw material with the rock while opening by means 

of blasting operations etc.; 

c) oxidized ores which should be stored in a separate storage or dump as a 

potential mineral raw material; 

d) dry wastes of a processing plant after preliminary mineral dressing including 

aggregates; they are losses as well. 

1. Dependence of ore losses during extraction upon mining and geological 

parameters 
Mineral losses and dilution while mining are determined by following parameters 

of open-pit mining operations [1]: 

– mining (complex deposit structure, amount of ―enclosing rock-ore‖ contact 

zones, their visual differences, dip angle of seams, coal bands in them, variety of 

geological minerals, thickness of barren interlayer, noncommercial ores etc.); 

– technological (bench height, width of excavator pass, parameters of the 

production block, cut-off grade of the mineral, direction of the block development 

relative to the contact zone area, possibility to apply selective extraction etc.); 

– technical (capacity of excavator buckets, means of transport, overall dimensions 

of the equipment etc.). 

Paper [1] studies thoroughly mineral losses and dilution depending upon the 

parameters of open-pit mining. According to the data obtained before, mineral losses 
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are in direct proportion to the bench height and thickness of ore deposit in it, 

direction of ―enclosing rocks-ore‖ contact zone, and natural dip angle. Those studies 

were developed further as for the effect of technical characteristics of the excavating 

machinery. 

The available methods to increase ore quality within the stoping face have been 

analyzed. It has been determined that selective extraction and mineral blending are 

the most popular techniques during the production process. However, selective 

extraction was rather efficient in the 1980s–1990s, when excavators with the bucket 

capacity of 3–5 m
3
 and even sometimes 8 m

3
 (in terms of dump truck capacity of 45–

75 t) were used. In the 2000s, in terms of iron-ore open pits, excavators with bucket 

capacity of 8–12 m
3
 (since dump truck capacity has increased up to 110–150 t) are 

applied while, in terms of Kryvbas iron-ore open pits, the project works are going to 

use excavators with the capacity of 20 m
3
. Two excavators with bucket capacity 

being 27 m
3
 operate already in iron-ore open pit of Sokolovsk-Sarbaisk Mining 

Production Association [2]. That tendency as for the growth of the bucket capacity of 

excavating machinery results in the increased ore mass dilution or considerable losses 

which is demonstrated in Figure 1 depending on the inclination angle of the deposit 

α. 

 

Figure 1 - Dependence of ore losses upon bucket capacity 

 

Studies have demonstrated that ore losses in an open pit depend polynomially 

upon technical characteristics of the equipment being directly proportional to the 

contact zone angle and inversely proportional to the processing volumes. Mineral 

losses are accumulated in different technogenic media. 

2. Methods to recover mineral losses from technogenic media. 

Dumps, storages, sludge tanks and tailing facilities accumulate technogenic media 

in the form of losses and associated minerals which may be extracted. To do that, 

rock mass should be processed to extract valuable components. Preliminary rock 
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mass dressing is a prospective processing technique. There are several ways of 

preliminary dressing differing in dressing methods involving the equipment based on 

the application of specific chemical and physical properties of rock: magnetic, 

gravitational, gravitational-magnetic, radiometric, and electrical. 

Currently, much attention is paid to the development of radiometric methods 

which use different radiation to distinguish valuable components in the rock pieces 

(natural radioactivity, light, X-ray, nuclear, electromagnetic radiation of various 

ranges). Methods of magnetic dressing are based on the difference between magnetic 

properties of the components being separated; they are widely used to process ores of 

ferrous, rare, and nonferrous metals. Material separation basing upon magnetic 

properties is performed mostly in constant magnetic field. Depending upon the 

peculiarities of technological processes, it can be mechanical (proper separation) or 

physicochemical and chemical (thermal and thermochemical adhesion). While 

determining the technique for preliminary dressing, one should consider rock mass 

lumpiness, physical properties (magnetic sensitivity or density) etc. 

In terms of iron ores, all the mentioned dressing techniques can be used. 

However, productivity of a production complex is still the basic parameter during 

their application. Radiometric, electrical, and gravitational methods demonstrate good 

results during semi-production testing but they do not suit for large production 

capacities. Practice of iron ore processing shows that magnetic method is the most 

efficient one among dry preparation techniques. Correspondingly, there are different 

facilities used at dressing plants of mobile separation complexes. 

3. Method of mineral extraction from technogenic media. 

A method has been developed to process hard rock mass from technogenic media 

to recover mineral losses and improve environmental conditions at the territories of 

mining enterprises by extracting rock mass, its processing and redistribution to 

recultivate lands and restore landscapes. 

Recently, advanced facilities have been developed: separators for coarse-crushed 

rock mass; impact-centrifugal crushers and mills which provide both fine crushing 

and cleavage within the point of rock aggregation; separators for medium- and fine-

crushed rock mass with high induction equipped with permanent magnets based on 

Nd–Fe–B or Sm–Co alloys. 

Process of segregation while rock mass dumping is the peculiarity of the 

formation of both technogenic media and deposits in them. When dumps are 

constructed by dump trucks or a stoker, the mass segregation in terms of lumpiness 

takes place due to the fact that large lumps with higher potential and kinetic energy 

roll down to the structure base. Thus, finer mass remains within the upper layers of 

the dump making it possible the extract it selectively and process without additional 

crushing. 

A technique of rock mass extraction and processing involves sequential 

performance of such technological processes as excavation, transportation, screening, 

crushing, and dressing. Figure 2 demonstrates general scheme of rock mass 

processing in terms of dumps. 
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1 – bunkers or storages for the lower-layer dump mass; 2 – bunkers or storages for the upper-layer 

dump mass; 3 – bunkers or storages for fine-crushed mass; 4 – screens to separate coarse-crushed 

mass; 5 – bunkers or storages for coarse-crushed rock mass; 6 – coarse crushers; 7 – screens to 

separate medium-crushed mass; 8 – separators for coarse-crushed rock mass; 9 – medium crushers; 

10 – screens to separate fine-crushed mass; 11 – advanced separators for medium-crushed rock 

mass; 12 – fine crushers; 13 – screens to separate fine-crushed mass; 14 – advanced separators for 

fine-crushed rock mass  
 

Figure 2 – Technological scheme of dump rock-mass processing 

 

In terms of selective extraction, rock mass, according to its lumpiness, is fed from 

the lower layers to bunkers or storages 1; rock mass from the upper layers is fed into 

bunkers or storages 2. If there is fine-crushed mass, it is sent into bunkers or storages 

3. 

Sequence of the processing is as follows: rock mass comes from bunkers (or 

storages) 1 onto screens 4 for coarse-crushed mass separation. Then, through product 

is sent to bunkers (or storages) 5 for coarse-crushed rock mass and plus material is 

fed into coarse crushers 6 which products come onto screens 4 with closed cycle. 

Rock mass comes from bunkers (or storages) 5 onto screens 7 for separation of 

medium-crushed mass; then, plus material is sent to separators 8 for coarse-crushed 

mass and through product is supplied into bunkers (or storages) 2. Barren mass is sent 

from separators 8 back to the dump or for relief recultivation and landscape 

restoration while ore inclusions are supplied to medium crushers 9 which product is 

sent to bunkers (or storages) 2. Rock mass is sent from bunkers (or storages) 2 onto 

screens 10 to separate fine-crushed mass. Plus material is supplied onto advanced 

separators 11 for medium-crushed rock mass while through product is sent to bunkers 

(or storages) 3. Wastes of preliminary processing are sent from separators 11 back to 

the dump to be used for recultivation or as building material; ore portion is supplied 

onto crushers 12. After those crushers, the product is sent to screens 13, plus material 

is supplied again into the crushers for final closed cycle while through product is fed 
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into bunkers (or storages) 3. From there, the mass is supplied onto advanced 

separators 14 for fine-crushed mass; further, ore portion is sent for processing at a 

dressing plant and barren mass is sent back to the dump or used for relief 

recultivation or other purposes. 

Use of production processes and facilities in terms of the proposed technological 

scheme depends upon the rock type, rock mass value, lumpiness etc. Thus, 

classification of ore-containing dry hard rock of dumps has been proposed; the 

classification will make it possible to improve technological scheme to process rock 

mass from technogenic media of hard rock, to specify variants of its use, and to 

define the required equipment and its productivity. 

Classification of hard dry dump rock is as follows: 

а) in terms of its origin  

1) from an open pit: 

– opening rocks from the ―ore-enclosing rock‖ contact zone; 

– rock mass with ore interlayers; 

– opening rocks with ore deposit nip-out;  

– oxidized quartzites; 

2) from a dressing plant: 

– wastes of medium-crushed rock separation; 

– wastes of fine-crushed rock separation; 

b) in terms of the reserves purposes: 

– commercial; 

– non-commercial; 

c) in terms of mineral type: 

– high-quality;  

– poor-quality; 

– oxidized; 

d) in terms of rock mass lumpiness: 

– the one requiring coarse crushing (300 – 400)  1500 mm; 

– coarse-crushed (50 – 100)  (300 – 400) mm; 

– medium-crushed (3 – 20)  (50 – 100) mm; 

– fine-crushed (3 – 20) mm; 

e) in terms of specific magnetic sensitivity: 

– strongly magnetic with specific magnetic sensitivity > 400000 m³/kg; 

– weakly magnetic with specific magnetic sensitivity (750 – 10)10
-8

 m³/kg. 

While determining a technological scheme for coarse rock, one should take into 

consideration that radiometric separators used for that purpose are characterized by 

low productivity (up to 70 t/hr) while magnetic ones are characterized by the output 

of up to 800 t/hr. However, any preliminary dressing used for rock mass from 

technogenic media (dumps, storages, and tailing facilities) results in the extraction of 

certain amount of industrial product with commercial content of a valuable 

component which is sent to a dressing plant: 
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p.d.
o.r.o.p.P QQQ  , t       (1) 

where QP – productivity of dressing plant as for crushed ore, t; Qo.p. – open pit 

output, t; p.d.
o.r.Q – productivity of the preliminary dressing complex as for industrial 

product, t. 

Distribution of rock mass volumes while preliminary dressing depends upon 

technical and technological parameters of mining as well as upon qualitative 

characteristics of the material. Volume of the industrial product extraction with 

valuable component p.d.
o.r.Q  is determined by the yield of valuable component in the 

extracted magnetic product p.d.
v.c.γ . 

..
....

..
..

dp
cvro

dp
ro QQ  , t      (2) 

where Qo.r. – rock mass volume being subject to preliminary dressing, t. 

Productivity of the preliminary dressing complex is defined by qualitative indices 

of the rock mass before and after dressing (according to the general basics of dressing 

[3]): 

....

....
..

dpdp

dpdp
cv




                                  (3) 

where α – magnetite iron content in the initial raw material, %; θp.d. – magnetite 

iron content in pre-dressing tailings, %; βp.d. – magnetite iron content in the magnetic 

product after pre-dressing, %. 

In its turn, yield of pre-dressing dry wastes is determined by dependence 

....

....
......

dpdp

dpdp
rorowd QQQ




 , t    (4) 

According to the obtained analytic dependences (2)–(4), effect of qualitative 

characteristics of mineral raw material upon the pre-dressing complex productivity 

has been analyzed. Dependence of the pre-dressing complex productivity (industrial 

product yield) upon qualitative indices of mineral raw material has been identified: it 

is in linear dependence upon the valuable component content in the initial mineral 

mixture and in polynomial dependence upon the valuable component content in the 

output raw material.  

At the same time, rock mass distribution in terms of industrial product and dry 

waste for further recultivation are defined by the dependences upon the losses of a 

valuable component and its content in the pre-dressing wastes (Fig. 3). 

Pre-processing of technogenic raw material with valuable components results in 

following: 
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– mining enterprise has additional increment of ore mass to its dressing plant at 

the expense of obtaining p.d.
o.r.Q  industrial product from the preliminary dressing 

complex; 

– volume of technogenic object per volume of mineral extraction decreases. 

Moreover, rock processing (screening, crushing, re-excavation) helps obtain 

additional products from the re-dressing wastes in the form of building material or 

materials for relief recultivation and restoration. 
 

 

1 – yield of pre-dressing dry wastes, t; 2 – productivity of the preliminary dressing complex as for 

industrial product, t 

 

Figure 3 – Dependence of pre-processing product yield upon the losses of a valuable component 

and its content in wastes before dressing 

 

4. Proposed method helps form mesorelief with the properties close to the 

natural one 

Open-pit mining is characterized by the destruction of micro- and mesorelief. 

Mesorelief includes such elements as ravines, basins, hills, slopes, terraces etc. These 

are the elements that determine peculiarities of microclimate and depth of ground 

water occurrence and redistribute heat and moisture being essential for the formation 

of meso- and macrosystems with specific soil features. Mineral extraction results in 

disturbances of mesorelief due to: 

– open-pit mining operations; 

– collapse of the land surface during the formation of sinkholes; 

– subsidence of the land surface during underground mining of a thick seam or 

several seams; 

– construction of technogenic areas in the form of dumps and sludge collectors;  

– land leveling during construction of a technogenic complex to provide mineral 

extraction, dressing, and processing. 
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Service termination of any mining object (open pit, dump, sludge collector) 

stipulates its recultivation which involves surface leveling (filling of the working), its 

coating with potential fertile layer, and biological (forestry engineering) stage. 

However, in this context, relief form, being peculiar for that area before mining 

operations, is neglected absolutely; that results in the development of numerous 

processes having negative impact for the environment. That is why, in the process of 

recultivation with the restoration of previous mesorelief, following should be 

provided: 

– development of basic elements of current natural mesorelief, high-altitude 

positions, inclination angles of the land surface being formed; 

– layer-by-layer laying or rock types in the dump according to their natural 

stratigraphic position;  

– restoration of porosity in rocks of quaternary deposits by means of layer-by-

layer growing of plants while dump forming to provide aquifer recharge. 

Mesorelief restoration is a complex and long-term process. A method to form 

technogenic relief has been proposed; it includes following stages (Fig. 4): 

– filling an open pit with the opening rocks down to the depth being less then min 

level Нmin of previous natural relief Нnatural by the thickness of the formation of 

sedimentary rocks (filling of potentially fertile layer, aquifer and aquiclude under it); 

– formation of aquiclude (clay) at the angle of natural slope (45°) with the 

opening rocks within the areas where positive relief elements are formed;  

– land planning within the fillings with the formation of the required slope angles 

corresponding to the ones existing before (natural angles), solidification of soil 

horizon; 

– filling of the rocks with water-carrying capacity (sands) of the thickness being 

close to natural aquifer taking into consideration rock consolidation [4]; 

– filling of argillaceous rocks to form vertical porosity with mandatory planting 

[5] (several layers); 

– coating a potentially-fertile soil layer. 

 

Figure 4 – Scheme of stage-by-stage mesorelief formation 
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In terms of parallel deposit mining and mesorelief formation, stage one involves 

filling of a worked-out areas with opening rocks and planning of a horizontal site 

with the help of bulldozer down to the depth Hmin being less by the thickness of the 

formation of sedimentary rocks of previous natural relief Нnatural [6].  

After that, fillings within the areas of natural positive relief elements are formed 

by the height less than Hmax by the thickness of the formation of sedimentary rocks. 

First, rock (filling) massifs are formed with the help of excavator and motor transport 

at the angle of natural slope being 45°. Then, the formed filling of opening rocks is 

planned additionally for the formation of filling slopes so that they correspond to the 

natural ones. Further layers are coated onto the formed base of the natural massif. 

Conclusions. A technique to process rock mass from hard-rock technogenic 

media has been developed; it is aimed at recovering mineral losses and restoring the 

environment at the territories of mining enterprises by rock mass extraction, 

processing, and redistribution for land recultivation and landscape restoration. 

Classification of dry ore-containing hard rocks of dumps has been elaborated. The 

classification has become the basis to improve technological scheme of processing 

rock mass from technogenic media; variants of its application have been emphasized; 

required facilities along with their productivity have been specified. 

Results of the calculations basing upon the proposed processing technique (yield 

of pre-processing products) have been analyzed. It has helped demonstrate that the 

yield of industrial product is in polynomial dependence upon the content of magnetite 

iron in the magnetic product after pre-processing (which is determined by the 

equipment quality) while tailing yield in terms of the same process is in power 

dependence. 

A method to form mesorelief with the properties close to the natural one has been 

developed. The method involves restoration of the initial landscape base with the help 

of opening hard rocks followed by the aquiclude formation with the angles 

corresponding to the natural ones. After that, water-bearing and potentially-fertile 

layers are laid. 
_______________________ 
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Анотація. При сучасній технології виїмки та переробки гірської маси досліджені основні джерела втрат руди, 

яка поступає до техногенних об’єктів: втрати балансових кондиційних руд з видобувних вибоїв, позабалансові, які 
не підлягають врахуванню, окиснені руди, які повинні зберігатися окремим складом або відвалом та сухі відходи 
збагачувальної фабрики. Визначено, що втрати і збіднення корисної копалини при її виїмці визначаються 
геологічними, технологічними та технічними параметрами відкритих гірничих робіт. Встановлено, що втрати руди 
в кар’єрі поліноміально залежать від технічних характеристик устаткування, прямо пропорційно від кута 
контактної зони та обернено пропорційно залежать від об’ємів переробки. Розроблено спосіб переробки гірської 
маси з техногенних середовищ скельних гірських порід, який передбачений для вилучення втрат корисної 
копалини, відновлення довкілля на територіях гірничодобувних підприємств шляхом виїмки гірської маси, 
переробки та перерозподілу її об’ємів для рекультивації земель та відновлення ландшафтів. Розроблено 
класифікацію скельних сухих вiдвалiв порід, якi мiстять руду, яка дозволила вдосконалити технологічну схему 
переробки гірської маси з техногенних середовищ, виділити варіанти використання її, визначитися з необхідним 
обладнанням та його продуктивністю. Класифікація скельних сухих відвалів порід включає походження гірських 
порід, призначення запасів, тип корисної копалини, шматкуватiсть гірської маси та питому магнітну 
сприйнятливість. Наукове значення роботи полягає у встановлені впливу зміни втрат у сухих відходах 
передзбагачення на вихід промислового продукту і відходів, який показав, що вихід промислового продукту 
знаходиться в поліноміальній залежності від втрат процесу передзбагачення, тоді як вихід хвостів в – степеневій. 
Практичне значення роботи полягає в запропонованому способі формування мезорельєфу з властивостями 
близькими до природного, який полягає у відновленні спочатку основи первинного ландшафту скельними 
породами розкриття, потім формуванні шару порід водоупору з кутами відповідними до природного, після чого 
передбачено нанесення наступних шарів (водоносний горизонт та потенційно-родючий шар). 

Ключові слова: відкрита розробка, техногенні та порушені геологічні середовища, відвалоутворення, 
рекультивація, відновлення ландшафту.  

 
Аннотация. При современной технологии выемки и переработки горной массы исследованы основные 

источники потерь руды, которая поступает к техногенным объектам: потери балансовых кондиционных руд с 
добывающих забоев, внебалансовые, не подлежащие учету, окисленные руды, которые должны храниться 
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отдельным составом или отвалом и сухие отходы обогатительной фабрики. Определено, что потери и 
разубоживание полезного ископаемого при его выемке определяются геологическими, технологическими и 
техническими параметрами открытых горных работ. Установлено, что потери руды в карьере полиномиально 
зависят от технических характеристик оборудования, прямо пропорционально от угла контактной зоны и обратно 
пропорционально зависят от объемов переработки. Разработан способ переработки горной массы из 
техногенных сред скальных горных пород, который предусмотрен для извлечения потерь полезного 
ископаемого, восстановления окружающей среды на территориях горнодобывающих предприятий путем выемки 
горной массы, переработки и перераспределения ее объемов для рекультивации земель и восстановления 
ландшафтов. Разработана классификация скальных сухих отвалов пород, содержащих руду, которая позволила 
усовершенствовать технологическую схему переработки горной массы из техногенных сред, выделить варианты 
ее использования, определиться с необходимым оборудованием и его производительностью. Классификация 
скальных сухих пород отвалов включает происхождения горных пород, назначения к запасам, тип полезного 
ископаемого, кусковатость горной массы и удельную магнитную восприимчивость. Научное значение работы 
заключается в установлении влияния изменения потерь в сухих отходах предобогащения на выход 
промышленного продукта и отходов, который показал, что выход промышленного продукта находится в 
полиномиальной зависимости от потерь процесса предобогащения, тогда как выход хвостов в - степенной. 
Практическое значение работы состоит в предложенном способе формирования мезорельефа со свойствами 
близкими к естественному, который заключается в восстановлении сначала основы первичного ландшафта 
скальными породами вскрыши, потом формировании слоя пород водоупора с углами соответствующими 
природному, после чего предусмотрено нанесение последующих слоев (водоносный горизонт и потенциально 
плодородный слой). 

Ключевые слова: открытая разработка, техногенные и нарушенные геологические среды, 
отвалообразование, рекультивация, восстановление ландшафта. 
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