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Way to Leadership in the Power Market: The Improvement of Coal Mining Technologies at Coal Mines of the Ekibastuz Deposit  
In the terms of reserves concentration, the Ekibastuz black coal deposit in Kazakstan is the most unique in the world. Thirteen billion tons of coal are concentrated in an area of 64 km² and an additional 200 million tons of coal are contained within a 1 km² area. From a geological perspective the deposit represents a syncline with dimensions 12 km × 6 km.  At the periphery, super-thick coal seams outcrop near the surface and to the center of the syncline they deepen by 750 m. The syncline is stretched in the north-south direction with coal seams of 170 m average thickness flanked by a flat dip at the curve ends. The south-western wing is represented by the inclined bedding, and the north-eastern wing by vertical bedding to overturned bedding (Pic.1).
Along the perimeter, the entire deposit is divided into 12 exploration and mining sections with lengths of 3 km each. The mining of the deposit starts at the periphery and progresses to the center of the syncline. It is envisaged to mine all the coal reserves of Ekibastuz deposit by open-cast mining methods in two stages: The first stage is down to the depth of 400 m and the second stage is down to the bottom of the syncline. The stripping ratio for the deposit as a whole is 1.43 m³/t; with a stripping ratio of 1.61 m³/t at 400 meters deep.
Ekibastuz coal of KSN-type as power-plant fuel possesses unquestionable consumer advantages including the lowest calorific value of 4,000 kcal/kg, moisture of fuel as received at 3-5%, sulfur content of 0.5%, and an ash-fusion temperature of 1,600 °C. The low stripping ratio and good consumer properties predetermined the riot pace of Ekibastuz coal basin development, which started  operations in 1955.
Production increase by 40 times

The base for development of the basin was Irtyshskiy coal mine I operating at the capacity of 3.0 million tons per year with operations starting for the first 1.5 million tons on December 25, 1954. From 1955-1988 the production of Ekibastuz coal increased by 40 times, while the production by open-cast mining method increased by only 6 times in Kazakhstan: In 1955, 64.5 million tons of coal was mined thru the open-cast mining method in the Soviet Union as a whole and in Ekibastuz, 2.3 million tons or 3.6% were mined. In 1988, 388.4 million tons of coal was mined by open-cast mining method in the USSR, including 89.7 million or 23.1% of Ekibastuz coal. Currently, Ekibastuz coal basin is also a leader in coal mining in the Republic of Kazakhstan. The share of Ekibastuz coal to the country’s total is 58% of 107.6 million tons of coal mined in 2014.
For the past 60 years, the coal production parameters of 2.85 billion tons of coal is impressive, but during the first stage of development (1955–1967) critical challenges had to be overcome due to extreme coal hardness and a high amplitude of ash content fluctuations ranging from 20% to an upwards of 60%.
The super hard coal, having no analogues in the world, was mined from a blasted face by a shovel excavator with a shovel capacity of 3-4 m³ and loaded directly into rail cars with each individual piece of coal measuring over one meter even though the GOST (the State Standard) authorized the size parameter of an individual piece of coal should not have been more than 300 mm. Therefore there was a need for a radically new excavator. 
A technology breakthrough from germany

During that period the world practice used bucket-wheel excavators to mine brown coal with the principle of cutting coal chips off the seam based one the hardness or structure, which resulted in larger than acceptable pieces. To resolve the problem of a "piece," Ministry of Coal Industry of the USSR involved scientists of the coal branch, and with the help of Ministry of State Planning of the USSR attracted not only the leading heavy machine-building plants but also the plants of the German Democratic Republic, which was the member of the Council of Mutual Economic Assistance of socialist countries. A crucial and new bucket-wheel excavator was to be implemented for the Ekibastuz coal mine and the self-appointed person in control of the program creation was the Minister Boris Fyodorovich Bratchenko. 
The persistent efforts of scientists, design engineers, machine-builders and operations people were crowned with a desired success. In September, 1966, the first bucket-wheel excavator of the ERG-400D model manufactured by Donetsk plant (Ukraine) was commissioned in Ekibastuz. With 1,000 tons per hour capacity it was able to mine coal from a face and load into rail cars in accordance with the individual piece size required by GOST. Thereafter, on the basis of that excavator, a line of serviceable Soviet bucket-wheel excavators with the capacity of 1,000-1,200 t/h were designed.
In 1969, Germany-owned TAKRAF commissioned the first of the SRs(K)-470 series of bucket-wheel excavators with a production capacity of 1,000 t/h. After a series of improvements it became the preferred mining machine for the conditions of the oldest mine of the Ekibastuz coalfield, the Severny coal mine (mining blocks 1, 2, 3, and 4). The innovative addition of onboard crushers to all of the bucket-wheel excavators significantly impacted the production capacity for the mine. This was a technological breakthrough in mining Ekibastuz coal which not only resolved the most urgent problem of a coal piece size but also increased the production capacity of the Severny coal mine by 2.4 times from 9 million to 22 million tons of coal per year.
The solution of the problem of a coal lump size also predetermined the success of the creation of Bogatyr coal mine in Ekibastuz with the production capacity of 50 million tons of coal per year.
For high-capacity mines, a bucket-wheel excavator was needed with 4,000-5,000 t/h production capacity and capable of mining a coal bench with a complicated structure and high hardness as well as a bench height not less than 25 meters. At the end of 1970, by the commissioning of the first phase (producing 5 million tons of coal per year) there was no equivalent bucket-wheel excavator in the world meeting all design parameter needs of the Bogatyr coal mine. So the mine became a testing ground for pilot models of such a line of bucket-wheel excavators (Table 1).
Testing ground for excavators

The SRs(k)-2000 bucket-wheel excavators (Pic.2) by its linear parameters, productivity, mass, power capacity, number of servicing personnel was optimal for the conditions of the large coal mine Bogatyr with the provision of the standard coal piece size, but at the same time in the process of multiple measurements conduct some drawbacks requiring significant design changes were revealed on tested models. Thereafter, between 1979-1982, the Bogatyr coal mine received four TAKRAF SRs(k)-2000M bucket-wheel excavators. The main difference from first models was a bucket-wheel, which had 32 buckets with a changed angle, instead of 22 buckets. This excavator became a standard for the whole Ekibastuz basin (Pic.3).
ERP-2500 bucket-wheel excavator (Pic.4) by all parameters was acknowledged to be the least acceptable for the conditions of Bogatyr mine, and as early as in 1989 both excavators were relocated to Severny mine, one of them is currently used as a reserve unit.
The giant ERShRD-5000-rotary complexes, in the composition of which there was a bucket-wheel excavator, self-propelled overhanging bin loader SPU-5000 and self-propelled cable-advancer with a diesel and electric drive were also not the most suitable option for the conditions of Bogatyr mine (Pic. 5). The first ERShRD-5000 complex was on a pilot test for 19 months, during the testing period the significant enforcements of metal structures were made, other serious changes were carried out in the control scheme of the complex. This model was in operation until 1998 and disassembled after that, while the second ERShRD-5000 operated until 2002 and was also disassembled later. For the whole operating life of both ERShRD-5000 complexes their average annual productivity was 25% below the designed one and actually it did not exceed this parameter of SRs(k)-2000 bucket-wheel excavators.
The original self-propelled loading devices SPU-5000 from these complexes were not disassembled and are actively used at Bogatyr mine as loading points in the composition of the conveyor and railroad mining complex (KZhDK) operation since 2004 with the productivity of 14 million tons of coal (blended and meeting the GOST requirements on a coal piece size) per year.
Guinness World Record in 1980

Commissioning of four SRs(k)-2000M in 1981-1982 allowed Bogatyr coal mine to achieve its designed capacity on coal mining and shipping in 1983 when 52.1 million tons of coal were shipped to Customers; 90% or 47 million tons were delivered into rail cars by bucket-wheel excavators. This success was achieved thanks to the work of two TAKRAF SRs(k)-2000 and four SRs(k)-2000M excavators.
It should be noted that the availability ratio of bucket-wheel excavators with the productivity of 4,000-5,000 t/h, in the conditions of the cycle technology with loading coal from a face into rail cars at Bogatyr coal mine, was in average 0.22, but the combination of operations on coal mining, crushing and loading into rail cars directly in the face predetermined high technical and economic parameters of the mine as a whole. It is just that in 1980 Bogatyr coal mine was recorded in the Guinness Book of Records, and the symbol of Ekibastuz town was a bucket-wheel (Pic. 6).
Currently 12 TAKRAF bucket-wheel excavators are in operation in Ekibastuz basin, including two SRs(k)-2000 excavators and ten SRs(k)-2000M excavators, which load over 60 million tons of coal per year to customers.
Vostochny coal mine

The creation of a bucket-wheel excavator of big unit capacity capable to mine ultra-hard Ekibastuz coal with provision of a standard piece size (not more than 300 mm) predetermined the introduction of the flow technology of coal mining at Vostochny coal mine with the use of conveyor transport. The new technology combined both coal blending and loading into rail cars with weighing and dosing operations on the surface complex.
The Vostochny coal mine in Ekibastuz is equipped with SRs(k)-2000M bucket-wheel excavators, which mine coal from four faces in the complex with ARs(k)-5500.95 inter-bench transfer conveyors and BRs(k)-2000.65 face transfer conveyors loading coal onto LK-5250 belt conveyor at the production capacity of 6,000 t/h. The blending of coal with different ash content is completed in coal stockpiles in the formation of the Chevron method with the use of a 6,500 t/h capacity stacking conveyor. Coal shipment from a stockpile is delivered by a drum machine equipped with "rakes" at 4,000 t/h capacity. After weighting and dosing operations are complete, the coal is loaded into rail cars at a capacity of 4,000 t/h using an automated loading system.  
Vostochny coal mine was commissioned in four phases during the period 1985-1988 with an annual production of 7.5 million tons of coal per year.  Currently, 20 million tons of coal is produced annually even though the design capacity is 30 million tons per year. Due to the comparatively small length of the open-pit field (2,800 m) and the very complicated two-bench system of mining in the conditions of inclined bedding of seams and high rate of mining works, deepening did not allow operations to achieve the overstated designed production capacity of the mine. An additional factor was the low availability ratio of the bucket-wheel excavator for the flow technology on the level of 0.30.
New technical requirements

With the purpose to fully use the highly productive rotary machinery for mining a coal seam with a complicated structure for the basin as a whole, in 1979 the State Committee for Mineral Reserves of the USSR set up the new parameters of the technical requirements for Ekibastuz coal: four meters in thickness and 60% in ash content. At the same time, GOST divided coal shipped to customers into 2 groups by its ash content: the first group with an average ash content per train of 40.5%, maximum 43% and the second group with an average ash content of 47.5%, maximum 53%. In the structure of Ekibastuz coal shipped to customers from Bogatyr and Severny coal mines the share of coal of the second quality group made approximately 20% on average during 1980-1988, and the annual shipments of such coal fluctuated from 10 up to 15 million tons.
It was envisaged to burn the high-ash content coal of the second quality group at the Ekibastuz power plants equipped with special boiler units, but those power plants had to be built first. In the meantime, the customers of Ekibastuz coal demanded deliveries of coal of the first quality group to not exceed an ash content deviation of ±2.5% from the average for each train. Additionally, the coal transporter demanded from the client that the coal overload in a rail car should not exceed 1% of its cargo capacity. The comprehensive solution of all the indicated problems was implemented on the newly commissioned Vostochny coal mine in 1985-1988.  
During the same period, the Bogatyr and Severny coal mines delivered 80% of Ekibastuz coal. In contrast to the Vostochny coal mine, the Bogatyr and Severny mines used bucket-wheel excavator technology to load the coal into rail cars from faces with different ash content.  The actual deviation of ash content in an individual rail car was stipulated on the level of ±12% from the average per train.
A challenge for a bucket-wheel and railcar loading system was the accuracy of coal loading into rail cars: it took one second for a bucket-wheel excavator with the capacity of 4,500 t/h to load 1.25 t in a car, and from 3 to 5 seconds were needed for a loading operator and a locomotive operator for coordination actions, i.e. the actual accuracy of loading was ±5 tons.
Coal quality and loading accuracy

To fulfill all regulatory requirements of both power engineers and a transporter, a new technological breakthrough was needed to provide coal quality stabilization and accuracy of loading rail cars with coal in an automated management of the complex technological chain of events. It was unreal to implement the simultaneous conversion to the new technology at the operating mines with no significant reduction of their productivity. Therefore it was required to find another way envisaging the satisfaction of demands of both power engineers and railroad people on the acceptable level. To achieve the goal at the coal mines of Bogatyr Coal LLP (Bogatyr and Severny) the conversion was made to the truck and railroad technology with blending coal in in-pit coal stockpiles with the capacity of 100-150 thousand tons. 
In that case the coal mining was carried out by EKG-15, EKG-18 shovel excavators with loading coal into large trucks with cargo capacity of 90, 130 and 140 tons hauling coal to a blending yard, the formation of a stockpile at which was made with the help of heavy bulldozers of D-10 type manufactured by Caterpillar. Loading coal from a stockpile into rail cars is made by a bucket-wheel excavator of SRs(k)-2000 type with the productivity of 4,500 t/h, which fulfills the functions of a crushing and loading machine (Pic.7).
At Bogatyr coal mine, the conveyor and railroad mining complex (KZhDK), which consists of a blending stockpile at elevation -55 m (260 meters from the surface) and the coal loading point (UPK) at elevation +45 meters. The coal from the stockpile of the blending yard is shipped by a bucket-wheel excavator to a yard conveyor, then by the system of lifting conveyors it is hauled to the UPK, the coal loading into rail cars is made by two loading devices of a console type (SPU-5000 type), under each of them 2 rail tracks are laid. Currently, the productivity of the KZhDK complex is 14 million tons of coal per year. Comparatively, four blending and loading points at Vostochny coal mine ship 19-20 million tons of coal per year, i.e. the productivity of one complex there is 3 times lower than at the KZhDK complex.
The weighing and dosing of rail cars loaded with coal are made on the surface complex with the use of rail scales and the excavator with a shovel capacity of 1.0 m³ (Pic.9). This procedure takes over 35% in the balance of time for cars turnover and is the invincible obstacle for increasing the production capacity of the coal mine.
For the conversion to the new truck and railroad technology with blending coal in the in-pit stockpiles at Severny and Bogatyr coal mines, $132.5 million were invested for the period of 2005-2014.  Approximately half of those investments allocated for the upgrade of four bucket-wheel excavators of SRs(k)-2000 supplied by TAKRAF in 2007-2013 with the prolongation of their service life for 10 years as crushing and blending machines at blending yards.
Deepening of mines demands reconstruction

The active coal mining and shipment technology at Bogatyr Coal LLP is reliable for provisioning customers with coal at any time of the year, including during the most intense autumn-winter period of time. However, with regard to the deepening of the mines there is a need in the fundamental reconstruction of the coal complex of Bogatyr coal mine with the first need to be addressed is the conversion to the truck and conveyor technology with the automated control of all the links in the technological chain.
The conceptual projected scheme of the new technology at Bogatyr coal mine promises a productivity of 40 million tons of coal per year (Pic.10, 11). To minimize the negative environmental impact, the blending coal stockpiles will be located on the site of the stationary slope of the mine located 35 meters below the day surface, which leads to a multiple reduction of wind impact on flue-dust escaping from the stockpiles. The manufacturing and delivery of the equipment will be made by the German company ThyssenKrupp Fördertechnik.
The conversion to the new technology allows taking out of service at Bogatyr coal mine the whole complex of railroad transport, including 28 OPE-1 electric traction units, 8 in-pit rail stations (100 rail switches), 95 km of rail tracks, 130 km of overhead system and to liquidate the surface complex on weighing and dosing rail cars. These changes will allow excluding a big volume of shunting works on forming and breaking trains and weighing and dosing cars from the technology of coal-collecting stations.
The conversion to the new truck and conveyor technology leading to the increase of the production capacity of Bogatyr Coal LLP as a whole from 42 to 50 million tons of coal per year will allow the release of 1,000 people or 15% of the staff, increase the labor productivity of 1 worker by 1.4 times, reduce the prime-cost of 1 ton of coal by 1.2 times and the turnover of rail cars by 3 times from 14.3 hours down to 5 hours. The payback of the project costs will not be more than 5 years.
At the moment there is no analogue of such a coal complex, both from the stand-point of the technical level and economic efficiency, on the territory of the former Soviet Union. It is a claim for the definite leadership at the market of power plant coal.
To introduce the new technology Bogatyr Coal LLP developed and is implementing the program on training and retraining personnel for all professions on the operations of the cycle and flow technology while carrying out the purposeful work on constant improvement of labor organization at each workplace using world experience.
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Pic. 1: The situational scheme of Ekibastuz black coal basin
Source: Bogatyr Coal LLP
	#
	Plant-manufacturer 
Type of a bucket-wheel excavator
	Year of commissioning
	Technical productivity,

 t/h
	Wheel diameter, m

number of buckets, ea
	Digging radius, m
	Maximum bench 

height, m
	Mass, tons
	Installed electric capacity, kW
	Number of servicing personnel per shift, man
	Designed capacity, 

million tons per year

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	Lauchhammer-werk,

TAKRAF, Germany

SRs(K)-2000 #1


	1972
	4500
	11

22
	41.3
	28
	2160
	3520
	7
	6.5

	2
	SRs(K)-2000 #2
	1973
	4500
	11

22
	41.3
	28
	2160
	3520
	7
	6.5

	3
	Novo-Kramatorsk heavy machine-building plant (NKMZ), Ukraine ERShRD-5000+

SPU-5000 #1


	1977
	5000
	13

16
	63.3
	32
	5770
	15700
	11
	8.0

	4
	ERShRD-5000+ SPU-5000 #2
	1978
	5000
	13

16
	63.3
	32
	5770
	15700
	11
	8.0

	5
	Zhdanov heavy machine-building plant (ZhZTM), Ukraine

ERP-2500 #1


	1980
	2500
	8

20
	32.8
	20
	1772
	3780
	4
	4.5

	6
	ERP-2500 #2
	1982
	2500
	8

20
	32.8
	20
	1772
	3780
	4
	4.5


Table 1 : Data on bucket-wheel excavators, pilot tests of which were carried out at Bogatyr mine while loading coal from a face into rail cars from 1972-1982
Source: Bogatyr Coal LLP
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Pic. 2: Bogatyr coal mine in 1972: The first SRs(k)-2000 bucket-wheel excavator is transported into a face
Source: Bogatyr Coal LLP
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Pic. 3: A wheel of an upgraded SRs(k)-2000M bucket-wheel excavator to mine Ekibastuz coal of higher hardness

Source: Bogatyr Coal LLP
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Pic. 4: ERP-2000 bucket-wheel excavator at Severny mine

Source: Bogatyr Coal LLP
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Pic. 5: ERShRD-5000 rotary complex at Bogatyr mine

Source: Bogatyr Coal LLP
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Pic. 6: The symbol of Ekibastuz - the town of miners (Kazakhstan)
Source: Bogatyr Coal LLP
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Pic. 7: Technological scheme of the in-pit blending coal stockpile
Source: Bogatyr Coal LLP
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Pic. 8: Technological scheme of the in-pit blending coal stockpile in the anticline at elevation 

-55m while the conversion of the KZhDK complex to the truck and conveyor technology
Source: Bogatyr Coal LLP
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Pic. 9: Weighing and dosing points for rail cars with coal at the coal-collecting station.

Source: Bogatyr Coal LLP
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Pic. 10: The conceptual scheme of processes in the cycle and flow technology of coal mining and shipment at Bogatyr coal mine
Source: Bogatyr Coal LLP
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Pic. 11: The conceptual scheme of equipment location in the pit (light-green background) 

and on the day surface (blue background)
Source: Bogatyr Coal LLP
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