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Essay
Kyiv-2013
1. Introduction.  The tendency of the increase of the scales and the role of open pit mining will remain in the foreseeable future. The maintaining and the increase of the volumes of extraction with open method is related to the constant increase of the depth of mining works. The increases of the depth of the quarries result in the increase of the volumes and the distance of transportation of the mountain mass. Neither type of the quarry transport has no totality of the technical, technological and economic advantages which would allow to affirm that its use without the using of other types of the transport can work out even one quarry of large depth. The simultaneous or the consecutive application of two and more types of the transport in independent or combined use with the growth of the depth of mining is objectively unavoidable.
The more promising is a combined motor-conveyer transport, i.e. cyclic-and-continuous transport (hereinafter referred to as the CCT), which economic expediency increases with the increase of the depth of the quarry and the volumes of transportation. The transition to the cyclic-and-continuous transport is often contained with the fact that during the development of quarries development strategy the orientation on the use in future of CCT was absent, and, as result, the difficulties with the placement of the conveyer systems on the formed slopes of the pit walls appear. In addition, the output of the introduced CCT was lower than designed one due to the non-coordination of the cyclic and the continuous parts of an integral transport system. The changing of the number of excavators in the faces of ore and rock sections, the different reliability of functional elements and other factors did not allow to balance the cargo flows in the cyclic and in the continuous transport.
The more complete realization of technological advantages of CCT is achieved when using the steeply inclined lifting conveyer that reduces up to the minimum the volumes of mining permanent works when preparing the route for on the formed pit walls. However, the application of the steeply inclined conveyers SIC in the quarries of the CIS countries was limited only with theoretic working outs. For a long time there was no enterprise which was ready to overcome the formed psychological and technological barrier on the way of implementation of an idea of application of steeply inclined conveyer which will ensure the deep introduction of the continuous transport. In the quarry "Muruntau" of Navoi Mining-and-Metallurgical Industrial Complex all factors came together situationally which assisted in the overcoming of these and other barriers.
2. Purpose of work and basic idea for its achievement: to create more efficient transport of the deep quarry on the base of resource sparing cyclic-and-continuous transport with steeply inclined conveyer SIC.
In order to realize this idea the Navoi MMIC has adopted and fulfilled a program which main fulfillers became the specialists from Ukraine. The layout and the profile of offered cyclic-and-continuous transport for the ore are represented on fig. 2.1 and 2.2, and technical data are given in table 1. As the components of CCT-ore the following is provided: CRS - crushing-reloading station (point); SIC-270 – steeply inclined conveyer, LSC - loading-storage complex; ASMODU – automated system of monitoring and operative-dispatcher control.
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Fig.2.1. Situational layout of CCT with steeply inclined conveyer SIC-270 and direct flow loading into the railway transport.
Table 1

Technical data of cyclic-and-continuous transport for the ore of the quarry "Muruntau"

	1.
	Capacity:
	

	1.1.
	technical:
	 3500 t/h
 2000 m3/h

	1.2.
	operational annual
	up to 16 million t/y

	
	operational daily
	up to 53,5 ths. t/day

	2.
	Lifting height when transporting the mountain mass
	270 m

	3.
	Characteristics of mountain mass:
	

	3.1.
	sieve analysis of the mountain mass when taking in the transshipment station, mm
	0-300 (60%) 

300-1200 (38,5%)
more 1200 (1,5%)

	3.2.
	piece size when transporting with conveyer
	up to 300 mm

	3.3.
	bulk (loose) density
	1,75 t/ m3

	3.4.
	single axis ultimate compression strength
	up to 250 MPa

	
	strength coefficient for M. M. Protod'yakonov
	7…15

	4.
	Shipment by railway transport:
	

	4.1.
	annual
	up to 17 million tons

	4.2.
	time of train loading 
	20,0 minutes

	5.
	Capacities of the warehouses:
	

	5.1.
	of operative (conveyer buffer) 
	up to 140 thousand tons

	5.2.
	of motor road (reserve) 
	up to 230 thousand tons

	6.
	Electric power:
	

	6.1.
	maximum consumed power
	6930 kW, 7180 kVA

	6.2.
	consumed power per annum
	34,5 million kW*h 

	7.
	Operation mode: 
	continuous

	7.1.
	quantity and duration of the shifts per day
	2 of  12 h

	7.2.
	annual design life of operation time 
	not less than 5000 h

	8.
	Operation life
	not less than 20 years


This innovative technology of the cyclic-and-continuous transport was created with joint efforts of Navoi MMIC, designers, developers, scientists and machine-builders whose collectives are in Ukraine, Uzbekistan and Russia. Thus, it was confirmed again that the most significant results are achieved on the junction of the sciences when integrating the efforts of scientists, developers, specialists of machine-building and operating enterprises.


3. Scientific-technical results and their practical importance.

3.1. In the process of the development of documentation, manufacturing, installation and commissioning of the steeply inclined conveyer SIC-270 it had been set to:
1) the developed design of the steeply inclined conveyer with a rider belt is operable, has high reliability, ensures stable reception, lifting at angle of 37 degrees at the height of 270 m and unloading of the crushed rocky mountain mass with capacity of more than 3500 t/h;
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2) the created steeply inclined conveyer SIC-270 satisfies the conditions of operation in the quarry, is provided with the servicing facilities, is recognized to be  successful solution and is recommended for use;
3) the steeply inclined conveyer can combine in the unique module the lifting and the transferring functions that is its feature in the quarry "Muruntau" (see fig. 2.2);
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4) the route of the steeply inclined conveyer is recommended to be placed perpendicularly to the berms of the ledges at general angle of the inclination of the pit wall;
5) the adopted design layout of pivot joint of the sections between themselves and the supports on the ledges along the entire length of the steep part without discontinuities for compensation of temperature deformation of supporting metal structures confirmed its operability and reliability;
6) side on the area of placing SIC-270 is sufficiently stable, the possibility of appearance of large deformations being able to result in emergency situations is practically absent, and the design of the foundation structures for supports (know how) reduces the possibility of local collapses of the ledges with deformation of support of the steep part of SIC-270. The safety factors of mountain massifs from their additional loading with steeply inclined conveyer are 1.3...1.95.

	7) the possibility of installation on the pit wall of large components (length 51 m, cross-section 5.0*3.6 m and weight 84 tons) of steep part of SIC-270 is proved with the consecutive lowering of the sections on the guides stacked on the upper structure of supporting metal structures; 
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8) for electric motors of alternating current with phase rotors the electric drives (know how) were applied which are compact and efficiently ensure: the joint smooth start and the operation of two belts, the redistribution of the load between all motors; the discrete and the smooth correction of the speed of pressure belt for synchronizing of the joint movement of the belts. In the process of the adjustment the relative speed of two belts was at the level up to 3 mm/s, i.e. the slip is less than 0.1%;
9) the screw-tooth crusher confirmed its operability on the rocky mountain mass of the quarry "Muruntau". For the increase of its capacity up to the design values (2000 m3/h or 3500 t/h) and the durability of its operating elements the grate bars for the preliminary screening before the crushing are provided. In addition, the operating elements of the crusher are placed in alignment with not the direction of the mountain mass delivered for the crushing, but with the direction of the movement of the belt which takes the crushed material;

10) the belt feeder of the crushing- reloading station meets the conditions of operation, has a high operability with the simplicity of the design and maintenance. It was found to be the most successful solution and is recommended for all new CRS.
3.2. In the quarry "Muruntau" the stable and rhythmic operation of the cyclic-and-continuous transport and a single system due to the additional measures and means of control when combined (interacted) was achieved. These measures are based on the following results of the research and solutions:
1) for the compensation of the variation of the intensity of quarry cargo flow the buffer warehouses between the cyclic-and-continuous transport are expedient, which allowed to increase the operational capacity of CCT by 12%;

2) the erection and the operation of internal quarry buffer warehouses is economically expedient, if the costs for transportation of the mountain mass from the face to the dump or the warehouse with the additional transshipment will be lower, than the expenses for transportation of the same volume of the mountain mass with road transport from the face to the dump or warehouses on the surface without additional transshipment;
3) it was ascertained that with the capacity of the continuous transport of 4000 m3/h, the probability of accumulation of the mountain mass at the quarry "Muruntau" in the buffer warehouse of 220 thousands  m3 and more is 0.12;

4) when working out the upper horizons the moment came when it is profitable to refuse from the delivery of the mountain mass on the surface with dump trucks only and to transit to the combined carrying with transportation downwards on the separate sections:
· breed by a skate under the action of gravitation with subsequent loading in the motor transport to the transshipment stations of the continuous transport and further with conveyers in the dump or to the warehouses. In conditions of the quarry "Muruntau" it is achieved at the distance of transportation with dump trucks into the dump being more than 3.0 km, i.e. with road transport only it is reasonable to work out the upper part of the pit wall only to the depth up to 60 m;
· or to transport the mountain mass with dump trucks downwards to the transshipment stations of continuous transport and further with the conveyers in the dump or to the warehouses;
5) according to results of observations of operation of the continuous transport of operating CCT during 5 years the actual readiness factors were determined and assumed for calculations being significantly different from rated ones;
7) in order to determine the reasonable capacity of the CCT bin when transshipping from dump trucks on the conveyer the methods were developed with application of mathematical tools of queuing theory. The studies in accordance with these methods showed that with the load capacity of the dump trucks being 132 tons and more it is sufficient to have one unloading station onto the CCT with technical capacity being 2000 m3/h (3500 t/h).

3.3. In the process of the development of documentation, manufacturing, installation and commissioning of the loading-storage complex on the surface of the quarry "Muruntau" it has been set to:
1) self-propelled rocky loader-stacker (LSR) ensures the continuous direct flow loading of the ore into the dump cars or to the storage. In result, the continuous delivery of the ore from the bottom of the quarry to the plant without unnecessary transshipment on the surface is formed;
	[image: image6.jpg]



	[image: image7.jpg]




	а) loading to the temporary warehouse
	б) loading to the railway dump cars


2) the combined capacity of operative and motor transport warehouse provides 5.6 daily stock of the ore for its shipment to the plant.
3) the installation of the additional conveyer line gave to the CCT system the additional flexibility which allows to adapt it to the current prevalence of the volumes of mixed flows of the mountain mass which is formed in the quarry: ore or overburden;
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	а) the loading of the overburden to the additional conveyer line is not carried out
	b) the loading of the overburden with LPR is carried out on the additional conveyer line


3.4. In the process of the development of documentation, manufacturing, installation and commissioning of ASMODU (automated system of monitoring and operative-dispatcher control) of the continuous transport for the ore of the quarry "Muruntau" it had been set to:
	1) the multi-level computer-aided system of control Automated Control System "PT-ore" having more than 1300 physical inputs/outputs proved its operability and reliability, provided the high level of supervision, protection, control and monitoring which assist to the increase of the readiness of the continuous transport to the operation and to the reduction of the time of operability restoration after the emergency shutdowns;
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2) the practical implementation of the ASMODU with positive result can be regarded as the base one for the quarries and mining reductions of concentrating factories, has the sufficient flexibility of the software-hardware that will allow to increase, to enhance and to adapt it to the different technological schemes with continuous transport in which the screens and the crushers are integrated.
4. The advantages of the cyclic-and-continuous transport on the base of steeply inclined conveyer SIC-270 with deep input into the quarry
4.1. The advantages of CCT on the base of steeply inclined conveyer are obvious and become apparent in the incidental expenses:
1) The SIC is installed practically without additional mining preparatory works on the narrow section of the pit wall that does not restrict the expansion of the mining along the entire contour of the quarry, does not require the laying of the special trenches or sinking operations (comparing to the traditional slightly inclined conveyers the steeply inclined conveyer takes up by 25-50% less area of the workspace);

2) for the approach of technological transport to CRP the creation of the transport berms in the mountain part with the corresponding separation of the pit wall in this zone is not necessary that allows to retain its general angle of inclination;
3) the combined parallel operation of two belts increase their resulting strength and tractive ability of the drives that increases the height of the lifting of the mountain mass with one conveyer without overloading;
4) the wider opportunities on the arrangement of the routs of conveyer transport are opened which configuration can combine the sections with the various inclination angles;
5) there is possibility of the further increase of the depth of sinking of the continuous part of CCT (the variant of installation of one more SIC-180 with the height of lifting being 180 m, i.e. in total 450 m);
6) when transporting the ore the necessity of its primary crushing in the process of processing at the plant;
7)  the costs for the fuel are reduced, the environment and the conditions of the people's work in the quarry with the preservation of the flexibility of transport system which are provided by dump trucks;
8) when combining the continuous and the cyclic transport each type is operated in the conditions being most favorable for it;
9) the loads losses due to the reduction of blowing and spilling of the transported cargo, the environmental situation of mining enterprise is improved;
10) the continuous transport is simply and reliably automated;
11) the shortest way for the delivery to the quarry of technical water and operative personnel is created;
12) it should be specially noted that with the average operation life of the dump trucks being 6-7 years, during the resource life of CCT operation during 20 years it would be necessary to renew three times the park of dump trucks which is released by the continuous transport;
13) the estimation of the CCT development in the transport system of the deep quarry "Muruntau" with application of steeply inclined conveyers showed: the volumes of investments for the introduction of the continuous transport with SIC-270 are commensurable with investments to the development of the motor technological transport; the specific efficiency of its application for the ore lifting at the height of 270 m is ~0.193 per one ton, that with the capacity of CCT with SIC-270 being equal to 14.0...16.0 million tons of the ore the operational costs are by 2.7...3.1 USD per annum less than when oriented to the development of motor technological transport.
4.2. In the domestic mining industry and CIS countries there are no samples of CCT with steeply inclined conveyer. The nearest analogue in the world's practice of open pit mining (Majdanpek, Serbia) according to the height of the lifting is approximately one third of the created for the quarry "Muruntau" (table 2).
Table 2

Comparative data of SIC (created and closest world's analogue)

	Place of 

operation
	Bulk loose
density, 

t/m3
	Capacity,

t/h
	Inclination angle, degrees
	Lifting height,

m
	Belts width, 

mm
	Belts speed, 
m/s
	Drives power, kW
(rider / load)

	Muruntau
	1,75
	3500
	37
	270
	2000
	3,15
	1260/3780

	Majdanpek
	2,08
	2000*
	36
	94
	2000
	2,80
	450/900


* the achieved capacity is given (according to design 4000 t/h, but only one of two technological lines operating for one common assembly SIC was put into operation)
5. The achieved operational results.

5.1. The first trial start of CCT-ore was carried out on December 28, 2010, and its transfer to the break-in, adjustment and experimental operation took place on March 17, 2011. Its industrial operation was started from June 21, 2011, during which as of 01.01.2013:
1) 16.4 million tons of mountain mass were shipped;
2) the maximum shift capacity of 46.3 thousand tons for 12 hours shift or 3860 t/h was achieved (i.e. the technical capacity is already exceeded);
3) the maximum monthly capacity of 458 thousand m3 or 1.19 million tons per month was achieved that will allow the capacity of the continuous transport being more than 13 million tons of the mountain mass per annum;
4) the possibility is provided with the same continuous transport to put out the overburden from the quarry which through the system of additional conveyers is delivered to the dump passing the ore warehouse (thus, the CCT system was given additional flexibility which allows to adapt it to the main cargo flow being formed in the quarry: ore or overburden);
5) when transporting the mixed mountain mass (overburden and ore) with application of the continuous transport on the base of SIC-270, the distance of the transportation with motor transport was decreased by 3.6 km, and the number of kilometers travelled was decreased by 40 %;
6) the coefficient of the readiness of the continuous transport Cr=0.842 is higher than designed for the initial Cr=0.717 and steady Cr=0.803 of operation periods, and the reliability of adopted and realized solutions will not restrain the increase of the transportation of the mountain mass in the cyclic elements of the quarry up to 16 million tons per annum.
5.2. According to data of Navoi MMIC the economic effect for the mixed mountain mass (overburden and ore) which has been already obtained from the creation of the cyclic-and-continuous transport on the base of steeply inclined conveyer SIC-270 for year 2012 was 2.87 milliard of sum of Republic of Uzbekistan (≈12.2 million UAH or ≈1.53 million USD).
6. Conclusion.


6.1. In order to create the cyclic-and-continuous technology on the base of steeply inclined conveyer SIC-270 the significant complex of scientific-research, engineering-survey, developing, designing and experimental-industrial works has been carried out. The world's experience of application of the steeply inclined conveyers in the open pit mining was studied. The raw data, requirements and performance specifications for the development of project and design documentation were developed. The offers of the various companies (Ukraine, Germany, Japan, Russia, Canada) were examined and the most optimal and economically sound Ukrainian developers, manufacturers and suppliers of the equipment were selected.

6.2. The creation, starting and industrial operation of the cyclic-and-continuous transport with SIC-270 at the quarry "Muruntau" have proven on practice the reality of the implementation of an idea of steeply inclined lifting of the rocky mountain mass from the pit on the day surface at the height of 270 m with capacity of 3500 t/h at the general inclination angle of the pit wall (37 degrees).
6.3. The realized layout of the continuous transport and its joining with the cyclic element are resource sparing technology.

The reduction of the shoulder of the transportation of the mountain mass with dump trucks reduces the consumption of non-renewable fuel-and-lubricating materials being in very short supply. The application of the steeply inclined conveyer reduces the consumption of electric power comparing to the traditional slightly inclined conveyer at the expense of more balance of the belts. The direct flow loading in the railway transport on the surface of the quarry eliminates the significant volume of the mountain mass transshipment that also spares resources. The screw-tooth crusher and the belt feeder are also energy sparing. The original layout of the crushing- reloading station reduces its height, costs for the building of CCT and the shoulder of transportation with motor transport. The efficiency of the railway transport is increased due to more complete loading of the dump cars with continuous flow along their entire length.
6.4. The main scientific-practical results were obtained by international collective in which the Ukrainian specialists prevailed with the participation and support of international partners, mainly from the state enterprise "Navoi MMIC", which quarry "Muruntau" became an operational ground of innovative scientific-technical solutions.
6.5. According to the height of lifting of the mountain mass being equal to 270 m at the angle of 37 degrees with the capacity of 3500 t/h, originality of technological and design solutions the cyclic-and-continuous transport with SIC-270 is a unique engineering structure having no analogues in the world's practice of open pit mining. During the first year and a half of the industrial operation the cyclic-and-continuous transport with steeply inclined conveyer SIC-270 had convincingly confirmed the reliability of adopted and realized solutions. It has a high practical effectiveness with large effect which is increasing as far as the mining works in the cyclic elements are adapted to the obtained achievements in the continuous part of the CCT.
6.6. The steeply inclined lifting of the rocky mountain mass can be applied also for the underground mining when developing (opening) the underlying horizons without the deepening of the shaft for cargo lifting.
6.7. The cyclic-and-continuous transport with steeply inclined conveyer allows to increase the competitiveness of the raw material resources extracted with the open method and gives the bases for reviewing of the bounds of transitions to the underground method (in particular, to bring the depth of the quarry "Muruntau" according to the project of the fourth stage to 675 m, and in future the depth of the mining with open method up to 950... 1000 m is examined).
6.8. The listed achievements have know how, were reflected in publications (17, whereof 16 are foreign ones), theses for obtaining of the title of doctor of technical sciences (2), patents (8), websites (6), approved at international conferences (4) and presentations (13, whereof 10 are international ones), raise an increased interest of the world's mining community (8 requests for familiarization directly in the quarry "Muruntau", where of 2 are of Ukrainian Mining-and-Concentrating Industrial Complexes).
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Fig.2.2. Profile of continuous transport with SIC-270
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