Surface Mining Technology
Professor. Kaushik Dey
Department of Mining Engineering
Indian Institute of Technology, Kharagpur
Lecture No. 04
Stripping Ratios and Pit Layouts - 11

Let me welcome you to the fourth lecture of Surface Mining Technology. This is also the
introduction to Surface Mining part. Today’s lecture is the second lecture on the stripping ratios

and pit layouts.
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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
R

course on basic geology, explosive and blasting etc.
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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 8perations.

» Special methods of surface mining.
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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, d@ploy and design the
mine machineries for a set production target. The desired 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 reql?irements like slope

stability and sump management etc.
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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
R

Machinery, Annapurna Publishers
5. Hartman H. L., 2002, Introductory Mining Engineering, Publiwhn
)

Willey and sons

.
3
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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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We have already discussed as per our requirement, the learning background for the course, Surface
Mining technology. This is the learning objective of the Surface Mining Technology course. And
this is the learning outcomes of the Surface Mining Technology course. This is a continuation of

the same and these are the different textbooks and reference books.
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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 about the deposits. The surface mining

and underground mining are also understood.
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Now, let us see retrospect what we have discussed in the previous lecture. In the previous lecture,
you know we have discussed already in the previous class also, we understand the current scenario
of surface mining worldwide. We understood in surface mining, the main problem is the land

acquisition and that is very, very, very important.

Surface Mining is the main mining system; more than 90 percent of the minerals are being
produced from the surface mining. And in last class also we are discussing with our relatively,
trying to understand that whether surface mining is possible for, up to how much depth or it can
be economic for the deep-seated deposit or not. So, those are, we are in a little bit dilemma, and
we will try to know whether the Surface Mining Technology can be applied for the deep-seated

deposits or not.



(Refer Slide Time: 2:10)

INTRODUCTION

v Learning Objectives of This Lecture:
» To know the different terminologies of surface mining operations.
» To understand the importance of stripping ratio

» To understand the basics of surface mining layouts.
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So, in this lecture our objectives are same as we mentioned in the last lecture also, to know the
different terminologies related to surface mining; understand the importance of the stripping ratio.
So, far we have not discussed what is stripping ratio, in this lecture, we will discuss it, what is
stripping ratio and to understand the basics of surface mining layouts, which we will discuss in the

next lecture.

(Refer Slide Time: 2:39)
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INTRODUCTION TO SURFACE MINING

SURFACE MINING UNDERGROUND MINING

Highly productive Less environmental impact
Economic for shallow deposit Less surface land requirement
Large scale mechanisations Minimum excavation of waste rock
Better safety and risk control Post-mining restoration is easy
Better control for mining of fuel minerals Suitable for deep-seated deposit
Large surface land requirement Production rate is limited
Unnecessary removal of overburden rocks Access to the mine is difficult
Environmental impacts Low scale mechanisation
Post mining ground restoration Hazardous operation

Higher mining cost

Requirement of ventilation and air con
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So, this slides we have already discussed in the last class. In this slide, we are discussing about the

perspective of surface mining and underground mining. And we have found that there is no clear



demarcation that up to this step surface mining is possible, up to, beyond this step underground
mining has to be carried out. So, this is basically a strategic decision, and this strategic decision

should be taken with some economic considerations.

(Refer Slide Time: 3:14)

I INTRODUCTION TO SURFACE MINING

Thus surface mining is characterised with —

v Higher OMS (Output per man-shift)

v' Low mining cost ‘[
v Higher percentage of extraction 7\

v Increasedstrip ping ratio (SR)with large mechanisation

NPTEL ONLINE Dr. Kaushik Dey
Ll CERTIFICATION COURSES | nanartment af Mining Fn
iMTTowwin » P

So, surface mining is basically characterized as we have seen as per our previous lectures with
high productivity that means, production per man-shift is very, very high. Mining cost is very, very
low. The percentage extraction is very high, because we do not keep any pillars for the supporting.
So, whatever available ores are there, complete 100 percent escalation of the ores are possible in

surface mines.

And surface mine can be carried out with increased stripping ratio, if we are having large
mechanism. Now, this new term is there, stripping ratio. So, what is the stripping ratio, let us try

to understand.
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Stripping Ratio = is the volume of

overburden rock to be removed to

excavate a tonne of mineral

Vol A

e Tonnage B

: , C
\Ovérburden is expressed in volume‘/
Mineral is expressed in tonne as it is the s
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Stripping ratio is the term used for the volume of overburden to be removed to excavate a ton of
minute. So, that means, whenever we have carried out underground mining, we need not to remove
overburden. But in surface mining, we have to remove overburden. Now when, while we are
comparing this two, we have to understand for taking out 1 ton of ore how much waste rock or
overburden rock is required to be excavated and taken out for getting that 1 ton of ore. So, this

ratio is called stripping ratio.

Now, if you look into this figure, you can see this is the ore, which we need to excavate and the
total ore tonnage is B, but to take out this ore from here to outside, we have to excavate this portion
of waste rock, which is basically the rock cap, rock cap lying above this mineral, lying above this
mineral. So, this rock cap is called overburden.

So, this stripping ratio is the ratio of volume A that is the volume of overburden and the B, tonnage
B because the ore is in general expressed in ton. So, this is tonnage B means the volume B,
multiplied with the density is basically giving us the weight B that is called tonnage. So, this
stripping ratio is the volume of overburden divided by the tonnage of ore that is called stripping

ratio.

So, in other word, to get 1 ton of material, how much volume of overburden has to be removed
that is called stripping ratio. So, this line is important overburden is expressed in volume because

it does not have any commercial value, but you have to find out a volume area where you need to



accommodate that one. So, that is why overburden is expressed in volume because you need to
address that for removing and placing that in a particular place, that is why it is called volume here

and mineral is expressed in ton because it is sold in ton.

(Refer Slide Time: 8:22)
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Sub-Outcropped deposit

Vol A1
Tonnage B1

Incremental SR =

Vol A + Vol Al

Overall SR = Tonnage B1
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Stripping ratio can be of different types. Let us discuss the different types of stripping ratio which
is available. First is that increment, first is that Incremental Stripping Ratio. Incremental stripping
ratio means, suppose, today you are having a mine position up to this. Now, your mine
management has decided that to increase further depth of a portion up to x, then what is the

situation?



So, if you are extending your operating depth from h to h plus x in that case, by doing this you will
generate an additional B1 tonnage of ore. But to get that one additionally you have to take out your
Al volume of waste rock or overburden rock. So, this Al by tonnage B1 is called incremental
stripping ratio.

Vol A1

Increamental SR = TonTgeBl

Vol A+ Vol A1

lLSR =
Overall S Tonnage B1

And if you have carried out this and an incremental volume of Al is removed an incremental
tonnage of B1 is achieved then your overall stripping ratio, overall stripping ratio will become
volume A plus volume Al divided by B1. If you had some, suppose you had some previously
owned ore B here in that case, before this your stripping ratio was A by B and then after an
incremental excavation of depth x, your overall stripping ratio in that case will become A plus Al
by B plus B1.

So overall stripping ratio means at the end of the mine, at the end of the mine, the total overburden
removed divided by total tonnage of ore excavated is called the overall stripping ratio. I think now,
it is clear to you. We are just discussing about the different types of different types of stripping

ratios.

(Refer Slide Time: 12:04)
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Outcropped deposit

Vol Al
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So, you can understand the Initial Stripping Ratio as we have discussed earlier. The initial stripping
ratio is Al by B1. So, this is Al by B1 and implementers stripping ratio A2 by B2 and overall

stripping ratio become Al plus A2 by B1 plus B2, as we have discussed earlier.
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The ore body is dipping at an angle “a".
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Now, let us see it in a different way. So, suppose our ore body is dipping at an angle alpha dO is
the sub-out crop depth means orebody is not exposed to the surface. If the orebody is exposed to
the surface, then it is called outcrop. If it is not expressed to the surface, it is not, it is called in-
situ, in that case, ore depth up to which the overburden starting its occurrence that is called sub-

out crop depth.

So, d0 is the sub-out crop depth. Overburden is dipping at an angle alpha and beta is the angle of
stable slope bench. So, if you are having a stable slope bench angle of beta, then only your slope
will remain stable, otherwise it may fall. So, that is why beta is the stable slope angle. Now, at the
very beginning when your overburden is having an area of ABGH that means, if you are
overburdened is having an area of ABGH, your ore excavated is 0, okay, you do not have any

excavation.

But after that, if you excavate, tO is the thickness of the ore body and if you go for a depth of
excavation of d. Now this is the depth of excavation of d to have this depth of excavation d, you
need to achieve, let me change the color of the pen, then you will excavate this much of ore body.
And for this, you have to excavate this much of overburden. So, your pre-production stripping
ratio was area ABGH by 0 so its stripping ratio become infinity here. But at excavation depth of d
your stripping ratio will become area, this is the waste rock excavation area and ore excavation
area are BCFG.
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So, your pre-production stripping ratio was infinity and overall stripping ratio will become this
one, we have already informed that, and the ore production is this much. And if you are going for
an incremental depth of excavation of this one then your incremental or instantaneous stripping
ratio will become IJEF that means, and ore excavation is this much EFCD. So, EFCD. So, this is

the incremental or instantaneous stripping ratio.

(Refer Slide Time: 17:38)
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Mining Stripping Ratio (R, )/ Economic Stripping Ratio (R,)

=1tis the ratio of the volume of waste removed || _ gy o clearly 2 max™ value of stripping ratio
to the tonnage of ore excavated over any

z g o A which should not b this max™ value. This
particular period of mining operation. oo T defined as th ‘\.—u—.——ﬁ 5
[mainly does for allocation of machineries| value 15 defined as fie economie STpping fano. 50
this ratio gives upto which ratio we can go for mining

with profit. So it is dependable on a number of
factors like labour rate, mechanization,

Stripping Index (I)

Instantanious Stripping Ratio R;

" Grade Ore Expressed in% v

NPTEL ONLINE
IIT KHARAGPUR CERTIFICATION COURSES

iR oww i » 1 "B

Nenartment of Mining

The next stripping ratio is Mining Stripping Ratio. Mining stripping ratio is basically used for

deploying the machineries, which means the mine management has decided that in this month or



maybe in this week or maybe in this shift also, this match of overburden has to be removed and

this much of or has to be removed. So, it is a particular planning which is carried out.

So, it is the ratio of volume of waste removed to the tonnage of ore excavated over any particular
period of mining operation that means, it may be for a month, it may be for a week, it may be for
a shift also, this is basically carried out for allocating the different machines, the population of the
machines that is required for achieving the production.

So, what is happening say, suppose in rainy season etcetera, if your demand is less that time mine
management will deploy more machineries to remove the overburden rocks and they reduce the
excavation of the ore. So, that time you are stripping ratio will become more. And if you are in
other dry time if you are excavating ore mainly and reduce the excavation the ore a lot in that case
your stripping ratio will be decreased a lot. So, this is depending on the demand and depending on

the machine deployment, it is carried out so, that is called mining stripping ratio.

There is another term which is used is called stripping index. It is the instantaneous stripping ratio
divided by the grade of ore expressed in percentage that is called stripping index. And the
economic stripping ratio, it is clearly a maximum value of stripping ratio which should not be
exceeded by this maximum value. This value is defined as the economic stripping ratio. So, the
ratio gives up to which ratio it can go for mining with profit. So, it is dependent on a number of

factors like labor rate, mechanization, etcetera.



(Refer Slide Time: 20:19)

rpPRsAEl 2O 5 U

INTRODUCTION TO SURFACE MINING ok

__ Pricefprofit perton of ore - 0/c Mining cost per tonne of ore

\/K/QS trippiny/ost per Lonne of ore

Let
It is 2 for price of ore < \
0.3 for O/C cost of ore
& 0.35 for O/C stripping cost of waste for | tonne of mineral
) 2-03
- RBE = W =486:1
So, to get | tonne of ore waste to be handled 4.86 m? if waste is more than that then it is not
profitable.

NPTEL ONLINE Dr. Kaushik Dey

IIT KHARAGPUR CERTIFICATION COURSES
iM T oww@ » 1 B

INTRODUCTION Tg SURFACE MINING

Break Even Stripping Ratio (BESR) (Rgz or R
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_ Price/profit perton of ore - 0/c Mining cost per tonne of ore
- 0/c Stripping cost per tonne of ore

Let
Tt is 2,for price of ore‘/

0.3 for O/C cost of ore
or O/C stripping cost of waste for | tonne of mineral
—

2=03
& Rgg = o 4.86: 1
So, to get | tonne of ore waste to be handlef waste is more than that then it is not

profitable.
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Selling price per ton of ore — Mining cost of per ton ore

Break Even SR = —
stripping cost per ton of ore

The most important stripping ratio is named as the Break-Even Stripping Ratio. Break Even

Stripping Ratio is defined as the profit per ton of ore minus the opencast mining cost per ton of ore



divided by the stripping cost, open cast stripping cost of overburden for per ton of ore. That means,
if you have to the stripping ratio is basically given, gives us the overburden quantity required to

be excavated for tonnage of ore.

So, break even stripping ratio is basically the economic term, it is giving us the profit we are getting
by selling one ton of ore from here we are deducting the cost of excavation of one ton of ore. So,
the remaining amount what is lying with us we are checking whether that amount is sufficient for
excavating the overburden, this is overburden. So, overburden that quantity of overburden which
is required to excavate one ton of ore. So, if the stripping ratio is 1.5-meter cube per ton then this

overburden quantity is 1.5-meter cube.

So, the cost, cost of overburden removal for per ton of ore means the cost of removal of 1.5-meter
cube overburden. So, this ratio is called break even stripping ratio and in no condition you will
allow the breakeven stripping ratio to go beyond or go less than 1, low below 1, so, that if it is 1,
less than one that means your overburden removal cost is becoming higher than the amount lying

with you after the selling of the ore. So, that is not allowed because it will not fetch you any profit.

So, for that let us take one small example here, suppose the price of the ore is 2 rupees, the cost of
excavation of ore is means two unit, you do not consider it is 2 rupees, this is 0.3 unit. Then you,
if the stripping cost is, your stripping cost of waste for 1 ton of material is 0.35 unit, then your
break-even stripping ratio is 4.08, 4.86 into 1. So, 2 minus 0.3 divided by 0.35, so it is coming this

value.

Now, what it is showing that means, it is showing, if our stripping ratio is further increased then
also our opencast mining will remain in profit unless and until we are having the stripping ratio
increasing for more than this value. So, if our stripping ratio is increasing more than 4.86, then
only our mining of, with surface mining technology will no longer remain profitable to us. So, that
is why break-even stripping ratio is very, very important aspect for decision making about the

weather mining to be continue or not.
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So, now, let us consider one problem in this, say consider a mine working with 0.5 percent copper
ore with overall recovery of copper of 80 percent after milling and refining. If the price of the
copper is 700 rupees per kg and the mining milling and refining costs are 200 rupees, 200 rupees
and 150 rupees per turn of ROM. Now, let me explain you ROM. ROM means, run off mines,
ROM means run off mines that means, whatever this material is taken out from the mine that is

called run off mines, it’s the direct output achieved from the mine is called run off mines.

So, the cost of mining is rupees 200 that means to take out one ton of run off mines is rupees 200
that treatment treating of 1 ton of run off mines is rupees 200. The treating cost of 1 ton of run off
mines, refining cost of that is rupees 150. That means, suppose run of mine is 1 ton, from here you
are getting some portion, say 0.8 ton maybe coming to the mill and then, output of the mill, that

0.8 ton is then subjected to refinery then that cost is basically considered here.

If the waste handling cost is rupees 250 per meter cube, find out the breakeven stripping ratio for
a mining stripping ratio of 4 is to 1. So, if 4 is to 1 is the mining stripping ratio, let us find out
whether it is it remained profitable or not. So, let us find out, to solve this let us find out what is
the profit, profit is that from 1 ton of run off mines 0.5 percent copper we are getting. that copper

actually we are selling not 0.5 percent, 0.5 percent is the grade, but 80 percent is the recovery.

So, 0.5 into 0.8, so that much copper we are getting from the treating and refining, a milling and

refining of the copper ore that is prices rupees 700 per kg and as we are considering that ton, so,



we are multiplying it with the 1,000 to make it ton. So, this is the price we are getting, and we are
subtracting mining price, milling price, defining price. So, by this one, we have found our profit is

coming rupees 2,250 and our waste handling cost is 250 rupees per meter cube.

So, the 4 is to 1 if it is the mining stripping ratio, so, 4-meter cube of overburden has to be handled
for to get 1 ton of run of mines that means the copper ore, so to remove 4-meter cube of waste
rock, we have to spend1,000 rupees. So that means, profit is 2,250; waste handling cost is 1,000
rupees, so BESR is 2,250 divided by 1,000, so 2.25. So, that means, it is further, it is still profitable

we can carry on mining.

But you just think if instead of mining stripping ratio of this one, if mining stripping ratio is become
9 in that case this will become 2,250, then our BESR will become break even stripping Ratio will
become 1 and if it is more than 9, then BESR will become less than 1. So, it will, the mining will
no more profitable in that case. So, above the stripping, mining stripping ratio of more than 9 the

mining will not become profitable. So, mine can, mining cannot be carried out in that case.

(Refer Slide Time: 29:45)
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The final one is the underground to open cast stripping ratio. This is the Underground Mining cost

o RBE =
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per ton of ore, this is the open cast mining cost per ton of ore divided by the open cast stripping
cost of waste which is for the per ton of ore that means, here also you have to consider the mining
stripping ratio. So, another problem is given here also for this. So, this is more or less about the

stripping ratio. This topic we will continue for the next class also. Thank you






