Surface Mining Technology
Professor. Kaushik Dey
Department of Mining Engineering
Indian Institute of Technology, Kharagpur
Lecture No. 10
Opening Through Box Cut-2

Let me welcome you to the tenth lecture of surface mining technology. This lecture will
cover the opening through box cut part 2. Part one is discussed in lecture number 9. So, this is

you understand that box cut is the first initial cut we are discussing.
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INTRODUCTION

v LEARNING BACKGROUND:
It is expected that the students taking this course lectures have a preliminary
understanding about the surface mining technology. The basic knowledge of
explosives, blasting, formation of earth crust, geology etc are already covered

in the previous courses. It is expected that a student must have passed a

course on basic geology, explosive and blasting etc.
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So, as the requirement, let us discuss the learning background required for the Surface

Mining Technology course.
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INTRODUCTION

v Learning Objectives of This Course:
» To know the different unit operations associated with surface mining.
» Methods of surface mining.
» Deployment of machineries in surface mining.
» Productivity analysis of surface mining.
» Safety and environmental control of surface mining operations.

» Special methods of surface mining.
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This is the learning objective of the Surface Mining Technology course.
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INTRODUCTION

v' LEARNING OUTCOMES:
It is expected that the students taking this course lectures will be able to
envisage the surface mining operation and its technological nitty-gritty. It is
expected that a student will be abled to design the drilling and blasting
rounds for surface blasting, will be able to choose, deploy and design the
mine machineries for a set production target. The desired s and
environmental requirements will also be addressed.
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INTRODUCTION

v'LEARNING OUTCOMES:
The student will also have an overall idea about the special methods of
surface mining including sea bed mining, dimensional stone mining, highwall
mining etc. The students will also able to deliver the technological and
managerial requirements to the special safety requirements like slope

stability and sump management etc.
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And this is the expectation from a participant who has undergone the Surface Mining
Technology course. After finishing this would be able to deliver these things.
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INTRODUCTION

v SOME TEXT BOOKS AND REFERENCES
1. Mishra G. B., 1978, Surface Mining, Dhanbad Publishers

2. DasS. K., 1998, Surface Mining Technology, Lovely Prakashan

3. Deshmukh R. T, 1996, Opencast Mining, M. Publications, Nagpur,.

4, De Amithosh, 1995, Latest Development of Heavy Earth Moving
Machinery, Annapurna Publishers

5. Hartman H. L., 2002, Introductory Mining Engineering, Publishers John

Willey and sons
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INTRODUCTION
v' SOME TEXT BOOKS AND REFERENCES
6. Peter Darling, 2011, SME Hand book, SME Publication
7. Rzhevsky, V. V., (1983), Opencast Mining Unit. Operation, Mir
publications
8. Rzhevsky, V. V., (1985), Opencast Mining Technology and Integrated

Mechanisations, Mir publications
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These are some of the textbooks and reference books in general for every class beforehand
we show these slides.
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INTRODUCTION

v Retrospect Previous Lectures:
In previous lectures, we understand the current scenario of surface mining
world wide. We also came to know the present challenges of surface mining.
The phases of mining a deposit are also discussed. The importance and
financial implications of each phase is discussed. The process of decision

making after every phase is also emphasized.
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And this is the retrospect of the previous lectures. We have already covered up the
introductory part. And in the introductory part, we have covered the general idea about the
surface mining. The status of surface mining worldwide, we have discussed the phases of
surface mining, we have discussed the stripping rescues, and in last class, we have started the

opening of surface mines using box cut.

So, that is the first mining excavation carried out in surface mining. So, we have discussed

what a box cut is. We have discussed how we will decide the location of the box cut. And we



have discussed if the box cut is carried out in the hard rock how the blasting should be carried

out in the box cut in the previous lecture.
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INTRODUCTION

v Learning Objectives of This Lecture:

» To have general understanding about the deposit -

Locations
formations

types
b
» To know the commencement of surface mining operations.

» To understand the importance of size, shape and location of the bgx cut

» To learn the technology of excavation of box cut.

Dr. Kaushik Dey,
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So, in this lecture, we have remained objective is same. So, in this lecture, basically, we will
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start the understanding about the sidestep of the box cut. And technologies other technologies

required along with the volume calculations.
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So, as we discussed, when deciding on the excavation system, if it is the hard rock, we have
discussed that the blasting must be practised. But if it is a soft rock, we have to go for the pre

dozing, then the loose soil removal, we have to go for the conservation of the top soil. And if



the blasting is carried out, the blast fragmented rock marks have to be excavated. And

obviously, as it is a box cut, | have to go to dump the material outside the mine.

Now the first part is pre dozing. Pre dozing is basically defined as the top soil or vegetation
cover, and we have to remove that one. So, we do not want the vegetation cover to be mixed
with the rocks and soils, and that will remain there. Because that is hazardous, we do not
want that. So, whatever is the top vegetable cover and that part has to be removed using the

pre-dozing, and that is dumped separately in a particular place.

So, once the land is acquired for the mining purpose pre-dozing before excavation, the pre-
dozing of the top surface is carried out to remove any vegetation at the place. Obviously, if
there is any structure available, those are required to be removed from those areas before the
excavation is carried out. After the pre-dozing, the next job which is required is called top

soil removal.

Top soil where the vegetation is grown that is considered the very fertile soil and has to be
restored has to be conserved. So, that can be used as the top surface when the over burden or
non-fertile materials are dumped above that this soil can be used for the future growth of the
vegetation. So, what is happening to suppose this is the earth crust and say that some

vegetation growths are there.

So, first, we go for dozing this one to remove this top vegetation cover. Then this part then up
to this part which is a top soil. this top soil part has to be taken out, and this has to be restored
in someplace. So, this has to be restored in someplace separately below this part is rock. So,
this is not fertile enough. We have to drill it, blast it and make it fragmented. Then, what will

happen? This part has to be removed.

So, suppose this portion of rock material is dumped at this position. And above this, we can
dump these soil covers and allow the vegetation's growth at this place. So, that is the basic
idea of these first three one. These are very, very important and that has to be practised. And
after that, we will go for fragmenting the rock and go for their dumping.
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So, you can see this is the pre-dozing. The first is pre-dozing and top soil removal. Then you
can see the conservation of the top soil. The top soil is dumped here and allows its
conservation. This top soil is dumped at this position, and we are allowing it conservation we
are providing the moisture or water. And so that vegetative growth can occur here. Then, we

go for drilling and blasting. The first drilling and blasting is carried out here.

After blasting this one, we go for removal of the material and dumping that onto the dumper.
And finally, we have completed the excavation of the box cut. So, whatever material is
coming out we have to dump this some outside area we have to dump all this excavated

material.
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So, this is a video you can see. This is the top soil removal and its conservation. You can see
this is the pre dozing is carried out to remove the vegetation. And this is the top soil is being

removed, and it is conserved here.
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So, you can see this is the ground where the mining is proposed. This is the vegetation and
top soil is removed. Now the box cut formation is started. So, this is the excavation is carried
out this is the ramp is made. And this is the way we are carrying on now the drilling and
blasting is started and we have carried out the construction of the box cut at this position.

So, gradually it is extended, and the machines are working, the ramps are reconstructed. So,
all these operations are going on in this place. So, this is the way we should carry out see the
when we are carrying out the box cut at this position, and you can see the top soil removal all
this vegetation removal all this is carried out in the outside also. So, gradually, we are cutting

it out formation of the box cut.



And box cut means that you are not excavating this at one point. Basically, gradually you are
excavating the box cut, but the complete area is box cut is called in a sense that the box cut
must accommodate a complete mining unit inside it. So, this is the complete mining units

system is established here.
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So, now let us discuss about the volume of the box cut excavation. What is this? This is the
box cut we are considering. And what should be the volume of rock because the volume has
to be accommodated here. And what is the volume of rock we are taking out from this box
cut. For understanding this volume of rock, we have to understand the size of the box cut.
What is the size of the box cut?

The size of the box cut should be sufficient to accommodate the machines. Now | have
already told you accommodating machines means you have to provide the area to that
machine for its operation. That means if a shovel is working at this position, you have to
allow its area so that in which the shovel is working. You have to give a space for the

dumpers to stand. You have to give a space for the drill machine to work here.

So, all these are the required area to be provided in the bottom of the box cut. So that means
box cut is the size in which you are accommodating your one typical mining system one unit
mining system in that area. So, whenever you are discussing the volume to be excavated by a
box cut in the time you are deciding the size of the box cut, you are accommodating a list of

missionaries in that box cut for their operations, plus there is a ramp provided.



So, box cut plus you are providing a ramp as the access to the box cut and that is the volume
you have to sift from the box cut to the outside. So, we will calculate this one. And for this

calculation, we will see how we are carrying out the calculation here.
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So, this box cut this figure is | have already shown to you this is the box cut as you cannot see
the plan view let us come to a lower size display. So, this is the sectional view this is the plan
view. So, you can have this is showing the slope. So, this is showing the slope. So, if you are
taking out each point, let us look into this one by one. The first one is giving us the idea of

this one.

You can see this capital B capital C and this small n m this is the face we are looking at here,
which is a slanted face. So, this face we are observing at this position. So, this is the face we
are observing at this position. This part we have already excavated. That means this face is
already excavated. This face is this face, and this face lower face this part is excavated.

So, it is you can see it is basically a prism and you can easily calculate its volume. Volume of
the prism using the formula available in the geometric. So, a similar face is available at this
position. So, if this is 1, this is 2 so the volume calculation formula for these are the same. So,
this is the volume of this side multiplied with this length is the volume of this one. Similarly,

you can have a volume of this part which is given in 4 that is also another prism.
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And this slanted face this m small m capital E capital F and small I. So, this face you are
looking at this position, this slanting face. This vertical face is already excavated here also the
hollow formula is known to you. The centrally this is a cube or you can say the parallelepiped
is excavated. You know the formula is the multiplication of all the sides. This is the formula

of the volume this is centrally at this position.

And if you look into this small part which is nothing but a pyramid typical pyramid. But in
this pyramid, this is only the vertical surface. So, that means the point capital M small m,
capital M small m is the vertical surface so arrestor like this. So, you can consider let me
redraw it again. So, this is the vertical one, and rest are basically the slanting faces which is

the right combination of this one.

So, this is also, you know one third A into h. The A is the area of this one and this one and
this one is the same that is for this part this is the 6, this is 5. So, you can calculate the volume

for all these. Let us look into this ramp part now.

So, if you are looking into the ramp part. In ramp part, this portion if you are looking at this.
This is divided into three-part. One is we are considering this is completely excavated up to

this top part first. Then whatever is additionally available here, we have to deduct that one.
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Lower case denotes points below the surface at depth say bench height (Hy)

Volume=vol (1+2+3+4+5+6+7-8-9)
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So, what we have considered in this case. We have considered that the complete ramp is
excavated, which means this part and this part is excavated. So, volume is considered again
if you are looking at this. This is similar because this is this part is vertical.
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So, let me extend this one. This is this face A B 1 J, and there is a little bit of extension here
and we have taken it out like this. So, this is this shape and you understand this is this area.
We have to take this volume into this by minus divided by 2 you will get this complete area.
So, you have to multiply with this and if you are divided. So, a half of this parallelepiped is
basically the volume of this one.
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You can calculate in the 7, but this face has this B part not excavated. It is excavated only up
to a small n part. So, the above small n is not projected. So, you can see this small n up to this
is excavated. Here you can see the small n is the existing one small B is not excavated, which
is small b is somewhere here which is not excavated in this figure. So, we have to this is this

wall this portion volume is not excavated.

So, we have to find out the volume of this one again. This is a pyramid, and this is the capital
B is this point, this is the small n, this is the capital N, and this is the A part. So, this is not
excavated here. So, that volume we have to calculate which is nothing but the one third the
area of B, b small n capital N and the height AB. If you are calculating this one this 8 and 9
are similar that you have to subtract.



So, the total volume can be calculated as the summation of 1 plus 2 plus 3 plus 4 plus 5 plus 6
plus 7 and this 8 and 9 you have to subtract from there. Because in 7 you have considered this
is this excavated but actually it is not excavated. But if you really think that this volume is not
that much significant. So, you can deny that one and you can consider up to this is also pair

accuracy will get if you are not considering this one also.
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So, if you are considering the length and width required at this position, there is a chance that.

e comp M

=

The length and width required at this position is 100 meter by 100 meter. Say we need 100
meter by 100 meter box for operating our machine this is the size of the box cut we are
considering 100 meter by 100 meter if this is the size of the box cut we are expecting. Then

now volume if we are trying to calculate accurately, then what will be the volume.
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Width (m)

BC=nm V{DO

bench height (Hy) (m) Mms= Nn — 10
P ml= EF \/»/100

Ramp slope = slope of plane Ajkn (slope Ab](li\n@ Nn/AB 0.066667
AB= 150

Bench slope = slope of plane BCmn = Efim (slope Cm) (in degree) phi @
/ BN=CM=EM 3.639702

Volume - 1= (1/2) area BCMN x H, ~ / 1819.851
Volume - 2 = (1/2) area IHLK x H, = Volume 1 1819.851
Volume - 3 = area KLMN x H, K 100000
Volume - 4 = (1/2) area LMEF x H, vy 1819.851
Volume - 5 = (1/3) area CDEMx H,, / 44.15811
Volume - 6 = (1/3) area CDEMx H, =Volume -5 ~ 4415811
Volume - 7 = (1/2) area ABII x H, 80459.55
Volume - 8 = (1/3) area ABNx H, = to substract 909.9256
Volume - 9= (1/3) area lJKx Hb = to substract = Volume -8 909.9256
S WCi/m3* @ @ € ®@@ 0 o

So, in this problem we have tried to find it out. So, this is the box size. This is the bench
height we have decided. And these are the angles ramp angle we have considered 1 in 16 that
is tan theta. So, we have considered this is the tan theta value. And when slope angle we have

considered 70 degree.

So, with these considerations, we have determined these values volume 1, volume 2, volume
3, volume 4, volume 5, volume 6, and volume 7. So, volume 8 you can see it is only 900

cubic meter. So, it is 2000 cubic meter, and altogether | think the total is not coming let me

escape from here.
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Length (m) BC=nm

bench height (H;) (m) Mms= Nn

Width (m) ml= EF

Ramp slope = slope of plane Ajkn (slope Ab) (1in 16 i.e. tan theta) Nn/AB
AB=

Bench slope = slope of plane BCmn = Efim (slope Cm) (in degree) phi
BN=CM=EM

Volume - 1 = (1/2) area BCMN x H,

Volume - 2 = (1/2) area IHLK x H, = Volume 1

Volume - 3 = area KLMN x H,

Volume - 4 = (1/2) area LMEF x H,

Volume - 5 = (1/3) area CDEMx H,,

Volume - 6 = (1/3) area CDEMx H, =Volume -5

Volume - 7 = (1/2) area ABI x H,

Volume - 8 = (1/3) area ABNx H, = to substract

Volume - 9= (1/3) area lJKx Hb = to substract = Volume -8

Total Volume = sum(1to 7)-8-9

100

10

100
0.066667
150

70
3.639702
1819.851
1819.851
100000
1819.851
4415811

© 44.15811

80459.55
909.9256

909.9256'
184187.6



So, we have to add. So, this is the total volume it has come. So, total volume it has come a 1
lakh 84000 meter cube. So, this 2000 meter cube to 1800 meter cube is not significant enough
in this. So, you can fairly approximate it is not comprising event 2 percent of the even 1
percent it is not even 1 percent of the total area. So, if you are not considering this one then

also you are fairly estimating the total volume of the box cut.
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The next important part is that after box cut, we will proceed. So, | am presenting here some
hands sketch to see. Say this is the box cut here. So, you can see this is the box cut, and this is
the box. So, this is the box and you have to then go for after this box cut you have to extend

your pit gradually. So, what you do initially, you extend from this towards this direction.

So, you can extend in this direction, and after this extension, you can go for the further
extension towards this direction and this direction. And then you gradually proceed towards
this direction. So, in general, you are gradually moving or extending your pit and in this case,
for all the cases, say this if you are looking into the sectional view. After this one you will go
for drilling this one so you will carry out the holes at this position.

And then you are blasting this one. So, it is gradually extending like this way, and you are
taking out the material from here through the ramp to the outside. This is the reverse way |

have drawn it.
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So, if you are considering this. This is the bench. Let me do it share it itself. This is the
bench. So we have drilled at this position. So, these are the holes we have made, then we
have blasted this one so up to this is blasted. So, this portion is blasted this is the new face
and whatever is the fragmented rock, that rock is taken out through this ramp. So, this is the

extension. This extension is further continued.
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And gradually, you are now expanding towards sideway. And this is the expansion you have
carried out in this way after this is expansion you are moving towards this. And this is the
excavation you have to carry it carry here. So, now your excavation will be like this. So, here



you will excavate this one. So, it will gradually become what will happen from here you are

at this position, and you are extending to this.

So, you have reached this position and finally what will happen if you move it out. Then you
will go for excavation in this one up to this. So, gradually you are moving out towards this

direction.
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And finally, we will come out with a pit like this. This is your first bench; from this your
ramp is moving there. This is the second bench we have constructed. So, after the first bench
was made, we started another opening you have created here. So, this is not called box cut but

this is the box opening for the next bench.

So, that is carried out. We have discussed this part in your pit layout, which is discussed in
the introductory part. So, this is the extension of the benches after the box cut. So, this is the

end of the box cut. We will continue with the next topics in the next class. Thank you



