CHAPTER 6 RESULTS AND DISCUSSION THROUGH PARAMETRIC
ANALYSIS IN THE CASE STUDIES

This research study was done to access the amount of coal exposure, the amount of
rehandling, the rate of linear advancement, and sectional volumes excavated by draglines
according to their productivity in different geo-mining conditions and mode of operation
with different machine combinations. After the development of three-dimensional
balancing diagram and its validation, an analysis was carried out to determine how
various geo-mining, operational and machine parameters influenced the rate of coal
exposure and percentage rehandle, by varying one parameter at a time and keeping all
other parameters constant. It is worth mentioning that the efficiency of tandem dragline
operation is measured by evaluating the rehandling percentage of overburden and rate of
coal exposure by the dragline. This pre-requisite is necessary to understand the influence
of important parameters, since dragline operation is very intricate and involves the
interaction of many operational, geological and machine parameters. The various

situations that will be covers are as follows.

(1) Annual production of leading dragline is less than the capacity of lagging dragline

(Le<La)

(i1) Annual production of leading and lagging dragline are same (Le=La)

(ii1) Annual production of leading dragline is greater than the capacity of lagging

dragline (Le>La)

(iv) Influence of cut width

(v) Influence of stripping bench height

(vi) Influence of seam thickness
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(vii) Influence of seam gradient

(viii) To find the best combination of cut width and bench height within the possible

working range of draglines
(ix) Economics of dragline operation
The results obtained are discussed in this chapter one by one below.

6.1 Annual production of leading dragline is less than the annual production
of lagging dragline

All the parameters, such as, high wall angle (70°), angle of repose (38°), bench slope
angle (60°), coal seam gradient (2°), coal seam thickness (15 m), density of coal (1.52
te/m?), coal recovery (90%), bench height (32 m), cut width (90 m), and utilization have
been kept constant. In the field, the productivity of draglines has been observed to be
diverse. A range of draglines from 1.8 Mm? to 4.8 Mm?® annual production output were
employed in the case studies and served as the basis of this research. The results have
been given in table 6.1.1 for horizontal tandem, table 6.1.2 for vertical tandem mode-1,
and table 6.1.3 for vertical tandem mode-2 for each variation in terms of coal exposure,
percentage rehandle and linear advancement of the draglines. A typical three-
dimensional balancing diagram is illustrated in figure 6.1.1 and the other diagrams are
available in the Appendix 3 (figure 6.1.2 to 6.1.6). For all three modes of tandem
dragline operation a comparison of important parameters like rate of coal exposure,
percentage rehandle, and linear advancement of dragline per year are graphically
represented in figure 6.1, 6.2 and 6.3. A ratio of leading to lagging dragline annual

production capacity is taken in the above figures.
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3-D Balancing n for horizontal tandem
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Figure 6.1.1: Three-dimensional balancing diagram for 1.80 Mm? leading and 2.00 Mm®
lagging dragline.
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Le/La vs coal exposure(Mte/year)
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Figure 6.1: Le/La vs rate of coal exposure (Mte/year) in all three modes of tandem
dragline operation.
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Figure 6.2: Le/La vs % rehandle in all three modes of tandem dragline operation.

Le/La vs linear advancement of draglines (m/year)

3500

“—
B — 3000 —@— Linear advancement of draglines
] 3;3_ 2500 (m/year) in horizontal tandem
% '€ 2000
§ E 1500 —@— Linear advancement of draglines
T £ 1000 (m/year) in vertical tandem
5 & so0 mode- 1
U ©
.5 0 —®— Linear advancement of draglines

0.89 09 091 0.92 093 094 095 096 0.97 (m/year) in vertical tandem

mode- 2

Leading vs lagging dragline ratio

Figure 6.3: Le/La vs linear advancement of draglines (m/year) in all three modes of
tandem dragline operation.
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From these figures and table, following conclusions can be drawn.

(i) As the capacity of either or both draglines increase, the coal exposure in each type of
tandem operation also goes up because bench height and cut width are constant, hence
cross-sectional area of overburden remains constant. As the capacity of draglines
increases, its linear advancement also increases.

(i) Vertical tandem operation leads to increased coal exposure in comparison to
horizontal tandem operation due to stripping bench division in vertical tandem leads to
reduction in bench height of lower bench on which lagging dragline is deployed to
excavate as well as rehandle the overburden. The cross-sectional area of rehandle,
percentage of rehandle, and amount of unproductive work of the dragline all decreased,
and this led to an increased rate of coal exposure.

(i) The vertical tandem operation mode 2 has a greater rate of coal exposure in
comparison to mode 1 due to a further decrease in the lower bench height on which the
lagging dragline is positioned. Reduction in lower bench height decreases the amount of
unproductive work, allowing the dragline to be more productive and thus increase the
rate of coal exposure more than in mode 1.

(iv) Irrespective of the capacity of the dragline, percentage rehandle remains the same in
horizontal tandem operation due to the constant bench height and cut width in all cases.
This is because the bench slope angle for loose rock, angle of repose, berm clearance and
coal rib left for full height are kept constant in the design, which gives a consistent cross-
sectional area of rehandle, thus keeping the percentage rehandle the same.

(v) The amount of rehandling of material is greatly reduced in a vertical tandem
compared to a horizontal tandem, since the stripping bench is divided into an upper and
lower bench based on the annual production of draglines being used on each bench. The

stripping bench is divided and the height of the bench on which the lagging dragline
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operates to dig and rehandle material (in the extended bench method) is lowered, thus
decreasing the cross-sectional area of the rehandle and diminishing the amount of

rehandling.

(vi) The percentage of rehandling is significantly lower in vertical tandem operation
mode 2 than in mode 1 due to the further decrease in lower bench height in mode 2,
where the lagging dragline works. Mode 1 involves the leading dragline not only
excavating the upper bench (top cut), but also a key cut in the lower bench (refer to
Appendix 3, figures 6.1.3 to 6.1.4). This means work of the leading dragline is
distributed in both the upper and lower benches both whereas in mode 2, the leading
dragline excavates only upper bench (top cut) (refer to Appendix 3, figures 6.1.5 to
6.1.6). Consequently, in order for both draglines to progress linearly, the leading dragline
has to take on more of the total height of the bench, meaning a larger upper bench and a
smaller lower bench. This decrease in the lower bench height leads to a smaller cross-
sectional area for the rehandle, resulting in a lower percentage of rehandle.

(vii) When the ratio between the leading and lagging dragline capacity is reduced in both
types of vertical tandem operation, the thickness of the lower bench increases, resulting
in a higher percentage of rehandling.

The following points can be inferred from the above discussion:

(i) With increase in annual production capacity of either or both draglines, the rate of
coal exposure in all three tandem operations also increases.

(i1) In horizontal tandem operation, the percentage of rehandle remains the same under
the same operational and geological conditions regardless of the dragline capacity, while
the percentage of rehandle varies in vertical tandem operation according to the capacity

of the draglines used.
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(ii1) A vertical tandem system yields beneficial outcomes in regard to the amount of coal
that is exposed and the percentage of it that needs to be rehandled.

(iv) It has been noticed that dragline operating in vertical mode 2 (where the leading
dragline is used to excavate only the upper bench) brings about more positive results
than mode 1 (where the leading dragline excavates the upper bench and the key cut in the
lower bench).

v) The amount of material rehandled is higher in a vertical tandem operation if the
lagging dragline's capacity is increased, but it decreases if the leading dragline's capacity
is increased.

(vi)  The width of the cut should be determined considering the maximum reach of the
leading dragline, particularly when it is used in vertical tandem, while keeping in mind
the necessary clearance of the upper bench's toe.

It is important to recognize that how the mode of operation will influence the rate of coal
exposure and amount of rehandle. If the mode of operation is changed from horizontal
tandem to vertical tandem or from vertical tandem mode 1 to mode 2, the amount of coal
exposure will go up while the amount of rehandle goes down. Bearing these
fundamentals in mind, vertical tandem operation mode 2 is the best option.

6.2 Annual production capacity of leading and lagging dragline are same

All the parameters, such as, high wall angle (70°), angle of repose (38°), bench slope
angle (60°), coal seam gradient (2°), coal seam thickness (15 m), density of coal (1.52
te/m?), coal recovery (90%), bench height (32 m), cut width (90 m), and utilization have
been kept constant. In the field, the productivity of draglines has been observed to be
diverse. A range of draglines from 1.8 Mm? to 4.6 Mm® annual production output were

employed in the case studies and served as the basis of this research.
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The results have been given in table 6.2.1 for horizontal tandem, table 6.2.2 for vertical
tandem mode-1, and table 6.2.3 for vertical tandem mode-2 for each variation in terms of
coal exposure, percentage rehandle and linear advancement of the draglines. A typical
three -dimensional balancing diagram is illustrated in figure 6.2.1 and the other diagrams
are available in the appendix 3 (figures 6.2.2 to 6.2.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year are graphically represented in figure 6.4, 6.5 and 6.6. Most of the observations
made are similar to those outlined previously, with the exception of a few. The exception
is that in both types of vertical tandem operation, the percentage of rehandle is the same
even though the capacity of both the draglines is increased. Due to the same capacity, the

ratio of bench division remains the same, resulting in the same percentage rehandle.
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3-D Balancing dia m For horizontal tandem
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Figure 6.2.1: Three-dimensional balancing diagram for 1.80 Mm? leading and 1.80 Mm?
lagging dragline.
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Leading dragline (Mm3/ year) vs coal exposure (Mte/year)

—@— Coal exposure(Mte/year) in
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Leading dragline (Mm3/ year)

Figure 6.4: Annual production of leading dragline vs rate of coal exposure (Mte/year) in
all three modes of tandem dragline operation.

Leading dragline (Mm3/ year) vs % rehandle
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Figure 6.5: Annual production of leading dragline vs % rehandle in all three modes of
tandem dragline operation.

Leading dragline (Mm3/ year) vs linear advancement of draglines
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Figure 6.6: Annual production of leading dragline vs linear advancement of draglines
(m/year) in all three modes of tandem dragline operation.
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6.3 Annual production capacity of leading dragline is greater than the annual
production capacity of lagging dragline

All the parameters, such as, high wall angle (70°), angle of repose (38°), bench slope
angle (60°), coal seam gradient (2°), coal seam thickness (15 m), density of coal (1.52
te/m?), coal recovery (90%), bench height (32 m), cut width (90 m), and utilization have
been kept constant. The results have been given in table 6.3.1 for horizontal tandem,
table 6.3.2 for vertical tandem mode-1, and table 6.3.3 for vertical tandem mode-2 for
each variation in terms of coal exposure, percentage rehandle and linear advancement of
the draglines. A typical three -dimensional balancing diagram is illustrated in figure 6.3.1

and the other diagrams are available in the Appendix 3 (figures 6.3.2 to 6.3.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year are graphically represented in figure 6.7, 6.8 and 6.9. A ratio of leading to lagging
dragline annual production capacity is taken in the figure 6.7, 6.8 and 6.9.

The analysis of the figures and tables provided yields similar results to those mentioned

in Section 6.1. A few notable findings are:

(i) The rate of coal exposure is higher in both the vertical tandem modes when the
capacity of the leading dragline is lower than that of the lagging dragline (as obtained in
case 6.1). This is due to the lower height of the lower bench in order to evenly divide the

workload between the draglines and the corresponding lower percentage of rehandling.

(i1) The figures 6.3.2 to 6.3.6 in appendix 3 demonstrate that the reach of the lagging
dragline placed on the spoil side is not enough, as the toe of the dumped material
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overlaps the rehandle area. To address this issue, the lagging dragline can be placed
further away from the high wall, however this would lead to reduced effectiveness and a

larger swing angle must be used.

3-D Balancing diagram for horizontal tandem
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Figure 6.3.1: Three-dimensional balancing diagram for 1.80 Mm? leading and 1.60 Mm?
lagging dragline
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Figure 6.7: Le/La vs rate of coal exposure (Mte/year) in all three modes of tandem
dragline operation.
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Figure 6.8: Le/La vs % rehandle in all three modes of tandem dragline operation.
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Figure 6.9: Le/La vs linear advancement of draglines (m/year) in all three modes of
tandem dragline operation.
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6.4 Relationship equations

Bench slope angle (60°), high wall angle (70°), angle of repose (38°), coal seam gradient
(2°), coal seam thickness (15 m), density of coal (1.52 te/m?), coal recovery (90%), cut
width (90 m), bench height (32 m) and utilization have been kept constant.A parametric
analysis was done to create equations that would correlate the rate of coal exposure and

the percentage of rehandling with leading or lagging dragline capacities.

Case 1 Annual production of leading dragline is constant and annual production of

lagging dragline is increasing

In first case, the annual production capacity of the leading dragline was set at 3.20 Mm®,
while the annual production capacity of the lagging dragline was varied from 1.60 to
4.80 Mm? in seventeen increments for the first case. The results have been given in table
6.4.1 for horizontal tandem, table 6.4.2 for vertical tandem mode-1, and table 6.4.3 for
vertical tandem mode-2 for each variation in terms of coal exposure, percentage rehandle
and linear advancement of the draglines. A typical three-dimensional balancing diagram
is illustrated in figure 6.4.1, and the other diagrams are available in the Appendix 3
(figures 6.4.2 to 6.4.6). For all three modes of tandem dragline operation, a summary of
important parameters like rate of coal exposure, percentage rehandle, and linear
advancement of dragline per year are graphically represented in figure 6.10, 6.11 and

6.12.

The relationship equations are shown on the above-mentioned figures. By observing the
equations, it is clear that rate of coal exposure, percentage of rehandling and
advancement of draglines are highly correlated to the annual production capacity of the

lagging dragline.
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Case 2 Annual production of leading dragline is increasing, and annual production

of lagging dragline is constant

In second case, the annual production capacity of the leading dragline was varied from
1.60 to 4.80 Mm® in seventeen increments, while the annual production capacity of the
lagging dragline was set at 3.20 Mm?>. The results have been given in table 6.4.4 for
horizontal tandem, table 6.4.5 for vertical tandem mode-1, and table 6.4.6 for vertical
tandem mode-2 for each variation in terms of coal exposure, percentage rehandle and
linear advancement of the draglines. 3-dimensional balancing diagrams are illustrated in
appendix 3 (figures 6.4.7 to 6.4.12). For all three modes of tandem dragline operation, a
summary of important parameters like rate of coal exposure, percentage rehandle, and
linear advancement of dragline per year are graphically represented in figure 6.13, 6.14

and 6.15.

The relationship equations are shown on the above-mentioned figures. By observing the
equations, it is clear that rate of coal exposure, percentage of rehandling and
advancement of draglines are highly correlated to the annual production capacity of the

lagging dragline.
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Figure 6.4.1: Three -dimensional balancing diagram for 3.20 Mm?® leading and 1.60 Mm®
lagging dragline
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Lagging dragline (Mm3/year) vs coal exposure (Mte/year)
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Figure 6.10: Annual production of lagging dragline vs rate of coal exposure (Mte/year)
in all three modes of tandem dragline operation.
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Figure 6.11: Annual production of lagging dragline vs % rehandle in all three modes of
tandem dragline operation.
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Figure 6.12: Annual production of lagging dragline vs linear advancement of draglines
(m/year) in all three modes of tandem dragline operation.
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Leading dragline (Mm3/year) vs coal exposure (Mte/year)

y = 0.6837x + 1.4327 —@— Coal exposure(Mte/year) in
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y =0.4613x + 1.4798 vertical tandem mode- 1

Leading dragline (Mm3/year) ~—@— Coal exposure (Mte/year) in

vertical tandem mode- 2

Figure 6.13: Annual production of leading dragline vs rate of coal exposure (Mte/year) in
all three modes of tandem dragline operation.
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Figure 6.14: Annual production of leading dragline vs % rehandle in all three modes of
tandem dragline operation.
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Figure 6.15: Annual production of leading dragline vs linear advancement of draglines
(m/year) in all three modes of tandem dragline operation.
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6.5 Influence of cut width

This study analyses the effect of cut width, which was varied from 55 m to 110 m in
intervals of 5 m, while retaining all other relevant parameters. The results have been
given in table 6.5.1 for horizontal tandem, table 6.5.2 for vertical tandem mode-1, and
table 6.5.3 for vertical tandem mode-2 for each variation in terms of coal exposure,
percentage rehandle and linear advancement of the draglines. A typical three-
dimensional balancing diagram is illustrated in figure 6.5.1, and the other diagrams are

available in the Appendix 3 (figures 6.5.2 to 6.5.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year with variation in cut width are graphically represented in figure 6.16, 6.17 and 6.18.

From these figures and table, following conclusions can be drawn.

(1) In all three modes of tandem operations, as the cut width increases, the rehandle
percentage decreases due to a constant rehandle area for the same bench height and does
not vary by varying cut width. However, the percentage of rehandle varies depending on
the total volume of excavation which changes with the width. This is only true if the
dragline can reach far enough to dump the material beyond the exposed coal bench. If
the cut width is too wide and the dragline reach is limited, then the excavated material

may be placed on the coal bench, which would result in a greater rehandle percentage.

(i1) As the cut width is increased, the coal exposure per year will also rise assuming the
leading dragline has sufficient reach to dump the material beyond the coal bench. A
wider cut width might still be achievable by relocating the leading dragline away from
the high wall, but this will come at the cost of efficiency as the swing angle has increased

and may result in a decrease in coal exposure per year.
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(iii) As cut width increases, the rate of advance of draglines slows down as the cross-
sectional area of the overburden grows while the dragline's yearly productivity remains
constant. On the other hand, the rate of uncovering coal increases since the increase in

cut width more than offsets the decrease due to decrease in linear advancement.

3-D Balancing diagram for horizontal tandem

DA-Le Al

Overburden dumps

Inc Dec

mwiun nn

Figure 6.5.1: Three-dimensional balancing diagram for 55 m cut width
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Cut width (m) vs coal exposure(Mte/year)

M —@— Coal exposure(Mte/year) in
horizontal tandem
—@— Coal exposure (Mte/year) in

vertical tandem mode- 1

—@— Coal exposure (Mte/year) in
vertical tandem mode- 2

Coal exposure (Mte/ year)
o = N w D (0] (o)}

0 20 40 60 80 100 120
Cut width (m)

Figure 6.16: Cut width vs rate of coal exposure (Mte/year) in all three modes of tandem
dragline operation.
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Figure 6.17: Cut width vs % rehandle in all three modes of tandem dragline operation.

Cut width (m) vs linear advancement of draglines (m/year)
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—@— Linear advancement of
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Figure 6.18: Cut width vs linear advancement of draglines (m/year) in all three modes of
tandem dragline operation.
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6.6 Influence of stripping bench height

This study analyses the effect of stripping bench height, which was varied from 28 m to
42 m in intervals of 2 m, while retaining all other relevant parameters. The results have
been given in table 6.6.1 for horizontal tandem, table 6.6.2 for vertical tandem mode-1,
and table 6.6.3 for vertical tandem mode-2 for each variation in terms of coal exposure,
percentage rehandle and linear advancement of the draglines. A typical three-
dimensional balancing diagram is illustrated in figure 6.6.1 and the other diagrams are

available in the Appendix 3 (Figure 6.6.2 to 6.6.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year with variation in stripping bench height are graphically represented in figure 6.19,

6.20 and 6.21. From these figures and table, following conclusions can be drawn.

(1) As the height of the stripping bench (overburden thickness) increases, the percentage

/proportion of rehandling increases due to a larger cross-sectional area of rehandling.

(i1) As the bench height increases, coal exposure drops. This is likely due to both the
reduction in linear advancement of draglines caused by the increase in the cross-sectional

area of the overburden, and the additional unproductive rehandling by the dragline.

(ii1) Research shows that when the depth of a dragline bench exceeds 40 meters, the
operator is unable to see the bucket properly, resulting in a floating tendency of the
dragline bucket. This makes it difficult to fill the bucket correctly, decreasing production.
In cases where the overburden thickness is greater, the angle of the bench slope should
be flattened for stability. Shevyakov (1965) suggests that when the thickness is 50
meters, the angle should be around 50 degrees, which would increase the width of the

key cut and the first cut width. The disruption of load distribution on the draglines would
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be significant in this case, which is why the draglines benches are usually limited to 40

m.

3-D Balancing d ~am for horizontal tandem

|

en dumps

ancement

-0 view
a.d
ew rotation =

Inc O

MHB mnhb

Figure 6.6.1: Three-dimensional balancing diagram for 28 m bench height
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Bench heigh (m) vs coal exposure(Mte/year)

—@— Coal exposure (Mte/year) in
horizontal tandem

—@— Coal exposure (Mte/ year) in
vertical tandem mode- 1

—@— Coal exposure (Mte/ year) in
vertical tandem mode- 2

o B N W b~ U0 O

0 10 20 30 40 50
Bench heigh (m)

Coal exposure (Mte/ year)

Figure 6.19: Bench height vs rate of coal exposure (Mte/year) in all three modes of
tandem dragline operation.
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Figure 6.20: Bench height vs % rehandle in all three modes of tandem dragline
operation.

Bench heigh (m) vs linear advancement of draglines (m/year)
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Figure 6.21: Bench height vs linear advancement of draglines (m/year) in all three modes
of tandem dragline operation.
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6.7 Influence of coal seam thickness

This study analyses the effect of coal seam thickness, which was varied from 9 m to 18
m in intervals of 1 m, while retaining all other relevant parameters. The results have been
given in table 6.7.1 for horizontal tandem, table 6.7.2 for vertical tandem mode-1, and
table 6.7.3 for vertical tandem mode-2 for each variation in terms of coal exposure,
percentage rehandle and linear advancement of the draglines. A typical three-
dimensional balancing diagram is illustrated in figure 6.7.1 and the other diagrams are

available in the Appendix 3 (Figure 6.7.2 to 6.7.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year with variation in coal seam thickness are graphically represented in figure 6.22, 6.23

and 6.24. From these figures and table, following conclusions can be drawn

(i) As seam thickness increases, the rate of coal being exposed also increases, but the
percentage of coal being rehandled and the advancement the dragline for each mode

remains relatively steady since they are proportional to the thickness of the seam.

(i1) As the thickness of the seams becomes more, the volume of the spoil dump needed to
store the materials also rises. For example, one metre of linear advancement in a seam of
12 m thickness and 90 m cut width will produce 1080 m?® (90 m x 12 m x 1 m) of spoil
dump space. If the thickness is increased to 18 m, the amount of space created will be
1620 m* (90 m x 18 m x 1 m). Therefore, the amount of space for spoil dumping
increases with increase in seam thickness, which in turn provides more room for

dumping.
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3-D Balancing diagram for hor ntal te:

DL-Le Al

D/L{La A1

Figure 6.7.1: Three-dimensional balancing diagram for 9 m thick coal seam
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Seam thickness (m) vs coal exposure (Mte/year)
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Figure 6.22: Coal seam thickness vs rate of coal exposure (Mte/year) in all three modes
of tandem dragline operation.

Seam thickness (m) vs % rehandle
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Figure 6.23: Coal seam thickness vs % rehandle in all three modes of tandem dragline
operation.
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Figure 6.24: Coal seam thickness vs linear advancement of draglines (m/year) in all three
modes of tandem dragline operation.
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6.8 Influence of seam gradient

This study analyses the effect of coal seam gradient, which was varied from 0° to 5° in
interval of 1°, while retaining all other relevant parameters. The results have been given
in table 6.8.1 for horizontal tandem, table 6.8.2 for vertical tandem mode-1, and table
6.8.3 for vertical tandem mode-2 for each variation in terms of coal exposure, percentage
rehandle and linear advancement of the draglines. A typical three-dimensional balancing
diagram 1is illustrated in figure 6.8.1, and the other diagrams are available in the

Appendix 3 (Figure 6.8.2 to 6.8.6).

For all three modes of tandem dragline operation, a summary of important parameters
like rate of coal exposure, percentage rehandle, and linear advancement of dragline per
year with variation in coal seam gradient are graphically represented in figure 6.25, 6.26

and 6.27. From these figures and table, following conclusions can be drawn.

The rate of coal exposure, rehandle percentage, and linear advancement of draglines are
consistent in vertical mode of operation, whereas they are slightly varying in horizontal
tandem operation. This is because, according to the assumptions set out in Chapter 3, the
overburden layers and coal seams keep the same gradient in the mining advance side,
while the overburden dump surface on the spoil side is thought to be level.
Consequently, the rehandle area decreases as the seam gradient rises in horizontal
tandem, resulting in an increase in linear advancement of draglines and coal exposure.
This phenomenon also takes place in vertical mode of operation, but it is not very
noticeable as the rehandle is minimal in vertical tandem when compared to horizontal
tandem, therefore, it can be disregarded in this circumstance. Changes in the inclination
of the seam unto some degrees are advantageous for dragline operation and have

minimal influence on the excavation efficiency.
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3-D Balanci c m for horizontal tandem
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Figure 6.8.1: Three-dimensional balancing diagram for coal seam inclination of 0 degree
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Seam inclination vs coal exposure (Mte/year)
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Figure 6.25: Coal seam inclination vs rate of coal exposure (Mte/year) in all three modes
of tandem dragline operation.
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Figure 6.26: Coal seam inclination vs % rehandle in all three modes of tandem dragline
operation.

Seam inclination vs linear advancement of draglines (m/year)
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Figure 6.27: Coal seam inclination vs linear advancement of draglines (m/year) in all
three modes of tandem dragline operation.
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6.9 To find the best combination of cut width and bench height within the
possible working range of draglines

Case 1: Horizontal tandem

This study investigates the effect of changing the cut width from 70 to 105 m in
increments of 5 m while likewise varying the stripping bench height from 25 to 35 m in
steps of 5 m, with the aim of determining the most appropriate cut width and bench
height for horizontal tandem dragline operations under prevailing field conditions. The
parameters related to operations, geo-mining, and machine specification were all kept
unchanged as discussed earlier. The results of the three-dimensional balancing diagrams
were compiled into table 6.9.1 for a combination of same annual production capacity of
420 Mm?® leading and lagging draglines. The relevant three-dimensional balancing

diagrams are appended in appendix 3 (figure 6.9.1 to 6.9.9)

From examining table 6.9.1 and figures 6.9.1 to 6.9.9 in the Appendix 3, it appears that
using a combination of cut width of 100 m and bench height of 25 m in horizontal
tandem operation might be a best option. This could result in the highest rate of coal
exposure and the lowest amount of rehandle. However, when the cut width goes beyond
100 m (i.e., 105 m in this case, as shown by figures 6.9.3, 6.9.6 and 6.9.9 in Appendix 3),
the overburden removed by the leading dragline from the key cut cannot be deposited

into the de-coaled area, due to the lack of adequate reach of the leading dragline.

The most effective pairing of cut width and bench height must be compatible with the
lagging and leading dragline annual production capacities and may need to be adapted

based on other geological or mining limitations.

Table 6.9.1: Influence of cut width and bench height in horizontal tandem for leading
and lagging draglines of equal annual production capacity of 4.20 Mm?.
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Sr. No. | Variation Horizontal tandem
Cut width (m) Bench height (m) | Coal exposure | % Rehandle Linear
(Mte/year) advancement
(m/year)
1 70 25 4.84 42.51 3368.07
2 75 25 4.94 39.68 3207.32
3 80 25 5.03 37.20 3061.21
4 85 25 5.11 35.01 2927.84
5 90 25 5.18 33.07 2805.60
6 95 25 5.25 31.33 2693.16
7 100 25 5.31 29.76 2589.39
8 105 25 5.37 28.34 2493.31
9 70 30 3.89 47.82 2706.00
10 75 30 3.97 44.63 2581.27
11 80 30 4.05 41.84 2467.53
12 85 30 4.12 39.38 2363.39
13 90 30 4.19 37.19 2267.69
14 95 30 4.25 35.24 2179.43
15 100 30 4.30 33.47 2097.79
16 105 30 4.36 31.88 2022.04
17 70 35 3.22 53.12 2239.16
18 75 35 3.29 49.58 2139.36
19 80 35 3.36 46.48 2048.08
20 85 35 3.43 43.74 1964.27
21 90 35 3.48 41.31 1887.04
22 95 35 3.54 39.14 1815.66
23 100 35 3.59 37.18 1749.49
24 105 35 3.64 35.41 1687.97

Case 2: Vertical tandem operation mode 1
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This study investigates the effect of changing the cut width from 65 to 100 m in
increments of 5 m while likewise varying the stripping bench height from 30 to 40 m in
steps of 5 m, with the aim of determining the most appropriate cut width and bench
height for vertical tandem mode-1 operations under prevailing field conditions. The
parameters related to operations, geo-mining, and machine specification were all kept
unchanged as discussed earlier. The results of the three-dimensional balancing diagrams
were compiled into table 6.9.2 for a combination of same annual production capacity of
420 Mm® leading and lagging draglines. The relevant three-dimensional balancing

diagrams are appended in appendix 3 (figure 6.9.10 to 6.9.18)

From examining table 6.9.2 and figures 6.9.10 to 6.9.18 in the Appendix 3, it appears
that using a combination of cut width of 95 m and bench height of 30 m in vertical
tandem mode-1 operation might be a best option. This could result in a highest rate of
coal exposure and a lowest amount of rehandle. However, when the cut width goes
beyond 95 m (i.e., 100 m in this case, as shown by figures 6.9.12, 6.9.15 and 6.9.18 in
Appendix 3) the overburden removed by the leading dragline from the key cut cannot be
deposited into the de-coaled area, due to the lack of adequate reach of the leading

dragline.

Table 6.9.2: Influence of cut width and bench height in vertical tandem mode-1 for
leading and lagging draglines of equal annual production capacity of 4.20 Mm?.

Sr. No. | Variation Vertical tandem mode - 1
Cut Width Bench Height Coal exp % Reh Linear Adv
1 65 30 4.88 17.63 3661.94
2 70 30 4.94 16.35 3437.93
3 75 30 4.99 15.24 3239.64
4 80 30 5.03 14.27 3062.92
5 85 30 5.07 13.42 2904.44
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6 90 30 5.10 12.66 2761.51
7 95 30 5.13 11.98 2631.96
8 100 30 5.16 11.38 2514.00
9 65 35 4.13 19.22 3096.99
10 70 35 4.18 17.81 2910.21
11 75 35 4.22 16.59 2744.54
12 80 35 4.26 15.53 2596.65
13 85 35 4.30 14.60 2463.82
14 90 35 4.33 13.77 2343.87
15 95 35 4.36 13.03 2235.03
16 100 35 4.38 12.37 2135.82
17 65 40 3.57 20.84 2673.62
18 70 40 3.61 19.30 2514.69
19 75 40 3.65 17.97 2373.46
20 80 40 3.69 16.81 2247.14
21 85 40 3.72 15.80 2133.53
22 90 40 3.75 14.90 2030.80
23 95 40 3.78 14.09 1937.46
24 100 40 3.80 13.37 1852.29

Case 3: Vertical tandem mode 2

This study investigates the effect of changing the cut width from 60 to 95 m in
increments of 5 m while likewise varying the stripping bench height from 35 to 45 m in
steps of 5 m, with the aim of determining the most appropriate cut width and bench
height for vertical tandem mode-2 operations under prevailing field conditions. The
parameters related to operations, geo-mining, and machine specification were all kept
unchanged as discussed earlier. The results of the three-dimensional balancing diagrams

were compiled into table 6.9.3 for a combination of same annual production capacity of
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420 Mm® leading and lagging draglines. The relevant three-dimensional balancing

diagrams are appended in appendix 3 (figure 6.9.19 to 6.9.27)

Table 6.9.3: Influence of cut width and bench height in vertical tandem mode-2 for
leading and lagging draglines of equal annual production capacity of 4.20 Mm?.

Sr. No. | Variation Vertical tandem mode - 2
Cut Width Bench Height Coal exp % Reh Linear Adv

1 60 35 4.26 15.65 3458.61
2 65 35 4.29 14.69 3219.24
3 70 35 433 13.85 3011.53
4 75 35 4.35 13.09 2829.49
5 80 35 4.38 12.42 2668.57
6 85 35 4.40 11.81 2525.27
7 90 35 4.43 11.26 2396.79
8 95 35 4.45 10.76 2280.93
9 60 40 3.70 16.50 3004.39
10 65 40 3.73 15.50 2797.11
11 70 40 3.76 14.62 2617.23
12 75 40 3.79 13.84 2459.55
13 80 40 3.81 13.14 2320.15
14 85 40 3.83 12.50 2195.98
15 90 40 3.85 11.93 2084.64
16 95 40 3.87 11.40 1984.23
17 60 45 3.27 17.31 2652.11
18 65 45 3.29 16.28 2469.66
19 70 45 3.32 15.38 2311.30
20 75 45 3.34 14.56 2172.47
21 80 45 3.36 13.84 2049.73
22 85 45 3.38 13.18 1940.38
23 90 45 3.40 12.58 1842.31
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24 95 45 3.42 12.03 1753.85

(i) From examining table 6.9.3 and figures figure 6.9.19 to 6.9.27 in the Appendix 3, it
appears that using a combination of cut width of 90 m and bench height of 35 m in
vertical tandem mode-2 operation might be a best option. This could result in the highest
rate of coal exposure and the lowest amount of rehandle. However, when the cut width
goes beyond 90 m (i.e., 95 m in this case, as shown by figures 6.9.21, 6.9.24 and 6.9.27
in Appendix 3), the overburden removed by the leading dragline from the key cut cannot
be deposited into the de-coaled area, due to the lack of adequate reach of the leading

dragline.

(i1) An interesting occurrence was observed in this case. As the bench height increases
while the cut width stays the same, the reach requirement of the leading dragline also
increases. This is because the centre of gravity of the upper bench face block is relocated
away from the area that has been de-coaled, and thus extra reach from the leading
dragline is necessary. This has been observed in previous case also, but the reach of the

leading dragline is sufficient to tackle the issue.
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