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 1:  IRR of the project
A typical template for cash flows which will serve the basis of IRR calculation is provided at Table 1.

Table 1.  Cash flow Template

Year 
Wise
data
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Table 2. Summary of comparison between Greenfield and Brownfield projects. 
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Fig. 7: Highwall mining sites having surface structures 

at the surface. 

 
Fig. 8: Highwall mining site under multi-seams 

conditions. 

 
(a) 

 
(b) 

Fig. 9: Sections along highwall showing different 

seams. 

5 Extraction methodology of multiple coal 

seams by highwall mining technology 

Surface structures in the PCP-3 area like the excavator 

hangar/workshop, Pit office, Canteen, Water treatment 

plant, and New CHP (Fig. 7) are present in the 

identified area. There is no further scope of extension 

of opencast mining in that area in Quarry AB. As 

further benching is not possible, Highwall Mining can 

be done in ascending order from the bottom Seam V to 

the topmost Seam VII at that part of the pit. After 

completing the mining of Seam V, a platform is 

formed by filling the bottom of the pit up to the floor 

of the immediate overlying Seam VI and so on and so 

forth. For extraction under multi-seam conditions in 

ascending order, the web pillars should be stable 

throughout and after the mining operation to ensure 

the safety of upper seams workings as well as surface 

structure, if any. As the water treatment plant and New 

CHP are located in Area-1 and Area-2, respectively, 

web pillars should have a minimum safety factor of 

2.0 with long-term stability to avoid the occurrence of 

surface and sub-surface subsidence. For Area-3, a web 

pillar having a safety factor of around 1.5 to 1.8 should 

be sufficient for medium-term stability purposes so 

that developed web pillars in lower seams should 

remain stable during extraction through Highwall 

mining in upper seams. The 8m thick VII seam should 

be extracted in two lifts considering the maximum 

cutting height of the Continuous Highwall Mining 

(CHM) equipment.  

The Continuous Highwall Mining (CHM) equipment 

used in the West Bokaro Mine of M/s Tata Steel 

Limited operates with 3.5m wide web cuts and a 

maximum penetration depth of 300m. An important 

aspect of web pillar designing is the accuracy of the 

cuts, which determines the maximum and minimum 

size of the resulting web pillars. The required strength 

and safety factor of the pillars are to be decided based 

on the maximum deviation of the roadways and, thus, 

the resulting minimum width of the web pillars. If the 

web pillar is designed with a smaller width, in such 

cases poor accuracy may result in a very narrow pillar 

or even a crossing of entries, leading to surface 
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subsidence. Therefore, the CHM to be employed 

should have a deviation within certain limits. For the 

current design, an accuracy of 0.2% i.e. deviation of 

20 cm per 100 m penetration depth is assumed. 

Therefore, the resulting web pillar will have a width w 

= wavg ± 0.4L/100, where the variation in pillar width 

is calculated twice as that of the deviation, and L is the 

maximum penetration depth. 

6 Numerical simulation study for analysis of 

overall stability 

The overall stability, including the roof stability and 

the parting stability, has been analysed using 

numerical modelling studies. 3-D model is constructed 

that includes the Area-1, Area-2, and Area-3 for Panel-

F in the PCP-3 area at Quarry AB using FLAC3D 

software (Itasca, 2017). The Physico-mechanical 

properties parameters for the models are as per Table 

1. The yield zones in the rock mass are identified by 

numerical modelling. 

Table 1: Rock and rock mass properties used for 

empirical and numerical studies 
Rock 
Type 

Compressive 
strength 
(MPa) 

Tensile 
Strength 
(MPa) 

Density 
(Kg/m3) 

Poisson’s 
ratio 

Young's 
Modulus 
(GPa) 

RMR 

VII 
Seam 
roof 

35 3.5 2500 0.25 10 55 

VII 
Seam 

20 2 1500 0.25 2 55 
VII-VI 
parting 

31 3.1 2500 0.25 10 55 
VI 
Seam 

20 2 1500 0.25 2 55 
VI-V 
parting 

30.7 3.07 2500 0.25 10 60 
V 
Seam 

20 2 1500 0.25 2 55 

The physico-mechanical parameters of the laboratory-

testedrock sample (Table 1) are required to be 

converted to the rock mass properties for field scale 

simulation (Das et al., 2023). The rock mass properties 

are deduced from the intact rock properties using 

Sheorey's failure criterion of rock mass (Sheorey, 

1997). The in-situ stresses are important 

considerations when evaluating the stability of 

undergroundstructures.Thus, the in-situ stresses are 

considered in the numerical simulation as per the 

following equation (Sheorey, 1994): 

 2.4 0.01  and H vh HHσ σ γσ= += =  (5)  

Where σHis the major horizontal in-situ stress 

(MPa),σhis the minor horizontal in-situ stress (MPa),σv 

is the vertical in-situ stress (MPa),H is the depth of 

cover (m), γ is the unit of the rock (MPa/m). 

In general, the modelling process entails (i) creating a 

grid (Figs. 10 and 11), (ii) discretizing the model, (iii) 

choosing an appropriate constitutive model for 

material behaviour, (iv) incorporating material 

properties, gravity, in-situ stresses, and boundary 

conditions, and (v) finding the equilibrium of the 

initial elastic model to generate the in-situ stresses in 

the model (Fig. 12).  (vi) converting the current model 

for the Mohr-Coulomb strain-softening model. (vii) 

the creation of web pillars through web cuts; (viii) 

running the models to determine the condition of the 

web pillars and the overlying strata; and (ix) 

evaluating the model behaviour, such as stress, failure 

zones, etc. 

 
Fig. 10: Grid used in numerical modelling. 
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Fig. 11: Grid showing the height of the developed 

web pillars and parting thickness between various 

seams in numerical modelling. 

 
Fig. 12: Vertical in-situ stress condition before 

highwall mining. 

7 Results of the numerical simulation 

The development of vertical in-situ stresses both 

average and maximum on the web pillar in different 

seams in all three identified areas are shown in Figs.13 

to 15. The strength of the pillar is calculated by Eq.(1). 

The Factor of Safety (FOS) of the pillars is calculated 

as a ratio of the strength of the coal pillar and the load 

on the pillar.Tables 2 to 4 show the FOS of the web 

pillars in different areas of PCP-3. The web pillars in 

Area-1 and Area-2 are found to be stable from the 

stability point of view as the FOS is close to 2.0. The 

FOS of web pillars in Area-3 is found to be 1.6 to 1.7 

for maximum stress conditions which are considered 

medium-term stable. Therefore, the surface structures 

from this area are to be shifted before starting the 

extraction. The dimensions given in Tables 2, 3 and 4 

are being followed during the extraction of coal from 

Highwall of Panel - F in the PCP-3 area of West 

Bokaro Mine of M/s Tata Steel Limited. 

 
Fig. 13: Vertical stress developed on web pillars of 

the three areas in VII seam. 

 
Fig. 14: Vertical stress developed on web pillars of 

the three areas in VI seam. 

 
Fig. 15: Vertical stress developed on web pillars of 

the three areas in VI seam. 

Table 2: Safety factor of the pillar by numerical 
modelling method for VII Seam 

VII Seam 

Area-1 

Width and length of web 
pillar 

8 m x 300 m 

Web Pillar strength (MPa) 3.0 
Average stress on the web 
pillar (MPa) 

1.5 

FOS based on average stress 2.0 
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Web cut = 3.5 m, Height of pillar = 8.0 m; 
Compressive strength of coal = 20 MPa; Depth of 
cover = 24.0 m 
Area-2 
Width and length of web 
pillar 

9.5 m x 300 m 

Web Pillar strength (MPa) 3.37 
Average stress on the web 
pillar (MPa) 

1.6 

FOS based on average stress 2.1 
Web cut = 3.5 m, Height of pillar = 8 m; Compressive 
strength of coal = 20.0 MPa; Depth of cover = 34 m 
Area-3 
Width and length of web 
pillar 

12 m x 300 m 

Web Pillar strength (MPa) 4.12 
Average stress on the web 
pillar (MPa) 

2.41 

FOS based on average stress 1.7 
Web cut = 3.5 m, Height of pillar = 8.0 m; 
Compressive strength of coal = 20.0 MPa; Depth of 
cover = 66 m  

 

 

 

 

 

Table 3: Safety factor of the pillar by numerical 

modelling method for VI Seam 

VI Seam 

Area-1 

Width and length of web 
pillar 

7 m x 300 m 

Web Pillar strength (MPa) 4.14 
Average stress on the web 
pillar (MPa) 

2.2 

FOS based on average stress 1.9 
Web cut = 3.5 m, Height of pillar = 5.0 m; 
Compressive strength of coal = 20 MPa; Depth of 
cover = 52.0 m  
Area-2 
Width and length of web 
pillar 

8 m x 300 m 

Web Pillar strength (MPa) 4.59 
Average stress on the web 
pillar (MPa) 

2.29 

FOS based on average stress 2.0 
Web cut = 3.5 m, Height of pillar = 5 m; Compressive 

strength of coal = 20.0 MPa; Depth of cover = 62.0 m  
Area-3 
Width and length of web 
pillar 

9.5 m x 300 m 

Web Pillar strength (MPa) 5.44 
Average stress on the web 
pillar (MPa) 

3.43 

FOS based on average stress 1.6 
Web cut = 3.5 m, Height of pillar = 5.0 m; 
Compressive strength of coal = 20.0 MPa; Depth of 
cover = 94.0 m 
 

Table 4: Safety factor of the pillar by numerical 

modelling method for V Seam 

V Seam 

Area-1 

Width and length of web 
pillar 

7 m x 300m 

Web Pillar strength (MPa) 5.25 
Average stress on the web 
pillar (MPa) 

2.4 

FOS based on average stress 2.2 
Web cut = 3.5 m, Height of pillar = 3.8 m; 
Compressive strength of coal = 20 MPa; Depth of 
cover = 62.0 m 
 
 
Area-2 
Width and length of web 
pillar 

7.5 m x 300m 

Web Pillar strength (MPa) 5.62 
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system. Since the component magnitudes are 
predetermined, the correctness of the results 
depends heavily on the assessor's discretion. 
According to Monjezi et al. (2009), the Folchi 

technique, which was first developed for evaluating 
mining processes and environmental sustainability, 
might be modified to fit various operations.

Table 1 :The factors influencing the impact and the categories of the mining environment within the Folchi Method (2003). 

Impacting factors Environmental components 

1. Alteration of the area’s potential resources 1. Human health and safety 

2. Exposition, visibility of the pit 2. Social relationship 

3. Interference with above-ground water 3. Water quality 

4. Interference with underground water 4. Air quality 

5. Increase in vehicular traffic 5. Use of territory 

6. Atmospheric  release of gas and dust 6. Flora and fauna 

7. Fly-rock 7. Above ground 

8. Noise 8. Underground 

9. Ground vibration 9. Landscape 

10. Employment of local work force 10. Noise 

 11. Economy 

Table 2: Impacting factor's magnitude ranges within the Folchi Method (2003) 

IMPACTING FACTORS 
 

SCENARIO 
 

MAGNITUDE 
 

1. Alteration of area’s potential 
resources 

 

Parks, protected areas 8-10 

Urban area  6-8 

Agricultural area, 3-6 

Wood Industrial area 1-3 

2. Exposition, visibility of the pit 

 

Can be seen from inhabited areas  6-10 

Can be seen from main roads 2-6 

Not visible 1-2 

3. Interference with above-ground 
water 

 

Interference with lakes and rivers  6-10 

Interferences with non-relevant water system  3-6 

No interference 1-3 

4. Interference with underground 
water 

 

Water table superficial and permeable grounds 5-10 

 Water table deep and permeable grounds  2-5 

Water table deep and un-permeable grounds 1-2 

5. Increase in vehicular traffic 

 

Increase of 200%  6-10 

Increase of 100% 3-6 

No interference 1-3 

6. Atmospheric release of gas and 
dust 

 

Free emissions in the atmosphere  7-10 

Emission around the given reference values  2-7 

Emission well below the given reference values 1-2 

7. Fly-rock 

 

No blast design and no clearance procedures  9-10 

Blast design and no clearance procedures  4-9 

Blast design and clearance procedures 1-4 

8. Noise 

 

<141db                                                                                                  8-10 

Peak air overpressure at 1 km distance      <131db                               4-8 

<121db                                                                                                  1-4 

9. Ground vibration 

 

                                         Above threshold  7-10 

Cosmetic damage,           Tolerability threshold  3-7 

                                         Under tolerability threshold 1-3 

10. Employment of local work 
force 

 

                                                                     High 7-10 

Job opportunities                                         Medium                            3-6 

                                                                     Low 1-2 
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Light fixture
(No wire guard)
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No damage or 
deformation
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KPI % of Marching Hours 

Feb 2.39%

March 3.37%

April 2.40%

June 1.70%



165



166



167

      



168



169



170



171



172



173



174



175



176



177



178



179



180

129



181



182



183



184



185



186



187



188



189



190



191



192



193



194



195



196



197

All dimensions are in meters 

Figure 11 : Different size and shape of snook, middle rib 

and in-bye rib at Churcha mine RO. 
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 सीएसआईआर- केन्द्रीय खनन एवं ईंधन अनुसंधान संस्थान, धनबाद
   ववज्ञान एवं प्रोद्योगिकी मंत्रालय, भारत सरकार, नई ददल्ली के अंतिगत सीएसआईआर की एक अंिीभतू प्रयोिशाला 

 
 

 

CSIR-CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH (CIMFR), DHANBAD, a constituent laboratory 
under the aegis of Council of Scientific and Industrial Research (CSIR), New Delhi aims to provide R&D inputs for the 
entire coal-energy chain encompassing exploration, mining and utilization with the Vision "To be an internationally 
acclaimed mining and fuel research organisation”  

 

      Major Contributions of CSIR-CIMFR are: 

 
 

• Resource Evaluation and Reservoir Modeling of Coal 
bed Methane 

• Evolution of Methods to Control Mine Fire 
• Design of Support Systems for Mines 
• Design & Development of Equipment, Instruments 

and Components for Safe Mining 
• Coal Quality Assessment 
• Basic Studies on Coal Science 
• Coal Preparation  
• Coal Carbonization 
• Coal Liquefaction – Direct and Indirect routes 
• Coal Gasification 
• Coal Combustion 
• Non Fuel Uses of Coal/ Value Added Chemicals 
• Fly Ash Utilization 

CSIR-CIMFR also extends testing, evaluation, calibration 
and consultancy services for explosives and accessories, 
mine ventilation and safety equipment, roof supports, 
personnel protection equipment, flameproof and 
intrinsically safe equipment, electrical cables, mining and 
allied industrial components, wire ropes, cage and 
suspension gear components, aerial ropeways, etc., for their 
safe use. All facilities for conventional & instrumental 
analysis of coal & coke, coal washing pilot plant, pilot coke 
oven by electrical heating & non-recovery type, XRF, XRD, 
FTIR, FETR, DTF, TGA, Surface Area Analyser, 
Porosimeter, coal water emulsion, GTL, PTGA-MS, HPLC, 
CPT, IPT, etc; EIA & monitoring of air, water, noise & soil 
pollution, GC, particle size analyzer, washability 
investigations on coals for cleaning potentialities, various 
laboratory tests on coal preparation, coal washing pilot plant 
for coarse and fine coal beneficiation. 
 

 For Further Information Please Contact: 
Prof. Arvind Kumar Mishra 

Director 
CSIR-Central Institute of Mining and Fuel Research 

Barwa Road, Dhanbad – 826 015 (Jharkhand) 
Phone : 91-326-2296023/ 2296006/ 2381111 

Fax : 91-326-2296025/2381113 
E-mail : director@cimfr.nic.in   
Website:- www.cimfr.nic.in 

 

• Development of Safe Methods and Assessment of          
Stability of Mine Workings 

• Design of Backfilling Systems for Stabilization of Mine 
Workings 

• Design of Safe Blasting Patterns of Mines 
• Assessment of Subsidence and Ground Movement due to 

Mining 
• Design of Environmental Management Plan for Eco-

Friendly Mining and Coal Based Industries  
• Investigations on Methane Emission due to Mining and 

GHG Inventories 

Slope Stability 




