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Abstract 

Coal, a non-renewable source of energy, is found in several parts of the world. The coal layers are mined by two methods: open 

cast mining and underground mining. Coal is formed from organic matter with high carbon content. Coal mining has had many 

developments over the recent years, from the early days of men tunneling, digging and manually extracting the coal on carts, to 

large open cut and long wall mines. Mining at this scale requires the use of draglines, trucks, conveyors, jacks and shearers. This 

coalfield presently has a complex situation with the mining and associated conditions. Therefore, for the development of the most 

appropriate technical option for the coalfield it is necessary to develop an inventory of the geo-mining conditions. In the present 

paper, study of data including borehole lithology, lay and disposition of coal seams, strip ratio analysis, surface constraints etc. 

will be carried out. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Chasnalla Block lies in the South Eastern extremity of Jharia Coalfield (JCF) in the Dhanbad district of Jharkhand state. It covers 

an area of 4.5 Km2. The area is roughly defined by north latitudes 23038’25’’ and 23’’40’00’’ and East longitudes 86027’12’’ & 

860 29’15’’. It is included in the survey of India Topo sheet no.73 I/6 and in Sheet No.8 of the geological map of JCF. Figure 1 

shows the regional location of the area. This Block is located about 15 km from Jharia town and about 23 km from Dhanbad town. 

Dhanbad - Sindri Road passes through its northern boundary. Coal Mine is one of the oldest and largest industries in India widely 

spread over   several states. The most economical method of coal extraction from coal seams depends on the depth and quality of 

the seams, and the geology and environmental factors. Coal mining processes are differentiated by whether they operate on the 

surface or underground. Many coals extracted from both surface and underground mines require washing in a coal preparation 

plant. Technical and economic feasibility are evaluated based on the following: regional geological conditions; overburden 

characteristics; coal seam continuity, thickness, structure, quality, and depth; strength of materials above and below the seam for 

roof and floor conditions; topography (especially altitude and slope); climate; land ownership as it affects the availability of land 

for mining and access; surface drainage patterns; ground water conditions; availability of labor and materials; coal purchaser 

requirements in terms of tonnage, quality, and destination; and capital investment requirements.  

Surface mining and deep underground mining are the two basic methods of mining. The choice of mining method depends 

primarily on depth of burial, density of the overburden and thickness of the coal seam. Seams relatively close to the surface, at 

depths less than approximately 180 ft (50 m), are usually surface mined whereas for deep seated coal, other methods of mining 

including underground mining method is applied [1]. 

II. METHODS OF MINING 

Recovery of coal seams occurring at shallow depth can be both technically and economically feasible by means of surface mining. 

The excavation usually takes the form of an open quarry mine or strip mine. Selection of mining method and major mining 

equipment and mine layouts for this project are based on the geo-mining characteristics of the project. Shallow occurrence of a 

large number of coal seams makes the deposit ideally suited for exploitation by opencast method, the deposit has therefore been 

proposed for mining by opencast method upto the depths of 260 m and beyond which option of underground method will be 

considered. Conservation of non-replenish-able fossil fuel resources has also been taken into consideration for defining the scope 

of opencast mining operations. Opencast mining will also ensure near total extraction of the valuable natural resources.  

Out of twenty two seams  namely XIV, XI/XII, IX/X, VIII-A, VIII, VII,VIA, VI, V, L-7, IV TOP C, IV TOP B, IV TOP A, L-

6, L-5, IV B, L-4, L-3/III, L-2, II, I MID & I BOT within the quarry area only sixteen coal seams namely XIV, XI/XII, IX/X, 

VII,VIA, VI, V, L-7, IV TOP B,IV B, L-4, L-3/III, L-2, II, I MID & I BOT are well developed in the Tasra & Chasnalla coal 

https://en.wikipedia.org/wiki/Geology
https://en.wikipedia.org/wiki/Coal_preparation_plant
https://en.wikipedia.org/wiki/Coal_preparation_plant
https://en.wikipedia.org/wiki/Overburden
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blocks and considered for mineable reserves. Seams VIIIA, VIII, IV TOP C, IV TOP A, L-6 & L-5 has not been considered for 

mineable reserve estimation due to absence of sufficient consistent mineable thickness within the quarry area. Seams in crop at a 

shallow depth and continue up to depth of about 700 m. The entire block is found suitable for exploitation by opencast mining 

method up to a maximum depth of 260 m. 

The study of data including borehole lithology, lay and disposition of coal seams, strip ratio analysis, surface constraints etc. 

indicates that the entire net geological reserves of the blocks are not opencast able except up to certain depth. Mineable reserves 

of 78.45 Mt has been envisaged to be extracted by opencast from the Tasra block. Inclusion of part of Chasnalla block has added 

another 29.08 Mt of Mineable reserves in the proposed pit. Total Mineable reserves within the delineated pit are 107.53 Mt. 

Extractable reserves from the proposed pit is 96.78 Mt. 423.90 Mcum of overburden has to be handled at an average stripping ratio 

of 4.38 cum/t. However, the proposed opencast mining will in no way jeopardize mining of this coal seam by underground method 

in future, if feasible.  

The most suitable mining technology for opencast mining the Tasra Block would be Truck & Shovel system by considering the 

limited extend of the deposit, steep gradient of seams, dip rise direction of face movement necessitating selective mining, variable 

thickness of coal & parting and flexibility of operation. Hence, shovel dumper system of mining has been proposed as this is the 

most suitable under the given geo-mining conditions [2].  

Proposal is to operate the mine with 12 cum diesel hydraulic shovel & 10 cum diesel hydraulic backhoe in combination with 

100T rear dumper. 160mm drill has been proposed for material preparation.  Drilling and blasting of coal seams have to be done 

carefully so as to minimise the dilution of coal seams. 410/ 460 HP Dozers are proposed for bench preparation. 

 
Fig. 1: Location Map of the Jhaia Coalfield and Chasnalla Block. 

III. DELINEATION OF PIT BOUNDARIES 

Presence of BIT Sindri on the North-Central part of the block has restricted the mine boundary. Boundary has been fixed leaving 

a safety zone of 100m from the Dhanbad Sindri road. As a result, it is not possible to extract major bottom seams in this portion. 

In the North Eastern part, it is possible to exploit bottom most seam after leaving safety zone from Dhanbad Sindri road & other 

surface constraints. In the North Western part, it has been proposed to divert the Dhanbad Sindri road to make possible exploitation 

of major bottom seams and accordingly the mine boundary has been delineated.  

South side mine boundary has been delineated considering the presence of Damodar River and existing infrastructure. A 

minimum barrier of 100m (including space for embankment) has been left between the mine boundary & Damodar River on the 

south eastern part. Southern boundary limit of existing Chasnalla OCP has been proposed as the boundary limit on the south 

western part. Eastern mine boundary limit has been delineated considering the presence of FCI colony, Proposed OB workshop, 

External OB Dump & approach road etc. Western block boundary of the Tasra block has been considered while fixing the west 

mine boundary.  
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IV. SELECTION OF MINING OPTIONS 

It has been proposed to operate the mine as a single pit. The mine operation will be started from east side of the deposit. In first 

five years of mine operations, the pit will touch its bottom and then the mine face will progress towards west along strike. Face 

movement of benches has been proposed from dip to raise direction to facilitate selective mining of coal. In the proposed sequence 

of mine operation all the coal seams will be available in all the benches except in weathered mantle benches. 

A sump at the exposed pit bottom between lower most mine working bench and internal OB dump bench will be maintained 

and matching pumping capacity has been provided in the report for dewatering in order to keep the working faces dry. Coal will 

be transported up to the receiving pit through the haul road along southern limb of the pit. Overburden will be transported to the 

external OB dump through the haul road having gradient 1 in 16 and in the internal OB dump through flank road. The entire mine 

take area has been divided into fourteen sectors as per the sequence of mining. 

V. MINING SYSTEM AND SYSTEM PARAMETER 

Considering the geo-mining characteristics of the deposit, the mine is proposed to be worked by diesel hydraulic shovel/Backhoe-

dumper combination. Following mining system parameters have been considered in the project as given in Table 1.  
Table – 1 

Mining System Parameter 

Particulars Unit Value 

1. Bench height M 10.0 

2. Working bench width M 40.0 

3. Non-working bench width M 20.0 

4. Bench slope Deg 70 

5. Blast hole dia mm 160 

7. Powder factor Kg/cum 0.3-0.4 

VI. EXCAVATION SCHEDULE 

The calendar plan of excavation has been formulated based upon the adopted sequence of mine development. Initial two years 

have been considered as construction period for the project. In the first year activities like land acquisition, construction of houses 

for the rehabilitation of project affected people and preparation of approach road to the mine site will take place. Construction of 

infrastructure will start in the second year. 

 Based on the rated annual capacity of the mine as 4.0 Mt, the proposed mining schedule for 28 years of project life i.e. 26 years 

of mine operation has been prepared. The target coal production from the mine is envisaged in 5 th year of the project i.e. 3rd year 

of mine operation. Peak overburden load for the project has been estimated as 22 Mm3 of overburden removal during 9th to 11th 

years of the project life with peak stripping ratio of 5.50 cum/t. The average stripping ratio of the mine is 4.38 cum/t. The 

summarised mining schedule for coal extraction and corresponding natural and adjusted overburden load for the project has been 

provided in the Table 2. The year wise position of excavation area in the first five years and ultimate mine pit configuration is 

shown in Fig. 2.  
Table – 2 

Summarized Mining Schedule 

Year 
Coal Production (Mt) OB Removal (Mcum) Stripping Ratio (cum/t) 

Annual Total (Jhama) Cumulative Total (Jhama) Annual Cumulative Annual Running 

1 - - - - - - 

2 - - - - - - 

3 1.50 (0.00) 1.50 (0.00) 6.23 6.23 4.15 4.15 

4 3.00 (0.00) 4.50 (0.00) 13.00 19.23 4.33 4.27 

5 4.00 (0.02) 8.50 (0.02) 19.00 38.23 4.75 4.50 

6 4.00 (0.02) 12.50 (0.04) 19.00 57.23 4.75 4.58 

7 4.00 (0.06) 16.50 (0.10) 19.00 76.23 4.75 4.62 

8 4.00 (0.17) 20.50 (0.27) 19.00 95.23 4.75 4.65 

9 4.00 (0.64) 24.50 (0.91) 22.00 117.23 5.50 4.78 

10 4.00 (0.72) 28.50 (1.63) 22.00 139.23 5.50 4.89 

11 4.00 (0.76) 32.50 (2.39) 22.00 161.23 5.50 4.96 

12 4.00 (0.83) 36.50 (3.22) 21.20 182.43 5.30 5.00 

13 4.00 (0.79) 40.50 (4.01) 21.20 203.63 5.30 5.03 

14 4.00 (0.79) 44.50 (4.80) 21.20 224.83 5.30 5.05 

15 4.00 (0.68) 48.50 (5.48) 20.55 245.38 5.14 5.06 

16 4.00 (0.60) 52.50 (6.08) 19.27 264.65 4.82 5.04 

17 4.00 (0.46) 56.50 (6.54) 15.32 279.97 3.83 4.96 

18 4.00 (0.46) 60.50 (7.00) 15.32 295.29 3.83 4.88 

19 4.00 (0.60) 64.50 (7.60) 14.42 309.71 3.61 4.80 
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20 4.00 (0.66) 68.50 (8.26) 14.03 323.74 3.51 4.73 

21 4.00 (0.67) 72.50 (8.93) 14.01 337.75 3.50 4.66 

22 4.00 (0.72) 76.50 (9.65) 13.89 351.64 3.47 4.60 

23 4.00 (0.72) 80.50 (10.38) 13.89 365.53 3.47 4.54 

24 4.00 (0.59) 84.50 (10.97) 13.55 379.08 3.39 4.49 

25 4.00 (0.54) 88.50 (11.52) 13.44 392.52 3.36 4.44 

26 4.00 (0.41) 92.50 (11.93) 14.95 407.47 3.74 4.41 

27 4.00 (0.25) 96.50 (12.18) 14.95 422.42 3.74 4.38 

28 0.28 (0.02) 96.78 (12.20) 1.49 423.90 5.32 4.38 

Total 96.78 (12.20)  423.90    

 

 
Fig. 2: The year wise position of excavation area in the first five years 

VII. OVERBURDEN REMOVAL 

Most of the overburden material will be dumped internally within the pit. However, in the initial years, part of the overburden will 

be dumped in the external dumps, before the internal dumping can start in the 6th year of mine operations. Entire overburden 

removed in the initial 5 years of opencast mining operations and part of the overburden in the 6 th year has to be accommodated in 

external dump outside the mine as shown in the Final stage dump plan. It takes into account the fact that the external dumping in 

no way falls in the coal bearing area and the location of the external dumps should be closer to the mine to minimise the lead [3].  

 

Total overburden quantities estimated for Tasra Project is 423.90 Mcum. The overburden will be accommodated in internal and 

external dumps. The envisaged dump quantities for internal and external dumps are given below: 

 Internal dumping          :  334.44 Mcum 

 External dumping         :    89.46 Mcum 

YEARWISE POSITION OF FLOOR IN 1ST 5 YEARS
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The external OB dump site has been proposed over the abandon ash dumping site of FCI. The proposed external dump height 

is 90m to reduce the requirement of scarce vacant land. External dumping has been proposed in three decks of height 30 m each 

leaving 40 m wide berms on each deck. A small quantity of 0.50 Mcum OB has been to be dumped for the construction of the 

embankment along the Damodar River. Final quantity OB for embankment will be decided after the proper design of the 

embankment by appropriate designer employed by SAIL-ISP with consideration of sufficient factor of safety as per norms and 

statute. Deck-wise quantity of material accommodated in the external dumps is given below in Table 3. 
Table – 3 

Deck-wise quantity of material accommodated in the external dumps 

S.N. Deck Level (in m) Height (in m) OB quantities in Mcum 

1 + 170 30m 42.88 

2 + 200 30m 28.30 

3 + 230 30m 17.78 

4 + 138 (Embankment)  0.50 

 Total  89.46 

 Rest of the overburden will be accommodated in the internal dump. The internal dumping will be carried out in tiers of 30m. 

Bench width of 40m will be maintained in the dumps of shovel dumper. It will be necessary to elevate the height of the internal 

dumps above the ground level by 5-10 m i.e. up to a level of 150 m so that maximum overburden is accommodated in the internal 

dumps and the requirement of land for external dumps could be minimized. Dumpers movement is well planned to avoid the 

unnecessary movement of dumpers in different horizons.  

VIII. OVERBURDEN DUMPING 

Entire overburden removed in the initial 5 years of opencast mining operations and part of the overburden in the 6 th year will be 

accommodated in external dump outside the mine. The year wise overburden removal and dumpling plan for the Tasra Project has 

been shown in the in Table 4.  
Table – 4 

The year wise overburden removal and dumpling plan 

Year Annual OBR (Mcum) 
Location wise OB Dump Qty. (Mcum) 

External Dump Internal Dump 

Yr-3 6.23 6.23 - 

Yr-4 13.00 13.00 - 

Yr-5 19.00 19.00 - 

Yr-6 19.00 19.00 - 

Yr-7 19.00 19.00 - 

Yr-8 19.00 13.23 5.74 

Yr-9 22.00 - 22.00 

Yr-10 22.00 - 22.00 

Yr-11 22.00 - 22.00 

Yr-12 21.20 - 21.20 

Yr-13 21.20 - 21.20 

Yr-14 21.20 - 21.20 

Yr-15 20.55 - 20.55 

Yr-16 19.27 - 19.27 

Yr-17 15.32 - 15.32 

Yr-18 15.32 - 15.32 

Yr-19 14.42 - 14.42 

Yr-20 14.03 - 14.03 

Yr-21 14.01 - 14.01 

Yr-22 13.89 - 13.89 

Yr-23 13.89 - 13.89 

Yr-24 13.55 - 13.55 

Yr-25 13.44 - 13.44 

Yr-26 14.95 - 14.95 

Yr-27 14.95 - 14.95 

Yr-28 1.49 - 1.49 

Total 423.90 89.46 334.44 

IX. PRODUCTION REQUIREMENT & LIFE OF THE MINE 

The project has been planned for a production capacity of 4.00 Mt per annum of coal. The target has been assessed based on 

geological constraints like steep gradient of the coal seams, optimization of mining operations, depth of the mine, requirement of 

working a large number of coal/ OB benches and restricted space (due to the constraints on the surface) available for deployment 
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of HEMM and maintenance of transport horizons. The project will sustain a mine life for a period of 26 years of mining operations. 

The Basic Project Parameters of the proposed mining block are given in Table 5. 
Table – 5 

Basic Project Parameters 

S.N. Parameters Unit Value 

1. Net Geological  Reserves of Tasra coal block Mt 251.88 

2. Mineable reserves in the delineated Pit Mt 107.53 

3. Extractable reserves in the delineated Pit Mt. 96.78 

4. Average Coal quality Grade W-II to W-IV 

5. Volume OB Mcum 423.90 

6. Stripping ratio Cum/t 4.38 

7. Target Capacity Mty 4.00 

8. Mine Life including Construction Year 28 

9. Mine Life excluding Construction Year 26 

X. COAL WASHERY 

Tasra opencast project has been envisaged to produce coking coal from 16 coal seams and insitu quality of Washery grade II, 

Washery Grade III & Washery Grade IV. SAIL has intended to set up a coal washery of 3.5 Mt capacities at Tasra Project for 

supply of clean coal and middling to their steel plant and thermal power station. The washery has been planned to produce two 

products i.e. clean coal and middling. The washing process for the washery has been selected on the basis of qualitative requirement 

of clean coal for utilizing in steel plant i.e. 18±0.5% ash. The middling will be utilized in captive power plant(s) of SAIL. 

XI. PROCESS FLOW SHEET 

ROM coal produced from Tasra Block (except Jhama Coal) will be crushed down to 75 mm in the proposed CHP of Tasra Block 

and stored in a 5000 t bunker at CHP end. Crushed -75 mm raw coal will be reclaimed and conveyed to truck loading hoppers 

located at CHP end for onward transportation by 20/35t tipping trucks to raw coal receiving pit at washery end. The process consists 

of receiving arrangement of 75 mm raw coal, crushing of raw coal down to 20 mm in impact crusher, treating of 20-0.5 mm coal 

in heavy media cyclones and upgradation of -0.5mm size fraction in water only cyclones to get clean coal and middling. 

The washery will receive (-) 75 mm raw coal from the proposed CHP at Tasra project. Raw coal will be crushed down to 20 

mm size in impact crusher. The crushed -20 mm raw coal will be stored in two surge bunkers of 500 t capacity each before feeding 

to washery building. The washery will consist of two modules of 425 tph capacity each. These modules are identical but arranged 

substantially separate from each other in the washery building. The crushed -20 mm coal will be fed by belt Conveyors to these 

modules. Each module has two desliming screens (vibrating type for desliming at 0.5mm. Two nos. heavy media cyclones, two 

cyclone feed sumps, one dense media sump, one dilute media sump, one no. drain & rinse screen for clean coal & three nos. for 

secondary product, one basket type centrifuge for clean coal & three centrifuges for secondary product. There is a fine coal 

treatment circuit for upgradation of -0.5 mm fraction in water only cyclones. The fine coal circuit mainly consists of one thickener, 

four nos. water only cyclones, two screen bowl centrifuges and three belt filter press. Magnetite recovery circuit has also been 

envisaged [4]. 

Considering the likely variations in monthly production of raw coal from mine during the different seasons of the year as 

production may go down during the rainy season, the shortfall during this season will be made up during the non-rainy seasons in 

consonance with the annual; throughput capacity. The capacities of equipment have been selected keeping in view the likely 

fluctuation of quantity & quality of feed.  

It has been envisaged that the washery will have two parallel and identical circuits from receipt of raw coal to treatment of +0.5 

mm size fraction coal and one common circuit for treatment of -0.5 mm coal. The process flow sheet is shown in Fig. 3 and the 

salient features of process are briefly described below: 

 Reclamation of -75 mm crushed coal produced (excluding Jhama coal) from 5000 t storage bunker of CHP through a belt 

conveyor and temporary storage of reclaimed coal in 4 nos. truck loading hoppers. 

 Loading of -75 mm coal in 20/35 t tipping trucks for onward transportation to receiving pits of washery. 

 Reclamation of -75 mm crushed coal produced (excluding Jhama coal) from 5000 t storage bunker of CHP through a belt 

conveyor and temporary storage of reclaimed coal in 4 nos. truck loading hoppers. 

 Loading of -75 mm coal in 20/35 t tipping trucks for onward transportation to receiving pits of washery. 

 Conveying of raw coal (-75 mm) from receiving pit to the crusher house by two belt conveyors of 425 tph capacity each. 

 Screening of raw coal by 2 nos. vibrating screens at 20 mm to produce 02 size fractions ( +20 & -20 mm) 

 Crushing of oversize fraction i.e. +20 mm down to 20 mm in 2 nos. impact crushers. 

 Conveying of natural -20 mm coal alongwith crushed -20 mm coal to 2 nos. surge bunkers through two belt conveyors of 425 

tph capacity each. 

 Desliming of -20 mm coal from two surge bunkers in 4 nos. sieve bend-cumdesliming screens to produce two size fractions 

20-0.5 mm & -0.5 mm. 
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 Washing of 20-0.5 mm deslimed coal in 4 nos. HM Cyclones (900 mm dia.) to produce clean coal & middling. 

 Dewatering of clean coal from HM cyclones in 2 nos. sieve bend-cum-drain & rinse screens (150 tph capacity each) followed 

by further dewatering in 2   nos. of vibrating basket centrifuges of 150 tph each. 

 Dewatering of middling from HM cyclones in 6 nos. sieve bend-cumdrain & rinse screens (100 tph capacities each) followed 

by further dewatering in nos. of vibrating basket centrifuges of 100 tph each. 

 Recovery of media in two stages by magnetic separators. 

 Thickening of -0.5 mm slurry in 1 no. radial thickener of 25 m dia. 

 Upgradation of -0.5 mm coal (underflow of thickener) in 4 nos. water only cyclones of 500 mm dia. to produce clean coal and 

middling. 

 Dewatering of clean coal (overflow) from water only cyclones in 2 nos. screen bowl centrifuge of 30 tph capacity each. 

 Dewatering of secondary product (underflow) from water only cyclones in 3 nos. belt filter press of 25 tph capacity each. 

 Conveying of -0.5 mm dewatered fine clean coal along with 20-0.5 mm clean coal from HM cyclones & stocking of clean 

coal in stack tube. 

 Conveying of -0.5 mm dewatered fine secondary product along with 20-0.5 mm secondary product from HM cyclones & 

stocking of secondary product in another stack tube. 

 Loading of clean coal into railway wagons by fast loading system throughout loading bunker for onward dispatch to steel plant 

of SAIL. 

 Loading of secondary product into railway wagons by fast loading system throughout loading bunker for onward dispatch to 

thermal power station of SAIL. 

 
Fig. 3: Process Flow Sheet 
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XII. MITIGATION MEASURES TO MEET THE ENVIRONMENTAL STANDARDS 

The best way of impact mitigation is to prevent the event occurring. The environmental protection measures of the area will be 

taken up as per the guidelines and acts enforced. The mitigative measures for minimization of adverse impacts along with stage 

wise land reclamation strategy, green belt development/plantation programme and mine closure/decommissioning plan are also 

required to be taken into due consideration. 

XIII. ASSESSMENT OF NEW & UNTESTED TECHNOLOGY FOR THE RISK OF TECHNOLOGICAL FAILURE 

Considering the geo-mining conditions of the block, the combined system of mining with shovel –dumper/tippers combination 

will be used for exploitation of coal. The Technology is a proven and tested technology. Hence, the technologies used for opencast 

mining is very safe and suitable.   

XIV. CONCLUSION 

The most suitable mining technology for opencast mining the Tasra Block would be Truck & Shovel system by considering the 

limited extend of the deposit, steep gradient of seams, dip rise direction of face movement necessitating selective mining, variable 

thickness of coal & parting and flexibility of operation. Hence, shovel dumper system of mining has been proposed as this is the 

most suitable under the given geo-mining conditions. 
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