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Abstract. 
In this diploma project a method for the development of the “under open pit” resources of 

the Centralny Mine of the Apatite Circus deposit is proposed. The design is based on data, 

received during the course of pre-graduate practical work, with the direct visits to Rasvumchorr 

underground mine and Centralny open pit mine. The graphic part of the project is based on 

geological plans and the sections of locality, where this deposit is located. For the graphic part 

AutoCAD software was used. In the diploma project problems related to combine extractions of 

ore deposits are examined. The mining development system for the deposit is proposed 

according to resources conservation and environmental control. 
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1. Introduction. 

1.1 Background. 

Mining, with application of open pit method, has been expanding since thirties of the 

previous century. The peak in grow of production occurred in fifties - sixties. This expansion is 

attributed to increasing production of plants and development of mining. 

Development of technique and technology in this area led to more advanced drilling 

equipment, excavators, loaders, bulldozers etc. This in turn contributed to increasing productivity 

and efficiency of open pit method. These technical developments had also positive effect on 

productivity of underground mining method, but in less extent compare to open pit. 

On other hand open pit method has limits related to the deep and boundaries of quarry, and 

production cost. During operation the deep of quarry increases, which lead to expansion of 

boundaries. At curtain point expenses for increasing of open pit will be higher than cost of 

extracted profitable ore, and application of open pit method becomes unprofitable. 

At this stage companies can switch from open pit mining method to underground. So 

combination of open pit and underground mining methods has significant role in the world of 

mining practice. 

1.2 Need of research. 

The Apatite Circus deposit is mined by Centralny open pit and Rasmumchorr underground 

mine. The Joint Stock Company “Apatite” is the owner of both mines. The production in 

Centralny mine started to decrease in 1999 since the limit for profitable operation by surface 

mining was reached. Further deepening of the open pit will from an economic point of view be 

inadvisable. The planned stop of the mine is in 2007, and any further extraction of ore must be 

done by underground mining. This can be possible by joining existing drifts of the Rasvumchorr 

mine with Centralny open pit. 

The development of underground mining requires a rational mining system and 

development of a mining operations using both existing drifts and opening of new horizons. 

The Mining operations in the deposit have been carried out simultaneously in two 

independent mines: Rasvumchorr underground and Centralny open pit mines. Today Centralny 

open pit mine have come close to its maximum contour area and will be closed in the near future. 

The only way to maintain the income and profit of the JSC “Apatite” is to increase the 

production of the Rasvumchorr underground mine and to develop Centralny mine for 

underground production. 

The aim of this project is to find the most rational and useful mining system for excavation 

of the “under open” pit reserves of the Centralny Mine.  



2. Description of area and deposits. 

2.1 Location of the deposits. 

The investigated ore deposits are part of the Khibiny Massif which is situated on the Kola 

Peninsula in northwestern Russia. The Khibini Mountains, rocky and treeless are situated north 

of 67-th parallel, beyond the Arctic Circle. The Rasvumchorr and Central mines jointly develop 

an apatite-nepheline deposit, elongate from the northwest to the east. The deposit is  

conditionally divided in two fields: Apatite Circus and the Rassvumchorr Plateau situated 8 km 

north-east of the city of Kirovsk in the Murmansk Region. 

 

 

Figure 1.1 The location of the mining area on the Kola Peninsula. 

 

The region is a strongly partitioned massif, rising 800-1000 m above the surrounding 

locality. The mine is connected with the Kirovsk City by highway and the concentrating plants 

by a branch line. 

 



 

Figure 1.2 The detailed location of the mining area 

2.2 Climatic conditions. 

The climate of the region is subarctic, with a prolonged winter and a short cool summer 

between July and August. It is characterized by extreme instability, excessive moisture, high 

winds and significant amount of precipitation which promote the recharge of groundwater. 

The average number of days with subzero temperature is between 220 and 250, and the 

warmest month is July with an average monthly temperature of + 13.1C. 

Average annual amount of precipitation is 800-900 mm. Minimum precipitation occur in 

March to April and maximum in August to October. Average number of precipitation days is 

250. Duration of snow cover is yearly between 250 and 284 days (in the plateau). Greatest 

depth of snow cover is within the limits of 139-156 cm. 

The prevalent wind direction is southern and southwestern in winter and northern and 

northwestern in summer. 



3. Mining information. 
Both the Rasvumchorr and Central mines are owned and operated by “Apatite” public 

corporation, a company that became 80 years old in November 2009. The company is the basic 

supplier of raw material for fertilizers production in Russia. A Joint Stock Company “Apatite” is 

one of the most important world producers of raw material for phosphate production. 

At present the company is a mining and chemical complex including four mines (some of 

them were consolidated), two concentration plants, railroad and motor transport departments, 

explosive department, and also more than twenty auxiliary departments. The company employs 

12.5 thousand people.  

 

 

Figure 1.2 The location of the mining mines. 

3.1 History of mining. 

The first information about Khibiny is found in literature in connection with the 19-th 

Century Russian academician A. M. Middendorf who in 1840 had noted the irregularities of 

rocks forming the mountains. The geologist N. V. Kudriavtsev in 1880 and the expeditions of the 

Finnish geologist V. Ramsey in 1887 – 1892 had commenced an exploration of Khibiny but 

minerals considered valuable and useful were not found until the 20-th Century. The Russian 

Government was mainly paying attention to the non-freezing harbours of Murman for military 

purposes. The Civil War came to an end with magnificent victory of the State of Soviets and in 

February of 1920 the Soviet Power had been re-established on Murman. A balanced exploration 

of the natural resources of the Kola Peninsula began in the May of 1920 and the Academy of 

Sciences of the USSR Commission went up North to assess the prospects. Previously an 



unforeseen route from Imandra railway station to the Khibiny foothills was crowned with the 

discovery of unknown for science minerals. In the same year the exploitation of the Khibiny had 

commenced under the guidance of A. E. Fersman, needless to say it was most difficult. “We got 

down to our work almost without provision, without foot-wear or any special equipment for the 

expedition”, the Academician would write later.  

In August 1921 the first pieces of apatite ore was discovered at the foot of Kukisvumchorr 

Mountain. The outcrops of this ore were discovered in 1922 within the Apatite Bow where the 

deposits and widely known layers of Kukisvumchorr, Poachvumchorr, Apatite Circus and 

Rasvumchorr are located. Already in 1923 the geologist’s reported about the industrial 

importance of Khibinyan apatite deposits, but exploitation was not started until 1926. By 1928 

they had located over 500 million tons of apatite ore. 

3.2 Present mines and mining activity. 

The deposits are today mined by two mines, Rasvumchorr Mine and Centralny mine. The 

Rasvumchorr mine has been in operation since 1954. Until 1982 the mine used both open pit and 

underground mining. Since 1982 the deposits are exploited only by underground mining. Mining 

operations on the Centralny Mine were resumed from 1993 through 2007 to mine the rest of 

profitable reserves. The production in Centralny mine started to decrease in 1999. 

3.2.1 Rasvumchorr Mine. 

The Rasvumchorr Mine performs the exploitation of the Apatite Circus deposit and the 

western part of Plateau Rasvumchorr deposit by underground mining. The angle of dip of the 

deposit evenly increases with the depth. The angle changes from 15-20° at the upper levels to 40-

50° at the depth. The average thickness of ore body is 80 m for the Apatite Circus deposit and 

100 m for the Plateau Rasvumchorr. The horizontal bed thickness increases from the northwest 

to the southeast from 10-50 m to 150-200 m. 

Exploitation of the deposit is realized by sublevel caving with end drawing of ore using 

self-propelled equipment. The height of the level is 70-80 m. The drawing of ore is realized by 

the permanent orepasses of the Rasvumchorr Mine. Recoverable reserves for the underground 

mining are about 100 million tons, where uncovered are more then 38 million tons. Present 

annual productivity of the mine is about 2.0 million tones. According to the existing project 

documentation the deposit will be mined down to the level +310 m. 

According to the production plan the productivity of the mine it is assumed to increase to 

3.6 million tones due to the starting of production on the level + 450 m. Then it will be further 

increased to 4.5 million tones when the level +310 m is put into operation. 

The investment capital for the progress and augmentation of the production will be about 

100 million Euro. Basic expenditures are related to the equipment of shafts, building of the 

underground crushing complex and building of a new horizon. 

3.2.2 Centralny Mine. 

Centralny mine is the exploited deposit of the Plateau Rasvumchorr. It is mined with an 

open pit method. Production capacity for the mine is 9.4 million tons of ore per year. The rest of 

estimated ore reserve is about 80 million tons. In the western part of Centralny mine, above the 

planned underground works, production works were completed in the nineties.  
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4. Geology. 

4.1 Geologic sections. 

Apatite-nepheline ore body within the limits of protective pillar has a tabular deposit 

shape. It strikes northwest about 330-350 degrees, and the dip is northeasterly at an angle of 

30-40 degrees. 

Greatest horizontal thickness of ore body within the limits of protective pillar is 230 

meters, minimal thickness is 120 meters, and the average thickness of ore body is 160 meters 

while the height of block is 63.5 meters. 

4.2 Ores description: 

Lenticular-banded ore is characterized by the presence of lenses of iolite-urtite 

composition among the apatite and apatite-nepheline basis. The sizes of lenses are varied with 

the sufficiently sharply outlined boundaries. Being frequently lengthened, lenses merge into the 

strips and in the utmost case ore obtains the well-defined banded texture. Lenticular-banded 

ores are characterized by the broadest range of the P2O5 content, from 8-10% to 24-26%. The 

poorest ore is characterized by abrupt predominance of ijolite-urtite material and it stands out 

like net-shaped ore. High-grade ore contains 22-26% of P2O5. It is characterized by “the 

spreading” of iolite-urtite lenses, the manifestation is in the form of the irregular shape of spots 

and such ore is frequently described as spotty-banded ore, being converted to the spotty ores. 

The conditional boundary between the lenticular-banded and spotty ores is fixed in the content 

of 27% of P2O5. 

Spotty ore is the richest type of the ore, according to the content of minerals. This is the 

leucocratic rock that consists of more than 60% of apatite. The presence “of spots” in it is the 

distinction of the ore. Spots consist of small grains of the nepheline, titanite, rarely aegirine and 

the relatively increased content of the feldspar (2 times in comparison with the lenticular-

banded ores). The gradual decrease of a quantity of spots frequently leads to 90-95% content of 

the apatite in the ore and in the separate tests the content of P2O5 exceeds 35%. 

Block ore is characterized by presence of the large (up to 5 cm in diameter) 

pseudoisometric crystals of nepheline in the basic fine-grained mass. This ore is characterized 

by narrower range of the content of P2O5. 

Massive ore is characterized by uniform distribution of minerals. In appearance this ore 

looks like massive coarse-grained urtite with a high content of apatite. 

Brecciated ore is present in rock in which the ore are well discerned irregular, frequently 

acute-angled fragments of the apatite-nepheline ore in the cement expressed as ijolite-urtite 

composition, sometimes feldspar. The composition of fragments usually depends on the 

localization in the breccia. 

Titanite-apatite ores. Titanite is present in all types of ore and therefore the definition of 

this variety is very relative. On the basis of the existing terminology titanite-apatite ore is 

defined by the content of more than 10% titanite and more than 5% TiO2. The increased 

content of pyroxene is the particular feature of the titanite-apatite ore. 

Oxidized ore. This is apatite-nepheline ore subjected to processes of the late processing, 

i.e. the substitution of nepheline with the group of the second minerals, such as natrolite, 

hydromica, brown hematite, chalcedony. 

Distribution of different types of ores is shown on Draft 1 and Draft 2 of Appendix 1. 

4.3 Geological conditions. 

The ore deposit consists of brecciated ore, lenticular-banded apatite-nepheline ore and 

apatite urtite ore. From the nonmetalliferous inclusions are established the veins of lujavrite by 



thickness from 1 to 2 meters and also locally distributed bodies of non-uniformly grained 

urtites pegmatoid in some places. 

 Apatite-nepheline ores are covered with average to coarse-grained rischorrit. Substrates 

consist of massive and non-uniformly grained urtite. 

In tectonic sense the field is characterized by the presence in the bottom layer of the 

deposit of the sloping zone of the oxidized and fractured rock. The strike of the zone goes 

northwesterly and dip at an angle of 30-50 degrees. Thickness of zone is up to 10 meters. The 

field is located above the ground water level and flow occurs only due to atmospheric 

precipitations in the periods of snow melting and during rains. 

Apatite-nepheline ore and enclosing rock is diverse by the mineral composition, structure 

and texture, and also according to the physico-mechanical properties. Rock-hardness ratio 

(according to Prof. M. M. Protodjakonov’s scale) of the apatite-nepheline ore f=7-9, burden 

f=15-16 and bottom f=13-15.  

Density of ore varies between 2.68 and 2,85 t/m
3
 



5. Development of the under open pit resources of the 
Centralny Mine. 

5.1 Analysis of the underground mining of the deposit. 

In accordance with the exploitation plan the resources of the Rasvumchorr mine will be 

realized with the use of a main loading and transportation drift at level +310 m. Ore will be 

passed to this level and transported to the main opening by rail way. After fragmentation the ore 

will be hauled to the surface by the skips at the main opening. The annual productivity of the 

skips is 4.5 million tones. The constraction and assembly jobs is planned to be complete by 2012. 

Before this time, development and mining of the reserves higher than the horizon +450 m 

will be accomplished according to a temporary mining plan. That is to pass ore by the block 

orepasses to the +422 m level. Dump trucks will then transport the ore to orepasses 3 and 4 by 

the haulage roadway and the sloping tunnel 422/492 m. 

According to this plan it is necessary to carry out the following works: 

– Enlarge the existing drifts of the horizon +422 m, transport drifts, haulage roadways 

from horizon +422 m to the horizon +492. Total volume of works is 4797 m
3
. 

– Drive the haulage roadway, cross-over 450/422 m, transport drift at the horizon +422 

m. Total volume of works is 19868 m
3
. 

For economic reasons the following solutions are accepted: 

– Ore from horizon +486 m and above will pass to horizon +470 which is equipped 

with the electric-locomotive haulage. Then the ore will be transported to orepasses 1 

and 2 and loaded into railroad cars in the main gallery. 

– Mining of the resources above the level +486 m will be finished after 2018. 

– Drifts of the level +422 m and the haulage roadway to the level +492 m will be 

enlarge for the transportation of ore by truck transport from the sublevel +450 m 

before launching of the complex of main opening. 

– Mining works on the level +422 will begin in 2011. 

– Launching of the main haulage level +310 m and the complex of the main opening is 

planned to be complete by 2012. 

– Increasing of productivity of the mine up to 4.5 million tons is planned by 2014. 

– Second working at the Rasvumchorr mine will be completed in 2045. 

The limited productivity of the skip winding of main opening and its location will prevent 

the increase of the overall productivity of the Rasvumchorr mine without an organization of the 

additional draw complex of ore. It is necessary to dispose the additional draw complex in the 

zone of the location of the main resources of ore and to use it for delivery of the ore from the 

under open pit resources. 

5.2 Position of the basic mine openings.  

The following features are used for the selection of the developing method. 

1. It is impossible to use traditional development by the vertical shafts, due to the relief 

of area. 

2. Taking into account minimization of expenses for transportation, the opening shaft 

should be located closer to the center of the ore body. 

3. Location of the existing or constructed ore-lifting and transport services of the 

Central mine and Rasvumchorr mine, namely: 

– the significant distance of the main opening from the center of the under open pit part 

ore reserves; 

– relatively close location of the orepasses of the Centralny mine; 



5.3 Selection of rational development system. 

Variant 1: 

Development of all reserves will be achieved by a belt slope, which is inclined at the 12º 

angle. It will advance from the loading room on the level +280 m to the point of unloading into 

the existing orepasses 4 and 5 on the level +520 m. The length of the belt slope will be about 1,5 

km. It is assumed to transport the ore from the production level +470 m to the main haulage level 

+310 m. Then the ore will be transported to the receiving bunker of the crusher chamber. After 

crushing it will be transported by the conveyor to the orepasses 4 or 5. 

 

                Ore reserves (without level +310m) Period of mining with the annual productivity of 

2.0 million tons, years 

Under open pit 59.1 mln t 29.5 

Barrier pillar 38.1 mln t 19.0 

Total 97.3 mln t 48.5 

   

 

The construction period for the drawing complex will be 9 years. The beginning of 

construction is planned to 2012. In that case the operation of the inclined belt slope will be 

realized from 2021 through 2069 (taking into account the reserves of the barrier pillar). This 

variant it is assumed that the annual productivity of the skip winding will decrease by 2 million 

tones in the period from 2038 to 2045. Skip winding will not be used from 2045 onwards. 

A merit of this variant is the absence of the intermediate transport levels, on the levels 

situated above and the possibility to building only one underground crushing complex. 

Disadvantages of this variant are: 

– high lump-sum costs and the long construction period for the ore drawing complex; 

– need for a significant acceleration of the construction of the haulage level +310 m for 

transportation of ore. 

– large volume of rock drifts (increased extent of the loading crosscuts) and orepasses 

to the level +310 m; 

– increased transport cost during mining works on the sublevels under the level +400 m 

due to the long distance of the south haulage drift from the ore body on the level +310 

m. 

 

Variant 2: 

In this variant development of the under open pit reserves will be achieved into two stages. 

During the first stage the under open pit reserves above level +400 m will be developed. The 

developing system of the first stage assumes driving of inclined belt slope from level +370 m to 

level +520 m, north and south haulage drifts, orepasses for loading, unloading drives on the level 

+400 m (Draft 3, Appendix 1). The transportation of ore on horizon +400 m can be achieved 

with the use of electric-locomotive haulage or dump trucks. The dipping drift is driven from the 

south drift to the level +370 m. From the dipping drift the chambers for the unloading of the ore 

to the conveyor are driven and equipped. Crushed ore on the conveyor slope №1 will be reached 

in one of the existing orepasses of the Central mine (Draft 4, Appendix 1). 

Unloading drives and receiving bunkers will be located in the center of gravity of the 

transportation on the level +400 m. In the implementation of this variant the ore mined from the 

barrier pillar will be transported according to this scheme. That will make it possible to reduce 

the distance of transportation considerably. The reserves located above the level +422 m (taking 

into account the part of the reserves of barrier pillar) will be about 80 million tons. The duration 

of the first stage will be 40 – 50 years according to the annual productivity of the mining of the 

under open pit zone of 1.5 – 2.2 million tons. It means that the need for the development of the 

horizon +310 m in the region of the deposit Plateau Rasvumchorr will arise beyond the bounds 

of 2040 – 2050. 



At the second stage the opening-up and development of the resources under the horizon 

+400 m will be realized. The ore will be transported from the level +400 m to the level +310 m 

by raises. The maximum length of the rise will be 90 m. In this case the southern haulage drift at 

the horizon +310 m is driven near the transport way of the Centralny Mine (+1200 m), which 

will make it possible to reduce the extent of loading crosscuts and the length of the 

transportation. Crushed ore will be delivered by conveyor to the horizon +370 m. Then it will be 

loaded to the conveyor of the inclined belt slope № 1 and transported to the orepass of the 

Centralny Mine. 

 

Ore reserves (from the level +422 m to the 

level +470 m) 

Period of mining with the annual productivity of 

2.0 million tons, years 

Under open pit 24.4 mln t 12.2 

Barrier pillar 25.5 mln t 12.7 

Total 49.9 mln t 24.9 

 

The period of the construction of the drawing complex will be 6 years (the first stage). The 

beginning of the construction is planned to 2012. In that case the operation of the inclined belt 

slope will be realized from 2018 through 2043 (taking into account the reserves of barrier pillar). 

General costs for drifting and construction works of the drawing complex and preparation 

of the horizon +310 m are given in table 5.1 and table 5.2. General costs for the variant 2 are 8.1 

million Euro. And the total duration of the mining works is 192.1 months.  For the variant 1 10.4 

million Euro are required and the total duration of the working period is extended up to 220.8 

months. Some drifting operations can be realized simultaneously, but the sum volume of works 

for the variant 2 is less. 

Depending on the version of development the parameters of mining works are changed. 

The length of the orepasses will be increased for the variant 1. Accordingly additional costs will 

be increased. 



Table 5.1. 

Enumeration of the mining works of the drawing complex for mining of the under open pit reserves of ore of the Centralny Mine (Variant 1). 

This variant is examined for the case of the railroad haulage of the ore on the horizon +310 m. 
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Mining works for the drawing complex by the variant 1. 

1 Roadway 470/310 16,9 950 60 16055 16055 15,8 117 1883.1 

2 South haulage drift 16,9 1050 70 17745 17745 15,0 59 1040.7 

3 North haulage drift 16,9 1050 70 17745 5324 15,0 59 1040.7 

4 Ventilation crosscut, lev. +310 m 16,9 150 70 2535 2535 2,1 59 148.7 

5 Air-ventilation chamber, lev. +310 m   400 1200 1200 3,0 77 92.1 

6 Air raise 310/550 6 240 45 1440 1440 5,3 163 234.2 

7 Air adit, lev. +550 m 16,9 30 50 507 507 0,6 59 29.7 

8 3 haulage crosscuts, lev. +310 m 16,9 750 70 12675 6338 10,7 59 743.3 

9 Unloading drives № 1, 2, lev. +310 m 16,9 660 70 14784 14784 9,4 59 867.0 

10 Tippler rooms, № 1, 2, lev.+310 m   400 6000 6000 15 55 332.7 

11 Roadway 310/280 16,9 180 60 3042 3042 3,0 117 356.8 

12 Chambers and bunkers of crushing complex № 1, 

2, lev. +280 m 

  400 3500 3500 8,8 55 194.1 

13 Belt slope 280/520 16,9 1300 60 21970 21970 21,7 4070 2576.9 

14 2 conveyor servicing chambers    400 800 800 2 117 44.4 

15 2 orepasses 310/470 6 320 45 1920 1728 7,1 95 182.2 

16 Reconstruction of the drifts near the orepass №4    0 0 3 no data  

17 Chamber of the dewatering plant, lev. +280 m   400 2400 2400 6 55 133.1 

18 Mounting of the equipment of crushing complex    0 0 18 no data  

19 Installation of the conveyor 280/520    0 0 20 no data  

20 Mounting of the equipment of pumping station, 

lev. +280м 

   0 0 6 no data  

21 Chambers   400 8450 8450 21,1 55 468.5 

22 Other works    0 0 12 no data  

 Total  6680  132768 113818 220,6  10368 

 



Table 5.2. 

Enumeration of the mining works of the drawing complex for mining of the under open pit reserves of ore of the Centralny Mine (Variant 2). 

This variant is examined for the case of the railroad haulage of the ore on the horizon +400 m. 
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Mining works for the drawing complex by the variant 2. 

1 Roadway 470/400 16,9 360 60 6084 6084 6,0 117 945.8 

2 South haulage drift 16,9 1050 70 17745 17745 15,0 59 1040.7 

3 North haulage drift 16,9 1050 70 17745 5324 15,0 59 1040.7 

4 Ventilation crosscut, lev. +310 m 16,9 150 70 2535 2535 2,1 59 148.7 

5 Air-ventilation chamber, lev. +310 m   400 1200 1200 3 77 92.1 

6 Air raise 310/550 6 150 45 900 900 3,3 163 146.4 

7 Air adit, lev. +550 m 16,9 30 50 507 507 0,6 59 29.7 

8 3 haulage crosscuts, lev. +310 m 16,9 450 70 7605 3803 6,4 59 446.0 

9 Unloading drives № 1, 2, lev. +310 m 16,9 660 70 14784 14784 9,4 59 867.0 

10 Tippler rooms, № 1, 2, lev.+310 m   400 6000 6000 15 55 332.7 

11 Roadway 310/280 16,9 180 60 3042 3042 3,0 117 356.8 

12 Chambers and bunkers of crushing complex № 1, 

2, lev. +280 m 

  400 3500 3500 8,7 55 194.1 

13 Belt slope 280/520 16,9 900 60 15210 15210 15 4070 1784.0 

14 2 conveyor servicing chambers    400 800 800 2 117 44.4 

15 2 orepasses 400/470 6 150 45 900 810 3,3 95 85.4 

16 Reconstruction of the drifts near the orepass №4    0 0 3 no data  

17 Chamber of the dewatering plant, lev. +280 m   400 2400 2400 6 55 133.1 

18 Mounting of the equipment of crushing complex    0 0 18 no data  

19 Installation of the conveyor 280/520    0 0 18 no data  

20 Mounting of the equipment of pumping station, 

lev. +280м 

   0 0 6 no data  

21 Chambers   400 8450 8450 21,1 55 468.5 

22 Other works    0 0 12 no data  

 Total  5130  100957 84644 191,9  8156 

 



Based on the approximate calculations it is possible to draw the following conclusions: 

  The development of the deposit can be realized step by step. The duration of the first 

stage of the development will not be less than 40 – 50 years with a step by step development to 

the level +422 m and +310 m and with the intermediate haulage level +400 m. 

 General costs for the development of the first stage for the Variant 2 are 8.1 million 

Euro, and the total duration of the mining works is 192.1 months. In this case the volume of 

mining works is 132300 m
3
. 

 It will require an additional 2.3 million Euro for the drifting according to Variant 1 with 

a total duration of the mining works of 220.8 months. The volume of the mining works will also 

increase by 30500 m
3
. 

 For variant 1, the length of the orepasses and crosscuts on the level +310 m increases. 

As a result additional charge and transport cost increases. 

 All additional expenditures for the Variant 1 are related to the first stage of mining of 

the resources above the level +422 m. These expenditures are immediate, which is irrational with 

relation to the effectiveness of the expense of capital. 

The additional expenditures for the development of the resources above the level +400 m 

will be required in 40-50 years for the Variant 2. Taking into account the conclusions above, the 

Variant 2 is more preferable. 



6. Drifting. 
In this chapter the technology of the construction of the northern haulage drift of the level 

+530 m is examined. Calculations and methods can be used for fining of other drifts.  

Calculation data on the northern haulage drift of the level +530 m are given in the table 6.1. 

Table 6.1 

Designation of the drift Transport 

Number of ways 2 

Length, meters 450 

Rock-hardness ratio of the enclosing rock  according 

to the Protodyakonov scale 
13-15 

Geological characteristic 

- the thick fracturing pattern of 

all types 

- the zone of the oxidation 

- the vein inclusions 

6.1 Determining cross section dimensions and form of the drift. 

Drifts will pass through stable rocks and will relate to the category of permanent 

excavation. The arched form of section with the box-shaped arch is accepted. The drift will be 

used for the transport of crashed ore. The trolleys VG-4.5 (solid-end car) and contact electric 

locomotives K-14 have been adapted for that. Wheel track accepted at the mine is equal to 750 

mm. The rails R-43 are adapted for the tracking. 

The technical characteristic of trolleys VG-4.5 is given in the table 6.2. 

The technical characteristic of electric locomotive K-14 is given in the table 6.3. 

Table 6.2 

The technical characteristic of trolleys VG-4.5 

 

Type of the trolley VG-4.5 

Capacity of body, m
3
 4.5 

Wheel track, mm 750 

Load capacity, tones 13.5 

Fixed wheel base, mm 1250 

Overall dimensions, mm  

Length 3950 

Width 1350 

Height 1550 

Mass, kg 4200 

Table 6.3 

The technical characteristic of electric locomotive K-14. 

 

Adhesion weight, N 140 

Wheel track, mm 750 

Engine power, kW 2×31 

Fixed wheel base, mm 1800 

Overall dimensions, mm  

Length 5200 

Width 1350 

Height 1650 

Number of driving axles 2 

 

Calculations of cross section dimensions and form of the drift are given in Appendix 2.1. 



 6.2 Mechanization of the first workings and second workings. 

The following mining equipment is accepted by the project: 

– Drilling jumbo for drilling of bore-holes in the drifting face. 

– Load-haul-dump units for handling with drifting and stoping. 

– Stopper drill for bolting. 

– «Scaler» unit for safety operations in the drift. 

– Pneumatic charging equipment for the hole-charging in the drifting face. 

– Vibrating feeders and air-controlled pull chutes for the ore drawing from the ore passes. 

– Concrete placer machine for the concrete support setting. 

6.3 Drilling and blasting operations. 

In accordance with the mining geological conditions, ammonite has been assumed as the 

explosive. Characteristic of explosive ammonite is given in table 6.4. 

Table 6.4 

Name of 

explosive 

Density of 

explosive in a 

cartridge, g/cm
2
 

Exothermicity 

of reaction, 

joules/kg×1000 

Brisance, 

mm 

Detonation 

velocity, 

km/sec 

Fugacity, cm
3
 

Ammonite 1.0-1.2 1030 14 3.6 – 4.8 365 

 

Drilling and blasting operations calculations are given in Appendix 2.2. 

Specified data is represented in the table 6.5. 

Table 6.5 

Designation of the 

blast-holes 

Numbers 

of the 

bore-holes 

Length of 

bore-hole, 

m 

Angle of 

slope, deg 

Mass of the charge, kg 
Delay, ms 

 Blast hole Overall 

Idle blast-holes 1.2 3.10 90 - - - 

Cut blast-holes 3-6 3.10 90 1.9 7.6 0 

Main blast-holes 7-12 3.10 90 1.6 9.6 25 

Main blast-holes 13-31 3.10 90 1.6 30.4 50 

Line blast-holes 42-55 3.12 87 1.44 20.16 75 

Ground blast-holes 33-41 3.12 87 1.6 14.4 100 

Trench blast-holes 32 3.12 85 1.9 1.9 100 

Total     84.1  

6.3.1 Blast-hole drilling. 

Location of bore-holes is realized with the aid of the projection device. The position of 

bore-holes on the breast is marked with paint. 

Blast-hole drilling calculations are given in Appendix 2.3. 

6.3.2 Charging and blasting. 

At the end of drilling, the overman or shotfirer checks the compliance and arrangement of 

bore-holes and the blasting pattern. Bore-holes are cleaned of the drill fines and the drilling 

equipment is moved away from the face. Explosive and firing agents are delivered to the face 

and the hole charging begins. 

The hole charging is realized by the pneumatic chargers. Priming cartridge and stemming is 

fixed in the bore-holes after that. 



Workers are moved to the safety place after the hole charging. Shotfirer installs the firing 

circuit. After that he moves away to a safe shelter and explodes the charges. 

Calculations of charging and blasting duration are given in Appendix 2.4.  

6.3.3 Ventilation. 

The ventilation of the drift is realized by a forced-feed air method. 

Ventilation calculation and choice of ventilation equipment are given in Appendix 2.5. 

The technical characteristics of the fan for local ventilation VM-6 is represented in the 

table 6.6. 

Table 6.6 

Characteristics VM-6 

Nominal diameter of the pipe duct, mm 600 

Productivity, m
3
/sec: 

- optimal 

- in the working area 

 

5.7 

2.3-8 

Pressure, Pa: 

- optimal 

- in the working area 

 

2600 

3400-750 

Maximum coefficient of efficiency 0.76 

Required power, kW 10-22.5 

Overall dimensions, mm: 

- length 

- width 

- height 

 

1050 

730 

750 

Mass, kg 350 

 

Aerodinamic characteristics of the fan VM-6 are shown on picture 6.1. 

Rubberized pipes with a diameter of 0.8 m are used for the ventilation. Metal tube of 1.0-

1.5 m length will be established in the end of the ventilation duct. 



Picture 6.1 

Aerodynamic characteristics of the fan VM-6. 

 

6.3.4 Rock support. 

For the supporting of the drift, combined methods like bolting and shotcrete are adapted. 

Support setting is carried out in two stages. During the first stage bolting is executed and the 

temporary support function is executed following the face advance. During the second stage 

shotcrete is sprayed. 

Shotcrete is sprayed with a 15-20 m lag from the face by the “wet filling” technology and it 

is used for the protection from weathering and prevention of rock burst between anchors which 

improves supporting. 

In accordance with calculations given in Appendix 2.6 the following properties were 

assumed: 

Bolting: anchor length is 2 m, net dimensions are 1.0×1.0. 

The shotcrete thickness is 20 mm. 

Support setting is executed in the special timbering shift.  

Kind and range of support can be adjusted in  accordance with the timbering instruction, 

after mining and geological conditions had been specified during drifting operations. 



7.  Mining system. 

7.1 Technology of mining and parameters of the mining system of 
the under open pit reserves. 

Two development versions are considered based on the analysis of the geological 

conditions and the location in relation to the open pit and underground mine.The methods are: 

– Sublevel caving with end drawing of ore using mobile drifting jumbo. 

– Open cleaning space with trench drawing. 

The height of sublevel is set to 22-24 m in analogy with the Rasvumchorr mine and will be 

the most effective from the point of view of the completeness of extraction of ore and mining 

operations. The length of block along the strike is 100 m. 

7.1.1 Sublevel caving with end drawing of ore. 

This mining method is used in the thick sections of ore body (more than 40 – 50 m). Blast 

holes with the diameter of 102 mm are drilled from the drilling-haulage drifts or the crosscuts. 

Stoping is performed in sections with a thickness of 5.6 – 8.4 m. 

Output of ore per running meter of borehole is 15.4 t. Drawing of ore is realized using 

TORO-400E type load-haul-dump machines. The distance of 18 m between the drilling-haulage 

drifts and the crosscuts is accepted. The transportation of ore on the main loading and 

transportation drifts on the level +470 m and +310 m is carried out by the electric haulage. The 

mining system for the ore body with thickness of 60 m, is characterized by an ore losses of 13%; 

and an ore dilution of 14%. Mining is carried out along the strike of the orebody in advance of 

upper sublevel with respect to underlying sublevel. Advance must be not less than 20 m.  

7.1.2 Open cleaning space. 

This mining method is used for the ore bodies with a low thickness and near the boundary 

of the ore body. Blast holes with the diameter of 102 mmare used. Size of each blasting section 

is 20-25 m. 

Output of ore from one running meter of borehole is 17.4 t. Drawing of ore is carried out 

with TORO-400E type load-haul-dump machines.. The distance of 12 m between the trench drift 

and the transport drift is accepted. The distance between the loading drives is 12 m. The mining 

system with ore body thickness of 20 - 30 m is characterized by 16 - 18% ore losses and 12 - 

15% ore dilution. 

7.1.3 Underground mining in the barrier pillar zone. 

It is expedient to perform mining operations in the pillar zone by the sublevel caving 

system with the end drawing of ore (scheme is shown on Draft 6 and Draft 7 of Appendix 1). 

Calculation of the parameters of ore breaking by the bore holes (scheme of holes is shown on 

Draft 8, Appendix 1) of the sublevel caving system with the end drawing of ore is given in 

Appendix 2.7. 



8.  Rock pressure control. 
The rock stress condition is formed under the influence of two force fields: the 

gravitational field and the tectonic stress. The gravitational components of stresses are 

determined by the weight of the directly overlying rock. 

In table 8.1 the characteristics of the stress conditions are presented. With this data it is 

possible to conclude that the rock material of the deposit is exposed to brittle failure, since the 

ratio between ultimate compressive strength and ultimate tensile strength more than 10. 

Table 8.1 

Characteristic of the stress condition of the rock of the Rasvumchorr mine drifts. 

Levels, m 

The average 

depth from 

the surface, 

m 

Type of rock 

Vertical 

intensity 

δ1, MPa 

Horizontal 

intensity 

δ3, MPa 

Azimuth of 

the vector 

3, degree 

Dip of  3, 

degree 

600 100-150 Shipping ore 3-5 25÷12 120÷30 0÷25 

600 100-150 
Ijolite-urtite, 

base ore 
3-5 53÷12 120÷30 0÷25 

470 400 Ijolite-urtite 10-12 66÷20 110÷20 0÷20 

440 550-600 Ijolite-urtite 17-18 78÷17 90÷30 30÷25 

 

It should be noted that even at the depth of 100-150 m from the surface (level +600 m), 

stress reaches 60 MPa. In the rock with the same composition the increasing of the stress is 

observed with increasing depth. In the region of the Rasvumchorr deposit orientation of stress 

varies from 0 to 30 degrees. The manifestation of the dynamic forms of rock pressure is 

predicted using the following ratio: hb  5.0 , ( b  - the stress on the boundary of the drift; h  - 

horizontal stress). This ratio is observed for most of the rock types in view of MPa40303   

(Table 8.1), that indicates possibility of rock burst and rock bump in drifts.  

During the mining works, the rock bursts are anticipated in the drifts that are situated in the 

abutment zone. This connected with the fact that the horizontal component of stress ( 3 ) acts on 

the strike of the ore body and leads to the significant growth of stress concentration in the 

abutment zone, thus increasing the probability of occurrence of rock burst and rock bump. 

Therefore during mining of the deposit it is necessary to provide measures by the rock 

pressure control and by warning of the manifestation of the dynamic forms of rock pressure. 



9.  Ventilation of the mine. 
Ventilation of the horizon +400 m is realized by the general shaft depression. Fresh air 

goes to the horizon +400 m by the northern haulage drift to the stoping faces and tippler rooms. 

Then the waste air goes to the air rise 400/550 m through the drift mined in advance and the 

ventilation crosscut. Ventilation scheme is shown in Draft 9, Appendix 1. 

Ventilation calculations are carried out based on mining engineering factors, mainly ore 

production of the horizon, which is 4.5 million tons, and the mining equipment used.  

Taking into account the annual productivity of one loader Toro 400E of 500 thousand tons, 

it is necessary to use two loaders to guarantee the annual productivity of the horizon +400 m.  

To guarantee the designed productivity of the horizon +400 m it is necessary to use two stoping 

faces and two haulage crosscuts. The necessary quantity of air (calculated in Appendix 2.8) is 

provided by the general shaft depression. 



10.  Conclusions. 
Mining of under open pit reserves of the Centralny Mine is one of the most perspective 

views of activity of the joint stock company “Apatite” in the nearest period. 

This transition from surface to underground mining is a problem for many mining 

companies not only in Russia but also all over the world. In Centralny mine the reserves of the 

ore suitable for the open pit mining are practically depleted. The boundary of the open pit 

approaches its lower level, after which the output from the open pit becomes not profitable. For 

further development and keeping of the production of ore it is necessary to resort to underground 

mining. 

For the construction of an underground mine it is necessary to thoroughly analyze the 

existing infrastructure in the enterprise, to make it possible to decrease inputs and to decrease the 

periods of the construction. The basic opening drifts will be located in the mined open pit field, 

which will make it possible to considerably reduce the volume of mining works due to the 

decrease of the length of drifts. The existing network of motor roads and railroads in the open pit 

will make it possible to decrease expenditures for the delivery of materials and equipment. As a 

whole the developed infrastructure of the open pit will make it possible to considerably decrease 

the capital investments for building of the underground mine. Therefore a matter of the 

combined mining method suggested in this thesis is especially relevant. 
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Appendix 1 - Drawings. 

      



   

 



 



 

 

 

 

 

 

 

 

 



 



 

 



 

 



 
 

 

 





Appendix 2 - Calculations. 
 

2.1 Calculations of cross section dimensions and form of the drift. 

Necessary important dimensions: 

the height of transport equipment           mh 65.11   

height from the floor of the drift to the rail head  mh 4.02   

the height of ballast layer     mhb 2.0  

the height of the fixing of trolley line from the rail head level mh 0.23   

the height of wall from the floor of the drift  mh 5.2   

the height of the wall of the drift from the ballast layer mh 3.24    

the width of transport equipment   mА 35.1   

the distance between the transport equipment and the wall of drift mm 4.0   

the width of free passage    mn 0.1   

the width of intertrack space    mm 5.01   

         the finished width of the rock section 

 mmnmAB 6.45.00.14.035.122 1   

the height of the arch      m
B

h 5.1
3

6.4

3
0   

the height of the drift from the floor to the upper point of arch

 mhhh 0.45.15.205    

the thickness of concrete    mt 05.0    

the designed width of the rock section   mtBB 7.405.026.421    

the designed height of the rock section   mthH 05.405.00.45      

Radius of the lateral arcs of the roof    mBr ,262.0 ; 

        mr 205.16.4262.0  ; 

Radius of the axial arc of the roof    mBR ,692.0 ; 

        mR 183.36.4692.0  ; 

the area of the finished cross-section 2

4 1.16)6.426.03.2(6.4)26,0( mBhBS f    

the designed area of the rock section 
2

141 6.16)8.426.03.2(7.4)26.0( mBhBS r   

On the basis calculations standard section has been accepted. The standard section has the 

following basic dimensions: 
24.16 mS f  ; 

29.16 mS r  ; 

mmH f 3500 ; mmH r 3550 ; 

mmB f 5250 ; mmBr 5350 ; 

mmR 3635 ; mmr 1375 . 

The carrying capacity of the drift by air with the maximum speed of its motion sec/8ma   

(according to the rules of safety) is: 

sec/, 3mSQ faa  ; 

sec/2.1314.168 3mQa  . 



2.2 Calculations of drilling and blasting operations. 

Taking into account the construction method, it is assumed that the advance by drill and blast 

will be 2.8 m per round. Hence the depth of blast-holes is equal: 

m
l

l cut ,


 ; 

where: 

cutl  - depth of cut, m; 

  - heading advance per round to blast-holes length ratio; 

mlcut 8.2 , m9.0 ; 

ml 1.3
9.0

8.2
 . 

Total amount of explosive to the face: 

kglSgQ cutr , ; 

g  - specific consumption of explosive, kg/m
3 

; 

31
/, mkg

b

Sf
g

r



; 

f  - rock-hardness ratio; 

1  - coefficient related to the type of drift  (for horizontal 1 =0.25-0.3); 

b  - coefficient related to the type of explosive (for ammonite 1b ); 

9f ; 3.01  ; 

3/77.1
1

9.163.09
mkgg 


 ; 

kgQ 76.839.01.39.1677.1  . 

Total number of blast-holes to the face: 

units
kd

Sg
N

sp

r ,
27.1

2 





; 

where: 

d  - diameter of the blast-hole, m; 

  - the charge density, kg/m
3
; 

spk  - space factor; 

md 036.0 ; 
3/1000 mkg ; 5.0spk ; 

.537.52
5.01000036.0

9.09.1677.127.1
2

pcsN 



  

The average amount of the blast-hole charge: 

kg
N

Q
Qch , ; 

kgQch 6.158.1
53

76.83
 . 

Number N is verified graphically (Draft 5, Appendix 1). 



2.3 Calculations of Blast-hole drilling. 

Productivity of drilling: 

hm
t

kkn
Q

p

prо

d /,
)1(

60









; 

where: 

n  - the number of boring machines on the rig, pcs.; 

оk  - coincidence factor in the work of the machines; 

rk  - reliability factor; 

p  - drill penetration rate, m/min; 

t  - non-productive operations, min/m; 

n ; 2оk ; 95.0rk ; min/7.3 mp  ; mt min/1 ; 

hmQd /77.80
)17.31(

7.395.09.0260





 . 

Time of mechanized drilling of the bore-holes: 

ht
Q

W
T pf

d

d
d , ; 

where: 

dW  - volume of work on drilling, m; 

pft  - duration of the preparation and finishing operations including marking the bore-holes; 

mWd 2.177 ; ht pf 5.0 . 

hTd 7.25.0
77.80

2.177
 . 



2.4 Duration of charging and blasting. 

Duration of charging and blasting is calculated by formala: 

pf

chch

ch

ch t
n

tN
T 







; 

N  - the number of bore-holes for charging; 

cht  - charging time; 

ch  - coincidence factor of works on the charging; 

chn  - the number of workers for the charging; 

pft  - duration of the preparation and finishing operations; 

hTch 5.1min4.8725
385.0

353





 . 



2.5 Calculation of ventilation and choice of ventilation equipment. 

A quantity of air which is necessary for the ventilation after the blasting is: 

min/,
25.2

3
3

2

2

m
hS

hLIA

t

S
Q

lc

wf

V






 ; 

where: 

t  - the time of ventilation after the blasting, min; 

A  - a quantity of simultaneously blasted explosion, kg; 

I  - explosive gassing, l/kg; 

L  - the length of the drift, m; 

wh - the watering coefficient;  

lch  - the leakage coefficient of the pipe duct; 

min30t ; kgA 1.84 ; 40I  kgl / ; mL 450 ; 8,0wh ; 46,3lch . 

Critical length of the pipe duct is: 

2

5.12

lc

ed

cr
hS

hIA
L




 ; 

where: 

edh  - the coefficient of eddy diffusion; 

683.0edh ; 

mLcr 3.146
46.34.16

683.0401.845.12
2





 ; 

Since crL < L  then crL  is substitute L  in the formula for the calculation VQ :  

min/73.81
46.34.16

8.03.146401.84

30

4.1625.2 33
2

2

mQV 






 ; 

Quantity of air which is necessary for the ventilation according to the factor of the minimum 

speed of air: 

min/,60 3

minmin mSQ f  ; 

where: 

min  - the minimally allowable speed of the movement of air in the drift, m/sec; 

sec/25,0min m ; 

min/2464.1625.060 3

min mQ  . 

Quantity of air which is necessary for the ventilation by the factor of the presence of the people 

in the face: 

min/,6 3mnQp  ; 

where: 

n  - number of people; 

8n ; 

min/4886 3mQp  ; 

Selection of the fan: 

productivity of the fan: 

min/, 3

max mQhQ lcf  ; 

where: 

maxQ  - maximum air consumption, m
3
/min; 

min/73.81 3

max mQQ V  ; 



sec/7,4min/8.28273.8146.3 33 mmQ f  ; 

Depression of the fan: 

PaQRh falrf ,2 ; 

where: 

alrR  - aerodynamic line resistance, kµ; 

kRalr 5.32 ; 

Pah f 9.7177.45.32 2  ; 

Fan VM-6 in accordance with obtained values fQ  and fh  is selected. 



2.6 Calculations of rock support. 

Length of the anchor: 

К
f

В
l

f

а  = 6.12.0
15

25.5
 m; 

mlа 2  is assumed. 

fB  - width of the rock section. 

K  - coefficient which is considered the width of the drift (it is taken as 0.4-0.5 if the width  

fB <3.5 m, and it is taken as 0.15-0.2 if fB >3.5). 

Shotcrete pressure with the presence of the anchors: 

gаqsh 117.0 = 004503.081.92700117.0  MPa; 

1а  – the distance between the anchors, m; 

 – rock density, kg/m
3
. 

The thickness of the shotcrete is determined by the formula: 

 рs

sh

m

q


 35.0  =

2.185.0

004503.0
35.0


 =0.02 m; 

shq  – intensity of the shotcrete pressure from the roof side, Pa; 

sm – the service factor (1.0 – for reinforced concrete, and 0.85 – not for reinforced concrete); 

 р – tensile strength, MPa (for the M400 quality class concrete). 



2.7 Calculation of the parameters of ore breaking by the bore holes of 
the sublevel caving system with the end drawing of ore. 

Calculation of the line of least resistance with the use of the blast holes: 

m
cmf

cqd
W ,

)4000(

115.0












 

0.115 - empirically determined coefficient; 

mmd 102.0  - the diameter of the blast hole; 

kgkcalq /1025  - the heat of the explosion; 

75.0  - strength and fracturing factor; 

%2  -  oversize yield; 
3/1.1 smg  - the bulk density of explosive; 

mmс 800  - the conditional size of rock; 

10f  - rock-hardness ratio according to the Protodyakonov scale; 

2.1m  - the factor of the close disposition of the blast holes; 

mW 8.2
)8004000(2.110

8001.12

75.0

1025102.0115.0








 . 

Thickness of the breaking section (shown on Draft 8 of Appendix 1) is: 

m
h

Тbs ,
1.05.14

8.02




  

mh 22  - the height of the sublevel; 

 90  - the angle of slope of the blasthole ring; 

mТbs 4.6
901.05.14

8.0222





  

mWW 6.528.22   - the specified thickness of the breaking section. 

Area of the breaking section is: 

mSSSS ,321  ; 
2

1 9010185.0 mS  ; 
2

2 4.248188.13 mS  ; 
2

3 9.557.4)8.518(5.0 mS  ; 
23.3949.554.24890 mS  . 

Weight of the breaking ore in one section: 

tTSV bs , ; 

tV 64039.26.53.394  . 

Total length of the bore holes is: 

mLt 2.47421.237   

Output of ore from one running meter of the bore hole: 

mt
L

V
q

t

output /, ; 

mtqoutput /5.13
2.474

6403
 . 

Weight of the explosive in the blasthole ring: 

kgnnklQ ch ),(    

mlch 1.16687531.237   - the length of charge in the borehole; 



mkg /9  - specific consumption of explosive per one running meter of the bore hole. 

kgk 2.3  - weight of the primed blasting cartridge; 

2n  - number of primed blasting cartridges in one blast hole; 

13n  - number of blast holes in the ring. 

kgQ 1.1578)1322.3(91.166   - weight of the explosive in the blasthole ring. 

Specific consumption of explosive for breaking: 

tkg
V

Q
q losive /,exp  ; 

tkgq losive /25.0
6403

1.1578
exp  . 

Amount of breaking ore after one explosion: 

t
D

L
VQb 6477

14.01

13.01
6403

1

1










 ; 

V  - quantity of ore which is broken after one explosion. 

7.12L  - loss coefficient; 

14D  - ore dilution factor. 

Calculation of the necessary number of the drilling rigs: 

Quantity of workdays for boring: 

daysaAA 23417251   

daysA 251  - a calendar quantity of workdays during the yearж 

daysa 17  - a quantity of days for explosions. 

Number of work shifts in the year: 

shiftsnAN 4682234  ; 

shiftsn 2  - number of work shifts in a 24 hour period. 

Quantity of breaking ore in one block: 

yeartDLPQ /794800120000114800800000  ; 

yeartP /800000  - production of the block; 

yeartL /114800)104800(127.0   - the ore loss; 

yeartD /12000080015.0   - the ore delution. 

Quantity of running meters for drilling in the block: 

..6183305.1
5.13

795000
.. mrk

q

Q
L mr  ; 

../5.13 mrtq   - output of ore from the one running meter of blasthole; 

05.1k  - blasthole reserve factor. 

Number of shifts for drilling in one block: 

shifts
k

L
N

dr

mr

sh 2.412
150

61833..   

shiftmkdr /150  - the norm of drilling. 

Number of drilling machines in use in the block: 

unitk
N

N
P и

sh
m 11.125.1

468

2.412
 ; 

25.1rk  - reserve factor. 

Drilling machines fleet is: 

unitskPP rfleet 23.13.11  ; 

3.1rk  - reserve factor. 

Two units in the drilling machines fleet are accepted. 



Calculation of the necessary quantity of the load-haul-dump machines: 

Weight of the ore which is transported in one run: 

t
k

kEQ
s

sbore 8
5.1

9.2
9.06.4 


; 

36,4 мEb   - bucket capacity; 

9.0sk  - spase factor; 
3/9.2 mt  - the density of ore; 

5.1fk  - degree of fragmentation. 

Time of one run: 

min35.475.00.188.072.1  unloadingloadingemptyloadr ttttT ; 

min72.1
3.58

100


load

load

l
t


 - the time of motion of the loaded load-haul-dump machine; 

ml 100  - the length of delivery; 

min/3.58
60

10005.3
mload 


  - the rate of movement of the loaded load-haul-dump machine; 

min88.0
3.113

100


empty

empty

l
t


 - the time of motion of the empty load-haul-dump machine; 

min/3.113
60

10008.6
mempty 


  - the rate of movement of the empty load-haul-dump machine; 

min0.1loadingt  - loading time; 

min75.0unloadingt  - unloading time. 

Number of runs per shift: 

2.778.0
35.4

420
 u

r

shift

r k
T

T
N ; 

min420shiftT  - the time of the shift; 

8.0uk  - use factor. 

Output per shift: 

shifttQNA orershift /61882.77  . 

Daily output: 

daytnAA shiftd /18543618  ; 

3n  - the number of shifts in a 24 hours. 

Annual output: 

yeartAAA dannual /4338362341854  ; 

The number of the loaded load-haul-dump machines in use: 

units
A

P
N

annual

m 8.1
433836

800000
 . 

Number of units in the load-haul-dump machines fleet: 

unitskNN rm 352.24.18.1  ; 

4.1rk  - the reserve factor; 

3 units in the load-haul-dump machines fleet are accepted. 



2.8 Calculation of necessary quantity of air. 

A quantity of air for the ventilation of a development drift on the gases from the blasting is 

calculated by the formula: 

sec/,)(
8.7 33 2 mlSA

t
Q gv  ; 

sec1800min30 t  - standart time for the ventilation of a drift; 

kgA 170  - a quantity of the exploded explosive; 
29.16 mS   - section of the drift; 

gl  - the length of the gassed zone; 

m
SSl

SA
l

c

g ,
)15(8







; 

mlc 8.2  - depth of cut; 
3/9.2 mt  - rock density; 

mlg 9.76
9.169.169.28.2

)159.16(1708





 ; 

sec/5.5)9.769.16(1200
1800

8.7 33 2 mQv  . 

Calculation of dQ  (a necessary quantity of air according to the dust factor) is produced on the 

process of the greatest dust-entering into the air of drift. 

sec/, 3m
nn

CB
Q

entadm

d



 ; 

B  - the intensity of the dust-entering; 

C  - factor considered decreasing of the dustiness due to the watering of the drift ( 5.0C  as a 

result of a sprinkling); 
3/6 mmgnadm   - admissible dustiness; 

entn  - admissible dustiness of the air entered into the drift; 
3/,3.0 mmgnn adment  ; 

3/8.163.0 mmgnent  ; 

sec/,mgPB h   ; 

014.0  - for the sprinkling or watering of the drift; 

hP  - loading and transport output per hour; 
3/6 mmg  - amount of a dust entered due to the different kinds of works (loading, transport); 

sec/14.7685014.0 mgB  ; 

sec/8.0
5.16

5.014.7 3mQd 



 . 

The calculation of a required quantity of air according to the factor of exhaust gases from 

internal-combustion engine is not carried out because of the used self-propelled technology with the 

electric drive. 

The air flow rate for the ventilation of the stope face with the end drawing of ore is calculated by 

the formula: 

sec/),17.2
4

(log8.1 3m
V

A

t

V
Q

g

g

st 


 ; 



38000mVg   - the volume of the gassed drifts; 

sec1800t  - ventilation time; 

kgA 1580 - a quantity of the exploded explosive; 

sec/5.16)17.2
8000

15804
(log

1800

8000
8.1 3mQst 


 . 

The necessary quantity of air for the ventilation according to the minimally allowable speed of 

air is determined from the formula: 

sec/, 3

minmin mVSQ  ; 

mS 9.16  - section of the haulage drift; 

sec/25.0min mV   - reserve factor; 

sec/23.425.09.16 3

min mQ  . 

 

The total quantity of air for the ventilation of horizon +400 m is: 

sec/),222(187.1 3

min mQQQQQ stdvtotal  ; 

sec/1.59)23.45.1628.025.52(187.1 3mQ total  . 

 




