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Let me welcome you to the NPTEL online certification courses surface mining technology.

This is the lecture number 55, in this 55th lecture we will continue with seabed mining, this is

the second last lecture on the seabed mining.
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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.




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. Y

» Productivity analysis of surface mining.

» Safety and environmental control of surface mining operations.

¥ Special methods of surface mining, gl

So, as we do let us have a glimpse of learning background required for surface mining
technology course and these are the learning objectives for surface mining technology course

set for this time.
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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 0 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 safety and

environmental requirements will alse be addressed. ol |




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.

And these are the expected learning outcomes for surface mining technology course, these are

few more learning outcomes.
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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 Deéwvelopment of Heavy Earth Moving
Machinery, Annapurna Publishers

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




INTRODUCTION
v SOME TEXT BOOKS AND REFERENCES

6. Peter Darling, 2011, SME Hand book, SME Publication

7. Rzhewsky, V. V, (1983), Opencast Mining Unit. Operation, Mir
publications

8. Rzhewsky, V. V., (1985), Open&st Mining Technology and Integrated
Mechanisations, Mir publications

These are some of the text books and also references for the participant of this surface mining

technology course.

(Refer Slide Time: 01:19)

INTRODUCTION
v Retrospect Previous Lectures:

In previous lectures, the phases of mining for extracting a deposit are

discussed. The commencement of mining excavation through opening of box
cut is discussed. The unit operations Drilling technology, Blasting technology,
excavation and loading technology, are discussed. Operations of shovel,

surface miner, dragline, bucket wheel excavator etc are also discussed along

with their pit layouts.

And let us retrospect so far whatever we have covered. We have covered the current status of
surface mining in the country and over the world and we have also covered the phases of
extraction and deposit. We have also covered the commencement of surface mining through
opening of box cut, we have also covered the excavation techniques that is the drilling and
blasting technique and excavation by blast free techniques that is excavation by ripper,

excavation by surface miner, excavation by bucket hill excavator.

We have seen the, use of excavators and loaders for the excavated rock mass, we have seen

the transporting systems that is the dumpers etc. these are already covered, apart from that



special excavation techniques like high wall mining and dimensional stone mining is also
covered. We are now continuing with seabed mining methods, in seabed mining method in

last class we have seen what is basically a seabed mining.

What is the acceptance up to which a nation can carry out its seabed mining? What is the rule
of seabed mining, how that is being governed by the different bodies and how the exploration
can be carried out for seabed mining? This is covered in the last class.
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INTRODUCTION

v Objectives of this lecture:
1. Tounderstand the seabed deposits
2. To have an overall idea about possible mining techniques for seabed

mining. %

Department of Mining Eng

So in this class we will see the different possible technologies in details though a video of the
same already shown in the last class, but we will see what are the different methods of
excavation available for the surface mining as for the seabed mining, which is a part of

surface mining.
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So we start, during starting, let us see one such video. This video is basically showing how
the excavation is carried out. We have seen this video in the last class also, but as that time

we did not discuss the excavation, as we are excavating this in this lecture let us see.
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So the method of excavation showing here is basically same as which is carried out in the
normal surface mine. That means the horizontal slicing is carried out, so this machine is also
carrying out horizontal slicing, and this is moving based on its crawler. So it is a self-
propelled equipment, automatic self-propelled equipment and this equipment is basically
moving and taking the slices. This is taking the slices and the slice material which is being
excavated by this cutter arms, so this cutter arms are excavating this material, so that material

is basically taken out.
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You can see the slices taken in the side can be seen, these are the number of slices and these
slices are taken one by one. So the movement of this cutter head is basically guided by this,
from the ship by the operator cutter head is automatically moving and cutting the material,
cut material is sucked by this slurry transportation system, and this slurry transportation
system is basically throwing this slurry material, this cut material in a slurry form towards the

ship.

And in the ship this cut material is dewatered and then the remaining wastewater is
discharged into the sea. You can see the solid part is taken away and the rest part of the water
is again discharged back to the sea. This is the common technique; this is an animated video

showing here.
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* As per the ministry of earth science -

* India has a status of Pioneer Investor and has been allotted 3 site in the
Central Indian Ocean Basin (CIOB) by the International Sea Bed Authority
|154) for exploration and technology development for polymetallic nodule
mining-

* Development of refiable Deep-sea mining system for harnessing resources
from ocean will help to meet the country’s growing mineral requirements

and increase the country’s self sufficiency, in the near future.

Now let us see our Indian status related to this. We are having ministry of earth science and

Jr. Kaushik Dey
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this has a status and become a pioneer investor and has been allotted with a site of central
Indian Ocean basin by the international seabed authority for exploration technology
development for poly metallic nodule of mining. And as per the National Institute of
Oceanography it has been found significant manganese nodules are found there and India is

thinking for commercial exploitation of that one.

So ministry of earth science is also responsible for development of a reliable deep sea mining
system, harnessing the resources from the ocean will help to meet countries growing mineral
requirement as in near future. So Ministry of earth science is already behind this seabed
mining, so far it is not commercially practiced but experimentally it is carried out in the

Indian Ocean.
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So this is the video from that experimental system, so subtitles are already given in this video.
In exploration it is found, it is lying scattered in the seabed itself and government is investing
1 billion dollar for this. This is the sample collection instrument, and metal like nickel, cobalt
are found in this.
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So this is the experimental work carried out by Indian authority and these are the manganese
nodules. So this is the experiment carried out, so this is the collected nodules, this is the

collected deep sea nodules. So, so far this is the advancement from the Indian side.
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* The system includes: ship, pipe, buffer, connection to miner, miner and
transhipment,

———————

* Itisan integration of subsystems of production or
mining from the seafloor, transport to the ocean
sﬂm, transport to land, and processingonshore
or in the ocean.

{Brink and Clong, 1981, Chung, |99,

Chumg and Chezg, 1996) TIS deep-ocean mining System
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And now, let us go into the generalized technology for which everyone is thinking of so, yet
not we are confirmed that this technology, how far it will be viable but this is the proposed
system. In the proposed system, our requirement is ship, pipe, buffer, connection to miner,
miner and transshipment, so this is the requirement. What is in a nutshell, the system is we

should have a ship, the ship must have the attachment of a number of transportation ship.

So number of boat which will take the material and shift back to the port for the dumping, so
there will be a number of, so this is the transportation system, number of boat as a
transportation system must be there. A cutter head or miner is there, this may be of self-
propelled may be of propelling guided by the sea, but expected that it will be a self-propelled
one. Then this cutter head will cut this one on cutting when the material is cut immediately

the material will be sucked by this pump.

There is a sucking pump so that sucking system will take this one, then a slurry transportation
system is made and there is a buffer. Then this is allowed to shift up to this then the
dewatering will be made and the main material will be transferred to this one, and this will

work like this.

This is a general form, so as an integration of subsystem production from the seafloor

transport to the ocean surface then transport to the land and then processing of onshore and



then the system has to carry out. So in a nutshell this is the overall system of the seabed
mining and there are variations in this miner, there are variations in the transportation

systems that can be made.

(Refer Slide Time: 12:38)

e

TOTAL INTEGRATED INING SSEM (@ung, 2005

Ocean surface system
+ The decision as to whether to process minerals on land or at sea, and as to what

metals are of primary interest, greatly influences ship size, recovered mineral
storage, ship system design, and shuttle ship requirements for transshipment

MG ‘ﬁ\ -
Pipe/ Buffer system e {&7

AVEGA
* A full understanding and simulation capability of the dynamic and static, c‘oﬁfgﬂ
axial, bending and torsional behaviors of the pipe system are essential tothe
design of a TIS system and pipe. ML' J
pr

* (Control of optimum nodule concentration in the nodule-water mixture is desired
for optimum nodule lift efficiency
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Ocean surface system
* The decision as to whether to process minerals on land o at sea, and as to what

metals are of primary interest, greatly influences ship size, recovered mineral

and ocean transport.

Pipe/ Buffer system

* A full understanding and simulation capability of the dy
axial, bending and torsional behaviors of the pipe system are essential to t
design of a TS system and pipe.

* Control of optimum nodule concentration in the nodule-water mixture is desired
for optimum nodule lift efficiency

So, first is the ocean surface transportation system, we are coming from that ocean surface
transportation system, these are the process minerals so that the transportation can be carried
out. So ship size, recovered mineral storage, ship system design, subtle shift requirements for

transshipments and ocean transport.

These are the essential part, that means when a ship, that is the excavating ship is operating at
this place and the land is at this position, from this point to this point how many number of

ships will be there? What will be their movements? What will be their capacity? And what is



the transfer system from ship to this boat and here unloading system from the ship to the boat

is also very, very important.

Generally, these systems are in general not very fast system, so a proper transporting system
has to be made so that the high production capacity can be achieved. Why this is required
because the capital investment for this is very high, the ship is very costly. The auto
propelling cutter below the sea, so that means all the cases if it is electrically operated ceiling

of those systems, all these things are very, very important.

These all are costly, slurry pipeline system maintenance in this high wiring condition, wear
and tear condition is also costly. Apart from that keeping those transporting boats those are
also costly. So that is why the total system expenditure capital expenditure pertaining to this
system is very high and that is why if a high capital intensive system has to be incorporated

then the production requirement is also very high in this case.

(Refer Slide Time: 15:09)
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Ocean surface system

* The decision as to whether to process minerals on fand or at sea, and as to what
metals are of primary Interest, greatly influences ship size, recovered mineral

storage, ship system design, and shuttle ship requiremsstefortrams
and ocean transport. w
Pipe/ Buffer system

« A full understanding and fimulation capability of the dynamic and static, coupled &/‘

axial, bending and torsions| behaviors of the pipe system are essential to the
design of a TIS system and gipe.

* Control of optimum nodule concentration in the nodule-water mixture is desirey
for optimum nodule lift efficiency
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Second is that we have to think of the pipe and the buffer system. If a fully understanding
simulation for dynamic, static loading, coupled axial, bending torsional behavior then the
load dynamic load due to the waves storms, all these cases has to be incorporated while
designing this complete system. The designing of this pipe or buffer system is itself is very
challenging, in fact ocean surface transportation system also can be a pipe system but in that

case a long pipeline required, which may not be possible.

It is over say 100 kilometers, that is not possible that is why ship transportation system may

be a better option for this. So these are very, very important aspects but this point is little bit



acceptable, but here the dynamic loading of the sea is very, very challenging and needs to be

taken care while the designing is made for this system.

(Refer Slide Time: 16:31)

PP s ANl e L

TOTAL INTEGRATED MINING SYSTEM (crrg, 2005)
Buffer-to-miner link system
* This link, intended to tra nodules, sediments and water mixtures to the
befef’atl____gm_mhg fie bott pipe, is not a strength member and is not vertica!.
* Electromechanical cables along the link supply the power to the self-propelling
miner and collector.

Sea floor miner and at sea tests

* The mobility, reliability, safety, collection efficiency and sweep efficiency of the
miner {or collector) system are the most important parameters in deep-ocean
mining system design.
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Buffer-to-miner fink system

* This link, intended to transport nodules, sediments and water mixtures to the
buffer at the bottom of the pipe, is not a strength member and is not vertical,

* Electromechanical cables along the link supply the power to the self-propelling

miner and collector. >
oy Q51
* The mobility, reliability, safety, collection efficiency and sweep efficiency of the

S———— —_—

miner {or collector) system are the most important parameters in deep-ocean

. i
Ww

mining system design.

Then buffer to miner link system is also very, very important. So that the miner should have
the power to send the slurry transport, the material to the buffer can be made very easily. So
intended transport nodules, sediments and water mixture to the buffer from the bottom of the

pipe, is to be designed very suitably.

So this electrical and mechanical that linking is very, very important for both the cases, and
final one is the automated seafloor miner, this designing itself is very, very challenging, its

mobility, reliability, safety, collection efficiency, sweeping efficiency, and minor efficiency



and while these all are there, apart from that it is also the ability to sustain in the undulation.

In undulating seafloor how this will work that is also very, very challenging.

So in undulating condition it has to carry out mining, it has to carry out movement. So all
those are very, very important and that has to be taken care by this. Suppose a big chunk of
boulder is coming in front of the miner then how the miner will go, whether how it will detect

it, how it will avoid it?

These things are very, very important and all these things has to be controlled, has to be
suitably designed. It should have a sufficient artificial intelligence here also as well as it has
the real time control along with the operator sitting in the sea. So these two parts has to be

incorporated for the miner which is designed for this excavation system.

(Refer Slide Time: 19:05)
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Crust mining
* The concept uses a self-propelling miner with vibrators to crush the crusts for
hydraulic-ift production from the 800-3,000-m depth, One of the technical challenges
Is to mine the crust an a slope, as often Co-rich manganese crust deposits are plentiful
on a steep siope.

* The proposed concepts are simiar to land mining methods such as coal cutting and
the cutter-suction head as used in shallow-water dredging for placer mining.

* Crust lift or production would require much more preparation at the deep ocean fioor
level than shallow-water dredging, Further, some crusts are buried under sediment,
unlike the nodules on the seafloor surface, and rich crusts are found on sloped
seafloor and on steep seamount slopes. Such issues are a big challenge in crust mining.
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And, generally the crust mining has to be carried out, so this is basically the cutting of the
material so the material has to be cutter head has to be provided. And this may be a possible
excavation system where from the sea the bucket chain excavation is carried out. This is a
one type of bucket chain excavation, but bucket is loaded with a guiding wheel at this
position. Then this is basically excavating this material and this material is then not only

coming here it is also sucked at this position, so take out the material to the surface itself.

But this type of continuous line bucket system, this type of excavation system probably
always not possible for a very deep sea, the reason is then the load coming on to the cable
will become very high. That is why there are some limitations but for a shallower depth, this
system may be applicable. These things are very, very important and that must be considered
while designing these type of systems. So this is a combination of both the system,

continuous line bucket and hydraulic system.
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Sulphide \/

* Production technology of sulphide fm@aﬂoor in Papua New Guinea
{Heydon, 2005) may be similar to those f6r the crust mining production. One
type of the possible miner is "dgum cutter miner” operating as ROY. Drum cutter
are used to cut coal for commercial production.

Gas hydrates

+ Research on the production of methane gas started in Japan, Sakamoto et al.
(2003] analyzed the solid-fiquid-gas maxture flow in the pneumatic or airiift
system for recovery of Methane-Hydrate (MH) from the seabed.
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Deep ocean water upwelling
Rt o
* DOW upwelling is making good progress as part of Japan's Marino Forum 21

project for the creation of new fishing ground by enhancing marine primary

produgtion through artificial upwelling (Ouchi, Otsuka and Omura, 2005). The
first phase was undertaken from 2000 through 2004 to develop a prototype
acean nutrient enhancer.

These are some of the experimental case studies in Papua New Guinea from 2000 meter deep
seafloor, sulphides are experimentally excavated using a drum cutter miner and the gas
hydrates are excavated, started excavating Japan in 2003 and methane hydrate is also

experimentally excavated. So these are the experimental system which is used.

And this is the one another case study, deep ocean water upwelling is Japan's Marino Forum
project which is continued. Here the artificial upwelling is carried out by enhancing the
marine primary production and in which the ocean nutrient enhancer are used, which is

basically a water quality control system in other way you can say.

(Refer Slide Time: 22:11)
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So apart from that we are having provision, we can carry out underwater blasting also prior to

excavation of the material. There are some shorts, videos are available for underwater



blasting, though these are not in for the deep sea mining but we can have a view of this

videos which are underwater blasting.

(Refer Slide Time: 22:35)
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This is for the how the charging is carried out in a underwater blasting, say the diver has to
jump, then the diver has to put the explosive inside the drill hole then he has to place them.
This is the explosive without detonator he is placing, now the detonator and explosive is
placed this can be either electrical detonator or the detonating fuse or nonel can be used for

this type of excavation system.

(Refer Slide Time: 23:27)
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If the electrical detonators are used, then also it is properly sealed so that there cannot be any
charge loss. Now the best part is that it need not to be stemmed, it is auto stemmed due to the
height of the water column the stemming is already achieved in the hole. So after this blasting

you can see the cracks here, how the drilling and blasting is carried out let me show you in

this place.
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Generally, from the ship itself, say if this is the ship, from the ship itself the drilling is carried
out. While the drilling is carried out during the drilling, casing is provided. Basically drilling
is carried out along with the casing and the full hole length is expected to having the casing.

Then the casing is kept in place, drilling rod is withdrawn and after that the charging is
carried out after charging the casing is withdrawn from this place and then the blasting is
carried out at this place. So the important part is that there is a likely chances if the casing is

removed ahead of the charging then the hole may collapse.

Because the sand materials are lying at this position so the casing has to remain there, this
casing has to remain there, so that the hole will remain intact and the casing will be removed
at the final stage only. So that is the way generally under water drilling and charging is

carried out.
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This is a video one can see for the underwater blasting, this is the underwater blasting you
can see the enhancement of the wave. These are all in dam not in actually in the sea bed, so
raising of the water levels occurs; basically a wave occurs it can be understood. So this is
another one, these are some of the underwater blasting.

(Refer Slide Time: 26:56)
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So this ends the, these are the references, this ends the seabed mining. Thank you.



